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Welcome Message from the Chair of ATRANS
Symposium & Activity Committee

Dear ATRANS symposium 2011 participants,

It is a pleasure to welcome you to ATRANS Symposium 2011. In this =555 \
fourth year, ATRANS receives magnificent supports from reputedly well-known speakers comlng
from multidisciplinary area across the continent to share their knowledge, information and valuable
experiences with the symposium’s delegates and participants on 26th August.

Again, | am delightful to present you our “3rd ATRANS Student Chapter Session” an attached
program to the ATRANS Symposium. The Student Chapter was launched two years ago aiming at
providing an opportunity to students to explore academic world of learning by doing and experiencing
activities. Participated students will be able to exchange ideas and opinions, build network among
students and other participants from various universities and organizations participated in the
ATRANS activity.

In the world of Transportation research, there is no limited boundary of study so far as accessibility of
transportation is co-existence. Air, water and land transports provide a convenient mean and modal
choice for traveling from one place to another in a certain time and distance with a variable choice of
fares. If a convenient mean of public transports is inefficient, another mean of private transports will
take place. This in turn will generate disequilibrium and adverse effect towards the transportation and
environment. Traffic accidents, over consumption of energy and environmental degradation are
exemplifications of this unbalanced development. It is vital important to our dynamic society to
apprehend the equal right to access to transportation with efficiently use of its services. This is one of
the reasons why our symposium’s theme is upon “Toward Low Carbon Transportation for Sustainable
Society: Bangkok Vision 2032 (250th Anniversary).”

On behalf of ATRANS Secretary-General and the Chair of Symposium & Activity Committee, | wish
to express my sincere gratitude to the Student Chapter Committee of the Year 2011 who worked
relentlessly to make the 3rd ATRANS Student Chapter Session possible. | earnest hope that you all,
particularly, participating students will enjoy listening to the presentations and have a good time
spending in our ATRANS Symposium and the student chapter session as well as the technical visit on
27th August at the Air Traffic Control Center, Suvarnabhumi Airport, Bangkok, Thailand.

Tuenjai Fukuda, Dr. Eng.
ATRANS Secretary-General and
Chair of Symposium & Activity Committee

August, 2011

TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
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Welcome Message from ATRANS
Student Chapter’s Advisory Committee

Dear ATRANS symposium 2011 participants,

On behalf of ATRANS Student Chapter’s Advisory Committee, I would like to extend my warmest
welcome to all participants to the 4" ATRANS Symposium. For this year, ATRANS has continued the
attached program of the symposium, called “ATRANS Student Chapter Session” for the third year.
This is a special opportunity that offers students an opportunity to meet one another to exchange ideas,
opinions and information among themselves and learn to practice an academic activity through
organizing “Student Chapter Session.”

For this year, there are 12 students from several leading universities voluntarily applied to be the
student chapter committee. From organizing the activity, the student committee members gain
valuable experiences in the planning and management of the event, as well as develop networking
with other students from other universities in multidisciplinary fields.

Finally, I wish all participants of the Student Chapter Session gain valuable experiences during this
symposium and take with you many warming and unforgettable memories.

Dr. Thirayoot Limanond

ATRANS Student Chapter’s Advisory Committee
School of Transportation Engineering,

Institute of Engineering,

Suranaree University of Technology

August, 2011
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Welcome Message from ATRANS
Student Chapter’s Advisory Committee

Dear ATRANS symposium 2011 participants,

It is my great honor to deliver a welcome message in the proceeding of the student session, the
2011 ATRANS Symposium. I am glad to see the continuous progress of the student chapter since it
has been established in 2009. This third year activity would confirm the fact. It is very great job of
the student committee.

Presentation of students’ research progress and discussion among them will be very useful and
important to allow them exchanging their idea. | would encourage students to take this opportunity
to improve your research.

Lastly, I wish to express my sincere thanks to ATRANS for providing invaluable opportunity for
students.

Wish you all the best & success,

Varamate Vichiensan, Ph.D.

ATRANS Student Chapter’s Advisory Committee
Assistant Professor

Department of Civil Engineering

Faculty of Engineering

Kasetsart University

August, 2011
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Welcome Message from ATRANS
Student Chapter’s Advisory Committee

Dear ATRANS symposium 2011 participants, LR

It is my great pleasure to welcome all distinguish guests to the ATRANS Symposium, and this year
theme is “Toward Low Carbon Transportation for Sustainable Society: Bangkok Vision 2032
(250th Anniversary)”.

Furthermore, the ATRANS Symposium also provides a great opportunity for student to participate
in the Student Chapter Session to present their papers to the public. As an advisor to the Student
Chapter, I am delighted to tell you that the student’s papers this year are very interesting. A great
number of papers were submitted and the topics of these papers will be of your great interests.

In organizing the student chapter, | would like to congratulate our student committee who works
very hard to bring us a great event this year.

I hope that we will have a successful symposium this year.

Dr. Sumet Ongkittikul

Research Specialist

Thailand Development Research Institute
Bangkok, Thailand

August, 2011
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Welcome Message from | "“
President of Student Chapter Organizing ‘
and Scientific Committee Members

Dear ATRANS Student Chapter Session 2011 participants,

On behalf of ATRANS Symposium: Student Committee 2011, it is my
great honor and pleasure to welcome you to the 4th ATRANS . 3
Symposium: Student chapter 2011, Bangkok. This is an exciting gathering of transportatlon
engineering graduate students, prospective students, faculty members, entrepreneurs, and our
sponsors.

This year’s theme “Towards low carbon transportation for sustainable society: Bangkok vision
20327, which also celebrates the 250th anniversary of Bangkok, shall provide a good platform for
the young professionals as they are the future of any institution, to display their research and
findings. This symposium also brings together people with similar interest to celebrate their
collective accomplishments and help the region towards solutions to shared challenges.

Finally, on behalf of the ATRANS Symposium: Student Chapter 2011, | would like to express my
heartfelt gratitude to all participants for your interest and valuable input in this year’s Symposium.
I wish all the participants to have a good time, make new friends and have a delightful experience.

Sharad Bajracharya

President of Student Chapter Organizing and Scientific Committee Members
4™ ATRANS SYMPOSIUM: Student Chapter Session 2011

August, 2011
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Effects of Pedicabs and Kuigligs on the Capacity of Roads
in the Vicinity of De La Salle University-Manila

Paper Identification number: SCS11-001
Jamiel Louiee L. JAYME!, Paul Angelo C. SIA?, Alexis M. FILLONE®

'Department of Civil Engineering, Student
De La Salle University-Manila
Telephone +639173731350
E-mail: jemjayme@yahoo.com

“Department of Civil Engineering, Student
De La Salle University-Manila
Telephone +639178873847
E-mail: siapaulangelo@yahoo.com

*Department of Civil Engineering, Faculty of Engineering
De La Salle University-Manila
Telephone: +632-5244611 loc. 226
E-mail: alexis.fillone@dlsu.edu.ph

Abstract

This study aims to determine the effect of pedicabs and kuligligs on the capacity of roads in the
vicinity of De La Salle University. Considering the mixed traffic flow in Metro Manila, the speed
interaction of pedicabs and kuligligs with cars was determined to be able to obtain their effects to the
capacity of the roads in the study area. Interactions between private vehicles involving pedicabs and
kuligligs were obtained in which a car trailing a pedicab was found out to have the lowest speed compared
to a car trailing a kuliglig or a car trailing another car. In relation to the speed and flow relationships, there
was a decrease in vehicular flow due to the decrease speed of private vehicles trailing pedicabs and

kuligligs in the study area.

Keywords: Mixed Traffic Flow, Non-Motorized Transport

1. Problem Setting
1.1 Background of the Study

One of the most pressing problems in the
urban areas of the country is traffic congestion,
especially in Metro Manila area. Traffic congestion
is exacerbated by the travel behavior of public
transport vehicles which are abundant in Metro
Manila. In the vicinity of De La Salle University
along Taft Avenue and along Pablo Ocampo Street,
pedicabs and kuligligs abound and are mostly used
for short trips. These modes cause more traffic
during school days because they counter flow to the
natural flow of vehicles. They also are parked on
the sides of the streets due to the lack of parking
lanes for these public vehicles. According to a 1991
study, pedicabs represent 5.52% of the total public
transportation vehicles in Metro Manila. This
shows the presence of pedicabs and kuligligs along
the traffic stream within the vicinity of De La Salle
University have a great influence to the traffic flow

in the area.

1.2 Statement of the Problem

Traffic build up is at its maximum during
peak hours along the section of Pablo Ocampo St.
corner M. Adriatico St. as well as the section of
Pablo Ocampo St. corner Taft Avenue. Pedicabs and
kuligligs mainly contribute to the traffic congestion
because of its behavior in the road. There is an
increase in traffic flow of the road due to the (1)
pedicabs and kuligligs that counter flow with the
natural flow of vehicles (2) slow speed of pedicabs
and kuligligs and (3) parked pedicabs and kuligligs
along the sides of the road. Considering the mixed
traffic flow in Metro Manila, the interaction
between pedicabs, kuligligs and cars in the study
area must be studied to be able to determine the
effects of pedicabs and kuligligs to the capacity of
the roads in the area.

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”
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1.3 Objectives of the Study

The general objective of the study is to
know the impact of pedicabs and kuligligs on
vehicular flow along road sections in the vicinity of
De La Salle University.

The specific objectives of the study are:

1. To determine the speed characteristics of
pedicabs, kuligligs and passenger cars along road
sections observed.

2. To determine and compare the effect of
pedicabs and kuligligs on vehicular speeds and
flows along road sections observed.

3.  To determine the  operating
characteristics of pedicabs and kuligligs and the
socio economic profile of pedicab and kuliglig
drivers that provides service in the vicinity of
DLSU.

4. To determine the opinion of commuters
about pedicab and kuliglig service.

1.4 Hypothesis

The following are the hypotheses of the
study:
1. The hypothesis of the study is that the average
speed of cars and other motor vehicles are reduced
with the pedicabs and kuligligs which are allowed
to use the road together with the former.
2. There would be a decrease in the capacity of a
section of the road when there are pedicabs and
kuligligs that use the road together with other motor
vehicles.

1.5 Scope, Limitations and Delimitations

The study is limited to the traffic flow
along the section of Pablo Ocampo to Taft Avenue
heading towards the other side of Pablo Ocampo.
The study considers the speed of private vehicles,
pedicabs and kuligligs only. The study considers
video footage of the traffic flow during the morning
of weekdays only. The participants answering the
survey are limited to pedicab and kuliglig users.
The study did not consider the speed of large
vehicles such as buses and container vans as those
vehicles do not pass through the section of road
observed through the video footage. The effect of
kuligligs and pedicabs on motorcycles was also not
considered.

1.6 Significance of the Study

The purpose of this study is to provide and
enhance the road capacity of the study area which
always experience traffic congestion caused by the
pedicabs and kuligligs. Once the effect of pedicabs
and kuligligs to the traffic build up in the sections

of the area is determined, solutions could then be
recommended that would benefit the pedestrian and
road users within De La Salle University area and
its vicinity as well as those passing the sections in
the vicinity, in terms of improved travel time.

1.7 Asumptions

By observing the following vehicle
tandems (car-car, kuliglig-car, pedicab-car) an
estimate of the impact of informal transport (i.e.
pedicab and kuliglig) on the capacity of the road
could be obtained. Although there are a lot of other
movements and behavior of informal transport that
could affect the wvehicular flow, these were
neglected in the study.

2. Review of Related Literature

According to Wheeler (1974), a city can be
thought of as a living organism and its urban
circulation system is akin to blood flow. It carries
much of the waste and garbage generated by daily
living, and maintains the pace at which the city
functions. If an artery, or street, gets clogged up
due to traffic congestion, it not only causes that
area to lose contact with the “blood flow”, it also
negatively affects the efficiency of the whole
system. Any organism with an out of balance
circulatory system can be considered ill. The
research takes into account this theory in dealing
with pedicabs and kuligligs.

Replogle (1991) studied non-motorized
vehicles in Asia. He investigated the current use of
non-motorized vehicles (NMV) use in Asian cities
and their characteristics. He estimates that NMVs
account for 25 to 80 percent of all vehicle trips in
many Asian cities. He cites several cities in Japan,
Netherlands and Germany which have incorporated
the NMVs successfully into their urban transport
system by having “appropriate integration of
walking, NMV modes and motorized transport.”
He also cites cities in India wherein the percentage
of NMVs in within the traffic stream is seen as a
problem. The future of NMVs however is plagued
by loss of street space for safe NMV use and
neglected investments towards improvement in
favor of motorized transport.

More information about non-motorized
vehicles was provided by Kuranami et al (1994).
He conducted a study showing “non-motorized
vehicles (NMVs) offer low-cost personal mobility,
are nonpolluting, use renewable energy, are labor-
intensive, and are well-suited for short trips in most
cities in Asia regardless of culture, income,
location, or size.” The extent to which they are
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owned and used in a region, however, varies
considerably among cities.

A local study by Paragas (2000) provided
us with information about pedicabs here in the
Philippines. According to the study, the city of
Manila has about 10,000 units of pedicabs. He
observed in his study that pedicabs station
themselves at locations where a “lot of people
movement occur in order to increase the chance of
being hired and thus create bottlenecks or
congestion to the adjacent roads.” This observation
is an example of mixed traffic flow.

Mixed traffic condition poses a challenge
for traffic engineers since it involves different types
of vehicles all sharing the same road space, thus
making it difficult to analyze traffic flow. The
Highway Capacity Manual 2000 (HCM) of USA
mentions six trafficentity types: (a) passenger car
including vans, (b) heavy vehicle including buses
and trucks, (c) recreational vehicle, (d) motorcycle,
(e) pedestrian, and (f) bicycle (HCM 2000). A
number of researches have been conducted about
mixed traffic condition. Mallikarjuna, Phanindra,
and Rao (2009) developed a novel offline image
processing-based data collection system, suitable
for mixed traffic conditions. According to Chandra
(2000) the common practice to analyze mixed
traffic flow is to convert all vehicles into equivalent
numbers of passenger car units (PCUSs).

3. Framework of the Study
3.1 Theoretical Framework

Under uninterrupted flow, the speed, flow
and density relationships could provide a good
description of the behavior of the traffic stream.
These terms are defined as follows:

Speed - rate of motion expressed as
distance per unit time. Speed is the ratio between
distance and time. It is usually expressed in feet per
minute or meter per second. A trap must first be
measured to obtain the speed. The formula is:

s=12
r

(3a)

Where:

S = speed, in ft/min or m/sec
d = distance in ft. or m.

t = time, min or sec.

Volume and/or rate of flow — total number
of vehicles that pass over a given point during a
specified time interval.

Density — number of vehicles occupying a
given length of a lane or roadway averaged over
time

Traffic flow theory basically deals with
three variables, namely volume or flow, speed and
density.

Flow and Volume Variable:

Volume is the total number of vehicles that
pass over a given point or section of a lane or
roadway during a given time interval. Flow is the
equivalent hourly rate at which vehicles pass over a
given point or section of a lane or roadway during a
given time interval of less than 1 h, usually 15 min.

v
(4Jv1s

PHF = (3b)

PHF is the peak hour factor. The PHF is the
ratio of the total volume within the hour and the
largest volume within the hour. V15 is the volume
during the peak of the 15-minute period, within the
peak hour, vehicle/15min.

To compute the rate of flow during the
peak period within the 15-minute interval, given the
PHF, the formula is:

V= — (3¢)

Where:

v = flow, vehicles per hour (vehicle/hr).

V = total volume of the peak hour, pedestrian/hr
PHF = peak hour factor

3.2 Conceptual Framework

Figure 3.4 shows the causes of the traffic
congestion problem of the DLSU Malate, Manila
area. To understand clearly what the causes of the
traffic build up in the area, it was divided into three
categories. The (1) immediate causes cover mainly
the problem setting of the study within the area.
These causes are the basically the main problems of
the study. The (2) underlying causes give other
reasons of how the immediate causes happen. These
give out further knowledge to the main problem.
The (3) basic causes provide the general reasons
that the main causes have in common.

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

Traffic Congestion in
DLSU Malate Manila area
A

Problem

Increased volume due to
pedicabs and kuligligs
A

Immediate

Cause

Counter Determine Lack of
Flowing speed parking
frequency space in Underlying
for the area Cause
pedicabs
and
A kuligligs A
Vehicles of Interest:
Pedicabs and Kuligligs
A
Road Mixed Basic
Capacity Traffic Cause
Condition

Fig. 3.4: Causes of Traffic Congestion in DLSU

4. Methodology
4.1 Research Methods

The study was based on the existing traffic
flow of the area with the relationship of the
pedicabs and kuligligs to the different vehicles and
also to the volume and capacity of which the roads
are affected as well as the pedestrians.

For the data gathering procedures of the
study, three speed data collection methods were
used. The first method was the use of a video
camera where two locations were chosen which is a
one-way road and a two-way road system. A video
camera was set up and covers the different time
dependent variables which involve traffic flow and
travel time. A series of video shoot were done for
the queue formation, queue discharge, overtaking
and lateral movement operation. The second
method was the placement of a trap in which the
distance seen on the video camera was measured by
a wheel measuring distance device for the
computation of the speed of the vehicles. Different
observations were made and tallied from the video.
The third and last method was the use of survey
questionnaires. These were provided with a list of
guestions which affect the travel time of each
commuter and driver. From the survey
guestionnaires, observations were made and

comparisons between the user and the driver of the
public vehicle were also done.

4.2 Design Flow

Figure 4.1 is a representation of the overall
procedures that were executed all throughout the
given study period.

[ START ]

Area selection for the video < Survey Questionnaires
camera set up allocation

A 4

v v

Distribution and Collection
of Survey Questionnaires

Edit video of the area for
the speed data collection
of the different

A 4

A 4

Speed Data

v

Data Input and Statistical
Computations on Microsoft Excel

'

Obtain Statistical Analysis of data and
compare the values if enough

Compute for PHF,
volume, capacity and
PCU

\ 4

Determine the effect of the pedicabs and kuligligs
on the capacity of the road

v

[ FINISH ]

Fig, 4.1: Procedure Flow Diagram

5. Presentation and Analysis of Data
5.1 Video Analysis for Two-way Traffic Flow
with Kuligligs

The section of road along Vito Cruz corner
M. Adriatico was recorded on video which
provided the mixed traffic flow. The recorded video
in progress from 9:00 AM and was analyzed for
three (3) hours. The different relationships from the
lane with vehicles abound Roxas Boulevard, the
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other lane with vehicles abound Taft Avenue and
the counter flowing of pedicabs and kuligligs for
both sides were interpreted separately.

The maximum volume of the two-way
traffic flow with the effect of kuligligs for three (3)
hours were determined with the computation of the
peak hour volume of the lanes bound to Roxas
Blvd. and to Taft Ave. Figures 5.1 and 5.2 show the
total vehicular volume of each lane and the peak
hour factor of both lanes respectively.

1600
% 1400 +4———  H Roxas Boulevard
= 1200 Route
T 1000
2 800 -
% 600 H Taft Avenue
g 400 —1—— Route
3 200 +}- —
S 0~
‘ -
SRR
F& gt
&Y &
Q @
Vehicle Type

Fig. 5.1: Total Vehicular Volume Bound to Roxas
Boulevard and Taft Avenue

1.0000
§ 0.8000 ol ! | I B Roxas Boulevard
o (0.6000 h—H—1.-ll-
£ 0.4000 ‘- |__ _|_ [ Route
= (.2000
3 0.0000 B Taft Avenue
i ) Route
S H 0D NS
P b’b{\%‘}&‘ﬁ'\‘bﬁg‘-‘(\é
RGN
N &0
s
Vehicle Type

Fig. 5.2: Peak Hour Factor of All Vehicles Bound
to Roxas Boulevard and Taft Avenue

Analyzing the effect of pedicabs and
kuligligs to cars through speed data, the study
acquired the speed of the target vehicles detached
from any relationships on the road. A number of
samples were made for each pedicab, kuliglig and
car to determine an equal number of intervals to be
used for each speed frequency. Figures 5.3 to 5.6
show the speed distribution of the target vehicles
(pedicab, kuliglig and a private car) as well as their
relationship with a private vehicle along the
different study areas.

80
£ 60
> \ a
g , pedicabs
2 20 2 . e kuligligs

0 - efim=cars

0 5 10 15
Speed (mps)

Fig. 5.3: Speed Distribution of Target Vehicles to
Roxas Boulevard
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Fig. 5.4: Speed Distribution in Pablo Ocampo
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Fig. 5.5: Speed Distribution of Target Vehicles to

Taft Avenue
&0
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: /\
S 40 =G car-car
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Fig. 5.6: Speed Distribution in Pablo Ocampo
Bound to Taft Avenue
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The observations of the pedicab-car and
kuliglig-car relationships were tested to the car-car
relationship using the f-test: two-sample for
variances in Microsoft Excel. The results of these
tests, which are shown from Figure 5.7 to 5.10,
were subsequently used as the foundation for the
t-test.

Rejection region
Conclude H1

Acceptance region
Conclude Ho

T~

: e

0 1 Fcr=1.340 1.895

*Fer - F Critical one tai

Fig. 5.7: F-test Curve for Car-Car and Kuliglig-Car
for Lane to Roxas Boulevard

Rejection region
™N Conclude H1

ceptance region
Conclude Ho

1
0 Fcr=0.739 1
0.755

*Fer - F Critical one tail

Fig. 5.8: F-test Curve for Car-Car and Pedicab-Car
for Lane to Roxas Boulevard

Rejection region
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Acceptance region
Conclude Ho

i

1 S —
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Fig. 5.9: F-test Curve for Car-Car and Kuliglig-Car
for Lane to Taft Avenue

Rejection region
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Conclude Ho

L
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Fig. 5.10: F-test Curve for Car-Car and Pedicab-
Car for Lane to Taft Avenue

The accepted values for the f-tests were
then processed through the t-test which would be

the basis for the effects of the relationships
involved. Figures 5.11 to 5.14 show the results of
the t-test for the kuliglig-car and car-car
relationship, and the pedicab-car and car-car
relationship.

Acceptance region

Rg’ection region
Conclude Ho

onclude H1

T
0 1.651 4.685 (+)

Fig. 5.11: T-test Curve for Car-Car and Kuliglig-
Car for Lane to Roxas Boulevard

Acceptance region
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Fig. 5.12: T-test Curve for Car-Car and Pedicab-
Car for Lane to Roxas Boulevard
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Fig. 5.13: T-test Curve for Car-Car and Kuliglig-

Car for Lane to Taft Avenue

Acceptance region
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Fig. 5.14: T-test Curve for Car-Car and Pedicab-
Car for Lane to Taft Avenue

Based from the results of a car-car
relationship, the effect of pedicabs and kuligligs to
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the speed of cars were obtained through the
pedicab-car and kuliglig-car relationships. It was
seen from the f-tests and t-tests that the speed of a
car trailing a kuliglig and a pedicab was reduced
from the obtained average speed of car. The amount
of speed of pedicabs increased for the lane bound to
Taft Avenue due to the uninterrupted flow of traffic
than the lane to Roxas Boulevard. Due to a higher
speed of the pedicabs, there was a small amount of
effect to cars.

5.2 Video Analysis for Two-way Traffic Flow
without Kuligligs

With the order of Mayor Alfredo Lim to
ban the kuligligs from the streets of Metro Manila
due to their gas emission which were not registered
in the Land Transportation Office and violate the
Clean Air Act, the analysis of the study not
involving the kuligligs was obtained. Same
procedures were made from the analysis involving
kuligligs. Figures 5.15 and 5.16 show the total
vehicular volume of each lane and the peak hour
factor of both lanes respectively.

1.0000
o 0.8000 ——1I— 1l
© 0.6000 NN
& 0.4000 W—H—MWNIllF =mRoxas
~ 0.2000 W10 0N
3 0.0000 Boulevard
T ) Route
= 3
¥ C
o R MOISSS m Taft Avenue
& & Route
Ry
Vehicle Type
Fig. 5.15: Total Vehicular Volume without
Kuligligs Bound to Roxas Boulevard and
Taft Avenue
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o 0.8000 “——1— 11
© 0.6000 MN—N—b I}
S 0.4000 “N— N0 — W Il ®mRoxas
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I
Q W Taft Avenue
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Vehicle Type

Fig. 5.16: Peak Hour Factor of All Vehicles
without Kuligligs Bound to Roxas
Boulevard and Taft Avenue

Table 1 F and T-Test Results without Kuligligs
Bound to Roxas Boulevard

Relationship F-Test T-Test

F Fcr T stat Ter
Car-Car and
pedicab-Car 2.692 | 1.394 | 4.078 1.656

Table 2 F and T-Test Results without Kuligligs
Bound to Taft Avenue

Relationship F-Test T-Test

F Fcr T stat Tcer
Car-Car and
Pedicab-Car 1.094 | 1.722 | 1.558 1.654

Based on Tables 1 and 2 the absence of
kuligligs produced more car-car relationships for
the lane bound to Taft Avenue due to less
interruption of following cars. It was observed that
car-car relationships without the presence of
kuligligs obtained a minimum effect to the speed of
the trailing car.

5.3 Video Analysis for One-way Traffic Flow

The different relationships from a one-way
lane with vehicles abound Arellano Avenue, and the
counter flowing of pedicabs and kuligligs were
interpreted separately.

m Arellano Avenue
Route

Volume of Vehicle

Vehicle Type

Fig. 5.17: Total Vehicular Volume Bound to
Arellano Avenue
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Fig. 5.18: Peak Hour Factor of All Vehicles Bound
to Arellano Avenue
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Figures 5.17 and 5.18 showed the total
vehicular volume of each lane and the peak hour
factor of both lanes respectively. The target vehicles
were separately filtered for the actual count of each
relationship for vehicles going to Arellano Ave with
the effect of a one-way lane. Table 3 shows the
speed distribution of target vehicles and Table 4
shows the F and T-test results all bound to Arellano
Avenue.

Table 3 Speed Distribution of Target Vehicles

Tables 5 to 9 show the tabulation of counter
flowing pedicabs and kuligligs along the different
sections of the study area.

Table 5 Counter Flow for Two-way Flow with
Kuligligs Bound to Roxas Boulevard

Vehicle Count Speed
mps kph
pedicab 109 7.97 28.68
kuliglig 25 11.80 42.47
Total 134

Table 6 Counter Flow for Two-way Flow with
Kuligligs Bound to Taft Avenue

Relationship Frequency Speed (mps)
Car 47 2
Kuliglig 59 3
Pedicab 89 1
Car-Car 62 0
Kuliglig-Car 2 1
Pedicab-Car 78 1

Table 4 F and T-Test Results Bound to Arellano

Vehicle Count mpSSpeed o
pedicab 35 8.35 30.06
kuliglig 4 3.78 13.62
Total 39

Table 7 Counter Flow for Two-way Flow without
Kuligligs Bound to Roxas Boulevard

Avenue
Relationship F-Test T-Test
F Fcr T stat Ter
Car-Carand | 150 | g555 | 0075 | 1.660
Kuliglig-Car
Car-Car and
pedicab-Car 1.894 | 1.412 | 0.379 1.654

Speed frequencies of pedicabs, kuligligs
and cars were shown to provide a comparison
between the running speed of cars without any
involved relationship and with the effect of
pedicabs and kuligligs to the speed of cars. From
the speed frequency figures obtained, it was
observed that the speed of cars were relatively
lower for a one-way lane especially involving
pedicabs and kuligligs on a large amount of traffic
flow. It was seen from the f-tests and t-tests that the
speed of a car trailing a kuliglig and the speed of a
car trailing a pedicab was reduced from the
obtained average speed of a car, compared to the
obtained speed frequencies of pedicabs and
kuligligs.

5.4 Counter Flow Analysis

Pedicabs and kuligligs relatively use a lane
for their route which is most beneficial for their
travel time. Following the natural flow of traffic
makes their boundaries less which is difficult for
such small type of public vehicles, therefore
counter flowing with the natural flow of traffic will
be more beneficial to them and makes their
boundaries large enough to produce more travel.

Vehicle Count Speed

mps kph
pedicab 187 3.62 13.04
Total 187

Table 8 Counter Flow for Two-way Flow without
Kuligligs Bound to Taft Avenue

Vehicle Count Speed

mps kph
pedicab 31 3.76 13.53
Total 31

Table 9 Counter Flow for One-way Flow Bound to
Arellano Avenue

Vehicle Count mpSSpeed o
pedicab 93 2.31 8.33
kuliglig 11 2.33 8.40
Total 104

5.5 Descriptive Analysis
Pedicab and Kuliglig Users
The group conducted a  survey
questionnaire concerning the Pedicab and Kuliglig
users which resulted to the following:
Opinions of commuters about pedicab and
kuliglig service

of Survey of
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The best advantage was found out to be
the ability to be dropped off anywhere shown in
Figure 5.19. The worst disadvantage was found out
to be the open air pollution, risky travel and
unreasonable fare shown in Figure 5.20. While the
average opinion about the disadvantages of all users
is shown in Figure 5.21.

Strongly .. B Comfortable
Disagree
Neu%;rral B Convenient
Agree Faster Travel time
Strongly Agree

h a0% 10004

Fig. 5.19: Average Opinion About the Advantages

of All Users

Strongly .. B TUnreasonable Fare
Disagree ®ERisky Travel/Unsafe

Neutral Open Air Pollution

Agree ETncomfortable
Strongly Agree )
mLonger Travel Time
%% A0%a 100%

Fig. 5.20: Average Opinion About the
Disadvantages of All Users

1. Do you think Pedicabs
and Kuligligs follow traffic
laws?

Strongly Disagree

2. Pedicabs and Kuligligs

should be allowed to provide Disagree
service anywhere they want.
LBt

3. Pedicabs and Kuligligs Neutral 2
should have a fix service route. 3

. - u4
4. Pedicabs and Kuligligs
should have their own parking Agree m5
area.
5. Do you think that Pedicabs
and Kuligligs provide the best gy oaly aoree
public service?

0% 0% 100%

Fig. 5.21: Opinion of Users About the Status of
Pedicabs and Kuligligs

5.6 Descriptive Analysis of
Pedicab and Kuliglig Drivers
The group conducted a  survey
guestionnaire concerning the Pedicab and Kuliglig
drivers which resulted to the following:
Operating characteristics of pedicabs and

Survey of

Kuligligs

Socio economic profile of pedicab and
kuliglig drivers that provides service in the vicinity
of DLSU

Tto 9 10above

Fig. 5.22: Average Number of Children of Pedicab
and Kuliglig Drivers
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Fig. 5.23: Average Fare per Trip
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Fig. 5.24: Average Lowest Earnings of Pedicabs
and Kuligligs Drivers
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Fig. 5.25: End of Work Hours of Pedicab and
Kuliglig Drivers
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Fig. 5.26: Average Number of Trips Made by
Pedicabs and Kuligligs Drivers
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Fig. 5.27: Average Number of Passengers per Day

Figures 5.22 to 5.27 showed the results of
the conducted survey from the pedicab and kuliglig
drivers.

5.7 Speed and Volume Relationships

The average speeds of cars for every
fifteen (15) minute interval were obtained and
plotted with each fifteen (15) minute volume.
Speed increased when volume decreased for each
area of observation which was shown below.
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< 100 effect of pedicabsand
E 0 kuligligs)

E 20 30 40 + Cars (with the effect

of pedicabs and
kuligligs)

Speed (kph)
Fig. 5.28: Volume and Speed Relationship of Cars
in Two-Way Flow with Kuligligs Bound to Roxas
Boulevard
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Fig. 5.29: Volume and Speed Relationship of Cars
in Two-Way Flow with Kuligligs Bound to Taft
Avenue
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Fig. 5.30: Volume and Speed Relationship of Cars
in Two-Way Flow without Kuligligs Bound to
Roxas Boulevard
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Fig. 5.31: Volume and Speed Relationship of Cars
in Two-Way Flow without Kuligligs Bound to Taft
Avenue

There was a decrease in speed of cars
when affected by pedicabs and kuligligs as seen
from Figures 5.28 to 5.31. Due to the trailing of
cars to pedicabs and kuligligs, their average speed
decreased gradually. This affected the flow of the
road section observed because as the speed of
vehicles decrease, the flow of vehicles also
decreases.

6. Conclusion

Obtaining the capacity of a mixed traffic
flow is complex but with the speed, flow and
density relationships the effect of pedicabs and
kuligligs to the capacity can be seen. There was a
decreased in the speed of cars trailing both pedicabs
and kuligligs which made the volume of the road
sections observed increased. The flow of the road
sections observed was decreased in terms of speed
and volume.

User opinions confirm the fact that
pedicabs and kuligligs are one of the reasons for
traffic condition in Metro Manila. It is concluded
that commuters do not consider the service given to
them by pedicabs and kuligligs as satisfactory;
however, commuter opinions also show a desire
and willingness for improvement with regards to
the service provided by pedicabs and kuligligs.
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Abstract

Jeepneys in the Malate area with trips to Makati, Paco, and Pasay were found to dispatch vehicles
based from driver’s experience and perceived demand as basis. The researchers hypothesize that due to the
improper assessment of passenger demand, there is an oversupply of vehicles in all three routes.
Furthermore, this inefficiency translates to high fuel consumption and cost as well as manpower. The main
objective of the study is to propose a scheduling scheme that would improve the efficiency of jeepney
operation and service in the area of Malate, city of Manila. To accomplish this, the researchers evaluated the
level of service (LOS), in terms of speed, headway and cycle time; and its work efficiency in terms of
service output or quantity offered and utilized service. Based on the traffic conditions, the researchers
proposed scheduling parameters that satisfies the demand at the maximum load section of each route while
keeping in context the possibility of applying an occupancy load (level) that lessens the onboard passengers

in most of the route length.

Key words: Jeepneys, Scheduling of operation, Efficiency of public transport

1. PROBLEM SETTING
1.1. Background Of The Study

Public transportation is the predominant
mode of travel in Metro Manila. Buses operate on
primary arterial roads, jeepneys on secondary
arterial roads, and motorized tricycles and pedicabs
for feeder and collector roads. Jeepney service is
often the most practical and sometimes solitary
mode available to traverse short distances. Jeepneys
are however seldom operated by an agency as a
business venture rather it is operated by individual
operators for livelihood.

The lack of an effective scheduling
scheme results in inefficient operations and in turn
undesirably affects more than just the operators.
While passengers enjoy not having to wait too long
to catch a ride because of short waiting time, the
high supply of jeepney passenger-seats reduces the
productivity of a route because of low load factors,
and contributes to the already congested roadways

of Manila.

Jeepneys do not have designated stop
locations which cause disruption in traffic flow
whenever pick-up or drop-off of passengers occur,
and uses certain portions of the roadway as
terminals thereby decreasing the number of usable
lanes.

The study propose a scheduling scheme
that is reasonable to jeepney drivers and operators
and at the same time convenient to passengers. This
would promote coordination among jeepney
operators, lessen bunching, and promote in the
orderliness of the general traffic. It is to be
accomplished by finding an optimum solution that
would minimize jeepney frequency and yet satisfy
the demand while applying a level of service
constraint. The study would also aid in minimizing
the air pollution as a result of minimizing frequency
of jeepneys that operate continuously throughout
the study area.
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1.2. Objective

The main objective of the study is to
propose a scheduling scheme to improve the
efficiency of jeepney operation and service in the
area of Malate, city of Manila. The following are
the specific objectives:

a) To determine the important variables that
affect the proposed scheduling scheme of
jeepneys.

b) To formulate a model of the jeepney
operation with the objective of optimizing
the service supply.

c) To simulate and estimate the proposed
scheduling scheme and jeepney operations,

and

d) To compare the present condition of the
transit  service operation with the
formulated model and assess the impact,
and

1.3. Scope, Limitations, and Delimitations
The following are the scope, limitation and
delimitation of the study:

a) The study is limited to jeepneys in the
Malate area with trips to Paco, Makati, and
Pasay.

b) The proposed scheduling scheme is for
weekday period only, between 8 A.M. and
6 P.M.

c) Passenger demand patterns vary seasonally.
The scheduling scheme proposed is
applicable only during the period of the
study.

2. RESEARCH METHODOLOGY AND
DESIGN

In order to meet the objective of this study,
that is to improve the efficiency of jeepney
operation and services in the area of malate, the
study examines the current jeepney operation in the
three routes in the malate area. Ocular inspection
and daily volume count through video recording
was conducted for roadway and vehicle
characteristics. Ride check method was done for the
determination of passenger demand in the three
route, manual ride check method was used. It refers
to counts and measurement performed by a checker
riding the jeepney vehicle along the entire route. In
this method, the on and off passenger counts from
which one can derive the on-board passenger load
for each route segment, arrival and departure times
for each stop, item-specific surveys or
measurements (vehicle running speed, boarding and
alighting).

2.1 Research Design

The process begins with the construction
of the actual transit system. It consists of passenger
volume characteristics, vehicle characteristics,
route characteristics, and operator characteristics.
Passenger volume, as discussed in chapter two is
the primary element in transit as the purpose of any
transit service is the movement of people. Vehicle
characteristics refer to the dimensions of vehicles,
seating capacities, etc. In the study the average
seating capacity of all transit units will be used
since jeepneys in the study area does not have
consistent dimensions hence seating capacities as
well. Route characteristics refers to both physical
(or the facilities and traffic control) and the
operating time or speed or other characteristics that
can be achieved given the conditions of the
environment. Lastly, operator characteristics refer
to the behavior and preferences of jeepney drivers
and may be considered in the establishing the
service policies or standards.

With reference to the assumptions made
and limitations of the study, mathematical modeling
of the system can now be performed. Possible
objectives are listed. These objectives can be
pursued in a single objective approach or a multi-
objective approach. If the single objective is
chosen, the other objectives become constraints.

Once the scheduling of vehicles is done,
graphical representations would best illustrate the
system modeled.

Alternative or complementary solutions
refer to solutions that add or alter physical
characteristics of the route. For instance, if the
modeled system the use of exclusive lanes is found
to be viable then it will be part of the proposed
system along with the scheduling scheme.

Finally, to evaluate the effectiveness of the
proposed scheduling and/or complementary
solutions, it is compared with the previous system
and its impacts are assessed in terms of the impacts
to the transit agency, the community, and the
general traffic.

2.2 Research Methodology

The research method used in this study was
divided into three phases: data preparation and
processing, computation and analysis of factors for
scheduling and the evaluation of the proposed
scheduling scheme. The process starts by obtaining
the average number of jeepney vehicles operating
in the three routes throughout the whole day from
(8:00 a.m. — 6:00 p.m.) during weekdays. The data
gathered from this survey was then averaged per
hour of each day. Another survey was conducted for
the determination of passenger demand in the three
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routes, manual ride check method was used.
Passengers in every jeepney vehicle were observed,;
their loading and unloading points. The road
lengths of the route trips were obtained using
geographic information system (GIS), other maps
were from Google maps.
A. Data preparation:
1. Inventory of roadway characteristics.
These include segment lengths,
intersections, traffic control devices,
regulated speeds, roadway dimensions,
land-use, pedestrian facilities, etc.
2. Inventory of wvehicle characteristics.
These include seating capacity, and
total number of vehicles.
3. Survey of passenger volume and transit
operating time.
B. Data processing:
1. Graphical
routes.
2. Time-Space diagram to demonstrate the
phenomenon of bunching.
3. Passenger load profile diagram to
determine maximum load section.

construction of service

4. Temporal variations diagram
(weekday) to determine peak and off-
peak periods.

5. A combination of 3 and 4 in a three-
dimensional representation.

C. Computation and analysis of factors for
scheduling:

1. Establish a scheduling period (one
hour). The succeeding activities shall
be done per scheduling period per
route.

Calculation of design volume.
Determine optimum frequency (take
note that this wusually a trade-off
between passenger convenience and
cost of operation however in this case it
is more a balancing factor towards fair
driver income).

4. Calculation of headways, number of
vehicles, operating time, and cycle
speed. Graphical presentation of
results.

D. Further analysis

1. Comparison of the performance before
and after scheduling using measures
such as work utilization, productive
capacity, travel time, and speed.

2. Assessment of impact on traffic flow.

3. Proposal of additions of transit and/or
traffic elements (e.g. designated stop
locations).

wn

3. DATAPRESENTATION ANDANALYSIS

This chapter presents the summary of the
data gathered from the survey done. Data from
video surveys, for the volume and headway count,
during weekdays, one week in the month of
October, from 8:00 a.m. to 6:00 p.m. was averaged
per time. Furthermore, the data from the passenger
count survey was also averaged per hour and per
segment of each of the route trips: Makati, Paco
and Pasay. Total sample sizes of 16 jeepneys were
analyzed for the Makati trips, and 48 and 23
jeepneys for the Paco and Pasay trips respectively.
The data were averaged per segment per hour to
obtain the demand for each route trip at the
particular time of the day and also for the
determination of common loading and unloading
point in every route.

In addition, according to the information
gathered from the land transportation franchise and
regulatory board (LTFRB), the current registered
number of jeepney vehicles for the Pasay route both
westbound and eastbound are only 45 units. For the
Makati and Paco bound jeepneys, the LTFRB
recorded them as one route only and the total
number of registered units is only 110.

3.1 Current Operation

Figure 1 shows the location of the three
studied jeepney routes in Malate area. The Makati
route (Table 1) occupies two areas: Malate and
Makati area. Most of the roads in this route are one-
way: Pablo Ocampo Sr., Zobel Roxas Ave.,
Arellano Ave., Leon Guinto and Estrada. The
origins of the trips in this route are usually along
Leon Guinto and Zobel Roxas Ave. corner Caton
Street. Only two traffic lights are located within this
route, one is located along Osmefia Highway
intersection and the other one is located along
Zobel Roxas Ave. corner Kamagong Street. As seen
in the map, there are roadways connecting Zobel
Roxas Ave. and Pablo Ocampo Sr., and whenever
the jeepney doesn’t have passengers on board, they
take this path so they can go back to Leon Guinto in
less time, making the study route inconsistent. In
addition, most of the time jeepneys along this route
go beyond Caton Street traveling Archimedes and
Flordeliz Streets up to the Pablo Ocampo Sr.
Extension and goes back through Balagtas Street.
Jeepney drivers usually do this to pick up
passengers along the said streets. Jeepneys were
also observed to be waiting at the end Zobel Roxas
Ave. for passengers, making it their “terminal”.
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Fig. 1 The Study Area

Table 1 Makati Route Characteristics

However, even though they tend to wait for
passengers and jeepney vehicles occupy most of the
roadway space, the path included in this route
doesn’t usually experience traffic congestion since
it is not a main road way and it is rarely used by
private vehicles.

Table 2 Paco Route Characteristics

Segment Distk?]rqlce, Characteristics
gll__lgl%]ﬁ;j;-ilz?pitan 0081 | one A% Lights
(ot Thorg | 0zaser | QT2 Moty
%ﬁ?é&%ﬁﬁem 124934 | IWODAY. dhis
Pedro Gil
et U | oaases | TN
Singal
(Ei%?fg:)g?l' 1.47975 'gvr\]/g 'I\{\r/:%/f’ic Lights
EE;SSEE:;E)i;ong—Leon 0.21323 (N)geT‘f;fo}’zoL\i’gﬁ’s

Segment D'SE?]CE Characteristics
Estrada
One Way,
(Arellano-Leon 0.2178 A
Guinto) No Traffic Lights
Leon Guinto 0.2723 One Way,
(Estrada-P.Ocampo) ' No Traffic Lights
P.Ocampo
. One Way,
(Leon Guinto- 0.258 A
Arellano Ave.) No Traffic Lights
Arellano Ave.
One Way,
(P.Ocampo-Z. 1.12762 AT
Roxas) No Traffic Lights
One Way and
iv?‘_’ézfo(sre”a”o 1.01093 | Two Way,Two
' Traffic Lights
One Way and
ZRoxas - P.Ocampo Two Way,
(Balagtas-Arellano) 0.21624 Two Traffic
Lights
Arellano Ave. 02723 One Way,
(P.Ocampo-Estrada) ' No Traffic Lights
Estrada
One Way,
(Arellano-Leon 0.2178 A
Guinto) No Traffic Lights

The Paco route (Table 2), just like in
Makati route, most of the roadways are one-way
streets: Estrada, Kapitan Tikong, Angel Linao, and
Singaling from Pedro Gil until Esguerra Street. As
seen in the map, Paco trip crosses two main roads:
Pres. Quirino Ave. and Pedro Gil, thus jeepneys
crosses two intersection wherein there are traffic
lights. As observed in this route, jeepney drivers
usually tend to wait passengers along every corner.

The characteristics of Pasay trips (Table 3)
are different from that of Makati and Paco trips in
several aspects; one that stands out though is that
Pasay trips are coordinated. Orange Jeepneys
operating in this route originate from the informal
terminal in front of Rizal Memorial Coliseum
located along Pablo Ocampo Sr. Ave. (Vito Cruz),
heads west, crossing Roxas Boulevard, and
reaching its endpoint at the gate to the Senate
located along Jose Diokno Boulevard. Jeepneys
arriving at the endpoint will head to their so-called
‘depots’ to fall in queue. Return trips are serviced
by Jeepneys out from the queue, deadheading from
their depot to the gate to the Senate, and heads east
following the exact same route to end in front of
Rizal Coliseum. Unlike in Makati and Paco trips
where a Jeepney completes a cycle in one run
without having to fall in queue, Pasay trips are
classified into two trips: west bound and east bound
which can be thought of as trip and return trip.

The hourly volume counts of jeepneys
throughout the day in the three routes are shown in
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Figure 2. As observed, the number of jeepneys in
Makati and Paco routes was noticeably high
compared to the ones in Pasay (recall that Pasay
trips are coordinated).

Table 3 Pasay Route Characteristics

Distance,

Kkm Characteristics

Segment

Pablo Ocampo Sr.
(Taft-Adriatico)

Two-way,

0.37658 | rratfic light

Pablo Ocampo Sr.
(Adriatico-F.B.
Harrison entry)

0.2257 Two-way

Pablo Ocampo Sr.
(F.B. Harrison
entry-F.B.
Harrison)

Two-way,

0.09514 | Tratfic light

Pablo Ocampo Sr.
(F.B. Harrison-
Maytubig)

0.06818 Two-way

Pablo Ocampo Sr.
(Maytubig-Roxas
Blvd)

Two-way,

0.23154 1 yraffic light

Pedro Bukaneg
(Roxas Blvd-
Magdalena
Jalandoni)

Two-way w/

0.46164 divider

Pedro Bukaneg
(Magdalena
Jalandoni-Before
F.A)

0.19202 Two-way

Pedro Bukaneg
(Before F.A.-
Eduardo
Makabenta)

0.15924 Two-way

Eduardo
Makabenta (Pedro
Bukaneg- Vicente
Sotto)

0.12238 Two-way

Vicente Sotto
(Eduardo
Makabenta-Atang
de la Rama)

0.12944 Two-way

Atang de la Rama
(Vicente Sotto-
Florentino)

0.25993 Two-way

Atang de la Rama
(Florentino-Jose
Diokno Blvd)

0.26228 Two-way

Jose Diokno Blvd
(Atang de la Rama-
GSIS road)

0.23532 Two-way

Jose Diokno Blvd

0.30782 Two-way

(GSIS road-Senate)

400

-
=300
2250

200
=
2150
@
=100

50

S SIS
FFFEF TS
Bfakati Bound BPacoBound

W Pasay (East Bound) B Pasay (West Bound)

Fig. 2 Average Volume of Jeepneys

Headway and frequency are inversely
proportional; the shorter the headway, the greater
the frequency. Observing the headways of the three
routes, as seen in Figure 3, jeepneys going to Pasay
has noticeably longer time headway compared to
Makati and Paco. In which we can say that at an
average, we can see jeepneys going to Makati and
Paco every minute, hence they are more frequently
seen and occupies more space in streets compared
to Pasay jeepneys, and this is also due to the
unscheduled jeepney operation in the said route.

FSFIFTFTFS S

SRS
mMakati Bound

W Pasay (East Bound)

B Paco Bound
B Pasay (West Bound)

Fig. 3 Average Headway

The characteristic of the time headway of
Pasay-bound jeepneys during anytime of the day is
the same between westbound and eastbound trips
but almost all of westbound trips have greater
headway except in the hour interval 7:00 — 8:00
A.M. It is likely that this is due to jeepneys in front
of Rizal Coliseum filing to near seating capacity
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before leaving contrary to jeepneys at the gate to
the Senate. Although sometimes jeepneys also
waited for a while for passengers, but most of the
time leave as soon as all passengers in sight has
boarded.

On the other hand, the characteristic of the
time headway of jeepneys in Makati and Paco route
are somewhat consistent, and does not change that
much every hour throughout the day. The frequency
of jeepney passing a certain point did not change
even if it was off-peak or peak hour of the day. In
this condition, jeepney trips during off-peak hours
of the day would not be profitable, considering the
time interval of two consecutive jeepneys arriving a
certain point; less or no more passengers will be left
for the latter to pick-up given a the short gap
between their headways.

3.2 Proposed Scheduling Scheme

The formulas used in determining the
scheduling parameters are shown below for each of
the steps states in the procedure.

P!‘I:I.EK

Stepl: f=

f=

(Eq. 1)
Step 11 L

J (Ea. 2)
pmax
Step lIl: f= o = o (Eq. 3)

where P .« = maximum load observed, pax
C; = capacity of jeepney, seats
P = load, pax
d = segment length, km
L = total route length, km
OL = occupancy level, seats

Step | sets the minimum frequency to
accommodate the load at the MLS, which was
computed by simply dividing the maximum load
observed (Pmax) by the capacity of the Jeepney (C;).
This step sets the minimum frequency allowable.
Step Il uses the average pax from pax-km to
compute for frequency. It is computed by dividing
the summation of pax-km (3_P-d) by the capacity of
the jeepney multiplied by the total route length (C; -
L). Whichever is higher between the previous steps
will be used as the reference frequency in the next
step. The final step refines the solution by finding
the optimum load (OL) that is lower than the
capacity to allow a certain level of service to be
applied (by reducing the load on board).

700 93.82 seat-km
' A 648
au
600 612
522
500 ,' 473 476
. e
400 432
346

300

No.of Pax / Seats

218

200

_ 1325.16 pax-km

100

1] 0.5 1 L5 2 2.5 3

m— Supply, seats s—Step [, seegésw?%ep Il seats = Step [I, seats

Fig. 4 Sample Hour for Optimization

Table 4 Tabulation of parameters Pasay Westbound

Trip 3-4 PM
Step I 1T 11|
OL, pax 18 18 14
Design
demand, 606 420 478
nax
I, veh'hr 34 24 34
h,
min/ygh 1.76 2.50 1.76
w @ C. 0.69 1.00 0.69
w ] ] 0.88
Supply, 612 432 612
seals
N,.veh 7.58 5.25 7.58

The current frequency of Pasay trips from
3:00 to 4:00 P.M. is 36 vehicles per hour,
amounting to a total supply of 642 seats. The
observed maximum load is 606 passengers in front
of the Rizal Memorial Coliseum along Pablo
Ocampo Sr. Ave. segment between Taft Ave. and
Adriatico street (segment 1). Step | suggests that 34
vehicles per hour operate, offering a total supply of
612 seats. The supply satisfies the demand at the
MLS. Step Il recommends 24 vehicles per hour to
operate, offering a total supply of 432 seats. On the
average this satisfies the demand however does not
satisfy the load at the MLS. This is due to the
unique characteristic of the load profile at this
route. From the starting point to the end point the
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load consistently decreases (more passengers alight
than board) and thus results into a far from
balanced profile. The solution that step Il proposes
is better applied on load profiles with a somewhat
balanced profile. By trying out values of occupancy
load that will yield a frequency that is equal to the
minimum frequency (step 1), the occupancy load at
which level of service can be applied is determined.
The solution finds that an occupancy load of 14
passengers can be assigned during this time interval
so as to give some level of comfort to the
passengers and still satisfy the demand at the MLS.
This is shown in Figure 4.

To be able to find a good compromise (so
called optimum), different combinations of demand
levels and OL must be tried to determine the
frequency and OL that will not deviate so much
from the results of the previous steps. The
effectiveness of the result can be measured by
transportation work and cost of operation per
vehicle.

The length of route at which an excess
occurs (crowding) should be compared with the
average passenger trip length to determine whether
having that excess is better than having no excess
but at the cost of greater frequency. If the trip
length stretches for more than 50% and the length
having an excess is only 20% then the momentary
crowding (or low level of comfort) may be
acceptable. Summarizing the parameters that the
solution proposes, a frequency of 34 vehicles per
hour is the minimum (headway is 1.76 minutes per
vehicle), an occupancy load of 14 passengers can
be implemented, and as few as 8 vehicles can
operate this route. The savings can be interpreted in
terms of seats-km, from the previous setting to this
93.82 seats-km can be conserved. Increase in the
work efficiency is 4%.

Table 5 Summary of Proposed Headway for Makati

Route

FRE\%‘#}?’;‘CY’ HEADWAY, min

InTgrl\J/;I Current [Proposed [Current| Proposed
820%\/?300 87 87 |0.690| 0.690
9100A- &0100 84 33 |0714| 1818
10202;\%1100 84 26 |0714| 2.308
11202‘-'\1/5100 77 26 |0.779| 2.308
12:00- 1001 g 33 |o0741| 1818
1:00P ¥ 2:00 | g9 38 [0870| 1.579
2:0% " 3:00 | 43 43 0822 1.395
3:00P " 4:00 | ¢ 59 |0.789 | 1.017
4:0(|)3|-v|5:00 69 63 0.870 [ 0.952
5:0% " 6:00 | gg 79 | 0682 0.759

As seen in Tables 5 and 6, the proposed
headways decreased almost half of that of the
current headways of the jeepneys bound to Makati
and Paco. Through this, it can be seen that if the
operation of the jeepneys would be optimized, the
number of vehicles in the road can be lessen but
still can accommodate the demand of the
passengers in the route. However, observing the
proposed headways for the Pasay Westbound route
(Table 7), it also decreased but not significantly
compared to that of the Makati and Paco route.
Since trips here are being maximized at the start of
the route. However, the ones in the Eastbound
(Table 8) were observed to have significantly
decreased like the ones in Makati and Paco.
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Table 6 Summary of Proposed Headway for Paco

Table 8 Summary of Proposed Headway for Pasay

Route Eastbound
PREQUENCY: | HEADWAY, min PREQUENCY: | HEADWAY.min
InTe(z)rl\J/ral Current |Proposed [Current| Proposed InT:rl\J/;I Current |Proposed (Current| Proposed
OO0 67 | 31 |o0se| 14 OO 4y | a3 125 2
08001 67 | 31 |o0.896| 194 HON O 50 | 42 |120] 2
WO0L200\ gy | 7 |og3s| 222 | | YOy M| 42 | 20 |1a3| 3
1200 1001 sg | 30 |Lo3a| 200 PO | s | 2 e | s
L0200\ 57 | 25 |1083| 240 e N R
2200p;\/|3100 62 24 | 0968 | 250 The number of employees or person-hours
of work force are usually referred to as “labor
PO 5 | s [ron| aes | gl menwes o i et
P00 o4 | 43 [0938| 140 | fours ofthe current jespney operation and in he

3.3 Evaluation of Proposed Scheme

As seen in the succeeding figures (Figs. 5,
6, 7, and 8), the work efficiency of the proposed
scheme as applied to the three routes increased,
especially for the Makati and Paco trips.

Table 7 Summary of Proposed Headway for Pasay

proposed scheme. This was taken by multiplying
the frequency to the cycle time of a single trip.

20

I_ B Current ®Proposed
70

Percentage, %o
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11:00 1z:00

Westbound

FRE\%L#EPICY' HEADWAY, min

|n|_t|§rl\J/;| Current |Proposed |Current| Proposed
00-4001 56 | a4 |1e7| 2
4:00P -Nals:oo 28 28 s 3
5:00P [\46:00 20 5 | 200 3
000 o5 22 | 240 | 3
7008001 23 | 20 |261| 3

Fig. 5 Work Utilization Efficiency for Makati Trips
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Fig. 6 Work Utilization Efficiency for Paco Trips

30
70 B Current ®Proposed [
° i
= &0
< -
%[I 50
S 40 -
E 30
<
A 20
10
O 4
3:00-4.004:00-5:005:00-6:006:00-7:007:00-8:00
j2%8 j2%8 j2%8 j2%8 j2%8
100
20 ‘I lCurrenthroposedi
°
°\80
70
2o
:50 .
T
C40
&30 -
20 A
10
0
3:00- 400 - 5:00- &:00- 7.00-
4.00PM 5:00FPM &:00FM 7:00FM S:00FM

Fig. 7 Work Utilization Efficiency for Westbound a
nd Eastbound Pasay Trips

The annual productivity of the three routes
is shown in Tables 9. These were obtained
considering only the weekdays of the year, having

260 days, and only in the given times of the day as
the one analyzed in the previous sections.

Table 9 Annual Labor Productivity

Manpower, man-hrs
Route
Current Proposed
Makati 118820 80600
Paco 66300 33800
Pasay Westbound 9620 8840
Pasay Eastbound 15600 11960

The fuel cost consumed during the current
operation and the proposed scheduling scheme was
compared. The fuel consumption of the jeepney
was assumed to be 8 km/liter and at a price of php
43.75 per liter of diesel. The trip lengths were 3.44
km, 3.62 km and 3.12 km for Makati, Paco and
Pasay, respectively. Fuel cost was obtained by
multiplying the cost of fuel consumption per
kilometer, the number of vehicles per hour, and the
trip distance for the route considered.

It can be observed that there is a decrease
in the fuel cost in the proposed schemes as shown
in Tables 10 to 13 in the jeepney routes surveyed.
The Makati route could save as much as 63.12
liters, followed by the Paco route at 56.58 liters,
and Pasay eastbound at 21.09 liters. The least
savings on fuel is for Pasay westbound at only 3.52
liters since there passenger-driven schedule made
their operation already efficient. By implementing
the proposed scheduling scheme fuel consumption
on a per route basis could be reduced and thus save
on fuel consumption. Table 14 shows the annual
fuel cost and saving that can occur when the

proposed scheme is implemented in the three
routes.
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Table 10 Fuel Savings for Makati Trips Table 12 Fuel Savings for Westbound Pasay Trips

FUEL COST, Php/hr FUEL COST, Php/hr
Hour Interval| Current | Proposed | Savings Hour Interval| Current | Proposed | Savings
8:00 -9:00 3:00 - 4:00
AM 1352.57 1352.57 450.86 PM 615.67 581.47 34.2
9:00 - 10:00 4:00 - 5:00
AM 751.43 300.57 375.71 PM 649.87 649.87 0
10:00-11:00 5:00 - 6:00
AM 563.57 187.86 338.14 PM 513.06 495.96 17.1
11:00-12:00 6:00 - 7:00
AM 526.00 187.86 732.64 PM 427.55 376.24 51.31
1200-1:001 155864 | 52600 | 187.86 7:00-8:00 | 39334 | 34204 | 513
PM PM
1:00 - 2:00
PM 432.07 244.21 281.79 Table 13 Fuel Savings for Eastbound Pasay Trips
2:00 - 3:00
PM 695.07 413.28 169.07 FUEL COST, Php/hr
3:0?3;\/?:00 732 64 563.57 7514 Hgtcj)rc')ln';e.:)\gal Current Proposed | Savings
2:00-5.:00 oM 984.27 | 88174 | 102.53
' ’ 939.28 864.14 150.28
i 400-500 1 910p508 | geL24 | 164.04
5:00 - 6:00 PM ' ' '
1333.78 1183.50 450.86
M 5:00-6:00 | g6154 | 50466 | 266.58
PM : : :
Table 11 Fuel Savings for Paco Trips 00 - 7
J P 000 700 | 67660 | 59466 | 8203
FUEL COST, Php/hr 7:00 - 8:00
Hour Interval| Current | Proposed | Savings PM 717.70 410.11 307.59
9:00 - 10:00
AM 574.24 2717.22 297.02 Table 14 Annual Fuel Cost and Savings
10:00-11:00
AM 633.65 297.02 336.63 Fuel Cost, Php Savings
11:00-12:00 Route Ph
TAM 653.45 277.22 376.23 Current | Proposed | 1P
12:00 - 1:00 Makati 2232111 | 1514123 | 717987
“PM 475.24 | 257.42 | 217.82 Paco 1312841 | 669291 | 643550
1:00 - 2:00 57424 957 42 316.82 Pasay Westbound | 675868 | 635850 | 40019
PM Pasay Eastbound | 1108947 | 869031 | 239916
200300 | 53464 | 21782 | 31682
TV 4. CONCLUSION
3-0%;\/""-00 693.05 376.23 316.82 Finding the balance between supply and
demand is a trade-off between the operator’s
4:00 - 5:00 910.87 613.85 297 02 lowered operating and maintenance costs, and the
PM waiting time of passengers. If excessive

productivity is desired although costs will be
lowered considerably, there may be a risk of loss in
ridership, which translates to loss in profit.

In this study, it was found that the current
configuration of the jeepney operating in the three
study routes provides excessive supply in terms of
passenger seats. In determining the proposed
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scheduling parameters, applying a lower occupancy
load for passenger convenience was considered
however due to the highly irregular load profile the
optimum frequency at the maximum load section
(MLS) governs. Efforts to apply occupancy load
considerations at the MLS only yield increased
vehicular frequency and lower productivity. The
increase on headway conversely, the waiting time
of passengers, as a result of lowering the jeepney
hourly frequency is not much and is still within
acceptable level. In fact, considering the total route
length of each of the three routes in conjunction
with their proposed headways, it was realized to be
quite short hence still a plus when it comes to
reliability from the passengers’ perspective.

The savings calculated when the proposed
scheduling parameters is applied, is considerable in
fuel consumption and cost, and manpower. It is
suggested that jeepney operators coordinate instead
of repeatedly completing cycles in their route with
few passenger loads. The illusion of increased
profit with mere increased cycles is readily
shattered by the reliable information of the
passenger demand obtained through scientific
methods. The increasing price of fuel and the
disproportionate increase in fares become another
reason to require efficiency in transit operation.
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Abstract

Phuentsholing is the most economically vibrant and the largest commercial hub in the country.
With this aspect, there is a drastic increase in number of vehicles over the past few years. Traffic problems
such as congestion, accidents, lack of parking space, etc. have also increased proportionately with
escalating number of vehicles. The main objective of the study is to assess the current parking facility
scenario in Phuentsholing City through conducting analysis studies on parking demand and supply within
the study boundary. The study was carried out on the basis of Field Survey which involves three
methodologies: Parking Space Inventory Survey, Fixed Period Sampling Survey and Usage-related
Demand Model.

The parking spaces available for light vehicles are 270, for two wheelers are 169 and for
Heavy/Medium Vehicles are 50 in the study area. Demand model study is to depict and compare the
difference in demand for parking in different areas (Area A, B, C, etc.). Of all the areas, Area B has the
highest utilization rate for two kinds of vehicles (i.e. two wheelers and light vehicles) resulting to highest
parking demand. Area A and Area E have the lowest parking demand for both two wheelers and light
vehicles.

Keywords: Parking supply, parking demand, percentage utilization or occupancy

1. General Introduction needs, they attempt to modify vehicle traffic,
Bhutan has entered to swift developing parking choices and pedestrian flow. It has
country from its earlier least developed with various impacts on individuals, communities, and
accelerating developments. Phuentsholing is one transportation system as a whole. Parking space
of the most densely populated Cities in the availability affects the mode of travel they
country where various developmental activities choose. Individuals having an automobile will
take place rapidly. Thus, in queue to metropolitan always choose to access to their destination with
developments, traffic engineering has however, their own automobile if parking space is
become inevitable in urban transportation system available. In this way, the mode of travel can be
and parking is the key source in traffic problems largely varied by the availability of parking
associated to traffic congestions and accidents in spaces which ultimately brings to the greater
metropolises anywhere in the world. Therefore, impacts on transportation system. Some of the
parking analysis is an important essence to cope activities associated with parking problem in
up with intensifying demand to limited supply in Phuentsholing  town include  varieties of
modern era of evolving commercialization. commercial  activities, banking  activities,
People drive to work, to shop, to conduct er_1terta|nment like live _venues, films _ and
business or to be entertained. To address their nightclubs, schools,  offices, private firms,

community residents, etc.
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The main aims of this study are to assess
the current parking facility scenario of
Phuentsholing City and then to study the
percentage utilization and turnover rate. Parking
study is carried out sorting the correlation
between spaces available (supply) and the
number of vehicles requiring the spaces to park
(demand). The objectives of this paper are as
follows:

e To assess the current parking facility
scenario via conducting analysis studies
on parking demand and supply within the
study boundary.

e To determine the surplus and deficit of
available parking lots.

e To portray occupancy/utilization rate of
parking lots.

2. Methodology

To achieve the outlined research
objectives and to obtain data related to parking
ability, various parking survey methods have
been conducted which are shown in the figure
below.

Field Survey
l T |
Parking Space Fixed Petiod PL‘isage-S'lated i
- Model

Fig.1 Study Methodology

2. Parking Space Inventory Survey

This survey is to obtain relevant existing
parking characteristics such as types of parking,
number of parking facilities, location of spaces,
space ownership (private or public), parking fees,
times of operation and restrictions on usage of
parking spaces (Nicholas J. Garber & Lester A.
Hoel, 2010). This information will be helpful for
planning department of the municipality. The
field survey was conducted on Wednesday 9"
March, 2011 from 1pm to 8pm.

3.1 Fixed Period Sampling

Fixed Period Sampling Survey is also
known as Parking Usage Survey by Patrol. In this
method of survey, all the parked vehicles are
counted at the start of the survey by patrolling
over the study area. Then counting of parked
vehicles is made after regular interval of fixed
time period for entire length of study duration. It

can achieve the extent of parking facilities being
used over study duration or the percentage
utilization of the spaces (Dr. K.L. Kadiyali,
2007). Fixed period sampling survey derives not
only the percentage occupancy but also provides
the peak period of occupancy rate.

3.2 Delineation of study area

Entire study area has been delineated into
seven major areas for generalization of data
collection which are represented as Area A, Area
B, Area C, Area D, Area E, Area F and Area G.

Table 2.1 Delineation of Study Area

r?(')‘_ Area Area identification Lam
From Rignam Hotel to
Central Hotel
1 Area | Side of Round Building | Gaoten
A |lInfront of  Hotel Lam
Kuenga &  Tshela
Cable
Delhi Store to Kashi
General Cloths Tharpai
Kashi Foot wear to Lam
o | Aréa | Kkanchan Hall
B From Hotel Namgay to
TCC Complex Gaoten
Infront of Zangdopelri Lam
3 Area | Gonphel Hotel Line Gaedoe
C | Bhutan Hotel Line Lam
4 Area | Around Dratshang | Gaedoe
D | Building Lam
From PCC Office to | Pelkhil
5 Area | DoR Office Lam
E Infront of CMI | Gaedoe
Building Lam
Deki Hotel to Jorden Deki
6 Area | Lam Lam
F Infront of  Dolma | Phuensu
Enterprise m Lam
Rignam Hotel to Hotel
7 Area | Holiday Inn Jorden
G Infront of Centenal Lam
Hotel 2008

3.3 Usage-related Parking Demand Model
The number of vehicles wishing to park
over a given interval of time is termed as the
parking demand. Since this research is
concentrated merely to assess the day time
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situations of parking loading/unloading activities,
the model developed is called as Usage-related
Parking Demand Model. In this parking model,
parking demand varies over time and this
includes the assessment of the parking surplus or
parking deficit/shortfall. This model of study
corresponds to the peak period of space
utilization and the peak demand over the study
duration. Parking demand is directly obtained
from the ground interview or drivers survey for
the need of specific space in a specific area. The
demand is the summation of the drivers getting
the parking space and the drivers seeking for a
parking space. This survey of counting the
numbers of cars is developed by the researchers
for this particular demand model to acquire
parking demand.

3. Results and Discussions

Results and discussions for various
methodologies are explained separately in the
following sections for each delineated area.

3.1 Parking Space Inventory Survey

The available spaces are 270 spaces for
light wvehicles, 169 parking spaces for two
wheelers and 50 spaces for heavy/medium
vehicles within the study boundary. Medium and
heavy vehicles are restricted from being parked in
the city premises since their parking lots are
provided separately i.e. away from the core city.
The accessible spaces and their types of parking
are summarized in the table below.

Table 2 Phuentsholing Parking Space Inventory

Area

D E F G

Type of
Vehicle
Type of
Parkin

>

os]

@)

Total

Light
Vehicle

72 151|129 | 28 |31)|38 |21 270

On-Street Parking

Two
Wheelers

10 6 |12 | 7 [ 16| O 169

M/HV
Off-Street
Parking
o
o
o
o
o
o
o

50

3.2 Fixed Period Sampling

The periodical count for fixed period
sampling is focused to a fixed period of three
hours i.e. 5:00PM to 8:00PM after regular
interval of 30 minutes. The scheduling of this
study is set in such a way that the peak period of
the day is considered after conducting a day long
preliminary survey besides Traffic Polices’ verbal
suggestions.

The percentage occupancy for all the
areas for light vehicles is plotted against the
project study duration. From the representation in
the occupancy-time graph, it is patently indicated
that the stalls in Area B (Zangdo Pelri Area) are
fully utilized for almost all the times for both two
wheelers and light vehicles. The maximum
percentage occupancy for all areas are along the
stretch of study time are: Area A (76% at
7:30PM), Area B (100% at 5:30PM to 7:30PM),
Area C (83% at 7:00PM to 7:30PM), Area D
(96% at 8:00PM), Area E (58% at 6:00PM), Area
F (47% at 6:00PM) and Area G (91% at
7:30PM).

120 -
100, | —-AraA
=B-Arca B
=t=Area C
==AreaD
==Area E
~-AreaF

Area G

==}
=
L

=
=
L

=
=
L

728 —~
7 N

0 T T T .
5:00PM 5:30PM 6:00PM 6:30PM T:00PM 7:30PM 8:00PM 8:30PM
Time of the Day >

L2
=

20 Occupancy ———=

Fig.2 Occupancy for Light Vehicles
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Fig. 3 Occupancy for Two Wheelers

Similarly, for two wheelers, the graph is plotted
between percent utilization/occupancy versus
time of the day. This graph manifests the
percentage utilization of each space. As a result
of the analysis, Area E has 7 lots for two
wheelers with zero occupants. In the same way,
most of the spaces for two wheelers within the
city are underutilized.

3.2 Usage-related Parking Demand Model

Analysis for this model is mainly to find
the surplus and deficit spaces for parking. Each
area are analyzed and discussed separately;
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Fig. 4 Surplus and Deficit spaces for Area A, B,
C,D,EandF

From this analysis, it is found that there
are constant deficit stalls for light vehicles (LV)
and surplus stalls for two wheelers (TW) in all
the areas except in Area E in which there is
surplus for both light wheelers and two wheelers.
The trend of surplus and deficit in parking spaces
for all the areas are shown with the stretch of
study duration in the above figure. There is no
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parking space for two wheelers in area G, so the
variation in demand for light wvehicle is
represented in the following figure.

ETW ©LV
9 . «
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2
; ___Lﬂ-__u _
= 0 T T —
= /L% 1$ 3045 6075 90 lmwnmiJ,j S
= 0=
e - -
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Z 5 — —

-0

-8

-10

Time in minutes (Spm-8pm)

Fig. 5 Surplus and Deficit spaces in Area G

4. Conclusion
The rapid increase in vehicle population
has challenged the parking facilities in

Phuentsholing town. The conclusions drawn from

the research study of demand and supply analysis

for parking facilities based on its objectives are:

(@) The current parking facility scenario is
depicted as the maximum usage for light
vehicles and underutilized for the two
wheelers.

(b) The existing condition of the facility reveals
as the surplus lots for two wheelers and
deficit lots for both Light and heavy vehicles.
The maximum surplus space comes as high
as 114 in Area A for TW and maximum
deficit lot of 34 in Area B for LV and
maximum deficit lot of 12 for MV and HV.

(c) Occupancy study reveals the optimum
percentage utilization trend in light vehicles
and minimal percentage trend in two
wheelers. The study analysis portrays that the
utmost percentage utilization for light vehicle
as 99% in Area B and minimum usage in
Area E with 44% of utilization.
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Abstract

It is expected that railway development will help reduce traffic congestion in Bangkok
Metropolitan Area. The MRT purple line will be the first suburban railway connecting the city center and
the west bank area of Chaopraya River. This is a part of the urban mass transit plan intended to shift traffic
demands from motor transport to railway and is currently under construction. However, many residential
areas with no access route to railway stations have been developed along the MRT purple line. The Mass
Transit plan is settled on the regulation of land-use by the urban planning and zoning act but there is no
consistency in these policies. Especially in the urban development along the railway of Bangkok’s suburbs,
there is no urban planning according to the railway development because the looseness of land use control
such as land subdivision law, therefore the urban planning is only up to the private real-estates developers.
It is anticipated that even many people will settle around the area along Purple line, they may not stop
driving a car and traffic congestion can became more serious. In this study, the possibility to introduce land
readjustment project to provide urban facilities such as access road to the station, station square, etc. was
examined based on the method of urban development along the railway in Japan. To achieve our purpose,
current situation of urban development along the Purple line was firstly observed, and then we conducted
the residents’ survey for land readjustment project. The result shows that it is necessary to improve access
to the stations and make use of station’s surrounding areas for infrastructure improvements, also the free
space to be use as pick-up and drop-off point is necessary. Finally, the possibilities to carry out land
readjustment project were summarized.

Keywords: Land readjustment, Land use, Railway development, Urban planning

1. Introduction plan to connect the city outskirts to city center
As a solution for a serious traffic with railway system. The Mass Transit plan is
congestion  problem according to rapid settled on the regulation of land-use by the Urban
urbanization in Bangkok, Thailand in recent Planning and Zoning Act. However, there is no
years, The Bangkok Mass Transit executed a consistency in these policies, and it is feared that
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the conversion of demand from using cars to the
railway doesn't advance. Especially in the urban
development along the railway of Bangkok’s
suburbs, there is no urban planning according to
the railway development. The urban planning is
only up to the private real-estates developers. The
roads access to the station was not prepared
because it is only up to the real-estate developer
to plan their own projects, and this pattern is
sprawling around Bangkok’s suburbs. Fig.1
shows the satellite image of area along MRT
purple line, there are large gaps between the real-
estate entrances and MRT Purple line. It is
important to consider the areas to be developed
according to the railway development as priority.

Fig.1 Residential areas with poor access

So in this study, the systems (urban
planning, land use, and land ownership) related to
development of areas along railway in Japan and
urban development in Thailand will be analyze
before put in adjustment. Furthermore, the goal is
to study the behavior of land use around the
urban development along the railway and the
travel behavior of area's residents to be a
guideline of urban development possibilities.
This study aims to examine the ideal urban
development method that focus on the railway
development in the Bangkok’s outskirt areas.

2. The development of area along railway
in Japan

Up until now, the railway has contributed
to the development of the city by advancing the
railway development with consideration of city
planning by building roads according to railways
in urban development along the railway.

In 1910, Ikeda-Muromachi City of Mino-
Arima Electric Railway was the first city to be

developed based on the idea to develop railway
together with residential area in Japan. From
1910 — 1960, 309 residential areas were
developed by 14 private railway companies in
Tokyo, Nagoya and Oosaka. In this period, an
area was developed by applying land
readjustment project by full acquisition system
based on Land Consolidation Law. Land
consolidation is a planned readjustment and
rearrangement of land parcels and their
ownership. It is usually applied to form larger and
more rational land holdings. Land consolidation
can be used to improve the rural infrastructure
and to implement the developmental and
environmental policies.

According to rapid population growth
and urbanization, demand for residential
development increased dramatically in the
metropolitan areas. Housing Land Development
Law was enacted in 1964. Rise of land price by
area development created revenue for a railway
operator through a real estate company which
used to be one of group companies of the railway
operator. Applying land readjustment project to
provide good quality of infrastructure such as
road, park, other open space, etc. are essential for
the development.

2.1 Arrangement of urban development
along the railway

The development in suburbs uses the
land readjustment project to execute large-scale
urban infrastructure improvement in the areas
along railway development. In this case, the
railway development and housing development
are done at the same time. This is done mainly by
a lead of private railway company, the railway
company funds the land readjustment project in
order to go under the condition that they will
acquire the reserved land from the projects. The
railway company then earns profits by
developing the land or sells the land to private
company to invest in businesses such as housing.
The land readjustment project is also financed by
the revenue obtained by train fare revenue
generated from stabilized population and real
estate. Private railway companies such as
TOKYU Railway use this unique Japanese
financial generation approach called “income
internalization”.
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2.2 Mechanism of areas along railway
development in Japan

In Japan, Many of private railway
companies such as JR not only doing the business
related to railway operation. But also doing
various businesses related to areas around the
station, such as a residential development, station
complex development, and a feeder transport
business.

The “income internalization” described
in the foregoing paragraph, the management
technique for making revenue, has been
established by enforcing the land readjustment
project in urban development for areas along
railways. Residential development, station
complex development and a feeder transport
business became a part of the urban planning of
area along railway.

3. Institutions involvement in urban
development and planning in Thailand
3.1 Various systems related to urban
development of Thailand

a) Railway development plan of Bangkok

The maintenance plan of the city
suburban railway was planned for Bangkok in
1994 by land motor commission office (OMCL)
which is the predecessor organization of office of
transport and traffic policy and planning (OTP).
Fig. 2 shows all seven routes of the suburban
railway planned by OMCL, the BTS Green Line
(BTS), MRT Blue Iline (MRT), and
Suvarnabhumi Airport Rail Link (SARL) are now
completed and operating. Many of completed
routes are operating in the Bangkok central area.
Most suburban railways that connect to city
outskirts have become the focus of this project
and are expected to be opened in 2014 and
following years.
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Fig.2 Route Map of Bangkok suburban rail
network plan

b) The urban planning and zoning regulation
of Thailand

An actual city planning of Bangkok is
enacted by BMA in 1992, and the policy is
announced that the sprawl of the city extension
will be controlled by using building restrictions
simultaneously with the regulation of land-use.
However, in reality Thailand's urban planning
law have no binding force like in Japan. The
ministerial ordinance does not work because
these zoning regulations and building regulations
are very loosely regulated, regulations have
become advantageous for developers and
landowners.

¢) The land use system of Thailand

As an integral policy improvement of
traffic conditions and land use, the readjustment
of town lots law was enacted in year 2004.
Because regulations concerning the improvement
of urban infrastructure of the land reallocation
etc. do not exist in the urban planning and zoning
Act of Thailand, the readjustment of town lots is
the only method concerning improving urban
infrastructure in Thailand.

3.2 Problem concerning urban
development plan in Thailand

From the country development planning
process, there are lacks of consideration on how
to integrate and combine each individual plan.
Unlike in Japan, urban planning of BMA didn’t
considered building density, zoning or floor and
area ratio. The aspect of land use was developed
unparallel to the aspect of transport and traffic
planning, especially the railway development
plan which was never been considered as a part
of urban planning process. Therefore, it is
difficult to implement railway development plan
into a part of Bangkok’s transport network. By
the support from Japan, there is a collaboration
plan focus on Traffic planning considering the
land use. But to be able to put this plan in to use,
this conformed plan has to be proven necessary
for the urban development of Bangkok.

4. Field Survey & Interview Survey

In this study, to understand the decision
making factors toward the urban development
along railway and the current condition and
problem in urban development along railway in
the Bangkok city outskirts, the field survey was
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conducted.

4.1 Field Survey

For this field survey, the survey will be
conducted along the MRT Purple line (scheduled
to be complete and operate in 2014) which
connect Bangkok’s inner city with outer skirt
Nonthaburi district. The survey locations are
shown in Fig. 3. In addition, GIS and satellite
photos were used for the verification of the road
situation and land use, for areas along MRT
Purple line.
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Fig.3 Locations of survey

4.2 Interview survey

Conducted during 4™6" November 2010,
the interview survey was conducted on 300
residents in 7 residential areas located along
MRT Purple line. These residential areas are
isolated from the main road. Topics of the
interview survey are shown in Table 1.

The interview survey investigates MRT
Purple line using behavior, this included transport
mode and travel time needed to get to the nearest
station and to work place, the reasons for the
decision on using or not using MRT Purple line
once completed. The interview survey also
investigates residents attitude toward Land
Readjustment project and reasons and decision
factors on whether or not residents will
participate in Land Readjustment project.

Table 1 Content of interview

Main Topics Sub Topics

- Nearest station (transport mode, travel
time)

= Work place (office location, transport mode,)
travel time)

= Use or not use the Purple line (reasons)

Using the MRT Purple
Line

Knowledge about Land
readjustment

Attitude toward Land
readjustment project
Participate or not

participate in Land
readjustment project

+» Reasons, supporting reasons

- Reasons, decision factors

4.3 Results of survey
a) Current state of urban infrastructure

As shown in Fig.5. From using land
subdivision by permission from the authority,
multiple land owners or housing project owner
make road to give access to their land without the
considering nearby areas. This resulted in
unorganized road network of Sois (Soi is what
Thais call a blind alley) where residents have to
travel from their house to the main road in order
to use public transport.

1.\1
RaltanathlbetRoad A
E
500m == ‘
i Subdivision Shophouse Station PurpleLime Road

Fig.5 The current situation of areas along purple
line

From Table 2, it can be seen that almost
70% of the area around the development of the
MRT Purple line is undeveloped. So it can be
assumed that the development of the MRT Purple
line will not reach its full potential as expected if
the residents around the area have difficulty
accessing the station.

Table 2 Access roads of areas along MRT Purple

line
L A R f ivisi.
and Area Rate of Subdivision Road Construction Rate (%) Access Road (lines)
& Road (%
Station |Station Sub- Sub- Direct L
- . . [Station's
sphere of|sphere of division [division connecti
X N Averages Averages sphere of |Average
influence|influence of dev. |outof onto influence
(500m) |(1km) Area dev. Area station
70.6 71.4 71 28.7 7.11 11.4 2.2 5.7 10.4

Shown in Fig.5 is the travel behavior of
residents of the area along MRT Purple line
related to nearest stations and transport modes
used. Bike taxi and Bus are the most popular
mode to go to MRT Purple line stations. The
distant from residential areas to nearest station
can vary from very near (300m) to very far (2.4
kilometers).
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Fig.5 Travel behavior of residents residing along
MRT Purple line

b) Resident’s attitude toward land
readjustment project

Figure 6 shows the residents’ opinion
toward the development of MRT purple line and
Land readjustment project.
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Utilization T —
Agreementto X —
Project Resident

association

Fig.6 Result from interview survey

62% will use the MRT Purple line once it is
completed. Around 40%-50% of the residents
support and agree toward the development
because they see it as a social improvement and a
contribution to the community. A detailed
explanation about the benefits of the Land
readjustment is necessary to convince disagreed
residents to join the project.

5. Ideal urban development for areas along
railway in Bangkok

From the study in previous chapters, the
urban development of Bangkok needs to focus on
the development of railway as main consideration
factor. From the interview survey, Para-transit
and bus become the preferred transportation

s .

mode to go the nearest station. The development
of the station square becomes essential to provide
space for these feeder transports. There is some
distance between stations and residential areas
and the roads that connected them cannot be use
efficiently.

Therefore, in terms of urban planning, it
is necessary to improve the access to the stations
and make use of station’s surrounding areas for
infrastructure improvements.

For the introduction of Land
readjustment project, only half of the interviewed
residents agree to participate in Land
readjustment project. It is impossible in this
current situation to implement the Land
readjustment project since at least two out of
three land owners must participate to be able to
enforce the project.

The Land readjustment rule must be
adjust to be more suitable for Thailand case
where people are more attract to monetary factors
such as profits and increase in land value. So
instead of buying out all existing property owners
or using eminent domain, the land readjustment
agency could invites land owners to become
stakeholders and to contribute their real assets to
the project as investment capital. And in return,
the Land readjustment agency promises to give
each owner a land site of at least equal value in
the project vicinity of the original site upon the
completion of the redevelopment. The land
owners take parts in the design of the master plan
by approving the re-subdivision of the combined
land once all properties in the project are
readjusted. This method does not require the
agency to have large amount of funds to buy out
existing owners or government assistance to
acquire land compulsorily. By making land
owners become a part of the investment and
improving properties’ infrastructures in the same
process, the total benefits received by
participating in Land readjustment project can
encourage land owners to voluntary join the
project.

6. Conclusion

Based on the contents stated above, in the
same area as shown in Figure 5, the readjustment
was conducted with GIS. The result is shown in
Fig.8.
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Fig.8 Land readjustment by GIS

In this research, from studying the
current urban development policy of BMA based
on railway development plan as a guild line for
urban development of areas long railway, it can
be assumed that, most of residential areas are far
from the stations and the access roads that
residents are using to get to the stations are not
being use efficiently. From the conducted survey,
residents tend to use para-transits and bus to go to
the stations. So the free space in front of the
stations is essential to support these feeder
transportations.

So in conclusion:

1) By investigating the residents’ access to the
stations, the free space to be use as pick-up and
drop-off point is necessary.

2) Realized by this study, urban planning of
BMA from now on should focus on finding an
ideal regulation to deal with an unorganized and
loosen land use method of private companies and
private land developers while continue to
focusing on railway development as the main
consideration.

Note: This paper is a modified version of a paper
“Possibility of Urban Development along Newly
Constructed Suburnban Railway in Bangkok”
presented at 43th annual Civil planning research
symposium held in the University of Tsukuba and
held by JSCE.
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Abstract

After the BTS Skytrain became commercially operative in 1999, the type of access in Bangkok has been changed since then. Surrounding
area of BTS is easier to access compared to other areas, thereby inducing demand for land use and some activities and relatively leading to the
continuous transformation of land use around the BTS stations. The rail system infrastructure emerging in the urban areas has triggered a positive
attractor, planning, and project development related to the rehabilitation of city and transport system. The Skytrain service has generated a diversity
of factors influencing the land use transformation. The purpose of this research is to study the nature of land use transformation in the Skytrain’s
catchment areas and the influence factors in the land use transformation, as well as to expound the relationship between the context and land use
transformation in the Skytrain’s catchment areas. An initial study result suggests that, among all, 25 stations have a different change pattern in their
very own context. There are three key factors influencing the land use transformation in the Skytrain’s catchment areas, consisting of land use,
transportation and network, and social and economic factors. The most evident changes in such land utilization are mixed-use, commercial and
residential developments, respectively. Transport service network encompasses the passenger feeders such as buses, vans, taxis, and motorcycle

taxis. The road network is integrated at every rank (primary road, secondary road and soi), with street vendors scattered around.

Keywords: Land-Use, Transformation, Catchment Area, Influence Factors
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Abstract

Students of Suranaree University of Technology (SUT) need to use highway number 304 to travel between the campus and Nakhon
Ratchasima urban area. As the speed on this highway is high, traveling by motorcycle is at high risk of accident. This research aims to study factors in
the decision to make a trip from SUT campus to The Mall Nakhon Ratchasima. The alternative modes selected for the analysis are motorcycles and
buses. The analysis is based on Logistic Regression. Main data used in the study was collected by questionnaire survey with 200 samples of
undergraduate students who own a motorcycle. The preferred alternative mode together with the reasons to make a mode choice decision were also
determined. The analysis showed that factors affecting the mode choice decision. Are income, gender, and the number of trips, respectively. The

accuracy of the model is 66 percent and the R’ = 0.274 at 95% confidence level.

Keywords: Mode choice, Logistic regression, Factor
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Abstract

This research aims at finding design solutions for Bangkok transportation's signage system and establishing standard procedures in using
the signage system to link mass transportation together. In this study, I have collected data, design examples, the use of wayfinding systems,
principles of map design, information design for public places, semiology, transit oriented development, mass transportation development and linkage
as well as traffic signs standard and manual. In addition, I have performed field surveys for data collection of rail transportation in Bangkok
Metropolitan Region, boat services (Chao Phraya Express Boat, ferry boat service on Chao Phraya River, Saen Saeb canal boat), bus stops, van
express stops in order to obtain the information about intersections which leads to the connection between transportation network in Bangkok. The
research methodology in this study includes questionnaires and detailed interviews with 2 groups of people; 1) signage system and environmental
design experts and 2) public transit passengers. The research results will be analyzed and used for designing signage systems for Bangkok

transportation presented as a design manual of wayfinding graphic system for transportation in Bangkok.

Keywords: Signage system, Public transportation, Transportation system, Connection

49 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”


mailto:kru_ton@hotmail.com

i A

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

1. UNN
nyunwuuasuazlTuama Jilsgannserdvegrumiuy
A g A 4 ¢ a
weanndluiuigudnanmsavay maAsygnIveslssme uay
o g P a v Y v A o
Fadlugudsiuanuaigluraisg 1w MG 1uaAsHgne dean
A o @ A I
msiifes msUnases Usznounumsveredrvesguauiiouiiulyl
) = ' Y A N a F3
281939137 dawalimsares luewazs e unatlyrinieau
I 1 o 2 @ 2 A v
msvsailueduin aaiu S3uavdinigieuleuienieaiunis
Auuay esesiudaminmsisnsdinan Tasjauduiiniswann
SLUUVUAITIFITULLALNTAHONABYRINTIAUNIIN N5z aNT AN
A A Y A
weRvzaayrinseses Iunige
o @ 1 I~
duinauuTevrgnazitpunIsvuaInazn1ses1asily
nihesnumasgiiminfudasenlumsnumuwannszuuvu
1 a a I3 <3 o
daazasns Inidseaniam  Idauiudnnudidyvealym
@ ' = P [ ! @ 9 d Cd '
Aana1199 183 uAuTsVDVHaIa I ou'ldun aaAn1TINEY
wasunjunna 5o llthvudanaruialszmalne n1ssalvuva
Uszime Ine a9 S NUIIUNTZUDVUAWIAFUNUNNUHIUAT
RNy _
uaziunaeiiio (Bangkok Mass Transit Master Plan: BMT)
J99170 Tas9Urm I uumuuUNsz U DYUAINIaTY
P .
n;qmwmmuﬂmaxwu‘wmmﬁm (Bangkok Mass Transit Master Plan:
Y | o ] o Aa v
BMT) 7 duna meludl 2547-2552 da'liaunsaduiums ldaiu
v 2
unuiimuald vindyvinazglassanatelsznis 9nans
~ a o 3 '
wasumlasvesanzmaasygne deau JUuvuanuiueg 1aq
' ' = a a A = v =
sndwmanemiasuntamgAnssumadunieimedne’ly vagi
' o vy & ~ 4
uEUiUNg gana1n Indezaugaluil 2552 4
TasamsfnylSuummmiunszvuvuaaasunesaly
v Vv
wangunnuniuasuazliuama  ldsuduiiunisawaifou
a = 3 =
ngAdIney 2551 wazaeludl 2552 WumsAnvmamulugduuy
msAnpwDDYsaNmMs aseuagulunniAvesszuUYUdINIAYY
= = 2 v X 9 v v
NI SWDIANKIHANIENDTWIAdeMDBIdUIAT T 1In NS
9 ' A A ) ¥ '
anunlasazanusniionndsemau el ldumiunszuy
yudaIarunIes W hvangunnuniuasuazTuama (Mass
Rapid Transit Master Plan in Bangkok Metropolitan Region: M-MAP)
dnsumaannlaseviese lihlueae 20 Ydhanth Gl 2553-2572)
nauraalumsdnyianuavsalumsidese Inih

mudmamuiunguwwumum NEANNUANSATTUMTIA TSV

v a 4 '
M593103M9Un (2542) T@lTuunfalumaientszenu ssuvunes
o 1 a 1
HagruINTINeIAlszAo A1 YoanITiAuNIavuaeld Tn1g
R AN Y a A A
UszauinmeldnadmmsnaensazmsIduSmsien
v Y o P VoA A
nqudiszneumsamsaldninernsdrumsvudanlogediall
a a Y a Yo a Aad
UszaniamgeganazdlFusmsawsa ldTuuSnsidvunnms
A ] a Aa
den ldgiluuumsdumeitognainvaiy
nanlumsreulseauyIMs YU TITHLAITAUTY
Yy ¥ o oA
M3 U 3 AU Aell
A o L. . 3|
1. Ms¥oudsza1ueenns (Institution Integration) 1T N5
o 9 s Y F3 v v
talnseaiwosdnsveslszneums Itannsodszaman nuld
2. M3euszaunIA T UT (Operational Integration)
3 o 4 v Y a Y )
Wumsdamaieldansedszaums Itusms ldedaaenndag
A - g; ) o @
Taem o seauINWNa 6 11N YTTABUAIY N1TIANT NU
vimsdaunu msvagluuunsIiuinms Idasanuanudesnts
] ' ' v A A
mapualasa1ssin msana lagans seuy iiedels wazns
Uszamszuuvoyamung
A ) . <
3. MawoudsEaIUNINIENIN (Physical Integration) 111
o 9 o A o o
mMysan1ins lgdsz Teriondediuiesnnudzain uazginsol
' @ 1 = Y| o o J 1 3 v A
saunu wuaniisinnazihedyanyalaieg Wudu mavou
v o 4
52 IUNINIYNINYDITS VYU AIAITITULADIALIDI0IA
2 v
Usznouasil @011590 (Intermodal Terminals) NWNE TAva15 (Transit
Shelters) MFUAAAFUNI TN UAUTDUAZEIUNIMUE (Route,
Schedule and Vehicle Identification) N99A508113U0A 11§97 (Park-
and-Ride Facility) Nveasouagas (Kiss-and-Ride) 1agd961138 AW
F2AINd M UAUIAUM (Pedestrian Facility)
o ¥ 9y v P ' & A
aetuszuuihedydanval iudiunilavesnisiyon
v Y
Usza@un1an1en I (Physical Integration) Nif3eutailoudaiy
v ' Yy (2 o ' a ¥ oo v Y
iduneane 1l dagayanine Bnnadaaastoyardunianms
A TS A o ¥ X 9 @ W So 1 v
wouse Wlawdaywn nillszuuihedydnyaisinanizdos
HEAINAITRUREYBITT UYL AN TIT M IAaz T ZIANENAIY 91U
aw A g A A ' v
ot lasamsnwon Teass UV UIAATOITEUVYUES HaZIdUNI
@ruavvgensanIaNIzUUTNlunFunnuasuazTuama
=2 g ' '
Fuduldarvurnuudunszvyvuaanlasuniasialuua
ﬂ;qmwumuﬂmawﬁnmma (Mass Rapid Transit Master Plan in

Bangkok Metropolitan Region: M-MAP)

50

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



S RN 4" ATRANS SYMPOSIUM
e b M Bt STUDENT CHAPTER SESSION

L e s AT A S AUGUST 26-27, 201 1 BANGKOK THAILAND

wnfumsszuususanasumansluwangamwamuasuasEunna bt asumin |

00000000

unusil o o

4
&
Y 4

ANIMAT

aypsUsIms

N

' o ,
§‘IJ‘7I 1 u,ummmNix‘umumma%uwNiNsluwmﬂ‘;u‘WWNmuﬂmazﬂ?umcﬂa

§ [ v o ' '

‘T’Ii]"l: uwuwnﬂsz‘mﬁuwummmmnmmumummamumaﬁﬂunmngqmwumuﬂmazﬂ?umma

Tagdninauu TeuguasurumMIUUaUaLITINT (A1)

a @ @ o 1
2. ﬁlﬂﬂﬂiza’\‘]ﬁ 1. The Semantic Dimension NAINAIMUTNNUDTIEHIN
Q
. o v o % . o
1. iefnu v lumsesnuuuszuuihe ayysuazayanyUNIN (Signs and Symbols) NUANUHNIY
Y
1 @ d
SsANa A UL U UANLIaL U UNNUHALAS (Meaning) 348 1UANUHINGNNAN IABATY Trann iRl
4 ¥ W o _ wans A ¥ o o
2. weadauinasgumslgszuuthedydnyel Uszdninmvesmsiearuvinovesdodnuainm
TumaafondeszUUvLdRNaYL AT Mg 0Ty -anui lavosnguihmneiilidennuminoues

Fydnuainmw

3. S maduiuns3se -anuuanaaluBFosvesiausssunoziinadonny
Ay a hladaydnuainm
3.1 NqufdeyayzInen L.

B Y a4 -anuuananluFesveaisiasiinanendnuinla
" o 4 4 a
iesnnnsaanunuielaswourduiudsnauulu . e v
anyolnm
¢ o Ay . o - o
JEAUIBAAIAY NMIARLMLIY Tasisuduinizgnannuiisann e v Luva 4 e oaw . .
- dydnwaimwiu ldilunseusuldauedraumnivale

S~ A o a o
‘ﬂ’ﬂll‘l]i\Wl‘]J§1ﬂ§]1u5$ﬂﬂﬂ1§ﬂﬂ?l']ilﬁﬂ']ﬂ@]ii UNDINLUY ' v
) , Tuneuuda
o & Ed a L& @ o A ag A Y o @ o
i]H‘iJuG’I?N]LﬂiW%‘Viﬁiy]aﬂHm!Wﬂﬁ1’J‘ﬁﬂ1‘§Laﬂﬂ1‘]§ﬁﬂJaﬂ‘}:lil!‘l/]il 9 Ay 1y o dw A
v , v -msldarunliduusdunsdenaunuisves
a a a ' o a
dszaniam uazairnsovlunisesnuuuieg hivhl¥inans v o
. YanYUNN
a Aa Y
Annuinanain’la o A Y o 4
R . - Ly 4 2. The Syntactic Dimension {NAINAYANHUNINH U
INHUINA NYHHAYYSINGY NAYLTOITYYLLUAL o o du oA o ¢ L =< g A o o @
AUNUTNUDINAYANHUNINH U vuilunmsdennudunus

o

dydnual (Theory of Sign and Symbol) H3¥AUUBINTADANT

o o Y

521N dyanvaimedinmsesnuuuns 1dau sinamwuilalilg

]

1 v
Anunenuanaetu Gy 3 seRuaai - L 4 .4 v a9 a4 A aay
dnmmniisedaaiiios uazdaliiiuledaliseidioy e 1%

a Ao so A
NABNNIW UHANINUNAIU

51 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



i A

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

v o o

o ]
- ANHUSYITYANHUATUNIWNNY

- anuduuEfusznIed A veadydnyaln N
v o o ' v o k4 L o
-anuduiuiiuszuinadydnvalninnilany
o o o A ' v o '3 Y a
yanvalnIndue 1w Taseainesdyanyan masaliaiy
VA 5 4 P & ¥ o
gotiesminave luFesveanmsldnimuaziuam dmin am
Y F ' A o
aterdu msgounm anuluselavesnin manyuriondunin

o 1A o F N
gﬂuamummmmw AATIU T HUASANHUSVDINUND

=

£
o v ¥ S o v o
- ammuﬁluﬂmﬂu‘wﬂﬂmmmaiyaﬂyu‘fmw

' '
v A

' ' A o [ C4 Y 3
- NTIDWYNDATIUNET ﬂJVIqﬂ‘llENﬁiUuﬁﬂBquWWﬂlﬂlﬂu

o

~ o o '
fvasuiluegiusn
@ Y v o @ o @ A
-anudaudsludrdydnyala MAuNIATgIU U0
~ ~ 9 v

szdisunnuurungnldnuegnou

- Fydnuainarauiliznevvesdydnuaianniotinn
d5ulfihdussuuns ldau uazennsa I¥fouuianufanu
' A qa = 9 v
e Mulasuuilasuazinedosld

a o @ o
3. The Pragmatic Dimension (AAINNAITNTNUNUD
Vo v t4 Y Y= g A

senindyyzuazdyanyainmiudld Suilumsdeanumrue

o A o o A
v ldad s Tndninasiasil

2 o 7 oy
- myveuRudyansalnmvoanguihvuneg

o

- A T1NAINA MU YuNBI HazTIa N Nad1eNa

- szozlumsuoaiiuvesdadnuainm

- AIWAINUADAITENTIA18 LAZN1TITON YDA
Fydnuainm

- mtmﬂmmmﬁﬂﬁi’mmﬁtyﬁﬂmﬁmw

- m3do-venedydnuainm

a a £ d‘ Al %3
3.2 ﬂqyﬂ!!uﬂﬂﬂﬂ]iwmu]ﬂﬂ!ﬂﬁﬂluﬂ‘lﬂﬂ1iﬁﬁyﬂi
a o = ' o 2z
nuAamswannyanlasunensdyastiiluved Peter
a v o A Av ad a ' .
Calthorpe a@o1iinuaziniailoss1ou5 AU U¥0isnI1 Transit
Oriented Development (TOD) TagnenomlianudAguoanis
a 9 E) 13 F) ' 3 o
W msld¥sathseru wazmslgscvuvuasmsisueiuman
a 3| o { o
Tums@unig dunvamuemsiangusuiiosnadugyunis
9 ] ]
WannunUsnualasun N dyITUeIsUUVUAIEIT 1T UL
S 4 [l '
W3 14se Temioaamaunanu wazenunsodsen Tead1maa9)

Y ¥ o a Rao s A g
UINYNU !!u']ﬂ'ﬂi]ﬂﬂuﬂ')@]ﬂﬂigﬁﬁﬂlwalﬂuﬂ']iﬁ'JUi'nJﬂ']i

a

=2 o A =

a A o
dunameluguauiiessudeszaudos Taenalil (Top) vl
i ¥ v
gudnsannegiusnaamiivudunary nuinnudsiidiwa i
o w1 { ' ' o
drgaogiUnsuilesna 1dun anunuuniv sz Teanildaon

agnanauneny 3u asnstivuavesusuiiesimunzay 3

= v & v o A
mzuUiﬂiﬂﬁiw‘wugmmﬂmumiﬁﬂujﬁli LLazﬂ15!.“]5lelIstUf’J\i

Uinwae Tuguruiie

3.3 ngEgMsSuimananms

o

v Y g = =~ o
ﬂ"lii‘ﬂglﬂuﬂizU'Juﬂ"liﬂuﬂﬂallﬂizﬁﬂﬂ'ﬁmﬂﬂ')ﬁﬂ

C v v o L a o
ﬂ%ﬂlﬂﬁ!ﬂWimﬁTﬁ‘] IﬂﬂﬂTﬁﬂﬂ’Jﬂ?Zi‘UﬁﬂJWﬁ AT N AU WINU
g A A v Y g o a a Ao o w 2
Lﬂulﬂiﬂﬂ\lﬂiuﬂ1iiﬂq§, L“]Ju'ﬂﬁﬂﬂ"lﬂi](ﬂf]"l/lEJWV]iJﬂ'J'UJ'Cﬂﬂiy agy

& ' a a y Yy a
‘IJT'I‘IJTI/]N1ﬂﬂqﬂﬂ@ﬂ15lﬂﬂwqﬂﬂiillcl,uﬁﬂTWLL'Jﬂaf’Jll 1“5@1\3'0\1
3| ' A A v o o a
L“]Juilqﬁﬁﬂnl“B’Jﬂaluﬂ'liﬂﬂﬂLL‘U‘U‘VILﬂfJ'J‘UENﬂ‘Uﬂ]i’ﬂﬂizl‘ﬂﬂﬂﬂl@ﬂ

J Y 2 ) Y 1
ENﬂ‘l]iZﬂ’t)‘U“VINﬂTEJﬂ1Wb1‘ViLﬂﬂqu‘ﬂiﬂﬂTWﬂJf’J\igﬂﬂiﬁ Ulﬂ!.!ﬂ
1. mﬁmmﬁﬂu“lumﬁui (Organization in Perception)
o q ¥a v ya v 4 &
WTIﬂ!ﬂﬂﬂ155‘U§ﬁ\WIN"] Gluﬁmwumaau UASTIWTDUINTIN U

28RN 1A 19U A Muaziy (Figure and Ground) tun 11w

P
' v A o

ﬂJf’Nﬂ’]‘iLﬁLlﬂ?l']mmﬂGhQiZW”J'Nﬂ’]Wﬂ‘UWLl ﬂmﬁumwzﬂmma

a

o & Y o o & &, o
LINDUNU INITIENTNUUAANDNU LLﬁ%WU‘ﬂWiﬁﬂWWﬁﬂmﬂubﬁﬂ

S A A A9 A4 oy o <
Y lunsainmwidludanmnlannunune NIDAUNY UNITIHU

o o

g A A o L A 3 Yo
ﬂWWL‘]JuﬁQVILLEJﬂLﬂu“]fWNﬂWN YU “luﬂimﬂummuﬂwﬁtyaﬂym

a

Aa o = Y A =

fAALUYAIMIANLENDBNAINNBINT Y50 INTNINTTINVIAN
< & a v o @ ' o

ﬂiWﬂJ;]L‘]Ju“Wu HASHANNANNUTAIUYNUHANYAFIUVDINIG

panuuy M IFIRaHdnAMUSeuA19 (Contrast) 1FUNITODALIUL

v o o

4 o o 3 o o A
Therseo1as liaa snusiriuldsany wenanMiaNa8nYIAI

y a d o o v ¥ o X v ad g
HUAABYNDIAY HANNITIUINIWAUNUY Lmﬂim‘nmw'lmganﬂu
19 o =

" A y A < o & s X g
a:"lmu T Ty fezmiu Tuanyae Naaunu Asiunwily

o C4 '

@ X ' a s o =
HIN !La$ﬂ1W!ﬂuWu L¥U 1uﬂ5ﬂ!Wﬂﬂﬂlﬁuﬁﬂlaﬂﬂmﬂ']w’ﬁﬂ)uﬂ

o

S o ' ) ' ¥ T <
mmﬂumwwaaﬂmu YNUINU AU NATISIHUTIUNASLNT U

& o g &
Wuamndudunnld
A o Y a v
2. anwasivesmsSuiannsofinsun ldeinaay
4 . 4 4 . 4
AsN Medag, AUAINVEIYLIA, AIWAINYE931519, AUANN

VoI HEIFIN, ANUAINVOIT HAZANNAINNA KU

v W o [
3. Wﬁﬂﬂ’;tlﬂiuuyﬂ (Human Factors Basic) nssus

@

Iy o @
AN WY ‘Uﬂﬁ']hﬂﬁiyﬁﬂ‘ﬂm

a s Y 2

1d5udnswasndsfuyudduwus drody

o

Y =) F) A a 9 a a
AMNIATY ABALITNNAUETTZINTWATNINATN INTING

' I 1 o @
launmsiudieaea anwawisalunisen anws mssuj

A = @ a Y

&2 g A ' I A A o
03¢ Llﬁ$ﬂﬁuﬂﬁmﬂ!ﬂuli@ﬂﬁ’)uuﬂﬂﬁ stwrﬂmsmw HUHEDU

] o ¥

o Fd =2 Y o
QVHGIWﬂ’JlJﬂiJIﬂEJﬂﬁi]ﬂﬂLL’UlJllﬂfﬂﬂ aanuvelsinle vianns

=)y

=

&, o S R Aa a °
ugruidudinlsvesuyyd Falidniwalunisiivua

%

=)

a a v o v v o s o
NOANIIY Mwﬁﬂ@ﬂﬁiﬂilmgﬂﬁﬁ@‘ﬂﬁuﬁ)ﬂ@]ﬁ)?ﬂ1ﬂﬁi’gﬁﬂﬂm [0e]
Ao v R Aaa a o q ¥a o Y 1y
I,Llli‘ﬂﬁ1ﬂiyG]i\iilf)%‘ﬁWﬁ‘V]ﬂﬁlﬂﬂﬂﬁiﬂg uazmmauﬁummﬂm

¥ v ' ' ' I
dydnual lundazyana wween aiilu

52

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAINS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

3.1 Mulsn1edue3szIne (Physical Factors)
3.2 Mulsneduiainen (Psychological Factors)

@ ~ o
4. ian@ 33U YY (Human Dimension) Tumseonuuy

s 22

Y v o o o R® K A oA A A
szuuthedydnal aasmtladeadszuyud natlimonisesnuuui
~ a a a ] & o
fanummuizaunazidseansanlunisldau sermaash
A 9 o ° ~ 2 A = & A aa
MedeenunsMvuads seuysdiune MsdnyypdluEda
v o & ) v o
FuUT (Anthropmetrics) M31854 MsAny laseaiauasdadiu

P o o Jo A y 2
Yoy HINTANNFUNUTADTIAZoUNIINIIAIN HaTiaw
Fa
1ana1 1 uNISeeNUUVD 1T UGN UDIY INA 1AL IAUTITUAIY
Il < v o & ' o 2 v
pd13lsnauaNuduNusIzINNYEdLar dIIAdo NN
2 ' I A £y o = =
MEMNWTUAINAADN1T00NLUVIT UDE198e 9zADIAT9DIAY
Fa
@ ¥ o Y U 19 %
dzaanauie anwasane saunesgedenisldauswiuny
anmnuadon Idedaliilszansam
Y o [ R Y o [ =)
myoonuuuihedydnyaivedosinemanmsese
sdd gy o A . '
wyBeNNeIInuyNNewazMsAdou 11 (Motion) ¥93519018

wypdhimlszgnaly

:’J o a a W
4. YHABHUATNTIANUHHIIHIVY
=2 9 aw 9 a A
1. ANHITIVITINUBYA WANITIVY LASTIYAIFINITN
4 9 o 9 o o '3 = a P
Lﬂﬂ?ﬂ]ﬂ\iﬂ‘ﬂﬂ"ﬁﬂﬂml'ﬂ‘ﬂim']J‘U']J"If]ﬁﬂluﬁﬂ‘Hm FIUNWNAAUATICUNY
AnuneItesnumsAneIszuvvudslungunnuIuas, s
r H K v
WSS UUVUAIaFITUSHASNITIAOUAD, LUIRANINUNUN
= a du A
a1p1TUe, “I/]i]E{]Wf]ﬂﬂi5“M1§Bﬂﬂﬂﬁﬂlliﬂé]ﬂﬂ, %@QaiﬂﬁﬂﬂTi
a1l uuruuiunsuuvudINIasun1IsT 1 lulua
ﬂ;_iqmwumuﬂmaxﬂ?umma
3 o ' Ay Yo aa o
2. mmmmumawaaﬂuw"lmummwuwmﬂ
misde Wayfinding Design and Implementting Graphic Navigation
Systems, Graphic Design Los Angeles, Space Graphic, Sign
Graphic, Environmental Graphic, Urban Entertainment Graphics,
Environmental Graphic Design Designing HAZIIVTINHAIUN
145151970910 SEGD (The Society of Environmental Graphic
Design) www.segd.org/awards
3. MIAI5IVMATUIN L‘ﬂuﬂ'ﬁﬁ'ﬁ')ﬂﬁﬂ']w‘ﬂ"lﬂﬂ']ﬂﬂ'lw
A ddg X A ' A roA o~
YOINUNNYUNUNTZUVIUFIEFITULUAZ NS FOUAD INDLNYL

v Y 4’

Audoyanwru 1300 M0 taziioNazIiNsTnTeuae

v 4
531’”1\15$UU"UN?{\13’1JLL1J1J@]1\1‘]Iﬂﬁliﬂ“ﬂ mimuﬁmmsimmﬂ
aaamﬁmmamw

Y 4 A aw 9
4. 93191ATD3UDIVY Taglduuvuasuain azn1s
o 03 = v A a2 a o Yo
FUMBULVURIEANINFBYIFIY IATOINDNN 2 FUA ‘Llfll]ﬁl"]fﬂ'ﬂ

Uszwns 2 nqu fe nguiFermngdninesnuuuszunihe

1Y

o s o v ' Hq 9
AYANHU UNIBNUUVUANINUINADY Lmzﬂquﬂivﬂﬂiﬂ%ﬁﬂu

SEUVVUAINIATUEITITUL

5. Tasiziveyain ldninmsdisreninauiy, uuy

U

) {4 g A

AUy, MIFumual sanidoyainetes iedunsizivoya
. g . L
Tudruvesmsagiiunszvovudinsisuziazyaiouas
o e a dyy
6. FuaszriuIfan
7. a3ilwamsivy
= .
8. (g Tangn1amseonu

9. aammmmm%’nwmm

=®

5. HAaMIANYN
= ) add g9 v ¥

NAMIANITIVIINTBY AN B NALIVEUIA Y
mseonuuuizuuihedaydnysidmsuszuuauINANA IR
uns faselanavesnimiavvesnisiudouveuduniaszuy
YudwIaFUAsI MzveIngunnunuas Usznenlidreszuy

1 v A v A a 1
yudarasunes i Quilapiudlald 4 ae Aeaenueta-oou
U, MeAUINA-aZNIUAINTU-0.A1NFY, HId1 TNe-U19F0
1ag Airport Rail Link) 5915z8medSueima uaz lddsverna
Y o = v 9 A
3061U5831M9 (FeA1NILe iToAaDTUIAY
o o QYN Y =

namsasdrsrmaauuyi i Idudanims e

iduneganandedu nagyhnmsd1singaveniu-deuessnllszd
v o = 1A 1% 1 A 1 9
13 39913231M19 50D INUT099ATU-FIUDITOAIUDINT LN
A & o &g A '

wagGonavauauuay Falunmazilsingyada suilugaireude

voamsaumanaazilszinn ldedadany

53

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”


http://www.segd.org/awards

z
55
SS
o
')
ane
0
z 3
mc
EE
<&
5
|
n

ASIAN TRANSPORTATION RESEARCH SOCIETY

AND

a
® __

plmusscngnune

uep =

Ui Hodily -
1HIN ——

wojIS S19
HAWNYYNS S16

itk
4] hausz

i
|4 e

TN, MNBavIg,

o

,veavsoyse

@

a

NUAAIIAIDATU-T

=
@
@

AUIMITZULVUAINIDTUAIFITY

6131

9

U7 2 wuaduniesiuveams

A
NITLYOUND

A 4 g '
HNUNY Lﬂuizuumumm'ﬁﬁmmaz

Al

Pl
A

CETUNNNYNTNUDINY

Fous

Taeguananiss

A

LAgNNLID

=

{98

d1519doyalag

nu:

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032

54

(250™ ANNIVERSARY)”



AL ———— ™
Al TNk ST

ASIAN TRANSPORTATION RESEARCH SOCIETY
aunaudvednenmssudonrioolds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

9 Ady v o o o ¢ A
mauﬁauwuww"lwmmam%sn ﬂzgﬂmmmmswmwa

11500NLUDYOYA (Infomation Graphic) Ni18ABNITTUS A

U

neuRnsTuimasirums nquidygeIne saudanguginig

i

A4 g
DOAUUUNINYIVDI

v @

R o
ludyuvesnmiseanuuuszvuihedydnyaiiu 18
fedanaaunseenuuuszuuihedydnuali 185059 Tase iy
IR 1FUIIN SEGD (The Society of Environmental Graphic
R = XA A2 o I @ o &
Design) 3udamsasiuiinudlednnnszuuihedyanuaives
szvuavaululszmaded 195 vazdszmasangy wud
j .
Usz TomiFaoaluthonilafhelsznouldae n1s1ideyaves
Y L v = 9 o o
iduna gaisuduautalateni deyanuneay siavessnilsz
e wagdeyaiuaasmsiasumedunia uaznisirenae v
MIAUNAIIBA1 Msuaaateyarduniesndouiuiy vzgn
i) Y Y 9 = 9 9y
eonuuudeyadionsfiduuasd Tasnfumsesnuuudoyauyy

24a

514 3 thesatlszimalulszmadanal$

A o 9 I o
nu: ﬂ’ﬁ’Jﬁ]ﬂJflﬂgaIﬂﬂ@’Ji}ﬂ

v o

1 o a
31 4 hesadszdmanazszuuihedydnualsaldduniaouaoy

= v o
nu: fﬂ‘i’]il"l]ﬁ]ilﬁiﬂﬂ I8

Tauaaatoyaniuszuunimiazidos Fuiluniseenuvui

3

= =2 A . . 9
ANUIDINITODNUUUNDONIABY (Universal Des1gn) Y

55 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

v
6. VdLAHONUY
v 4 X 9 ¥ W 7 2
nianugIuveszuuihedydnyaiAon13TU
o ° A { g {
sz Temnildaes waziimie sgaluaonidluaaunmsisus 3

Al aueama 61958 d19n3AnY1 619913 50D Ta I

g1 9

2 9 oA

gadeslinmseanuuunauaiumsldanliidlseaniamgaga

o v o

wimilul1dszvuthedydnvainasgnanszuy naznis

0]

A

' Y = Ao o a & Y a
ponuuuadug liuanui wie Iasansnmasznayulifing
Msreulszaun1InenInnFaay HenINN1TeonUULNA

v

gndesmunanmsesnuuuizuuihedydnysiuda dunouves

a 9 vy ¥ v 2 a q9
minaniheldldamuinsgiuendesdssndszinumsnanls
AoAndoInUTag uazan1Izms lsau msihgesniheawery

P ] = v o v o
mslFnuimunz ausw ldfams Idanuddyiumsesnuuy

Yy A A a 29 & v 2

aamadeuivziimsandaihe msizitioannannuiadeuily
= £ o Aa o o w A ' o Yq ¥
dnnilsdlsnlianudiangludwousng Ndananen1ssus 14

a a8 a o g ¥
Lﬂﬂ‘ﬂ53ﬁ“l/]‘ﬁﬂ1Wﬁ1ﬂ3ﬂqﬂi¥ﬁﬂﬂﬂlﬂﬁj1ﬂuu‘]

7. nadanssulszma

'
[l =

wnanuiifludrunicvesquiiinug néngas
Aadnssumansquiiiudia auzAadnssumans gwiaansal
WinINedo Taoliseananinngd as.qnnsal ANgLT (Associate
Professor Dr.Suppakorn Disatapandhu) 1149191561311 nay
185 unuaivayuaisssuiloumsAneinIunangasa 910

a a a  d o a  J a v a
maIxeenuuutimearal asziamudall urniIneaeaalng

v a
[GHAFRANGN]

F
[1] nesdaiios duinddanjunnuniung, 2545, msAnsuilosdu

9 '
Tasamssn lWthldauluangannumiuns. fuvasai 2
(2] mssa Ihvudanaruuislszmalneg, 2545, s10uagl

dmifuduing. msfinyazesnuuudsdinisnnudzain

lumsi¥eudensiaumInayMInauIfiuiusnuanil

iﬂlh\l%}\hllﬁ"luﬂi eRaNSFIIRALALAIUADYENY

a s o { a o
[3] 93UNT ﬂﬂ,ﬁ], 2549, ﬂ15LﬂaEJ‘L!L!,'l_]ﬁQEﬂLL‘]JlIﬂﬁLﬂu‘VINﬂ1U‘Haﬂ

malaliismsvessuvudnIaruyuialval: Msanyl

' o 3 a
ﬂauuazﬁawmszumn"l%l‘?fxlmmumﬁw?mmu“lumm

ATUNW UMIUAT. INGTNUTIAINTTUAIAAT UM AN

a1u13a9n53uTes1 n1Adananssulest ywiasnsol
WInenae

[4] 15 aodlauud, 2554, dieathihe landanilsn thudieasn

o s &

3959, WuWATaN 1. USEmaedu Wuawsd s1na

E

o a F) a
(5] Ansns wadyn, 2548, Awawisolunisididsaniil

so lthvudanayy: nsaidnugaumslilhauluwaiios

a A /a o a
DTIUNNUVIUAT. INGIUNUTIFINTIUMTATUHIVAUNA 11

ArnssuTes Mnaninanssulon ynasnsaiumineds

aa o s a £
[6] ﬁ;‘l]ﬁl i]u‘l’]iﬂi%ﬁ‘lﬂ'ﬁ, 2543. ﬂﬁﬁﬂ’hﬂﬂﬁ@ﬂmmﬂi%ﬂu‘ﬂ1ﬂ

dydnuainiasgiuduiungunuuniuas. Inerinug

a v A a g a a a
falnssusnaasumyune avnsvdal mmmuqumaﬂ

a s 03 a o
AuzAalnITNANaNS YWIAINTUNNINYIAY

X g a Y v o ¢ a ¢ ¥4
[7] oot UA ARNA U BYTYT, 2543. iz‘ﬂﬂﬂ']ﬂﬁﬂlﬁﬂym. NUNATIN

9 a a

1Y °

1. U3HN waemwaa 19

[8] Aust, Steve. 20 October 2004. In search of wayfinding
www.signweb.com/ada/cont/wayfinding.html

[9] David Gibson, 2009. The Wayfinding Handbook Information
Design for Public Places.

[10] Craig M. Berger, 2009. Wayfinding Designing and
Implementing Graphic Navigational Systems.

[11] Mark Ovenden, 2005. Metro Maps of the World

56

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”


http://www.signweb.com/ada/cont/wayfinding.html

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

ROAD TRANSPORT SCENARIO IN DHAKA CITY AND AIR
POLLUTION ASPECTS - A COMPARATIVE ANALYSIS

Paper Identification number: SCS11-008
Md. Moniruzzaman

Master student, Field of Transportation Engineering,
School of Engineering & Technology, Asian Institute of Technology (AIT),
Pathumthani 12120, Bangkok, Thailand.
Cell: 0853395055; E-mail; Md.Moniruzzaman@ait.ac.th

Abstract

This study is particularly focused on the current statistical scenario of road transport vehicles in the
Greater Dhaka city area and its consequential impact on the city environment — especially on the air quality
level. Dhaka, a city with 400 years of traditions and culture, is recently undergoing worse situations with its
overcrowded population. Undoubtedly, the road transport sector is serving as the main backbone to the city
commuters. With the overwhelming increase in population day by day, the city is experiencing with
numerous transport options as some transport planning initiatives are to proceed in a few years. Although it
has been revealed that air pollution level at traffic congestions has noticeably improved due to large scale
introduction of CNG vehicles in Dhaka city, the overall air quality level of the city is deteriorating as more
and more vehicles are adding to the current status without replacing the old and worn-out ones. Different
studies show that transportation in Dhaka city is exposed as the leading contributor to the high
concentration of Suspended Particulate Matters (SPM) and Lead (Pb) along with emissions of other Green
House Gases (CHGSs) such as Carbon dioxide (CO,), Methane (CH,), Nitrous oxide (NOy) etc. In addition,
some recommendations for controlling the air pollution in Dhaka city are also incorporated in the paper.

Keywords: Road transport, Air quality, CNG vehicles, Greenhouse gas

1. Introduction

Air pollution due to road transport vehicles
can be treated as one of the major critical concerns
to the city commuters with its high concentration
above the normal ambient level. Carbon monoxide
(CO), Sulfur dioxide (SO,), Nitrogen oxides (NO,),
Ozone (0Os), Hydrocarbons (HC) and Suspended
Particulate Matter (SPM) are considered as the
most significant pollutants. Lead (Pb) as another
critical pollutant was added to this list in the late
1970s by the Environmental Protection Agency
(EPA) of USA'. In 1987, PMy, (Particulate matter
with an aerodynamic diameter of less than or equal
to 10 microns) was also added to the list.

Drowsiness, eye irritation, cough, asthma,
throat irritation, nose blockage, persistent,
respiratory infections, bronchial infections, colds
and headaches are observed as some of the
common syndromes among the city people in
recent times. Lead (Pb) affects the central nervous
system, causing renal damage and hypertension.
CO in air reduces the ability to carry oxygen and
aggravates heart disorders.

Dhaka, the capital of Bangladesh accounts
for nearly 40 percent of total urban population.
With a population of over 14 million and with the
rapid urbanization rate, Dhaka bears the distinction
of being the fastest growing cities in the world. And
if this trend continues, by the year 2025 Dhaka will
be home to more than 20 million populations being
larger than Shanghai, Beijing or Mexico City as
some predictions exhibit (Shafi, 2010).

In serving that large number of rapidly
growing population, road transport sector is playing
the pivotal role with no other options as most of the
rivers and their tributaries around the city are filled
in due to escalating growth of real estate developers
and other tertiary forms of entrepreneurs. While
even a few decades ago, water transport was
defined as the safest and cost effective mode of
transport for Dhaka city and its vicinities. As a fact
with an increasing number of vehicles adding to the
existing infrastructure (about 2000 km) day by day,
the situation is getting truly unmanageable
generating overwhelming difficulties to the city
commuters.

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

Air pollution in Dhaka city is testimonied to
be serious and damaging to public health. In the
winter of 1996-97, the lead (Pb) concentration in
the atmosphere of Dhaka city was reported higher
than any other place of the world®. Concern over air
pollution rate of Dhaka city eventually led to the
promulgation of National Ambient Air Quality
Standards (NAAQS) in Bangladesh in 1997.

2. Literature Review

A remarkable number of studies were
previously executed on Dhaka city’s growing
number of private vehicles and resulting air
pollution. Jaigirdar (1998) conducted a study on
assessing the ambient air quality of Dhaka city
investigating the impact of improved bus service in
reducing environmental pollution.

N. Ahmed and A. Begum (2010) performed
a study on air pollution aspects of Dhaka city
exemplifying both indoor and outdoor air pollution
scenario. A. Begum (2010) accomplished another
work on the impact of auto-exhaust on air quality in
Dhaka city that identified traffic congestion and
fuel quality as significant contributors in
deteriorating the air quality.

W. Uddin and M. Hasan (2002) carried out
a study on the concentration of particulate matters
in air around Dhaka city. Faiz, Weaver & Walsh
(2002) conducted a study on air pollution from
motor  vehicles suggesting standards and
technologies for controlling pollutions.

M. Karim (2009) accomplished a work on
traffic pollution in Bangladesh and metropolitan
Dhaka investigating the current emission statistics.

Previously Greater Dhaka Metropolitan
Area Integrated Transport Study (1996) showed
some important statistics on this issue illustrating
baseline vehicles emission inventory in Dhaka city.

Another statistics on vehicle population,
utilization and fuel economy in Dhaka was
demonstrated in the working paper of Dhaka Urban
Transport Project (DUTP, 1996).

D. Bongardt, F. Rudolph & W. Sterk
(2009) worked on transport options in developing
countries and climate policy suggesting the
Copenhagen Agreement and beyond.

Clean air is judged to be a basic
requirement of human health and well-being. In this
regard, World Health Organization (WHO)
published the wupdated worldwide air quality
guidelines®. Table 1 below shows the acceptable
limit for four common air pollutants:

Table 1: Allowed concentration level set by WHO

Type of Acceptable limit
Pollutant (p,g/ms)

PM, 5 10 (annual mean)

Particulate 25 (24-hour mean)

Matter PMyo 20 (annual mean)

50 (24-hour mean)

Ozone (O3) 100 (8-hour mean)

Nitrogen dioxide 40 (annual mean)

(NO,) 200 (1-hour mean)

Sulfur dioxide (SO,) 20 (24-hour mean)

500 (10-minute mean)

Source: WHO Air quality guidelines, 2005.

Previously an ambient AQ standard for
Bangladesh was introduced in the Environment
Conservation Rules (ECR) of 1997. Later on the
World Bank funded Air Quality Management
(AQM) project replaced that 1997 standard by a
new set in July 2005. Table 2 below represents the
updated ambient air quality standards comparing
with WHO guideline values and US EPA standards:

Table 2: Updated (2005) ambient AQ standards

Pollu | Mean | Banglade | WHQO" us
tant | period sh? guideline | EPA‘
standard | Vvalue | standard
(ng/m’) | (ng/m’) | (ug/m’)
8-hour 10,000 10,000¢ 10,000

Co (9 ppm)
1-hour 40,000 30,000° | 40,000

(35 ppm)

Pb annual 0.5 0.5 -
NO, | annual | 100 (0.053 - -
ppm)

TSP | 8-hour 200 - -
PMy, | annual 50 20 revoked

24-hour 150 50 150
PM,s | annual 15 10 15
24-hour 65 25 35
1-hour | 235 (0.12 - 235

O3 ppm)
8-hour | 157 (0.08 100 157

ppm)
annual | 80 (0.03 - 78

SO, ppm)
24-hour | 365 (0.14 20 365

ppm)

Source: °S.R.0. No: 220-Law 2005; "WHO, 2005;
“WHO, 2000 and “US EPA, 2006.
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The new standards for PM (PMyo, PMy5s),
NO,, SO,, CO, and ozone (O3) remained the same
as set by the ambient AQ standards of US EPA and
the standard for Lead (Pb) was equivalent to the
guideline value set by WHO. Bangladesh has
become the only country in South Asia who set
PM,s in its National Ambient Air Quality
Standards”.

3. Methodology
The entire study is carried out based on
data collected from secondary sources i.e. research

reports previously accomplished by individual
researchers and various concerned local as well as
international institutions/authorities. And the
analysis and forecasted figures based on most
recent statistics are presented afterward.

4. Data Analysis and Results

Table 3 below represents the number of
vehicles added to the existing limited infrastructure
on the roads of Dhaka city in recent years.

Table 3: Statistics of registered vehicles

Type of Vehicles Up to|2004 | 2005 |2006 |2007 |2008 | 2009 | 2010 Grand
2003 Total
Private car 87866 | 4734 | 5633 | 7403 | 10244 | 13749 | 17654 | 19557 | 166840
Jeep/ Microbus 32391 | 2114 | 3303 | 4548 | 4372 |5077 | 6803 | 6687 65295
Taxi 9369 523 514 266 0 0 10 0 10682
Bus 2614 779 728 949 1082 | 1144 | 914 1101 9311
Minibus 7460 368 118 75 77 107 112 142 8459
Truck 20342 | 1437 | 1104 | 1480 | 830 1642 | 3180 | 4543 34558
Auto-rickshaw/ tempo | 10687 | 2344 | 139 230 121 155 1144 | 1362 16182
Motor cycle 119299 | 7872 | 12879 | 16284 | 17303 | 23713 | 22093 | 30264 | 249707
Others 13187 | 1300 | 2361 | 2728 | 2913 | 2550 | 4868 | 12225 | 42132
Total 303215 | 21471 | 26779 | 33963 | 36942 | 48137 | 56778 | 75881 | 603166

Source: BRTA, 2010.

The above statistics shows only the
registered vehicles as per the estimation by
Bangladesh Road Transport Authority (BRTA).
Besides these a considerable number of vehicles are
left unregistered due to low enforcement of
registration regulations. Based on a study, varied by
type only about 25-50% of the actual number of
vehicle is registered (Intercontinental Consultants
and Technocrats Pvt. [ICTP] 2001).

From 2003 to 2010 almost all type of
vehicles increased by near about 20 percent than
the previous year’s figure except the metered taxi
and minibus. A steady growth is apparent in case of
private car and motor cycle during the year 2004 to
year 2010. At the end of 2010, the number of motor
cycle reached more than double comparing with
2003’s figure; private car increased by 90 percent
than the gross number in 2003.

Despite not having such a large vehicle
fleet on the roads high traffic volumes, congestion
and poor vehicle maintenance resulted in the
transport sector act as major contributors to air
pollution. Inefficient land use and overall poor
traffic management further adds to the problem.
Motor vehicles are often observed as old,
overloaded and poorly maintained. Old trucks and

dilapidated minibuses are often traced on the city
streets. Fig.1 below visualizes the growth of all
type of vehicles at the end of year 2010 comparing
with the base year 2003.

Vehicle population by type

250000

200000
B Year 2003

mTear2010

150000

Number

100000

50000

s G o &
G FE TS EE
o \u& &K & &L
& 3 & o
& & »

Typeof Vehicle

Fig. 1: Vehicle pop" comparison (2003 vs 2010)
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From the above figure it is evident that within a
short time almost doulbled vehicles entered on the
same roads with valid permission of the vehicle
registration autority (i.e. BRTA) leaving the city’s
infrastructure in a truly unmanageable situation.

Fig. 2 below depicts the occupied
percentage contribution of all type of vehicles
among which motor cycle (41%) alone ensured the
fastest ever growth followed by private car (28%);
which are considered as most significant
contributors in deteriorating the air quality level
along with truck and minibus (grossly 7%). In
broad sense, more than 75 percent of city’s vehicles
are directly contributing to air pollution as these
vehicles are normally operated by diesel or
gasoline.

Trend Analysis
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Fig 2: Vehicle percentage in Year 2010

Based on Table 3, if the same growth rate
continues by the end of year 2015 the total number
of vehicles will reach at more than 850,000. With
this same trend alone in year 2015, newly registered
number of motor cycle and private car will be near
about 52,000 and 34,000 respectively which are the
most dominant air pollutant sources (Fig. 3).

Year

Fig. 3: Forecasted vehicles (2 types) by 2015

In this context, Govt. has promoted and
given CNG (Compressed Natural Gas) conversion
license for setting-up new industries in private
sector whch was earlier started in 1983 under a
World Bank pilot project. Thereafter currently 87
number of componies are converting diesel or
gasoline operated vehicles into CNG®. The scenario
of CNG coversion till year 2005 is illustrated below

(Fig. 4).

CNG conversion scenario
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Source: SUEP, 2006.
Fig. 4: Number of CNG converted vehicles

Having the same conversion rates by the
end of year 2015, only about 180,000 vehicles
(one-fifth of the total projected vehicles) would be
operated using CNG. However, earlier a pilot
survey was conducted by Society for Urban
Environmental Protection (SUEP), Dhaka in 2003
to examine the emission level of CO and HC from
10 CNG converted vehicles.
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Fig. 5: CO and HC emission from CNG vehicles

The result (Fig. 5) showed that the
observed emissions contained 7-12 percent of CO
against tolerable level of 4 percent, as well as 450-
1472 ppm of HC against approved level of 180
ppm. Lack of proper conversion skills of the
workers and poor maintenance were identified as
the prime reasons behind such poor performance. In
addition, periodical maintenance of each vehicle is
also lacking.

Initially  vehicle  population, annual
utilization and fuel economy are another important

of nitrogen oxides, 50,700 tons of carbon dioxide,
etc. CO, and CO recorded as much higher than
other pollutants in terms of 1000 tons units (Fig. 6).

Baseline Vehicle Emission
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Pollutants

Source: Working Paper No.23, GDMAITS (1996)
Fig. 6: Baseline emission inventory in Dhaka

Undoubtedly air pollution in the city has taken an
alarming turn, exposing serious health hazards for
city dwellers. Things get worse especially during
the dry season. The health related economic cost is
approximately $360 per vehicle per year. Air
pollution kills 15,000 Bangladeshis each year,
according to a World Bank report released

criteria to judge the overall emission level a city  recently®.
clutches. Table 4 below represents a typical
scenarion on the roads of dhaka city in terms of
those factors:
Table 4: Veh pop", annual utilization and fuel
economy in Dhaka
Type of | Vehicle | Annual Fuel
Vehicle Pop" | Utilization | Economy
(Km/YT) (Km/l)
Car & Taxi | 42,000 19,200 8.0
Jeep & 12,000 19,200 8.0
Microbus
Disel Bus 4,000 57,600 4.8
Disel Truck | 5,000 64,000 2.4
3-Wheeler | 14,500 38,400 2.4
2-Wheeler | 73,500 10,000 35.0
Source: DUTP, 1996.

Almost all type of vehicles significantly
produce various concerned air pollutants. In 1995,
Bangladesh emitted 20 millions of tons CO
(International Energy Agency, 1995). Initial
estimates show that motor vehicles annually emit
3,700 tons of particulate matters (PMy), 8,550 tons
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Fig. 7: PM concentration in the streets of Dhaka

Although it is claimed that the city’s
pollution level reduced by 25 percent after the
withdrawal of 2-stroke vehicles in 2003, the annual
mean concentration of particulate matters (PM) has
risen significantly despite a massive drop in
pollution levels in 2004. Recently the density of
airborne particulate matter (PM) has reached 247
micrograms per cubic metre (mcm) which is nearly
five times the acceptable level of 50 mcm set by
NAAQS'. Table 5 below gives an obvious picture
about the current statistics of Particulate Matters in
the air of Dhaka city:

Table 5: PM,, and PM, 5 concentration in Dhaka

city (mcm)
Pollutant | Year 2003 | Year 2004 | Year 2008
PMy, 330 238 291
PM, 5 266 147 191.83

Source: AQMP, 2008.

Based on the current progression by the
year 2016, the annual mean concentration level of
PMy, and PM,s will be 350 mcm and 240 mcm
respectively; correspondingly which will be almost
18 times and 24 times the acceptable level set by
WHO (Table 1). The predicted PM concentration
level is shown below based on the present trend

(Fig. 8):

400 350
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Year

Fig. 8: Forecasted PM Concentration level

A large number of unfit, old and diesel-run
vehicles continue to ply Dhaka’s streets worsening
the pollution levels. At least 25 percent of vehicles
in Dhaka are over 20 years old. In addition, on an
average each year nearly 80,000 more vehicles are
adding to the current statistics and in the same
infrastructure as well.

5. Conclusion

Commuting in Dhaka city is indisputably a
public hassle having the ever-growing population
and disordered traffic on the roads. Getting locked
in jam-packed traffic for even hours is a usual
experience. The resultant loss is definitely
unattainable to measure in terms of money. Poor
traffic management, congestion and delays, conflict
of jurisdictions and lack of coordination among
agencies, and fast growing air pollution dilemmas
characterize the transport scenario in Dhaka.
Several studies also affirm that wvehicles are
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believed to comprise the leading source of
particulate emission in Dhaka since there are no
such power stations, significant industrial sources
of emissions, or deserts to cause dust pollution in
the city.

6. Recommendations

On the basis of the above existing and
projected figures, it is clearly observed that in a
next couple of years the situation will appear likely
more perilous due to irresistible growth of
population and required number of vehicles.
Therefore, some innovative and effective strategies
have to be introduced. Old and worn-out vehicles
have to be replaced to reduce vehicular emissions.
Appropriate transportation planning is to be
adopted to control the growth of private vehicles by
introducing  efficient mass transit options.
Rickshaws have to be gradually phased out from
the main roads since they slow down the traffic
which eventually causes higher pollution. Steps
should be taken to reduce traffic congestion as past
studies show that congestion is one of the main
reasons behind high level of pollutant
concentration. Department of Environment (DoE)
and BRTA should enforce their regulations strictly.
Government should launch effective programs
ensuring coordination among various concerned
authorities like DESA, DWASA, DoE, and BRTA
etc. In this regard, a Dhaka Pollution Control
Authority should be established comprising of both
local and international experts who would be
authentic to monitor the situation on a regular basis
and provide continual update in public. In addition,
FM Radio, TV channels and print media can play a
significant role in creating awareness among the
public.
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Abstract

This study examined factors affecting the success of policy implementation against drunk driving in
Bangkok. Questionnaire was employed as a research instrument. Two hundred fifty traffic policemen
completed a questionnaire. Structural Equation Modeling (SEM) technique was employed to analyze the
data using LISREL version 8.53. The study found that the success of policy implementation against drunk
driving in Bangkok model is fit with the empirical data (Chi-square = 296.54, P-value = 0.26433, df = 282,
RMSEA = 0.014, GFI = 0.93, AGFI = 0.88, and RMR = 0.055). It also found that commitment,
infrastructure, personnel, and organization structure are the most important factors affecting the success of
implementing the policy respectively. Recommendations and implications are also discussed.

Keywords: Transport policy, Policy implementation, Drunk driving, SEM

1. Introduction

Road traffic accidents become major
problems causing a number of deaths and injuries
in Bangkok. The average numbers of road traffic
accidents in Bangkok during 2001- 2010 were
approximately 46,059 cases. In addition, the
average number of deaths and injuries per year
were about 678 and 20,419 respectively'. Even the
number of deaths has been decreasing since the
year 2002, such numbers still very high compared
to those of Tokyo. In 2010 with regard to the
severity ratio measured by the number of fatal per
100,000 populations, Bangkok accounted for 7.98
or approximately 5 times higher than Tokyo which
had the severity ratio as only 1.63. This indicates
that road traffic accidents in Bangkok should be
taken into account by the government.

Since a number of road traffic accidents
caused a great amount of deaths and injuries
throughout Bangkok and many cases were alcohol
related, policy implementation against drunk
driving has been employed to minimize the number
of deaths and injuries. Hence, alcohol breath testing
was firstly administered in Thailand on the 16™ of
December 1997 under the operation of the Traffic

Police Division. The enforcement during that time
was not so restricted until the year 1999 and again
in 2003 when the government paid high attention
on road traffic accidents. Interestingly, the number
of drivers and riders called for alcohol inspection
increased dramatically in 2004. The reason was that
the Royal Thai Police was given new 1,793
breathalyzers (for the whole country) in that year.
Even there was restricted alcohol testing, the
numbers of alcohol-related accidents still very high,
especially in 2004.

Road traffic accidents recently are viewed as
a vital cause of injury in Thailand. WHO estimated
that, in the year 2020, road traffic accident will be
the third leading cause of injury in Thailand®. Even
there are certain numbers of road traffic accident-
related research, the research were conducted in
various perspectives. Some interested in traffic
investigation and road safety audits. There were
several studies focusing on factors influencing road
traffic accidents. Some focused on economic
evaluation of road traffic accidents. However, there
was a research conducted by Sripinproh who
focused on policy implementation against drunk
driving. However, his study examined the
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relationship between independent variables and the
success of policy implementation but did not
examine which factors are the most influential
factors affecting the success of policy
implementation against drunk driving®. This study,
therefore, would like to study more in-depth on
how extent to which each independent variable
affects the success of the policy implementation
based on the policy implementer’s perspectives as
well as to provide appropriate guidelines for
successful implementation of such policy.

2. Literature Reviews
2.1 Law against Drunk Driving

Although the alcohol breath testing was
firstly administrated in 1997, road traffic accident is
still a major problem causing a great number of
deaths and injuries in Thailand. The Royal Thai
Government has placed a high importance on road
safety and the law against drunk driving. As a
result, the Land Traffic Act B.E. 2522, has been
restrictively enforced since the government of
Thaksin Shinnawatra in 2003. According to the
Land Traffic Act B.E. 2522, a person considered as
intoxicated will be prohibited to drive with Blood
Alcohol Concentration over 0.05 g/100ml, though
the legal BAC levels vary from country to country.

An imprisonment for a period not
exceeding 1 year or to a fine of 5,000 to 20,000
Baht or to both, and at least 6-month driving ban or
suspension of driving license will be applied for an
intoxicated person according to the Land Traffic
Act B.E. 2522 (Revised in 2010). In addition, if the
driver causes a slight injury, he is liable to an
imprisonment for a period of 1-5 years and to a fine
of 20,000-100,000 Baht, and to at least 1-year
driving ban or suspension of driving license.
Furthermore, if he causes serious injury, he is liable
to 2-6 years imprisonment and to a fine of 40,000 —
120,000 Baht, and to at least 2-year driving ban or
suspension of driving license. The highest
punishment is applied in case of causing death.
Intoxicated driver causing fatality is liable to an
imprisonment for a period 3-10 years and to a fine
of 60,000-200,000 Baht and his driving license will
be suspended. Other punishments are score
reduction system, and probation. Intoxicated
person’s score will be deducted by 40 points. For
probation measure, violators have to do 12-48
hours of public and social service work and to
report to the Department of Probation
intermittently.

2.2 Defining Policy Implementation

Nakamura and Smallwood suggested that
the policy process can be conceived of as a system
of functional environments-policy formation, policy
implementation, and policy evaluation®. Birkland
defined implementation as “the process by which
policies enacted by government are put into effect
by the relevant agencies.” > Mazmanian and
Sabatier defined implementation as “the carrying
out of a basic policy decision, usually incorporated
in a statute but which can also take the form of
important executive orders or court decisions.” °
Edwards defined that policy implementation is the
stage of policy making between the establishment
of a policy and the consequences of the policy for
the people whom it affects’. In this study, policy
implementation refers to the process that the
government’s policy against drunk driving is put into
effect by the Traffic Police Division.

2.3 Policy Implementation Models

Policy implementation is affected by various
factors. Tsukada stated that policy implementation is
not only influenced by technical, bureaucratic staff,
institutional/political elements, but also non-
government actors®. According to Sinbanchongjit-
Suwannathep, there are eight most important factors
affecting policy implementation effectiveness;
supporting fund, degree of compliance, technical
support, external fund, compliance ability, compliance
limitations, policy knowledge and experience, and
external impacts respectively’. Homchuenchom found
that policy condition is an important factor that affects
the effectiveness of policy implementation'®. Brynard
suggested that there are five major factors, known as
5Cs, which affect the success of policy
implementation;  content, context, commitment,
capacity, clients and coalitions. He also regarded
communication as a variable for policy
implementation™.

Some scholars attempt to propose model
to explain the success of policy implementation.
For instances, Nakamura and Smallwood proposed
a model illustrating the policy process as linkages
between three key elements; policy formation, policy
implementation, and policy evaluation. They
emphasized that there are three major factors
influencing policy implementation; actors and arenas,
organizational structures and bureaucratic norms, and
communication network and compliance
mechanism'?>. Mazmanian and Sabatier’s model is
also well recognized. They summarized the conditions
affecting policy implementation which are the clarity
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and consistency of policy objectives, the adequacy of
underlying causal theory, the extent to which the
policy decision structures the implementation process,
the political and management skill of the principal
implementing officials, the extent of support for the
program from constituency groups and critical
sovereigns, and the absence of substantial shifts in
socioeconomic conditions undermining the statutes
causal theory or political support®. Elmore proposed
four models of policy implementation; system
management model, bureaucratic process model,
organization development model, and conflicting
and bargaining model™. However, the most suitable
model for this study is the system management
model which is based on the assumption that the
success of policy implementation depends upon
organization capability; organization structure,
personnel (e.g. human competence and technical and
administrative skill), budget, infrastructure, and
machinery and equipment®. Hudson and Lowe
described that this model is similar to the rational
model which has the strong top-down structure. It
also has flexibility. However, it has a limitation due
to the achievement of goals is set by the highest
level. The lower level or implementers has to
perform in accordance with the aims of the decision
makers. The success or failure of the
implementation depends on failure to identify
weakness and ignorance of policy implementers®®.

2.4 Assessing Policy Implementation Success
Assessing policy success has not reached a
consensus among scholars. There are three main
schools of thought defining “policy success” in
different perspectives. The foundationalism defines
policy success as a fact which can be assessed
against  identifiable  standards. The  anti-
foundationalism argues that policy success is a
matter of interpretation. Hence, there are no existing
identifiable standards. The realism suggests that
policy success is both fact and interpretation. Hence,
it can be success but not necessary that everyone will
perceive it as success. McConnell also suggested that
there are three important dimensions of policy
SUCCeSS; process success, program success, and
political success’. The success of each dimension
can be identified as illustrated in Table 1. In this
study, the program dimension is employed to
measure the success of policy implementation.

Table 1 The three dimensions of policy success

Dimension Criteria
Process 1. Preserving policy goals and
success instruments
2. Conferring legitimacy
3. Building a sustainable
coalition
4. Symbolizing innovation and
influence
Program 1. Meeting objectives
success 2. Producing desired outcome

3. Creating benefit to target

group
4. Meeting policy domain
criteria
Political 1. Enhancing electoral
success prospects
2. Controlling the  policy
agenda and easing the

business of governing
3. Sustain the broad values and
direction of government

Source: McConnell (2010).

2.5 Proposed Model

According to the review of literatures, the
proposed model of the study was established based
on the Elmore’s system management model.

Structure

Personnel

l

Success of
policy
implementation

]

Commitment F

Infrastructure

Machinery and
Equipment

Fig. 1 A proposed model

Figure 1 illustrates that the success of policy
implementation is directly influenced by structure,
personnel, budget, infrastructure, machinery and
equipment, and commitment. However, organization
structure, personnel, budget, infrastructure, and
machinery and equipment are important factors
influencing the commitment of policy implementers
and then leading to the success of policy

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYadonenmsvudonriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27,2011 BANGKOK THAILAND

implementation. According to this study, all technical
terms are defined as following:

Success of policy implementation (SUCC) is
based on goal-attainment perspectives. It is
measured in accordance with the program success
dimension perceived by the policy implementers.
According to the proposed model, it is affected by
the variables as detailed below.

Commitment (COMM) means willingness of
policy implementers to give time and energy to
implement a policy they believe in. Porter, Steers,
Mowdy, and Boulian claimed that commitment is a
willingness of employees to exert considerable effort
for their organization'. It could be implied that if a
person has a commitment to a policy, he/she will exert
a consideration effort to achieve the goals and aims of
such policy. The study by Winter, Dinesen, and May
found that “the commitment of street-level
bureaucrats to carrying out a given policy is an
important factor in shaping their policy actions.” ™
Foote claimed that the more commitment, the greater
the conscientiousness and civic virtue which is very
important for the successful implementation of
policies®.

Structure of organization (STRU) means the
flexibility of implementing agency which s
categorized by decentralization and autonomy.
According to Bhuian and Menguc, perception of
higher job autonomy can lead to job satisfaction and
organizational commitment?. Ketchand and Strawser
also cited that the organizational commitment is
influenced by the degree of centralization?. Logically,
when individuals commit to their organization, they
will exert considerable effort to their organizations.
Consequently, they will also commit to a policy
employed by the organizations. These could be
implied that decentralization and autonomy will have
an effect on policy commitment and success of policy
implementation.

Personnel (PERS) means policy
implementers’ competences, which are their
understanding of the policy, technical skills, and
administrative skills. This also includes enough
manpower to perform the task. Mingchai suggested
that human resources are one of the factors
influencing the effectiveness of implementing
policy®.

Budget (BUDG) means whether
implementing agency has enough budgets or not to
implement the policy. Sinbanchongjit-Suwannathep
found that supporting fund has a positive
relationship with the effectiveness of policy
implementation®. Mingchai also found that budget

is the influenced factor for the effectiveness of
policy implementation®. Hence, providing enough
budgets could result in higher commitment and
success.

Infrastructure  (INFR) refers to the
existence of governance committee, steering
committee, performance measurement, incentive
system, and partnership in implementing the policy.
Chuayrukk suggested that the role of private sectors
is very crucial for the success of implementing a
policy®. In order to maximize the objectives and
performance improvement, incentives should be
provided””. In addition, support from social,
community, and organization are also vital for the
success®. Kinitchiva found that availability of
monitoring mechanism is very crucial for policy
implementation success®.

Machinery and equipment (MACH) means
enough and proper equipment, such as, vehicles,
breathalyzers, torches, generators, mobile video,
petrol, and so on. According to Chuayrukk, policy
resources are very important factors resulting in the
effectiveness of implementing a policy®. Mingchai
stated that the effectiveness of policy
implementation is influenced by tools and
equipment provided®".

3. Methodology
3.1 Research Design

This research is a quantitative research using
survey-research method to gather data. In addition,
guantitative techniques employed in this study is a
structural equation modeling (SEM) using a statistical
software package LISREL to analyze the gathered
data®. The units of analysis in the study are
individuals, which are traffic police officers involved
in policy implementation against drunk driving in
Bangkok Metropolis. For this research, 250
participants are randomly selected from 1,674 police
officers of the Traffic Police Division. The 250
sample size is sufficient large for SEM*.

3.2 Quality of Measurement

Validity and reliability were employed to
examine the quality of measurements. The content
validity is based on the extent to which a
measurement reflects the specific intended domain
of content. To test validity of the questionnaire,
firstly, questionnaire structure was sent to 4 experts
who specialize in public administration and public
policy to examine. Each item was assessed by
giving the item rating of 1 for clearly measuring, -1
for clearly not measuring, and 0 for unclear
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measuring. Then the index of congruence (10C)
values was calculated using the formula developed
by Rovinelli and Hambleton for each item of the
questionnaire®.

I0C value Iy for i-th item on k-th objective
is an average of rating for each combination of each
item and objective, and IOC is defined as follows:

== 3™ S i=1. Mk=L1...K,
N j=1 1

where Sy the rating of (-1, 0, 1) of i-th item as
measure of k-th objective by j-th specialist, M: total
number of items (= 39), N: the number of specialists
(= 4), and K: the number of objectives (= 5).
According to Prasitrattasin, the 10C index higher than
.50 is determined as valid. In this study, the 10C
values are ranging from 0.75 — 1.00 which indicate
that all items are judged to be valid®.

Once all items of the questionnaire were
valid, questionnaires were sent to 30 samples as a
pilot survey. Then, the reliability of the measurement,
measure of internal consistency, was examined by
Cronbach’s alpha coefficient™®. The internal
consistency reliability of survey instrument is a
measure of reliability of different survey items
intended to measure the same characteristic. For this
research, the Cronbach’s Alpha coefficient for k-th
object is defined as follows:

Mk 1_2:\2:0-2(Y')

1M, o |

ay

where M,: the number of items in k-th objective,
o°(Y;): variance of rating of i-th item on k-th object,
6’ ;variance of total composite )ratings (in k-th
object.

According to George and Marry, the
Cronbach’s alpha coefficient >.90 — Exccellent, >.80
— Good, >.70 — Acceptable, >.60 — Questionable, >.50
- Poor, and <.50 — Unacceptable®’. The analysis shows
the Cronbach’s alpha coefficients of seven
measurements; structure = .848, personnel = .810,
budget = .802, infrastructure = .864, machinery and
equipment = .883, commitment = .840, and success
of policy implementation = .754 which suggest that
all measurements are well reliable.

3.3 Data Collection

The primary data was gathered using
questionnaires as a research tool. The questionnaires
with 5 point rating scale anchored from (1) strongly
disagree to (5) strongly agree were sent to the
Commander of Traffic Police Division who then
commanded related divisions to distribute the

questionnaires randomly to the traffic police
responsible for the law enforcement against drunk
driving. The secondary data was gathered from books,
official documents, articles, university’s electronics
database, and internet.

3.4 Data Analysis
Structural Equation Modeling (SEM) analysis
was employed using LISREL version 8.53.

Structural Equation Modeling (SEM)

Kaplan defined SEM as “a class of
methodologies that seeks to represent hypotheses about
the means, variances, and covariances of observed data
in terms of smaller number of ‘structural’ parameters
defined by a hypothesized underlying conceptual or
theoretical model.” ® SEM allows a set of relations
between one or more independent variables and one or
more dependent variables to be examined. Both
independent and dependent variables can be either
measured variables or latent variables®. Path analysis,
confirmatory factor analysis (CFA), and structural
regression model are common types of SEM*.

SEM consists of two models; structural model
and measurement model. Structural model is used to
examine the causal influences of the exogenous
variables on the endogenous and the causal influences
of the endogenous variables on one another.
Measurement model is employed to specify latent
variables as linear functions of other variables. When
the other variables are observed, they will play
important role as indicators of the latent constructs™.

LISREL

LISREL is a statistical package. It is widely
used in social science™. Joreskog and Sérbom claimed
that the general LISREL models include multiple
regression, confirmatory factor analysis, classical
simultaneous equation models, and various common
statistical techniques®. The advantages of LISREL are
that it allows researcher to deal with complex
relationships among variables®. In addition, it also a
powerful tool for researcher for a detailed and critical
examination of construct validity in various aspects®.
The variables in the LISREL model can be either
observed or latent variables. It is assumed that there is a
causal structure among a set of latent variable. The
LISREL model consists of two parts; measurement
model and structural model. The measurement model
illustrates how latent variables are indicated by the
observed variables. The structural model is a model
that specifies the causal relationship among latent
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variables®.  Consequently, LISREL and SEM

sometimes are used as the same term.

4. Results
4.1 Descriptive Analysis

Among 250 respondents who participated
in this research, most of them are male accounting
for 83.20 percent. About 76.80 percent of the
respondents are married and 52.40 percent hold
bachelor’s degree. Approximately 89.20 percent of
the total respondents are non-commissioned police
officers and the rest are commissioned police
officers. Most of them or about 59.60 percent have
net income between 20,001-30,000 Baht per month.
Their average age and tenure are 43 and 20 years
respectively.

According to the participants’
perspectives, the structure of their organization in
term of decentralization and autonomy is moderate
(X= 28520, S.D. = .78235). According to
personnel, they showed that the policy
implementers’ understanding of policy, technical
skills, and administrative skills are moderate (X =
3.1860, S.D. = .79778). In term of budget, they
thought that the provision of budget is moderate ( X
= 2.8480, S.D. = .95551). The infrastructure
referring to the existence of governance committee,
steering committee, performance measurement,
incentive system, and partnership in implementing
the policy is viewed as in moderate level (X =
2.9460, S.D. = .78136). Their opinion on the
provision of machinery and equipment is also
moderate (X = 2.7120, S.D. = .96122). However,
their perspectives on policy commitment (X =
3.4248, S.D. = .82542) and the success of policy
implementation against drunk driving ( X = 3.5840,
S.D. =.82988) are quite high.

4.2 Structural Equation Modeling Analysis

The analysis found that the success of
policy implementation against drunk driving in
Bangkok model is consistent with the empirical
data (Chi-square = 296.54, P-value = 0.26433,
df = 282, RMSEA = 0.014, GFI = 0.93, AGFI =
0.88, and RMR = 0.055) as illustrated in Figure 2.
The Chi-Square is not significant indicating that the
model fit to the data. In addition, the Normed Chi-
Square (NC), which is calculated by y*/df, of the
model is 1.05. It is less than 5 indicating a good fit
to the data. The Goodness-of-Fit Index (GFI) and
the Adjusted Goodness-of-Fit Index (AGFI) of the
model are 0.93 and 0.88 respectively. Since these
values are approaching to unity, the model

consequently has a good fit to the data. The Root-
Mean-Square Residual (RMR) of the model is
0.055 does not indicate a good fit to the data since
the value is greater than 0.05. However, the Root-
Mean-Square Error of Approximation of the model
is 0.014 indicating the good fit to the data.
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Fig. 2 Structural Equation Modeling (SEM) of the
Success of Policy Implementation against Drunk
Driving in Bangkok

Chi-Square = 296.54, df =282, P-value =0.26433, RMSEA=0.014

According to Figure 2, the structural equation
model consists of five latent independent variables
and two latent dependent variables. The latent
independent variables are structure (STRU), personnel
(PERS), budget (BUDG), infrastructure (INFR), and
machinery and equipment (MACH) while the latent
dependent variables are commitment (COMM), and
success of policy implementation (SUCC). The factor
loadings on the latent variables are also as illustrated
in the Figure 2. All the five observed variables are
significantly and positively loaded on STRU and
STRU4 is accounted for the greatest variance (A =
1.30, R? = 0.91) of STRU. According to PERS, all
four observed variables are also significantly and
positively loaded on it and PER3 is accounted for the
greatest variance (A = 1.46, R? = 0.77). All three
observed variables are significantly and positively
loaded on BUDG and BUDGL is accounted for the
greatest variance (A = 1.00, R* = 0.82). All four
observed variables are significantly and positively
loaded on INFR and INFR4 is accounted for the
greatest variance (A = 1.44, R® = 0.60). All five
observed variables are significantly and positively
loaded on MACH and MACH4 is accounted for the
greatest variance (A = 1.18, R? = 0.86). All five
observed variables are significantly and positively
loaded on COMM and COMMS5 is accounted for the
greatest variance (A = 1.19, R* = 0.80). All four
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observed variables are significantly and positively
loaded on SUCC and SUCCL is accounted for the
greatest variance (A = 1.50, R® = 2.25). The
relationships between the latent independents and
latent dependent variables are as detailed in Table 2.

Table 2 Regression analysis of structural model

indicating that it has a significant and negative effect
on SUCC.

5. Conclusion and Implications
5.1 Conclusion

The study found that there are four most
important factors affecting the success of policy
implementation against drunk driving in Bangkok;

R? Vs

commitment, infrastructure, personnel, and structure

DVs Eff.

of organization respectively.

Policy commitment is the most influence
factor positively affecting the success of policy
implementation against drunk driving in Bangkok.

This means that the more policy commitment, the
more success of the policy implementation. This
result is consistent with the study of Winter, Dinessen,

STRU PERS BUDG INFR MACH COMM

CoMM 015 DE -0.15 0.32** -0.19* 0.51*  -0.07

IE

TE -0.15 0.32** -0.19* 0.51*  -0.07
succ 025 DE -0.15* 0.17* 0.03 0.11 0.01 0.87**

IE -0.13 0.28** -0.17* 0.44*  -0.06

TE -0.28** 0.45** -0.14 0.55* -0.05 0.87**
Note. DVs = Dependent variables, Vs =

Independent variables, Eff. = Effects, DE = Dlrect
effect, IE = Indirect effect, TE = Total effect
*p <.05, ** p< .01

Table 2 illustrates the direct and indirect
effects of the latent independent variables on the
latent dependent variables. The results show that
INFR has positive direct effect on COMM (I" =
0.51, p < .05). PERS has positive effect on COMM
(I' = 0.32, p < .01) while BUDG has negative effect
on COMM (I" = -0.19, p < .05). Among the latent
independent variables INFR is the most important
factor affecting COMM.

Some latent independent variables also have
direct affect on SUCC, especially STRU and PERS.
STRU has a negative effect on SUCC (I' = -0.15, p <
.05) while PERS has a positive effect on SUCC (I" =
0.17, p < .05). In addition, the latent dependent COMM
has a positive effect on the latent dependent SUCC (p =
0.87,p<.01).

There are three latent independent variables
that have indirect effect on SUCC. INFR has positive
indirect effect on SUCC (I" = 0.44, p <.05). PERS has
positive indirect effect on SUCC (I' = 0.28, p < .01)
while BUDG has negative indirect effect on SUCC (I
=-0.17, p < .05).

When considering the total effect of all
latent variables on SUCC, COMM has the total effect
of .87 on SUCC indicating a significant (p<.01) and
positive effect. It is the most important factor affecting
SUCC. The second and third important factors
affecting SUCC are INFR and PERS with the total
effect of 0.55 (p<.05) and 0.45 (p<.01) respectively
indicating that they have significant and positive
effects on SUCC. STRU is ranked the fourth factor
affecting SUCC with the total effect of -0.28 (p<.01)

and May who found that the commitment of the
street-level bureaucrats is an important factor in
implementing the policy™’.

Infrastructure is the second important
positive factor on the success of policy
implementation which is also consistent with the
assumption of the system management model as
proposed by Elmore®. Hence, if there is an existence
of governance committee to monitor the
implementation of the policy as well as an effective
performance appraisal and incentive system, there will
be more policy commitment and more success in

implementing the policy. In addition, the more
partnership they have, also the more policy
commitment and more successful of policy

implementation will be. However, this result is not
applicable for the case of Japan because there are no
existing incentive system and governance committees
within the MPD.

Personnel and structure of organization are
the third and fourth important factors affecting the
success of policy implementation respectively.
According to personnel, the more policy
implementer’s competence, the most likely the policy
commitment and policy implementation success will
be. However, structure of the organization is only one
factor negatively affecting the success of policy
implementation against drunk driving. This finding is
not consistent with the assumption of the system
management model. However, it might be the nature
of police work that requires more centralization and
less autonomy. Interestingly, structure of organization
has no influence on policy commitment but it has
direct effect on the success of policy implementation.
The study also found that the more increasing of the
budget, the less of policy commitment which relies
mostly on personnel and infrastructure.
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5.2 Implications
Implications for policy makers and related agencies

Since policy commitment is the most
important factor affecting the success of policy
implementation against drunk driving in Bangkok,
the government and enforcement agency must pay
high attention to increase policy commitment
among traffic police officers. As the police officers
realize that the decision of the government to
implement the policy is right and it leads to their
commitment on the policy, the government
therefore should provide clear policy in term of its
means and ends. However, to increase commitment
on policy, infrastructure, personnel, and budget
should be considered respectively.

Since infrastructure is the most important
factor influencing the commitment to the policy.
Hence, the government should focus on providing
governance committee to examine and monitor the
implementation of the policy. Performance
appraisal of the enforcement agency should be
improved and must be a merit-based system. In
addition, the incentive system should be improved
to encourage traffic police officers to be committed
to the policy and consequently the success of the
policy implementation. Seeking cooperation from
both public and private sectors as partnership is
very important issue for the success. Consequently,
the government should provide an incentive for
private companies and related public agencies in
order to encourage them to pay more concern on
social responsibility.

According to personnel, appropriate
competence to perform the enforcement against
drunk driving is the most important for the
commitment and the success of policy
implementation. Consequently, special training on
enforcement against drunk driving, such as, policy
information, technical skills (e.g. breathalyzer
operation, random check-point operation) as well as
administrative skills should be provided regularly.
In addition, providing enough manpower is also
important to gain higher policy commitment and
finally the success of policy implementation.

However, to achieve the success of policy
implementation, the enforcement agency should be
centralized and less autonomy. Hence, restructuring
the organization could enhance the implementation
success. However, when the government would like
to consider about the budget, it should consider
carefully due to increasing budget without careful
monitoring of the distribution of the budget will
lead to low commitment on the policy.

Applications for future research

This research is conducted by adapting the
system management model initiated by Elmore.
However, there are various models that can be
applied to examine the success of implementing a
policy. Hence, the variables examined in this study
might not cover all aspects of the success of policy
implementation. In addition, some results can be
guestionable issues depending upon the context of
the study. For example, centralization and less
autonomy positively influence the success of
implementing policy in Bangkok. On the other
hand, decentralization and autonomy are vital
factors affecting the success in Tokyo. Hence,
researchers interested in similar topic should pay
more attention on the context of their study. This
study found that budget has no influence on the
success of policy implementation against drunk
driving in Bangkok which is not in the line with the
previous studies. Hence, researchers should study
more in-depth detail about the relationship between
budgeting and the success of a policy
implementation.  Furthermore, this  research
examines only the perspective of the policy
implementers, traffic policemen. However, there
are various stakeholders who might enhance the
success of policy implementation, for instances,
public and private agencies, policy makers, and
citizens who are affected by the implementation of
a policy. Hence, future research should be
conducted not only on the perspectives of policy
implementers but also on the perspectives of other
stakeholders because the results of the study will
enhance and strengthen the body of knowledge in
the area of public policy implementation. Finally,
this research measures the success of policy
implementation using only program success
dimension. Future research, therefore, should focus
on other dimensions such as process and political
dimensions. Time series analysis is also
recommended to measure the success of
implementing the policy in term of reduction in the
number of accidents, fatalities, and injuries.
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Abstract

This research developed an onboard system measuring driving cycle and exhaust emission for a
motorcycle. This system has been designed with a compact size for motorcycle installation. The system can
measure and record the various driving parameters by second, including, a speed, a position, an amount of
exhaust emissions, an engine speed as well as a mass flow rate of intake air via a manifold. In data logger,
the designed microcontroller processes the signal data from several measuring sensors and records it into
memory storage. The results of on-road testing show that the developed system could measure properly as
the driving pattern highly relative with an amount of exhaust emissions at that moment. The data recorded
from this developed system could further be analyzed to create the driving cycle and emission factors for a

four stroke motorcycle, and for Khon Kaen city.

Keywords: Onboard Measurement System, Driving Pattern, Exhaust Emission, and Motorcycle

1. Introduction

Currently, the air pollution has been
considered as a critical problem. Especially, the city
that has a rapid growth of economic growing, it
causes an increasing number of private vehicles.
The motorcycle is a popular mode through cities in
developing countries. These vehicles emit a lot of
air pollution, especially driving in the congested
traffic condition. Therefore, the one solution of air
pollution reduction is to reduce an amount of
emissions from the motorcycles. The proposed
innovative engine technology as well as alternative
cleaner energy would be evaluated their lower
emissions by testing a driving cycle in exhaust gas
measuring laboratory. The driving cycles for testing
were developed from the data collected by a driving
tested vehicle in the traffic congested urban area in
many cities [1-7]. The developed driving cycle was
applied to measure the emissions and fuel

consumption by testing in the laboratory by using a
chassis dynamometer. However, the measuring
emissions in laboratory could not measure exactly
the amount of exhaust emissions because the
variation of stimulating the engine following a
driving cycle as well as real loads in laboratory.
Moreover, it is costly for testing a laboratory.
Therefore, this research developed the
onboard system to measure and collects the on-road
data of the driving motorcycle, including a driving
pattern and exhausting emissions. The developed
system would be installed on the targeted
motorcycle. The recorded data will further
transferred into the computer to analyze and
develop the driving cycle and the emission factors.
The content of this paper is separated into
following parts. The second part will describe about
the developed onboard measurement system. The
third part will display the results of testing the
developed system. The forth part will illustrate the
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application of recorded data. And, the final part will
give the conclusion and the further studies of this
research.

2. Onboard Measurement System
Development

This onboard measurement system was
further developed from the previous research on a
development of speed-time data logger for
measuring and recording the driving pattern of
motorcycle by second, including speed and position
of driving motorcycle [8]. This research further
developed the previous equipment by integrating
more measurement units to measure and record

more driving parameters of motorcycle. The
developed onboard measurement system consists of
many units, including the data logger for processing
and recording the collected data, a rear wheel speed
sensor for measuring the speed, a GPS for
measuring the position, an exhaust gas analyzer for
measuring an amount of exhaust emissions, an
engine revolution sensor for measuring an engine
speed, air flow sensor for measuring a mass flow
rate of intake air via a manifold of testing
motorcycle. The position of installing the system
units on motorcycle is displayed in Figure 1. The
component and duty of system units are described
in detail as below.

‘ Data logger & GPS sensor |

Gas detector

I Engine revolution sensor |

I Air flow sensor |

| Speed sensor |

Fig.1 Component Units of Developed Onboard Measurement System

GPS module

2.1 Data Logger

The data logger is designed and developed
to process the data from several measurement units
and to record the data into the data storage. It
consists of 1) Microcontroller and 3) Memory
storage as shown in Figure 2.

Microcontroller

Fi.2 Data Logger

SD Card

-

Since the microcontroller has to process and record
the data within a short period because the data
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signal from many installing measurement units
have to be converted to the recorded format and be
recorded into the memory storage in every second.
Therefore, the microcontroller for this system was
designed for a real-time visibility to the recording
data and an easy accessibility by dividing a
microcontroller into two parts. The first part
processes the data from a rear wheel speed sensor,

Exhaust Emissions
Measurement

engine speed sensor, and an air flow sensor. The
second part processes the data from an exhaust gas
detector, a GPS module as well as records all data
into memory card. The transferring data among a
microcontroller and installing measurement units
presents by the detail diagram of onboard
measurement system in Figure 3.

comMm
UNIT

Gas detector

Exhaust
pipe

Exhaust Gas

MICRO CONTROLLER

ARM 7 TDMI

SERIAL
UNIT

COM GPS Navigator
L EE—
UNIT Module

CO,C0O2,HC,02,Nox

preccccccccccncccccccncay
I
X R EEE Y XYy yyy]

Mass Air Flow
Sensor

OPTO-Isolator
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Logic Level

]
]
CAPTURE UNIT ‘ ‘ CAPTURE UNIT ]
]
[]

A

Comparator Circuit

Mass Air Flow

.
r
]
]
]
]
]
]
(]
] Convertor
]
]
]
]
]
]
]
]
Measurement ]
(]

2.2 Rear Wheel Speed Sensor

To measure the speed of the motorcycle, a
magnetic sensor was installed on the rear wheel of
the motorcycle to detect the wheel rotation by a
second. The magnetic poles were installed on the
rear wheel as displayed in Figure 4. While the
wheel is rotating, The magnetic pole will product
the pulse. The pulse is then converted to the voltage
signal by using a voltage converter circuit. Finally,
the microcontroller will convert this voltage signal
to speed-time data.

VAN

Real back Wheel Speed
Measurement

]

]

Sensor :
Comparator [¢—— [] N
Circuit "
]

]

(]

(]

Magnetic Field Signal 8

]

]

]

]

]

]

]

[]

(]

Fig. 4 Magnetic Sensor on Rear Wheel of
Motorcycle

2.3 Global Positioning System

To measure the current position and speed
of the driving motorcycle, the GPS module is
installed on the high position of a motorcycle. The
installed GPS has accuracy of £ 1.0 meter and + 0.1
m/sec for position and speed, respectively. The
microcontroller will transfer the data of position
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and speed of driving motorcycle to the memory
storage in every second.

2.4 Exhaust Gas Analyzer

To measure an amount of emissions and
air, including CO, CO,, O, HC, and NO, the
mobile exhaust gas analyzer, INFRALYT SMART
model as displayed in Figure 5, was installed on the
rear side of motorcycle because the suction tube of
the equipment can be connected to the exhaust pipe
of motorcycle as shown in Figure 6.

Data record module

|
Tailpipe exhaust gas

Fig. 6 Emission Measuring Unit Installed on Rear
Side of Motorcycle

The suction tube will suck the exhaust gas
into the equipment to analyze the amount of
emissions. The analyzed data will be displayed on
the monitor of equipment and recorded in to the
memory storage by second. The equipment would

be warmed up and set a zero calibration every time
before conducting a driving test.

2.5 Engine Revolution Sensor

The engine revolution signal will be
measured from the extracted signal data of the
Capacitor Discharge Ignition (CDI) in the control
unit of the motorcycle as shown in Figure 7. The
microcontroller will receive the signal data from the
sensor, convert the voltage signal to the engine
speed data and record in the memory storage. This
engine speed data will be further used for the
research purpose on engine analysis.

Fig. 7 Engj'ine Revolution Sensor from Capacitor
Discharge Ignition
2.6 Air flow Sensor

The air flow rate into intake manifold can
be measured by the air flow sensor installing at
entrance of the carburetor as displayed in Fig. 8.
The sensor can measure the amount of flow as high
as 0-200 standard liters per minute (SLPM). The
microcontroller will convert this voltage signal to
the data of air flow rate into intake manifold and
record the data to the memory storage.

Air Flow Sensor

Fig. 8 Air Flow Sensor Measuring Air Flow
Entering Carburetor
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3. On-road Testing Results and Discussions

To test the developed onboard
measurement system, the testing motorcycle was
drove on the selected route. The recorded speed
compared with emissions is plotted as a graph
displayed in Figure 9. The trend of the graph is
described that once the speed of driving motorcycle
increased with a constant acceleration, an amount
of emitted CO, increased as displayed by Fig9-a)
and Fig-c). It explains that during a speed
increasing, the engine combusts more gasoline and
air, it produced more amount of CO,. However,
once the driving motorcycle increased a speed with
increasing acceleration, an amount of emitted CO

and NO, increased as shown by Fig-a), Fig-b), and
Fig-f). Since an increasing acceleration caused the
imperfect combustion emitted more an amount of
CO and NO,. Vice versa, while a driving
motorcycle decelerated, an amount of emitted HC
and O, increased as shown by Fig-a), Fig-b), and
Fig-e). Since the deceleration reduced the engine
combustion, the remaining combusted gasoline and
air therefore increased. As all tested results, it
implies that driving behavior highly influences to
amount of emitted exhaust gas.
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4. Development Application

This part presents the application of data
measured and collected by the developed onboard
measuring system. The developed onboard
measurement system was used to measure the
driving behavior and exhaust emissions of the
motorcycle in Khon Kaen city. The testing
motorcycle, YAMAHA Fino, was drove on the
selected routes of Khon Kaen city road network for
a month. The collected data was applied to create
the driving cycle and emission factor of motorcycle
in Khon Kaen city.

4.1 Driving Cycle Development

This research applies the previous proposed
method [7] to develop the driving cycle of
motorcycle for Khon Kaen city. The developed
driving cycle is displayed in Figure 10. This
motorcycle driving cycle of Khon Kaen city has the
highest speed (60 km/h), the highest acceleration
(3.056 m/s®), the highest deceleration (-3.056 m/s?)
with its duration of cycle time, 1,128 seconds, and
distance of 7.375 km.

4.2 Emission Factors Development

The emission factors of each exhaust gas,
including CO, CO,, NO,, and HC, were developed
as displayed in Figure 11 to 14, respectively.

co
1
- 08 . y=0.0729x% - 5.2972x + 101.73
E Y A
E o6 ~ R?=0.9838
= 04 e
S 02 s
0 T ———
0 10 20 30 40 50
Average speed (km/h)
Fig. 11 CO Emission Factor
CO2
1500
T y=1.0728x2 - 72.583x + 1272.4
< 1000 L R?=0.9783
o 500 e
o) —
Q 0 *TT—ea_ 0 e —
0 10 20 30 40 50
Average speed (km/h)

Fig. 12 CO, Emission Factor

NOx

0.8
T 06 s
2 04 e S
x *
o] *
z 02 y =-0.0007x* + 0.0364x + 0.1714

R?=0.9589
0
0 10 20 30 40 50
Average speed (km/h)
Fig. 13 NO4 Emission Factor
HC

4000 r
3 3000 y=2.9953x2 - 202.6x + 3425.97
< R2=0.9818

2000 <
8 L
‘:':’ 1000 \‘\

0 *
0 10 20 30 40 50
Average speed (km/h)

Fig. 14 HC Emission Factor
5. Conclusions and Further Studies

This research was developed the onboard
measurement system for installing on motorcycle to
measure and record by second the various
parameters of a motorcycle driving on the road,
including a speed, a position, the exhaust emissions
and etc. The microcontroller in data logger unit will
process the signal data from several measurement
units and record it into the memory storage for
transferring to a computer for further analysis. The
results of running test shows that the developed
equipment collected the data properly as an amount
of emissions have a high relative with the speed at
that moment. The developed equipment was
applied to collect the driving patter and exhaust gas
of the testing motorcycle driving on the selected
routes of road network of Khon Kaen city. The
collected data was further used to develop the
driving cycle and emission factors of Khon Kaen
city. Therefore, this developed equipment would be
useful to install to any type of motorcycle to collect
the on-road data in any city for a development of
driving cycle and emission factor for each
motorcycle type and each city. It would be
considered as an economic alternative method that
measuring the emissions with real loads rather than
a typical method, using the Chassis Dynamometer
with simulating loads.
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For the further studies, the on-road measured
emissions from developed onboard measurement
system will be compared with the emissions

dynamometer. As the next step of onboard
measurement system development, the fuel
measurement sensor will be integrated with the

measured in the laboratory by a chassis system to measure the fuel consumption.
70
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Fig. 10 Motorcycle Driving Cycle of Khon Kaen City
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Abstract
School Safety Management is a procedure to make the suitable and safety environment in school. Drivers can assess the situation that
there are some pedestrians. Moreover, it is supported for students and parents to know about the traffic signs. This project conducted to decrease the

accidents in school zone and construct the plan to prevent and improve the traffic accident problems. In addition, this task will raise the standard level
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of safety in the other communities in Thailand. So that the traffic calming was be used to decrease the accidents because it is a good method to

control the traffic volume. Finally, there was training about traffic for students, parents and teachers.

Keywords: School zone, Safety, Traffic Calming, Accident
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Abstract

In order to prevent global warming, many discussions and approaches for sustainable transportation
system have been done from the view point of CO, emission reduction all over the world. Many efforts
such as introduction of environmentally-friendly vehicles and transport modes, promotion of public
transportation usage, etc., have been considered to achieve sustainable transportation system. However, it is
hard to reduce the greenhouse gases emissions from 20% to 50% which might be the amount strongly
required to prevent global warming from only the improvements in transportation systems. Especially in
developing countries, CO, emission reduction from transportation sector is extremely difficult, because of
rapid growth of population and number of vehicles. This study focuses CO, emission reduction in
transportation sector in developing city. In order to reduce CO, emission significantly, the idea of the
Transit Oriented Development (from now TOD) which is land-use strategy to accumulate residential area
along mass transit corridor was proposed and examined this idea in Khon Kaen which is center city in
northeastern of Thailand. Firstly, present urban form was set up using geographic information system (from
now GIS). Secondly, urban form as case of TOD along the five BRT lines which are planned now and
without TOD case were set up using the GIS. Thirdly, based on the each urban form (present urban form,
future urban form with TOD and without TOD), CO, emissions were calculated based on estimated traffic
volume from transportation demand forecasting for each case. Finally, CO, emission reduction for each
case was calculated. As the result, it is found that CO, emission from transportation sector with TOD case
is smaller than without TOD case. However, it is not enough to meet with the target.

Keywords: TOD, BRT, GIS, low-carbon society

1. Introduction

In order to prevent global warming, many  the greenhouse gases emissions from 20% to 50%
discussions and approaches for sustainable  which might be the amount strongly required to
transportation system have been done from the  prevent global warming from only the
view point of CO, emission reduction all over the  improvements in transportation systems. Especially
world. Many efforts such as introduction of in developing countries, CO, emission reduction
environmentally-friendly vehicles and transport ~ from transportation sector is extremely difficult,
modes, promotion of public transportation usage,  because of rapid growth of population and number
etc., have been considered to achieve sustainable  of vehicles. In order to reduce more effectively, the
transportation system. However, it is hard to reduce  low-carbon society vision based on the concept of
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back-casting is necessary. This study aims to
evaluate an impact of CO, emission reduction from
transportation sector by the concrete low-carbon
society vision in the Khon Kean city in Thai land.

2. Literature reviews and Study position
2.1 Fundamental Research on Transport
and Urban Structure

TANIGUCHIY? observed basic
relationship between transportation and energy
consumption from urban forms. He analyzed the
relationship between population density and vehicle
usage using a result of person trip data. As the
result, increase in population density was verified
to suppress the use of a vehicle.

MORIMOTO®”  also  analyzed the
relationship between energy consumption and
transportation within the land use pattern in the
Japanese cities. As a result, he concluded that
change from existing cities to compact city is likely
to contribute to reducing environmental impact.
Also in the future, it is necessary to consider
measures for each city.

2.2 Studies on specific low-carbon society

Several researches tried to find out the
concrete  image of  low-carbon  society.
TOYOSHIMA®  analyzed this measure in
Takamatsu urban areas in Japan. They sorted out on
the images of a compact city under population
decline, and analyzed changes in CO, emissions
from transportation sector in the city using the
logit-model that focuses on different urban land use
patterns (Trend case, Corridor case and
Decentralized-concentration Case) and service level
of public transportation systems. As a result,
corridor case and decentralized-concentration case
are revealed to contribute to reduce CO, emission.
They presented each land use patterns as shown in
figure 1.

Decentralized-concentration
Case

7

Corridor Case

Trend Case

Source: Shigemichi TOYOSHIMA, Kenji DOI,
Yuka ITOU (2008), Land use for achievement of
low carbon society and traffic coordination —
Evaluation of decentralized-concentration urban
structures by visioning model-

Fig. 1 Each case from TOYOSHIMA

MATSUHASHI?  analyzed  several
measures related to technical improvements for the
transportation system about future low carbon
society by using back-casting. He suggested to have
more discussion on concrete low-carbon society
vision based on the direction of the future urban
form.

3. Low-Carbon Society Vision

S-6” by ministry of environment in japan
present the flow as shown in figure 2, which is the
research project on establishing of methodology to
evaluate middle to long term environmental policy
options toward Asian low carbon society.
Greenhouse gas emission is expected to increase
significantly if we do not take any action. It is
showed in BAU Case in figure 2. Also, it is hard to
reduce greenhouse gases emissions from 20% to
50% which might be strongly required to prevent
global warming from only the improvements on
transportation systems such as improving vehicle
fuel efficiency. It is showed in Reference Case in
figure 2. Therefore, it is necessary to create an
image of the target in back-casting approach, which
called low-carbon society vision such as include
future urban form, transportation systems and
technical improvement. Especially, conjunction of
urban form and public transportation systems are
important for building a low-carbon city.

N

Emissions

BAU Case

~ Not
achieve
the

Reference Caseelel

Reduction
target
(E.g. -50%)

Low-carbon
society vision

v

Base Year Target Year

Fig. 2 Low-Carbon Society Vision

This study also follows this flow, we
estimate an impact of CO, emission reduction from
transportation sector in the concrete low-carbon
society vision in the Khon Kaen city, it is currently
considering the introduction of Bus Rapid Transit
(from now BRT).
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4. Methodology

Firstly, present urban form set up using
geographic information system (from now GIS).
Secondly, set urban forms of future trend case
(from now Trend case) and low-carbon society
vision case using GIS. In this study low-carbon
society vision is Transit Oriented Development
(from now TOD) type which is in axis of the BRT
lines. Then, transportation demand between the
zones is estimated in the each urban form. Velocity
and amount of traffic is estimated in each network
based on transportation demand. CO, emission
from transportation sector is estimated from this
flow. At the same time, we consider about technical
improvement such as improve efficiency of vehicle
and using bio fuel. From this flow, overall CO,
emission reduction from the transportation sector in
low-carbon society vision is clarified. However in
this time, technical improvement is not considering
now. This time we estimate CO, emission reduction
by only change in urban form and trip change.
Methodology is presented figure 3.

1. Set the present urban form

. ~—
2. Set the future urban form

» Trend case
* Low-carbon society vision case

-
3. Distribution of traffic volume
.
3
e

Fig. 3 Methodology

5. Setting the urban form
5.1 Introduction of BRT planning

Khon Kaen city has planned the
construction of five BRT routes ,which is
scheduled to begin operation in 2022. BRT routes
planned by Khon Kaen city is presented figure 4.
The BRT route is divided into five colors which are
Pink line, Red line, Blue line, Yellow line, and
Green line. Pink line, Red line, and Blue line will
be constructed in the first five years. And, yellow
line and Green line will be constructed in the next
10 years.

,\‘
i |
5 |
o
D CBD Area
me  ZONE Boundary
mmmm  Main Road
== BRT Pink Line
== BRT Blue Line
=== BRT Green Line
I | wm BRT Red Line
2km BRT Yellow Line

Fig. 4 BRT Lines Plan

5.2 Setting the present urban form

The present urban form is set on the
daytime population and nighttime population of
250m grid using GIS to reproduce distribution of
urban population. At the beginning, present urban
form is set as shown in figure 5 based on the zone
population and placement of buildings.

[J cBD Area
— ZONE Boundary
= Main Road

Number of
Employees and
Students
(Persons)

1250 - 500 (A)
500 - 1000 (A)
1000 - 1500 (A)
1500 - 2000 (A)
2000 BLE (A)
Number of
Residents
(Persons)
50 - 250 (A)
1250 - 500 (A)
500 - 750 (A)
" 1 750 - 1000 (A)
2km e 1000 BLE (A)

Fig. 5 Urban form in present situation

In the figure 5, red indicates the density of
the employees and students, blue indicates the
density of residents.

5.3 Setting the future trend urban form
Urban form of future trend case is set as
shown in Figure 6, which expand the present
population distribution to match the estimated
future zone population and introduced BRT five
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lines. However, new road network will not be
installed.

N

] - —
i BE
|

[ ceD Area

= ZONE Boundary
== Main Road
mmm= BRT Pink Line
=== BRT Blue Line
== BRT Green Line
= BRT Red Line
BRT Yellow Line

Number of

\ Employees and
Students
(Persons)

I 250 - 500 (A)

} 500 - 1000 (A)

B 1000 - 1500 (A)
1 1500 - 2000 (A)
1 2000 BLE (A)

Number of
Residents
(Persons’
50 - 250 (A)
1 250 - 500 (A)
500 - 750 (A)
750 - 1000 (A)
1000 BLE (A)

Fig. 6 Urban form in trend case

In the Figure 6, population has increased
from present urban form. And BRT lines are
installed. However, residential population in some
areas do not reside near the BRT lines.

5.4 Setting the low-carbon society vision
Next, low-carbon society vision is set as
shown in Figure 7, which is based on the existing
road network and the BRT plans. In this study, low-
carbon society vision is TOD type, which develops
in the range of 500m from the BRT lines. Central
business district (from now CBD) is in 2 km radius
around the center of inner ring line of the BRT line,
which is set to be destination point of trips. Outside
of CBD area was set residential area, and there is
set to be origin point of trips. Furthermore,
residential density is set to 3 levels by varying
depending on the distance from the CBD area.

N |
| [ cBD Area
= ZONE Boundary
= Main Road
== BRT Pink Line
=== BRT Blue Line
=== BRT Green Line

A RESRASSA
T
RS |

|

mmm BRT Red Line
BRT Yellow Line

Number of
e = Employees and
\ Students
(Persons)
[1250 - 500 (A)
500 - 1000 (A)
1 1000 - 1500 (A)
I 1500 - 2000 (A)
1 2000 BLE (A)

Number of
Residents
(Persons!

50 - 250 (A)
1 250 - 500 (A)
500 - 750 (A)
1 750 - 1000 (A)
1000 BLE (A)

Fig. 7 Urban form in TOD case

In the figure 7, population distribution is
concentrated near BRT lines.

6. Transportation demand forecasting
6.1 Target area

In this study, we analyze the 96 zones of
the Khon Kaen city as shown in Figure 4. Road
networks used in this study are main roads such as
north-south national road route 2, east-west national
road and ring road around the Khon Kaen city etc.
BRT lines are applied as five routes in the
transportation demand forecasting model. In this
study, future traffic demand is based on the OD
table from the survey result by Khon kean
university in 2003. The network data is from year
2007, and new network will not be constructed.

6.2 Estimation of traffic volume

Transportation demand of each urban form
as showed figure 5, figure 6 and figure 7 is
estimated by traffic demand forecasting software
JICA-STRADA.(from now STRADA) For present
urban form (Figure 5),amount of trip generation
and trip attraction is estimated by growth rate
method in each zone. Subsequently distribution trip
is estimated by present pattern method. In addition,
the growth rate is calculated by the population
growth rate of 2007 to 2022. For trend case (Figure
6), distribution trip is estimated by future
population distribution. For TOD case (Figure 7),
amount of trip generation and trip attraction is
estimated by the future population distribution. And
distribution trip is estimated by using the gravity
model. Traffic assignment in each urban form is
done by using user equilibrium assignment.

7. Result of CO, emission estimation

CO, estimation result from transport sector
in each urban form is shown in figure 8. From the
results of calculating the emissions in the urban
structure of each type, low-carbon society vision
achieves a 20 % reduction in CO, emissions
compare to the trend type. However, result of CO,
emission in TOD case is increased about 20% from
present emission. The factor of the increase the CO,
emission is concentration of business district in one
place and only small reduction of trip length.
Focusing on CO, emission in each type, CO,
emission from the bus is significantly increased
with the introduction of the BRT. Therefore
application of alternative fuels or improving the
efficiency of BRT wvehicle is a significant
contribution to reducing emissions.
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Fig. 8 Result of CO, emission estimation

8. Further study

Currently, the result of Person Trip Survey
from 2007 in Khon Kean city is acquired. So, we
will analyze all urban forms again in new Parson
Trip Data. In addition, we will analyze the new
urban form which is separated business district case
with TOD shown in Figure 9. Also in this study, we
did not make enough consideration about technical
improvement in transportation, so we will consider
about technical improvement. In this way, overall
CO, emission reduction from the transportation
sector in low-carbon society vision will be clarified.

[ cBp Area

= ZONE Boundary
| == Main Road
== BRT Pink Line
=== BRT Blue Line
| = BRT Green Line
= BRT Red Line
BRT Yellow Line

Employees
and
Students

7 = Low density
=

m High density

Residents
= Low density

m High density

[2]

Fig. 9 Urban form of separated TOD case
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Abstract

A traffic signal helps to control the traffic smoothly and safely at an intersection in a city. However,
it is rather difficult for a driver to determine change of signal phase when a driver faced yellow signal. A
driver used to confuse whether he should stop or go under a dilemma zone and this becomes cause of
collision at an intersection. Recently, advanced driver alert system which will provide information of
phases traffic signal states information to a driver and help to avoid hard braking at intersection has been
put in to a market and is expected to reduce collision at an intersection.

Therefore, the purpose of this paper is to estimate an impact of an advanced driver alert system
installed at an isolated signalized intersection on collision by using a micro traffic simulation.

In this study, firstly we employ the time integral of difference of space distance and stopping
distance as the indicator for safety measurement, which was defined from time integral of relative distance
of leading vehicle and following vehicle when leading vehicle breaks suddenly. Then, we developed a
micro traffic simulation model by applying above mentioned indicator.

As the result of this study, it was found that an advanced driver alert system might help to reduce
collision by receiving information from the signalized intersection.

Keywords: Micro traffic simulation, Signalized intersection, Traffic safety indicator

1. Introduction light. This is expected to improve the reduction of
A traffic signal helps to control the traffic  traffic accidents and fuel consumption_. _
smoothly and safely at an intersection in the city. Therefore, the purpose of this paper is to

However, it is rather difficult for driver to  estimate the impact of an advanced driver alert
determine change of signal phase when a driver ~ system installed at an isolated signalized
faced yellow signal. Driver usually confuse whether  intersection on collision by using a micro traffic
he should stop or go under a dilemma zone and this ~ simulation.
becomes the cause of collision at an intersection.

In order to solve such a problem, the use of 2. Literature Review
intelligent transportation system (ITS) has been Tablel shows examples of ITS
considered. ITS technology generally aims at technologies. There are environmental and safety
improving traffic safety and/or reducing travel time. indicators to evaluate ITS technologies.

Recently, a system of road-vehicle The ITS have Eco-driving system and Non-
communication type of ITS has been developed to  stop drive support system etc. from focusing on the
provide information to vehicles approaching a red  environment indicator.

98 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudonrioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

Eco-driving system is the best navigate the
operation; it is possible to reduce fuel consumption
and CO2 emissions. It is effective for the longer
practice. This system is already prevalent, it is clear
that it contribute to the reduction of fuel
consumption and CO2 emissions.

Non-stop drive support system is road-
vehicle communication system that presents a
recommend speed for each driver. This system
allows vehicles to passing non-stopping through the
intersection while in-vehicle equipment and
infrastructure. The driver is able to pass through at
the intersection that is recommended for driving
with a constant rate was presented. This system can
reduce CO2 emissions by about 10.6% of overall
traffic flow.

The ITS have dilemma zone control system
and green-phase extension system etc. from
focusing on the safety indicator.

Green-phase extension system is intended
to maintain the green interval when vehicles are in
the dilemma zone and traveling at speed.

There is also a system to avoid the dilemma
zone by the signal control. By using an optical
beacon traffic sensor, this system will change the
traffic right to yellow in the moment that there is a
gap in traffic flow to avoid vehicles hard braking
when arrived at intersection. For example, fender
bender has been reduced by more than 25%,
moreover, head-to-head accident has been reduced
by more than 58%.

The ITS have advanced driver alert system
and dangerous zone avoidance control system etc.

from focusing on the environment and safety
indicator.

The States of California has been
considering the introduction of advanced driver
alert system (ADAS) to provide information for
vehicles approaching red light. This is placed at the
inter section by road-vehicle communication
system. With the introduction of ADAS, the driver
will be able to know before arriving at an
intersection red light the information about traffic
signal. Accordingly, the driver can decelerate at the
appropriate time, which is expected to reduce idle
fuel consumption and CO2 emissions.

ADAS which will provide information of
phase traffic signal phase information to driver and
help driver avoid hard braking at intersection has
been put in to a market and is expected to reduce
collision at an intersection.

There is a similar system in Japan. It is
called a dangerous zone avoidance control
system. With this system, when the intersection
signal will change to yellow, the beacon sensor
will transmit information to vehicle detected
before reaching the intersection. This system is
designed to present accident at the intersection
by reducing hard braking.

The systems have been in developed
stage. And ADAS has been studied in the
environment, but safety is not yet rated. In this
study, we are introduced to estimate the effect of
focusing safety indicator on the ADAS.

Table. 1 Road-vehicle communication type of ITS

Indicator

Environment

Safety

ITS Road-vehicle

Eco-driving system (UA -JAP)
Non-stop drive support system (JAP)|Sensitive dilemma zone control system (JAP)

Green-phase Extension system (UA)

Advanced driver alert system (UA)
To avoid the danger zone control system (JAP)

3. Methodology
3.1. Advanced Driving Alert System

This system provides vehicle traffic signal
status information from the traffic light when the
vehicle approached the signalized intersection. Fig.
1 show the concept ADAS. The predicted red onset

warning can be processed in conjunction with the
vehicle’s estimated travel time to intersections. If
drivers cannot pass through signalized intersection,
the driver’s is warned with an advisory alert. An
advisory alert can be given to drivers to inform
them that they are unlikely to be able to pass safety

L 3N N J
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through the signalized intersection under normal
conditions. This information allows drivers to
release the throttle earlier and decelerate to the stop
line or back of a queue with a gentler deceleration.
For example, if no ADAS is introduced,
which deceleration is hard as the orange line in
Fig.1? However, if the ADAS is introduced, which
deceleration is gentler as the blue line in Fig.1.

@ The driver takes foot off pedal

€ mmmmmmmmmmmm e m e mmd -—==>
@ Provision of information ®

Without ADAS
—— With ADAS

Velocity

Time

Starting Decelerate position Stop line

Fig. 1 Conceptually ADAS

3.2 Micro traffic simulation model building

In this study, to construct a microscopic
traffic simulation model to estimate the effect of the
introduction of ADAS. Using the model developed
by Okamura that evaluate the impact of traffic
safety. It is that the driver considers the behavior of
the two previous the vehicle. And the driver repeats
the process of recognition, decision and action.
However, the model does not recognize the signal
at the intersection because the model assumes that
the application of the highway. Therefore we
modified the model to recognize the signal and
incorporating a model of ADAS.

A flow chart of ADAS model shows in
Fig.2. First, the vehicle can make a decision
whether to retrieve information from the signal.
Second, if the vehicle can get information on
vehicle approaching the intersection to calculate the
travel time from the current speed of the
intersection. If the vehicle cannot pass through the
intersection has become a mechanism to begin to
decelerate. In addition, it is to make a decision
whether the deceleration information of the leading
vehicle provide in the following vehicle.

The vehicle to get

. . Normal
information from - vehicle
traffic light
YES:solid
To estimate the travel time line
NO:dotted
line
Don’t pass to the —
. P . Maintaining
signalized - speed
intersection P
Leading vehicle start decelerate
The following Following
vehicle to get __ vehicle is
information from normal
leading vehicle vehicle

Following vehicle start decelerate

Fig. 2 Flow chart of the simulation model of the
ADAS

Fig. 3 State of the simulation

The running situation that applies only to
passenger cars in one lane isolated intersection. Of
the evaluation period is 50 meters in front of
intersection. And simulation was performed a total
of 10 times 30 times 30 minutes each case. Fig.3
shows the state of simulation.
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4. Traffic safety indicator
4.1 Review of the proposed traffic safety
indicators

The traffic safety in general TTC (Time To
Collision) use of the evaluation method for
calculating the time between collisions and so on.

TTC is metrics which was proposed by
Hayward (1972). This indicator will estimate the
time to collision of the following vehicle hit the
leading vehicle if the current relative speed is
maintained.

Allen (1978) is an indicator of risk
assessment proposed by the collision, which is easy
and widely wused measure of PET (Post
Encroachment Time). This is represented by the
transit time of two vehicles at the position of
possible collision, meaning that the higher risk of
collision is smaller this value.

4.2 DSS

In this study used the concept of different
of space distance and stopping distance (DSS). DSS
is defined of the space and stopping distance as
shown in Eqg. (1) and Fig. 4. The space distance can
be calculated by the sum of differences between the
leading and following vehicle, and the braking
distance of the leading vehicle. The stop distance
can be calculated by the sum of the brake reaction
distance and the braking distance of the following
vehicle. DSS shows the freeze position of the
following and leading vehicle when the leading
vehicle brakes suddenly, and then the following
vehicle also brakes to avoid collision. Negative
DSS values mean collision because the following
vehicle cannot avoid colliding with the leading
vehicle when it stops suddenly. The calculation
formula and dangerous threshold value are simple

Following vehicle

0!

V.

Leading vehicle
| A Vg
!-’H

| Distance between

| leading vehicle and

! following vehicle:

d,

' o~
ta o
BreakingdistanceoffollowingE v,;=0

vehicle: \
Vi%/2ug

1
! S=v,%/2ug+d,
1

Following vehicle

T

Vv,=0

1
|
Breakingdistance of !
1
1
1

Vo ¢
Break reaction
distance
VAt

following vehicle:
v2/2ug

S

DS
I%

S
>

- Stop=V,At+v,%2ug
Fig. 4 Definition of DSS

4.3 Time integral of difference of space
distance and stopping distance

In this study, we used as the traffic safety
indicator. TIDSS (Time Integrated DSS) is
proposed by Okamura. This indicator is the integral
value represents the amount of deviation from the
value DSS. It is that includes the evaluation of the
duration time of magnitude of risk and unsafe
conditions. As shown in Eg. (2) and Fig. 5.

TIDSS = j; [TH —(DsS) @)
where:
t: time (sec);

TH: threshold value (m)

Duration time of risk stats

and clear. 0 threshold value
2 2 27
V V Amount risk
DSS:[ L +d2j—[v2At+ 2 j () T t
2ug 2u9
6 Time(sec)
Where: 0 5 10 15 20 25
S: space distance (m);
Stop: stop distance (m)i ) Fig. 5 Example of safety evaluation by using
vi: velocity of following vehicle (m/s); TIDSS
vy velocity of leading vehicle (m/s); 5. Setting Cases
= friction coeflflue_nt; & We were set up three cases to estimate the
g-zgfg_‘"ty acc% eration (Im 3_) hicle and  €iect of the introduction of ADAS, Casel, Case2,
: flsltlanc_e etvr\:(_eeln cading Vvenicle and  ang Case3. Casel is if you do not introduce the
ollowing vehicle (m) ADAS, the vehicle will not obtain information from
A4t: reaction time (sec)
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the signalized intersection. Case2 is if the
introduction of ADAS, only the leading vehicle to
get information from signalized intersection. Case3
is similar Case2. Further decelerate information of
the leading vehicle transmitted to the following
vehicle. As shown in Fig. 6.

Case 1:Without ADAS

Case 2:With ADAS (Only leading vehicle)
Provision of informatio
A
@

Case 3: With ADAS (Provision of information leading vehicle and
following vehicle)

Provision of information

e oo

Fig. 6 Set up three cases

6. Simulation evaluation

TIDSS per vehicle show in each case in
Fig.7. Casel is the highest value of TIDSS and
Case3 is the lowest value of TIDSS from Fig.7.
TIDSS slightly decreased that show a
comparison of Casel and Case2. In addition
TIDSS greatly reduces that show a comparison
of Casel and Case2. Unlike Case2 and Case3
the following vehicle is taking the brakes
because the leading vehicle is slowing faster
than expected of deceleration by following
vehicle does not get to information of
decelerate the leading vehicle. Therefore,
TIDSS is less the width of the decline. By
providing information to slow the vehicle will
follow the leading vehicle in Case3, a gradual
deceleration to do with the vehicle ahead as
well. So, seems to have declined considerably
from Case2 the value of TIDSS. Also introduce
the ADAS in the entire vehicle as the Case3
shows higher benefit rather than the
introduction of ADAS into the vehicle alone as
the Case2.

2.5

15

TIDSS(m=s/vehicle)

0.5

Case 2
W TIDSS

Fig. 7 TIDSS per vehicle

Case 1 Case 3

7. Conclusions and future research

As the result of this study, it was found
that an advanced driver alert system might help to
reduce collision by receiving information from the
signalized intersection. In addition, it was
confirmed that increasing safety by the leading
vehicle provides more information to the following
vehicle.

In future, it is necessary to consider the
effects including estimates on the environment. In
addition, this study estimates only passenger car.
So it needs to estimate including the light duty
vehicle. And the effect is limited because only the
estimates for an isolated intersection, is expected to
estimate as the target of multiple intersection.
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Abstract

Currently, car ownership has been increasing which caused the traffic problem and the global warming.
Therefore, rail-based mass transit system has been developed rapidly to cope with these problems. However,
the reality is that it is difficult in terms of funds for developing cities. To address these problems, some
cities plan to introduce bus rapid transit (BRT) system instead of rail-based transports and to promote
demand shift from car to public transport. But it is not clear in the effect of BRT system introduction and it
measuring approach. And it should consider the scale of city size and BRT system operation scale. So, this
study focus on evaluation of BRT system introduction especially in Asian developing cities which include
Bangkok, Thailand and Hanoi, Vietnam, and compare these cities to the impacts and benefits of BRT
system introduction by using existing transportation demand forecast method.

At first, the whole city network was built by using transportation demand forecasting model. Then,
transportation demand and traffic condition will be estimates with and without BRT system. Second, CO2,
NOx and CO emissions estimation will be done based on traffic conditions. And then, benefits estimation
derived from those results which are users benefit such as fuel reduction, maintenance cost reduction and
traffic accidents reduction and global warming factor, environmental load reduction benefits such as CO2,
NOx, and CO. Finally, we compared and analyzed estimation results of those cities and it is found that
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prove to be effective BRT system introduction to whole city and BRT system operation scale in developing

cities.

Keywords: Bus Rapid Transit, Global warming, User’s Benefits, Bangkok, Hanoi

1. Introduction

Currently, car ownership has been
increasing which caused the traffic problem and the
global warming. Therefore, rail-based mass transit
system has been developed rapidly to cope with
these problems. However, the reality is that it is
difficult in terms of funds for developing cities. To
address these problems, some cities plan to
introduce bus rapid transit (BRT) system instead of
rail-based transports and to promote demand shift
from car to public transport.

Usually, transport project carefully assesses
the interest or benefits of users such as time cost
saving, vehicle operating cost saving and loss by
traffic accidents reduction from cost-effectiveness
perspective. It is hard to measure the effectiveness
of emission reductions because developing
countries has data on emission reductions for
greenhouse gases and air pollutants. As a result, it
has become a major problem unable to concretely
discuss about greenhouse gas reduction and
environmental improvement.

This study focuses on measuring GHG
emission reductions, roadside emission reductions
and the benefits of BRT introduction in Asian
developing cities.

2. Literature Review

BRT is defined by GAO as “Bus-based
urban transport system that combines features and
flexibility compare favorably with rail based
transport system by Bus lanes”. BRT has been
attracting attention among specialists in urban
transport in developing countries from the
viewpoint of mass transport that it is possible to
improve traffic at cost lower than rail-based public
transport system. The analysis of success factors
have been referring to cities such as Bogota and
Curitiba which were successfully implemented
BRT by International Association of Traffic and
Safety Sciences (IATSS). The reason for being to
promote the BRT pointed out by Yabe et al. BRT is
possible to develop in stages from bus systems to
railways and is cheaper than railways, consistent
with land use and environment and has become
attractive and practical with ITS and several other
technologies. However, there are little studies

conducted to quantitatively estimate effect of
introduction BRT.

3. Impacts Estimation Methodology
3.1 Study Flow

This study estimates BRT introduction and
without BRT introduction cases as follows in Fig.
1. At first, we build the whole city network by
using Transportation Demand Forecast Model and
it is use for estimate transportation demand with
BRT operation. As a result, we estimate the items
as shown in Table.1. When introduction BRT, air
pollutant emissions that is one of the environmental
issues were estimated by average speed, traffic
volume by vehicle type and length of each link.
And then, in order to obtain the benefits of
environmental impact, environmental impacts
benefits were estimated by air pollutant emissions
multiplied by its monetary unit. On the other hand,
user’s benefit estimation such as benefit of travel
time saving, benefit of wvehicle operating cost
saving, benefit of traffic accidents reduction
estimate for user’s benefit are based on Guidelines
for the Evaluation of Road Investment Projects.
When estimating benefit, the unit for benefit
estimation is used for developing cities data,
otherwise, the unit for Japan cases is used.

3.2 Estimation Methodology of Air Pollutant
Emissions

Air pollutant emissions from vehicle traveling on
the road are estimated by air pollutant emission
factor multiplied by average speed and running
distance are commonly used. In this study, length
of link, traffic volume and emission factor by
vehicle type are substituted average speed derived
from average speed by vehicle type into equation
(1) to estimate emissions from vehicles. This
methodology is a relatively simple way, but
emission factors depend on factors such as regional
climate, regional driving characteristics and vehicle
age distribution. Therefore, it is important to set the
emission factors. Applying emission factors, it is
necessary to use the actual values. However, in
most developing countries, local emission factors
have not been developed yet.
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vl . \ Therefore, to obtain a high accuracy of
Transportation Demand Forecast emission inventory, it is necessary to developing
Model such emission factors. Fortunately, Bangkok has an
| Average Speed | inventory of such emission factors developed by
| Traffic Volume by Vehicle Type | “Study to Promote CDM Projects in Transport
| : | Sector in order to Resolve Global Environmental
\ Length of Link .
Problem (Bangkok Metropolitan Area Case), MLIT
| Average Travel Time | Japan, 2003”. Therefore, these data were used in
Em'ilsl}?ﬂ ]Fa;mf by | VehicleKilometer || this study to estimate CO2 and air pollutant
chnicle (& .. .
and Speed baysped - Tyl Volia emissions. However, for motorcycles, there is no
Measured Value multiplied by Number appropriate data for Bangkok. Thus, data regarding
< of Major Intersections motorcycle emissions provided by the Ministry of
j Environment of Japan were used. The following
Estimation of Air Table 2, Table 3 and Table 4 show the emission
P".““_ta“t Em'_ss“’“s factors for each type of vehicle. Emission factors
Em‘“"’g by mhlile type parameter by air pollution type, vehicle type and
and cach 11nk. . . .
average speed are substituted into equation (2) to
I Emission Estimation Result |

estimates emissions by each type of vehicle.

Unit | Value of Time | Eeim =D xQy; % Efk,i,m(vk,i) (1)
Environmental | Unit of Vehicle Operating Cost |
Cost for Air : > _ 2
e t— Formulas for ‘Calculatmg Efk’i’m (Vk,i )_ ai’mv + bi’mv + Ci,m (2)
Traffic Accident Loss

V V where, E: Emissions (g), D: Distance (km),
- " Q :TrafficVolume (vehicle/h), Ef : Emission

Benefit Estimation of Impacts Items Factor when Speed v (g/km), a,b, c:Emission

_ J  Factor Parameter for Estimation, K :Link Name, i :
Type of Vehicle, v: Equilibrium Speed (km/h),
Fig. 1 Impacts Estimation Flow M : Type of Air Pollutant Matter
Table 1 Estimation Impacts and Items Table 2 CO2 Emission Factor Parameter
Estimation Estimation | a b c
Impacts stimation ltems Car 0.0584 | -7.4383 | 335.90
CO2 Benefit of GHG Motor Cycle | 0.0308 | -3.6385 | 165.98
Emissions Reduction Bus 0.0378 -4.2744 178.78
Environmental NOXx Benfit of Air Track 0.0688 -9.0791 457.52
Impacts Emissions . o
co Pollution Table 3 NOx Emission Factor Parameter
o Reduction
Emissions
a B c
Benefit of Travel Time Saving Car 0.0002 | -0.0186 | 1.3134
Influence on | Benefit of Vehicle Operating Motor Cycle | 1.0E-05 | -0.0013 | 0.2308
User’s Cost Saving Bus 0.0378 | -0.0792 | 3.0230
Benefit of Traffic Accidents Track 0.0688 | -0.0571 | 2.3894
Reduction
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Table 4 CO Emission Factor Parameter

a b c
Car -0.0001 | -0.6920 | 10.8667
Motor Cycle | 0.0112 | -1.2963 | 49.2010
Bus 0.0005 | -0.0586 | 2.1179
Track 0.0001 | -0.0200 | 1.0200

3.3 Benefit’s Estimation
Traffic and network indices for measuring

benefit as shown in Table 5. Environmental
benefits are considered separately for global
warming and air pollution. As an effect of global
warming improvement such as CO2 emission
reduction effectiveness is done by comparing with
with/without introducing BRT. CO2 reduction
benefit is amount of CO2 emission reduction
multiplied by carbon credit prices (20 $/t-CO2)
which assume the emission trading. Air pollution
reduction benefit estimation is based on
“Estimating marginal external costs of transport in
Delhi” result in developing city of Delhi, India.
User’s benefit estimation of travel time saving and
vehicle operating cost saving are apply with value
of time and vehicle operating cost in Thailand. Also
traffic accidents reduction will be estimate.

4. Target Area of Case Study
This study aims to understand how to

guantitatively estimate the effect of BRT introduce
in practice. Thus, BRT route intended for
estimation the introduction in two cities of the
effect of the entire metropolitan area and BRT line
as shown in Fig.2 as follows; in Hanoi, the capital
city of Vietham and in Bangkok, Asia’s the capital
city of Thailand. In Bangkok, the effect of BRT
introduction for BRT south line will be estimate.
This line has 15.9km and it is extending from the
BTS station which is elevated railway station to the
outskirts of downtown. For Hanoi the BRT plan
which proposed by World Bank that called No.1
BRT line and it has total length 13.25km from the
city center towards the outskirts. In the future,
developing city is expected to have population
growth and economic growth. So, that is emphasis
on the development of public transportation. BRT
introduction effect is considered that to improve the
traffic _congestion, reduction of vehicle fuel

consumption and environmental impact to be
mitigated. But in developing Asian cities it is not
enough to estimate effects of the introduction of
public transport, it is necessary to clarify the effect
by comparison and know the effect of introducing
BRT as well.

Table 5 Traffic and Network Indices for Measuring

Benefit
. Network
Outputs for Benefit . . .
Traffic Indices Indices
Measurements )
(by link)
Global Traffic Volume by
Envi Warming Vehicle Type, Link
nvr:;glnme Reduction (Vehicles) Link Length
, (m)
Benefit Air Pollution |  Average Speed by
Reduction Link (km/h)
Traffic Volume by
. Vehicle Type
Travel Time (Vehicles)
Saving Average Travel Time
(minutes) Link Length
Traffic Volume by (m)
Vehicle Vehicle Type
Operating (Vehicles)
Cost Saving Average Speed
User’s (km/h)
Benefit The Number
of Major
Intersections
Traffi Roadside
ratric Traffic Volume by Type
Accidents Link (Vehicles) h b
Reduction The Number
of Lanes
With or
Without
Median Strip
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5. Estimation Results

Estimation results of with/without BRT
introduction cases for whole metropolitan area of
Bangkok case and Hanoi case as shown in Table 6
and Table 7, respectively. Those tables show
transportation demand indices and air pollutant
emissions and benefits.

5.1 Bangkok Case
1) Results of Transportation Demand Forecast
Average speed was slightly increased and
total vehicle kilometer and total in-vehicle hours
were decrease. Therefore BRT introduction impacts
have appeared.
2) Estimation Results of Emissions
C0O2, NOx and CO emissions reduction

User’s benefits are large proportion of total
benefit and Environmental benefits were only few.

5.2 Hanoi Case
1) Results of Transportation Demand Forecast
Average speed was slightly increased and
total vehicle kilometer and total in vehicle hours
were decrease.
2) Estimation Results of Emissions
C0O2, NOx and CO emissions reduction
percentages are 6.68%, -4.43% and 23.05%,
respectively. Especially, CO2 emissions have
potential to reduce approximately 40 million tons.
3) Estimation Results of Benefits
User’s benefits are large proportion of total benefit
and Environmental benefits were only few. Air
pollutants emissions benefits increased CO, CO2,

Table 6 Results of Traffic Indices and Measured Benefit in Bangkok

Without Case With Case (V\I/D'rtrr:rs:;-n\(/:\jisth)
Total vehicle kilometer 249,492,130 247,695,658 1,796,472
Total in-vehicle hours 14,672,682 14,576,454 96,228
Average travel speed (kmvh) 19.215 19.264 -0.049
Air pollutants CO, 24,574,356 24,419,749 154,607
emission reduction NOXx 119,497 118,964 533
(tlyear) [ofe] 428,365 423,739 4,626
User's benefi : Travel ti@ saving : 435,795,664,775 432,550,999,710 3,244,665,065
(Bahtslyear) Vehicle operating cost saving 884,120,051,468 878,775,743,890 5,344,307,578
Traffic accidents reduction 1,189,043,842 1,179,500,874 9,542,968
. CO, 14,744,613,438 14,651,849,418 92,764,020
E”V'm?tr/r;t:r')benem NOX 7,461,069,102 7,427,819,054 33,250,048
CO 11,480,194 11,356,207 123,987

Table 7 Results of Traffic Indices and Measured Benefit in Hanoi
rate are 1% or less. It is very small percentage of  NOx. As the reason for the high-benefit ratio of
emissions reduction in entire metropolitan area and ~ NOx which is monetary term unit of air pollution is
effect of introducing the BRT was only few  higher than other air pollutant substances.

impacts. Emissions from large vehicle like bus and truck are
3) Estimation Results of Benefits
Without Case With Case (V\?nﬁgi?x;h)
Total vehicle kilometer 78,262,087 66,045,466 11,316,620
Total in-vehicle hours 7,664,081 6,507,198 1,156,882
Average Travel Speed (knvh) 19.229 19.258 -0.029
Air pollutants CO, 5,511,949 5,143,675 368,274
emission reduction NOx 25,641 26,755 -1,113
(tlyear) CO 595,023 457,896 137,127
, Travel Time Saving 175,169,514,352 166,229,150,401 8,940,363,951
L(J;i:;s?;e”aegt Vehicle Operating Cost Saving 144,234,347,898 138,711,467,151 5,522,880,747
Traffic Accidents Reduction 5,476,979 4,598,558 878,421
Environmetal benefit CO, 3,307,169,370 3,086,204,940 220,964,430
(tyean NOXx 1,600,970,419 1,670,478,743 -69,508,324
co 15,946,616 12,271,617 3,675,000
L 3N N J
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significantly reduced with the increasing of speed.

6. Comparison of Bangkok and Hanoi
6.1 Population

Bangkok and Hanoi populations are 12
million and 3.2 million, respectively. Air pollutants
emission divided by population is shown in Table
8. It is find that emissions in Bangkok is larger than
Hanoi except with CO. Hanoi has many
motorcycle, so it is expect CO value is higher than
Bangkok.

6.2 Differences of Benefit and Reduction Rate

CO2 and CO emissions are significantly
reduced by the introduction of BRT as shown in
Table 9, especially in Hanoi CO emissions by
switching from motorcycles, the results were
considered to be reduced by 23%. And BRT
introducing benefit of in urban area and BRT line
as shown in Table 10. Hanoi case differences in
benefit are higher than Bangkok case. The travel
time saving is bigger than Bangkok but vehicle
operating cost saving and traffic accidents
reduction become negative values. It means that
those cost increase than before. We need to
consider this problem in a whole network.

7. Conclusion

It could be assumed in quantity for each
effect that user’s benefit and environmental benefit
with air pollutants emission changes. This study
clarifies that air pollutants emissions change and
effect of BRT introduction by urban scale. On the
other hand, emission factor unit and monetary term
unit has not yet been fully developed. Because they
are still in the research stage, it is necessary to
consider the future.

Table 8 Air pollutants emissions per thousand-
capita of Bangkok and Hanoi

Table 9 Reduction Rate of Air Pollutants

CO2 NO, CO
Bangkok 0.63% 0.45% 1.08%
Hanoi 6.68% -4.34% 23.05%

Table 10 Differences of Benefit of With/Without

case of Bangkok and Hanoi

Urban Travel Time OVehic_Ie Traffic
Saving perating Acudepts
area Cost Saving Reduction
Bangkok 0.74% 0.60% 0.80%
Hanoi 5.10% 3.83% 16.04%
. Vehicle Traffic
BRT line Tr%\f\:i:'me Operating Accidents
g Cost Saving Reduction
Bangkok 2.40% 0.43% 1.71%
Hanoi 10.80% | -218.04% -31.91%

Bangkok Hanoi
Without With Without With
case case case case
Air COo2 2048 | 2035 | 1722 | 1607
pollutants
emission NOx 10 10 8 8
(t/year/thous
and-capita) | CO 36 35 186 | 143

Note: This study modify Master thesis of myself
that “Study on Estimation of Impacts from Bus
Rapid Transit Introduction in Asian Developing
Cities” (2011).
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Abstract

Crash from heavy vehicles (e.g. buses, trucks, and trailers) is one of the major problems, which causes large amount of human and property
losses annually. Although, concerned authorities have attempted their efforts on the improvement of road safety and the prevention of road crashes, the
question, also arising, is that what is the true contributing factor(s) of a crash. This paper applies a concept of crash scene investigation to investigate the
contributing factors of heavy vehicle crashes. Two case studies are illustrated in this paper. For each case, the contributing factors and the factors affecting
the crash severity are investigated. The countermeasures are also proposed. The researchers wish that the crash scene investi gation approach is an effective

and sustainable technique in order to deal with the heavy vehicle crash problem in Thailand.

Keywords: Crash scene Investigation , Heavy vehicle crash , Traffic and Transport Accident
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A Review of City Development Concepts: A Case Study of Cracow, Poland
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Peraphan JITTRAPIROM?, Aleksandra NATONEK?, Sebastian ZEDDEL?, Jonas VUKIC?, Jean-Baptiste
DOUILLET?, Iwona ROZNOWSKA? Marcin LYSZCZARZ?

'Research Centre of Transport Planning and Traffic Engineering
Institute of Transportation
Vienna University of Technology
E-mail: peeratop@gmail.com

?Tadeusz Kosciuszko Cracow University of Technology
Warszawska 24 St., 31-155 Krakéw

*Fachbereich Regionalplanung und Regionalentwicklung
Department fur Raumentwicklung, Infrastruktur und Umweltplanung
Technische Universitat Wien
1040 Wien, Operngasse 11/ 5. Stock

Abstract

This paper contains reviews and SWOT analysis of six city development concepts namely: Compact City,
Eco and Sustainable City, Energy independent City, Green City, Healthy, Active City and, Smart City. A
case study for each concept is included along with an illustration of the study area as the development
concept is applied to it. The study shows that while these city development concepts shared the same goal:
to create a quality urban life, their definitions of this goal, the indicators, and their approaches are varied.
However, some shared values or principals can also be observed. The review and the empirical analysis
undertaken here provided an understanding of the city planning concepts and the different elements that
combined to make each concept. This enables a development of a city plan unique to the area of interest to
be created. This paper is an extracts of a city development report which is part of the master degree in
regional and city planning course at the Vienna University of Technology, Austria. The title of the report is
P3Nexus City, Cracow.

Keywords: Urban Planning, Urban development, SWOT analysis, City concept, Keyword 5

1. General Introduction This paper is structured as follow: Section 2
In 2007, the UNFPA published its State of world  contains the background information that provides
population report. It contains a statement which  the context of this paper. It describes the location
define a key miles stone of human development  of the project site, the objective of the project and
statement: “In 2008...for the first time in history,  its methodology. Section 3 contains the review of
more than half its human population...will be living  the six city concepts with their case studies and a
in urban areas” (UNFPA, 2007). Although there  brief description and illustration of the project area
are some counter arguments toward the validity of ~ under each development concepts. Section 4
this statement, it still emphasises the important of ~ focuses on the SWOT analysis of the reviewed city
city and urban planning to ensure a quality living  concepts and Section 5 contains brief description
standard. about the Nexus City, the city development concept
In 2010, the technical universities of Vienna and  that we created for the area of interested based on
Cracow initiated a joint regional urban planning  the SWOT analysis in Section 4. Section 6 consists
project which resulted in collaboration workshops  of the conclusion and the discussion specific to this
between students of the two universities. The  paper but not to the whole project. Further reading
workshops took places at Cracow and Vienna  related to the project should refer to the full report:
cities. The working period spanned over eight  P3 Nexus City, Cracow.

months. This paper is an extract of a report

produced by our group.
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2. Background

2.1 Area of interest

Cracow is the 2™ largest and the oldest city of
Poland. The city is situated in the south of the
country with over 750,000 inhabitants. The city is
renowned for its historical and cultural richness.
Since 1978, the city received UNESCO approval of
the first sites for its World Heritage List, including
the entire old town inscribing Cracow’s Historic
Centre and it was selected as the European Capital
of Culture for the year 2000.

e \

Z AT

. O
L Krakiw

Figure 1: location of Poland and Cracow city
Source: Wikipedia

The area that this project focuses on is the Dgbniki
district which located on the south bank of the river
Vistula, within the administrative area of Cracow
city. It is situated within a walking distance (2
kilometres) from the city centre. The project area
has an approximate size of 4.5 km2. It is currently a
mix between green space and residential area with
many buildings from the communist era and a
minor mix of modern gated community. Most of
the residential and built up area are situated on the
east side of the area. There is a large lake situated
on the south western part of the site, near
Zakrzowek, and a military facility next to the lake.
The area connects to the rest of the city by road
transport. There are two main roads passing
through the area: Route 780 provides east-west
connection  between Cracow and  Marii
Konopnickiej Road which provides a north-south
connection to the city. These two roads both
connect to the European route E4, the longest
European route, it spans over 8,000km between
France and Kazakhstan. The area has bus and tram
services, connecting it to the city of Krakow. It has
a view over to the Wawel castle, one of the most
important historic and culture site of Cracow city.
The area suffered from events of flooding
especially in 2010. There is an aspiration to build a
canal as a flood prevention measure for the city.

Map of the area and the map showing the proposed
location of the canal is shown on Figure 2 and 3.

4

G oo o

Figure 2: Cracow and the location of the study area
Source: Google map

Figure 3: Map of the area of interest with proposed
canal

iy
| O wtis: B ,
Figure 4: The area of interest aerial view

Source: Google map

2.2 Project objective

The aim of this project is to create a vision and
strategy to develop a city concept for the area of
interest in Cracow. The approach should discuss
topics such as housing and commercial areas,
regional infrastructures and mobility in the context
of the specific situation of Cracow.
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2.3 Project process
The project methodology and its process flow chart
are showed on Figure 5.

Process flow chart
A. Understanding task and the background

B. Carry out SWOT analysis for the area of interest

C. Create shortlist for city development concepts

D. Undertake research and carry out SWOT
analysis on selected city development concepts

E. Apply selected city concepts to the area of interest

F. Overlay all the maps to obtain complimenting and conflicting
elements between the selected city development concepts

G. Create preliminary city development concepts

H. Review the proposed concept against the area of
interest's SWOT and experts’ opinions

I, Create the final city development concepts and the master plan

Figure 5: Process flow chart

The scope of this paper includes the descriptions of
Step C, D, E and a summary of Step F and G of the
project process, for further reading please refers the
final report.

3. City concept review

The aims of this literature review are to gain a
better understanding on the existing city planning
knowledge, how the project area would look like if
these different development concepts are applied to
it, and lastly to enable a formation of a unique
development concept that is specified to the area of
interest. Six city concepts were selected based on
their popularity among the city planning field and
our project supervisors’ recommendation.

3.1 Compact City

The Compact City concept was first coined by
George Dantzig and Thomas Saaty in their book:
“Compact City: Plan for a Liveable Urban
Environment, 1973”. It was also attributed to ideas
developed earlier by Jane Jacobs. It was a planning
idea that opposed the conventional planning
principal during that period which was based on the
Garden City Movement. The Compact City
strategy focuses on the form of the city and the
efficiency of the distribution of human activities
within it. It enables effective use of public

transport and non car based movement systems and
minimizing vehicular movements through compact,
mixed-use and dense settlement structures. The
crucial point of the Compact City approach is the
close link between the urban design and the
landscape design. Compact City is not a concept
that indicates the scale of a city such as its open
space, area or population. It refers to a state in
which the density of the city functions are
constituted adequately, neither excessive nor
lacking, with the environmental loads and the
growth of the city being kept well balanced and
lasting. The idea of Compact City with the
reference to medieval city or XIXth century city
was recommended by the European Commission in
its 1991 Green Paper on the Urban Environment as
a basic model for sustainable urban design.

Case study: RiverParc project,
Pennsylvania

The project is proposed by Behnisch Architekten in
2006. The waterfront development is based on the
Compact City concept with small walk-able block
and car free environment. The small
neighbourhood comprises of 6 acres with about 700
residence units, hotel, art venue, retails, offices,
variety of parks.  The focal point of the
development is the Eighth Street which is the big

Pittsburgh,

feature of the "Cultural District Riverfront
Development”. The street is pedestrianised and
surrounded by retails and services. The

development plan allows for phasing improvement,
accommodate land acquisition time.

ol |

il (L

=

Figure 6: RiverParc project
Source- Benisch Architekten.
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Application

The key feature of Compact City is the high density
and small walk-able mixed purpose land use. The
high density increases the efficiency of the public
transport system by consolidates origin and
destination point. It deters personal car use by
constrain its facilities. Figure 7 shows proposed
densification and improvement of transportation
network on the area of interest. The formal will be
achieved by renewing existing housing stocks,
constructing new housing block and developing
mixed land use within the existing build-up
boundary. The proposed measures to improvement
the transportation system are the enhancement of
non-motorised modes (walking and cycling)
network and transport hubs which are which are
interchange points between non-motorised and
public transport modes.

Densification and mixed-use
development
Public transport stop

Walking / cycling path
(walkable neighborhoods)

Streets of ‘a city charakter')

m Compact green areas

Figure 7: Proposed plan - Compact city

3.2 Eco or Sustainable City
The Eco or Sustainable City is a city planning

concept that focuses on minimizing city’s
environmental impacts. It seeks to minimize
energy and resource inputs and waste

outputs(Ecocity, 2005). Eco City concept includes
the interdependence of urban and transport
planning, the relationship between rural and urban
tissue, urban density, the territorial context of cities,
the city as a social stage and the preservation of
material and energy resources.

The Eco City comprises features of a sustainable
community from all the relevant sectors of urban
development. In addition to the design related
aspects and the transport system of the urban
structure, there are also features relating to energy
and materials, a community’s way of life as well as
economy.

The goals of Eco City concepts are to maximize
mental well-being and community feeling: health
and recreation, and cultural identity. It seeks to
optimize interaction with municipal and regional
material flows: water, energy, food. The concept
also looks to maximize respect for natural and
anthropogenic ~ context:  landscape,  nature,
agriculture, urban tissue, genius loci, culture,
infrastructure, mix of uses, local economy. There
are five elements which are relevant to urban
planning for an Eco City: urban structure, transport,

energy, material flows and socio-economy
(Ecocity, 2005).

Case study: Vauban District, Freiburg,
Germany

Vauban district is located in the south of Freiburg,
Germany. It situates on an area that is used to be a
French barrack. The planning of Vauban district
was started in 1993 and aimed to be completed in
2003. The development aimed to accommodate
5,000 inhabitants and provides 600 jobs. In the
beginning of 2001, 2000 residents moved in. The
founding principal of the city is the “a co-operative,
participatory way which meets ecological, social,
economical and cultural requirements”. The city

coordinates its citizens’ participation process via
“Forum Vauban e.V.” which became the city legal
body in 1995 (vaub

L |

Figure 8: Vauban District, Freiburg, Germany
Source- Vauban.de:

The city has successfully put many sustainability
concepts into practice such as the integration and
participation of the city’s legal, political, social and
economical actors from grassroots-level up to the
city administration, low energy standard and energy
generator unit installation for housing unit, the
construction of a highly efficient power plant
operating on wood-chips in 2002, the installation of
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solar panel units on all of the district's housing
roofs, sustainable mobility with a reduced number
of private cars in the development, approximately
40% of the households agreed to live without
owned car, provision of good public transport, car
sharing system and higher quality of social and
public spaces (vauban.de, 2011).

Application

The Eco, Sustainable City principle emphasizes on
the reduction of the resource consumption and
waste production. The proposed plan for this
concept is therefore seeks to reduce the energy use
by promote non-motorized and public transport
modes, increase energy efficiency of the existing
infrastructure and a construction of recycle centre.
It look to expand the public transport network
coverage and provide Park and Ride facility to
capture ‘into-town’ traffic that passing through the
area.

Pedestrian-oriented,
_|mixed-use quarters

| Park and Ride locations
Fast PT / Rate better P&R
site and new UJ Campus |,
Normal PT w7

Recycling Center

Public transpor stop
uunc(\on points)

Figure 9: Proposed plan - Eco Sustainable City

3.3 Energy independent City

An Energy independent City is a relative new city
concept. It defines as a city or a region which is
independent of energy supply from external
sources. The city produces its own energy, at least
in the amount that equals to the total energy
demand for heating and electricity of all buildings
(public, private houses, and companies) or street
lighting of the defined area (administrative unit of
city or region). All the energy generates, has to
come from renewable energy sources. The concept
aims to address the worldwide issue on growing
energy’s demand and problems resulted from
exploiting  non-renewable  energy  sources.
However, the energy use of motorised individual
traffic and imported goods from outside the city or
region are exempt from the energy balance
calculation.

There are several projects worldwide which focus
on the Energy independent City concept. One of
the famous developments is the Masdar City, Abu
Dhabi (UAE). However, it is currently uncertain
whether the concept will work for the city. Another
example project is Guessing, Austria.

Case study: Guessing, Austria

Before the implementation of the Energy
independent City concept, the district of Guessing
had approximately 27,000 inhabitants. It was one
of the poorest districts in the country. The area had
small agricultural economy, and an inexistence of
the industry and the service sector. The basic
infrastructures are generally poor. Over 70% of its
residents commuted out for works and businesses.
The region’s major expenditure was on energy, a
drain to its economy.

In 1990s, the redevelopment scheme began. Plans
were made to replace fossil fuel with local
renewable energy (i.e. its forest land) and to
increase the energy efficiency of the building stocks
by 50%. The construction of the renewable energy
plant that runs on wooden chip and two smaller
biomass plants also began. In 2001, the second
biomass plant was completed together with the
integrated wooden chip production plant. Guessing
becomes energy self sufficient region with a
reduction in 85% CO, emission, (15.530 tons).

The city went through a rapid growth. It currently
accommodates 50 firms and created 1,000
additional jobs. It has also become the centre for
wooden chip production. Eco-friendly Tourism has
also become an important function to the local
economy. The trading of its excess energy also
generates approximately € 13.6 million annually.
Part of this income is invested back in to the
renewable energy industry. European Centre for
Renewable Energy has been founded in Guessing.

Application

The Energy Independent City concept focuses on
the use of technology to provide a self-sustained
energy area by reducing the energy consumption
and providing a sustainable source of energy.
Figure 10 show the main features of the concept
such as the renovation of existing housing to a new
energy saving standard, a construction of zero
emission community, farming area for bio-fuel,
construction of sustainable power plant and long
distance heating line.
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Renovation of buildings and
adapting them to new energy
standards

i1} Growing bioorganic materials

New zero emission real estate

RS Energy plants location

Energy camp - green business
complexes

-| INew development area

Long distance heating line

Figure 10: Proposed plan — Energy Independent
City

3.4 Garden City and Green City

Garden City is a city development concept created
by an English planner Sir Ebenezer Howard. In his
book “Garden Cities of Tomorrow”, he described
the principal idea of this urban landscape which
seen as an ideal living environment, alternative to
the congested unpleasant industrial urban area that
many English cities were at the time. The term
Garden City was derived from an image of a city
located in an open country site. The book also
included descriptions on system of community
management, as well as the financial aspects for
community services.  This city development
concept was widely adopted in the UK, USA,
Argentina, Australia, and among the colonial and
post-colonial towns.

The Green City is a city planning concept that was
developed from the Garden City. However, the
Green City is more applicable to the existing city
structure (retro-fit) while the Garden City focuses
on development that is newly built. The Green City
has become the focus of spacious design strategies
that give high priority to the city’s landscape. In
the other word, it is an urban planning style that has
a development plan centres on the city landscape.
Thus the city is not thought of as a counterpart to
the landscape, rather a part of it. This basic attitude
of a common area leads to new strategies and
approaches in spatial planning. This is how Ipsen
(et al, 2005) describes the urban landscape of so-
called micro-modules. He argued that a module is
not a defined territory but a typical part of a whole.
At the moment cities are not developed or planned
as an integrative system the urban and the rural
areas just exists with no reference and no
relationship. A micro-module system combines

urban and rural uses and can therefore be ‘docked’
seamlessly with any number of other modules.
Green City has a strong link between the historical
usage of the rural conditions, like agriculture,
gardens and farming. This concept combines the
positive aspects of living in a rural and in an urban
area. It main objectives are: sustainable economy,
sustainable mobility, the city's resource: the nature,
a sustainable urban development, and a wide citizen
commitment.

Case Studies: Jackson Height, New York.
Jackson Height is one of the neighbourhoods
located in the northwest section of the borough of
Queen, New York City. The city is a community
built in according with the design principal of the
Garden City (JHBG, 2011). Private parks locate in
mid-blocks were designed to be hidden from view
of other building surrounding them. These parks
are also located within walking distances of each
other. Today it’s one of the most diverse
neighbourhoods in the New York City and home to
more than 70,000 people (MPCproperties, 2011).

Figure 11: 82nd Street Shopping District, Jackson
Heights
Source: Internet

Application

The Green City development concept stresses on
the important to put the landscape at the centre of
the planning consideration. The proposed plan
based on this concept is therefore focuses on the
creation, the protection, and the connection of the
green spaces which is the most prominent
landscape feature in the project area.
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| Motorized Individual Traffic
— - = - | Public transport
-+ |Walking /cycling path

leEen space protection

1 |Possibility to increase green
1 lareas
« |Important connections and
continuation of green space

Figure 12: Proposed plan — Green City

3.5 Healthy, active city

‘Healthy, active city’ is a city development concept
established by the World Health Organisation
(WHO) in 1986 as part of the WHO European
Healthy Cities program. The aim is to provide a
guideline for local government to implement the
principles of the WHO strategy‘s “Health for All”
and the Ottawa Charter for Health Promotion. It
has since gained recognition around the world
especially in among the European cities (WHO,
2008).

A Healthy, active City can be defined as a city that
“conscious of health and striving to improve it”.
The concept’s proposal aims to achieve this status
by a continually effort in creating and improving
opportunities in the built and social environments
and enhancing community resources to enable its
population to be physically active in daily life.

In 2008, WHO issued a document titled: A healthy
city is an active city: a physical activity planning
guide. It provides a guideline for local government
to develop a “comprehensive plan” to realize the
concept from the inception to the evaluation stage
(WHO, 2008).

Case Study: Copenhagen, Denmark

In 2006 the city began “Copenhagen on the Move”
comprehensive plan and campaign (WHO, 2008).
It is a multifaceted long-term programme aimed to
increase citizens’ physical activities. The city also
combined this plan with specific program to
rehabilitate citizen chronic diseases and also a plan
to improve the city’s cycling facility. The latter
includes comprehensive support for cycling, both
physical infrastructure such as cycling tracks and
trails and soft programme such as promotion
programme and workshop.

The programme was participated by seven
administrative bodies of Copenhagen. A 20
kilometres long green walking and exercise
network called “The Green Pulse of Copenhagen”.
(Hansen and Nielsen, 2006)

Fig. 13: Copenhagen Bike lane
Source: Internet

Application

The main principle of the Healthy, active City
concept is to create an environment which promotes
the use of internal body energy. The proposed plan
based on this concept includes measures such as the
enhancement of non-motorized transport network,
the creation of sport and leisure centres, the
designation of green and open space for sport and
leisure activity and the improvement of green
spaces within the residential area proximity
(Hansen and Nielsen, 2006). The plan however,
shows only the infrastructure measures the
descriptions of the soft measures such as cycling
promotion programs are included in the main
report. These soft measures are also important to
encourage behaviour shift toward a healthier and
more active life style.

— — — | Primary walking / cycling route

5 \
Secondary walking / cycling \ = B!
path - walkable neighborhoods \ AN ”

\ = LM
@ | Sports and leisure center % — 3
| | Local sports and leisure centers &

Improvement of quality of inter-  # AR LA
block greenery, local parks and Y // X NG L7
l //, -
green spaces i \' \ < s
Facilities and equipment for ,~ A ‘_\ i ’, s
physical actiyity ’ - VS

Green and open spaces for phisical e > “"
/ activity, sport and leisure Activity ’ ZAN
v

Figure 14: Proposed plan — Healthy, active city
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The network was planned for in the area with completed in 2021. Once it is fully operated, it will
highest density of the city and connected all parks be one of the biggest economic concentration areas
and green areas in the central part of town. The in Malta(smartcity.ae, 2011).

aims are to provide area for all types of outdoor
activities for all. The project targeted that green
area and green connection should not be more than
400 metre from a dwelling.

3.6 Smart City

Smart City is a city development concept which
focuses on the development of both the hard factors
(such as physical infrastructure) and the soft factors
(such as social infrastructure, knowledge,
information, communication and technologies).
The social infrastructure is regarded as an important
factor to ensure the competitiveness of cities. The
concept comprises of six main fields which are: . . .
Smart Economy, Smart Mobility", Smart Figure 15..Malta S_mart City
Environment, Smart People, Smart Living, and Source: smartcity.ae
Smart Governance (Smart-cities.eu, 2007).

Smart City is a city that connects people,
information and city elements using new
technologies. The concept is associated with
friendliness towards the environment, use of
information and communication technologies as
tools of management and development. It is a
concept that defines city as environmental, safe,
green, and efficient. All structures are designed,
constructed, and maintained using advanced,
integrated materials, sensors, electronics, and
networks which are interfaced with computerized
systems comprised of databases, tracking, and
decision-making algorithms.

Application

The important elements of Smart City concept
featured in the proposed plan are the enhancement
of the international and national transport
connections, the replacement of the army facility
with a science park, the creation of culture and
education facility, the protection of environment
zone, and the improvement of housing quality. The
plan also emphasizes the important to integrate the
proposed science park with the existing university
facility locates south of the project area.

International and national access
Smart City concept is based on a traditional e ey
economist view and on a “philosophy of growth”. e e o Tagioran 7
The main goals of Smart City are competitiveness, e vaniosn e o
economic performance and growth. One of the | et o
elements to reach this aim is good quality of life Imbroving o Hesing quaily
that attracts high skilled "human and social B | Cultral and aducation fciltes ¢
capital"(Smart-cities.eu, 2007). e i

Case study: Smart City Malta

Smart City Malta is located in Kalkara, a small A
town in the southeast of Malta. In 2008 the town’s ¥
population is approximately 2,800. The project is
aim to transform the existing industrial estate into a
state-of-the-art information technology and media
city. It is based on the existing models of Dubai
Internet City and Dubai Media City. The project
was initiated in September 2007. The estimated 4. City concepts SWOT analysis

cost of the project is 275 million Euros and covers  As part of the city concepts review a systematic
360,000 square meters and provides space for  strategic planning method called SWOT (Strength,
11,000 employments. It is expected to be  Weakness, Opportunity and Threats) analysis was

Figure 16: Proposed plan — Smart City
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performed to identify and compare the development
concepts” attributes. The SWOT analysis helps to
highlight the strong and vulnerable points of each
concept while stress the prospects and risk that
need to be addressed. Table 1 contains a summary
of the SWOT analysis undertaken for the city

development concepts considered, please refers to
the report for the full version of the tables.

The result of the SWOT analysis was used to form
a city concept that is tailored for the area of
interested (Section 5)

Eco and

Energy

Compact City Sustainable independent Green City Hgalth_y, Smart City
. ; active city
City City
Promote non- Minimized Not
: energy Cleaner source Unique city dependent on Effective use
Strength motorized . L .
consumption of energy identity high of resources
transport
and waste technology
Focus on Encompasses
No consistence Require the principles
. S energy usage, ;
evident High initial oS expensive and elements .
. . - not taking in High costs of
Weakness relationship investment land of other . -
. account of L . implementation
between density costs transoort acquisition for widely
and car use P green space popular city
energy
concepts
Harmony
Intensification Recycling Advance design with Review Attracting the
- - the assessment is .
Opportuni of housing related science, environment complicate creative human
PP 7 around public economic innovation, and can reduce th’e and dF;ﬁicuIt resources and
transport nodes activity services - skilled workers
risk of natural to carry out
disasters
Alternative . Long term Emphasge on
Retro-fit to economic to
modes of o A renewable Unfocused support, dri b
transport must . existing energy source | and undefined cooperation rIVE urban
Threats . infrastructure development,
be provided to li may not be a development and strong hiah
reduce car can complicate sustainable one areas leadership 9
design : dependency on
mode share require
energy

Table 1: City concepts SWOT analysis

5. The Nexus City

The review and the SWOT analysis exercises
described in Section 3 and 4 had increased an
understanding of the existing city planning
concepts of the group. The illustration of the
project area under different concepts allowed a like-
to-like comparison between the concepts. When
these illustrations are overlaid on top of each other,
it revealed the complementing and conflicting
points between these six concepts such as the
requirement to increase density in Compact City
and to decrease density in Garden City (conflicting)
or the increased of non-motorised transport mode
share proposed by Healthy, Active City, and Eco
and Sustainable City (complimenting). These
complementing and conflicting elements were
reviewed alongside the study area’s background
information. The selection of appropriate planning

principal and elements was made and a preliminary
city development concept for the area of interested
called Nexus City was formed.

Nexus means “a means of connection; tie; link, a
connected series or group and the core or centre”
(Dictionary.com, 2011). Nexus City is a city
development concept that resulted from combining
and connecting many ideas and concepts. It
focuses on integrating  physical, social,
environmental, and economical aspects. We
expressed this vision in five different design
elements: Existing Development, New
Development (the Smart Park), Green Area,
Mobility, and Activity and Function.
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6. Conclusion and discussion

This paper contains an extract of the report titled:
P3 — Nexus City Cracow. In this paper we reviewed
and analysed six city development concepts and
summarised their case studies and their applications
in relation to the area of interest. We have learnt
that while the goal of all development concepts is
the same: to provide a high quality urban living,
their definition, indicators, principals and their
approaches are different.

This study proposed a methodology to create a city
development concept that is specified to a study
area. The proposed methodology comprises of
understanding the study area, selecting planning
preferred city development concepts, understanding
the concepts, applying different planning concepts
to the study area, overlay the outcomes to reveal the
complementing and conflicting principals and
elements between the concepts, selecting
appropriate principals and elements and review
them against the background information to create
the city development concept specific to the area.

It is generally accepted that while some cities might
have similar “characters” there are no two identical
cities. Each city is unique in itself. The challenge
of the city planning circle is therefore to find the
best planning method that would bring out the
city’s positive potentials while addressing and
transforming its negative elements. We hope that
our study can contribute toward a making of a
better and a more “enlightened” city planning
process that will and can achieve its fundamental
goal.

It is recommended that further research
in this field should look into using quantitative
analysis alongside the qualitative one to
compare different planning concepts to provide
a more comprehensive approach. A test to
include an additional step in the planning
procedure that identifies clear definition of the
development’s goal should also be considered.
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Abstract

This paper aims at examining the factors that influence the intention to change mode shift by private vehicles. The result can imply
opportunity to promote public transport. The target groups are travelers who currently use private vehicles in Bangkok. The survey employs
accidental sampling by interviewing samples. The total respondents are divided into private 574 samples of car users. The data is then analyzed by
statistical methods and structural equation modeling for examination and correlation between variables. This finding of this study can contribute to

the understanding of travel behaviors and consequently foster the use of public transport.
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Abstract

Objective of the Study mainly focuses on the synchronization of traffic flow and effective
management of Kalimati Intersection with possible improvement, enhancement and management.
Methodology of the proposed project establish from literature review, case study, field survey along with
traffic data collect at Kalimati Intersection. The primary data obtained from the field study and secondary
data collected from various sources were processed and analysed based on HCM 2000. The analysis of data
collected form the Kalimati Intersection, Capacity and Level of Service (LOS) of intersection was found.

Due to ineffective traffic management there is pressing need for close coordination for effective traffic
enforcement towards the development of an efficient and safe urban transport system which includes
Strategic planning of urban development, Engineering, design and construction of transport infrastructure,
Public road operations, Road safety programs and Law enforcement.

Keywords: Capacity Analysis, Level of Service, Kalimati (Kathmandu, Nepal)

1. Introduction is exacerbated by failure to use the available roads

1.1 General efficiently. The main traffic problems that exist in
Capacity analysis is now a very important work  the city can be summarized as below:

to be performed knowing the existing scenario of

the transportation system. The volume of traffic is e Small road space available for roads
increafsinghd?y bdy d«'éy butle the road condition is despite higher number of vehicles most of
same for the last decades and more. them being two and three wheelers.
~ Nepal'is re_gardngaPs a dEV9|0pSg$CO%T6y, W!tﬂ e Heavy traffic congestion despite low level
Its per capita about wit of private car ownership.
approximately 32% population below poverty line. N Incr;easing level of acrc):idents in terms of
Although fast urban growth is fairly recent, around numbers and severity.
5% annual population growth rate of Kathmandu is e Mixed traffic condition
generating a strong demand for the further land e Scarce parking spaces
development, expansion of infrastructure and other «  Inadequate public transport services
important urban services. These changes have . . T
placed new and heavy demands on urban transport ¢ !_ack of _attentlon to peglestrlans and cyclists
system - which the city has been lacking. This in planning apd managing roads
problem is particularly acute in case of Nepal *  Poor road ma|r]tenance:
because of the lack of resources and the very high * Poor road user’s behaviour.
cost of transport infrastructure. It has risen more e Encroachment of road space and footpaths
rapidly and officials have been less able to deal by street shops, illegal parking etc.
with it as the major roads and the networks are  Inadequate and inefficient traffic control
generally small and of low standard. Apart from the measures.
failure to match supply with demand, the problem e Airand Noise pollution.
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1.2 Objective of the Study

This  paper mainly focuses on the
synchronization of traffic flow and effective
management of Kalimati Intersection, and thus
proposing its possible improvement, enhancement
and management. The major objectives of project
works are as follows:
To study the present condition of Kalimati
intersection.
To analyze the capacity and Level of
Service (LOS) of the existing signalized
intersection at Kalimati.
To give the corrective measures for the
intersection improvement or enhancement.
1.3 Limitations of the Study

Major work in the project is the capacity

analysis of signalized intersection. HCM 2000
(Highway  Capacity Manual 2000), TRB
methodology is followed for this purpose. All the
limitations inherited in that method are also the
limitations for our analysis. Besides these, short
time duration could be a factor for the collection of
all relevant data collection from field survey.

2. Methodology
2.1Sources of data

2.1.1 Primary Data Collection

Field survey was performed to find out the
existing scenario of the signalized intersection in
the study area. For the purpose, the intersection
(Kalimati Intersection) was selected and following
traffic study was carried out to analyse the existing
traffic scenario.

A) Traffic volume survey\Classified Volume
Count

The surveyed data is a support system which
provide platform to understand the present
condition of flow pattern in intersection. The
Classified traffic volume counts were conducted as
per the format given in IRC SP-19. The locations of
classified traffic volume count points were
finalized. The traffic volume count was carried out
manually in 15 minutes time slots for each direction
on standard format for different types of vehicles
separately. The survey was done during peak hours.
The survey was carried out from 8:30 A.M. to
11:00 A.M. and 4:00P.M. To 6:30 P.M. Standard
sheets were used during the survey. The vehicle and
pedestrian survey is carried out for every 15
minutes. Through as well as turning movements
were separately considered during vehicle count
survey.

B) Pedestrian volume measure

The pedestrian volume survey was done to
know the average pedestrian volume that crosses
the intersection legs. The pedestrian volume is also
a major part that affects the intersection design and
analysis. It was also counted during peak hours.
During the Pedestrian count only crosswalk
pedestrian were consider. The pedestrian along the
road where not considered as there provided the
pedestrian walkway at the intersection.

2.1.2 Secondary data collection

Collection and documentation of secondary
data like Socio-economic data, vehicle registration
data, vehicular composition, public vehicle route
and their frequency, road composition, accident
data etc. were collected. Published books, previous
reports, articles, magazine were used to collect
information and data. The major sources of
secondary data collection were Department of
Transport Management (DOTM), Department of
Roads (DOR), and traffic police.

2.2 Capacity Analysis and Level of Service
(LOS) - Signalized Intersection

Capacity analysis of intersections results in
the in the computation of demand flow rate to
capacity (v/c) ratios for individual movements. The
analysis of capacity at signalized intersections
focuses on the computation of saturation flow rates,
capacities, v/c ratios, and level of service for lane
groups. Saturation flow rate is defined as the
maximum rate of flow that can pass through a given
lane group under prevailing traffic and roadway
conditions, assuming that the lane group had 100%
of real time available as effective green time
(vphg).The flow ratio is defined as the ratio of
actual or projected flow rate for lane group, v;, to
the saturation flow rate, s; and is (v/s); for lane
group i.

The capacity of the lane group is,
Ci=si 9%

C
where, c¢;= capacity of lane group I (vph).

s; =saturation flow rate for lane group i

(vphg).

% = green ratio for lane group i.
C = cycle length.
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The ratio of flow rate to capacity, v/c is

Where, X ;= (v/c); ratio for lane group i.

v; = actual or projected demand flow rate for lane
group i (vphg).

g i=effective green time for lane group i ().

Values of X; range from 1.00, when the flow rate
equals capacity, to 0.00, when the flow rate is zero.
Values above 1.00 indicated an excess of demand
over capacity.

The critical (v/c) ratio for the intersection is defined
in terms of lane group.

<23 e

Where, X.= critical (v/c) ratio for the intersection

S

critical lane groups i.
L= Total lost time per cycle, computed as t,
for critical path of movements (s).

Vv . .
Z(—j =summation of flow ratios for all
ci

2.2.1 Level of Service (LOS)

Level-of-service is a measure of user
satisfaction. Its value is different for the Highway
and Intersection. In this topic, we are only
discussed about the Intersection LOS. For most
user categories, level-of-service is commonly
linked to the average delay experienced by a typical
user. Vehicle delay is complex measure based on
many variables, including signal phasing, signal
cycle length, and traffic volumes with respect to
intersection capacity.

2.2.2 Level of service for signalized intersection

Level of service (LOS) for signalized
intersection is defined in terms of control delay.
Specially, LOS criteria are stated in terms of
average delay per vehicle during a specified time
period. Control delay includes initial deceleration,
gueue move-up time, stopped delay, and final
acceleration delay. The average control delay is
estimated for each lane group and aggregated for
each approach and for the intersection as a whole.
LOS is directly related to the control delay values
are given in table:

Level of Average General description
service | control delay
(sec/veh)

A 10 Free flow

B 10-20 Stable flow (slight delays)

Cc 20-35 Stable flow (acceptable delays)

D 35-55 Approaching unstable flow

E 55-80 Unstable flow (intolerable delay)

F 80 Forced flow (jammed)

2.2.3 Operational Analysis:

This operation is complex and therefore the
analysis procedures are done in a modular fashion.
The primary output of the method is LOS.

e Input module
Volume adjustment module
Saturation flow module
Capacity analysis module
Level of service module

3. Data Analysis

The primary data obtained from the field
study and secondary data collected from various
sources were processed and analysed based on
HCM 2000, TRB. As the HCM 2000 is not
available different books related to the HCM 2000
were referred. The analysis of data collected form
the Kalimati Intersection, Capacity and Level of
Service (LOS) of intersection was found. Then
proposed solutions were given for the improvement
of the intersection according to the Warrant Criteria
for Signal Control (MUTCD; FHWA, 2000,
Manual on Uniform Traffic Control Devices for
Street and Highway).

4. Case Study: Kalimati Intersection

Simply urban road network refers to the
complex system of road connected each other in
urban areas. Different types of road network can be
found in Kathmandu valley named as Highway,
Feeder road, urban road, District road. Being
Kathmandu is the capital of Nepal, it consists of the
fixed facilities, flow entities, and control system
that permit people and goods to overcome the
friction of geographical space efficiently in order to
participate in a timely manner in some desired
activity. A wide variety of vehicle types can be
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expected ranging from bicycle to heavy vehicles.
Also Kathmandu valley is linked with ring road.
The project road started from Teku Bridge at km 12
of city road and ends at km 13.60 near Hotel Solti
turn. This is one of the main routes connecting
National Highway towards Thankot. It passes
through many important built-up areas. It is situated
at 27°41'54.68"N and 85°18'0.33"E and at an
altitude of about 1310m.

4.1 Geometry

° The existing city roads consist of
carriageway width of four lanes with footpath for
pedestrian walk. The formation width is in average
18m that includes 2m footpath on each side with
surface drainage. The project road passes through
plain terrain. It is generally in embankment. The
road condition is generally fair to good. The
existing horizontal alignment is to cater the design
speed of 60 kmph as built-up areas and some curve
locations.

4.2.1 Built-up Areas

The Project road passes through a number
of places of habitation. The built-up areas are
sources of traffic delays on the National Highway
and are accident-prone. Major built up areas of this
stretch include: Teku, Kuleshwor, Soltee Mode,
Balkhu, Tahachal, Kalanki

These reaches have been studied in detail and
improvements are proposed accordingly for
effective movement towards Thankot from Teku,
having underpass for internal traffic movement.

4.2.2 Utility Services

There are telephone and electric
poles on both sides of existing roads at several
locations. The OFC is generally on left hand side of
project road. There are no visible water mains and
sewer lines. Very few growths of trees are observed
on both sides of the road. Widening scheme is
proposed either left or right, to minimize shifting of
OFC, underground water pipe line and other utility
services.

4.2.3. Problems at Road intersections:

The basic problems of valley intersections are:

High traffic volume

Disobeying the traffic rules and regulation
by users.

Unplanned intersection, land encroachment
by street vendors.

Unmanaged footpath geometry

Low visibility for intersecting road users.
Improper condition of traffic sign and
signal

Insufficient turning radius.

4.2.4 Reason behind selection of Kalimati
Intersection

Signalized intersection

High accident rate

High traffic flow

High density of pedestrian

Previous attempts of improvement, has
become inadequate

4.2.5 Existing Situation of Kalimati Intersection

It is the point of radiating to the different
destinations, the volume of pedestrian and vehicle
is excessively high during peak hours but uniform
flow during day time. Traffic flow at Kalimati
Intersection was mostly of light vehicles including
car, taxi, micro, three wheelers, motorcycle, buses
and minibuses. But after 8:00 PM to 6:00AM
morning quiet some number of heavy vehicles
where added. Traffic congestion is occurring during
peak hours only. So for the less delay at the low
volume two different cycle length were arranged
for low and high traffic flow, but the traffic light is
usually not operated during off peak hours by the
traffic police, as they say it is more convenient for
them. Also masses pedestrian near the intersection
at peak hour were crossing and gather near the
intersection due to the near Kalimati fruits and
vegetable market and street shop. Which disturb the
traffic flow directly and hence increases the delay.

During the high volume of traffic at the
6:00 PM and around 10:00 AM, it is seemed that
the traffic flow is too high. As a traffic control
measures channelization, signals for pedestrian and
vehicle is installed. Three phase signal is used.
Signal timing is different for low traffic flow and
heavy traffic flow. Addition of 4-6 numbers of
traffic police is functioning for daily traffic control.

4.2.6 Existing Problems at Kalimati Intersection
The existing problem at the Kalimati Intersection
is listed below:
o Geometry
» Insufficient lane width
» Improper parking
» Poor road maintenance
» Poor road user’s behaviour.

o Flow Pattern

136

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



4" ATRANS SYMPOSIUM

ATRAIYS

ASIAN TRANSPORTATION RESEARCH SOCIETY STUDENT CHAPTER SESSION
USRI NS UL NI LD o AUGUST 26-27, 2011 BANGKOK, THAILAND
o HeaVy trafﬁc CongeStion' B Input Module Worksheet (Existing Intersection)
o  Small road spaces available for road General nformation et
despite higher number of vehicles most of Agency or Company Area Type Non GBD
them being tWO WheelerS. E::yp;::'rnn:ieriod M- 11:00:3-294:00m- E‘]Aur:lasl;:i;l[;near 2009 A.D.
o High volume of pedestrian Volume and Timing Input — — —
o Increasing level of accidents. R T S I B B
1 1 1t Volume, V(veh/hr) 968 1771 188 1054 157 1198
o Mixed traffic gondltlon - _ Ty e T
o Lack of attention to pedestrians and cyclists Peak-haour factor, PHE 0.843 | 0896 | 0.855 | 0845 | 0.892 | 0.784
|n plannlng and managlng roads Pretimed (P) or actuated (A) P P P P P P
Start-up lost time, [i(S)
1 Extension of effective green time, e(s)
o Intersection co_n?rol ension of lectue green e e e
> Insufficient CyC|e |ength Approach pedestrian volume, vped(p/h) | 832 986 943
Parking (Y or N) N N N N N N
o Others i . Pa:k::g Mav:;uvers. Nm (maneuvers/h)
> Interruption due to mass gathering Bus Stopping, NB(busses/n)
- - - Min. timing for pedestrians, Gp(s) 17.84 18.79 18.52
» In adequate and inefficient traffic Signal Phasing Plan
control measures — : > -
» Encroachment of road space and DAGRAM — ¥ \’ 1‘_
o
footpaths by street shops, lllegal s slc | ole [ o
. imi [ oy [ s
parking etc. — = e tm—
> A“" and NO|Se po”ut'on Protected turns Permitted.lﬁms Dycle length,C = 108 second
» Scarce parking spaces.
» Inadequate public transport
Services. Volume Adjustment and Saturation Flow Rate Worksheet
EB SB WB
- - LT TH LT RT RT TH
5' AnaIySIS and CaICUIatlon A ) Volume, V(veh/h) 968| 1171 188| 1054 157| 1198
The traffic volume and pedestnan are counted in Peak-hour factor, PHF 0.843 0.806] 0.855] 0.845] 0.802] 0.784
. . . - dj d fl , Vp=VII h/h
Kalimati Intersection during peak hours 8:30 A.M. e St m— Zi =
to 11:00 A.M. and 4:00P.M. To 6:30 P.M. The data ) < ‘T -
- - - - ane grou
were collected on the basis of turning in right, left Ao Tow Tate n e group, Vieen] 255 e Tr0a
and through of each bound for vehicles and Proporton o LT o BT (A o ) o.468] o15[ o[ o.05]
Pedestrian crossing at different bounds. The data Base saturation flow , s, (pe/h/in) 1900 1900 1900
H H Nos. of lanes, N 2 3 2
available where t_hen analysed Wlth the some of_the P — e T ——
assumed data which are not available from the field Heavy Veficle adjustment factor, 1 1 1
and are not collected for the field as per required T n n n
and based on the condition known knowledge. Bus blockage adjustment factor, f 1 1 1
- - Area type adjustment factor, f, 1 1 1
TO flnd OUt the CapaCIty and Leve' Of Lane utilization adjustment factor, f,, 1 1 1
SeI‘Vice, HCM 2000 based ¢ Transportation Right turn adjustment factor, fgy 1 0.959 0.995
. . . . . . . Left turn adjustment factor, f 1 0.977 0.993 1
Engineering An introduction” by C. Jotin khisty Right turn ped./bike adjustment factor, fg 1 1 1
and b. Kent Lall was followed. The analysis Left turn ped./bike adjustment factor. fryy L L L
Adjusted saturation flow, s(veh/h) 3464 4572 3463

worksheets are shown in appendix E. The analysis
worksheets contains Input worksheets, volume
adjustment and saturation flow rate worksheets,
Supplementary worksheet for permitted Right
turns, Capacity and LOS worksheet, Level of
Service for Pedestrian.

6. Results

The vehicles at the valley are increasing
day by day, but the alternative routes were not
developed properly. So for the improvement of
traffic at the Kathmandu valley different works like
intersection  improvements, alternative  route
development, control on vehicles registered and the
related research work must be done continuously.
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Supplemental Worksheet for Permitted Right Turns
(Existing Intersection)
Input
EB [sB  [wB
Cycle Length, C(s) 108 sec
Laned Multilane
Total actual green time for RT lane group, G(s) 52 24 0
Effective permitted green time for RT lane group, g(s)] 52 24 0
Opposing effective green time, go(s) 24 52 76
Number of lanes in RT lane group, N 0 2 1
Number of lanes in opposing approach, Ny 2 3 2
Adjusted RT flow rate, Vgr(veh/h) 0 1247 | 176
Proportion of RT volume in RT lane group, Psr 0 0.85 | 0.103
Proportion of RT volume in opposing flow, Prro 0.103 0 0.367
Adjusted flow rate for opposing approach, vo(veh/h)| 2775 | 1977 | 3224
Lost time for RT lane group, tz 4 4 4
Computation
RT volume per cycle, RTC=vg;C/3600 0 37.41 | 5.28
Opposing lane utilization factoe, f o 1 0 1
Opposing flow per lane, per cycle, Ve 41.63 0 48.36
Opposing platoon ratio, Ry, 2.08 4.5 0
Opposing queue ratio, ¢, 0 0 0
o 0 0 0
g, 0 0 0
94=9-9q i 9s>=0r, OF 9,=9-0: if 9o<0r 52 24 0
= 20.29 | 9.415 | 31.57
Prio 0.90 1 0.63
P 0 7.36 | 0.10
Ery 1
fin=2(1+PR)/g 0.04 | 0.70 0
Gaift 0 [ 0
f 1 002 0
frr 0 0.46 0
Capacity and LOS Worksheet

Capacity Analysis

Phase number 13 3 12

Phase type P P P

Lane group “7__ \ |/' ﬁ

Adjusted flow rate, v(veh/hr)
Saturation flow rate, s(veh/hr)

Lost time

Effective green time,g(s) g=G+Y-tL

green ratio, g/C 0.685 0.213 0.435
Lane group Capacity, c=s(g/C) (veh/hr) | 2373.481 973.667 1507.046
v/c ratio, X 1.034 1.507 1.131
Flow ratio, v/s 0.709 0.321 0.492
Critical lane group/phase( )

Sum of flow ratio for critical lane groups,

Yc = ?(critical lane groups, v/s) 1.522

Total lost time per cycle, L(s) 12

Critical flow rate capacity ratio,

Xc=(Yc)C/(C-L) 1.712

Lane group Capacity, Control Delay, and LOS Determination

EB SB WB
Lane group

Adjusted flow rate, v(veh/hr) 2455 1467 1704
Lane group capacity, c(veh/hr) 2373.481 973.667 1507.046
v/c ratio. X=v/c 1.034 1.507 1131
Total green ratio, g/C 0.685 0.213 0.435
Incremental delay calibration,k 0.500 0.500 0.500
Uniform delay, d1 8.141 37.435 22.018
Incremental delay, d2 28.043 233.375 67.776
Initial queue delay,d3 (s/veh) 0 0 0
Progression adjustment factor, PF 1 1 1
Delay, d=d1(PF)+d2+d3 36.184 270.810 89.794
LOS by lane group D F E
Intersection delay, dI 113.601

[

The value for the analysis on Kalimati
Intersection is as follow:
Capacity of Intersection:
EB = 2373, SB =974,and WB = 1507.

Total Delay on:

EB = 36.184 sec/veh.
SB = 270.810 sec/ veh.
WB = 89.794 sec/veh.

The overall intersection delay of Kalimati
Intersection is 113.601 sec/veh.
The LOS (Level of Service) on:

EB=D
SB=F
WB=E
- G | 52 G 0| G 24
Timing
Y | 3 Y 0|Y 3
EB SB WB
Delay 36.184 | 270.810 | 89.794
LOS by lane group D F E
Intersection delay 113.601
F

The overall Level Of Service of Kalimati
Intersection is found to be F, which is forced flow
of vehicle at signalized intersection. This causes
continuous traffic jam throughout the day and
during the peak hours the situation gets much
worse. Thus it demands immediate improvement.

7. Possible Improvements:

The above result shows that it is required to
improve Intersection. Therefore the possible
improvements that may be implemented are
categorised below:
1. Immediate Improvement

- Green Time Management

- Enforcement of traffic and safety
management
2. Short Term Improvement

- Lane Widening

- Alternate Route
3. Long Term Improvement

- Flyover with Expressway.

8. Recommendations and Conclusion

With reference to HCM 2000, the present condition
of Kathmandu valley intersections were studied and
capacity analysis of signalized intersection was
carried out and established the case study of
Kalimati Intersection. From this analysis, we came
in conclusion that there is necessity of
improvements to meet existing traffic demand as
well possible improvements to increase the capacity
and Level of Service (LOS) of that intersection.
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The capacity analysis is performed for an

intersection based on HCM. We Conclude the Volume Adjustment and Saturation Flow Rate Worksheet
H H . (with Green Time Management)
following points: & = wE
LT TH LT RT RT ™H
Volume, V(veh/h) 968 1171 188 1054 157 119
. 1 11 1 1 Peak-hour factor, PHF 0.843 0.896 0.855 0.845 0.892 0.74
I nte I'SGCtI Ons are mOSt Crltlcal J unctl OnS Adjusted flow rate, V,=V/PHF (veh/h) 1148 1307 220 1247 176 152
and should frequently upgrade as per D — "1 =
requirement. _ Lane group S
. . . . Adjusted flow rate in lane group, V(veh/h)| 2455 1467 1704
. Capacn:y of most of intersection is less Proportion of LT or RT (P.r o Per) 0.468] 015] _ 0.85] 0.103]
Saturation flow rate
th a.n de mand VO I U me . Base saturation flow, s, (pc/h/In) 1900 1900 1900
- - - Nos. of lanes, N 2 3 2
. Level of service of Kalimati Lane width adjustment factormf,, 0.933 0.916 0.916
H H Heavy Vehicle adj 1t factor, f, 1 1 1
Intersection is found to be D as per Grads adusiment factor Ty 1 1 1
H H Parking adjustment factor, f, 1 1 1
TRB 2000, which shows the necessity e Do : : :
1 iNni Area type adjustment factor, f, 1 1 1
Of Improvement because the mlnlmum Lane utilization adjustment factor, f,y 1 1 1
1 1 1 Right turn adjustment factor, frr 1 0.959 0.995
Level of service requirement is to be of I R L 0955 Z
B . Right turn ped./bike adjustment factor, f 1 1 1
Left turn ped./bike adjustment factor, fg,, 1 1 1
Adjusted saturation flow, s(veh/h) 3464 4572 3463
Furthermore we put forward some recommendation
to improve the intersection of Kathmandu valley.
8. 1 I mm6d|ate I mprovement Supplemental Worksheet for Permitted Right Turns
H (Existing Intersection)
811 Green tlme management (with Green Time Management)
. . Input
Input Mod.ule Worksh.eet (Existing Intersection) =) [se [we
(with Green Time Management) Cycle Length, C(s) 108 sec
General Information Site Information Laned Wi
Analyst Intersection Kalimati Chow k ane ultlane
Agency or Company Area Type Non CBD Total actual green time for RT lane group, G(s) 50 40 6
Date performed Jul-09 Jurisdiction Effective permitted green time for RT lane group, g(s) 50 40 6
Analysis Time Period | 8:30AM - 11:00AM & 4:00PM - 6:30PM Analysis year 2009 A.D. Opposing effective green time, go(s) 40 50 90
Volume and Timing Input Number of lanes in RT lane group, N 0 2 1
e SB WB Number of lanes in opposing approach, Ny 2 3 2
LT TH LT RT RT TH Adjusted RT flow rate, Vr(veh/h) 0 | 1247 | 176
Volume, V(veh/hr) 968 1771 188 1054 157 1198 r "  RT volume in RT lane aroun. P o 0.85 0.103
% heavy vehicles, % HV 0 0 0 0 0 opor !on 2 - - Qroup. Py . -
Peak-haour factor, PHF 0843 | 0896 | 0855 | 0.845 | 0892 | 0.784 Proportion of RT volume in opposing flow, Pero 0103 ] 0 | 08367
Pretimed (P) or actuated (A) P P P P P P Adjusted flow rate for opposing approach, v,(veh/h) | 2775 1977 3224
Start-up lost time, li(S) Lost time for RT lane group, tg 4 4 4
Extension of effective green time, e(s)
Arrival type, AT 3 2 3 2 3 2 Computation
Approach pedestrian volume, vped(p/h) 832 986 943 RT volume per cycle, RTC=vqC/3600 0 37.41 528
Parking (¥ or N) N N N N N N Opposing lane utilization factoe, f, 1 0 1
Parking Maneuvers, Nm (maneuvers/h) ST
Bus Stopping, NB(busses/h) Oppos?ng flow per Iéne, per cycle, Vg 41.625 0 48.36
Min. timing for pedestrians, Gp(s) 17.84 18.79 18.52 Opposing platoon ratio, Ry, 216 2.7 18
Signal Phasing Plan Opposing queue ratio, gy, 0 0 0
1 2 3 4 9 0 0 0
—_— 9q 0 0 0
DIAGRAM ) e 9,59°0q if >=0, Or 6,599/ if Gy<gy 50 40 6
— ¥ 4 Exy 20.293 | 9.415 | 31.567
A Prio 0.897 1 0.633
1) 50lG I slc 20 P 0 5.857 0.103
Timing M 3]y | 3y 3 Erp 1
..... v frmin=2(1+Pg)/g 0.040 | 0.343 0.368
Prifected turns = ——Permitted turns Pedeg Cycle length, C =108 secon( it 0 0 0
fm 1 0.020 | 0.241
for 0 0.465 | 0.241
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Capacity and LOS Worksheet
(with Green Time Management)
Capacity Analysis
Phase number
Phase type

13 12

—

=

2455
3464

4

88
0.815

2822.519

0.870
0.709

—

=

1704
3463
4
54
0.500
1731.500
0.984
0.492

3

P
1467
4572

4

39
0.361

1651.000

0.889
0.321

Lane group

Adjusted flow rate, v(veh/hr)
Saturation flow rate, s(veh/hr)

Lost time

Effective green time,g(s) g=G+Y-tL
green ratio, g/C

Lane group Capacity, c=s(g/C) (veh/hr)
v/c ratio, X

Flow ratio, v/s

Critical lane group/phase( )

Sum of flow ratio for critical lane groups,|
Yc = ?(critical lane groups, v/s)

Total lost time per cycle, L(s)

Critical flow rate capacity ratio,
Xc=(Yc)C/(C-L)

1.522
12

1.712

Lane group Capacity, Control Delay, and LOS Determination

EB SB WB
Lane group
Adjusted flow rate, v(veh/hr) 2455 1467 1704
Lane group capacity, c(veh/hr) 2822.519 1651.000 1731.500
v/c ratio. X=v/c 0.870 0.889 0.984
Total green ratio, g/C 0.815 0.361 0.500
Incremental delay calibration,k 0.500 0.500 0.500
Uniform delay, d1 3.125 26.898 18.000
Incremental delay, d2 3.988 7.554 18.178
Initial queue delay,d3 (s/veh) 0 0 0
Progression adjustment factor, PF 1 1 1
Delay, d=d1(PF)+d2+d3 7.113 34.453 36.178
LOS by lane group A C D
Intersection delay, dI 23.045
C
. G 50 G 6 G |40
Timing
Y 3 Y 3 Y | 3
EB SB WB
Delay 7.113 | 34.453 | 36.178
LOS by lane group A C D
Intersection delay 23.045
C

This can be the good solution, which can
reduce the intersection delay form the 113 sec to
the 23 sec with the installation of an extra traffic
light for right turn for WB traffic.

8.1.2 Enforcement of traffic and safety
management

The traffic regulation with safety measures,
it is possible to regularise the traffic as immediate

8.2. Short Term Improvement
8.2.1 Widening of existing carriage way

The lane existing in Kalimati Intersection is
not up to standards as per the Nepal Road Standards
and good engineering practices.

As per norms for urban road having dense
traffic movement, the carriage width should be not
less than four lanes with 2x(2x3.5)m having median
at least 0.5m and service roads including footpath
for pedestrians.

Whereas present scenario of the road
corridor of the Kalimati area are as follows:
Carriage way width=2x(2x3)m
Median=0
Surface drainage=2x0.50m
Footpath=2x2m
Net carriage way width=17.00 m
Hence, with reference to available clear width of
the road corridor, it is proposed as follows:

Carriage way width=2x(2x3.5)m
Median=0.5m

Surface drainage=2x0.25m
Footpath=2x1.5m

Net carriage way width=18.00 m

8.2.2. Alternate Route

The current route is not sufficient for the
amount of traffic using that access road. Thus an
alternate route (one way road) may be applicable
for the reduction of the congestion and smooth
flowing of the traffic even during peak hours. Thus,

the alternate routes can be proposed.

8.3. Long Term Improvement
8.3.1. Flyover with Expressway

Without disturbing the existing road
corridor, the present traffic can be segregated. This
can be achieved by passing a four lane expressway
starting from Kalimati Bridge to Solti junction. The
expressway with underpass at Kalimati intersection
will channelize all express traffic and segregate
local traffic from a proposed concept of ramp-up
and ramp-down at both end of expressway. There
will be clear elevation of 10 m for Tahachal and
Balkhu road. Whereas the existing road will serve
as service road, hence the traffic flows deem to be

action |mplementat|on having following smooth.
enforcement:
7 Noveniclssopped withi thes lotior The proposed expressway will be mode for
> Green sianal sﬁguld be flowed strictl such type of high traffic intensity location within
gna ] y Kathmandu valley which can be replicable to other
» No pedestrians allowed crossing the road
except at zebra cross.
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location as it will not interfere with the existing
built-up structure.
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An Application of Extended Theory of Planned Behavior
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ABSTRACT:

Road accidents are extremely attributed to driving violations, a behavior of drivers which is exceeding
speed limits especially in young drivers. In this study, the efficacy of an extended theory of planned
behavior was evaluated in the young drivers’ (N=800) speeding behavior and intention to drive exceeding
the speed limit prediction. The results show that young drivers’ speeding behavior appears to be affected
by perceived behavioral control, past behavior, personal norms, intention to exceed the speed limit,
affective and evaluative attitude towards respecting the speed limit, and social support. It also found that the
impact of personal norms is greater in the intention of drivers to drive exceeding the speed limit.
Furthermore, the effect of socio-economic characteristics and the vehicle usage such gender, age, income
level, university, and location of university etc. were significant with report to speeding indicating that
young drivers are more likely to be speeding offenders. Interestingly, racing movies and racing also make
important predictors to support drivers to drive exceeding the speed limit.

KEYWORDS:
Young drivers, Socio — economic, Speeding Behavior, Theory of planned behavior, Past behavior

economic, it can be assessed that the accidents on
Introduction the road cause the lost of 232, 855million baht in

Traffic accidents cause both of waste of life 2007 (Department of Highways, 2007). It is well
and assets to Thai people tremendously. Each year ~ Known that the factors contributing to road accident
there is more than 13,000 fatalities and uncountable ~ aré road user, the vehicle, and the road and

environment. According to the traffic accident
number of injured people on the public road due to  Statistics from The Royal Thai Police in 2009, it

the traffic accidents. When considering the lost of ~ appears that three main causes of the road accident
occurrences are exceeding of speed limit (16.7%),
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Dangerous lane changing (15.3%) and driving too
close to leading vehicle (8.7%). Speeding is an
important issue in traffic accident research. One of
reasons to study speeding behavior is that using
high speed is a major cause of the fatality and
injury on traffic accidents. Many research have
been focus on the causes of accident. These
researches indicate speeding as a feature of risky
drivers’ behavior and reckless driving formation
(Vershuur et al., 2008; Steg, 2009). According to
the statistics from The Royal Thai police during
(2003-2009), it appears that the most important
cause of traffic accidents is to drive exceeding
speed limits. These trends of the causes of traffic
accident are similarly in many years ago, and it
tends to have the same tendency in the future. It is
insisted that speed is the main cause of the road
safety problem. Generally, speed is an essential
contributory factor that related to road accidents.
Using a higher speed increases the risk of an
accident. The number of accidents depends on the
age of drivers. Many research focus on teen and
young drivers, because driving behavior of drivers
in this age group are considered as risky driving.
Many studies found that young drivers tend to drive
faster than other age group of drivers (Fleiter et al.,
2010; Strading and Meadow, 2001). Similar to the
trend reported by the Bureau of Policy and Strategy
(2009), drivers at age 15-24 years old have the
higher risk of traffic accidents than other age group
of drivers. Therefore, young drivers who intent to
drive exceeding speed limits are the target group
that should be taken into concern.

The theory of planned behavior

One social psychology model used to
indentifying the human behavior is the Theory of
Planned Behavior (TPB). The theory of planned
behavior (TPB, Ajzen, 1991) was extended from
the theory of reason action (TORA). According to
the TPB model, the theory can be indicated as the
best predictor of human’s behavior. It provides
potential predictors for identifying significant
factors relating determination. This model assumes
three conceptually independent determinant of
intention. Firstly, attitude toward the behavior
refers to the degree to which a person has a likable
or unlikable evaluation or estimation of the
behavior in question. Secondly, subjective norms
refer to the normative expectation of others such
family members and closed friends that are
inspirationally to comply with their expectations.
Finally, perceived behavioral control mention about

a behavior which refers to the degree of human’s
feeling they can control and perceive the
consequence of their behavior. The correlation of
attitude toward the behavior, subjective norm and
perceived behavioral control can uses directly to
predict the intention which is the central factor in
the theory of planned behavior model. It refers to
the individual’s intention to perform activities.
Perceived behavioral control combines with
behavioral intention can be used directly to estimate
the behavior

The utility of the Theory of Planned
behavior (TPB) and the Theory of Reason Action
(TORA) have been used to describe human
behavior in many field of study such as problem
drinking, job search, leisure activities, and others.
Within the field of traffic safety and injury
prevention, most studies apply the ability of the
TPB to observe the behavioral explanations. For
example, to understand about drivers’ speeding
intention, the predictors within in TPB which are
attitude, subjective norm and perceived behavioral
control can be applied in order to investigate why
drivers tend to drive with higher speed. However,
the attitude, subjective norms and PBC have been
proved that they are not enough to explain their
behavior.

The additional predictors affecting drivers’
speeding behavior

It is well known that the theory of planned
behavior is the useful model for considering the
human behavior. However, in the field of road
traffic accident prevention, several factors are
significant contribution to predict drivers’ behavior.
TPB constructs (attitude, subjective norms, and
PBC) can be used to predict and explain drivers’
behavior driving exceeding the speed limit, but the
methodologies have not been applied in the
validatory prediction for their behavior due to the
lack of some related explainable factors. The

purpose of the study intends to extend the theory of
planned behavior constructs by adding additional
predictors relating to young drivers’ speeding
behavior. The resent studies have been proved that
past behavior, descriptive norm, and personal norm
has the direct effect on intention. Furthermore,
attitude towards behavior should be distinguished
to affective attitude and evaluative attitude in order
to achieve best understanding.

Affective attitude toward to the drivers’
behavior refers to the negative or positive feeling
obtained when the driver drive by exceeding the
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speed limits while evaluative attitude toward the
behavior refer to the consequence of exceeding the
speed limits (Elliott and Thomson, 2010). Past
behavior is the strongest predictor to predict the
future behavior which are the contributory
predictors affecting human’s behavior (Forward,
2009). It means that people who usually perform
some actions in the past, they tend to perform the
similar manner in the future. The relationship
between past behavior and future behavior is an
evidence of the behavioral stability. In addition,
past behavior predictor should be independent of
the effects of existing predictors within TPB model.
According to the previous studies, the behavior of
drivers is imitated (Elliot, 2010). Descriptive norm
can be considered as an important predictor of
driver speeding behavior which refers to the
behavior of drivers that are influenced by other
road users. Personal norm refers to self-standard.
For example, the driving behavior of others road
users are good or bad in your opinion and the belief
about driving skill of other drivers comparing with
your driving skill (Pelsmacker and Janssens, 2007).
1 The aim of this study is to construct the related
factors to measure the speeding behavior. The
additional predictors should provide advantages in
order to support the model for the better prediction
and should be incorporated with each variable
within the existing model. Firstly, this study
proposes to determine the drivers’ response to the
speed enforcement tools such as post speed limits;
traffic polices, and speed camera. The response to
speed enforcement tools mentions about traffic
device that can be enforced the drivers to respect
and comply with the traffic regulation such as
traffic polices, warning signs and speed limit signs.
There are many devices which are considered as
factor influencing on drivers’ speed selection.
Firstly, speed warning signs which are usually seen
beside the street shoulders and highways. Warning
signs emphasize for painting in eye-catching
brighter colors in order to alert and inform drivers
about the road environment, hazarded location,
risky conditions (e.g. curvatures, etc.) and working
zones. Secondly, the presence of speed limit signs
are a controlling tool supported drivers to perceive
and observe the legal speed. These signs indicate
the maximum speed allowed by regulation for each
type of road user in each specific road area. The
designed speed limit is considered as a significant
factor such as vehicle types, land-use, etc. Each
route has a different posted speed limit which is
enforced by the governing agency. Many previous

research have studied about the influence of traffic
signs on road drivers It found that traffic signs are
not able to emphasize drivers’ speeding behavior
(Charlton, 2007; Daniel et al., 2010). Secondly, the
social support, this study would like to indicate the
degree of drivers’ belief when receive some
comments or suggestions from others and evaluate
the speeding behavior when they drive with
passenger in their car. Therefore, this model
assumes nine conceptually independent determinant
of intention which can be constructed as shown in
the figure 1.

Figure 1 Young drivers’ speeding behavior
model.

Methodology

The study aims to focus on private car
drivers aged between 18-25 years old who intent to
drive exceeding the speed limit, because drivers in
this age group are more likely to have risky driving
behavior, and tends to have more speeding-related
accidents than other aged groups. 800 samples are
collected from universities within Bangkok and
suburban provinces.

Data collection

All of samples are randomly collected on
car and pick-up drivers. The numbers of young
drivers are classified by type of university (public
or private university), location of these university
(urban or suburban areas), level of family‘s income
(medium (household income is 15,000 — 100,000
baht per month) or rich (household income more
than 100,000 bath per month), and years of driving
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experience (less than or higher than 3 years). In
sum, 800 participants were collected using the
guestionnaire, 50 participants per group. 59.6% of
participants were male, 29.6% are studying at
public university, and 30% are studying at private
university. 40.4% were female, 20.4% are public
university’s student.

Questionnaire design

Questionnaires were used to measure the
predictors of the extended TPB vehicle usage and
socio-economic characteristics. The questionnaire
consists of 5 sections. In the first section, the
questions are related to drivers’ characteristics
which are age, gender, name of university and
household income. In the second section, it
guestions about driving experience and vehicle
usage (vehicle type, vehicle brand, ages of vehicle,
years of driving experience, experience of receiving
speeding ticket, and experience of involving in
traffic accidents). In the third section, participants
were asked about your information of speed limit in
urban roads, rural roads, and toll ways and the
average speed that using in these roads. The section
five is the question about the frequency that you
attending in activities influencing to speeding
behavior. The questions in the last section are the
guestions that construct to measure the extended
TPBs’ predictors related to driving behavior. All
guestions were measure using five-point (1-5)
Likert’s scale.

Analysis of speeding behavior influenced by the
drivers’ socio-economic characteristics

According to the driving speed using within urban
area , the coefficients of independent variables
“gender, age, type of university, university’s
location, income level, frequency of racing movies
viewing, frequency of racing viewing , and
Affective attitude towards respecting the speed
limit are statistically significant at 1-10%. It was
found that female drivers are more likely to drive
faster than male drivers. Drivers who are studying
in private university especially university locating
within suburban areas tend to drive with high
speed. Drivers with high income are more likely to
drive faster than drivers who have lower income.
Drivers who have high frequency of racing or
racing movies viewing tend to drive with higher
speed when compared to drivers in others group,
and they have negative affective attitude towards
respecting the speed limit.

For Urban areas,
Speed=112.9-3.915(GEN)—1.262(AGE)+5.042(UNI)

+4.120(ULO)+3.502(INC)+3.060(MOV)+3.773(RAC) —
3.156 (AFF)

The results of driving speed within suburban areas
shows the evidence that independent variables
which are age, type of university, income level,
driving license holding, experience of receiving
speeding ticket, frequency of racing viewing,
frequency of racing movies viewing, and affective
attitude towards respecting the speed limit shows
the significant level at 1-10%. Younger drivers tend
to drive with high speed. Drivers who usually drive
with high speed report having driving license and
having an experience of receiving speeding ticket.
It is possible that driving license may contribute
their speeding confident. Similar to the driving
speed that using within Urban areas, drivers who
are studying at private university, drivers with high
income, driver who has frequency of racing and
racing movies viewing, and driver who has
negative affective attitude towards respecting the
speed limit are more likely to drive with higher
speed when compared to drivers in other groups.

For suburban areas,
Speed=133.5-1.077(AGE)+4.770(UNI)+5.671(INC)+

3.386(LIC) + 5.388(TIC) + 3.686(MOV) + 3.854(RAC) —
5.280(AFF)

For driving speed using in toll roads, the
coefficients of independent variables “gender,
university’s location, income level, experience of
receiving speeding ticket, experience of involving
in accident due to fast driving, frequency of racing
movies viewing, frequency of racing viewing,
affective attitude towards respecting the speed
limit, and evaluative attitude towards respecting the
speed limit are significant factors at 1-10%. Male
drivers tend to drive faster than females drivers
(Brait et al., 2008). Driver who are studying at
university locating within suburban areas are
reported to be speeding offenders when compared
to students of university within urban areas. Young
drivers with high household income are more likely
to drive with high speed in toll roads and all types
of road. Drivers who usually drive with higher
speed are reported that they have experience of
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receiving speeding ticket, experience of involving
in accident due to fast driving, and report more
frequency of racing movies and racing viewing.
They have negative affective and negative
evaluative attitude towards respecting the speed
limit.

For toll roads,
Speed=127.57+3.851(GEN)+4.318(ULO)+4.005(INC)+

6.789(TIC)+4.588(ACC)+3.842(MOV)+7.537(RAC)—
4.630(AFF) — 1.521(EVA)

Analysis of speeding behavior using an
application of extended theory of planned
behavior

The test of hypothesized model that is driving
behavior (BEH) can be predicted by 8 exogenous
variables via intention (INT), and also directly
predicted by PAS and PBC. For this analysis, the
summaries of results provide a quick overview of
the model for the purpose that whether the model is
identified. There are 253 distinct sample moments,
84 parameters to be estimated, 169 degree of
freedom, and Chi-square value is 548.315 with
probability level at 0.000. The hypothesized model
fits the data quite well. CMIN/DF = 3.244, which is
very close to the recommended value of 3
(Schreiber et al., 2006). The Root Mean square
Residual (RMR) of 0.043 is below the upper limit
value of 0.05 as recommended by Byrne (2010).
Goodness of Fit Index (GFI) = 0.942 and Adjusted
GFI (AGFI) = 0.914 are both higher than 0.9 which
represent the well fitting model (Hu and Bentler
1999). The next criteria of model fit indices relate
to baseline comparisons. Normed Fit Index (NFI),
Incremental Fit Index (IFI), Tucker Lewis Index
(TLI), and Comparative Fit Index (CFI) should
close to 0.95 which indicate superior fit. According
to the model fit summary, the value of NFI, IFlI,
TLI, and CFI are close to 0.95 as suggested by Hu
and Bentler 1999. Thus, all of indexes in baseline
comparison criteria can be considered as well

reasonably well based on the basis of all indexes
presenting in goodness of fit summary.

Figure 2 Path analysis of the young drivers’
model

The path diagram related to the evaluation of
hypothesized model is showed in figure 2. Most of
the factors are significant estimators and have direct
and indirect impact on speeding behavior. Based on
the results as shown in table 1, it appears that three
main factors affect intention to drive exceeding
speed limit (INT) are personal norms (1.544),
perceived behavioral control (1.410), and past
behavior (0.641). Evaluative attitude (EVA),
affective attitude (AFF), and social support (SOC)
have a less importantly effect on intention (INT).
Both Descriptive norms (DES) and the response to
speed enforcement tools (ENF) are not significant
influencing on intention. Driving behavior (BEH) is
directly affected by past behavior (0.496) following
by perceived behavioral control (0.428), and
intention (0.293).

Table 1 Direct effect in the hypothesized model.

fitting. The next set of model fit summary focuses Impact | Size of p-
on Root Mean Square Error of Approximation| actors on offect | °F | R | Vale
(RMSEA). Byrne (2010) has recommended a value *
of 0.06 to be a better fit between a set of observed L (PER) INT 1.544 10864 | 1.787 —
data and the hypothesized model. In conclusion, 2. (PBC) INT 1410 | 0.494 | 2.853
this hypothesized model fit the observed data| 3. (PAS) INT 0.641 | 0.110 | 5.817 | ***
4. (EVA) INT 0.220 | 0.099 | 2.226 i
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5. (AFF)

INT

0.198

0.097

2.035

**

6. (SOC)

INT

0.144

0.073

1.967

**

university, household income, and driving
experience are separated for evaluating the effects
of each factor. It appear that perceived behavioral

7. (DES) INT 0.296 | 0.329 | 0.900 | 0.368

8. (ENF) INT 0.034 | 0.049 | 0.688 | 0.492

9. (PAS) BEH | 0.496 | 0.091 | 5433 | ***

10. (PBC) | BEH | 0.428 | 0.428 | 0.085 | ***

11.(INT) | BEH | 0.293 |0.293 | 0.139 | **

When considering the total effects of all factors on
driving behavior, most of the factors play a
significant role in the hypothesized model and have
an indirect and/or direct impact on speeding
behavior (table 2). Driving behavior appears to be
mainly affected by perceived behavioral control,
PBC (total effects loadings of 0.841). Perceived
behavioral control influences speeding behavior
directly and indirectly, through intention to drive
exceeding speed limit (INT). Past behavior is the
second most important predicting factor of
speeding behavior (total effects loading of 0.683).
Past behavior also has direct and indirect impacts
on speeding behavior similar to perceived
behavioral control factor. The third most significant
factor of speeding behavior is personal norm, PER
(0.452), followed by the intention to speed, INT
(0.293). The personal norm affects speeding
behavior indirectly through its influence on
intention to speed. In total, the affective attitude
towards respecting the speed limit (AFF),
Evaluative attitude towards respecting the speed
limit (EVA), and social support (SOC) have a far
less substantial impacts on speeding behavior than
perceived behavioral control (PBC), past behavior
(PAS), personal norm(PER), and intention to drive
exceeding speed limit (INT). The hypothesized
factor that does not play an important role in the
hypothesized model estimation is the response to

Factors e[;:“re?:(g Igf(i:ar(?t(;t Total Effects
1. (PBC) 0.428 0.413 0.841
2. (PAS) 0.496 0.188 0.683
3. (PER) 0.000 0.452 0.452
4. (INT) 0.293 0.000 0.293
5. (AFF) 0.000 0.058 0.058
6. (EVA) 0.000 0.064 0.064
7. (SOC) 0.000 0.042 0.042

control (PBC), evaluative attitude respecting the
speed limit (EVA), social support (SOC) and
intention to drive exceeding speed limit (INT) are
significant influencing on drivers who are studying
at public university but are not impacting on drivers
of private universities. Similarly, these factors also
influence on drivers with high household income.

Perceived behavioral
attitude towards respecting the speed limit (AFF),
and past behavior (PAS) make important significant
factor on drivers who have less driving experience
(less than 3 years), but have no influence on drives
who have more driving experience. Interestingly,
both past behavior (PAS) and perceived behavioral
control (PBC) affect speeding behavior indirectly
through its influence on intention to exceeding
speed limit (INT), and also affect directly on
speeding behavior (BEH) in all different groups.

Summary and discussion

control

(PBC),

affective

Influencing factors affecting speeding behavior

The

results of this study shows the

speed enforcement tools (ENF) and descriptive
norm (DES).

Table 2 total

predictors

Multiple group analysis

of the

effect of speeding behavior

This part set out to increase understanding
impact of each factors on different

subgroups. The advantages of this result may use
for road safety campaign and management in a
number of way such as policy making. In this
location of

study, the group of university,

evidence that household income level, frequency of
racing movies viewing, frequency of racing
viewing, and affective attitude towards respecting
the speed limit are statistically significant at 1-10%
level in all types of roads. Drivers with high income
are more likely to drive with high speed. This result
supports many previous studies which demonstrate
that drivers who have higher income are more
likely to be speeding offenders, and tend to drive
with higher speed when comparing with drivers
who have lower household income (Shinar et al.,
2001; Karlaftis et al., 2003). Drivers were asked
about their attitude towards respecting the speed
limit by asking: “driving close to or lower than 80
km/h makes me nervous (Affective attitude) and
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driving fast makes me safe time (Evaluative
attitude)”. This analysis shows that driver who has
negative affective attitude respecting the speed
limit tend to drive with high speed. It is possible
that the drivers in this group does not realize about
posted speed limit or may think that speed limit is
too low. Both racing movies and racing viewing
were indirectly related to intention to speed. It is
possible that the viewings of racing or racing
movies are marker for their lifestyle. Furthermore,
drivers who usually drive with higher speed are
reported that they have experience of receiving
speeding ticket (Mannering, 2008) because they
usually drive with speed faster than speed limit.
Interestingly, this analysis opposes the finding of
previous research which argue that male drivers are
more likely to speed as fast driving comparing to
female drivers (Mannering, 2008; Beullens and
Bulck (2008); Braitman et al., 2008). The finding of
this study shows that female drivers tend to drive
faster than males when driving within urban areas,
but drive slower than male drivers if driving in
other areas.

Effects of traditional TPB predictors on young
driving behavior

According to the theory of planned behavior,
speeding behavior can be predicted by attitude,
subjective norms, and perceived behavioral control
via intention, and also directly predicted by
perceived behavioral control. Attitude towards
behavior is distinguished to affective attitude and
evaluative attitude in order to achieve best
understanding (Ajzen, 1991). The finding of this
study confirms the impact of both affective and
evaluative attitude and perceived behavioral control
on speeding behavior (Victoir et al., 2005; Letirand
and Delhomme, 2005; Warnner and Aberg, 2006;
Elliott et al., 2007; Wanner and Aberg, 2008; Paris
and Broucke, 2008; Elliott, 2009). Speeding
behavior appears to be mainly affected by
perceived behavioral control which both directly
and indirectly predictor. This evidence confirms
previous observation done by Poutter et al. (2008).
Therefore, it can be argued that affective and
evaluative attitude towards respecting the speed
limit and perceived control about speeding are
statistically predictors of the intention to speeding.
However, this finding oppose those results which
are reported that subjective was significant
determinants of speeding behavior. The path
analysis of this hypothesized model shows that
subjective norms are not significant influencing

impact on young speeding behavior. In other words,
family members and/or friends are not influencing
young drivers’ speed selection. It is possible that
drivers may select driving speed depend on their
felling and ability of driving control, but they does
not follow the speeding behavior of their family
and friends.

Effects of additional predictors on young driving
behavior

Although the prediction of speeding
behavior using the theory of planned behavior
(TPB) has been successful in speeding behavior
description. However, the TPB constructs have not
been applied in the validatory prediction for
drivers’ speeding behavior due to the lack of some
explainable factors related to speeding behavior.
The attitude, subjective norms and PBC have been
proved that they are not enough to explain their
behavior. In recent times, many studies suggest
some additional constructs to predict drivers’
speeding behavior and intention to drive exceeding
speed limits. In this study, past behavior, personal
norm, descriptive norm are evaluated to confirm the
finding of these studies. The hypothesized model
confirms the influence of personal norm and past
behavior on young speeding behavior (Pelsmacker
and Janssens, 2007; Elliott and Thomson, 2010).
Past behavior can be used to predict both intention
to exceeding speed limit and speeding behavior,
and it made the large influence on speeding
behavior (Elliott and Thomson, 2010) inferior to
perceived behavioral control. Intention to
exceeding speed limits is mainly effected by
personal norms (Victoir et al. 2005). Furthermore,
personal norms are also affecting on speeding
behavior as the third important factors. The finding
of this analysis opposes the consequence of
previous research (Forward, 2009; Elliott and
Thomson, 2010) which reported that descriptive
norms were significant predictor affecting intention
to exceeding speed limits. According to the results
of this study, descriptive norms are not significant
influencing on intention. It is possible that other
drivers affect young speeding in some situations. In
other words, other drivers (descriptive norms)
cannot change the speeding behavior but it can be
influenced on speed selection. For example, young
drivers who usually drive exceeding speed limit
may drive slowly because they follow the speed of
vehicles in front of their car. This study aims to
extend some explainable predictors related to
speeding behavior into the TPB model. Two
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predictors were added based on the influencing
factors related to speeding behavior as described in
chapter 2: The response to speed enforcement tools
and social support. Social support has an impact on
young drivers’ speeding behavior. However, it is
evidence that the impact of social support is less
than all of other significant predictors. The
response to speed enforcement tolls does neither
significant influence intention to exceed speed
limits nor speeding behavior. This is possibly due
to the fact that young drivers may reduce their
speed when passing the speed enforcement tools
such as speed enforcement zone and increase
speeding after passing these tools. The presence of
speed enforcement tool is not influencing on young
drivers. It may change their speed in sometimes.
Therefore, speed enforcement tools cannot change
young drivers’ speeding behavior.

Abbreviations

GEN = Gender AGE = Age (years)
UNI = University ULO = University’s
location

INC = Household income LIC = Driving license

TIC = Experience of receiving speeding ticket

ACC = Past accident RAC = Racing movies

RAC = Racing viewing
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Abstract

The objectives of this research are to investigate the factors that influence accident occurrences, and to develop accident prediction models for
the first and second-staged expressway systems. The study analyzed the 5-year historical accident data between 1 January 2005 and 31 Decembers 2009.
Several dependent variables were analyzed in this study, including the total number of accidents, injury accidents, and fatal accidents, as well as the total
number of injuries and fatalities. The independent variables are primarily geometric characteristics of the freeways, composing of pavement and shoulder
width, degree of the horizontal curve, vertical gradient, the number of connecting off-ramps and on-ramps, whether the section is an interchange, the
section before an interchange, the section after the interchange, the section before an on-ramp, and the section after an off-ramp. This study used negative

binomial regression modeling technique for investigation.

The study found that the accidents mainly occur at connection locations such as an interchange, the number of connecting off-ramps and on-
ramps, the section off-ramps and on-ramps these variables are significant to the models. The accident resulted in both severe and mild, so to promote
safety in the design or improve the project. Consider these points carefully whether long-term vision. The length of the sing a byroad, a crossroad, a

crossing. Accessories car to compel, located in the tunnel or electric light to be brightly, etc.

Keywords: Traffic Accident 1, Fatal Accident 2, Injury Accident 3, Damage Accident 4, Accident Rate, AR 5

1. A ‘ﬂﬂujmq‘ummsammuuﬂmm;uuimm?ﬁﬁu Fasamdans

msEunLazasugdaususensd v e dduve S umeumnue ﬂngmmdwﬁéﬂudwaiﬂﬂmwia
yoauyud 1nelW MagduuumsiAuniaaz Insaiemsuuds Jymmumnsaugumanivaziasugmani Taenmswve
iilesesfuAUReINIUAZEMIBAIIAzAIn luMSIA LN d Uszima nnadanu Uszanns Inadodialszanm 130,000 au
Taseiensvudedsz@niom diaumaldsuanuazain nngiAmgnuauuluson 10 Tidum uazunn 500,000 au
520137 uag Hanwilasasis uavinInseinemsvudaiidym Idsmnadursonarsiliyanaywnanimanidymdind
1NAgiAMAIT 1T MaMIaioIaeTuTaTed A193193ANME D (Sweroad, 1997) guiAmamenSenmoiunilaluaumguin
weiitmauts duanvteiiviuen Sluduy m@mmﬁwdn}uﬁﬂﬁ' VOIMSIAETIA 1NN1TTIBNUVINTENT AT 1TV 109910
wj"l%'ﬂwﬁnammﬁumuﬁwﬁu 3 remndldmaiudilszay Tapiigiamauuiesnuuluangumwunuasuazfuuma

v 3| 4 9 2 v a 3 &

maed entimiwdau Fene lasuuaiuniededia Snnads Wudym adranugy@enaurssgnaaziudiunii

y A 9 a ¥ a 9y & Ed
HJuﬁ]uﬁuQmﬂQﬂﬂJﬁ1ﬂ1Qﬁ\1u’Jﬂaau "'If\ill Waﬂigﬂuﬂaﬁ:Qﬂu maQﬂiyw']ﬂ’]\jﬂ']uﬁ\n!’Jﬂaau RININ] Nllugiuuﬂﬂ’Jﬂ’J’]u?uuiQmu

AU
aaa
3.amuaz°nqy;]mnm EN
d‘ ) =< I~ 2
2. Mnuazusegdlaveatiym asaasanuuduniinageuaing
oa < & Aq o a o A 2 4 .
mj;a]m;a]ﬂn']qﬂuunjuﬁuﬂuﬂmﬁqmﬁqﬂmﬂwmjyﬁnmmg HUVD1ADY 2 ITAD NITUATITUNITOADD LD ﬂ’J“]Si’N (Poisson
. a 4 a
FanuvoaTan lunnq 3 wlididess auazlasuuiasudlusiuou Regression) HAZNITUATIEHNITOADOYULUNIUINLUVAY
' o a A a wa . . . . < v o o
41N j'mﬁqu‘aﬂmmmﬁﬂwmqj@qmjwﬁﬁumﬂﬂgmqymm@!ﬂn (Negative Binomial Regression) WumMsrmaNuaunusvoanls
: : & o X & o o 3w
auusfvasiumima  Uszmalnetasunt e lulssmaniss gaun 2 avu'll  Teshdudsdnumsediudsauiudnds
Warveanimaeseas Susomasdld  Tuasiavauie UL w09 (Poisson Regression) fitianu
& wa 2 - o A 151 -'ééq-ﬂqﬂ v a &
1HD99INY VAN AN D UUNIMUATHINULASNNAIAUNUYAA HUTUIIUNNNNAUR QYU LT mmaﬁwmgmmmmumm
A o o a4 & o oqy9 &, 'WﬂawﬂWﬂa 2oduls13
UMIANAITUIABINY MINANMUATEININTIAGT naum AMVY AIUAUITBATSITUAWUTIIAUNIN HIDAUUILW

L 3N N J
152 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIES

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYedonemsvudiuriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

s Tagd uguonIsHINUIINIUINULDAY AUUUNITOADDY

o v
MUY UQY uazwaﬂuﬁﬂﬁmm%q aail

3.1 MNVUNTIADDENIMINULUAY

a

a 7 a 2 o = 9
MsAAsIEEnsanneenIuLuvay Wudulsidenlslunts
a ') Ad o ) o o As o
Anzndoyansdindulsauiludeyatiuiuiunianuyems

Aa (] A X 1 g
sanuastwesiiimnunlsisiugeandiaunae il
v a X 9 o o
audeauydiiiesduvesdinisnanosilives daunlsmsnanoy
a =~ o o v d '
MINUUDaDIRAwI UM N U B VBIANUFNRUTIZ NI
' A o Aqyvo & s o
Andenazanuulslsiu uazdmdsilgiung ldmsuns

9 v

FInsrveyas

ZDe

Y Ao a o Aa
Sidmlsdase p @ (Xl,Xz,...,Xp)mJ

v o Jdou o A o @ a 9
anuduiusnudulsaw v Tasiinnuduiuseqlugdidadu

A o 8. o v Ao a 4 A
Weamlsmutus i IunuRTMIINLNN NIV VAL TUAD

(Ve Xigs Xypreonr Xs,)
(Y Xon Xgpreees X3)

o
NNVDYQ:

(Yn’ an’ Xn2""’ an)

Tavdt Y [ NB(1, @)

o

v
AU ae819vUIa N mmim%ummanwuﬁ"

sErIeaanlsan Y An1suanuaannutuuaunuaiuls

v
A

a3z p A2 AEAILVUNITAADBENIUINULVAY Aal

1y =exp(B, + B Xy + B Xy, +"'+ﬁpxlp)
ty =eXP(By + By X1+ By Xy 4 B, X3,)

& & s ¥ ' v o
Tagh ,U Wunnmesuoas auia N veen1na1anieag

wilsaw 44 de 1=12,...,n

g a ¢ o a
X WuwnSnsvesniaindsodse vuia N un

uaz P+1 wnan

g s o a
X tflunaaesuodrusuvesaidulsdasy

ya P+1

o s ¥ ] a s
IB Wunnmes e Ia9ueIaINITae s yuIa p +1

fewsnd 1 dlu S,

=D.

Hy
H,
fmuald u = e Nx1
5
1 X, Xy le_
Xa Xn X2
X =] o nx(p+1)
1 Xy Xy oo Xy,

X =[1 Xy X Xy Jwna 1x(p+1)
:un = eXp(ﬁO +ﬂl an +ﬂ2xn2 +"'+ﬂpxnp)
Aouanudinius Weglugumind 1wt
u=exp(X f+£)
L I J
153 “TOWARD LOW CARBON TRANSPORTATION FOR

SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



" . h
= NP R P = 4" ATRANS SYMPOSIUM
‘ASIANTRANSPERT’A‘HON RES-E-AiCﬁOCIEW STUDENT CHAPTER SESSION
Sl et A R AUGUST 26-27, 2011 BANGKOK, THAILAND
B & waz X B dhuilsfFuaduvesmmsiiines
B &
=g a d' d' v
B, & 3.2 MSANHIWASNHIVETNSIVDY
ﬂ = . |4 (p+l)><l wags &=\ . [1] M3lnzmMInansenIuuDavzudamudonnile

'

v A a ¢ a '
ﬂlENfﬂiLlﬂﬂﬂluﬁ'lﬂimﬂﬂ'li’uﬂi']zﬂﬂﬁﬂﬂﬂ@ﬂﬂ’)%@imﬂﬂmuﬁ1ﬂ1

AN 31591 NAURTE (Overdispersion) &4 13T 1 Tl

ﬂ & ) a4 g9 o /9 9
P n EU@'FT?J14(ﬂ!U0\19’]1«!'1]6\1ﬁ'J!!UUﬂ‘]iﬂﬂﬂﬂfJﬂ'J“])’ﬂ\? ﬂ’]ﬂﬂ‘]iﬂizqﬂ(ﬂjﬂf

9 aa s

wna (P+1)x1 dumuumsaanesihwesnudoyasiuIug et inangrianign

v
MIVUTIMIUNVeIlseme Ing AUARUUNTIAN W.A. 2537 B4
10 Y [ NB(u, @)

BOUTUNAN WA 2546 WU MADA Deviance/df INNIMHURA
v
1 . . ¥ Ao '
uag ECY, =4,;1=12,3,..,n) ay¥1 Overdispersion 1iufe AauuMsansuilwes liminzau

o v 7 a e a
ﬂ‘llsflJf’JiJ“ﬁ @Nuuﬂ:ﬂ53qﬂﬂi%ﬂTi')LﬂinWﬂWiﬂﬂﬂﬂﬂﬂ?uTﬂJLL‘U‘U

a2 ldduuunsoaneeniuunuuay o o
aunudoya

u=exp(Xp+¢g) ... 3.1

a, ' a 7 o @
[2] ﬂ15ﬁﬂ‘kﬂl‘]ﬁ'El‘llL‘ﬁEJ‘LI’J%ﬂﬁ‘1J5$1J1i1\lf’ﬂw15111W]’t)i?ﬂ‘l’iiﬂﬂﬁ"

a o 1aa s
Llﬁ$ﬁllﬂﬁWfﬂﬂiiﬁ"llﬂQﬂﬁﬂﬂﬂﬂEJTI?J‘L!']ML!,']J‘Uﬁ‘]J memamumaumvlﬂ WUN 'J'ﬁﬂiwﬁﬂmuﬂﬂﬁﬂﬂiﬂlﬂuﬂlliﬂ

uazdadiugudez a1 MSE fge dau3t1szanamuuanunis

d=exp(XB) ... 3.2 . o :, ,
£ P(X /) (3-2) wilugagauayBdszinanuy lasimdaesdiga vz a1 MSE

Y z:'sl Y o
© e o . 2 nlndiRgann
MNauMs (2.1) naz (2.2) awisadneglugihiduduldail
) [3] MsAnyIaIUDTIa0InIAAzIuTIMIUR TR UNI
duuumsaneenIvusuvaylugluudadu

v Jo v

wmmw'uﬁuﬂizmwﬁmbﬁmmmiuamﬁmﬁﬁuwuﬁﬂuaﬂymz

wa '

Ihu=Xpg+s ... 3.3 musaaavenalaglddeyagiama szl w.e.2539

U A a

v
[

v
B9 W.A.2541 sauiean 3 3 m3ideldnaaedddglunusianans

o a a
Lm%’CTIJﬂﬁ‘wEﬂﬂimﬁui’Nﬂﬁﬂﬂﬂi’)U‘ﬂ’JuﬁJLL’U‘]JﬁUGlug‘]JLL'U‘]JWQL%M N o N
DADDINHINW LUVIIADINTIDADDYNIYOI LUVIIADINITOAD DY

na=XAg (3.4) nMuFavsaziuuiiasinisoanesaenuonea 1Usingi
o | o 4 4 4
upuiiaesmsaanesihaeuilunuuiinesimunzauigaiog 14

i]&"lﬁ} a ¢ wa 2 Ao A a9 o
BIUNUHNANITURUALVIAHIN ﬂymzbluﬂ@!,u@ulagumagaﬂiz"I]ﬂ

~ o F oA nszneINMsAnE UMl nTded vy lunsesuesiuau
|n/,11 1 X11 xlg le ﬂo wn 4 o wa Ao ] o an A
R QUAMANIMNA SugiamanlinmsuaRy Siaugiiameni

In/};z 1 X21 X21 XZP IBJ_ an A

msmenazglaghsnesnuenauy laun Usanisldsona

' . . - ' <
= ﬂ}J’NW’JVINLLﬁzvlﬁﬁ‘ﬂN ANNLTIDDNUUY LUINNITULASLHUINN

A9 AT UL TN UABN Taiuag

= 4 o wa A
/] b 4] MsAnyUToIoAs1I9TAMqUUouL lwvauenlesdsina
Ing, | |1 Xy Xy X, B, [4] 1AM

T VPV . ineaza1 lun uaz 1935 Multiple Linear Regression 83118
Taoh IN 2 dhuladFudadusinasveadau

ANFNITLT 521 EAIRMg T UEN BT MUV INAAYDINS

vude 1 =E(Y,) = exp()gi,g) wunlutlszmean luaiseduniodan 5% anundeouuuas

154 “TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



,—AT!rm é

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYedonemsvudiuriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

° A 1A 3 o a v o I o
iﬂu'Juilqﬂﬂﬂ!GlfﬂMﬂﬂﬂi'ﬁLiJﬂ51,‘1]uﬁ’J!!ﬂiMﬂ’ﬂMﬁﬂ‘Wuﬁﬁﬂﬂﬂi1

[5] 81991398909 Chapman(1973) a3 UouuUIARRd 1Yy U

'
a A

a ¢ wa o s v

N1IUATICNYUALYIA ﬁf) wurnamenudsuianisldse
a A4 4 a a

(Concept of exposure) HUIAAULNDIAYINITAN NNV NITHNA

(AEINVAN U YDIQITAIA(Accident situations) 1N 1ZT1UIY

wa A a X Wy = ' <
Q‘]Jﬂlﬁﬂﬂlﬂﬂ“lluﬁﬂnlﬂnlﬂﬂNWﬂﬂ?WNﬂQﬂ?TﬂJuTﬁﬂglﬂu

a

wa o v

(Probability) dmFumsiiagiiame g v lddmiiaanuves

I~ ° .. o @
13amsl¥sadlusiuiuTona (Opportunities) 1M50A3

Ay o~ 2, . 2 a4 4
Magiamaideunatumiven lugianaiwaziuiidnyi
YU

[6] M3anyIHanIId1uanlaoadsveanianalalunis
Y Y '
DONUUUAIMUNINYOIVI VT mmmnllﬁammaxﬂizmw

' oA A L] 9 '
Ilﬂﬁ“l/‘l'N W‘u’nmamuﬂmmmwawamma:mmmw'lwa
o Y wa Y | =
mmmﬂwaquumwmﬂm NTVYIYANUNINYOIVNTIITY

wananuaNulasassnannsiyaNun e lranig

4. wamsany

MINToYAYUAMAVUNNNAIRAVUHIUAT (FLUUNI

R

v
@

' & a o ' Y A & =
AIUVYUN 1) HATNNAYAS 5% (FEUUNNAIUVUN 2) Wunar 59

o wa

N 1un3IAY 254809 UN 315UAN 25521i91iAMm

SBee
3.

)

Pl

) ) 9
UNIHUA 1,722A59 0 ummmﬂﬂmimﬂmu 570A59 giiAIH

a

2

1A

Pac

v
AAMSIEETIN 20a53 UGFEFIA 43570 tazTIudinady

1,81851¢

70

B TOTACC
INJACC

FATACC
= FATPL

®INJ

TOTACC,INJACC,FATACC,FATPL,INJ

Section

]

! o o o { o X
31]ﬁ4.1 ﬂﬁﬂ‘i%ﬁmﬂ@nﬂlﬂﬁﬂu’JuaﬂHm“ﬂﬁ!ﬂﬂﬂﬂmﬁ@‘ﬁ NAY

a

v
[

NINUA AUTIUIUFNOUY

a Jd Y 14 o & aa
4.1 ﬂ]ﬁﬂ153!ﬂ513ﬂmﬂuﬁﬂ?ﬂiﬂﬁ!!ﬂﬁu ﬁ]!ﬁﬂgﬂﬂ%ﬁﬁﬂﬂ
nndoyaveameiiiay /35y sruUNNAITUR 2AiAn e AuagB

[ I a o
utervesdeyaiilu 1369a gaaz 10lawas adrauuusiaes

o

Y o aa a o

areTsunsnduFeginmeadd Tasmsiiunadely Command Bar
o & & q ¥

1agCommand Document lagsidaniasgiuazdeld lsunsuy

o aa "o a o o .
duFagineada dszuanduilssaniveaundiaed Negative

a

"o £

Binomial Regressionﬁﬁ]LLaZWWmiﬁlﬂﬁnLLﬂiMﬂmﬁuﬂizﬁ“ﬂ‘ﬁ
v o ¢ 1 o A A

anduius 1mny 0.10P [|Zp>z] TasazAa@eniermnuIniga

ponlinazda

wa

o da X 2
IUIURVAVANINAY

4.1.1 UNINUA (TOTACCI2AB) Iin7efe

o

) 2
asvsilalamasez ldaumsnuusiaoanail

-

YIN(+0.240%347 Taruas Ao UDIN190ADUUNEN)BKS(+0.264%74

exp [0.506+2.279+2.279% 10U Ui unauena19 A

AlamaIndann Mo uuKan)FKS]
sy v a Yo &
NAFAUMINGINTAN LAY asaesineldnail

' A g ' o A a 7 o
FeouuNunamenaeseay IN dawsideesiiy uan
R a g ' o A X ~
0.506%1118ANNN o1NFMaUUNTUNLINA19TEAY NN T
Lmﬂfiu%"maumszﬁﬂﬁmmqﬂ‘ﬁmqmmm Wiudeuaz 16.59
TasNe19n TaaTAoUDINI00NIUUNEN HAZFIIN LAty s
o v o A A o v o a =
HEAAMUVIDUUNED AANN aansarunudlsdased

ﬂ’J']llﬁll‘WLlﬁﬂu“ﬂi UM =0.114

1 a ' o 1 a [4
5]5'Nﬂialﬂﬁiﬂﬂuﬁﬂﬂ']\?ﬂ@ﬂﬂuuﬁaﬂ BKS ﬁﬂ'ﬁ/‘ninﬂ@]ﬂi
I =) v =
Wy van 0.2401 118NN ﬂ']JJGIf’NﬂIﬁLlIGﬁﬂﬂuﬂﬂﬂ']ﬁ@@ﬂﬂuu
o A X a Y o a o wa 2
nan wmmu%uuu’ﬂummaumimﬂmu’;uququmwuﬂ
L4 X g9 A1 a o v o
IWUYUIDYRS 12.71IﬂfJ‘V]GIf'NﬂIﬁ!ﬂﬂﬁﬁaﬂ%']ﬂ“ﬂ'mﬁﬂﬂuuﬁaﬂ

' A g ' oA ‘s'
LLaﬁfNﬂuum‘ﬂLI‘WNLLEJﬂG]NSzﬂ‘]J UMAIN

1A o Y ' a o
%297 Talas NI MUT 0 UUHED JFKS (A5 1iiaes
I J Y A a o 9
Wy van 0.264v1418A NN fl']llGU'NﬂIﬁLNﬁiﬂﬁ\?‘ﬂTﬂﬂTﬁHﬂﬂuu
Y A X a Y o a o wa 2
nan wmmu%uuu’ﬂumm:}umimﬂinu’mququmwnw
= ) A1 a ' = o
IWNYUIYaY 13.02 IﬂEJ‘V]"]f'NﬂIaLllﬂiﬂ@uﬂﬂ‘ﬂ1ﬂ@@ﬂﬂuuﬂaﬂ

wazgnuuAdumaenaesea Tanai

155

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



gr—AT!l'\ﬁ"\ é

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYedonemsvudiuriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

wa

412 Twugiinmaiinamsnaiy INJACCI2AB) inisfe

9y ° @

v Y
asvsinlames o ldaumsnuusiasanail

A '

H= exp [1.271+0.407% 290 U AT un 1908019581 IN (
+0.2929297 TaINATHAIINNIUTIDUUNAR JFKS]

v

ooy v a vo &
ﬁ]1ﬂﬁuﬂ1§wa1ﬂ§mﬂ‘lﬂu ﬁ’]u’]iﬂa'ﬁ‘u’]ﬂ‘lﬂ U

' 4 g ' o ~ a 7
Freauuntuniwenaeszay IN Iamisilwesiilu uan
VYA A g ' o A X
0.407 HU1WAN 810 BIOUUNTUNIWENANTEAY INNTUDL
a Y o a N A a g A X g
NLLLI?IIHJ‘l]ﬂn‘uﬂ1ilﬂﬂQUﬂLWSﬁ‘lﬂ!ﬂﬂﬂﬁ‘u1ﬂ!‘ﬂ‘u IWHYUITDYQS
A 1 a o 9 o A = o
15.021@8% 290 IANATHAIDIAMUNIAUUYED WA1AIN Az

v o a v o o A o
wlsaupuaaudseaseianuaunusnunsEauaT 1 = 0.076

" a o o ' a 7

G]f'NﬂIﬂLiJ(ﬂiﬁﬂ\ﬁ]"lﬂﬂ"lxuéfl’ﬂlﬂuuﬂﬁﬂ FKS ﬁﬂ'\W'\i'ﬂJW]aﬂ'ﬂu
oY oA A g i o

120 0.292 HNIWANNIT 91U FaaUuunwenaeseay

A X = Y o a an & a s A X
meu%mmﬂummuumsmﬂqmmmmnﬂmi‘mmﬂ‘u IWUUU

Q

Y A a @ Y v A =
1080 13.391@1811/] 290 JaASHAIAMAUTIOUUan Naneh

wa a

413 Swaugiamgiinamsidedia (FATACCI2AB) niiefe

Y ° @

v Y
asvsil/nTamas v ldaumsuuudiaoadall

[ -

JFKS(]

exp [-2.280+0.807%2490 JaiuasnaanAMUt 19 UUNdn

7y v a vo &
ﬂWﬂﬁMﬂWiWUWﬂiﬂ!‘ﬂl‘lﬂu ﬁ1u15ﬂﬂ‘ﬁﬂ1ﬂvlﬂ JU

1A Y o ' a o
ﬂanTammwmmnmm’fmuuwan) FKS (ﬁmwwmmas
< ' <3 ' a o
WU v7n 0.807HNIBANN 5’1Lﬂunuuﬁmﬂ 10 TawAINan
9 o a 9 o wa a4 a
MAUVIDUUNAN (on-ramp) %uuuﬂuumﬁnmuqu manina
A aa A X oy @ o a
MIFUTIFIUNNVUITOIAE 22.41 Tagdusaunazdulssase

v o dou A o
JanuaunuEIUNTEALAT 12 = 0.023

o ) < A A ~( A
4.1.4 NUIUTYHVIAY (INJ12AB) Uriuund 510/50/n Taluas

o

) o L
i]gvlﬂﬁilfﬂiuﬂﬂinﬁﬂ\? JU

A

M = exp [ 0.233+12.341M1UF0NADN 1AIUAT JRCO.618+ (529

A ' 1Y
ouuNIUNINANS AL )IN]

v

sy vl a vo &
ﬁﬂﬂﬁuﬂWiWﬂWﬂiﬂ!W]}lﬂu ﬁ11ﬂ§f\@ﬁlﬂﬂ‘1ﬂ U

A " a A a s
MUBOUADN LDINAT RC HA1Ms18ees5iilu uan 0.233
VoY oA A P a 2 2 a B

MU0 i museuaen latwas thuauuw sediuurldu
o ) g A 2 g 4 2
UIUTYHUIALY INNVUTDYAL 12.6219]8‘1/] Freouumiunig

' o oA A o v o a ~
HENANNSEAY AR nazalndsaiunualndsoased

ﬂ?nJﬁll‘W‘Llﬁﬂu‘ﬂi AUA 12 = 0.079

' 2 g : o A a P
Glf'Nﬂuu‘VILﬂu‘Vl"NLLfJﬂG‘l"NigﬂU IN Nﬂ']W"ITIiJW]'E]iL“]Ju UIN
YA A g ' o A X
0.618 YWY DY %'Nﬂuu‘ﬂLﬂanQLLEJﬂﬂNiZﬂU INUUU S
a Yy o ) < 4 X g q‘
NLLU'JIH?J VTUIUTIYAVIAIY IWNVUITDYUAL 18.551@8‘1/] NN

Wouen lawas IAnan
e o
4.2 mailszgnalFuuudiaes

a ) a  aa A o o
A199N 1 LAY if)ﬂa$ellﬂ\iﬂ'ﬁLﬂﬂ@ﬂﬂ!ﬁ@!ﬂﬂﬂﬂﬂﬂﬂﬂlﬂ\?‘lﬁﬂﬁlm

A a 2 X v YA Yy A
ﬁ]immamm1ﬂtumﬂmwmmuuvmmwuuﬁ luazmuﬁ 2

VOL RC IN BKS FKS
als
% % % % %
TOTACC - - 16.603 12.712 13.021
INJACC - - 15.023 - 13.384
FATACC - - - - 22.412
INJ - 12.629 | 18522 | - -

a - a wa A o o
INN1TINN 4.1 LL’CWN!JJ'EIiL%uﬂﬂ?i!ﬂﬂqﬂﬂLW({]mﬂNﬂ’ﬂ’ﬂfJ‘lJEN

A
o A

A a A X ' y
YSU510TUaZSVIAAADANVTUDUNWAUTUN Liag VUl

211585 19uuUs1andannes Negative Binomial Regression

9 o wa ° ) <
mm‘m"lﬂGlﬂumsmﬂﬂzgummuaummm IUIUFVIALIY

Y Aaa

IUIUATIFIAVUNWWABRAUNTIUAT UASNNNAYAT5Y oU

gy

A A
EN ﬁiJ‘lJiiLl!.!.ﬁ U

4 qya o ¥
e ldinanulasadoundlémannau

M5 IA 12 Insams g nd

Y

z:IQ 2 2
NAAVUNIIUA (TOTACC)

v A ' o eza

4.2.1 Yaveilinan

9 o

A X oA aaa v a '

NNV UDY WU UITIAYNNADAN 0. 101ﬂ801ﬁ1ﬂﬂ‘ﬂ1\166ﬂ1u%’33
= o oa X 4

ﬂuuu%swﬂﬁ'mmuququmwumwmu%’aﬂaw12.662 TﬂEJ“V]

156

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”




,—AT!rm é

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYedonemsvudiuriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

F1aumaenaeseautaznut lilinansenususiuau

H Y v
giiRignATUNINLA

o Aa voo wa 4 a <
4.2.2 'ﬂﬂﬁ]ﬂ‘lﬂﬂWaGlﬂfﬂTLl’Juﬂq'UﬂH’iG}WLﬂﬂﬂ1i‘U1ﬂUﬂ‘U

(INJACCI12AB) e iied meadan 0.10 Tagdmini

o

' 1 9o wa 4 a <
‘I/]NBﬂﬂclu%'lﬂﬂuuui]gﬂﬂ,ﬁil1u3u@ﬂﬂlﬁ@]ﬂlﬂﬂﬂ1iﬂ1ﬂlﬂﬂ

] '
A

=2 Y A o ! o 1=
IWNUYUHIDYAS 13.3841@]EJ"I/H]‘IH’JH"V]NLL?JﬂCﬂNiSﬂﬂvlililwﬁﬂix"ﬂ‘ﬂ

v o wa 4 a <
NUITUIUPUANANINANITUIALIY

a

4.2.3

= 1A @ g

(FATACCI2AB) tivtiueg1aiiifiodinynieanan 0.10 Taadil

=~

4
‘wNm“.‘l’ﬂuﬁmmuuu%:ﬁﬂﬁﬁ’muuﬂ‘umm ‘V]Lﬂﬂﬂ1§l,’d85]nﬂ

a

A 2y
INNVUITDYDE 22.407

o o < L4 X \
4.2.4 Madehiinades uIuduINRY (INJ12AB) 1BAU0 6193

'
aaa

Y a 3 o ' d”
uﬂﬁWﬂﬂJﬂNﬁﬂWﬂ 0.10 IﬂEJﬂ"I‘H']ﬂlI‘VI"NLLEJﬂG]NS&’ﬂ‘iﬂu‘U’Nﬂ1!1!1!
o o 4 X Ao .
ﬁm/lﬂ'ﬂmu’m@mmwmmu?aaaz18.556 Iﬂﬂ‘l’]"iﬂl&’)ﬂ“ﬂﬂl%@ﬂ

lifinansznudusunudinaiy

=S
5. agidwamsfinm

wa 9w

nsafunusasuiieinegiamaiinnudiyluns

° wa ° < ° a
MAAZITIUIUQUAY T1UIUIARD SIudidediauuna
' ° o P& o aa L.
A 1 VT1a03ANa 1N UUUDTIAINNEDA (Statistical model)
Hq 9 a o o Y wa A a X
AldeTurennudunuiszrieduilsgiidmgMnavuuuni
AuinedvesnudnBazMusvIAdnveIN1IAIuLazI NN
3595193 onvzh ll 1 lunismangiusiuiugliamg s1uau
9 2 o Y Aa ' A o a <
Aady SUAEeFIaUUNaIY Mehns Nzl iuly

{ i3 1A a
Tasamsniinugndaes auysouaziuyene 1dinand1y

o Ed a 7 ao o &

Yasadounglemawiniunisinsizd luauisentuil ldagl
v 9 = 9 2 Ao g =
Wadernamsanyazdoauonuz Bl inglssasaueIms A,

Ao MatodusungiaNLonInanenTNARLAMALUNIAIU

nazafUUTIauIeTIIURMALUN AT

=®

5.1 amwiwuimsanulumsaasuusiass

9 wa

v
nuisentivillsYeyagiiamiguInmssenuglAma UL

wa

' ¢ A ' ¥ .
‘I/'I'Nﬂ'Ju"]Jﬂif.fufJLL%}Q@‘U(ﬂn’i@lﬂ"lﬁ‘l/]NWLﬁHLWN‘]JEZWIﬁ‘lT]EJ AL

a a

o A 2 o A o 3

JUN 1UNTIAN WA 2548 DIIUN 31FUNAY W./ 2552 52U
a3 = a £ A a a

a1 5TAY MSANEIT 2iFUNIADNIINABIRANNHIUAST

FEHLNI5IN 30.1 D IANAT LASNNNAYATSY TTEN195IN 39.2

wa

nlawas Taouendoyagiinmayieaz 10 lawas uazianiall

Y

(A) ieN1InaY (B) TIuaHNA 136%A7 030

wa =

mju%’auﬁaﬁmau@ummmmwuﬂ 3, 245!1’iﬁﬂ15ﬂ!

a a

& Y 1o wa 4 a X
Llﬂﬂlﬂu Sﬂiglﬂ‘ﬂhlﬂllﬂ VIUIUGUALNANINAVUNINTNA
wa a

n

(TOTACC) 1,745 518 91UIUQUAING Hanmsuaiiy (INJACC)

584318 TWIUQUAMATINANTIFET I (FATACC) 20 518 311U

Y
5100 TYY

u

30 (FATPL) 43 AU uag mmuswwmmw (INJ) 1,870

AU

@ a <3| "9 a Y

dwilsdaszilunguieyamusvingiavesoun laun

Y] a v ' 9

ANUN9veaRIme (PW) aAnunhavedlranie (sw) aeenlaa
v o 2 v

51U (HC) Sevazazauysanainsuluuuivuy (Vvcu) dooay

geavvean At luuuIag (VCD) iumaieuaen lauas
' A g ' o 1A ' =

(RC) F19auudlunanena1aseay (IN) $390 Jaluasnounania

HENANTEAD  (BKIN) 4290 JaluasHaa91nn1auenagsea

(FKIN) %390 Taiun s nounan19eenauunan (FKS) %390 lawns

NAMNMATIDUUNEN (BKS) uazi5uamsrsiasmasaeiy

aaonall (VOL)

5.2 Ni;lmiﬂ%nnmuﬁmmuazmﬁmit{ma

MIANBIWVUTID0IUI8QUAMANTAANYINIINAYID AU
uns wazmaiapad § Swumdu 5 nduAesaugiamai
Aavunanua  (TOTACC) Saugifmgiifansuiasy
(INJACC) $1uauguinimgiifan1sidedsa (FATACC) S1uaus18
AdoTF3a (FATPL) nazd1uiusioduiaidy (IN)) uaaznguls

Fasaauvusiasanney Negative Binomial Regression
5.2.1) Model NAIUAUN 176N A 11aZB
TOTACC (1)Ln Y=2.076+0.390FKS

INJACC (1) Ln Y=1.209+0.444FKS

a

%290 Tan 31N Mutiouuran i dnswagganens

&

A em . ‘e I
magiamglu 2nqu laun SwugiAamgMinedunanua uaz

a

o wa { A <

ﬂWU’JuQ‘UWL‘H@ﬁLﬂﬂﬂ15U1ﬂWU ﬂWii’)i’)ﬂLLUUVﬂQL%ﬁﬂuuﬂﬁ]fJ
9 A v A Ay = o o o gd

TTYSNNUUINNISYUBA ‘Hﬁﬂﬂ']ﬂ‘ﬂ'ﬂﬂ‘l/]']\?‘l/]ﬂ']ﬂﬁ\i!.ﬂﬂﬂ"lﬂﬁﬂ’ii“ﬂEj‘ﬂ

Faliqunnudunis lunseenuuy Insenisalsiinisiiosan

9 v

dayathoeniiludsay
5.2.2) Model MagIuwL# 2fiema A uazB
TOTACC(2) LnY=1.932+7.475VOL+0.432IN
INJACC(2) LnY=0.943+5.1636VOL+0.453IN
FATACC (2) LnY=-3.178+1.569FKS

INJ (2) LnY=1.688+8.690VOL+0.643IN

157

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



gr—AT!l'\ﬁ"\ é

ASIAN TRANSPORTATION RESEARCH SOCIETY
anaudYedonemsvudiuriototds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

5110n1595195 1azHI9R TaATNoUDININENAI
szau I anSwageganenisinagiiamalu 3 nqu ldunsiuan
qﬁamwﬁ;ﬁﬂ%uﬁwm SueiRmaiinanisuiady uag
Fuduiady daurenTawasvdannmadiouundn §
SnwagaqanegiAmgiinIguidedin m"umwwﬁﬁqu‘”ﬁmq
iflesarninisesesnumiu Tmaduwazeennsysudaiuun
drudmiTamasiimadiouundn mldeiRmaiinnugunse
mseonuuuIasimMsalsinsinsandalsuimnsesis 19
ANMNAVITUS T UAZWIUAT YA UIAYNIT0NLULAITATITIYA

aﬂﬂmﬂmmﬁaaﬂﬂamguuiwmqﬂ”ﬁmq
5.2.3) Model MaAIUTUR 1uaz 2firma A nayB
TOTACC(12)LnY=2.279+0.506IN+0.240BK S+0.264FKS
INJACC(12) LnY=1.271+0.407IN-+0.292FKS
FATACC(12)LnY=-2.280+0.807FKS

INJ(12) LnY=2.341+0.233IN+0.618RC

[ a

%797 Taua IADUDINIUENAITEAY UdNTHadenTIne

wa £ 2

damqlu 3nqu 1Tdunsmaugidmeiinaduiavue $1uu

P

'
o

A a 2 o 9 2 a Ao 9
PUAMANINANTITVIAY LAZITUIUHUIALIY ﬂIﬁm@ﬁﬂiJ‘VlNL‘U']

auuvdn Tonwaremsmagiimaly 3nqu SuangiRmail
Vv '
unanue Suugiamgiinamitnaiy uagsuiugiiame

a

=))
po}
2he

q A a a '

3 druiTawasiinieesnauundnil sniwade

a X
[3)])] Lﬂ@!ﬁ!ﬂﬂﬂluﬂiﬂﬂﬂ uae ﬁnmumawaummwam
v

o < o ' ' '
VIUIUFVIALIY NLVVTIA0IUNDI ﬂﬂL%BMWBUUWNﬂ’J‘Hﬁ

9
mumﬂ ﬂﬁ'mﬂmguuima:"luguuﬂ mseonuun IngIntg

2 2

° A g v o o
msmieadaonaeailuliediny

a

6. agluaziauoumy

v v
o ¥ & g ° ]
1“fﬂiﬁﬂH1!,!,‘1J1Iiﬂﬁi’)Qﬂiﬂﬁ!ﬂuuﬂﬂiﬂﬁﬂxﬁzﬂ’ﬂﬂ

wa o

QUALYIA UANHULNINENINYBIDUUILALYTUIUATITINT LA

= o A

a wa 9 & 9y a =
ﬂ']ilﬂﬂqu@l!ﬂ@]ﬂﬁi]ﬁ]ﬂ'ﬂuc]!‘ll11J']LﬂfJ'J‘ll'ﬂ'ﬂﬂﬂJ"lﬂiJ']fﬂuﬂ']iﬁﬂ‘H"l

a

2 v @ ' A 1
ﬂi\W]i’Jhlﬂﬂ'li?i1Tﬂyallﬁ$ﬂillﬂiﬂ1ﬂﬂLWiJiJ1ﬂﬂ'JTH 10

wa

HUUTIR0IIUIUAMALUNIAYIR AU UNIUAST (iz‘]J“lJ‘l/]'N?i’)‘Ll

a a

ee

2

Ui 1) nay ettty $ (52 VUMM 2) WUN8 ﬁﬁmcﬂﬁ

aé
NAY

5

1 1 a a A [ i3 <3| 1 !
udwIngiAausnamaseudediin it fussoud
g ' v o A ' A v Y =
WumagnanNseAuTIUIUMGFoNAD HIoN1W1eNAIUTIN
Itinagiiamg luguuswazguuss lumseenuuunselSuilss

a

a ' ' ' g
Iﬂi\iﬂ1iﬂ’ﬁWiﬂim1ﬁﬁ!ﬂH’iﬁ1’8]8113561Jﬂ’f]’ﬂ‘11|7]1i]ﬂ‘ﬂu

Lﬂ%ﬂ\iﬁﬂﬂﬁ]iWﬂi !.ﬁyul,l,‘l_llﬂﬁﬁﬂﬂﬂﬁlauiﬂ 53?]3%]18“”8?1“”1@ ISUT
= 9 v o Y v ' -
VDNV YILUVIDDN Q‘ﬂﬂiiu‘1JQﬂﬂiﬂiﬁ@giu‘h’@ﬂﬂ'lﬂﬁiﬂuﬁﬂ

TWihdesaineaaq

ANYUTAITOOAUUUMUTVIAUAVDT MATABNAIT

o A C4 v v o

drsneenuuuianyssigndswasminzauluduaulasasy

' 3 A o =~ v Y A

g3 1wy szezmsveuriunilasads nsnlasuund Idenulasag
£ v A v I~ Y 1 Y a a

ANNAAFUVBDUY Azl Ine Wudu dewalimeneyinanu

@ @ k) a ' Y o i ' o
ﬂﬁﬂﬂﬂﬂg\uﬂﬂ ﬂQLL“IJiﬂTL!!.5ﬁll1ﬂﬂ!ﬂ%ﬂ‘luLLﬁﬂQIWL‘ViuBﬂNLﬂu“Hﬂ

Y v
2 o o wa a
9

NiwadeIuRmMaINATUNINA SIUIUQUAMATIIAANTS

a

Aa

2 o wa A a o aa ° =
VIR NUIUYUALHANNANITIULTYTIN ITUIUIIYHLTIBTIN

a LR U

° < v < a
ﬁ%@i]']u’JUiﬁlﬁ}‘U']ﬂl’ﬂU LW]?JEJN‘liﬂ@'ﬂlI NHANTIUNITAD LA UDY

Yo A

uazmsiuivesdvuiifuiedidn 1ileaninmsdaduldeds

1

JJENL‘HLH] qwan ammﬂaaﬂnﬂuuwamuummwwmmuawvﬁﬁn

auuimiy gVuineuiiezldneadsasinaey anmiranie
a <
ANMNOIUNIHUEZ LHUNTIAUNI 1AZIATITNNYITIVT NAINITD

aamsinaguiameg 1a

a a
7. nadnssuilszma

) ' ya o

v
Inofinusiidusgaiiaied JIsevensivveunszau yana

' ' 2y 9 Y o o ' A
HagNQUYNNANIN Vlulﬂﬂ?mflﬁﬂWﬂi}ﬂHT UUSUT LS FIVN QD

v
[

0819A84 miumuwwmma mumsmmmmnﬂ 01T Y

- vovounmunIImetdema Iuladgsunnlimuaivayulu

o

a0 &
JUIYU

a ' = 79 Y Y
- le?J‘Ui’)‘]Jf’]iLlﬂﬁ‘VlNWLﬁ‘HLLWQ‘IJ?%WI?(VI.VIEJ‘V]?JHL?’I?WWGLWGU@MWU?N

U

o

a0 &
JUIYU

PR o a a o I
- Q“ﬁﬁﬂﬁ"lﬁﬂi?’lﬂiﬂ ATNIYNT ANIUUN ﬂﬁl"liﬂ'ﬂ‘lﬁﬂHW

Fnenfinug

= @ 1 Ay v
- vaveUNsEANAZOINsY luoaauazdagiiunnniu i 14

Usz@nt dszamimaiug

svansuveUNIZAULiAN M uazdnilglniszyn

1

Aq 9 ' a = 3 oA
ﬂLI‘I/ﬂ,‘l’iﬂ']iﬁ)‘]JiiJ!.!.ﬁSﬁ\ilﬁiilﬂ']iﬁﬂ“kﬂ!.ﬂuﬁ)ﬂﬁﬂiﬂTﬂﬂﬂﬁﬁ)ﬂ

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



. — o
Ve | 5‘\&11*5&@

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnemsvudonrioiolds

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST 26-27, 2011 BANGKOK, THAILAND

8. 19NE13919949

o & o a a a a P a
UNIAY AN .(2550) “UUIAATFBINGBYNIIATIEHANTDADOINT
wInBUYavHaznsUsrgnd” Inertinus uiiuda

(4 @ a

a ¢ aa a o
INYIAITAT )ﬁﬂﬂﬂigﬂﬂﬁl Waumnainygiay

UMINND T 1N,
1 a o o @
02350 QWITTANNT (2542)*MslszmuaIslmesd sy
a < a a s v a
MsuanuaandINauuuuna U7 Inefinusuniiuda
=)

a 4 o aa 14 @ a a o
MUFIAITATUALNITUYY )ADAATAT (UNNAINYI0Y

PNAINTAUHINGY.

r'd
audna TuAdszdng) 2548 (Manffoufouanumanzauuos

MIYTVLNNNAN TEUNITANNELTT 1.

Jacob, G.D. (1976). A Study of Accident Rates on Rural Road in
Developing countries. Department of the Environment
Department of Transport, Transport and Road Research

Laboratory, Crowthorne.

Wang, S.C.(1998). Modeling Traffic Accidents: A Case Study of
Sun Yat-Sen National Freeway. Taiwan. Master Thesis,

Asian Institute of Technology, Bangkok:

Zegeer, C.V., and Deacon,

159

“TOWARD LOW CARBON TRANSPORTATION FOR
SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



i ———— R 4" ATRANS SYMPOSIUM
ATRAIES STUDENT CHAPTER SESSION

ASIAN TRANSPORTATION RESEARCH SOCIETY

anmOVsImsvudiatts AUGUST 26-27, 201 1 BANGKOK, THAILAND

msiszgndlinIesrmnauuiiumanenmszazmamsiuiilasasy
An Application of Road Marking for Maintaining Safe Driving Spacing

Paper Identification number:SCS11-021
a a aov Jda a 72
DUUNA ﬂgaw ,03YND aWIUUN

Anintita Patisung, Thirayoot Limanond

a ' a ¢
EUIMINTTUVUE AULIAINTTUANEAS

wiminedema Tulaggsuis

E-mail: anintita anin@hotmail.com

a v a 4
TVNIAINTINVUEI ABLIAINTINANTA
wnanendoma TuTadgsuis

E-mail: tlimanond@yahoo.com

unAage
o wa v

Y i1
“luﬂmguuﬂi:mﬁ“lmﬁqu MANNOUUAAYUINA Hofnsannnadatenaulszianvesauramsnaetiamanauuudl ms

a a 2 a

Y ox
o A o o

Y g wa = ' o s Ao Aa a A a A X A g vve A
GBHV]WEJHJUQ‘UWLW@WTQQUUWWUU@U?’]?QWQ’Q iﬁqﬂigﬁﬂﬂmﬂﬂﬂ"ﬁ? gUN® ﬂ"ﬁﬂiglﬂuﬂigﬁﬂﬁﬂ"lwsll'l’]\uﬂiﬂ\iﬂu"lﬂ‘lluwu‘vn\i LW?JGI,WE uay
Vv

aa

n3wdszeriamsTuIlasass $ioan lonanazanugunselumsiiagiiang Tasmnized19eigliamguInnssuiie Msaneiiing
2z
T

o

nffouiieunganssumsiuinaziauaaveliuTnoutaznaINMsAAAINUNANEIUS BN HANNIREIINEY 7 n3ann — sa1jsdelv
k3

¢ d 1 a § a § ' 4 o 4 ¥ S '
(uom$d) 3130 lawash 35 fan Tawasi 45 @nw mansaneiagl Idmeduesmsiieriniesmmessnsuuiiumanlssgna 19 ldau

o =

' 9 ' 3 = Yo Ao o ' 9 ) v o a Yo o o =
‘lﬂﬂtl‘l’i ITYSLINVNUASANNLTURNAY VO ‘lelliJﬂ'J"liJ‘l]ﬁ'l’]ﬂﬂULLﬂm%‘l’]%ﬂﬂ"lﬂﬂ]u AT UAIANTUNAUAAVDIRVUY INNITAUNTHUANUN
Yo " Yo A = ) A o o X = Y ady y v
Wﬂiﬂﬂlf’]\?ﬁﬂ]‘ﬂ‘u NUN ﬁ"'lJ‘UsUiJﬂ'J'mW\W‘If’]1%1/]\1@]ﬂﬂ']uﬂ'limﬂﬂuﬂﬂﬂ]ﬂﬁﬂigllﬁﬂi'millﬂm‘ﬂ'J']ll“]J'df’)ﬂflfJ GINWﬁﬂ"IiﬁﬂH']ﬂ"luV]ﬁuﬂﬂﬂhlﬂﬁﬂﬂﬂﬁﬂ\?
v o a 7Y I A o Y a & A X a ' Y o o A
NUNUFNANITAATICHATUIIING L‘ﬂuﬂ"liflufluwlﬂ]1 ﬂ"li@]ﬂ@]ﬂlﬂi@\iﬂﬂ1ﬂﬁ]i1ﬁ]iﬂuwuﬂ1\i'1_|u‘V]T\T‘Vm'N‘WLﬁ‘H"ﬁ'JEJLWNﬂ?TNﬂﬁﬂﬂﬂUiuﬂWiﬂl‘UﬂJ‘Uu

a k2
nMaviadafiey'1é

Abstract

Nowadays, Thailand has a lot of traffic accidents. Considering to individual statistic of the cause of road accident, rear-end collision is the
most common type of road accident. The objective of this research is the performance evaluation of road marking to assist drivers in establishing the
recommended following distance. Mitigate the severity and the number of road accidents, especially rear-end collisions. This case study is comparing
with driver behaviour and attitude of drivers before and after implementing road marking on the study site in the Highway NO.7 Bangkok-Chonburi
(Motorway) from km 35 to km 45. The result of this study can conclude that in traffic, it is found that for a given flow rate distance headways
increase and reduce speed after implementing the markings. In the result of the attitude of drivers, from interviewing the driver’s satisfaction its show

that drivers satisfied to the traffic flow and the safety.
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Abstract

Traffic accident is a “hot issue” not only in developing countries such as Vietnam but also in other
developed countries. In Vietnam, according to (insufficient) statistic data from Vietnam National Traffic
Safety Committee (NTSC), in the period of 2001 - 2010, there are more than ten thousand fatalities and
more than ten thousands injuries caused by traffic accidents every year. Hanoi, which is one of the largest
cities in Vietnam, is now facing with even more serious problems. This paper firstly introduces traffic
accident database of Hanoi based on the data collection form issued by Ministry of Public Security (MoPS).
Secondly, some characteristics in traffic accidents as the outputs of that data analysis will be reviewed.
Finally, the paper introduces some countermeasures aiming at reducing traffic unsafety in Hanoi, which
will be hopefully applied in the coming future.

Keywords: Traffic accident, analysis, characteristic, countermeasure

Introduction

Hanoi, the capital of Vietnam, is one of the  surface per area of natural land) is just 4.2%, in the
fastest developing provinces in the world at the city center this criteria is 10.3%3. According to the
current time. The high rate of economics growth  statistic data of Hanoi Department of Transport,
leads to the rapid increase of traffic demand and the ~ approximately 38% of total road in the network is
ownership of motorized traffic vehicle. According in good quality; 37% of is in medium quality,
to the vehicle ownership statistic in the period of  which contains cracks, small potholes, and asperity;
2000-2010, the grown rate of motorized vehicle 7% is in low quality, which contains large potholes,
ownership of Hanoi is 8.5%/yearl (11.6%/year for  flooded, or muddy; the left proportion, 18%, of
4-wheel motorized vehicle and 8.3%/year for road length is unknown due to the lack of
motorcycle). The vehicle trip number in 5 years, information.
from 2005 to 2009, increases by 13.6% per year2. This inappropriate situation among the

Opposing to the significant growth of the  rapid growth of traffic demand, motorized vehicle
traffic demand and the vehicle ownership, the and the lack and poor quality of infrastructure may
traffic infrastructure is facing with about the fact of  lead traffic accident worse and worse. Going along
lack or low quality. The database of road with this unbalance, the driving behavior of road
infrastructure of Hanoi before enlargement shows  users such as speeding, suddenly lane changing, do
that, the road area density (the ratio of area of road  not obey the road traffic law, etc. also contribute

much into the situation of road traffic accident.

" Data from Hanoi Traffic Police Division
(HTPD), 2010

2 Survey results at 34 sections in Hanoi,
collected from HADEP project 2005, TRAHUD
project 2009, and Transport Development
Consultant Center (University of Transport and
Communication) ° HAIDEP project, 2005

v
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Hanoi (2010%*)
Hanoi (2009%F)
Hanoi (2008%)
Vietnam (2009)
Malavsia
Argentina
Greece

Cambodia 12.6
Forea 12

United States
Lithuania
Belgium

Mew Zealand
Czech Republic
Blovenia
Hungary

Ttaly 7.9
Fortugal E 7.9
Austria 76

Luxemburg
France
Australia
Canadal
Bpain
Denmmark
Ireland
Iceland
Finland
Grermany
Bwitzerland
Japan
MNorway
Israel
Bweden
Metherlands
United Kingdom

0 5 10 15 20 25

Source: IRTAD 2009

*: Hanoi 2008 before enlargement (HTPD)

**: Hanoi 2009-2010 after enlargement (HTPD)
Figure 1: Fatalities per 100,000 inhabitants in
Hanoi and Vietnam in comparison with some other
countries

In the year of 2008, Vietnam government
decided to enlarge the Hanoi territory, which
includes Ha Tay province; Me Linh district of Vinh
Phuc provine; and 4 communes of Hoa Binh
province. Figure 1 presents the rate of fatalities per
100,000 inhabitants in enlarged Hanoi and Vietnam
nation wide in comparison with some other
countries in the world.

The Figure 1 shows that, fatality rate of
Hanoi is higher than that of nationwide and relative
higher than the rate of almost other countries in that
figure, except Argentina and Malaysia.

In order to have more information about the
traffic situation in Hanoi, the rate of injury which
includes people lost 11% or more health per
100,000 inhabitants will be introduced (see Figure
2).

Actually, traffic accidents are rare events
that happened unexpectedly at unpredictable places,
which means that not all traffic accidents can be
obtained. Therefore, the real number of traffic
accident, the real number of fatalities (or rate of
fatality), and the real number of injuries (or rate of
injury) must be much higher than collected data
shown in Figure 1 and Figure 2.

Fatalities and Injuries per 100,000 inhabitants
of Hanoi
0.0 41.8
40.0 201 315
30.0
17 W Fatality rate
20.0 & 14 & Inj
jury rate

10.0

0.0

2008 2009 2010

Source: HTPD, 2008 before enlargement, 2009-
2010 after enlargement
Figure 2: Fatality and Injury rate per 100,000
inhabitants of Hanoi
In such the current emergency situation of
traffic accident, this paper will (i) review the traffic
accident database of Hanoi, (ii) present some basic
characteristics of traffic accident in Hanoi through
the analyzing that database, (iii) base on these
characteristics, some appropriate countermeasures
will be followed in order to reduce the traffic
accident.

Hanoi traffic accident database

Traffic accident information/data was
collected by traffic police with Form 02/TNDB
issued by MoPS in 2009, actually in Hanoi, form 02
had been tried since 2008, one year before official
applied. In this paper, all the traffic accident
information/data 2008-2010 is based on the form
02/TNDB.

According to form 02/TNDB, the
information can be listed in 4 groups as follows:

e Group of general information related to
traffic accident case, such as: time when
the accident happened, location of traffic
accident, weather condition, lighting
condition, infrastructure condition;

e Group of information related to drivers,
such as: Age, gender, occupation, driving
license information (expired date, issued
date, type), driving fault, drink or not drink
alcohol, injured statement...;

166 “TOWARD LOW CARBON TRANSPORTATION FOR

SUSTAINABLE SOCIETY: BANGKOK VISION 2032
(250™ ANNIVERSARY)”



ATRAIS

ASIAN TRANSPORTATION RESEARCH SOCIETY
auaudvadnenmsvudourioioids

4" ATRANS SYMPOSIUM
STUDENT CHAPTER SESSION
AUGUST26-27,2011 BANGKOK THAILAND

o Group of information related to riders or
passenger, such as: Age, gender,
occupation, injured statement;

e Group of information related to involved
vehicles, such as: type of vehicle(s),
manufacturer, expired date of examination;
technical condition of wvehicle, plate
number...

Because of the limitation of equipment for
accident investigation, the information of traffic
accident reported to traffic police is not promptly,
the accident scene is altered before investigation...
thus some information could not be obtained
sufficiently. To ensure the objectivity of the output
data presented in this report, the authors analyze
and present only some information in the database
with the adequate level of 90% or more, which
includes information relating to the time the
accident occurred, characteristics related to
infrastructure, vehicle type, age and gender of
involved people.

Basic characteristics of traffic accident in Hanoi
Traffic accident characteristic specified by vehicle
types

Number of vehicles in each type relates to
traffic accident

From 2008 to 2010, number of traffic
vehicle increased in parallel with the increase of
traffic accident. In term of absolute number,
motorcycle is the most relevant means to traffic
accident with 53 — 56% of annual vehicle related;
automotive is the second relevant means to traffic
accident with 33-37% of all vehicle involved; there
are about 6-7% of pedestrians and about 4% of non-
motorized traffic related to traffic accident.

Number of relevant vehicle specified by type
10/ -
100% 157 236 244
90% - 107 160 173
80% - O Pedestrians
70% -
60% A 1381 2052 231} E Non-motorized
. . traffic
o
50% 2 Motorcycle
40% -
30% [ Automobile
20%
0% 834 1197 1585
10% -
0%
2008 2009 2010

Figure 3: Number of vehicle specified by type
related to traffic accident

To compare the rate of vehicle related to
accidents by various means, the study team uses the
criteria in term of vehicles involved per 10,000
vehicles (see Figure 4).

Theinvolved vehicle rate per 10,000 vehicle
~
50.0 " w
45.0 o
m
40.0 ©
—
35.0 .
i O Automobile
300
25.0 B-Motorcycle
200
15.0
100 - = 2 =
<
5.0 -
o 1 | I
2008 2009 2010

Figure 4: The rate of involved vehicle per 10,000
vehicles

Figure 4 expresses that in every 10,000
motorcycle there are 4.1 motorcycles in 2008, 5.6
motorcycles in 2009, and 5.7 motorcycles in 2010
related to traffic accident; meanwhile in every
10,000 automotive vehicles there are 31.6, 39.6,
and 45.2 automobiles related to traffic accident in
the year 2008, 2009, and 2010, respectively, which
is as 7-:- ~8 times as motorcycle.

More additional evidence of errors of the
type of vehicle needed to be asserted which
transportation mode is more dangerous, but
statistics may confirm that both cars and
motorcycles are all key factors related to traffic
accidents.

Fatalities and injuries relate to vehicle type

Definition: vehicles related to fatality and
injury in the accident is the vehicle in which the
driver or other passengers inside was (were) dead
or injured in (after) the accident.

The number of fatalities and injuries related

to motorcycle as from 6 to 8 times as cars, as 10 to
15 times as non-motorized vehicles and all types
trend to increase every year (

Table 1).

Table 1 also expresses that total fatalities
and injuries in 2009 are 928 and 1882 respectively,
approximately 59% and 33% higher than that in
2008, the reason of the surge of fatality and injury
number is the impact of Hanoi enlargement. In
2010, the number of fatalities and injuries are 977
and 2174 respectively, approximately 5% and 15%
higher than that in 20009.
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Table 1: Annual fatalities and injuries relates to

Table 2)
In term of quantitative, the number of

vehicle type fatalities and injuries extreme high at the age of 20-

Yea A M N Pe Ot Un To 29 years old of 3 years from 2008-2010 in

r C M d h k tal comparison with other age groups. This age group

— 2008 63 384 34 27 1 75 584 occupies 15.7% in 2008, 18.1% in 2009 and in

% _g 2009 86 622 66 88 4 62 928 2010 of the total population of Hanoi city, 2-2.5

L " 2010 88 677 61 115 3 33 977 times higher than other groups meanwhile the

= 2008 146 986 70 56 0 162 1420 Phuanr:t())i;leorfgl:zharlllstles and injuries is 2.5-50 higher
= $ 2009 173 1319 77 89 4 220 1882 : '

Th It reflects the fact that th

= 2010 222 1516 102 122 5 207 2174 15 TESUL TETIECS He Tae e e

A: Automobiles

MC: Motorcycle

NM: Non-motorized traffic

Ped: Pedestrians

Oth: Others (3-wheel motorized,
pedicabs,...)

Unk: Unknown

Note:

However, when calculating in term of
criteria of the fatalities and injuries per 10,000
vehicles, the study team also found that fatalities
and injuries related to automobiles are as 1.5-2
times as motorcycles (see Figure 5).

mobilization of young people who are from 20-29
age group is many times larger than the other age
groups; a further feature associated with this age
group that is typical psychological characteristic so
called "adolescent"”, because of this psychological
characteristic, the behavior of road users aged 20-
29 are affected much by external factors such as
climatic conditions congested conditions... The
inconvenient factors make the people in this group
nervous in driving wvehicles. Psychological
characteristics like competition also influences
much to driving behavior, especially in case of
young people driving inside a group and when they
were prompted by friends and others, this group
becomes agitated very easily thus the that kind of

Fatalities and Injuries per 10,000 vehicles behavior may cause traffic accident for themselves
7.00 and others.
6.00
5.00
4.00 o= = =
?w?$$$g§§
200 _<§K‘>GL6‘B&8% 39_|
000 2009 gg%ggggggggga
- o o 2 2 2 2 2 2 2 9
Fatalities Injuries = = (cHllcNEcNN oM cNEcNEoN
[ Automobiles| 238 | 2.84 | 251 | 552 | 572 | 6.33 " 819 1 9 42 22 75 83 52 11 43 29 58
£ Motorcycles | 1.14 1.70 1.68 2.92 3.61 3.75 K] ; 306 4
= 11 11 92
Figure 5: Fatalities and Injuries per 10,000 vehicles g § 18 7 1279 ' g 5 79 23 68 49
(93]
- . . L g 39 12 11 97
Characteristic of traffic accident due to age of § 1779 1194 g g 9224 63 25 7
relevant people =
Number of fatalities and injuries specified by age § 50 20 15 135 621 241 125 77 12 33 82 ;g
group 3
Age of relevant people can be divided into ’i S 90 17 37 266 618 205 136 152 20 37 169 ég
several groups depending on the typical £ g 1z >4 87 33 21 13 16 2
characteristic of each group, such as: children under S 21 30 26 39 1
< 0 4 8 0 0 9 7 74

or at preschool (under 6 years old), children at
elementary school (7-12 years old), children at
secondary school (13-16 years old), people at high
school, people at the age of college or university,
people at the age of working, people are at the
middle-aged, and retired people (see

Table 2: Number of fatalities and injuries specified
by age group

The data in the
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Table 2 also shows that a quite large
number of people killed and injured by traffic
accident are children and teenagers who are under
16 years old. The table shows the number of
children under 6 years is quite large, this is the most
vulnerable group. In 2008 there were 19 children
killed and 50 children injured; in 2009 there were
18 children killed and 90 injured, the injured
number is 80% higher than the previous year; in
2010 there were 17 children killed and 140 children
injured, the injured number is ~ 45% higher than
that in 2009. From statistics data, we see the
emergency situation of traffic accident, especially
at this age group.

Statistics data also shows that the number
of fatalities and injuries of the age from 30 years
old caused by traffic accident decrease as the age of
the road users increase, the statistic reflects the fact
that the travel demand may reduce as the age
increases, or the higher age the more mature road
users are.

The rate of fatalities and injuries per 100,000
inhabitants of each group

To characterize the difference of various
age groups, the rate of fatalities and injuries per
100,000 inhabitants of the same age group will be
used. In order to take advantage of available data of
Hanoi population structured by age group, the study
team has summed up and adjusted some age-groups
mentioned in Table 2 above due to the age structure
of Hanoi population data (Figure 6).

Figure 6 shows the rate of age group 15-29
years old is greater than ever, in this age group, for
every 100,000 inhabitants in 2008 would be 63.5

Comparing age group of 15-29 years old
with other age groups, it is found that rate of this
age group is from 70-10 times higher than the age
group of less than 15 years old; 2-3 times higher
than the age groups of 30-39, 40-49, 50-59 years
old, and from 2.5-4 times higher than the remaining
age groups. The analysis fatalities and injuries by
traffic accident in various age groups shows that in
guantitative number and rate, the age group of 15-
29 years old is significant higher than others.

Characteristic of traffic accident specified by
happened time

The data shows that the number of traffic
accidents occurr mostly in off-peak hours (9:00 to
11:00; 13:00 to 16:00) and especially after dinner
time and night time (20:00 to 24:00). Number of
people killed and injured in the accident at the time
mentioned above is also higher than other time of
the day. To explain the phenomenon, the study
team realizes that in those time periods, the traffic
density is low, the road users drive in a higher
speed. Moreover, the limitation of sight clearance
due to light condition also impacts to driving
behavior thus the traffic accident number, fatalities
and injuries are normally higher than other periods
of time.

The Figure 7, Figure 8, and Figure 9 also
illustrate that the number of accident, fatalities, and
the injuries were the highest during period of 21:00
to 22:00. This is the time when road users use
alcohol in dinner as the custom of Vietnam. This
bad habit greatly influences to the traffic safety
situation.

both _fatalltles and 'nju_”es' this figure increased to Fluctuation of traffic accident number due to time
77.1in 2009, and 80.7 in 2010. rso
Fatalities and injuries per 100,000 inhabitants ——2008
specified by age group 200 —m—2009
00 150 2010
80.0
70.0 R-‘
60.0 \\ 100
) : \\
-g_ 50.0 \3
g 400 Seo= 50 —ma
30.0 W
20.0 0 s e s —
100 88888888888388888388888888
- M A R =R A R BRI
Under | 15729 | 30-39 | 40-49 | 50-59 | 60-64 | 65 8885858888283 33338s2338
15 years | years | years | years | years and O““\““’“m@"wgagagaq;r;@,;édégd;;g\;m
old | old | old | old | old | above : : TooooTno e
——2008| 64 | 635 | 293 | 261 | 211 | 154 | 17.3 Figure 7: Accident number fluctuation due to time
—8—-2009| 9.3 771 | 36.6 | 31.8 | 352 | 289 | 26.0
=4=2010| 11.7 | 80.7 | 424 | 348 | 362 | 308 | 237
Figure 6: The rate of fatalities and injuries per
100,000 inhabitants by age group
L)
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Fluctuation of fatality number due to time

Figure 9: Injury number fluctuation due to time

As the same as the rule of the hourly
variation of traffic accident, fatality and injury
number, the number of fatality and injury of every
age group of the year 2008-2010 at off-peak hours,
after dinner time and night time (9:00 - 11:00,
13:00 - 16:00, and 20:00-24:00) is much higher
than other time periods (see Figure 10, Figure 11,
and Figure 12).

Fatalities and injuries specified by age group and time in day
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road users of age group of 15-29 years old is the
highest among all age groups every year. In the
2008, 2009, 2010, the total number of fatalities and
injuries in all hours of the day for the 15-29 age
groups 1025, 1413, 1578 people respectively, are
32-45 times higher than the age group from 60-64
year old, are ~13-15 times higher than age group
over 65 years old, are 8-10 times higher than the
age group under 15 years old, are 7-8 times higher
than the age group 50-59 years old, are 4.5-5 times
higher than the ages of 40-49 years old, and are 3.5-
4 times higher than the ages 30-39 years old.

Traffic accident characteristic specified by traffic
control/management
The organization characteristic of road at
mid-block is specified in to 3 types as follow:

= . S —e—60-64 yearsold )
8555535258585 55225535828888 ——esandabore e One-way street: Be defined as streets that
R RIS RN R allow road users travel in only one
Figure 10: Fatalities and injuries specified by age i}lpulated dltrecttlon,_th tor (hereaft
group and time in day 2008 e Two-way street with separator (hereafter

called two-way separated street): Be
defined as streets that allow road users
travel in both directions separated by
medians or barriers... road users can not
travel in the carriage way of opposite
direction due to the separator;
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Two-way street without separator: Be
defined as streets that allow road users
travel in both direction and there is no
separator or median in street so that the
road users can travel in the carriage way of
opposite direction.

needs to conduct more study to lighten the
situation.
Age violation rate in motorized vehicle driving

In Vietnam, in accordance with road traffic
law, all teenagers who are under 18 years old are
not permitted to operate motorized vehicles (4-
wheel motorized vehicles, motorcycles), they are
not trained traffic laws neither driving skills, so

Table 3: Traffic accident specified by road they usually drive with careless or extreme
organization behaviors, or violate the traffic rules so they
One. TWo-way Two-way influence other road users and sometime cause
Year way street street  No traffic acgdent. o _ _ _
stroet without with  information ~ Table 4: Age violation rate in motorized vehicle
separator separator driving
No. of traffic accident Driver under 18 Driver from 18 years
500 No. 99 655 662 58 Yea years old_(pgople) old or abO\_/e (people)
8 % 6.7% 444% 44.9% 3.9% Fatalitie Injurie Sub- Fatalitie Injurie Sub-
200 No. 81 992 788 143 s s total s s total
9 % 40% 495%  39.3%  7.1% M @ @G @ © 6
201 No. 178 1545 532 169 2008 16 41 -2 306 769 1070
0 % 7.3% 63.7%  21.9%  7.0% 5.0% 95.0%
Fatalities 2009 16 96 112 538 961 1499
7.0% 93.0%
200 No. 44 262 247 32 141 1736
8 % 75% 44.8% 42.2% 5.5% —— —
200 No. 21 492 382 33 2010 19 122 7%5 596 1140 902A.)5
9 % 23% 53.0% 41.2% 3.6% Table 4 illustrates the structure of drivers
201 I;lo. 3% 694(') 18?) 64(') due to age, who were killed or injured in the traffic
0% 40% 71.0% _ 15_3'4@ 6.6% accident, including drivers under 18 years old and
Injuries drivers from 18 years old or above, the riders or
200 No. 85 661 621 53 passengers are not included.
8 % 6.0% 46.5% 43.7% 3.7% According to this table, in the year 2008
200 No. 73 959 690 161 there were 57 motorized vehicles’ drivers under 18
9 % 3.9% 50.9% 36.6% 8.6% years of age killed and injured, 5% out of total; in
201 No. 161 1470 405 140 the year 2009, the number of fatality and injury of
0 % 74% 67.6% 18.6% 6.4% under 18-year old drivers increased to 112 drivers,

Regarding to the quantitative, analysis
results show that the number of traffic accident in
two-way streets without separator seems higher
than others, occupies 44..4% (2008), 49.5% (2009),
and 63.5% (2010); the second proportion is number

7% out of total, 55 fatalities and injuries higher
than previous year; in the year 2010, this number
increased to 141 fatalities and injuries, 7.5% out of
total, 29 fatalities and injuries higher than 2009.
The data proves that the proportion of age-

of traffic accident in two-way streets with  Violated drivers is quite high and trends increase
separator; one-way streets occupy a little  during last years.
proportion.

In order to determine which kind of street
riskier, we need to have more information in details
about road organization characteristic such as how
many kilometers long of one-way street in road
network entirely, how many two-way street in road
network with or without separator... so we can
determine how many traffic accident, fatalities, and
injuries per 1 km length of each kind. This issue

Conclusion
The general trend

The data from the last 3 years shows that
the number of traffic accident, fatalities, and
injuries in Hanoi are rising, and this seems to be an
emergency situation with 14.1-17.2 fatalities and
29.1-41.8 injuries per 100,000 inhabitants every
year from 2008-2010; in other words, there were
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thousands accident, thousands fatalities, and
thousands injuries every year from 2008-2010.
Vehicles related to traffic accident

In term of quantitative number:

Motorcycle is the most traffic means
related to traffic accident with 53-56% out
of total of traffic accident, 68-70% out of
total related people were died and injured,;
Automobile is the second traffic means
related to traffic accident with 33-37% out
of total traffic accident, 9-11% of total
related people were died and injured,;
Pedestrians is the third type of traffic
means related to traffic accident: 6-7% of
total traffic accident number, 4-7% of total
related people were died and injured;
Non-motorized traffic is the fourth type
with 4% of traffic accident related and 5%
people died and injured.

In term of the relative number, we can
figure out that among 10,000 registered 4-wheel
vehicles, there were 32-45 vehicles related to
accident; this rate is ~8 times higher than the rate of
motorcycle;

In term of fatalities and injuries per 10,000
registered vehicles, there were 8-8.8 fatalities and
injuries per 10,000 registered cars, 1.6-1.9 times
higher than that of motorcycle.

People related to accident

The age group of 15-29 years old is the
most related to the accident, there were 63.5-80.7
fatalities and injuries per 100,000 inhabitants in
every year (2008-2010), which is 10 times higher
than age group under 15 years old, from 2-4 times
higher than other group;

There is a large proportion of age violation
in driving every year, and this proportion seems to
increase year by year. This proportion in 2008,
2009, and 2010 are 5%, 7%, and 7.5% respectively.
Time that traffic accident occurred

Off-peak hours (9:00-11:00; 13:00-16:00),
especially after dinner time and night time (20:00-
24:00) are the time when the most frequency time
traffic accident happens. In these periods of time,
the fatalities and injuries are also much higher than
other periods.

Young people are main actors contributing
to traffic accidents in theses time periods.

Location of traffic accident

In Hanoi traffic situation, two-way streets

without separator are the most potential places

where traffic accident happen. In the year 2008,
2009, and 2010 there were 44.4%, 49.5%, and
63.7%, respectively, of all traffic accident happened
in two-way streets without separator; there are
48.5%, 53%, and 71% of all related people were
died respectively; and 46.5%, 50.9%, and 67.6%
were injured respectively in such kind of street.
Recommendation

In this section, some recommendations are
introduced based on analysis results mentioned
above in order to effectively reduce the traffic
accident, fatalities, and injuries if they are
practically applied. The countermeasures or
recommendations below in other word are based on
the idea of the combination of 3Es countermeasure.
Improving the traffic safety situation after
dinner and night time through education
and enforcement in order to improve
awareness and behavior among road users.
Focusing on drinking alcohol education and
enforcement.
Propagating on careless driving behaviors
at off-peak time, after dinner time and at
night, such as speeding, driving in wrong
lane, especially illegal racing of the youth.
Improving the light condition at evening
and night time. This feature was not
mentioned in the analysis above; however,
with observation of researchers in Hanoi,
we realize that the light condition in Hanoi
at night time is not so good and it much
negatively influences to the driving
behavior.
Educating and training road traffic law,
traffic safety couture and driving skill
among road users, focus on motorcycle
drivers and 4-wheel motorized vehicles.
The immediate task is to improve traffic
safety facilities for two-way streets without
separator and warning road users to avoid
the behaviors that may lead to traffic
accident, such as speeding, driving in the
carriage way of opposite direction,
changing direction, pass through the
opposite vehicle flow, ...
Improving awareness of road users such as
pedestrians, to save space on sidewalk for
pedestrians. Setting up signal and signs for
pedestrians crossing, parallely guide them
to follow the zebra...
Improving traffic organization to make the
most suitable for road users.
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Abstract

In more than 1000 traffic accidents (include only cases with full information) happening every year
in Hanoi, which cause fatalities and injuries to thousands of people, number of traffic accidents, fatalitis and
injuries at black spots covers about 10-15% the total number in the whole country. The reason leading to
traffic accident black spots can be road technical elements, lighting conditions, road users,... Removing
black spots in traffic accidents can reduce the annual traffic accidents; reduce number of fatalities and
injuries efficiently. This paper would like to introduce the method of determining traffic black spots as well
as the procedure of solving black spot in Vietnam. In this part, unreasonable issues in determining black
sport in Vietnam are also clarified. After that, the report will introduce the way of analysing elements
relating to traffic accidents, as well as reasons leading to traffic unsafety situation in 2 case studies in Hanoi
as the example of applying the procedure to determine black spots and the procedure to solve them. Finally,
the report will propose some measurements to improve the black spots for case study.

Keywords: Traffic accident, Black spot, Analysis, Countermeasure

1. Introduction 3000
In the recent years, the issue of traffic
accidents in Vietnam in general and Hanoi in

2424
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particular become hot issues in the whole society. 2000 —E—g —  No. of traffic
Authorities, research insititutes, scientists, and 1500 e accidents

. . . — m No. of fatalities
consulting organisations on traffic safety have

. y e 1000
proposed many measurements in order to minimize

"~ B No.of injuries

traffic accidents. However, due to many reasons 500

such as inconsistent corperation of relevant 0

authorities, low perceptions and attitudes of road 2008 2009 2010

users, irrelevant political commitment, the problem Source: HTPD, 2008 before enlargement, 2009-
has not yet solved efficiently. From the statistics 2010 after enlargement
data, in 2008-2010, number of traffic accidents,  Figure 1 Traffic accident variation in Hanoi, 2008-
fatalities and injuries has the trend of rapid 2010

increase. In 2008, in the city, there are about 1500  Based on the annual report of traffic accidents,
traffic accidents and crash which cause 600  number of black spots in Hanoi in 2008, 2009, 2010
fatalities and 1400 injuries. In 2009, such number  are 36, 47, 45; total fatalities and injuries in these
are 2004 accidents (with the increase of 25% in  points cover the rate of 11.2%, 7.0%, and 6.2% the
comparision with 2008), 928 fatalities (with the  total accidents, fatalities and injuries in the whole
increase of 60% in comparision with 2008), 1883  city (see Table 1).

injuries (increase of 32% in comparision with

2008), in 2010, 2424 accidents, 977 fatalities, and

2176 injuries; with the relevant increase of 20%,

5%, and 15.6% in comparision with 20009.
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Table 1 Proportion of fatalities and injuries at black
spots among all traffic accident
No. of fatalities No. of fatalities

An example of numerical definition of
black spot is presented in Norway by Statens
Vegvesen (2006): “A black spot is any location

Year  and injuriesof  and injuries at Proopnortl with a maximum length of 100 meters, at which at

all accidents black spots least four injury accidents have been recorded
2008 2005 224 11.2% during the last five years”. In this definition only
2009 2811 198 7.0% the range of accident location (100m) and the
2010 3153 194 6.2%

Source: HTPD, 2008 before enlargement, 2009-
2010 after enlargement

Efforts to reduce accident rate, fatalities and
injuries from traffic accidents in general are
complicated and costly. However, improving traffic
safety at black spots are rather easy and efficient.
The reason is that at black spots, accidents’ reasons
and characteristics can be investigated rather clear
and can be solved completely by measurements of
improving infrastructure, organising and managing
traffic reasonably, installing relevant traffic safety
equipments.

First of all, this research would like to introduce the
definition and methodology of determining black
spots in Hanoi, as well as in Vietnam, which have
been conducted by comparing with some countries
in the world. Then it is introduced with research
and analysing traffic safety at some black spots in
Hanoi, as well as solutions proposing for such
research points.

2 Literature review

There is no globally accepted definition of
a black spot (Hauer 1996, Elvik 2004). Different
countries may have different definitions of black
spot; even different researchers in the same country
have different definition. Many researchers use the
term of grey spot, high risk location, high hazard,
hazardous, or hot spot instead of black spot.

number of traffic accident per 5 year are mentioned,
no description of traffic volume, vehicle type, or
type of location...

An accident rate definition of black spot
differs from accident number definition by the
traffic volume, or vehicle kilometers...are taken into
account of. This kind of definition of black spot
requires the fully filled relevant data, such as
daily/monthly/annual traffic volume. For example,
“a black spot is any location (Section, curve,
junction...) at which the number of injury accidents
per million vehicles, estimated in the most recent,
exceeds the value of 1.50 (or arbitrarily chosen).

A statistical definition of black spot is
obtained by comparing of the recorded number of
traffic accident to a normal number for the similar
type of location, depending on how the normal
number of traffic accident is estimated. For
example, a section would be a black spot if
recorded number of traffic accident in a specific
period is higher than the normal number of traffic
accident for this type of section.

In Austria, according to the Austria
Guideline Code for the Planning, construction and
Maintenance of Roads, black spots are defined as
any locations that satisfied one of following two
criteria:

e 3 or more similar injury accidents within 3
years and a relative coefficient Ry of at
least 0.8; the value of Ry is calculated as

According to an OECD report (OECD follow: U
Road Research Group 1976) and other works Ry = —
(Persaud et al. 1999, Hauer et al. 2002, Vistisen 0.5+ 7x107° xAADT
2002, Overgaard Madsen 2005) the distinction Where:

among common definitions of black spots are
specified as followed:

Numerical definitions  Statistical definitions

Critical value of
accident number
Critical value of
accident rate

Accident number
Accident rate
Accident rate and
number

AADT: Annual Average Daily Traffic
(vehicles/24hours)

U: Number of injury accidents within 3
years

At least 5 accidents (including property
damage only) of similar type within one

! Rune Elvik (2008), State-of —the-art approaches to road
accident black spot management and safety analysis of
road network
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year. Since 1995 property accidents are not
recorded in Austria, then the 1% definition
is primarily used.

For estimating black spots, a sliding
window with 250m long is being used. The window
follows the course of the road under surveillance
and flags a location where one of the two criteria
for black spot is met (see Figure 2).

Sliding window (250 m)

wf Accident

b — — — ] — — — — — — — —

Black Spot

Source: Austrian Guideline for Black spot
Identification
Figure 2 Identification of black spot by 250m-long

sliding window

In Flanders, a location is considered as a
black spot if in the last three years, three or more
accident occurred and the priority value (P),
calculated by using the following formula, equal 15
or more (Karolien Geurts at al. 2003):

P=L+3S+5D

Where:

L: Total number of slight injuries

S: Total number of serious injuries (each
casualty admitted more than 24 hours in the
hospital)

D: Total number of deadly injuries (each
casualty died within 30 day after accident)

1-3-5: Weighting value of Light-Serious-
Deadly injuries (L-S-D)

And based on this definition, the length of
road section that specified as black spot should be
not more than 100metres.

Karolien Geurts at al. (2003) tried to

calculate the priority factor (P) by changing the
combination of L-S-D, he relied that if the
combination of L-S-D changed the ranking of black
spots also changed as described as followed:
1-1-1: This combination assumes that every
casualty of a traffic accident is evenly
important. Therefore, all accidents are
evenly important and should be avoided,
regardless of the severity of the injury.

1-1-10: Using these weighting values,
attention will be focused on accidents with
deadly injured casualties. Accidents with
lightly or seriously injured casualties
receive relatively small attention.

1-10-10: This last group of weighting value
combinations  discriminates  between
accidents with small injuries on the one
hand and accidents with serious or deadly
injuries on the other hand. It is assumed
that a seriously injured person could just as
easily have been killed in the accident and
the other way around. Lightly injured
persons, however, are assumed to be
characteristic for less serious accidents and
will be less taken into account when
identifying black spots.

1-3-5: These combinations of weighting
values use a more moderate approach to
stress the importance of deadly accidents.
As the injury types are more serious, the
accident is considered to be more
important.

In Vietnam, the black spot, issued by
Ministry of Transport (MoT) ?, is defined as any
high risk location or spot at which traffic accident
frequently happened. The “location” or “spot”
mentioned in this definition is understood as a road
section or a junction.

To identify a location is black spot or not,
the traffic situation at that location in past one year
must be token in to account. A location at which in
one year meet one of three criteria as follow is
considered as a black spot:

Happened 02 deadly accident, or

Happened 03 or more traffic accidents in
which there was 01 deadly accident, or
Happened 04 or more injury traffic
accidents.

Definition issued by MOT includes some
unclear issues which cause difficulties to analysis
and assessment. Moreover, there raise also many
discussions among researches, related institutions
in the process of determining, analysing and
solving black spots. There are some unclear points
as listed below:

2 MoT, Decision No. 13/2005/QD-BGTVT about
Identification and Solving high risk of accident in road
network
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Unclear in the scope of accident: In some  Note: Exp. : Express way
definitions of black spot, the road segment is NH. : National highway
proposed very detailed, with specific methodology, PR. : Provincial road
eg. the regulation of traffic accident segment is UR. : Urban road
100m, or determining black spot position by sliding RR. :Rural road
window,... In Vietnam, especially in Hanoi, the Oth. : Other type of road
unclear regulation leads to inconsistency in  Source: Quote form 02/TNDB issued by Vietnam

determining, analysisng and solving black spots
among regions and among organisations. Some
organisation propose the length of accident
segments must be within 50m, some others propose
100m, other opinions say that it is required to take
road conditions into consideration to see whether it
is black spot or not.

No model to assess priority level: In
Vietnam currently, there is no model to evaluate
and classify black spots. In many cases, it is
assessed sublectively, eg. what is more dangerous
between the black spot with 2 accidents of fatalities
and the black spot with 4 accidents of serious
injuries. ..

Such unclear definition leads to delay in
solving black spots, errors in analysis and
assessment, or may lead to ignoring black spots
with higher demand of priority.

In this research, authors depend on the
definintion of black spot issued by MOT in order to
conduct research and propose solutions for some

. MKmaddes) [ ]
typical black spots. = e ——
i i Rona e Exp. NH. PR. UR. RR. Oth
3 Meth0d0|0 Traffic Investlg(]jatlon ) p. NH.
' gy . . accident Info?rr:lation - District (code): [ ]
3.1 Black spot identification a0 16 vap Reco ot
Accident in formation are collected by {g;g—> N=

Traffic Police based on Form 02/TNGT issued by
Ministry of Police. Using this form can help
determining the position of black spot based on one
of 2 information items: place of accident
happening, or coordination that traffic acciddent

MoPS
Figure 3 Information items can be used to identify
the location of traffic accident

As the traffic police is not fully equipped
with GPS devices, the regulation on completing all
information items in the report form has not yet
issued, information on accident toa do is not
collected.

Based on the information collected from
the traffic accident in database in item 2, research
team depends on description of accident position
(house adress, road adress) in order to primarily
determine the list of potential black spots, then go
on field survey and depend on accident document
to officially determine the traffic black spot. Such
procedure of determining black spot can be
described in Figure 4.

TA Database

2. Location that traffic accident occurred:

Form
02/TNDB

| Prilimilary Cal.

Tentative
list of BS

happened (see Figure 3). Checking
2. Location that traffic accident occurred: in site —
- At Km (address) | | —> Féga:;;e
EZZE S s e R Note: TA: Traffic accident
 Road type:' C T 1 1T T T BS: Black spot
Exp. NH. PR, _UR.__RR_ Ofh. Figure 4 Black spot identification process
- Ward/commune: ..............cooeiiiiiiiinnn..
District (code):.......................... C 1 In order to see one position as a black spot,
16.Map: || | Record coordinate it is required to have 2 conditions of number of
from GPS accidents and distance among accidents as follows:
N = _I_’—'—‘ e Number of accidents: Happened 02 deadly
accident, or happened 03 or more traffic
accidents in which there was 01 deadly
E= _|_|_|_| accident, or happened 04 or more injury
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traffic  accidents MoPS
regulation)

Condition of distance between accidents:
accident happening within the distance of

100m, or within the area of an intersection.

(based on

The criteria for the distance from the
interscetion of 100m is recommended based on 2
reasons: firtsly the international experience and
secondly traffic arrangements in Hanoi that lead to
many roads being intersected into several short
sections, especially the urban center.

The initial list of black spot is identified
based on 2 criteria, nonetheless, the exact location
of traffic accidents is unable to be pinpointed
therefore the criteria 2 in the form 02 (road station
and location of traffic accidents) is used to
determine the distance of traffic accidents.

The official list of black spots shall be
established after the researcgh group undertake the
actual inspection in the field against accident recods
from the police on the exact location of traffic
accidents to be mapped on a small map, in which
geometrical parametera shall be noted down, after
then sliding window of 100m in size shall be
etsblaished to locate black spot officially. Those
black spots that fail to meet those criteria shall be
removed from the official list.

3.2 Black spot solving procedure

Black spot remedial measure shall be
undertaken after the official black spot list is
established under official procedures as follows:
Step 1: Identifying and establishing the
priority order;
Step 2: First field inspection;
Step 3: Ascertaining additional information
and undertaking analysis;
Step 4: Second field inspection to find out
causes;
Step 5:1dentifying remedial measures;
Step 6: Obligations of agencies in charge of
black spot remedies;
Step 7: Undertaking black spot remedial
measures;
Step 8: Monitoring and evaluation.\

Following informations is to be obtained to

traffic  accidents, involving vehicles
(what), persons involved (who), time of
traffic accidents (when), causes of traffic
accidents (why), how the traffic accidents
occurred (how),...

Engineering data: number of lanes, type or
class of road (urban or rural,
classification..) safety facilities/amenities,
road pavement conditions,

Traffic flow information: flow rate (timing
of traffic accidents), vehicles
used/npedestrians, speed of vehicles
involving in accidents at black spot,

Traffic management: for black spot, data
pertained to the intersection, signal
identification data, vehicle flow, etc
Others: street lighting, adjacent facilities
that may possible pose obstructions, or
hamper vision distance

4 Black spot analysis — Case study of 3 black
spots

Because of infrastructure, traffic
engineering characteristics, are different,, therefore,
analysis of black spot to find out causes is also
different. In this part, the research group shall
present case study of 3 black spot traffic accidents
across Hanoi City.
4.1 Description of 3 black-spots

vong Ngac 2 -
& huong
Thuy

Ngac

BS'T: P. V.Dong
— Xuan Dinh

BS'Z:P. V., e
.DongCo,Nhue[

j- quan Nghia D8
© ChuGiy Nghia Tan

Mai Dich g 1o
BaBinh '
o Cat Lin
BS 3: Pham

Hung-Metri

Pha Do

undertake those 8 steps: o MR . wong
o Data on traffic accidents (already in the list Doi M3 ulenh_ Knuomg 2
of black spot): in many instances additional e ThanhXuln - Sanbes
information is to be obtained such as: Note: BS = Black spot
L)
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Figure 5 Locations of 3 studied black spots in ring
road Ill-Hanoi

Three black spots under study are located
on ring road 3 of the city, where traffic is highly
mixed, vehicles are heavy and travel at higher
speed.In recent 3, from 2008 to 2010, and the issue
of traffic safety at these 3 black spots has become
urgent and required drastic improvements. Traffic
safety at these 3 black spots is described in section
4.4 below.

4.2 Road infrastructure and traffic management
characteristic

Black spot 1: Pham Van Dong — Xuan
Dinh:

Pham Van Dong Street is a dual carriage
way having central median of concrete block, each
carriage way has 3 road lanes of mixed traffic (10-
11m), this point is located on Thang long Bridge
approach and descent therefore travel speed is very
high. Xuan Dinh street carries two way traffic
without central median with 2 road lanes (7m).

This is an intersection having traffic signal
of 2 phases, phase transition timing neither is nor
designed appropriately (equalling to yellow
indication duration, 3s) thus poses constant
conflicts for vehicles already in intersection with
vehicles about to enter the intersection. Moreover, a
majority of road users often fail to obey traffic
signals, ths pose a great danger to other vehicles.

’

Figure 6 BS1: Pham VanDog-Xuan Dinh
Black spot 2: Pham Van Dong — Co

Nhue

Located on Pham Van Dong street,
crossing with Tran Cung street which has a narrow
width of 5-6m. The crossing angle between Tran
Cung — Co Nhue streets and Pham Van Dong street
is very small.

) e . = ' o
Figure7 BS2: Pham Van Dong — Co Nhue
Traffic signal here is given 2-phase

indication, inter-green time has not been designed
properly therefore many conflicts are created
between vehicles already in the intersection and
approaching vehicles.

Awareness of road users is one of causes
leading to traffic accidents. In waiting and queuing
areas on Tran Cung street and Co Nhue street, road
users often occupy the space designated to the
opposite road lanes on Pham Van Dong street, this
lane misuse is a danger to other vehicles.

Black spot 3: Pham Hung — Me Tri

Pham Hung street is a dual cariage way
seperated by a central median, each cariage way has
4 road lanes (total is 12m); Me Tri street has 2parts,
the part eatern of Pham Hung street has narrow
width and under construction, the section western
of road pham hung, is a dual carriage way with
each durection of 15m wide.
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% {{ ~2% of
g% speed —e— Inbound
& 70% 1|  violation —=— Outbound
%60% 1
';50% 1 . . .
kS : \ Limitted speed
E™ ] ¢ | value by MoT
S 30% A '
< [l
- - - - - - 20% A1 :
This intersection is an unsignalised one oo | :
thus many corssings and intersections emerge, 0% S B

moreover on Pham Hung and Me Tri streets, many
vehicles travel at high speed thus easily cause
traffic accidents.

Through observation, the study team finds
that most of equipment, facilities and amenities on
this road such as signage, speed slow, rumble strips,
road humps have been degraged and thus pose a
great danger to traffic safety as a whole.

4.3 Traffic characteristics

The study team has undertaken all
measures to ascertain information at the cross road
near black spots in Pham Van Dong and Pham
Hung streets.

Travel Speed: using the method labelled
“floadting car method” to determine speed of
vehicles in Pham Van Dong-Pham Hung streets, the
study team find that the travel speed (in
consideration of delay time) on this road is
significantly high, in the morning peak and evening
peak, the speed is equal and equivalent to ~34.6-
36.7km/h, in the evening peak, when traffic volume
is reduced, the travel speed increases by 20-35%
comparing to the peak time (44.2km in outbound
traffic and 46.9km in inbound traffic).

Table 2 Travel speed in Pham Hung — Pham Van
Dong corridor

Source: Jica-Tranconcen, survey report

Speed distribution: in order to evaluate the
spot speed of vehicles at a certain point of time, the
research group undertook a survey of spot speed of
2 vehicle types i.e. motorcycles and cars (including
trucks small cars and bus,...). The survey process is
undertakeen at 2 periods of time typical to accident
characteristics i.e. morning peak 7:30-8:00, and
evening/night time 21:00-21:30.

Motorcycle Speed Distribution (7:30-8:00)

100%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Spot Speed (km/h)

Source: Jica-Tranconcen, survey report
Figure 9 Speed distribution of motorcycle in the
morning peak limited

4-wheelvehicle speed distribution (7:30-8:00)

100%

90% A

~7% of
speed
violation

80% A
70% A

60% A

—&— Inbound (4-wheel)

—&— Outbound (4-wheel)

50%
40%

30% A

Accumulative Percent (%)

20%

Limitted speed
. value by MoT

10% A

0%

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Spot Speed (km/h)

Source: Jica-Tranconcen, survey report
Figure 10 Speed distribution of 4-wheel vehicle in
the morning peak

Comparing  speed  distribution  of
motorcycles and cars at 2 typical points of time, we
discover a sharp increase in violations caused by
vehicles. Those violations are speeding related on
Pham Van Dong-Pham Hung streets, the number of
speed violations by motorcycles increases from
~2% in the morning peak t050-56% in evening
time, violations by cars increases from ~7% in the

Period Travel speed (Km/h) morning peak to 50-70% in the evening time.
Outbound  Inbound The distribution of speed and speed
Morning peak (7:00-8:00) 36.7 34.8 violations as mentioned above indicate that road
Noon time (11:00-12:00) 44.2 46.9 users display a limited level of awareness (over
Evening peak (17:00-18:00) 36.1 34.6 speed) and instead, they drive their vehicles to their
‘180
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habit. This deadly habit is the main cause leading to
high prevalence of accident in Hanoi and the whole

Table 3 Traffic flow rate and component

country. 7:00-8:00 17:00-18:00
Motorcycle Speed Distribution (21:00-21:30) Unit: Vehicle
100% . Non-motorized vehicle 759 490
oo : Motorcycle 16560 12248
& ov {| 50-56% of : Car/Van 1694 2089
§ o {| Speed : — Bus/Truck 1018 1007
g oo L _violation i/ Limitted speed Pedestrians 88 119
g value by MoT Total 20118 15954
e —e— Inbound (MC) Vehicle/h/lane 3353 2659
E 20% 1 —#— Outbound (MC) Unit: PCU
0 1 Non-motorized vehicle 137 88
o Motorcycle 3974 2940
0 5 1015 20 25 30 35 40 45 50 55 60 65 70 75 80 85 %0 9510 Car/Van 1694 2089
Speed (km/h)
_ Bus/Truck 2300 2275
Source: Jica-Tranconcen, survey report Pedestrians - _
Figure 11 Speed distribution of motorcycle in the Total 8105 7392
evening time PCU/h/lane 1351 1232

4-wheelvehicle speed distribution (21:00-21:30)

o0

100%

= 90%

50-70% of
speed
violation

80%
70% 4

60% o

50% A / —&— Inbound

40% —&— QOutbound

Accumulative Percent (%

30% A

Limitted speed
+— value by MoT

...................
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Spot Speed (km/h)

Source: Jica-Tranconcen, survey report
Figure 12 Speed distribution of 4-wheel vehicle in
the evening time

20% 1

10% 1

]

0%

Traffic flow rate and flow component: the
flow rate and the flow component surveyed within
2 hours of morning peak and evening peak,
vehiclesare classified into 5 types and then

Source: Tranconcen, survey report 2011

4.4 Traffic accident data at 3 black spots
According to statistics from the city trafic
police bureau, in the most recent 3 years, right at
this BS 1, there have occurred 38 traffic accidents
incurring deaths 4 and injuries 27 people, at the BS
2 in the most recent 3 years, 40 accidents have
occurred killing 3 people and cause injuries to 27
people. In the BS 3, in the most recent 3 years, 45
accidents have occurred Kkilling 8 people and
injuried 40 people. Thus, on average, 1.05-1.25
accidents have occurred each month (see Table 4).
Among accidents, most of cases involve cars with
cars or cars with motorcycles or motorcycles and
cars; the remaining is cars and motorcycles
conflicts with pedestrians at road crossing (see
Table 5).
Table 4 Traffic accidents happened at 3 black spots

. : Year 2008 2009 2010 Total
converted into passenger car unit (PCU). To . BS1: Pham Van Dong - Xuan
convert bicycles, motorcycles, cars, and bus/truck Criteria Dinh
into PCU we use the passenger car equivalent Traffic accidents 12 16 10 38
factors as 0.18, 0.24, 1, 2.26 (C.C. Minh 2003) Fatalities (people) 2 2 0 4
respectively; statistics show that the flow rate of Injuries (people) 6 13 8 27
traffic on this road is significantly higher at BS2: Pham Van Dong - Co
1351pcu/h/lane  in  the morning peak and Nhue
1232pcu/h/lane in the afternoon peak, equivalent to ~ _Traffic accidents 13 11 16 40
the travel factor ranging from 0.6 and 0.65. The _Fatalities (people) 0 1 2 3
flow component Pham Van Dong-Pham Hung Injuries (people) 12 5 10 27
streets is highly mixed with cars accounting for a N BS3: Pham Hung - Me Tri
high majority ~16.1% in two ways, motorcycles ——-afic accidents 6 15 1B
account for 79.9%, unmotorised vehicles 3.5%, Fat_a“_t'es (people) 2 2 4 £
pedestrians 0.6%. Injuries (people) 17 14 9 40
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Source: Analyze base on the database

provided by HTPD Table 5 Vehicle type involved to the accident
N No. I’eﬁfcg BS1 BS2 BS3
BS%; Pham Van 1 MC-MC 2 3 2
Dong £Xuan Binh 2 MC-Au 13 16 26
Locatiohs, conflict 3 MC-NM _ 1 -
types of 22accidents 4 MC - Ped 2 4 4
o1 16 othr waffc o Au-Au s e
accidents 6 Au-NM : - .
7 Au - Ped 3 2 -
8  Sefl accident - - 1
Note: MC: Motorcycle

BS2: Pham Van
Dong —Co Nhue
Locations, conflict

&
(=)
(e5]
/é’
=

&
Q
QOQ
a&'\(b

BS3: Pham Hung -

Me\Tri

Locations, conflict

types of 27 accideqts
JXLack of information

of [L8 other traffic

accidents

Figure 13 Review of 3 black spots

Au: 4-wheel motorized vehicle

NM: Non-motorized vehicle, bicycle

Ped: Pedestrian

BS: Black spot

Observation and statistics, the study team

see that at the first 2 black spots, initially accidents
are caused by accelerating vehicles to pass the
intersection, when they have enterd the intersection,

"types of 35 accidents S they face with conflicts with other vehicles which
Lack of information v - s Tinction” are already within the intersection from other
of 5 other traffic ék T o BT T directions and suddnely come to a halt, following
accidents et g S gy vehicles behind fail to keep a safe distance have
> e collided with preceding vehicles in the front.

T g |t At the black spot 3, since this intersection
Bt g has not been signalised then all other vehicles have
e at conflicts with the crossing flow (square angle
el Pham Van Dong str . .

conflicts), the accident scene sketches suggest that

accidents caused by square angle conflicts take the
majority.

7

0:00-1:00
1:00-2:00
2:00-3:00
3:00-4:00
4:00-5:00
5:00-6:00
6:00-7:00
7:00-8:00
8:00-9:00
9:00-10:00
10:00-11:00
11:00-12:00
12:00-13:00
13:00-14:00
14:00-15:00
15:00-16:00
16:00-17:00
17:00-18:00 7
18:00-19:00
19:00-20:00
20:00-21:00
21:00-22:00
22:00-23:00
23:00-0:00

—&— BS1: Pham Van Dong - Xuan Dinh
BS2: Pham Van Dong - Co Nhue
---4--- BS3: Pham Hung - Me Tri
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Figure 14 Time in day that accidents happened

Also from analysis of accidents, most of
accidents occur at night time (see Figure 14). The
research group sees that at night when traffic
volume is low at black spots, a number of street
lights have gone off, the road is not lit well enough
leading to accidents. From Table 6, the study team
also think that the main cause of accidents at day
time is preceding vehicles accelerate while
following vehicles fail to keep a proper and safe
distance, however, main cause of accident at night
is vehicles travelling at high speed in a poor
lighting condition.

For the BS3, it is recommended to install 3-
phase signal program in which traffic safety is
given priority, plus expanding the intersection to
incraese traffic capacity and create a convenience to
road users.

Improving of traffic safety:

For the first 2 BS, since land space is
limited, following measuresneed to be adopted:
Installing pedestrians bridges crossing the
Pham Van Dong street, this measure shall
keep pedestrians safe when they cross the
road whilst enable more rapid motorized
vehicles pass through the intersection since

the signal for pedestrians is now

Table 6 Major causation of traffic accident at 3 eliminated.
black spots e Installing lane markings, stop lines to
Causation BS1 BS2 BS3 prevent misuse of road lane, and the lane of

Driving in wrong lane 2 0 1 other directions.
Do not keep safety distance/ .
speeding toppass i%tersection 8 6 . For the BS 3, Pham .Hung-Me n,
- following measures can be adopted:

Wrong turning 2 8 8 e Installing a left turn lanes in Pham Hung
Do not pay attention 2 3 0 street to improve the capacity of the

Wrong overtaking 2 5 4 intersection.
Unknown 23 15 19 e Since the road is wide, vehicle speed is

5. Recommended improvements

Measures recommended for improvements
of traffic safety at black spots require the following
combination:

Measures to curb speeding:

Reducing speed on the main road
approaching intersection by installing signage to
reduce speed and installing rumble strips.

[LLLLLE)

ENTII
—

f—
Source: Nghiem Van DINH at al. (2006), Introduce
countermeasures for controling traffic accident in

Vietnam
Figure 15 Model of proposed deceleration strip

Designing proper signal indications to
reduce conflicts at the intersection:

For the first 2 BS, since the Xuan Dinh and
Co Nhue are narrow, the research group suggests to
adopt 2-phase signal program with proper inter-
greentime to reduce conflicts at the intersection

high and traffic volume is heavy, pedestrian
tunnel crossing the road is suggested.
Installing lane markings on the road in
appropriate sections

Additional measures:

A number of additional measures to
complete mentioned measures to improve the
traffic safety at black spots are addressed as follow:
Measures for public information and
propaganda, providing guidance to road
users to raise their awareness and safety
when they pass black spots on the road.
Undertaking punitive and enforcement
measures to curb violations and thus
improve safety.

Education and enforcement measure take
the focus on primary causes and violations
such as: speed, lane misuse, crossing the
line, red light running. Enforcement should
be intensified at night time.

Improving street light conditions around
black spots to give road users a better sight
when driving.

The improvement countermeasures shown in the
figures below:
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4' W/ Note: Figure 16, Figure 17, and Figure 18 present
ekl N p the major tasks for each black spot. The details of

g ‘{?».-‘- i y

calculation and design are not introduced.
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