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center. Again, the large numbers of people living outside
with low job accessibility on public transport would have no
choice other than using private modes of transport for their
commuting trips. Noticeably, the areas along rail transit
corridor, (dark areas in Figure 3b) have large employment
accessibility and gain rapid increase in land value. This
implies that transport has large influence on land value;
transport development has largely influenced land
development potential in those areas.

2.3 Polycentrism

It may be accepted that Bangkok is a rather mono-centric
city where most of activities are concentrated in the large
city core, it is continuously expanding and at the same time
sprawling. However, some activities have relocated and
agglomerated at some nodes. If these nodes are large enough
and self-contained, they will be considered as sub-centers.
This paper examines the residential location preferences of
some employment nodes, represented by a so-called
location-specific travel preference curve, which is based on
the intervening opportunity model (Black et al. 1993;
Vichiensan 2007). For an employment zone, the residential
zones are ranked by the increasing distance or the increasing
travel time either on private or public transport. The number
of residential workers living in each zone is a proxy for
housing opportunities. By plotting the cumulative
distribution of residential workers reached, a “housing”
opportunity surface around that employment zone can be
visualized. The horizontal axis is the travel time to each
employment zone; the vertical axis is the accumulated
proportion of workforce within the corresponding travel
time boundary. In the other word, the graph presents the
capability that an employment area is able to capture its
workforce from the surrounding residential places. In this
paper, the location-specific travel preference curves at four
employment nodes in Bangkok, namely, Wong Wian Yai,
Chatu Chak, Hua Mak, and Asoke, are shown in Figure 4.
Notice that a steep gradient implies a nearby choice of
residential location; a shallow gradient around a sub-center
implies a broader or metropolitan-wide spatial labor market.
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Figure 4 Location-Specific Travel Preference Curve

It is obvious that Asoke exhibits different shape than the
other. This means that workers in Asoke, one of the busiest

business districts, are coming from or living in various parts
of Bangkok, as shown by relatively flat curve. On the
contrary, workers of the outer nodes such as Chatu Chak or
Hua Mak are coming to work for shorter distance, as shown
by relatively steep curves. For instance, approximately 50
percent of workers in Asoke are coming from the area within
50 minutes travel time to Asoke; while almost 80 percent of
workers in Wong Wian Yai are coming from the area within
50 minutes travel time. This implies that Wong Wian Yai
has large potential to form an employment sub-center.

3 SCENARIO EVALUATION

Based on viewpoint of mobility, accessibility, and location
preference, three railway network scenarios are evaluated.
Firstly, the based network (called reference scenario),
comprises of the existing 42-kilometer railway shown in
Figure 5a. Secondly, the extended network comprises of the
high priority lines (called priority scenario), shown in Figure
5b. Thirdly, the 291-kilometer railway network in the master
plan is considered (called full scenario), as shown in Figure
5c. The base year is 2005; the future years are 2010 and
2025. The scenarios are summarized in Table 1.

Table 1 Scenario Summary

2005 2010 2025
A - Reference Base 10A 25A
B - Priority 10B 25B
C - Full 10C 25C

el

L
/l |

£

@ &1s

® e
oRance

Y X
@ rumnie

YELLOW

@

Figure 5 Railway Network
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Based on the framework presented in the previous section,
the travel hazard map and accessibility map are constructed
in each scenario to examine its overall performance. Six
specific areas are selected, as shown in Figure 6. The first
three, Chatu Chak, Asoke, and Hua Mak, are the high-
density areas with large employment opportunity. The next
two, Taling Chan and Wong Wian Yai, are expected to be
transit centers where railway lines cross. And the last two,
Rangsit and Minburi, are sub-urban areas where they are
expected to be self-contained.
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Figure 7 Impact on Mobility

3.1 Change of Mobility

The future-year travel hazard maps, representing
mobility on private mode (mainly on road network) are
shown in

Figure 7. It illustrates to what extent railway would help to
ease the travel or relieve traffic congestion. It is obvious that
the full network (Scenario C) has significantly changed the
mobility and accessibility, comparing to the case with only
the three lines of BTS & MRT (Case A). Unless the network
is improved, the city will be severely congested, i.e., it will
possibly take very long time to travel into the city center.

Further examining the six selected areas found that the
extended network has improved the future mobility level in
2025 differently, as summarized in Figure 8. Those areas
that presently have railway service such as Chatu Chak and
Asoke will not get much additional benefit. But those
potential sub-centers, ie., Wong Wian Yai, Rangsit,
Talingchan, and Hua Mak, will greatly gain benefit from the
new railway lines in Scenario B. Likewise the expected sub-
urban sub-center, i.e., Minburi, gain much mobility benefit
from the completed railway network in Scenario C.
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Figure 8 Mobility at Certain Nodes

3.2 Change of Accessibility

Maps of the future employment accessibility based on public
transport travel time under different railway network
scenario are shown in

Figure 9. It is again obvious that both Scenario B and C,
with extended railway lines, provide more job opportunity
compared to the reference network in Scenario A.
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Figure 9 Impact on Accessibility
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Figure 10 Accessibility at Certain Nodes

Considering the six selected areas, as summarized in Figure
10, they gain larger employment accessibility in 2025 as the
railway network is extended but at slightly different extent.
Clearly the priority-line network (Scenario B) provide
greater employment accessibility in the other area than
Minburi, which is the only one benefited from the complete
network (Scenario C), which is due to the yellow line train.

3.3 Change of Location-Specific Travel Pattern

Examining the location-specific travel preference curves in
Figure 11 let us know that different locations have different
response to railway network configuration in terms of sub-
center potential. Taken 2005 as reference, Asoke may be
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considered as city center comparing to the others, i.e., at 50-
minute boundary it has received only 50% of its workers
while Chatu Chak has got only 70%, Wong Wian Yai 80%,
Talingchan 80%, Hua Mak 70%, and Min buri 50%.
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Figure 11 Location-Specific Travel Preferences

In the future year 2025, Scenario 25A indicates that it takes
much longer for each area to capture the same proportion of
workers as in 2005. When the network is improved by
adding more railway lines to the network, it is intuitive that
the time to attain the same proportion is reduced than in the
reference case. However, the extent of improvement is
different for each location. Locating in the inner core, Chatu
Chak, Asoke, and Hua Mak gain substantial portion of
workers when railway service is expanded. But adding the
yellow and orange lines does not help much, as shown that
the curves in Scenario 25B and 25C are coincide. In contrast,
the railway development does not affect Minburi locating in
the suburb. But it is interesting in Wong Wian Yai and
Talingchan on the west side of Bangkok, see Figure 6, that
Scenario 25B exhibit steeper curves than Scenario 25C,
meaning that it would take longer to attain the same worker
proportion although the network is improved. This implies
that adding more service on the east may cause negative
impact on the west side considering the potential to form
sub-center or employment node. The framework illustrated
here let us understand the impact of accessibility on the
urban form based on travel pattern. It allows transport policy
such as transit oriented development (TOD) be evaluated to
what extent it has capability to capture or attract activity
within certain travel range.

4 CONCLUSION

This paper has presented a framework to evaluate transport
policy based on mobility, accessibility, and locational
preference points of view. The present level of those
indicators are evaluated, showing that each sub-area have
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attained different mobility, accessibility, and sub-center
potential. Some representation tools are proposed; travel
hazard map of travel time boundary is used to represent
mobility; location-specific travel preference is used to
represent the sub-center potential. In the later part, the
railway network scenario evaluation provides insight on the
network performance with respect to mobility, accessibility,
and poly-centric urban development. Some areas are greatly
benefited, e.g., the planned sub-urban sub-centers. These
areas have great potential to effectively form a sub-center in
the future. The proposed framework is important and
indispensable in evaluating such transport policy as transit
oriented development (TOD) to examine the capability to
attract activity in the neighborhood by public transport.
However, the indicators presented in this paper are the
fundamental ones; further study on more complicated and
appropriate expression of mobility and accessibility is
recommended.
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1 BACKGROUND

Most major cities around the world have been facing a
growing traffic congestion problem whose impacts extend
from delay in travel, economic loss, pollution problem, to
degraded quality of life. The congestion problem is an
outcome of an imbalance between available transport supply
and travel demand. Transport engineers and planners have
attempted to tackle the problem by increasing or providing
more transport infrastructure (supply side strategies). The
outcomes of such strategies from several cases were,
however, not sustained in which the travel demand
eventually overrode additional road capacities. This is due to
the induced (or elastic) demand effect responding to lower
travel cost. To this end, the idea of travel demand
management (TDM) has been put forward to address the
problem from the demand perspective.

Road pricing is one of the possible TDM policies. The
policy has been widely accepted by transport economists and
planners as an appropriate measure for tackling the
congestion problem. Road pricing involves charging the
motorists a fee for using their vehicles within charging zones
or on tolled roads. The term road pricing covers any fiscal
form of travel demand restraint which can be either direct or

indirect charges of road users. Great interests in road pricing
are caused by its effectiveness in curbing car uses and its
revenues (which can be used to fund other transport
projects). These potential benefits of road pricing put itself
as a centerpiece of an integrated transport policy.

Many cities have been interested in introducing urban road
pricing, but only few actually succeeded (including
Singapore, Sweden, Norway, and UK). There was a long
history of road pricing studies before the idea became
widely known. In UK, the Smeed Report (Ministry of
Transport, 1964) was probably the first full contribution of
the theory and policy implementation of road pricing. This
study catalyzed the interests in road pricing studies in UK
and around the world. Subsequently, the first practical road
pricing scheme was implemented in 1975: the Area
Licensing Scheme (ALS) in Singapore. Norway is the other
country who successfully implemented the policy during
that period. Toll rings were installed to raise revenue for
transport projects around Bergen in 1986, Oslo in 1990, and
Trondheim in 1991. Following the success of the
Singapore’s ALS scheme, other cities started to pay
attention to the possible implementation of road pricing. In
1985 an electronic road pricing was on trial in Hong Kong.
In 1988 the Netherlands Government developed a proposal
for a road pricing implementation in the region called
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‘Randstad’. In 1991 the Swedish Government developed a
proposal for introducing tolls around Stockholm. In UK
several local authorities, e.g. Bristol, Cambridge, Derby,
Durham, Edinburgh, Leeds, and London, recently revived
their interests in road pricing following a new legislation
which allows the cities to implement road user charging and
utilizes the revenues to fund other transport projects (DETR,
1998). The recent interesting implementations are London
Congestion Charging scheme starting on 17 February 2003,
and Stockholm Congestion Tax starting on 1 August 2007.

One of the main barriers to the implementation of road
pricing is public acceptability (Jones, 1998, 2003; Jakobsson
et al., 2000; Schade and Schlag, 2000, 2003; Jaensirisak et
al., 2005). This is also interrelated with political
acceptability. Two other important issues are institutional
barriers  (inappropriate  legislation and organization
structures, and contradictory policies elsewhere) and time
dimension (the temporal development of policy from
planning, decision-making, to implementation and
operation) (Milne et al., 2001; Glazer et al., 2001). These
issues are particularly important in developing countries
whose political situations are less stable. Road pricing is
likely be most easily implemented in a city in which the
roles of transport planning and decisions are responsible by
a single authority. An example is the experience of London.
The creation of the Greater London Authority (GLA) and
Transport for London (TfL) played a crucial role in
overcoming these barriers by providing a single decision-
making and implementation body. Nevertheless, the
institutional and time dimension barriers should not pose a
serious obstacle if the road pricing scheme is acceptable to
the general public, and in turn to the politicians.

The other type of constraint is the complex interaction
between transport and other economics sectors (market
interaction constraints) (Verhoef, 2001). The decision
makers have to take into account indirect effects of changes
in transport prices on other markets, e.g. change in
commodity price due to higher transportation costs. This
interrelationship creates a constraint that should be
considered seriously in setting transport prices. It is
noteworthy that technology was a barrier to the
implementation in the past. However, the Singapore
electronic road pricing, London congestion charging, and
Stockholm congestion tax have proven the practicality and
readiness of the current electronic road pricing technology
for the real-world implementation.

In section 2, we review and summarize experiences of road
pricing planning and implementation in Singapore, London,
Stockholm, Seoul, and Hong Kong. Section 3 presents the
lessons learnt from the past development of road pricing
schemes which help to identify the lifecycle and critical
factors to be concerned in the planning and implementation
phases of a road pricing scheme. Then, Section 4 presents
development and possibility of road pricing in Bangkok.
Section 5 suggests some broad strategies to allow Bangkok
to realistically consider road pricing implementation. Finally,
Section 6 identifies research challenges on road pricing
planning and implementation process for Thailand.

2 SELECTED CASE STUDIES

The implementation of road pricing is complex and often
involves not only economic aspect but also political one. In
order to study the factors that contributed to the successful
implementation of road pricing schemes at the international
level, we need to look at the history of each successful or
unsuccessful case, especially the process before, during, and
after the implementation phase.

The selected case studies include: Singapore; London, UK;
Stockholm, Sweden; Seoul, South Korea; and Hong Kong.
There are several underlying reasons for the selection of
these particular cases. In the nutshell, each of these cases
represents different key aspects of success and failure during
the planning and implementation phase of road pricing
policy. In addition, in some cases the local environment and
circumstance can be compared to the condition in Thailand
to some extent.

2.1 Singapore

Singapore has been at the forefront of the development of
the road pricing policy which was started by a low-tech
scheme since 1970’s. The case represents an ideal subject
for studying the actual impact of different design or
implementation aspects of road pricing. Particularly, three
main points can be analyzed from this case including the
impact and effect of different pricing structure (e.g. area
covered and time of day), utilization of revenue in
improving public transport services, and evolution process
of the scheme from a simple one to a more complex system.
Nevertheless, the political climate and social norm in
Singapore is considerably different from the situation in
Thailand. This point is fully considered in our analysis in
which other cases are, thus, included in the study to
supplement this part.

Singapore was the first country to introduce urban road user
charging in 1975. Initially, the objective was to restrict
traffic at peak periods into the Central Business District in
order to alleviate congestion. The system applied was called
Area-Licensing Scheme (ALS), covering most of the central
area in peak morning hours. The system was paper-based,
and enforcement was effected by observers posted at each of
the 22 entrance-points to the Restricted Zone-RZ (over 5
kilometers square). Each vehicle entering this zone had to
display an area license on windscreen.

The charge structure was simply a flat rate charge of S$3 for
travelling inside the RZ in the AM peak period (7:30-9:30
a.m.) on Monday to Saturday. However, three weeks later
the charging hours was extended until 10:15am in response
to the substantial increase in traffic volume entering the RZ
just after 9:30am (Chin, 2002). The charge was then
increased to S$4 and S$5 in 1976 and 1980 respectively.
Gradually, the structure of the charge and charging period
was modified to increase the effectiveness of the scheme. In
1989, the charge period was extended into the PM peak
(4:30pm — 7:00pm) with a charge level of S$3. The charge
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period was extended again to the whole day from Monday to
Friday in 1994 with the same charge level of S$3. The ALS
was considered successful and it was also claimed that there
were no significant impact on businesses inside the RZ
(Seik, 1998).

The original ALS also had unintended adverse effects such
as congestion on feeder roads and expressways leading to
the CBD (Goh, 2002). The government decided to introduce
the Road Pricing Scheme (RPS) to regulate traffic on the
expressways and feeder roads in 1995. The RPS (manually
operated) was implemented on the three main expressways
heading to the CBD with congestion tolls to pass defined
points. About 16% of motorists stopped using the
expressways during the RPS operation hours (between
7:30am and 9:30am). However, the ALS and RP schemes
were claimed to cause under-utilisation of the roads within
the CBD and not to be able to deter the congestion outside
the RZ and RPS. In addition, the manual operation of both
systems was too labour-intensive and not flexible enough to
permit the future modification of the scheme.

In 1998 the ALS was replaced by Electronic Road Pricing
(ERP) (Menon, 2000). The objective of the system was
changed to improve travel speeds in the road network.
Vehicles to pass through the area, during 7:30am and
7:00pm on weekdays and 7:30am and 2:00pm on Saturday,
must have an electronic In-vehicle Unit in which a smartcard
with positive cash balance has been inserted. The toll
applying at the particular time when the vehicle passes under
each of the 33 gantries is automatically deducted without the
driver having to slow down. Prices applied under ERP do
not fluctuate directly with actual traffic volumes, but they
are subject to maintain traffic speeds of 45-65 km/h on
expressways and 20-30 km/h on arterial roads. The tolls
would be varied according to the average speed on the
network.

It should be noted from the experiences of Singapore that the
road pricing scheme is successful because the system is a
part of a policy package, including e.g. substantial
improvement of public transport, high parking charge and
additional registration fee, and vehicle quota system.
Singapore can easily implement the ‘stick’ policies because
there is no political problem; the government is strong and
people believe in the government’s policies. Moreover,
surprisingly, the restraint policies have no major negative
side effect on economic growth; on the contrary, they have
generated substantial funds for the improvement of social
welfare (Willoughby, 2001).

2.2 London, UK

The first proposal for London road pricing was during the
1970s by the Greater London Council (GLC). The charging
system was ‘supplementary licensing’, in which every
vehicle was required to purchase a daily license to drive in
the Inner London area. These charges were expected to
reduce traffic substantially and to increase speeds by about
40% during peak period (May, 1975). However, the
proposal was rejected by the GLC in 1975.

In the 1980s the London Planning Advisor Committee
(LPAC) commissioned research into a number of transport
strategies. This work concluded that improvement of public
transport by itself was not seen as sufficient; there was a
need for direct measures to restraint road traffic and to
obtain a better balance between the demand and supply of
road space. Various possibilities were suggested. Congestion
charging was seen as the most favourable.

During the early 1990s, ‘The London Congestion Charging
Research Programme’ was sponsored by the Department of
Transport in UK (MVA, 1995). The research studied various
charging systems. The simplest scheme was a single cordon
charge around central London. The most complex schemes
involved three cordons and screen-lines. The levels of
charges were different for each cordon and screen-line and
time period. The study found that the charging schemes were
relatively effective in reducing car use. For example, for a
single cordon charge around central London at £8 per
crossing, 22% reduction of total vehicle kilometers could be
expected. Nevertheless, the schemes were very much likely
to be opposed by the public. At the end the systems were
postponed by the government.

In 1999, the Greater London Authority Act was passed by
parliament. This act gives London a unique local
government structure. It also provides full powers for the
Mayor to introduce congestion charging schemes in Greater
London. For London surveys in 1999, the results reported by
the Government Office for London (GOL) show that a daily
charge of £5 for driving within Central London and £2.50
for Inner London is supported by about a half of the
respondents (53%). Also the survey by MORI (GOL, 2000)
found that the scheme is supported by majority of the public,
particularly when the revenue is proposed to be used for
public transport improvement.

In May 2000, Mr. Livingstone was elected to be the Mayor
of London on the basis of a manifesto which included a
promise to introduce a congestion charging scheme in
central London. Charging schemes suggested were based on
the ‘Road Charging Options for London’ study, which was
produced by an independent group of transport professionals
(called Review of Charging Options for London (ROCOL)
Working Group) and supported by Government Office for
London (GOL, 2000).

The London congestion charging scheme was successfully
introduced on 17 February 2003. The level of charge is £8
per vehicle per day (£5 before 4 June 2005). The scheme
enforcement is based on the area license enforced by using
digital cameras to check number plats against the database.
The charge operates between 7am and 6.30pm on weekdays
within central London (21 square kilometers). Some vehicles
such as buses, minibuses (over a certain size), taxis,
ambulances, fire engines and police vehicles, motorcycles,
very small three-wheelers, alternative fuel vehicles and
bicycles are exempt from the charge. Residents of the zone
are eligible for a 90% discount.
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There are three interesting issues for the UK case study in
relation to this project. The first is the experiences from the
planning and implementation of the area pricing scheme in
London. This case illustrates the factors of political
leadership and timing of the implementation. The political
climate in London and UK in general is more similar to the
condition in Thailand (as compared to Singapore). Thus, the
scheme in London can provide us the details on how to
handle public and political acceptability problems. For
London case, there are several detailed documents and
reports on the design, strategy, justification, and political
discussion before, during, and post the implementation
phase of the scheme. These are invaluable sources for
understanding the factors for success and failure in
delivering a pricing scheme. The last issue for the UK case
is related to the government plan and action to promote and
support the development of road pricing policy in different
cities in the UK including the legislation process. On the
formal side, prior to the implementation of the scheme in
London, the government had to modify and approve several
legislations to allow for the introduction of road pricing
scheme and enable the local authority to utilize the revenues
collected from the scheme in several ways. In addition, on
the non-legislative part, several policies at the national level
have been put forward by the government to encourage and
support different cities to apply the pricing policy. For
instance, the government offers an advance budget for
developing major public transport infrastructures for the
cities planning to implement the policy. On the technical
side, a congestion charging partnership was set up to
regularly promote the idea and provide information on the
development and design process of the scheme.

2.3 Stockholm, Sweden

The road pricing system for Stockholm was proposed in
1991. The objective was primarily to reduce air pollution,
traffic noise and congestion. The charging system was based
on pre-purchased licenses. The charge would have operated
on weekdays by using £30 monthly cards or £2.50 daily
cards (May et al.,, 1991). These have been predicted to
reduce traffic by 10% and 6-8%, respectively. However, in
1997 the proposal was suspended by the government
because of political problems and opposition by the business
community (Ahlstrand, 2001).

In 1999, a new study of road pricing for Stockholm was
carried out by the Swedish Institute for Transport and
Communications Analysis (SIKA), a governmental agency.
It was claimed that road pricing would be able to reduce the
number of private cars struck in the morning peak period by
90-95%, compared to the current situations, and to decrease
car traffic in the Stockholm region between 1998 and 2010
by 9% in the morning peak time (Ahlstrand, 2001).

On 2 June 2003 the Stockholm City Council passed a
decision to conduct a trial implementation of environmental
charges in the Stockholm inner city zone, about 47 square
kilometers. On 28 April 2004, the Swedish Government
submitted the Congestion Tax Bill to Parliament. The bill
was approved by Parliament in June 2004 and the

Congestion Tax Act was issued on 17 June 2004. In an
appendix to the Act it was stated that the trial
implementation of a congestion tax in Stockholm would start
on a date to be decided by the Government and continue
until 31 July 2006. Thus, the full-scale trial in Stockholm
began on 22 August 2005, when public transport services
were expanded. The trial congestion tax applied for seven
months, between 3 January and 31 July 2006.

A referendum was held in September 2006 (about two
months after the end of the trial period). In the referendum
the residents of Stockholm municipality voted “yes” (more
than 50% of voters) and in 14 other municipalities voted
“no” to implement it permanently. However, on October 1,
2006, the leaders of the winning parties in the 2006 general
election, declared they would implement the Stockholm
congestion tax permanently. The parliament approved this
on 20 June 2007, and the congestion tax came into effect on
1 August 2007.

The primary purpose of the congestion tax is to reduce
traffic congestion and improve the environmental situation
in central Stockholm. The charge operates between 6.30am
and 6.00pm on weekdays. The amount of charge is 10-20
SEK (about 1.5-3 USD) depending on time of the day. The
charge is applied to every crossing the cordon (both enter
and exit the area). However, the maximum amount of tax per
vehicle per day is 60 SEK. The vehicles passing the control
points are identified through automatic number plate
recognition. The equipment, consisting of cameras, laser
detectors, antennas, and information signs are mounted on a
set of gantries at each control point.

The experience in Stockholm represents a unique case for
understanding the benefit of illustrating the benefit of the
scheme to the public. The swing of the votes to support the
scheme after the trial of the road pricing scheme in
Stockholm is a key lesson for any other cities who are
interested in implementing the policy. The case illustrates
the benefit of a clear illustration of the objective and benefit
of the scheme and the significance of open political debates
on the topic. This research benefits from this case by looking
at the planning and development process of the trial scheme
and the communication methods between the city and the
public, as well as monitoring the progress of the
development of the current scheme which was transformed
from the trial one.

2.4 Seoul, South Korea

The case study in South Korea is primarily on the Namsan
tunnel toll in Seoul. The similarity between Seoul and
Bangkok makes this case study an ideal subject for
analyzing the approach to overcome public opposition (or
increase public acceptability) to the road pricing policy
through different planning and public participation stages.

Seoul has experienced a rapid growth in car ownership and
serious congestion problem since 1980°s. Several self-
financed expressways were commissioned to relief the
pressure on the existing road network. In particular, the
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Namsan #1 and #3 tunnels were constructed to serve as the
main corridors linking the southern part of the city to the
Central Business District (CBD). The tolls of 100 won
(around 0.1 USD) were collected for 20 years until 1996 to
recover the construction costs. The concession of the tunnels
came to an end in 1996. After that, the Seoul Metropolitan
Government (SMG) started charging the tolls of 2000 won
(around 2 USD) as a congestion charging toll for both
tunnels. The tolls are applied to all private vehicles occupied
by less than three persons (including the driver). The tolls
are collected manually at the tollbooths in which the staffs
can check the number of passengers in the vehicle before
applying the tolls. The objectives of this implementation are
three fold: reducing low occupancy vehicle, raising revenues
for transport related projects, and assessing the effectiveness
of the pricing technique.

In 1996, 90% of the traffic volume passing the two tunnels
was made by private vehicles in which more than 78% of the
private vehicles were one person occupied. This was the
highest among all the major corridors linked to the CBD.
After the congestion toll operation, the number of carpooling
vehicles (occupied by three of more persons) has increased
substantially (more than double of the original figure).
Immediately after the toll implementation in 1996, the traffic
volumes on these two tunnels decreased by around 25%.
However, the total traffic volume has been increasing since
and the total traffic volume in 2000 exceeded the level
before the toll implementation (around 96,000 vehicles
during 7am - 9pm period). Nevertheless, the greater
proportion of this traffic volume consisted of toll-free
vehicles such as taxies and high-occupancy privative
vehicles. Furthermore, the traffic speed in the tunnels
increases by 70% in 2000 compared to the speed before the
toll implementation.

Based on the post-evaluation of the scheme mentioned
earlier, it can be summarized that the Namsan tunnel tolls
successfully achieved the set objective in encouraging the
car-pooling and increasing the efficiency of the expressway
system. In particular, the tolls cause the shift in travel mode
(including the use of higher occupancy vehicle) which
improves the travel condition on these two tunnels. This also
benefit the rest of the network by improving the travel
condition all other interconnected routes

Before the implementation, the SMG started a campaign to
spread information in Seoul to raise the awareness of the
congestion problem particularly in these two tunnels. The
campaign also promoted participation and communication
between the public and the authority to ensure the
acceptance of the new policies. It was suggested later on that
the key ingredient to the successful implementation of the
congestion toll was mainly credited to public hearings,
information campaigns, and efforts to win media support, as
well as political leadership.

The Seoul case illustrates a different tactic of introducing the
road pricing policy to the public through the introduction of
toll onto existing tolled road but with different purposes.
Also, the case demonstrates a great power of public

understanding campaign and selection of the scheme. The
justification of the scheme is clear which is due to the
congestion problem on these major corridors to the Seoul
CBD. It is also interesting to look at the approach taken to
avoid the direct impact to many stakeholders in the same
time. A form of exemption (high occupancy vehicle) is
introduced to encourage shared rides and also the taxis are
exempted from the toll. This form of road pricing
development is particular of relevance for the development
in Thailand especially in Bangkok since already having a
large extensive network of tolled expressway in the city
which is under different contractual agreements.

2.5 Hong Kong

In 1982, the Hong Kong government decided to adopt fiscal
controls to contain traffic. Particular measures introduced
were trebling the annual fee for private cars and doubling the
fuel tax and the registration fee for new cars. As a result of
the vehicle ownership restraint, private vehicle ownership
decreased from 211,000 in 1981 to 170,000 in 1984.
However, the level of congestion was only reduced in the
least congested (low income) areas and in the same time rose
in the most congested areas (Dawson and Brown, 1985).
Private car and taxi use still remained high, particularly
during peak periods (Lewis, 1993).

In response to this failure, the first Hong Kong pilot of
Electronic Road Pricing System (RRP) was undertaken
between 1983 and 1985. The Hong Kong chose not to adopt
a low-tech option like the ALS in Singapore on the basis that
it would be too liable to fraud and require a considerable
amount of enforcement (Borins, 1988). The system was
based on the automatic toll collection, billing and
enforcement. Three schemes with different levels of charge,
number of zones and geographical coverage were tested.
Vehicles’ owners would receive a bill with details of their
use of the network at the end of each month (Catling and
Harbord, 1985).

The effects of the schemes were predicted (by a traffic
simulation model) to reduce total daily car trips by 9-13%
and peak-period trips by 20-24% (Harrison, 1986).
Economic evaluation found that net benefits of the schemes
were satisfactory (Gomez-lbanez and Small, 1994).
Nevertheless, the schemes were not implemented. One of the
main reasons was the public concern about the potential
intrusion of privacy by ‘big brother’, in addition to political
and economic problems (Hau, 1992).

After the failure of the attempt, in 1994, the Hong Kong
government revived the idea of tackling traffic congestion
by road pricing. The government commissioned a major
feasibility study, which began in March 1997, with the
objective of examining the practicality of implementing ERP
in Hong Kong. Various technological alternatives were
considered including the Dedicated Short Range
Communications (DSRC) system as currently operated in
Singapore and the Vehicle Positioning System (VPS) based
on Global Positioning System (GPS). A cordon-based
charging scheme was still the preferred alternative for the
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charging regime. Similarly to the scheme design in 1983, the
charging zone would cover the most congested areas of
Hong Kong and be operated on a directional and time period
basis. The initial suggestion was that the peak period charge
would be from 8:00am to 9:00am and from 5:30pm and
7:00pm. A slightly lower charge would be applied during the
inter-peak hours. The charge rate would be set to maintain a
target speed on 20km/hr. It was estimated that the
implementation of this proposed ERP scheme would reduce
car trips entering the charging zones by up to 50%, with
40% diverting to public transport and 10% changing travel
time. In order to rectify the failure of the first proposal, there
was a well-planned public consultation programme to allow
public input into the development of the scheme.

Technology trials were conducted in late 1998 with both
DSRC and VPS technologies. The results showed that both
DSRC and VPS could be adopted in Hong Kong and the
privacy issue could be overcome. However, in 2001 the
government concluded that based on the feasibility study
report in 1999 there were no transport and environmental
grounds to justify electronic road pricing (Legislative
Council, 2001). Therefore, the government decided not to
pursue the implementation of the ERP scheme, despite the
promising results of the technological trials. Although the
technological barrier in relation to the privacy issue has been
overcome, the question of the political and public
acceptability of ERP still remains.

Most recently, after 2003 economic has been growing, so
there is an increase in congestion and pollution, as well as an
increase of public awareness in particularly air quality. To
address the problem, the Council for Sustainable
Development in Hong Kong offers a series of options and
suggestions to tackle the problem in the “Clean Air and Blue
Skies — the Choice is Our” report in 2006. One option
suggested is road pricing. Currently, this option is under
discussing in Hong Kong.

Although there has not been any successful implementation
of a real urban road pricing scheme in Hong Kong, the city

has been developing several plans and proposal since 1970s’.

The main objective for studying this case is to look at the
key obstacles that prevent Hong Kong to implement the
schemes including technological and political issues. It is
also the intention to look at the attempt of the government to
develop the proposals over the years in order to handle these
issues (there were already at least three major studies on the
implementation of road pricing policy in Hong Kong). There
are also several similarities between Bangkok and Hong
Kong particularly on the social norm, public participation,
and high volume of taxis in the traffic system which should
enhance the transferability of the experiences to avoid the
same problem.

3 CASUAL RELATIONSHIP OF ROAD
PRICING DEVELOPMENT

The lessons learnt from the past development of road pricing
schemes help identifying the lifecycle and critical factors

during the planning and implementation phases of a road
pricing scheme.

Figure 1 shows the life-cycle of road pricing policy
development. Before the implementation phase, there are
two prior phases: initial phase and design phase. The initial
phase is to raise the awareness of the public on road pricing.
The design phase is mainly to study the detail of the system
design.

| I
Perception of likelihood of the scheme
1

Initial
Phase/Awareness

Design/Detail study

. Phase
raising

Figure 1 Life-cycle of Road Pricing Policy Development

Once a city council or the government suggests or raises
road pricing as a possible solution for the city, the lifecycle
of the policy moves from the initial phase to design phase
which also gradually increases the perception of the
likelihood and inevitability of the scheme. During the initial
phase the public may not really pay a close attention to the
on-going discussion since they may perceive this as an idea
which is far from reality. Thus, the opposition level and
acceptability problem may not be so high (but also no strong
support). When the process moves to the design phase, if the
outcome or impact of the scheme is still uncertain, many
oppositions or stakeholders will eventually come out to
strongly criticise and oppose the policy. Consequently, the
acceptability level will decrease rapidly. Many cities in the
previous cases abandoned the scheme at the initial or design
phases to avoid the public confrontation and political
damage. London and Stockholm had been back and forth
between in these two phases a few times before the
successful implementations.

Based on the previous experiences, interactions among the
critical factors can be illustrated by relationship diagrams for
the initial process (Figure 2), and the design phase (Figure 3).
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Figure 2 The Relationship of Initial Phase of Road Pricing
Development

Figure 2 illustrates the relationship of initial phase of road
pricing development. From the initial phase prior to the
design phase, there are four key factors: public
acceptability, opposition from stakeholders, political
leadership, and legislations. Public acceptability of road
pricing relates to several conditions. If there is an economic
problem (e.g. high inflation rate), the public is likely to
disagree with road pricing (e.g. the case in Hong Kong).
Acceptability also relates to the public awareness of
congestion and pollution, which can be influenced by
campaigns through the media (i.e. the cases in London and
Stockholm). Furthermore, acceptability of road pricing
relates to whether alternatives to car are available, and how
many other “stick” measures to control car use have been in
place (i.e. the cases in Singapore and Seoul). If some “stick”
demand management measures exist, road pricing would be
unlikely to be accepted.

The opposition from the stakeholders depends on their level
of the impacts and benefits they perceived during the
development process. The authority should engage them in
the negotiation and discussion as early as possible to ensure
their supports and to provide them appropriate exemptions
of the scheme and other impact alleviation measures.
Communication with all stakeholders, particularly business
community and the media, should be done continuously to
provide sufficient knowledge about potential advantage of
road pricing. More importantly the policy should be
presented to the public and media as a part of the policy
package which involves other measures to provide
alternative to case uses. The involvement of the public is
essential to understand the concerns of the public, pressure
groups, politicians and the media (CURACAO project,
2008).

Obviously, the progression to the design phase can occur
with a strong political stability and government creditability
(e.g. Singapore and Seoul). In the case of political instability
(e.g. Stockholm and London), modification of or new
legislations can provide power to support political
champions to facilitate the design process.

Figure 3 illustrates the relationship of design phase of road
pricing development. The general factors in the design phase

to progress to the implementation phase are rather similar to
the factors in the initial phase. They are (i) acceptability of
the scheme, (ii) political leadership, and (iii) opposition
from stakeholders. An additional factor is the perception
of inevitability. However, the factors affecting the
acceptability in this stage are different from the factors in the
initial phase.

Understanding of
road pricing

Figure 3 The Relationship of Design Phase of Road Pricing
Development

The acceptability of the scheme in this stage mainly relates
to system design. The scheme needs to be simple and
effective in an appropriate area. Importantly, it is perceived
by the public as effective to achieve its objectives.
Exemptions and discounts can increase the acceptability but
may also make the scheme to be more complicated, more
costly (e.g. the scheme in Stockholm), and less effective if
the majority is exempted (e.g. if the Hong Kong scheme
provides an exemption for taxis).

The acceptability is also influenced by the revenue
allocation plan, adverse impact mitigation, and
understanding of road pricing. These issues can be managed
through  the public participation and effective
communication.

During the design phase the public may pay attention to the
scheme. The perception of likelihood and inevitability of the
scheme gradually builds up. Consequently we may face
strong oppositions or even campaigns against the scheme
from different stakeholders. Thus, under this circumstance,
we really need effective communication strategies to deal
with all stakeholders, particularly business community and
the media.

Finally, as in the initial phase, strong political leadership is
one of the key success factors. This is depended on the
economic and political situations. However, it does not mean
that without political leadership the scheme will always be
abandoned. The progress to implementation phase can also
be success if an effective scheme, designed by an
independent expert study groups, is perceived as effective to
solve the transport problems, and is acceptable by the public.
In the instability political situation, the designed scheme can
be put in a referendum process (e.g. in Stockholm).
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4 ROAD PRICING IN THAILAND AND
ITS POSSIBILITY

Road pricing was first mentioned in Thailand more than
three decades ago. In 1971, the German Agency conducted
the first comprehensive transport study in Bangkok, called
“Bangkok Transportation Study (BTS)” (Kocks, 1975).
Major recommendations were the development of mass
transit and expressways with the restriction of car use (road
user charging), as well as polycentric developments around
the city. Unfortunately, only the recommendation on the
expressway development has been fully pursued and
implemented. On the other hand, the mass transit system has
been improved slowly, while road pricing or any TDM
measure has been rarely mentioned. In 2001 the study of
Traffic and Transportation Development Master Plan for the
9" National Economic and Social Development Plan 2002-
2006, carried out by the Thailand Development Research
Institute (TDRI), suggested that road pricing should be used
in Bangkok for managing the demand of car use (TDRI,
2001).

The study on Urban Rail Transportation Masterplan
(OCMLT, 2001) proposed a rail transit network in Bangkok
for the Office of the Commission for the Management of
Land Traffic (OCMLT), Minister of Transport of Thailand.
It also recommended that road pricing and a new taxation
scheme should be combined to support this rail
development. However, currently the government is only
considering approval of the rail network as an independent
measure, i.e. decoupling it from the pricing scheme.

Although there are a few suggestions on road pricing in
Bangkok, the politicians have never seriously showed their
interests (in the public) in the policy. Recently, in May 2007
many mayors including Bangkok Governor Mr. Apirak
Kosayodhin attended the “Large Cities Climate Summit" in
New York. In the session of “Beating the Congestion and
Surviving Your Next Election", London Mayor Mr. Ken
Livingstone acknowledged the success of London
Congestion Charging. The Bangkok Governor mentioned
that he wanted to introduce the charge as well, but Bangkok
does not have a proper mass transit system. He also asked
whether Bangkok needs to have the mass transit system in
place first or road pricing could start now in the inner city.
Livingstone's advice was to improve the bus system because
subways take a long time to construct. He added that in the
case of London, the number of buses increased from 6,000
to 8,000 along with the introduction of new routes, and the
private sector played a key role in helping with the
expansion finance (The Nation, 2007).

In the early 2008, Mr. Apirak Kosayodhin mentioned to the
public in Bangkok that the idea of road pricing should be
plausible in Bangkok because of the rise of the fuel price.
The governor said the idea follows primarily from the
success in London and Singapore, where congestion pricing
is already in place on urban roads; however, adjustments
will be made to ensure its suitability for Bangkok. However,
his idea received a strong criticism by the public who are

afraid that the policy would make their living harder in times
of economic difficulty (Bangkokpost, 2008).

Concerning the issue of public acceptability of road pricing
in Bangkok, a study on travelers’ attitude on introducing
area licensing scheme (Pruttiphong et al., 2006) found that
more than half of public responses revealed a positive
attitude towards a concept of limiting automobile use in the
business area; this is because the public perceive that air
pollution is the major problem in the area. However, it also
found that two third of automobile users perceived some
difficulty in reducing their car trips, this is because of lack of
alternatives.

Lately, although the economic has been slow down and fuel
price has rapidly increased during a couple of years,
congestion and pollution problems in Bangkok are still very
serious. In addition, the political situation in Thailand is
extremely unstable and abnormal. Under such a
circumstance it may not be a good time to discuss about road
pricing. Nevertheless, this does not necessarily imply that
the planning process of road pricing should be on hold.

On the public related issue, the public awareness of
congestion and pollution problems is high. However, road
pricing is still not considered as a solution by the public
mainly due to the fear of change in cost of living, lack of
alternative travel modes, and lack of understanding of the
potential benefit of the scheme. Opposition to road pricing
from stakeholders is still high, particularly car user groups
and business communities. The current communication and
dialogue among the politicians, the decision makers, the
media and the public mainly focuses on the mass rapid
transit provision (supply-side policy) due to its popularity to
the public. Travel demand management (demand-side
policy), particularly road pricing, is rarely mentioned in the
public, so the public understanding of road pricing is
relatively low. Most people probably understand that road
pricing is simply an implementation of road tolls like the
expressway system on public roads. The key stakeholders,
particularly business community and the media, have not
been clearly informed. These are the reasons that public and
political acceptability of road pricing is not sufficient.

Moreover, once a politician who has political leadership
keens on introducing the scheme, but the current political
situation is rather unstable (both at local and national levels)
and the trust of the government (creditability) by the public
is not so high, any approval of related legislation and
implementation by the parliament and local council is,
therefore, unlikely.

Therefore, based on the initial evaluations, it is likely that
the road pricing development in Bangkok at its current
standing cannot progress to the design phase.

5 SUGGESTION FOR BANGKOK

From the road pricing experiences and local circumstances
in Bangkok presented in previous sections, some broad
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strategies can be suggested as follows, in order to help
Bangkok moving from the initial phase to the design phase
of road pricing.

5.1 The National Government has a Responsibility
to Develop a Clear Transport Strategy and
Legislation to Support the Local Government

Without the legislation and support from the central
government road pricing scheme would never have been
realised. The legislation should provide powers to the Mayor
to introduce congestion charging schemes and also enables
the local authority to utilize the revenue. The national
government should also provide advance budget for
developing alternative modes.

5.2 Road Pricing should be Considered as a Part of
an Effective Transport Strategy

Road pricing should not be considered and mentioned
independently. The development of road pricing scheme
should be determined as a part of strategy formulation, in
which the overall strategy is determined first. This will help
to demonstrate whether road pricing is needed, and also help
to identify those complementary policy instruments which
are needed to integrate with road pricing scheme.

5.3 An Independent Expert Study Group should be
Set to Formulate the Effective Strategy

An independent expert study group which is supported by

the government should work independently from the politics.

They will be allowed a great continuity and in-depth
formulation on the most appropriate plan. This plan also
allows great inputs from other stakeholders without political
biases and influences. This process can help to avoid
political instability and distrust of the public on the
government.

5.4 Effective Communication should be Done
Continuously Through a Two-Way Dialogue to
Raise Public Awareness and Knowledge
(mainly done by the expert study group)

Effective strategy to communicate with the public in general
and all stakeholders, particularly business community and
the media, should be done continuously through a two-way
dialogue. This should be a responsibility of the expert study
group (who generally has higher creditability than the
politicians). This process is to raise public awareness on
transport related problems, and to provide knowledge about
potential advantage of road pricing. The involvement of the
public is essential to understand the concerns of the public,
pressure groups, politicians and the media (CURACAO,
2008).

5.5 Road Pricing Revenue Allocation Plan is a
Critical Issue

Road pricing revenue allocation plan is critical to
determining the acceptability and effectiveness of the
scheme. Revenue use should be committed to the
development and improvement of the mass transit, other
public transport systems, and other alternative modes, e.g.
walking and cycling. The revenue can also be used to
compensate the losers.

5.6 Implementation Plan of Improvement of
Alternative Transport Modes needs to be Clear
and Convincible to the Public in the Early Stage
of Planning Process

Lack of alternative transport modes is the key factors of the
scheme opposition. The public usually claim that there is no
appropriate alternative to cars. Thus an implementation plan
of improvement of alternative modes needs to be clear and
convincible to the public.

5.7 Political Will and Leadership to Commit the
Scheme is a Key Success of the Scheme

It was found that a lack of strong political commitment acts
as a benchmark for other stakeholders, their attitudes may
become more negative as well (CURACAOQO, 2008). This
contributes to a slower or even stopped introduction of the
scheme. Thus, a political champion, who takes ownership of
road pricing scheme, clearly facilitates the implementation
process. However, politicians may fear of losing elections by
promoting road user charging. One way of divorcing the
road pricing issue from elections is to hold a referendum on
the strategy formulated in (ii) and (iii), rather than on only
the road pricing scheme.

6 RESEARCH CHALLENGE

The suggestions presented in the previous sections request
for further research, in order to support planning and
implementation process. This research challenges are not
only for Bangkok, but also for other developing countries
that are facing similar political situations. The research
challenges can be divided into three groups, as follows.

Public acceptability, as mentioned earlier, is the main
barrier for road pricing implementation in every country.
Those can deal with this issue will be successful in the
implementation, e.g. London and Stockholm.

From the international experiences, acceptability has been
found to be influenced by many factors (Jaensirisak et al.,
2005), including:

(a) attitudes to transport problems and the perceived
effectiveness of the scheme (PATS Consortium, 2001),
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attitudes relating to the environment and towards the
hazards of car traffic, as well as perceptions of freedom
and fairness (Jones, 1998; PATS Consortium, 2001);

(b) personal characteristics and constraints (Schade and
Schlag, 2000), e.g. income, age, education, transport
mode used, frequency of car use, the availability ands
quality of alternative modes, location of household and
workplace, household type, and life style;

(c) importantly, system features (e.g. Bonsall and Cho,
1999; Schlag and Schade, 2000) particularly level of
charge and revenue used. This shows that there is an
interaction between acceptance level and system
design. So in every city, it is very importance to find
out how to design a system that is acceptable to the
public and still effective to manage car use.

Furthermore, equity is another important issue that relates to
acceptability (Giuliano, 1992; Langmyhr, 1997). The equity
issue in road pricing must consider both the distribution of
benefits associated with reduced congestion (including side-
benefit such as pollution reduction gain and improved public
transport service) and the distribution of costs needed to
achieve the congestion benefits) (Giuliano, 1994). Jones
(2002) proposed a simple approach to address equity
concerns through scheme design, exemption, and discount.
However, it is not simple to include equity aspects in the
design of road pricing systems. Some research has been
looking at this issue. Meng and Yang (2002) developed a
framework for calculating optimal road toll (to maximise
social welfare) with constraints on the spatial equity impact.
Recently, Sumalee (2003) proposed an analytical method to
identify an optimal location of charging cordon with spatial
equity constraint. Maruyama and Sumalee (2007)
demonstrate different design of road pricing by comparing
performances of cordon- and area-road pricing regimes on
their social welfare benefit and equity impact.

Scheme design and integrated strategies. Different road
pricing scheme design leads to different impacts on network
performance. Also different integration with other policies
has very different impacts on both network system and
public acceptability. Road pricing is being seen as part of an
integrated strategy, particularly in European cities.
Integration can be achieved by reinforcing the benefits,
reducing political and financial barriers, and compensating
losers (May et al., 2005).

A survey of the policies adopted by UK city planners
indicated that they typically preferred a very simple
approach, focusing on the city centre and any major traffic
generators on its fringes. The single cordon would be placed
just inside the inner ring road around the centre, with
crossing points minimised where possible, a uniform charge
to cross at all points, and that charge kept low enough to be
publicly acceptable (Sumalee, 2001). The question is where
best to locate a single cordon, or a given number of charging
points. It is even more challenging if we try to determine
optimal locations and charge levels for different patterns of
charging points. This has been addressed by some
researchers (Hearn and Ramana, 1998; Verhoef, 2002;
Zhang and Yang, 2004; Sumalee et al., 2005).

Legislation and organisation structure is another major
barrier for its implementation. It is so called institutional
barriers  (inappropriate  legislation and organisation
structures). This can be distinguished between two key
issues: (i) laws required to support specific pricing
measures; and (ii) laws governing the structures of
organisations and the relationships among them (Milne et al.,
2001). For example, for the case of London, some
legislations were adopts to provide powers for the Mayor to
introduce congestion charging schemes and also enables the
local authority to utilize the revenue. Prior to the
implementation, they also allowed the national government
provided advance budget for developing alternative modes.

7 CONCLUSION

From the experiences of many countries, it is clear that road
pricing is the most efficient and environmentally beneficial
available for congested cities. However, the success of the
implementation of this viable policy is rather limited due to
a number of barriers in social, political, and constitutional
contexts which obstruct its implementation. Road pricing
has been suggested in Thailand over the past three decades
by transport planners. Politicians and decision makers
recently show their interest of the implementation. When the
economic situation is normal, public tend to agree with the
scheme because their perceptions of congestion and
pollution are very serious. However, when the economic is
slow down and fuel price rapidly increases, road pricing is
not acceptable by many stakeholders. Although, it is likely
that the road pricing development in Bangkok at its current
standing cannot progress to the implementation phase, it
does not mean that the planning process of road pricing, as
well as communication to raise public awareness and
knowledge, should be on hold.

Road pricing should not be considered and mentioned
independently. The development of road pricing scheme
should be determined as a part of strategy formulation, in
which the overall strategy is determined first. This will help
to demonstrate whether road pricing is needed, and also help
to identify those complementary policy instruments which
are needed to integrate with road pricing scheme. An
independent expert study group should be set to formulate
an effective strategy. The group should be allowed to work
continually and independently from any political influence
in order to investigate and formulate the most appropriate
plan/strategy. This plan should also allow inputs from other
stakeholders (who should be involved in a public
participation process from an early stage) without political
biases and influences. This process can help to avoid
political instability and distrust of the public to the
government.

Moreover, the effective strategy to communicate with the
public in general and all stakeholders, particularly business
community and the media, should be done continuously
through a two-way dialogue. This should be a responsibility
of the expert study group (who generally has higher
creditability than the politicians). This process is to raise
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public awareness on transport related problems, and to
provide knowledge about potential advantage of road
pricing.

Finally, this paper has suggested some research challenges,
not only for Bangkok, but also for other developing
countries that are facing similar political situations. These
include public acceptability, scheme design and integrated
strategies, and Legislation and organisation structures.
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This paper addresses critical econometric issues related to overdispersion of data in transportation safety programming. The
problem of overdispersion is a result of various sources and has to be treated appropriately. In general, overdispersion is
partially embedded in the accident database through correlation and heterogeneity or unobserved effects. Also, under-reporting,
simultaneity (i.e. endogeneity), omitted/irrelevant measurement, and scale of measurement could potentially lead to
overdispersed data. Improper treatment of overdispersion leads to several opportunities for erroneous coefficient estimates and
erroneous inference in the estimation of crash model. From a programming standpoint, this could lead to the inefficiency and
inconsistency of highway safety prioritization. The purpose of this essay is to provide insight into causes of critical modeling
issues, symptoms and necessary treatments to develop robust accident model. In addition, consequences of using untreated

model in transportation safety programming are discussed.

Keywords: Critical econometric issues, Overdispersion, Transportation safety programming

1 INTRODUCTION

In transportation safety programming, econometric models
serve the policy makers as a crucial tool to define high
accident location (HAL) and high accident corridor (HAC),
to identify the contributing factors to accidents and to
perform accident predictions. Furthermore, related policy
that could mitigate the impacts of accident can be
implemented from the robust econometric models. In the
estimation of accident count models, one greatest concern
that modelers usually face while developing the models is
overdispersion issue. It is well known, base on many
previous research (Shankar et al., 1995), that accident
frequency data tend to be overdispersed, with the variance
being significant greater than mean of accident frequency.
However, conventional count models such as a Poisson
model do not incorporate this critical issue. The risk of not
recognizing this issue can result in erroneous coefficient
estimates and erroneous inference. To overcome this issue,
the modelers need to fully understand causes of
overdispersion and treatments when overdispersion exists in

the data. This paper addresses key sources of overdispersion
in transportation safety programming along with symptoms
of infected model with overdispersion. Additionally,
consequent impacts of erroneous parameter estimation and
inference on policy makers will be discussed. Last but not
least, necessary treatments are provided to modelers.

The overdispersion conceptual framework in transportation
safety presented here delves directly into the statistical and
econometric treatment of crucial modeling issues. The
material presented is in a form designed to delineate for the
reader the logic of thought and sequence of research
inquiries that occurred before this paper.
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Figure 1 Conceptual Framework of Overdispersion in
Transportation Safety Programming

In general, as shown in figure 1, overdispersion is partially
embedded in the accident database through correlation and
heterogeneity or unobserved effects. In addition, under-
reporting, simultaneity (i.e. endogeneity), omitted/irrelevant
measurement, and scale of measurement can potentially lead
to overdispersed data. Following a discussion of this
conceptual framework, crucial modeling issues such as
unobserved effects, correlation, under-reporting issue and so
on together with symptoms and treatments will be described
in the following sections of this paper.

2 NATURE OF DATA

In crash count models, unobserved heterogeneity is a
common theme in accident occurrence, leading to well-
known overdispersion problem (Shankar et al, 1995).
Overdispersion in reported crashes can result from two
sources: high-valued crash counts or excess zeros in reported
crashes due to under-reporting and environmental effects.
Shankar et al. (1997) provide a detailed description of design
situations where both forms of overdispersion occur. A
simple Poisson model applied to this case to model the
accident frequency per year would result in biased
coefficients. The Poisson model would overlook the fact that
the highway’s limited accident history may provide spurious
indication of its safety characteristic over its lifetime and
ignore overdispersion phenomena that arise from
unobserved effects or heterogeneity. As shown in several
prior works (see for example Poch and Mannering, 1996;
Milton and Mannering, 1996), the negative binomial (NB)
distribution is suitable for overdispersed accident
frequencies occurred from unobserved effects.

Another common issue that arises in accident data contexts
is the issue of correlation among accident counts. Multiple
years of cross-sectional data on highway accident
occurrences are often available from public domains,
including time series information on traffic volumes,
accident counts and roadway geometrics as well as roadside
characteristics. In addition, weather information is also

available from national databases (see for example Shankar
et al., 2004). It is noted here that correlation among accident
counts and unobserved heterogeneity can be viewed as a
simultaneity problem. That is, due to explicit correlation
among dependent variables, or implicit correlation among
the error structures, a simultaneity issue that argues for joint
density functions arises. Complicating the decomposition of
this simultaneity issue is the “mathematical overlap”
between correlation and heterogeneity. From an empirical
standpoint, it is highly possible that serial correlation may be
spuriously captured as heterogeneity; the converse is also
true. Fundamentally however, heterogeneity and serial
correlation can be classified broadly as violations of the
“independently and identically  distributed” (IID)
assumption. In the context of count models, as is the case in
this dissertation, the empirical question relates to the
proportion of the heterogeneity component of the IID
violation problem. Some empirical examples follow to
illustrate why treating the IID problem in count contexts as
primarily a heterogeneity issue is useful.

In the presence of accident count correlation in multiple
years of cross-sectional accident count data, the efficiency of
parameter estimates comes into question. Similar to the
classical linear regression model, one can expect parameter
estimates to be inefficient in the presence of correlation in
count models (Guo, 1996). A method to adjust for repeated
observation effects on parameter estimates is necessary to
adjust for heterogeneity in the form of correlation. One such
method relates to the use of the cluster heterogeneity model
or negative multinomial (NM) model (Ulfarsson and
Shankar, 2003). In that model, a joint likelihood based on
repeated observations is constructed to modify the
traditional negative binomial likelihood. As a result,
parameter estimates reflect an adjustment in their standard
errors, with much of the adjustment resulting from
proximate years. This type of correlation between the
accident counts for a single section over many time periods
(years, usually) causes the coefficient estimates to be
inefficient and the estimated standard errors to be biased. In
case of median crossover accident, median accident
distributions occur in much lower numbers compared to
other accident types (i.e. most of the observed accident
counts are zeros) and likely in a more sporadic fashion, a
longitudinal history of median accident counts is used to
examine fundamental propensities in the long-term for
median crossovers.

The second type of adjustment for correlation involves the
development of random effects, where segment-specific
heterogeneity is accounted for. In the traffic accident
context, the random effects Poisson (REP) approach has
been shown to be reasonable (See for example, Sittikariya,
2006 and Shankar et al., 1998). The empirical evidence in
the above-mentioned literature points heavily to the
usefulness of characterizing parameter estimation in
longitudinal ~ accident  datasets as  fundamentally
heterogeneity problems.

In comparison with NB model, the coefficient values of
REP model and NM model are similar to those of NB
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model but not identical (Sittikariya, 2006). Compared to the
REP and NM models, the NB distribution underestimated
the standard errors of the parameter estimates, therefore
overestimating the t-statistic. Overestimating the t-statistic
potentially results in the identification of irrelevant variables
as significant effects. From a policy standpoint, extra
variables, which should not exist in the model if t-statistic is
not overestimated, imply unnecessary data collection needs
required for safety programming and prioritization.

This is not to say serial correlation is irrelevant. Rather, one
has to argue the case for serial correlation in count data
contexts related to traffic accidents as primarily an error lag
problem (Cameron and Trivedi, 1998). The reason for this
argument is that the exogenous regressors in longitudinal
accident datasets seldom vary. With the exception of traffic
volumes and weather effects, roadway geometrics and other
design related variables are practically constant. Much of the
dynamics in longitudinal accident datasets arises from
overlapping heterogeneity effects captured by the error term
as a “group of omitted variables” effect. Akin to the linear
context, if the omitted variables are correlated with the
exogenous regressors, parameter bias is highly likely.
Hence, at the very least, short of rigorous mathematical
treatment through alternative estimators, treating the omitted
variables problem as a heterogeneity effect as group specific
effects over time or segment mitigates the potential for
parameter bias.

3 UNDER-REPORTING

A common modeling issue that arises in the estimation of
traffic accident contexts is one that pertains to partial
observability. Partial observability relates to under-reporting
of less severe accidents. As a result, some roadway segments
appear to have perfect safety histories in the form of zero
counts. However, this problem of zero counts may be a
deceptive one. For example, especially in events of
potentially high severity such median crossover crashes, the
problem of excess zeros is a significant one. A highway
segment with historically excess zeros may appear to be a
safe location, but there is no guarantee that no median
crossover accidents will occur in the future. As interactions
between traffic volumes and geometrics increase, and
geometrics and weather conditions exacerbate accident
“proneness,” one would expect that over time, with increase
in traffic volumes and adverse weather conditions, non-zero
count probabilities would be expected to rise. Limited
history of observation may not adequately capture the
“accident proneness” of the highway segment, as
interactions increase over time.

For simplicity, we can consider two states, including a
zero crossover state and a non-zero crossover state.
Depending on how interactions vary over time, the segment
may switch to a non-zero state. In such a case, a process that
adequately captures the probability of the two states is
necessary. The traditional count models, such as the Poisson
or negative binomial, address only the non-zero state, thus
ignoring the potential shift of excess zeros into non-zero

counts. The classical zero-inflated Poisson (ZIP) structure
and classical zero-inflated negative binomial (ZINB) variant
decision rules seem to be reasonably reliable in examining
the potential for alternate mixing distribution in estimation
of traffic crash count models, as shown in several prior work
(Sittikariya, 2005; Shankar el al., 2004; Kumara and Chin,
2003; Lee and Mannering, 2002; Shankar et al., 1997).
Shankar et al., 1997 suggested that negative binomial
distribution can spuriously indicate overdisperison when the
underlying process actually consists of a zero-altered
splitting mechanism.

Median crossover accidents are rare events when viewed
at the annual level. Compared to the commonly occurring
accident types such as rear-end or sideswipe accidents, the
frequency distribution of median crossover accidents
contains zeros in excess of what conventional Poisson and
negative binomial model can incorporate. A zero-altered
probability process model is promising due to its ability to
add “zero density” through a splitting regime. Furthermore,
it has great flexibility in uncovering the heterogeneity
affecting median crossover frequencies and therefore zero-
inflated processes provide significant improvement in
frequency predictions. The fundamental advantage of the
zero-inflated model would be in its ability to offer better
predictions in terms of “safe” versus “unsafe” median
crossover roadway sections.

In median crossover accident contexts, it is important to
keep in mind that there are the possibilities of near-crossover
cases in the roadway section. For example, as median width
increases, the probability that a potential crossover will
occur decreases, but may be enhanced with increasing
volumes and interactions with adverse weather conditions
over time. A near-crossover roadside encroachment usually
takes the form of a rollover, fixed object or other similar
types of roadside accidents that do not result in the vehicle
crossing the median and entering opposing traffic. The
segment hence may be characterized as operating in multiple
states.

4 SIMULTANEITY AND
ENDOGENEITY

Simultaneity in traffic crash contexts are special meaning
from a safety programming standpoint. In a search space of
over 7,000 centerline miles of Washington state highways
for example, one is confronted with the question of where to
start the evaluation process of identifying crash locations of
high social cost. From a programmatic standpoint, viewing
the network as a joint-investment problem is useful. For
example, if location “i” has a high-risk of both roadway and
roadside counts, it would serve the purpose of cost
efficiency to investigate similar locations first and then
address  locations with either high-risk roadway
characteristics or high-risk roadside characteristiscs alone. In
the situation where roadside crash risk exceeds acceptable
probability thresholds (Hauer et al., 2002), it may also
indicate high roadway crash risks due to simultaneities
between the roadway and roadside crash contexts. The
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sources of simultaneity between the roadway and the
roadside are numerous. One can speculate what these
sources are, primarily due to human factors interactions with
the driving context and unmeasured factors relating to traffic,
geometric and weather effects. In this paper, the term
“simultaneity” here includes both implicit and explicit
simultaneity. An example of implicit simultaneity is one
where shared unobserved effects are the main source.
Explicit simultaneity is one where a direct dependence
between the dependent variables for the roadway and the
roadside exists. This can occur in the form of causal
relationship or recursive relationship where one dependent
variable drives the other uni-directionally. The motivation
for investigating simultaneity is the prospect of simultaneous
equations bias which would occur if simultaneity is ignored.
For example, if roadway and roadside crashes are explicitly
related in a bi-directional manner or endogeneity issue, then,
ignoring that simultaneity and employing single-equation
approaches such as a NB structure would result in bias and
inconsistency in parameters. On the other hand, if
simultaneity is implicit, through unobserved effects, then
ignoring that characteristic would lead to inefficient
parameter estimates. So the net effect, at the very least, of
ignoring simultaneity, is inefficiency of parameters and at
the worst, inconsistent parameters, which even a large
sample of crash observations cannot overcome. Inefficiency
in parameters can results in inefficient safety programming
and prioritization that overestimate roadway and roadside
crash propensities, while inconsistent parameters can
potentially provide biased policy inferences.

Systems of equations models are intuitively useful for
capturing shared unobserved effects or explicit simultaneity
between the dependent variables (endogeneity as an
example). In the traffic crash context, the issue of
identification is not a major one. For sure, a systems-of-
equations model will be observationally identifiable,
considering the vast amount data available in public domains.
It has also been shown that both the order and rank
conditions for identifications are usually met in systems-of-
equations models. The downside of systems-of-equations
models, especially in the count context is the
accommodation of heterogeneity. Existing methods
typically assume identical heterogeneity effects for both the
roadway and roadside contexts.

Nebergall (2001) and Chayanan (2005) explored
alternate models to address implicit and explicit simultaneity
respectively through a system standpoint. Nebergall, 2001
used a linear seemingly unrelated regression estimation
(SURE) model with the assumption that there is an implicit
linkage between disturbances of roadway and roadside crash
rate while roadway and roadside crashes themselves were
driven by different sets of exogenous attributes. Existence of
endogeneity and contemporaneous correlation are not
entirely ruled out in the case of roadway and roadside
equations. Endogeneity alone can be tested using the
Hausman test (Greene, 2003). Presence of endogeneity alone
will have to be accounted for by the use of an asymptotically
best instrumental variables estimator that can also account
for contemporaneous correlation of error. Chayanan (2005),

however, explored the relationship between roadway and
roadside crash rate as (i.e. explicit simultaneity) a system of
crash rate models though three-stage least squares (3SLS)
estimator. Furthermore, Ouyang et al., 2002 uncovered three
systems of equations of crash counts. Three different types
of models including the seemingly unrelated Poisson
regression model (SUPREME), the seemingly unrelated
negative binomial model (SUNBREME) and the bivariate
negative binomial structural (BIVARNB) were employed.
Main finding from three research were a system of equations
is considered to account for bias and inconsistency in
parameters and inefficient parameter estimates if bi-
directional relationship is dominate (explicit simultaneity)
and if shared unobserved effects are significant (implicit
simultaneity) respectively.

Finally, it is also worth noting that data plays a major role in
the inference process. In thinking about logical data
inclusions in a simultaneous-versus-independent models
approach, it is possible that different factors affect roadway
and roadside crashes respectively. In this sense, it is
important to gather as comprehensive data as necessary prior
to exploring issues relating to simultaneity, since omitted
variable effects can spuriously indicate simultaneity. Traffic
crash data have been shown to be correlated with roadway
geometrics (Mulinazzi and Michael, 1969), as well as traffic
volume and weather data (Shankar et al., 1995). The
limitation in collecting three different types of data, namely,
traffic volumes, roadway geometrics and weather data arises
primarily from the standpoint of spatial coverage and
consistency in collection over time. When sufficient data is
available however, for the three main data types, a system of
equations approach lends itself well to modeling
simultaneity in roadway and roadside crash risks.

5 OMITTED MEASUREMENT AND
INCLUSION OF IRRELEVANT
MEASUREMENT

In safety programming and prioritization, omitted
measurement or omitted variable is one of fatal modeling
issues. Omitted significant variables in the model could lead
to biasness and inaccuracy in model forecasting, which
supports the inefficient programming decision from the
policy makers. In a structural model of roadway or roadside
crash rate as an example, average annual daily traffic
(AADT) and geometric variable as well as weather effects
usually serves as independent variables to explain roadway
or roadside crash rate in section “i” at time “t”. An
independent variable like “free-flow speed” is omitted from
the model because either the data is not available from the
public domain or the modeler excludes it from the model.
Obviously, this “free-flow speed” variable is correlated with
explanatory like AADT (non-orthogonal matrix structure).
Conversely, the AADT variable is correlated with “free-flow
speed” variable which is missed from the model and is
incorporated into an error term of the model and therefore
the AADT variable is correlated with that error term. In case
of ordinary least square estimate (OLS), Greene (2003)
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showed that the correlating parameter will be biased for the
small sample case. In addition, the correlation between
AADT and “free-flow speed” does not disappear in the large
sample; leading to inconsistent estimates. The magnitude of
biasness depends upon the degree of correlation between
included variable in the model and omitted variable as
shown in Greene, 2003. The efficient treatment for this
modeling issue is to include all necessary explanatory in the
estimation. In case omitted variable is beyond the effort to
observe in the field or spending more resource in terms of
time and budget is required, the modeler need to include
available variable that is highly correlated with that omitted
variables in the model to minimize the effects from biasness
and inconsistency. For example, “posted speed or legal
speed limit” which requires less effect to collect in the field
and positively correlated with “free-flow speed” is used to
substitute for “free-flow speed”.

On the other hand, if one tries to overfit the model by
including irrelevant variables, the model will be suffered
from inefficiency issue (i.e. the reduced precision of
estimates). From a theoretical standpoint, the difficulty with
this view is that the failure to use correct information is
always costly. A shortcut to observe whether additional
variable is irrelevant variable is to observe how coefficient
of determination (R?) or log-likelihood function behaves. If
those two indicators do not change significantly when
additional variable is included in the model, extra variable
can be suspected.

section lengths. The first alternative is the use of “fixed-
length” section or homogeneous sections (i.e. sections with
homogeneous geometric characteristics. The disadvantage of
this method is that the roadways with numerous horizontal
curves and grades tend to produce sections that are less than
1 km in length. This can result in bias resulting from
accident-reporting locational error. Another way to define
roadway section length is to use the “unequal -length”
section approach. The unequal length of section that will
result from the homogeneity requirement may exacerbate
potential heteroskedasticity problem and lead to loss of
efficiency. The increasing in standard error leads to lower t-
statistic and therefore some critical variables may be ignored
to explain the accident frequency in the equation.

6 SCALE OF MEASUREMENT

Scale of measurement plays dominant role in robustness of
accident models. It can change a structure of model for time
to time. Variables or information differ in how well they can
be measured, i.e., in how much measurable information their
measurement scale can provide. There is obviously some
measurement error (i.e. under-reporting and heterogeneity or
unobserved effects) involved in every measurement, which
determines the amount of information that we can obtain.
For example, with time series data, if one develops median
crossover crash frequency model using a few years of data,
the possible model for this dataset will be zero-inflated
model because “zero” median crossover accident are
majority in the database. However, as interactions between
traffic volumes and geometrics increase, and geometrics and
weather conditions exacerbate accident “proneness,” one
would expect that over time, with increase in traffic volumes
and adverse weather conditions, non-zero count probabilities
would be expected to rise. As a result, a structure of negative
binomial distribution might be used to model median
crossover accident with multiple years of observations. It
seems optimistic to apply a model structure to one year of
data while expecting the underlying structure to be
unchanging through the entire period.

Another classic example of scale of measurement in the
accident model is how to define roadway section into
manageable sections. As described by Shankar et al., 1995
there are two popular alternatives for determining roadway

7 INTERACTION OF MODELING
ISSUES

In the estimation of accident count models, model
developers sometimes experience the interaction modeling
issues. For example, if one needs to estimate median
crossover frequency in the roadway section “i” and time “t”,
the first concern regarding modeling issue will be under-
reporting issue. The “zero” median crossover accident
frequency in the database could be higher than 80 percent of
median crossover accident dataset. Additionally, multiple
years (time “t”) of cross-sectional data at section “i” are
often available from public domain, including time series
information on traffic volumes, accident counts and roadway
geometrics as well as roadside characteristics. The classical
issue that often arises in time series data is serial correlation.
In this case, it is a combination of the under-reporting issue
and correlation problem, namely, excess zero and serial
correlation. Sittikariya et al., 2005 presents an empirical
technique to adjust for serial correlation effects on standard
errors in median crossover accident models. Sittikariya
employed ZIP model of median crossover accident counts to
address the presence of excess zeros in the dataset. This
excess zero is unique to median crossover accidents,
especially due to the fact that only five years of observation
are available. It is important to keep in mind that the
estimated parameters from the ZIP model would be efficient
if serial correlation did not exist. Such is not the case in
median crossover contexts where multiple years of
observations are available. In fact, as in the classical linear
regression model, one would expect standard errors to be
downward biased if serial correlation is not accounted for.
To correct the variances in a dual-state distribution (such as
the ZIP model) with temporal correlation, the NM offers an
intuitive approach. Sittikariya, 2005 showed that the NM
captures serial correlation across years without biasing the
parameters of the NB distribution. He then developed a
technique for adjusting standard error in the ZIP model
using the ratio of standard errors from the NM model to the
naive NB model. It is noted here that there is no exact
solution to account for all interaction modeling issues. It is
depends upon the nature of data and what model developers
try to explore. Also, it should be keep in mind that before
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model developers look for the interaction modeling issues,
the modelers need to profoundly understand individual
modeling issue and treatments to ensure that the accurate
treatment of interaction modeling issues is applied.

8 CONCLUSION

Overdispersed data is a fundamental issue in the estimation
of accident model which is critical component of accurate
and efficient transportation safety prioritization. The
possible issues that could lead to overdipersion of data are
illustrated in through figure 1. The problem of
overdispersion is a result of various sources and has to be
treated appropriately.  Overdispersion leads to several
opportunities for erroneous coefficient estimates and
erroneous inference in estimation of crash model. From a
programming standpoint, this could lead to the inefficiency
and inconsistency of highway safety prioritization. The
purpose of this essay is to provide insight into causes of
critical modeling issues, symptoms and necessary treatments
to develop robust model. In addition, consequences of using
untreated model in transportation safety programming are
discussed.

In general, overdispersion is partially embedded in the
accident database through correlation and heterogeneity or
unobserved effects. Also, under-reporting, simultaneity (i.e.
endogeneity), omitted/irrelevant measurement, and scale of
measurement could potentially lead to overdispersed data. In
conclusion, biased parameters are the results of
heterogeneity, under-reporting, explicit simultaneity and
omitted/irrelevant measurement. However, correlation and
implicit simultaneity are potential causes of inefficiency
issue. From a theoretical standpoint, biased coefficient costs
more than inefficiency issue. Biased estimates could provide
wrong information to the policy maker; leading to biased
policy inferences. Although inefficient estimates cost less,
this issue should not be overlooked. Inefficient estimates
could possibly point to accurate policy but need to spend
more resources in terms of time and budget to implement. In
other words, inefficiency in parameters can results in
inefficient safety programming and prioritization that
overestimate roadway and roadside crash propensities.
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The challenge to meet the mobility, environment, energy and logistics objectives under the ongoing adverse economic and
energy situations places widespread demands on transport research. It has spurred a group of researchers under the auspices of
Asian Transportation Research Society (ATRANS) to carry out a joint research project with the aim of presenting the status of
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It focuses on Thailand/Bangkok mobility and accessibility, energy and environment issues, road safety and logistics cost.
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THE CHALLENGES

Urban Mobility and Employment Accessibility

The first research topic attempts to examine present and
future mobility and accessibility situations in Bangkok. The
scenarios tested cover present traffic and network conditions
and those as per the recently committed mass transit line(s).
The evaluation is made possible by the transport planning
model and data developed by the Office of Transport and
Traffic Policy and Planning, (OTP).

This topic explores the Bangkok city spreading activities by
constructing the location- associated travel preference
curves. For each specific employment center, the curve
explains the cumulative number of employments that could
be reached under certain travel time. The study also
produces a so-called travel hazard map to show how easy a

traveler can move to their travel destinations. Finally, it
presents the gravity-type accessibility for employment
opportunity in Bangkok.

The study on mobility and accessibility reveals that private
mode is still far superior to public transport. The impact of
railway development is examined by scenario analysis. It is
found that mobility and accessibility of the whole study area
are improved with the railway network development. Certain
locations are greatly benefited such as the planned sub-
urban/sub-centers except for those already well-serviced.
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Figure 3 Location-Associated Travel Preference Curves

The location-associated travel preference curves reveal that
railway network improvement may produce adverse effects
to some locations from the viewpoint of sub-center
formation potential and attractiveness.

The findings provide wuseful guidelines and could
recommend some challenging research topics such as
mobility and accessibility definitions, property value impact
of transport development, integrated land-use/transport
analysis, and sustainability planning and evaluation.

For example, it will be greatly useful to define a set of
mobility measures that is possible in terms of data
availability, other than in the form of travel time to city
center as applied in this study. However, some primary raw
data from household interview or roadside survey need to be
collected and should be conducted periodically.

Moreover, the accessibility expression employed in this
study is among several ways of expressing the opportunity
to reach the activities in a city. It should be more appropriate
to develop an accessibility measure capable of
characterizing, in a meaningful way, the overall system
represented by the interaction between land use and
transportation facilities.

Having shown that mobility and accessibility would be
dramatically improved as a result of transport development,
its impact to nearby property value is yet to be explored. It is
recommended that land development impact be studied in
more elaborated ways.

The analysis under this topic has an inherent assumption
that the future land use is predetermined and not sensitive to
the changes in transport conditions. This definitely limits the
policy discussion and contradicts the long-recognized land
use/transport interaction. Researches on land use/transport
interaction where the mobility and accessibility affects the
future land use is recommended.

Sustainability of a city may be achieved through fully
understanding the interaction between the several developed
activities and their impacts to the environment, society and
the urban economy. Transportation system plays an
important role to preserve the resident’s well-being by
providing mobility and accessibility within the city but
needs to minimize its impact to the environment. It is
worthwhile to proper define sustainability within a
developing country context.

Urban Transport Energy and Environment for
Bangkok

The second research topic in this series is considered to be a
gigantic challenge. Since transport sector, road traffic in
particular, is the fastest growing energy consumer and major
contributor of adverse environments, nonetheless relatively
new in Thailand, this section aims to present an overview of
the present transport energy consumption and related
environmental situation in Bangkok, Thailand. It attempts to
find the facts and some directions on how the transport
energy and environmental considerations are being proceed.
The study interest is to synthesize the available data and
information to yield the directions for future researches. The
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study is made possible by exploring current researches with
certain interviews where necessary.

It is found that relevant data/researches in this area are very
limited. It is highly requested that data be collected.
However, some of the retrievable data and analyses are
summarized in the following sections.

For Thailand, it is found that the total amount of energy use
will increase by 5.5% per annum. Transport sector
consumes 37% of the total energy, the highest over industry,
residential, and business sectors. However, Thailand can
save a lot of energy and reduce the growth from 5.5%
(Business as Usual, BAU) to 4.1%. via several measures.
Transport sector can contribute to the largest saving,
accounting for 12% and 16.2% in 2021 and 2026
respectively. The highest saving comes from Travel demand
management, TDM (Joint Graduate School of Energy and
Environment (2007) “Draft: Final Report of the First Phase
of the Thailand Energy Policy Research Project”).

Bangkok consumed 2,842 ktoe of gasoline and 6,247 ktoe of
diesel in 2003. The trend of fuel consumption is at the rate
of 5% during 2000-2003.

From 1986-2003, Bangkok’s gasoline consumption grew at
an annual rate of 7.2%, while diesel consumption grew at a
robust rate of 7.8% p.a. Because of the economic crisis,
diesel consumption declined at an annual rate of 1.2%
during 1995-2000. Nevertheless, it bounced back to 15.5%
growth during 2000-2003.

quantity in 2030 can be doubled the figure in 2010 if nothing
has been done. BMA responds to this problem by
inaugurating the Bangkok protocol to reduce GHG in May
2007. This was announced during C40 Large Cities Climate
Summit. The target is set that CO, be decreased by 20% in
2012 (from year 2007).

Tosal Fusl Comsumpson

N Bangkcox

e Frivate Carsfirucks

WhotorTycles R Fullic Trarspor

Figure 4 Estimated Bangkok Transport Fuel
Consumption 2003

Source: Faculty of Engineering, Chulalongkorn University
(2006) “Transport Energy Saving and Efficiency
Evaluation”

In 2007, transport in Bangkok contributes approximately 20
million tons of CO,. The improvement of public transport

Table 1 Gasoline and Diesel Consumption in Bangkok

Absolute Level (ktoe) Annual Growth Rate (%)
1986- 1990- 1995- 2000- 1986-
1986 1990 1995 2000 2003 1990 1995 2000 2003 2003
Gasoline 868 1,399 2,271 2,475 2,842 12.7 10.2 1.7 4.7 7.2
Diesel 1,732 3,131 4,313 4,054 6,247 16.0 6.6 -1.2 15.5 7.8

Source: APERC (2007)” Urban Transport Energy Use in the APEC Region”

Another source of data indicates that the amount of gasoline
and diesel used for transport in 2003 should be 2,522 and
850 million ktoe respectively.

Due to strict regulation and actions, the Bangkok air quality
has been improved since 1990s. Although, some substances
may exceed the standard, they are in the minimal proportion.

The amount of pollution generated by road transport can
also be estimated from Road Transport Model. The results
are presented in the following tables.

For CO,, the Asia Pacific Energy Research Centre: Energy
Supply and Demand Outlook (2006) estimated that its

and traffic system can curb 5.33 million tons in 2012
(Business as Usual, BAU 25 million tons). Measures to
reach this target include the expansion of rail transit,
integration of public transport, ease of traffic congestion,
auto restriction, and promotion of non-motorized transport
(i.e., walking, bicycling).

The promotion of alternative fuel can also lessen CO,
emission. If Gasohol and Bio-diesel can replace the gasoline
and diesel by 100 million liters per year, 0.61 million CO,
can be saved in 2012. The promotion of alternative fuel
includes the production of quality alternative fuel and gain
acceptance by public.
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Table 2 Air Quality in Bangkok in 2007

Ambient Air Quality in Bangkok in 2007

Pollutants Range 95 Annual Standards Exceeding
Percentile Average Standards %
TSP (24-hr) mg/m3 0.02 - 0.41 0.17 0.09 0.33 0.43 (2/460)
CO (1-hr) ppm 0.00 - 6.4 1.70 0.7 30 0/79,818
CO (8-hr) ppm 0.00 - 4.9 1.60 0.7 9 0/82,712
Pb (monthly) ug/m3 0.10 - 0.28 0.17 0.07 1.5 0/119
PM,,(24-hr) mg/m3 10.8 - 188.9 90.6 46.6 120 1.1 (22/1,957)
O,(1-hr) ppb 0.0 - 186.0 56.0 17.2 100 0.2 (133/58,411)
SO,(1-hr) ppb 0.0 - 43.0 10.0 4.1 300 0/75,757
SO,(24-hr) ppb 0.0-16.2 8.7 4.1 120 0/2,995
NO,(1-hr) ppb 0.0 - 148.0 52.0 21.7 170 0/77,014
Roadside Air Quality in Bangkok in 2007
Pollutants Range 95 Annual Standards Exceeding
Percentile Average Standards %
TSP (24-hr) mg/m3 0.03 - 0.76 0.31 0.15 0.33 4.33 (26/600)
CO (1-hr) ppm 0.00 - 16.30 3.40 1.4 30 0/62,091
CO (8-hr) ppm 0.00 - 9.40 3.00 1.4 9 0.01 (9/62,364)
Pb (monthly) ug/m3 0.02 - 0.19 0.13 0.07 1.5 0/103
PM,(24-hr) mg/m3 9.8 -242.7 118.1 60.9 120 4.7 (92/1,970)
O,(1-hr) ppb 0.0 - 102.0 39.0 11.6 100 0.004 (1/24,561)
SO,(1-hr) ppb 0.0 - 42.0 12.0 583 300 0/23,523
S0,(24-hr) ppb 0.4-19.0 9.6 53 120 0/11,014
NO,(1-hr) ppb 0.0 - 150.0 68.0 32.5 170 0/24,586
Table 3 Daily Vehicle Emissions in Bangkok
PCU-Km Speed NO, CcO PM
Base Year
per day Km/hr g/km g/km g/km
2005 6,544,860 17.2 15,707,664 3,861,467 458,140
2010 7,688,940 16.4 19,222,350 4,920,922 692,005
2025 9,959,460 13.5 27,886,488 7,668,784 1,195,135

Table 4 AM Peak Vehicle Emissions in Bangkok (Business as usual (BAU) Case)

PCU-Km

Speed NO, CO PM 49

Base Year
per day Km/hr g/km g/km g/km
2005 458,140 154 1,099,536 250,995 34,361
2010 522,848 17.3 1,326,342 344,465 47,748
2025 717,081 15.6 2,091,487 529,146 95,611
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The thorough investigation under this topic reveals that
Thailand lacks the comprehensive study in this subject.
Related available data are far from perfect. The number of
strategic analyses is limited. The solid policies and right
attainment can not be ensured. A lot of research works
should be done in this field.

With limited data, it is not possible to fully incorporate
energy and environment for transport considerations. The
existing data can not provide clear understanding of the
present status, thus it is difficult to find the accurate impact
of any alteration to the transport system or any results of the
policy development/direction.

This section thus proposes possible researches to improve
this area of study as follows: research on impact and
implication of road transport development on energy and
environment conditions; research on the data collection and
update techniques; research towards basic understanding of
transport-energy efficiency improvement measures (vehicle
fuel economy, traffic operations, taxation and regulation,
promotion of public transport and non-motorized transport
mode); research on how to raise public awareness.

Moreover, an accurate method or model to estimate
emissions and the diffusion of the pollution for Bangkok is
needed. Researches to identify proper measures to reduce
adverse environmental effect due to transportation in
Bangkok are also indispensable.

Thailand Road Safety Research Challenge

The third topic addresses Thailand road safety research
challenge. The 2007 study on the costs of traffic accidents
to the nation reveals a staggering sum of USD7.0 billion,
equivalent to almost 3.0% of the country GDP in 2007. This
topic describes international good practices on road safety
(Japan, and the SUN countries) and Thailand’s past efforts
in managing road accidents, results of interviews of experts,
and key recommendations. Table 5 shows the cost of a fatality in
ASEAN countries . Figure 5 compares the fatality rate per 100000
population for a number of countries in Asia, Europe and USA.

Table 5 Cost of a Road Fatality in ASEAN

National Costs | National Costs | Fatal Costs | Fatal Costs
Country Approach
(§ million) (B million) {$ million) | (B million)

Brunei 29 4,146 | 1,419,639 | 59,454,481 HC.
Cambodia 116 4,792 18,8664 779,272 HC.
Indenesia 6,032 249,182 47698 1,970,404 HC

Loa 47 1,984 7.203 301,662 HC
Malaysia 2.400 100,512 323,021 13,528,119 WTP.
Myanmar 200 8.376 43614 | 1.826561 HC

Philippines 1.900 79.572 41,330] 1.730,900 HC.
Singapere 457 20,854 921,271 | 42,120,510 HC.
Thailand 3,000 123,830 69,081 | 2852924 HC.
Viet Nam 885 36,559 11,4683 473,526 HC.

From: Asean Regienal Road Safety Strategy and Action Plan (2005-2010)
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Figure 5 Road Traffic Fatality Rate in 2006 of
Thailand, Russia, Germany, Hungary, China, Japan,
Sweden, UK, Netherlands, USA, and France

Source: IRTAD(2008) and Royal Thai Police (2008)

The review of international practices can broadly be
classified into four categories, namely human factor related,
vehicle safety related, road environment related and those
related to road crashes including management, enforcement
and costs. The interviews of road safety experts focusing on
the field of medicine, police, and engineering were
conducted to obtain their views about the problems and
remedial measures related to road safety.

The goal of this road safety research is to help reduce the
nation’s loss by saving some 5,000 lives of Thai people in
five years and reduce the number of crashes and injuries
through the recommendation of strategic research topics.
The specific objective is to produce a RED BOOK on road
safety and strategic research topics for Thailand.
Benchmarking with the international good practices
countries indicates the magnitude of the challenge Thailand
is facing.
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Figure 6 The Challenge of Road Safety Research

The study recommends that the strategic research direction
in Thailand should be based on the principle that “the loss of
human life in traffic is unacceptable” and the country
needs to leapfrog into saving the life of its citizens from road
crashes. Also, the SUN countries’ guiding principle:
“adaptation of road infrastructure, and vehicle to human
capacity and tolerance” should be adopted in the design
and construction of the same for Thailand.
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Since some of the problems related to road safety are
specific to Thailand, special care should be taken to deal
with such problem. For example, motorcycle use is rampant
in Thailand. Motorcycle crashes and the ensuing casualties
are the most significant component of all the road crashes
and casualties in Thailand.

The strategic research in future should be focused on
ameliorate the safety of the motorcycle users. Crash
investigations and analysis can be taken as a lead in the
future researches relating to the design of motorcycles, its
safety features, exclusive motorcycle lanes and its road-side
elements, use of low speed electric motorcycles etc.

Figure 8 Misuse of Front Basket

Moreover, researches of practical significance like
improvement of vehicle safety features based on the some
standard practices like EuroNCAP may be introduced. Use
of ITS techniques to enhance safety of vehicles by
simplifying and assisting drivers and also providing
information for all road users is taken as an area for future
researches in road safety. Researches related towards
improvement of safety for pedestrians and cyclists and the
facilities related to them are other strategic research areas.

Enforcement measures and its efficacy including
modernization of surveillance, revision of driver licensing
system are some other areas for the future researches. The
economic issues related to road safety including the
economic losses of road accidents, design and provision of

safer road infrastructures and the cost benefit analysis are
also key strategic issues for future researches. The
identification of barriers to and opportunity for introduction
of a road safety bill to mandate the setting and
implementation of road safety strategies for dealing with the
short and long term challenges must also be a key research
area.

Thailand’s Logistics Cost

The last research topic deals with the logistics cost. It
represents the competitiveness of the country. In this study,
the macro logistics cost is analyzed in two ways: logistics
activity base and demand group base. The analysis on
logistics activity classifies the logistics cost into four
categories: transportation cost, inventory carrying cost,
administration cost and infrastructure cost. The analysis on
demand group classifies the logistics cost into three groups:
business, household and government sectors.

Administration Cost

Infrastructure Cost

® Road

‘ ® Railway
® Waterway

and Port

Transportation Cost

Figure 9 Logistics Cost Components

Inventory Carrying Cost

The study assembles existing data namely, input-output
table, GDP, energy consumption in transportation sector,
freight transport statistics and business data (i.e., revenue,
expenditure, employee, stock value, etc.) available from
various Thai authorities and past related researches. The
logistics cost can be calculated via the input-output table,
gross domestic product and energy consumption in
transportation sector.

. [Energy Consumption in
m

Logletice Cost and
Logletice Coet par GOP

Figure 10 Logistics Cost Calculation Process

Transportation cost comprises transportation service cost,
petroleum cost, vehicle cost and maintenance cost. It
constitutes the largest part, approx. 60% of total logistics
cost. Inventory carrying cost comprises warehousing cost
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and financial costs. Administration cost includes
compensation of employees in business logistics operation
and communication cost. The last component is
infrastructure cost expensed by government sector.

Comparing the logistics cost with the GDP, it increases
rapidly from 17.43% to 18.69% during 2000-2005 and
remains approximately constant until 2010. After 2010, it
gradually increases to 19.09% in 2020.

Transportation cost increases every year. In 2005, highway
cost was 684 billion baht, accounting for 80% of total
amount of transportation cost, while railway cost was only 4
billion baht, less than 0.5% of total amount of transportation
cost. From this relevant information, shifting road to rail
transport is the challenging strategy which is worth
investigating.
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Figure 11 Logistics Cost per GDP by Demand Group

Considering the percentage of logistics cost per total output
for each business sector, the highest percentage is in
transportation sector, 19.51% followed by the construction
sector, 13.81% for the year 2000.
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Figure 12 Logistics Cost per Total Output by Business
Sector

This research section also performs a policy test: mode-shift
strategy, by shifting 5% of total freights from road to rail
transportation. The result is shown as follows:
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Figure 13 Comparison of Freight Volume

The measurement of the impact of the transport policy is
presented in terms of the reduction in macro logistics cost
and saving in transport service cost as presented in the
following figures.
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Figure 14 Comparison of Logistics Cost and Logistics
Cost per GDP
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Table 6 Logistics Cost by Activity (Unit: Million Baht)

Year 2000 2005 2010 2015 2020
—— 518,361 806,510 | 1,075,027 1,369,563 1,664,987
P (60.42%) | (60.82%) | (60.49%) (60.46%) (60.45%)
R — 210,437 299,810 398,313 497,544 596,848
y Lanying (24.53%) | (22.61%) | (2241%) |  (21.96%) |  (21.67%)
Administration Cost 72,985 107,321 142,878 179,672 216,571
(8.51%) (8.09%) (8.04%) (7.93%) (7.86%)
Logistics Cost 801,784 | 1,213,641 | 1,616,218 | 2,046,779 | 2,478,406
g (93.46%) | (91.52%) | (90.94%) (90.36%) (89.98%)
T 56,134 112,516 161,011 218,416 276,019
(6.54%) (8.48%) (9.06%) (9.64%) (10.02%)
Table 7 Percentage of Logistics Cost per GDP
Year 2000 2005 2010 2015 2020
Transportation Cost 10.53 11.37 11.27 11.43 11.54
Inventory Carrying Cost 4.27 4.23 4.17 4.16 4.14
Administration Cost 1.48 1.51 1.50 1.50 1.50
Logistics Cost 16.29 17.10 16.94 17.08 17.18
Infrastructure Cost 1.14 1.59 1.69 1.82 1.91
Table 8 Transportation Cost by Mode (Unit: Million Baht)
Year 2000 2005 2010 2015 2020
Transoortation Cost 518,361 806,510 | 1,075,027 1,369,563 1,664,987
P (100%) (100%) (100%) (100%) (100%)
S 2,677 3,782 4,932 5,942 6,830
Y (0.52%) (0.47%) (0.46%) (0.43%) (0.41%)
Highwa 420,303 684,197 852,448 1,078,402 1,305,045
ghway (81.08%) | (80.37%) | (79.30%) (78.74%) (78.38%)
— 79,120 131,301 186,835 246,881 307,213
Y (1526%) | (16.28%) | (17.38%) (18.03%) (18.45%)
Airway 10,077 14,630 19,587 24,517 29,484
(1.94%) (1.81%) (1.82%) (1.79%) (1.77%)
Others 6,184 8,600 11,226 13,821 16,417
(1.19%) (1.07%) (1.04%) (1.01%) (0.99%)
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Table 9 Logistics Cost by Demand Group (Unit: Million Baht)

Demand Group 2000 2005 2010 2015 2020
N 679,759 | 1,026,062 | 15365947 | 1,728910 | 2,092,736
(1923%) | (77.37%) | (76.86%) |  (16.32%) |  (75.98%)
Household 117,478 | 180,414 | 240,598 305,379 370,349
(13.69%) | (13.60%) | (13.54%) |  (13.48%) |  (13.45%)
Government 60,681 | 119,681 | 170,684 230,906 291,339
(1.07%) | (9.02%) |  (9.60%) |  (10.19%) |  (10.58%)
Total 857,917 | 1,326,157 | 1,777,229 | 2,265,195 | 2,754,425
(100%) (100%) | (100%) (100%) (100%)

Million Baht ‘Saving 33,878 Miition Baht
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Figure 15 Comparison of Freight Transport Services
Cost

Moreover, the study presents benefits resulting from the
proposed mode shifting strategy: reduction in transportation
energy consumption and reduction in air pollutant emissions,
e.g., CO,, CO and NOy. They are presented as follows:

Million Litres
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Figure 16 Comparison of Energy Consumption
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Figure 17 Comparison of CO, emission
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Figure 18 Comparison of CO and NOx emissions

In summary, macro logistics cost could be estimated from
the input-out table. Thailand’s logistics cost was 858 and
1326 billion Baht in 2000 and 2005 respectively. It would
reach 1777, 2265, and 2754 billion Baht in 2010, 2015 and
2020 respectively. It rapidly rises from 17.43% in 2000 to
18.69% of GDP in 2005. It would increase to 19.09% in
2020. Thailand’s logistics cost is high comparing to the
developed countries, e.g., Japan, US, UK, that varied
between 10 to 11% of GDP.

No one area of logistics operates independently. As a case
study of the mode-shift strategy, it does not work in
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transportation area only. All components of logistics
activity, i.e., transportation, inventory, warehousing, are
interrelated. The decisions made in the transportation system
have an impact on the cost of inventory and warehousing.
The total logistics cost must be considered. This challenge
requires further close consideration.

FINALE

This entire research work concentrates mainly on analyzing
the “cost” the public has to bear. It appears in various forms
of resources consumption: travel time and logistics costs,
energy usage, fatalities and injuries from road accidents and
environmental degradation. Nonetheless, the research group
assures that the study results, alias the “benefir”, will lead to
more cautious resources consumption, i.e. sustainable
development.

Bangkok has long suffered from the transportation
syndromes, even before the introduction of the first modern
transport planning process in 1972. All the accumulating
problems can not be solved overnight. It requires strong,
serious and sincere wills to work together to overcome the
obstacles.

The transportation research in Thailand is still in its infancy.
Both the concerned agencies and the researchers need to put
more efforts to boost the Thai research realm to international
level and develop Thailand’s own research based “transport
standards.” The standards, the country badly need. This
study is a good example of the much needed efforts to
mark an “origin.” The “origin” that is crucial for the long
journey to the final “destination.” However, since our major
goal is to construct a “foundation” for future researches, it
appears the challenges have already been challenged and yet
still needs to pave a proper pathway for sustainable transport
development to suit with our dynamic society.
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