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Abstract
This paper examines the data available from published 
reports to understand the shortcomings in our present 

relative risk of different categories of road users in different 

rather than effectively enforcing a few well-known safety 
countermeasures like helmet and seat belt use; weak 
efforts at controlling speeds and drinking and driving; and 
crashworthiness standards for cars may not be enough to 

Patterns of motorised two-wheeler and paratransit vehicle 
crash rates seem to be different in low and middle-income 
countries. Much more detailed research needs to be done in 
low and middle-income countries by establishing research 
centres to address local issues in these countries.

Keywords
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Introduction
The World Health Organization (WHO) released its World 

and fatalities as a worldwide health problem and included 
a summary of the known risk factors associated with road 

be put in place to control the problem. It also pointed out 

injuries will be the third leading cause of death by the year 
2020”. The publication of this report spurred some national 
and international agencies and civil society groups to give 
a little more attention to the problem of road safety and 
a number of resolutions have been passed by the United 
Nations General Assembly, World Health Assembly and 
the Executive Board of the WHO. The WHO has released 

three Global Status Reports On Road Safety in 2009, 2013 
and 2015 (WHO 2009, 2013 and 2015). These reports 
offer a broad assessment of the status of road safety in over 
175 countries. The data were obtained by the WHO from 
national governments using standardised survey forms. 

The latest WHO Global Status Report shows that low-
income and middle-income countries on an average have 

populations, respectively) than high-income countries (9.2 
per 100,000 population). These estimates are based on 
regression models that rely on national death registration 
data and seek to correct for substantial underreporting in 

the countries. 

The Status Report estimates that 49 per cent of those who 

users of motorised two-wheelers (MTW). However, this 
is likely an underestimate because WHO’s estimates rely 

of different types of road users killed. For example, in 
the latest report the data for India includes the proportion 
for pedestrian and bicyclist deaths as 9 and 4 per cent 
respectively. However, a recent research report from India 
suggests that pedestrian and bicyclist deaths may be in the 
range 39-45 per cent (Mohan et al 2015). Similarly, the 

26% of deaths are pedestrians. However, China’s national 
burden of disease estimate, which are based on national 

fatalities (Zhou et al 2013). Though some of the data in 
these Status Reports may not be accurate, they do provide a 
rich source of information that was not earlier available. 

The 2015 Report suggests that “Changing road user 
behaviour is a critical component of the holistic ‘Safe 
Systems’ approach advocated in this report. Adopting 
and enforcing good laws is effective in changing road 
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- speed, drink-driving, and the failure to use helmets, 
seat-belts and child restraints properly or at all.” These 
recommendations are similar to those included in earlier 
reports and have been adopted by most international 
agencies promoting road safety in low- and middle-income 
countries (for example, Bloomberg Initiative for Global 
Road Safety and Global Road Safety Partnership). Focus 

work in every country if controlled successfully. However, 
all these interventions require implementation and 

or easy. For enforcement to create a meaningful deterrent 
threat, enforcement activity needs to be increased 
substantially and maintained over a long period so that 
road users perceive a high risk of being ticketed (Zaal 
1994). Severe penalties and quick punishment are not 
effective unless drivers believe that there is a high risk 
of apprehension. However, large increases in traditional 
(manual) police enforcement will often not be politically 

used by police as a tool for crime prevention and broader 
social control (Epp et al 2014). For some domains, such as 
speed control, there are emerging automated technologies 
that may allow large increases in enforcement without 
concomitant increase in direct contact with police 
personnel. However, large-scale deployment of these 
technologies in low- and middle- income countries remains 
largely untested. This may be why most local agencies 
and governments fall back on ‘education’, driver training 
and behaviour change campaigns that are usually not very 
successful (Williams 2013; Williams AF 2007; Williams AF 
2007a; Robertson 2007; Haddon WJ 1968).

Another important stream in global intervention strategies 
is in the promotion of universal motor vehicle safety 
standards. There are two approaches to improving car 

which vehicle manufacturers need to comply, and (2) 
information programs by organisations like Global New 
Car Assessment Programme (Global NCAP) that provide 
safety ratings for cars and allow car buyers to pick safer 
cars. Again, this activity is desirable and must be promoted 
to make cars safer for their occupants.

However, these approaches need to be tailored to the 
particular context of every country. Creating a market for 

buy vehicles that protect vehicle occupants but are unlikely 

road users outside the car. However, in many countries car 

fatalities (WHO 2015; Mohan 2015). Thus, it is important 
to legislate vehicle design standards that improve the safety 
of pedestrian, bicyclists and motorcyclists in collisions. 
Furthermore, these standards need to include buses and 
trucks, which comprise a large proportion of vehicles 
that impact vulnerable road users (Mohan 2015){Epp, 
2014 #2556}. Exclusive focus on cars also ignores some 
important issues of relevance to low and middle-income 
countries (LMIC), such as safety of paratransit vehicles 
(three-wheeled taxis, tuk-tuks, jeepneys, etc.). 

The WHO reports do mention the need for focussing 
on safer street design in urban areas, but urban planners 
and policy makers in most LMIC are not giving enough 
attention to this issue. This is possibly because the role of 
urban planning in promoting road safety is still not well 
understood. It is only recently that some of these issues 
have been highlighted by Cho et al 2009; Dumbaugh 
2013; Ewing and Dumbaugh 2009; Miranda-Moreno 2011 
and Mohan and Bangdiwala 2013. They suggest that the 
existence of big urban blocks, high proportion of wide 
arterial streets and even proliferation of big box stores 

to be an important feature of development in most LMIC, 
therefore, it is essential that we develop a more nuanced 
understanding of these issues so that road safety can be 
promoted in a more integrated manner.

In this paper the data available from published reports is 
examined to understand the shortcomings in our present 

• 
safety

• Relative risk of different categories of road users in 
different societies

• 

Figure 1 shows a plot of fatalities per 100,000 population 
versus per-capita income of various countries based on 

(WHO 2015). Fatalities per 100,000 population is used for 
most comparisons in this paper because the index is a good 
indicator of the health burden on the population. Fatalities 
per population can also be used as proxy for risk of death 
per trip, as international experience suggests that the 
average number of trips per person remains relatively stable 

countries) vs. national per capita income for 171 countries. Source 
(WHO 2015)
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in cities around the world vary from 2.8 to 3.8. That total 
trip rates do not vary much and generally remain between 
three and four trips per person per day has been supported 
by many studies around the world (Giuliano and Narayan 
2003; Hupkes 1982; Santos et al 2011; and Zegras 2010.

per unit population increase initially as societies become 
richer but begin to decline after the society reaches a certain 
developmental threshold. However, it must be noted that 
60 per cent of these countries, especially low and middle-
income ones, may have underestimated the total number 
of deaths as mentioned earlier. Such multi-country data 
and historical data from some high-income countries from 
Western Europe and North America have been used by 
many researchers to model the relationship between per 

(e.g. Kopits and Cropper 2005; Koornstra 2007. The model 
developed by Kopits and Cropper predicts that the income 

(1985 international prices). According to this model they 
predicted that the “road death rate in India, for example, 
will not begin to decline until 2042”. Using a more complex 

start declining in countries like India around 2030 if 
corrective actions are taken by policy makers in a ‘learning 
scenario’. Both these predictions may be somewhat 
pessimistic if we take note of the more recent data and 
analyses made available to us.

countries as in Figure 1, plotted against national per capita 
income (WHO 2015). These data have a very different 
distribution from that in Figure 1. Here we see a general 
tendency for a decrease in fatality rates with increasing 

in Figure 1 appears to be largely due to underreporting 

our earlier understanding that fatality rates will continue 
to increase until societies reach income levels between 

decreasing may not be correct. A study by Castillo-
Manzano et al (Castillo-Manzano et al 2014) examining 

European states over the 1970–2010 period shows that 
“the convergence of EU countries as a whole on road 
safety being a clear empirical fact, as the countries with 
traditionally higher fatality rates at the beginning of each 
period have experienced a more negative average rate of 
change”. They conclude that convergence on road safety is 
possible even without economic convergence, but the exact 
reasons for the same are not clear.

It is possible that there is not necessarily a relationship 
between income and road safety performance when other 
factors are controlled. Both Figures 1 and 2 show a very 
large variation in road safety performance of countries 
at the same income level. This is true for countries at all 
income levels. The reasons for such variation are poorly 
understood but are likely due to a wide range of structural 
factors that affect road safety outcomes. It would be much 

more useful to understand why countries at the same 
income level perform very differently than to understand 
the relationship of road safety performance with income 
(Bhalla and Mohan 2016).

Almost all our understanding of road safety issues 
derives from the experience of about a hundred years of 
motorisation in the high-income countries of today. This 

of car occupants remained the central concern. In these 

systems unlike in many of the LMIC where MTW and 
paratransit vehicles like three-wheeled taxis, tuk-tuks, 

detailed epidemiological studies on the effect of these 

a good understanding of the risks faced by occupants of 
these vehicles where these vehicles form a dominant mode 
of transport. Here data available from research reports 
originating from India are compared with the experience 
of OECD countries to get an initial understanding of the 

Figure 3 shows the percentage of motorised two-wheeler 
(MTW) fatalities in OECD countries for the years 2001 
and 2011 and Indian cities in 2013 vs. the percentage of 

for countries is not strictly comparable with urban data 
as vehicles on urban roads may operate under different 
conditions than those on rural roads. However, these data 
do provide us with some pointers for further study. These 
data show that though there is a general tendency for the 
proportion of MTW fatalities to increase with an increase in 

very strong.

vs. national per capita income for 171 countries. Source (WHO 2015)
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For example, in 2011 Finland, Japan and Switzerland had 

and 15% respectively) but MTW fatality shares were very 
different at 13%, 18% and 23% respectively (OECD/ITF 
2015). In the six Indian cities the share of MTW in the 

substantially.

The explanations for differences in MTW fatalities could 
include differences in driving speeds, distance driven per 
year, helmet use, dominant age group using MTW, and 
engine size of MTW. The data also show that the safety in 
numbers effect may be true for MTW riders also as MTW 
fatalities do not seem to increase in proportion to MTW 

Safety in numbers is the phenomenon by which the per road 
user frequency of being killed declines as the proportion 
of those road users increase in a city or country (Jacobsen 
2015; Beanland et al 2014).

in OECD countries and Indian cities
Table 1 shows data for selected OECD countries for 
fatalities of MTW and car occupants per billion vehicle 
kms. Car occupant fatality rates range from a low of 2.1 
in the United Kingdom to a high of 10.5 in the Czech 

Republic, and, for MTW riders from a low of 39 in 
Switzerland to a high of 253 in the Czech Republic. There 
are no clear explanations available why car occupant risk 

six in these OECD countries.

The last column in Table 1 gives the ratio between car and 
MTW fatality rates per billion vehicle kms for each country. 
In Israel MTW riders have nine times higher risk of dying 
than car occupants and in United States this ratio is 31.

Table 2 shows estimates of fatalities of MTW, TWT and 
car occupants per billion vehicle kms for selected Indian 
cities (Mohan et al 2016; Mohan et al 2014). These data 
are not available at the country level. Vehicle mileage data 
for Delhi and Vishakhapatnam were obtained from special 
surveys (Mohan et al 2014). Vishakhapatnam vehicle-use 
data were used for other cities as they are similar in size. 
TWTs are paratransit vehicles used as taxis and an example 
is shown in Figure 4. Helmet use is compulsory for all 
MTW riders by law in India (Ministry of Road Transport 
and Highways 1988) but out of the six cities included 
in Table 2 the law is being enforced only in Delhi with 
compliance rates around 90% in the daytime (Patel and 
Mohan 1993), which may explain the relatively low fatality 
rate in Delhi. Agra has the highest fatality rates for the three 
categories of vehicles compared to the other cities. The 
reasons for this are not known.

Country   
Car  

Car
Australia 71.8 5.2 14

Austria 59.7 4.7 13

Belgium 76.9 5.9 13

Canada 62.9 4.9 13
Czech 
Republic 252.6 10.5 24

Denmark 49.5 4.2 12

France 72.4 4.9 15

Germany 59.5 3.3 18

Ireland 60.8 2.5 24

Israel 45.7 5.1 9

Netherlands 64.0 3.0 21

Slovenia 112.5 4.3 26

Sweden 43.9 2.2 20

Switzerland 39.2 2.3 17
United 
Kingdom 72.0 2.1 34

United States 155.0 5.0 31
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The fatality rates per billion vehicle kilometres for each 
category of vehicles differ by more than a factor of 

magnitude as those observed for OECD countries. Detailed 
epidemiological data are not available at present to account 
for these differences. It would be very useful if data are 
obtained to understand the reasons for the differences 
between high rate and low rate cities for each category of 
vehicles. 

OECD country and Indian city comparison of 
fatality rates per billion vehicle km for cars.
The fatality rates per billion vehicle kms for selected OECD 
countries for cars and MTW and the ratio of MTW and car 
rates are given in Table 1 and the rates for MTW, cars and 
TWT along with MTW/car and TWT car ratios in Table 2. 
Figure 5 compares the rates in Indian cities with the highest 
and lowest rates in OECD countries. Though country 
and city data are strictly not comparable we think that 
comparison of these statistics will give us leads for greater 
examination of these issues.

The average fatality rate for car occupants in six Indian 
cities is 4.9 fatalities per billion vehicle km with a high of 

25 and low of 3.8. The average for OECD countries is 4.4 
fatalities per billion km with a high of 10.5 and low of 2.1. 
The highest and lowest values differ by a factor of about 

In OECD countries, all cars are required to conform to 
crashworthiness standards; and seat belt wearing rates in 
a majority of the countries are more than eighty per cent 
(IRTAD 2014). In contrast, cars in Indian cities do not 
have to conform to crashworthiness standards (Mohan et 
al 2015) and seatbelt use is likely to be less than twenty 
per cent overall, as the law is applicable only to front seat 
passengers and not enforced strictly except in Delhi during 
daytime (Mohan 2009). Use of seat belts by drivers, front 
seat passengers and rear seat passengers is expected to 
reduce fatalities by 50%, 45% and 25%, respectively (Elvik 
and Vaa 2004). According to Farmer and Lund (Farmer and 
Lunk 2015), between the years 1984 and 2009 the risk of 
driver death declined by an estimated 42% in cars, 44% in 
pickups, and 75% in SUVs in USA. Therefore, we should 
expect fatality rates of car occupants in Indian cities to 
be about double those in the OECD countries with better 
safety records, based on this factor alone. Average country 
fatality rates for vehicles can be higher than city rates due to 
lower average velocities in the latter, therefore it is possible 
that the car fatality rate per billion vehicle km is higher than 
the average city rate quoted above. However, it appears that 
the highest and lowest fatality rates for cars on an average 
in India are about double those in the OECD countries. If 

we could expect a reduction in fatalities by more than 50%. 
It is estimated that car occupant fatalities in India are about 
10,000-13,000 (7%-9%) of the total of 141,526 fatalities. 
Therefore, if all cars in India had similar crashworthiness 
characteristics as those in OECD countries in 2014 and 
seat belt laws were being enforced, we would at least halve 
the annual car occupant fatalities and save about 5,000-
6,000 (~4%) lives annually. At present growth rates it will 

be replaced in India (Mohan et al 2014). Therefore, while 
it is imperative that all cars in India satisfy international 
crashworthiness standards, it will only result in a reduction 
of death rates by less than 4% over the next 15 years. 

OECD country and Indian city comparison 
of fatality rates per billion vehicle km for 
motorised two-wheelers.
The average fatality rate per billion km for MTWs in the 
selected OECD countries is 81.2 with the lowest being 
39.2 and the highest 252.6. The average rate for the six 
Indian cities is 21.3 with lowest being 12.8 and highest 
70.7. The lowest fatality rate in Indian cities is about one 
third of the lowest rate in OECD countries and the highest 
in India slightly more than one third of the highest in 
OECD countries. The much lower rates in Indian cities 
are probably partly due to lower powered MTWs (most 
have engines < 175 cc), lower velocities in urban areas, 
and because MTWs in Indian cities tend to be used by an 
older age group for regular urban commuting and less for 
sporting or recreational purposes. However, differences in 

 
city

  
Car  

 
Car  

Car
Australia 71.8 - 5.2 14 -

Austria 59.7 45.3 4.7 13 1.8

Belgium 76.9 11.1 5.9 13 1.5

Canada 62.9 12.8 4.9 13 2.6
Czech 
Republic 252.6 3.8 10.5 24 0.3

Denmark 49.5 27.4 4.2 12 1.3

OECD HIGH

OECD LOW

Vishakapatnan

Vadodara

Ludhiana

Bhopal

Agra

Dehli

0.0 20.0 40.0 60.0 80.0 100.0 120.0

TWT

CAR
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rates by a factor of three probably 
cannot be explained by these issues 
alone.

Use of daytime running lights by 
MTWs is negligible in all Indian 
cities and the helmet law enforced 
only in Delhi among the cities 
included in Table 2. Helmet laws 
are expected to reduce fatalities by 
about thirty to forty per cent (Elvik 
and Vaa 2004; Cochrane database 
2003) and daytime running lights 

cent in tropical countries (Radin 
1996; Yuan 2000). Therefore, 
if daytime running lights were 
in use in India and helmet laws 
observed by all MTW riders, 
the fatality rates may have been 
lower by 40%-50%. In that case 
the Indian city MTW fatality rates 

than the OECD country MTW 
rates. The ratio of risk for MTWs 
compared to cars range from 2.3 
to 4.4 for Indian cities and 9 to 34 
for OECD countries. Such a large difference in MTW risks 
and risk ratios cannot be explained by knowledge presently 
available with us.

According to recent estimates MTW fatalities constitute 
20%-34% (~29,000-49,000 fatalities) of the total fatalities 
in India (Mohan 2015). Daytime running lights and helmet 
use can be enforced almost immediately and would reduce 
fatalities by about 12,000 to 20,000 lives annually. This 
is a saving of lives greater than 3-5 times than ensuring 
crashworthiness of cars and use of seat belts.

Comparison of fatality risk of occupants 
of three-wheeled taxis with that of car 
occupants in Indian cities
The fatality rates of TWT occupants per billion vehicle km 
range from 0.3 times to 2.6 times that for car occupants. 
The average occupancy of cars ranges from 1.8 to 2 and 
that of TWTs from 3-8 (Mohan et al 2016; Arora and Jawed 
2011; Gadapalli 2016; Chanchani and Rajkotia 2012). Since 
the average occupancy of TWTs can be more than two 
times that of cars, and the fatality rate of TWT occupants 
per billion km less than twice that for car occupants, the 
risk of fatality per passenger km for the two vehicles could 

weigh less than a third of cars (Gawade 2004), have no 
surrounding steel shell and have to subscribe to a minimum 
of safety standards. Studies comparing safety of large cars 
with small cars have consistently found that larger cars 
provide better protection than small cars (Broughton 2008; 
Wood 1997; Buzeman et al 1998). All these studies have 
been done in high-income countries where all cars are 
capable of similar driving speeds.

No previous studies are available on safety records of motor 
vehicles that are not capable of high speeds operating in 

cities have engines smaller in size than 175 cc and 
generally cannot exceed velocities greater than 50 km/h. 
The experience of TWTs in Indian cities suggests that 
small lightweight vehicles with limited speed capabilities 
operating in the urban environment can result in low 
occupant fatality rates. The lower operating speed of TWTs 
also implies that they pose a much lower risk to pedestrians, 
bicyclists, and other road-users. This issue needs to be 
studied in greater detail, and if found true, it may suggest 
that there may be a need for less severe crashworthiness 
standards for such vehicles as compared to those capable of 
higher operating speeds.

for 56 cities around the world (Mohan 2008). These data 
show that there are wide variations across income levels 
and within similar income levels. The fatality rate varies by 
a factor of about 20 between the best and the worst cities. 

• Overall fatality risk in cities with very low per-capita 
incomes (less than USD 1,000) and those with high 
incomes (greater than USD 10,000) seems to be 
similar.

• There is a very high variability in fatality risk in 
middle income countries (USD 10,000-20,000).

• There is a great deal of variation even in those cities 
where the per capita income is greater than USD 
20,000 per year.
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fatality rates uniformly across cities in those locations. Even 
in low and middle-income countries, the absence of funds 
and possibly unsafe roads and vehicles does not mean that 
all cities have high overall fatality rates. It is possible that 
the numbers reported for some of the low income cities may 
be underestimates. Provision of safely designed roads and 
modern safe vehicles may be a necessary condition for low 

one. The fact that there are wide variations for overall 
fatality rates among high income cities, where availability 
of funds, expertise and technologies are similar, indicates 
that other factors like land use patterns and exposure 
(distance travelled per day, presence of pedestrians, etc.) 
may play an important role also.

Various studies suggest that (Dumbaugh 2013; Ewing and 
Dumbaugh 2009; Mohan and Bengdiwala 2013; Clifton 
et al 2009; Gronlund 2013; Risom and Mookerjee 2013; 

• Fatality rates in cities are not solely determined by 
income levels or city size. RTI fatality rates among 
cities with similar incomes or similar population 
levels can vary by a factor of 3-5. This indicates that 
city street structure and urban form can have a very 

issues of vehicle design and enforcement.

• It may be more useful to compare cities with very 
different RTI fatality rates rather than taking all cities 

road safety.

• Cities with a higher proportion of wide streets and 
low density road networks appear to have a much 
higher RTI fatality rate.

• Urban form and street design patterns may have to 
be given much more importance to improve safety of 
pedestrians, bicyclists and transit users. 

This suggests that we must spend more time in 

Conclusions
In this paper, data available from published reports are 
examined to understand the shortcomings in our present 
understanding of road safety issues in low and middle-
income countries. It is possible that there is not necessarily 
a relationship between income and road safety performance 
as there is a very large variation in road safety performance 
of countries at the same income level. This is true for 
countries at all income levels. The reasons for such 
variation are poorly understood but are likely due to a wide 
range of structural factors that affect road safety outcomes. 
It would be much more useful to understand why countries 
at the same income level perform very differently than to 
understand the relationship of road safety performance 

with income. Some of the issues that need much greater 
understanding is the safety performance of motorised 
two-wheelers and para transit vehicles in low and middle 
income countries and the effect of urban form on road 
safety.

The data analysed show that though there is a general 
tendency for proportion of MTW fatalities to increase with 

is not very strong. The data also show that a “safety in 
numbers” effect may exist for MTW riders also as MTW 
fatalities do not seem to increase in proportion to MTW in 

Focussing solely on car occupant safety is not likely 
to make a substantial dent in fatalities in low income 
countries. In India, car occupants comprise less than 10% 
of all deaths. Therefore, while it is imperative that all cars 
in India satisfy international crashworthiness standards, this 
will only result in a reduction of death rates by less than 
four per cent annually over the next 15 years.

MTW safety in India seems to differ substantially from that 
in OECD countries. The risk statistics for MTWs compared 
with cars range from 2.3 to 4.4 for Indian cities and 9-34 
for OECD countries. Such a large difference in MTW risks 
and risk ratios cannot be explained by knowledge presently 
available with us. Daytime lights and helmet use can be 
enforced almost immediately and would reduce fatalities by 
about 50 per cent – about 12,000 to 20,000 lives annually. 
This is a saving of lives greater than 3-5 times than 
ensuring crashworthiness of cars and use of seat belts.

The risk of fatality per passenger for cars and para transit 
vehicles like TWTs and cars seems to be similar in India. 

less than a third of cars, have no surrounding steel shell 
and have to subscribe to a minimum of safety standards. 
The experience of TWTs in Indian cities suggests that 
small lightweight vehicles with limited speed capabilities 
operating in the urban environment can result in low fatality 
rates. This issue needs to be studied in greater detail, and 
if found true, it may suggest that there may be a need for 
less severe crashworthiness standards for vehicles with 
operating speeds much lower than standard cars.

International data on fatality rates in cities show that 
there are wide variations across income levels and within 
similar income levels. The risk varies by a factor of about 
20 between the best and the worst cities. These patterns 

uniformly across cities in those locations, and urban form 

in low and middle income countries it is very important that 
we develop a clearer understanding on what kind of city 
forms will ensure safe travel patterns.

Promoting a few well-known safety countermeasures like 
helmet and seat belt use; weak efforts at controlling speeds 
and drinking and driving; and crashworthiness standards 
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rates internationally. Much more detailed research needs to 
be done in low and middle-income countries by establishing 
research centres in these countries. Researchers in these 
centres would have to focus on the differences in patterns 
of crashes of the kind outlined in this paper and determine 
the underlying causes for the same. This would go a long 
way in helping achieve the objectives of the UN Decade for 
Road safety.

References
Arora A, & Jawed F. (2011).Changing perspective: informal urban 

public transport in India
Initiative for Asia (CDIA).

Beanland V, Lenné MG, & Underwood G. (2014). Safety in 
numbers: Target prevalence affects the detection of vehicles 
during simulated driving

Bhalla K, & Mohan D. (2016). Understanding the road safety 

editors. 
roads, and vehicles safer (in print). (pp. 1-15). Boca Raton, 

Broughton J. (2008). Car driver casualty rates in Great Britain by 
type of car. Accident Analysis & Prevention

Buzeman DG, Viano DC, & Lovsund P. (1998). Car occupant 

impact speed, and inherent vehicle protection. Accident 
Analysis & Prevention

Castillo-Manzano JI, Castro-Nuño M, & Pedregal DJ. (2014). The 
trend towards convergence in road accident fatality rates 

Transport Policy

Chanchani R, & Rajkotia F. (2012). A study of the autorickshaw 
sector in Bangalore city
Infrastructure and Sustainable Transportation & Urban 
Planning (CiSTUP), Indian Institute of Science.

Cho G, RodrÌguez DA, & Khattak AJ. (2009). The role of the built 
environment in explaining relationships between perceived 
and actual pedestrian and bicyclist safety. Accident Analysis 
& Prevention

Clifton KJ, Burnier CV, & Akar G. (2009). Severity of injury 

Transportation 
Research Part D: Transport and Environment
36.

Mohan D, editor. Safety, Sustainability and Future Urban 
Transport

Elvik R, & Vaa T. (2004). The handbook of road safety measures. 

Epp CR, Maynard-Moody S, & Haider-Markel D, P. (2014). 
. 

Ewing R, & Dumbaugh E. (2009). The Built Environment and 
Journal of 

Planning Literature

Farmer CM, & Lund AK. (2015). The Effects of Vehicle Redesign 
on the Risk of Driver Death. . 

Gadapalli R. (2016). Role of intermediate public transport in 
Indian cities. Economic & Political Weekly

Gawade TR. (2004). Rollover stability and safety analysis 
of three-wheeled vehicles. Mechanical Engineering 
Department, Indian Institute of Technology Delhi.

Giuliano G, & Narayan D. (2003). Another Look at Travel 
Urban 

Studies

Mohan D, editor. Safety, Sustainability and Future Urban 
Transport
32.

Haddon WJ. (1968). The changing approach to the epidemiology, 

approaches etiologically rather than descriptively based. 
American Journal of Public Health

Hanson CS, Noland RB, & Brown C. (2013). The severity of 

imagery. Journal of Transport Geography

Cochrane Database of Systematic Reviews.  (2003). Helmets for 
preventing injury in motorcycle riders [Internet]. Cochrane 
Database of Systematic Reviews
10.1002/14651858.CD004333.pub2.

Hupkes G. (1982). The law of constant travel time and trip-rates. 
Futures

IRTAD. (2014). Annual Report
Transport Forum.

Jacobsen PL, Ragland DR, & Komanoff C. (2015). Safety in 

bicycling. Injury Prevention

planning in Europe - understanding the transport system. 
Sadhna - Academy Proceedings in Engineering Sciences. 

for mobility becoming sustainable-safe. Sadhna - Academy 
Proceedings in Engineering Sciences

growth. Accident Analysis & Prevention

Marshall WE, & Garrick NW. (2011). Does street network design 
Accident Analysis & Prevention. 

Ministry of Road Transport and Highways. (1988). Motor Vehicles 
Act, 1988
Highways, Government of India.

Miranda-Moreno LF, Morency P, & El-Geneidy AM. (2011). 
The link between built environment, pedestrian activity 
and pedestrian-vehicle collision occurrence at signalized 
intersections. Accident Analysis & Prevention
34.



17

Journal of the Australasian College of Road Safety – Volume 27 No.2, 2016

Mohan D, & Bangdiwala S. (2013). 

Safety, sustainability and future urban transport. New 

Mohan D, Goel R, Guttikunda S, & Tiwari G. (2014). Assessment 
of motor vehicle use characteristics in three Indian cities. 

Mohan D, Tiwari G, & Bhalla K. (2015). Road safety in India: 
status report
Prevention Programme, Indian Institute of Technology 
Delhi.

Mohan D, Tiwari G, & Mukherjee S. (2016). 
safety assessment: A case study of six Indian cities. IATSS 
Research. 
S0386111216000054.

Delhi, India. Journal of the Eastern Asia Society for 
Transportation Studies

Mohan D. (2008). 
the Future

OECD/ITF. (2015). Improving safety for motorcycle, scooter and 
moped riders

Patel R, & Mohan D. (1993). An Improved Motorcycle Helmet 
Design for Tropical Climates. Applied Ergonomics. 

E, et al. (2004). 
prevention. Geneva, World Health Organization.

Radin Umar RS, Mackay MG, Hills BL. (1996). Modelling of 
conspicuity-related motorcycle accidents in Seremban and 
Shah Alam, Malaysia. Accident Analysis & Prevention. 

Risom J, Mookerjee C. (2013). 

Mohan D, editor. Safety, Sustainability and Future Urban 
Transport
402.

Robertson L. (2007). Injury epidemiology: Research and control 
strategies

Santos A, McGuckin N, Nakamoto HY, Gray Da, & Liss S. 
(2011). Summary of travel trends: 2009 national household 
travel survey
Transportation, Federal Highway Administration. Contract 

W.H.O. (2013). Global status report on road safety 2013: 
supporting a decade of action
Organization.W.H.O. (2015). Global status report on road 
safety 2015

W.H.O. (2009). Global status report on road safety: time for 
action

Williams A. (2013). The contribution and limitations of 
Safety, 

sustainability & future urban transport
Goodearth Pvt. Ltd. p. 1-16.

Williams AF (2007a). Public information and education in 
the promotion of highway safety
Transportation Research Board.

Williams AF. (2007). Effectiveness of behavioral highway 
safety countermeasures
Research Board of the National Academies.

explanation. Accident Analysis & Prevention

Yuan W. (2000). The effectiveness of the ‘ride-bright’ legislation 
for motorcycles in Singapore. Accident Analysis & 
Prevention

Zaal D. (1994). . 

Zegras C. (2010). The Built Environment and Motor Vehicle 

Urban Studies

Zhou M, Wang H, Zhu J, Chen W, Wang L, Liu S, et al. (2016). 

Global Burden of Disease Study 2013. The Lancet. 

CODE CODE CODE
ACC Accra DEL Delhi MEX Mexico City
ADD Addis Ababa DEN Denver MNL Manila
ADL Adelaide DKR Dakar MPM Maputo
AMD Ahmedabad DTT Detroit MUC Munich
BER Berlin DUR Durban NBO Nairobi
BKK Bangkok DXB Dubai NYC New York City
BNE Brisbane GRU Sao Paulo PAR Paris
BOG Bogota HIW Honolulu PEK Beijing
BOM Mumbai HKG Hong Kong PHX Phoenix
BOS Boston HOU Houston PNQ Pune
BRU Brussels IXC Chandigarh PRY Pretoria
CCU Kolkata JNB Johannesburg RUH Riyadh
CGK Jakarta KIX Osaka SEL Seoul
CGP Chittagong KUL Kuala Lumpur SIN Singapore
CHI Chicago LAX Los Angeles TPE Taipei
CLO Cali LON London TYO Tokyo
CPT Cape Town MAA Chennai VIE Vienna
DAC Dhaka MEL Melbourne WAS Washington

Appendix 1


