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Abstract 

Urban dispersion (sprawl) is a reality, however unplanned it may be. Its supporters 
advocate contact with nature, space and intimacy, however disadvantages include 
land consumption, public infrastructure and mobility costs and housing prices. The 
Research Project “Costs and Benefits of Urban Dispersion on a local scale” seeks 
to contribute to the debate with an objective approach based on the quantification 
of costs, externalities and benefits of different urban settlement patterns. This paper 
presents one of the Project’s tasks, the one concerning mobility costs, including 
externalities. Quantified costs include investment, inspection, insurance, energy 
and maintenance, as well as external social and environmental costs for road 
transport, the most significant transport mode operating on a local scale. Different 
methods are combined depending on available data sources in order to achieve 
figures for each of the cost components per vehicle-km, ton-km and passenger-km 
at prices of 2005. Preliminary results for direct costs suggest that in light vehicles 
investment costs are responsible for the largest share of the totals, while energy 
costs are the most relevant cost component in heavy vehicles. Heavy duty 
passenger transport is significantly more expensive than their counterparts. 
Externalities may mount up to around half of the total costs for some road vehicles. 
Keywords: urban dispersion; road transport; internal costs; externalities. 

1 Introduction 

The urban future of Europe is today a matter of great concern, since 
approximately 75% of the European population lives in urban areas, a number 
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predicted to rise to 80% by 2020 [1]. More than a quarter of the European 
territory is now directly affected by urban land use; between 1990 and 2000, 
urban areas have expanded 5.5% in average, with rates varying regionally from 
0.7% to 40% [1]. 
     Historically, in comparison with North-American cities, European cities have 
traditionally been much more compact, with a dense historical core shaped 
before the emergence of modern transport systems; however, urban sprawl is 
now a common phenomenon throughout Europe [1], even in Mediterranean 
urban areas, which are now experiencing a change towards more dispersed and 
horizontal growth at the expense of agricultural, forested and natural 
environments [2]. This is raising concerns about the potential negative impact on 
urban sustainability [1–3].  
     Dispersion has not had many proponents amongst great city thinkers. The 
exception may have been F. L. Wright whom conceived his ideal city – 
Broadacre – as an urban-rural hybrid in which all construction would spread out 
over the landscape and where “the city would be the nation” [4]. The two 
dominant motives in favour of urban compaction are the reduction of pollution, 
and the reduction of the loss of open countryside to urban uses. The reason 
behind the first motive is that urban containment will reduce the need for travel – 
which is the fastest growing and least controlled contributor to atmospheric 
emissions, and hence global warming – by facilitating shorter journeys and 
inducing greater supply and use of public transport.  
     However, dispersion today is a reality. It has been happening in a non-
planned way but one which is practised and accepted, and has become the natural 
subject of numerous scientific research publications and studies [5]. 
     It has been demonstrated that sprawl elevates the cost of urban services by 
increasing the distance between new development and the established 
infrastructure of roads, sewer lines, and transit systems [5]. Other authors have 
associated sprawling urban development patterns with increased vehicle travel 
and congestion [6], loss of prime agricultural lands [7], and, even, increased rates 
of obesity in children and adult populations [8]. 
     Other authors [9], however, claim that the environmental benefits resulting 
from urban compaction are doubtful and that higher urban densities are unlikely 
to bring about the high quality of life that centrists promise. Although some 
reduction in energy consumption might be expected from compaction, they argue 
that a large centralised city can often result in greater traffic congestion, and fuel 
efficiency is greatly reduced through increasing travel times and slower traffic 
speeds; congestion and dangerous traffic leads to a worse pedestrian 
environment, public transport is often caught up in congested streets, and parking 
is a serious problem, affecting the character and function of city streets. 
     As far as mobility is concerned the transport sector is one of the human 
activities with the largest environmental impact, with effects on human health, 
ecosystems and heritage. Transport is an important source of greenhouse gases 
(GHG), contributing also to atmospheric pollution problems, such as 
acidification, eutrophication and tropospheric ozone. Several methodologies [10, 
11] have been developed in order to estimate energy use externalities and costs, 

24  Urban Transport XVI

 
 www.witpress.com, ISSN 1743-3509 (on-line) 
WIT Transactions on The Built Environment, Vol 111, © 2010 WIT Press



particularly in the transport sector. In terms of costs evaluation there are few 
European ; more quantitative research is to be found in the USA, such as the 
research studies coordinated by Robert Burchell [5]. 

2 “Costs and benefits of urban dispersion on a local scale”: 
project overview 

The Project “Costs and Benefits of Urban Dispersion on a local scale” is a 3-
yearlong multidisciplinary research project funded by the Portuguese Foundation 
for Science and Technology. Its main objective is to evaluate, as precisely as 
possible, the costs and benefits of an urban fragmented and dispersed structure. 
Thus, in the end, this Project should achieve conclusions and recommendations 
on how to deal with the growth of dispersion and on desirable planning scenarios 
of existing dispersed areas in terms of infrastructure, mobility and/or 
construction load. 
     To do so, and following its methodology, the Project further encompasses the 
following tasks [12]: 
     - Characterization of urban dispersion on a local scale; 
     - Identification of the whole range of costs to consider in comparing 

different urban forms; 
     - Comparative evaluation of infrastructure and mobility costs; 
     - To formulate a concept of quality of life, to be translated in an algorithm 

which encompasses different opinion groups; 
     - Confrontation of costs and quality of life (QoL) in an array of scenarios; 
     - Characterization of the real estate market in the process of urban 

dispersion. 
     Costs will cover public infrastructure costs (including networks, all public 
space and public equipments) and mobility costs and externalities per transport 
mode. These costs should be put side by side with benefits inevitably associated 
with the QoL this type of urbanization is expected to offer to the citizens.  
     QoL is a subjective concept that changes individually and within different 
stakeholders. This research intends to transform this concept into an algorithm 
integrating this variability, based on current literature, similar previous studies 
and on the answers to a questionnaire applied to the inhabitants of two case 
studies: the Aveiro-Ílhavo urban area (population of 100,000 inhabitants), 
located at the Portuguese central coastline, and Évora, a smaller city located 
inland (population of 48,000 inhabitants).  
     This evaluation will be expressed quantitatively through the development of a 
utility function that represents opinions on QoL, an integrated cost for local 
infrastructure and mobility and a methodology to relate the two functions for a 
variety of scenarios. 
     The project outcome will be the formulation of a comparative opinion, 
expressed in cost-benefit terms, between the various typologies of dispersed 
occupation and, also, between these and those of continuous occupation. 
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     This paper will focus on the task related with mobility costs and externalities, 
and intends to present the methodology applied and the results obtained for road 
transport, the most significant transport mode in urban sprawl areas. 

3 Costs and externalities of road transport in Portugal 

3.1 Definitions and scope 

Definitions of internal and external costs are consensual: internal costs are those 
directly borne by transport users, while external ones are those borne by others 
than the transport user causing them. Despite this clear-cut definition, 
classification of certain cost components, such as accident and congestion costs, 
as internal or external is controversial, mostly due to differing interpretations on 
the extent of cost internalization mechanisms’ coverage of externalities [13]. 
     Internal costs may be divided into investment and operation costs. Investment 
costs are those related to vehicle purchase, including its price, taxes interest. 
Operation costs, in their turn, refer to vehicle operation and may be divided into 
fixed and variable ones. Fixed costs are independent of intensity of use, such as 
legally imposed (in Portugal) circulation taxes and vehicle inspections; variable 
ones depend on the intensity of vehicle usage, including maintenance, tolls, 
parking and energy consumption, among others. There are other direct costs of 
road transport, such as those incurring from infrastructure development and 
maintenance, freight handling, labour, organization [14]. 
     Among external costs, the most relevant ones are environmental (pollution, 
noise, climate change, nature and landscape depredation, and other impacts up- 
and downstream of the transport system), additional costs in urban areas (such as 
barrier effects and space shortage), accidents (medical care, production loss, pain 
and sorrow) and congestion (time wastes and increasing operation costs) [15]. 
     In this Project, however, costs are not assessed from the users’ standpoint 
(market prices paid), but from a systemic/societal one, which implies calculating 
integrated costs (both internal and external). Thus, mechanisms of internalizing 
external costs and financing the system’s operation, such as capital costs, taxes 
and tariffs, are discarded from said market prices. Costs relating to handling and 
labour are not included, as the purpose is to restrict cost identification to those 
components associated with the act of displacement. Moreover, infrastructure 
costs are not accounted for either since they are object of a specific Project task. 
     Consequently, this paper will assess the following direct cost components: 
investment, inspection, insurance, energy/fuel and maintenance. External costs 
account both social and environmental costs. The study will focus on road 
transport, as it is the most relevant transport mode in the two case-studies, which 
have no metro or tram lines. Suburban rail transport as well as cycling and 
walking will be integrated in a subsequent phase of the Project. 

3.2 Methodology 

The purpose of this assessment is to provide multipliers which together with data 
inputs on mobility patterns from the survey undertaken in the case studies, will 
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allow the estimation of mobility costs according to the type of urban settlements. 
Thus, average, not marginal, costs are sought, as the objective is to quantify costs 
of particular displacement patterns and not to identify the impact of additional 
users on the system (marginal), usually employed when devising internalization 
mechanisms. 
     The transport modes considered are: cars, motorcycles, buses and coaches, 
and light (LDV) and heavy duty vehicles (HDV).  
     For each transport mode, costs per vehicle-km and user-km (passenger or ton) 
were calculated in function of average vehicle lifetimes, mileages and average 
occupancy rates or loads. The data reference year was 2005, the most recent 
complete statistical datasets, even though some data refers to other years. 
However, monetary values were inflated to 2008 prices via Eurostat’s Consumer 
Price Index, in order to ensure comparability with the benefits’ vector, whose 
data also derives from the aforementioned survey. Whenever available, data was 
gathered from secondary sources; otherwise data was collected directly from the 
companies. Depending on available sources, approaches for cost calculation were 
either top-down (departing from aggregate values for the whole of the vehicle 
fleet) or bottom-up (identifying costs for one single average vehicle). Table 1 
summarizes data sources and methods used for establishing internal costs. 

Table 1:  Data sources and methods for internal costs. 

 Transport Mode 

Variable Passenger Cars 
Light Duty 
Vehicles 

Buses/Coaches 
Heavy Duty 

Vehicles 
Motorcycles 

Number of 
vehicles 

[16] [16] [16] [16] [16] 

Vehicle 
fleet: age 
structure 

[17] [17] [17] [17] [17] 

Average 
lifetime 

Enquiry to the 
official vehicle 

recycling 
network 

(VALORCAR) 

Own reasoning: 
analogy w/ 

passenger cars 

Enquiry to 6 public 
transport operators 

Own reasoning: 
analogy w/ 
bus/coach. 

Own reasoning: 
analogy w/ 

passenger cars. 

Mileage [18] [18] 
Enquiry to 6 public 
transport operators 

Own reasoning: 
analogy w/ 
bus/coach 

[18] 

Load factor / 
Occupancy 

Rates 
[19] [19] [19] [19] [19] 

Investment 
costs 

Own reasoning 
using data from a 

specialty 
magazine 

Own reasoning 
using data from a 

specialty 
magazine 

Enquiry to 8 public 
transport operators 
and constructors 

Enquiry to 7 freight 
transport operators 
and constructors 

Own reasoning 
using data from a 

specialty 
magazine 

Inspection 
Costs 

Own reasoning, 
based on vehicle 

lifetime and 
applicable 
legislation 

Own reasoning, 
based on vehicle 

lifetime and 
applicable 
legislation 

Own reasoning, 
based on vehicle 

lifetime and 
applicable legislation 

Own reasoning, 
based on vehicle 

lifetime and 
applicable legislation 

N/A 

Insurance 
Costs 

Enquiry to 2 
insurance 
companies 

Enquiry to 2 
insurance 
companies 

Enquiry to 1 
insurance company 

Enquiry to 2 
insurance companies 

Enquiry to 2 
insurance 
companies 

Energy 
Costs 

Own reasoning, 
combining 

several sources 

Own reasoning, 
combining 

several sources 

Own reasoning, 
combining several 

sources 

Own reasoning, 
combining several 

sources 

Own reasoning, 
combining 

several sources 

Maintenance 
Costs 

[20] [20] 
Enquiry to 6 public 
transport operators 
and constructors 

Enquiry to 6 freight 
transport operators 
and constructors 

Enquiry to 
authorized repair 
services for the 5 
most sold brands 

in 2005 
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     Studies on external costs are more abundant, yet results reached are varied, 
depending both on differing conceptual and methodological factors and on “the 
specifics of the situations” (countries’ distinct settlement patterns and vehicle 
fleets) [21]. As a consequence, data explicitly concerning the Portuguese 
situation has been privileged whenever possible.  
     Moreover, figures also depend on the type of costs under scrutiny: marginal 
or average [21]. This paper deals with average costs. Only two sources were 
found to fulfil these prerequisites [25, 26].  
     Table 2 synthesises the most relevant variables of each transport mode’s 
vehicle fleet: number of vehicles, their average lifetime and average mileages, 
both annual and throughout their life. All cost calculation, namely that following 
a top-down approach, will refer back to these data. 

Table 2:  Vehicle fleet characteristics per transport mode in Portugal, 2005. 

Transport Mode 
Nb. of 

Vehicles 

Average 
Lifetime 
(years) 

Average mileage 
throughout lifetime 

(km) 

Average 
annual mileage 

(km) 

Passenger Cars 4.795.147 17,9 200.000 11.187 

LDV 788.018 15,1 250.000 16.544 

Buses/Coaches 12.558 16,8 1.102.778 65.642 

HDV 157.586 16,1 1.378.472 85.651 

Motorcycles 487.578 12,3 53.526 4336 

3.3 Results 

3.3.1 Internal costs 
Table 3 presents results for all of the internal cost components for each transport 
mode. Figure 1 displays the cost structure per transport mode. 

Table 3:  Internal costs per transport mode (rows in white refer to €/vehicle-
km, light grey ones to €/passenger-km and those in dark grey to 
€/ton-km). 

Transport Mode 
Investment 

Costs 
Inspection 

Costs 
Insurance 

Costs 
Energy 
Costs 

Maintenance 
Costs 

Total 
(Internal 
Costs) 

Passenger Cars 
0,089 0,002 0,023 0,045 0,016 0,229 
0,036 0,001 0,009 0,018 0,006 0,072 

Light Duty 
Vehicles 

0,061 0,002 0,016 0,039 0,016 0,142 
0,205 0,005 0,052 0,130 0,053 0,449 

Buses/Coaches 
0,165 0,001 0,018 0,227 0,144 0,643 
0,006 0,00004 0,001 0,008 0,005 0,020 

Heavy Duty 
Vehicles 

0,070 0,001 0,009 0,197 0,050 0,329 
0,018 0,0002 0,002 0,051 0,013 0,084 

Motorcycles 
0,065 - 0,049 0,017 0,021 0,156 
0,048 - 0,037 0,012 0,016 0,113 
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Figure 1: Internal cost (€/vehicle-km) structure for a) passenger cars; 
b) LDV; c) buses and coaches; d) HDV and e) motorcycles. 

     Buses and HDV have the highest total costs per v-km, due to fuel 
consumption and maintenance. The latter are particularly high for buses, likely  
 

reflecting intense use and tighter safety and maintenance requirements due to the  
type of service provided. Investment costs are the most important component for 
the remaining modes. While energy is the second most expensive component for 
light automobiles, in motorcycles it is insurance costs that rank second. Vehicle 
mileage is important to explain differences in total costs, namely in LDV’s good 
performance, in motorcycles’ expensiveness and HDV’s better performance 
comparing to buses. Inspection costs are residual in all modes. 
     Conversely the costs per passenger-km and per ton-km are significantly lower 
for heavy vehicles than for light ones because load factors are higher. LDV 
present quite high costs per vehicle-km due to quite low load factors. 

3.3.2 External costs 
Macário et al. [22] estimate average external costs of transport for 2005 for 
environmental (air pollution, global warming and noise), delay due to congestion 
and accident costs. However, there is no disaggregation per transport mode for 
many of the cost components, which hampers comparability and the ultimate 
purpose of this task.  
     Table 4 presents the results of dividing total costs per transport mode or for 
the whole of road transport in 2005 from [25] by data from Table 2 (except for 
delay costs, originally in €/vehicle-km). No arbitrary attribution of costs was 
made, that is why for some cost components values are identical for all transport 
modes. Figure 2 displays the external cost structure per transport mode.   
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Table 4:  External costs of transport in €/vehicle-km. 

Input data Passenger Cars LDV Buses/Coaches HDV Motorcycles 
Macário et al. [22] 0,025 0,049 0,334 0,092 0,046 
INFRAS/IWW [23] 0,147 0,086 0,85 0,306 0,404 
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Figure 2: Share of different external costs (€/vehicle-km) for a) passenger 
cars; b)  LDV; c) buses and coaches; d) HDV and e) motorcycles. 

     INFRAS/IWW’s [23] report on external costs in 2000 only presents total 
average cost estimates in €/passenger-km and €/ton-km, but it disaggregates 
them per transport mode. These total costs include accidents, air pollution, up- 
and downstream processes, climate change, noise, nature and landscape and 
urban effects, excluding delay costs, the most relevant component in [22]. Such 
aggregate data per mode still allow the ultimate goal of our research (integrated 
costs per mode) but it diminishes analytical possibilities. Despite the absence of 
input data on load factors, costs in €/vehicle-km were estimated with analogous 
data from an earlier version of this report [19]. Data based on this source is also 
shown in Table 4. 
     Estimates stemming from [23] are quite higher (ca. 2-9 times) than those 
derived from [22]. However, it is not possible to know whether such 
discrepancies are only due to it encompassing more cost components or to 
methodologies adopted since there is no disaggregation per component in [26]. 
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     Still, both sources suggest that buses create higher external costs per vehicle-
km. But while calculations deriving from [22] rank HDV second, LDV third, 
motorcycles fourth and cars in the end, [23] claims that motorcycles cause the 
second highest external costs, followed by HDV, cars and, finally, LDV. 
Motorcycles are responsible for the highest external costs in €/passenger-km and 
LDV in €/ton-km. High mileages also make buses cheaper in €/passenger-km, 
with lower costs than cars for [23] and almost identical ones for [22]. 
     Observing cost structures per transport mode, delay costs are the most 
relevant ones for all modes (except motorcycles, for which there is no 
information) and massively so for LDV and buses. In passenger cars and HDV, 
delays mount up to half of the external costs; for cars the majority of the 
remaining costs are shared between air pollution and global warming, whereas 
for HDV global warming is accountable for more than 40% of external costs. In 
motorcycles, where delay costs due to congestion are not contemplated, almost 
all external costs are due to air pollution. 

3.3.3 Integrated costs 
Given such discrepancies in figures for external costs, there are also differences 
in the proportion of external costs in integrated costs, depending on the source 
used. Thus, external costs may range from 10% to 39% of integrated costs for 
passenger cars, between 26% and 38% for LDV, 34% and 57% for buses and 
coaches, 22% and 48% for HDV and 23% and 72% for motorcycles. These 
results seem to confirm those from Burchell et al. [5] that user costs are higher 
than external ones (society and government). The only exception could be 
motorcycles and buses and coaches. 
     Concerning integrated costs in €/vehicle-km, both estimates suggest buses 
and coaches and HDV to be the most expensive and LDV the cheapest transport 
mode. INFRAS/IWW’s [23] appraisal of external costs for motorcycles leads to 
their integrated costs surpassing cars’, while according to Macário et al. [22], 
cars are more expensive than motorcycles. In €/passenger-km, both sources 
suggest motorcycles to be the most expensive, followed by cars and buses. In 
€/ton-km, heavy vehicles are cheaper than light ones according to both accounts. 

4 Conclusions 

Results underline the importance of load factors for rational use of transport, 
namely in offsetting higher costs per vehicle-km for HDV and buses, stressing 
the need to face one of the most pressing challenges of today’s urban planning: 
how to provide public transport in low density areas characterizing urban 
dispersion? 
     Results also confirm energy/fuel as one of the major issues in urban transport: 
not only do energy costs play a relevant role in direct costs, a tendency that will 
probably be reinforced with increasing fuel prices, but also external costs 
deriving from fuel consumption (air pollution and global warming) are quite 
significant. More energy efficient vehicles and cleaner fuels are two related 
fields through which this problem should be addressed. 
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     Congestion, an important issue for the discussion of urban dispersion, is also 
confirmed as one of the most relevant problems in mobility planning. Delay 
costs are undoubtedly significant and cause important environmental impacts, 
when compared to free-flow traffic. Solving congestion is a key to improve 
economic efficiency and environmental effectiveness of transport. Doing so by 
improving public transport and incrementing its use seems particularly 
important, as the Mohring effect describes [21].  
     Yet, people’s behaviour, namely their mobility patterns, is the bedrock of any 
strategy aiming at sustainable mobility. Results from the future survey to the 
case studies’ residents will provide greater insight into the specifics of such 
patterns and, consequently, allow a far greater detail and rigour on scenario 
building and policy making. 
     Other shortcomings in this research include the need to calculate costs for the 
remaining transport modes operating in the study areas. Furthermore, data on 
external costs must be further disaggregated in order to calculate integrated costs 
for each transport mode without incurring in double counting, and decisions 
must be made on what sources to privilege. 
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