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1990 2020

Rank Disease or injury Rank Disease or injury

1 Lower respiratary infections 1 lschaemic heart disease

2 Diarrhoeal diseases 2 Unipolar major depression

3 Perinatal conditions 3 Road traffic injuries

4 Unipolar major depression 4 Cerebrovascular disease

5 |schaemic heart disease 5 Chronic obstructive pulmonary disease

] Cerebrovascular disease 6 Lower respiratory infections

7 Tuberculesis 7 Tuberculosis

8 Measles g War

9 Road traffic injuries 9 Diarrhosal diseasas

10 Congenital abnormalities 10 HV

DALY: Disability-adjusted life year. A health-gap measure that combines information an
the number of years lost from premature death with the loss of health from disability.
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Form No.

Filled By

Police Report Available
City/Town/Village Name
Time of Accident

Date

Day 01=Monday 02=Tuesday 03=Wednesday 04=Thursday 05=Friday 06=Saturday 07=Sunday 08=Unknown

Holiday
Hit and Run

Accident Severity

No. of Fatalities
No. of Injured
No. of Vehicles Involved

Collision Type

01 = Hit pedestrian
04 = Vehicle hit from side at right angle
07 = Overturn

10= Others

Collision SpOt 01 = On straight road 02 = Road junction 03 = Other 09 = Unknown

Type of Road 0= Un-metalled 01=Metalled (Black topped/Concrete)  02=Others 09=Unknown

Road Accident Recording Form

Accident Information

Date filled (dd/mm/yyyy)

0=No 1=Yes If yes, FIR No

L 1]
[ [ ] ®D) | | (Vv | (YYYY)

0=No 1=Yes 9=Unknown

0=No 1=Yes 9=Unknown

1=Damage Only 2=Injury 3=Fatal 9= Unknown

02 = Vehicles head on 03 = Vehicle hit from back
05 = Sideswipe (same direction) 06= Vehicle Sideswipe (opposite direction)
08 = Vehicle hit fixed object 09 = Run off the road

99 = Unknown

13



Divider 1=Two-Way without median 2= Two-way with median 3= One-way 9= Unknown

Location 1=Urban  2=Rural 3=Semi-Urban  4=0Other 9=Unknown

Light Condition 1=Daylight 2=Dark  3=Dark but lighted 4=Dawn 5=Dusk 9= Unknown

Road Category  RURAL:  1=State Highway 2= National Highway 3= PMGSY

URBAN:  4=Arterial 5=Sub-Arterial 6= Local Street 7=Local 8=Other 9= Unknown

Distance Km post. In the absence of Km post - from the nearest urban centre (m)
From

Global Position (latitude) (longitude)
Road 1 Road 2

Road 3 Landj

Brief Description of Accident

14



Form No.

Type

01 = Multi-Axle Heavy Goods vehicle
05=Bus

09= Three Wheeler Passenger

13 = Tractor without Trailor

17 = Animal drawn vehicle

Vehicle Information

02 = 2-Axle Heavy Goods vehicle
06 = Car/van/jeep/taxi
10=Three Wheeler Goods

14= Tractor with Trailor

18=Bicycle

Maneuver of Vehicle at Crash Time

01 = Proceeding straight

06 = Other

Loading
Disposition
Mechanical Failure
Hazardous Cargo
Fire

Impact-Vehicle/Object

Vehicle type (If another vehicle impacted this vehicle)

13=Kerb/Median

Make-Model
Model-Year

Form No.

Type

01 = Multi-Axle Heavy Goods vehicle
05= Bus

09= Three Wheeler Passenger

13 = Tractor without Trailor

17 = Animal drawn vehicle

02 = Turning

07= Going wrong way

03 = Reversing

1=Normal 2= Overloaded

0=Not Roadworthy (needs to be towed away)

08= Making U turn

Vehicle

03=Light Goods Vehicle

07= Ambulance

11 =Thela

15 = Cycle Rickshaw

19=Pedestrian

04 = Overtaking

09 = Unknown

3= Others

1= Roadworthy ( can drive away )

0=No 1=Yes 9=Unknown
0=No 1=Yes 9=Unknown
0=No 1=Yes 9=Unknown

11=Pedestrian

14=Pole

02 = 2-Axle Heavy Goods vehicle
06 = Car/van/jeep/taxi
10=Three Wheeler Goods

14= Tractor with Trailor

18=Bicycle

15

12=Tree

15= Other

Vehicle

03=Light Goods Vehicle
07= Ambulance
11 =Thela

15 = Cycle Rickshaw

19=Pedestrian

9= Unknown

04 =Mini Bus
08= Fire Fighting Vehicle
12=Electric Cycle

16 = Motorcycle/Scooter/Moped

20=0thers 99=Unknown

05=Parked/Stopped

[ ]

9 = Unknown

99=Unknown

04 =Mini Bus
08= Fire Fighting Vehicle
12=Electric Cycle

16 = Motorcycle/Scooter/Moped

20=0thers 21=Unknown




Manoeuvre of Vehicle at Crash Time

01 = Proceeding straight 02 =Turning 03 = Reversing 04 = Overtaking 05=Parked/Stopped

06 = Other 07= Going wrong way 08= Making U turn 09 = Unknown

Loading 1=Normal 2= Overloaded 3= Others 9= Unknown

DiSpOSitiOH 0=Not Roadworthy (needs to be towed away) 1= Roadworthy ( can drive away) 9= Unknown

Mechanical Failure 0=No 1=Yes 9=Unknown

Hazardous Cargo 0=No  1=Yes  9=Unknown

Fire 0=No 1=Yes 9=Unknown

Impact-Vehicle/Object

Vehicle type (If another vehicle impacted this vehicle) 11=Pedestrian 12=Tree

13=Kerb/Median 14= Pole 15= Other 99=Unknown

Make-Model

Model-Year

Victim Information

Road User 1= Passenger, 2= Driver, 3= Pedestrian, 4=Cyclist, 9= Unknown

Occupant Vehicle

01 = Multi-Axle Heavy Goods vehicle 02 = 2-Axle Heavy Goods vehicle 03=Light Goods Vehicle 04 =Mini Bus
05= Bus 06 = Car/van/jeep/taxi 07= Ambulance 08= Fire Fighting Vehicle
09= Three Wheeler Passenger 10=Three Wheeler Goods 11 =Thela 12=Electric Cycle

13 = Tractor without Trailor 14= Tractor with Trailor 15 = Cycle Rickshaw 16 = Motorcycle/Scooter/Moped

17 = Animal drawn vehicle 18=Bicycle 19=Pedestrian 20=0thers 21=Unknown

Seating Position 01=Front  02=Back 03=Other 09= Not Applicable for Cyclist/Pedestrian

Location of Non-occupant

Age In years, 99 if unknown

Sex 1= Male 2 = Female

Injury 0= No injury 1=Injured 2 =Fatal 9= Unknown

16




Pedestrian/Vehicle Impact

Mode of Treatment

0=None Ol=Firstaid only = 02=Discharge after casualty ward treatment 03=Admitted to hospital 08=Others 09=Unknown

No. of Days in Hospital Days, Unknown- 999

Injury 1 Injury Severity 1
Injury 2 Injury Severity 2
Injury 3 Injury Severity 3
Injury 4 Injury Severity 4
Injury 5 Injury Severity 5
Injury 6 Injury Severity 6
Most Severe Injury 1SS

17




183 [AERSSE (11TD)
A STUDY ON COMMUNITY DESIGN FOR TRAFFIC
SAFETY

OBJECTIVE

1. To study the epidemiology of road traffic injury (fatal) patterns in six cities of India

differentiated by population size and high and low rates of fatalities per unit population.

2. To understand the modal share of victims and vehicles involved in crashes and to

estimate risk functions associated with different road users.

3. To obtain a preliminary understanding of road design from an engineering perspective,
design of the built environment from a land-use perspective, and community design in a

broader sense for control of road traffic fatalities in urban areas.

4. To suggest areas of detailed research in future studies.

RESEARCH TEAM - TRIPP IIT DELHI

Indian Institute of Technology Delhi

1. Professor Dinesh Mohan. Ph.D. in Bioengineering, University of Michigan, Ann Arbor,

Michigan, USA.

2. Professor Geetam Tiwari. Ph. D. In Transportation Planning, University of lllinois, Chicago,

Illinois, USA

3. Professor Sudipto Mukherjee. Ph.D. in Mechanical Engineering, Ohio State University,
Columbus, Ohio, USA.

TIME FRAME

Oneyear: 1 APRIL 2012 - 31 MARCH 2013
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RESEARCH DESIGN AND METHODS

Selection of study sample

Six cities were selected in India for the study (Figure 1).

I" ———— At
T™iepe ‘
i "*‘"--"‘_ SLARE S
|
{ .
Lo oSl
4 |
| ~ Vit atfgyanarn
!
Vasodwa .

Figure 1. Cities selected for the study.

Table 1. Population and road traffic fatality data for six cities selected for the study.

CITY

Agra Amritsar Bhopal Ludhiana Vadodara  Vishakhapatnam
:8;’;":::’5':‘5 1,574,542 1,132,761 1,795,648 1,613,878 1,666,703 1,730,320
;:tlallities in 653 70 254 294 172 416
100000 persone 1 6 14 18 10 2

Table 1 shows the population and road traffic fatality data for the six cities selected for the

present study (Census of India, 2012, NCRB, 2012).

It was decided to select 6 cities to get a proper representation of the situation in India.

Travel patterns can vary from city to city in the use of bicycles, paratransit modes, mopeds
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and official public transport. The six cities have very different fatality rates per 100,000
persons. These cities represent the growing urban agglomerations of India where high
growth rates are expected in the next decade. An analysis for these cities would be useful as
our findings may influence future directions for road safety policies in high growth cities in

India.

Sources of data

Data were collected from different police stations in each city, transportation departments,

and municipalities of the selected cities.

Collection and coding of Data

Research assistants specially employed for the project were sent to Agra, Amritsar, Bhopal,
Ludhiana, Vadodara and Vishakhapatnam to obtain primary data on vehicle registration and
road traffic fatality cases and other data available in the city from secondary sources (e.g.:
transportation and city development plan studies commissioned by respective city

governments).

Different police stations in each city were visited and a request placed for obtaining copies
of First Information Reports (FIRs) of fatal road traffic crashes for the previous five years
(example in Appendix 1). The data from the records so obtained were coded on to a special
accident recording form (Appendix 2). The data from these forms were then entered in

spread sheets for computer analysis.

Data Analysis Strategies

The data recoded into the IITD form and vehicle registration data are expected to give us

information on the following variables:

* Age (not for all) and sex of victims

* Month, day and time of crashes

* Road user type and type of associated crash vehicles
* Type of road where crash occurred

* Crash at junction or mid-block

* Vehicle manoeuvre

* Proportions of vehicles in use in the city

20
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a. The above data have been used to prepare cross-tabulations for all variables to
develop an understanding of the epidemiology and spatial distribution of traffic crashes in
these six cities. These data have been used to determine significant differences in these

cities that might be leading to the differences in crash rates.

b. In addition, a risk-based method for modelling traffic fatalities will also be attempted
for each one of the cities. This method has been described by Bhalla et al ( 2007). In this
method it is assumed that crash rates between different road users are proportional to their
roadway use and this can be used to estimate case fatality ratios (CFRs) for the different
vehicle-vehicle and vehicle-pedestrian combinations. The CFR, the probability of fatality in
the event of a crash, depends on precrash variables that describe the characteristics of

vehicles and victims, the crash variables, and the postcrash victim care. These include:

* Vehicle characteristics (e.g., size, mass, and shape) and safety design technology (e.g.
availability and use of seat belts and airbags);

* Victim attributes including age, sex, height, and weight;

* Crash conditions including vehicle speed, direction of vehicle travel, crash avoidance
manoeuvres, weather conditions, and roadway infrastructure;

* Post crash medical care including response time of emergency medical services, and

quality of on-site and trauma care.

In our study all the details may not be available, and therefore, we might have to make
some educated assumptions establish pairwise CFRs in for different road users, represented
as a matrix with the threats (impacting vehicles) listed in columns and the victims listed in
rows. We will establish a CFR Matrix using for each city using a methodology similar to that

employed by Bhalla et al ( 2007).

Detailed analysis

The following analyses were conducted:

Vehicle registration comparison
Vehicle ownership patterns for each city
Fatalities by road user type

Fatalities by road user type and struck vehicle

v A o nNpoE

Road traffic victims by estimated age groups (Vadodara only)
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11.
12.
13.

Mohan, Tiwari & Mukherjee

Road traffic fatalities by time of day and road user type

Road traffic fatalities by road user type and location (junction or mid block) —
Ludhiana and Vadodara only.

Occupant risk per vehicle (Agra, Bhopal, Vadodara, Vishakhapatnam)

Fatalities associated with different vehicle types (Agra, Bhopal, Vadodara,
Vishakhapatnam)

Estimate of fatalities associated with different vehicle types per 100,000 km (Agra,
Bhopal, Vadodara, Vishakhapatnam)

Estimate of personal fatality risk per 100 million trips

Road users killed based on type of road and location (Vadodara)

Actual location of fatalities in Agra, Ludhiana, and Vadodara.

Ethics and Human Subjects Issues

1. No human subjects are involved.

2. Names and addresses of all road traffic crash victims will be not be included in any of the

data files maintained at TRIPP to maintain the confidentiality of the victims.
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Results

Background information on cities?

Agra

Agra (27°12' N and 78°12' E) is located on the banks of the
river Yamuna in the northern state of Uttar Pradesh, India,
363 km west of state capital, Lucknow and 200 km south of

the national capital Delhi.

Being centrally located on the national map traffic by rail and
road going south passes through Agra thus making it a major
transport node at the regional level as well as at the national

level.

The population of Agra city was 1,574,000 persons in 2011
with a decadal growth rate ranging from 25% to 32% in the
last five decades. The growth rate was lowest in the last
decade. The present density of the city is 84 persons per

hectare. Sex ratio in urban region of Agra district is 857 as

Year Population Decadal
growth rate

1961 462,000 -

1971 591,000 28%
1981 781,000 32%
1991 978,000 25%
2001 1,275,000 30%
2011 1,574,000 23%

per 2011 census data. Child population (0-6 years) of Agra district is 13 % of total urban

population and average literacy rate 73%.The city is divided into 80 wards but the

distribution of population is non-uniform in the city. Wards 26, 43, 50 and 66 have high

concentration of population whereas the wards 36, 40 and 47 have lower population

The economy of Agra city is based on small scale industries, commerce, trade and tourism.

Major crops are Wheat, Paddy, Bajra, Mustard, Patato etc. Over 7,200 small scale industrial

units are spared all over the district. Agra city is also known for leather goods, handicrafts,

stone carving and inlay work.

' All data for cities has been obtained from the respective City Development reports prepared in the period

2006-2008, and Census of India 2011. Definitions for road lengths may differ across cities and city boundaries

may have changed in the 1961-2011 period.
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Amritsar

Amritsar (31.63° and 74.85° E) is located on the north-west

corner of the sate of Punjab 28 km for the border of India P
with Pakistan. National Highway (NH) 1 connects the city to .
Jallandhar through Beas towards the Eastern side and NH 15

links the region with Tarn Taran District towards Southern

side. These two national highways connect the city to other

nearby urban centres. The city also has a good linkage to

Lahore, Pakistan through Wagha Border towards the west

direction.
Decadal
The population of Amritsar city was 1,132,761 persons in 2011  vear Population  growth
rate
. . 0 of
with a decadal growth rate ranging from 26% to 42% in the 1961 390,055 16%
last five decades. The growth rate was lowest in the last 1971 454,805 17%
decade. Th t density of the city is 81 1981 594844 3%
ecade. The present density of the city is persons per .. 708,835 19%
hectare. 2001 1,011,327 42%

2011 1,132,761 12%
Female to male sex ratio in urban region of Amritsar district is

880 as per 2011 census data. Child population (0-6 years) of Amritsar is 10 % of total urban

population and average literacy rate 85%.

The road network of the Amritsar City is radial-cum- circumferential covering an area of 139
sg. km. The total road length is about 525 km. According to an estimate about 50,000
people visit Golden temple every day. All these have impact over the socio-economic

context of the city.

Trading sector absorbs 59% of the workforce. The major commodities for trade include
various silk products, woollens, traditional embroidery, blankets, carpet, copper, brass
utensils, dry fruit and tea. Apart from textile manufacturing, Amritsar is also one of the

biggest grain markets in Punjab. The important items include wheat, maize, gram, rice .
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Bhopal

Bhopal (23.25° N, 77.42° E) is the capital of the Indian state
of Madhya Pradesh and the administrative headquarters of
Bhopal District and Bhopal Division. The major regional Road
network comprises of NH 12 connecting Hosangabad and
Narsingarh and a number of State Highways linking Indore,

Sagar, and Jabalpur.

The population of Bhopal city was 1,796,000 persons in 2011 7 g

with a decadal growth rate ranging from 25% to 75% in the

Decadal

last five decades. The growth rate was lowest in the last Year Population gr°‘:’th
rate

decade. The present density of the city is 86 persons per 1961 222,000 ]

hectare 1971 384,000 73%
1981 671,000 75%
Female to male sex ratio in urban region of Bhopal is 911 as 1991 1,062,000 58%
2001 1,433,000 35%

per 2011 census data. Child population (0-6 years) of Bhopal 5011 1.796.000 5%

is 12 % of total urban population and average literacy rate

85%.

Bhopal is located on hilly terrain within the Malwa Plateau and the National Highway 12
(Beora — Jabalpur road), which links the city to many large cities in the north — west and the

south — east. State Highways connect Indore and Sagar.

The economic base of Bhopal City mainly depends on industrial sector, while the service
sector is becoming increasingly important which provides the majority of employment in
Bhopal because it being capital of state. The sectors that reported to be growing fast in

Bhopal are housing, banking & insurance and education.

The total road length of the city is 1,020 km. The city is distinctly divided into two parts, the
old city housing most of the trading and commercial activities and the newly developed area

with mainly administrative, institutional and residential activities.

25



Mohan, Tiwari & Mukherjee

Ludhiana

Ludhiana (30.91° N, 75.85° E) is the largest city in Punjab,

both in terms of area and population. The city is spread over o/
an area of 159 sgkm. It is one of the prime industrial and

educational centres of northern India

The population of Ludhiana city was 1,615,000 persons in ' o
2011 with a decadal growth rate ranging from 26% to 67% in

the last five decades. The growth rate was lowest in the last

decade. The present density of the city is 88 persons per

Decadal

hectare Year Population growth
rate

Female to male sex ratio in urban region of Ludhiana is 845 as 1961 251,000 26%
1971 401,000 60%

per 2011 census data. Child population (0-6 years) of ;4gq 606,000 519%
Ludhiana is 11 % of total urban population and average 1991 1,042,000 67%
2001 1,395,000 38%

1 o)
literacy rate 85%. 2011 1,615,000 16%

The city is very well connected in terms of roadways and

railways. NH1-Grand Trunk road passes through the city, which connects it to Indian capital
city Delhi and to other important cities of Punjab like Jalandhar, Amritsar, Wagha Border
etc. NH95 connects the city to Chandigarh in southeast direction and Ferozpur in southwest
direction. Other important State highways and major roads also connect the city to various

towns of Punjab.

The economy of the city is based on various areas of manufacturing industry including
bicycles, sewing machines, textile and other industries. Others include commercial
establishments, financial and banking services, public services and places of religious

importance.

A total of 1356 km of road network exists. The city has built 2.3 km long elevated road
cutting across the city to facilitate through traffic movement. Traffic problems are severe,
especially in major commercial areas. At present no city bus services are being operated in

the city.
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Vadodara

Vadodara (22.30° N, 73.19° E), formerly known as Baroda, is
the third largest and most populated city in the Indian State
of Gujarat, after Ahmedabad and Surat. The city is spread
over an area of 149 sgkm. The city is on the major rail and
road arteries joining Mumbai with Delhi and Mumbai with

Ahmedabad. National Highway No. 8 passes through the city.

The population of Vadodara was 1,666,700 persons in 2011

. . 0 .
with a decadal growth rate ranging from 27% to 77% in the Decadal

last five decades. The growth rate was lowest in the last two ~ Year  Population  growth

rate

decades. The present density of the city is 99 persons per 1961 298,000 .
hectare 1971 468,000 57%
1981 735,000 57%
Female to male sex ratio in urban region of Vadodara is 923 1991 1,031,000 40%
2001 1,306,000 27%

as per 2011 census data. Child population (0-6 years) of 5011 1666700 28%

Vadodara is 9% of total urban population and average literacy

rate 92%.

The State Road Transport (STC) of Vadodara links it with a number of towns in Gujarat. The
STC buses connect Vadodara with the different destinations in Gujarat, northern part of

Maharashtra and western region of Madhya Pradesh.

Vadodara is one of India’s foremost industrial centres with dominant groups of chemicals
and pharmaceuticals, cotton textiles and machine tools. The city witnessed a sudden spurt
in industrial activity with the establishment of the Gujarat refinery in 1962. Various large-
scale industries such as Gujarat State Fertilizers and Chemicals (GSFC), Indian
petrochemicals Corporation Limited (IPCL) and Gujarat Alkalis and Chemicals Limited (GACL)

have come up in the vicinity of the Gujarat Refinery.
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Vishakhapatnam

Vishakhapatnam (17.00° N, 83.00° E) is a port city on the
southeast coast of India. It is the second-largest city in the
state of Andhra Pradesh and the third-largest city on the east
coast. The city is spread over an area of 530 sgkm. It is one of
the prime industrial and educational centres of northern

India

The population of Vishakhapatnam city was 1,6730,320

persons in 2011 with a decadal growth rate ranging from 26% Decadal
. . . Year Population rowth
to 67% in the last five decades. The growth rate was lowest in P grate
the last decade. The present average density of the city is 33 1961 251,000 95&
hect 1971 401,000 72%
persons per hectare. 1981 606,000 66%
.. . . 1991 1,050,000 74%
Female to male sex ratio in urban region of Vishakhapatnam 0
2001 1,320,000 26%

is 977 as per 2011 census data. Child population (0-6 years) of 2011 1,615,000 30%

Vishakhapatnam is 9 % of total urban population and average literacy rate 83%.

The city has 1,220 km of roads dominated by three major arteries, one along beachfront,
another along the Northern Hill flank and the third which runs through the city. NH- 5 and
NH — 43 of the National Highway (NH) network and the State Highways connect the city area

to the vast hinterland. Around 8 % of the total area is covered by roads.

The sectors contributing to city’s economic growth are agriculture and fishing, large,
medium and small scale industries and services that include trade and commerce, transport,
education, etc. It has experienced rapid industrialization with the onset of major industries:
oil refinery, fertilizer factory, Hindustan Zinc Smelter and Visakhapatnam Steel Plant. The
construction of the outer harbour and steel plant have considerably changed the character

of the city.
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Transportation data

1. Vehicle ownership data has been obtained from four cities:

e Agra

¢ Bhopal

* Vadodara

¢ Vishakhapatnam

We were not successful in sourcing reliable and accurate data from Ludhiana, and none
from Amritsar. Based on the limited data available from Ludhiana we have made some

estimates of vehicle populations.

2. The official vehicle registration numbers are overestimated for private vehicles, as they
are not required to pay any taxes annually. Private vehicles pay a lifetime registration tax at
time of purchase, and therefore the official number represents a cumulative total over a

number of years. The actual numbers of vehicles on the road are estimated to be

approximately 65% of the official number (CRRI, 2007; Expert Committee, 2002). This fact

may be kept in mind when examining the numbers presented in this section.

Vehicle registration
Table 2 shows the official vehicle registration figures for the five study cities. Statistics for
Amritsar are not available and Ludhiana is estimated. It is expected that they will be

available before the end of November.

Table 2. Vehicle registered in Agra, Bhopal, Ludhiana (estimated), Vadodara, and Vishakhapatnam in 2010.

Cit

Vehicle y :

Agra Bhopal Ludhiana Vadodara Vishakhapatnam
MTW* 568,470 497,735 866,392 817,379 453,847
TSR" 11,500 14,562 33,239 21,994
Car 76,544 60,095 158,263 106,475 50,910
Taxi 13,635 1,701 7,116 6,331
Bus 1,791 3,275 2,588 3,717 3,234
Truck 18,160 14,433 35,487 33,337 18,163
Tractor 37,121 14,977 48,571 4,779 3,001
Total 702,086 616,578 1,127,564 1,008,679 558,704
Population 1,574,000 1,796,000 1,615,000 1,666,000 1,615,000
* Motorised two-wheelers + Three-wheeled scooter rickshas
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Figure 2. Examples of three-wheeled scooter rickshas which serve as para-tarnsit transport modes
in all six cities.

Figure 2 shows examples of three-wheeled scooter rickshas. Figure 3 shows the proportions
of vehicles registered in 5 study cities. In relative terms, Agra has a larger proportion of
motorized two-wheelers, and Vishakhapatnam a greater proportion of three-wheeled
scooter rickshas. Ludhiana and Vadodara seem to be similar in their vehicle proportions.
Vehicle ownership pattern for 5 cities is shown in Figure 4. Relative to other cities, Vadodara

and Ludhiana have a higher proportion of car and motorised two-wheeler ownership.
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Figure 3. Official vehicle registration data for 5 study cities, vehicle proportions of total in each city (MTW - Motorised
two-wheelers, TSR - Three-wheeled scooter rickshas).
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Figure 4. Official vehicle registration per 1,000 persons data for 5 study cities.
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Road traffic injury (RTI) fatality data

Progress

Table 3. Details of records collected, coded and analysed for road traffic fatal crash data from six study cities in India.

City Fatal crash records obtained Data coding Data analysis
Agra 674 Completed Completed
Amritsar 265 Completed Completed
Bhopal 685 Completed Completed
Ludhiana 651 Completed Completed
Vadodara 684 Completed Completed
Vishakhapatnam 1164 Completed Completed

Table 3 shows the summary of progress on the field study of fatal road traffic crash patterns
in 6 study cities in India. The following may be noted:

1. A total of 4,23 hard copies of fatal accident police records (FIR, see example in
Appendix 1) were obtained from six cities and brought to Delhi for coding and
analysis.

2. The details from these records were translated and coded into a special form
developed for this project (Appendix 2) and the same transferred into computer
spreadsheets for analysis.

3. As decided in the First Interim Meeting in Delhi, we selected two cities for a more
detailed analysis — Ludhiana and Vadodara.

Fatalities by road user type

Agra Vadodara

Figure 5. . Road traffic fatalities by road user type —  Figure 6. Road traffic fatalities by road user type —
Agra. Vadodara.

(MTW - Motorised two-wheelers, TSR - Three-wheeled scooter rickshas)
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Ludhiana Bhopal

Figure 7. Road traffic fatalities by road user type — Figure 8. Road traffic fatalities by road user type —
Ludhiana. Bhopal.

Figures 5-10 show the distribution of fatalities by road user type in the six study cities. Agra
and Vadodara have similar populations with a RTI fatality rate higher in Agra (41 per 100,000
persons) compared to Vadodara (10 per 100,000 persons). Agra, which is a major tourist

destination, has a higher proportion and a higher number of bus and pedestrian fatalities

than Vadodara.

Ludhiana and Bhopal have similar populations but Ludhiana (18 fatalities per 100,000

Vishakhapatnam Amritsar

Figure 9. Road traffic fatalities by road user type — Figure 10. Road traffic fatalities by road user type —
Vishakhapatnam. Amritsar.
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persons) has a slightly higher RTI fatality rate than Bhopal (14 fatalities per 100,000
persons). Ludhiana has a much higher rate for bicyclists and Bhopal is higher for MTWs

M Truck Bus NCar HETSR BEMTW HE(Cycle Pedestrians

|| | |
—

Vadodara _
wanizna |

shopat [ I
Amritsar _

Ag’am
SN N S — —

I T T T

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 11. Proportion of RTI fatalities by road user type in six study cities (MTW - Motorised two-wheelers, TSR -

Three-wheeled scooter rickshas).
The RTI fatality rate in Vishakhapatnam (24 per 100,000 persons) is much higher than
Amritsar (6 per 100,000 persons), and the former has a higher proportion of pedestrian and
three-wheeled scooter ricksha deaths. In all the cities vulnerable road users (VRU -
pedestrians, bicyclists, and motorised two-wheeler occupants constitute more then 80 per
cent of all fatalities irrespective of the overall death rate. Car occupants less constitute than
4 per cent of fatalities in all cities and TSR occupants less than 5 per cent, except in
Vishakhapatam where the proportion for the latter is 8 per cent. Cycler occupants have the

highest proportions in Ludhiana and Amritsar (23 per cent and 18 per cent respectively).
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Traffic fatalities: victim type vs impacting vehicle/object

Amritsar
= Road Traffic Fatalities: Victim Type Vs Impacting Vehicle
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Figure 12. Traffic fatalities: victim type vs impacting vehicle/object in Amritsar (MTW - Motorised two-
wheelers, TSR - Three-wheeled scooter rickshas).

Figures 12-17 show the distribution of road traffic fatalities by road user category versus the
respective impacting vehicles/objects for all the six study cites. In all the cities the largest

proportion of fatalities for all road user categories are associated with impacts with trucks

Agra
Road Traffic Fatalities: Victim Type Vs Impacting Vehicle
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Figure 13. Traffic fatalities: victim type vs impacting vehicle/object in Agra.
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and then cars. Amritsar has the highest proportion of fatalities involving buses as impacting
vehicles. The reason for this is not clear. The most interesting feature emerging from this
analysis is the involvement of motorised two-wheelers as impacting vehicles in VRU in all
the six cities. The proportion of pedestrian fatalities associated with MTW impacts ranges
from 8 to 25 per cent of the total. The highest proportion was observed in Bhopal. The
involvement of MTWs as impacting vehicles in VRU fatalities may due to the fact that
pedestrians and bicyclists do not have adequate facilities on arterial roads of these cities

and they have to share the road space (the curb side lane) with MTW riders.

Vadodara
Road Traffic Fatalities: Victim Type Vs Impacting Vehicle
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Figure 14. Traffic fatalities: victim type vs impacting vehicle/object in Vadodara (MTW - Motorised two-wheelers,
TSR - Three-wheeled scooter rickshas).
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Ludhiana
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Figure 15. Traffic fatalities: victim type vs impacting vehicle/object in Ludhiana.

Bhopal
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Figure 16. Traffic fatalities: victim type vs impacting vehicle/object in Bhopal (MTW - Motorised two-wheelers,
TSR - Three-wheeled scooter rickshas).
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Vishakhapatnam
Road Traffic Fatalities: Victim Type Vs Impacting Vehicle
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Figure 15. Traffic fatalities: victim type vs impacting vehicle/object in Vishakhapatnam.
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Road traffic fatalities by type of road user and time of crash

Road Traffic Fatalities Agra by type of Road User and Time of Crash
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Figure 16. Road traffic fatalities in Agra by time of crash.
Figure 18 shows the fatalities by road user category and time of day in Agra. Pedestrian and
bicycle fatalities peak somewhat earlier in the morning than the motor vehicle fatalities.
This may be because this class of road users start for work earlier than those using
motorised transport. The total fatality rate remains somewhat similar between the hours of

10:00 and 18:00 and a strong bimodal distribution is not observed. This could be because
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school and working timings are reasonably staggered. Schools start around 08:00 in the
morning and close at 14:00 and some of them have a second shift, private offices open
between 08:00-09:00, government offices between 09:00-10:00 and shops around 11:00.
Most shops stay open up to 21:00 and restaurants up to 23:00. The data also show that
MTW and pedestrian deaths are relatively high at 22:00-23:00 when we would expect traffic

volumes to be low. Details regarding the associated causes for these crashes are not

Amritsar
Road Traffic Fatalities by type of Road User and Time of Crash
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Figure 17. Road traffic fatalities in Amritsar by time of crash.
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Bhopal
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Figure 18. Road traffic fatalities in Bhopal by time of crash.
available but the risk factors could include high speeds, driving under the influence of
alcohol, and limited visibility. Figure 19 shows road traffic fatalities by time of day in

Amritsar. The pattern is similar to that observed in Agra in the previous figure.

Figure 20 shows road traffic fatalities by time of day in Bhopal. The pattern is similar to the
previous two cities, except that pedestrian and bicycle crashes do not show as high a rate at
22:00-23:00 hours. However, the pattern of MTW fatality rates at night are similar to the

previous two cities.
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Road traffic fatalities Ludhiana by type of road user
and time of crash
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Figure 19. Road traffic fatalities in Ludhiana by time of crash.
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Figure 20. Road traffic fatalities in Vadodara by time of crash.
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Vishakhapatnam
Road Traffic Fatalities by type of Road User and Time of Crash
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Figure 21. Road traffic fatalities in Vishakhapatnam by time of crash.

The crash patterns by time of day in Ludhiana are similar to the previous cities (Figure 21),
but those in Vadodara seem to have a slight difference in night-time crashes. Pedestrian and
MTW peaks are not seen at 22:00-23:00 hours. This could be because Vadodara is located in
the sate of Gujarat, which is a dry state by law, and sale of alcohol is prohibited. However,

we do not have the necessary epidemiological data to verify this.
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The general pattern of crashes by time of day in Vishakhapatnam is similar to the previous
five cities, except that the relative increase in pedestrian deaths at night appears to be
higher than the other cities. The details available with us do not permit us to offer any

reliable explanation for this.

In summary, the data from the six cities indicate that crashes rates between 20:00-23:00
hours are relatively high in all the cities when traffic volumes would be relatively lower. This

points to risk factors including high velocities, alcohol involvement and lack of visibility.

Age of victims

Age of victims was not recorded in the First Road traffic fatalties Vadodara, estimated age of victims
Information Reports (FIR) made available —

v N
to us for a vast majority of the cases. % : e
However, for the city of Vadodara, we 2 :'- ey
made estimated the age of the victims in 3 o _-"‘“ -
broad groups: 0-19 (young adults and T MmO

children), 20-59 (working age), and > 60

Figure 22. Estimated age distribution of road traffic

years (elderly). The estimates are shown in  crash fatalities in Vadodara.

Figure 24. These data indicate the

proportion of young individuals involved in

B Population
WFatal crashes

fatal road traffic crashes is relatively small. % |

Anecdotal evidence suggests that a large

Percentage

proportion of young individuals walk and

bicycle to school, and many are transported

0-14 1529 3044 4559 260

as passengers on motorised two-wheelers. Ao o

Figure 25 shows the age distribution of
& & Figure 23. Age distribution of road traffic crash fatalities

fatal road traffic crash victims for the M India (NCRB, 2012).

country as reported by the police. These

data also indicate that the 0-14 age group is under represented in proportion to their share
in the population. Lower exposure rates may account for this, however, this explanation
does not seem to be adequate enough to explain these very low rates, especially children on

motorcycles. This phenomenon needs further study.
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Road traffic fatalities by type of road user and location of crash

Figure 26 shows the distribution of road
traffic fatalities in Vadodara and Ludhiana
at junctions and mid-blocks. In the case of
Vadodara, the junction definition included
a distance of 50 m upstream of all the
roads at the For

meeting junction.

Ludhiana the location was recorded as
mentioned in the police FIR/. These data
indicate that a majority of the fatal crashes
take place mid-block rather than at
junctions. The Vadodara data shows a
higher proportion at junctions as compared
to Ludhiana. This could be because of the

more inclusive definition adopted for

Vadodara. A vast majority of the fatal crash victims comprise VRUs. In the absence of
adequate pedestrian and bicycle facilities on arterial roads of all six cities studied, the left
side of the road (curb side lane) has to be shared by pedestrians, bicyclists, MTWs, buses

and trucks. In addition, vehicle speeds would tend to be higher in mid block locations. This

Road traffic fatalities Vadodara by type of road user
and location of crash

Teuck > ' Mid block ™ jJunction
Bus
_—
TSR i I
e !
o 20 %0 60 80 100 120 140 160 180 200
Fatalities, number
Road traffic fatalities Ludhiana by type of road user and
location of crash
G Mid Block ™ junction
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cor |1
TSR '
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Figure 24. Road traffic fatalities by location of crash.

may be one reason why a majority of fatalities take place mid-block.

City structure, arterial roads and location of crashes

The city structure and location of main arterial roads and highways passing through the city
was studied by examining the map of each study city. In addition, all fatal crashes were
plotted (for cases where location details could be identified) for two cities: Ludhiana and

Vadodara. In the case of Agra, we were able tom plot cases for one year. The results of this

study are included below.
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a. AGRA (high crash rate)
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Figure 25. Fatal crash locations (one year) identified in Agra city.

Figure 27 shows the fatal crash locations in
Agra city. A majority of the fatal crashes are
located on the arterial roads of the city and not
on the local and connector roads. Some of the
highest concentrations take place on three
highways passing through the city: (a) A-Ais a
six lane national highway, which runs east-
west and seems to have the higher velocities;

(b) B-B is a state highway also running east-

Figure 26. Traffic on road C-C in Agra.

west, which is 2- 4 lanes; (c) C-C is a state highway running north-south, which connects to

cities south of Agra (Figure 28). The road
has heavy mixed traffic including with
very  inadequate pedestrian/bicycle
facilities. All these roads have heavy
traffic throughout the day, and velocities
can be above 50 km/h at night. Figure 29
shows traffic on the National Highway (A-

A) in Agra. This is major highway
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constructed through the city over the past decade. This highway is a major east-west
corridor for inter city traffic and is used by large proportion of buses and trucks. There are
almost no convenient faculties for VRUs to cross this highway. In addition, a very large
number of workshops, trading and transport companies, and shops are located on both
sides of the highway. A highway like this constructed through the city seems to result in high

crash rates along its length.

b. AMRITSAR (low crash rate)

Amritsar is a city in the north-west of
India about 30 km from the border with
Pakistan. As a result there are no major
national highways that have to carry
intercity traffic through the city. Most of

the roads in the city are congested. Crash

locations were not identified for Amritsar.
Figure 27. Arterial roads in Amritsar.
According to official statistics the city has

the lowest road traffic fatality rate among the six studies included in this project.

c. BHOPAL (low crash rate)

Crash locations have not been identified
for Bhopal. The city has no major
highways crisscrossing the city. In addition
the city has a large lake within the city
and a hilly residential area. Most of the

arterial roads in the city are congested in

the daytime hours with mixed traffic.

Figure 28. Arterial roads in Bhopal.

Bhopal has a lower fatality rate as
compared with Agra, Vishakhapatnam

and Ludhiana.
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d. LUDHIANA (high rate)

Figure 32 shows the arterial roads and
highways passing through Ludhiana. An
important  National Highway that
connects the capital Delhi with the
border city Amritsar passes through

Ludhiana, going from the southeast side

to the northwest. Another national
highway comes into the city form the Figure 32. Arterial roads and highways in Ludhiana.
southwest and a state highway from the south. A bypass has been constructed connecting

these highways encircling the city in the north, east and the south sides.

Figure 33. Traffic on highways passing through the city in Ludhiana.

The highways passing through the city also serve as arterial roads of the city. The type of
mixed traffic including trucks operating on these roads is shown in Figure 33. Bicyclists and
pedestrians in large numbers also use these roads but adequate and safe facilities for them

do not exist in these roads.

The location of pedestrian, bicycle and MTW fatalities is shown in Figure 34. As in Agra, a
large proportion of fatalities take place on the highways and major arterials. The red dots
represent impacts by trucks, blue dots impact by buses and red dots impacts by cars. Truck

impacts are the most frequent on the highways.
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Pedestrian fatalities

Bicycle fatalities

N,

:*MTW fatalities

Figure 34. Location of pedestrian, bicyclist and MTW fatalities in Ludhiana.
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e. VADODARA (low rate)
Figure 35 shows the arterial and highway

layout in Vadodara. There is no major
highway that goes through Vadodara, there
is bypass for intercity traffic which skirts
the western side of the city from the north
ton the south. Arterial roads connect the

central parts of the city to this bypass.

Figure 36 shows the locations of the fatal
crashes in the city. All the main arterials

leading out from the city and the circular

road inside the bypass have a

Figure 35. Arterial roads and highways in Vadodara.

concentration of crashes.

The western bypass also has a higher concentration and crashes are located all through its

length. Type of traffic operation on the bypass is shown in Figure 37.

WU, THUCK USERS KILED

< CAR USERS RILLED

SMEW USERS SR

MIW RS RO

WCVCLITE KHAED

FLOCSTRAANS KILED

ssenil

Figure 36. Location of fatal crashes in Vadodara.
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Figure 37. Traffic on the bypass in Vadodara.

Mixed modes, relatively high speeds and sharing of the road by VRUs with heavy vehicles

results in high crash rates. However, the overall fatality rate in Vadodara is less than that in

Agra, Ludhiana and Vishakhapatnam as the main roads inside the city are congested.

f. VISHAKHAPATNAM (high rate)

Vishakapatnam is a port city with
the eastern headquarters of the
Indian Navy, and it hosts heavy
industry factories in different
locations of the city. National
highways lead out of the city and
different sectors of the city are
connected with roads that can
have relatively high speeds. The
city has a high fatality rate.

Figure 38. Highways and arterial roads in Vishakhaptnam.
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Figure 39. Traffic on the main arterials of Vishakhaptnam.

Fatality locations have not been identified in Vishakhapatnam. Figure 39 shows the traffic
on main arterials of the city. Existence of wide roads and flyovers with mixed traffic may be

one of the factors associated with high road traffic fatality rates in the city.

Road user risk analysis

Risk of fatality has been calculated using different indices to understand the role of different
motor vehicles, personal risk per trip by different modes and the risk different vehicles

present to society.

Occupant risk per 100,000 vehicles

Figure 40 shows the number of motor vehicle occupant fatalities per 100,000 vehicles. This
has been obtained by dividing the total number of occupant fatalities for each vehicle type
divided by the specific number of that vehicle type registered in the city (corrected for

overestimates). These data show that

occupant fatalities per vehicle TR
decrease in the following order — | =~ (i
bus:truck:TSR:MTW:car. It is difficult

®WCar  Bus WTruck ¥Total

Vadodra

to account for the bus and truck
figures, as the total number of Bhopal

fatalities is divided by the number of

1

these vehicles registered in the | oo '

0 25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450 475
Occupant Deaths per 100,000 Vehicles

specific cities only. However, the

Figure 40. Motor vehicle occupant fatalities per 100,000
vehicles.
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actual number of trucks and buses operating in the cities would include those passing
through these cities but not registered there. If these extra vehicles were accounted for,

then the indices for occupant fatality rates for buses and trucks would be lower.

Occupant fatality rates for MTW and TSR occupants are 2-3 and 3-5 times higher that for
cars respectively. The high rates per vehicle for TSRs would also be because they carry a
much larger number of passengers in the day as compared to MTWs and cars. This effect is

accounted for in the section on personal risk in a following section.

Fatalities associated with each vehicle type

Figure 41 shows all the fatalities that

each vehicle type is associated with. SMDW ST Mo Whok T
This includes fatalities of road users Vishakhapstnam B
|——————————
other than the vehicle occupant. For _—
. - -
example, if a motorcycle hits a :
shopal M
pedestrian and the pedestrian dies, [ —
. . Agra -
then the pedestrlan death will also be _--e e
. . . 0 500 1000 1500 2000 2500
associated with the motorcycle. This Total fatalities aasociated with each vehicle type,
per 100,000 vehicles

index gives a rough idea of the total

b ff liti f Figure 41. Fatalities associated with specific vehicle types per
number of fatalities you can expect for ;44 900 vehicles.
each vehicle type given the present

traffic conditions and mode shares.

These indices again show that buses and trucks have the highest rates in all the cities. The
usual caveat applies that the actual number of buses on the roads in these cities would be
higher than the number registered in the city. This would mean that the absolute index for
buses and trucks would be lower than that shown in Figure 41. In all cities except Agra,
buses appear to have a higher number than trucks. Whatever, the real index for these
vehicles, the data in figure 41 does point to the fact that buses and trucks have a
disproportionate involvement in urban fatal crashes. Since a majority of the victims
associated with these crashes are VRUs, these figures strengthen the need for much better
facilities for VRUs so that they do not have to share the curbside lanes with these heavy

vehicles. If buses and trucks were designed to have safer fronts for impacts with
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pedestrians, then this number would reduce. At present there are no pedestrian impact

standards for buses and trucks.

These data also show that each TSW is associated with more fatalities than the car and each
car is associated with more fatalities than a MTW. However, the differences between the
car and MTW are not very large. What these data tell us is that at the city societal level a
motorcycle does not do as much harm, though it is more hazardous for its own occupant
than the car or TSR. This index also points us to the need for improvement in TSR designs
and need for crashworthiness standards. These numbers give us an indication of the
situation at present operating levels and exposure has not been taken into account. This is

done in the next section.

Fatalities associated with each vehicle type accounting for exposure

Figure 42 shows us the estimates for all

fatalities associated with specific j ww | e e s
vehicle types per 100,000-vehicle km o
per day. The following values have Vadodra
been assumed for distances travelled

per day.

Bus: 150 km aere

Car: 50 km

TSR: 150 km ’ S N "
MTW: 25 km

Figure 42. Fatalities associated with specific vehicle types per
100,000-vehicle km.
These figures basically indicate that the
relative higher rate for TSRs as compared to cars as shown in the previous section was due
to the higher exposure of TSRs. These indices appear to indicate that per km of travel TSRs,
MTWSs and cars are very roughly equally harmful for society under present conditions. Out
of these three vehicles it is very important to improve the safety performance the MTW for
its occupants (helmet use and daytime running lights). TSRs need improvement for safety of

occupants as well as the VRUs it impacts. The fatalities associated with the can be decreased

mainly by speed control and reduction in drinking and driving.
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Personal fatality risk per 10 million trips

The personal fatality risk has been

calculated by dividing the vehicle T —
specific occupant fatality rate by | o

estimates of average number of

|
occupants carried by each vehicle per
day. The numbers assumed are: MTW —
4, TSR — 60, Car — 7. The results of these g —

0.0 0s 10 15 20 25 30 35 40 a5 50

calculations are shown in Figure 43.

Personal fatality risk per 10 million trips

It is clear that given the present trip

Figure 43. Vehicle specific personal fatality risk per 10 million
lengths for each vehicle type, the MTW  trips.
rider is 3-6 times more at risk than a car
occupant. The MTW fatality rates per
trip in Agra and Vishakhapatnam are much higher than the other three cities. The reasons
for this are not known at present. At a personal level, risk per trip seems to be lowest for

TSR occupants in all the cities. These estimates are true for present modal shares and

assumed trip rates.

Helmet use and daytime running lights are not mandatory for MTW riders in any of the
cities studies. The implementation of just these two measures is likely to reduce the

personal fatality risk by about 50%.
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Summary and conclusions

City and roads

* The six cities studied vary considerably in the total number of fatalities per unit
population and rates of fatalities per 100,000 vehicles. This is in spite of the fact that
the population sizes are not very different.

* For the two cities where more detailed work has been done (Ludhiana and
Vadodara), and for one city where locations of crashes were plotted for a one-year
period, it appears that wide arterial roads, highways passing through the city and
bypasses have high crash rates.

* The above observation suggests that all methods available for speed control (road
design, traffic calming, and enforcement) need to be employed on arterial roads and
highways crisscrossing the city. It would also be advisable to review the design
criteria for provision of bypasses around the city for trough intercity traffic. It is
possible that these highways need to be on elevated sections to reduce the
possibility of interaction with local traffic.

* The high association of buses and trucks, and a surprisingly significant involvement
of MTWs in VRU fatalities suggests that this is partly due to the fact that pedestrians
and cyclists have to share the curbside lane with these vehicles in the absence of
adequate sidewalks and bicycle lanes. This makes a clear case for the establishment
of standards and laws that require all arterial roads to be outfitted with adequate
pedestrian paths and bicycle lanes within a specified time frame.

* The detailed work in Vadodara and Ludhiana indicates that some fatalities do occur
on non-arterial roads also. This implies that there would be a significant number of
non-fatal crashes on these roads also. These can be reduced significantly with
provision of appropriate traffic calming measures.

* The data indicate that there is an increase in the number of fatal crashes in the
period 20:00-22:00 when traffic volumes are likely to be lower than those in the
daytime. This suggests that there may be a need for improving visibility and lighting

conditions on urban roads.
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Vehicle design issues

One of the very significant findings in this study is the discovery of the relatively high
association of motorcycles in pedestrian and bicycle crashes. A detailed analysis
needs to be done to ascertain whether vehicle design changes can reduce the
probability of serious injury in these crashes.

Personal risk of motorcycle riders is the highest compared to occupants of other
vehicles. This could be reduced significantly by enforcement of helmet use and
daytime running light laws. Since motorcycles far outnumber cars in Indian cities, it is
necessary to focus on further improvements in motorcycle design (eg. braking
systems, conspicuity, signaling systems).

High association of buses and trucks with VRU crashes in all cities studied
strengthens the argument for development of a pedestrian impact standard for
these vehicles.

TSRs are not safe enough either for their own occupants or the VRUs they impact.
Crashworthiness standards including pedestrian impact standards specifically for

these small and light vehicles need to be developed.

Community and enforcement issues

The police departments need to focus on
o Speed control, especially at night
o Enforcement of helmet use laws
o Control of drinking and driving
Community involvement and pressure needed for
o Rethinking urban road design issues so that wide high-speed roads do not go
through cities
o Provision of facilities for pedestrians and bicyclists
o Introduction of traffic calming measures

o Improving design of para-transit vehicles.
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