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Preface

Motorized road transport activities impact human health in many different ways,
directly as road safety, and noise and air pollution issues and indirectly through
reductions in active transport and social exclusion. Transport also contributes to
global issues of climate change, and its operations are associated with urban equity,
justice and poverty. Traffic safety remains one of the most important aspects of
transport, directly or indirectly impacting specific issues across local and national
boundaries. The select readings in this volume present transport safety in a broad
global and societal context as well as in specific detail. Three quarters of the articles
included here address issues on traffic safety policy—ranging from vision zero to
modelling of head impact injuries. These readings will be of special interest to
advanced researchers in engineering and planning disciplines working on traffic and
transport safety as well as policy-makers concerned with setting up institutions and
legislation for traffic safety.

Nine of the 16 chapters of this volume were presented as TRIPP Annual
Lectures at the Indian Institute of Technology Delhi. The Transportation Research
and Injury Prevention Programme (TRIPP) at the Indian Institute of Technology
established an annual lecture series on sustainable transport in 2007 with an
endowment from the Volvo Research and Educational Foundations with an
objective to honour outstanding researchers who have made significant contribu-
tions in the field of sustainable transportation.

In 2015, TRIPP organized an International Symposium on Transportation
Planning and Traffic Safety in Delhi to commemorate the completion of twenty
years of TRIPP at IIT Delhi. Five chapters included in this volume are the
state-of-the-art lectures delivered at this symposium by international experts. This
volume also has two independent chapters written as position papers for
International Council of Road Safety Research Independent (ICORSI) Symposium
in 2018 and 2019 by the editors of this volume. Overall, the volume presents a wide
range of topics dealing with safe and sustainable transport systems relevant
specifically to low- and middle-income countries.
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Chapter 1
The Swedish Vision Zero—An Advanced
Safety Culture Phenomenon

Matts-Åke Belin

1.1 Introduction

According to estimates of the World Health Organization (WHO 2015), more than
1.25 million people die each year on the world’s roads. Also according to WHO, the
difference in fatality rate is huge between low and high countries; the situation is
worst in low-income countries.

Poor road safety has been highlighted by the UN and the WHO and together with
the World Bank jointly published the World Report on Traffic Injury Prevention in
2004 (Peden et al. 2004). The World Report is to road safety, what the Brundtland
Report (World Commission on Environment and Development 1987) is to the envi-
ronmental sector. The World Report on Traffic Injury Prevention was launched in
conjunction with the World Health Day, April 7, 2004, which was dedicated to road
safety. A week later, on April 14, 2004, the first road safety debate was held in the
UN General Assembly and a historic United Nations resolution on road safety was
adopted (United Nations General Assembly 2004). Another important milestone was
the UN General Assembly’s adoption of a global plan for road safety, (“The Decade
of Action for Road Safety 2011–2020”) which was adopted in order to save lives
and stop the expected negative trend in the number of traffic accidents in the world
(United Nations General Assembly 2010).

At the UN summit on September 25–27, 2015, world leaders decided on 17 new
global sustainable development goals that would guide the international development
cooperation over the next 15 years (https://sustainabledevelopment.un.org/?menu=
1300). Although several targets have a bearing on road traffic injuries, targets 3.6
and 11.2 are most clearly connected to road safety.

M.-Å. Belin (B)
Swedish Transport Administration, Vision Zero Academy, KTH Royal Institute of Technology,
Borlänge, Stockholm, Sweden
e-mail: matts-ake.belin@trafikverket.se

© Springer Nature Singapore Pte Ltd. 2021
G. Tiwari and D. Mohan (eds.), Transport and Safety, Springer Transactions
in Civil and Environmental Engineering,
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2 M.-Å. Belin

Goal 3. Ensure healthy lives and promote well-being for all at all ages.

• Target 3.6: By 2020, halve the number of global deaths and injuries from road
traffic accidents.

Goal 11. Make cities and human settlements inclusive, safe, resilient and
sustainable.

• Target 11.2:By2030, provide access to safe, affordable, accessible and sustainable
transport systems for all, improving road safety, notably by expanding public
transport, with special attention to the needs of those in vulnerable situations,
such as women, children, persons with disabilities and older persons.

In November 2015, there was a meeting in Brazil where a road safety declaration
was adopted, describingmore clearly the focus of the global road safetywork (https://
www.who.int/violence_injury_prevention/road_traffic/Brasilia_Declaration/en/).

Sweden has 2.8 fatalities per 100,000 inhabitants in 2015 which could be
comparedwith India’s 16.6 fatalities per 100,000 inhabitants. 2.8 is the lowest fatality
rate in the global status report on road safety 2015 (WHO 2015) and it is not an
exaggeration to state that Sweden is a leading country when it comes to road safety.

However, to become the world’s leading country, it has been a long and winding
journey, and in this paper, it will be explored, from a macrolevel, as to how a country
like Sweden has developed its public policies and strategies over the years, and how
Swedish society has organized its road safetywork in accordancewith newchallenges
and strategies. This paper will in particular exploreVision Zero as a policy innovation
and how it influences road safety work.

1.2 Safety Culture—A Concept to Explore How Road
Safety Strategies Are Evolved Over the years

In 1986, a catastrophic accident occurred in a reactor at the Chernobyl nuclear power
station in the former SovietUnion.After the disaster, the InternationalAtomicEnergy
Agency (IAEA) carried out several investigations and concerns about the safety
culture within the Soviet nuclear power industry (IAEA 1986). This was the first
time the concept of safety culture was explicitly coined and made available for a
large audience as an important concept in safety. Based on this new interest, an
expansion of research into safety culture, especially within organizations, occurred.
One important conclusion from this research is that safety culture is not a binary
concept, that either you have a safe culture or you do not. Safety culture is an evolu-
tionary concept, and it seems like organizations improve their safety culture through
different stages. According toWestrum (2004), safety culture is defined as the organi-
zation’s pattern of response to the problems and opportunities it encounters.Westrum
(2004) identified three dominant types of responses—the pathological, the bureau-
cratic and the generative. Based on this initial idea, the model was developed and

https://www.who.int/violence_injury_prevention/road_traffic/Brasilia_Declaration/en/
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Fig. 1.1 Road safety culture ladder within a society

extended (Hudson 2007) from three to five stages in a sequence by introducing the
reactive and the proactive stages and also replacing the label bureaucratic with the
calculative. In Fig. 1.1 you will see an example of how this safety culture theory can
be applied in the field of national road safety.

Although the concept of safety culture has focusedmainly on safety culture within
organizations, in this paper, these ideas are applied to Sweden as a society in order
to explore how Sweden has developed its policies and strategies over the years and
how the Swedish Vision Zero fits in.

1.3 Swedish Road Safety—From Pathological, Reactive
to Calculative

Before the Second World War, Sweden was a rather poor country but after the war,
Sweden witnessed a tremendous economic growth, fast motorization and urbaniza-
tion. The popularity of the automobile took off and the road transport system was
developed rapidly. Unfortunately, there was also a negative side to this development:
The greater the volume of motor traffic, the more people were killed and seriously
injured in traffic accidents see Fig. 1.2 (Swedish Official Statistics). In the mid-60s,
Sweden had some 17 fatalities per 100,000 inhabitants annually on the roads. This
is similar to what middle-income countries around the world are facing nowadays
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(18.4 fatalities per 100,000 inhabitants) according to World Health Organization
estimates (WHO 2015). Motorization and urbanization were definitely factors that
contributed to economic growth, and these side effects in terms of injuries were in
general perceived by decision makers and the general public as the price we have to
pay for better mobility and economic growth. In light of safety culture, this phase
could, more or less, be characterized as a pathological phase and the main respon-
sibility for the problem was put almost completely on the victims, the road users
themselves.

The situation during the 1950s and 1960swas unacceptable, and it correlated badly
with the modern welfare state that was beginning to take form and especially among
the medical experts; there was a growing frustration and demand for action. Parallel
with this growing awareness to do more to reduce road traffic injuries, the Swedish
government prepared a rather unique reform, namely to go from left-hand traffic
to right-hand traffic. The rationale for this reform was that Sweden’s Scandinavian
neighbors were driving on the right side of the road as did most of the others in
Europe. Furthermore, most Swedish cars also had left-hand steering. However, there
was a strong public opinion against this reform and the public argued that a change
from left hand to right could increase the number of road traffic injuries even more.
However, the Swedish government decided to implement the reform, but in order to
take on board these public fears and to make sure that the reform could be carried
out without increasing the number of road traffic injuries, the government set up a
special organization, the so-called Högertrafik kommissionen (the right-hand traffic
commission). This commission consisted of several experts within different areas of
expertise such as road, human factor, and vehicle design. The commission planned
and implemented massive information campaigns before and during the change in
1967, and the reform was a great success. Figure 1.2 shows that the change was
successful from a road safety point of view. Instead of increasing the road traffic

Fig. 1.2 Number of persons killed in road traffic accidents and number of passenger cars per
thousand inhabitants 1950–1996 in Sweden



1 The Swedish Vision Zero—An Advanced Safety Culture Phenomenon 5

deaths, which had been the worst fear among critics of the reform, the number of
deaths in road traffic decreased the next year, but in the years that followed, the
number went up again.

However, during the middle of the 60s, a seed had been sown for a comprehen-
sive and systematic road safety work through Ralph Nader’s book “Unsafe at Any
Speed” (Nader 1965). In the USA, this book helped spur the passage of the National
Traffic and Motor Vehicle Safety Act in 1966 and the creation of several predecessor
agencies which would eventually become the US National Highway Traffic Safety
Administration NHTSA (Graham 1989).

At the same time, a former Swedish Prime Minister, Olof Palme, who was at the
time the Swedish Transport Minister, was deeply affected by Ralph Nader and his
book. He even arranged for the book (Nader 1967) to be translated into Swedish and
he also took the initiative, based on an American model, to set up a special authority
for road safety issues: the Swedish Road Safety Authority.

The establishment of the Road Safety Authority can be said to be the starting point
for systematic road safety activities in Sweden. This work was successful during the
1970s and the number of people killed on the roads dropped from 21.3 killed per 100
000 inhabitants in 1966 to 12.9 killed per 100 000 inhabitants in 1982—a decrease
of over 40% (Trafikanalys 2015). Sweden was definitely moving into the calcula-
tive/bureaucratic phase where the road safety work was institutionalized and charac-
terized by a planning approach with goals, targets and the use of cost-effectiveness
methods to prioritize effective countermeasures. The calculative/bureaucratic phase
is, from a road safety point of view, a good phase during which the number of fatal-
ities usually decreased by approximately 50%. There was also a risk that sooner or
later a plateau would be reached and that is what happened in Sweden as well.

During the 1980s, the positive trend was broken and traffic growth and road
injury figures began to follow each other: the more car traffic, the more people were
killed on the roads. In 1989, Sweden had 10.6 fatalities per 100.000 inhabitants and
Sweden was, once again, approaching four-figure numbers in road deaths. A sense
of lost control was spreading in society and together with the political pressure to
do something more radical it eventually (in 1993) led to the closure of the Swedish
Road Safety Agency and to an enhanced role for the Swedish Road Administration.

Parallel with this process to change the institutional prerequisites for the national
road safety work, Sweden was facing a severe economic recession in the first half
of the 90s. During the period 1990–1993, Swedish GDP dropped almost 5% and
the unemployment level increased dramatically. From a road safety point of view, at
least in the short run, we know that economic recessions might be good for safety
and this was also the case in the beginning of the 1990s. The number of fatalities
dropped between 1989 and 1996 by more than 40%.

With the negative trend in deaths and injuries on the roads in the 1980s freshly in
mind, together with the knowledge that the recession would gradually change into
a more normal pattern of economic development, road safety strategists in Sweden
shared a common insight that something differentwas needed in the Swedishwork on
road safety. Business as usual was not a long sustainable strategy. Heavily influenced
by the new liberal wave that was sweeping across the world at the time, there was
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a substantial lack of trust in rules, regulations, monitoring and the over-protective,
“nanny-state” attitude of many authorities. Instead of regulating safety in the spirit
of the Traffic Safety Authority, ideas were aroused that the real potential for greater
road safety lay in a dialogue with the road users. The most important thing was
to influence the road safety culture among road users, which in turn would have a
long-term impact on their behavior in traffic. However, this strategy turned out to be
a historical bracket and a step backward to a more reactive approach.

1.4 Vision Zero—Adopted by the Swedish Parliament
1997—A Proactive Approach to Safety

In the autumnof 1994, ProfessorClaesTingvallwas appointed as the newRoadSafety
Director of the SwedishRoadAdministration. It soon became apparent that Professor
Tingvall had a different idea of how our road safety work should be conducted in
Sweden. Professor Tingvall and a small team at the Swedish Road Administration
started to develop ideas for a new long-term strategy for traffic safety. Using existing
scientific evidence, they created a new model based on the biomechanical tolerances
of human beings, which guided them in identifying interventions that could help
mitigate the creation of kinetic energy during crashes. Thus, Vision Zero was born.
The results of this development work were documented in a memorandum entitled
“Vision Zero—An idea for a road transport systemwithout health losses” (Vägverket
1996). This policy memorandum quickly attracted political interest, and theMinister
of Transport and Communications at the time, Ms. Ines Uusmann, initiated a policy-
preparation process which culminated in the Swedish Parliament giving its firm
backing to the Social Democrats Government’s proposal for adopting a new direction
in traffic safety work in October 1997 (Swedish Parliament 1997).

“MadamSpeaker! This is awhite paper bill. The government has tabled a proposal
for an entirely new way of thinking within the sphere of road safety work. The bill
contains no sign of a concrete proposal, which we shall be forced to return to later.
As things stand at present, it is a matter of adopting the newway of thinking, giving it
a firm foundation among our citizens and making preparations—by means of inves-
tigations and other methods—for future decision-making.” (Swedish Parliament
1997).

This quotation is from the Social Democrat MP involved in the parliamentary
debate, Ms. Lena Sandelin, pending the decision to adopt Vision Zero. The deci-
sion was a directional or alignment decision, with no direct concrete proposals for
measures.
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1.5 Vision Zero a Policy Innovation

A public policy (Parson 1995; Anderson 2000; Peters and Pierre 2006) like Vision
Zero can basically be defined as a policy theory, a program theory or an intervention
theory (Hoogerwerf 1990; Vedung 1997; Patton 2002; Leeuw 2003; Mickwitz 2003;
Rossi 2004). From that perspective, the decision to adopt Vision Zero was a decision
to adopt a new strategy which aims to influence the concrete work on road safety
directly, but also—more indirectly—the institutional preconditions and approaches,
which in turn also have an impact on the actions of various players so that they take
action to increase the safety of the road transport system.

Vision Zero differs from a traditional road safety policy in a number of ways
(Belin et al. 2011), and it is probably not an exaggeration to state that from a safety
culture perspective, Vision Zero belongs to the more advanced phases in the safety
culture ladder.

1.6 Definition of the Road Safety Problem—Traditional
Versus Vision Zero

Knowledge based on investigations of actual traffic accidents that answer questions
about why accidents happen points sharply in the direction of the fact that it is
the individual road user who is the missing link in the road transport system. The
traditional road safety activities are to a significant extent based on behavioral science
research which draws the conclusion that 90% of all road traffic accidents can be
explained by the human factor. In the traditional safety work, the principal challenge
is to prevent conscious and subconscious faulty human action (Swedish government
1940). Vision Zero instead accepts, as a basic starting point, that human beings make
conscious and subconscious mistakes. That is why accidents occur, and the safety
workmust in the first instance be directed at those factorswhich can prevent accidents
leading to death and serious injury. Accidents in themselves can be accepted, but not
their serious consequences.

According to Vision Zero, the principal cause as to why people die and are seri-
ously injured is that the energy to which people are exposed in a traffic accident is
excessive in relation to the energy that the human frame can withstand. Vision Zero
is, among other things, based on the research that the famous American road safety
expert William Haddon conducted in the 1960s (Haddon 1968, 1970, 1972, 1973,
1980). Knowledge of energy and tolerance has to a great extent served as a basis for
the development we have seen of the passive safety characteristics of vehicles and for
the development of different protection systems such as child safety seats, helmets,
seat belts, etc. One important consequence of Vision Zero as a general policy for
safety work is that the view of knowledge which has served as a basis for the devel-
opment of a sub-component in the road transport system, namely the vehicle, has
also become a general principle for the entire road transport system.
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1.7 Perspective on Responsibility—Traditional Versus
Vision Zero

In the traditional safety work, ultimate responsibility for safety rests with the indi-
vidual. According to a traditional view, it is the individual road user who ultimately
controls and manages the risks that may occur when traveling on the road transport
system. The regulations surrounding the road transport system are clear and unam-
biguous on this point. If a road traffic accident occurs, it is possible in most cases to
hold a certain road user liable for the deficient observance of regulations. Even if, for
example, a road authority has made a mistake in the design of a road, it is the respon-
sibility of the road user, through the general requirements for caution that are built
into the traffic legislation, to at the same time provide compensation through his/her
behavior for such shortfalls. According to Vision Zero, it is not the individual road
user who has the ultimate responsibility but rather the so-called system designers.

The responsibility for safety is thus split between the motorists and the system
designers (i.e., infrastructure builders and administrators, the vehicle industry, the
haulage sector, taxi companies and all the organizations that use the road transport
system professionally), on the basis of the principles that:

• the system designers have ultimate responsibility for the design, upkeep and use
of the road transport system, and are thus responsible for the safety level of the
entire system;

• as before, the road users are still responsible for showing consideration, judgment
and responsibility in traffic and for following the traffic regulations;

• if the road users do not take their share of the responsibility, for example, due to a
lack of knowledge or competence, or if personal injuries occur or for other reasons
are likely to risk occurring, the system designers must take further measures to
prevent people from being killed or seriously injured.

In Vision Zero, the responsibility for safety is a chain of responsibility that both
begins and ends with the system designers (Belin et al. 2016).

1.8 What Should Be Achieved in the Long
Run—Traditional Versus Vision Zero

A more traditional approach to people getting killed and seriously injured as a
consequence of road traffic accidents has been the utilitarian philosophical approach
(Bowen 2012; Belin et al. 2012). Utilitarianism, as it has come to be applied within
the road traffic sector, means that safety has to be weighed against other types of
benefits. In theory, and to a large extent in practice, this approach means that those
killed and seriously injured is a price that society has to pay for the mobility of the
road transport system, and that a nonzero number of deaths and serious injuries is
acceptable. Safety can be gradually be improved, but only to the extent that it is
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socioeconomically advantageous. In addition, the traditional road safety work is to
a large extent based on the idea that people are willing to take risks and that it is part
of human nature.

The long-termobjective ofVisionZero is to create a road transport system inwhich
nobody is killed or seriously injured as the result of a traffic accident. Thus, Vision
Zero aims to create a safe road transport system. The justification for this absolute
and uncompromising attitude is what philosophers would attribute to deontological
ethics (Bowen 2012; Belin et al. 2012), i.e., nobody should need to be killed or
seriously injured when moving via the transport system from Point A to Point B.
Road transportation canbe regarded as a typeof production. Just as little as society can
accept people killing or seriously injuring themselves as a consequence of producing
goods and services within an industry, Vision Zero can accept it when transportation
is produced. According to Vision Zero, mobility is therefore subordinate to safety, at
least in the long term. If it is impossible to otherwise create a safe system, it should
inexorably have consequences for mobility. Furthermore, Vision Zero is based on the
fact that people do not want to die or get seriously injured as the result of a road traffic
accident, and therefore, each person has his or her own Vision Zero. Vision Zero and
a traditional safety policy thus differ from each other when it comes to the long-term
objective of the safety work. Traditional safety work is to a large extent based on the
notion that individuals and society largely speaking do not ask for safety.

There are other values that are given a higher priority, such as accessibility and
personal freedom. Traditional traffic safety strategies are thus to a large extent based
on the “unwilling road user” and societywhomust be forced into giving consideration
to safety (Johnston et al. 2014).VisionZero is insteadbasedon individuals and society
demanding safety. The fact that people sometimes act as though they do not require
safety has, according to Vision Zero, rather more to do with inability, ignorance and
a lack of social support than a lack of will.

The evolution from a traditional approach to Vision Zero can be summarized in
Fig. 1.3.

1.9 Vision Zero and Implementation

Vision Zero is the kind of theory which can only be appreciated fully when it is
implemented. However, to go from policy intentions to sound policy outcomes in a
complex world is difficult, as experiences of evaluation and implementation research
have shown (Sabatier and Mazmanian 1979; Hill and Hupe 2009; Vedung 1997).
Therefore, since the 1970s, a number of studies have been carried out in an attempt
to pin down what has been called the missing link in policy research (Nakamura and
Smallwood 1980; Hill and Hupe 2002). This research has contributed to a skeptical
perspective on the opportunities to get policy intentions implemented in society, and
it has even been portrayed as the “misery research” of the social sciences (Rothstein
1998). Implementation of road safety interventions is no exception. For example,
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Fig. 1.3 Traditional road safety policy versus Vision Zero

according to Bax et al. (2014), studies of actual priorities in road safety policy, in
particular in the Scandinavian countries, suggest that these priorities are inefficient.

Fortunately, Swedish society, to a great extent, has been able to go from words to
action and to base the daily road safetywork onVisionZero (Belin andTillgren 2012).
This process can be described as in themodel belowwhereVisionZero has influenced
our methods to make things happen including some direct interventions which have
eventually influenced the number of fatalities and serious injuries in the road transport
system (Fig. 1.4).

Fig. 1.4 Vision Zero—implementation process
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1.10 Vision Zero—Road Safety Interventions: A Few
Concept Examples

Vision Zero challenges our traditional way of looking upon road safety problems and
the ways in which we solve them. Let us take a few concrete road safety problems,
both from an urban and a rural environment, and exemplify howVision Zero changes
the ways in which these problems can be solved.

1.11 Unprotected Road Users in Urban Areas

According to WHO, 22% of all road deaths in the world are pedestrians (WHO
2015). Some traditional interventions to solve this problem are to lower the speed
to 50 km/h in urban areas, to regulate the way pedestrians are allowed to cross
the street through zebra crossings, sometimes together with traffic lights. These
interventions are usually combined with information and education (especially for
young children), and sometimes, these regulations are enforced by the police. The
drivers are also educated to take extra care to avoid collisions with vulnerable road
users. In general, it is up to the individual road users to negotiate and handle risks.
These interventions are based on a traditional approach where the perception is that
road traffic injuries are caused mainly by individual road users’ lack of ability or will
to follow the rules. Thus, the strategy is to step-by-step reduce the risks by aiming to
shape the road users’ behavior to excellence. The ultimate goal is to create “the perfect
human behavior.” Many of these interventions do have road safety benefits and will
reduce the number of fatalities and injuries, and these interventions fit well into the
calculated/bureaucratic phase’s incremental approach, but these interventions might
not in the long run eliminate severe injuries. Some of these interventions (e.g., zebra
crossings) might even, contrary to common sense, increase the number of injured
pedestrians (Elvik et al. 2009).

Vision Zero provides an alternative approach and will influence the kind of inter-
ventions that need to be implemented. First, Vision Zero’s ultimate goal is to create
a safe system. The aim is not to, step by step, reduce the risks and make it a little
better. Second, Vision Zero does not make any claim that it is possible to create “the
perfect road user.” On the contrary, Vision Zero is based on the idea that people are
people, who will make mistakes and sometimes break the law. Instead of wishing for
the perfect road users, Vision Zero faces the fact that people are not perfect and that
the challenge is to so design the road system that it can accommodate these human
errors. This brings us to one of the core elements in Vision Zero, namely human
tolerance against external violence. This is a crucial part of Vision Zero: to design
a road transport system which does not exceed people’s tolerance against external
violence. For the first time in the history of road safety, Vision Zero forced us to
start discussing human tolerance levels. This is common when we discuss tolerance
levels of environmental factors. In an urban area where we mostly deal with conflicts
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between protected and unprotected road users, the most important factor will be
the unprotected road users’ tolerance level. Although our knowledge is tentative and
when new research is published we need to adjust our recommended tolerance levels,
it seems that 30 km/h for unprotected road users is an appropriate tolerance level.
Consequently, we have an important designing element for our road safety work.
If we plan for conflicts between a protected and unprotected road user, we need to
strive for energy levels less than 30 km/h. This tolerance level is universal and it does
not matter if it is in Sweden or India.

This brings us to two main types of interventions within urban areas, namely
physical separation and speed controlling. Physical separation through sidewalks,
bridges, tunnels, special areas only for pedestrians, basically eliminates conflicts
betweenpedestrians and cars. This typeof intervention is appropriatewhen themotor-
ized traffic demands high mobility. In areas where pedestrian and cyclist mobility is
prioritized and in areas where pedestrians must be mixed with cars, the interventions
need to control speeds below 30 km/h. There are several traffic calming interventions
which are effective, such as speed bumps and roundabouts, among others. There are
also promising vehicle technologies such as intelligent speed adaptation systems and
auto brake systems. Compared to a more traditional approach, these interventions
have a clear target with an emphasis on the design of the system (Photo 1.1).

1.12 Head-On Collisions on Rural Roads

Sweden has a fairly large rural road network. Parts of the road network with high
traffic volume have over the years been rebuilt as modern motorways. But Sweden
has a small population, and therefore, 13-m-wide road type was built, a kind of cheap
motorway, during the 1970s and the 1980s. This road type was straight with high
visibility and the risk for accidents calculated per kilometer drivenwas quite low. The
roads were also built with grade-separated intersections. Although it was not justified
to build a motorway, these roads accommodated quite a heavy traffic volume and the
speed limit was 110 km/h. Even though the risk of accidents was small on this kind
of road, those which happened were always severe. These roads were commonly
referred to as “death roads.” Head-on collisions due to unsafe overtaking and high
speeds were the major causes of these catastrophes. Traditional approach to try to
solve this problem was public information about the risks, driving education and to
some extent police enforcement. The perception was that a change of behavior would
solve the problem but in reality, these interventions were not effective.

When Vision Zero was adopted, these parts of the road network came into focus.
A small proportion of the road network represented a large proportion of the number
of fatalities and serious injuries. Something needed to be done. A motorway would
of course solve the problem with head-on collisions, but it was too large a network
which would be too expensive to rebuild. In that time in Sweden, it was estimated
that a motorway costs approximately 1 billion SEK per saved life. Motorways are
an effective but very expensive road safety intervention. Another alternative would
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Photo 1.1 Speed reduction and separation measures in urban areas

be to lower the speed. Just as unprotected road users have a certain tolerance against
external violence, we also know quite well how much external violence a belted
passenger in a modern car can tolerate, namely around 80 km/h. So it would be a
solution to lower the speeds which also is good from an environment perspective.
However, it would probably be impractical to get the road users to comply with
80 km/h on these high-standard roads. This forced Sweden to come up with a new
solution, an innovation which is called 2+ 1 roads. Basically, this road is a three-lane
road,which consists of two lanes in one direction and one lane in the other, alternating
this every few kilometers, separated usually with a steel cable barrier. The speed limit
on these roads is usually 100 km/h. This was, especially in the beginning, a very cost-
effective solution to a major road safety problem. In the beginning, this solution was
estimated to cost 30 million SEK per saved life (Photo 1.2).

After some initial resistance, especially among the professional road builders, a 2
+ 1 road programwas carried out, and now, Sweden has more than 3,000 km of 2+ 1
roads, and according to evaluations, the number of fatalities has been reduced by 79%
(Carlsson 2009). This is a good example of a Vision Zero approach in its practical
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Photo 1.2 2 + 1 road

application.However, it also shows that even in this environment, when you eliminate
head-on collisions, fatal crashes could occur and new countermeasures need to be
developed and implemented that address both single crashes in the side areas and
rear-end crashes (Fig. 1.5) (Swedish Transport Administration 2015).

1.13 Alcohol-Related Crashes

It is a well-known fact that alcohol and driving is a deadly combination. Sweden
has a long tradition to combat this problem, and in 1939, Sweden adopted a limit
on how much alcohol a driver can have in the bloodstream before it will be defined
as a criminal act. These alcohol limits have been adjusted over the years from 0.8
per mille in 1939 to the existing legislation of 0.2 per mille. These regulations have
also been backed up with information, education and police enforcement. A quite
traditional approach definitely contributed to the social norm in the Swedish society
that it is not acceptable to drink and drive. According to estimations made in Sweden,
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Fig. 1.5 2 + 1 roads 2000–2014 (tens of km at year’s end) (Swedish Transport Administration
2015)

99.78% of the traffic is sober. Therefore, approximately only two drivers per 1,000
are influenced by alcohol. However, according to in-depth studies of fatal crashes
in 2014, 20% of all killed drivers of passenger cars were influenced by alcohol.
Although we do not have a social norm problem in Sweden, we still have a road
safety problem.

Also, this well-known drink and drive problem could be analyzed from a Vision
Zero point of view.The traditional perspective onmoral responsibility is so embedded
in our strategies that we may not see the forest for the trees. Alcohol definitely
increases the risk for people to have a crash but the major problem is that this event
happens in an inherently unsafe system. Advanced road safety strategies force us
to focus beyond individual deficits to how this problem can be prevented through a
systemic perspective. Therefore, from a Vision Zero perspective, the top priority is to
design a system in which people will not be killed or seriously injured regardless of
what caused the crash. First of all, the 2+ 1 road, which already has been mentioned,
is probably one of the most effective interventions to prevent people from getting
killed in alcohol-related crashes (or crashes due to fatigue or distraction among
others) (Fig. 1.6) (Swedish Transport Administration 2015).

Second, there are several promising vehicle technology solutions on the market.
These interventions are indifferent to what causes the drivers’ incapability; instead,
they focus on prevention. For example, a lane departure system which forces the
car to keep its position in a lane could prevent the car from moving out of it. Most
of the technologies on the market today are warning systems, but in the future,
these will probably become (as in automated driving) controlling systems. Third,
the most common technological solutions are the so-called alcolocks. An alcolock
is a technical product that prevents a vehicle from being started if the driver has
been drinking. The alcolock is an immobilizer which is connected to the vehicle, and
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Fig. 1.6 Alcohol-related crashes (Swedish Road Administration 2015)

before the vehicle is started, the driver blows into the alcolock. If the driver is under
the influence of alcohol (over the legal limit of 0.2 parts per thousand), the ignition is
locked so that the vehicle cannot be started (www.mhf.se/sv-SE/sakrare-i-trafiken/
bast-pa-alkolas-alkomatare/alkolas/alcolocks-in-english/about-alcolocks/).

1.14 Speed and Vision Zero

From a Vision Zero perspective, speed is the most important factor to control. That
is because speed is another word for kinetic energy which, as has been mentioned
before, is the principal cause of injuries. Therefore, when we talk about speed, we
need to discuss three important aspects; the designed speed, the posted speed and
the operation speed. All these aspects have been influenced by Vision Zero, but let
us first discuss the more traditional approach to speed.

In year 1907, the Swedish government launched the first road traffic regulation
for automobiles. Among other things, the regulation stipulated that motor vehicles
were not allowed to drive faster than 15 km/h in urban areas and 25 km/h in rural
areas. During the period 1910–1930, the maximum speed limit was increased to
35 km/h in urban areas and 45 km/h in rural areas. The use of the automobile was
heavily regulated mainly because it was seen as an unwelcome element in a transport
systemwhichmainly consisted of horse transports. In the 1930s, a strong opinionwas

http://www.mhf.se/sv-SE/sakrare-i-trafiken/bast-pa-alkolas-alkomatare/alkolas/alcolocks-in-english/about-alcolocks/
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raised against these static speed limits. The advocators argued that the vehicles and
the roads had a higher standard and therefore were designed to allow a much higher
speed. It was better, according to the advocators, to put the whole responsibility on
the individual to adjust their speed according to the situation. Therefore, a new speed
regime with free speed, both in urban and rural areas, and with a big proportion of
self-responsibility was introduced in 1936.

After the Second World War when the number of cars increased rapidly and
the number of fatalities increased dramatically, the epidemic situation forced the
Swedish government to take different steps to improve the road safety situation. The
experts were not sure that the freedom for the drivers to choose their own speed
was a good idea. Besides, it was difficult for the police to enforce an inappropriate
choice of speed and the police needed clearer guidelines regarding which speed to
allow. The politicians responded to that request and the first step was to re-regulate
the speed in urban areas. In year 1955, a new default speed that stipulated 50 km/h
in urban areas (this speed limit is still in place) was introduced. During the years
1960–1967, temporary speed limits for the rural roads were introduced—especially
during holidays. The speed limits were 80, 90 or 100 km/h. In 1968, a trial with
general differentiated speed limits was introduced and the idea was to allow higher
speeds on roads with higher standards. In 1971, a default 70 km/h speed limit for
rural roads was introduced. The debate about speed limits or not vanished from the
agenda and was replaced by a discussion of which criteria the speed limits should be
based on (e.g., on what road should responsible authorities allow 90 or 110 km/h).

One of the most important criteria when the speed limits were first discussed
was the drivers’ acceptance. The advice was that the speed should be around 85th
percentile, which means the speed 85% of the vehicles are not exceeding.

Soon it became obvious that road alignment, passing sight distance and accident
rate needed to be considered before a speed was decided, and these accident-related
criteria have dominated since the 1970s. In the 1980s, the experts advocated that
speed limits should be set from a cost–benefit perspective. The idea was that you
could calculate an optimal speed limit for different road environments. This method
has never been implemented in reality, though.

Speed limit is one of the most important steps that has been taken by the govern-
ment to improve the road safety in the road transport system. According to the
handbook of road safety measures (Elvik et al. 2009), a large number of studies have
evaluated the effects of changes in traffic speed on the number and severity of acci-
dents. According to the handbook (Elvi et al. 2009), the relationship between speed
changes and changes in the numbers of accidents and injuries can be described as a
power function.

Based on these studies, the handbook (Elvik et al. 2009) also provides these
exponents. The conclusion that can be drawn from this is that, other things being
equal, small changes of speed have a great impact on the outcome of accidents
(Fig. 1.7).

The designed and posted speed limits are one thing, but the compliance of these
limits is something different. Traditionally, enforcement, sanctions, information and
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Accident/Injury 
severity

Best estimate 

Fatalities 4.5
Serious injuries3.0
Property-
damage-only 
Accidents

1.0

Fig. 1.7 Exponents

education have been major strategies to make the road users comply with the stipu-
lated speed limits. In Sweden, the number of those who comply with the speed has
been rather stable, and the share of the traffic volume within the speed limits is 48%
on the national road network and 63% on the municipality roads (Swedish Transport
Administration 2015). There are therefore large opportunities for improvements.

Vision Zero forces us to really consider the basic motives and criteria for the
speed for which we actually design our road transport system and for the speed
limits that should be posted. This issue has already been touched upon when we
discussed interventions in urban and rural areas but in this section, these aspects will
be explored in more detail.

According to Vision Zero, road users’ tolerance against external violence should
be the basic design parameter for the speed. Below is an example of how this principle
is put in practice (Tingvall and Haworth 1999). The table shows possible long-term
maximum travel speeds related to the infrastructure, given best practice in vehicle
design and 100% restraint use (Fig. 1.8).

Type of infrastructure and trafficPossible travel 
speed 

(km/h)

Locations with possible conflicts between 
pedestrians and cars

30

Intersections with possible side impacts between cars50

Roads with possible frontal impacts between cars70

Roads with no possibility of a side impact or frontal 
impact 
(only impact with the infrastructure)

100+

Fig. 1.8 Long-term maximum travel speeds from (Tingvall and Haworth 1999)
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Fig. 1.9 Speed limit
evolution in Sweden

In Fig. 1.9, the different approaches to setting speed over the years in Sweden are
summarized (Belin 2007; Global Road Safety Partnership 2008).

From aVision Zero perspective, it is the speed we should focus on, not necessarily
the speed limits itself in order to achieve a safe system. The actual speed could
be influenced in different ways, and it seems like our strategies, also in this case,
have evolved over time. In the model below, this evolution is presented. It starts
with awareness, which then goes to regulation and traditional manual enforcement.
Experience fromSweden indicates thatwith these strategies,we can expect to achieve
in general 50% compliance. To achieve better performance, which is necessary to
achieve a safe system,we need to change our strategies and focusmore on technology.
The question is should this transition be influenced by our traditional strategies or
should it be based on a Vision Zero approach. In the paper (Belin et al. 2010), these
differences are explored through a comparative analysis between Victoria, Australia
(the traditional approach) and Sweden (the Vision Zero approach). In Sweden, the
speed cameras are named traffic safety cameras (Fig. 1.10).

The program that was implemented in Victoria in 1991 was intended to solve the
problem of a large proportion of drivers who continuously exceeded speed limits and
thereby created road safety problems. The purpose was to achieve a massive increase
in the likelihood of detection accompanied by a high-level advertising/public educa-
tion campaign to inform drivers of the risks of speeding and of the risks of getting
caught (Government of Victoria, Department of Justice 1993). TheVictoria approach
is clearly focused on driver behavior, and the speed camera programattempts to create
a feeling among drivers that speeding can be detected at any time and in any place in
the whole road system. To achieve this feeling of continued surveillance, the inten-
tion is to catch a large proportion of the drivers that exceed the speed limit so that
they experience the consequences and avoid re-offending (specific deterrence) and,
in their turn, tell other drivers that they have been caught (general deterrence). The
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Fig. 1.10 Evolution of strategies to reach 100% behavior compliance

road safety effect in the Victoria system is supposed to be achieved by the fact that the
perceived risk of being detected and fined prevents a large proportion of the drivers
from speeding, and therefore, the average driving speed in the whole system will
decrease, as too will the number of fatalities and injuries.

In the Swedish program implemented in 2006, on the other hand, the focus is
more on dangerous environments. The main road safety problem is an imbalance in
the situation between the road network and its safety level, and the speed at which
people choose to travel.

The reason for using automatic road safety control is to achieve a preventive effect
in places which have been assessed as dangerous and where there is poor speed
adaptation and no other countermeasures are planned (Swedish government 2004).
The basic problem is therefore the inherently dangerous design of the environment.
The cameras are supposed to support and create a new social norm among drivers
that is easier and better to follow than those stipulated by posted speed limits. This is
very close to a nudge approach (Sunstein and Thaler 2012) to safety. Drivers who are
caught by the system are regarded as an undesirable consequence. Everyone should
know where the cameras are located and voluntarily adjust their speed accordingly.
In the Swedish system, information on the existence of cameras will help most of
the drivers to voluntary respect the speed limits, which means that both the average
speed and the number of fatalities and injuries will decrease.

These two different intervention theories can be summarized according to this
table
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The different components in
the program theory

Victoria (1991) Sweden (2006)

What main problem does the
speed camera program try to
solve?

The problem is that a large
proportion of drivers
continuously exceed the speed
limit and create road safety
problems

The main problem is that the
speed, on a large proportion of
the road network, exceeds the
speed level which the roads,
from a safety point of view, are
designed for

What does the program try to
achieve?

The main purpose is to create a
feeling among these drivers
that speeding can be detected
at any time and in any place in
the whole road system

The main purpose is to support
and create a new social norm
among drivers that it is easier
and better to follow the speed
limit

What does the intervention
mechanism look like?

The main chain of influence is
to catch a large proportion of
those drivers who exceed the
speed limit so that they
experience the consequences
and avoid re-offending and, in
their turn, tell other drivers that
they have been caught

The main chain of influence is
to inform (through signs and
open cameras) the drivers that a
large proportion of the traffic
network (large proportion of
the traffic) is covered by
cameras

How is the program intended
to achieve road safety effects?

A large number of drivers will
be deterred from speeding.
Excessive speeds and the
average speed will decrease
and the number of fatalities
and injuries will decrease in
the whole system

It will prevent most of the
drivers from speeding. The
average speed will decrease, as
too will the number of fatalities
and injuries

Clearly, both Victoria, Australia, and Sweden have defined speed as an important
factor in the road safety work. They also recognize the value of using new technology
in order to prevent people from speeding. Therefore, from a functional perspective,
the two speed camera systems could be classified as a similar kind of intervention.
However, the approach applied in Victoria is based on the idea that speeding is a
deliberate offense in which a rational individual wants to drive as fast as possible
and consciously calculates the costs and benefits of his behavior. According to this
theory, decisions to speed would be part of what Kahneman (2011) calls our System
2. The underlying aim of the Victorian intervention is to increase the perceived costs
of committing an offense while decreasing the perceived benefits, so that the former
outweigh the latter. A potential traffic offender thus needs to assess the perceived risk
of being caught, the fear of being caught and the fear of a likely penalty and punish-
ment (Zaal 1994). In consequence, the speed camera system in Victoria is intended
to influence driver’s behavior through two different processes: specific deterrence
and general deterrence. Specific deterrence is a process of encouraging an appre-
hended offender, through his actual experience of detection and its consequences, to
avoid re-offending. General deterrence is a process of influencing a potential traffic
law offender, through his fear of detection and its consequences, to avoid offending
(Cameron and Sanderson 1982).
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The Swedish approach, on the other hand, appears to be based on a belief that
road safety is of the utmost priority for road users, and that one of the reasons for
speeding is due to lack of information. The Swedish approach thus places less trust
in the capabilities of individual road users to make decisions and to calculate the
benefits and costs of speeding. It also appears to be based on the idea that other road
users, and their choice of speed, have a significant influence on the individual’s choice
of speed (Åberg et al. 1997; Haglund and Åberg 2000) and the decision according
to Kahneman (2011) is more automatic and operated through humans System 1.
The traffic safety camera system in Sweden is therefore supposed to increase the
level of information in order to support drivers in making a safe speed choice and,
through a change in speed behavior among a large proportion of the traffic (at least
the local traffic near cameras), to create a new social norm with respect to what is an
appropriate speed.

Despite different intervention mechanisms, both the Australian and the Swedish
approaches appear to deliver substantial road safety benefits (Cameron et al.
1992; Bergdahl 2007; Swedish Road Administration 2015). However, the approach
employed in Victoria seems capable of delivering greater road safety benefits at less
cost than the Swedish approach. But the Victorian approach does raise deep concerns
about the relations between the government and the citizens. According to Delaney
et al. (2005), there are certain specific recurring controversies that tend to arise when-
ever cameras are used. These comprise: fine revenue: opponents claim that the aim of
cameras is to raise revenue rather than to increase safety; fairness: some opponents
believe that cameras are unfair due to such factors as failure to identify the driver,
failure to notify the offender on the spot, lack of witnesses, lack of an opportunity
to explain the circumstances, cameras located where it is safe to speed or that speed
limits are set too low in these locations, speeding not perceived as a safety problem,
reliability of speed cameras and speedometers and privacy: photo enforcement allows
police to act as a “Big Brother.” All these concerns have an impact on how many
cameras are tolerated in society. It is very difficult to develop this approach. Also,
politically, one would be continually questioned.

Due to a perception of fairness, the Swedish system has not been questioned and
therefore this system can be developed step by step. The number of safety camera
stations has increased from 600 to 1,100 and Sweden plans a yearly addition of 200
safety camera stations until 2020. In the end of year 2020, Sweden will have 2,200
safety cameras (Swedish Transport Administration 2015). This is probably one of
the largest safety camera programs per capita in the world.

The step from manual enforcement to technology is crucial, but as the previous
section has shown, it is important to know if the interventions are based on a tradi-
tional approach or Vision Zero. Furthermore Vision Zero influences not only our
safety cameras but also the next step in the evolution which is traffic calming tech-
nologies and vehicle technologies. Traffic calming technologies such as speed bumps,
roundabouts and other solutions are especially important in urban areas. Intelligent
speed adaptation systems are also important in vehicle technology.
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1.15 Vision Zero—How to Make Things Happen

Over the years, a comprehensive knowledge base has been developed regarding the
severity and incidence of traffic injuries. This is also true of important risk factors
and effective countermeasures (Elvik et al. 2009; Peden et al. 2004). However, there
are still large gaps in the knowledge regarding the road transport system where
different components, vehicles, infrastructure and users interact and communicate
with each other. Large investments, predominantly industrial, are being made for this
type of research worldwide. In addition, non-fatal injuries are becoming increasingly
important to highlight.

Deaths and serious injuries in road traffic accidents are ultimately a result of the
road transport system’s design and function. The road transport system can be defined
as a phenomenon consisting of users, vehicles and the traffic environment that interact
with each other in order to satisfy society’s need for road transport (Larsson et al.
2010). These components and their interactions can be seen as a result of how the
various actors individually and jointly act in a road transport system. In turn, these
individual actors are influenced by how social actors individually and jointly act
and thus affect road transports. An area of knowledge that is greatly understudied is
how societies, local communities and markets work from a safety perspective. Such
knowledge would contribute to how safety issues can be solved most effectively and
appropriately and thus be of practical benefit to both the individual and society. There
is therefore a lack of understanding of the dynamic process that aims to formulate
and implement road safety policy and understand how road safety measures are
effectively disseminated (Racioppi 2004; Wegman and Hagenzieker 2010).

The state, parliament, government and particularly the Swedish Road Adminis-
tration, played a central role, both directly and indirectly, in the implementation of
Vision Zero. With regards to its role as an influencer of different stakeholders, the
state must decide whether to intervene or whether to let the market and society take
care of itself (Bemelmans-Videc et al. 1998).

Historically, traffic safety work has been focused on management by rules
(Graham 1989; Friedland et al. 1990; Belin et al. 2014). In the work to realize
Vision Zero, management by rules still exists but occupies less space than in the
past. Newmeasures and new approaches have been introduced, in which networking
andmanagement by objectives are fundamental approaches. Although we needmore
systematic knowledge about these implementation and innovation processes, this fact
has not hindered the Swedish government to, mainly through a trial and error process,
implement several new methods.

The work to make roads safer, to achieve Vision Zero, has been primarily char-
acterized by four forms of governance which have shown to be effective and have
driven the work forward:

Management by objectives and results. In order to create long-term sustainability
and a systematic way of working, the Swedish road safety efforts are based on
management by objectives. The work includes setting objectives for various indica-
tors judged to have the greatest impact on road safety, for example, adherence to the
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speed limit, safe roads, safe vehicles and the use of helmets. Changes to the various
indicators are measured, monitored and discussed at annual results conferences.

Network governance. Collaboration between various parties has been and is a key
factor in the work toward achieving Vision Zero. This has led to different parties
working together in the same direction through coordination and harmonization.
Especially important is the collaboration between the vehicle industry and road
authorities.

Benchmarking. Themarket’s demand is themechanism that governs development
and results. This way of working has had good results in terms of safer cars such as
the Euro new car assessment program.

Evidence-based work to improve road safety. Implementing new road safety
measures requires fundamental information about the problems that need to be
solved. There are two sources of statistics and knowledge about road deaths in
Sweden: STRADA and the Swedish Transport Administration’s in-depth studies of
fatal accidents. Swedish TrafficAccidentDataAcquisition (STRADA) is an informa-
tion system containing data about injuries (collected through hospitals) and accidents
that have occurred in the road transport system. Since 1997, in-depth studies have
been conducted into all fatal accidents on the roads in order to document what has
happened before, during and after the accident.

All these methods are examples of processes which are vital to make things
happen.

1.16 New Institutional Conditions

In 2006, the Moderate Party formed a majority government together with the Center
Party, Liberal People’s Party and the Christian Democrats following the election.
The Social Democrats were overthrown after twelve years in power. In 2010, this
Alliance lost its absolute majority in the parliament but continued to govern as a
minority government until the election in 2014.

During 2009 and 2010, the Alliance government made major changes in
the government structure within the transport sector. Among other things, the
SwedishRoadAdministration and the SwedishRailwayAdministrationweremerged
together into the Swedish Transport Administration. A new regulating govern-
ment body was also set up—the Swedish Transport Agency. However, the govern-
ment did not decide which authority should be the leading agency and respon-
sible for maintaining and developing Vision Zero. In 2014, the Social Democrats
came back to power and together with the Green Party they formed a minority
government. In 2016, the Swedish government made a renewed commitment
to Vision Zero (www.regeringen.se/informationsmaterial/2016/09/information-mat
erial-renewed-commitment-to-vision-zero/) and they also decided that the Swedish
Transport Administration is responsible for managing and coordinating the overall
road safety work in Sweden.

http://www.regeringen.se/informationsmaterial/2016/09/information-material-renewed-commitment-to-vision-zero/
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1.17 Vision Zero and the Road Safety Trend

In the diagram below, you see how the number of fatalities per million inhabitants
has developed over the years. In 1999, the Swedish government launched an 11-
point program for Vision Zero and based on this several interventions have been
implemented: traffic calming in urban area, 2+ 1 roads, new speed limit system and
traffic safety camera program among other things (Strandroth 2015). The number
of fatalities per million inhabitants has been reduced from 67 fatalities in year 2000
to 28 fatalities in 2010, a more than 50% reduction (Trafikanalys 2015). However,
in recent years, there are some signs that Sweden has reached a plateau (Swedish
Transport Administration 2015), and therefore, there are great expectations that the
Swedish government will start new an initiative.

1.18 Conclusions

This chapter gives an overview of how the road safety work in Sweden had developed
over the years. Guided by theories about safety culture, Sweden has, during a 50
year period, developed its road safety policies and strategies. The first important
milestone was the establishing of a special national agency for road safety in 1968.
This institutional change was probably one of the most important factors to enable
Sweden to take the step to a more systematic road safety work, with other words to
reach the calculative/bureaucratic safety culture phase. A very important step which
contributed to a more than 50% reduction of fatalities. This institutional change
also helped to increase the demand for knowledge and capacity to work with safety,
until road safety became a specific area of expertise. On the other hand, experience
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from 1980 shows that these kinds of achievements could, in a relatively short time, be
reversed.An economic recession in the beginning of 1990 gave Sweden the necessary
respite and time to more thoroughly reconsider its long-term road safety strategies.
Except for a short time in the middle of the 90 s, when the Swedish government
seemed to have abdicated its responsibility for safety, the Swedish Parliament’s
adoption of Vision Zero 1997 constitutes a new era in the Swedish road safety work.
The adoption of Vision Zero is, from a safety culture perspective, a landmark which
shows that Sweden has climbed on to the safety culture ladder.

VisionZero as a public road safety policy differ from amore traditional road safety
policy (in its in many is different in several important respects). Specifically, in the
formulation of the problem, the perception of responsibility, the demand for safety
from road users, as well as its recognition of the main aim of road safety work (Belin
et al. 2011). It is therefore no exaggeration to claim that Vision Zero represents a kind
of conceptual paradigm shift. This conceptual change has affected analysis, research
and development (e.g., in-depth studies, STRADA, analysis models, etc.), in policy
and implementation (e.g., performance management, benchmarking, etc.) and in the
adoption of specific road safety measures (e.g., 2 + 1 roads, safety cameras, speed
systems, vehicle engineering solutions).

Vision Zero is a policy innovation and interventions based on this have contributed
to a reduction in the fatalities of more than 50% during a ten-year-period. This is
nothing less than an outstanding achievement, especially for a country which was
already performing well. This is very promising because it shows that continuous
improvements of both strategies and interventions can help us do better.

However, there is still a long way to go before we reach a safe road transport
system where we will have eliminated fatalities and serious injuries and then the
challenge would be to maintain a safe system. Hopefully Sweden, after a few years
of stagnation, will renew the Vision Zero and initiate a new era in traffic safety work.
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Chapter 2
Sustainable Safety: The Dutch Example
of a Safe System Approach

Fred Wegman

2.1 Introduction

The Global Status Report on Road Safety 2018 (WHO 2018) estimates that world-
wide about 1.35 million people in 2016 are killed in traffic. This is based on official
figures and WHO estimates, but this figure is most probably an underestimation. A
large majority (80%) of road fatalities occur in middle-income countries that have
76% of the world’s population and 59% of all registered motorized vehicles. A
further 13% of road fatalities occur in low-income countries (with only 1% of the
world’s motor vehicles), leaving 7% to high-income countries. The overall global
road traffic fatality rate (mortality rate) amounts to 18.2 road deaths per 100 000
inhabitants, while the rate for high-income countries is 8.3, and 27.5 for low-income
countries. Not only are people killed in road crashes, they are often injured, some-
times seriously. We don’t have precise figures, but it is estimated the annual number
of non-fatal road injuries as being between 20 and 50 million. These road crashes,
fatalities and injuries result in considerable economic costs, estimated to be between
0.5 and 6% of the GDPs of high-income countries (Wijnen and Stipdonk 2016),
with values ranges between 1.1 and 2.9% for low- and middle-income countries. A
major part of costs is related to injuries (an average share of 50% for both HICs and
LMICs).

This issue can be considered from another perspective than that of economic
costs: deaths and injuries have an enormous impact on families and communities.
Economically disadvantaged families are hardest hit by both the direct medical costs
and the indirect costs such as the loss of wages resulting from injuries. Road traffic
injuries are estimated to be the eighth leading cause of death globally. They are the
leading cause of death for children and young adults aged 5–29 years (WHO 2018).
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This means that road casualties must be considered a very serious public health
problem.

More than half of all road traffic deaths occur among pedestrians, cyclists and
motorized 2–3 wheelers, the so-called vulnerable road users. Different traffic mixes
in different countries result in different distributions of casualties over different trans-
port modes. For example, in many South-East Asian countries, motorized two and
three wheelers are very popular which is reflected in a high proportion of fatalities
using this transport mode (43%).

Many, if not all, countries in the world wish to reduce the number of people killed
and injured on their roads. This is a reasonable conclusionwhichmay be derived from
the “Stockholm Declaration” of the Third Global Ministerial Conference on Road
Safety: Achieving Global Goals 2030 (www.roadsafetysweden.com). This Declara-
tion calls upon UN Member States to contribute to reducing road traffic deaths by
at least 50% from 2020 to 2030. Furthermore, the Declaration invites to set targets
to reduce fatalities and serious injuries for all groups of road users, and especially
vulnerable road users such as pedestrians, cyclists and motorcyclists and users of
public transport. Delegates of 140 countries have adopted the Stockholm Declara-
tion and this document will now go forward to the United Nations to be negotiated
and result in a resolution of the UN General Assembly. The European Commission
welcomes the StockholmDeclaration. TheDeclaration reinforces the ambition of the
European Union at halving the number of fatalities and serious injuries on European
roads by 2030, as a milestone on the way to “zero fatalities and injuries” by 2050.
Many countries worldwide share the ambition to improve road safety and work with
targets, as is illustrated by, for example, in the Road Safety Annual Report 2019 of
the IRTAD-group (OECD/ITF 2019).

The number of road casualties per country in a certain period of time (a couple of
years for example) is changing. In a substantial number of countries, an increase has
been observed, whereas some other countries show a decrease. The Global Status
report (WHO 2018) presented a decline in 48 countries between 2013 and 2016 in
middle- and high-income countries, but no reductions were observed in any low-
income country. The same report indicated an increase in the number of fatalities in
104 countries.

Sometimes, it is stated that an increase in economic growth, resulting in increased
motorization and an increase in kilometres travelled, will inevitably result in an
increase in the number of road casualties. This correlation may have been the case
for some countries during a certain period of their history. However, in general terms,
we have no evidence that such a correlation between economic growth, motorization,
exposure and casualties (or mortality rates or fatality rates) exist. This correlation is
dependent on several other factors. And for many countries in the world, we have
evidence that if, over a period of time, fatality rates go down and if the percentage of
increase in exposure (kilometres travelled) is lower than the percentage of decrease
of fatality rate, a decrease of the number of fatalities will be the result, given the
simple relationship:

http://www.roadsafetysweden.com
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[Fatalities] = [
exposure

] × [
fatality rates

]

[Fatalities] = [kilometres]× [fatalities/kilometre]

The basic question is why does the fatality rate decrease over time? The answer to
this question is not a simple one. Even if there are strong indicationswhich factors and
developments make a contribution to this decline, they do not give a full explanation.

This chapter is an updated version of my TRIPP Lecture from 2013 (Wegman
2013).

2.2 Crashes with Fatalities and Injuries

Sometimes, people believe that road crashes are caused by poor human behaviour
and that the causes are dominated by intentional errors only, such as violations and
traffic offences. And many studies tell us that in almost all crashes the human being
is to blame, and only a minority of crashes can be attributed to roads and vehicles. A
very illustrative picture came to me when I studied road safety problems in the State
of South Australia (Wegman 2012).

South Australian crash statistics showed that, in one-third of all fatal crashes,
drivers had a BAC above the legal limit; did not wear a seat belt, or were reported
to have driven at excessive speed. This picture was made even more extreme: quite
a proportion of drivers involved in a crash had a previous crash history (in which
they had been at fault), had a previous history of driving offences, or even a criminal
history. A new English word entered my English vocabulary: hoon driving. This is
defined as:

Hoon driving causes a vehicle to travel at very high speed or in a manner that produces
burnouts and doughnuts. Dangerous driving, careless driving, failure to have proper control
of the vehicle and causing the vehicle to make excessive noise or smoke are also considered
hoon-related offences if they are committed in circumstances involving the improper use of
a motor vehicle.

Those who were involved in a crash were criminalized. I learned that the domi-
nant opinion was to blame, if not criminalize, the driver involved in a crash. Two
conclusions were presented to me (Wegman 2012): the first was that road safety
can be improved by better detection of hoon behaviour and tackling it, and the most
powerful tool being that of more severe punishments. The second conclusion: the
road safety problem is only related to this selected group of drivers and not to anyone
else.

My understanding of road crashes is different from the view presented above. I
thought that there could be several explanations for this unexpected view, so my first
inclination was to ask researchers from the Centre for Automotive Safety Research
CASR to help me understand the nature of road crashes in South Australia and to
explain why these causes were different from what I had learned in other parts of the
world, such asEurope andNorthAmerica.Not unexpectedly, the (CASR) researchers
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confirmedmy expectations (Wundersitz and Baldock 2011). They had used a data set
compiled from the Coroner’s reports of fatal crashes in 2008 containing information
from their own in-depth crash investigations of non-fatal crashes. The researchers
had categorized road crashes into two groups: the first, in which extreme behaviour
could be identified (high level speeding and drink-driving); and the second in which
extreme behaviour could not be found. The latter group consisted of ordinary road
users, havingmore or less ordinary behaviour. This groupwas called “system failure”,
in which well-intentioned road users have a crash because of some sort of human
error. The researchers also created a third category which they called illegal system
failure. This included illegal behaviour, such as travelling above the speed limit or
an illegal BAC, but not at what is regarded as extreme levels.

The study showed that the often expressed opinion that crashes are only, ormainly,
caused by antisocial road users who grossly disregard all rules, is not confirmed
by South Australian data (Table 2.1). The comparison with Australian findings led
to another important result. If we use the same categorization for injury crashes,
a similar, but slightly different picture emerges. The distribution is just under 10%
extreme behaviour and almost 90%ordinary behaviour. In otherwords, injury crashes
tell a different story than fatal crashes. This means that we cannot rely on fatal crash
data only when formulating road safety strategies. We need to include injury crash
analysis as well. As I recommended paying more attention to injury crashes in South
Australian policies in the future, this focus may open new avenues for policymaking.

We seldomwitness a road crash, and, to understand the causes of a crash, we have
to rely on (silent) witnesses, for example, by carrying out a crash reconstruction.
Causes of crashes are not easy to find in this manner. In the past, we relied on police
information which was written down in crash report forms. These forms focused on
violations, in order to assist in police activities, as they are supposed to do. However,
based on road safety studies all over the world, more specifically in-depth studies,
we have learned that, in the majority of crashes, more than one cause plays a role.
These studies always result in the conclusion that the human being failed in one way
or another. This leads us to three questions: which factors increase risk, how can
we influence these factors in order to reduce risk and how cost-effective are these
interventions?

Table 2.1 Proportion of crashes based on extreme behaviour or system failure (Wundersitz and
Baldock 2011)

Data source Extreme behaviour (%) Illegal system failure
(%)

System failure (%)

Fatal crashes 2008 43.4 22.9 33.7

Non-fatal metropolitan
injury crashes
2002–2005

3.3 9.9 86.8

Non-fatal rural crashes
1998–2000

9.4 16.6 74.0
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Based on this analysis, two main approaches for further improvement can be
defined:

• Elimination of extreme behaviour
• Creation of a Safe System in which human errors are considerably reduced, if not

eliminated.

The second approach has a positive impact on the first. Assume that in the future
we will build cars with a seat belt lock and an intelligent speed adaptor, in which it
will be impossible to drive without proper use of a seat belt and without opportunity
to drive faster than the prevailing speed limit. We will then not have to rely on
the traditional ways of improving driving behaviour, such as police enforcement.
However, as we do not have these locks (yet) and we are not sure whether they
will ever become a standard feature in the future cars, we cannot eliminate the first
approach.

Yet, we can reach one very fundamental conclusion based on the South Australia
data, and the picture for other countries will not be entirely different. Fatal crashes
seem to be subject to other dominant causes than crashes that result in injury only
and this seems to be more so in the case of urban crashes than rural crashes. The
large majority of injury crashes is caused by system failures; fatal crashes are caused
equally by extreme behaviour and system failures. If wewere to use only fatal crashes
as a basis, we would not use the complete image of road traffic crashes. In addition,
if we realize that in many highly motorized countries the decline in fatalities is much
stronger than that in the number of road injuries (IRTAD 2019).

Another important conclusion arises: policy focusing on a reduction of fatal
crashes has been more successful than policy aimed at reducing injury crashes.
And we may not deem it a matter of course that the number of serious road injuries
will decrease to the same extent as the number of fatalities if the present road safety
policies were to be continued. Finally, if we realize that from a cost perspective road
injuries are responsible for a substantial share of the costs (more than 50% in the
Netherlands), it is obvious that road injuries deserve more attention, both in the anal-
yses and in finding solutions. In other words: road safety policy requires a different
approach for the reduction of road injuries than the approach that was used to reduce
the number of fatalities.

2.3 Road Safety Problems: High Risks and Low-Hanging
Fruit

When analysing road safety, two types of problem can be identified (Wegman 2010):
generic problems and specific problems. Specific problems are those safety problems
which are concentrated on specific locations, specific road user groups, specific
behaviour or specific vehicles.
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Generic problems are caused by the fact that road traffic is inherently unsafe:
ordinary people are killed in crashes under normal circumstances. This means that
everybody can be involved in a crash at any particular time and many of us will be
involved in a lifetime, because road traffic has not been designed with safety as an
important requirement for the design of the system. To identify generic problems,
we first of all need general knowledge about why crashes occur and which factors
influence the seriousness of their outcome, and secondly, we need to identify which
conditions/circumstances are inherently dangerous and eliminate, or at least “treat”
or tackle these conditions/circumstances.

Road safety policy has a long history in identifying risk-increasing factors and a
long tradition in bringing down these specific risks. An important assumption behind
this approach is perhaps the assumption that a concentration of risks increases the
chance of cost-effective measures, because only a small sample of a population,
locations, etc., need to be treated. Also, in public health, this is a well-known and
widely supported approach: cure those who are ill and identify and treat high risk
groups or circumstances.

Much of the past road safety policies were based on high risks, high numbers
and frequent causes, and on well-identified patterns in crashes. Risks, for example,
were determined and divided into age groups, which showed that the young and the
elderly have increased risks. The answer that policy has come up with, is the effort
to reduce these high risks: “smoothing the peaks in distributions”. Analysis of road
safety was aimed at the detection of peaks (in distributions), explaining them, and
finding measures to overcome them. This approach requires high-quality road safety
data, not only data of crashes recorded by the police, but also “exposure” data, data
on road user behaviour, such as seat belt use in traffic, and data on safety quality of
roads and vehicles.

Looking back—as I did in my Westminster Lecture, organized by PACTS
(Wegman 2010), how did we identify high risk locations, crash-prone drivers and
near-wrecks? As was mentioned above, we have a long history of identifying and
treating locations with a disproportionate number of crashes. Certain individuals
were characterized as crash-prone drivers and the policy was aimed at removing
them from traffic or, alternatively, teaching them to be better road users. Some vehi-
cles were found to be in such a sorry state that they could not but contribute to crashes
happening.

And indeed, crashes are not randomly distributed across road networks. There are
locations with a concentration of crashes, and in the past, we tried to improve these
locations. This was motivated by the idea that circumstances that were specific for a
location were partly responsible for the high number of crashes. Location-specific,
infrastructural measures would then be taken to decrease the number of crashes,
to put a stop to the concentration of crashes at that location. In their Road Safety
Handbook, the Norwegian researchers Elvik et al. (2009) concluded that this can be
an effective approach. Their meta-analysis predicts an 18% reduction of crashes with
serious casualties on this type of location.

In the Netherlands, we investigated how this approach had developed in recent
years. The conclusion was that it was successful policy. In the period 1987–1989,
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Fig. 2.1 Developments of number and fatalities on high risk locations in the Netherlands (SWOV
2010)

10% of the fatalities were from crashes on locations that can be labelled “high risk
locations”, their number decreased to 1.8% in the period 2006–2008 (see Fig. 2.1).

Therefore, we can say that the least safe locations have been successfully dealt
with. But it is hardly possible for such an approach to have a positive effect in the
future years. One could say that the approach has become a victim of its own success
and will barely make a further contribution to the reduction in the number of road
crash casualties in the Netherlands.

Next, there are the crash-prone drivers. They too give rise to the idea that part of
the road safety problem is concentrated in a small part of the population which is
responsible for a disproportionally high share of the crashes. Lately, this crash-prone
driver theory has ceased to be a starting point in road safety policy. And justly so, in
my opinion, the first question that could be asked: who are these crash-prone drivers
anyway, and how are they identified? Crash-prone drivers are not those who have
already been involved in a crash. Having been involved in a serious crash has proved
to be a bad predictor of the involvement in another crash. Must crash-prone drivers
then be defined as those who have committed many traffic offences? This may be the
case: some traffic offenders do break the rules frequently and they are involved in
crashes more frequently than non-offenders, but the predictive value at an individual
level is low. Therefore, fighting recidivism makes sense, but expecting to identify
offence-prone drivers is an unlikely achievement.

And finally, the near-wrecks: bad vehicles with defects. These defects contribute
to the occurrence of crashes or their severity. In the Netherlands, serious vehicle
defects, especially defective brakes and bold/poor tires, are seen as either a main or
a contributory factor only in a few crashes. It is often said that Periodic Technical
Inspection will pick out defective cars, and that the vehicle owner will then have the
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defects repaired. This sounds logical, but as yet has not been scientifically proved.
Vehicle testing can and will trace part of the defects before a crash occurs. But which
proportion? If we estimate this to be dozens of percentage points, it will only prevent
a few per cent of the crashes. There is nothing against this approach, it may just not
be very cost-effective.

These three examples (hazardous locations, dangerous road users and technical
inspection of vehicles) are reason for me to conclude that we certainly had “peaks”
or “spikes” in the distributions, and that they have (partly) been eliminated. In theory,
those peaks could still be eliminated entirely. If wemeasure the success of any policy
or investment by the extent towhich it reduced the number of casualties, this approach
of identifying specific high risks and tackling them, has been and can still be a rather
effective and efficient approach. If it is simple to identify safety problems and if it
is simple to cure and to eliminate these problems, we speak of low-hanging fruits,
especially if the cure is relatively cheap.

Road users run different risks. Sometimes, the risk is higher, on top of the risk
that everybody has: risk factors or risk-increasing factors play a role. These (human-
related) risk-increasing factors are: lack of experience, psycho-active substances:
alcohol and drugs, illnesses and ailments, emotion and aggression, fatigue and
distraction (Wegman andAarts 2006). Certain road and traffic conditions carry higher
risks; we certainly have knowledge about risk-increasing road and traffic conditions.

A significant example of a risk-increasing factor is drink-driving. This topic has
received considerable attention inmany countries and also in the Netherlands. Drink-
driving is involved in less than 1% of all kilometres travelled; drink-driving is seen
as socially unacceptable by the vast majority of the population, which results in
only a very small percentage of the drivers being above the legal limit. However,
still a substantial proportion of traffic fatalities are in alcohol-involved crashes and
we face a small group of hard-core drink-driving offenders with a rather high BAC.
Strategies have been successful in reducing drink-driving, but the remaining problem
is stubborn. The time has come for a specific policy to identify the “hard-core”
offenders and change their behaviour. Strategies need to be different from those in
the past that were successful.

Allowme to introduce another risk-increasing factor: distraction. Some years ago,
I was alarmed by the results of the 100-car study in the USA. In this study, drivers
were followed for a year by observation systems installed in their cars: a black box,
small cameras (Dingus et al. 2006). The ideawas to observe their everyday behaviour.
Awealth of data resulted of which I find the following result themost striking. Nearly
80% of all crashes and 65% of all near-crashes involved driver inattention just prior
to the onset of the traffic conflict. This is rarely found on police registration forms,
becausewhowould tell the police that a cigarette fell to the floor just prior to the crash
and that in a state of some panic he or she was trying to retrieve it? Therefore, I have
begun to think that the idea many people have, including road safety professionals
and decision makers, of crashes being caused only by traffic offences, as we also
rather frequently see on police registration forms must present a distorted picture of
the truth.
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So, both (generic) basic factors and risk-increasing factors have been and will
be relevant in improving road safety. Worldwide we have substantially increased our
knowledge about the extent to which certain behaviour and specific circumstances
affect road safety and we have been successful in reducing specific risk-increasing
factors in many countries all over the world. As the nature of the problem will be
different, interventions will need to be different in the future than those in the past.

One example to illustrate this: if a jurisdiction reached 95% seat belt wearing rates
by legislation, publicity, and by increasing general deterrence by police enforcement,
the policies to accomplish a 100% wearing rate will most probably be completely
different. Furthermore, I expect that, following the 20–80 rules, traditional policies
to tackle “hard-core” problems will inevitably become less effective. How to reach
100% compliance and how to fight “hard-core” offenders are questions that have not
yet been satisfactorily answered.

When a country has made considerable progress and has taken the most obvious
measures, the traditional approach of reducing the peaks will become increasingly
less effective and become less efficient. The traditional policies will lose their effec-
tiveness. The change in thinking that is required as a first step in achieving further
road safety improvement could be based on economic considerations in terms of
whether profitable investments can be realized.

The next step is not to label individual locations, individual persons or individual
vehicles as relatively hazardous. Instead the conditions involving high risks need to
be identified: we move from specific risks to generic or inherent risks. We move from
risk-increasing factors to basic risk factors (Wegman and Aarts 2006). A reasonable
case can be made for the relative importance of generic problems having increased
over time, while the importance of specific problems has decreased.

Future road safety policies in countries such as the Netherlands will therefore
increasingly need to be aimed at the generic character of road safety, and less at the
specific aspects. The next phase in policymaking has arrived. This also supports the
saying that past success is no guarantee for the future and also gives rise to a question
about the efficiency of policy and whether it is not subject to the law of diminishing
returns.

However, it must be noted that every country needs to analyse its own road safety
problems and its own potential for solutions. For example, it is too simple to expect
that Dutch problems and their solutions can be copied on a one-to-one basis to the
Indian situation. The so-called SUNflower countries (Sweden, UK and the Nether-
lands) are three countries with a mature road safety history and performance record
and are the three safest countries in the world. When we compared their road safety,
the conclusion was that the three countries have similar levels of safety as a result
of continued improvements over recent decades. Policy areas targeted have been
similar. But implemented policies differ at the level of detail. And, interestingly
enough, although they are the safest countries worldwide, each of the three coun-
tries identified room for further improvement in well-established safety fields and
they saw possibilities to learn from each other (Koornstra et al. 2002). International
experts are only able tomirror thoughts and ideas from local road safety professionals
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as a starting point for policy development. International communication and coop-
eration is nothing more and nothing less than the exchange of “evidences” assuming
that a recipient country has sufficient capacity to transfer that information to local
conditions.

2.4 A Safe System Approach

There are two good reasons for the departure from more traditional paradigms on
road safety. The first reason lies in the fact that serious road crashes will occur as
long as the inherent unsafe conditions, the generic road safety problems are not
dealt with. Our traffic system is designed in such a way that it cannot (sufficiently)
prevent crashes and serious injuries. The most dangerous traffic issues are the large
differences in speed and mass together with the human being who has to deal with
these differences. The human being is physically vulnerable and, moreover, makes
errors and commits offences. And the system is not designed to deal safely with these
errors and offences.

A second good reason lies in the fact that our traditional policies have become
both less effective and less efficient; this is also the result of the core characteristics
of our road safety problems not yet having been addressed fundamentally.

In the Netherlands, these two reasons triggered a paradigm shift and resulted in
Sustainable Safety being developed, the Dutch version of a Safe System approach.
The increasingly diffuse character of the road safety problem requires a different
approach from that of the past. With the Sustainable Safety vision, SWOV seems to
have found a suitable answer; the main lines of this vision will be explained from
here on. More details can be found in Advancing Sustainable Safety (Wegman and
Aarts 2006) and in an OECD/ITF report on the Safe System approach (2008).

For the Dutch Sustainable Safety approach Letty Aarts and myself identified the
following key aspects:

• An ethical approach

– The next generation should not have to face a traffic system with the current
casualty levels and the number of casualties must be reduced considerably:
towards zero.

• A proactive approach

– There is no need to wait for crashes to happen before acting; sufficient
knowledge is available that can be applied.

• An integral/holistic approach

– Man, vehicle and road are to be integrated into one safe system.
– The whole network, all vehicles, all road users are to be covered.
– Road safety should be aligned with other policy areas: infrastructure, planning,

health, environment, etc.
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• Man is the measure of all things

Human capabilities and limitations are the guiding factors.
“Don’t blame the victim”.

• Reduction/elimination of latent errors in the system (system gaps)

– Which means we are not fully dependent on whether a road user makes a
mistake or error in preventing a crash

• Criterion of preventable injuries

– The criterion of preventable injuries must be used to identify which interven-
tions are most effective and cost-effective.

The Sustainable Safety approach, as developed in the Netherlands (Koornstra
et al. 1992; Wegman and Aarts 2006), is the first example of a so-called Safe System
approach (OECD 2008). Sweden has its Vision Zero and Australia later developed
its own Safe System approach (2011). But all three developed a similar approach
trying to fit into the local conditions.

To introduce this approach, it may help to answer the question why still so many
crashes occur? An intentional or unintentional human error plays a role in almost
every crash. Nomatter howwell educated and motivated, manmakes errors and does
not always abide by the rules. Many studies of road traffic crashes wrongly indicate
that the factors “road” and “vehicle” play only a minor role.

In present day, road traffic has not been designedwith safety inmind. For avoiding
crashes, we now are almost completely dependent on the extent to which man is
capable of (and sometimes willing) correcting his own errors. And, in its turn, errors
are also made in doing so.

Both intentional errors and unintentional errors are made. Intentional errors are
committed by the “unwilling” man; unintentional errors are committed by the “inca-
pable” man. We do not yet know sufficient about human behaviour to know which
of these two error types is dominant in crashes. We assume that both types of error
occur frequently and therefore both error types deserve our attention. The often heard
opinion that all errors are intentional and that eliminating these errors (often traffic
offences) would therefore be sufficient to considerably improve road safety, is not
true to reality, as has been clearly illustrated by the work of the South Australian
researchers Wundersitz and Baldock (2011).

Unintentional errors, inadvertence, slackening attention, distraction from the
driving task are all very frequent and sometimes lead to crashes. Road safety can be
improved by limiting the possibility of unintentional errors, and in the Sustainable
Safety vision SWOV has detailed how this can be done.

Furthermore, man also makes intentional errors and traffic offences. It has been
sufficiently established that traffic offences increase the number of crashes. It is
equally well known that a road user who has been fined for an offence adapts his
behaviour for some time, usually a few months. Traffic enforcement supports and
improves traffic behaviour. But research has also taught us that the positive effect
of enforcement is not so much the result of behavioural changes of those who have
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been fined—that effect is limited—but of the preventive effect of the possibility of
being fined and the punishment that comes with it: the general deterrence effect of
traffic enforcement (Goldenbeld 2005).

A crash is rarely caused by one single unsafe action; it is usually preceded by a
whole chain of poorly attuned occurrences. This means that it is not only one or a
series of unsafe road user actions that cause a crash; also hiatuses in the traffic system
contribute to the fact that unsafe road user actions can in certain situations result in
a crash. These hiatuses are also called latent errors (Reason 1990). In summary:
crashes occur when latent errors in the traffic system and unsafe actions during
traffic participation coincide in a sequence of time and place (Fig. 2.2).

As unsafe actions can never entirely be prevented, the Sustainable Safety vision
aims at banishing the latent errors from traffic: the road traffic system must be
forgiving with respect to unsafe actions by road users, so that these unsafe actions
cannot result in crashes. The sustainable character of measures mainly lies in the
fact that actions during traffic participation are made less dependent on momentary
and individual choices. Such choices may be less than optimal and can therefore be
risk-increasing.

Adjusting the environment to the abilities and limitations of the human being is
derived from cognitive ergonomics, which in the early 1980s made its entry coming
from aviation and the processing industry. In all types of transport other than road
traffic, this approach has already resulted in a widespread safety culture. Further

Fig. 2.2 Diagram showing the development of a crash (bold arrow) as a result of latent errors and
unsafe actions in the different elements composing road traffic (based on Reason 1990). If the arrow
encounters “resistance” at any moment, no crash will develop
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incorporation of the Sustainable Safety vision should eventually lead to road traffic
that can be considered as “inherently safe” as the result of such an approach.

2.5 Sustainable Safety in the Netherlands: A Safe System
Example

The Dutch approach has been presented in many documents and at many events, for
example, in the TwentiethWestminster Lecture on Transport Safety (Wegman 2010).
The objective of Sustainable Safety is to prevent road crashes from happening, and
where this is not possible, to reduce the severity of injuries as much as possible. This
can be achieved by a proactive approach in which human characteristics are used as
the starting point: a user-centric system approach. These characteristics refer on the
one hand to human physical vulnerability, and on the other hand to human (cognitive)
capacities and limitations. People regularly make errors unintentionally and are not
always able to perform their tasks as they should. Furthermore, people are not always
willing to comply with rules and violate them intentionally. By tailoring the envi-
ronment (e.g. the road or the vehicle) to human characteristics, and by preparing the
road user for traffic tasks (by training and education), we can achieve an inherently
safe road traffic system.

Themost important features of inherently or Sustainably Safe traffic are that latent
errors in the traffic system (gaps in the system, as indicated by Reason (1990), that
result in human errors or traffic violations causing crashes) are, as far as possible,
prevented and that road safety depends as little as possible on individual road user
decisions. The responsibility for safe road use should not be placed solely on the
shoulders of road users but also on those who are responsible for the design and
operation of the various elements of the traffic system (such as infrastructure, vehicles
and education). Given the fact that people make errors, not always abide by the rules,
and are also vulnerable, it is of the utmost importance that latent errors in the traffic
system are prevented so that they cannot be a breeding ground for the occurrence
of crashes. To prevent serious unintended errors, the Sustainable Safety vision as
much as possible adjusts the traffic environment and the traffic demands that go with
it to what the majority of road users can deal with. This to a large extent evokes
the required behaviour, tells the road user what is to be expected and ensures that
possible errors are counterbalanced by a forgiving environment. In addition, the
breeding ground for intentional and unintentional offences becomes fertile. For as
far as offending behaviour can already be detected before traffic participation (e.g.
use of alcohol or driving without a licence), the prevention of taking part in traffic
fits into a sustainably safe traffic.

Road users must be well-informed and well-trained to participate in traffic. And
in situations where their skills do not meet the environment’s demands, specific
measures must be taken to induce safe behaviour. Road users, being capable of
correctly assessing their situation-dependent condition and the resulting driving
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Table 2.2 The five sustainable safety principles (Wegman and Aarts 2006; Wegman et al. 2008)

Sustainable safety principle Description

Functionality of roads Mono-functionality of roads as either through
roads, distributor roads or access roads in a
hierarchical road network

Homogeneity of mass and/or speed and
direction

Equality in speed, direction and mass at moderate
and high speeds

Forgivingness of the environment and of
road users

Injury limitation through a forgiving road
environment and anticipation of road user
behaviour

Predictability of road course and road user
behaviour by a recognizable road design

Road environment and road user behaviour that
support road user expectations through
consistency and continuity in road design

State awareness by the road user Ability to assess one’s task capability to handle
the driving task

skills, is essential for making adequate decisions that can prevent a possible crash.
However, different road users have different skills, and the more experienced road
users should be asked to consciously use safe traffic behaviour which is aimed at
facilitating the less skilled road users. Thus, by making traffic a social system, a
forgiving driving style can prevent the occurrence of a crash caused by other road
users’ errors.

In traffic, the vulnerable human being needs to be protected by his environment,
either by physical constructions that prevent conflicts, or by constructions that absorb
the kinetic energy which is released in a crash. For this purpose, the road users’ vehi-
cles sharing the same space should have similar masses. If this cannot be achieved,
speeds must be reduced. On the one hand, this system is embedded in a traffic-related
taxonomy of high-speed traffic streams, and destination and residence on the other.
Between these two extremes, traffic must be guided along correct, sustainably safe
roads.

This brings us to the five central principles of a Sustainably Safe road traffic, as
identified in 2006 (Wegman and Aarts 2006): functionality, homogeneity, recogniz-
ability, forgivingness and state of awareness. A brief explanation of these principles
can be found in Table 2.2.

These principles have all been based on scientific theories and research methods
arising from disciplines such as traffic planning and engineering, psychology and
biomechanics.

2.5.1 Traffic Planning: Functionality of Roads

Traffic flow organizationmanifests itself inmanyways andwith various and different
objectives. As long ago as the 1970s, a functional road categorization system had
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been introduced which formed the basis for the Sustainable Safety functionality prin-
ciple. This principle starts from the premise that roads can only have a single function
(mono-functionality) and that they must be used in keeping with that function. The
road function can on the one hand be “to facilitate traffic flow” (associated with
“through roads”), and on the other hand “to provide access to destinations” (asso-
ciated with “access roads”). In order to provide a proper transition between “giving
access” and “facilitating traffic flow”, a third category of function was defined: the
“distributor road".

2.5.2 Homogeneity: Dealing with Physical Vulnerability

If road users perform dangerous actions that lead to crashes, the human body’s
integrity is jeopardized. This vulnerability results from the release of kinetic energy
and the body’s biomechanical properties.

To deal with the issue of vulnerability in a proactive fashion, Sustainable Safety
requires that controls are placed on factors that may intensify the severity of a crash:
differences in speed, direction and mass. This forms the foundation of the homo-
geneity principle. This principle states that where vehicles or road users with great
differences inmass have to use the same road space, speedswill have to be so low that,
should a crash take place, the most vulnerable road users involved should not sustain
fatal injuries. In addition, where traffic is moving at high speeds, road users should
be separated spatially. This principle resulted, for example, in the recommendation
(#8) of the Academic Expert Group for the Third Global Ministerial Conference on
Road Safety (Swedish Transport Administration 2019) that a maximum road traffic
speed limit of 30 km/ be mandated in urban areas unless strong evidence exists that
higher speeds are safe.

2.5.3 Forgivingness: Physical and Social

The principle of forgivingness (a forgiving roadside) can contribute to reducing
injury severity in crashes. Forgiving surroundings ensure that the consequences of
errors remain limited, for example, when vehicles leave the road and enter safe road
sides: for example, safe (matted) shoulders, obstacle-free zones or collision-friendly
obstacle protection.

Apart from the physical aspects of forgivingness, this principle also has social
implications which are more relevant for preventing dangerous actions. Traffic is a
social system in which crash causes can partially be traced to the interaction between
road users. Social forgivingness has more recently been defined as “the willingness
to anticipate a potentially unsafe action of another road user, and to act in such a
manner that negative consequences of this potentially unsafe action are prevented or
in any case limited” (Houtenbos 2008).



44 F. Wegman

Forgiving road behaviour, particularly, of the more competent road users, could
allow for the less competent road users, such as children and elderly road users. In
other words, road users can, by means of forgiving driving behaviour (in terms of
being anticipative or defensive), increase the room for manoeuvre of less competent
road users. Errors should still be regarded as errors by the less competent in order that
they can learn but a forgiving approach should lead to fewer or less serious crashes.

2.5.4 Predictability

People can perform tasks at different levels of control: skill-based, rule-based or
knowledge-based (Rasmussen 1983). Generally speaking, the longer people are
trained in performing a task, the more automatic their behaviour. The benefit is
that task execution takes less time and attention, and that fewer (serious) errors
are made (Reason 1990). To prevent dangerous actions, Sustainable Safety strives to
avoid knowledge-based task performance in particular. People have to be sufficiently
capable and experienced to take part in traffic but they also need to perceive what is
expected from them and what they can expect from other road users. This is manifest
in the predictability principle, the benefits of which can be delivered, according to
the Sustainable Safety vision, by consistency and continuity in road design. This
means that the design needs to support the user’s expectations of the road, and that
all components of the design need to be in line with these expectations.

People not only act dangerously because theymake errors unintentionally, they can
also exhibit dangerous behaviour by intentionally violating traffic rules. In situations
where the road environment does not stimulate proper behaviour, a sustainably safe
road traffic system benefits from road users who spontaneously obey traffic rules
from a normative point of view. To achieve this, traffic regulations have to fit with
the environment, and people have to be educated about the logic and usefulness of
rules. Where people still fail to comply with the rules, policing to a level where
a reasonable chance of being caught is perceived is the usual measure to enforce
compliance.

Another element in the updated vision is that traffic has to be sustainably safe for
everybody, and not just for “the average road user”. Fuller’s task-capability interface
model (Fuller 2005) supplies a theoretical framework here. Fuller’s model states
that road users’ task capability is the sum of their capacities less the sum of their
impairments caused by their present condition (e.g. because of fatigue or use of
alcohol). For safe road use, the task capability has to be large enough to meet the task
requirements. These task requirements are primarily dictated by the environment, but
they can also be altered by the road user, for instance, by increasing or decreasing
driving speed.
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2.5.5 State Awareness

This principle requires that road users should be able to assess their own task capa-
bility for participating in traffic. Task capability can be insufficient due to a lack of
competence (e.g. because of a lack of driving experience), or because of—or aggra-
vated by—a state of mind that temporarily reduces the task capability (e.g. because
of fatigue, or the use of alcohol or drugs).

Since task capability differs from individual to individual (e.g. inexperienced and
elderly road users with underdeveloped or diminished competencies, respectively,
and also fatigued “average” road users or road users under the influence of alcohol
or drugs), generic road safety measures are a necessity for safe traffic. However, for
the group of road users with a lower task capability, in particular, these measures are
not sufficient for safe participation in traffic. Therefore, generic measures have to be
supplemented with specific measures aimed at these groups or situations involving
them. Specificmeasures can be found in areas such as regulation, education, enforce-
ment (e.g. banning drivers under the influence of alcohol or drugs) and intelligent
transport systems (ITS).

2.6 Sustainable Safety: Implementation and Effects

The Sustainable Safety approach uses as a starting point the idea that the present
traffic system is inherently hazardous (that serious crashes can happen anywhere
and at any time) and that all possible solutions are considered in an integral and
rational manner. There is no a-priori preference for improving roads, vehicles or
changing behaviour. The rationality should not be restricted to road safety only,
but wider deliberations are desirable (congestion, environment, scenery, economic
development, health care, etc.). The purpose of Sustainable Safety is to offer the road
user such an environment that the risk of errors and violations is limited considerably.
This implies a fundamentally different approach than that used in the past: proactive
adaptation of the environment of the road user considered as a system, following the
five principles of Sustainable Safety to meet the characteristics defined by human
physical vulnerability and of human (cognitive) capacities and limitations.

The new approach required a system of priority setting. The concept of “avoidable
crashes” was developed for rational decision making (Wegman 2000). Avoidable
crashes are those crasheswhereweknowwhat caused them, ofwhichweknowhow to
prevent them, where the prevention costs are socially cost-effective and which fit into
the Sustainable Safety vision. This approach implies that limited (financial) resources
ensure that only cost-beneficialmeasures are taken and that cost-effectiveness defines
the priority setting. This is in line with the Dutch Government’s decision making
about investments. This concept differs, for example, from the Vision Zero approach,
which judges cost/benefit considerations as not relevant.
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An exception to this “avoidable crashes approach” is conceivable if in the frame-
work of management and maintenance the existing road infrastructure is improved
and road safety can be included. In those circumstances, cost-effectiveness is not a
major consideration from a road safety perspective, but a quality assurance approach
can be used to give guarantees for a sufficient road safety level.

The essence of Sustainable Safety is that it is a system approach, whichmeans that
measures should not only be taken on those locations where crashes have occurred,
but that it assumes that crashes can and will happen anywhere. Hence, the inherently
unsafe character of the system must be adapted (to “the human measure”). Putting
this idea into practice requires political courage, especially from road authorities
and from those who work on improving vehicle safety. In the areas of legislation,
traffic education and traffic enforcement, no serious problems concerning realization
are to be expected; in the Netherlands, it is rather a matter of gaining sufficient
support within society, followed by gaining political support, and then choosing the
implementation methods that will make a real contribution to the reduction in the
number of casualties. Of course, road users and consumers will need to aspire to a
higher safety level. Mobilizing the (latent) demand for a higher road safety level and
making it manifest is an important task for social organizations.

As a matter of fact, there are no real obstructions that stand in the way of imple-
menting Sustainable Safety; it was and is a matter of political leadership to realize
it. It was a key adventure to get all key stakeholders behind the implementation and
to organize implementation not for one year only, but for a considerable number of
years. Both support from stakeholders and funding has been obtained.

Another very important aspect was to reach an agreement with all Dutch road
authorities and to invite them to come to mutual agreements on implementation. As
implementing the Sustainable Safety vision requires their support, this turned out to
be a crucial step: in the Netherlands road authorities do, to a large extent, have an
autonomous position and a considerable amount of freedom for decision making.
As was mentioned earlier, the ambition is to achieve uniform solutions resulting in a
predictable road course and layout due to consistency and continuity in road design,
a predictable road course results in predictable road user behaviour and lower risks.
Local and regional road authorities were found to have invested substantial amounts
in the improvement of infrastructural safety.

Are the other components of Sustainable Safety affordable? The costs of traffic
education and police enforcement are modest in comparison with the investments
required for safety improvements of roads and vehicle, and therefore, their financing
does not need to be a major problem. In addition, in the Netherlands, the costs
of enforcement are paid back by the proceeds from traffic fines. Safer vehicles
are purchased by the consumer, and therefore, the market controls itself. For the
remaining components, however, it is unclear why parties other than the government
should make the required investments. The “bulk” of the financing of the prevention
of road traffic crashes will need to be made by the government.

To recapitulate this implementation aspect of Sustainable Safety,wemay conclude
that the introduction of Sustainable Safety has concentrated on the financing of a
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Sustainably Safe infrastructure. This is a problem which is felt by all road author-
ities, especially by the local and regional road authorities. It involves a political
choice. There are clear indications that in the Netherlands financing was in the first
instance not made available from specific safety budgets, but that other budgets for
management and maintenance were used. Additional safety assets, however, can be
of assistance. Yet, it is more important to create conditions which allow safe use of
these budgets for management and maintenance.

An assessmentwas carried out to learn if the implementation of Sustainable Safety
met the high expectations. In an evaluation study, SWOV investigated how Sustain-
able Safety had been implemented in recent years, andwhat results had been achieved
for road safety (Weijermars and van Schagen 2009; Weijermars and Wegman 2011).
One preliminary observation is in place. Of course, we don’t know exactly what
would have happened if Sustainable Safety had not been implemented.But bymaking
some assumptions, we can reach some conclusions. To do this, we have estimated
the safety effects of a large number of measures that had been implemented in the
period 1998–2007. The policy efforts that were made in the areas of infrastructural
investments and traffic enforcement can be called considerable. SWOV has been
able to make it plausible that these efforts have resulted in fewer traffic deaths and
also, to a lesser extent, in fewer serious road injuries. The fatality rate in the period
that was studied, the period 1998–2007, showed an annual decrease of 5%, which
is considerably higher than the almost 2% per year in the period 1988–1997. Two
scenarios were calculated to determine to what extent the measures that were imple-
mented made a contribution to the decrease in the number of traffic deaths. These
two scenarios make different assumptions about what would have happened during
the period 1998–2007 if Sustainable Safety had not been implemented, a situation,
of course, which we cannot know. In the pessimistic—perhaps, more realistic—
scenario 300 road fatalities are saved on a yearly basis, in the more optimistic one
the saving amounts to 400 fatalities. These are reduction percentages of more than
30% and 40%, respectively. Comparison of the costs of the investments versus the
benefits of the fatalities, injured and crashes saved shows that the investments have
been socially cost-effective. The cost–benefit ratio is 4:1.

It is also interesting to see that the reduction in the number of fatalities has been
higher than the reduction that was expected at the beginning of the implementation
of this policy. An important reason seems to be that the investments that were made
by local and regional road authorities like municipalities and provinces were higher
than estimated in advance. In addition, the increase in the risk of being caught by
intensified police enforcement has also surpassed our expectations.

Therefore, the conclusion was that the high expectations had been met. And,
furthermore, it was recommended to continue the implementation and to explore
opportunities for higher quality implementation.

SWOV published the 3rd edition of Sustainable Safety in 2018 (www.sustainab
lesafety.nl). The first edition has been published in 1992 (Koornstra et al. 1992) and
the second one in 2006 (Wegman and Aarts 2006). The ultimate ambition of the 3rd
edition is being a casualty-free traffic system.

http://www.sustainablesafety.nl
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2.7 Lessons Learned

There is not one country in the world for which road safety improvement is an
easy task. Lack of high-quality data or competent staff sometimes makes a thorough
analysis of a country’s own situation impossible. Road safety is a complicated issue
characterized by very different opinions on the causes of crashes or the best measures
to prevent them. These measures are often the subject of political discussion and
difference of opinion. Often these debates revolve around how these measures are
to be financed. Add to this the fact that road safety improvement is not a “real top
priority” in policy anywhere, and the conclusion appears to be that reducing the
number of road casualties is not that simple. This is even more so in countries with a
rapid economic growth that comes with rapidly growing (motorized) mobility. This
issue can become even more demanding if motorized mobility not at all or only to
a limited extent takes account of vulnerable road users like pedestrians, cyclists and
motorized two wheelers. This illustrates that road safety improvement is not by any
means an easy task.

However, when designing road safety policies and when coming to questions
which measures to include in these policies, it is interesting to look at the experi-
ences with road safety improvement in a country like the Netherlands. Not, as was
mentioned earlier, with the intention of copying the approach, but as a source of
inspiration. The experiences with road safety improvement in the Netherlands can
roughly be summarized as follows:

• Although road safety has never been a top policy priority in the Netherlands,
The Dutch Parliament has always shown much interest in the subject. Members
of Parliament can place topics on the agenda and make tools available for the
implementation of policy. Sometimes, a “champion” can be identified. A real
champion can truly make a difference and speed up road safety improvement.

• Road safety improvement is a “shared” responsibility of citizens/road users and
the designers and operators of the road traffic system. Therefore, it is necessary
that all stakeholders feel a responsibility for the road safety problem and want
to contribute to its improvement. In order to commit stakeholders to road safety
improvement, it is important that politics at the national, regional and local levels
clearly indicate that they consider road safety improvement to be an important
subject. In addition, it is necessary that top management makes clear to each
stakeholder that it is committed to make a contribution. As many different organi-
zations (e.g. road authorities, police, legal authorities, legislators, vehicle industry,
schools) are required to contribute, it is advisable to make it attractive for orga-
nizations to participate, to cooperate, and sometimes to also be willing to be
coordinated by a “lead agency” (without their responsibilities being taken away).
It is important that the stakeholders’ achievements are being monitored to make
sure they “deliver”.

• Research indicates that setting realistic and ambitious quantitative targets leads
to better policy and more rapid road safety improvement (Allsop et al. 2011). Of
course, such a quantitative target can only function if a high-quality data system is
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available. Furthermore, it is important that the process and therefore its progress is
closely monitored.Mechanisms are required (e.g. an annual report on road safety)
to establish whether one is on the right track.

• Using a vision like Sustainable Safety has a number of important advan-
tages. Developing such a vision, which addresses specific local problems and
which is based on a good insight into what is effective and efficient in a
country/district/town should therefore be considered. The Safe System approach,
of which the Dutch Sustainable Safety vision is a good example, can be used to
this effect. In the Netherlands, the vision has mainly been used by the profes-
sional world of researchers, policy makers, practitioners, elected politicians, etc.
and not so much in the communication with road users. The advantage of the
vision was that all stakeholders were invited to commit themselves to the vision
and to use the vision as a guideline in their work. In the Netherlands, this resulted
in a synergy, and therefore an increase in the effectiveness and efficiency of inter-
ventions. Another advantage was that it created a long-term perspective and that
longer term financial sources for road safety policy were made available.

• It is important to put effort into gaining more political interest in road safety
policy and to create support for measures among the population and road users.
The media has an important role here and it is advisable to consider the media as
an important partner in road safety policy.

• Evidence-based interventions should be at the heart of each road safety
programme. It is therefore to be recommended that a trusted knowledge organiza-
tion establishes, ex-ante and ex-post, whether interventions are evidence-based.
In the Netherlands, the independent research institute SWOV has such a function.
Furthermore, knowledge should form the basis for all advocacy work within a
country. It is important to be aware of the fact that road safety improvement is not
only a matter of reducing the number of road fatalities, but also of reducing the
number of (serious) road injuries. Policy to reduce the number of road injuries
will (need to) be different from the aimed at reducing road fatalities.

This brings us to the question whether a Safe System approach is a bridge too far
for India or could it be a source of inspiration. I believe that a Safe System could also
be of importance for India. Not, of course, in the sense that the measures, as they
have been implemented in the Netherlands or in Sweden, could be copied on a one-
to-one basis for the Indian situation; the countries differ too much. The vision could,
however, be used as a source of inspiration and as a background for the analysis of
risks in road traffic in India. My view is that the Sustainable Safety principles and
the implementation of these principles in interventions can be applied in India if well
adapted to the Indian (road traffic) conditions and society.
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Chapter 3
Traffic Safety: The Top Ten Issues

Tony Bliss

3.1 Introduction

Traffic safety is a vital dimension of sustainable transport explored through multiple
disciplinary and interdisciplinary lenses. The growing accumulation of scientific
evidence concerning the effectiveness and efficiency of interventions provides the
bedrock for ongoing global improvements. Traffic safety management practices in
high-income countries have successfully leveraged this scientific evidence base and
in turn provide a sharper focus on issues concerning the delivery, or implementation,
of improved traffic safety.

This focus on the implementationof traffic safety improvements is relevant to India
and other low and middle-income countries experiencing growth in avoidable road
crash deaths and injuries. While there have been sustained global efforts to promote
good practice safety interventions, less attention has been paid to strengthening the
management capacity necessary to deliver them. Traffic safety research has a role to
play in addressing this, and for the next generation of researchers, ten priority issues
have been identified for further consideration. For each issue, questions are posed,
without answers, to extend this exploratory process.
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3.2 Issue 1: Production

The first issue concerns how little attention we pay to the way traffic safety is actually
produced. It is often sold as something you just take off the shelf and use like amagical
potion, with an informed mixture of incantations and exhortations assuring success.
Do the right thing in the right place at the right time. An abundance of this form
of advice is offered to and by the global road safety community, which leaves the
impression that quick success can be simply conjured up.

The reality is more prosaic and muchmore demanding. Traffic safety is produced,
just like other goods and services, and its quality in terms of final results achieved is
determined by the quality of the production process. Hence, in traffic safety manage-
ment terms, it is important to understand the nature of this production process and
its multi-faceted, systemic elements.

We can visualize the traffic safety management system as having three key
elements, stacked up in pyramid form, comprising institutional management func-
tions that produce interventions that in turn produce results (Bliss and Breen
2009).

At the bottom of the pyramid, we can identify seven institutional management
functions,with themost important of these beingwhatwe term“results focus.”This is
a short-hand way of expressing what it is that we want to produce and our strategy for
doing so in terms of interventions and targeted results. Six related management func-
tions concern how we coordinate partnership and stakeholder activities to achieve
the desired results; how we legislate to achieve the desired results; how we fund
and allocate resources to achieve the desired results; how we promote activities to
achieve the desired results; how we monitor and evaluate activities to achieve the
desired results; and how we undertake research and development and knowledge
transfer to achieve the desired results. It is this institutional “engine room” of the
production process that so often gets neglected in discussions concerning how to
improve national traffic safety performance.

In the middle of the pyramid, we have three categories of targeted interventions:
interventions that concern the planning, design, operation, use and maintenance of
the road network; interventions that concern the entry and exit of drivers, vehicles and
operators to and from the road network; and interventions that concern the recovery of
crash victims from the road network and their rehabilitation. These three intervention
categories can be further disaggregated into two types: those that set and implement
safety standards and rules, and those concerning related compliance regimes which
comprise combinations of education, enforcement and incentives.

Finally, at the top of the pyramid, we have the results wewish to achievewhich can
be measured in terms of outputs, intermediate outcomes, final outcomes and social
cost. In low and middle-income countries where final outcomes data quality is poor,
sampled intermediate outcome measures, such as network speeds, helmet and safety
belt wearing rates, safety rating of core network roads and vehicle safety ratings, can
provide reliable indicators of overall safety performance and related trends.
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Even with this simplified safety management system framework, we can see the
complexity of the traffic safety production process which must operationalize the
three identified elements, each of which necessarily breaks down into greater levels
of detail. We must also take into account the dynamic nature of this production
process and the evolution of its results focus over time.

Through to the 1960s, the results focus of the production process was preoccu-
pied with improving road user attitudes and behavior, what we now term a “victim-
blaming” approach (Rumar 1999).During the 1970s and80s, this shifted to a “matrix”
approach, with a more systemic results focus on pre-crash, in-crash and post-crash
events engaging road users, vehicles and the road environment (Haddon 1968). By
the 1990s, what subsequently become termed the “Safe System” approachwas begin-
ning to surface with the Dutch Sustainable Safety and Swedish Vision Zero strategies
(Wegman and Elsenaar 1997; Tingvall 1995).

The Safe System approach aims to manage the impacts of injurious crash forces at
the interfaces between road users, vehicles and the road environment, with a results
focus seeking to eliminate crash fatalities and serious injuries. This zero-harm goal
has become the norm in high-income country traffic safety strategies and is also
being promoted to low and middle-income countries.

While high-income countries are struggling to address this level of ambition—
with Sweden and TheNetherlands leading the way—a new results focus is emerging.
In our work at Melbourne University, we have termed this the “Complex System”
approach, which encapsulates the Safe System approach within a more holistic set of
measures seeking to address new forms of sustainable urban mobility arising from
the convergence of information, communications and transport technologies and the
exigencies of global climate change policies targeting large-scale atmospheric carbon
reductions (Bliss 2015).

The traffic safety production process must be understood and acted upon within a
wider set of transport goals seeking improved productivity, competiveness and pros-
perity, integrated with related goals concerning the environment, energy security,
urbanization and public health. We are moving into an era of growing complexity
and longer planning and programming horizons that hinge on more highly valuing
costs and benefits accruing to future generations. Yet at the same time, we are expe-
riencing powerful resistance to the state playing a strong leadership role in managing
fundamental shifts in policy and practice required for sustainable success.

This issue of how road safety is produced raises questions that merit further
consideration:

• Why do we insist on traffic safety as being something simple to deliver?
• Why do we focus on interventions alone?
• Why do we cling to past traffic safety paradigms?
• Why do we view traffic safety as an imposition of the “nanny state”?
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3.3 Issue 2: Sequencing

Like all effective and efficient production processes, the sustained delivery of traffic
safety requires proper sequencing. Foundations must be built before later stages of
production can be operationalized (e.g., driver and vehicle entry and exit controls
and registries underpin effective compliance regimes; high-capacity judicial systems
and publicly acceptable administrative penalty procedures underpin feasible speed
camera operations; and so on).

It is like building a house where key tasks have a logical ordering. There is little
value in specifying the fitting of the roof, without considering the nature of the
foundations and walls, let alone their construction. Yet ongoing calls for action to
address traffic safety priorities often fail to recognize this reality. Talk is cheap, but
the costs of not attending to fundamental requirements for feasible action are high.

Good practice, high-income countries took seventy years of motorization to build
up sufficient capacity to be able to implement a more scientific management model,
and it has taken a further four decades or so to achieve more acceptable traffic
safety outcomes. The basic building blocks for success are visible in high-income
countries, and they highlight the long planning and programming horizons required
for the delivery of sustainable results.

Achieving comparable success more quickly in India and elsewhere will require
a properly sequenced pathway of action to be followed. The next 15 years set for the
achievement of the Sustainable Development Goals (United Nations 2015) provides
a challenging but achievable time frame for this, providing a rapid start on building
country management capacity can be assured. Experience with the delivery of the
Millennium Development Goals underscores the importance of moving quickly to
build a solid foundation for scaled-up action, if targets are to be achieved.

This issue concerning the sequencing of road safety delivery raises questions that
merit further consideration:

• Why dowe say the delivery of substantially improved traffic safety can be achieved
quickly?

• Why do governments and donors demand immediate success in terms of final
results?

3.4 Issue 3: Inequality

Aside from addressing climate change, inequality is perhaps globally the biggest
“big” issue of our times, given the growing disparities inwealth and opportunities. For
example, the work of Thomas Piketty focuses critical attention on growing income
inequality in high-income countries and inequalities in the global distribution of
wealth (Piketty 2014). It cannot be assumed that winners will compensate losers, or
that principles of social justice, which point to assisting those worst off first, will
prevail in contemporary, macroeconomic regimes, especially those promoting the
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virtues of austerity. Remarkable complacency about growing global inequality is
evident.

We can see many of the contours of inequality manifested in the delivery of
traffic safetymeasures and their performance. The growing performance gap between
high-income countries and low and middle-income countries underpins the call for
a Decade of Action for Road Safety and related Sustainable Development Goals.
Within countries, worldwide safety inequalities are also evident between urban and
rural areas, road types, vehicle types and road users.

Awareness and the unacceptability of these inequalities have been heightened by
the promotion of the Safe System approach, with its goal of ensuring safety for all
users of the road transport system. Improvements in analytical tools are highlighting
the prevalence of unequal outcomes and the systemic means of addressing them.
There are growing concerns that rapid technological change in the vehicle fleet and
its communications with the road environment could create new inequalities with
unintended safety consequences.

Amajor system failure continues to haunt us. As highlighted by theGlobal Burden
of Disease findings (Murray and Lopez 1996), road crashes rank highly with suicide,
drugs and interpersonal violence as a leading cause of death for our young people.
Between the ages 15–34 years, this picture is evident across the developed and
developing world and there has been little change in the rankings over the last two
decades. After more than a hundred years of motorization, traffic safety risks for
young people are still not being effectively managed (Bliss 2014).

This issue concerning road safety delivery inequalities raises questions that merit
further consideration:

• Why have we failed our young and our vulnerable road users?
• Why dowe treat certain roads with differing levels of protection provided for users

as being equal, in terms of setting speed limits?
• Why does the global donor community continue to ignore traffic deaths and

injuries as a development priority in low and middle-income countries?
• Why has equity or fairness become subordinate to efficiency?

3.5 Issue 4: Limits to Performance

Limits to traffic safety performance are set by technical production frontiers and
institutional management capacity, with the latter often constraining achievement
of the former. For any given road system, technical limits to the level of safety are
governed by the protective quality of the infrastructure, vehicles, and safety clothing
and helmets, at prevailing speed limits, and the degree of compliant behavior by
system users. However, often the management capacity to achieve feasible levels of
traffic safety is lacking. Surpassing current safety performance outcomes requires
both the technical means and the managerial capacity to deliver it.

Technical production frontiers are determined by safety standards and rules,
and desired shifts in results focus may require these standards and rules and
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related compliance regimes to be recalibrated and management practices adjusted
accordingly to achieve improved safety. Yet implementation of the Safe System
approach in high-income countries still provides examples of performance ambition
exceeding both technical boundaries and institutional delivery capacity. For example,
in Australasian jurisdictions, the desired goal of achieving zero harm will be impos-
sible to attainwith prevailing infrastructure designs and related speed limits, although
there is little official acknowledgment of this.

This issue concerning road safety performance limits raises questions that merit
further consideration:

• Why do we avoid informed discussion or understanding of what traffic safety
management systems are capable of in performance terms?

• Why do we call for safety performance way beyond the technical and institutional
capacity to produce it?

3.6 Issue 5: The Road User

Taking a speculative stance and looking to the future, there is value in going beyond
the bounds of our contemporary traffic safety dialogue and evidence base. While
our paradigmatic shift has de-emphasized victim blaming, we need to reconsider the
capacity and agency of road users, in terms of their safety behaviors, and what we
can realistically expect of them.

The Safe System approach requires road users to share responsibility for their
safety, by complying with system safety standards and rules. However, while the
dynamic nature of the traffic safety production process has resulted in sustained
improvements in vehicle and infrastructure safety performance, our understanding
and expectations of the road user have changed very little, beyond perhaps a sharper
recognition of gender, age, physical vulnerability and so on.

We do have ideas concerning “culture” and “consumer behavior” and their poten-
tial influences on traffic safety outcomes, though these are loosely shaped and poorly
accounted for in evidential terms. We also acknowledge the importance of human
factors science, given the rapid rate of technological change and emerging complex-
ities in human–machine interfaces, in terms of the cognitive load our brains can be
expected to handle. But overall we still treat the road user as a constant in these
matters and are not considering that perhaps a new type of human could be emerging
or being shaped.

We must recognize that the human–machine interface is evolving rapidly and
artificial intelligence is making progress. Where are we heading as human subjects
in this process? Useful account could be taken of the insights provided by Marshall
McLuhan on media as extensions of human capacities and identities (McLuhan
2003), and Michel Foucault on the mode of being of the human subject shaped by
regimes of knowledge, power and self-formation (Foucault 2005). We must revisit
our understanding of road users and their inherent capacities and actions.
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This issue concerning the role of road users in the traffic safety management
system raises questions that merit further consideration:

• Why do we treat road users in terms of their human capacities as a constant?
• Why do we view information and communications technologies and their

convergence with transport systems as neutral enablers of change?
• Why do we continue to pin our hopes on improving road user attitudes, behaviors

and cultures as the means of improving safety performance?

3.7 Issue 6: Design

Safe design is integral to achieving safe performance, something that was already
becoming well understood in industrial safety a half-century ago. If you want to stop
workers being injured by the machines they use, you make the machines safer. If you
want to lose less lives in mining disasters, you make the mine systemically safer,
rather than viewing and treating mine workers as having suicidal tendencies. This
perspective seems self-evident to many traffic safety practitioners today.

Steady progress is being made in vehicle safety improvements, especially for
vehicle occupants, yet in the case of road infrastructure, traffic safety has been lagging
in its design focus, even with the Safe System approach bringing safe design to the
forefront. In particular, the Dutch Sustainable Safety strategy sets out rigorous safety
design principles and globally more attention should be paid to their application
(Wegman and Aarts 2006).

In some instances, the goal of eliminating crash deaths and serious injuries
is proactively shaping infrastructure design solutions, replacing reactive measures
being taken only when system failures are of sufficient concern to merit intervention.
The shift to roundabouts for safer junctions is a good example of this. Likewise, the
adoption of low-cost wire rope barriers on high-speed interurban roads is eliminating
deaths and injuries from head-on crashes. Aside from this, overall progress in safety
design is slow.

Given the professional inertia cloaking current safe infrastructure design practices,
there is still a long way to go before speed and safe design are addressed integrally
to eliminate predictable road crash deaths and injuries. However, the emergence
of a Complex System approach may demand safety performance requirements that
designers must comply with, rather than trading safety off and continuing to produce
infrastructure designs with a known kill-rate built into them. This requirement is
already the case with rail and air transport systems and the growing complexity of
road transport systems may dictate a similar ethos.

This issue concerning safe design raises questions thatmerit further consideration:

• Why do we tolerate road infrastructure designs that are clearly failing?
• Why do we promote safety audit and inspection as the panacea for achieving safe

road design, rather than hold operators accountable for safe infrastructure and
empower and require infrastructure designers to proactively deliver it?
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• Why do we resist designing for safe speeds in the road network?

3.8 Issue 7: Development

Economic development and its sustainability goals provide the broader context for
the consideration and promotion of traffic safety in low, middle and high-income
countries. In terms of development impacts, we need address the issue of avoid-
able deaths and disabilities, and the associated health losses and economic impacts,
let alone the pain and suffering of crash survivors and their families.

Deepening levels of inquiry exploring the linkages between economic develop-
ment and human wellbeing are evident. Critical biopolitical perspectives are uncov-
ering and elaborating the primacy of population health in preserving and enhancing
life in the formation of modern states and their citizens (Foucault 2007, 2008).
Reinforcing this is the macroeconomic view that improved health generates income
growth and productivity, a reversal of the conventional understanding that income
growth results in improved health (Bloom and Canning 2000). From this perspec-
tive, health createswealth, which changes howwe view health losses and investments
made to improve health.

These insights resonate with a rethinking of country development priorities that
have shifted from a narrow focus on income and spending to paying increased atten-
tion to the provision of accessible education and health, and ensuring social, cultural
and national inclusiveness and political participation. Development aims to promote
higher living standards for all, with an emphasis on improved health, education and
peoples’ ability to participate in the economy and society. Viewed within the twin
pillar framework promoted by Nicholas Stern during his time at the World Bank, it
seeks to foster an investment climate conducive to increased growth, productivity
and employment, and to empower and invest in people to include them in the devel-
opment process and ensure that they share its benefits (Stern et al. 2005). Yet the
overwhelming impacts of population health and wealth losses arising from road
crashes undermine this necessary inclusiveness and reinforce the case being made
for their prevention to become a higher development priority.

We must confront the issue that some lives matter more than others: lives that the
state is more willing to give away. This is an ethical disposition that Richard Allsop
memorably termed “the scandal of tolerance” in his reflections on the findings of
the SUNflower project that reviewed road safety development in three of the world’s
best-performing countries, Sweden, the UK and the Netherlands (Allsop 2002).

Over the first 30 years of the twenty-first century it is projected that the global
vehicle fleet will at least double, with more than half of these vehicles entering
the road networks of low and middle-income countries (Dargay et al. 2007). These
networks include unprecedented numbers of vulnerable road users fated on current
trends to become road crash victims. The resulting carnage will be huge. Global road
deaths are projected to rise to around 2 million people a year by 2020 and continue
growing, unless substantial new initiatives are taken. Making the bold assumption
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that theDecade ofAction goal of halving 2020 fatalities can be achieved—whereas in
reality, halfway through theDecade, time has already run out on this—and accounting
for growing road transport demand, more than 50 million deaths and 500 million
serious injuries on the world’s roads can reasonably be anticipated over the first fifty
years of this century (Bhalla et al. 2008).

Historically, only comparable eras of war or genocide have delivered such
sustained violence. For example, in the 45 years following World War II, based
on estimates made by Robert McNamara, around 40 million people were killed in
national and regional conflicts, with 70% of the victims being civilians (McNamara
1992). In themodern parlance of twenty-first-century war, civilian victims have since
become euphemistically described as “collateral damage.” By way of comparison,
the first three decades of road crashes in this century look set to generate fatalities on
this scale, with equivalent collateral damage in terms of impacts on vulnerable road
users. This is not accounting for the higher injury toll associated with road crashes,
which result in at least ten serious injuries per fatality (and much more in road envi-
ronments like India), a ratio only now being approached for combatants in modern
warfare where improved body armor, victim recovery and trauma care services are
keeping more battlefield victims alive and often left seriously disabled (Goldberg
2010).

Taking a longer-term view, this picture becomes even bleaker, with roads in certain
ways resembling modern battle zones. Urgent and sustained traffic safety measures
are required to stem the rising tide of crash fatalities and injuries arising fromgrowing
demand for road transport services and related infrastructure investment. Otherwise,
sustained violence on the world’s roads looks to be inevitable.

This issue concerning road safety as a sustainable development priority raises
questions that merit further consideration:

• Why do road deaths and disabilities on a mass scale go relatively unnoticed as a
contradictory by-product of development?

• Why dowe accept the giving away of lives and the heavy burden of injury resulting
from our road transport system?

• What is holding us back from urgent, sustained action to address this avoidable
carnage?

3.9 Issue 8: Innovation

Hopes are increasingly being pinned on innovation to address global traffic safety
concerns. However, with some notable high-income country exceptions, associated
research and development budgets do not reflect this enthusiasm. We are living off
the findings of past research and diminishing returns are setting in. New research
and development programs are now needed to anticipate and address the growing
complexity of urban mobility and related traffic safety issues. We must now commit
to the long-term process of building a new evidence base for the twenty-first century.
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The successes of traffic safety programs in good practice countries that began to
accumulate toward the end of last century were built on the findings of decades of
sustained research and development. While it takes considerable time to create and
effectively translate an evidence base into action, the benefits achieved justify the
research and development investments. Innovation, particularly in terms of piloting
and evaluating new measures that theory suggests promise safety benefits, is integral
to this process.

Certain traffic safety priorities call for innovative action. These include improving
the safety of vulnerable road users in mixed mass, mixed speed environments like
those found in India and its neighboring countries. Emerging mobility scenarios of
a complex nature must also be addressed, such as vehicle-to-vehicle, vehicle-to-
infrastructure and vehicle-to-road user communications, and autonomous driving, to
ensure network safety is paramount. This in turn calls for a commitment to long-term
research and development (Bliss 2014). In low and middle-income countries, with
some possible exceptions, little attention is being paid to investing in these traffic
safety priorities.

This issue concerning the promise of road safety innovation raises questions that
merit further consideration:

• Why do we just see innovation as technical applications in search of problems
they can solve and related market or business opportunities?

• Why are we not seeking innovative infrastructure and vehicle design solutions for
unique traffic safety issues in low andmiddle-income road network environments?

• Why have we lost the will for long-term investment in traffic safety research and
development?

3.10 Issue 9: Investment

We now get to a crunch issue that continues to be neglected, perhaps because it
concerns finding sources for safety funding. Improving national traffic safety perfor-
mance requires substantial and sustained investment. Though difficult to quantify—
given that safety budgets are often embedded in larger infrastructure, enforcement and
regulatory budgets—funding requirements are huge. In public management contexts
that require transparent output and outcome linkages, it is possible to gain some
insights into the scale of these requirements.

For example, traffic safety enforcement in Australasian jurisdictions requires
around 20% or more of total policing budgets. This is at least an order of magni-
tude higher than enforcement budgets in low and middle-income countries. It is also
investment of a proactive nature targeting measurable performance outcomes, rather
than being diffused and diluted in traffic management and incident responses, as
is usually the case in low and middle-income countries. Much more could be said
about this, across the broad spectrum of traffic safety interventions, but the key point
is that the successful performance of high-income countries in effect makes a clear
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business case for what is needed in investment terms. The complexity of their insti-
tutional arrangements alone can also be viewed as a surrogate indicator of success
and commitment to sustained investment, and their longer-term goal of fatality and
serious injury elimination points to the net benefits that are anticipated.

Significant investment will be required to achieve the Decade of Action targets
of saving 5 million lives and avoiding 50 million serious injuries. It was estimated
that this would result in gross benefits of more than USD$3 trillion, using a value of
statistical life based on International Road Assessment Program estimation proce-
dures (Guria 2009). Assuming that investments made to achieve these fatality and
injury targets had an overall benefit-cost ratio of 10:1, which is optimistic though
plausible, dividing US$3 trillion by 10 indicates the magnitude of investment that
must be mobilized.

On this basis, it could be argued that low and middle-income countries cannot
afford to invest in traffic safety, but this is not the case when the sheer scale of road
transport investment is taken into consideration. Over the next four decades, global
passenger and freight travel is expected to double from 2010 levels, with non-OECD
countries accounting for nearly 90% of travel increases. Estimated network length
will increase by 60%, with 90% of associated road infrastructure investment being in
non-OECDcountries.Global road capital construction, reconstruction andoperations
and maintenance costs are estimated to reach up to US$1.1 trillion annually over the
next 20 years, dropping to around US$700 billion a year by 2050 (Dulac 2013).
Justifiable savings could be achieved by shifting to more sustainable modes, but
even so the overall level of investment in road transport will continue unabated on a
huge scale.

From this perspective, it is specious to argue that improved traffic safety is unaf-
fordable for low and middle-income countries. As is the case with high-income
countries, the long-term funding required to sustainably improve traffic safety perfor-
mance could reasonably be sourced and absorbed within projected mobility invest-
ments, providing the institutional road safety management capacity is built to deliver
this. But in the immediate term, what is urgently required is sufficient international
catalytic funding to accelerate this capacity-building process, to help unlock sustain-
able domestic funding sources targeted to deliver improved traffic safety over the
coming decades.

This issue concerning the scaling up of road safety investment raises questions
that merit further consideration:

• Why are we so coy about the level of investment required to achieve sustainable
traffic safety?

• Why do we promote the view that improving traffic safety is cheap and easy?
• Why is the global traffic safety community comfortable with derisory levels of

catalytic funding that do not address county capacity-building requirements and
are incapable of achieving measurable and sustainable results?
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3.11 Issue 10: Management

The final issue concerns traffic safety management and the associated issues of
responsibility and accountability for performance. This brings us back full circle to
the first issue of producing safety and the nature of this production process. Taking
a “managing for results” perspective, what is measured is managed, and application
of the scientific evidence base is fundamental to success.

Management must address production complexities and take responsibility for all
elements of the management system comprising institutional functions that produce
targeted interventions which in turn produce results. Management must also address
all the other issues previously outlined: those of sequencing, inequality, limits to
performance, the road user, design, development, innovation and investment. This is
a formidable set of tasks.

Management responsibilities also include the less visible tasks of sustaining
agency creativity, building teams and partnerships, and ensuring the ongoing creation
of traffic safety knowledge necessary to achieve continual improvements in perfor-
mance. Strategic and visionary leadership are vital to addressing these management
priorities, and their general absence at country, regional and global levels remains a
fundamental brake on progress.

While a focus on management is prioritized as the first pillar in the Global Plan
for the Decade of Action and permeates much of the plan’s content, in the main, it
is neglected in global road safety dialogue and action. More attention must be paid
to developing robust management capacity in low and middle-income countries.
Strengthening peer-to-peer relationships with high-income countries would be an
important first step in this development process, to help achieve the diffusion and
sharing of knowledge vital to improving traffic safety productivity.

This issue concerning road safety management raises questions that merit further
consideration:

• Why do we assume that sufficient management capacity already exists in low and
middle-income countries, just waiting to be mobilized?

• Why are many governments and their agencies, and international donors, missing
in action, when it comes to showing leadership and supporting the strengthening
of traffic safety management capacity in low and middle-income countries?

3.12 Concluding Remarks

To sum up, there are many issues and questions remaining to be addressed, which
all serve to illustrate what a rich and rewarding field we are privileged to be engaged
in. These issues and questions also underscore the immense challenges we must face
and the societal benefits we can help create—the value we can potentially add—if we
commit to the pursuit of long-term success. It is appropriate at this point to conclude
with the researchers’ lament (Bliss 2014):
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We do not know enough….

And we do not do enough with what we know.

References

Allsop R (2002) Closing address of SUNflower congress. In: Koornstra M et al (eds) SUNflower:
a comparative study of the development of road safety in Sweden, the United Kingdom and the
Netherlands. Appendix A. SWOV, Dutch Institute for Road Safety, Leidschendam

Bhalla K, Shahraz S, NaghaviM,Murray C (2008) Estimating the potential impact of safety policies
on road traffic death rates in developing countries. In: Poster presentation at 9thWorld conference
on injury prevention and safety promotion, Merida, Mexico

Bliss T (2014) Road safety in the 21st century—public expectations of government. In: 25th
Westminster lecture on transport safety, Terrace Pavilion, Palace of Westminster, PACTS,
Parliamentary Advisory Council for Transport Safety, London

Bliss T (2015) Road safety in the 21st century: innovation and national strategy. National Road
Safety Forum, Sydney

Bliss T, Breen J (2009) Implementing the recommendations of theWorld report on road traffic injury
prevention. Country guidelines for the conduct of road safety management capacity reviews and
the specification of lead agency reforms, investment strategies and safe system projects. World
Bank Global Road Safety Facility, Washington DC

Bloom D, Canning D (2000) The health and wealth of nations. Science 287
Dargay J, Gately G, Sommer M (2007) Vehicle ownership and income growth, worldwide: 1960–
2030. Energy J 28(4)

Dulac J (2013) Global land transport infrastructure requirements: estimating road and railway
infrastructure capacity and costs to 2050. International Energy Agency, Paris

Foucault M (2005) The hermeneutics of the subject. Lectures at the College de France 1981–1982.
Palgrave Macmillan, New York

Foucault M (2007) Security, territory, population. Lectures at the College de France 1977–1978.
Palgrave Macmillan, New York

Foucault M (2008) The birth of biopolitics. Lectures at the College de France 1978–1979. Palgrave
Macmillan, New York

Goldberg M (2010) Death and injury rates of US Military Personnel in Iraq. Mil Med 175(4):220
Guria J (2009) Required expenditure. Road safety improvements in low and middle-income coun-
tries. Report to the World Bank Global Road Safety Facility, Addendum. Revised estimates of
fatalities and serious injuries and related costs. New Zealand Institute of Economic Research,
Wellington

Haddon W Jr (1968) The changing approach to the epidemiology, prevention and amelioration of
trauma: the transition to approaches etiologically rather than descriptively. Am J Public Health
58:1431–1438

McLuhanM (2003) Understandingmedia. The extensions of man, Critical edn. Gingko Press, Corte
Madera, California

McNamara R (1992) The post-Cold War world: implications for military expenditure in the devel-
oping countries. In: Proceedings of theWorldBank annual conference on development economics
1991. Supplement to the World Bank economic review and the World Bank research observer,
Washington DC

Murray C, Lopez A (eds) (1996) The global burden of disease. A comprehensive assessment of
mortality and disability from diseases, injuries and risk factors in 1990 and projected to 2020.
Harvard University Press, Boston

Piketty T (2014) Capital in the twenty-first century. Belknap Harvard, Cambridge, Massachusetts



66 T. Bliss

RumarK (1999)Transport safety visions, targets and strategies: beyond2000. 1st European transport
safety lecture. European Transport Safety Council, Brussels

Stern N, Dethier J-J, Halsey Rogers F (2005) Growth and empowerment. Making development
happen. Munich lectures in economics. The MIT Press, Cambridge, Massachusetts; London,
England

Tingvall C (1995) The zero vision. In: van Holst H, Nygren A, Thord R (eds) Transportation, traffic
safety and health: the new mobility. In: Proceedings of the 1st international conference. Springer,
Gothenburg, Sweden, Berlin

United Nations (2015) Resolution adopted by the General Assembly, 70/1 transforming our world:
the 2030 agenda for sustainable development, New York

Wegman F, Aarts L (2006) Advancing sustainable safety: national road safety outlook for 2005–
2020. SWOV, Dutch Institute for Road Safety Research, Leidschendam

Wegman F, Elsenaar P (1997) Sustainable solutions to improve road safety in the Netherlands.
SWOV, Dutch Institute for Road Safety Research, Leidschendam



Chapter 4
Legislation, Enforcement and Education
for Traffic Safety: A Brief Review
of the Current State of Knowledge

Rune Elvik

4.1 Introduction

This paper is intended to give a brief overview of the current state of the art with
respect to the effects of legislation, enforcement and education as road safety policy
instruments. Key questions addressed in the review include:

What types of road user behaviour are regulated by means of legislation? What
types of behaviour remain unregulated?
What can we learn from the history of road safety legislation with respect to
changing road user behaviour and reducing the number of accidents and injuries?
How do legislation, enforcement and sanctions interact in bringing about changes
in road user behaviour and in traffic injury?
Why are laws never one hundred percent effective in solving a problem and what
can be done to make them one hundred percent effective?
What are the effects of educating road users?Whyhavemost educationalmeasures
had limited success and how can they be made more effective in improving road
safety?

The review starts by discussing legislation and continues by discussing enforce-
ment. Education is discussed at the end of the review.
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4.2 Legislation—Some Examples and General Lessons

Current legislation designed to promote road safety has developed during the last
40–45 years that ismostly after the peak in the number of traffic fatalities was reached
in most highly motorised countries. Before this peak was reached, many forms of
behaviour were not regulated by laws the way they are today.

Norway has always had strict road safety legislation. Speed limits on all public
roads were first introduced in 1912 and have remained in force since then. For a long
period, however, speed limits were raised as cars and road improved. The last time
general speed limits were raised in Norway was in 1965. The general speed limit in
urban areas was then raised from 40 to 50 km/h. In rural areas, the general speed
limit was raised from 70 to 80 km/h. These speed limits remain in force today and are
comparatively low by international standards. However, exceptions from the general
speed limits are increasingly made, in particular on motorways. Motorways got a
speed limit of 90 km/h in the late nineteen-sixties (there were very fewmotorways in
Norway at that time). In 2001, this was raised to 100 km/h and in 2014 to 110 km/h
on the best motorways. This still remains low by international standards.

Until the energy crisis in 1973, quite a few European countries did not have speed
limits at all, at least not in rural areas. Today, few people believe that this could really
be the case, but it was. Therewas a free choice of speed. Inmany countries, until about
1970, there was also a free choice about whether to drink and drive. Well, strictly
speaking, drinking and driving was not allowed, but the legislation made effective
enforcement almost impossible. In the first place, the police could normally only stop
a driver if they suspected him of drinking and driving. If there was nothing peculiar
about driving behaviour, there was no legitimate reason for suspicion. In the second
place, the police had to prove that the driver was impaired. This involved various
assessments of behaviour that were often contestable in court. The police might say,
for example, that the driver could not walk a straight line. The driver would protest,
and unless there was other evidence, it was word against word and a driver with a
good attorney might get acquitted. Today, this sounds like a tale from the past, as
indeed it is. Nowadays, the freedom of road users to make their own choices has
been circumscribed, and many motorised countries have legislation that lays down:

• Permitted driving speeds. There are speed limits everywhere, except on German
motorways.

• Use of protective devices. Wearing seat belts is required in very many countries.
Using motorcycle helmets is still voluntary in some places (see below).

• Drinking and driving. All highly motorised countries have per se laws, i.e. laws
stating that a driver is regarded as drunk if blood-alcohol concentration exceeds
a certain value (0.05% is the most common).

• Use of daytime running lights. Some countries require motor vehicles to use
headlights at all times.

Over time, legislation has expanded and included more and more aspects of road
user behaviour. Since the expansion of legislation can be regarded as curtailing
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freedom, it is important to determine if legislation does accomplish its stated objective
of improving road safety. Below, a few examples are reviewed in order to answer
this question.

Figure 4.1, taken from Ross (1982), captures the history of legislation regarding
the use of motorcycle helmets in the USA. Following the creation of the National
Highway Traffic Safety Administration in 1966, many safety initiatives were
launched and states were encouraged to make the use of crash helmets mandatory
for motorcyclists. Most states complied. As can be seen from Fig. 4.1, there was a
dramatic decline in the number of fatalities per registered motorcycle. After a few
years, opponents of these laws gained the upper hand and several states started to
repeal the laws. Helmet wearing declined and motorcycle fatalities increased. Most
of the safety benefits of mandatory helmet wearing were lost.

There are two main lessons to be learnt from this example:

1. Introducing a law can lead to a large improvement in road safety.
2. If the law is repealed, a large part of the safety improvement may be lost.

Fig. 4.1 Laws on helmet wearing by motorcyclists in the USA. Source Ross (1982)
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Laws do, therefore, not necessarily lead to learning or to changes in behaviour that
are sustained permanently. As soon as motorcyclists were allowed to take off their
helmets, many did so, although both scientific and anecdotal evidence should have
convinced motorcyclists that wearing helmets improve their chances of surviving an
accident or getting less seriously injured.

The next example is given in Fig. 4.2, also taken from Ross (1982). It shows
changes in the number of fatal and serious injuries during weekend nights (between
10 P.M. and 4 A.M.) before and after the per se law on drinking and driving was
passed in Great Britain in 1967. This lawmade it illegal to drive with a blood alcohol
concentration above 0.08%.

It is seen that the number of fatalities and serious injuries dropped sharply when
the law took effect. It is also seen that there was a rather quick rebound. The number
of fatalities and injuries started to increase again almost immediately after the sharp
drop. The increase did not quite eliminate the initial safety effect. It did, however,
reduce it considerably. As Ross (1982) shows later in his book, the most likely
explanation for the rebound is that there was too little enforcement. Drivers soon
discovered that the risk of being detected was low. The effect of the law then eroded.
The lesson from this, which is the third lesson from using legislation to improve road
safety is

Fig. 4.2 Number of fatalities and serious injuries during weekend nights (between 10 P.M. and 4
A.M. Friday/Saturday, Saturday/Sunday) before and after the per se law for drinking and driving
took effect in Great Britain. Source Ross (1982)
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Fig. 4.3 Seat belt wearing among car drivers in Norway 1973–2013

3. To sustain the effects of a law in the long term, it must be effectively enforced.

Enforcement is, however, not always possible or at least not very effective. How
can that be? It sometimes happens that laws are passed that cannot be effectively
enforced, either because there are no sanctions for violating the law or because only
secondary enforcement is possible. An example of the first type of law is the law
requiring seat belts to be worn in Norway. The law was passed in 1975. However,
until October 1979, those who violated the law were not punished in any way. All
the police could do was to give drivers and passengers a friendly reminder of the law.
Figure 4.3 shows seat belt wearing among car drivers in Norway from 1973 to 2013.

When the law passed, there was an increase in seat belt wearing. But then, in the
next year, seat belt wearing remained unchanged at about 60% in rural areas and
about 30% in urban areas. In 1979, a fixed penalty of NOK 200 (1 NOK = 0.12 US
Dollars in July 2015) for not wearing seat belts was introduced. Wearing then soared
to almost 90% in rural areas and around 70% in urban areas.

The fixed penalty was not changed until 1987. In the meantime, as shown in
Fig. 4.3, there was a downward trend in seat belt wearing, in particular in urban
areas. This trend was turned around when the fixed penalty increased fromNOK 200
to NOK 300. Subsequent increases in the fixed penalty have also been associated
with an increase in seat belt wearing. An evaluation by Elvik and Christensen (2007)
found that increasing the fixed penalties for not wearing seat belts was associated
with increased seat belt wearing.

A similar story can be told about legislation regarding seat belt wearing in theUSA
(Shults et al. 2004). Many states were reluctant to make seat belt wearing mandatory.
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Fig. 4.4 Effects of primary and secondary enforcement on seat belt wearing. Source Shults et al.
(2004)

A compromise chosen by many states was to pass a law, but only allowing secondary
enforcement of it. Secondary enforcement means that a driver could only be given
a traffic ticket for not wearing a seat belt if another offence had been committed.
The police were not allowed to cite drivers if their only violation was not wearing
seat belts. Secondary enforcement was, predictably, not very effective. Figure 4.4,
taken from Shults et al. (2004) shows that primary enforcement is more effective
than secondary enforcement. The following lessons can be learnt (the numbering of
lessons continues consecutively):

4. For a law to be effective, there must be a sanction for violating the law. Without
a sanction, the law cannot be enforced.

5. For a sanction of violations of a law to be effective, it must be possible to apply
the sanction whenever the law is violated. Sanctioning should not depend on
having violated a different law.

As shown in Fig. 4.3, seat belt wearing among car drivers in Norway is now more
than 95%. It is tempting to conclude that virtually all of the safety benefits from using
seat belts have now been harvested and that there little point in trying to bring seat
belt wearing closer to 100%. This is wrong. Although seat belt wearing in general
traffic has exceeded 95%, it remains low among car occupants who are killed in road
accidents (Haldorsen 2015). Figure 4.5 illustrates the relationship between seat belt
wearing in traffic and among killed car occupants in Norway during the period from
2005 to 2013.
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Fig. 4.5 Seat belt wearing in traffic and among killed car occupants in Norway 2005–2013. Based
on Haldorsen (2015)

During this period, seat belt wearing in traffic increased from about 90.5% to
close to 97%. In other words, the non-wearing of seat belts was greatly reduced,
from close to 10% to a little more than 3%. During the whole period, however,
seat belt wearing among killed car occupants remained at about 60%. Only a weak
tendency can be seen for seat belt wearing among killed car occupants to increase as
seat belt wearing in traffic increased. There is therefore still a quite large potential for
reducing traffic fatalities in Norway by increasing seat belt wearing. A very similar,
even more extreme, pattern is found in Sweden (Trafikverket 2015). In Sweden, 98%
of car drivers in traffic wore seat belts in 2014, i.e. only 2% did not wear seat belts.
Among killed car drivers in Sweden in 2014, 34% did not wear seat belts. How can
such a dramatic difference be explained? Why does it arise?

A full explanation cannot be given, but a study by the Norwegian traffic police
(Pasnin et al. 2009) shows that a high percentage of drivers involved in fatal accidents
have a criminal record. The criminal record included not just traffic offences, but other
types of crime, like burglary, violence, rape, drug offences and so on. While not all
drivers involved in fatal accidents had a criminal record, it is clear that they were
hugely over-represented. This leads to the sixth and final lesson about road safety
legislation

6. No law is ever 100% effective. Every society has a group of hard-core criminals
who will not comply with laws. This group is likely to be over-involved in
accidents.
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4.3 Enforcement—Key Lessons

As noted above, laws do not enforce themselves. Indeed, were that the case, the
laws would not be needed, as road users would then adopt safe behaviour without
being forced to do so by means of law. Enforcement is therefore very important for
maintaining the effects of laws. What do we know about the effects of enforcement
on road safety?

One lesson that was learnt many years ago is illustrated in Fig. 4.6. It is taken from
the book by Ross (1982) and shows effects on accidents of enforcing the per se law
on drinking and driving in New Zealand. A publicity campaign was first conducted.
This was associated with a reduction in the number of accidents. Then there was

Fig. 4.6 Effects of enforcing the per se law on drinking and driving in New Zealand. Based on
Ross (1982)
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an enforcement blitz. This was associated with a large reduction in the number of
accidents. The reduction lasted a couple of weeks after the blitz. Then accidents
reverted to their original level. Several similar figures are given in the book by Ross.
Lesson number one about enforcement is therefore

1. The effects of enforcement are transient. When enforcement ceases, its effects
disappear quickly.

Road users adapt their behaviour to even minor changes in enforcement. This is
shown in data collected in a recent Norwegian study (Elvik and Amundsen 2014).
The study collected data for ten years on speed enforcement. During these ten years,
examples could be found both of increases in enforcement and reductions of it.
Using annual change in the rate of speeding (kilometres driven while speeding as
a percentage of all kilometres driven) as dependent variable, 54 data points were
identified by combining years (9 annual changes), urban or rural area (2 values)
and three levels of speeding (3 values). These data points are shown in Fig. 4.7.
Although the data are somewhat noisy, there is still a tendency for speeding to go
up as enforcement is reduced and go down as enforcement is increased. Figure 4.8
shows the relationship more clearly. It is based on a review of a large number of
studies of speed enforcement for the purpose of developing accident modification
functions describing the effects of enforcement (Elvik 2015a).
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Based on Figs. 4.7 and 4.8 and the studies underlying them, the following lessons
can be learnt:

1. The current level of enforcement maintains the current level of safety.
2. When enforcement is reduced, violations and the number of accidents increase.
3. When enforcement is increased, violations and the number of accidents are

reduced.
4. Road users react to even small changes in the level of enforcement.
5. There are greater changes in behaviour and accidents when the risk of appre-

hension is high than when it is low. This explains why speed cameras are more
effective than traditional police enforcement (steeper curve in Fig. 4.8).

In Norway, the risk of apprehension when speeding is very low, close to 10 per
million kilometres driven while speeding. An average driver in Norway drives about
13,000 kms per year. On average, therefore, a driver could be speeding continuously
on every trip, all the time, for almost 8 years before, statistically speaking, he would
be caught speeding. It stands to reason that even after a huge increase in speed
enforcement in Norway, the risk of getting caught would remain low.

At speed cameras, the risk of getting caught is very much higher. Although not
all cameras are operated all the time, at least not in Norway, they are operated often
enough that most drivers do not gamble on the camera being turned off when they
approach one. As can be seen in Fig. 4.8, the curve for speed cameras is steeper than
the curve for traditional speed enforcement.

The advantage of speed cameras is that they can be operated continuously. The
disadvantage is that the effects are very local. It is possible to connect several speed
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Table 4.1 Game-theoretic model of the interaction between drivers and the police in determining
the level of enforcement

The police

Enforce Not enforce

Drivers Violate speed limit – 10,000 – 20,000

– 300 50

Not violate speed limit – 10,000 0

– 50 – 50

cameras with one another, in the form of section control. The cameras would then
calculate the mean speed of driving over a certain distance of road. Section control
may thus enlarge the area where speed cameras have an effect. However, section
control is not feasible or practical everywhere. If the road has many junctions, there
will be many cars entering and leaving the road and thus passing only one of the
speed cameras. Installing andoperating cameras are expensive. Section controlwould
therefore be most effective on roads with a high traffic volume.

It is therefore difficult to believe that section control by means of speed cameras
could ever be used onmore than a small fraction of all roads in a country. Until vehicle
technology monitoring and possibly regulating speed (ISA-systems; Intelligent
Speed Adaptation) becomes more widely used, traditional enforcement performed
by police officers will be the most important form of enforcement. This leads on
to the final lessons regarding enforcement. These lessons concern the interaction
between road users and the police in determining the level of enforcement.

A game-theoretic model of this interaction was proposed many years ago by
Bjørnskau and Elvik (1992). The model can be explained by reference to Table 4.1.

In Table 4.1, driver has a choice between violating the speed limit and complying
with it. The police have a choice between enforcing or not enforcing. The choices
made by drivers will depend on what the police do and vice versa. The numbers
given in the table are intended to illustrate the consequences of the various choice;
in game theory, these are often referred to as “payoffs”. The payoffs to drivers are
shown in the lower left corner of each cell of the table, and the payoffs to the police
are shown in the upper right corner of each cell of the table.

If we start in the upper left cell, it can be seen that drivers can improve their payoff
(from−300 to−50) by complying with the speed limit. This will result in a move to
the lower left cell of the table. However, once drivers comply with speed limits, it is
seen that the police can improve their payoff (from −10,000 to 0) by not enforcing.
This results in a move to the lower right cell of the table. From that cell, it is seen
that drivers can improve their payoff (from −50 to 50) by speeding. This results
in a move to the upper right cell of the table. However, when drivers are speeding,
the police can improve their payoff (from −20,000 to −10,000) by enforcing. This
brings the game back to the upper left cell where it started, and the circle can go on
forever. The game, in other words, has no solution in pure strategies.
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It does have a solution in mixed strategies. A mixed strategy is to choose between
the pure strategies with certain probabilities. Thus, with the payoffs used as example
in Table 4.1, the police should enforce with a probability of 0.2857 and not enforce
with a probability of 0.7143. Drivers should speed with a probability of 0.50 and not
speed with a probability of 0.50. See the paper by Bjørnskau and Elvik (1992) for
details regarding how the mixed-strategy solution was obtained.

Recently, an attempt was made to test the model empirically (Elvik 2015b). It
was supported, although the results regarding how the police adapt to changes in
violation rate were not statistically significant. Still, the lessons are clear, both from
this and other studies

1. Enforcement will never be one hundred percent effective, in the sense of
eliminating violations.

2. The police always apply a certain tolerance margin when doing enforcement.
This means that a certain level of minor violations is tolerated.

3. If violations go down, the police will tend to reduce enforcement.

4.4 Education—Key Lessons

Education is a very broad concept and includes many measures taken to enhance the
knowledge and skills of road users. It is therefore not possible in this paper to review
all studies that have evaluated the role and effects of education in improving road
safety.

One of the road safety problems that has proven difficult to solve in all highly
motorised countries is the high accident rate of young drivers, in particular male
drivers. Elvik (2010) discusses why this problem has proven difficult to solve and
offers the following remarks on it:

It has long been the hope of educators that novice drivers can learn not just the skills needed
for safe driving, but also acquire an understanding that these skills develop slowly and have
not been fully learnt by the time a driver is licensed. However, teaching young people not
simply to acquire certain skills, but also to correctly assess the limits of their skills is an almost
impossible task. It is, so to speak, impossible to teach people that they do not know anything,
or that what they know is only a very small part of what they need to know. Gregersen (1996)
reported a very interesting experiment that shows this. He compared two groups of novice
drivers. One group had been given skills training to make the driver as skilled as possible
in braking and performing an evasive manoeuvre. The other group had been instructed that
this task was very difficult and that they could not necessarily be expected to perform it
successfully. The two groups then performed an evasive manoeuvre on a test track. Actually,
the group that had been taught to master the skill and who erroneously believed that they did
in fact master the skill, did a little worse on the task than the group who had been taught to
have more modest expectations about their own performance.

Novice drivers regularly overestimate their competence. A recent study shows that 30–40%
of young drivers in Finland and the Netherlands rated their competence as better than driving
licence examiners did (Mynttinen et al. 2009). Those who overestimated their competence
(rated their competence higher than the rating given by the licence examiner) failed the
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driving test more often than those who slightly underestimated their competence. Overesti-
mating driving skills is hazardous, as it can make the driver accept a higher level of risk than
he or she would if skills were understood more correctly.

As far as deliberate risk taking is concerned, Evans (2006) proposes the hypothesis that
it can be caused by hormonal factors, in particular the high level of testosterone in young
males. While introducing biological explanations of social phenomena is controversial and
not always taken seriously, the data presented by Evans at the very least indicate that his
hypothesis is plausible, although these data do not confirm it. Support for the hypothesis
that testosterone levels influence risk taking comes from a study of financial risk taking
and career choice, although in that study the largest effect of testosterone was found among
women (Sapienza et al. 2009; both sexes produce both male and female sexual hormones,
but in different mixtures).

The Handbook of Road Safety Measures (Elvik et al. 2009) summarises many
studies that have evaluated the safety effects of basic driver training. Although the
results of these studies vary, on the average no effect on safety has been found. It
would obviously be unscientific and overly pessimistic to suggest that a successful
way of teaching young people to drive more safely can never be found. It does,
however, seem to be a challenge.

A closer look at different types of training shows a pattern in effects thatmay guide
future efforts in a direction that gives more grounds for optimism. Several studies,
summarised in the Handbook of Road Safety Measures, show that training advanced
skills can be counterproductive. Possibly the best known example of this is skid
training, i.e. training on driving on slippery road surfaces and learning how to control
the car when it skids. There has been extensive programmes of skid training in the
Nordic countries, where slippery roads in winter makes driving more difficult. Skid
training normally takes place on a driving range, in low speed and under controlled
conditions. In their original form, the skid training courses involved first teaching
drivers how to produce a skid, then how to regain control of the car after it started
skidding. After a few attempts, most driver mastered this skill. And it was fun.
Producing a skid and then controlling it gives you a wonderful feeling of control.

The dangers of this kind of training should have been obvious. It is one thing to
be able to do something at low speed and under controlled conditions, something
entirely different to do it at high speed when the skid is not something you are
prepared for, but something that just suddenly and surprisingly happens. Besides, it
was a skill a driver very rarely needed to practice. It is therefore prone to be forgotten
by the time you need to practice it. What many young drivers did not forget, however,
was the joy of feeling that they were in control. Some drivers may erroneously have
thought that after a few hours on a driving range, they really knew how to drive fast
on slippery roads, while still being in full control.

The results were predictable. Skid training increased in the number of accidents
by making drivers overconfident.

A different approach has been taken in the USA. There, graduated driver licensing
has become the norm. Rather than teaching drivers advanced skills, the philosophy
underlying graduated driver licensing is that novice drivers will simply not master
advanced skills and should therefore not be driving in conditions when such skills
are called for. In a graduated licensing system, a novice driver will therefore first be



80 R. Elvik

given a restricted license. Common restrictions include a prohibition on night-time
driving, a ban on carrying same-age passengers and a zero blood-alcohol limit. If
a driver complies with the restrictions, a full license can be acquired after a period
of one to two years. There have been very many evaluations of graduated driver
licensing. Vaa et al. (2015) summarise the results of these studies. There are many
versions of graduated driver licensing programmes and not all are equally effective.
The best programmes are associated with a reduction of accidents.

Another promising initiative is lowering the age when a driver can start training
on the road. This was done in Sweden (Gregersen et al. 2000). The minimum age for
starting driver trainingwas lowered from 17½ to 16 years. The ideawas to give young
drivers more time to practice driving before taking the license test. Youngsters were
encouraged to drive with parents, older siblings or others who could guide them.
It was found that the number of kilometres driven during driver training increased
considerably. This was associated with a lower accident rate after the driving license
test had been passed.

Based on these studies, the following lessons are proposed with respect to driver
training:

1. Training novice drivers advanced skills that are rarely practised in traffic may
generate overconfidence that increases the number of accidents.

2. Imposing restrictions on novice drivers, which prevent them from driving in
difficult conditions is associated with a reduction of the number of accidents.

3. Lowering the age for driver training, permitting novice drivers to drive more
kilometres before getting licensed may reduce the number of accidents.

In general, learning is very influenced bymotivation. If something does not interest
you, or if you think, correctly or not, that you already know it, you will not make
the effort to learn more. An important part of the task of any teacher is therefore to
make learning fun.

Another motivating factor is that you clearly see the benefits to yourself or
someone you love from learning something. You may dislike going to the gym at
first, but once you see that you can run faster, lift heavier and perhaps become more
good-looking, you will feel it was worth the investment and start to enjoy it. One
very clear example of how education can be effective when the motivation to learn is
strong is teaching parents to correctly install child restraints in cars. One may assume
that most parents care about protecting their children and therefore want them to ride
as safely as possible in the car. Two recent studies (Tessier 2010; Brown et al. 2011)
found that educating parents about how to correctly install child restraints in cars
was associated with large increases in the share of parents who correctly installed
the child restraints. The lesson is

1. If there is motivation, education can be highly effective in producing safe
behaviour.

2. The source of motivationmay vary, but would often be that a person experiences
an immediate personal benefit in learning the safe behaviour.
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4.5 Concluding Reflections

It is clear that legislation, enforcement and education can all contribute importantly
to improving road safety. Yet, it is also clear that these policy instruments may not
always be as effective as their proponents are hoping for.

Laws can be repealed if they do not have popular support. Laws requiring motor-
cyclists to wear helmets survived only for a few years in many states in the USA.
The national maximum speed limit of 55 miles per hour, introduced as an energy
conserving measure in 1974, survived until 1987. States were then allowed to raise
speed limits to 65 miles per hour. In 1995, the national speed limit was abolished
entirely, and states could set any speed limit they wanted, including no speed limit
at all. There is, therefore, no guarantee that even highly effective legislation can be
sustained in the long term.

It is important that laws regulate important risk factors, not risk factors that
make small contributions to accidents or injuries. Current legislation is not entirely
consistent with such a principle.

Legislation is never one hundred percent effective. In all societies, there are indi-
viduals who are more or less delinquent, who live their lives more or less as criminals
and who are difficult to influence.

Legislation will not be very effective without enforcement. Enforcement is effec-
tive, but only when and where it takes place. As soon as enforcement ceases, viola-
tions tend to increase.Current enforcement technology, in particular speed cameras, is
highly effective but cannot entirely replace enforcement performed by police officers.

Educating road users to behave more safely is difficult, a lot more difficult than
regulating their behaviour bymeans of laws and their enforcement. Laws and enforce-
ment are often viewed as repressive policy instruments. They are negative. They tell
people what they should or should not do. They command rather than encourage.

Proponents of education have therefore long argued that laws and enforcement
reflect an impoverished view of human nature, that these policy instruments do not
recognise the positive capabilities of humans to learn, help each other, love each other
and excel in sports and academic performance. Would it not be better to educate road
users, to use positive policy instruments that foster human development, proponents
of education ask.

Modern road traffic is an advanced system in which you cannot travel safely
without being, in a wide sense of that term, highly educated. However, this does not
mean that road traffic offers great opportunities for education in the form of formal
instructions or lectures delivered in classroom style. In the first place, the system is
remarkably self-instructing and forgiving. It normally allows a margin for error and
thereby for learning all by yourself. To put it elliptically, safe driving can certainly be
learnt, but it cannot be taught. It is all about learning by doing, learning by trial and
error, learning by imitation, learning from mistakes, etc.—all of which a driver can
do entirely on his or her own. The technical skills needed to drive a car are easy to
learn. Any teenager can learn it in a few hours. The danger is that when the technical
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operation of a car has been learnt, the driver may erroneously think that he or she
can drive.

In the second place, road users are remarkably reliable in behaving in ways
that prevent accidents. Given the very many opportunities there are for accidents
to happen, extremely few of these opportunities result in an accident. There is, in
other words, little room for improvement. There is little to learn. Most road users
know everything they need to know to travel safely.

This does not mean that human factors do not contribute importantly to accidents.
They obviously do. The driver is the problem. The solution is therefore to abolish the
driver, not try to reform him, which is in most cases a hopeless project. Self-driving
cars are rapidly being developed and hold great promise for improving road safety.
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Chapter 5
What and How of Effective Police
Enforcement

Dinesh Mohan and Rahul Goel

5.1 Introduction

Road traffic injury (RTI) reduction depends on interventions in institutional arrange-
ments, road and environment design, vehicle safety features, post-crash care and
ensuring safer road user behaviour by better policing systems. Regulation of traffic
by police enforcement can be an effective strategy to reduce the public health burden
resulting from traffic injuries (Peden et al. 2004; Elvik and Vaa 2004; Blais and
Dupont 2005). Aswithmany traffic safety interventions, the outcomes are not always
as expected, and aweak theoretical foundation in traffic safety researchmakes it diffi-
cult to predict the effectiveness of different enforcement measures. For example, an
increase in fixed penalties for speeding or jail terms for drinking and driving offences
have not been found to be very effective deterrent measures in some studies (Elvik
and Christensen 2007; SWOV 2013; Briscoe 2004; Criminal Justice Policy 2000;
Li et al. 2006, Wagenaar et al. 2007). Given the large variation in road designs and
types of traffic mix, a given intervention is likely to have varying effects across
different settings. Traffic enforcement measures can be costly, lead to additional
workload for enforcement agencies and may involve additional costs in publicising
these measures through various platforms. It is therefore important to assess whether
a given enforcement measure, though seemingly beneficial in its intent, actually
results in any reduction of delinquent behaviour of drivers and number of crashes.
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5.1.1 Theoretical Framework for Enforcement Measures

Elvik (2004) discusses a simple theoretical model that was developed by Evans
(1991) which can be used to understand the finding of a road safety evaluation
study (Fig. 5.1). The basic understanding according to this model is that there are
two causal chains which connect a road safety measure to its final outcome—engi-
neering and behavioural. In the context of traffic enforcement, we are concerned
with the causal chain through the behavioural effect. There are, therefore, two main
theoretical strands based onwhich we can explain the effectiveness of traffic enforce-
ment. First is the theory which explains why drivers correct their behaviour when an
enforcement measure is implemented. Second is the theoretical basis which explains
why that particular change in behaviour would lead to higher safety. For example,
an enforcement measure targeting over-speeding would likely result in reducing the
proportion of drivers driving above a certain speed limit. This is the behavioural
effect of the enforcement. The final outcome, i.e. number of crashes and accidents
would then be dependent on the relationship between speed distribution and crashes.

The underlying theory which explains the effectiveness of different enforcement
measures is called the ‘deterrence theory’, where deterrence is ‘the omissions or
curtailment of a crime from the fear of legal punishment’ (Gibbs 1975). According
to this theory, the fear of punishment encourages potential offenders to comply with
the law. The enforcement measure works not only by apprehending the offenders,
which is often a very small proportion of all road users and in fact a small proportion of
all offenders, but also by discouraging ‘potential’ offenders because of the perceived
certainty getting caught (Bjornskau and Elvik 1992; Ross 1982, 1992; SWOV 2013;
Briscoe 2004).

The principal opportunity for criminal law to be effective in reducing drunk driving is para-
doxically, not by affecting the apprehended law violators, who standwithin its power. Rather,
it lies in affecting unapprehended individuals who are sensitive to the threat that, should they
behave illegally, they will be punished. (Ross 1992)

There are two types of deterrence, specific and general. Specific deterrence
primarily focuses on punishing apprehended offenders and assumes that they will be
deterred from repeating their offence in the future to avoid punishment. On the other
hand, general deterrence focuses on the population in general and assumes that the
threat of punishment will deter people from violating the law in the first place. The

Fig. 5.1 Theoretical model of road safety. Adapted from Elvik (2004)
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greater the perception of risk of punishment, the greater the likelihood that general
deterrence will be effective. For an enforcement policy to be effective, it needs to
ensure both types of deterrence are at work, so that a sanction not only impacts the
individual who is being punished but also others who do not directly experience the
sanction. The understanding of theoretical aspects that explain the effectiveness of
enforcement measures is important to develop hypotheses for future application of
these measures in different settings.

5.2 Objectives

In this paper, we assess the evidence base of effectiveness of on-road enforcement
measures by conducting a review of systematic reviews on this topic. In this review,
we focused only on the objective police programmes or strategies and excluded the
reviews which assessed the effectiveness of a traffic enforcement law. This is because
in different settings across the world a law may translate to actual implementation
on the road by varying degrees in terms of how soon it is implemented as well as its
spatial coverage. In some countries, while a law may exist, but its implementation
may be limited because police may think of it as less of a priority or because there
is lack of capacity to implement it (Shults et al. 2004b; Blais and Dupont 2005). We
will use this review to answer the following questions:

(1) What are the different road safety enforcement measures for which evidence
is available in systematic reviews and how current is this evidence?

(2) What are the different limitations or drawbacks of different studies as reported
by the systematic reviews and what are their implications on results?

(3) What are the different factors which limit the generalisations of available
evidence across different settings or across different types of modes?

(4) What is the theoretical basis of different enforcement measures?

5.3 Summary of Systematic Reviews

To find relevant studies, we used three main sources with a database of systematic
reviews of road traffic injuries. These are The Handbook of Road Safety Measures
(Elvik et al. 2009), Cochrane Injuries Review Group (https://injuries.cochrane.
org/our-evidence) and Community Preventive Services Task Force (https://www.
thecommunityguide.org/content/task-force-findings-motor-vehicle-injury). We also
searched for the systematic reviews using the ancestry approach. We have not
included any reviews published before 1990. Among the traffic enforcement
measures, we found reviews covering four offences: speeding, red-light running,
alcohol-impaired driving and seat belt use. In some cases, we found multiple reviews
for the same enforcement measure. For example, the review of red-light cameras by
Aeron-Thomas andHess (2005) has been updated by Perkins et al. (2017). The speed

https://injuries.cochrane.org/our-evidence
https://www.thecommunityguide.org/content/task-force-findings-motor-vehicle-injury
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camera review by Wilson et al. (2006) published in 2006 (Cochrane collaboration)
was updated by Wilson et al. (2010) in 2010, and a study to update and expand the
Cochrane systematic review, to provide a comprehensive account of the range of
automatic speed enforcement strategies employed worldwide has been initiated by
Steinbach et al. (2016). For effectiveness of speed cameras, we have also included a
later contemporary review by Høye (2014) as it added value in terms of discussing
some other facets that are missing from Steinbach’s review.

5.3.1 Speed Control

One of the earliest reviews of the effectiveness of speed cameras was done by Pilk-
ington and Kinra (2005) in 2005. The authors did not conduct a meta-analysis
given the differing nature of the studies included. The review found that all the
studies reported reduction in various crash outcomes (collisions, injuries and deaths).
However, the authors noted that the level of evidence was relatively poor, and most
studies lacked adequate comparison groups. The other two meta-analysis of speed
enforcement were conducted more recently and includes all types of speed camera
measures.

The most common speed enforcement methods are point-based where vehicle
speeds are detected at fixed locations on the road. With point-based speed enforce-
ment methods, the drivers get familiar with locations of cameras and modify their
behaviour only in the immediate vicinity of speed enforcement. Hence, innovative
approaches were needed to make speed enforcement more effective. Average speed
enforcement method was developed as an alternative to point-based method. This
is also referred to as ‘average speed section control’, ‘point to point’, ‘time over
distance’ cameras or section control or trajectory control (21, 24). This type of
enforcement involves the installation of a series of cameras at multiple locations
along a road section. The average speed of a vehicle over a section of a road is calcu-
lated by capturing its licence plate number at more than one camera locations. In case
this speed exceeds the posted speed limit, the vehicle information is communicated
to a central unit. Almost all current installations throughout the world involve some
degree of human verification to assess the validity of detected infringements. In such
a system, there are stopping sites for manual enforcement.

A meta-analysis of speed cameras and average enforcement method was
conducted by Høye (2014). The study reported the following:

• Speed cameras resulted in reduction of all crashes (20%) and larger reduction of
fatal crashes (51%), though the latter may be affected by regression-to-the-mean.

• Section control resulted in larger reduction in all crashes (30%) compared to speed
cameras, and reduction in KSI crashes (56%) was even greater than reduction of
all crashes by section control and reduction of fatal crashes by speed cameras.

• The effect of speed cameras reduce as the distance from the camera increases.
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• The authors also compared the reduction in the number of crashes as estimated by
the two of the reviewed studies to the estimate from the power model of speed as
reported by Elvik et al. (2009). Both the studies found crash reduction to be greater
than what would be expected from the reduction in speed alone as predicted by
the power model.

• The implementation of speed cameras may be accompanied by crash migration
whendrivers tend to slowdownclose to the cameras and thendriver faster than they
would have otherwise away from the cameras. The review found no evidence that
this phenomenon, known as kangaroo driving, resulted in adverse safety effects.

Another reviewof speed cameraswas done by theCochrane group (Steinbach et al.
2016). This review includesmobile and fixed cameras, including the average enforce-
mentmethods.Unlike fixed cameras,mobile cameras are operated fromparkedmotor
vehicles, and therefore can bemoved from one place to another. The study concluded
the following:

• Therewas no difference of effect between the covert and overt cameras or between
the urban and rural areas.

• There is a strong evidence suggesting that the implementation of speed cameras
is associated with reduction in speed and crash outcomes.

• There was a reduction in percentage of vehicles exceeding the speed limit (50–
64%).

• The effects do not account for the differences in the posted speed limit though
percentage reduction is likely to be a function of the speed limit.

• There is evidence of some halo effect, i.e. the greater reduction in speed and crash
outcomes in the vicinity of the cameras.

• No study provided empirical information on the effects of camera programmes
on speeding and crash outcomes in the wider areas within which speed cameras
are implemented, in order to assess whether general deterrence theory might be
supported.

• No studies reported on the sizes of fines or penalties issued to offenders. By linking
the size of fine with the specific road and camera where the driver had offended, it
would be possible to assesswhether larger fines and penalties aremore effective. It
is possible that ‘persuasive’ letters to offenders once caught speeding are equally
effective a deterrent as being caught and brought to justice.

A review of the effectiveness of average speed enforcement methods was reported
by Soole et al. (2013) in 2003. The review concluded the following:

• In general, drivers show higher level of acceptance of average speed enforcement.
The traditional camera-basedmeasures using instantaneous speed are criticised on
the grounds that drivers need to speed at certain points due to unforeseen reasons.

• The limited evidence suggests that average speed enforcement method may be
more effective than instantaneous speed enforcement methods.

• Studies have found the implementation of thismethod is associatedwith the reduc-
tion in average and 85th percentile speeds, the proportion of speeding vehicles
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and speed variability. The approach has been specifically effective in reducing
excessive speeding behaviour.

• In addition to reduction in speed, studies have also found considerable reduction
in fatal and serious injury crash rates.

• There is a lack of distance ‘halo’ effect resulting from average speed enforcement
implementation. This means that reduction in speed and crash rates have not been
found outside the area of enforcement. Therefore, this enforcementmethod should
be used as complementary to the existing fixed and mobile speed enforcement
methods.

• Studies suffered from multiple drawbacks because of which the evidence needs
to be carefully interpreted. None of the studies used the control/comparison site.
Other drawbacks include lack of driving exposure data and studies not accounting
for regression-to-the-mean effect.

There is a strong theoretical understanding based on which effectiveness of
average speed enforcement method can be explained. Reduction in excessive
speeding behaviour has considerable implications for road safety given the expo-
nential relationship between vehicle speed and crash risk (Doecke et al. 2018; Elvik
2014; Koornstra 2007).

5.3.2 Red-Light Cameras

Red-light running results mostly in side-collision crashes which are more severe
than other types of intersection crashes. In case there is a dedicated signal for the
left-turning vehicles (in right-hand traffic), red-light running also results in head-
on collisions. The implementation of red-light cameras (RLCs) is also associated
with an increase in rear-end crashes resulting from drivers’ tendency to apply break
abruptly in order to avoid the fine. Since both the head-on and right-angle crashes
have higher severity than rear-end crashes, even if the number of crashes is cancelled
out, the severity level of crashes is still likely to reduce with the implementation of
RLCs. A review by Høye (2013) summarises the empirical evidence of the effects
of RLCs on intersection crashes.

• The present study found a non-significant decrease of all injury crashes by 13%
and a non-significant increase of all crashes by 6%.

• Right-angle collisionswere found to decrease by 13% (not statistically significant)
and rear-end collisions were found to increase by 39% (statistically significant).

• For right-angle injury collisions, a far larger decrease was found (−33%, statisti-
cally significant), and for rear-end injury collisions, a smaller increase was found
(+19%, statistically significant).

• The results seem to be affected to some degree by publication bias and the effects
may, therefore, be less favourable than indicated. The direction of the effects does,
however, not change when controlled for publication bias.
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• The effects for crashes with unspecified severity are likely to be still more
favourable when RLC-warning signs are not set up at each RLC-intersection,
possibly because of drivers getting a habit of respecting red lights and expecting
other drivers to braking. If this assumption is correct, one may also expect RLC
to become more favourable over time.

A systematic review of the effectiveness of red-light cameras by Perkins et al.
(2017) concluded the following:

• RLCs can be effective in reducing red-light violations and some types of traffic
crashes, particularly, right-angle crashes, right-angle injury crashes and total
injury crashes.

• RLCs also appear to be linked to an increase in rear-end crashes which is likely
a result of drivers abruptly breaking to prevent the offence.

• The presence or absence of warning signs did not appear to have an impact on
RLC effectiveness.

• While a number of studies reported that spillover (or diffusion of benefits)
occurred, the magnitude of this effect is not established.

• Studies are limited to four countries: USA, Canada, Singapore and Australia. The
authors caution the use of this evidence in the UK since the intersections in the
USA and Australia are much larger in size than the UK; hence, drivers may have
greater feeling of openness and more likely to jump the light. Further, the speed
limits across the settings are different which may also influence the likelihood of
red-light running.

• This review did not include studies which evaluated the effectiveness of red-light
cameras used both for red-light running as well as enforcing speed limit during
the green.

• Due to the rarity of death or severe injury events, most studies use a combined
measure of crashes and do not differentiate between the severity levels of crashes.

In some cases, additional time is given to yellow times and successful RLC
programmes may include many on-site modifications such as red-light visibility,
addition of warning signs and amelioration of intersections geometry. This is clearly
a case where engineering and enforcement measures are highly interrelated or at
least the relationship between the two can be established (McGee and Eccles 2003).

5.3.3 Police Patrol for Alcohol-Impaired Driving

Control of drivers under the influence of alcohol has a strong empirical justification.
A meta-analysis demonstrates that there is no evidence of a threshold effect for
alcohol. Alcohol gradually affects driving skills. There is no sudden transition from
unimpaired to impaired occurring at a particular BAC level. A review from the USA
(Compton and Berning 2015) indicates that crash risk grows exponentially with
increasing blood alcohol concentration (BrAC). The study shows that at low levels
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of alcohol (e.g. 0.03 BrAC) the risk of crashing is increased by 20%, at moderate
alcohol levels (0.05 BrAC), risk increases to double that of sober drivers, and at a
higher level (0.10 BrAC), the risk increases to five and a half times. At a BrAC of
0.15, the risk is 12 times, and by BrACs of 0.20+, the risk is over 23 times higher.
Another meta-analysis concludes that ‘most skills which are relevant for the safe
operation of a vehicle are clearly impaired by BACs of 0.05%, with motor functions
being more affected than cognitive functions and complex tasks more than simple
tasks. Generally, the results provided no evidence of a threshold effect for alcohol.
There was no driving-related performance category for which a sudden transition
from unimpaired to impaired occurred at a particular BAC level’ (Schnabel 2011).

A systematic review by Goss et al. (2008) of effectiveness of increased
police patrols for preventing alcohol-impaired driving (including studies evaluating
increased police patrols, either alone or combined with other interventions) targeting
alcohol-impaired motor vehicle drivers concludes that:

• The 32 eligible studies included one randomised controlled trial, eight controlled
before-after studies, 14 controlled interrupted time series (ITS) studies, six ITS
studies and three studies with both ITS and controlled before-after analyses. Most
interventions targeted only alcohol-impaired driving (69%) and included addi-
tional interventions such asmedia campaigns or special training for police officers
(91%).

• Only two studies reported sufficient information to assess study quality
completely. Two-thirds of studies were scored ‘not adequate’ on at least one
feature. Five of six studies evaluating traffic fatalities reported reductions with the
intervention, but differenceswere statistically significant in only one study. Effects
of intervention on traffic injuries were inconsistent in the six studies evaluating
this outcome, and no results were statistically significant.

• All four controlled studies evaluating fatal crashes reported reductions with the
intervention, which were statistically significant in one study. All 12 controlled
studies assessing injury crashes reported greater reductions with the intervention,
though effects were minimal or not significant in several studies. ITS studies
showed less consistent effects on fatal crashes (three studies) and injury crashes
(four studies), and effect estimateswere typically imprecise. Thirteen of 20 studies
showed reductions in total crashes and about two-thirds of these were statistically
significant.

• Therefore, the available evidence does not firmly establish that increased police
patrols reduce the adverse consequences of alcohol-impaired driving. Good
quality controlled studies with adequate sample size are needed to evaluate
increased patrols. Also needed are studies assessing the cost-effectiveness of this
intervention.

Evidence shows that an increase in the perceived risk of arrest appears to deter
alcohol-impaired driving more effectively than increasing the severity of penalty
after arrest and police patrol intervention increase the presence of police and the
perception of being caught (Goss et al. 2008).
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5.3.4 Driving Under the Influence (DUI) Checkpoints

These checkpoints refer to police operations where one or more police cars are
standing beside the road and where police officers pull out drivers in order to check
whether or not he or she has an illegal blood alcohol level (BAC). At these check-
points, also known as sobriety checkpoints, drivers can be stopped even if they do
not give any indication of driving under the influence of alcohol, and therefore, by
correcting their driving behaviour close to these checkpoints does not necessarily
prevent the drivers from being stopped. Erke et al. (2009) conducted a meta-analysis
of the effectiveness of DUI-checkpoints. The review concludes:

• Crashes involving alcohol (or proxy measures of such crashes) are reduced at
least by 17% and all types of crashes are reduced by 10–15%. Proxy measures of
alcohol-related crashes include night-time or weekend night crashes.

• The largest reductions were found during the first 6 months of the DUI-
checkpoint implementation, which may be confounded because the intensity of
implementation may be much higher for short-term programmes.

• DUI-checkpoints in Australia result in the highest reduction in crashes indicating
the Australian methods of booze buses and intensive publicity are highly effec-
tive. A similar approach when implemented in New Zealand also found large
reductions, thus, strengthening the evidence of their effectiveness.

A practical implication from this meta-analysis is that highly visible checkpoints
where many drivers are pulled out and tested, following the Australian example, are
likely to be most effective.

5.3.5 Seat Belts

Dinh-Zarr et al. (2001) conducted a systematic review systematic review of the
effectiveness of primary seat belt laws in the USA which included five evaluations
of the effect of primary laws on observed seat belt use. These studies examined belt
use in 12 states and the District of Columbia that enacted primary laws during the
14-year period from 1984 to 1997 and a couple of years later Shults et al. (2004a) re-
examined the studies included in the systematic review to explorewhether the benefits
of a primary law differ based on: (1) the baseline seat belt use rate or (2) whether
or not the primary law replaces a secondary law. This review includes studies from
1980 to 2000 and is restricted to the studies from USA. This review also estimates
the effect of seat belt enforcement where the law is graduated from secondary to
primary. A primary seat belt law implies that a driver can be stopped by enforcement
officers solely for not wearing a belt. On the other hand, within a secondary seat belt
law, the driver can be fined for seat belt only after the driver has been stopped for
another offence. The authors hypothesised that a primary law has a greater effect on
drivers’ perceived risk of detection and punishment, and public in general may also
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perceive seat belt law as important. These factors may result in making a primary
law more effective than a secondary law. The study concluded the following:

• All the studies evaluating primary versus secondary law found primary seat belt
law to be more effective than secondary law. The studies which reported fatali-
ties as outcome, found median decrease of 8% higher among primary law states
than secondary law states, though statistical significance of this estimate was not
reported.

• Enforcement enhancement programmes are associated with an increase in seat
belt use (median 16 percentage points) and decrease in injuries.

• Based on the studies which carried out a follow-up of the enforcement enhance-
ment programmes after they had concluded, there is evidence that the seat belt
use somewhat declined after the programmes are ended.

Elvik et al. (2009) have reported meta-analysis of seat belt enforcement with no
restriction to country and conclude the following:

• The results show the enforcement increases seat belt use by 21% during the
enforcement period and by 15% afterwards.

• The covertness of the enforcement improves the effectiveness of seat belt use.
Greater effects have been found when checkpoints are not announced compared
to when they are. This may be possible if the drivers think that they will fasten the
seatbelts close to a checkpoint, and therefore, general compliance may be lower.

• The change in seat belt usage rate is higher when the baseline rate is lower. A
scatterplot of increase in usage rate versus the baseline usage rate shows a negative
relationship between the two.

5.4 Effect of Intensity of Enforcement and Penalties
on Deterrence

Though a great amount of research has been done on the mechanisms and processes
of deterrence over the past four decades, the exact situations under which sanctions
(or the threat of sanctions) are likely to influence or change a person’s behaviour
are still not known in certainty. The difficulty associated with determining casual
relationships arises partly from the problem of eliminating competing explanations.
Some of these include effect environmental design changes on-road user behaviour,
changes in modal shares on the road and secular changes in people’s behaviour over
time. Another problem is that police enforcement levels and intensities can change
over short periods of time due to economic and political changes, and so it is difficult
to do long-term studies in many locations. Because there are no systematic reviews
of the effect of penalties on deterrence in this section, we discuss the results of studies
that are available.
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5.4.1 Intensity of Enforcement

In 2002, Koornstra et al. (2002) published a report where they attempt to find a
relationship between intensity of police enforcement and level of traffic law violation
as an approach to get more insight about which enforcement level is needed in order
to change road user behaviour and fatality risks. The results are shown in Fig. 5.2
illustrated by belt wearing and drunk driving data on enforcement and violation levels
in Sweden, the UK, and the Netherlands at that time. The authors cautioned that this
curve needs to be validated with research results because of the complexity of that
research when it comes to differentiating police enforcement efforts (combined with
publicity) and the complexity of data-collection. To the best of our knowledge, no
serious efforts have been made to determine such curves for speed control, seat
belt use, helmet use, DUI control and other violations for different modal shares
in different countries of the world. What the curve does show is that per cent law
violation decreases as enforcement intensity increases and that enforcement levels
have to be different for different types of violations. For example, the curve shows
that in Sweden the enforcement levels needed for control of DWI and for enforcing
seat belt use so that violations were limited to about 12%, there had to be 250 checks
per 1,000 driver licence holders for DWI and 8 for seat belt use.

Table 5.1 shows information regarding the alcohol-related BAC limits, road fatali-
ties and enforcementmeasures in selected European countries (ECORYS2014). This
report commissioned by the DG for Mobility and Transport, European Commission,
concluded that 20–28% of all road fatalities in the EU in 2012 could be attributed
to drink-driving. This is a significant decrease from the 1980s when many countries

Fig. 5.2 Relationship between enforcement intensity and law violation levels (source Koornstra
et al. 2002). GB—UK, SW–Sweden, NL–Netherlands, DWI—driving while intoxicated
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Table 5.1 Overview of all information regarding the alcohol-related BAC limits, road toll and
enforcement measures in selected European countries, data 2007–2010

Country Legal
blood
alcohol
limit
(g/L)

Police tests
per 1000
inhabitants

Share of alcohol-related road
fatalities

Share
alcohol
offenders
(above
legal)

Share
respondents
who had at
least once a
week 5 or
more drinks

Number Expert estimates Official
statistics

% %

Poland 0.2 47 13 7 9.5 19

Portugal 0.5 63 35 6 5.9 28

Austria 0.5 87 18 6 5.8 36

Spain 0.5 112 NA 31 1.8 34

Hungary 0 130 8 31 3.1 24

France 0.5 190 29 31 3.3 20

Sweden 0.2 287 25 16 0.8 13

Finland 0.5 385 24 29 1.3 22

Adapted from ECORYS (2014)

reported share of alcohol-related fatalities to be in the range 30–45% (Sweedler et al.
2004). The data also show that in some countries expert estimates of the share of
alcohol-related alcohol fatalities can be higher than the official statistics. Moreover,
the definition of ‘impaired’ is different for each country. It ranges from 0.2 g/l in
Sweden to 0.5 g/l in many countries and so a comparison of countries based on
numbers of deaths from drink-driving crashes is not really possible. There is general
agreement that there was a significant reduction in the period 1980–2010 which can
be attributed to stronger laws, vigorous enforcement, and changes in social norms
which all contributed to the progress that has been made though not much change
has been observed over the last decade.

However, what is not clear is the level of enforcement that ensures a significant
reduction in fatalities attributed to drinking and driving. Table 5.1 shows that the
enforcement levels range from 100 to over 300 tests per 1,000 inhabitants per year.
This means that in megacities like Delhi, Shanghai, Beijing or Mexico (populations
in excess of 15 million persons), about 5,000–15,000 drivers would have to checked
every day for effective control of drinking and driving in these cities. At present,
we do not have reliable studies available to inform us about the minimum level of
enforcement that needs to be put in place in a cost-effective manner in low and
middle-income countries.
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5.4.2 Effect of Penalties

In a reviewof deterrence-basedmeasures on-roaduser behaviour,Davey andFreeman
(2011) state:

• In order for the ‘fear of punishment’ to be effective, individuals must believe that
the likelihood of apprehension for breaking the law is relatively high.

• A considerable body of early research demonstrated a weak negative relationship
between perceived severity of sanctions and a range of illegal behaviours. That
is, as perceptual severity increases, the likelihood of an individual committing
that offence decreases; however, an opposing body of research demonstrates that
perceptions regarding the severity of penalties do not have the salient deterrent
impact that was once assumed (emphasis added). In fact, some researchers have
reported a counter-intuitive relationship, with crime rates actually increasing with
increases in the severity of the penalty. Nevertheless, it may be suggested that the
greatest deterrent impact in regards to severity of sanctions will be found among
those who have never committed an offence, rather than habitual offenders.

• It is recognised that for road safety, the swiftness of impending penalties is an
important aspect for achieving deterrence. However, despite the link between the
speed of the response and learned behaviour, the effects of the celerity of legal
sanctions are by far the least studied of the three major deterrent mechanisms.

• In regards to general deterrence, a considerable body of evidence suggests that the
threat of apprehension and subsequent legal sanctions, especially when supported
by well-publicised media campaigns, can produce a deterrent effect, even if short,
on offending behaviour.

• In order to create and maintain a deterrent effect, policing operations should be
highly visible, sustained and widespread. This ensures that all motorists, whether
newly licenced or experienced, perceive a constant high risk of apprehension. If
drivers do not regularly observe policing operations, they may become undeterred
which may be then reinforced by successfully engaging in offending behaviours
that remain undetected, e.g. punishment avoidance.

• Any deterrence-based method employed in isolation does not offer a panacea for
the problem of road accidents and fatalities.

• Our current understanding of the mechanisms of deterrence is based heavily on
studies that have focused on younger populations. In fact, the bulk of published
deterrence-based studies are from a small number of highly industrialised coun-
tries (e.g. USA, Canada, Australia, etc.), and thus deterrent forces are likely to
fluctuate with the surrounding environment.

The above summary highlights the fact that we do not have enough systematic
reviews that assess the effectiveness of general deterrence policies on-road safety
that may have universal applicability. For the present, we have to rely on the studies
that seem to point in a similar direction. A brief summary from different countries
is given below.
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5.4.2.1 Fixed Penalties—Fines

Norway

“For speeding in general, no effect of increasing fixed penalties can be found. For
speeding close to speed camera sites, there is a weak tendency for the violation rate to
go down. This tendency is not statistically significant at conventional levels. For seat
belt wearing, wearing rates are found to increase as fixed penalties have increased.
In recent years, however, enforcement of the seat belt law has stepped up, making it
impossible to separate the effect of enforcement from that of fixed penalties” (Elvik
and Christensen 2007).

The Netherlands

“Many studies have demonstrated that the combination of enforcement and penal-
ties prevent the violation of traffic regulations and increase road safety. However,
the most common type of penalty at the present time, a fine, has been found to
have little effect…When road users consider the subjective probability of detection
to be sufficiently likely, they will avoid violating a regulation… The combination
of enforcement and penalty is generally preventative when road users avoid traffic
violations on the basis of the expected negative consequences. In other words, road
users adapt their behaviour without having already been punished. In particular,
frequently conducted and very visible traffic checks, which are unpredictable in
terms of time and place and are combined with public information campaigns, bring
about the general prevention of traffic violations. Many studies have demonstrated
that combining enforcement and penalties prevents violations and increases road
safety. Of course, the penalty must match the seriousness of the violation and must
be substantial enough to influence behaviour, but particularly the frequency, visi-
bility and unpredictability of inspections are responsible for the general prevention
of traffic violations.Making penalties heavier, as an isolatedmeasure, has been found
to have little extra effect. Research into the specific preventative effect of penalties
shows that the effect of the currently most common type of penalty, a fine, is negli-
gible when expressed in time. The effects are also negligible in terms of recidivism.”
(SWOV 2013).

Australia

“What we do know from the available evidence, however, is that the certainty of
detection, apprehension and conviction does matter and in fact may matter more
than punishment severity in deterring potential offenders. Informal sanctions from
family, peers and colleagues who learn about the offence, and the resulting feelings
of shame and embarrassment, are also anticipated costs associatedwith apprehension
and conviction for an offence. Policies that can successfully increase the perceived
certainty of detection and prosecution for drink-driving offences are therefore likely
to have a greater impact on offending and, subsequently, road accident rates than
those advocating harsher penalties.” (Briscoe 2004).
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“It is suggested that substantial increases in fines and licence disqualifications
would have limited potential in deterring recidivist offenders. The present analysis,
failed to find any evidence for a significant relationship between fine amount and the
likelihood that an offender will return to court for a new driving offence. Nor was
there any evidence from our analyses to suggest that longer licence disqualification
periods reduced the likelihood of an offender reappearing before the courts.” (Moffatt
and Poynton 2007).

USA

“Speeding citations and their legal consequences are the most common enforcement
tools to identify and control speeders, yet little is known about the effectiveness of
a speeding citation. There was no significant effect of receiving legal consequences
on the risk of receiving a subsequent speeding citation (adjusted RR 0.98, 95% CI
0.83–1.16)… Increasing drivers’ perception that they are at risk of being caught
speeding and awareness of the consequences from receiving points may improve the
effectiveness of speeding law enforcement.” (Li et al. 2006).

“We examined effects of state statutory changes in DUI fine or jail penalties
for first time offenders from 1976 to 2002. Results: Twenty-six states implemented
mandatory minimum fine policies and 18 states implemented mandatory minimum
jail penalties. Estimated effects varied widely from state to state. Using variance
weighted meta-analysis methods to aggregate results across states, mandatory fine
policies are associatedwith an average reduction in fatal crash involvement by drivers
with BAC ≥ 0.08 g/dl of 8% (averaging 13 per state per year). Mandatory minimum
jail policies are associated with a decline in single-vehicle night-time fatal crash
involvement of 6% (averaging 5 per state per year), and a decline in low-BAC cases
of 9% (averaging 3 per state per year). No significant effects were observed for
the other outcome measures. Conclusions: The overall pattern of results suggests a
possible effect ofmandatory fine policies in some states, but little effect ofmandatory
jail policies.” (Wagenaar et al. 2007).

“Driving under the influence (DUI) is a significant public health problem… The
results showed support for the swiftness and certainty of punishment, there was no
support for the severity of punishment. That is, the relationship between the amount
of the fine and DUI relapse was not significant. However, deterrence theory would
expect certainty and severity of punishment to show a multiplicative relationship,
meaning that severity would have its strongest effects when certainty of punishment
was high. This interaction was not tested in either study; therefore, firm conclu-
sions regarding the influence of fines cannot be drawn at this time.” (Nochajski and
Stasiewicz 2006).

New Zealand

“The question arises whether it is fair and appropriate to have flat-rate penalties
(irrespective of prior records) for more and more offences, particularly in the cases
of first offenders who can receive no concession and those who continue to re-
offend and incur no additional penalty…Theremust be principledmeans for adjusting
the amount of a fine to take account of both the offender’s culpability and his or
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her resources and there must be efficient and reliable systems of collection and
enforcement to ensure that most fines that are imposed will be paid in full and on
time… Large fines are often difficult to collect and prove costly to enforce…as with
infringements (although to a lesser extent) they may get to be perceived as a method
of raising additional public revenue rather than as appropriate penalties for offences.”
(Criminal Justice Policy 2000).

5.4.3 Summary of the Evidence on Deterrence

• Legislation and enforcement are effective when violations are visible and easy to
detect.

• Stricter punishment not as effective as subjective perception of being caught.
• Severe punishment and laws sometimes reduce enforcement by police officials

and conviction rates in courts
• There is little evidence that severe penalties reduce violations in traffic, including

jail sentences given in isolation.
• Announcement of severe punishments can have a deterrent effect over a short

period and the beneficial effect disappears over time.
• All violations that are not considered serious in terms of threat to life or wilful

negligent acts endangering the community (serious injury or death), and those
that do not require court judgement should have fixed penalties. Penalties for
such offences should be in proportion to the ability of the defaulter to pay.

• There is an absence of studies that could provide guidelines on police enforcement
for low and middle-income countries on the following issues:

– Influence of road and infrastructure design on traffic violations and the need
of enforcement or effectiveness of enforcement.

– Critical/minimum levels of enforcement necessary for different traffic viola-
tions.

5.5 Conclusions

There is a need to translate the results from car-based studies to settings where
motorcycles and cyclists share the road space with cars. In such a context, what
car-based studies refer to as property-damage only crashes may translate to higher
severity crashes if the parties involved are cars/buses/trucks and vulnerable road
users. This is the same for intersection crashes resulting from red-light running. The
side crashes are often lead to high-severity crashes in case of cars. These will result
in even higher severity injury crashes if between a four-wheeled vehicles hitting a
motorcycle. It is possible that some of the enforcement measures which proved to be
successful in car-based societies may lead to higher reduction in severity of crashes
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if not the number of crashes in contexts where vehicular mix consists of cars and a
high proportion of vulnerable road users.

The reviews included focused on answering multiple questions. The outcomes
include both the compliance rate for the law that is being enforced as well as the
crash rates. The first outcome indicates how effective enforcement measure has been
to reduce the delinquent behaviour of the drivers that was being targets. The second
outcome which includes various metrics of crashes indicates whether enforcement
measure translates to reducing the crashes which is not always a given. For instance,
red-light camera enforcement results in overall increase in the number of crashes
because increase in rear-end crashes may offset the decrease in side and head-on
crashes resulting from red-light running.

The reviews have not discussed the injuries classified by the road user types.
This means that there is a potential for a revised review of the same studies to
understand the effect of the enforcement measures on-road users outside the cars
such as pedestrians, cyclists and motorcycle riders.

In summary:

• Legislation and enforcement are effective when violations are visible and easy to
detect.

• Stricter punishment not as effective as subjective perception of being caught.
• Severe punishment and laws sometimes reduce enforcement by police officials

and conviction rates in courts
• There is little evidence that severe penalties reduce violations in traffic, including

jail sentences given in isolation.
• Announcement of severe punishments can have a deterrent effect over a short

period and the beneficial effect disappears over time.
• All violations that are not considered serious in terms of threat to life or wilful

negligent acts endangering the community (serious injury or death), and those
that do not require court judgement should have fixed penalties. Penalties for
such offences should be in proportion to the ability of the defaulter to pay.

• There is an absence of studies that could provide guidelines on police enforcement
for low and middle-income countries on the following issues:

– Influence of road and infrastructure design on traffic violations and the diffi-
culties of enforcement when designs are not adequate for the kind and volume
of road users present.

– Critical/minimum levels of enforcement necessary for different traffic viola-
tions.

– Enforcement methods that would be cost effective in situations with high
proportion of motorcycles and other vulnerable road users.
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Chapter 6
Principles for Development of Safer
Rural Highway Systems for Conditions
Prevailing in Low and Middle-Income
Countries

Geetam Tiwari

6.1 Introduction

Road traffic safety has been recognised as a global health problem by all stake-
holders in the new millennium. Since 2004 several international organisations have
committed themselves to work towards reducing the burden of road traffic injuries
(RTIs) such as theWorldHealthOrganisation (WHO), theWorldBank and theUnited
Nations. Following statements have been reiterated in several reports:

• A disproportionately high burden of road traffic deaths and injuries occur in
low and middle-income countries (LMICs) (90%), and the burden is expected
to increase due to rapid urbanisation and motorisation in LMICs.

• Globally, the number of fatalities per 100,000 population (mortality rate) ranges
from less than 3 to almost 40. The rate is less than 9 in high-income countries
(HICs) but averages around 20 in LMICs, with the African region demonstrating
the highest rate (26.6) (WHO 2015).

• Road traffic injuries are predictable and preventable. Despite the growing burden
of RTIs globally, multiple intervention strategies and projects have contributed to
a significant reduction of the burden of road traffic injuries in many high-income
countries (Peden et al. 2004).

• Empirical evidence for effective interventions is extensive, including enforcement
of legislation on speed control and alcohol consumption, promotion of seatbelt
and helmet utilisation, and safer design and use of roads and vehicles (Peden et al.
2004).

A recent study (Staton et al. 2016) published a systematic review and a meta
summary of effectiveness of road traffic injury measures in LMICs. The authors
referred to the Global Plan for the Decade of Action for Road Safety 2011–2020
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prepared by the WHO (WHO 2011). The plan has been developed to guide efforts at
national and local levels to reduce the forecasted level of road traffic fatalities around
the world. One of the important objectives of the plan is to strengthen institutional
capacity on road safety management and improve the health system for post-crash
response. Researchers have pointed out that most of the analysis to date has been
conducted in high-income settings and has focused on vehicle occupants rather than
the vulnerable road users in LMICs (Ameratunga et al. 2006; Staton et al. 2016).

The study included a search of 8560 articles and out of that 18met all the inclusion
criteria. Table 6.1 gives the list of included studies and type of intervention identified.
Nine studies out of 18 deal with the effect of legislation, followed by education in
5 studies, enforcement in 2 studies and speed control and road improvement in one
study each. Important conclusions from the study include the following:

• Legislative interventions had the strongest evidence for reduction in crashes and
injuries.

• Enforcement of legislations had an impact on the success of intervention.
• Educational interventions had limited effect.
• Road improvements (paved vs. unpaved road) lead to increase in crashes.
• Two studies which included environmental changes by including speed humps

resulted in lower crashes and injuries.
• Studies which included changing pedestrian behaviour to use pedestrian bridges

and underpasses failed due to perceived risk and inconvenience and led pedestrians
to increase their personal risk by creating their own path through the traffic.

• Further evaluations of road safety audits and implementation initiatives should be
undertaken given the complex road environments found in LMICs.

This summary shows a focus on legislation and educational measures for
improving road traffic safety problems in LMICs which have been evaluated. Only
two studies evaluated impact of paved roads and speed humps.

More than 90% of studies selected by the authors to evaluate the effectiveness
of legislation and educational strategies reflect the safety focus in these countries.
This also implies that standards used for designing and constructing roads will ensure
safety; therefore, only appropriate legislation regarding seat belt use, speed limits and
alcohol control are required to improve traffic safety in LMICs. Often road standards
(geometric design standards) in most LMICs have been based on either UK or USA
design manuals. There are two important concerns in using or developing highway
design standards mainly based on those in use in USA or UK. The traffic mix for
which these standards have been developed is very different from the traffic existing
in LMICs. Second concern is whether the design standards are based on traffic safety
science even in the HICs (Hauer 1988).

In the next section, we show how the traffic and crash patterns are substantially
different in LMICs. Therefore, highway design standards applicable to HICs high-
ways may not have the same level of effectiveness in ensuring safe movement of
traffic in LMICs.
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6.2 Highway Traffic and Crash Patterns in LMICs

Asubstantial proportion of population inAsian andAfricanLMICs continue to live in
rural areas. Sixty-nine per cent of Indian population lives in rural areas at present and
this will change to sixty per cent by 2030. Most African countries will also continue
to have larger proportion of populations living in rural areas. Expansion of urban
areas will continue along the highways in many LMICs as has been experienced in
the past few decades in India. Therefore, the number of habitations along the highway
will continue to grow. Presence of villages and small towns along the highways has
resulted in a mixed traffic patterns on highways in most LMICs posing traffic safety
challenges to road designers.

Table 6.2 shows the presence of motorised two-wheelers (MTW), bicycles and
other slow moving vehicles on segments of national highways in India (Dey et al.
2006). Similar patterns were reported in an earlier study (Tiwari et al. 2000) covering
different types of highways in India.

These highways experience high speed variations also as shown in Table 6.3
(Dey et al. 2006; Tiwari et al. 2000). A large portion of highways pass through small
habitations in North India (Table 6.4) (MoRTH 2010; NHAI 2007, 2011, 2015, 2016;
NHIDCL Sikkim 2016). Similar trends are observed in Bangladesh, Myanmar and
Cambodia (Table 6.5) (ADB 2008, 2009; Ministry of External Affairs (India) 2013).
Density of small towns andvillages along the highway andpresence of tractors,MTW
and three-wheelers on the highway along with cars, buses, trucks and truck trailers
presents a very different traffic mix as compared to North America and Western
Europe where most of the highway standards have been developed.

Figure 6.1 shows trafficmovement on a typical 2 lane undivided highway in India.
Paved shoulders are used by bicyclists while fast moving heavy trucks pass on the
adjacent lane. Figure 6.2 shows four-lane divided highway. Most of the National
highways have this configuration in India. Left lane and shoulders are used by three-
wheelers, two-wheelers and bicyclists (India observes left-hand traffic rules). All
these vehicles are exposed to high speed motorised traffic moving on the right lane.

Figure 6.3 shows traffic moving on a four-lane divided highway in India. A tractor
and other slow moving vehicles are on the left lane, and heavy vehicles use the right
most lane. Other motorised traffic overtakes from the left lane (passenger side),
because heavy traffic is on the right lane. Heavy vehicles find it difficult to use the
left lane due to the presence of parked vehicles, tractors, bicyclists andmotorcyclists.
Figure 6.4 shows a four-lane highway passing through a small habitation. Traffic mix
is very similar to what is often observed in an urban area. These highway segments
have the presence of long-distance traffic as well as local traffic.

Traffic crash patterns in LMICs are also substantially different as compared to
North America and Western Europe. Table 6.6 shows crash patterns observed in
highways in India (Mohan et al. 2017). Pedestrian and motorcyclist involvement in
fatal crashes on rural highways is greater than that of other road users. These highway
crash patterns are similar to those observed in urban areas.
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Table 6.3 Speed variation observed on selected highway segments in India (sourceDey et al. 2006)

Highway number Traffic volume V85 V50 V15 (V85–V50)/(V50–V15)

NH-58 244 51.6 37.8 17.8 0.69

NH-73 408 63.6 48.6 15.4 0.452

NH-31 412 39.8 27.2 15.6 1.086

NH-31 250 48.0 35.6 13.4 0.559

NH-73 412 45.6 33.2 11.8 0.579

SH-67 839 37.4 27.6 10.6 0.576

NH-74 1032 43.2 31.0 11.4 0.622

NH-30 480 28.6 20.6 11.6 0.889

NH-58 580 45.0 35.4 20.2 0.632

NH-7 1211 54.8 44.8 18.2 0.376

SH-5 228 55.8 45.4 18.2 0.382

SH-6 428 49.2 35.2 24.8 1.346

SH-14 623 45.0 34.6 15.0 0.531

SH-59 600 45.0 34.8 17.4 0.586

SH-47 425 60.4 35.2 17.4 1.416

SH-47 578 59.0 34.8 20.8 1.729

NH-73 293 59.2 34.6 21.6 1.892

Table 6.4 Village settlement along selected rural highways in India per 100 km (source MoRTH
2010; NHAI 2007, 2011, 2015, 2016; NHIDCL Sikkim 2016)

NH No State Total length
(km)

Section
(From-To)

Percentage
passing
through
developed
area (%)

Number of
villages

Frequency of
settlements
(km/village,
km/town)

NH 510 Sikkim 33 Singtam to
Rabangal

79 18 1.8

NH 34 West Bengal 84 Barasat to
Krishnagar

68 66 1.3

NH 33 Jharkhand 56 Mahulia to
Baharogora

NA 75 0.75

NH 6 Jharkhand 16 Baharagora
to Chichra

NA 28 0.55

NH 74 Uttarakhand 99 Nagina to
Kashipur

NA 48 2.9

NH 8E Gujarat 210 Gadu to
Dwarka

NA 29 7.2

NH 59 Madhya
Pradesh

155 Indore to
Jhabuwa

NA 80 1.93
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Table 6.5 Villages in the influence zone of highways in LMICs

Country Project name Total
length
(km)

Section Number of
villages

Frequency of
Settlement
(km/village,
km/town)

Myanmara Preparation of
Detailed
Engineering
Project Report
for Two-Lane
Road from
Paletwa to
Zorinpui (India
Myanmar
Border) in Chin
State of
Myanmar, 2013

109.20 Paletwa to
Zorinpui
(Indo-Myanmar
Border)

24
(Along the
project road)

1.8

Bangladeshb Road Network
Improvement
and
Maintenance
Project—II,
2008

241.47 6 road segments 9154
(In zone of
influence)

0.02

Cambodiac Primary Roads
Restoration
Project, 2009

577 3 major Roads
(NR 5, NR6,
NR7)

132
(Beneficiaries)

aADB (2008); bMinistry of External Affairs (India) (2013); cADB (2009)

Fig. 6.1 Mixed traffic on a two-lane undivided highway in India
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Fig. 6.2 Mixed traffic on a four-lane undivided highway in India

Fig. 6.3 Mixed traffic on a four-lane divided highway in India

In North America, 10% of the fatal crashes on highways involve pedestrians.
The presence of motorcycles is negligible and long stretches of roads pass through
wilderness. A large proportion of the highways are access controlled and designed
for four-wheeled motorised traffic. Therefore, the road standards that have evolved
to make an access controlled highways safe for motorised vehicles may not ensure
safety to other road users present on LMICs highways. However, in India, standards
similar to those inHICs have been adopted (IRC 2007;MoRTH2010). In the past two
decades, major investments have gone into expanding the national highway system
in India. Yet the number of fatalities has continued to grow. Density of highways in
a state and number of fatalities seem to have a strong correlation. There is a strong
reason to question the safety aspects of current standards in use.
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Fig. 6.4 Highway passing through habitation: mixing of long-distance traffic and local traffic

Table 6.6 Crash patterns observed on selected highway segments in India (source Mohan et al.
2017)

Location Fatalities by type of road users, per cent

Pedestrians Bi-cycle Motorised
two-wheeler

Car Bus Truck Unknown
and others

Urban Mumbai
(2008–2012)

58 2 29 4 0 0 7

Delhi (2013) 47 10 26 3 4 3 7

Highways
(1998)

32 11 24 15 3 14 1

Rural
highways

2-lane NH 8
(2010–2014)

20 2 42 14 9 13 1

4-lane NH24
(2010–2014)

27 5 44 8 7 4 4

6-lane NH1
(2010–2014)

34 3 10 6 5 41 1

6.3 Road Standards and Safe Roads

Hauer (1988) has discussed extensively the role road standards can play in ensuring
safety. Giving numerous examples from AASHTO and MUTCD, Hauer states that
“What civil engineers do has a major effect on road safety. However, contrary to
appearances, the level of safety built into roads is largely unpremeditated. Standards
and practices have evolved without a foundation knowledge. At times the safety
consequences of engineering decisions are not known, at others some knowledge
exists but is not used”. Hauer explains how “There are no safe highways….However,
it is correct to say that highways can be built to be safer or less safe. Road safety is
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a matter of degree”. Perhaps, this statement is applicable to all highways regardless
of region and geographical location. In LMICs, we have to investigate the safety of
a road measured by the frequency and severity of crashes occurring on it.

Hauer further explains “Not all is known about the relationship between road
design and safety. However, from research and experience, mostly from HICs, we
have learned that building a wider median, placing obstacles further from the trav-
elled lanes, providing more pavement friction, consistently designing curves with
larger radii, providing full illumination, etc., all make for safer highways”. However,
the impact of these measures when the highway traffic consists of motorised two-
wheelers and non-motorised vehicles (NMV) is not known. Impact ofwide shoulders,
paved shoulders, etc., are also unknown in case of mixed traffic on highways.

Highways in LMICs do not appear to have become safer. In India, the up-gradation
of undivided highways into divided highways from 2 to 4 lanes have increased rate
of traffic fatalities (Naqvi and Tiwari 2015). Pedestrian fatalities form a very small
proportion of fatalities in HIC highways, whereas many LMICs continue to have
20–40% pedestrian fatalities on highways (Mohan et al. 2017).

The law of diminishing marginal returns to safety improvement measures is
discussed by Hauer:

Many highway design decisions are about dimensions for which there is no sharp border
between safe and unsafe, only a gradual change diminishing in magnitude. Thus, e.g.,
increasing the width of the median from 50 to 60 m will save fewer crashes than an increase
of the median width from 5 to 15m. Eventually there is a width at which one says: “widening
the median further cannot be justified because the improvement in safety is too small.”

This kind of detailed information is not available for LMICs highways. Detailed
studies have not been carried out in Africa or Asia wheremajor expansion in highway
network is expected in the coming decades.Widemedians andwide shoulders require
more land acquisition resulting in higher costs or constrained by non-availability of
land. In India, most highways pass through villages and towns with heavy density of
pedestrians and bicycles and other NMVs. Wider medians and wider shoulders may
be used by these vehicles, and the adjacent traffic lanes carry motorised vehicles
moving at 80–100 km/h. The impact on traffic safety because of the presence of
NMVs onwide shoulders andmedian is unknown. The relationship between highway
features like lane width, shoulder width, median design and safety is not known with
the kind of precision that is possible in other engineering disciplines that allow
experimentation.

Hauer (1988) also questions the current practice of conducting safety audits where
the focus is on mere compliance with the current standards. Hauer (1988) states:

No road in use is entirely crash-free, and therefore, in the interest of honest human commu-
nication no road can be called safe. The safety of a highway does not change abruptly when
some highway dimension changes slightly. It follows that meeting or not meeting a dimen-
sion standard does not correspond to a road being ‘safe’ or ‘unsafe’. Also, highway design
standards evolve with time. We used to build lanes 3.6 m (12 feet) wide, now the standard
calls for 3.75 m wide lanes. This does not mean that the entire stock of old highways with
3.6 m lanes is unsafe. It means only that the information, the judgements, and the economic
considerations that go into the formulation of design standards change in time. In short,
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highway design standards are not the demarcation line between what is safe and unsafe.
They are a reflection of what a committee of professionals of that time considers to be
overall good practice.

Hauer (1988) has provided useful insights into the relationship between safety and
highway standards; however, it is true that a large number of road safety measures
have been found to be effective in HICs, and major improvement in road safety has
been observed in many countries since 1970s.

6.4 An Overview of Factors Affecting Road Traffic Crashes

Factors that can influence traffic crashes are broadly related to traffic patterns, road
geometry, driver and vehicle characteristics, and pattern of surrounding environment.
Traffic characteristics (such as traffic flow and speed) and road characteristics (such
as road geometry and the quality of infrastructure) might affect road accidents. Wang
et al. (2013) have discussed some important factors in an exhaustive review published
in 2013.

6.4.1 Speed

Vehicle speed has a very strong correlation with severity and occurrence of traffic
crashes (Elvik et al. 2004a, b). Higher speeds are associated with higher severity of
crashes if other factors (e.g. environment and vehicle design) remain the same. This
has been shown by a large number of researchers (Hauer 2009; Aarts and Schagen
2006; Kockelman and Kweon 2002; O’donnell and Connor 1996; Shankar et al.
1996). Nilsson (2004) employed before-after studies in Sweden using the Power
Model to investigate the impact of speed on traffic safety. It was found that changes
in the number of accidents (or accident rate) can be associated with the changes in
speed according to a power function. Similarly, Elvik et al. (2004a, b) undertook
an extensive evaluation on the effect of speed on accidents again using the Power
Model. They concluded that there is a causal relationship between changes in speed
and changes in road accidents. Some studies have discussed the role of speed variance
to increase in accident frequency (Lave 1985). However, a later study (Davis 2002)
argued that such a claim of “variance kills” may be subject to ecological fallacy.
Therefore, there remains the question of the role of speed variance in road safety.
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6.4.2 Traffic Flow

Traffic flow is a measure of a number of vehicles present on the road. It is reasonable
to assume that more vehicles present on the road will lead to more conflicts and
hence more traffic crashes. Therefore, a large number of researchers have examined
the relationship between traffic flow and accidents (Belmont and Forbes 1953; Ceder
1982; Ceder and Livneh 1982; Gwynn 1967; Turner and Thomas 1986). The results
have been mixed. Earlier studies found that the accident rate increases linearly with
the hourly traffic flow for two-lane road (Belmont and Forbes 1953). However, it
was found later that for different types of accidents, the relationships between acci-
dent rates and hourly traffic flow are different. Ceder and Livneh (1982) found, for
example, hourly traffic flow was found to be inversely related with accident rates
for single-vehicle accidents in all cases; while in some cases, hourly traffic flow was
found to be positively related with accident rates for multi-vehicle accidents. Under
different flow conditions, the relationship between the total accident rate and hourly
flow was found to follow a U-shaped curve under free-flow conditions while for the
case of “congested” flow data the accident rate increased more sharply. Clearly, the
impact of traffic flow on accident rate was found to be different under different traffic
flow conditions. Martin (2002) found that accident rates are highest in light traffic
compared to heavy traffic, especially on three-lane French motorways. The study
also showed that hourly accidents were much worse in a night-time and light-traffic
situation. Therefore, the author concluded that light traffic (low traffic flow) is a safety
problem both in terms of accident rate and severity. As many things could affect road
safety during night-time, however, such as lighting, this is an area requiring further
study.

Similar work by Golob and Recker (2003) demonstrated that accident severity
generally tracks the inverse of traffic volume. Overall, research studies suggest that
the total number of accidents increases as traffic flow increases. In terms of accident
rates, it seems to have aU-shaped relationship with hourly traffic flow. As the number
of vehicles increases, the number of crashes will most probably increase, however,
exactly how the number of crashes increases is important. The change in number
of crashes in proportion to the traffic flow is defined as risk. Several researchers
have found that the risk decreases with increase in traffic flow (Hauer and Bamfo;
Ardekani Hauer).

6.4.3 Traffic Density

Traffic density expresses the combined effect of traffic flow and speed. The relation-
ship between traffic density and crashes has been investigated often using volume
by capacity ratio (V/C) (Ivan et al. 2000; Shefer 1994). The hourly accident rates
(per million vehicle kilometres) and the V/C ratio on a US interstate highway were
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examined in a study (Zhou and Sisiopiku 1997). The results showed that the relation-
ship follows a U-shaped pattern and accidents involving injury and fatalities tended
to decrease while the V/C ratio increases. Another study (Ivan et al. 2000) found a
negative exponential relationship with density (volume/capacity ratio), controlling
for land use, environment and lighting. The results showed that the accident rate is
the highest at low V/C ratio.

A freeway segment study (Lord et al. 2005) found an overall inverse relationship
with the number of accidents (per year per km). Accident-density and accident-
V/C relationships were also examined according to different accident categories
such as total, single-vehicle and multi-vehicle accidents. The result showed an U-
shaped relationship for total and single-vehicle accidents but a positive relationship
for multi-vehicle accidents.

Generally, mixed relationships have been found between density and safety in the
literature, depending on the measurements of density and types of accidents. Clearly,
this is an area that has been studied less and as such further research is required.

6.4.4 Road Characteristics

Engineering theory suggests that road designs—lane width, shoulder presence,
number of lanes, median design—influence driving behaviour (operating speeds,
lane changes, etc.); therefore, it is reasonable to expect that the road geometry can
influence traffic safety. Improvement in road geometry is expected to improve traffic
safety.The suggestionof different operating speeddifferent road terrain andgeometry
is based on the notion of road safety in highway design (Lamm et al. 1999). Findings
from several researchers support this hypothesis. Shankar et al. (1995) explored the
effects of various roadway geometrics (e.g. horizontal and vertical alignments) on
road accident frequency and found that the increased number of horizontal curves
per kilometre on rural freeways increase the possibility of an accident resulting in
“possible injury” relative to “property damage only”. Another study (Milton and
Mannering 1998) found that short sections are less likely to experience accidents
than longer sections; narrow lanes (less than 3.5 m) and sharp horizontal curves tend
to decrease accident frequency in Eastern Washington. Noland and Oh (2004) anal-
ysed the county-level highway data from the State of Illinois in the USA and found
that an increase in the number of lanes and lane widths was associated with increased
fatalities; and an increase in the outside shoulder width was found to be associated
with reduced accidents. Positive relationship between the increased number of lanes
and accident numbers was reported by Kononov et al. (2008) also.

Four important studies have reported relationship between road curvature and its
association with traffic accidents (Haynes et al. 2007, 2008; Milton and Mannering
1998; Wang et al. 2009). All four studies found that road curvature is a protec-
tive factor meaning that more curved roads in an area result in less road accidents.
Contrary to these results, Abdel-Aty and Radwan (2000) found that the degree of



6 Principles for Development of Safer Rural Highway Systems … 119

curve increases the number of accidents on a road segment. Wang et al. (2009) have
given an explanation for this:

This may be because different curvature measurements were used, such as minimum radius,
number of horizontal curves per mile, mean horizontal deflection angle, degree of horizontal
curve per 100 m arc, bend density (Abdel-Aty and Radwan 2000; Haynes et al. 2007;
Noland and Oh 2004; Shankar et al. 1995). In addition, these studies were conducted at
different scales, which may also be subject to the modifiable areal unit problem (MAUP)
(Openshaw 1984). Curvature may be risky considering its engineering effect; however, from
the behavioural aspect, drivers may drive more slowly and cautiously on curved roads. On
the other hand, on straight roads as mentioned above, drivers are more likely to fall asleep
or feel bored (physiological theory). Therefore the overall safety effect of road curvature
(compared to straight roads) is likely to be mixed.

These findings that road infrastructure designs do affect road safety. In the context
of LMICs, if the presence of curvature on the road reduces speed, a number of crashes
are likely to reduce. However, this has to be established with data from LMICs.

Road infrastructure improvements (e.g. road upgrading and pavement) and round-
about design are also found to be beneficial for safety. In the case of HICs, not
only does better vehicle design, but also improvements in road safety engineering
reduce the severity of whiplash injuries when accidents occur, and this could be done
by enhanced signal visibility or through complex intersection geometric upgrades
(Navin et al. 2000; Perez 2006).

In the case of LMICs, the safety benefit of roundabouts is clear, however, up-
gradation involving improved pavement surface, wider lanes, wider shoulders may
lead to higher speeds and increase opportunities for lane changing and conflicts.
Pedestrians and slow vehicles on the curb side lane or shoulders will be exposed to
motorisedvehiclesmoving atmuchhigher speeds. Safety benefit of roadup-gradation
using present standards is unclear for LMICs.

The Handbook of Road Safety Measures gives a comprehensive overview and
illustrationof howvarious interventions impact road safety (Elvik et al. 2009).Almost
all the research in the handbook comes from studies done in HICs and very little for
LMICs. Can this knowledge be simply transferred to LMICs?

6.5 Safety Science and Safety Vision

Study of international literature of how countries have improved their safety perfor-
mance over the years shows a multitude of potential explanations. Researchers have
developed benchmarking methodologies to learn from international comparisons
(Koornstra et al. 2002; Wegman and Hagenzieker 2010). This is a difficult task due
to the presence of confounding factors.Wegman (2017) states “It is, to the best of our
knowledge, fair to say that no country has a full explanation of the progress made.
However, it is also fair to say that our knowledge and understanding of why countries
made progress has increased significantly over the last few decades”.

In the last few decades, traffic safetymeasures have been focused on the following:
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• Improving human behaviour (speed, alcohol, seat belts and helmets) through
legislation, enforcement and campaigns.

• Safer infrastructure through planning and design.
• Safer vehicles through better crashworthiness, active vehicle safety and vehicle

inspections.

We examine these interventions in the context of theories of safety science to
understand what role different interventions may have on safety consequences.

It has been a tradition in road safety to analyse road safety data for understanding
why crashes occur, which factors influence risks, and what determines crash severity,
and based on this understanding, to arrive at reliable conclusions on how to prevent
them most effectively and efficiently. We call this a data-driven approach. In this
approach, we derive priorities by using crash data, background data, exposure data
and data of safety performance indicators. This iswhat the researchers call a scientific
method and evidence-based interventions. However, there has to be a fundamental
vision or theory which drives what data should be collected and what should be
evaluated. For example, if the theoretical understanding is that driver error causes
traffic crashes and driver training can reduce traffic crashes the data collection process
focuses on collecting driver-related data and modelling impact of driver characteris-
tics and knowledge about driving rules. If the theoretical understanding is that driving
behaviour is influenced by the road and traffic characteristics, then road geometry
and traffic characteristics (operating speeds, traffic volume, type of vehicles) are
modelled for controlling traffic crashes.

Stoop et al. (2017) provide a detailed discourse on safety science in general and
its application to transportation safety. They highlight the development of three basic
notions as the cornerstones for safety science as a scientific discipline, nomatter what
domain it is related to: interdisciplinarity, problem-solving orientation and systems
approach.

Interdisciplinarity is a first necessary condition to deal with complex phenomena that
exist in reality: such phenomena cannot be reduced to paradigmatic notions within
one scientific domain. However, a decomposition of their complexity is a prerequisite
for unravelling their control laws, properties, relations, variables and performance
indicators.

Problem orientation: Achieving consensus on a common problem definition is
considered a second prerequisite for a scientific approach of safety. Interdisciplinary
discourses may result in controversies and rivalries, up to the level of schools of
thinking. It also may lead to individual antagonism, defining minorities as dissenting
voices in a homogeneous scientific community.

Systems approach: While an interdisciplinary approach may provide coverage of
broad issues on which a variety of actors, disciplines and stakeholders may have
achieved consensus, resolution of the problem and enhancement of the actual safety
level of performance to the required level requires a third necessary condition: the
application of a systems theory. Systems theory facilitates in structuring a complex
reality. A decomposition in elements, components, aspects and relations provides
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oversight and coherence across levels and entities that interact with each other.
Putting events in the context of systems in which they operate requires a distinc-
tion between event and system, similar to a patient and the health system or a convict
and the judicial system. While accidents should be prevented for the sake of their
unacceptable consequences, the object of research for safety interventions is at the
systems level (ESReDA 2009; Stoop 2015).

Perrow (1984) has discussed some fundamental properties of complex systems in
terms of tight and loose coupling between different elements and nonlinear interac-
tions between elements, and therefore, the need for building systems which do not
depend on user or operator alone to ensure safety. Traffic crashes present an excel-
lent example of complex systems, uncertainties and nonlinear interactions between
human beings, vehicles and the road environment. This makes a strong case for
moving away from focusing on the errors that road users make to concentrating
on road and vehicle designs that can reduce the propensity and severity of crashes.
Safety science has had a major influence on the traffic safety theories in the last fifty
years.

6.5.1 Traffic Safety Theories

Elvik et al. (2004a, b) have discussed two important road safety theories that are
related to engineering and human behavioural effects. Road safety measures could
affect road safety by influencing relevant factors through engineering effect and
behavioural adaptation. This suggests that engineering and human behaviour related
factors are two important sources of risks. For example, road lighting improves visi-
bility (engineering effect) but road users tend to be less alert (behavioural adap-
tation). Most factors can be related to either engineering or human behavioural
effects. Vehicle-related factors can also be explained through engineering effects. For
instance, compared to cars large trucks have unique characteristics,most notably high
grossweight, long vehicle length and poor stopping distance,which can be associated
with different levels of risk (Chang and Mannering 1999).

Many other safety theories can be explained based on the engineering and
behavioural theories. For instance, drivers can modify their behaviour based on what
they see on the road ahead of them (e.g. increasing speed or reducing attention), espe-
cially when the lower risk is brought about by a road design countermeasure (Assum
et al. 1999; Hauer 2017). Physiological theory may be related to both engineering
and behavioural theory to some extent. For instance, it was suggested that drivers are
more likely to fall asleep or feel bored on straight, monotonous, dual carriageway
roads with little traffic (Sagberg 1999). In this case, drivers changed their behaviour
on certain types of road (e.g. straight and monotonous roads); and on the other hand,
road engineers could alter the road environment in order to reduce driver boredom.
However, in some cases, fatigue or boredom are linked more to the characteristics of
the person themselves rather than engineering or behavioural adaption. For instance,
it was found that individuals with a higher level of anxiety may be more likely to
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feel fatigue (Jiang et al. 2003). In addition, some groups of people (e.g. older people)
are inherently more vulnerable than others, thus, more likely to be involved in an
accident or to be more seriously injured if an accident occurred (Bedard et al. 2002).

Safety science has influenced the traffic safety interventions in HICs, primarily
leading to the emergence of safe systems approach in The Netherlands and Vision
Zero in Sweden.

Vision Zero accepts, as a basic starting point, that human beings make conscious
and subconscious mistakes. That is why accidents occur, and the safety work must
in the first instance be directed at those factors which can prevent accidents leading
to death and serious injury. Accidents in themselves can be accepted, but not their
serious consequences.

According to Vision Zero, the principal cause as to why people die and are seri-
ously injured is that the energy to which people are exposed in a traffic accident is
excessive in relation to the energy that the human frame can withstand. Vision Zero
is, among other things, based on the research that the famous American road safety
expert William Haddon conducted in the 1960s (Haddon Jr 1968, 1970, 1973, 1980).
Knowledge of energy and tolerance has to a great extent served as a basis for the
development we have seen of the passive safety characteristics of vehicles and for the
development of different protection systems such as child safety seats, helmets and
seat belts. One important consequence of Vision Zero as a general policy for safety
work is that the view of knowledgewhich has served as a basis for the development of
a sub-component in the road transport system, namely the vehicle, also has become
a general principle for the entire road transport system (Belin 2016).

According to Vision Zero, it is not the individual road-user who has the ulti-
mate responsibility but rather the so-called system designers. The responsibility for
safety is thus split between the motorists and the system designers (i.e. infrastructure
builders and administrators, the vehicle industry, the haulage sector, taxi companies
and all the organisations that use the road transport system professionally), on the
basis of the principles that:

• The system designers have ultimate responsibility for the design, upkeep and use
of the road transport system and are thus responsible for the safety level of the
entire system.

• As before, the road users are still responsible for showing consideration,
judgement and responsibility in traffic and for following the traffic regulations.

• If the road users do not take their share of the responsibility, for example, due to a
lack of knowledge or competence, or if personal injuries occur or for other reasons
that lead to risk, the system designersmust take furthermeasures to prevent people
from being killed or seriously injured.

In Vision Zero, the responsibility for safety is a chain of responsibility that both
begins and ends with the system designers (Belin 2016).

Sustainable safety approach of The Netherlands is based on similar principles.
Wegman (2017) has noted that:
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There are two good reasons why the traditional approach (working on reducing “spikes in
distributions”) will become less effective and efficient in countries with mature road safety
policies. The first reason lies in the fact that serious road crashes will occur as long as we
leave the inherent unsafe conditions in road traffic untouched: the inherent risks come from a
combination of the physical vulnerability of the human body and the levels of kinetic energy
in crashes (a combination of speed and mass). These inherent risks also stem from the fact
that the road transport system cannot be designed from the perspective of the human being
as long as it fails to defend against human errors and offenses that can result in crashes.
Because of this, we are almost fully dependent on how well drivers, riders, and pedestrians
perform their tasks. It is remarkable that, while the road transport system puts its faith in
individual driving skills, the rail system and the aviation system are designed from a safety
perspective—and even well-trained professionals like train drivers and airplane pilots are
only allowed to operate under rather strict conditions. A second good reason lies in the fact
that our traditional policies have become less effective and efficient. Traditional interventions
dealing with reducing relatively high risks are in the process of coming to the ends of their
life cycle, suggesting that they may be subject to the law of diminishing returns. In the
Netherlands, these two underlying reasons have triggered a paradigm shift and resulted in
the development of Sustainable Safety, the Dutch version of the Safe System approach.

6.6 Principles for Safe Highways in LMICs

Given the understanding from traffic safety theories of the last fifty years, the systems
approach and Vision Zero, we can propose some basic principles which can form
the corner stones for developing safe highways in LMICs.

Safe systems approach has three key principles (Chen and Meuleners 2011a, b;
Transport Research Centre 2008):

• Principle 1—Recognition of human frailty
• Principle 2—Acceptance of human error
• Principle 3—Creation of a forgiving environment and appropriate crash energy

management.

Current highway standards for geometric design of highways can be reviewed
in the context of these three basic principles. Principle 1 and 2 must recognise that
highways in LMICs will have the presence of NMVs and pedestrians along with
motorised traffic. Principle 3becomes theoperational principle for setting appropriate
speed limits for ensuring a forgiving environment for all road users. Pedestrians will
make mistakes in judging the possible risk in the system, whereas drivers can make
mistakes in adopting an appropriate speed.

Design speed and design vehicle are the two most important elements which have
been used to set highway standards in the past. Stopping distance of a modern car
is very different from a tempo (three-wheeler) or 2-axle trucks present on LMICs
highways. Therefore, the selection of a design vehicle itself becomes important for
setting the minimal standards for stopping distance, sight distance and overtaking
distances.
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Design speed governs the design of horizontal curve, vertical curve and the safe stop-
ping distance. Conventional practice of keeping design speed higher than operational
speed has been questioned by several researchers. Therefore, the design speed must
be in line with the requirement of principle 3—“creation of a forgiving environment
and appropriate crash energy management”. This implies that for setting appropriate
design speed, presence of NMVs, presence of activities along the highway, and
density of built up area along the highway, frequency of towns and villages through
which the highway passes must be taken into consideration. Design speed may vary
from 30 to 90 km/h with a road cross section designed for appropriate crash energy
management depending on the surrounding land use present along the highway.

Speed compliance by design: We started this paper quoting the success of legis-
lation and enforcement, however, taking lessons from number of studies in HICs,
most effective measure for speed compliance in LMICs will be by design: active
speed control measures. LMICs have weak institutional capacity, weak enforcement
of legislation, therefore, speed control by texture change, audible markers, rumble
strips, change in geometric standards, median designs, lowering speeds at inter-
sections by introducing roundabouts, raised stop lines and speed humps on minor
roads are expected to be more successful in speed compliance by all road users-good
drivers, bad drivers, young drivers, knowledgeable drivers, drivers with poor driving
education, etc., ensuring compliance with the principle 2.

Many of the current standards for highway cross section require revisions (Chen
and Meuleners 2011a, b; Mohan et al. 2017) to comply with the principle 3. Appro-
priate design of service roads, width of shoulders, and design of medians, has to be
reviewed to ensure safe designs for NMVs and different kinds of vehicles on the
road.

Experience from HICs is that standards alone cannot ensure safe roads for all
unless the safety performance is evaluated. Vision Zero accepts that it is possible to
design a transport system that will not have any deaths and serious injuries. There-
fore, the realisation of Vision Zero also requires generation of new knowledge and
establishing a process which enables generation of new knowledge to ensure safe
highways in LMICs. Given the complexity of traffic safety science and its imple-
mentation in field, continuous experimentation is required in LMICs to develop safe
highways based on the principles of safe systems approach.
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Chapter 7
Traffic Calming: The Way Ahead
in Mixed Traffic

Christer Hydén

7.1 Introduction

Motorised traffic is a strong contributor to low quality of life for many people in
our cities. Volumes are big, and speeds are often very high. Even if safety of prime
concern in every country I dare to say that the issue today in developed countries has
shifted from being a question about survival of the pedestrian to survival of the city;
while in developing countries, the question is one of pedestrian survival. One main
ingredient in survival of the city is to produce liveable conditions for pedestrians,
which of course includes the elimination of the physical threat. So, even though the
perspective is different the main question today, as it “always” has been, is how
to reach decent living conditions for pedestrians so that they can be safe and also
feeling safe, being comfortable enough, not having to live with noise, emissions, etc.
“Business-as-usual is no longer an option.

Current approaches to road safety in the world’s poorest countries are both inde-
fensible and unsustainable. They are indefensible because they will result in millions
of deaths and injuries that could be prevented through affordable investments. And
they are unsustainable because no country can afford the economic and social costs
associated with current approaches. The fact that these costs are hidden from view
does not detract from their devastating effects”.

(https://www.makeroadssafe.org/publications/Documents/road-traffic-injuries-
kevin-watkins.pdf).

The key to a new era has its origin in “Traffic Calming”. The phrase gives a
certain flavour of softness and emphasises the need for a motorised traffic that is
less dominant both in numbers, speeds and priority. Let me immediately say that the
concept as such is nice, but we are still very far away from being able to demonstrate
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on a large scale or in a sustainable way the success of this concept. There is still a
very long way to go before “life in cities” is as attractive and sustainable as traffic
calming promises to be.

7.2 Pedestrian Safety

7.2.1 History

Pedestrians’ life qualities is the best indicator for defining the “maturity” of thewhole
system. My interpretation is that pedestrians have always been the poor citizens in
many senses, and still are. They have no voting power, and they are given low priority
in questions about allocating space and priority in traffic. (Just think about pedestrians
about to cross a road. They have priority but only when they use a zebra crossing,
often forcing them to take long detours.) They are exposed to high risks. This was true
as long ago as in the nineteenth century. Between 1840 and 1900, the mortality rate
due to road accidents in the UK was on average about 50 pMa (per million persons
living per annum) in the UK, probably mainly pedestrians (Ishaque and Noland
2006). Today—more than 100 years later—the mortality rate due to road accidents
is around 40 pMa in countries like UK, Sweden, Norway and the Netherlands. In
the USA, it is as high as 140 pMa, approx 7 pMa killed pedestrians. Globally, the
figure is a bit over 200 pMa, out of which pedestrians account for roughly half, i.e.
100 pMa! Mortality rates have gone down in highly motorised countries, but that is
of course primarily due to large decreases of walking illustrated by the situation in
a Copenhagen main street in the 1920; see Fig. 7.1.

7.2.2 Developing Countries

In developing countries, mortality rates are still increasing in most countries, and the
vulnerable road users are most hit by road accidents as can be seen in the following
example from India (Table 7.1).

The most common striking vehicles are trucks, followed by buses and cars;
see Fig. 7.2. Motorised two-wheelers are the striking vehicle only in 4% to 8%.
Regarding their share of vehicles, 38% inMumbai, 57% inDelhi and 71% nationally,
motorcycles do not seem to be overrepresented in fatalities, rather the opposite.

Undoubtedly pedestrians are by far the most vulnerable group in India in general.
The fatality figures are quite high as in other low- and middle-income countries

(LMIC). For instance, Sayer and Palmer reported that “more than 40%” of all road
fatalities in African countries was with pedestrians, and in Middle Eastern countries,
the figure was 50% (Hydén and Svensson 2009). But pedestrians are not the only
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Fig. 7.1 Down town street in Copenhagen in the 1920s, high volumes of pedestrians

Table 7.1 Traffic fatalities by road user and type; Delhi (2001–2005), Mumbai (1996–1997) and
Kota (2007) (Figure no. 24 in Mohan et al. 2009)

Type of road user Mumbai Delhi Kota

Truck 2 3 6

Bus 0 3 1

Car 2 4 19

Three-wheeled scooter taxi 4 3 4

Motorised two-wheeler 7 26 33

Human and animal powered vehicle 0 3 1

Bicycle 7 10 5

Pedestrian 79 47 28

Other (Tractor, etc.) 0 1 4

Total 101 100 101
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Fig. 7.2 Striking vehicles in the three cities in Table 7.1

vulnerable group. Altogether pedestrians, cyclists and motorcyclists make up almost
half of those killed on the roads (WHO 2009).

7.2.3 Situation Today Regarding Vulnerable Road Users

The vulnerability of pedestrians, cyclists and motor cyclists is finally taken seriously
by the “World Community”. WHO in their Status Report (2009) reaffirmed the
understanding of road traffic injuries as a global health and development problem
and it: “… draws our attention to the needs of all road users—including these most
vulnerable groups. They toomust be considered and given equal priority when policy
discussions on road safety, land use and urban planning are made”. My interpretation
of the situation is that decision-makers, and others all over the globe nowadays are
putting road safety quite high on the agenda. This is of course encouraging. However,
it is one thing to put it high on the agenda. A completely different thing is to put
relevant and efficient action on the agenda. I think that is what we still are lacking.
Road safety seems to be a sensitive area for decision-makers. They think that the
public do not want the necessary measures. They do not know, because there has
almost never been an attempt to produce a holistic view on traffic. Blatter (1995)
indicated that decision-makers were more conservative than people in general when
it came to measures making the use of the car more difficult. Another example is
that some Swedish traffic planners in a survey made at Lund University clearly
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demonstrated a hesitation regarding humps. They meant that it is something that not
can be used on a large scale, and some also claimed that they got a lot of objections
from people (not clear who) regarding humps (Risser 2010). Coming back to a lack
of holistic solutions, I think this is a typical example. Compromise seems to be the
keyword, and the solutions—according to my interpretation—are often conservative
and not very much in favour of the living conditions for pedestrians.

7.2.3.1 Separation of Pedestrians

I will demonstrate my scepticism to today’s planning for pedestrians by giving you
the story about the prime strategy to safeguard pedestrians in cities. It started already
in the nineteenth century and still goes on. Authorities in the UK were already
discussing the issue in the nineteenth century. First attempt was to give separate space
for the pedestrians, thus building foot paths (Ishaque and Noland 2006). However,
that only solved parts of the problem. The other—more critical—questionwas how to
safeguard pedestrians when crossing streets. The way to solve the problemwas either
to separate different road users by the help of traffic signals, or to separate pedestrians
physically with tunnels/bridges. Both these solutions were tried in London in the
1870, but were turned down almost immediately andwere not reconsidered until after
several decades. The reason was that pedestrians were offered too long waiting times
in the signal (30 s green once in 5 min) and because of those pedestrians would not
accept them and they would therefore jay walk. In a similar way, tunnels/foot bridges
were considered as useless because pedestrians would not use the tunnel/bridge
because of the detours they had to make. A study in Delhi just emphasises the
problem. A majority of pedestrian underpasses constructed recently in Delhi are
not being used for their intended purpose. General observation and a pilot survey
of some underpasses in Delhi indicate that pedestrians find an alternative surface
route to cross the road. (Sinha AICP, Avinash Kumar https://pubsindex.trb.org/view.
aspx?id=777751. 26/10/10). I can report on similar experiences from Sweden (see
Fig. 7.3), i.e. I imagine that the problem is quite universal.

Even though it seemed impossible, a lot of research resources were spent in
order to find out how and under what preconditions pedestrians were actually using
the tunnel/bridge. The conclusion was that, unless the time used was considerably
smaller using the tunnel/bridge pedestrians would not use it. This is of course almost
impossible to achieve, so the conclusionwas to force pedestrians to use the separation
by installing guard rails and increase enforcement; see examples from Beijing in
Fig. 7.4.

The examples from Beijing illustrate the dilemma. The safest solution in the
short term is of course to see to it that pedestrians are not using the street to cross.
However the comfort offered to pedestrians is very low. Besides car drivers were
offered streets (almost) free from pedestrians, which in turn meant that pedestrians,
who were trespassing anyway, were exposed to even higher risks, due to higher
vehicle speeds. Besides the high costs for this kind of separation only allow these

https://pubsindex.trb.org/view.aspx%3Fid%3D777751
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Fig. 7.3 Separation of pedestrians and cyclists on a street with high speeds and low use of the
separation

Fig. 7.4 Inconvenient foot bridge and guard rail and enforcement in Beijing, China

measures on an irregular basis, i.e. not producing any holistic view on “pedestrian
welfare”.

7.2.3.2 Separation with Traffic Signals

The “traffic signal story” is very similar to the one about tunnels/foot bridges for
separation of vulnerable road users. Meta-analysis of the safety effects of traffic
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signals shows that introduction of pedestrian signals at intersections increase pedes-
trian risks if there are simultaneous green for cars and turning vehicles. However,
there is a reduction of pedestrian risks when pedestrians have separate phases. The
problem is that separate phases produce too much delay for all road users. The result
is therefore that separate phases are not very common, at least not in Sweden. And,
again, the costs for large-scale implementation are too high.

7.2.4 “The Zebra Crossing Story”

So neither separation nor signalling was considered feasible. New, more cost-
effective solutions were to be found. This indicated the start of the efforts to find
a compromise between driver and pedestrian interests. The basic idea was to mark
crossings for pedestrians with special yielding rules for drivers and special rules of
conduct for pedestrians. In UK, the first attempts to mark a crossing for pedestrians
took place in the 1930. To make the following story a bit short—and a bit provoca-
tive—you can say that all the time up till today, there have been all sorts of attempts
to find a solution where car drivers observed pedestrians and also managed to let
pedestrians pass safely. The first zebra crossing came early with special rules for the
conduct of both driver and pedestrians. Sweden has a very interesting history of the
zebra crossing, which seems to be applicable here. In the 1980, we had 70,000 such
crossings. It was found that even if zebra crossings had been present for more than
50 years, there was no evaluation made. So a colleague of mine made a thorough
study and found out that a zebra crossing had more than two times higher risk for
pedestrians than a crossing location without any facility (Ekman 1988), see Fig. 7.5.

These results were so shocking, primarily I guess for those who were responsible
for these 70,000 crossings. This was one reason why nothing happened for more
than 10 years. Once there was a discussion, the main conclusion that emerged was
that the main problem was that car drivers did not yield to pedestrians at zebra
crossing. So a new law was introduced in the beginning of the year 2000 making
yielding for pedestrians mandatory when pedestrians are on or close to the zebra

Fig. 7.5 Pedestrian risk at
different crossing types
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crossing. A follow-up study showed that the yielding rate went up from 5–20% to
40–50%. However, the number of injured pedestrians increased. The reason being
risk compensation. Already in the Ekman study, the conclusion was that pedestrians
felt safe on the zebra, and there was therefore an obvious risk that when pedestrians
observed a much higher degree of driver compliance with the yielding rule, they
would feel even safer. So, the result was that zebra crossings were officially classified
not any more as a safety device, but a device to improve the mobility of pedestrians.
UK has a similar story by taking away a lot of the crossings. I think that “the story
of the zebra crossing” (or other type of crossing) will not end for many years still. A
meta-analysis of the safety effects of zebra crossings by Elvik et al. (2010a) showed
that the introduction of a zebra crossing produces an increase of injury accidents
for pedestrians by 44% (−6; +121). My main conclusion is that we still have not
implemented any solutions balancing safety for pedestrians with keeping up the
mobility for motor vehicles in a large scale. Motorised traffic is still given the highest
priority.

It is striking that so little is done to really produce a sustainable change of pedes-
trians’ conditions; particularly in view of all the knowhow we have today on how to
improve pedestrian safety.

7.2.4.1 Speed

Speed reducing measures that actually lower speeds is definitely the most effective
solution.Meta results from Elvik et al. (2010b) clearly show this. The introduction of
speed reduction at a zebra crossing reduces injury accidents for pedestrians by 42%
(−70; +11). The effect is dependent on the actual speed reduction. Nilsson (2004)
presented the so-called power model saying that the effects of changes in speed on
the number of accidents and the severity of injuries can be estimated by means of a
set of power functions. For fatal accidents, the relation is:

(Fatal accidents after)/(Fatal accidents before) = (Speed after/Speed before)4

If speed is reduced by 10%, fatal accidents are estimated to be reduced by 0.94=
0.66, which corresponds to a reduction of fatal accidents by 34%. There are endless
numbers of attempts to question this relation. However, Elvik et al (2004) made a
comprehensive meta-analysis giving clear support to the power model. They found
that the exponents were not identical with those proposed by Nilsson, but “they are
close to themand exhibit a pattern that conforms to the PowerModel”. The scepticism
regarding the power model is for me a reflexion of the tendency I have seen in so
many situations, namely to devaluate the importance of speed as a regulator of safety.
“It is not a matter of speed” or “it is not only” speed that counts is something you
hear quite often. In an interview study with Swedish planners and decision-makers,
they agree that safety is very important and that low vehicle speeds are an important
element. However, these low speeds must “be reasonable”. “Humps are good, but
they cannot be used everywhere; we have received a lot of complaints”. Etcetera.
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As one Swedish planner said at the interviews “we get a lot of complaints when
we introduce humps” (Risser 2010). That can be compared with the experience in
the Norwegian city of Bergen where humps are introduced on almost all streets in
a city (more than 2000 in a city of 230,000 inhabitants). Their experience is that
once humps are introduced on a street neighbours contact the city asking for humps
on their streets as well. Bergen has a more than 20 years experience of systematic
introduction of humps, which has resulted in humps (or raised crossings) even on
streets with heavy bus traffic. This is still something impossible in Sweden. Another
example, the Swedish Vision Zero, adopted in principle in many countries, claims
that the long-term goal is that there should be no seriously injured or killed in road
traffic (https://www.visionzeroinitiative.com/). One of the main principles taken is
that the speed of vehicles should be no higher than 30 km/h where motorised and
non-motorised traffic interact. Still 13 years later, there is a long way to go to reach
this target.

My interpretation of the present situation is that this is a way of avoiding the
critical question “How to introduce efficient speed reducing measures”, with the
anticipation that this will be very unpopular. One more strong indication of the
avoidance behaviour to a new strategy in Sweden is to introduce new speed limits—
in built-up areas 40 and 60 km/h in addition to the former ones, 30 and 50 km/h.
One of the philosophies behind this is the idea that the speed limits should better
reflect the expectations of drivers. So therefore the goal is both to reduce speeds and
to improve the acceptance by car drivers. In this perspective, the results are not very
encouraging. If the speed limit was reduced 10 km/h—from, e.g., 50 to 40 km/h—
the actual mean speeds were only reduced by a bit more than 2 km/h (Hydén et al.
2008). This resulted in severe reductions of the compliance rate, in the case of 50
to 40 km/h from 80% compliance to 60%. So even though speeds were reduced a
little the change clearly demonstrated that drivers did not take the change “seriously
enough”, as the compliance rate went down. In large, most local decision-makers are
in favour of the new speed limits—especially 40 km/h.

7.2.5 The Promotion of Low Speeds

For me, the change of speed limits is yet another example on how the attempts to
lower speeds is based on measures with minor effects; at the same time as they send
the message to the public that this is the kind of measures used, resulting in very
little annoyance. How can decision-makers be so hesitant in introducing efficient
measures, in spite of the fact that the public is more in favour of these kinds of
measures (efficient speed reduction with, e.g., humps) than the decision-makers?
And how is it possible that one city—Bergen, Norway—can use “unpopular” humps
on a very large scale, while most other cities consider it almost impossible? I think
one of the most important reasons is the promotion of high speeds as something
important and “enjoyable” for us as drivers. This kind of promotion can be seen
every day in papers and magazines. The automobile industry spends billions on

https://www.visionzeroinitiative.com/
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advertising in different media. Ads giving messages like “Zero to 100 in a whisper”
or the car industry which also produces air planes stating that “we have jet in our
genes”, etc. We have been told that strong acceleration and speed performance are
important from a safety point of view. However, we never see the counterargument
that Zero to 100 km/h may not be very favourable with regard to pedestrian safety
and well-being in our cities. I cannot claim that any of these stand points are “true”.
However, what I can claim is that “somebody” should take the responsibility for
assessing the importance of the present characteristics of automobiles from a holistic
point of view, i.e. not only safety for certain groups but safety for all road users,
and—particularly—the attractively and sustainability of the city’s traffic.

I have presented a lot of engineering efforts to improve safety and well-being for
pedestrians. The red thread is speed. One major problem in this context is the speed
and acceleration performance of cars. Every day you can read advertisements for
cars with headings like “Zero to 100 km/h in a whisper”, and messages saying that
strong acceleration power is important from a safety point of view. Why do we go to
such a great extent to neglect the importance of this kind of hiding the risks involved
in such attitudes? How can we ask a driver to slow down in a residential area when
he is sitting in a comfortable car with nice music, etc., and a capability of making
200–250 km/h and an acceleration that takes him to 100 km/h “in a whisper”. How
can authorities compete with messages like “it is important to adapt speed, 30 km/h
is the speed limit, etc”. It is no wonder that it is difficult to come through with this
kind of perceived negative messages. The industry openly admits that they cannot
sell cars with “speed management messages”. However, they are now involved in
many projects dealing with speed. One of the first—PROSPER—dealt with so-called
ISA-applications. ISA stands for Intelligent SpeedAdaptation, and includes different
types of systems; voluntary systems with a beep signal when the desired speed is
overridden, active gas pedal that can be overridable or not, etc. To make the story
short, in Work Package 4 of PROSPER the following conclusions were presented
(Carsten 2005).

• Clear additional benefits from microsimulation modelling for non-overridable
system

• ISA has very substantial safety potential
• In macro-modelling, Authority-Driven Scenario delivers substantially greater

benefits than Market-Driven Scenario
• Delay postpones safety benefits and reduces benefit-to-cost ratios.

The point is that the authorities have not driven the most efficient systems from a
safety point of view—either in research or in implementation.My department carried
out research on a non-over ridable active gas concept in urban areas in the 1990 with
positive results. However, this research was ended in the beginning of 2000, and
there is no research or concept demonstrating any really significant effects regarding
“controlled speeds” and or substantial safety benefits to this day. Instead the industry
is to solve the problem in other ways, night vision, collisionwarning and other similar
systems that could solve problems without “direct” speed management (the aim is
of course to give drivers relevant information (e.g. making a pedestrians visible in
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the dark) so that they can slow down in time). The most spectacular system today
I think is the “automatic braking” function, e.g. in Mercedes-Benz PRE-SAFE®
Brake andVolvoCity Safety. The “simple idea” (not technically) is to detect obstacles
before a collision occurs and thereby introduce an immediate braking, thus avoiding a
collision or—at least—lowering the speed at a collision. It may very well be that such
a system will decrease even pedestrian accidents which of course is quite positive in
itself. The problem though is that again we will have a new system introduced where
the benefit—and welfare of pedestrians is not assessed. How will this system change
drivers’ behavior, how will it be perceived by pedestrians and what general impact
will it have on the attractivity and sustainability of a city? I think that the “pedestrian
society” should demand some kind of relevant assessment before these systems are
introduced! The problem is that they are already partly implemented. But there will
be more systems coming. They will partly “compete” with new ways of organising
traffic so as to make attractive and sustainable cities for all users. Ideally, it would
be great if there was an interaction between the two of the most important actors on
this scene, namely the road and planning on one side and the industry on the other.

7.2.6 Traffic Calming

I have now slowly approached what I mean by traffic calming. There is more than
one definition but the concept is the same all over the world, i.e. measures to reduce
vehicle speeds to below 50 km/h in order to reduce injury accidents, pollution and
to make areas more liveable for people. Traffic calming measures include volume
control measures for motorised traffic and accident reducing measures where speed
reducing measures are the most efficient ones as they both reduce risks and make
streets less attractive to car drivers. However, preconditions for traffic calming are
different in different countries. Just to take one example, in India two-wheelers and
three-wheelers stand for approx. 70% of all motorised vehicles while in Europe and
North America the share is only a few percent (Hydén and Svensson 2009).

7.2.7 Humps (Speed Breakers, Sleeping Policemen, etc.)

I will start by describing some measures that have a well-documented effect on
speeds, thereby are central in a traffic calming context. The number one with regard
to speed is the speed hump. It was originally designed in the UK building on the very
simple principle that themore uncomfortable car drivers perceive the passage to be the
slower they will go. They definitely seem to be much more effective than for instance
the presence of small children along the road. If the hump is constructed according to
the original hump byWatts (1973), which is a round-top hump 3. 6 m long and 0.1 m
high on top, and if humps are put on a longitudinal distance of maximum 50–75 m,
then vehicle speeds will be around 20–25 km/h at the hump and 5–15 km/h higher
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Fig. 7.6 Relation between experienced discomfort (the left y-axis) and speed (x-axis), theoretically
(left) and empirically (right)

between the humps. The exact speeds will depend heavily on the hump design. I feel
that I have to add a rather technical aspect here. Ideally a hump—or any other speed
reducing measure should work in a way that the discomfort for drivers in principle
is non-existing at speeds below the target speed, in the case of humps most often
30 km/h. In case, the target speed is exceeded the degree of discomfort should go up
very quickly. The empirical part of Fig. 7.6 shows an example from one round-top
hump in Lund, Sweden (Bjarnason 2004). It shows clearly that the discomfort starts
at a rather high level, and then there is no distinct raise of the discomfort curve at
30 km/h, or elsewhere for that sake. That means that car drivers do not get any clear
message, and they may therefore choose their passing speed partly on other criteria
than the discomfort aspect, e.g. if they are in a hurry, etc. I claim that there is a strong
need to try and do more theoretical and empirical work on the function of humps in
order to optimise the design. It is important both from the point of view of making
the humps more effective (i.e. more even speeds at the target speed) and also more
attractive to the drivers (i.e. more comfortable to pass at speeds below the target
speed).

As I wrote earlier the safety effect is quite good locally. However, evenmore inter-
esting is that this has been proven on a large scale as well. In the city of Gothenburg
in Sweden, effective speed-reducing measures have been introduced in an almost
complete way on all streets except for on the largest arterials. The results are very
encouraging; this traffic calming in Gothenburg has resulted in a large reduction in
the numbers of deaths and serious injuries and a socio-economic benefit of more than
47 times the direct costs (Nilsson and Thulin 2004).

7.2.8 Small Roundabouts

One important tool in the traffic calming tool box is the small roundabout; see Fig. 7.7.
Small is here defined as a roundabout with only one lane in approaches and exits
as well as inside the roundabout. Optimally designed it can lower speeds to around
30 km/h at all approaches and gives all road users equal opportunity to interact
with other road users, improves safety for all road users and reduces delay (even
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Fig. 7.7 Small roundabouts, inexpensive and safe for all—and popular

for car users at least when the roundabout replaces a traffic signal) and reduces
noise and emissions. Thanks to the design the roundabout can be used for enhancing
aesthetics and create an attractive environment (SKL2008). Elvik et al. (2010c) report
a reduction of injury accidents by 41% (−47; −34) when changing a four-armed,
non-signalised intersection to a small roundabout. There are results from the USA
indicating that the reduction of fatal and incapacitating injury crashes can be as
high as 90% (Retting et al. 2001). A small roundabout can carry at least 23,000
incoming vehicles per day and can be made quite small which make them interesting
as an element in creating new streets where the speed is reduced at every equipped
intersection and also between the intersections (Hydén and Várhelyi 2000). The
popularity of this concept is demonstrated by its rapid development. In Sweden,
there were around 150 roundabouts in 1980, and in 2006, there were more than 1500
(Kolbenstvedt et al 2007).

It is important to understand that qualities of roundabouts can differ quite exten-
sively depending on the design of the roundabout, which in turn will have large
implications on the safety of the roundabout. This will be particularly true for LMIC
where the experience so far is limited.

7.2.9 Speed and Interaction with Vulnerable Road Users

I mentioned equal opportunities for all road users interacting at roundabouts. Obvi-
ously, speed plays an important role in providing these opportunities. In a study on
interaction between car drivers and bicyclists, it was shown that even if cyclists in
most interactions were the ones who formally had to yield for cars; Figure 7.8 shows
that the lower the car speeds were, the higher the yielding rate among car drivers
was.
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Fig. 7.8 Yielding rate versus speed for car drivers in interaction with bicyclists

These results are the most promising ones regarding future city traffic that I can
think of. It shows that it is possible to reach desirable conditions without any strict
rules, just by convincing (forcing) drivers to drive slowly. Road users in the study
acted very “balanced”; cyclists did not force their way through and drivers who came
with slow speed (below 30 km/h and lower) stopped and yielded in a very smooth
way.

Regarding other qualities, I will only take it up shortly here; my main conclusion
is that if speeds can be low—below 30 km/h—and with low variance both in a flow
and along a road, then significant reductions of noise and emissions (incl. CO2) can
be reached (Hedström 2004). Speed reduction from 50 to 30 km/h typically reduces
noise levels by 4–5 dB (Pharoah and Russell 1989), or more in certain circumstances
(Take Back Your Streets, Conservation Law Foundation 1995).

7.2.9.1 Shared Space

There is one trend, primarily in Europe that I want to add. That is the so-called shared
space concept (https://www.rudi.net/books/20024). The basic idea is to “deregulate”
as much as possible and leave to all road users to interact themselves. No priority
rules are in principle valid. A study was made in the city of Norrköping, Sweden. A
signalised intersectionwith heavy trafficwas rebuilt with the shared space principles;
see Fig. 7.9). An evaluation showed that today there is a great mix of road users, very
low vehicle speeds (around 15 km/h) and generally improved conditions for pedes-
trians and cyclists. However, visually impaired pedestrians who felt that they had no
proper guidance through the place. And road users generally complained because
rules were not clear which created insecurity and frustration (Jaredsson 2002). My
conclusion regarding shared space is that it may work at individual locations with
quite specific preconditions, primarily many bicyclists and pedestrians moving in

https://www.rudi.net/books/20024
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Fig. 7.9 Before and after introducing shared space in the Swedish city of Norrköping (Photo Sofia
Jaredsson)

different directions. If shared space is working on larger scale is still not very clear,
and my personal opinion is that it cannot work unless speed reducing measures are
introduced.

7.2.9.2 Traffic Calming in Low- and Middle-Income Countries (LMIC)

There is one more important question that partly remains to be answered. That is
whether traffic calmingmaywork in LMIC. I will try and reflects on that (impossible)
question by giving you a relevant example from India. My university in Sweden had
the opportunity to carry out a project on Traffic Calming Guidelines in India thanks
to the Swedish aid-organisation SIDA (Hydén and Svensson 2009). Themain aims of
the project were: (1) To understand pedestrian safety problem in a developing country
and (2) to identify feasible traffic calming measures. International experiences were
complemented by field studies at seven sites in the city of Jaipur. Awide range of field
studies were made, out of which traffic conflict studies were the most comprehensive
ones. The main conclusion of the studies is that there is an urgent need for traffic
calmingmeasures in Indian cities. Pedestrians are extremely exposed and vulnerable,
and the speeds are too high to allow a safe and proper communication. One main
problem is that road users are not offered any comfortable and safe crossing options.
The existing pedestrian crossings are not suited for pedestrians. Behavioral studies
showed that in 95% of interactions between pedestrians and motor vehicles, there
was “no reaction” from the drivers’ side. The conclusion from the studies is that there
is “chaos” that has to be dealt with. The proposed measures are “standardised Traffic
Calming measures”, primarily by introducing humps at both entrances and exits to
intersections and to introduce raised footpaths in all corners to see to it to make the
approaches for pedestrians as comfortable and safe as possible by preventing cars
from being able to use that space (see Fig. 7.10). Pedestrian crossings are located
close to the intersections so that pedestrians do not have to make large detours to
use them. The measures that are proposed are simple which is an important part of
the scope. Without simplicity and low costs, there will never be any large-scale use.
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Fig. 7.10 One of the experimental intersections in Jaipur, India

Table 7.2 Speeds at sites with comparative humps in Jaipur, India, and Lund, Sweden (Hyden and
Svensson 2009)

Length (m) Height (m) Mean speed (km/h) 85-percentile speed
(km/h)

Collectorate, Jaipur 3.8 0.10 21 24

Lalkothi, Jaipur 3.8 0.11 18 23

Average, Lund 3.6 0.10 18 21

Unfortunately, no measures are taken yet in Jaipur, which of course will be the next
and very important step. When this is done, and after studies carried out, it would
be time to decide on studies for studying the validity of the results in other parts of
India. We sincerely hope that other Indian cities also take up this. We are ready to
assist together with our colleagues at IIT.

As speed reducing is a central element in traffic calming we made some compara-
tive studies of the speed reducing effect of similarly designed humps in Sweden and
in Jaipur; see Table 7.2.

The table indicates that there are very small differences in car speeds at the studied
humps in Jaipur compared with speeds at the humps in Lund. Speeds are at most two
to three km/h higher in Jaipur. This may be due to the fact that humps in Jaipur are 0,
2 m longer. Even though no humps are exactly similar, the general conclusion is that
the effects of humps in Jaipur and Lund seem to work in almost the same way with
regard to speed reduction. This finding is very encouraging. Based on the positive
experiences from traffic calming in other countries, there is all reason to initiate more
comprehensive trials of the concept also in India.
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7.3 Conclusions

It is quite clear that there is a great potential in introducing traffic calming measures.
And it is also necessary. However, the important thing is to ensure the low speeds that
one is targeting on. There are many attempts that more or less have failed. The zebra
crossing is a typical example. It has become obvious that it is not sufficient “just”
to introduce strict yielding rules or any other measure without ensuring low speeds
at the same time. One big problem is that many measures are introduced without
actually safeguarding the effects. Assessment of effects is lacking to a very high
extent. The result is that theories on which measures are based often are vague or
non-existent. The result is therefore that the evaluation of effects will be “arbitrary”
in the sense that there is no guarantee that measures are targeting the right kind of
behaviour.

I have indicated the lack of holistic solutions that can safeguard pedestrians and
also make the life of pedestrians more attractive. As both parts are of importance
for an attractive and sustainable city, there is a strong need to put more efforts in
demonstrating holistic solutions on a large scale and to assess their effects. This is
valid both for high-income countries and for low- and middle-income countries.
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Chapter 8
State of the Art of Roundabout
Performance for Promoting of Urban
Safety

Werner Brilon

8.1 Introduction

Town planning in the nineteenth century favoured large circular places as elements
of agreeable city design. With increasing city traffic at the beginning of the twentieth
century, these locations were the first where roundabouts (which just means one-way
direction of traffic on the circle) were established like Columbus Circle in New York
(1905) or Place Etoile in Paris (1907) (Todd 1988 and 1991). This happened in many
countries around the world. In consequence, most of the large cities in the twentieth
century had their monumental large traffic circles.

However, the traffic rules were quite different in various countries. In Germany,
circulating traffic had priority; in other European countries, the entering traffic had the
right-of-way with the consequence that under high traffic demand these intersections
became gridlocked. In the USA, a variety of rules had been tested over the years.
However, in 1966 the UK introduced the “off-site priority rule”. This rule means:
(a) the circular traffic has priority over the entering vehicles and (b) the vehicles on
the inner lanes are privileged in a conflict over vehicles travelling further outside
(GOV.UK). This rule is the background of the great success of roundabouts in the
UK, and it is the reason for exceptionally high capacities at large roundabouts which
can only be observed in the UK.

Meanwhile, outside the UK only part (a) of the “off-site priority rule” is valid
in most countries, i.e. traffic on the circular roadway of the roundabout has priority
over the approaching traffic. This rule, which has been valid in Germany since ever,
has been adopted by the highway code in most countries of the Western Hemisphere
during the last three decades.
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The acceptance and application of the valid traffic rules are the key for traffic safety
of roundabouts. In the Western countries, the acceptance of these rules, usually, is
quite good. Speaking about safety, thus, organization and acceptance of the traffic
rules is a significant basic condition for all conclusions about traffic safety.

8.2 Classification of Roundabouts

Also the styles of roundabout design are specific to different countries. The tradi-
tional layout of roundabouts in the early twentieth century involved large multi-lane
circles. These, however, were not successful regarding safety. Especially two-lane
exits emerged as a major source of severe accidents. Thus, in the 1950s and the 1960s
the larger circles were no longer favoured in most countries on the European conti-
nent or in the USA. Later in 1980, the big success of roundabouts in the UK incited
planners and researchers in several European countries to study and experiment with
roundabouts.

These studies unveiled unexpected gains in traffic performance and safety,
however, only for the single-lane roundabouts. These compact intersections were
found to be able to carry up to 25,000 veh/day combined with rather low delays for
road users and with the highest potential to prevent accidents. They are still the most
favoured type of roundabouts.

Later on, slightly larger—and also smaller—roundabouts were studied in many
countries. As a consequence, we now have a whole toolbox of different types of
roundabouts. Figure 8.1 tries to illustrate diameters and range of traffic demand for
roundabouts for different sizes:

• mini-roundabout with a traversable central island and a diameter between 13 and
23 m

• single-lane roundabouts with a diameter between 26 m (minimum required for
European trucks to make a full turn) and 35 m (urban) or 40 m (rural) and only
single-lane entries and exits

• semi-two-lane roundabouts with a diameter of 45–60 m, a lane widths of 8–10 m
(no lane marking on the circle) and single lane exits but 1- or 2-lane entries

• larger two-lane roundabouts (which are banned, e.g. by German guidelines due
to their bad accident experience)

• turbo-roundabouts with 1- or two-lane segments on the circle. The entries and
exits may have one or two lanes, where the two-lane solution needs a specific
design to avoid undesired lane changes.

This is the kind of classification used in Germany. But in most countries on the
European continent, the viewon roundabouts is quite similar. It should be emphasized
that all rules in design guidelines of the continental European countries are governed
by a maximization of traffic safety as the first target. Capacity is only of secondary
importance. Less safe roundabout constructions are not treated as state of the art.
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Fig. 8.1 Definition of types of roundabouts by their inscribed circle diameter and their potential
range of applicability in terms of average daily traffic (ADT)

In the UK the situation seems to be different. There the design is not so much
oriented in lanes. Instead, if capacity makes it necessary, the lanes are flared out
near the roundabout to increase capacity. This is supported by the results of capacity
investigations (Kimber 1979). This leads to a design which can differ considerably
from European continental solutions.

TheUSA started rather late in the 1990swith experiments inmodern roundabouts.
They discovered the benefits of this type of intersection, and meanwhile there are
many of them. However, as with everything, the roundabouts in the USA are larger
than in Europe (Fig. 8.2).

8.3 Some Words Regarding Accident Statistics

An international comparison of traffic safety leads to some complications regarding
accident statistics. Already the identification of an accident differs from country to
country. Some countries count all accidents (including property damage only) which
were reported to the police. Other countries take account of only accidents with
personal injuries. Another difference concerns fatalities, e.g. in Germany a fatality is
classified as such if the victim dies within 30 days after the accident. Other countries
apply completely different definitions.

Also the researchers use different methods of evaluation, e.g. the distance on the
approaching armswhere accidents are treated as intersection-related varies and is not
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Fig. 8.2 Typical examples for an urban single-lane roundabout in Germany

Fig. 8.3 Examples for a mini-roundabout
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explained in most of the publications. The most serious way in intersection accident
analysis is to define relevant parameters to describe accident risk. The following
variables seem to be most characteristic:

accident rate = number of accidents

NT

accident cos t rate = damage by accidents

NT

where NT = no. of vehicles travelled through the intersection, usually estimated by
the average daily traffic (ADT) damage by accidents: evaluated in currency units.

For the calculation of accident cost rates, the damage caused by accidents must
be evaluated in currency units where the figures used are standardized on a national
basis (e.g. in Germany: BASt 2014).

These measures of accident occurrence are relative to the exposure to risk as it
is represented by the number of vehicles travelling through the intersection. These
parameters allow a more meaningful interpretation than absolute figures.

Unfortunately, all the publications on traffic safety apply differentmethods of anal-
ysis. Therefore, a definitive comparison of the results from different investigations
is not easy.

8.4 Some Early Findings for Traffic Safety

Starting modern roundabouts in the 1980, studies about safety effects generated
by this type of intersection have been performed in many countries. Each of these
studies revealed a large potential of safety emerging from modern roundabouts.
Among these early studies, we see investigations from France. Gambard (1989)
found in a before/after study where conventional intersections had been converted
into roundabouts a reduction of fatalities by 88%. Alphand et al. (1991) studied more
than 500 roundabouts. 90% of these remained without any personal injury for the
year of investigation. Roundabouts experienced only half the number of accidents as
signalized intersections. Also two-wheelers had 77% less accidents at roundabouts
than at signalized intersections. These analyses are based on a report byCETE (1986).
Here we can also find that large roundabouts had a significantly higher accident rate.
The results also supported higher safety for circles with a cross-fall (slope) to the
outside.

Also Switzerland started experiments with modern roundabouts in the 1980s.
Several studies by Buehlmann and Huber (1994), Buehlmann and Spacek (1997)
testified the high level of traffic safety at roundabouts. In a before/after study at 113
intersections, most of them in urban environments, he found significant improve-
ments in safety by converting intersections into roundabouts—especially at single-
lane roundabouts. Multi-lane roundabouts, however, did also lead to worse safety
conditions compared with the previous situation. The most important effect was the
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Table 8.1 Reduction in accident rates in Germany

Roundabouts Conventional intersections

Size AR ACR MC AR ACR MC

Large 6.6 24.9 3.8 With traffic signal 3.6 21.7 6.5

1-lane 1.2 4.7 3.8 Two-way-stop 1.0 12.0 12.0

Source Brilon and Stuwe (1993)
AR Accident rate in acc./106 veh; ACR accident cost rate in DM/103 veh; DM German mark =
valid currency until 2002; MC mean costs per accident in 103 DM/acc.

significant reduction in accident severity. The largest gains in safety were achieved
for pedestrians.

Reports on roundabout safety in the Netherlands had been published by van
Minnen (1992, 1995a, b). The study included 46 (1990) and 177 (1995) round-
abouts—most of them in urban areas. Also here roundabouts turned out to be much
safer than other types of intersections. After converting conventional intersections
into roundabouts, the number of recorded accidents decreased by 47%, the number
of victims by 71%. The biggest reduction was achieved for car passengers (−95%)
and pedestrians (−89%), whereas cyclists benefited only by −30%. Accidents were
considerably reduced by converting intersections into roundabouts. Similar results
were reported by Schoon and van Minnen (1994) on the basis of 201 places which
were converted into roundabouts. Here the number of accidents per intersection was
cut into half, and the number of injury accidents was reduced by 70%.

Several studies—however with rather small samples—have also been made in
Germany. Brilon and Stuwe (1993) report on their studies showing the advantage of
single-lane roundabouts. Results from before/after studies are summarized in Table
8.1.

The before/after comparison showed a reduction of accident costs from
34.5 DM/103 veh to 5.1 DM/103 veh (i.e. −88%) as a consequence of intersec-
tion conversions into single-lane roundabouts. This effect is achieved by a strong
reduction in the number of severe injuries. These results were a clear indication of
an unexpectedly high level of traffic safety at small roundabouts.

Other reports provided very similar results come from Norway (Giaever 1992),
Denmark (Jorgensen and Jorgensen 1994), USA (Flannery and Elefteriadou 1999),
and Australia (Tudge 1990; Troutbeck 1993). A good international overview on
roundabout safety in the earlier times is also given by Jaquemart (1998). Table
8.2 gives an overview of the published effects of roundabout implementation at
street junctions from the earlier days obtained from various publications, e.g. also
Rodegerdts et al. (2010, pp. 5–16).

Elvik (2003) has reviewed results from 28 roundabout safety studies in a meta-
analysis. He concluded that, on average, roundabouts reduce injury accidents by 30–
50% and the amount of fatal accidents by 50–70% whereas the results for property-
damage-only accidents varied quite a lot. Overall, also this study underlines the
significant improvement of traffic safety by roundabouts.
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Table 8.2 Rough figures for the reduction of the number of accidents in various countries obtained
from earlier publications

All Injury

Crashes Accidents

Netherlands −47 −72

Australia −41 up to −61 −45 up to −87

France −57 up to −82

USA −35 −76

Germany +22 −75

All these former findings of positive safety effects obtained from roundabouts are
the basis for the extreme dissemination of modern roundabouts in many countries of
the world.

8.5 Current Research Results on Roundabout Safety

The number of roundabouts has exploded in many countries during the last three
decades. Reports estimate the numbers in France to be above 30,000, in the UK
above 30,000, in the USA 9000 (in 2021, cf. Kittelson 2021), in Denmark 1450
(in 2010; Underlien-Jensen 2013) and in Germany a count in the summer of 2014
revealed 12,500. As a consequence, against this broader background most countries
have updated their experiences with modern roundabouts. Among the wide diversity
of reports we concentrate only on some characteristic results.

8.5.1 USA

Bill and Khan (2014) report that accident research at 30 roundabouts in Wisconsin
over 3–4 years each before and after a conversion of conventional intersections into
roundabouts. Although the effects were not always as good as expected the general
conclusion was positive, e.g. the total number of crashes increased by 12%. The
crash severity, however, did significantly decrease. The number of accidents with
personal injuries decreased by 38% and no fatality was reported. The best effects
were achieved at unsignalized intersections.

An investigation about roundabout safety on a national platform had been
performed by Rodegerdts et al. (2007) which is also documented in the second US
roundabout guide (Rodegerdts et al. 2010). Fifty-five sites at different locations in
the US had been investigated in a before and after study. The conversion into round-
abouts achieved a reduction in the number of all accidents of 35% and for injury
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Fig. 8.4 Expected number of crashes per year for one- and two-lane roundabouts (Rodegerdts et al.
2010)

accidents of 77%—which again provides an indication that especially severe acci-
dents are avoided by roundabouts. The study did also demonstrate that the single-lane
accidents provide a better level in safety than the two-lane circles (Fig. 8.4).

8.5.2 Denmark

One rather careful investigation on roundabout safety has beenperformed inDenmark
(Underlien-Jensen 2015). He has analysed 332 sites which were converted from
conventional intersections into roundabouts during a period from 1995 until 2009.
Empirical data were collected for general trends and for “regression to the mean”.
The number of injury crashes reduced by 47%with a decrease of injuries by 60%.The
estimate is that the conversions prevented 20 fatalities. The improvements, regarding
all accidents, were better at single-lane roundabouts than at multi-lane circles. Safety
effects were the largest at 4-arm intersections, for a large percentage of left-turning
traffic, and when the approach speeds were high. However, at 3-arm intersections
under urban speed conditions, the accident number did increase. Special attention
was directed on bicycles. The number of cycle accidents increased from 113 to 246%
when the new roundabout had a cycle lane at the outer margin of the roundabout—a
clear indication that this facility is extremely dangerous—this has also been found
in other countries several years ago. On the other side, roundabouts with separate
cycle paths and no priority to cyclists at the crossings lead to a reduction in the
number of accidents by −81%. The study could also demonstrate that the long-term
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improvement effects were even better than the improvements in the first years. The
problem with this study is that all investigated roundabouts were treated the same
regardless of whether they were designed in line with the valid guidelines or they
suffered from known errors in design (e.g. bicycle lanes).

8.5.3 Germany

The general situation regarding roundabouts in Germany has been described by
Brilon (2014). Moreover, recently a rather well-sophisticated accident analysis at
roundabouts was published in Germany (Bondzio et al. 2012). The investigation is
concentrated on 100 single-lane urban roundabouts which comply with the current
design guidelines. These sites were distributed over ten German states in towns and
cities of all sizes. The traffic volumes were between 5000 and 25,000 veh/day, 0 to
800 pedestrians/2 h, and 0 to 7000 cycles/day. The research considered accident data
from the police records from 2008 until 2010. Figure 8.5 as an example shows a
plan from one of the investigated roundabouts with an inscribed diameter of 35 m,
24,000 veh/day, 720 cycles/day, and 120 ped/2 h. The circular roadway consists of a
4.5-m-wide asphalted roadway and an inner 3-m-wide truck apron. Bicycles run on
the circular roadway.

Fig. 8.5 Plan of one of the roundabouts
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There was no fatality in the sample, 8 hospitalized injured (5 were pedestrians)
and 92 slightly injured persons. Cars were mostly involved in the accidents (80%),
cyclistswith 10%, and pedestrians onlywith 1% (see Fig. 8.7). The picture of involve-
ment becomes different if we analyse the traffic involvement of different road users
only for accidents with personal injuries. Then we see the higher vulnerability of
motor cyclists, bicycle users, and pedestrians. From the rather low involvement of
pedestrians, we can obtain the high degree of safety of all roundabouts for pedes-
trians. Here it should also be noted that of a total of 15 accidents involving pedestrians
5 were severely injured persons and 11 had slight injuries, 9 from 11 accidents on
crosswalks happened on zebra crossings (zebra crossing gives an absolute priority
to pedestrians).

The average accident cost rate was 6.3 e/1000 veh which is much lower than the
10 e/1000 veh which are treated as a good result for an intersection. Therefore, on
average these roundabouts proved to be a very safe solution for an intersection. The
accident cost rate as it is distributed from extremely low to rather high values is illus-
trated in Fig. 8.6.We see that the average of 6.3 included pointswith an extremely low
figure, but also roundabouts with intolerable severe accident occurrence. This picture
of a concentration of severe accidents on few sites was even worse when focusing
on bicycle accidents. The reasons for these differences have not been analysed.

Looking on the influence of design parameters: In a range from 25 m until 50 m
the diameter did not influence the accident risk. However, a number of arms larger
than 4 had a negative effect on safety (Fig. 8.7).

Table 8.3 provides a view on the distribution by types of accidents. We see that
the most frequent type was a collision of an entering vehicle with a circulation road
user (31%). Looking on accident severity, we see, however, the important role of
bicycle accidents.

A special focus was set on bicycles at these roundabouts. The designs under test
were: (A) cycles mixed with other traffic on the circle (e.g. Fig. 8.5), (B1) bicycle
paths with priority to cyclists at the crossings (e.g. Fig. 8.8), (B2) bicycle paths
together with pedestrian facilities, (B3) bicycle paths with no priority to cyclists

Fig. 8.6 Distribution of accident cost rate over the 100 roundabouts under investigation (Bondzio
et al. 2012) (vertical lines: individual values of accident cost rate at the 100 sites in the study;
horizontal green line: average)
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Table 8.3 Frequency of different types of accidents

All Injury

Accidents Accidents

Collision of approaching with circulation vehicle 34 31

Single vehicle accident 13 10

Rear end collision on the approach 17 7

Rear end collision on the circle 19 8

Collision of an entering vehicle and a bicycle (on the cycle path
crossing) at the entry

7 10

Collision of an existing vehicle and a bicycle (on the cycle path
crossing) at the exit

5 15

at the crossings. In Fig. 8.9, we see that the safest solution is to provide separate
paths guiding cyclists around the roundabout where the cyclist have to care for the
priority of motor vehicles at the crossings. The two solutions with priority to cyclists
were associated with a larger accident cost rate. The answer was the same when the
exposure of the intersection to cyclists was taken into account. This result is well in
line with results from other countries like Denmark (see above).

A comparison with other types of intersections or with prior situations was not
a topic in this investigation. It was, however, complimented by an observation of
road user behaviour at some of the analysed intersections. Here, among others it was
found that at cycle paths (see e.g. Fig. 8.8), the bicyclists up to 50% use the crossings
in the wrong direction which imposes a significant risk.
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Fig. 8.8 Sketch of a roundabout with cycle paths which cross the entries and exits next to the
pedestrian crossings (here with zebra marking). This site also has a bypass lane (on the top of the
picture)

Fig. 8.9 Accident cost rates for the various designs for cyclists (Bondzio et al. 2012; types A, B1,
… see text)

8.5.4 Mini Roundabouts

Mini-roundabouts are small circular junctions with a traversable central island (see
Fig. 8.3). Small cars, have to drive around the central island,whereas trucks are forced
to cross this islandwith their rearwheels. These types have first been introduced in the
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Table 8.4 Effect of the conversion into mini-roundabouts

Before (conventional intersection) After (mini roundabout)

Average accident rate
(acc./106 veh)

0.8 0.4

Average accident cost rate
(DM/1000 veh)

29.3 3.5

Table 8.5 Accident cost rates (e/1000 veh) of mini-roundabouts compared to other types of
junctions

Mini roundabout Unsignalized intersection Signalized intersection

3 arms 2.02 4.68 6.60

4 arms 5.66 13.39 8.40

UK under the leadership of Frank Blackmore in 1968. Other countries have imitated
this example rather late, e.g. Germany started to experiment with this form in 1997
(see Brilon and Bondzio 1999).

The safety of mini roundabouts in Germany has been studied first by Brilon and
Bondzio (1999) and recently by Baier et al. (2014). Brilon and Bondzio report on the
pioneering (for Germany) experiment of a conversion of 10 intersections into mini-
roundabouts. As a result, the accident risk was significantly reduced (see Table 8.4).
The accident cost rate was much lower than at a very safe conventional intersection
(i.e. ≈10 DM/1000 veh in 1999).

Also the analysis by Baier et al. of 26 mini-roundabouts and 309 conventional
intersections confirmed an extraordinary low accident cost rate (see Table 8.5).

Of course, mini-roundabouts are only allowed in urban areas with a general speed
limit of 50 km/h.Details of a reasonable design are described in the guidelines (FGSV
2006) and in the report by Baier et al. (2014). The most important aspect is that the
central island should consist of a paved circle which must be elevated by 4 or 5 cm
above the asphalted circle.

8.5.5 Turbo-Roundabouts

A turbo-roundabout is a kind of circular intersection where the number of lanes on
the circle varies between 1 and 2 and where the traffic through the intersection is
strictly channelized by lanes (Fig. 8.10). This type does also allow a safe operation
of two-lane exits. Usually, such a roundabout has a diameter of 50 or more meters.
Application is useful if one or two of the movements have periods with very large
traffic volumes. In Germany, traffic guidance is achieved just by lane markings,
whereas in the Netherlands vertical lane dividers (similar to kerbs in the middle of
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Fig. 8.10 Typical exit (a) and entry (b) of a turbo-roundabout in Germany

the roadway) are in use. Even if these circles are quite space-consuming their capacity
is limited to around 35,000 veh/day.

Traffic safety of turbo-roundabouts has recently been investigated by Brilon and
Geppert (2015), based on a limited sample size. The accident rate on average was
1.0 acc/106 veh, and the accident cost rate was 7.7 e/1000 veh which corresponds
to the level of single-lane roundabouts and is better that the risk at conventional
intersections.

Therefore, this type of roundabout provides an adequate level of traffic safety
and, thus, is a useful instrument of traffic design in urban areas. However, it is not
compatible with any kind of bicycle operation which means that for bicycles other
kinds of traffic guidance (e.g. bridges) must be applied at the relevant sites.
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8.6 Accident Prediction

Accident prediction at roundabouts has first been proposed by Maycock and Hall
(1984). Based on the analysis of 84 4-arm at-grade roundabouts, they developed a
linearmodel to predict the number of accidents (frequency of all crashes+ pedestrian
accidents) based on the entry path curvature, the roundabout diameter, entry width,
angle of the approach relative to the circle, and traffic volumes. The equations can
primarily be used to compare alternative designs according to the British style of
roundabout design.

For the USA, an accident prediction model has been formulated by the NCHRP
572-report (Rodegerdts et al. 2007) which is also mentioned in the US roundabout
guide (Rodegerdts et al. 2010; Exhibit 5-19, 5-20). Here the expected number of
crashes per year is estimated by an exponential function of the ADT (annual average
daily traffic), e.g.

crashes/year = 0.0038 · ADT 0.749 for a 2-lane 4-arm round about

(see cited literature for other parameters)

Other parts of the model concern accident prediction for each approach. Here the
ADTs of the approach, of the circle, and of the exit are of predominant importance. In
addition, geometric parameters like entry radius, entrywidth, diameter, and others are
used for accident prediction. These models estimate the number of accidents on the
approach, entering-circulating, and exiting-circulating separately. These equations
have the potential to compare several alternatives for the geometric design regarding
safety. It must, however, be mentioned that the equations have a relatively small
empirical background and that they are only based on the US background (e.g.
definition of crashes, design style).

8.7 Cyclists at Roundabouts

All investigations underline the fact that cyclists at roundabouts constitute a specific
problem. Usually, they also get some improvement in safety by a roundabout.
However, these improvements are not as significant for them as they are for the
other road users like car passengers or pedestrians. As a consequence, cyclists at
roundabouts face the largest risks.

All the studies come to very similar conclusions. They distinguish between the
following kinds of bicycle treatment. Moreover, the reports propose the following
actions. These points apply only to single lane roundabouts.

• Bicycles in mixed traffic on the circular roadway together with cars: this is a
very safe solution for lower traffic volumes. It should be favoured up to a total
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traffic volume of 15,000 veh/day (Germany, FGSV 2006; Haller et al. 2000) or
8000 veh/day (Netherlands, van Minnen 1995a, b).

• Bicycling lane on the outer margin of the circular roadway. This is the most
dangerous solution. It must be absolutely banned (see, e.g., Brilon and Stuwe
1993; Schoon and vanMinnen 1994; Daniels et al. 2009; Underlien-Jensen 2013).

• Bicycle paths separated from the roundabout. This is the recommended solution
for larger traffic volumes. The crossings of the exits and the entries must be
separated from the circle by 4 m, better by 1 car length, i.e. 5 m. The cycle
paths should approach the crossings vertical to the direction of the roadway. It is
evident that a priority for cyclists at these cross points induces a higher risk than
a regulation where cyclist have to yield to motor vehicles (Bondzio et al. 2012;
Underlien-Jensen 2013).

These recommendations apply for single-lane roundabouts. At multi-lane round-
abouts, cyclists cannot be allowed on the same roadway as motor vehicles. Also
bicycle crossings at multi-lane entries—and especially exits—are a significant risk.
Thus, multi-lane roundabouts should only be implemented where the occurrence of
cyclists can be completely excluded. Tunnels or bridges for cyclists are a must at
these larger roundabouts.

For the mini-roundabouts, separate cycle facilities are not recommended. Here,
if cyclists cannot be operated on the roundabout itself, then a mini is not a good
solution for the relevant situation.

8.8 Conclusion

The paper tries to provide an overview about research results on safety at roundabouts
with a focus on urban intersections. Even if it is written from a German perspective,
it includes results from several other countries.

As a conclusion from all studies, there is no doubt that roundabouts are the safest
type of intersection. Especially the single-lane roundabouts reveal the highest level
of safety. Also mini-roundabouts have an extraordinary good safety record. Turbo-
roundabouts—regarding safety—are on the same level as the single-laned. This
high degree of traffic safety depends on the speed-reducing design of the whole
intersection.

In comparison to conventional types of intersections like signalized or two-way-
stop intersections, the car occupants and the pedestrians enjoy the highest gains from
roundabout safety. On the other hand, bicyclists can become a problem for traffic
safety at roundabouts. However, also cyclists can be accommodated with a sufficient
degree of safety—but only if the requirements for design are strictly obeyed.

It should be emphasized that the high degree of safety is coherent to road user
discipline and to the acceptance of the existing traffic rules. This acceptance should
be strengthened by an adequate intersection design. Therefore, the favourable safety
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effects of roundabouts canonlybe achieved if the rules formodern roundabout design,
as they are documented in many national design guidelines, are strictly applied.

It must also be ascertained that roundabouts are not the optimal solution in each
situation. Following the continental European guidelines, there are limits in capacity
(cf. Fig. 8.1) which in detail have to be figured out for each single case by adequate
capacitymodels (see, e.g., Brilon 2014). Beyond these limits, signalized intersections
remain to be useful solutions tomanage traffic at urban intersections with a very large
traffic demand.Also due to limited space, alternatives to roundaboutsmust be applied
in many cases.

Overall, it can clearly be stated that the adequate use of roundabouts may be a
real boon for traffic safety—especially in urban areas.
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Chapter 9
Pedestrian Safety Versus Traffic Flow:
Finding the Balance

Robert B. Noland

9.1 Introduction

Modern and developing cities are characterized by the pervasiveness of motorized
traffic. Western nations began this process over a century ago when motorized vehi-
cles originally became commonplace and ownership and use grew rapidly. Over the
last 20–30 years, many rapidly developing nations are facing the same growth in
motorized vehicle usage and are facing many of the challenges that the developed
world tackled in the past. While there are well-known benefits to motorization, there
are also costs. Many countries are making the same mistakes that western nations
have been trying to fix over the last few decades. The promotion of mobility and
traffic flow over other goals is now seen as having damaged the well-being of cities
mainly by taking space away from people with consequences on the ability of people
to walk and engage in activities without motorized transport.

This chapter provides an overview of the conflict between pedestrian safety and
designing and building streets to maintain efficient traffic flow. I start with an histor-
ical perspective on the early conflicts over the use of streets in both Great Britain and
the USA. This is followed by a discussion and critique of the guidance developed by
traffic engineers to improve traffic flow and more recently traffic safety. The effec-
tiveness of various approaches to improving both traffic and pedestrian safety is then
discussed, based on recent research, while noting that in the USA, our safety data
still has many problems. Conclusions focus on solutions with a spotlight on shifting
more street space to pedestrians as a way of improving both safety and the livability
of cities. The results of a cost/benefit analysis of one specific approach, a road diet,
that reduces vehicle capacity is presented and shows overwhelming positive benefits.
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I close with some discussion of how developing nations can tackle these issues before
it is too late.

9.2 A Brief History Lesson

Starting in the mid-nineteenth century, before motorized vehicles, conflicts began to
develop over the use of city streets in Britain. Horse-drawn carriages (also known
as omnibuses) became much more common as incomes grew with the industrial
revolution. Pedestrians dominated city streets and these new forms of transport were
a hazard resulting in both fatal and injury crashes. As early as 1840, there were about
1000 deaths recorded and fatality rates averaged about 50 per million (Hair 1971;
Ishaque and Noland 2006). For comparison, the rate in 2013 was about 26.72 per
million (based on 1713 road deaths) (Department for Transport 2013). While data
records in the nineteenth century may not be accurate, this implies that the fatality
rate associated with road transport has only been cut in half in 170 years; however,
mobility is vastly improved and we will return to this trade-off later.

Those responsible for traffic casualties were liable to have their vehicle forfeited
under British law. This was known as the Law of the Deodands, and objects involved
in the death of a person were forfeited to the Crown. This law, however, was repealed
in 1846, just at the time that deaths from traffic were increasing. The reason for
this was that jurors often did not convict the vehicle owner, partly because they
owned vehicles themselves and they saw the forfeited items ending up with “lords
and churches instead of with the family of the deceased.” (Ishaque and Noland
2006; Farr 1870). This shows how those who were more mobile (and normally more
privileged people sat on juries) sought to minimize the penalties associated with the
benefits of mobility. This persists to this day, in that penalties for vehicle drivers who
kill pedestrians are often trivial.

It also suggests that pedestrians were considered to be more blame-worthy for
their fate than the drivers of carriages and omnibuses. The right to the mobility of
these vehicles was seen asmore important than the safety of those whowere walking.
One jurist wrote in 1869: “Accidents happen because the drivers do not believe, or
at any rate will not admit, that foot passengers had as much right to cross a street or
thoroughfare as persons driving has to pass along it.” (Ishaque and Noland 2006; The
Times 1869). This sounds very familiar to debates that we hear today over the use of
road space. Recent research suggests that attitudes towards the deaths of vulnerable
road users have not changed (Goddard et al. 2019; Ralph et al. 2019).

As traffic increased, policy and regulations were developed to both protect pedes-
trians and guarantee the ability for traffic to flow unimpeded. Three approaches
in particular were followed in Britain. These were the requirement that footpaths
(sidewalks) be built along streets, the development of traffic signals and ways for
pedestrians to cross streets, and the building of guardrails along sidewalks to channel
pedestrians to designated crossing points.
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Sidewalks are undoubtedly useful for protecting pedestrians from fast-moving
traffic, but also allow that traffic to move in the street by removing the right of
pedestrians to walk in the street. A 1906 letter published in the Proceedings of the
Institute of Civil Engineers sums up the attitude: “It is unfair to the motor car driver,
as well as to the pedestrian, to allow any important road to be without a footpath”
(Ishaque and Noland 2006; Lindsay 1905–06). Design standards for footpaths in
London were quite liberal, requiring that they have a width that is 1/6th of that of
the total carriageway. The latter were often 24 ft (7.3 m) in width; thus, the footpaths
were at least 4 ft (1.2 m) in width on both sides of the street (Ishaque and Noland
2006). Footpaths were also seen as a sanitary measure to improve drainage and to
bring more order to city streets, especially in the slums (Ishaque and Noland 2006).

Thefirst traffic signal started operation in 1869 in front of theHouses of Parliament
in London. This was a gas-fired semaphore, similar to railroad signals. It provided
a 30 s window for pedestrians to cross every five minutes. This made compliance
by pedestrians unlikely as the wait time was long and most carriage drivers also did
not stop, given their unfamiliarity with the new technology. The signal itself suffered
from several gas explosions. In any event, the experiment was discontinued in 1870
as many Members of Parliament protested (Ishaque and Noland 2006).

After the failure of this experiment, debate turned to other means for pedestrians
to safely cross streets while allowing traffic to flow unimpeded. Police officers often
guided pedestrians across streets, but this was seen as costly. Subway tunnels and
footbridges were considered. The latter were considered to be unsightly and land
acquisition costs would be high. The first pedestrian subway was opened in 1870
(near the failed semaphore). Many of these were built in London in subsequent years,
but debates over the bestmeans for pedestrians to safely cross streets continued. There
was a recognition that many people would still cross at street level even if a subway
tunnel or footbridge was present. Well into the twentieth century, there was little
consideration of simply stopping traffic at key pedestrian crossings, suggesting that
traffic flow was more important than providing safe pedestrian crossings (Ishaque
and Noland 2006). Adding to the debate was the concern expressed in this statement
before the House of Lords in 1938: “We do feel that if subways and bridges were put
into general operation it would only confirm the view of the motorist that the public
highway was a motor speed track and would lead to further accidents.” (Ishaque and
Noland 2006; House of Lords Sessional Papers 1938).

The other engineering measure taken was the installation of guardrails along
sidewalks and also within median refuges. These served the purpose of keeping
pedestrians from entering the street and also channeled them to designated crossing
points. By assuring that pedestrians could no longer enter the street, this facilitated
the free flow of traffic. These were widely built in the 1930s as motorized traffic
increased, some as much as three miles long on some East London streets. These
were very effective at keeping pedestrians out of the street. By the 1930s, the conflict
between which mode dominates the street and what the purpose of the street was had
clearly been decided in favor of the motorcar at the expense of the pedestrian.

A similar story was playing out in the USA, as documented by Peter Norton in
his seminal book, Fighting Traffic, The Dawn of the Motor Age in the American City
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Fig. 9.1 Dedication of children’s memorial, Baltimore, MD, 1922 (source Norton 2008)

(Norton 2008). In the 1920s, the main victim of increased motorization was children.
The vast majority of traffic fatalities in cities were pedestrians (e.g., in Philadelphia,
pedestrians accounted for 75% of total traffic fatalities) and about half of these were
children (Norton 2008). Children and their parents were used to the streets being
places where children could play and wander freely. But with the danger introduced
by motorized vehicles, there was outrage at the carnage that was occurring. In some
cities, monuments to children slain by vehicles were erected as shown in Fig. 9.1
(Norton 2008).1 As parents protested the conditions, the motor vehicle industry
fought back and defended the “rights” of the population to be mobile. Some cities
considered implementing speed restrictions. In 1923, Cincinnati, Ohio, debated an
initiative that would have required speed governors in all vehicles. In response, the
motor industry developed a strategy of shifting blame to pedestrians and children,
implying that parents were irresponsible to let their children play in the streets. They
created the term “jay-walker” to mock pedestrians who did not cross at designated
crossing points; in fact, one year after the Cincinnati initiative failed, Los Angeles

1These monuments were forgotten over the decades, which in itself indicates that the motor car
won this battle (Norton 2008).
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passed the first law against jay-walking. As in Great Britain, by the 1930s, the battle
over the use of street space had been decided with the motorcar firmly in control
(Norton 2008).

9.3 Engineering Guidelines

In the 1920s, as motor vehicle traffic rapidly grew, cities were confronted with the
problem of vehicles congesting central business districts. In response, and frequently
at the behest of the business community, municipal engineers (the forerunner to
today’s traffic engineers) sought methods to improve the efficiency of traffic flow.
As discussed above, one means was controlling pedestrian movements. Many engi-
neers also saw the provision of more electrical transit systems as one way to improve
efficiency. But other engineering approaches were also tried, including coordinated
traffic signals (in Chicago), eliminating on-street parking, and ultimately reconfig-
uring the city itself to provide more road capacity for vehicles (Norton 2008). As
early as 1925, the first formal engineering guidebook, Street Traffic Control, was
produced (Norton 2008).

After the Second World War, growth in vehicle ownership accelerated. The
Highway Research Board (forerunner to the Transportation Research Board)
produced the first version of the Highway Capacity Manual in 1950. Updates have
been produced every few years (the current being 2010). In 1965, the concept of
“level of service” was introduced. This was a means of classifying the travel delay
associatedwith highways and intersections. Underlying the concept is detailed calcu-
lations of traffic flow, queueing, and signal timings, but the output produces a simple
A to F ranking of the level of service (A being the best, and F being the worst). In
practice, C provides a reasonably stable flow of vehicles, and most traffic engineers
become concerned only at levels of D and lower. For intersection level of service,
the rankings are linked to estimated delays for both signalized and unsignalized
intersections (see Table 9.1).

Level of service (LOS) requirements have been extremely influential. In most, if
not all, major cities and towns in the USA, any new development requires an analysis
of LOS. If a new development (or redevelopment) leads to a degradation of LOS,

Table 9.1 Level of service (LOS) at intersections (Transportation Research Board 2010)

LOS Signalized intersection (s) Unsignalized intersection (s)

A ≤10 ≤10

B 10–20 10–15

C 20–35 15–25

D 35–55 25–35

E 55–80 35–50

F ≥80 ≥50
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usually belowC, then the developermust either scale back the size of the development
or fund mitigation measures such that there is no reduction in level of service. These
measures may include increases in the width of the road, changes to the turning lanes
at intersections, or installation of traffic signals. The incentive for the developer is
frequently to simply build in an area with minimal existing traffic on the edge of
the urbanized area; in other words, this encourages sprawling development patterns.
But mitigation measures in developed areas make the pedestrian environment less
friendly, such as increasing the time needed to cross streets, or by encouraging faster
traffic speeds from widening the road, or installing turning lanes.

Thus, engineering guidelines as implemented via LOS requirements became the
foundation for how cities grew after the mid-1960s. In 2015, some fifty years after
their promulgation in the Highway Capacity Manual, there is debate over the value
of using this metric as the only performance criteria for both changes in street design
and land use. In California, environmental legislation required a LOS analysis for all
new developments, leading in most cases to worse environmental outcomes as new
development located in areas where there would be no impact on existing traffic.
In 2008, legislation was passed in California that allows development in “transit-
rich” or infill areas to not be subject to this requirement.2 Further legislation in
2013 formally removed the LOS requirement and many cities have moved to metrics
based on vehicle-kilometers of travel (Lee and Handy 2018).3 While the impact of
this change is still being assessed, it is seen as a way to reduce road design changes
that benefit the motorist, while making the streets more walkable.

Another important guidance document is “APolicy on Geometric Design of High-
ways and Streets,” aka “the Green Book,” produced by the American Association of
State Highway and Transportation Officials (AASHTO 2011). This guidance docu-
ment sets standards for how highways should be built, such as the width of traffic
lanes, the curvature, and a large variety of other detailed design components. This
has resulted in the design and construction of highways and streets that are “wider,
straighter, and faster,” primarily because these are seen as being both efficient and
safe highways. AsDumbaugh andGattis (2005) show, the concepts of rural road arte-
rial design have been applied to urban streets, while forgetting that on urban streets,
pedestrians are present, and the function of the road is very different than in a rural
area. The Green Book has little consideration of the role of pedestrian movements,
although the most recent guidance does recognize that pedestrians provide vitality to
central business districts and thus should be catered to (AASHTO 2011).Much of the
limited discussion on safety issues in the Green Book is dedicated to creating “clear
zones,” that is, a buffer whereby vehicles running off the road do not hit obstacles
(e.g., trees). While the guidance recognizes this may be difficult to do in urban areas,

2The Sustainable Communities and Climate Protection Act of 2008 (Sustainable Communities Act,
SB 375, Chapter 728, Statutes of 2008). Essentially, this act requires regions to develop plans to
reduce greenhouse gas emissions via land use, housing, and transportation strategies.
3California Senate Bill 743 removed the requirement for LOS analysis. See: https://opr.ca.gov/ceqa/
updates/sb-743/.

https://opr.ca.gov/ceqa/updates/sb-743/
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it still recommends doing as much as possible to remove roadside objects, precisely
those that may protect pedestrians walking on sidewalks (AASHTO 2011).

The Green Book now defers much of the safety guidance to the newly developed
Highway Safety Manual, published by AASHTO in 2010 (AASHTO 2010). The
purpose of the manual is to provide practicing engineers with crash reduction factors
(CRF) for different road types, so that these can be used in cost/benefit analysis of
safety improvements.CRFs are basically coefficient estimates derived fromstatistical
crash frequency models.

While it is commendable that there is now a concern for traffic safety, there are
several problems with the approach being taken. The CRFs are assumed to be point
estimates. That is, the uncertainty inherent in any statistical estimate is ignored.
Another issue is that contextual issues are ignored; the CRF estimates may not
include other factors associated with crash occurrence, possibly leading to biased
estimates (Noland 2013; Mitra and Washington 2012). Research work we recently
completed suggests that omitting variables that provide contextual information on an
area increases the parameter estimates associatedwith various roaddesign features. In
otherwords, we are probably overestimating the benefits of design treatments relative
to other risk reduction policies (Noland and Adediji 2018). The risk to cities is that
once the HSM is put into widespread use, traffic engineers and decision makers will
follow the guidance without considering its limitations and other contextual features
of the urban environment.

The research underpinning the CRFs is also questionable. For example, Noland
(2013) attempts to find the source of the CRF for rural two-lane roads, an area that
has been researched to a large extent due to the prevalence of crashes on these roads.
Tracing back the citations for the CRFs, the HSM refers to two studies: (Zegeer et al.
1981; Griffin and Mak 1987), but it is not transparent how these studies were used to
derive the CRFs, and both suffer from major methodological flaws (Noland 2013).
The CRFs for rural two-lane roads in the HSM are shown in Table 9.2 and as can
be seen imply that wider roads are safer, especially for larger traffic flows. It is not
reported whether there are any statistically significant differences between these esti-
mates and it is also assumed that one can linearly interpolate between them, which
(Persaud and Lyon 2007) suggests is not appropriate. Other work has questioned
whether there is any safety benefit from wider lanes, even suggesting that crashes
may increase (Noland 2003; Hauer 2005; Milton and Mannering 1998). Therefore,

Table 9.2 Crash modification factors from the highway safety manual (AASHTO 2010)

Lane width CMF <400 vehicles/day >2000 vehicles/day

9 ft or less 1.05 1.50

10 ft 1.02 1.30

11 ft 1.01 1.05

12 ft or more 1.00 1.00
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developing strict criteria of this type may be counterproductive and actually under-
mine the goal of improving safety. Our research suggests that there are wide error
bars for any mean estimate (Noland and Adediji 2018).

The development of the Highway Safety Manual poses a risk to planners and
those concernedwith reallocating space to pedestrians. By promulgating engineering
guidelines that ignore contextual features, and which may not even be estimated
correctly, decisions may be made that at best have no beneficial safety impact, and at
worst, actually increase traffic risk, especially to pedestrians, and reduce the mobility
of pedestrians.

9.4 Behavioral Adaptation

Efforts to improve the safety of vehicles and streets would seem like an uncontrover-
sial topic. Everyone benefits when safety is improved, especially when the costs of
those improvements are small. However, it is not clear that all safety improvements
result in reductions in the number of injuries and fatalities. This is because people
change their behavior in response to improved safety. This concept is known as “risk
compensation” by economists (Peltzman 1975) and “risk homeostasis” by psychol-
ogists (Wilde 1982) and more generally defined as “behavioral adaptation” (Noland
2013). There is a long history of debate over the theory, with many safety researchers
questioning the basic theory (Robertson 1981;GrahamandGarber 1984).At the same
time, there has been much research confirming the basic process and further theo-
retical extensions have incorporated “task homeostasis,” that is, the difficulty of the
task involved with maintaining safety (Fuller 2005).

Noland (2013) provides a full review of these issues and reframes the concept as
a trade-off between safety and mobility. In this sense, the relative safety of travel or
of any given mode is simply another attribute that people consider in their choice
process. A key trade-off is the relative time devoted to a trip versus the safety of
that trip; all else equal, faster speeds are riskier but reduce travel time. A pedestrian
seeking to cross a busy roadwhen traffic is approaching ismerely seeking tominimize
the travel time associated with his/her trip.

This framework is displayed in Fig. 9.2, reproduced from (Noland 2013). If a
policy or technology is able to improve safety, the increased level of safety may
lead to more mobility or more safety. That is, some of the safety improvement is
converted to more driving whichmay offset some of the benefits of the improvement.
Individual behavior may be seen as more risky, such as faster speeds, but if the
vehicle is more crashworthy, the driver is simplymaking a rational decision to reduce
his/her travel time. Other behavioral adaptations can also occur, such as driving less
attentively, or engaging in other activities while driving (e.g., speaking or texting
on a mobile phone). Referring back to Fig. 9.2, if one is initially at point A with
a given level of mobility and safety, a change in policy or technology can improve
safety for a given level of mobility (represented by the shifted curve). Point B would
represent a case where all of the improvement is converted to increased safety, while
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Fig. 9.2 Trade-offs between safety and mobility (source Noland 2013)

point C represents the case where some is taken as a mobility increase. Point D
might represent the case where safety declines, perhaps because driver’s have a
high preference for increasedmobility (or their perception of the safety improvement
exceeds its actual level).

With these trade-offs in mind, it is easy to understand the decision making
process of pedestrians. While the Green Book states that “pedestrian actions are
less predictable than those of motorists” (AASHTO 2011), in reality pedestrians are
making rational choices. Most do not take unnecessary risks but balance the costs
and benefits of their actions. Seemingly risky choices are merely a decision to reduce
travel time. When these risks are misperceived, whether due to fatigue or a cognitive
deficit, then crashes are more likely to occur.

9.5 Data Issues

Amajor issuewith safety data is its quality (O’Day 1993; Shinar et al. 1983).While it
is well recognized that fatality data is generally of higher quality, less severe crashes
typically are underreported or not fully investigated. Given the rhetoric that trans-
portation agencies cite about the need to improve safety, it is somewhat astounding
that there remain major data deficiencies in the USA. Recent work we have done
indicates that there are likely major issues with pedestrian fatality data, ranging from
how these are recorded and processed to how pedestrians are classified. There is also
a lack of transparency with many State Departments of Transportation not making
their crash data available to the public.
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A recent analysis of New Jersey pedestrian fatality records using original police
records suggests that out of 157 total reported fatalities, 13 are incorrectly reported
based on the definition specified by the National Highway Traffic Safety Administra-
tion (NHTSA) (Noland et al. 2017). These include intentional homicides, incidents
not on a public traffic way such as on private land, and one workplace accident. At
least, nine of these incidents do not involve a pedestrian, if we assume that pedes-
trians are traveling on foot from one location to another. Another 22 incidents, all of
which are within NHTSA’s definition, do not involve pedestrians, but merely people
not in a vehicle who are struck and killed. Most of these are cases where a driver
was standing next to a vehicle or was walking away from a disabled vehicle along a
high-speed road. As their primary mode of travel was a motor vehicle, they are more
representative of the risk of driving and not the risk of being a pedestrian. Thus, over
20% of the total reported pedestrian fatalities in New Jersey for 2012 are not really
pedestrians engaged in purposeful travel from one place to another (Noland et al.
2017).

Another issue is the inability to obtain raw data records from many states. While
the federal government maintains the Fatality Analysis Reporting System (FARS),
which is a publicly accessible dataset, injury data is not centrally collected and is
generally unavailable. We explored obtaining data to assess the openness of state
agencies with sharing this data for both analytical purposes and their willingness for
us to make it easily accessible via online mapping tools. Some states are very open
with their data repositories, and others have flatly refused tomake their data available
citing liability concerns; that is, they fear that should a crash occur then the data will
be used to sue them. This shows a lack of agency accountability; one objective of
open data is to make state agencies accountable to their constituencies.

With these data limitations in mind, some analysis of both nationwide data and
New Jersey state data is presented in the next section.

9.6 What Policies Reduce Fatal and Injury Crashes?

Developed countries have seen enormous drops in fatalities associated with traffic
crashes over the last 40 years (for the USA, see Fig. 9.3). This has occurred despite
increases in vehicle usage and total populations. Recent research I have conducted
has sought to identify some of the major policies associated with these trends. Of key
interest is the role that the road network plays, especially given the large investment
in trying to make roads safer.

Work that I conducted about 18 years ago (Noland 2003) sought to examine
changes in the road network while controlling for other policies enacted by states.
Using a cross-sectional time-series methodology of state-level data, it was found
that most of the reduction (from 1984 to 1997) was associated with increased safety-
belt use, reduced alcohol consumption, and better medical technology. Changes in
demographics also played a role, as the fraction of the population below the age of 25
decreased, which is typically a group at higher risk of crashes. Various road network
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Fig. 9.3 Total traffic fatalities in the USA, 1967–2018 (source NHTSA)

features were found to have positive associations with fatalities and injuries, such
as increases in arterial and collector roads, and overall lane mileage. While effects
were weak, there was evidence that larger lane widths (of arterials and collectors)
are associated with more fatalities and injuries.

An updated analysis (Noland and Zhou 2017) evaluates a broader set of policies,
including those initiated in the prior 15 years. These include the implementation
of graduated licensing policies, more motorcycle helmet laws, new laws that regu-
late mobile phone usage, reductions in alcohol consumption, and improved medical
technology (as measured by a proxy variable). The economic climate has also had
an impact, with the 2008 financial crisis and recession associated with drops in
total fatalities, something seen in many other studies. An increase in the fraction of
collector roads was associated with fewer fatalities, i.e., more arterials likely increase
fatalities.

Those policies that tend to increase the cost of mobility, i.e., regulations on driver
behavior such asmotorcycle helmet requirements, mobile phone laws, and graduated
licensing laws, all are effective. Those that reduce the cost of mobility, such as adding
more arterial roads, tend to increase fatalities. Improvements in medical technology
tend to reduce the likelihood of a fatality so while this reduces the cost of mobility,
there is still a beneficial impact. This is consistent with what we would expect from
behavioral adaptations.
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Fig. 9.4 Pedestrian fatalities in theUSA, 1927–2018 (sourcesNational SafetyCouncil, 1927–1972;
NHTSA, 1973–2018)

The record on pedestrian fatalities has been mixed, with a drop since about 1973,
as seen in Fig. 9.4. Data prior to this time period was not collected by NHTSA, and
there is a large discontinuity between 1972 and 1973, but there was likely a large
reduction after the reported peak in the early 1930s. Since about 2003, however, there
has been an increase in total pedestrian fatalities from a low of 4109 to 5489 in 2018.

New Jersey has had a fairly constant number of pedestrian fatalities since 1994
as shown in Fig. 9.5, and it is not possible to ascertain a trend. New Jersey has
a relatively low incidence of traffic fatalities, but the proportion of those that are
pedestrians is one of the highest in the nation (about 20%). This is largely because
the state is densely populated, so exposure levels are higher. In Fig. 9.6, one can see
the relative distribution of pedestrian casualties throughout the state; these roughly
track the major population centers in the north and south of the state.

Analysis we conducted has examined both the probability of pedestrian casualties
occurring throughout the state and a more detailed analysis of associations between
road and pedestrian infrastructure and the level of severity of pedestrian crashes.
The crash frequency analysis used spatial data from 2003 to 2008 to examine factors
associated with pedestrian casualties (Noland et al. 2013). In general, results show
that lower-income areas tend to have more casualties and areas with lower household
vehicle ownership likewise havemore casualties. These would be areas where people
are more dependent on walking to engage in economic activities so exposure levels
are likely higher. Alternatively, casualty rates are higher in areas with lower popu-
lation density where streets usually have higher speed limits and fewer safe areas
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Fig. 9.5 New Jersey pedestrian deaths, 1993 to 2018 (source NHTSA, Traffic Safety Facts and
FARS data)

for pedestrians to walk. A greater density of major highways, excluding controlled-
access highways, is also associated with more pedestrian casualties (Noland et al.
2013).

To examine the relative severity of pedestrian casualties, we analyzed the road and
pedestrian infrastructure for over 2500 crashes using imagery from Google Street
View (Hanson et al. 2013). The features examined included the number of lanes,
speed limits, presence of sidewalks and whether they had buffers along the street,
crosswalk types and presence of medians. The results suggest that casualties are less
severe when there are reduced speed limits, fewer lanes of traffic, and sidewalks with
buffers (Hanson et al. 2013).

In general, these results suggest that a major source of pedestrian fatalities is
large high-speed roads without adequate pedestrian infrastructure. These may also
be more likely to cut through lower-income neighborhoods, partially explaining the
frequency of crashes in those areas. In short, roads such as those in Fig. 9.7 are
not safe for pedestrians, while the one pictured in Fig. 9.8 is relatively safe. All the
images were the site of a pedestrian crash. The former were fatalities while the latter
was a minor injury.
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Fig. 9.6 Geo-coded pedestrian crashes in New Jersey, 2003–2013, representing about 35% of
total pedestrian crashes (source Plan4Safety, Rutgers Center for Advanced Infrastructure and
Transportation; Google Maps)

Fig. 9.7 High-speed arterials with no pedestrian infrastructure, (left image) US 130, Cinnaminson,
Burlington County, NJ, and (right image) Bergen Boulevard (NJ 63), in Palisades Park Borough,
Bergen County (source Google Street View)
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Fig. 9.8 Low-speed two-lane street with buffered sidewalks, CR 655, Maplewood, Essex County,
NJ (source Google Street View)

9.7 Solutions: Sharing the Street

Many cities in the USA and throughout the world are now recalibrating the balance
of providing unimpeded traffic flow versus providing safety for pedestrians. These
concepts range from traffic calming to slow traffic, mainly on residential streets, to
shared space concepts, to reallocation of road space to reduce lanes for vehicles and
provide more space for pedestrians.

Times Square in New York City, which is the heart of the theater district, was
bisected by a major arterial road, Broadway. In 2009, Broadway was closed to traffic
and the space reallocated to pedestrians (Fig. 9.9). The result has been a substantial
increase in pedestrian activity and a much-enhanced environment for pedestrians,
so much so that space is limited and some are complaining of too many pedestrians
(Bagli 2015). If too many pedestrians are a problem, then one solution is to close
additional streets that still traverse the square.

In London, a good example of a shared space concept was recently completed
in South Kensington along Exhibition Road. This street runs from Hyde Park in
the north down to the South Kensington Underground Station, passing by a major
university and three large museums that attract substantial pedestrian traffic. During
peak periods, the sidewalks were previously overcrowded and the vehicles on the
street tended to speed through the area, making crossing dangerous. The concept
of shared space is to send a message to motorists that they will share the road with
pedestrians; this is done by eliminating curbs and putting a textured pavement on
the street. In this case, the speed limit was lowered from 30 to 20 mph, which some
might argue is still too high. The images in Figs. 9.10 and 9.11 show before and after
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Fig. 9.9 Times Square, New York City, before and after pedestrianization (source NYC DOT)

Fig. 9.10 ExhibitionRoad, SouthKensington, London, before shared space (sourceRoyal Borough
of Kensington and Chelsea)
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Fig. 9.11 Shared space, Exhibition Road, South Kensington, London (source author)

images of Exhibition Road and clearly show how the capacity for pedestrians has
been expanded.

Another concept being employed in the USA is a Complete Streets policy. This
policy aims to reconfigure existing street design so that all road users are accommo-
dated, pedestrians, cyclists, motorists, and transit. One implementation of this is the
concept of a “road diet,” which involves reducing the number of lanes for streets that
were over-designed for vehicle capacity. This commonly involves taking a road with
two lanes for traffic in each direction and converting it to one lane in each direction
with a shared turning lane separating the traffic lanes. Normally, there is then addi-
tional road space to also add a bicycle lane on either side of the street, although not
all implementations include this.

We conducted research to evaluate the costs and benefits of implementing a road
diet along Livingston Avenue, a 1.5 mile arterial corridor in New Brunswick, New
Jersey (Noland et al. 2015). This street runs from a major intercity arterial to the
center of New Brunswick, traversing mainly a residential neighborhood but with
some commercial activity and several schools along its length. Figure 9.12 shows
the street as it is currently configured while Fig. 9.13 shows an overlay image of
what a road diet would look like.

The costs associated with the road diet mainly consist of any additional travel
time delay associated with reducing the capacity and subsequent vehicle throughput,
as well as the construction costs (mostly restriping the pavement) associated with the
conversion. The benefits are the expected reductions in vehicle crashes. There are
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Fig. 9.12 Livingston Avenue as it is currently configured (source Noland et al. 2015)

Fig. 9.13 Photo simulation of Livingston Avenue with a road diet (source Noland et al. 2015)
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Table 9.3 Relative disutility factors by injury severity level (AIS)

AIS level Severity Fraction of VSL

AIS 1 Minor 0.003

AIS 2 Moderate 0.047

AIS 3 Serious 0.105

AIS 4 Severe 0.266

AIS 5 Critical 0.593

AIS 6 Unsurvivable 1.000

Source Trottenberg and Rivkin (2013)
Note AIS is Abbreviated Injury Scale

also potential benefits of improving pedestrian mobility, although we did not attempt
to assess these.

To estimate the travel delay, we ran several simulations using VISSIM micro-
simulation software (Noland et al. 2015). The value of travel time applied to the
delay was based on formal guidance provided by the US DOT (Trottenberg and
Belenky 2011), equivalent to 50% of the median income of $12.75 per hour; for
business travel, it is 100% of the median income or $25.50 per hour. Values were
indexed to 2014. To estimate the cost of crashes, estimates of the value of statistical
life were used, again based on US DOT guidance (Trottenberg and Rivkin 2013).
The 2014 value ranges from $5,311,875 to $13,177,537, with a mean of $9,295,782.
As most crashes do not involve a fatality, factors are applied based on the level of
severity of a crash as shown in Table 9.3. The number of crashes per year is about
38, on average with 17% involving pedestrians and 43% involving an injury. As we
do not know precisely what the reduction in crashes will be, we assumed a 19%
reduction based on a review of the crash reduction potential of similar road diet
conversions (Thomas 2013).

Given the uncertainties about some of our assumptions, we conducted a detailed
scenario analysis over a 20-year time frame. In all cases, the net present value of the
road diet conversion was overwhelmingly positive. Benefits ranged from about $8
million to over $40 million.

Most of the political debate surrounding road diets involves a fear of creating
congestion or reducing the level of service of the street. This was the case in New
Brunswick as there was a desire to complete the study well before an upcoming
election. However, shortly after the study was completed, three children were hit by
a vehicle and one suffered serious injuries. After political protests over the safety of
the street, the city began more detailed engineering work and committed to doing
the conversion. Some initial restriping was done in front of schools along with a few
blocks of the street, shortly after the crash. A photo is shown in Fig. 9.14. Work
began on the project in early 2020, some six years after the decision to do so.4

4This long delay was due to regulatory requirements that required a traffic impact analysis, engi-
neering design work, and the installation of a new signaling system. The road restriping could have
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Fig. 9.14 Restriping of Livingston Avenue in May 2014 (source author)

9.8 Conclusions

In this chapter, I have reviewed the historical conflicts over road space and their
resolution in favor of the motorcar in both Great Britain and the USA. While these
conflicts were suppressed for many years, they have recently reemerged, recognizing
that engineering guidelines on how to build roads ignored the pedestrian and damaged
the fabric of many cities. The viewpoint that insists on reducing traffic congestion
and facilitating traffic flow at any cost has been challenged.

From a research perspective, it is important to continue to evaluate the relative
costs and benefits of trafficflowversus pedestrian safety.Benefits of pedestrianization
can be more difficult to measure than travel time savings for vehicles. While safety
improvements are one measure, other quality of life improvements are difficult to
quantify. Safety data systems also need to be up to the task, they clearly are not
in the USA, and developing countries often have even less reliable data systems.
Making this data publicly available, both for researchers and to enforce government
accountability, is crucial.

What are the lessons for developing countries, especially those that are rapidly
motorizing? While motorization can improve mobility and economic linkages, it
must be managed in such a way that the city is not destroyed as a place where pedes-
trian activity can thrive. Large high-speed arterial roads are chasms that pedestrians

been quickly and cheaply done without these requirements and thus avoid additional crashes over
the time period.



9 Pedestrian Safety Versus Traffic Flow: Finding the Balance 185

cannot cross and damage the linkages between neighborhoods. Traffic engineers and
transport planners need to be thoughtful about following engineering guidance docu-
ments on how to design roads and improve safety. The locational context of where
road infrastructure is placed must not be ignored. The main lesson is to find the right
balance, and many cities have gone too far in catering only to motorized traffic at the
expense of pedestrians.

There are growing examples throughout the world of successful reallocation of
space from vehicles to pedestrians. These increase the vibrancy of neighborhoods
and reduce many of the negative costs associated with an overreliance on motorized
transport. A good example in India is Raaghiri Day.5 This is a weekly event where
selected streets are shut down to traffic and opened to all for entertainment and
recreation. This is part of the Open Streets movement that seeks to reclaim streets for
all users. Originating in Bogota, Columbia, with Cyclovia, these have proliferated
throughout the world.6 These serve to educate the public about how streets can be
used for other purposes and hopefully will lead to broader institutional changes.

Acknowledgements Thanks go to Geetam Tiwari for inviting me to present this research at the
Annual TRIPP lecture without which I would not have written this. The lecture series was funded by
the Volvo Research and Educational Foundation. I would also like to thank the many students and
researchers who collaborated with me on this work over the years, including: Dr. Nicholas Klein,
Dr. Christopher Hanson, Prof. Eric Gonzales, Nicholas Tulach, Charles Brown, Dong Gao, Feiyang
Sun, Yuhan Zhou, Bahareh Sehatzedeh, Dr. Moazzam Ishaque, James Sinclair, Elizabeth Harvey,
James van Schoick, and Patrick Brennan. Funding sources for the projects cited have included the
Rees Jeffreys Road Fund, Transport for London, the Region 2 University Transportation Research
Center, the Rutgers Community-University Research Partnership Grant for New Brunswick and the
New Jersey Department of Transportation. All omissions and errors are my own.

References

AASHTO (2010) Highway safetymanual. American Association of State Highway and Transporta-
tion Officials, Washington, DC

AASHTO (2011) A policy on geometric design of highways and streets, 6th edn. American
Association of Highway and Transportation Officials, Washington, DC

Bagli CV (2015) Times square’s crushing success raises questions about its future. NewYork Times,
Jan 26

Department for Transport (2013) Reported road casualties Great Britain: 2013 Annual Report
Dumbaugh E, Gattis J (2005) Safe streets, livable streets. J Am Plann Assoc 71(3):283–300
Farr W (1870) Persons killed in the streets of London, thirty-first Annual Report of the Registrar
General of Births, Deaths and Marriages in England (England and Wales). London

Fuller R (2005) Towards a general theory of driver behaviour. Accid Anal Prev 37(3):461–472
Goddard T, Ralph K, Thigpen CG, Iacobucci E (2019) Does news coverage of traffic crashes affect
perceived blame and preferred solutions? Evidence from an experiment. Transp Res Interdiscip
Perspect 3:100073

5https://raahgiriday.com/.
6https://en.wikipedia.org/wiki/Ciclovia.

https://raahgiriday.com/
https://en.wikipedia.org/wiki/Ciclovia


186 R. B. Noland

Graham JD, Garber S (1984) Evaluating the effects of automobile safety regulation. J Policy Anal
Manage 3(2):206–224

Griffin LI, Mak KK (1987) Benefits to be achieved from widening rural, two-lane, farm-to-market
roads inTexas, paper #87-0233, 1987,National ResearchCouncil, TransportationResearchBoard

Hair PEH (1971) Deaths from violence in Britain: a tentative secular survey. Popul Stud 25(1):5–24
Hanson CS, Noland RB, Brown C (2013) The severity of pedestrian crashes: an analysis using
Google Street View imagery. J Transp Geogr 33:42–53

Hauer E (2005) Fishing for safety information in murky waters. J Transp Eng 131(5):340–344
House of Lords Sessional Papers (1938) Minutes of Evidence taken before the Select Committee
on Prevention of Accidents, London

IshaqueMM, Noland RB (2006) Making roads safe for pedestrians or keeping them out of the way?
An historical perspective on pedestrian policies in Britain. J Transp Hist 27(1):115–137

Lee AE, Handy SL (2018) Leaving level-of-service behind: The implications of a shift to VMT
impact metrics. Res Transp Bus Manag 29:14–25

Lindsay C (1905–06) Correspondence on country roads. Minutes of Proceedings of the Institution
of Civil Engineers, vol 165, p 67

Milton J, Mannering F (1998) The relationship among highway geometrics, traffic-related elements
and motor-vehicle accident frequencies. Transportation 25(4):395–413

Mitra S, Washington S (2012) On the significance of omitted variables in intersection crash
modeling. Accid Anal Prev 49:439–448

Noland RB (2003) Traffic fatalities and injuries: the effect of changes in infrastructure and other
trends. Accid Anal Prev 35(4):599–611

Noland RB (2013) From theory to practice in road safety policy: understanding risk versus mobility.
Res Transp Econ 43:71–84

Noland RB, Adediji Y (2018) Are estimates of crash modification factors mis-specified? Accid
Anal Prev 118:29–37

Noland RB, Gao D, Gonzales EJ, Brown C (2015) Costs and benefits of a road diet conversion.
Case Stud Transp Policy 3(4):449–458

Noland RB, Klein NJ, Tulach NK (2013) Do lower income areas have more pedestrian casualties?
Accid Anal Prev 59:337–345

Noland RB, Sinclair JA, Klein NJ, Brown C (2017) How good is pedestrian fatality data? J Transp
Health 7:3–9

Noland RB, ZhouY (2017) Has the great recession and its aftermath reduced traffic fatalities? Accid
Anal Prev 98:130–138

Norton PD (2008) Fighting traffic, the dawn of the motor age in the American City. The MIT Press,
Cambridge, MA

O’Day J (1993) Accident data quality, NCHRP Synthesis 192. Transportation Research Board
Peltzman S (1975) The effects of automobile safety regulation. J Polit Econ, 677–725
Persaud B, Lyon C (2007) Empirical Bayes before–after safety studies: lessons learned from two
decades of experience and future directions. Accid Anal Prev 39(3):546–555

RalphK, Iacobucci E, ThigpenCG,Goddard, T. (2019). Editorial patterns in bicyclist and pedestrian
crash reporting. Transp Res Rec 2673(2):663–671

Robertson LS (1981) Automobile safety regulations and death reductions in the United States. Am
J Public Health 71(8):818–822

Shinar D, Treat JR, Mcdonald ST (1983) The validity of police reported accident data. Accid Anal
Prev 15(3):175–191

The Times (1869) Editorial, 11 June
Thomas L (2013) Road diet conversions: a synthesis of safety research, for Federal Highway
Administration, DTFH61-11-H-00024. Pedestrian and Bicycle Information Center, University
of North Carolina, Highway Safety Research Center, Chapel Hill, NC

Transportation Research Board (2010) Highway capacity manual. Washington, DC
Trottenberg P, Belenky P (2011) Revised Departmental Guidance on Valuation of Travel Time in
Economic Analysis



9 Pedestrian Safety Versus Traffic Flow: Finding the Balance 187

Trottenberg, P. andRivkin, R.S., 2013.Guidance onTreatment of the EconomicValue of a Statistical
Life in U.S. Department of Transportation Analyses .

Wilde GJ (1982) The theory of risk homeostasis: implications for safety and health. Risk Anal
2(4):209–225

ZegeerCV,DeenRC,Mayes JG (1981)The effect of lane and shoulderwidths on accident reductions
on rural, two-lane roads. Transp Res Rec 806:33–43



Chapter 10
Current Vehicle Safety Technologies
and Future Directions

Murray Mackay

10.1 Introduction

In 2010, the European Union sets a target of reducing road traffic deaths by 50% by
the year 2020. This target follows a previous target set in 2001 to halve such deaths by
2010. That earlier target was in fact missed by two years (E.T.S.C. 2011). However,
the incentives tomeet specific targets formember states and to compete against others
have driven governments towards better, science-based policies. Reductions in deaths
have come in roughly equal measures from behavioural changes, environmental
changes and vehicle design improvements (E.T.S.C. 2013). The main behavioural
improvements have been reduced drinking and driving, reduced speeds and increased
seat belt and helmet use. The environmental changes have been traffic calming
measures such as speed humps, chicanes and pedestrianisation in urban areas, speed
management and improvements in highway design. Vehicle safety improvements
have come from improved crash performance, largely driven by the EuroNCAP
rating process, seat belt reminders and electronic stability control systems.

At the level of individual countries, targets for reductions in serious injuries have
been used successfully. At the European Union level, however, no target has been
set for a reduction in serious injuries because of large differences of definition as to
what constitutes a serious casualty across the 28 countries (Mackay 2005).

Vehicle safety in high-income countries over the last two decades has under-
gone a profound change. Until the late 1990s, most of the advances in vehicle
safety came from improved crash performance, with front and side airbags and
side curtains, pre-tensioning and load-limiting seat belts, improved seat and head
restraint design, enhanced structural performance in collisions which reduces intru-
sions into the passenger compartment and diminishes the maximum decelerations
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applied to the occupants. In low- and middle-income countries however, many of
these crashworthiness techniques have yet to be widely adopted.

More recently in high-income countries, because of electronic developments in
sensing traffic conditions and driver performance, emphasis hasmoved towards crash
avoidance. Some enthusiasts in this area of vehicle safety claim that all that can be
done in better crash performance has been done. Research money and effort have
shifted to focus on crash avoidance almost exclusively. This has led to the intro-
duction of electronic stability control, autonomous emergency braking, adaptive
cruise control, road/lane departure warnings, pedestrian detection/warning and blind
spot detection. Radio detection and ranging (Radar), laser imaging detection and
ranging (lidar) and vision technologies are being applied to the traffic environment.
This is leading towards real-time vehicle-to-vehicle and vehicle-to-environment
communication. This is leading ultimately towards the driverless car.

The effectiveness of these various technologies is discussed in more detail below.
However, the issues of how these technologies can or should be applied in the context
of traffic in low- and middle-income countries are, I believe, a subject to which more
research needs to be directed.

10.2 Before the Crash Systems and Their Effectiveness

There is a timeline for before and after a crash which is as follows:
Normal driving, abnormal driving, developing situation, crash unavoidable, crash,

post-crash.
There are technologies which can be applied to each of these conditions which

can break or modify this chain of events.

1. Normal Driving—There are now a number of systems which aid the driver
under normal traffic conditions.
Blind spot detection—A radar system which lights a warning indicator when
there is a vehicle in the blind zone on the appropriate side.
The effectiveness of BSD in actual traffic, in terms of reductions in crashes,
has not yet been adequately assessed. Experimental studies of different traffic
situations indicate that radar systems are effective (Forkenbrock et al. 2014), but
some comparative work suggests that external mirrors with wide-angle sections
for the outer part of the mirror, as are fitted to many cars today, are almost as
good as the more complex radar systems.
Traffic sign recognition—A visual system which displays, for example, the
current speed limit or other relevant conditions such as road works either in the
instrument cluster or in head-up display on the inside of the windscreen.
Doubtless, this system has an influence of the driver’s choice of speed, and
it improves the response to unusual changes in the road conditions ahead.
However, its role in reducing crash involvement has yet to be assessed.
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High/low beam assist—This automatically dips the headlights at the appropriate
time when there is a vehicle approaching.
The actual safety benefits, if there are any, are unknown.
Adaptive cruise control—A radar system which automatically adjusts the
vehicle’s speed so that a safe distance is maintained behind the vehicle in front.
ACC is undoubtedly a significant safety aid, especially for motorway driving, as
it reduces the vigilance required for what is a relatively boring task. Its real-life
acceptance is tempered by the fact that, in moderate and heavy traffic flows,
the driver with ACC leaves such a gap between himself and the car in front so
that other traffic quickly moves into that gap. As a result, the ACC user finds
himself continuously moving rearward relative to other traffic. Effectiveness
studies show that ACC systems reduce the stress on the driver and diminish the
frequency of error and heavy braking (Lee et al. 2008).
There are some situations where ACC may not detect small, narrow vehicles or
other vehicles emerging from an adjacent lane or from a junction. It may also
react incorrectly to vehicles in an adjacent lane on a bend or in the lane which
carries traffic travelling in the opposite direction (see Fig. 10.1).
The technology of ACC blends into an autonomous braking system, the
effectiveness of which is discussed below.
Intelligent Speed Assistance—This system increases the force required on the
accelerator if the speed limit is exceeded.Alternatively, it provides either audible
or visual warnings that the current speed limit is being exceeded. More compli-
cated systems modify the speed limit shown in a head-up display in the wind-
screen by consideringweather, darkness and traffic conditions. Yetmore sophis-
ticated systems change the speed limit according to the presence of schools,
pedestrian crossings, road works or other hazards. The system can either be
switched off voluntarily or incorporated into the car’s instrumentation so that it
cannot be switched off (European Transport Safety Council 2005). A number

Fig. 10.1 Some limitations of adaptive cruise control
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of studies (S.W.O.V. 2015) show that speeds and speed differentials are reduced
when the system is widely used. In terms of casualty reductions, estimates have
been made based on the relationships between known reductions in speeds and
the frequency of crashes (Carsten and Tate 2005). These estimate, for example,
that in crashes in which someone is injured, those crashes are reduced by 10–
20% depending on whether the ISA system is voluntary or mandatory. For
serious crashes and fatalities, the reductions are estimated to be at least double
those of slight injury crashes.
NightDrivingAssistance—An image generated by a heat-sensing device detects
the outline of pedestrians, cyclists and animals at distances up to twice that of
typical headlights. It gives a warning to the driver if the object comes within
the range of being hit. This is done by projecting an enhanced visual picture in
a head-up display on the windscreen. A subset of this is the dynamic spot light
which selectively illuminates pedestrians and animals with a separate marking
headlight. Man–machine interface studies show substantial benefits in terms of
early and better responses under experimental conditions. However, the systems
are not yet adopted widely enough for the effect on actual nighttime accidents to
be assessed. If this night vision assistance system is combined with autonomous
emergency braking, then the crash reduction benefits could be substantial.

2. Abnormal Driving—This covers the situations where a driver does something
unusual or does not do something which should have been done during normal
driving.
Electronic Stability Control—This covers a range of systems. If a vehicle is
rounding a curve at an excessive speed, traction control systems govern the
braking effect on each individual wheel of a vehicle which discourages brake
away and sliding. Further systems also control the throttle setting. An additional
function is to assess the roll rate of a vehicle and adjust the suspension charac-
teristics to reduce rollover risk. All these functions are integrated in a central
processing unit which combines to greatly reduce the risk of loss of control by
the driver and a possible rollover.
Numerous studies have examined the effectiveness of ESC.Most of such studies
have demonstrated very significant benefits. In terms of all police-reported
crashes, ESC reduces the number of crashes by 20–40%. The benefits are greater
for single-vehicle crashes and for SUVs, but less on wet/icy roads (Thomas and
Frampton 2007).
Fatigue Detection—Fatigue is a well-known cause of crashes, particularly for
long-distance truck drivers. A number of techniques are on offer which senses
that a driver is fatigued and in danger of falling asleep. These include the assess-
ment of reduced minor movements of the steering wheel, drooping eyelids,
reduced eye movements and changed posture. Eye mark cameras and steering
wheel sensors can trigger acoustic and/or light signals to stimulate the sleepy
driver. Monitoring the driver’s electrocardiogram is a possible technique to
anticipate when he is beginning to fall asleep. Quantifying the benefits of such
systems has not been made, but preliminary studies of truck drivers suggest that
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they could be substantial. Naturalistic driving studies show how these benefits
can be quantified in the future (Bonnard et al. 2014).

3. Developing Situation—This covers the period of some 10 s or less before a
crash.
Lane Departure Warning (LDW) and Lane Change Assistance (LCA)—These
systems sense when a vehicle is about to or is crossing the edge line or lane
markings using either cameras or infrared systems. A visual, audible or tactile
warning is given to the driver. The effectiveness estimates vary widely (Visvikus
et al. 2008) from 10% for cars and 30% for heavy trucks in reducing the crossing
of lane and edge lines. The USA estimates for reductions in off-road crashes for
heavy trucks range from 22 to 53% depending on the types of off-road crashes
(Houser et al. 2009).Visual signals are the least effective and the audible ones
most effective. For LDW, the actual effect on casualties has been estimated as
a reduction of 5% for slight casualties, 9% for serious casualties and 12% for
fatalities (Visvikus et al. 2008). More recent research in the US environment
suggests that some 29% of all road departure crashes are caused by the driver
drifting out of his or her lane (Kusano et al. 2014).
Tactile Edge Lines or Rumble Strips—These alert the driver to the fact that he
has deviated laterally from the road or from a lane. In a review of the available
before and after studies, Corkle et al. (2001) found reductions of between 20
and 72% for run-off-road crashes.
Warning Bars—Usually used on high-speed roads, these are transverse bars of
paint, raised above the road surface slightly. They are positioned before some
change in the road ahead such as a roundabout, a traffic signal or a junction. They
start around some 200–300mbefore the hazard and become progressively closer
as the hazard is approached following a logarithmically decreasing arrangement
(Denton 1971). They alert the driver and encourage early braking. Before and
after studies at 42 roundabouts in the UK showed a 57% reduction in crashes
and an 11–18% reduction when used at the approach to slip roads (Martindale
and Urlich 2010).
Autonomous Emergency Braking—AEB is in a sense a development of ACC
in that it automatically applies emergency braking. For speeds up to 30 mph, if
the driver is approaching a stationary car, it can bring a car to rest before contact
without any braking by the driver. Beyond that approach speed, it can markedly
reduce the severity of the impact. It depends on inputs from short-range radar
and visual signals. In recent developments, it can be operated when there are
pedestrians, cyclists or large animals in the danger zone.
Effectiveness studies of Volvo CX40 with and without AEB show a reduction
in front to rear crashes of 23% (Isaksson-Hellman and Lindman 2012). Other
studies give reductions of 9–33% depending on the road environment and traffic
conditions. AEB is also effective in reducing crash involvement and injury
severity in other collision types such as serious and fatal injuries in front to side
impacts by around 15% (Grover et al. 2008).
Automated braking can also be enhanced by the application of the Torricelli
vacuum braking system. This consists of a shallow medal plate with the edges
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curved downwards, fitted to the underside of the vehicle near the rear axle line.
When theAEB is triggered, the plate is lowered to the road surface and a vacuum
is applied to the inside of the curved plate, generating a downforce of around
15kN. This can reduce the braking distance by as much as 40%.

4. Unavoidable Crash—This covers the period of about one second or less before
impact.
Pre-Pre-tensioner—This is an electric motor within the seat belt system which
is triggered when the car is subjected to high decelerations such as emergency
braking or severe lateral cornering forces. It tightens the seat belt, removing
any slack in the system caused by bulky clothing, poor sitting position or, to an
extent, excessive fatty tissue.
Improved Seat Position—Combined with pre-pre-tensioning, the seat base,
seat back and head restraint are moved to optimal positions for a collision.
Quantifying the benefits of these various systems has yet to be done.
Autonomous Emergency Braking—Even with only a second available, emer-
gency braking can significantly reduce the severity of a collision; for example,
at 40 mph, when braking at 0.7 g for one second reduces the impact speed to
some 25 mph.

10.3 In the Crash

In high-income countries, the crashworthiness of cars and trucks has reached an
advanced stage of development. Coherent crashworthiness was first introduced in
the late 1960s with the promulgation of the FMVSS200 series of standards in the
USA. It has nowmatured some 60 years later. In essence, there are three areas which
encompass the crashworthiness concept; structures, restraints and sensing.

Structures—Crashworthiness design aims at limiting intrusions into the passenger
compartment and optimising the load paths of crash forces so that peak decelerations
of the passenger compartment are minimised and those forces are absorbed without
major structural failures. Meeting those requirements for the various collision types
is a challenge. The main crash types are the distributed frontal, offset frontal, side
impact for both distributed and narrow objects, together with rear impact and rollover
conditions all present major design issues. Material strength and weight require a
range of different metal alloys and other composites, with costs always holding back
the choices.

Restraints—The heart of good occupant protection is the seat belt. By connecting the
occupant to the car’s structure, the occupant can “ride down” a collision, undergoing
the change in velocity over as long a distance as possible when a collision occurs. In
addition, the seat belt itself stretches and thus provides extra stopping distance. Seat
belt performance is enhanced by pre-tensioning, which involves sensing that a colli-
sion is beginning and either quickly winding some webbing back into the retractor
or pulling the buckle at the junction of the shoulder and lap sections downward. That
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takes place within around 15 ms of the collision occurring. Any slack in the seat belt
is removed and the overall effect is to reduce the crash forces applied to the occupant.

Airbags should always be considered as being additional to the seat belt. Inflat-
able systems cover frontal and side airbags, side and roof curtains, knee bags, anti-
submarining seat base bags and a variety of such inflatable systems for rear-seat
occupants. Recently, central airbags, which inflate between the two front seats, are
triggered in lateral impacts when a far-side occupant is present. This limits the side-
waysmotion of that occupantwho otherwisewould come out fromunder the shoulder
section of the seatbelt and strike the nearside occupant or his seat back.

Sensing—Seat belt technology and airbags both depend on detecting that a collision
is occurring very early, that is, necessary so that inflatable systems are deployed
before occupants move significantly around the passenger compartment under the
influence of the collision forces. This is especially the case for lateral impacts because
there is little structure between the occupant and the striking object so a side airbag
must be inflated before that structure closes the gap needed for a side bag to inflate.
That means that the gas generator must be ignited within 5 ms of the beginning of
an impact.

Different problems present themselves in the sensing of a rollover in time for
inflatable curtains and roof bags to be deployed before the occupants move upwards
and outwards (relative to the vehicle interior). Such sensing systems measure the
onset of angular accelerations and also the angle of the vehicle as a potential roll
is initiated. These two variables are combined together in a sensor and if a critical
value is exceeded the gas generators are fired.

Rear Impacts—Good crashworthiness in rear impacts depends predominantly on the
structure and geometry of the seat. The aim is to limit the relative motion of the head
relative to the torso of the occupant. This is achieved by the head restraint being
relatively close to the occupant’s head and by coordinating compliance of the seat
back and the head restraint tominimise the head-to-torso relativemotion. In addition,
the deflection of the seat back is controlled to limit the forces applied to the occupant
but also to keep the occupant in place so that ramping up the seat back does not occur.
Active head restraints, which move the head restraint closer to the occupant’s head,
are triggered when the occupant loads the seat back above a threshold level.

Varying collision severities and a range of occupant weights and sitting heights
mean that these population issues have also to be considered.

Glass—High penetration-resistant laminated glass has been well established as the
best type of glass since the 1970s (Mackay 1973). More recently laminated glass is
finding favour in side windows, especially in SUVs and people carriers where the
risks of partial or complete ejection are greater than for standard cars.

Pedestrians—In terms of crash protection for pedestrians, as well as cyclists and
motorcyclists, test procedures have been developed which greatly influence the front
end shape of today’s cars and the strength and compliance of particularly the bumper
region, the front edge of the bonnet, the top of the bonnet and the cowl at the base
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Fig. 10.2 Sub-system testing for pedestrian protection in EuroNCAP

of the windscreen. The EuroNCAP process tests these parameters with sub-system
impactors (www.euroncap.com) (see Fig. 10.2).

More advanced technologies involve sensing that a pedestrian is being struck. That
can be done either with a contact sensor in the bumper or by an active radar/visual
sensor. The latter has the advantage that emergency braking could be operated before
the impact, reducing the severity of the collision. Such signals can be used to trigger a
pyrotechnic hood-lifter which increases the clearance of the hood from rigid compo-
nents such as the top of the engine. This therefore presents a softer, more compliant
structure when the pedestrian’s head makes contact. In addition, airbag systems can
be activated to cover the base of the windscreen frame and the A pillars, particularly
hostile components in the pedestrian to car collision.

Compatibility Issues—All over the world one of the most important crash config-
urations which involve car occupant fatalities is the collision between a car and a
heavy truck. Technical standards have been developed for front under-run, rear under-
run and side impacts with trucks but meeting those standards in many high-income
countries is not a necessary requirement.

One encouraging development within the European Union is the relaxation of the
rules governing the overall length of single unit or tractor–trailer combinations of
heavy trucks. These changes will allow an extension of the vehicle at the centreline
of the truck whilst maintaining the existing rules of length measured from the front
corner of the vehicle. This allows a more curved, aerodynamic shape for the front
of the cabin with significant savings of up to 3% in fuel consumption. This will also
allow the forward structures to be designed to provide better energy management for
car-to-truck frontal collisions. It will also allow better protection for vulnerable road
users in terms of the compliance of the exterior of the front structures and the some

http://www.euroncap.com
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Fig. 10.3 Aerodynamic load on the front end of a standard slab fronted truck and an aerodynami-
cally efficient truck

deflection of the VRUs so that they do not go so readily under the truck or its wheels,
as happens with the current slab front of today’s heavy trucks (see Fig. 10.3).

New Car Assessment Programmes (NCAP)—The initiation of a system which
provides safety information and crash test rating of specific car models began in
1978 in the USA. Its logic is to inform consumers of the safety of the cars which
come onto themarket. It goes beyond the statutory requirements of government regu-
lations and allows car models to be compared. A similar programme began within
Europe almost 20 years later in 1997, driven in part because of the time required to
establish Europe-wide regulations. Such regulations take so long to be agreed upon
that when they are finalised, the technical requirements may well be a decade out of
date. The success of the NCAP systems has been such that manufacturers compete
for the best rating because that has a significant effect on future sales.

Since then, many national and regional NCAP systems have been put in place
such as the ASEAN NCAP. A Global NCAP has been established with the aims of
encouraging the flow of better vehicle safety information and better vehicle safety
design. It has been shown to be a powerful way of encouraging car manufacturers to
improve their products. Testing goes well beyond the regulatory requirements and
more recently includes evaluating the fitting of active safety technologies such as
electronic stability control and autonomous emergency braking.

10.4 After the Crash

Triage Systems—With the increasing power of telecommunication systems, struc-
tured triage at the scene has evolved beyond physiological and anatomical parameters
such as pulse > 100/min, systolic blood pressure <90 mmHg, Glasgow Coma Score,
> 65 years. Crash characteristics such as front, side and rollover, extent of intrusion
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(>12 in.) are now used in some countries. Not only can these help at the scene but
they also allow the emergency room to be better prepared to receive the casualty.

eCall—InEurope, an automatic signal is transmitted to the emergency services when
a crash occurs. It provides the GPS coordinates and whether airbag inflation has
occurred. Trials suggest the response times of arrival at the scene are reduced by
some 5 min in urban areas and greater amounts in rural ones. Preliminary studies
suggest that some 2–5% of fatalities are saved and some 10% of serious casualties
are reduced to the slight category. Regulations are in place to make the fitting of
eCall to all new cars in 2018 (European Commission 2015).

Event Data Recorders—EDR systems record some of the characteristics of a colli-
sion. These can include the direction of the crash forces on a vehicle, the peak accel-
eration experienced, the change in velocity, the presence of braking or not, the speed
of the vehicle, the settings of the gear, the lights and the time to fire for the inflat-
able devices. The decoding of EDRs in some jurisdictions is common and is used in
subsequent insurance claims or legal disputes. Privacy issues arise but some insur-
ance companieswill reduce the premiums if the insured chooses to have these devices
used. For research, they provide amost useful amount of data which would otherwise
be unobtainable after the fact. As with flight data recorders in commercial aircraft,
EDRs are becoming a mainstream technology in traffic accident reconstruction.

Virtually all of the technologies described above, both pre-crash and crash related,
apply to cars and trucks. Very little work has been conducted on motorcycles, motor
scooters and electric-powered bicycles. With adaptive cruise control, for example,
because of the narrow radar beam scanning, the road ahead will not detect narrow
vehicles such as motorcycles which are ahead of the car but outside the lateral limits
of the radar. Figure 10.1 illustrates such a situation.

Motorcycle use in a number of high-income countries, notably Spain, Italy,
Germany, Sweden and Greece has increased by around 30–50% since 2005. This
probably occurs because of increasing urban congestion and increased running costs
for cars. Hence, motorcycle safety needs to be improved across the world, not just
in low- and middle-income countries.

10.5 The Application of Advanced Safety Technologies
in Low- and Middle-Income Countries

The application and the appropriateness of the above technologies to low- and
middle-income countries raises many issues relating to the traffic mix, the physical
environment and the social conditions.

In India, for example, Mohan (2015) has presented data on the growth of motor
vehicle sales from 1972 to 2013, and the likely growth in cars and motorised two-
wheelers (MTWs) to 2030 assuming growth rates of 10% per annum (see Fig. 10.4).
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Fig. 10.4 Personal motor vehicle sales in India 1972–2013 (Source Society for Indian Automobile
Manufacturers) and projections to 2030 at growth rate of 10% per year

If these predictions are even approximately correct, they indicate that the vehicle
mix in India will continue to be dominated by motorcycles for the next 15 years. The
interaction of cars with each other and withMTWs in this traffic mix is very different
from that in high-income countries. For example, the considerable gaps that separate
cars from the ones in front in cities in Europe would be, in Delhi, immediately filled
by MTWs. Hence, sensing systems such as adaptive cruise control or autonomous
braking will be unable to operate in cars in their present form in such an environment.

Other systems, such as road and lane departure warnings which depend on
predictable roadway edge marking or lane marking, will not function if there are
no such markings in place; a commonplace condition in low- and middle-income
countries.

Beyond such obvious differences in the physical infrastructure, the non-verbal
communication which goes on between different road users in various countries
is very marked; compare pedestrians waiting at a signal-controlled crossing in say
Stockholm or Hamburg when there is not a single motor vehicle in sight, with pedes-
trians crossing the road in Istanbul, Delhi or Bangkok. Such differences need to be
considered when the technologies described briefly above were to be applied in low-
and middle-income countries.

Countermeasures for Motorised Two-Wheelers—Fig. 10.5 shows the proportions of
traffic deaths by road user category for India (WHO 2013).

The category of “other” is of interest. It is described as rickshaws, cycle rick-
shaws, hand carts and animal-drawn vehicles. Therefore, the overall category of
vulnerable road users, which conventionally include MTWs, cyclists and pedes-
trians, should include most of the deaths in the “other” category, that results in the
VRUs in India being some 63% of all traffic deaths. Of that group, the largest are
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Fig. 10.5 Proportion of road traffic deaths by road user category

riders of MTWs. There are some well-researched countermeasures which could be
applied immediately.

Daylight RunningLights—Although somewhat controversial, daylight running lights
onmotorcycles, at least in high-incomecountries, havebeendemonstrated to be effec-
tive. The effectiveness varies between studies, but a reasonable figure is a reduction
in motorcycle/other vehicle injury crashes during daylight of around 16% (Bijleveld
1997). The effect on fuel consumption is trivial. To maximise the effectiveness, the
lights should be so wired that they come on automatically when the machine is
started.

Anti-lock Brakes on Motorcycles—Studies of insurance claims in the USA show that
therewere 21% less claims formotorcycles equippedwith anti-lock brakes compared
with motorcycles without ALB (H.L.D.I. 2014). Anti-lock brakes are particularly
effective in wet weather and single-vehicle loss of control accidents.

LegProtection—It has long been established that limb injuries, and particularly lower
limb trauma, are the most frequent injuries to riders who go to casualty departments
(Pedder et al. 1981). Many riders choose to fit crash bars, presumably on the assump-
tion that they will protect the legs when they are struck by an opposing vehicle. In
reality, such bars generate serious injuries themselves see below (see Fig. 10.6). Some
manufacturers now fit contoured energy-absorbing structures, which under crash test
conditions protect the legs very well.

Lower limb injuries are often serious because they affect load-bearing bones and
joints. A specific injury to pillion riders is the heel flap injury. It occurs if the heel
of the pillion passenger enters the plane of the rotating spokes of the rear wheel
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Fig. 10.6 Crash bar causing lower limb injury and an energy-absorbing fairing to protect the legs

which is often very close to the rear footrest. The rotating spokes can fracture the
calcaneus, a very disabling injury. Simple shields fitted to the frame can prevent such
occurrences.

Airbags—Over a decade ago, an airbag and its sensing system was developed for
a motorcycle. Currently, such a system is only fitted on one model, the large and
expensive Honda Goldwing. In frontal crash testing, a motorcycle airbag provides
good protection for the rider, but its effectiveness in the real world has not been
evaluated. In the context of motorcycles for low- and middle-income countries, such
a technology is economically unviable.

Airbag Jackets—Airbag technology applied to clothing is a more practical proposi-
tion. Sensing is a simple affair in that the rider connects himself to his machine and
then primes the jacket. If he is thrown from his normal sitting position, the connection
is cut and the jacket inflates. Such jackets are especially good in reducing the sliding
abrasive injuries when riders fall off at speed and slide and roll substantial distances
on the road surface. In tropical countries, such clothing clearly has acceptability
problems but with fabric developments, there may be acceptable solutions.

AutonomousEmergencyBraking forMotorcycles—This technologyhas been applied
successfully tomotorcycles but it is so far not yet available commercially. Theoretical
assessments have been made by examining a sample of motorcycle accidents and
applying the system to each individual case (Savino et al. 2014). The general result
was that an AEB system would have operated in between 37 and 53% of the crashes.
Impact speeds would have been reduced by up to 10%, depending on the initial speed
and the crash configuration.

In the immediate future, vehicle technology forMTWs in low- andmiddle-income
countries offers substantial benefits from relatively cheap and well-tested safety
measures, especially daylight running lights and anti-lock brakes.
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Car Safety in Low- and Middle-Income Countries—The introduction of the Global
NCAP rating system promises to improve car crash performance substantially. Series
of Global NCAP tests have shown that car models produced for these countries are
inferior to the same models sold in high-income countries. Given the success of
the NCAP process in Europe and North America, where manufacturers compete
for a five-star rating because it has a direct impact on sales, the same incentive will
probablywork in south-eastAsia. There are howevermajor problemsof compatibility
between cars and heavy trucks particularly on the networks of motorways now being
constructed in many countries (JP Research 2013). Front, rear and side under-run
crashes are all important; the solutions are well established with specifications for
guard structures for trucks. There are strong economic disincentives in terms of cost
and weight. Hence, legislation and enforcement is a necessary policy.

10.6 Conclusions

In high-income countries, from 1950 to 1970, traffic safety policies were largely
based around an irrational belief that behaviour change would occur largely through
publicity campaigns and road user education. The application of rational, science-
based countermeasures over the last 30 years has producedmajor reductions in traffic
deaths and injuries. In low- and middle-income countries with very rapid growth in
powered vehicles of all kinds, the need to develop appropriate, science-based policies
is great. Improved vehicle safety will be a major contribution towards that end.
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Chapter 11
Possible Futures of Vehicle Safety

Yves Page

Human Kind is condemned to progress. Till eternity
Alfred Sauvy (French economist)

11.1 Introduction

Inmore andmore countries in theworld, we can observe a proliferation of road safety
planning strategies which present very clear ways and measures to struggle against
road crashes in the countries where these plans are initiated. They are basically a
response to a very detailed diagnosis of traffic safety issues, generally broken down
into three categories: risk factors (e.g., speed, alcohol, vigilance, distraction, etc.);
vulnerable users or group at (over)-risk (e.g., young drivers, motorized two-wheelers,
etc.) and accident types (e.g., loss of control, intersection crashes, night crashes, etc.).
Recommended deterrence actions are obviously responses to the safety issues but,
above this, they belong to a paradigm, e.g., the ‘Safe System’, whose basic principles
are the following:

• A human being has limited biomechanical capabilities to withstand impacts.
Reduction or avoidance of impacts is therefore inevitable, noticeably by amanage-
ment of impact energies and the limitation of people exposed to forces likely to
provoke injuries.

• A human being is fallible, and therefore makes errors. The whole system of
traffic and land transport must be designed and maintained taking these errors
into consideration.

• A comprehensive diagnosis of safety issues must be conducted in order to
determine safety measures that have high safety benefit potentials and a high
efficiency/cost ratio.
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Fig. 11.1 General principles of the ‘Safe System’

• Measuresmust be consistent with choices for society (economic, human and envi-
ronmental), with positive economic impact on providers of products and services
useful for safety on land transport.

• The responsibility of safety actions must be shared among all public and private
players and not by only one player (e.g., the public authorities).

• Safety is first generated by the reduction of crashes that are easily avoidable, and
then by sustaining a transport system (not only roads) compatible with the safety
of future generations.

These general principles are often presented in these programs, according to 4
(prosaic) chapters which put forward systemic, holistic and integrated aspects or road
safety policies (Fig. 11.1). These four chapters are:

• Safe speeds
• Safe vehicles
• Safe roads, streets and roadsides
• Safer road usages

And, of course rescue services and medical treatment.

11.2 Safe Vehicles

The focus of this paper is safe motorization particularly passenger cars which count
for approximately 83% of all motorized vehicles in France. They are also involved
in 78% of injury crashes and in 75% of fatal crashes. These figures may vary a
lot between regions, especially in emerging countries where two or three motorized
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two-wheelers are predominant as well as trucks, buses and coaches. Technologies
that apply to passenger cars can in most cases also apply to other motorized vehicles
except some that are very specific (e.g., car structure, restraint systems, dynamic
control, etc.).

The question is: What is a safe vehicle? The answer to that question claims will
help us understand the extent to which the automobile design contributes to road
safety.

Safety consists of a series of measures which ensure that a task or a whole set of
tasks are conducted without any property damage or injury or any kind of other harm
(moral harm, economic loss, social harm or esthetic harm), to the one who conducts
the tasks and to others as well (Page and Coz 2003).

Safety can be envisaged from to several angles:

• Primary safety aims to prevent a harm. The difference between prevention and
avoidance is a bit vague. Say, for the sake of simplicity, that any measure that
targets attitudes and behaviors of road users as well as other players of road safety
(in charge of design, maintenance and control of vehicles, road, road equipment
and traffic management) are preventive actions, whereas measures that correct a
driving situation which is critical or is about to be critical are avoidance measures.
We do not elaborate here on the term ‘precaution’, which consists in taking
measures against a new risk, unknown and not well-documented, which generally
leads to very restrictive measures.

• Secondary safety aims to reduce the consequences of a harm (severity).
• Tertiary safety aims to bring the best and fastest care to victims.
• Quaternary safety aims to reduce the physical and psychological sequelae after a

harm.

Therefore, vehicle safety consists of a series of measures which ensure, via a
vehicle (or, nowadays, the so-called extended vehicle taking also into consideration
the connectivity between vehicles or between vehicles and environment), automobile
trips with minimum harm and external effects.

Road risk prevention is currently being coordinated by public authorities which
encourage associations and the private sector to develop, each in its own field of
expertise, actions that can help in preventing or avoiding crashes or, at least, miti-
gating injury severity in the case of a crash. However, since decades, for the sake of
innovation in safety or under regulatory or consumerism pressure, vehicle manufac-
turers and automotive suppliers have developed systems to protect vehicle occupants
(e.g., safety belt was patented in 1903 and the concept of bag filled in with air is
dated 1941) or external users (e.g., pedestrian-friendly bonnets) to improve safety
inside or outside the vehicle in reducing the consequences of an impact. Active safety
(accident avoidance) has been improved via steering, dynamic control and braking
performances.

A vehicle manufacturer contributes to efforts in road crash and injury prevention
by undertaking and applyingmany safetymeasures via technology and by conducting
safety actions and social responsibility (driver training, education, communication,
research and corporate sponsoring). OEM’s contribute to national and international
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road safety actions by acting specifically in vehicle safety, i.e., in designing and
fitting vehicles with primary safety systems (assisting drivers in his/her naviga-
tion/guidance/control tasks), secondary safety systems (i.e., able to optimize occu-
pants protection as well as external users protection in case of a crash), tertiary safety
systems (e.g., automatic crash notification; rescue code, which is aQR code pasted on
the front and back windshields allowing the rescue services to quickly get a vehicle
identification card of the vehicle, which helps in cutting it at the right places in case
of necessary extrication).

These systems have various origins: either the availability of technologies, or
a brilliant engineering idea or inspiration, or the existence of such a system by a
competitor, or a specific strategy of a vehicle manufacturer which makes safety a
brand identity, or an economic interest, or a regulation, or a norm, or a specific
consumer test (such as New Car Assessment Programs), or, a particular accident
analysis that reveals that such and such a safety issue could be a priori tackled by
these systems.

11.3 Secondary Safety of ‘Safety of Protection’

Sequentially, an automobile impact induces an impact between an occupant (or an
external user) and a part of the vehicle (or another element of the environment if
the occupant is ejected) and then impacts between different internal organs of the
victim’s body (Page 2012).

First impact is, for an occupant, the consequence of one of these three injury
mechanisms:

• Intrusion in the passenger compartment.
• Projection (or deceleration) of an occupant against a rigid part of the compartment,

or interaction between an occupant and the restraint system (belt or airbag).
• Ejection of the body (or part(s) of the body outside the compartment).

There are other ways to be injured or die on the roads, such as carbonization or
intoxication by smoke.

Injury severity depends on, for each of these mechanisms, on the violence of
impact, on impact configuration (frontal, side, rear, rollover, etc.), on stiffness of the
obstacle and on biomechanical tolerances of the human body. These three mecha-
nisms should be targeted by secondary safety and it is usually done by using two
options:

• Vehicle structure.
• Restraint systems.

Vehicle structure must dissipate energies released during the impact while main-
taining the integrity of the compartment, i.e., avoiding/reducing intrusion in also
limiting the pulses and efforts sustained by the occupant. Prosaically, a soft structure
would properly dissipate the energy when the vehicle is deformed but would induce
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intrusion. A rigid structurewould reduce intrusion but would putmuchmore pressure
on the occupant’s body.

Vehicles being very different from one to another, one must also ensure a
good compatibility between them (mass compatibility, stiffness compatibility and
geometric compatibility) for some vehicles must not be too aggressive to the others.
This is the reason why, for example, trucks are in most countries fitted with anti-
underrun devices or heavier passenger cars must not be too stiff otherwise too aggres-
sive against smaller and less stiff cars (even though they still have to be stiff enough
to appropriately protect their occupants in case of a crash against an stiff obstacle).

Restraint systems (e.g., seat belt with pretensioners and load limiters tuned for
persons biomechanically fragile; frontal airbags; side airbags for thorax and head;
seat bossage; etc.) are essential complements to a stiff vehicle structure, which is the
current choice. Occupants must absorb their own kinetic energy residuals: the preten-
sioner (seatbelt tension) couples the occupant to his/her seat. In a frontal impact, for
instance, load limiter unrolls a few centimeters of the belt for it does not provoke
lesions to the thorax organs, and then the airbag ‘welcomes’ the occupant head and
thorax and diffuses more efforts while, additionally, preventing head and thorax to
smash into rigid parts of the wheel or the dashboard. Obviously, these features work
at reasonable impact violence. Above a certain threshold (like, for example, a frontal
impact against a deformable obstacle above 70/75 km/h), the laws of physics make
full protection hardly achievable at a reasonable automotive cost. In that case, the
vehicle sustains a heavy deformation and intrusion can no longer be prevented and
the restraint system can no longer be functional.

Lots of improvements in protection safety (usually known as passive safety) was
done at the end of the 1990s, with voluntarist policies of a few OEM’s which
can be considered as pioneers in the field, and with the development of regula-
tions concerning frontal impact (Directive 96/79/CEE et ECE.R94) and side impact
(Directive 96/27/CEE et ECE.R95), as well as development in consumer testing such
as EuroNCAP (and other kinds of NCAP’s around the world) which assign points
and stars (1 up to 5) to new cars. The first car which was ever awarded with Euro
NCAP 5 stars is a French vehicle, in 2001. Ever since, a lot of passenger cars have
been awarded 5 stars, even though with the continuous improvements, hardening and
broadening of tests since 2009 and planned up to 2020 (see Road Map EuroNCAP
released in 2014, which specifically hardens tests in passive safety and adds tests
for the presence of preventive/active safety devices). We must here underline that
EuroNCAP does not only target car occupant protection. Tests also target pedestrian
safety and soon pedal cyclist safety in crashes against passenger cars. Other kinds of
NCAP’s, under the supervision of global NCAP, also have roadmaps for enlarging
their testing.
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11.4 Primary Safety

The analysis of a road traffic system reveals that it is composed of motorized and
non-motorized road users, who drive orwalk on roads/streets. Theymove in a general
environment that they do not generally control or monitor (e.g., traffic conditions,
temporary signals, road works, etc.). These trips are governed by traffic laws. Each
and every road user is therefore supposed to monitor and adapt his trip/driving
according to rules/laws that he/she is also supposed to know since he/she has got a
driving license (not all pedestrians I admit), according to the situation he/she faces
(road, trip motivation, type of driven vehicle, etc.) and the presence of other users at
the same time and place.

The diversity of components of a traffic system obviously shows that the user is
not responsible for everything. He/she does not conceive/maintain roads, he/she does
not select the weather, he/she does not select traffic density, road works occurrence,
missing signals, etc. On the other hand, he/she has to take the right decisions against
what he/she encounters on the road. In other words, he/she is the last regulator of
his/her trip. Vehicles that are sold, roads that he/she drives on, road and traffic main-
tenance, must increase his/her safety and must optimize his/her decisions/actions
(even though, in such an automated task like driving, decisions are often implicit).

Therefore, if we set apart design, the conception and effectiveness of conditions in
which transport of persons and goods are performed (e.g., failures in urban manage-
ment, inefficient transport and land planning, missing alternative transport, etc.), if
we set apart problems in designing andmaintaining roads and infrastructure (i.e., visi-
bility, clarity, adequacy to characteristics of vehicle dynamics, potential for forgive-
ness, etc.) as well as vehicles, traffic safety issues develop around drivers who violate
basic safety rules (excessive drinking and driving, excessive speed, drug use, aggres-
sive driving, risky driving, etc.), or make mistakes and errors (perception, cognition,
vehicle control, bad or insufficient skills) often due to altered states (alcohol, inat-
tention, distraction, stress, fatigue, lack of sleep), or due to inexperience of driving,
or due to specific trip conditions.

Consequently, OEM’s find another way in traffic safety via driving assistance
systems. These systems have two interests: they make it easier to perform some
driving tasks and help drivers not to enter into dangerous or critical situations… or
to get out of these situations. There are a lot of these systems on the market (mainly
in highly industrialized countries), with a lot of variants, but they often demand
environment sensors that are often costly and not yet sufficiently robust.

There are currently a few taxonomies of driving assistance systems. We propose
4 of them, according to the assistance type, according to the level of influence of the
assistance and according to the active or passive participation of the driver.

According to the assistance type:

• The assistance can be of a strategic type. It then targets the itinerary planning and
the navigation. Navigation systems are typical examples of this type.
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• The assistance can be of a tactical type. It targets the selection and the performance
of the manoeuver adapted to the encountered situation. Blind spot helps detection
is a typical example of a tactical aid.

• The assistance can be of an operational type. It consists of controlling the vehicle
trajectory. Emergency braking or electronic stability control is typical examples.

According to the assistance influence:

• In afirst step, the assistancebrings an information to the driver (e.g., an information
about density of traffic or tire pressure).

• In a second step, the vehicle activates an alarm (e.g., a tone if the seat belt is not
buckled up).

• The vehicle can also activate an enhanced information (e.g., a long and high tone
if the belt is still not buckled up after a few seconds).

• The vehicle can perform a corrective action on the manoeuver (e.g., electronic
stability control).

• The vehicle can, at last, take control, the driver being fully out the loop (automatic
braking for instance).

According to the driver participation:

• Without driver intervention (e.g., automatic emergency braking)
• Anassistancewhich takes part of the driving task (e.g., autonomous cruise control)
• A driving assistance under control, which accompanies an action by the driver

(e.g., electronic stability control).

Apart from automotive parts (e.g., steering column, hydraulic brakes and tire
rubber) that are reliable and safe (compliance to rules and laws as well as general
safety of products), and apart from the considerable progress over time on steering,
braking and dynamic control, and specific primary safety systems are not that much
fitted in most vehicles nowadays and are often available in premium passenger cars
or as an option in mid-class cars. Speed limiters or cruise controls are largely dissem-
inated (in any case by French OEM’s) but not the adaptive intelligent cruise control
(maintaining a speed compatible with the vehicle pace ahead). Systems such as ABS,
ESC, emergency braking systems, navigation systems, automatic head lights, auto-
matic commuting lowbeam–highbeams, tire pressuremonitoring systems, automatic
wipers, blind spot help detection, lane departure warnings, lane keeping assist, driver
alert systems, night vision systems and variants of intelligent speed adaptation are
on their way, in the pre-market introduction, at a reasonable pace. On the other hand,
systems such as anti-collision at junction radars or anti-head-on collisions radars,
alert of incidents/accidents ahead of the trip, or systems informing the drivers about
risky sites or black spots are still at the research or advanced engineering phases.

The field for driving aids is henceforth extremely huge. Sensors detecting the
environment (ultrasonics, cameras, radars, lidars, navigation maps, GPS, etc.) are
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more and more mature and algorithms more and more powerful: they detect obsta-
cles around the vehicle, lanes on the roads, junctions, insertion access, line mark-
ings, road and traffic signals and therefore assist the driver in his/her driving tasks
(navigation/guidance/longitudinal and lateral control).

The question is: to what extent OEM’s and suppliers are able to propose protection
systems and driving assistance systems that are economically accessible to mass
production and mass commercialization. Recent history shows that it is definitely
possible when we, for example, look at the large dissemination of ABS and ESC.
Of course, often, sophisticated systems are released first on high-end vehicles before
being tried on entry level vehicles. The fast renewal of the automobile fleet is one
of the most promising safety measures though. To that end, the affordability of such
systems is crucial.

11.5 Tertiary Safety

Development of portable devices (smartphones, tablets, etc.) including the e-call
(most well known as automatic crash notification in the USA) will inevitably reduce
delays in the intervention by rescue services. Although the European Commission
considers that generalization of e-call could save up to 5–15% of fatalities in Europe,
the latest studies show lower estimates, around 2–3% in France for instance.

In addition to the alert, cooperation between OEM’s and rescue services has
recently come up with a Standard of Extrication Card which allows fire brigades to
cut vehicles more efficiently (if necessary, of course), in order to extricate occupants
trapped after an impact. It is very likely that, in future, intelligent e-calls (able to
provide information about the crash like impact speed, occupant’s presence and belt
age status, etc.), and e-health may also contribute to help rescuers and hospitals in
their injury and injury severity diagnosis and therefore help in triaging the victims
to the appropriate hospitals and trauma centers.

11.6 Technology and Safety Benefits

Past and current studies show high potential safety benefits of existing systems
(protection systems as well as driving assistance systems already largely dissem-
inated onto the market) (Sferco et al. 2001; Forêt-Bruno et al. 2001; Page et al. 2005,
2006a, 2009b; Page and Cuny 2006; Kassaagi et al. 2006; Couturier et al. 2007;
Zangmeister et al. 2007; Page and Labrousse 2007; Cuny et al. 2008; Zangmeister
et al. 2009; Page 2011, b; Fildes et al. 2015). Passive safety systems coupled with
collision prevention system and/or injury mitigation systems such as ESC or EBA
already show an unprecedented effectiveness value ever since seat belt effectiveness,
first speed limit settings or automatic speed camera settings (in France at least) came
into being: a front seat occupant of a vehicle which got 5 stars at the EuroNCAP (old
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rating) and which also has the ESC and the EBA has reduced the risk of severe fatal
injury by 70% compared to an occupant in a vehicle without ESC nor EBA.

A recent study showed that, if we consider the declining trend of fatalities between
2000 and 2010 in France (−48%), 6 points are due to the vehicle safety improvements
over this period (Page 2010). This seems very small but if we also consider that the
rate of deployment of these technologies in the vehicle fleet is very low and slow
(vehicle fleet is renewed every 15 years ormore), and these systems have started being
deployed in early 2002–2003 for passive safety and even later for active/preventive
safety, and mainly in high-end vehicles first, then we are forced to conclude that the
promise in safety benefits is actually high.

Perspectives for systems that are not largely disseminated, or still under devel-
opment, are also positive (Page et al. 2006b, 2009a; Page and Hermitte 2007, 2009;
Driscoll et al. 2007; Chauvel et al. 2013; Hynd et al. 2015). Each system has an
expected effectiveness (in terms of savable lives or avoidable severe injured people)
relatively low (often between 2 and 5%, a bit more for some of them, if the whole
fleet is fitted) according to available studies. Therefore, a combination of systems
that address various safety issues (loss of control, loss of guidance, blind spot, late
braking, night vision, etc.) is to be preferred. Expected safety gains are potentially
high and effectiveness studies research (today embedded as ‘stand-alone’ systems and
tomorrow connected with one another) must be encouraged to identify this promise
in greater detail (Page et al. 2015).

It is indeed difficult to establish a ‘Top 10’ rating of the most promising systems
which for a few reasons (Page and Hermitte 2009): Effectiveness studies are of
three kinds: the ones which simulate the expected effectiveness of systems not yet or
poorly on themarket, the oneswhich observe the actual effectiveness of systems in the
market according to their penetration rate in the fleet, and the ones which extrapolate
the safety gains that would be observed if existing systems would be disseminated
100% in the fleet. We thus have a problem of consistency among different estimates.

Whatever their types, available studies vary in the effectiveness indicators they
use. It can be reduction in injury crashes, reduction in all kinds of crashes, reduction
in fatalities, in severe injuries, in crash risk, in injury risk, taking into consideration
(or not) the penetration rate, etc. (Possibly depending on accident or impact types
such as loss of control, frontal impact and pedestrian collisions). As a consequence,
they are not exactly comparable.

Similarly,methods and techniques of evaluation aswell as simulation assumptions
(noticeably concerning the use of driving aids by drivers) vary a lot too. Furthermore,
some sensitivity studies establish effectiveness estimates depending on different
values of a set of parameters entering into consideration to make the function work.
Subsequently, effectiveness estimates might be quite different between variants of
the same system.

Actually, numerous systems present numerous variants. Variants may concern the
function itself: for example, a lane departure warning can have different triggering
thresholds, possibly selected by the driver, when the car is about to leave the lane,
when it crosses the lane line, or long before crossing the line; or an AEB can detect
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only moving obstacles in the same direction, or can detect any kind of moving or
stopped obstacles.

OEM’s and suppliers continuously improve the systems, from time to time and
new systems are continuously released. Therefore, the long list of functions and
variants is always evolving. A Top 10 would shed the light on a few fashioned
systems at a given time and possibly hide promising functions not properly analyzed
yet. Moreover, some functions improve better than others overtime by, for example,
extending their coverage (AEB against moving vehicle, than against stopped or fixed
obstacles, than against pedestrians, at low speed and speeds) or by strengthening the
technology.

Primary, secondary or tertiary safety systems must not be considered in competi-
tion with one another but rather like different opportunities to solve similar problems.
For example, an intelligent speed adaptation system can reduce the driving speed,
an automatic braking system can reduce the impact speed, a reinforced car structure
combined with restraint system can be even better at lowering impact speed and
an automatic crash notification can reduce intervention delays by rescue services.
Rating them all in a Top 10 would mean ignoring their additive impacts.

If systems are sometimes complementary or additive, they are seldom fitted indi-
vidually in a vehicle, which would demand the establishment of a Top 10 of the
‘packages of systems’ rather than a Top 10 of isolated functions. Given their high
number, classifying hundreds of combinations or packages is impracticable.

To our knowledge, there is no uniqueTop 10, accepted by the scientific community
as absolutely irrevocable.

Some systems might have a restrictive target population (e.g., blind spot detection
address between 4 and 6% of the injury crashes) but a high effectiveness potential
(e.g., 50% out of the 4–6%) and a low cost. It would be unfair to disqualify these
systems by underlying the low effectiveness if it can be reached at a lesser cost. The
‘Top 10’ should therefore be established on the basis of the effectiveness as well as
on the basis of the effectiveness/cost ratio, which would, in the end, make it fully
undecipherable.

Some systems, highly effective ex-ante in theory, can be fully rejected by
drivers/users because of whatever reasons. They might feel like they (the systems)
are inefficient, useless, intrusive, and non-adapted to driving. This is, for instance,
the case of lane departure warning in the USA, which is often disconnected because
it is considered too intrusive in daily driving. This drives us back to real usage of the
systems and their parametrization, of which knowledge is still poor even though it
is highly important in the estimation of their effectiveness.

As a consequence, we do notmean to establish a kind of ‘Top 10’ so far, but recom-
mend to multiply effectiveness studies in a private/public partnership to consolidate
effectiveness estimates available by now, and disqualify ambiguities.
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11.7 Current Trends and Possible Future

A lot is said, written, discussed, wrongly or badly, about connected vehicles and
automated driving (Pajon et al. 2012). In both cases, connectivity and automation
make people dream about better days for road safety (an automated or autonomous
vehicle is supposed to eradicate human driving errors and connected driving assis-
tance systems are supposed to be better than current stand-alone driving aids) but
they also frighten people (is technology relevant, reliable, robust?What about human
beings in a highly or fully automatedworld,what about transmission of personal data?
etc.)

It is therefore useful to recall the basics of connectivity and automation to avoid
any confusion or misunderstanding. In the current real-world, what is all this about
precisely?

11.7.1 Connected Vehicle

Professionals and the public now seem to be aware of what we call ‘the connected
vehicle,’ meaning vehicles connected to other vehicles or to infrastructure or to …
whatever. This is actually a technical definition that hides two different functional
definitions of connectivity (Road Safety & Connected Mobility (Collectif) 2014):

• A driver or a passenger can be connected with the external world via a nomadic
device (e.g., a smartphone or a tablet) which has nothing to do with the vehicle.
He (or she) just uses the device while driving (or as a passenger) as he or she
would use these devices outside the car. This is just the general continuation in
the car of the ‘connected user.’

• A driver or a passenger can be connected via an integrated device which is
embedded in the vehicle and can offer different types of services. In this case, the
vehicle offers some services, which could by the way be redundant to the services
available with a nomadic device. Let us call it the ‘connected vehicle.’ Of course,
the connected vehicle mediates between the driver (and the passengers) and the
external world. The connected vehicle can also give information to the rest of the
world in case it is itself a sensor (e.g., if it detects slippery road and sends the
information to the surrounding traffic).

In both cases, the services provided by connectivity (whatever the technologies
behind and whatever the medium, nomadic or integrated) can be classified according
to the following taxonomy:

• Safety systems: the service has a primary objective to prevent crashes and injuries.
For example, car-to-car communications can help in preventing crashes at inter-
sections where visibility is reduced by buildings, trees, bus stops, whatever kind
of fixed or mobile masks to visibility.
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• Driving assistance: the service has a primary objective to help the drivers in
performing a driving task (navigation, guidance or control). For example, a navi-
gation system helps the driver in choosing his (her) route and to follow directions
that are proposed by the system.

These two categories can easily be grouped together since driving assistance
systems often have a safety aspect too.

• Traffic information: the service has a primary objective to help the driver knowing
more about the traffic ahead, e.g., whenever a route is congested, road works are
present ahead of the trip or whether a route is closed for whatever reasons—
services related to transport, usually called intelligent transport systems.

• Services not related to transport, often called infotainment (Internet in the car,
watching or downloading videos and many other applications currently available
on smartphones and tablets…).

The connection is ensured bywhatever kinds of technologies (3G, 4G, 5G, DSRC,
etc.), which are beyond the scope of this paper but which present high performances
as well as limits. Therefore, especially for connected safety systems and driving
assistance systems, the functions work under particular circumstances called ‘use
cases’ and not in any circumstances. For example, as connected technologies usually
use GPS to localize a vehicle or a person somewhere on earth, this information is
known to be not very accurate (a few meters accuracy) which prevents one from
using it for impact avoidance for example (at least for the moment).

Moreover, international standards of principles allow some consensual rules for
human–machine interaction (HMI) in order to properly design interfaces that are not
distracting drivers. These apply for any kind of manipulation the driver is in charge
of (radio tuning, navigation system use, etc.).

These systems are in full expansion, though in pre-deployment phase by now.
They deserve a lot of attention, especially to hinder possible distractive effects, to
select, amongst all systems, those which have the largest expected safety benefits,
and of course to prevent cyber-crime.

Preliminary effectiveness studies about connected driving assistance systems or
connected safety systems (and for functions such as alert of incidents, blind sport
detection and information about status of traffic lights) show that expected benefits
are positive but minor. These effects are even lower if they are considered to be ‘in
addition’ to stand-alone driving assistance systems.

11.7.2 Automated Driving

Autonomous vehicle, automated driving, self-driving cars, driverless vehicles,
unmanned driving, automated car, etc., are expressions often used to name a vehicle
(and not necessarily a car) which takes over all or part of the driving task which is
today under the driver control during a trip or a fraction of the trip. The delegation
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from the driver to the system consists of longitudinal control and/or lateral control
and/or environment monitoring, and especially obstacle detection.

Therefore, an automated car is not systematically automated continuously and
automation is not systematically complete. Automation can be conditional, partial,
high or full, depending on automation level and driving situations (so-called use
cases). A use case depicts a function of delegation, in certain conditions (traffic,
road and environment and delegation mode). For example, the ‘Traffic Jam Assist’
function often addresses the following use case: dense traffic, up to 40–50 km/h, the
vehicle drives on its lane, without any possibility of automated lane change, with
road markings (left and right), all weather conditions but fog (or lack of visibility),
when the driver can have his/her hands off the driving wheel.

Various bodies (NHTSA, SAE, OICA, VDA5, etc..) defined automated driving
levels (in general, from 0 to 5), starting from manual driving or driving assisted with
some low level of assistance, i.e., information aids (level 0) to full automation in all
circumstances (level 5). These levels are established according to the distribution of
tasks and driving authority between the driver and the vehicle, especially in situations
when an impact is predictable (Table 11.1).

Motivations for such vehicles are ecological (optimization of traffic flows and
reductions of pollution), demographical (assistance to anxious drivers, increase of
comfort, assistance to elderly drivers in some difficult/uncomfortable manoeuvers),
safety (reduction in crashes and mainly injury crashes), economical (optimization
of vehicle lifetime and use, optimization of land use) or related to quality of life
(additional time to do something else in the vehicle) (Page 2014).

The big challenges are technological (performance, reliability and robustness
of sensors and artificial intelligence), ethical and legal (are we ready to drive on

Table 11.1 Automation levels

Source OICA, vehicle standards map 2014, Ministry of Transport, New Zealand
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automated road and what is the appropriate legal framework that goes with it?)
and ergonomics (how to design driver automaton relationships that manage driving
situations, critical situations and crash risk situations better than today?).

Some driving tasks are already partially or fully automated, for example, longitu-
dinal control in certain traffic conditions (e.g., adaptive cruise control), but automa-
tion will come progressively, starting with simple use cases and then with more
complex ones (i.e., congested traffic on dual carriage ways with longitudinal control
exclusively, and then on highways at higher speeds, and then in both cases with
lateral control and possible lane change, and then in more complex environments
such as urban areas, etc.). Of course, fully automated vehicles are also experimen-
tally possible now in complex traffic, at very low speed, at a high cost, on very
well-known routes that the system learns: shuttle on reserved lanes without any
traffic will be possible sooner than usually expected.

Conditions for deploying such vehicles also concern technical certification
(homologation requires reference to technical regulations or assumption of absence
of danger related to the technology if no technical regulation exists yet) and their
compatibility with usage regulations: indeed, if a vehicle is certified but cannot be
used because of traffic laws, for example, deployment is impossible.

There are a lot of automated systems which work in certain traffic conditions, in
certain modes (eyes-on, hands-on, eyes-off, etc.), for passenger cars, public trans-
ports, other types of vehicles and on dedicated roads or public roads. There are, by
now, in the research phase or in the experiment phase, current vehicles on the market
being fitted with driving assistance systems underneath level 3 (out of 5) of automa-
tion. In other words, these are assistance systems. The driver can always act as a
supervisor (except for autonomous braking systems, but these kinds of ‘last resort’
systems are not classified in the SAE taxonomy).

Assessment of the expected safety benefits of automated driving system is starting
and the few available studies are not really convincing since they usually assert that
90% of crashes are due to human errors (meaning implicitly the driver) and that
removal of drivers would remove crashes…which is to a large extent questionable….
Driver error is most often the consequence of a combination of factors, human,
technical and situational that prevent the driver from correcting a critical situation
with which he/she is confronted (Page 2013). Error is a symptom of a malfunction
(that sometimes leads to the crash), but not a primary cause of the malfunction:
accident causes are found before the error and their influence is direct or indirect,
dependingonwhenwegoback in the accident analysis. For example, the combination
of fatigue, speed and grip problem is a group of factors that impact the situation at
the end of the accident process that ends up with a guidance error and finally a loss
of control. But, upstream this process, one can identify other intermediary causes
such as road configuration which favors speeding before entering a difficult bend,
lighting that does not allow a good bend visibility, etc.; as well as causes even more
‘indirect’ but also predominant in terms of accident prevention such as education,
information, social culture toward speed, driving, risk and safety.

An additional way of presenting things consists of considering driver errors
as limits of adaptation of drivers with critical situations to which the current
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traffic system confronts him/her. We have also to consider that ‘human factors’ are
what actually make the driving system work, more or less efficiently, despite its
shortcomings, thanks to the adaptation capabilities that are inherent in humans.

If the driver is removed from driving, driver adaptation is also removed…a loss
that has to be compensated by automated systems.

11.7.3 Frugal Engineering and Frugal Safety

In high-end countries, short-term future and mid-term future are definitely related
to automate driving and connected vehicles that allow different types of services,
especially safety services. Highly or fully automated driving, even in some specific
simple use cases such as traffic jam pilot or traffic jam chauffeur on motorways, will
definitely not come very soon since there is still room for technical improvements
to get safe and secure vehicles that will drive with non-automated vehicles on the
same roads. The more eyes-off, the more difficult. If occupants are supposed to
do something other than driving, they will of course be willing to sit in a vehicle
comfortably and not behind at the wheel seat, and not necessarily belted. Therefore,
we collectively have to think about new restraint systems compatiblewith an ‘eye-off’
traffic, i.e., ‘out-of-regular-position’-occupants!

Beside this, themost predominant barriers to the deployment of safety systems are
definitely their costs, and if most of them are considered to be effective in preventing
injuries and extending years of life, they deserve to be encouraged.

One way of doing this is frugal engineering. Frugal engineering is the process of
reducing the complexity and cost of a good and its production. Usually, this refers to
removing nonessential features from a durable good, in order to sell it in developing
countries. It also refers to make cost reductions during the process of innovation,
engineering, production and commercialization. There are many ways of doing this,
the biggest challenge is to avoid producing bad products/services at low cost in bad
conditions, which could have long-term negative effects on the brand, the whole
economy and the safety/security of products.

Current examples of low-cost safety systems can be found in smartphones, with a
lot of free or cheap applications such as lane departure warning, drowsiness warning
or forward collision warning, based on simple algorithm and the smartphone camera
as sensor, for example (or blood pressure sensor as another example). They do not
prove efficient and cannot be considered as frugal engineering as they are often
nomadic devices produced outside the OEM’s world. A step forward would be to
integrate frugal engineering as a basic paradigm for safety, so that it is for low-end
cars which present nevertheless quite good levels of quality so far.

Automated vehicles, connected vehicles and frugal safety engineering are the
three likely pillars for the future of vehicle safety based on technology.
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Chapter 12
Head Trauma Biomechanics

Remy Willinger, Caroline Deck, and Nicolas Bourdet

12.1 Introduction

Traumatic brain injury is the leading cause of death and permanent impairment
in accidents. In both the severe and mild TBI, diffuse axonal injury (DAI) is the
most common pathology. Computation of axon elongation by using finite element
head model in numerical simulation can enlighten the DAI mechanism and helps
to establish advanced tissue level head injury criteria. The main objective of this
research is to propose a brain injury criterion based on multiscale computation of
axonal elongation under real-world head trauma.

A literature review of head trauma biomechanics is presented to introduce existing
and recently proposed head injury criteria based on global head kinematics param-
eters, in terms of translational motion, rotational motion, and combined kinematics.
The state of the art in the domain of head FEmodeling is presented and also themodel
validation aspects. Finally, focus is on the development of the Strasbourg University
FE head model (SUFEHM).

For this model, the modeling technic of the three-layered skull and the establish-
ment of a skull fracture criteria based on real-world skull fracture data will be shown.
Coming to the modeling of the brain, a new generation of models will be introduced.
The implementation of new medical imaging data such as fractional anisotropy and
axonal fiber orientation fromDTI into the FE brain model was performed to improve
the brain constitutive material law with more efficient heterogeneous anisotropic
visco-hyper-elastic material law which enables it to compute axon elongation at the
time of impact.

An extensive well-documented real-world head trauma simulation exercise was
performed with this advanced head FE model including the computation of axonal
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elongation. Based on the statistical analysis, axonal strain was shown to be the most
relevant metric to predict moderate DAI. It was found that the threshold value in
terms of axonal strain for a 50% risk of moderate DAI (AIS2+) is 15% of axon
strain.

The transfer of this novel head injury prediction tool toward industry and stan-
dard organization will be addressed including virtual testing in the automotive
environment and new experimental versus numerical helmet test methods.

12.2 Existing Head Injury Criteria Based on Linear
Acceleration: Presentation and Critics

12.2.1 Introduction

Over the past forty years, a slant has been put by the biomechanical research on
the understanding of the head injury mechanisms. One of the main difficulties of
this research field is that a functional deficiency is not necessarily directly linked to
a damaged tissue. Nevertheless, an injury is always a consequence of an exceeded
tissue tolerance to a specific loading. Even if local tissue tolerance has very early been
investigated, the global acceleration of the impacted head and the impact duration
is usually being used as impact severity metric. In some previous studies, numerous
injury predictors based on translational head motions were proposed:

12.2.2 Maximum Resultant Head Acceleration

A head injury criterion which is often used because of its simplicity is the maximum
resultant head acceleration (amax). The threshold for amax depends on its application,
because of the time-dependent nature of the resultant acceleration with respect to
head injury. Maximum linear acceleration is used for many years and continues to
be used in many helmet standards Amax < N with N a value which depends on
the standard used. This criterion does not take into account the time duration of the
impact, impact orientation, the type of injuries and the rotation…

Avariation of this criterion isA3ms valuewhich refers to themaximumdeceleration
that lasts for 3 ms. Even if a “kind” of time duration is taking into account, same
limitations can be done for this criterion. The 3 ms criterion is based on the WSTC.
A3ms should not exceed 80 g (Got et al. 1978).
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12.2.3 Wayne State Tolerance Curve

The Wayne state tolerance curve is considered to be the foundation of research on
human head injury criteria. This curve evolved from the work of Lissner et al. (1960),
Gurdjian and Webster (1945), Gurdjian et al. (1961) and Patrick et al. (1963), and
give the tolerable average acceleration in A–P direction (Anterior–Posterior) as func-
tion of the pulse duration. The curve is given in Fig. 12.1. Slight cerebral concussion
without any permanent effects was considered to be within human tolerance. Only
translational accelerations were used in the development of the curve which was
obtained from different experiments with cadavers, animals, and volunteers. That
substantial acceleration causes injury over short durations, while smaller accelera-
tions require longer duration to cause injury is an assumption fundamental to the
curve formulation. The short duration part of the curve (2 < t < 6 ms) was derived
from cadaver tests in which skull fracture was chosen as injury criterion. Cadaver
and animal tests were used for the intermediate pulse durations (6 < t < 10 ms). For
this part of the curve, intracranial pressure was used as the injury criterion in the
cadaver tests and concussion was chosen as the injury criterion in the animal tests.
The long duration part of the curve (t > 10 ms) was obtained from volunteer tests.
There was no head impact in these tests, and no injuries were observed. By assem-
bling all these tests in one curve, it was assumed that skull fracture and concussion
correlate. Lissner et al. maintained that for a given duration, accelerations above the
curve lead to injury (survival hazards), while accelerations below the curve are toler-
able and cause, at most, cerebral concussion without permanent effects. Except for
the long duration accelerations, the WST-curve has never been validated for living
human beings.

Fig. 12.1 Wayne state tolerance curve the figure is divided into three parts: (1) short duration
area, obtained from cadaver experiments; (2) intermediate duration area, obtained from cadaver
and animal experiments; (3) long duration area, obtained from volunteer tests. At a given duration,
accelerations above the curve give injury, while accelerations below the curve do not lead to injury
(Beusenberg 1991)
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12.2.4 Head Injury Criterion, HIC

TheWayne state curve as described above led to the development of theGaddSeverity
Index (GSI), proposed by Gadd in 1966, which was expressed in the form:

GSI =
∫

T

a(t)2.5dt

where T = the total pulse duration, and α(t) = acceleration at the center of mass of
the head, as a function of time.

This was described as the weighted impulse criteria for which a value of 1000 was
considered unsafe. However, it can be shown that for irregular pulse shapes, there
may exist within the pulse envelope which has a value greater than that for the whole
pulse.

The GSI has received significant scientific criticism, because it deviates consider-
ably from WSUTC (Slattenschek and Tauffkirchen 1970). Thus, it was decided that
the maximum value within the pulse should be assumed to be the criterion for head
injury. This became the Head Injury Criteria, HIC, which is given below:

HIC

⎡
⎢⎣

⎛
⎝ 1

t2 − t1

t2∫

t1

aresdt

⎞
⎠

2.5

(t2 − t1)

⎤
⎥⎦

max

with: t1 and t2 (ms) any two points in time during any interval in the impact; a =
resultant linear acceleration of the center of mass of the head.

After much discussion over many years, t1 and t2 were defined to be any two times
during the entire impact duration for which HIC is a maximum value. Hodgson and
Thomas (1975) suggested that the criticalHIC interval should be less than 15ms, even
if theHICvalue exceeded the threshold of 1000 over a longer interval. His findingwas
based on examination of events where the concussive outcomes were known or could
be determined. The threshold of 1000 is still under discussion; because head injuries
were found at HIC values of 500, while HIC values of 3000 were sustained without
major injury. The benefit of HIC over peak linear acceleration is that HIC is related
to time, and it is known that pulses with the same peak value but different duration
can give a different injury outcome. Unfortunately, HIC and AIS values have never
been satisfactorily correlated. Moreover, HIC is based on the linear accelerations of
a one mass headform, HIC is based on skull fracture and not brain injury, HIC is
not specific to direction of impact, no distinctions about injuries (SDH, SAH, skull
failure, DAI), it is based on WSUTC and an important limitation of the HIC is that
head rotational acceleration is not taken into account although rotation is debated to
be the primary cause for various types of traumatic brain injury, in particular acute
subdural haematoma and diffuse brain injury (Adams et al. 1983; Gennarelli et al.
1987; Holbourn 1943).
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Moreover, Marjoux et al. (2006) demonstrated that this criterion was poor corre-
lated with observed injuries. During APROSYS SP5 project, HIC prediction was
evaluated based on Strasbourg accident database (i.e., 68 real-world accidents). In a
very first step global (input), parameters as well as HIC value have been considered
in order to evaluate the correlation of these parameters with the occurrence of head
injury. When the binary logistical regression method is used (using SPSS software
package), it appeared than HIC presents an acceptable correlation with severe neuro-
logical injury which means in most of the cases when victims are dead or in coma
for a long time. Threshold parameter for a 50% injury risk obtained with the present
set of accident is, respectively, 150 G for maximum acceleration and 1500 for HIC.
However, correlation of HIC with moderate neurological injury as well as with SDH
is poor (Marjoux et al. 2006).

12.2.5 Conclusion

Over the past years, several head injury assessment functions have evolved. Most of
them are based on the Wayne state tolerance curve. The most commonly acknowl-
edged and widely applied head injury criterion is the HIC which is based on the
assumption that the translational resultant acceleration of the head is a valid indicator
of head injury thresholds. This criterion has enabled vehicle safety to be improved.
Nevertheless, it has shortcomings and does not take into account rotational acceler-
ation and direction of impact. Furthermore, it is not clear how this injury criterion
relates to the (unknown) injury mechanisms.

A final remark concerns the tolerance levels for the injury criteria. The choice
of tolerance level depends on the headform, on the application, and on the level of
injury risk allowed. For example, the tolerance level for HIC in the helmet standard
ECE-R.22 is 2400 using a rigid headform, whereas the tolerance level for HIC in the
car crash standard FMVSS 208 (NHTSA 1972) using a Hybrid III headform is 1000.
Samemaximum value (HIC= 1000) is also required in Circular AC25.562.1b “Eval-
uation of Seat Restraint Systems and Occupant Protection on Transport Airplanes”
calculated with a Hybrid II dummy.

Brain injury is reported to correlate with stress, strain and strain rate (Lee andHaut
1989; Viano and Lövsund 1999). However, strains and strain rates inside the brain
(during impact) are difficult to measure. Advancements in computational techniques
have led to more accurate and more detailed numerical models of the human head.
These models bring a detailed injury assessment closer to reality and at tissue level,
since they enable stresses and strains to be examined.

In the next section, a state-of-the-art finite element head model is presented and
will be used in order to assess head safety in aircraft at tissue level.
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12.3 Head Modeling and Injury Criteria

12.3.1 Human Head Model

Strasbourg University Finite Element Head Model (SUFEHM), which is a 50th
percentile FE model of the adult human head, is a state-of-the art finite element head
model with enhanced brain and skull material laws (Sahoo et al. 2013a, b).

The main anatomical features included the brain, brainstem, skin, and cere-
brospinal fluid (CSF), represented by brick elements, and the skull, face and two
membranes (the falx and the tentorium) modeled with shell elements. The SUFEHM
presents a continuous mesh that is made up of 13,208 elements, including 1797 shell
elements to compose the skull and 5320 brick elements for the brain. The total mass
of the head model is 4.7 kg. The geometry of the inner and outer surfaces of the
skull was digitized from a human adult male skull to ensure anatomical accuracy.
Isotropic, homogeneous, and elastic mechanical constitutive material models were
applied to each of the SUFEHM parts except for the brain and skull.

The skull model was improved by using a composite material model which incor-
porates fracture (Sahoo et al. 2013b). The skull was modeled as a three-layered
composite shell representing the inner table, diploe and outer table of the human
cranial bone (thickness of 3 mm for the diploe layer and 2 mm each for the two
cortical layers). More information about the constitutive law and failure modes is
available in Sahoo et al. (2013b). To demonstrate the robustness of the enhanced
skull model, various parametric studies were conducted and reported in Sahoo et al.
(2015a, b).

The skull and brain mechanical parameters implemented under LS-DYNA is
shown in Table 12.1. A detailed presentation of different parts of the SUFEHM is
shown in Fig. 12.2.

The brain model was improved by implementing anisotropy based on fractional
anisotropy and fiber orientation extracted frommedical imaging (DTI) into the brain
FE model in order to mimic the main axon bundles as detailled in Chatelin et al.
(2013). The mechanical behavior of the brain model has been extensively validated
for brain pressure against intracranial pressure data from at different impact loca-
tions and brain strain in accordance with experiments (Nahum et al. 1977; Trosseille
et al. 1992; Hardy et al. 2001, 2007). The maximum difference of peak pressure was
under 5% between simulation and experimental data. Further, this model was used
for real-world head trauma simulation in order to derive brain injury criteria.

12.3.2 Accident Database

An important step in the current study is the presentation of the head trauma database
which will be used for the simulation of the head impacts and from which brain
injury criteria will be derived. The accident database used consists of 109 cases
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Table 12.1 Skull and brainmechanical parameters of the SUFEHM implemented under LS-DYNA
(Sahoo et al. 2013b, 2016a, b)

Skull mechanical parameters

Parameters Cortical bone Diploe bone

Mass density (kg/m3) 1900 1500

Young’s modulus (MPa) 15,000 4665

Poisson’s ratio 0.21 0.05

Longitudinal and transverse compressive
strength (MPa)

132 24.8

Longitudinal and transverse tensile strength
(MPa)

90 34.8

Brain mechanical parameters

Matrix C10 = −1.034 kPa C01 = 7.809 kPa

Fibers C3 = 13.646 kPa C4 = 4.64 * FA

Viscoelasticity S1 = 4.5 kPa; S2 = 9.11 kPa T1 = 1 × 109 s−1; T2 =
6.8966 s−1

Fig. 12.2 Illustration of the different parts of Strasbourg University finite element head model, the
different colors shown for brain represent the 5320 brick elements of brain and have different FA
and anisotropy vector

collected from different existing accident databases and involving pedestrian, motor-
sport, American football player, and motorcycle accidents. In each database, the
accident report consists of the final position of the pedestrian and vehicle after the
accident, skid marks on the road and vehicle, type of vehicle, vehicle speed, impact
position of the pedestrian on the vehicle, and the condition of the road at the scene.
The medical report includes the victim’s age, gender, height, weight, and details
of injuries sustained by the victims. For each of these accidents, the head impact
conditions were investigated in partnership with a number of institutions as briefly
exposed here after and exposed in more details in Deck and Willinger (2008):

• Six motor sport accidents were collected from Formula 12.1 accidents.
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• A total of 11 well-documented motorcycle accident cases were collected from
European cooperation in science and technology (COST) 327 accident databases.

• Twenty-two American football impact events were collected.
• Seventy pedestrian accident cases including 15 well-documented pedestrian acci-

dents collected from in-depth Investigation of the Vehicle Accidents in Changsha,
China (IVAC) database, 28 pedestrian accidents from the “German In-depth Acci-
dent Study” (GIDAS) database, 7 pedestrian accidents from the “Centre for Auto-
motive Safety Research” in Adelaide, South Australia database and finally 12
pedestrian accidents collected from the Tsinghua accident database plus 8 cases
collected from the Crash Injury Research (CIREN) accident database.

The 70 pedestrian accident cases were reconstructed in previous studies by using
MADYMO software. From this multi-body replication of the pedestrian kinematics,
the information about the velocity of the head just before the impact, impact location,
and orientation of the head were obtained.

Concerning motorcyclist accidents, American football player impacts and FIA
cases, the 3D head acceleration fields were recorded during experimentations which
have been done in the COST project for motorcyclist’s cases, for American football
player accident cases and FIA cases, respectively. For all these experimental accident
reconstructions (39 cases), the 6 accelerations versus time curves (3 linear and 3 rota-
tional accelerations) recorded at the center of gravity of the dummy were transferred
to Strasbourg University and considered as input for the numerical simulation of the
head trauma.

Finally, the 109 head trauma cases were divided into two groups, i.e., with DAI
(27%) and without DAI (73%). The distribution of pedestrian head impact locations
on the vehicle windscreen for all 70 pedestrian cases is illustrated in Fig. 12.3.

In Fig. 12.3, the different markers represent the injury severity sustained by the
victims according to the Abbreviated Injury Scale (AIS).

Fig. 12.3 Distribution of pedestrian impact locations on vehicle windscreen for the 70 well-
documented pedestrian accident cases
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12.3.3 Head Trauma Simulations and Statistical Analysis

The methodology for accident reconstruction is composed of several steps, as
described in Fig. 12.4. The foremost step is to develop a well-documented database
as exposed previously. The next step is to get the victim kinematics. The accident
cases were divided into two categories: pedestrian accident cases in which there was
a direct head impact against the windscreen and the other accidents cases (motor
sports, American football, and Formula 12.1 accident) for which the experimental
6D head acceleration fields were implemented at the center of gravity of the head.
For these latter cases, the skull was assumed to be rigid which is acceptable as only
helmeted victims are in this group and none of them presented any skull fracture.

Fig. 12.4 Methodology for numerical head trauma simulation. Pedestrian cases are driven by head
orientation and initial velocity, and the other cases are driven by the 6D acceleration curves
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For the simulation of the 70 pedestrian head impacts, a realistic FE windscreen
model was used as all of the victims impacted the head against the windscreen Deck
and Willinger (2008). Proposed was a three-layer composite model (double-layered
glass and PBV-tied model). Validation of the windscreen model was performed by
comparing the numerical and experimental accelerations at the center of gravity of
the headform under controlled experimental impacts as well as glass crack patterns.
The head finite element model was propelled against the windscreen model at the
same location observed on the accident’s scene. The loading condition was the rela-
tive head position and the initial velocity between the head and the windscreen at
the time just prior to the impact as computed from the victim kinematic simula-
tion. For the cases which did not require a windscreen, the loading condition was
obtained by implementation of the 6 head accelerations curves (3 linear and 3 angular
accelerations). A total of 39 cases were reconstructed by this method.

For the 109 head trauma simulations, Von Mises stress, Von Mises strain, and
axonal strain were computed. The Von Mises stress and Von Mises strain were
extracted from the simulation results by LS-DYNA post processing tool. For axon
strain calculation, a dedicated Python program was used to extract the Green—
St-Venant strain tensor (also called the Green-Lagrangian strain tensor) for each
brain element (5320 brick elements) from the LS-DYNA output data. Then these
strain tensors are oriented along the main anisotropy direction �lel of each element to
calculate the axonal strains during the total time duration of the simulation for each
element. The axonal strain, noted εaxon, is calculated based on Eq. 12.1.

εaxon =
(
ε × �lel

)
· �lel (12.1)

where �lel is the axonal orientation vector per element and ε the strain tensor per
element. In the current study, head injury criteria (HIC) is also evaluated for all the
109 head trauma cases. HIC is a head kinematics-based injury criteria widely used to
access head injury. The head injury criterion (HIC) was related to the work of Gadd
(1966) as mentioned earlier and defined in equation in Eq. 12.2.

HIC = max
(t1,t2)
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where a (m s−2) is the resultant linear acceleration measured at the center of gravity
of the Hybrid III dummy head. t1 and t2 (ms) are chosen in order to maximize the
HIC value. The maximum time duration (t2 − t1) was set as 36 ms at first; however,
current standards use 15ms and correspondingHIC15 was used in the current study.A
HIC15 of 700 was estimated as a 5% risk of AIS4+ head injury. For adult pedestrians,
a HIC value of 1000 within a time window of 15 ms has been proposed as an injury
tolerance level for severe head injuries.
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In order to define the best suitable parameter to predict DAI, statistical analysis
was carried out for the mechanical parameters calculated numerically. The aim of
the statistical analysis is to provide a means of assessing the capability of a number
of variables to predict brain injury.

Binary logistical regression was used for this assessment and carried out using the
version 18.0 release of the statistical software package (SPSS). This method involved
fitting of a regression model between possible brain injury metrics (x = Von Mises
stress, Von Mises strain, brain axon elongation, and HIC). With this method, the
probability of brain injury (DAI) is defined as in Eq. 12.3.

P(x) = ea+bx

1 + ea+bx
(12.3)

where a and b are two parameters calculated by regression.
The candidate parameters (Von Mises stress, Von Mises strain, axon elongation,

and HIC value) were then compared using the Nagelkerke R2 statistic (where the
limits for this measure are 0 for a poor fit and 1 for a good fit) to determine which
head injury metric provides the best correlation with the occurrence of brain injury.

12.3.4 Derivation of Injury Criteria

Head trauma simulations of 109 well-documented accident cases were performed
by using an advanced FEHM under LS-DYNA platform. The results in terms of
maximum of Von Mises stress, Von Mises strain, and axonal strain with occurrence
or not of brain injury are shown in Figs. 12.5, 12.6 and 12.7. The white columns
represent the cases without DAI, and the black columns represent the cases with DAI.
The min–max range for Von Mises stress, Von Mises strain, and axonal strain are
21–205 kPa, 0.006–2.47, and 0.02–0.43, respectively. It appears from Fig. 12.7 that
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Fig. 12.5 Von Mises stress calculated for all the accident cases reconstructed using an advanced
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Fig. 12.6 Von Mises strain calculated for all the accident cases reconstructed using an advanced
FEHM
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Fig. 12.7 Axonal strain calculated for all the accident cases reconstructed using an advancedFEHM

axon elongation presents low overlap of injured/non-injured cases. This observation
will now be objectively confirmed by the statistical analysis.

The HIC was also calculated for 109 head trauma cases as shown in Fig. 12.8.
The maximum time duration (t2 − t1) was set as 15 ms, and corresponding HIC15

was computed according to Eq. 12.2. It is observed from Fig. 12.8 that there is a

Fig. 12.8 HIC value calculated for all the head trauma accident cases
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Fig. 12.9 Injury risk curves to predict probability of skull fracture (a, left) by addressing skull
strain energy and moderate DAI (b, right) (moderate diffuse axonal injuries which means loss of
consciousness AIS2+, possible reversible brain injury) by addressing axon strain

considerable overlap of injured/non-injured cases by taking in to account HIC for
predicting DAI.

The statistical analysis for the 109 simulated head traumas is carried out by using
binary logistical regression as exposed in the previous section. The candidate param-
eters for predicting injuries (DAI) along with their Nagelkerke R2 value were calcu-
lated. It appears that axonal strain presents the highest R2 value with a value of 0.876,
whereas for Von Mises stress, Von Mises strain, and HIC, the Nagelkerke R2 values
are 0.502, 0.446, and 0.055, respectively. Hence, axonal strain is the most suitable
parameter to predict DAI.

Based on this statistical analysis, the injury risk curve for predictingDAI is plotted
as shown in Fig. 12.9b. The solid black circles represent the cases for which injury
occurred, and the white circles are representative of non-injured cases. From this
injury risk curve, the critical axon elongation for a 50% risk of DAI is obtained
and corresponds to an axon strain of 0.1465. Injury risk curves to predict proba-
bility of skull fracture by addressing skull strain energy are obtained with a similar
methodology and reported in Fig. 12.9a.

12.4 Conclusion and Applications

A state-of-the-art finite element head model with enhanced brain and skull material
laws which enable it to compute axon elongation was used for numerical simulation
of real-world head trauma to develop a robust head injury criterion. A total of 109
well-documented TBI cases were simulated, and axon elongations were computed to
derive a brain injury tolerance curve. Based on statistical analysis, it was shown that
axonal strain was the appropriate candidate parameter to predict DAI. The proposed
brain injury tolerance limit for a 50% risk of DAI has been established at 14.65% of
axonal strain. The proposed threshold in terms of axonal strain is in accordance with
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studies reported in the literature. Head kinematics-based metric (HIC) has also been
computed for all head trauma cases to compare its capability to predict brain injury
with the new axon strain-based metric. Results demonstrated very poor correlation
of HIC with injury compared to axon strain. It is therefore concluded that the present
study provides realistic methods and tools for advanced model-based head injury
risk assessment and mitigations.

The developed head injury prediction tool can be applied in a “full FE approach”
when a FE model of the protective system exists. In this case, the head–structure
interaction can be simulated and it is possible to assess the head injury risk directly
for this simulation. For protected head impacts, when the skull fracture is unlikely
to appear it is possible also to implement a “coupled experimental versus numerical
approach.” In this case, the head 6D kinematic is recorded from the experience
and considered as the initial condition of the head impact simulation as shown in
Fig. 12.10. This coupled experimental versus numerical method permitted also to
propose novel helmet testmethodswhich consider oblique impactswith the recording
of the 6D headform kinematic and followed by the numerical assessment of the brain
injury risk as shown in Figs. 12.11 and 12.12.

Fig. 12.10 Illustration of the coupled experimental versus numerical test method

Fig. 12.11 Illustration of the three tangential impact conditions introducing angular acceleration
around Y axes (called Fy+ and Fy−), X axes (called Lx) and Z axes (called Lz)
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Linear Accelera ons

Rota onal Accelera ons

Standard Parameters

SUFEHM Assessment of Brain Injury Risk

Improved M odel Based Head Injury Criteria
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Experimental 
Test The 18 impact tests are simulated using

SUFEHM 

Fig. 12.12 Illustration of the new helmet test method: a total of 18 linear and oblique impacts are
conducted and simulated with the model-based head injury prediction tool
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Chapter 13
Urban Transport Planning in the Age
of Global Warming

Hermann Knoflacher

13.1 Introduction

13.1.1 48 Years After “Global Warning”

“Limits to Growth” was the first report to the Club of Rome analyzing physical
parameters of human activities by comparing themwith the available resources of the
globe. (Meadows et al. 1972) The report was translated in all major world languages.
Deane and Dennis Meadows have shown that the existing exponential growth of
population, use of resources, growing air pollution cannot continue in a limitedworld.
It was the first global warning for humankind that the continuation of resource use
and energy wasting of the industrial society cannot be sustainable (Fig. 13.1).

Radical changes in the system were recommended, but not accepted by politi-
cians, experts and the society. If the politicians had accepted the report and acted
accordingly, a sustainable future of the globe would have been possible after 1972.
But this did not happen. Today, we know that there is no sustainable future for the
human society any more. The global system is in a state of overshoot and collapse.
Professor DennisMeadows explained inmany lectures and publications that changes
in the next 20–30 years will be much bigger than the changes we had during the last
100 years. Through the exploitation of fossil energy, mankind has succeeded in
exceeding the ecological carrying capacity of the planet. The ecological footprint
as an indicator for human activities is 30% over the carrying capacity of the globe
(Wackernagel and Beyers 2010) (Fig. 13.2).

This is only possible due to the enormous use of fossil fuel. The industrial civi-
lization of today is depleting every year an amount of fossil energy stocks which
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Fig. 13.1 Human and global indicators for different scenarios, analyzed by Dana and Dennis
Meadows. Left side: sustainable development, if all recommendations for system change would
have been implemented after 1972; Right side: the most probable future under prevailing conditions
(Meadows et al. 1972)

have been stored in the globe for hundred million of years. The amount of energy
released to the atmosphere as heat is greater than the release of energy as heat from
the atmosphere to the outer space (Fig. 13.3).

Carbon dioxide, methane and other gases contribute to the global land–ocean
temperature anomaly since the 1950s. Studies from the IPCC give the evidence of
changes in the climate system. Themean surface temperature anomaly between 2001
and 2005 has never happened during the history of mankind as world wide effect.
Land precipitation has changed significantly. Increases of precipitation in the north
and decreases of precipitation in the south, where it is mostly needed, have been
observed in the last decade. Since 2007, the surface temperature of the earth has
continued to rise (IPCC 2019) (Fig. 13.4).

13.1.2 The City

The city is a man-made environment, developed over the last 7000 years of human
history. The precondition for a city is a developed social system among a group of
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Fig. 13.2 Ecological footprint has exceeded the theoretical maximum carrying capacity of the
global system about 30 years ago and is now 30% above the carrying capacity of the Earth (the real
carrying capacity has gone down due to human activities) (Wackernagel and Beyers 2010)

Hansen, James et al. (2006) 
Proc. Natl. Acad. Sci. USA

103, 14288-14293
Copyright ©2006 by the National Academy of 

Sciences

1951-1980

Fig. 13.3 Global land–ocean temperature 1880–2004 (The NASA Goddard Institute for Space
Studies 2009). Source: Hansen James et al. Global Temperature Change. Fig. 1. Proceedings of the
National Academy of Science of the United States 2006
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Fig. 13.4 Changes in precipitation (IPCC 2007). Source: National Center for Atmospheric
Research Staff (Eds). Last modified 27 Feb 2020. The Climate Data Guide: GPCC: Global
Precipitation Climatology Centre

people much greater than a family, a tribe or a clan, the urban society. Whenever we
look at a historical urban structure, we find similarities in the pattern of the urban
fabric, (Fig. 13.5 shows the city map of Venice with the street network), the built
environment, the network of public space determined by the scale of the pedestrian.

It is the network of streets and places, the expression of human scale, whether the
cities are in Asia, Europe or an other continent, where urban civilizations appeared.
Maps from cities built before engine-driven transport systems have been imple-
mented, show a similar scale in their network of streets and comparable distances
between places (Koch 1990). It is also interesting that during this time the wealth of
the society was distributed equally worldwide. There were no extremely rich and no
extremely poor regions or states till 200 years ago.

Figure 13.6 shows an image of Gent city in the middle age.
There have always been large differences between poor and rich, as in any society,

but globally, the mean value of wealth was fairly evenly distributed until the nine-
teenth century. The major part of the population lived in rural areas, and only a
minority was living in cities.
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Fig. 13.5 Map of Venice, the car-free city since many hundred years

Fig. 13.6 Human scale city: image of Gent in the middle age
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13.1.3 Urbanization

The last century shows an increasing growth of cities worldwide. The share of global
urban population has increased from less than 30% to more than 50% in 2007.
Urbanization of this scale is only possible, if the population in the cities has easy
and cheap access to food, energy, freshwater and clean air. But this requires efficient,
reliable and fast means of transport that provide access to resources that are not in
the immediate vicinity of the cities. These transport chains may be endangered in
the age of global warming or other influences, a question that has not been asked in
urban and transport planning so far (Fig. 13.7).

This process of urbanization goes hand in hand with the total energy consumption
of mankind. Cities are dependent not only on the inflow of energy and resources but
also on the outflow of waste water and polluted air. The ecological footprint of the
urban population is much greater than the area covered by the city. In the last century,
the energy use shows an exponential increase (Figs. 13.8 and 13.9).

Global urbanization is in a self-reinforcing interrelationship with these enormous
energy consumption.

Fig. 13.7 Rapid increase of urban population since 1950 (Norton 2016). Source: Levels and trends
of urbanization in selected countries (Population Facts UN Department of Economic and Social
Affairs. Nr. 1/2018)
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Fig. 13.8 World energy consumption total, left and per capita and year right (BPStatistical Data and
MaddisonData) https://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-
charts/. World Energy demand and outlook till 2050. (Source: Namit Sharma, Bram Smeets, and
Christer Tryggestad McKinsey Quarterly April 2019
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Fig. 13.9 Share of urban population goes hand in hand with fossil energy consumption (chart:
author). Source: Graph Author, Data https://en.wikipedia.org/wiki/World_population

13.1.4 Political Indicators and Their Effects on the Globe

For national politicians, an indicator has become central importance since about
50 years: the Gross National Product, expressed in money terms as US Dollars. The
global economy is driven by fossil fuel in the industrial age (Fig. 13.10).

Understanding systems, money is nothing else than energy, GDP is highly corre-
lated with energy use of the society. It is therefore not astonishing that global temper-
ature increases with the GDP. The politically targeted increase in GDP has therefore
led to the emission of CO2 in the atmosphere, which can no longer be absorbed in the
natural cycle. One consequence of this is global warming, to which transport directly
contributes about one third.

https://ourfiniteworld.com/2012/03/12/world-energy-consumption-since-1820-in-charts/
https://en.wikipedia.org/wiki/World_population
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Fig. 13.10 Global energy consumption—global GDP (BP 2014). Source: Correlation of Energy
Consumption and GDP. European Environmental Agency Feb. 2015 https://www.eea.europa.eu/
data-and-maps/figures/correlation-of-per-capita-energy

The correspondence of Fig. 13.11 with the global energy consumption (Fig. 13.8)
shows the effect on climate change. If politics continues to orient itself exclusively
toward GDP growth without decoupling it from the consumption of fossil energy,
this will inevitably lead to further global warming. Due to the massive urbanization
since the last century, cities and thus urban transport play a central role.

Fig. 13.11 CO2 and green house gas emissions (Ritchie and Roser 2017)

https://www.eea.europa.eu/data-and-maps/figures/correlation-of-per-capita-energy
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Fig. 13.12 GDP and happiness. Figure taken from Layard (2005)

13.1.5 What is the Main Goal of Economic Activities?

The overall goal of each economic activity can only be the satisfaction of peoples
need, the “happiness” of people. Capitalism assumes that happiness is increasing
with the amount of available money. This is true only for the subsistence level and
not further (Layard 2005, 2020) (Fig. 13.12).

The relationship between GDP, the scale for economic activities and happiness
of people is logarithmic. The happiness indicator of the countries within a wide
range of individual income (GDP/capita) is not significantly different, showing that
income is determined by other variables from a certain value on. Indian people are as
happy as people in Spain, although their relative income is much lower. Bangladesh,
Nigeria,Brazil andChinahavehappiness indicators in the rangeof southernEuropean
countries. Peru and South Africa have much lower happiness indicators compared
to countries mentioned above due to their political system and the local situation.
It is not GDP what matters, and it is happiness of people—at least over a certain
minimum level of income.

13.1.6 The Transport System

Is the close relationship between income and car ownership a fate? With increasing
income in most countries of the world, an increase of car ownership can be observed.
Oneof the core hypotheses of traditional transport is basedon this relationship (Kopits
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and Cropper 2003). This seems to be a kind of “law”, if there were no exceptions.
But there are two city states which demonstrate that the increase of income can be
decoupled from the increase of car ownership (Fig. 13.13).

A very low level of car ownership income has not prevented people from Hong
Kong and Singapore to have a high level of income, comparable with the rich indus-
trial countries. In both “city states”, the administration was able to organize a set of
rules to keep the car ownership low and to provide the society with other means of
mobility like public transport, in accordance with a good land use policy in order to
save money, space and energy. These two city states prove that the linear relationship
between wealth (GDP) and motorization is not a law of nature and must therefore be
questioned. Due to the uncontrolled development of road transport, this sector uses
more than two third of oil in the USA (Fig. 13.14).

The contribution of the transport system to global warming is not only energy to
operate vehicles but also fossil energy to build, operate and maintain the transport
infrastructure as well as the residential and service sector. Due to the effects of car
traffic on the urban structures, urban maintenance cost, services for road lightning
and other parts of infrastructure are increasing more than proportionally. Today, we
are in a situation that oil discovery rates aremuch less that the rate of use (Fig. 13.15).

Fig. 13.13 Per capita GDP—motorization (Kopits and Cropper 2003)
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Fig. 13.14 US fuel consumption by sector 2004. Transportation uses more than 2/3 of oil in the
USA (data from Ratner and Glover 2014)

Fig. 13.15 Increasing difference between discovery and oil consumption (Tverberg 2012)

13.1.7 From Fascination to Addiction

In order to understand the effects of technical means of transport on people, their
evolutionary experience with spatial mobility must be considered. For six million
years, humans havebeenmobile as pedestrians, an energy-intensive formof transport.
Few have been able to afford the luxuries of riding and draught animals in the
last 2000 years. The desire for effortless mobility was therefore a human dream.
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Experts, politicians and society were fascinated by the opportunities offered by the
new technicalmodes—the rail and especially the car. The cities got newopportunities
to reach the countryside and therefore human andmaterial resources in big quantities
as never before. The breakthrough for the society was the car giving the users access
to high speed, effortless at the same time (Fig. 13.16).

On the scale of human evolutionary experience, the last 200 years are less than
an instant. This technical progress was so impressive that disciplines were quickly
established to extend the advantages of spatial expansion and effortless movement.
They concentrated mainly on the car. Mobility soon meant driving a car. The associ-
ated system effects were ignored, and personal experiences were extrapolated to the
system of city and transport. Traditional transport and urban planners were educated
to provide everything what was needed for the new technical transport mode. They
transformed the human scale city into an environment for parking and driving private
cars (Fig. 13.17).

Transport and urban planning was not made any more for people, and transport
and urban planning was made for vehicles, machines—first the rail-based public
transport system and in the twentieth century for the car. Car traffic became the
center of planning. Observations of car traffic and personal experiences became
basic assumptions for planning.

The research was mainly interested in diligent traffic and road capacity and
concerned with the description of car traffic manifestations, developed models and
the design of roadways. System effects beyond these technical limits were only
considered when serious problems such as accidents and later noise and exhaust
pollution arose.

Fig. 13.16 On the scale of evolution of human being, the increase of travel speed happened in an
instant during the last 100 years. Source: Drawing Author=Knoflacher
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Fig. 13.17 What was the reason that people convert the public space into a place for cars, when
motorization begin? (city Pristina 1995, photo: author)

“Growth of mobility”, “time savings through speed” and “freedom of choice of
transport mode”were taken for granted and not questioned. In Europe, but also in the
USA, there were increasingly contradictions between the expectations raised and the
real system behavior that needed to be investigated. Data from household surveys
showed no increase in the average number of trips with increasing motorization.
Worldwide, this figure is around three trips per person per day. It was also found in
the 1970s that neither the travel time budget nor the distribution of travel times of the
modes of transport provided evidence of a reduction in mobility time (Zahavi 1974;
Knoflacher 1986; Schaffer et al. 2000). The scientific study of the system behavior
of city and traffic proved that there is no increase in mobility due to more car traffic
if it is defined in a meaningful and purposeful way. Because every road always has
a purpose! There was also no evidence of a decrease in mobility time worldwide
(Schafer et al. 2000). When the speed increases, only the distances increase because
the structures change (Knoflacher 1986).

The effects are known and visible: urban sprawl on the one side and concentration
of economic activities—mostly outside of the city (Fig. 13.18).

High speeds of the individual transport system created the unlimited city, the city
without borders, with a plenty of space for cars, but not people on the streets. Public
space was converted into carriageways cutting the urban living structure into pieces.
The advantages of this development for the residents were obvious, living in a private
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Fig. 13.18 Urban sprawl and high rise building characterize the car-city. Source: Photos author

home. The disadvantages came later, because apart from private homes there were
no complementary functions nearby. Today, one begins to recognize this undesirable
development and strives for improvement.

13.1.8 Future Outlook

The future outlook concerning global warming can be at least estimated and is not
at all encouraging. To prevent a horrible future for human kind, it will be necessary
to reduce the amount of fossil energy in industry, transport and households. We will
also be forced not only to reduce the destruction of natural habitats through urban
sprawl and deforestation, but also to revitalize them.

13.1.9 Consequences for the Urban Transport System

The choice in scientific terms is not difficult: Nonmotorized transport system users
are more than hundred times more energy efficient than car users. All kinds of urban
public transport are at least ten times more energy efficient than cars (Figs. 13.19
and 13.20).

Pedestrians, cycling and public transport also use public space one to two orders
of magnitude more efficiently than car traffic.

In view of global warming, urban transport must significantly reduce its energy
consumption and land requirements.
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Fig. 13.19 Energy efficiency of existing urban transport modes. Source: Drawing Author
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Fig. 13.20 Fossil energy use of common urban transport modes (megajoule per trip). Source:
Drawing Author

13.1.10 The Big Advantage of Urban Economy
in Developing Countries

The economy in Delhi in the walled city is probably one of the most efficient in the
world. The turnover in money terms per square meter in the small shops is at least as
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Fig. 13.21 Historical urban center of Delhi, the walled city is a model for a sustainable city (photo
credit: author). Source: Photo Author

big as the turnover per square meter in western shopping centers. Since the transport
system in Chandni Chowk is mainly based on pedestrians and cyclists, the efficiency
is more than hundred times better than in the western car-oriented societies. This
kind of economy exists since many hundreds of years. The shops in this city center
still correspond to the ideal ideas of a fair functioning market (Fig. 13.21).

Only the most efficient urban transport system pedestrians, cyclists and rickshaws
in combination with public transport are sustainable in the long term. It is the proto-
type for the future economy of urban structures as studies show also in western
cities.

The energy consumption in transport per unit of goods in car-oriented shopping
centers is ten to twenty times more, compared to local shops in urban street. These
are results from a western society with a degree of motorization of 600 cars and more
per thousand inhabitants (Fig. 13.22).

In order to cope with global warming, the city must offer its inhabitants protection
from high temperatures and security against extreme weather events. A good city
must provide a secure environment with a dense social network where children,
women and senior citizens can have a happy live. The city should also be competitive
and satisfy human needs in the best way. The demand for space and the speed of
car traffic hindered these relationships in the existing historical parts of the cities,
and the complex and diverse structure was broken down into monofunctional units.
Urban planning, influenced by the Charter of Athens, divides the city according to
monofunctional units into residential areas, commercial zones, traffic areas in two
dimensions, which used to be three dimensional.

If the city is to be prepared for climate warming, the planning task is to redesign
the transport system tomake it more climate-friendly and to give preference tomodes
of transport that do not have a negative impact on the climate. Pedestrians, cyclists
and public transport must once again be given priority over cars. Car traffic especially
in the age of global warming has to be necessary only for special services.

For 7000 years, all city streets were pedestrian streets. In the last 100 years, the
functions of public space were converted into priority space for fast moving vehicles.
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Fig. 13.22 Shopping centers outside of the city, compared to comparable shops in urban streets,
need a much high transport energy input per item bought. Source: Author survey. Knoflacher 1997
Untersuchung der verkehrlichenAuswirkungen von FachmarktagglomerationenWien,MA18 1997

In a place in which one false movement can kill the people, probably nobody would
like to live (Fig. 13.23).

Is this the city you like to live in? Is this the place in which your children would
like to live? Is this the place for your age time? Is this the result of what is called
“progress”?

But this is exactly the public space of today. Different from other challenges such
as health or education, urban transport has not improvedwith economic development,
and it became even worse (Fig. 13.24).

These and many other examples—in Vienna, for example, a church was demol-
ished to make way for car traffic—raise the question of what happened that led to
this change in urban and transport planning. Car traffic has cut the city into parts and
destroyed the urban fabric and the urban functions. People living in a street with less
than 200 vehicles per peak hour have 7.6 acquaintances and three friends on the other
side. With 2000 vehicles per hour, they have less than one friend on the other side
and not more than three acquaintances on the other side of the street (Fig. 13.25).
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Fig. 13.23 Traffic safety
campaign poster. Source:
Adams John, RSA Lecture
Hypermobility too much of a
good thing 2001

Fig. 13.24 Buildings of the old city of Shanghai were cleared away to make way for this traffic
system. The former center of Shanghai had a dense street network (Map of Shanghai 1933). Source:
Photo Autor

13.1.11 Unintended Effects of Car Traffic on Human
Behavior

Donald Appleyard has demonstrated that the destruction of the internal relationships
is vital for a vital city and that is created even by small amounts of car traffic. Car
traffic is cooling social relationships by heating up the atmosphere. A further effect
of global proportions, to which car traffic, which hinders active forms of mobility in
cities, has contributed, is the obesity of the motorized population: Car cities produce
fat people (Fig. 13.26).
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Fig. 13.25 Increasing car traffic—less friends and less acquaintances on the other side of the road
(Appleyard 1981)

Decades of uncontrolled suburban sprawl conceived around the motorcar have
left the people unable to walk, even if they wished to go. If the social network
in the cities is destroyed, crime will grow. This has been proved by analyzing car
increase and crime increase in Great Britain between 1903 and 1995 (Whitelegg
1994) (Fig. 13.27).

The rate of crime increased in accordance with the rate of car ownership. When
human’s eyes and ears do not control the public space since it has become an area
of air pollution and noise, public space becomes unsafe. The society is going in an
Orwellian society. As car traffic grows, so does crime.

Elevated motorways and flyovers are transport structures to damage the urban
fabric and devaluate urban life. They are promoting the car-city and a driving force
for global warming (Fig. 13.28).

The isolated treatment of car traffic without due consideration of the effects on
other road users and on the city as a whole is shown by calculations based on car
units. Starting from the elementary transport equation, the flow of cars per unit of
time is determined without considering the causes of these car trips (Fig. 13.29).

The basic formula, to calculate traffic flow, is valid in the cross section of a road.
This calculation is used to justify the need for the construction and upgrading of
roads. It only takes a few years until a city highway, which was built to avoid traffic
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Fig. 13.26 Car mobility makes people immobile, not only in the USA. Source: Adams John, RSA
Lecture Hypermobility too much of a good thing 2001

0

200

400

600

800

1000

1200

19
03

19
20

19
36

19
46

19
56

19
66

19
76

19
85

19
95

Cars

Crime

Fig. 13.27 Cars and crime in Great Britain 1903–1995 (1951 = 100). Source: Adams John, RSA
Lecture Hypermobility too much of a good thing 2001
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Fig. 13.28 Elevated motorways and flyovers damage the urban fabric, create social degradation
and cut the urban body into pieces. Source: Photo Author

Q  =   D    x     VMeasure to 
remove a local
Bottleneck

short term

Fig. 13.29 Basic formula to calculate traffic flow (Q measures number of vehicles per hour, D is
number of vehicles per km, and V is km traveled per hour). Source: Author

jams, does not only not prevent traffic jams, but itself becomes the source of an even
bigger traffic jam (Fig. 13.30).

In the system, the same formula is valid. If local density is reduced, the car system
becomes more attractive. This creates more car users, driving with higher speed in
the system, which finally creates more car kilometers and ends up in congestion
(Fig. 13.31).

This is how the problem treatment becomes the cause of the problem. As a side
effect, these measures damage the urban fabric and finally the city. Global warming
as a consequence is inevitable.

The urban transport system in the age of global warming must be much more
intelligent and less energy consuming. Traffic engineeringmust use problem-solving,
instead of problem-creating measures (Fig. 13.32).

Pillars from elevated motorways like in Shanghai and other cities will be
wondering what the society who has created these structures thought. It will be
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Fig. 13.30 Since decades, one tries to solve the traffic jam problem by even more road construction
and therewith, one only creates the mega jam in the cities from Los Angeles to Beijing, from
Stockholm to Bangkok

Q  =   D    x     V
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Fig. 13.31 Feedback effects from local measures on the transport system, which create increasing
congestion. Source: Author

Fig. 13.32 What will people think, when they uncover pillars from this infrastructure 500 years
from now? Source: Photo author: https://www.bing.com/images/search?q=osterinsel+photos&id

https://www.bing.com/images/search?q=osterinsel+photos&amp;id
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a view on our society as we have it today to the Eastern Island monuments. The
Eastern Island society was not able to understand the natural environment in which
they lived. They cut palm trees faster than they could regenerate. Finally, they were
trapped on an Island without being able to escape from it. The Eastern Island civi-
lization and the culture disappeared—as much as we know in a terrible degradation.
Considering the exponential acceleration of climate change, it is urgently necessary
to prepare the existing urban and transport structures for the future in a more climate-
friendly way. Walking, cycling and public transport are better suited to this scenario
than private car traffic because of their characteristics.

Concerning spatial efficiency, these three modes pedestrians, cyclists and public
transport use a similar amount of public space. Cars are also in this respect totally
inefficient (Fig. 13.33).

Pedestrians, cyclists and public transport users have a high social connectivity.
Car users are isolated. The transport system for cities in the age of global warming
must serve a dense city with at least 150–300 people per hectare. A city of this
structure has not enough space for car traffic.

Space m2/people

Occupancy
1,4 P/car

10,7 75,3 199,0

0,95

1,2 6,7

1,040% occup.
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Sto, walk 30 km/h 50 km/h
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7,2

Efficient inefficient use of space
sustainable not sustainable
Social connectivity high No social connectivity

Fig. 13.33 From the point of rational science, the answer is simple. The modes on the left side are
much closer to sustainability than the car on the right side. Source: Author
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13.1.12 The Competitive Advantage of Developing Countries

The so-called developed countries and their cities have built an extended infras-
tructure for a transport system, which does not fit into the future. The degree of
motorization is far too high and therefore not sustainable. Since the city-damaging
effects of car traffic are known in European cities, they try to restrict car traffic
and promote pedestrians, cycling and public transport. Countries with a low degree
of motorization have the big competitive advantage if they can prevent fundamental
mistakes happened in the western society by copying the American transport system.
But there is a danger for the cities in the developing world: the exponential increase
of car ownership. Cars and motorized two-wheelers are increasing exponentially,
also in Delhi. The forecast for different regions of the world shows that Asia has the
expected greatest growth of cars.

13.1.13 The Race Against Time

Fossil energy use started in 1930 in the transport sector in a big scale and has reached
the peak in this decade. Global warming is now on the way and will increase in the
next few hundred years (Fig. 13.34).

The action time for cities is therefore very limited. Since pedestrians and cyclists
are available and should be supported as much as possible, public transport has a key
role in the transition period.

13.1.14 The Crucial Role of Available Budget

To be successful, cities in countries with a low degree of motorization should react
quickly. Theymust develop an efficient public transport system before car ownership
increases toomuch. Therefore, they have to choose carefully and responsible between
the existing kinds of public mass transport. They have the choice between metro or
underground, urban rail, light rail, tram and busses. European cities had the advantage
that their mass transport system was built before the motorization started. Some of
the cities made the mistake to demolish the public transport system in the era of
blind car enthusiasm imported from the USA. Since they have recognized that this
was a fundamental mistake, they invest no into new tramlines, bus priority lines and
restrict car traffic (Fig. 13.35).

Concerning construction costs of urban public transport, metro is the most expen-
sive mode, and busses are the cheapest. It is therefore of strategic importance to
choose the right mode to win the race against increasing car ownership. Compared
with themetro, a bus rapid transit system is 20–100 times cheaper and therefore faster
to implement.Modern rapid bus systems, if well planned and operated, have the same
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Fig. 13.34 Danger for cities in countries with low degree of motorization: the fast increase of car
ownership
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Fig. 13.36 “Strategic efficiency” of public urban transport modes (metro = 1). Source: Data and
graph author

capacity as the metro. They only require the courage of planners and politicians to
remove the traces of car traffic (Fig. 13.36).

If we compare the cheapest metro with the rapid transit system, BRT is 23 times
cheaper and therefore faster to be implemented than the metro. The data from Delhi
gives a figure from 1 to 25. To make public transport efficient, car traffic needs
congested roads. But traffic jams without public transport as an alternative are rela-
tively useless. Public transport without traffic jams and/or restrictions on car traffic
is not efficient in the city’s system (Fig. 13.37).

Since there is no time saving through speed in the traffic system, there is no time
loss through traffic jams. If the system effects are known, traffic jams are therefore
not a problem, but rather an indication that car traffic is too attractive. Competent
planners and responsible politicians use traffic jams as a measure, as a tool to support
the change to public transport. Nevertheless, it is still a measure at the level of the
symptoms.

Traffic flow is not the decisive factor of the urban transport system. The twentieth
century was the century of physical mobility, moving people and goods from A
to B in an individual, comfortable way but with huge negative system effects. In
the twenty-first century, we need a transport system with a high degree of mental
mobility, which means understanding system behavior.

The history of mankind is characterized by energy limitations, which force the
people to find clever solutions. Social mental mobility was therefore necessary, the
precondition for the life in villages and in cities. Social systems are based on social
mobility. This reached its peak before the industrial age. With technical transport
systems, spatialmobility became so easy that itwas no longer necessary to think about
solving the problem locally, because the solution could always be found somewhere
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Fig. 13.37 Congestion in car traffic is the environment for a good operation performance of public
transport on separate lanes (e.g., Bogota). Source: Bogota BRT-System Photo Enrique Penelosa
2005

far away. Either the problems were shifted to faraway places, like exhaust fumes or
garbage, or the resources needed were obtained from distant areas. The car was a
welcomemeans of getting rid of the problem, at least in the short term. But the effects
that cars had on our behavior were not considered. They are also not to be found in
the disciplines that deal with the planning of cities and technical traffic systems.

13.1.15 The Cause of the Urban Traffic Problem: The Bond
Between People and the Car

At the beginning ofmotorization, there was initially an interrelationship between car-
using people and the car, which spread to the whole population with full motorization
and changed life and the cities. Through the car, the human being, who as a pedestrian
has to expend 0.1–0.2 hp of body energy for mobility, gets the feeling of being
superhuman through the enormous power of the engine of 200 hp and more, so
that he does everything to maintain this state. Associated with this is the feeling
of power and speed with simultaneous effortlessness. An experience never before
experienced in the history of human evolution. Even science and planners could not
escape this fascination, nor could society. They rebuilt the world for the needs of the
car (Fig. 13.38).

This has not only effects on the transport system; this also changes the inner
structure of people totally. This can only be understood in the context of evolutionary
epistemology. Cars are the invention of the twentieth century, the continuation of
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Fig. 13.38 Unification of man with the engine of the car was not understood. Source: Author

human evolution into a technical evolution. But when people start to use the car, the
car gets in contact with their oldest level of evolution, the level of body energy. (I use
here the description as it was developed for a more vivid perception by the biologist,
evolutionary researcher and epistemologist Rupert Riedl (1925–2005) with whom I
could work together for many years.) (Figs. 13.39 and 13.40).

Invention
of Car

Energetic level
= contact with
human being

Changes of:
ïValues
ïStructures
ïCultures

Molecules

20. Century - Technology

Fig. 13.39 Car as an invention of the newest level of human evolution gets in contact with the
oldest level of human evolution—this changes everything. Source: After Riedl (1981)



13 Urban Transport Planning in the Age of Global Warming 267

80

body energy change everything

Human
reason

Car driver

reason

Fundamental change
of values, goals and
policies, looking

From policy for to policy for
people car driver

Fig. 13.40 Deep subconscious level, in which the car becomes active, changes everything above.
It even changes perception of people, their values and their culture. Source: Author

This level of body energy is twisted toward the needs of cars, which are in general
opposite to the needs of people.

Since the oldest levels of evolution are the strongest ones, they are moving every-
thing above them. The outcome of this effect can only be understood in the inter-
disciplinary view (Riedl 2019). Since this also happens to politicians, they make a
policy for car drivers and not a policy for people any more (Fig. 13.41).

Cars have therefore a far reaching effects on the society and the people. Through
the deep-seated effect of the car on the level of body energy, it also changes perception
in such a way that the abnormality of behavior is considered normal. The following
photos are intended to make it easier to understand and evaluate the use of public
“urban space” (Fig. 13.42).

This effect of the car on our behavior shows that the flow of traffic is only a
symptom and the cause of the problems dealt with here lies where we come into
direct contact with the car: the car park.

If the parking of cars is organized in the same way as before, so that the car gets a
parking space at each starting point and each end point of a path, a physically based
connection to the car is created. This bond is stronger than to all other things in the
environment and surroundings, which can be observed in all cities.

This also explains why people also travel very short distances by car. Research
also shows that in a car-free environment the acceptance of footpaths increases
significantly (Knoflacher 1981, 1986, 2007) (Fig. 13.43).



268 H. Knoflacher

Fig. 13.41 Car goes directly deep into the human brain and controls human behavior. Source:
Graphic author

The organization of car parking spaces determines the modal split and thus the
climate impact of traffic.

If cars are parked at home, the city falls apart into monofunctional structures.
Working, shopping, recreation and housing can be separated from each other. The
human habitat, the urban fabric is thus changed in such a way that it is no longer
adapted to the scale of the people, but to the car. There is no chance for public
transport in this kind of cities (Fig. 13.44).

The necessary change in the transport infrastructure is therefore a reorganization
of parking. Cars can only be parked in specific places, which have to be organized
in such a way that the walking distance to the parking places or parking garages is
at least as long as the walking distance to the public transport stop. If you only want
to have the same chance to choose a car and public transport, the way to and from
the parked car must be longer than the way to the public transport stop.

This is theminimumrequirement for the free choice of transport for the population.
In practice, however, the car-free city should be achieved as quickly as possible, with
cars parked on the outskirts of the city and public transport or bicycles being used
from there (Fig. 13.45).

Cars have to be parked at least as far away as the next public transport stop. This
has to be implemented at the origins and destinations (Fig. 13.46).

The ways to the practical conversion are possible and different, however, must
not lose sight of the goal of a car-free city.

In practice, more and more cities are starting to set up car-free neighborhoods.
This development began in the 1960s with pedestrian zones and is now widely used
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Everything around is wrong

b

c

Fig. 13.42 a This seems to look like a totally normal situation for our society. b But if a pedestrian
(with all the expected cultural background of mankind) uses the same amount of space, it looks
rather crazy. c What is “normal” for our car-driven society is totally strange for a human society.
Source: Photo author
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Fig. 13.44 This is the cause for all transport problems and most of the urban problems of today:
parking the car at home damages the city. Under these circumstances, public transport has no chance.
Source: Drawing author 1985
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Fig. 13.46 Cars have to be parked at the outskirts of the city. Source: Drawing author 1985

in Europe for the planning of new development areas. Where good public transport
is available, more and more lanes are being taken away from car traffic. If park and
ride facilities are offered on the outskirts of cities, this has an accelerating effect on
the desired choice of transport.

13.1.16 To Read the City—From Outside and from Inside

Architects read the city in general from outside (Fig. 13.47).
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�Fig. 13.47 a City and landscape are often considered as opposites, although they are closely
interrelated. b The “living inner system” of the city has been designed over thousands of years
according to the scaleg of the people. There were only a few 8–20 m wide streets (e.g. Chandni
Chowk). c The secondary street network has the same-human dimension everywhere on the globe
(left: Tokyo, right: Venice). Source: Internet and Photos by the author

A sustainable city can be recognized from the outside by its integration into
the landscape and the local climate. The internal structures of all cities by human
standards are similar to each other and have the same patterns of paths, squares and
streets as Chandni Chowk or Venice. The greater roads have a width between eight
and twelve meters. The secondary road system is in general not more than three
meters wide, whether it is in Chandni Chowk City or in Tokyo or in an historical
European city. The main streets have arcades. These constructions are characterizing
elements of high level urban structures. Arcades protect people from sun, rain, wind,
whether it is in Chandni Chowk, in Praha or Rome (Fig. 13.48).

The urban buildings have to be connected with people and the landscape like
the famous city of Venice. We find this urban fabric full of pedestrian. Through-
ways, roads or canals have the similar size, the human scale, where children can
play on public space and people can rest in pedestrianized areas like in the again
pedestrianized city center of Vienna (Figs. 13.49, 13.50 and 13.51).

In an age of global warming, we must cool down the urban environment.

Fig. 13.48 Arcades protect people from sun heat, rain and wind—everywhere in the world. Source:
Photo author Old Delhi
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Fig. 13.49 City center of Vienna after pedestrianization. This place was used before by 80.000
cars per day and was totally congested. Source: Photo author

Fig. 13.50 Trees are the best and cheapest form of air condition in cities. Source: Photo author
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Fig. 13.51 Shelters for people indicate mature urban planning. Source: Photo author

Therefore, buildings should not be higher than the trees grow in this area (Rainer
1948).

In the age of global warming, we cannot stop sunshine, but we can make cities,
which create a temperature, convenient for human beings in a dense populated area
with a mixture of functions, pedestrianized parts with trees as the best form of air
condition. Intelligent architecture can also help to make the temperature in cities
more pleasant, for example, with wind towers in hot climates.

But the city is only a part of the global network and has the obligation to take care
on its environment. The rural landscape and the healthy of the rural landscape are
therefore crucial elements for the city in the age of global warming. The wisdom of
local engineers has created excellent solutions for the protection of transport system
users in the past. The three alleys along streets give shadows to people and animals,
stabilize the ground and protect the transport system users from wind (Fig. 13.52).

One of the most wonderful examples can be found on streets in India, where
huge trees can cover the full road space, giving shadow and moisture to the users.
What is happening on rural Indian roads is terrible today. With the support of
World Bank money, traffic engineers are widening the road to build a motorway
for a society with a motorization of less than 50 cars per 1000 people. While some
Western European countries already have laws to protect natural monuments, else-
where natural monuments are being willfully destroyed for traffic that damages the
climate (Fig. 13.53).

Wrong educated transport engineers are cutting this treasures which would
become a natural monument in Europe only for a questionable improvement of
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Fig. 13.52 City in the age of global warming must take care also on the rural environment. Trees
along streets indicate the understanding of local traffic engineers from the past (Indian rural road).
Source: Photo author

alignment of a carriageway, based on questionable assumptions about traffic growth.
This is unfortunately not an engineering achievement to be proud of, but, from the
perspective of future climate change, downright criminal.

13.1.17 Is This Model City of the Future an Illusion?

It is not necessary to develop a modal city for the future: It exists. These are the
medieval urban structures everywhere in the world where urban societies existed in
the past (Figs. 13.54 and 13.55).

The right scale to design a city for the age of global warming, urban planners must
learn what principles were used to build those cities that have survived and remained
vital for hundreds of years, such as Chandni Chowk or Venice and other historic city
centers and try to understand the structure of an organic living system, which has
survived over hundred of years and has kept its vitality till today (Mumford 1961). If
they can find a system, which is more effective in economic terms, more effective in
variety, more effective in capacity and flexibility of the transport system and if they
find a city which is more sustainable than the existing Chandni Chowk, they might
prefer it. But as long as this is not the case they should admire the existing structures
of our middle age cities, especially the walled city of Delhi, and try to discover their
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Fig. 13.53 Cutting such a tree to make the carriageway wider is an act of barbarism and absolute
ignorance about system behavior. Source: Photo author

secrets to be able to build cities for people again after they have been lost in the desert
of urban structures of the twentieth century.

13.1.18 It is All About Reducing the Speed

Ifwe reduce the speed to the pedestrian speed in the urban structure, harmonybetween
the city and the transport system can be restored. The same is also happening with
the highest speed in nature and the speed of light. Trees are reducing the speed of
the sun beam to zero to use the energy for living matter (Fig. 13.56).

If we are able to apply the same principles to use the sun heat to heat the water, to
use the energy of sun to make electricity on the roofs of the Chandni Chowk City, we
will create a sustainable urban structure. The advantages of such cities are manifold.
One of them protects the city from energy wasting transport systems.
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Fig. 13.54 “The city” of cites, Venice is attracting people worldwide. Is secret: human scale and
free of cars. Source: https://life4up.blogspot.com/2013/07/a-terra-vista-do-ceu.html

Structure of the
organic living
Urban System

Fig. 13.55 If urban planners need a model how to design a city, they have to learn from the richness
a variety of the walled city in Delhi

https://life4up.blogspot.com/2013/07/a-terra-vista-do-ceu.html
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Fig. 13.56 Upgraded and equipped with solar energy facilities, our historical cities are the “best
practice” for the city in the age of global warming

13.1.19 The Effect of TRIPP International Seminars

One of the students of the TRIPP international seminar has already set his knowl-
edge into action and has introduced a pedestrian street in a small Indian city, called
Fazilka close to the Pakistan border. He has analyzed the effects and demonstrated
the advantage of the new approaches to transport and urban planning as they are
taught in the TRIPP seminar (Figs. 13.57 and 13.58).
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a

b

Fig. 13.57 a Boring and uninteresting road in Fazilka was converted into a pedestrian street
temporary. b The street became alive and the city and its citizen also. Source: Photo by Asija
Navdeep
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Visitors in various groups Male-Female ratio visited the street 

Visitor's rating 
People's opinion to have safe 
pedestrian streets in the city 

Fig. 13.58 As the colleague has learned in the courses of trip: everything has to be carefully checked
and evaluated. His example was a contribution for a better climate, but also a contribution to more
happiness and hope for the people of the city. Source: Graphs by Asija Navdeep
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Chapter 14
The Energy Glut: Transport
and the Politics of Fatness and Thinness

Ian Roberts

14.1 Cars Are Dangerous to Pedestrians and Cyclists

Twenty years ago as a junior hospital doctor working in paediatric intensive care
in Auckland, New Zealand, I discovered a public health problem that horrified me,
and having just become a parent, frankly terrified me. I discovered what road traffic
“accidents” really meant for children and for the people who care for them. Of course
I knew, in an abstract knowledge sort of way, that being hit by a car was the leading
cause of death in children in Britain, as indeed it was in most of the highly motorised
countries of the world. I knew that children were continually being urged to take care
whilst crossing the road. Indeed, I myself had grown up with the Green Cross Code.

What I had not appreciated, what I had not felt before, was the reality of the
devastation, the horror and the real, raw human suffering, that being hit by a car
entailed. I had known about it before but now I felt it. The experience of caring for
seriously injured children dug deep groves in my soul that later channelled strong
emotion onto problems thatmany people,most people actually, could not give a damn
about.Most ofmymedical colleagueswere interested in cardiologyor endocrinology,
areas where young doctors could really make a name for themselves, where they
could get on. But having seen what energy can do a child’s body what I wanted
to know was how we could let that happen to children and why. I gave up being
an intensive care doctor and studied epidemiology which is the science of disease
causation. I started by working with transport engineers to look for risk factors for
child pedestrian death.

The Oxford Dictionary defines an “accident” as an event that is without apparent
cause or that is unexpected. The use of the word accident to describe child road
deaths could not be more inappropriate. More is known about when, where and why
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Table 14.1 Risk factors for child pedestrian death and injury-data from the Auckland child
pedestrian injury study

Variable Adjusted OR (95%CI)

Traffic volume (vehicles/h)

<250 1.00

250–499 4.52 (2.04–9.98)

500–749 7.29 (3.09–17.20)

≥750 14.30 (6.98–29.20)

Mean speed (km/h)

<40 1.00

40–49 2.68 (1.26–5.69)

child pedestrian-motor vehicle collisions occur than for almost any other disease
in childhood. It would make much more sense to talk about a case of accidental
leukaemia. Calling road deaths accidents implies that no one is responsible and no
one is to blame. The child either made a bad judgment or was just unlucky. But
parents are responsible for their children and are not meant to put them in a position
where poor judgment or bad luck can be fatal. Blaming a child victim really means
that the parents are held responsible. Many bereaved parents live out their lives in
silent desperation (Table 14.1).

When the experiences of the hundreds of children killed and injured on Auck-
land’s roads were aggregated, however, a very different picture emerged. Most of the
children were injured close to home, often in the street where they lived. When we
compared the traffic characteristics of the streets where injured children lived with a
group of non-injured children selected from the general child population, we found
that the main determinants of injury risk were the volume and speed of the traffic.
The injury risk increased particularly steeply with rising traffic volume (Roberts
et al. 1995). Children living in the busiest streets were fifteen times more likely to
be injured than children living in the quietest streets.

Traffic and not erratic jaywalking children are the cause of child pedestrian injury.
Children get hit by cars because the cars are there. There is one street, and it is either
a place for children or a place for cars. Mixing the two, at least at average urban
speeds, does not work without bloodshed. A vehicle driving down a residential street
at forty miles per hour packs more destructive energy than a bullet. If a child is
unlucky enough to be hit, a single shot can kill and crossing a busy main road is like
making a dash through machine gun fire.

Epidemiological studies reveal associations. In this case, the association is
between the volumeof traffic andpedestrian injury risk.Whether this is a cause–effect
relationship is a matter for judgement. It seems very likely but perhaps we would
like to confirm it with a natural experiment. What would happen to road deaths if the
volume of traffic actually fell? Because the history of western motorisation is one
of almost relentlessly increasing traffic, there has been little opportunity to answer
this question. However, the Middle Eastoil crises of 1974 and 1979 provided a rare
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insight into what happens when traffic volume falls. Despite its clean green image,
NewZealand is one of themost heavilymotorised countries in theworld and the 1974
energy crisis, which was accompanied by a fourfold increase in the price of petrol,
hit hard. The government responded by introducing “car-free days” when every car
had to be off the road for one day each week. There was also a weekend ban on petrol
sales which lasted until August 1980. During the period of high petrol prices, child
pedestrian death rates plummeted. Between 1975 and 1980, child pedestrian death
rates fell by 46% (Roberts et al. 1992). But when the oil started flowing and traffic
volume resumed its upward trajectory, the number of children killed and injured on
the roads increased along with it.

The oil price shocks of 1974 and 1979 also coincided with reductions in road
death rates in the USA and Britain. The oil crises had revealed link in the chain of
causation, the link between the price of fossil fuels and the amount of danger on the
roads. When petrol prices rise, fewer children die; when they fall, more children die.
To a physicist, this connection would seem obvious. Petroleum is chemical energy,
and the petrol in the fuel tank is the source of the energy that kills and injures. The
tens of thousands of controlled explosions that drive the pistons that spin the wheels
are fuelled by a steady stream of petroleum, and whatever obstructs this flow of
chemical energy, whether it is war in the Middle East or hurricane damage to oil
refineries in the Gulf of Mexico, there will be less road danger and fewer road deaths
as a result. However, the oil crises were just a temporary blip, and for the next thirty
years, traffic volumes would soar on the back of reliable supplies of cheap petroleum.
Had nothing else changed, the bloodbath on the streets would havemade current road
death statistics seem trivial. But something else did change. The pedestrians and the
cyclists got out of the way.

14.2 Road Death Rates Fall as Roads Get More Dangerous
Because People Get Out of the Way

A vehicle travelling at forty miles per hour down a residential street is an obvious
threat. Due to its mass and velocity, it contains enough kinetic energy to break bones
and tear flesh. There is an equation in the physical sciences that tells us that the kinetic
energy in a moving object is equal to one half of its mass times its velocity squared.
This means that a car weighing 1500 kg driving at forty miles per hour (eighteen
metres per second) has ½ × 1500 × 18 × 18 = 243,000 J of energy. A car moving
twice as fast has four times as much kinetic energy. We do not need to have been hit
by a car, or to have seen someone else being hit, to understand this. Evolution has
hard-wired this knowledge into our brains. In the street, might is right. The person
with the power is the person behind the wheel of the car. They hold the power to kill
or disable, and if they do kill or disable, then they face little or no legal sanction.
When faced by an assailant with a dangerous weapon, you have two choices: to run
or to fight. Picking a fight with raw kinetic energy is stupid and futile. The normal
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Fig. 14.1 Pedestrian and cyclist deaths and motor gasoline consumption (107 countries, 2008)

human response is to get out of harm’s way and make sure that your children are out
of harm’s way too.

Figure 14.1 shows, in general, as per capita motor vehicle gasoline consumption
increases, pedestrian and cyclist death rates fall. Child road deaths in Britain and the
USA have been falling for decades. Death rates fell more steeply when oil prices
were high but the fact that the overall trend was down, despite rising road danger
from increased motor vehicle traffic, meant that something else was going on. As the
volume of road traffic increased and the streets became rivers of lethal kinetic energy,
the pedestrians got out of the way. Parents kept their children indoors and those who
could afford a car started driving rather than walking, even for short distances. The
body counters at the Ministries of Transport of course claimed that death rates were
falling because the traffic planners and police were doing a great job. Transport
ministers proudly claimed responsibility for the fall in the number of deaths. No one
bothered to count how many live people there were out on the streets (Fig. 14.2).

There is another common response to an assailant with a dangerous weapon apart
from getting out of the way. Obtain such a weapon for yourself. You would prefer
that you and your children were safe inside a vehicle, rather than vulnerable on the
outside. A survey of parents of primary school aged children in north London found
that most were very worried about road danger on the daily journey to school and
that most would drive their children if they had access to a car (DiGuiseppi et al.
1998). And so begins the motorised arms race which drives the downward spiral of
walking and cycling. If what I am saying is true, we would expect more pedestrian
deaths among poor people who cannot afford to use a car and fewer pedestrian deaths
among the wealthy people who can. Every death in England is recorded along with
the occupation of the person who died. For dead children, the occupations of their
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mothers and fathers are recorded. When we looked between 2001 and 2003, there
were 205 children killed as pedestrians in road crashes in England and Wales. Of
these, seventy-one children had parents who were “long-term unemployed”, sixty-
two had parents who were in “routine occupations” and twenty-five children had
parents in “managerial and professional occupations”. When taking into account the
number of children in each group, the risk of road death for a child in the lowest
social group was five times that of a child in the highest social class (Edwards et al.
2006). Walking surveys show that children from families without a car walk much
more often than children in car owning families (Roberts et al. 1997). Poor children
are outside the car because they cannot afford to get inside.

Increasing road traffic has decimated walking and cycling in Britain, the USA,
andmost other highlymotorised countries. Data from theUKNational Travel Survey
shows that the average distance walked per person per year fell from 255 miles per
person per year in 1975 to 192 miles in 2003. Over the same period, the average
annual distance cycled fell from fifty-one miles per person to thirty-four miles. The
distance walked by children has fallen by almost a quarter. Children today walk less
than ever before in the history of humanity (Hillman et al. 2000). It is likely that
by 1975, when the UK Department of Transport first started measuring walking and
cycling, most of the decline had already taken place. We can get an indication of the
extent of the changes from old photographs and paintings. Lowry, the Manchester
artist famous for his matchstick figures, painted Salford streetscapes in the 1920s
and 1930s before the hay day of the motor car. His sombre skies show the pollution
of industrial England, but his streets scenes show a vitality that is completely absent
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today. The streets Lowry painted belonged to the people living in them. Now, they
belong to the car. The same process is currently underway in India.

Traffic is not the only danger people consider when deciding whether to put on
their walking shoes. For the past ten years, conducting clinical trials with trauma
doctors on four continents, I have visited some of the most violent cities in the
world. Many of these are in Latin America where the juxtaposition of conspicuous
wealth and obscene poverty elevate routine urban violence to war-like proportions.
There are forty homicides per 100,000 people each year in Medellin, a murder rate
over ten times higher than in London.

When it comes to violence, even though it is people we fear, we feel most afraid
when there are few people about. We feel safest in the peripheral vision of other
people’s awareness. We don’t want to be stared at but we do want to be seen. In
Medellin, as soon as I turn into an empty street my heart starts racing. In her book
“The Death and Life of the Great American Cities” Jane Jacobs wrote how “eyes
on the street” help to keep the street safe (Jacobs 1992). The more eyes the better,
especially if those eyes can summon for backup if there is cause for concern. She
describes a brief urban drama in her neighbourhood. A man is seen dragging a
young girl up a side street. The child is resisting, crying and shouting. A crowd
quickly gathers. The eyes on the street did not like the look of what was going on.
It turns out that the man is her father, the child is having a tantrum and that there is
nothing amiss. The crowd disperses. On this occasion, there was no cause for alarm,
but people were concerned and came to help. According to Jacobs, this collective
concern is what keeps communities safe.

Traffic takes eyes off the street. It divides the street. Interactions between people
on the other side of a busy street are less likely to be noticed, voices might not be
heard and the mood of interpersonal situations might not be understood. Yes there
are eyes inside the cars; but when travelling at speed, sight lines are polarised ahead,
along the road and not on the pavement. Would someone stop if someone was being
attacked? Just as for road danger, the response to stranger danger is to get off the
street and into a car, another vicious circle. Traffic makes a street seem hostile. This
leads to more traffic and more hostility. The only people left on the street are the very
poor people.

Research shows thatwhen consideringwhether to let their childrenwalk to school,
London parents fear stranger danger more than road danger. But are these parents
worried that someonewould drag their child screaming and yelling up a busy street or
that they would be pulled into a passing car and whisked away? The latter seems far
more likely. Enrique Peñalosa the former mayor of Bogotá mused that children are
like an indicator species for urban safety in the way that the presence of fish indicates
whether or not a river is polluted. By taking children off the street, traffic increases
our fear of violence. A colleague told me a story about a street party in England,
where the street was closed to traffic for the day, as a demonstration project for a safe
street initiative he was involved in. The children from the street were playing outside.
One of the residents said that it was an excellent event but askedmy colleague “where
did you get all the children from?”
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14.3 The Resulting Decline in Human Movement Moves
the Population BMI Distribution Upwards

The human body is a vehicle perfectly designed for personal transportation. It will
keep running until the day we die. Whether moving or not, it requires energy but
provided thatwefill it up regularlywith enough food, and itwillmeetmost reasonable
transportation demands. It has an important special feature. If the amount of food
energy taken in is surplus to requirements, it will store the excess energy as fat. This
energy can be called on later if needed, allowing the body to keep running for weeks,
even on an empty tank. Body fat accumulates when the amount of energy we eat as
food exceeds the amount of energy we use moving around and keeping warm. Fat is
stored energy.

Most of our body fat is stockpiled under our skin and around our internal organs
as adipose tissue, which is mostly made up of fat cells, also known as adipocytes.
Fat cells contain a large droplet of lipid. This lipid, which has the consistency of
margarine on a hot day, pushes the nucleus and everything else to the edges of the
cell. The lipid droplet plumps up the cell, rather like a silicone implant plumps up
a breast and the bigger the droplet the fuller the cell becomes. As we get fatter, the
number of fat cells in our body increases, and the fat cells that we already have
expand as the lipid droplets they contain get bigger. Energy intake need only be
slightly higher than energy output for fat to accumulate. Doctors gauge how fat we
are by working out our body mass index (BMI), which is our weight in kilograms
divided by our height squared (height in metres multiplied by height in metres).
Doctors diagnose “overweight” if a person’s BMI is between twenty-five and thirty,
and “obesity” if it is thirty or more.

If we measured the BMI of all the people in a particular country and plotted on a
graph how many people there were at each BMI value, we would find a wide spread
of values. This spread of values is called a distribution. There would be some really
skinny people with a very low BMI and some really fat people with a very high BMI,
but most people would have a BMI close to the centre of the distribution.

As average levels of human movement have decreased, and the average BMI has
increased with it. Figure 14.3 shows the BMI distribution in Canada in 1978 and
2004. It can be seen that the entire distribution has shifted upwards. Everyone has
become fatter—the whole of the Canadian population.

The same trend is evident all around the world. Increasing body fat is not a
problem limited to a particular country. Wherever you happen to be living, you can
be reasonably sure that the population is getting fatter. Canada is not as fat as the
USA, but the Canadian BMI distribution is slowly sliding upwards. In 1978, the
average BMI in Canada was twenty-five. In 2004, it was twenty-seven. China has
a relatively low-average BMI, but it has already started drifting upwards. Between
1989 and 2000, the average BMI of Chinesemen increased from 21.3 to 22.4 and that
of Chinese women increased from 21.8 to 22.4. It is the same story in Europe, Asia
and South America. In 2006, the World Health Organisation reported that there are
300 million obese adults living on planet earth, and there will be many more in the
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Fig. 14.3 BMI distribution in Canada in 1978 and 2004

future. Epidemics that affect the whole world are called pandemics. The USA may
be the epicentre, with very large increases in the weight and size of the population
(see Fig. 14.4), but no country is immune.

In brief, the entire population distribution of BMI is shifting upwards, in almost
every country in theworld.Governments internationally tend to portray the increasing

Fig. 14.4 Abdominal adiposity in US adults: prevalence and trends, 1960–2000
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in population fatness as a personal problem, highlighting the number of people in
the upper “obese” tail of the distribution. The British government, for example,
recently launched a campaign to tackle obesity, arguing that the British people were
developing bad habits. This is of course nonsense. If this was a habit problem, it
would imply that almost everyone on earth had fallen into exactly the same unhelpful
habits, a bad habit pandemic on an unprecedented scale! Decades of health research
have shown that population fatness is an environmental problem and not a personal
weakness. Our tendency to fall into unhelpful habits is the same as it ever was. What
has changed is that thanks to motorisation and mechanisation, there were fewer
opportunities to move our bodies than ever before, whilst at the same time we are
besieged by a food industry that uses the best marketing brains in the world to sell
us mountains of cheap energy dense food.

Figure 14.5 shows the relationship between the average BMI and motor vehicle
gasoline consumption per capita for the 130 countries for which the necessary data
were available. Each dot represents a country, and the solid “regression” line is

Fig. 14.5 Relationship between the average BMI and motor vehicle gasoline consumption per
capita for the 130 countries
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chosen, so that it comes as close to the points as possible. This line provides an
indication of how average BMI varies as motor gasoline consumption increases.
There is a clear strong relationship between average BMI and motor vehicle gasoline
use. Where motor vehicle gasoline consumption is low, average BMI is also low, and
where gasoline consumption is high, average BMI is also high. The association is
present in both men and women, although strongest among men.

The current panic in theWest about rapidly risingobesity levels is a consequenceof
forgetting that the whole BMI distribution was moving upwards. The slow but steady
movement of the BMI distribution could be likened to the New York marathon, with
the obesity threshold as the finishing line. Once the race starts, the whole population
of runners starts moving towards the finish. For the first few hours, no one crosses the
finishing line but then the front runners start crossing in dribs and drabs. An hour or
so later, the main lump of competitors reaches the line, and the number of finishers
increases rapidly. In most wealthy countries, the main lump of the population is now
crossing the obesity threshold, and so, obesity is rising very rapidly. But there is
little point searching frantically to find out what is happening now to explain the
increase. The race towards obesity started decades ago. Here, however, the analogy
ends, because unlike runners in amarathon, on our increasingly fat planet, the runners
just keep going.

Doctors and health scientists have been astonished by the sudden increase in
obesity and have only recently started conducting studies looking for the causes.
Most of these studies compare the food intake and daily activity levels of obese and
non-obese people within a particular population at one point in time. The problem
is that because we are now all exposed to the same transportation system, physical
activity levels are at a record low across the entire population and the factor that
most differentiates the fat from the thin is food intake. By analogy, if everybody
smoked and to exactly the same extent, and we compared people with and without
lung cancer, smoking would not differentiate those with and without cancer. But
this would not mean that smoking was not a cause of lung cancer. When it comes to
fatness, scientists have been asking thewrong question (a focus on obesity rather than
on average BMI) and have been using the wrong data (a focus on what is happening
now rather than what has happened over the past half century).

I will not go into detail here about the political reasons for the neglect of motori-
sation as a cause of population fattening, other than to say that scientists tend to
have a blind spot when it comes to gradual societal transitions and that they tend to
limit their consideration of causes to those things that they believe are amenable to
change. As we will see later, the notion that the de-motorisation of society is either
possible or desirable has effectively been barred from consciousness by a sustained
bombardment of industry and government propaganda. Road danger is a key envi-
ronmental determinant of declining physical activity levels even though it scarcely
given the time of day in contemporary public health literature. Entire populations
do not passively give up walking and cycling because they are tempted to do so
by the speed, comfort and glamour of motorised travel. On the contrary, they are
driven off the street by deadly force, with a barrage of propaganda being required for
its justification. The forceful eviction of people from urban public space is currently
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underway inmany low andmiddle income countries, in particular in India and China.
Many politicians call it progress.

14.4 The Car Industry Says the Main Problem Is a Lack
of Road Safety Education

The huge increase in road death and injury that results from the forceful eviction of the
walking public from the streets space is politically problematic for the car industry.
The problem is too big to ignore but at the same time tackling it at source would
be bad for business. They understand the political threat posed by the great mass
of the walking public. Currently, they are busy manoeuvring themselves into pole
position in road safety politics. They have to ensure that efforts to improve global road
safety do not adversely impact on car sales. In 2006, the Federation Internationale
de l’Automobile set up a commission for global road safety with a remit to “examine
the framework for and level of international cooperation on global road safety and
to make policy recommendations”. At its inception, the commission was chaired by
former UK Defence Secretary, Lord Robertson, and had eight commissioners, one
from each of the G8 group of wealthy nations.

If you wanted to represent the interest of motoring classes, you could not put
together a more able group of commissioners. Canada was represented by an Exec-
utive Director at General Motors, Japan by a Board Member of the Bridgestone
Corporation, the major transnational tyre maker. Russia was represented by the pres-
ident of the Russian Automobile Federation and Italy by a former president of the
Automobile Club of Italy. Michael Schumacher represented Germany, and France
was represented by Gerard Saillant, a doctor who works on the medical aspects of
Formula One. The UK commissioner was the chief economist at Lehman Brothers,
the US investment bank whose later collapse precipitated the perfect storm of global
economic chaos. The commission’s Patron is PrinceMichael of Kent, a former racing
driver, now a member of the British Racing Drivers Club and the Bentley Drivers
Club. Lord Robertson himself was then deputy chairman of the Board of TNK-BP,
a Russian oil company. According to the House of Lords’ Register of Interests,
which shows that the FIA paid Robertson to attend the 2006 Monaco Grand Prix,
the commission holds its meetings at the race track (Roberts 2007).

Working through the commission, the FIA and the car lobby are taking a lead
role in global road safety. They would like to set the policy agenda for road safety
and thus gain considerable influence in global transport policy. They do not want to
fund road safety efforts but to dictate how other organisations spend their money, and
in particular, how development money is spent. Former World Bank President Paul
Wolfowitz was eager to confirm the bank’s willingness to implement the commis-
sion’s recommendations, and the former UK secretary for State for International
Development Hilary Benn welcomed the Commission’s proposals.
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Although most people in poor countries will never own a car and most of the
victims of road traffic crashes are pedestrians, the commission has worked hard to
ensure that the views of the motoring elites dominate transport policy decisions.
Unelected, with only token representation from developing nations, the car lobby
wants to dictate how poor countries’ governments spend the development loans that
their impoverished people will repay for decades.

The car lobby’s favourite road safety policy is pedestrian education. Despite
decades of evaluation research, safety education has never been shown to reduce
road injury rates, a point emphasised by the WHO in the World Report on Road
Traffic Injury Prevention (Peden et al. 2004). Road user education is favoured by the
car lobby because it places the responsibility for road traffic injury squarely on the
victim and has no impact on industry profits. Its primary purpose is ideological. It
sends the message that the road space belongs to drivers and that pedestrians and
cyclistsmust look out or die. This also applies to children by theway, who account for
300,000 of the 1.2 million road deaths each year. Awareness campaigns are another
favourite (Duperrex et al. 2002). The commission promoted the “Think Before You
Drive” campaign, supported by theBridgestoneCorporation,which reminded drivers
to use child seats and seatbelts and to check their tyres. Sensible suggestions they
may be, but such exhortations have no discernable effect on road safety. On the other
hand, the campaign may improve Bridgestone’s corporate image.

At first sight, there appear to be many different stakeholders in the global road
safety policy arena, but careful examination reveals otherwise. In 1999, the World
Bank—arguing that a partnership between businesses, NGOs and governments can
deliver road safety improvements in poor countries—established the global road
safety partnership (GRSP), a business partnership that includes the automotive giants
General Motors, Ford, Daimler Chrysler, Volvo and drinks multinationals such as
United Distillers and Bacardi-Martini. GeneralMotors was represented on the GRSP
and on the Commission for Global Road Safety.

A 2006 study compared the frequency of use of different road safety related
words in GRSP road safety reports and in the World Report on Road Traffic Injury
Prevention, a report that was prepared relatively independently of business concerns
by the World Health Organisation. In the GRSP reports, there was a clear lack of
reference to pedestrians and cyclists. In the WHO report, “speed limit” occurred
seventeen times in every 10,000 words; in the GRSP reports, just once. “Pedestrian”
was used sixty-nine times by theWHO, and fifteen times by the partnership; “buses”
and “cyclists” were mentioned thirteen and thirty-two times, respectively, by the
WHO but not once by the partnership (Roberts et al. 2006).

14.5 Structural Reasons for the Current Situation

The main reason why car travel is annihilating human movement and putting our
planet in peril is that motor vehicle travel is highly subsidised. Motorised trans-
portation depends on three essentials: roads, oil and vehicles. Although most of



14 The Energy Glut: Transport and the Politics of Fatness … 295

the world’s population will never own a car, road building is invariably funded by
public funds in “developed” and “developing” countries alike. Road transportation
is 95% oil dependent and ensuring a steady supply of cheap oil also involves massive
public expenditures. Then, there is the automobile industry, which received billions
of dollars of taxpayers’ money at a time when thousands of small businesses were
going to the wall. In December 2008, US car makers went cap in hand to Congress
seeking a $34 billion bailout package and received the best part of it.

And it does not stop there. Motorised transport causes a mountain of suffering.
Who pays for the road traffic crashes that kill 1000 children per day and permanently
disable ten times as many? Who pays for transport related air pollution and the
cardiac and respiratory diseases it leads to? Who pays for physical inactivity and
the obesity, diabetes, heart disease, stroke and cancer it causes? And who will pay
for climate change? These are the real social and environmental costs of motorised
transport, but it is the public and the global environment, and not the people who
benefit from motor vehicle use who pay.

Table 14.2 shows the top ten corporations in the world according to the Fortune
500 annual ranking for 2008. Eight of the top ten are oil companies or car makers.
The corporations that sell oil and cars pack enormous economic and political clout
with revenues higher than the gross domestic product of many developed countries.

As regards roads, the wealthy world needs poor countries to build more roads,
so that the car makers can remain profitable. The market for cars in high-income
countries is nearly saturated. In the year 2000, there were 769 cars per 1000 people
in the USA and 441 per 1000 people in UK. Although there is some turnover, as
old and damaged vehicles are taken out of stock, a process that was recently given a
boost with a generous injection of public funding, the main prospect for a growth in
sales is in Africa and Asia. Nigeria has eleven cars per 1000 people, and India has
seven per 1000. To survive, the car industry must sell more cars, and to make sure
that it can, poor countries must build the roads to accommodate them.

Table 14.2 Top ten corporations in the world according to Fortune 500 annual ranking for 2008

Rank Company Product Revenue ($ millions) Profit ($ millions)

1 Wal-Mart Stores Supermarket 378,799 12,731

2 Exxon Mobil Oil 372,824 40,610

3 Royal Dutch Shell Oil 355,782 31,331

4 BP Oil 291,438 20,845

5 Toyota Motor Cars 230,201 15,042

6 Chevron Oil 210,783 18,688

7 ING Group Finance 201,516 12,649

8 Total Oil 187,280 18,042

9 General Motors Cars 182,347 −38,732

10 ConocoPhillips Oil 178,558 11,891
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Getting impoverished countries to spend public money on road building requires
some serious propaganda. Poor countries have lots of pressing problems to deal with.
The most pervasive misinformation is that road building is good for development. In
2005, the British Prime Minister Tony Blair launched the Report of the Commission
for Africa. The commission’s objective was to diagnose African woes and make a
prescription for a better future. Its conclusion was that Africa needed more roads.
More important than health care, AIDS prevention, security or better governance
and road building it was argued would jump-start the stalled economy of a continent
mired in misery for decades.

The commission’s analysis was simple. Africa is poor because its economy is
not growing. Improving its transport infrastructure would make its goods cheaper,
allowing Africans to break into world markets and trade their way out of poverty. Of
the estimated $75 billion needed to implement the commission’s recommendations,
27% would be spent on infrastructure, mainly road building, with 13% spent on
AIDS and 10% on education.

If reducing the costs of gettingAfrican goods towesternmarkets is really the cause
of African poverty, as Tony Blair and the Commission for Africa claim, Britain could
help Africa’s poor by reducing the transportation costs for African goods once they
reach Britain. Like many wealthy countries, Britain has high levels of fuel taxation.
In most of Africa, fuel is not taxed but subsidised. In 2004, a litre of super gasoline
in Nigeria retailed for US$0.40. The corresponding cost in the UK was US$1.56.
British politicians would not contemplate reducing fuel taxes since these are such an
important source of government revenue. Indeed, the money raised from fuel sales
in Britain helps to pay for the huge state apparatus required to service a car-based
transportation system. This includes the police needed to enforce road safety laws,
a judiciary, a system of pre-hospital and hospital care and a social safety net for
injured victims. African fuel prices do not even cover the costs of road maintenance.
According to theWorld Health Organisation, the economic loss associated with road
traffic injuries in poor countries is around 2% of GDP, nearly US$100 billion, twice
the amount they receive in development aid (Peden et al. 2004). Reducing the cost
of road transportation in Africa might be good for trade, but not so good for most
Africans.

In 2006, the UK Department for International Development commissioned trans-
port expert Professor David Banister at University College London to collate the
scientific evidence on the link between road building and development (Banister and
Wright 2005). Although he did find a statistical link between the road infrastruc-
ture and the size of the economy, he could find no evidence that the former caused
the latter. It is no surprise that rich countries have more roads than poor countries.
Wealthy countries have more cars, and so, there is a higher demand for roads. There
are more swimming pools in wealthy countries, but no one would claim that swim-
ming pools are “central to development” which is what the World Bank claims for
road building. However, the report did point out that the congestion resulting from
rapid motorisation hampers economic productivity and that the poor bear the lion’s
share of the negative impacts of road transport. At the Department for International
Development, the report was given a hasty burial.
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If roads are the cure for African poverty, we have learned nothing from history
(Rodney 1981). For centuries, Africa’s roads have led to its impoverishment. In his
economic history of Africa, Walter Rodney describes the role of Africa’s transport
infrastructure in this way: “means of communication were not constructed in the
colonial period, so that Africans could visit their friends nor were they laid down
to facilitate internal trade in African commodities. There were no roads connecting
different colonies or different parts of the same colony to meet Africa’s needs and
development. All roads and railways led down to the sea. They were built to extract
gold or cotton and to make business possible for the trading companies and for white
settlers”.

So, who does benefit from reducing the transportation cost of transnational trade?
Global business revolves around resources, factories and markets. Raw materials are
transported to factories where workers produce manufactured goods. These goods
are then transported to markets, so that consumers can buy them. If consumers are
willing to pay more for the finished goods than it cost to produce them, the business
will make a profit. And making a profit is what business is about. Cheap transport is
good for profits because it reduces the costs of production and the costs of getting
goods to markets. It also enables companies to take advantage of the lower wages of
workers in poor countries. Indeed, cheap labour is one of the main reasons why the
captains of industry are so excited about transnational trade. It is more profitable to
set up factories in poor countries where wages are low than in rich countries where
workers enjoy decent wages and standards of living. But poor people cannot afford
to buy expensive manufactured goods, and so, the goods have to be transported back
to markets in high-income countries. All this depends on cheap transport which is
bad news for road safety, physical activity and climate change, but good for profits
(Roberts 2004).

The globalisation of trade leads tomore freight, longer journeys,more road danger
and more greenhouse gas emissions. In the poor countries that bear the brunt of the
road death epidemic, trucks are responsible for the majority of crashes. In India,
trucks are involved in half of crashes in cities and two thirds of crashes on highways.
The victims are mostly pedestrians and cyclists. Their experiences are part of the
real social cost of international trade. And will small farmers in Africa compete with
the subsidised grain from US agribusiness? Transnational trade is a new name for an
age old activity.

For centuries, countries with greater economic and military power sought access
to the resources, and markets of weaker countries and millions died in the process.
Rich countries claim that “trade” benefits both rich and poor, but the historical record
suggests otherwise. Walter Rodney believed that Africa’s roads were built, so that
white settlers could make themselves rich at the black continent’s expense (Rodney
1981). The Uruguayan journalist Eduardo Galeano came to the same conclusion
(Galeano 1973). In his book “TheOpenVeins of Latin America”, Galeanowrote how
the continent’s transportation infrastructure was developed to drain its wealth into
the ports and then out to the colonial economy. Nevertheless, publicly funded road
building is only one of the three essential elements of a profit centred transportation
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system. Cheap transport runs on cheap oil, and keeping oil prices within profitable
limits entails huge public subsidies and masses of misery for a great many people.

14.6 The Good News and Why We Should Act

So far, this paper has argued that the increase in global motorisation has profoundly
important consequences for the health of the population. First, there is an epidemic
of death and injury on the roads. This is followed by a decline in pedestrian and
cycling activity and an increase in average population fatness, followed in turn by an
epidemic of chronic disease. However, because transport runs on fossil fuel, it also
has important consequences for the health of the planet. Climate scientists predict an
average global temperature increase of between 1.5 and 6 °C by 2100, depending on
the extent of future emissions, possibly reaching a temperature not experienced in
the past 100,000 years. This will have dire consequences for plant and animal life and
for our health. Even cautious scientists are talking in apocalyptic terms about famine,
disease and environmental refugees. That climate change is real, and man-made is
not in doubt. All that is uncertain is how bad it will turn out to be.

However, continuing our dependence on fossil fuel powered transportation
presents a serious ecological threat to the future of our civilisation, and reducing
it presents unrivalled opportunities for improving population health and well-being.
Policies to reduce greenhouse gas emissions have the potential to bring about large
reductions in heart disease, respiratory illness, cancer, obesity, diabetes, depression,
and road deaths and injuries. They could improve food security, reduced inequalities,
strengthen communities, build a resilient and sustainable economy and reduce the
threat of large-scale violence.

The health benefits arise because climate change policy necessarily affects two of
themost important determinants of health: human nutrition andmovement. Although
health professionals increasingly recognise the benefits of policies to address climate
change, they are not widely appreciated by public policymakers. As regards climate
policy, the existence of these health benefits implies a dramatic reduction in the net
cost of taking strong action to mitigate climate change—which means that failure to
understand their importance could have serious environmental consequences.

In 2009, as part of a research project to estimate the health effects of reducing
fossil fuel energy use, researchers from the London School of Hygiene and Trop-
ical Medicine and the Indian Institute of Technology in Delhi estimated the health
effects of transport policies that would meet greenhouse gas emissions reduction
targets (Woodcock et al. 2009). They compared business as usual 2030 transporta-
tion scenarios (without policies for reduction of greenhouse gases) for both London
and Delhi (as examples of British and Indian cities), with more sustainable trans-
portation scenarios. In both settings, meeting greenhouse gas emissions targets in the
transport sector would require modest increases in walking and cycling and reduced
car use as compared with the business as usual scenarios.
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Based on the epidemiological evidence linking transportation patterns and health,
the resulting increase in physical activity would dramatically reduce rates of chronic
disease. In India, which currently faces a major epidemic of chronic disease, there
would be large reductions in ischaemic heart disease (11–25% of total ischaemic
heart disease burden), stroke (11–25% of total stroke disease burden) and diabetes
(6–17% of total diabetes disease burden). There would also be reductions (27%) in
road traffic injuries. The increase in physical activity frommore sustainable transport
policies would also improve mental health, with an estimated 6% less depression.
There would be additional mental-health benefits frommore green spaces, less noise
pollution and improved physical fitness.

The experience of Cuba in the 1990s confirms the health benefits of societal
reductions in fossil fuel energy use. During the Cuban energy crisis, the proportion
of adults were physically active more than doubled (Franco et al. 2007, 2008). The
population average BMI fell by 1.5 units with a halving in the prevalence of obesity
from 14 to 7%. Deaths from diabetes fell by 51%, from heart disease by 35% and
from stroke by 20%. No one starved, because Cubans recognise food as a human
right and not an economic commodity to be rationed according to the ability to pay.
Cuba ranks seventh on the NewEconomics Foundation Happy Planet Index for 2009.
Its neighbour, the USA, ranks 114th, next to Nigeria. Cuba shows that weaning off
oil can be achieved whilst maintaining high levels of sustainable well-being.

Sustainable transportation policies would reduce the population fatness. World-
wide, a total of 1.5 billion adults are either overweight or obese. In the USA, more
than one-third of the population is obese, and UK scientists predict that the United
Kingdomwill be “a predominantly obese society” by 2050. The prevalence of obesity
in India is very low but set to increase with increasing motorisation. The fact that
motor vehicle use contributes to population fatness is well recognised but the fact
that it can also contribute to under-nutrition has received much less attention. In
April 2008, Evo Morales, the president of a poor and increasingly hungry Bolivia,
pleaded for “la vida primero, los autos segundos” (life first, cars second), exhorting
the wealthy world to stop burning food every time they drive—a reference toWestern
governments’ policies on bio-fuels. However, as was discussed earlier, motor vehicle
use and food prices were linked long before bio-fuel policies.

Car use drives up food prices through its influence on the price of oil, indeed,
whereas agricultural economists reject the theory that the rising demand for food from
in India andChinawaspartly responsible for 2008 foodprice crisis, and theydo accept
that the rising demand for oil in India and China is likely to have played an important
role. Reducing oil use in the transport sector will help to prevent starvation. Until
agriculture unshackles itself from dependence on oil, petrol tanks and stomachs will
be competing to befilled.Thedecarbonisationof transportwill contribute importantly
to improving food security and reducing global hunger.

Reducing oil demand through sustainable transport policies would also help to
reduce hunger by promoting the sustainable economic growth that is needed to lift
people out of poverty. Rising oil prices threaten economic growth by increasing
inflation. In February 2011, India’s prime minister warned that the country’s rapid
economic growth is under “serious threat” from inflation. It is worth noting that
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almost every major economic recession in the USA has been preceded by an oil
price rise, and every oil price rise has been followed by a recession. Indeed, the
sudden rise in oil prices in 2008 is believed to have been a key causal factor in the
current global recession. Prior to this period, low petrol prices had helped to keep
inflation down which in turn kept interest rates low. However, between January 2004
and January 2006, US oil prices surged from thirty-five to sixty-eight dollars per
barrel. This set off a burst of inflation which pushed interest rates up from one to
five percent. Suddenly paying the mortgage and the interest on the loans for the two
family four by fours became a lot more difficult, quite apart from the costs of filling
them up at the pumps. Food prices also went up. Then, the bubble burst, the banks
went bust and the economy went into recession.

When the financial meltdown began, the immediate response from western
governmentswas to get unsustainable consumption back on the roads. In both Europe
and the USA, car makers were given cheap loans that cost the taxpayer billions.
European car makers claimed that the loans would be used to manufacture greener
vehicles. In 1998, the car makers had promised to cut the greenhouse gas emissions
of their vehicles voluntarily. By 2006, it was clear that they had lied and the European
Commission announced that it would set compulsory standards. By 2009, they were
claiming that they could only go green with massive public subsidies.

Propping up the car industry through public loans and by subsidising the purchase
of new cars is not a long-term solution. What is needed is an ambitious decarbonisa-
tion programme that will cut across all the major areas of fossil fuel energy use. This
would include the decarbonisation of our energy supplies, increasing the energy effi-
ciency of homes, the creation of an urban infrastructure for safe walking and cycling
and the greening of our cities.

Renovating towns and cities for walking and cycling will require architects,
artists, arboculturists, builders, carpenters, engineers, ecologists, educators, plan-
ners, planters, street performers and urban farmers. Their job description would be
to ensure that walking and cycling provide the most enjoyable, the most satisfying,
the safest and the most direct means of getting around. These will be socially useful
jobs that build the foundations for better health, safer and stronger communities and
a sustainable economy. Resuscitating a carbon-based economy is a short-term fix
that can only fail. As soon as the economy starts growing and the demand for oil
increases, petrol price rises will choke it back into a recession. The decarbonisation
of transport and society more generally is not the path towards austerity—it is the
only way to avoid it.
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Chapter 15
‘How Can Transport Contribute to Other
Urban Agendas?’

David Satterthwaite

15.1 Introduction

The focus of this lecture is on whether and how transport can serve and support
other local and global agendas in urban areas. There are important contributions that
a well-functioning city transport system can make to a range of goals—including
improving housing (and lowering housing costs), reducing poverty (including
increasing income-earning opportunities and lowering transport costs), reducing
disaster risk, adapting to climate change and climate change mitigation. But to what
extent do the transport components of these strategies overlap or conflict? And,
perhaps as importantly, is it possible to implement what is needed, especially in
regard to land-use management that supports these goals.

I was very flattered to be invited to give this lecture—but a bit puzzled in that
I know little about transport. But I work on urban agendas where transport has
considerable importance. So it provides me with an opportunity to consider what
different agendaswant or expect from transport—includingprovision for the different
modes of transport.

15.2 How Does Transport Serve Four Urban Agendas

As someone who works on urban poverty reduction, I want transport systems that
cut housing costs and increase the access of low-income groups to income-earning
opportunities. Of course I also want transport systems that are safe and keep down
time and monetary costs for users. Most of this lecture is devoted to this issue.
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But as someonewho alsoworks ondisaster risk reduction, Iwant transport systems
that are resilient to extreme weather or other potential catalysts of disasters and that
allow those exposed to high risks in their homes or workplaces to move to safer
locations if needed. Also, transport systems with the capacity are to recover quickly
from disruptions; this has particular importance for low-income groups for whom
disruption in their incomes of only 2 or 3 days presents them with challenges to their
nutritional status. Avoiding, for instance, the disruptions to livelihoods and the very
functioning of the city was evident in Mumbai in the floods in 2005.1 And of course,
transport systems may have particular importance in getting people away from a site
particularly at risk from an approaching storm or flood.

As someone who works on climate change adaptation, transport has importance
for reducing disaster risks that are linked to climate change and for building resilience
and redundancy within all the infrastructure and service networks that are important
for cities. And given how long most transport infrastructure lasts, building into new
infrastructure investments new safety margins so they can cope with more intense or
frequent extreme weather events and other (likely or possible) impacts from climate
change.

There is much common ground between poverty reduction, disaster risk reduction
and climate change adaptation. All three have a strong focus on reducing risks,
especially for low-income groups and/or those living in informal settlements that
lack risk-reducing infrastructure and services. But these three different urban agendas
tend to focus on different sets of risks. However, the infrastructure and services that
are so important for poverty reduction (good quality, regular water supplies piped
to homes, good provision for sanitation, drainage and solid waste collection, health
care and emergency services, schools, rule of law/policing and accountable local
government) are also key to disaster risk reduction. They (and the institutional and
financial systems that underpin them) also provide a valuable base from which to
address climate change adaptation.

As someone who works on climate change mitigation, transport has obvious
importance. Greenhouse gas emissions per person in any city are much influenced
by urban form and by the quality of provision for public transport (and of course
provision for public transport also influenced urban form). It is worth recalling the
seminal work of Newman and Kenworthy showing how many of the European cities
with the highest standards of living had per capita gasoline use that was a quarter
that of many US cities.2 Barcelona that has a high-quality public transport system
and a historic city core that is oriented to pedestrians has much lower greenhouse
gas emissions per person than (for instance) Atlanta. Curitiba in Brazil with its well-
known use of bus rapid transit and its land-use planning and feeder bus system has
a less carbon intensive transport system than most other Brazilian cities.

1Revi (2005).
2Newman and Kenworthy (1999).
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If dangerous climate change is to be avoided, a city’s quality of life needs to
be delinked from high greenhouse gas emissions per person. There are also many
examples of cities in low-income nations with very low emissions per person.3 But
we also have some examples of cities that have relatively low greenhouse gas emis-
sions despite high per capita incomes—as in Barcelona or Curitiba. Porto Alegre, a
Brazilian city with a very high quality of life is reported to have a tenth of the green-
house gas emissions per person when compared to most cities in the USA. Oslo,
Copenhagen and other European cities with a very high quality of life also have per
capita greenhouse gas emissions far below those of cities in the USA. However, part
of this is explained not by transport systems but by the origin of their electricity
supplies; countries (and cities) with much of their electricity generated by hydro-
power have an obvious advantage over those that rely on thermal power stations in
regard to greenhouse gas emissions per person.

Although the climate change literature points to ‘win-wins’ between different
urban agendas, there is not much overlap between adaptation and mitigation—
although cities with high levels of ambient air pollution can find that lowering green-
house gas emissions can contribute to lower levels of air pollution. But in the longer
term, unless the world’s governments agree to greenhouse gas emission reduction on
amassive scale to avoid dangerous climate change, even cities with strong adaptation
programmes will be unable to protect themselves.

15.3 Making Sense of City Growth

One difficulty facing any city government is not really knowing what is happening
in their city. Today and everyday, in any city, many individuals or households are
thinking of moving. So take Delhi. There are thousands of people who are moving or
thinking ofmoving toDelhi from another city, town or rural area. There are alsomany
Delhi residents moving or thinking of moving to somewhere else within Delhi—
perhaps looking for more space or to find somewhere cheaper or better located
in regard to income-earning opportunities. Meanwhile hundreds of businesses are
considering whether to expand or move within the city or move elsewhere. Then
there aremany businesses outsideDelhi who are considering investing here. All these
individual, household and enterprise decisions influence demand for transport—but
no city government has a record of these decisions. Every ten years, censuses tell us
about how populations have changed for cities and their surrounds and the changes in
population within cities. But censuses so often bring surprises—as the city in which
I live has a larger or smaller population than expected—but we only learn about this
every ten years.

We know that migration flows to a city where there are new investments and
economic opportunities. Cities can be seen as labour markets (and as Alain Bertaud

3Hoornweg et al. (2011).
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notes, without a functioning labour market there is no city4). This is a relief because
people are moving to where there are more job or livelihood opportunities. But a
large part of the migrants and the ‘already in the city’ residents have low incomes.
All need to find accommodation that they can afford and that provides them with
access to income-earning opportunities. Here, it is worth looking not only at cities
as labour markets and how those with labour seek to insert themselves in this market
(or to move to a more advantageous position in it) but also at what this means for
their housing and their transport.

15.4 Do All Low-Income Groups Really Live in ‘Slums’?

There is much discussion in India and elsewhere about ‘slums’ and about how many
people live in them. Bhan discusses how the size of Delhi’s slum population (and the
proportion living in ‘slums’) is much influenced by what definition is used and notes
that many of Delhi’s most vulnerable poor live in makeshift shacks or sleep on the
street and remain uncounted in any assessment of who lives in ‘slums’.5

Of course, howmany people live in ‘slums’ also depends not only on how they are
defined but also on how accurately they are measured. The United Nations produces
statistics for the proportion of the urban population living in ‘slums’ in most nations
and globally6 but there are serious doubts as to the accuracy of these ‘slum’ statistics.
First, there are the criteria used for defining ‘slum’households.Ahousehold is defined
as a slum household if it lacks one or more of the essentials like ‘improved’ water,
‘improved’ sanitation, durable housing or sufficient living area. But a large proportion
of households with ‘improved’ water or ‘improved’ sanitation still lack provision to
a standard that meets health needs (or, for water, what is specified in the Millennium
Development Goals as sustainable access to safe drinking water).7 If there were the
data available to apply a definition as to who has provision for water and sanitation to
a standard that cuts down health risks and ensures convenient and affordable access,
the number of ‘slum’ dwellers would increase considerably in many nations. If we
had statistics as to who had water piped to their premises that was of drinking water

4Bertaud (2014).
5Bhan (2009).
6See UN Habitat (2012).
7For water, improved provision includes piped water into dwelling, yard or plot, public tap or
standpipe, tubewell or borehole, protected dug well, protected spring or rainwater collection. For
sanitation, improved provision includes use of use flush or pour-flush toilets to piped sewer system
septic tank or pit latrine, ventilated improved pit latrine, pit latrine with slab or composting toilet.
These cover such a wide range of types of provision and will include many that are very deficient in
urban contexts. See UNICEF and WHO (2012), Progress on Drinking Water and Sanitation; 2012
Update, Joint Monitoring Programme for Water Supply and Sanitation, UNICEF and WHO, New
York and Geneva, 60 pages.
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quality and regular and classified households without these as ‘slum’ households,
the number of slum dwellers would increase dramatically.8

A second reason for concern as to slum statistics’ accuracy is that they show very
large drops in the proportion of urban dwellers living in ‘slums’ in some nations
for which there is so little supporting evidence. For instance, the United Nations
Human Settlements Programme (UN-Habitat|) states that the proportion of the urban
population living in ‘slums’ in India has fallen from 54.9% in 1990 to 29.4% in 2009.
If this is true, then India has had one of the world’s most successful programmes in
reducing slum populations. For Bangladesh, the proportion of the urban population
living in ‘slums’ is said to have fallen from 87.3 to 61.6% in this same period. Where
is the supporting evidence for this? It may be that most of the apparent fall in the
slum population globally between 2000 and 2010 was simply the result of a change
in definitions—as a wider range of (inadequate) sanitation provision was classified
as ‘improved’. It is also not clear where UN-Habitat gets its annual figures for the
proportion of the urban population in ‘slums’ yet these figures are so widely used
and quoted.

But perhaps the issue is not to improve the definition and measurement of ‘slums’
and ‘slum’ households but to better understand the ways in which city residents get
accommodation in a range of housing sub-markets through which they buy, build,
rent or otherwise get to use housing. Then it becomes possible to consider how
transport does or could better serve their inhabitants. Some housing sub-markets
may be assessed as very poor in terms of housing quality but very good in terms of
access to income-earning opportunities. Each individual or household has their own
particular priorities in terms of location, size, quality (of building, infrastructure and
services) and price. For those with limited incomes, a lot of these are in informal
settlements or in overcrowded rental accommodation. It is a big mistake to label all
these as slums as this gives no sense of their diversity. What we need to understand
is how low-income individuals or households seek the accommodation that provides
the best compromise for their multiple needs and how these can be supported.

There was a low-income settlement I saw in Montevideo that was called Barrio
Nicol. Barrio means neighbourhood. But why Nicol? It was an abbreviation for ‘ni-
colectivo’—neighbourhood where there is no bus. For the residents to name their
settlement in this way shows a strongly felt need.

In cities, low-income groups usually face the greatest difficulties finding housing
that is close to income-earning opportunities. Just as all of us do, they have to make
choices that reflect trade-offs that balance location in relation to income-earning
opportunities, size, quality, provision for infrastructure and services and tenure secu-
rity. Many would like to get a plot of their own on which they can build their own
house. But they have less than we do in regard to what they can afford. My many
trips to Mumbai and what I have learnt from the National Slum Dwellers Federation,
Mahila Milan and SPARC are clear examples of particular trade-offs by low-income
groups. For instance, the pavement dwellers who prioritize locations that maximize
their access to income-earning opportunities (most able to walk to where they work)

8Mitlin and Satterthwaite (2012).
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end up getting very small, poor quality and usually insecure accommodation. As the
census of pavement dwellers done by the pavement dwellers showed, these were not
unemployed recently arrived rural migrants (which is what the authorities thought)
but fully employed city residents. They lived on the pavement because there was no
better option that they could afford.9

We can look at Dharavi as a slum.10 Or as a source of cheap accommoda-
tion within walking distance of many jobs or income-earning opportunities. Or as
a highly productive economy with very few traffic accidents that generate some
US$400 million worth of goods and services in a year; or as a model low-carbon
economy with very low private automobile use and lots of recycling and reusing
of materials. Or as a place that may be the nightmare of any environmental health
officer or occupational health specialist.

Many of the residents of Dharavi share rooms or even beds in rented accommo-
dations which keep down costs and provide immediate access to income-earning
opportunities—but this also means very little space, no security and inadequate or
no provision for basic services in the home.

So instead of labelling all the housing sub-markets used by low-income groups as
slums, let us consider the different housing sub-markets through which low-income
groups buy, build, rent or occupy accommodation, who lives in them and how these
are structured around transport options and costs.

Box 1: Housing sub-markets used by low-income groups11

• Renting rooms in inner-city tenements or subdivided housing (where the
structures are legal but with high levels of overcrowding and shared
facilities; these are usually well-located in relation to labour markets).

• Renting rooms in other formal housing structures (including public
housing).

• Renting a room or a bed in cheap boarding/rooming houses (these cheap
boarding houses are often clustered in locations with income-earning
opportunities).

• Renting a room or a shack in an illegal settlement (that range from those
with relatively secure tenure to those with insecure tenure and from central
to very peripheral locations).

• Renting a land plot onwhich a temporary shack is built (including rooftops).
• Renting space—e.g. in hot beds, cages, public sites, warehouses, workplace,

graveyards… (mostly with quick access to labour markets).
• Employer-provided room (e.g. domestic servants).
• Building a home in an informal settlement (that range from those with

relatively secure tenure to very insecure tenure).

9SPARC (1985).
10Patel and Arputham (2008), Lantz and Engqvist (2008), Patel et al. (2009), SPARC and KRVIA
(2010).
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• Building a home on illegal subdivision.
• Invading empty houses/buildings or part constructed buildings … (often

with central locations).
• Building a home within a site and service scheme.
• Building house or shack in a temporary camp or on the pavement.

Box 1 lists different ways by which those with low-incomes buy, build, rent
or otherwise obtain accommodation. Box 2 lists some different categories of low-
income groups that influence the options that each has for getting accommodations—
for instance households with low but steady (formal) employment have more possi-
bilities of getting loans for housing than those without. Single persons will often
choose poorer quality accommodation than households with children to maximize
the amount they can save or send back to their family. Some low-income groups face
more constraints than others in seeking accommodation—for instance those who
suffer discrimination in getting access to land or housing or loans.

Box 2: Who are the low-income groups seeking accommodation
• Households with low but steady incomes (includingmany lower rank public

employees).
• Households with low but fluctuating incomes.
• Single people/childless couples with low incomes (and/or seeking to save

as much as possible...).
• Most students.
• Low-income older people (often with low/falling pensions).
• Temporary residentswith low-incomes seeking tominimizewhat they spend

on housing.
• Weekly commuters/seasonal or circular migrants.
• Those who suffer discrimination in getting access to housing, land or credit

to build housing (single mother households? Particular ethnic groups? …).

Box 3 lists the factors that influence the choicesmade by individuals or households
in regard to housing. This now allows a consideration of how transport influences or
can influence these. Obviously, for almost all low-income individuals or households,
access to income-earning opportunities (which means location and the time and
monetary cost of getting this access) are important. Improving public transport can
(in theory) reduce time and money costs and this contributes to poverty reduction
if this benefits low-income groups. If Barrio Nicol got its colectivo, it would likely
improve incomes and reduce time spent travelling. But improving public transport
(and access) could also serve low-income groups that want to develop their own home
if it helps increase the supply and reduces the cost of land for housing (whether this

11This and the other boxes draw material from Hardoy and Satterthwaite (1989).
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is legal or illegal in terms of land occupation and formal or informal as to its land-use
regulations).

Box 3: What are the priorities of each individual or household in regard
to housing
• Location for income/livelihoods.
• Cost and how to pay.
• Size.
• Quality of house.
• Quality of site (and space for expansion).
• Quality and accessibility of services.
• Tenure/security.
• Permanency.
• Shelter as savings account.
• Extent to which they can help build the shelter.

Many low-income households that manage to get a plot of land on which they
can build a home see this home as a savings account as well as a home. This savings
account is increased as they incrementally build, improve and extend the house. Its
value is increased if infrastructure and services are provided or improved—and if
tenure can be secured.
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15.5 Housing Options

If low-income groups have managed to get accommodations that are well-located in
relation to income-earning opportunities—however, poor the quality of their housing
and insecure their tenure—they generally want to stay there. Indeed, this easy access
was often the reason why these developed—and the inhabitants have to put up with
the insecurity, poor quality housing and lack of infrastructure but they have a good
location. What they want is basic services and avoiding eviction. For the de facto
owner occupiers, they want tenure. There are many good examples of community-
managed incremental upgradations which turn an informal settlement into a formal
settlement. And usually, these are quite high in density and where a high proportion
of trips are walking. This incremental upgrading can produce good quality accom-
modation with infrastructure and services and nice neighbourhoods to live in. These
upgraded settlements actually fulfil many of the goals of the New Urbanism. Lots
of shops and services within walking distance. High densities that mean high and
concentrated demand for public transport. Good provision for walking and bicycling
(and often many lanes that are only for pedestrians and bicyclists). And often public
spaces that are heavily used and lots of work opportunities.

So it is very common for those living in informal settlements to want to stay there
because they have a relatively good access to labour markets, and they also want
to avoid the disruption to social networks that a move would entail. There is also a
literature going back to the 1930s on how moving low-income households to ‘better
quality’ accommodation in peripheral locations actually impoverishes them as this
move reduces their access to income-earning opportunities.12

So incremental upgrading of informal settlements preserves the locational advan-
tages while also addressing the other needs of the residents. This is perhaps best
seen in the work of the Community Organizations Development Institute (CODI)
in Thailand that provides loans and support to low-income community residents to
develop their own upgrading plan and negotiate secure tenure from the owner of
the land on which they live.13 These have transformed the quality of housing and
provision for infrastructure and basic services for tens of thousands of households.

Upgrading is not always the preferred solution; the pavement dwellers in Byculla
(Mumbai) want better quality and more secure accommodation as long as it does not
impose too high a monetary cost for the housing and services and too high a time and
monetary cost getting to and from work.14 The 20,000 households that lived along
the railway tracks in Mumbai did not want to stay there if there were housing options
that better suited their needs and priorities. They agreed to move although what was
unusual in this move was the extent to which those who moved were themselves
engaged in decisions about where to move to, when to move and how.15

12Turner (1976).
13Boonyabancha (2005), also Satterthwaite and Mitlin (2014).
14Patel (1990).
15Patel et al. (2002).
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As a city grows and expands, so there is a need to upgrade infrastructure. For
many cities, there is also a very large deficit in basic infrastructure that needs to be
remedied. Many cities also have a high concentration of low-income groups living
in areas at risk from extreme weather events—and often also from the increase in
risks that climate change is bringing or will bring. So there will be some need for
relocations. What stands out from the successful and the unsuccessful relocations is
the key role of location and the quality of public transport. And as critically, who
chooses the site for the relocation—and who manages the move (as in the example
given above of those relocated from beside the railway tracks in Mumbai). Also,
with low-income groups in informal settlements allowed to challenge official plans
and limit those who have to move to a minimum.

15.6 Can Transport Costs Be Reduced?

For at least two decades, there have been studies showing the high proportion of
household expenditure going to transport among urban populations—or the high
costs facing particular urban poor communities. These include studies showingpublic
transport costs representing a significant part of total household expenditure. Travel
can take 20–25% of daily wages among the low-income population living in cities
such as Delhi, Buenos Aires and Manila and up to 30% in Pretoria and Dar es
Salaam.16 Yet transport costs are often not even considered in the setting of poverty
lines.17

In Buenos Aires, a 2002 survey found that the poorest quintile spent over 30%
of family income on public transport.18 In Sao Paulo, a 2003 survey showed low-
income groups spending 18–30% of their incomes on travel; by comparison, wealthy
residents spent 7% of their incomes and were able to travel far more frequently.19

In Salvador (Brazil), a household survey in two peripheral low-income neighbour-
hoods found that transport expenditures averaged 25% of monthly expenditures.20 In
informal settlements in Nairobi, residents spend 8% of their income on transport21

Although given the variety of locations for informal settlements in Nairobi in regard
to how close they are to income-earning opportunities, there is likely to be consid-
erable variation in this between different informal settlements. A study of average
household expenditures across Zambia’s urban population found that 12%was spent
on transport.22

16UN-Habitat (2013).
17Mitlin and Satterthwaite (2012), op. cit.
18Carruthers et al. (2005).
19Ibid.
20Winrock International (2005).
21World Bank (2006).
22Central Statistical Office, Zambia (1998).
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But averages across urban populations hide the great diversity in costs between
different settlements and locations—and many low-income groups live in very poor
quality andovercrowded accommodation inmore central areas to get quicker, cheaper
and easier access to income-earning opportunities. So those living in more distant
poorly located settlements may be paying two or more times the average. In addition,
what such figures do not show are the other consequences of high public transport
costs. These include the time and energy burden of having to walk more. Some
studies have shown how many low-income groups walk long distances to keep their
transport expenditures down.23 In a survey of Wuhan, China, the bottom quintile
reported walking for almost half of their journeys; so too did the bottom quintile
in Buenos Aires.24A survey in Nairobi showed the high proportion of trips done
by walking for those living in ‘slums’; women were more affected—as 67% of
low-income women walked, significantly higher than the 53 per cent of their male
counterparts.25 High transport costs may also result in employment opportunities
forgone because the time and monetary costs of getting there are too high. A 2003
survey in Wuhan, China, showed how prohibitively high transit costs resulted in
low-income groups rejecting jobs far from their homes.26 A study of eight informal
settlements in Cairo noted that high travel costs were one reason why few children
went to secondary school.27

15.7 What Could Transport Do for Housing Costs?

In theory, expanding road networks in and around a city should increase the supply
and reduce the cost of land for housing. Expanding public transport services to a
larger area in and around the city (including rail/light rail, bus-rapid transit and
metro) should also do so. This seems to go against the very considerable literature
on how improving any location’s access to central city locations (or labour markets)
increases land prices. But surely this is only for the locations most favoured by
the improved access. I want to know what happens to land prices in locations that
benefitted from the new road, BRT, rail or metro but that were further away from
the stations or bus stops. When Curitiba developed and then extended its bus-rapid-
transit system, land prices must have increased in and around the bus stops—but
overall this bus system served to increase the land area in and around the city that
was within (say) half an hour and a particular cost of the industrial area or the central
city.

23See, for instance, Huq et al. (1996) for various cities in Bangladesh, and Barter (1999) for central
Bombay/Mumbai and Jakarta.
24Carruthers et al. (2005), op. cit.
25Salon and Gulyani (2010).
26Carruthers et al. (2005), op. cit.
27Sabry (2010).
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However, when I asked friends of mine who are transport specialists, they
suggested that I was wrong on this. They pointed to how improving the access of
peripheral areas to central city labour markets meant land speculation and real estate
interests focussing on commercial developments or developments for wealthy house-
holds with very little new land available to low-income groups. They also pointed
to how land-use regulations (and how they are applied) constrained any increase in
the supply and reduction in the cost of land for housing. But I want to stick with
my perhaps naïve hope that expanding the area in and around a city that has access
to central city (or other clusters of) income-earning opportunities (and services) can
also increase the possibilities of low-income households to get land on which they
can build housing. So the key issue here is how improvements in transport can be
linked to land-use changes that do increase the supply and reduce the cost of land
for housing. Three examples are given here of different ways in which the supply of
land for housing was increased and costs lowered.

The first is from the city of Ilo in Peru, an industrial city that was growing very
rapidly because of a large copper smelter located closeby. The first Mayor to be
elected there (in 1982) saw the difficulties that low-income households had in finding
accommodation so themunicipal government bought a plot of land in a good location
in relation to the city and employment, plotted it, put in basic infrastructure and sold
the plots for the equivalent of US$60 per plot. This opened up the possibility of legal
housing for low-income groups even if they had to build their own homes. Here the
key intervention was not on transport but on increasing the availability of low-cost
housing plots well-located in relation to income-earning opportunities.28

A similar story in Namibia. Here, a national federation of homeless people had
been formed by savings groups. Their members could not afford to buy legal housing
plots that local governments developed and sold at cost. But this federation negotiated
with local government to allow smaller plots (below the official minimum lot size)
and lower-cost infrastructure. This reduced the cost of legal land plots for housing
and widened the proportion of households able to afford these.29

A different story from Tunisia that was documented in the 1970s but for which
I have found no more recent documentation. Here, a government agency purchased
land in and around cities, subdivided it into plots, put in the basic infrastructure and
sold it—including sales to housing companies. Thiswas done on a rolling programme
so the sale of the (now prepared) land generated the revenues to allow the agency
to continue buying land. This did not bring direct benefits to low-income groups
because this boosted the supply and reduced the cost of formal housing that they
could not afford—but it increased options for lower-middle income groups who then
were no longer in competition with low-income groups for existing housing.30 There
were also other government initiatives to improve conditions in informal settlements
that would have brought more direct benefits to low-income households.

28Follegatti and Luis (1999).
29Mitlin and Muller (2004).
30Hardoy and Satterthwaite (1989), op. cit.
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There are also some historic moments when a city government greatly increased
the plotted area around it (as in New York and Barcelona) and what did this do for
housing prices? How much did the expansion of public transport in London through
suburban railways and the metro increase the supply of land for housing and reduce
the cost (or were all the benefits concentrated in middle and upper income groups).

Of course, whether or not an increase in the area in and around a city with good
access to income-earning opportunities brings cheaper housing also depends on the
price and availability of building materials (and how these are influenced by laws,
codes and regulations on building design andmaterials). It also depends on the cost of
getting permission to build, extend, buy or sell and the cost implications of meeting
land-use regulations. Like so many other aspects of urban development, it is influ-
enced by the attitudes of politicians and civil servants—in this instance, regarding
the best use of government land and attitudes of politicians and civil servants and
elites regarding development of unused land for low-income groups. It depends on
who can get credit for land purchase and housing and who can access it.

So how can we combine the expansion of transport systems with increasing the
supply and reducing the cost of land for housing and the infrastructure it needs.
But without urban sprawl. And without building into the urban form increasing car
dependency.

15.8 Conclusions

There are some strong and important linkages within a good transport policy that can
serve the different urban agendas. Public transport systems that are not only used by
those with low-incomes that keep down time andmonetary costs for users, that widen
housing choices for low-income groups, that are pleasant and safe and that help keep
down transport-related greenhouse gas emissions. And in doing so, reinforcing the
comparative advantage of that city in retaining or attracting new investment?

Can we learn from the way that low-income groups and their own organizations
have upgraded their settlements to show how a high quality of life can be achieved
with high densities and a high proportion of all trips made by walking, bicycling and
public transport?

How can more attention be paid to the five Ds that influence travel demand:
Density, Diversity of land uses (jobs and homes, provisions for walking and bicy-
cles as well as cars); Design (street layout that encourages pedestrians and bicy-
cles), Destination accessibility (what can be reached within 30 min) and Distance to
transit.31

Can all discussions of relocation now be done with those ‘to be relocated’ with
particular attention paid to how this affects their access to labour markets and the
time and transport costs they would face. Clearly, there are very large variations in
upgrading programmes from serving those who live there to those that push them

31UN-Habitat (2013), op. cit.
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out.32 Clearly, settlements will be displaced as cities upgrade their infrastructure (and
address the often enormous deficits in basic infrastructure). But the cost of doing
relocation well (so that all those who are relocated are fully engaged in planning
and managing this) is so often a very small fraction of the infrastructure investment
budget.

So much of the above depends on changing the nature of the link between city
government and those living in informal settlements. Do city politicians and civil
servants understand the key contributions to the city economy made by those living
in informal settlements and also understand their needs and priorities?

Are there forms of redistribution to which transport systems contribute? For
instance, where the transport modes that low-income groups use are faster than using
private automobiles?Where provision for bicycle use is so good that themiddle-class
also choose to bicycle (see some cities in Europe with 30–55% of trips made by
bike).33

And perhaps the most difficult in any successful city: How to get control of
land use and land-use changes so that these are in the public interest? And here with
particular attention to increasing the supply and reducing the cost of land for housing
in locations with good access to labour markets. As noted by Angel et al.,34 few city
governments are actively preparing for urban expansion. The planning horizon of a
politician is too short. Many governments are still anti-urban and will not plan for
fear that it encourages the ‘rush to cities’ even though there is no credible evidence
that shortages of housing, roads, open space, drinking water or public facilities have
any effect on rural–urban migration.35
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