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ABSTRACT

The provision of traditional public transport services
in rural areas have shown to be very inefficient and
ineffective. In fact, rural areas are typically
characterized by low levels population density
leading to complex demand patterns (demand is low
and spread over a large area) which leads to low
levels of service of conventional transport services
(low frequency, old vehicles, etc). Demand
Responsive Transport projects have been seen as an
interesting alternative solution already adopted in
several countries. There are however some issues
concerning demand responsive transport (DRT) costs
and benefits that still have to be addressed. In this
research work a global analysis about internal and
external costs is proposed aiming to support decision
makers investigating the impacts and measures
related to the adoption of a flexible transportation
system solution.

“=“INTRODUCTION = = == === =

Over the years, transport has been playing an
increasing role in the world economy, as world trade
depends on the movement of people and goods.

However, the systematic economic analysis of

transports system is still a complex issue since it
faces a number of specific characteristics associated
not only to the nature of its demand and supply as
well as to all its externalities. Transport problems are
complex and difficult to handle, and intelligent
decisions must be oriented towards maximizing the
advantages of the new transport provision while
minimizing their costs and undesirable side-effects.
Since resources are always scarce, a major effort in
adopting efficient investment decisions is required.

Traditionally public transport systems in rural areas
have been based on static services: fixed routes, fixed
stops and fixed schedules. The low levels of density
observed in some of these arcas leads to fragile
supply systems with high levels of inefficiency and

efficacy as a result of under-investments strategies
over the years.

In fact, low rates of occupation of vehicles and high
rates of population dissatisfaction are frequently
observed (e.g Quadrifoglio and Li, 2009). Rural area
inhabitants are seeing their mobility limited, using
frequently, the good-wiling of neighbors or any
family member to make their trips. Therefore,
functional social exclusion increases in those rural
areas.

To overcome some of these problems, flexible
transportation systems have been adopted over the
last decades, as reported in some studies (e.g. Brake
et al., 2004; Mulley and Nelson, 2009). In fact, there
are many successful cases all over the world of the
flexible transport system called Demand Responsive
Transport (DRT). Most of the cases reported refer to
rural areas, small towns and to serve special
populations (elderly and people with disabilities) in
large cities.

DRT is an attractive solution, because offers a user-
friendly answer to passengers needs and overcomes
some shortcomings of traditional transport services.
Implementations of DRT systems in literature (e.g.
Brake and Nelson, 2007; Mulley and Nelson, 2009;

“Nelson ‘et al., "2010), “obeys to “several condifions;

encompassing high dynamic levels of both planning
and coordination processes. The use of modern
information and communication technologies, such
as Intelligent Transport Systems (ITS), allied to
adequate strategy planning services has been pointed
out as the solution to improve the costs-effective
performance of DRT services.

As Brake et al. (2004) argued the main architectural
component of a telematics-based DRT system is a
control centre (usually named as Travel Dispatch
Centre (TDC)) using ITS which has the capacity to
process demand requests and dynamically assign
passengers to vehicles and optimize routes.

The aim of this paper is to develop a framework to
carry out an economic evaluation of such a
transportation system, setting up the most important
evaluation criteria and quantification (all internal and
external costs and all benefits).
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It aims to develop and prepare a methodology for the
evaluation of a DRT system in rural areas.

This paper is structured as follows: in the next
section cost structure of transportation systems is
reviewed and analyzed and the approach adopted is
presented. Then, DRT systems are examined and
their specificities discussed. Finally performance
indicators are proposed and, in the last section, some
conclusions are draw.

COST STRUCTURE IN TRANSPORT
PROJECTS

There has been a growing number of research
studies (all over the Europe and U.S.), focused on the
evaluation of real costs and benefits of transport
systems (Jakob et al., 2006).

Most authors involved in transportation studies
sustain that transportation choices are expensive and
complex and have long-lasting consequences and

therefore, it is crucial to analyze a large number of
design alternatives to increase the probability of

defining a good design for the service (Nickel et al,
2009). A comprehensive evaluation methodology is
required.

According with some authors (e.g. Litman, 2009), the
term “cost” involves tradeoffs between uses of
resources (which can involve money, time, or loss of
an opportunity to have a benefit) and can be seen as a
reduction in terms of benefits (also, a benefit, can be
defined as a reduced cost). This approach allows
quantifying impacts, enabling a comparative analysis
of alternative scenarios in terms of, for instance,
reduction of travel time, reduction of air pollution,
noise, accidents, etc.

For the sustainability of ftransport investment
decisions it is important to consider their social costs.
These costs can be classified either as internal costs
or external costs (from the operator point of view), as
described in Figure 1, and detailed in the following

subsections.

Internal Costs

Fixed: Variable:

- Vehicle - Fuel and oil taxes
acquisition costs - Tolls

- Vehicle - Maintenance
registration - Internal crash and

“health (e.g. crash ™
costs breakdowns)
- Travel time

'Sérvice license

- Annual insurance
cost

- Parking (terminal
facilities)

- Operators’ wages

|7 FTransport diversity

Social Costs

External paid costs:  Externalities (External
unpriced costs):

- Human health (crash
victim’s pain and suffering)
- Air pollution

- External crashes

- Operating subsidies
(e.g. passes of young
and elderly people)

- Noise pollution exposure

UStressand anxiety
- Resource externalities
- Barrier effect
- Water pollution
- Waste

Figure 1. General social costs associated with a transport service (operator’s point of view).

Internal Costs

Internal costs are supported by the transport service
operator and can be classified into fixed and variable

costs.

Fixed costs, are easily measurable and common to all
transport investment projects. Among several
expenditures, they can include (AA, 2002; Jakob,
2006; Litman, 2009):
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" Vehicle acquisition and ownership
costs;

" Vehicle registration;

- Service license;

o Annual insurance cost;

" Internal  parking (both terminal and

maintenance facilities which can involve costs such
as: lighting, repairs, security, landscaping, snow
removal, access control (e.g., entrance gates), fee
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collection (for priced parking), enforcement,
insurance, labor and administration)

Additionally, drivers and operators’ wages are, in
general, internal fixed costs in the transportation

sector.

Variable costs, depend on the level of operation and
include (AA, 2002; Litman, 2009):

n Fuel and oil taxes (highly dependent on the
price of crude and on the level and the type of
operation undertaken ( kilometers);
" Tolls  (vehicles which
highways);

. Maintenance (costs with vehicle repairs and
conservation, a function of vehicles usage);

L] Internal crash and health (crash costs caused
by vehicle breakdowns or accidents and include
internal costs associated with repairs and damages to
those travelling and costs imposed to other people
(e.g. property damages to vehicles, police and legal
costs, medical treatment costs, rehabilitation etc
(Jakob et al., 2006; Santos ef al., 2010));

] Travel time (refers to the costs or benefits
from reduced travel time).

Private transport has a similar cost structure as public
transport, but it does not include any tax benefits in
some attributes such as mandatory annual inspection,
road user tax, levies on fuel, motor vehicle
registration fees, annual insurance cost and
relicensing (Jakob et al., 2006).

circulate in

External costs

External costs in transport systems are inevitable and
are the result of a set of their impacts produced in the
society. Santos er al. (2010) stated that, the most
important negative impacts of road transport are:
accidents, road damage, environmental damage,
congestion and oil dependence and correspond to a

~market-failure,-as-incapacity-of.reaching an-efficient. -

equilibrium. For Jakob et al. (2006), there are three
main external costs evaluated in the literature:
external accidents, air pollution and climate change.
Litman (2009) considers further external costs:
external parking; road facilities; transport diversity;
land value; ftraffic services; mnoise; resource

externalities; barrier effect; land use impacts; water
pollution and waste. These authors don’t distinguish
externalities from external costs.

Recently, there have been some references to
externalities benefits, such as, improved mobility and
access to resources and goods mitigating social
exclusion. However, some authors considered that
these benefits are not external because who benefits
from transports are those that use them (Jakob ez al.,
2006; Litman, 2009; Santos er al., 2010). The
consumption of resources to allow these benefits has,
at the same time, wasted natural resources, such as
fossil fuels, devastated forests, ruined soils,
deteriorate the quality of air, destroyed biological
diversity and produced greenhouse gases.

In this research study, it has been assumed that
external costs and externalities are different concepts
with frontiers not easy to define:

> External  costs  defined  as
measurable costs that affect the financial
viability of the project. These costs are caused
by external factors and contain external
crashes (accidents caused by others),
operating subsidies and transport diversity
(the quantity and quality of transport services
available in a particular situation (Litman,
2007).

> Externalities  defined as unpriced
costs and benefits caused by an activity (or
agent) and have impact on another. For
example, in the transportation sector,
externalities include environmental and social
impacts which are not borne by the producer
or consumers of the service.

Externalities are difficult to measure since they are
caused by the unwanted effects of the transportation
system (e.g. air and noise pollution and congestion)

= and-damage-human-health-and-the-environment: .-

o Human health: crash victim’s pain and
suffering, air and noise pollution exposure, stress
and anxiety, delays, etc, (Jakob er al., 2006). (see
Table 1).
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from Litman, 2009)

Table 1- Gases emissions sources and scale which pollutes the air and their impacts, that causes people health problems (adapted

o) Resource externalities: Economic costs from such as: damage cost method or control and
importing resources; Security risks (maintaining prevention  cost method (Litman,  2009).
access to resources); Environmental damages Alternatively, some authors advocate  the
(damages from resource extraction, processing and implementation of eco-taxes, subsidies for using
transport, including oil spills e.g. vegetation (Jakob et cleaner  technologies, thus avoiding socio-

al., 2006)); Depletion of non-renewable resources
(depriving future generations of resources, such as
petroleum (Santos ef al., 2010)).

o) Barrier effect: refers to delays, discomfort and
lack of access that vehicle traffic imposes on other
transport modes and it is equivalent to traffic
congestion costs. In rural areas there are additional
barrier effects, such as the need to use private
transport to deal with- the lack of adaptability
between public transport and mobility needs of the
residents.

o Water pollution: when water is negatively
“affected “due to~the “addition “of “large~amounts™ of
materials, such as car oils. These problems are
related to vehicle maintenance and usage.

o Waste: includes damage costs associated with
the unsuitable dumping of wastes as used tires,
batteries, oil and other harmful materials resulting
from motor vehicle production and maintenance.
These wastes impose economic, human health and
environmental costs (Litman, 2009).

Evaluation

Many authors, including the European Union,
considered crucial to evaluate a transport project by
internalizing externalities of transport (Santos et al.,
2010; EUL, 2011). However this is quite difficult to
accomplish since, in general, they cannot easily be
quantified. (e.g. Yakob er al., 2006; Litman, 2009;
EUP, 2011).

There are several techniques in the literature to
quantify and monetize external effects of vehicles
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environmental costs, or using evaluation methods
such as cost benefit analysis or life-cycle analysis
(ExternE, 2005). _
The more common economic instrument to
internalize external costs such as CO, emissions is
through the implementation of taxes and tolls. While
some externalities, such as congestion, have a
localized impact (place and time), and justifies a
restricted measure (toll), others have global impact
(e.g. climate change), so the approach should be
more general, like a fuel tax (EUL, 2011).

The European Commission states that external costs

* ~should-be-treated-as~“social marginal-cost-charging™;-

which should be the additional short-term cost
generated by one extra person using the
transportation system. Charging the additional costs
imposed to the society will help to ensure fair
treatment for users or non-users, basis on “poliuter
pays” principle. Furthermore, the Commission
considered the increase of the use of technology
would enable to internalization.

Several authors defend that cost-benefit analysis
(CBA) is one of the most widely applied methods for
project appraisal for large-scale investments in the
terrestrial transport sector (e.g. Stevens, 2004; Jakob
et al., 2006, Thomopoulos et al., 2009; Nickel et al.,
2009).

On the other hand, an investment project can be
evaluated taking into account both social and
economic impacts on the local community through
social return on investment (SROI) analysis. The
SROI approach captures the economic value of social
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benefits by translating social objectives into financial
measures of benefits and such analysis help
communicating the information with stakeholders
holding different objectives and preferences (Wright
et al., 2009). The SROI analysis methodology was
created from the traditional cost-benefit analysis
method in the late 1990°s (Emerson, 2000).

Other methods, such as the social cost benefit
analysis (SCBA) have been broadly applied in many

countries, but less commonly in mainstream transport
analysis (Haezendonck, 2007).
COST STRUCTURE IN DRT PROJECTS

A DRT system, as a transport service, will have an
identical cost sfructure with internal (fixed and
variable) and external costs. However there are some
specificities that should be considered when
developing an evaluation framework (see figure 2).
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Divers, TDC operators
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I rate.

Figure 2: DRT impacts on costs and benefits (adapted from Litman, 2009).

Further to the internal costs of a traditional transport
system, a flexible transportation system has different
characteristics and extra operational cost, as
depicted in Table 2, concerning some of its
operational issues. As referred before, the success of
a DRT systems involves the use of ITS and,
eventually, a TDC, implying additional costs related
to its acquisition (e.g. facilities, hardware and
software), maintenance and operation (Mageean and
Nelson, 2003).

TDC costs are highly dependent on the level of
complexity and cleverness of the system, namely
degree of flexibility (time window restrictions of pre-
booking; dynamic routing and scheduling) and other
functionalities, such as Interactive Voice Response
System (IVRS) or Internet booking.

Additionally, operating a flexible transportation
system might add extra operational costs whenever
high route/schedule flexibility is adopted as a result
of longer distances travelled.

On the other hand, savings can be achieved by using
smaller vehicles (with lower operational costs) and
increasing its occupation rate. A relevant aspect

about DRT systems is that they typically use smaller
vehicles than the conventional transport, so they tend
to produce less pollutant emissions. Additionaily,
they usually use newer vehicles that have more
effective emission control systems (note that most
conventional transport operators operating in low-
density rural areas make use of their older vehicles).
Furthermore, and one of the most important impacts
(positive externalities) of flexible transportation
systems, are the social benefits - it is expected that
demand for public transport will raise eliminating
some of the drawbacks of traditional systems,
improving people’s mobility and accessibility. Social
exclusion, isolation and solitude of special
populations (elderly, people with disabilities,
inhabitants of remote rural areas) can be significantly
reduced.

Other economic benefits referred in the literature are
economy growth (promoting new jobs), people
willingness to pay for a more reliable and flexible
transport and environmental benefits (e.g. reducing
individual vehicle circulation and reducing accident
risk).

Table 2: Characteristics of DRT systems (adapted from Mageean and Nelson, 2004).

Indicator Positive ogleomes Negative outcomss Variable outcomes
Operating costs  Cost savings are made: relative not  Direct comparison between sites s High compared to regular services
divect difficult
Costs are not covered by fare revenue  Vary between sites
' Lower in areas of high population density
DRT is less likely in deregulaied open
acoess markets
TDC cost Simplification of procedures reduces Level of patronage Is critical
costs
TVRS and Internet booking will help Wide variations even in similar market
reduce costs environments
Economies of scale possible STS costs are regarded us & social nevessity
Vehicle usage High load factoss on virtual fexible
routes
Increased since DRT introduced
Route ditectness  Small increase in distance travelled
Passenger usage  Increased since DRT introduced
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indicators or measures. With a performance measure it
is possible to monitor the progress of the system
towards all goals (Sousa ef al,, 2005). In a transport
system, the use of a set of performance measures aims at
providing the organization with the ability to assess the
outcome of possible changes implemented by measuring
and analyzing a set of engineering and operational
attributes (NCHRP, 2006).

Social, environmental and economic impacts are
increasingly important aspects for decisions in transport
investments. According to NCHRP (2006), there are a
set of performance measures that are essential to assess
and control a transportation system (see Figure 3):

Mageean and Nelson (2003) concluded that the use of
telematics enhances DRT services, improves cost-
effectiveness by reducing expenditure or improving
fleet operations; also, it improves social conditions by
increasing service levels and access to facilities.
However, as stressed by the same authors, the viability
of DRT services as a self-supporting system has not yet
been demonstrated. The complexity of the viability
analysis derives from several issues such as fare levels
definition, subsidies and total (buses and TDC)
operating costs. Nevertheless, they should be regarded
as a vital supplier of services where conventional
solutions are unsustainable, e.g. low demand areas and

special transport services (Wright et al., 2009).
Others specificities of DRT systems must be taken into > Economic development: measure direct and

account: characteristics of the local population, transport indirect impacts of transport on the development of
network, the patterns of commuters, and the framework economy and includes preservation of assets,
within which the system works, determine the demand operation and maintenance and service level;

and operational scale of system and, as such, can affect
performance and efficiency. > Environmental impacts: measures effects on
Telematics based DRT services, by incorporating environment.

individual customer preferences, put forward the
opportunity of bigger reliability and punctuality than in > Social impacts: measures effects on wider
conventional public transport services. society or on population groups, namely: mobility
DRT services using telematics will promote efficiency and accessibility, safety and security.

and effectives and will assist the action plan of the
internalization of the externalities costs.

The adoption of good performance measures is required
‘ in any investment project before its implementation, to
PERFORMANCE EVALUATION recognize productive strategies and abandon the
unproductive ones.

One of the most important aspects in an investment
project is the performance evaluation through the use of

¥ Finapcial fmpacts {cost of emergrncy maintenance,
retars on favestueny).

¢ Customer bepefit o deprivetion {vehicle miles
treveled fn poor conditae creshes),

<% Customer perception {omstomer satisfaction rating,
msjer factor in refocation or producivit}.

4 Swsiem operstions efficiency {congeston snd speed,
pessengers per webicle-mile or howr, aversge circwit for
trips between  oripin-destination  pxir, oumber of
brezkdowns i travel Sow for o tine period).

4 Imcident response {aversge anousl incident respomse
time ox Hmited ancess by ITS, delay measures).

¢ Capscity and eveBability {aumher of buses stoved),

&  Cost efficienty (avemge cost operstions mﬁ‘w
mvintensncs per Me-mie TOSt PET passenper trip, fees
collectady.

% Qpvepancy {pember of mpitiple-occapant wehicles,
trips by single-ocropant vehicles)

% Fud efficiency {averrge fiel consumption per trip by
trpe. wolume of wested fuel).

4  Quality (pased on imspection vesnls, vebdcles ang
operstors mesting specificaton).

< EfbSciency {design cosls, vehicles sz}

4  Schedule and ndget sdherence {rontrects tonmpleted
on-time, coairacts completed cn-badget)

4 Pesponsivemess (respemse  $ime to emelgency
Taquest).

+ Econornic costs and benafits (jobs cremed, percent of
state or regiomal gross pooduct, ecomomic oosts of

Figure 3: DRT impacts and Measures (adapted from NCHRP, 2006).

lengths).

$  Speed {aversge speed for given roadwsy segroent of
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CONCLUSIONS AND FUTURE WORK

The objective of this research work was to develop a
systematic analysis of the main issues that should
addressed when evaluating transport investments, in
particular those related to the adoption of flexible
transportation systems such as Demand Responsive
Transportation (DRT) systems.

Transport systems costs structure were reviewed and
discussed and a classification of costs attributes was
proposed. The literature reviewed allowed the
identification of the complexity of the evaluation
process and the lack of comprehensive and satisfactory
approaches to the problem.

Specific characteristics of DRT systems were analyzed
and the three most relevant impacts that must be
considered: economic, social and environmental were
considered. A framework of performance indicators was
identified as essential to the evaluation process.

Based on the literature review carried out and on the
indicators identified, our proposal consists in
developing a framework to perform an economic
evaluation of such a transportation system at the design
phase of the project. Since the outcome of the
evaluation is highly dependent on the DRT specification
(in terms of operational parameters, such as the level of
spatial and temporal flexibility of their services), this
framework must comprise an iterative approach that
consists on defining an initial DRT specification,
estimating their impacts in terms of performance
indicators, redefining the specification and re-estimating
the new impacts, and so on until a suitable solution is
found, in terms of technical and economic viability and
sustainability. The estimating of the impacts of the
alternative DRT specifications can be performed by
using a computerized simulator that makes the
interaction between the demand (customers) and the
supply (vehicles " and system coordinator) at - the
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