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ARTICLE INFO ABSTRACT

Introduction: Every day 1374 road traffic accidents (RTAs) and 400 deaths take place in India. The number of

deaths in RTAs would increase to 662 persons per day in 2030 and will not begin to decline until 2042, which is

India a serious public health concern.

Urban areas Objectives: Present paper attempts to analyse the trends and patterns of RTAs in India during the year

Heal.th threat 2000-2015, and the patterns in the year 2015 in cities with population size 2 million or more.

Spatio-temporal . . . . . .
Methods: Three years moving average is calculated to nullify the fluctuations in the data, exponential curve

drawn to assess the pattern. Simple growth rate is calculated and absolute change found out to assess the

difference between the year 2000 and 2015.

Results: The exponential growth rate curve of the number of RTAs shows upward trend during 2000-2015 in

India. The spatial analysis of severity shows that there is no direct link between the number of accidents and the

severity. The city-wise analysis of RTAs by the vehicle involved, age of the persons, cite, and timing of accidents

shows a varying pattern across the cities.

Conclusions: The results suggest for city-based strategies to reduce the RTAs, injuries, and deaths, under the

umbrella of national policy.
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1. Introduction

The road traffic accidents (RTAs) are concerning issues in public
health owing to the increasing number of motor vehicles around the
world. According to Global Status Report 2015, more than 1.2 million
people die each year on the roads of the world, and 50 million suffer
non-fatal injuries." More than 90 per cent of RTAs occur in the low and
middle-income countries, though they have only 54 per cent of regis-
tered motor vehicles.! In India, 1374 accidents and 400 deaths take
place every day, which means on an average about 57 accidents and 17
persons die every hour.” It is estimated that nearly 2,41,751 persons
would die due to RTAs in the year 2030, if the scenario remains un-
changed and if strong and integrated road safety mechanisms are not
put in place.” Further, if the present policies continue, the RTAs death
rate in India will not begin to decline until the year 2042.% Globally,
RTAs is a leading cause of death among young people, and the main
cause of death among the 15-29 years old population.’ In India, people
of economically active age group, that is 30-59 years, are most vul-
nerable.” A study® conducted in Bhubaneswar city showed the in-
volvement of 18-34 years old to be maximum in RTAs. In India, pe-
destrians, bicyclists and motorcyclists comprise a large proportion of
deaths on all types of RTAs.” As such, beyond the enormous suffering
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they cause, road traffic crashes can drive a family into poverty due to
the various expenses involved in it, including the loss of the family
breadwinner.® As per a study, most of the victims of RTAs are the bread-
winner of the family.’ The financial burden, particularly, is high for
poorer households in rural areas, and those seeking treatment at private
health facilities with no health insurance.'® RTAs continue to be a social
threat, incurring a heavy loss of valuable human resource.® Thus, it is
obvious that RTAs is one of the biggest threats to human life in India’*
and as such needs deeper understanding.

It is noted that the burden of RTAs is relatively low in million plus
cities as compared to rural areas in India. Fatality risk per 100,000
population varies between 3.0 in Kolkata to 25.5 in Jaipur.” But, cities
are the foci of all sorts of human activities providing economic oppor-
tunities to its inhabitants that attracts rural population in mass. In the
urban areas, large proportion of people including migrants from rural
areas commute everyday using different modes of transportation (as per
their capacity, need, suitability and availability) exposing them to the
risk of RTAs. Travel patterns in India present a complex and a unique
mix of traffic modes and are going through rapid changes.'” Further,
like any other country, in India too, the traffic police is the source of
official statistics on road traffic deaths.” The statistics available on RTAs
is suggested to be underreported.’’,° Additionally, the official
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government statistics of road traffic deaths in India also under-re-
present the number of pedestrians and motorised two-wheeler riders.”
Research on RTAs in cities is required to understand the magnitude of
the problem and safety features so that it can help to formulate ap-
propriate policies. Hence, the present paper attempts to analyse the
trends and patterns of RTAs in India during 2000-2015, and understand
the pattern of RTAs in major Indian cities in 2015.

2. Methodology

The Census of India 2011 data shows that about 31 per cent of
India's population lives in the urban areas. About 377 million people in
India inhabit in 7935 towns/cities.'® Since urban centres are quite di-
verse regarding its population size and other characteristics, covering
all centres was cumbersome and somewhat not relevant. As such, the
present study considered cities with a population of 2 million and
above. There are 13 cities in India which have a population of 2 million
and above. To fulfil the first part of the objective, due to the irregularity
in the annual data, we have considered times series data from 2000 to
2015 only. Data before the year 2000 is not available on regular in-
terval. Annual data usually suffers from fluctuations. Hence, we have
applied three years moving average to nullify the fluctuations in the
data, and the result is presented in graphical form. Simple growth rate
is calculated and absolute change found out to assess the difference
between the year 2000 and 2015. The patterns of RTAs is assessed
through the number of fatalities and the severity index. Severity index
is the number of deaths per cent accidents in a given year in an urban
centre. The percentage of deaths by vehicle is calculated to get an idea
of which type of vehicle is more responsible for accidental deaths. The
result is presented as a stacked graph out of a hundred accidents. The
proportion distribution of deaths by broad age group is computed, and
the result is presented as a stacked graph. The percentage distribution
of accidents by location and time is presented in tabular form to un-
derstand the occurrence of accidents and its association with the type of
location and time.

3. Results
3.1. Trends in RTAs in India during 2000-2015

The number of RTAs in India from 2000 to 2015, its three years
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moving average and exponential growth rate are presented in Fig. 1.
The dashed line in the graph depicts the number of RTAs as per the
official statistics, about 391 thousand RTAs occurred in India in the
year 2000. Then there is a stable increase in the number of total RTAs
from 2000 till 2010. The number touched about 500 thousand mark in
the year 2010. The figure slowly started declining from the year 2010
till 2013. In the year 2013, the figure reached to 486 thousand. After
that again there was a marginal rise in the figure to cross 500 thousand
mark in the year 2015. Overall, there is about a 28 per cent increase in
the number of RTAs during the year 2000-2015, which is about 110
thousand increase in absolute term.

The three-year moving average, presented as a dotted line, depicts a
slightly smoother trend than the single year data. Throughout the study
period, the lines of single year data and three years moving average are
very close to each other, this suggests that the available single year data
is already pretty smooth. In other words, there is a steady increase in
the number of RTAs in India during the study period. Similarly, the
exponential growth rate line, presented as a straight line, shows a
constant linear rising trend. All the three lines suggest that there is a
regular increase in the number of accidents over the last sixteen years.

The total number of persons killed have steadily increased during
the study period (Fig. 2). In the year 2000, the number of deaths was
almost 80 thousand, and by the year 2015, it has reached to 146
thousand. During the period there is 85 per cent increase in the number
of deaths and the absolute number increased by 67 thousand. Similarly,
the fatal RTAs in the year 2005 were about 83 thousand and it has
reached as high as 131 thousand in the year 2015. There is 58 per cent
growth over the decade. Regarding the absolute figure, there is about
48 thousand increase in the number of fatal RTAs.

From the bar graph (Fig. 2) it is evident that there is a similar
pattern of steady rise in both the number of fatal accidents and the
number of deaths. The severity index is presented as a line graph in the
same figure, with its scale on the right vertical axis. The severity of
RTAs in India in the year 2000 was about 20 per cent. It means out of
hundred accidents, about 20 persons died in the year 2000. The severity
continued to rise till 2011 to reach about 28.6 per cent. But, between
the year 2011 and 2012, there is a marginal decline in the severity
index. After that, during 2012-2015 there is a marginal increase. By the
year 2015, the severity of RTAs in India has reached about 29 per cent.
As such, overall there is about 9 per cent point increase in the severity
during the study period.
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Fig. 1. Trends in Road Traffic Accidents in India during 2000-2015 (in Thousand)
Data Source: Ministry of Road Transport and Highway, Govt. of India. (Available at https://www.indiastat.com/table/crime-and-law-data/6/road accidents/17897/

443689/data.aspx).
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Fig. 2. Number of fatal road accidents and persons killed (in thousand), and severity of road accidents (in %) in India during 2000-2015
Data Source: Ministry of Road Transport and Highway, Govt. of India. (Available at https://www.indiastat.com/table/crime-and-law-data/6/road-accidents/17897/

443689/data.aspx).

3.2. Patterns of RTAs in selected cities

Citi wise, the persons killed in road accidents, the fatal accidents,
and the severity index in 2015 are presented in the Fig. 3 and Map: 1.
The graph shows that the number of persons killed and fatal RTAs are
maximum in Delhi followed by Chennai. A minute observation of the
graph reveals that though the persons killed, and the number of fatal
RTAs are comparatively lower in Kanpur among the studied towns, the
severity (shown as a solid triangle) is maximum in it. In Kanpur, about
45 per cent of the accidents turned out to be severe. Contrary to this,
although the number of RTAs occurred is maximum in Mumbai
(23,468), the severity of RTAs is quite negligible Only 2.6 per cent of
accidents turn out to be severe in Mumbai. Another apparent pattern of
RTAs in large Indian cities is that although the number of RTAs is the
lowest in Surat (903) and Nagpur (1,254), the severity of accidents in
these cities is somewhat at the higher side.

3.3. Vehicles involved in RTAs

The RTAs by type of vehicles in Indian cities in 2015 (in proportion)
is presented in Fig. 4 to understand the involvement of different types of
vehicle in the RTAs. The graph shows that out of the total thirteen
studied cities, except Kolkata and Lucknow, the involvement of two-
wheelers is maximum. In Hyderabad, the proportion of two-wheelers

involved in the RTAs is as high as 65 per cent, and in Pune, it is 48 per
cent. However, in Kolkata and Lucknow, the involvement of two-
wheelers is only 17 and 29 per cent respectively. In three cities, namely
Kanpur, Nagpur and Lucknow, the truck is involved in about 31 per
cent of the RTAs. Whereas, in Hyderabad (4%) and Surat (9%) in-
volvement of truck/lorry is minimal. The proportion of car involved in
accidents is about one-fifth of total accidents in Ahmedabad, Delhi, and
Mumbai. But, the proportion of involvement of car in RTAs is less than
one-tenth in Surat and Chennai. Involvement of bus in RTAs is as high
as 19 per cent in Kolkata and 15 per cent in Ahmedabad, whereas it is
pretty negligible in Surat (2%). The involvement of other vehicles
(other than two-wheelers, car, bus, and truck) in RTAs in cities of India
is as high as 40 per cent of total accidents in Surat, whereas it is only 10
per cent in Hyderabad and 11 per cent in Pune.

3.4. Persons involved in RTAs

The RTAs data is also cross-classified by broad age groups (0-14,
14-30, 30-45, 45-60, and 60 and above years), and available for dif-
ferent cities (Table 1). The proportion of persons involved in RTAs is
concentrated mainly in the board age group of 14-45 years in all the
selected cities. The contribution of this broad age group to total acci-
dents ranges between 58 per cent in Chennai to as high as 86 per cent in
Hyderabad. The contribution of age group 30-45 years varies between
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Fig. 3. Number of persons killed, fatal accidents (in thousand) and severity index (in %) in selected cities of India, 2015.
Data Source: Ministry of Road Transport and Highway, Govt. of India. (Available at https://www.indiastat.com/table/crime-and-law-data/6/road-accidents/17897/

443689/data.aspx).
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26 per cent in Chennai and Mumbai to 51 per cent in Kolkata. Further,
the proportion of persons involved in RTAs for age group 45-60 years is
only 10 per cent in Hyderabad and as high as 30 per cent in Kolkata.
The contribution of the child population (0-14 years) is quite negligible
in almost all the selected cities. The concentration of RTAs among the
older age is somewhat tolerable in few cities like Lucknow, Kolkata,
Hyderabad, Delhi and Surat. But it is comparatively high in the cities
like Pune, Mumbai, Nagpur and Chennai. Thus, there is a diverse pat-
tern in persons involved in the RTAs across different cities of India.

3.5. RTAs in Indian cities by location

The RTAs by location are presented in Table 2. As per the classifi-
cation, RTAs take place mostly near a residential area and at pedestrian
crossing points. In Surat, as high as 48 per cent of the total accidents
occur near the residential area, but in Chennai, only 2 per cent of ac-
cidents occur near a residential area. In Kolkata, almost half (46%) of
the total accidents take place at the pedestrian crossing points. Contrary
to this, hardly any accidents occur at pedestrian crossing points in cities
like Jaipur, Lucknow, and Kanpur. It is worth mentioning that about
one-fifth of the total accidents in Surat takes place near a factory or
industrial area. The proportion of accidents taking place near religious
place or cinema hall is quite low in all the selected cities of India.

3.6. RTAs in Indian cities by timing

As per the classification of the timing of accidents, it is observed that
except mid-night to early morning (0.0-6.0h), the accidents are
somewhat evenly distributed (Table 3). However, out of total accidents,
the proportion of accidents occurring during 18-21 h is higher than at
other times in almost all the selected cities. In cities like Surat, Nagpur,
Jaipur, and Chennai, about one-fifth of the total accidents take place
during 18-21 h of timing. Following this, another time slot is 12-15h.
During this time the proportion of occurrence of accidents is com-
paratively high in Jaipur (20%) and Surat (18%).

4. Discussion

RTAs may cause a heavy economic burden on the household due to
the loss of a working person, prolonged medical care of the injured
person, and taking care of disabled person. This may also have serious
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social implications. The economic costs also strike hard at a national
level, imposing a significant burden on health, insurance, and legal
systems." Sustainable Development Goal 3 aims to ensure healthy lives
and promote well-being for all at all ages. Further, it seeks to halve the
number of global deaths and injuries from RTAs by 2020. Further, the
Sustainable Development Goal 11 aims to make cities and human set-
tlements inclusive, safe, resilient and sustainable. The idea behind this
goal is to provide access to safe, affordable, accessible and sustainable
transport systems for all by 2030." In this context, study on trends and
patterns of RTA is quite appropriate.

India recorded about 28 per cent growth in total RTAs from 2000 to
2015 and there is no direct link between the number of accidents and
the severity of the accidents. It is encouraging to see that this growth
from 2005 to 2015 is only about 14 per cent. But the issue of serious
concern is that the fatal RTAs have increased by almost 50 per cent.
This may have to do more with an increase in the number of high-speed
vehicles. Hence, policymakers may also think about implementing de-
monstrated effective and cost-effective success of automated speed
enforcement system to reduce injuries relating to RTAs. However,
policy measures found to be effective in one setting may not be suitable
for another place,’* or even it may not be appropriate at all. Hence,
strategies that are found to be successful in curbing the RTA in a cost
effective manner may be replicated on pilot basis in the selected cities
during the initial phase, later scale up if found successful.

The study shows that in India the distribution of injuries and death
rates from road crashes over the years 1999-2001 is highly variable
between regions.'® Also, analysis of RTAs scenario at the state and city
level show a huge variation in fatality risk across states and cities.”
Similarly, in the present study, the proportion of different types of ve-
hicles involved in an accident shows that there is no uniform pattern
across the cities. This is basically due to the fact that each city has
different road built-up, mixture of traffic modes, varying weather
conditions, functions, population composition etc. For example, in
terms of temperature, Mumbai has very nominal seasonal variation,
whereas Delhi has extreme seasonal variation. It is also notable that
though the persons involved in RTA is mainly from the broad eco-
nomically active population, yet there are differences across the dif-
ferent cities. This variation may be due to the differences in proximity
between the residence and the work place, or educational institution
etc. It is also noteworthy that the RTAs do not occur in similar places
across the cities, nor during the similar time. The road structure and the
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Map: 1. Map of India showing the location of selected 13 cities, and persons killed in RTAs, fatal accidents, and the persons injured, 2015
Data Source: Ministry of Road Transport and Highway, Govt. of India. (Available at https://www.indiastat.com/table/crime-and-law-data/6/road-accidents/17897/

443689/data.aspx).

Table 1

Road Traffic Accidents in Indian cities by age-groups, 2015 (percentage)
Cities Age group Total

0-14 14-30 30-45 45-60 60+

Ahmedabad 3 31 37 23 7 100
Bengaluru 2 37 31 23 8 100
Chennai 3 32 26 27 10 100
Delhi 2 42 37 15 4 100
Hyderabad 1 43 43 10 3 100
Jaipur 2 45 30 16 8 100
Kanpur 2 42 36 14 6 100
Kolkata 1 17 51 30 2 100
Lucknow 3 44 34 17 2 100
Mumbai 7 39 26 15 12 100
Nagpur 3 28 35 23 11 100
Pune 2 36 31 19 12 100
Surat 3 43 31 19 4 100

Data Source: Ministry of Home Affairs, Govt. of India. (Available at https://
www.indiastat.com/table/crime-and-law-data/6/road-accidents/17897/
1055844 /data.aspx).
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control of traffic signal as well as adherence to traffic rule varies across
the cities, which is resulting into the differences in the cite and time of
RTAs. These indicate that any step or policy targeting to curb RTAs
needs to be city specific.

Cities in India are quite different from each other. Some of the cities
are disproportionately larger than others. As such, the road pattern,
type of vehicles, type of major functions of a city, type of population
etc. greatly varies from each other. Thus, there is no clear pattern of
RTAs in Indian cities. Hence, there is a need for city-based strategies to
reduce the RTAs, injuries, and deaths, under the big umbrella of related
national policy.
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Table 2

Road Traffic Accidents in Indian cities by location, 2015 (in percentage)
Cities Near Residential Area  Near Religious Place Near Cinema Hall Near Factory/Industrial Area At Pedestrian Crossing Others Rural Counter part Total
Ahmedabad 36 5 3 11 10 34 0 100
Bengaluru 15 7 9 9 13 45 2 100
Chennai 2 2 4 3 13 47 29 100
Delhi 15 2 0 2 7 71 2 100
Hyderabad 19 4 7 1 21 48 0 100
Jaipur 9 2 3 1 0 26 59 100
Kanpur 27 2 1 12 2 17 39 100
Kolkata 23 5 10 1 46 14 0 100
Lucknow 27 0 1 7 0 9 56 100
Mumbai 25 6 3 4 8 51 3 100
Nagpur 14 1 0 2 6 62 15 100
Pune 25 7 4 3 22 38 1 100
Surat 48 3 2 20 7 9 11 100

Data Source: Ministry of Home Affairs, Govt. of India. (Available at https://www.indiastat.com/table/crime-and-law-data/6/road-accidents/17897,/10349 07/da-

ta.aspx).
Table 3
Road Traffic Accidents in Indian cities by time of accident, 2015 (in percentage)
Cities 00:00h to 03:00h to 06:00h to 09:00h to 12:00h to 15:00 h to 18:00h to 21:00h to Total
03:00h 06:00h 09:00h 12:00h 15:00h 18:00h 21:00h 24:00h
Night Night Day Day Day Day Night Night
Ahmedabad 6 3 13 18 14 14 16 15 100
Bengaluru 4 6 13 16 16 17 17 12 100
Chennai 4 5 12 16 15 16 19 14 100
Delhi 10 9 11 11 12 14 16 17 100
Hyderabad 8 6 11 14 15 16 15 15 100
Jaipur 3 3 9 17 20 17 20 12 100
Kanpur 15 14 13 9 12 13 14 9 100
Kolkata 7 5 10 16 15 14 16 17 100
Lucknow 6 9 17 15 14 12 16 12 100
Mumbai 10 7 10 15 14 16 15 14 100
Nagpur 4 4 8 16 16 16 20 16 100
Pune 10 7 10 15 13 14 18 12 100
Surat 6 2 9 16 18 12 20 17 100

Data Source: Ministry of Home Affairs, Govt. of India (Available at https://www.indiastat.com/table/crime-and-law-data/6/road-accidents-by-time-of-occurrence-

1998-2016/376211/1034542/data.aspx).
Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.cegh.2019.01.005.
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