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Our fundamental road safety problem
(C.Tingwall, Sweden)

« Today’s road traffic is inherently unsafe

« The road system of today has not been designed
with safety in mind, as is the case with air transport
or rail transport

« Which means we are almost fully dependent on
whether a road user makes a mistake or error in
preventing a crash

* Another approach is needed: Safe System
Approach

Fred Wegman, Fifth Annual
TRIPP Lecture
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Structural analysis of injury
producing systems

Focus is on the injury causing
properties of systems rather on
the errors of owners, designers,
operators.

Moving away from conventional
explanations which are myopic
overlooking the interrelationships
between the various components
of the system.
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sustainable safe traffic system

a road environment with an infrastructure adapted
to the limitations of the road user;

vehicles equipped with technology to simplify the
driving task and provided with features that protect
vulnerable and other road users; and

road users that are well informed and adequately
educated.
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a) Veh iCle P infl’aSt rUCtU re function: use of the road as intented by the road authority
form: the physical design and layout properties of the infrastructure
use: actual use of the infrastructure and behaviour of the road user
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|  SAFE SYSTEM APPROACH

Speed
management
by design

Forgiving
I roads/street
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The Vision Zero
October 1997, Road Traffic Safety Bill, Swedish
Parliament

" “The zero vision is based on the notion of "allowing”
Incidents to occur, but at a level of violence that does not
threaten life or long-term health”

® “In the zero vision, the entire transport system must be
designed to accommodate the individual who has the
worst protection and the lowest tolerance of violence.”

" “The responsibility for every death or loss of health in
the road transport system rests with the person
responsible for the design of that system. This is the
ethical basis for realizing the zero vision.”

CLAES TINGVALL

RIP Centre



Traffic safety principles/the corner stones for developing safe
highways in LMICs.

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

Mmanagement.

Principle 1 and 2 must recognize that highways in LMICs will have presence of NMVs and
pedestrians along with motorized traffic.

Principle 3 becomes the operational principle for setting appropriate speed limits for
ensuring a forgiving environment for all road users.

Pedestrians will make mistakes in judging the possible risk in the system
whereas, drivers can make mistakes in adopting an appropriate speed.

RIP Centre



f

Systemic Failures/Risks

Interactions
1 Road user
&vehicles
Road User
2 road user and
infrastructure

3 Vehicle and
infrastructure
4 Road user,
vehicle and

infrastructure
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Safe Highway designs in LMICs/priorities

The design speed must be in line with the requirement of principle 3 “Creation of a
forgiving environment and appropriate crash energy management”. This implies
that for setting appropriate design speed, presence of NMVs, presence of
activities along the highway, and density of built up area along the highway,
frequency of towns and villages through which the highway passes must be taken

into consideration.

Design speed may vary from 30 km/h to 90km/h with a road
cross section designed for appropriate crash energy
management depending on the surrounding landuse present
along the highway.



Safe Highway designs in LMICs/priorities ...... 2

LMICs have weak institutional capacity, weak enforcement of legislations,
therefore speed control by texture change, audible markers, rumble strips, change
In geometric standards, median designs, lowering speeds at intersections by
introducing roundabouts, raised stop lines and speed humps on minor roads are
expected to be more successful in speed compliance by all road users-good
drivers, bad drivers, young drivers, knowledgeable drivers, drivers with poor

driving education etc. ensuring compliance with the principle 2.

most effective measure for speed compliance is by design: active speed

control measures.

0
:
C
0
U
L
14




RIP Centre

Scientific method/ evidence based
Interventions ?

 Fundamental vision or theory -drives what data
should be collected and what should be
evaluated.

if the theoretical understanding is that driver error causes
traffic crashes & driver training can reduce traffic crashes; the
data collection process focusses on driver related data and
modelling impact of driver characteristics and knowledge
about driving rules.

If the theoretical understanding is that driving behaviour is
Influenced by the road and traffic characteristics, then road
geometry and traffic characteristics (operating speeds, traffic
volume, type of vehicles) are modelled for controlling traffic
crashes.
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How can urban planning influence
tratfic safety?

Interaction at three levels:

U Landuse planning(travel mode choice &trip distances)

L Urban design( built environment-blocks, density-travel
mode choice)

dTransport infrastructure(roads, PT, mode choice, risk
to captive users)

RIP Centre



0
r How can urban planning influence

trattic safety?

Conceptual Framework Linking the Built
Environment to Traffic Safety

Traffic
Development Volumes Crash
Patterns Frequency
Traffic
Conflicts
Roadway |
Designs Crash Severity

Traffic Speeds

RIP Centre
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' How can urban planning influence

traffic safety?

Traffic Fatalities and VMT for Urban and
Rural Areas (Litman and Fitzroy 2005)
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Long trips

Higher
share of car
trips

Higher
share of
motorised
trips




0
r How can urban planning influence
tratfic safety?

n I.E_l.ll. L .
All-Mode Traffic Fatality Rate for Most
Sprawling and Most Compact Counties (Ewing.
Schieber, and Zegeer 2003)
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Table 1

Traffic risk and urban sprawl

Authors

Main Findings

(Lovegrove and
Sayed 2007)

Related number of crashes to amount of travel within
geographic unit

(Galster et al. 2001)

Accounted for multifaceted nature of design and
density and their relationship to sprawil.

(Ewing et al. 2003)

Created a sprawl index and examined the relationship
between this index and traffic crashes. The main
findings include sprawling areas are associated with
more traffic and pedestrian fatalities.

(Trowbridge et al.
2009;Trowbridge
and McDonald 2008)

Constructed sprawl indices to show that sprawl is
associated with more teen driving and longer
ambulance arrival times. In both papers the authors
conclude that sprawl can lead to more traffic fatalities.

(Lambert and Meyer
2006;Lucy 2003)

Used another index of sprawl and found that sprawl is
associated with more crashes.
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Landuse policy can influence the following
dimensions to influence urban traffic safety

Density : policy that increases or maintains the
population density( higher density~ lower traffic risk)

Structure : policies that favour the concentration of
employment and retall activity (lower traffic risk)

Diversity: Avoids traditional separation of landuses

Local Design: Cities can encourage short
motorized trips to shift to non motorized modes by
good design of local facilities for nonmotorized

transport
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V What is Transport Planning?

« Spatial and temporal spread of activities;
where we live, work, how long we travel

* Travel demand estimation and design of
facilities to meet the present and future
demand; how do we travel

* Long range plans for multi-modal
transportation systems; roads, metro, bus
system, bicycle and pedestrian faclilities
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Conventional Transport
Planning 1( forecast and Plan)

Existing Landuse (2001)
Plan and traffic zones

RIP Centre



Conventional Transport =
Planning 2
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Conventional Transport
Planning 3

< 3000 P B 12000-15000PCU

3000-60ROPCL B 15000 18000PCU ) . ]

c0n0-0aopPEy 8 Bridges Across River Sabarmati (3
— 9000-17000P 1) B 18000-21000PCU

Proposed)
8 Underpass/ flyovers (11 proposed)

Problem Analysis

RIP Centre

Solution??
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' Transportation Model as a
system model

* Activity System: To estimate travel
demand

* Transportation System: Supply or service
system

* Equilibrium between supply(service) and
demand

RIP Centre



The Urban transport System Model:
Short term impact and long term impact

Transportation System
Infrastructure
Technology

\ outcome

City systems
Landuse plans L

Congestion

Pollution
Accidents

RIP Centre
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r Transport Market & Latent Demand(induced
demand)

Changing demand
A
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Volume/ Demand V1 V2

Investment in car infrastructure leads to higher
speeds(short term), increased accidents, more cars,

congestion!!!
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0
/ Data — Behaviour - Structures

STRUCTURES

L 20.01.2025 H. Knoflacher

26



HOW TRAFFIC PROBLEMS OF TODAY ARE PRODUCED

Urban Transport
Problems

RIP Centre
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0
rAIternate Planning Paradigm: Plan for future vision

Example Restoration of Cheonggyecheon, Seoul

Decrease of car-traffic volume : 125,000 veh/day

Before After(Se. 200)

RIP Centre



| essons from International
Experience

Part |
What does not work |
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URBAN HIGHWAYS 1939

» 1939 Magic Motorways (freeways) will
make congestion a thing of the past in
cities of 1960s : Designer of GM Futurama

exhibit New York world fair

* |If we build enough highways “we can lick
congestion” Robert Moses 1960

RIP Centre



Traditional ,Problem solving measure” :the Car infrastructure
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r Example:Schlachthausgasse un
..real beahviour!
60.000-
80.000
_|_
29 000 26.000
!
0 1977 1978 1988
% before ........... after A23 ...... 10 years afterA23
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r US CONGESTION GROWTH TREND

Hours of Delay
per Traveler
&0
50
01982 01995 W 2005
40
30
20
0 4 . .
Small Medium Large Very Large
Population Area Size
Small = less than 500,000 Large =1 million to 3 million

Medium = 500,000 to 1 million  Very Large = more than 3 million

Source: The 2007 Urban Mobility Report

Look up tables in Urban Mobility report 2023,
llefaidnbmnnnibpcajpcglclefindmkaj/https://static.tti.tamu.edu/tti.tamu.edu/docum
ents/umr/congestion-data/national/national-table-3.pdf

Ease of moving by OMI, India
./lefaidnbmnnnibpcajpcglclefindmkaj/https://olawebcdn.com/ola-
institute/easeofmoving-2022.pdf
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1991-1996 infrastructure investment $10billion
Average speed 15Km/h !
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L essons from International
Experience

Part |l
What works!
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' Central Ianes(6 5m) reserved for buses and trams
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Cars not permitted, Bus and pedestrians only In
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Eisenstadt Before 10 000 cars, 6000 pedestrians per day







o
g Ul | | S ke T
i I taxi Ry Sl
. -.‘v‘._‘.-‘ “ ‘.. y -' )
" Mon - Sat e AN
7-10am LT AR Ponldly
4-7pm R s T 4
A\ v' y £ .' J ' . ol
o‘ 4.""
4 At

e Ssr




T
biagas
HiNE
iy
iy
iy

i

i
b

Basic Premises

« Transportation system must be viewed as a
single multi modal system( NMV, informal
transport, IPT, PT, personal motorized transport

etc.)

« Consideration of TS cannot be separated from
the consideration of the social, economic and

political system of the region.

RIP Centre
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Activity Shifts/Long term changes

Change in demand can occur
independent of transport
system(population increase,
Income increase, - as a result
of exogenous events)

The implementation of TS
may cause shifts in demands(
landuse changes, land value
changes)




Systems of Models

[ Options
To predict significant |
impacts 5 models are fechnology
reqUired: Networks ' - W Impacts
: _ | Service *1 Resource
_ Link model modpl . User
1. Service Models characteristics 1
2. Resource models Vehicles E\z‘ggffivm Operator
3. Demand models | j Physical
e System operating
4. Equilibrium policies o Demand Schvity- Functionl
m - 1 unctiona
Models Organizational model
o ) policies I it
5. Activity Shift T Governmentol
Trovel options ‘

Models

COther octivity
options

RIP Centre
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Simple equilibrium example
S=J(T,V)
or t=m+nV
where m= 10 mins,
n= .01 mins/veh/hour)

Demand function V=D(A, S)

V=a+bt (a= 500 veh/hour, b=-100 veh/hour
per min)

Equilibrium flow will satisfy service and
demand functions

RIP Centre



' Travel demand prediction
(passenger and freight)

 Life style aspirations

* Desired activity patterns
* Locational choices

* Travel choices

Hypothesis: It Is possible to separate the long
run shifts in the location and scale of
economic activity from the short run behavior
of the market

RIP Centre



Important concepts

Travel as a derived demand
Indifference curves

RIP Centre
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Behaviour at individual level

* Travel choices(destination, route, mode)
can be described Iin terms of service
attributes (time, distance, cost, comfort,
safety etc) S= (S1, S2, ..... )

* Most often used attribute is Time, which
has many components(access time,
egress time, line haul time)

RIP Centre



Time, minutes
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Decision Process

* Consumer can formulate preferences,
identify alternatives, and chooses that

maximizes his/her utility.
U= 1(S,0) ( attributes and parameters)
U=at+ (c (utlity function)

Mode choice based on a simple utility function

RIP Centre



Passenger example

For home to work trip, a commuter has two choices, public transport(PT) or car.
Each mode is characterised by three service attributes: in-vehicle-travel-time t
In minutes; out of vehicle time x ( for car walking and parking time and for public
transport, walking and waiting time) in minutes; out of pocket cost ¢ in Rs/100.

The utility function is given by:

U = wit + wxX + WeC

The relative weights are : wit= -1.0, wx = -2.5, we = -K/y; y Is annual
iIncome in Rs. and k= 5000 Rs-min/Rs-yr.

Public transport |Car

In -vehicle time 30 min 40 min
Out of pocket cost |Rs 8 Rs. 25
Out of vehicle 20 min 4 min

time
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Passenger example cont.

a.Consider a commuter with an annual income of Rs10,000.
By how much a parking lot operator have to reduce the parking
charge of Rs.25 to attract this consumer back to car from PT
after the PT frequency has been doubled?

b.If the annual income were Rs 20,000, by how much would
PT walting time have to be decreased to attract him from car to
PT?

c.Consider the initial conditions. At what income level will the
consumer shift from PT to car?



Freight Example

RAIL TRUCK
Cost Rs 4/kg Rs 5/kg
In vehicle time 2.5 days 2.0 days
Access time 1. 0 days 0.3 days
Shipper Relative weights
Wt WX W(‘
A -2 -4 -1
B -3 -8 -1
C -2 -3 -4
D -2 -3 -8

Which mode will be chosen by shippers A, B, C, D respectively?

Which service attribute you could change and how to
cause a modal shift in each one of the

RIP Centre



The four step model

l.  Trip Generation
Il. Trip Distribution

l1l. Mode Choice

V. Network Assignment

RIP Centre
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