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Abstract
During the last years Portuguese passenger and goods transport has been growing at a larger rate
than GDP. Also, road traffic has increased its market share as compared with other transportation
means. Several factors may justify this evolution, being some on transport supply while others on
transport demand. For supply, improved accessibility conditions (modals, quality, time, and cost),
while for demand socioeconomic factors (population, employment, GDP, income, fuel price) seem to
play a key role. Although there exists several evidence concerning which factors have been shaping
demand evolution, quantification lacks research. One difficulty for this task is the nonexistence of a
unique database with Portuguese road traffic statistics. Also, available data do not have the same time
horizon or statistical confidence. In this study a characterization of demand evolution based on fuel
sales statistics is suggested, given that his information is available for broad time horizons and is
territorially disaggregated. These statistics are also compatible with socioeconomical official ones
published by official entities. Model results point out per capita values of gross domestic product,
gross value added, compensation of employees and employment, alongside with fuel price, as key
determinants for road traffic in Portugal.
Keywords: Road traffic, Demand, Fuel demand, Road sector, Externalities
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Resumo
O transporte de passageiros e de mercadorias em Portugal tem tido, nos últimos anos, um
desenvolvimento acima do nível de crescimento económico, com o transporte rodoviário a ganhar
quota de mercado relativamente aos restantes modos de transporte. Esta evolução pode ser
justificada por inúmeros fatores, estando uns do lado da oferta de transportes e outros do lado da
procura. No primeiro, encontram-se as alterações das condições de acessibilidade (modos,
qualidade, tempo, custo), do lado da procura apontam-se fatores socioeconómicos como tendo um
papel determinante (população, emprego, PIB, rendimento, preço dos combustíveis). Apesar de
existirem evidência diversa sobre quais os fatores que têm vindo a influenciar a procura no transporte
rodoviário, a sua quantificação carece de estudo. Uma das dificuldades prende-se com a
caracterização da própria evolução da procura, dado não existir um repositório único com as
estatísticas do tráfego nas estradas nacionais, nem os dados disponíveis terem o mesmo nível de
confiança estatística e período temporal. Para realizar este estudo sugere-se assim uma
caracterização da evolução da procura baseada nas estatísticas de venda de combustíveis
rodoviários, que estão disponíveis para períodos temporais alargados e são territorialmente
desagregadas. Estas estatísticas são também facilmente compatíveis com as estatísticas
socioeconómicas publicadas pelas entidades oficiais. Os resultados dos modelos indicam para o
poder explicativo do tráfego rodoviário em Portugal de valores per capita do produto interno bruto, do
valor acrescentado bruto, empregabilidade e renumerações a empregados, além de preços de
combustível.
Palavras-Chave: Tráfego Rodoviário, Procura, Procura de combustíveis, Sector rodovário,
Externalidades
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1. Introduction

Over recent years the Portuguese passenger and goods transportation sector has grown substantially
above the GDP rate. The length of motorways increased on average 8.5% annually from 1996 to
2010, which compares to an average annual GDP growth of 1.3% (Eurostat, 2012). Portuguese
society perceives that such growth is fuelled by a larger demand for road traffic compared to pre-EU
Portugal.
There are several reasons behind this evolution. Some are on the transport supply side while others
are on the demand side. With regard to the former, one should mention the improved accessibility in
terms of the following factors: mode, quality, time, real cost, perceived cost, utility cost, safety risk. As
for demand, socioeconomic factors have had a major role: population, employment, GDP, income, fuel
price, number of households.
Modal choice refers to the availability of different types of transport to the citizen, whether a private
car, bus, train, bicycle or walking. The quality factor reflects the quality of the service provided by a
certain road, which is visible on its surfaces and properly placed signposts. Time reflects the duration
of journeys: lack of proper infrastructures or road congestion can diminish the utility of the road. Real
cost reflects all the costs, including externalities, associated with one journey. Perceived cost reflects
the perceived costs that a journey has for a road user; these might differ from the real costs. Utility
cost is a measure of how useful the travelling mode is for the end user. Safety risk tries to quantify the
risk of road accidents involved in one trip.
The population of a country is a precise measure on how many potential users the nations’ roads must
satisfy. Income can affect road traffic in the sense that further income into a society tends to create
increased car ownership. GDP can affect road traffic in the same way as income; furthermore, it
quantifies the economy’s need for an efficient and effective road map. Employment is another
economic indicator, which is vital for a proper understanding of the commuting needs of a society. The
fuel price affects road traffic as well, because it is a component of the total price paid per trip. The
number of households can be important as a measure of not only urban planning, but also to monitor
society’s behaviour when seasonal traffic occurs, such as summer, Christmas or Easter holidays.
The main objective of this dissertation is to find out the main determinants of road traffic in Portugal.
Although there is some evidence about which factors are more relevant for road demand, their
quantification lacks research. One of the barriers to this task is the lack of a single database on
Portuguese national road traffic, and the available data does not have a unified format, statistical
confidence level and time horizon.
A good proxy to characterise the demand for road traffic is statistical data concerning car fuel sales.
This has already been used, for instance, by Fridstørm et al. (1995).This data source is available for a
broad time horizon and is disaggregated at municipality level. It is also easily compatible with
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socioeconomic statistics published by official entities. This concept will be further developed in the
Research Methodology chapter.
Transport is a 21

st

Century challenge. Whilst crucial for the economic and social development of

countries, it can bring more harm than benefits to societies if not carefully planned, predicted and
controlled. Ortúzar and Willumsen (2011) argue that even with greater knowledge resulting from
several errors made in the past regarding transport planning, proper investment, transport modelling
and decision making, new challenges have arisen in this century, as pollution becomes a more serious
issue day by day, the number of cars circulating is increasing in fast developing countries, and global
population numbers are rising fast.
Even with all the investments made in good transport accessibilities in developed countries, the
problems of the past still arise such as congestion, pollution and road accidents.
The proper planning of a nation’s road network and its proper efficiency are major challenges for
Governments, who possess the planning and control functions, by investing in road construction and
maintenance, defining taxes for car fuel, motorway tolls and car park prices, imposing speed limits,
and several other types of corrective measures that shall be described in the Literature Review.
A nation’s road network is a challenge for societies as well, whose quality of life depends on an
efficient and effective use of a proper transportation system. Tangible assets must somehow be
transported from one place to another, therefore justifying the economic and welfare benefits of
transportation. At the same time, the road transport sector has several negative environmental
impacts, such as greenhouse gas emissions, land use and worse air quality.
For careful planning and implementation of a national road transport strategy, it is important to know
exactly where the country’s needs are more focused. Brisa is the largest supplier of motorway
construction and operation in Portugal, and therefore the company needs to understand the market for
passenger and goods road transportation.
The goal of this dissertation is to create a model that is able to explain the Portuguese road traffic at
both national and disaggregated level, by discovering the key determinants for road traffic in Portugal
and by giving the real weight to the variables that explain the demand of the Portuguese society.
As we saw, some explanatory variables can be associated with the expected road traffic for a certain
area during a certain time. Economic concepts such as supply, demand, elasticity, real costs,
perceived costs and externalities will be the basis for this dissertation. Other studies shall be reviewed
in order to gain some insight about what other scholars have researched in the field of economics of
road transportation. Econometric techniques will be applied to the data involved, in order to test the
relevance of possible explanatory variables.
The dissertation begins by introducing the company of interest in this study, Brisa – Auto-Estradas de
Portugal, S.A., followed by a review of the literature regarding road transportation. Afterwards, a
research methodology and data usage description shall be made, followed by descriptive statistics
11

applied to selected variables. All of this shall be followed by model presentation and results
discussion.

2. Brisa – Auto-Estradas de Portugal, S.A.

Brisa – Auto-Estradas de Portugal, S.A. is a Portuguese based transportation company whose focus
is on motorway management. It was founded in 1972 with the purpose of constructing, maintaining
and operating a series of motorways with a toll system. The company has grown into one of the
largest motorway operators in the world and the largest one in Portugal, operating a total of 1100 km
which connects the country from North to South, East to West.
Brisa has a market capitalisation of approximately 3000 million Euros. Its shares are listed on the
Euronext Lisbon and the company is included in the Lisbon stock market’s most important index, the
PSI-20. It is also part of Euronext 100 and the FTSE4Good, the reference index for social
responsibility.
Its main business area is the construction and operation of tolled motorways. The main focus lies in
Portugal, even though the company has a share in some international subsidiaries in Holland and the
United States of America.
Other businesses Brisa is involved in include providing services associated with road safety and
driving comfort, both in urban environments and on motorways. Their Via Verde product, a motorway
electronic toll payment system that can also be used to pay for car fuel, car parks and some other
services, is an example of the innovation culture inside the company.
The company’s shareholder base comprises five companies: José de Mello SGPS, SA (30.48%
holding), Abertis Infraestruturas SA (16.29% holding), Arcus European Infrastructure Fund GP LLP
(20.72% holding), Norges Bank (2.18%) and The State of New Jersey Common Pension Fund for the
benefit of NJ State employees (2.00%). At the moment this dissertation is being written, Arcus
investment fund and José de Mello group have launched an Initial Public Offering (IPO) for Brisa, in
order to obtain a majority shareholding of the company, since the two companies currently hold
49.59% of the total shares. They have succeeded by acquiring 84.8% of Brisa’s capital.
A brief review of Brisa’s history and its importance in developing Portugal’s Motorway network will be
given in the following subchapters.
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2.1.

Company

According to Fernandes and Viegas (2005) and Brisa website (http://www.brisa.pt), Brisa was created
in November 1972 as a shareholding society with wholly private equity, with the objective of
constructing, maintaining and operating motorways through toll payment in Portugal. Due to the
Portuguese democratic revolution (April 1974) and the bank nationalisation that followed (1975), the
Government became its major shareholder, with an equity share of 89.7%, with two 5% positions
owned by two public companies. Currently, the company operates in several domestic and
international motorways through several umbrella companies. In Portugal, Brisa has a shareholding in
6 motorway concession companies, totalling almost 1500 km of motorway concessions in Portugal.
Throughout the years, Brisa has diversified its service portfolio through the creation or acquisition of
companies that complement its core business of motorway construction and operation. Call centres,
vehicle inspection shops, an electronic payment system, project management, road transport research
and development and traffic management make up part of the company’s portfolio.
After being nationalised in 1975 by the Portuguese Government, the company is now fully privatised, a
process that was carried out in four different stages. The first occurred in 1997, regulated by Decree
Law 253/97, which privatised 34.5% of Brisa’s stock capital. In 1998 the second phase took place,
regulated by Decree Law 299-A/98. In this phase 31% of the company’s capital was sold to the
market. The third phase took place in 1999, regulated by the Decree-Law 138-A/99. In this phase,
30% was privatised. The remaining State-owned Brisa stock options were sold to the market in the
fourth and final privatisation phase that took place in 2001, regulated by Decree-Law 177-A/2001,
through the sale of 4.764% of the stock options.

2.2.

Motorway Network History

In the first concession contract, Brisa was responsible for constructing 380 km of motorway by the end
of 1981. The concession included the Lisbon/Porto (A1), Fogueteiro/Setúbal (A2), Estádio
Nacional/Cascais (A5) and Porto/Famalicão (A3) motorways. This concession would also later include
the Lisboa/Vila Franca de Xira, Carvalhos/Santo Ovídio (A1), Lisboa/Estádio Nacional (A5) and
th

Almada/Fogueteiro (A2) stretches. Due to the 25 April Revolution, in 1974, some modifications were
made to the initial contract, by shifting focus from the A5 and A1 to the construction of the A2 between
Fogueteiro and Setúbal.
In January 1980, the total length of Brisa operated motorways was 104 km, with 12 km subject to
motorway tolls, on the A2 (Almada/Fogueteiro) and A1 (Carvalhos/Santo Ovídio). In that same year,
negotiations between Brisa and the Portuguese Government led to the decision to build another substretch of the A1, between Mealhada and Coimbra, in order to cope with the increased traffic demand
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in Coimbra district. This sub-stretch was opened to the public in 1982, alleviating traffic in the Coimbra
district and improving accessibilities to Viseu and Guarda as well.
In 1983, another A1 sub-stretch was completed: Albergaria/Estarreja/Feira. In 1987, another substretch of the A1 motorway was opened, Mealhada/Aveiro (South)/Albergaria, and in 1989 the
Porto/Maia (A1) and Maia/Santo Tirso/Famalicão/Cruz (A3) sub-stretches were opened. In 1990, the
Águas Santas/Ermesinde/Valongo/Campo sub-stretches of the A4 were launched. The Aveiras de
Cima /Santarém/Torres Novas sub-stretches of the A1 were also brought on stream. 1991 saw the
completion of the A1, the motorway that connects Lisbon to Porto, the public opening of the
Campo/Baltar/Paredes/Penafiel (A4) and Loures/Malveira (A8) sub-stretches and the completion of
the A5 with the opening of the Estádio Nacional/Cascais sub-stretch. In 1994, the Palmela/Marateca
(A2), Santiago da Cruz/Braga (West) (A3) and Estádio Nacional/Queluz (A9) sub-stretches were
opened to the public.
The A6 sub-stretches of Marateca/Vendas Novas/Montemor-o-Novo were opened in the summer of
1995. These sub-stretches would later help link Lisbon to Spain via the Caia border crossing. In
September, the A9, also known as the CREL (Regional Outer Lisbon Ring-Road) was completed and
opened to the public. In September, the Penafiel/Amarante sub-stretch of the A4 was opened to traffic.
In 1997, two A3 sub-stretches (Braga/201 National Roadway and 201 National Roadway/Ponte de
Lima (South)) and one A2 sub-stretch (Marateca/Alcácer do Sal) were completed.
Several works were finished in 1998. The Vasco da Gama Bridge, Lisbon’s second motorway bridge,
was completed. Other works completed that year were the sub-stretches of Setúbal/Montijo (A12),
Montemor-o-Novo/Évora (West) and Évora (West)/Évora (East)/Estremoz (both A6), Alcácer do
Sal/Grândola (North)/Grândola (South) (A2) and Ponte de Lima/Valença (A3). Upon its conclusion, the
A3 became the first Portuguese motorway link to Spain via the Spanish region of Galicia.
In September the same year, another motorway link between Portugal and Spain was concluded, with
the completion of A6 Estremoz/Borba/Elvas sub-stretch, creating a direct link between Lisbon and
Madrid. In 2001, the A14 sub-stretch linking Santa Eulália to National Road 335 was completed. The
A14 is a motorway built to link the Portuguese cities of Figueira da Foz and Coimbra. Another opening
was the Grândola (South)/Aljustrel/Castro Verde sub-stretch of the A2. In 2002, the A2 motorway
project was completed, linking Lisbon to the Longitudinal Algarve Route A22. The completion of this
project also enabled Brisa to reach the landmark of 1000 km of motorway constructed and operated.
Portugal was now linked from North to South and East to West, with two major road axes connecting
to Spain and Europe, completing Brisa’s strategic mission when it was created in 1972. Brisa
inaugurated 33 km on the Almeirim-Marateca (A13) motorway in April, the first part of the Braga South
Ring-Road in June, and completed the Figueira da Foz-Coimbra connection (A14) in July.
In

2003,

several

new

contracts

for

motorway

construction

were

signed:

the

A10

(Bucelas/Carregado/IC3) and the remaining sub-stretches of the A13 motorway. In September, Brisal
– Auto-Estradas do Litoral, a company where Brisa has an 80% stake, signed the concession for
14

construction and operation of the A17 motorway. In terms of domestic consolidation, Brisa purchased
a 10% stake in Auto-Estradas do Atlântico, which operates a concession of two motorways (A8 and
A15), with a total length of 170 km.
In 2005 a seven-kilometre stretch of the A10 was opened, between Bucelas and Arruda dos Vinhos. In
2007, the A10 motorway was completed, a project that involved the construction of the Lezíria Bridge
– the new Tagus River crossing in Carregado. There is no more company history information available
on Brisa’s website after 2007.

3. Literature Review

Although the field of road traffic has been widely addressed by several research areas, it seems that
the idea of creating a national econometric model that finds relations between road demand and other
available statistical data has not been developed by the scientific community, when comparing to the
effort given to other topics inside road traffic scientific investigation. No studies similar to the one
proposed in this project have been found for Portugal.
Due to the importance of the transportation sector in every society, there are many studies available
which address several topics, namely: statistical studies of road accidents, reviews of economic
policies and their effects on mitigating the negative externalities associated with transport, studies on
fuel demand modelling and estimation (like in our case), the concept of induced road traffic, elasticity
of demand for travel, the effect of income on car and vehicle ownership, just to quote a few of those
available.
The literature review for this dissertation is structured in the following way. Firstly, a review of some
basic economic concepts will be made, which will be followed by a review of some basics on transport
policies. Next, a subchapter dedicated to fuel demand and supply will precede a review on modelling
for road transport.

3.1.

Basic Economic Concepts

3.1.1. The Supply and Demand Model

In Economics, the Supply and Demand Model is the reference model concerning how to determine the
ideal price for a product in the market. This model defines supply as the quantity produced and put in
the market for sale. Demand is defined as the need, or willingness, of buyers to acquire a certain
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quantity of the good produced by the supplier. The quantity of goods traded between the producer and
the buyer is defined by the price set.
These behaviours can be analysed via graphical representation of the Supply and Demand curves on
an X-Y axis, where the Price is modelled as the dependent variable, whilst the Quantity is modelled as
the independent variable (inverse demand). The effects of altering those two variables can be
observed in the supply and demand curves.
There are several factors that might alter the behaviour of the demand curve. Any shift of the demand
curve is driven by a change on the consumer side. These changes might be the income of the buyers,
the price of substitute or complementary goods, personal preferences, product/price expectations and
the number of buyers.
Concerning the supply curve, which is a producers’ behaviour representation, some of the factors that
may alter its positioning are: price of raw materials, technological changes, expectations regarding
market evolution and number of competing producers.
Demanded quantity is the quantity of any good that the buyers want, at a price level which is
considered acceptable to them. In most scenarios the quantity of a good and its price are two
negatively correlated variables. This means that as the price of a good rises, the quantity sold in the
market will decrease. This behaviour is called the Law of Demand; all other things being equal, the
quantity of a good demanded decreases when its price rises.
There is also a Law of Supply, which claims that all other things being equal, the quantity of a good
supplied rises when its price rises. This means that, unlike the demand curve, the supply curve is
positively sloped, since a rise in price implies a rise in quantity.
The supply and demand model and its curves show us that producers and buyers act in their own selfinterest. Producers are only going to sell a certain quantity at a price which they deem as a fair one,
while consumers are only going to buy that same quantity if they find the price of the product to be fair
as well. This price on which the two parts agree upon is called the equilibrium price.
Equilibrium is defined as a situation in which the price has reached the level where the quantity
supplied is equal to the quantity demanded. That is the Law of Supply and Demand; the price of any
good adjusts itself to bring together the amount of quantity supplied with the amount of quantity
demanded.

3.1.2. Elasticity

In Economics, elasticity is a measure of how changing one economic condition affects others. It is the
ratio of the percentage change in one variable to the percentage change in another. It is used as a
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measurement tool for the responsiveness of a function to changes in its parameters, with no other
dimensions involved. This concept is widely used in Economics, namely as price elasticity of demand,
price elasticity of supply, income elasticity of demand and cross price elasticity of demand.
The price elasticity of demand is an economic measure on how much the quantity demanded of a
given good changes according to its price. It gives the percentage change in quantity demanded to a
one percent change in price.
The price elasticity of supply measures the percentage responsiveness of the quantity supplied of a
good to a one percent change in its price.
The income elasticity of demand measures the percentage reaction of demand to a one percent
change in the consumers’ income.
The cross elasticity of demand is a measure of how the demand for one good is affected by a price
change in a substitute or complementary good. It is measured as the percentage change in demand
for the first good that occurs in response to a percentage change in the price of the second good.
In every single market, these elasticities can be applied in order to better understand when market
equilibrium is achieved and, more importantly, the price sensitivities of consumers and producers.
They are also useful to determine the difficulty the market has in replacing a given good with another
one.

3.1.3. Pricing

Pricing is the process, used by producers, to set the price for their product. The pricing of a product
must be carefully planned in order to satisfy the manufacturing, logistics and other production costs,
and also the value that the consumers are willing to pay for the product. The company must be aware
that, in many cases, using a single price for the product is ineffective, as there might be room for
market segmentation, a situation in which the market cannot be seen as a homogeneous group of
consumers, but as a heterogeneous group of purchasers which have different needs for the product
being sold by the company.

3.1.4. Cost

The cost is a metric of the investment made by a company due to a given action. Costs can, in an
economic sense, be classified into several types; fixed costs, variable costs, sunk costs and
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opportunity costs. For this dissertation, it is also important to discuss the concept of real costs and
perceived costs.
Opportunity cost is a cost incurred by the company whenever it takes a decision that has multiple
choices. It is measured by comparing the decision made by the company with the second best option.
Fixed cost is any type of cost which is not dependent on the quantity produced. These types of costs
include, for instance, the depreciation of a manufacturing site and rents paid for land usage.
Variable cost is any type of cost which depends on the quantity produced. These types of costs
include the purchase of raw materials and salaries.
Sunk costs are past costs that have already been incurred and cannot be recovered under any
circumstances.
A perceived cost is a cost of which the consumer is fully aware. For this dissertation, this is an
important definition when it comes to car ownership and usage. The user of a car tends to forget the
costs that a car owner has. The user is more aware of fuel prices than car price, insurance price, tax
costs and risk of accident. The totality of all costs involved in purchasing and use of a car is what can
be defined as the real cost.
Marginal cost is defined as the cost of producing one extra unit of a good. It is the change in total
production cost due to the action of producing one additional unit.
Marginal revenue is defined as the additional revenue brought by the decision of producing and selling
one extra unit of a product.
Average cost is the division of total cost by number of produced goods. Being also equal to the sum of
average variable costs, they can affect the supply curve and are a fundamental component of supply
and demand.

3.1.5. Externalities

Externalities are costs or benefits not transmitted through prices, and which are incurred by a party
that is not involved in the action that caused the cost or benefit. Negative externality is the term
applied when the externality is perceived as negative (harm is done to people outside the transaction),
while positive externality is used when it turns into a benefit.
In both cases, market prices do not reflect all the costs or benefits of a certain economic activity. The
typical example of a negative externality is air pollution emitted by a manufacturing company. For this
dissertation, the concept of externality is of extreme importance, since road traffic causes several
types of externalities, both positive and negative, as we will see later on.
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3.1.6. Pigouvian Tax

A Pigouvian tax or subsidy is a tax imposed on a market where externalities occur. Its name comes
from the British economist Arthur Pigou, who has done research in the economics of externalities.
Pigouvian taxes have the objective of correcting the social costs imposed by negative externalities,
while Pigouvian subsidies have the objective of rewarding those who produce the social benefits
created by positive externalities.

3.2.

Review of Road Transport Policies

Due to the challenges that the road transport topic creates in developed and developing economies, it
is important to review what has been done in the past in order to address the negative and positive
externalities associated with road traffic. Santos et al. (2010) provide a thorough description of the
problems associated with road transport, and their work specifies ideas that have already been
applied to cope with such issues.
As the authors’ state and as is widely known from economic theory, ‘An efficient equilibrium is defined
as a situation in which marginal social costs are equal to marginal social benefits’. This is the definition
of the problem associated with road transport: how to allocate resources in an efficient way, so that
the extra burden brought to society is always matched with extra social benefits.
In the debate on road transport externalities, it is commonly accepted that road transport entails
several negative externalities. However, the same consensus is not reached for positive externalities
which might be associated with road traffic. According to the European Commission (1995), the
increased productivity and economic growth that is made possible due to the existence of
transportation infrastructures are not external benefits, but internal ones. The investment made in
creating road infrastructures can be viewed as a maker of positive externalities. According to Venables
(2007) ‘an increase in employment resulting from a transport project is associated with two positive
externalities’; the first one refers to an increase in the productivity not just of new workers, but also of
those already employed before the project, who now benefit from a larger urban agglomeration;
second, higher commuting costs and higher rents resulting from higher urban productivity and
associated with higher wages’. The construction of a new infrastructure is an economic investment
and creates employment. Also, the money invested in road creation is, up to a certain amount, spent
on wages, which creates tax income for governments. One can conclude that there are positive
externalities concerning road transport. Nevertheless, the challenges that arise to tackle most of the
negative externalities of road transportation are more and more critical to society and harder to deal
with.
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3.2.1. Negative Externalities of Road Transport

Negative Externalities
The negative externalities that road traffic produces on society are wide ranging. There is scientific
consensus into which are the most important concerning road traffic. Accidents, road damage,
environmental damage, congestion and oil dependence are the major negative effects brought to
society by road transport. The accident externality exists ‘whenever extra vehicles on the road
increase the probability that other road-users will be involved in an accident’ (Newbery, 1990).
However, Brownfield et al. (2003) argues that the impact of one extra vehicle on the severity-adjusted
accident risk is hard to calculate. On roads with no congestion, if an additional car enters, the accident
risk will increase. But if the road has severe traffic congestion, an additional car will further slow down
the average car speed, therefore possibly decreasing the risk. Even taking into account the lower
probability of accident risk that congestion brings, Parry et al. (2007) advice against viewing it as a
positive externality, for congestion itself brings its costs to society.
Accident Costs
According to the United Kingdom Department for Transport (2009) and Maibach et al. (2008), accident
costs encompass material damage, insurance administration, legal and court costs, police and fire
services costs, medical costs, lost economic output and moral hazards imposed on victims’ friends
and families.
Road Damage
Externalities concerning road damage include the costs of repairing the damage caused by road use.
Different types of vehicles damage roads in different proportions. The damage caused by a vehicle
increases with the fourth power of the axle load, meaning that the most damage is done by heavy load
vehicles, according to Newbery (1990). Weather conditions also affect road quality.
Environmental Damage
Environmental damage produced in society due to road transportation has several dimensions. These
impacts can come from emission, noise and vibration, changes to landscape and townscape or the
effects on biodiversity, heritage of historic resources and water (United Kingdom Department for
Transport, 2004)). Some of these externalities can be measured and monetised, whereas doing it for
others is not viable.
Noise negatively affects human health in psychical, psychological and physiological ways. Road
transport based noise affects one third of Europe’s population, according to the World Health
Organisation (WHO, 2007). In order to protect themselves from noise, households must incur the cost
of installing double-glazed windows and government authorities must install noise barriers around
motorways.
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Nitrogen oxides (NOx) include nitrogen dioxide and nitric oxide. It contributes to the formation of
atmospheric ozone, which increases respiratory diseases, and irritation of the eyes, nose and throat.
Hydrocarbons (HC) are created by the incomplete combustion of fossil fuels, causing eye and throat
irritation and couching, states Banister (1998).
Carbon monoxide (CO) interferes with human absorption of oxygen. It can also affect the central
nervous and cardiovascular systems, according to the UK DfT (2007). Combined with other pollutants,
these effects can be exacerbated, according to Banister (1998).
Sulphur dioxide (SO2) affects the lining of the nose, throat and airways of the lung, especially for
those who suffer from asthma and chronic lung disease, states the UK DfT (2007). It can cause
bronchitis, and also has the undesirable effect of contributing to acid rain, says Banister (1998).
Particulate Matter (PM) is a generic term used to refer to a complex group of air pollutants that are
varied in size and composition. The two main groups concerning health hazard effects are PM10 and
PM2.5. These particles, according to Bell et al. (2003), are linked with several adverse health effects on
human population, varying from increased admissions in hospitals, emergency hospital visits,
respiratory symptoms, exacerbation of chronic respiratory and cardiovascular diseases, decreased
lung function and premature mortality.
Carbon dioxide (CO2) is the main pollutant at a global level. It is the anthropogenic greenhouse gas
that most contributes to the global warming effect. From 1990 to 2002, according to Kahn et al. (2007),
the growth rate of energy consumption in the transport sector was the highest among all the end-user
sectors, and road vehicles account for 77 percent of that energy use. CO 2 emissions are directly
related to the amount of fuel consumed, which has important implications for policy instrument design.
Traffic Congestion
Traffic congestion is defined as a road condition that has slow moving traffic as its main characteristic.
It occurs whenever the demand for road space is greater than road space supply. Its impacts are
longer travel times, unreliability inefficient distribution and delivery of resources, services and goods.
With regard to congestion, Walters (1961) has established the isomorphism between travel time on a
given length of motorway as a bivariate function of traffic flow and average cost. This enables an
adequate conversion to be made from time to cost, which combined with a demand curve, allows an
economic analysis from the whole picture possible. Higher traffic flows cause lower average speeds,
longer travel times and higher costs per km. Additional traffic imposes a cost on other road users. In
the scenario of tolled motorways, traffic congestion can lead to an ineffective pricing of the service,
which leads to economic inefficiency.
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Figure 1 – Economics of Congestion – extracted from Santos et al. (2010)

In Figure 1, road users are assumed to behave the same way, except for marginal willingness to pay
for a trip, given by the inverse demand curve D, which represents marginal private and social benefits.
Marginal private benefits (MPB) and Marginal social benefits (MSB) are assumed to be identical. H
represents the equilibrium point, where marginal social costs (MSC) equal MSB. However, the market
equilibrium is located at C, where the Average social cost (ASC) is equal to MSB. At point C, drivers
are paying their ASC, not for their MSC. This creates a Marginal congestion cost (MCC), measurable
by the segment MC. The deadweight loss created can be measured by the area HMC.
Oil Dependence
Oil dependence is a negative externality applicable only for oil importing countries. It is present in the
effects of oil price volatility and oil price shocks. The ultimate consequences of these adverse effects
are national security and economic risks posed for a country, especially if the country has no power to
influence the world oil prices. Forty-two percent of world’s oil is produced by OPEC countries, and 68
percent of OPEC oil comes from Iran, Iraq, Kuwait, Saudi Arabia and United Arab Emirates, state
Parry and Darmstadter (2003). OPEC, alongside Venezuela, Mexico and Norway, are willing to
produce well below their capacity in order to control market prices, states Kaufmann et al. (2008).

3.2.2. Corrective Instruments

The application of corrective instruments and complementary policies may lean the market towards
the efficient equilibrium. The measures applied in road transport are Pigouvian taxes, cap-and-trade
systems, land use and transport planning, incentives to use public transport and information
campaigns. Furthermore, the introduction of a new technology can also shift the market equilibrium:
an example is the introduction of catalytic converters in cars. Applying economic policies that act as

22

corrective instruments with the purpose of levelling marginal social costs with marginal social benefits
is the proper way in theory to tackle negative externalities associated with road transport. However, it
is impossible to fully do so, due to several obstacles. It is not easy to measure the marginal external
cost of vehicles at a disaggregated level. Second, any new corrective measure to be applied would be
on top of pre-existing corrective measures, which creates the risk of double internalising the
externalities. Last, the road transport economic sector is linked with several other ineffective economic
sectors, such as the insurance industry and the labour market, as stated by Verhoef (2000).
This remaining of this subchapter will consist in an enumeration of corrective instruments available to
governments. Starting with a brief explanation on the differences of command-and-control measures
against incentive based policies, the subchapter will follow with a description of quality control
measures, to proceed with an illustration of differences between grandfathering and auctioning
methods. Fuel and vehicle standards throughout the world shall be reviewed, as well as some other
CAC policies.
Command-and-Control versus Incentive Based Policies
Santos et al. (2010) split the corrective economic measures that tackle the negative externalities of
road transport into two groups: command-and-control (CAC) and incentive based (IB). IB mechanisms
can be further categorised as price controls or quantity controls.
A CAC policy is a regulation that needs to be enforced by the ruling authority. Whenever an externality
arises, the regulator can limit the maximum level of the activity that causes the externality, or restrain
the behaviour of economic agents. Any CAC measures introduced have predictable outcomes and are
easy to implement, enforce and understand, according to Button (1990). The problem with them is
their inflexibility and the lack of incentives to go beyond the mandatory standard. Every time market
conditions change, the policy needs to be revised, adding a bureaucracy burden, points out Button
(1990). IB policies provide economic incentives to the targeted audiences, acting directly on altering
private utility or benefit from a given behavioural response, making them the best instruments when
the desired output is a behavioural change. These policies put a price on a good or activity, such as
emissions or congestion. These can take the form of taxes or subsidies, with the ultimate purpose of
reducing externalities.
Quality control IB policies usually take the form of cap-and-trade systems. They target a certain level
of activity, they assign property rights to match the targeted total quantity and let consumers, firms and
other entities trade these permits at an internally fixed price. Taking into consideration that quality
control policies involve a trading mechanism, Hepburn (2006) points out that these same instruments
provide price incentives for the regulated parties. A cap-and-trade system, also referred as emissions
trading system, is a system based on a free market approach that attempts to control and reduce the
emission of polluting substances by means of economic clean-up incentives for polluting industries. A
nation’s government acts as the issuing authority, by imposing a polluting quantity limit, referred to as
a cap, on an economic sector. This cap is allocated or sold to firms, and acts as emission rights,
representing the amount of emissions that they are allowed to create for a certain period of time. Firms
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that require a greater amount of emission rights must buy such permits from firms that have not used
all of their emission rights, therefore compensating more efficient firms at the same time that the
ineffective ones are penalised for their behaviour. The cap-and-trade systems theory was developed
by Dales (1968), based in the work of Coase (1960). The initial allocation method in any cap-and-trade
system is a decision that needs to be made as early as possible in the process. There are two main
possible initial allocation methods: grandfathering and auctioning. In the grandfathering method,
permits are freely allocated to each polluter, according to their emission history. In the auctioning
method, polluters pay for the permits they wish to buy, according to the price that emerges for the
auction.
Comparing IB and CAC policies, the main advantage for IB policies is their cost effectiveness. The
economic agents with low costs of abatement involved find it easier to reduce the amount of
externality produced, rather than buying permits or paying taxes. On the other side of the scale are the
economic agents with high abatement costs. For them, it is easier to buy permits or pay taxes instead
of reducing their level of externality. This heterogeneity of economic agents reflects the difficulty on
regulating the market. Even considering that the cost of reducing these externalities is minimised
compared to the command and control policies, as stated by Baumol and Oates (1998), Newell and
Stavins (2003) believe that the magnitude of these cost savings varies greatly depending on the
scenario. Another advantage of IB instruments over CAC is that it enables private information to be
gathered about regulated consumers or producers, and the exploitation of market capabilities for
private information aggregation, according to Hepburn (2006). This makes IB instruments more
efficient than CAC measures when the information basis is inaccurate and cannot be inferred by the
regulator. The advantages of IB instruments over CAC policies is more accentuated when the
regulated entities are not homogeneous and their optimal response is not uniform, states Hepburn
(2006). As for the disadvantages of IB policies, some IB policies may lead to market failures. This can
happen when the incentives are not correctly calibrated, due to difficulties in determining the marginal
external cost, when the policies overlap with previous ones applied and when there are distortions in
other economic sectors related to road transport. Whenever one of the above-mentioned cases occur,
the effectiveness of IB measures can be jeopardised. Even though costs are likely to decrease as
technology progresses, the European Commission (1995) mentions that the need for advanced
monitoring systems may make the transaction and implementation costs of IB policies higher than for
CAC measures. A clear scenario when CAC should be implemented instead of IB policies is when
there are no informational asymmetries, there is little risk of government failure and the regulated
entities are required to respond in the same way. CAC should be applied when the optimal level of an
externality is zero. An example would be the ban on the use of DDT pesticide, as stated in Santos et
al. (2010).
Quality Control
An IB policy based on quality control is a system of tradable rights in which the regulator determines a
cap quantity of emissions, pollution or waste and leaves their allocation to be determined by the
market, explains Baumol and Oates (1988). There are three steps involved in a system of this sort.
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The regulator starts by setting the quantity or aggregate quota. Second, the regulator allocates the
permits. The last step consists of the emitters trading their permits. Usually, those with lower marginal
abatement costs sell permits and those with higher abatement costs buy permits.
Grandfathering versus Auctioning
Even though it is common to see a mixture of these two systems, the two sides of the spectrum are
grandfathering and auctioning. They differ solely in their allocation method; while grandfathering
allocates emission permits through historic data of the auctioneers, in auctioning a polluting quantity
limit is imposed to the market, whereby the determinant factor for allocation is the price. Permits, as a
measure to correct externalities, always impose an extra cost on the market, raising the prices of the
goods and services affected by the scheme. These costs are usually ultimately passed on to the
consumers, as stated in Santos et al. (2010), who reviewed the works of Beamon et al. (2001) and
Burtraw et al. (2001) on the power generation market in the United States of America. Even so, the
market prices of permits remain independent from the allocation method. Grandfathering allows
companies to have windfall profits, as they do not pay for the permits in a short-term period. This
brings equity and implementation issues. Since company shareholders usually have more financial
power, grandfathering transfers profits to those who are already above the average in financial terms.
Grandfathering also acts as a barrier to new entrants, because older companies did not have to pay
for permits when the grandfathering was implemented. Watters and Tights (2007) noted that
grandfathering discourages new entrants if they have to buy all the permits needed for their business
activity. It might be difficult to implement a grandfathering method due to difficulties in obtaining
historical emission levels, especially if the trading parties are individuals, which is the case of private
drivers, states Watters and Tight (2007). By getting the market to bid for permits, auctioning creates
revenues for governments, state Cramton and Kerr (1999). Therefore, auctioning has the potential to
create distributional effects, giving governments money from fuel producers that can be used in
projects such as infrastructure, public transport and R&D on cleaner technologies, which can also help
in correcting market externalities. However, auctioning puts those with greater financial power in a
better position to buy the permits needed for their economic actions, which might create unequal
competitive advantages, say Watters and Tight (2007). However, it is a more transparent process than
grandfathering, which sends clearer long-term price signals to the market. Periodic auctions could
improve price stability and the management of uncertainty, as stated by Hepburn,

et al. (2006).

Considering that permit allocation brings changes into the market where they operate, it is important to
analyse if emission trading proposals affect the competitiveness of regulated industries. Auctioning is
preferable to grandfathering when the intention is to create incentives for innovation. Innovation
ultimately decreases demand for permits, and consequently a decrease in prices for permits. Since in
grandfathering future emissions are a function of the current ones, this may lead to perverse dynamic
incentives for emission reduction. The most visible benefit of grandfathering is that the free allocation
of permits minimises problems of social and political acceptability, according to Raux and Marlot
(2005). In some scenarios, free allocation may be administratively less costly. However, it has been
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shown, according to Hepburn (2007), that grandfathering usually involves lobbying activities to get the
preferred allocation, which causes loss of resources.
Target Group
When discussing the permits allocation for the road transport sector, it is important to define who the
permits should be sold to: if not the fuel producers, should it be pinned to car manufacturers or to the
final consumers?
If fuel producers are the target group, they should hold as many permits as needed to cover the
amount of fuel they sell, states the UK DfT (2007). The administrative costs of this option would be
low. However, fuel producers have few tools to reduce emissions. The main effect of such a decision
would be a rise in fuel prices for the end consumer, as the permit costs would be passed downstream
the value chain. According to Watters and Tight (2007), the short-term effect would most likely be a
non-equitable regressive effect, similar to that of an additional tax on fuel. For that reason, it would be
best to implement an additional tax on fuel instead of creating a cap-and-trade system, as a tax is
more adjustable, less volatile and requires less monitoring, points out Millard-Ball (2008). Another
disadvantage of such a scheme would be the undermining effect it would have on another measures
to reduce emissions below the cap level. Investment in public transport improvements and demand
management policies, which directly lead to a reduction in emissions, indirectly produce emission
increases elsewhere in the transport sector or in other sectors. This occurs through the price channel.
As emissions are reduced due to any measure taken that is not covered by the permits scheme, the
permit price falls, and an increase in emissions will be observed elsewhere in the economy. This
means that the benefits from such a programme become more economic than environmental,
according to Millard-Ball (2009).
An emission trading scheme that targets vehicle manufacturers is also a viable option. Under such a
scheme, car manufacturers would be required to purchase permits for emission imputed to their
vehicles, states the United Kingdom DfT (2007b) and Millard-Ball (2009). It would be easy to cover all
new vehicles sold, but difficult to retroactively cover those sold beforehand. The disadvantages of
such an approach would be the boost given to the second-hand market, the increase in second-hand
car prices, extending the life of more inefficient second-hand vehicles and the negative effects on the
new car market. If car manufacturers were allowed to trade emission permits amongst one another,
these could be required to cover all future life-time expected emissions of the fleet, or emission in
grams of CO2 per km. On the other hand, if the cap is based on expected life-time emissions of the
fleet and the estimates were not precise, the desired carbon reduction objective could be missed.
Also, if transport emissions were to be covered in the EU ETS (European Union European Trading
Scheme), the adoption of future emissions as a standard may undermine its integrity because the EU
ETS is based on current emissions. A solution could be to create a new regulation for car
manufacturers, so that they would only be allowed to buy but not sell emission permits in the EU ETS,
states the United Kingdom DfT (2007b). Tradable certificates would increase the commitment of the
car industry to develop fuel-efficient vehicles, states Millard-Ball (2008) and would create incentives for
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innovation. They would provide a direct financial reward for emissions reduction and give
manufacturers that create the most fuel-efficient vehicles a competitive advantage. This total carbon
approach would create incentives to reduce emissions at all possible levels, notes German (2007).
Beside the development of new technologies and the reduction in average vehicle size, manufacturers
could respond with an increase in marketing efforts to sell low emission vehicles, state Watters and
Tight (2007). If the permits were high enough, highly efficient cars would be made cheaper and this
would stimulate market penetration. Regulation at this level would result in low administrative costs,
but would also avoid politically-sensitive increases in fuel prices. However, as stated by Millard-Ball
(2008), fuel-economy standards and feebates are equally effective in targeting the optimal fuelefficiency of the vehicle fleet. Such a policy would have virtually no effect in altering vehicle usage
behaviours. Double-counting is a potential problem if upstream producers in another sector are also
included in the emission trading scheme, according to Millard-Ball (2008).
Another option would be a downstream trading scheme. Downstream trading refers to the inclusion of
individual motorists in the cap-and-trade scheme. This inclusion can occur in different formats, as
Millard-Ball (2008) states and is reviewed in Santos et al. (2010). Motorists could be required to use
permits when purchasing fuel. These permits could be allocated for free or auctioned, whereby permit
trading is allowed and petrol stations or bank operators could act as intermediaries in purchasing or
selling permits, proposes Raux and Marlot (2005). Motorists could be required to use permits when
purchasing a vehicle, therefore capping the number of automobiles and trading vehicle ownership
permits. Another option would be to force motorists to use and trade parking permits or vehicle
mileage allowances, or tradable driving day rights. Motorists could also be endowed with personal
carbon quotas or domestic tradable quotas to cover their entire carbon footprints, including personal
transport emissions. Downstream trading, even though it might be the most effective way in the
polluting emissions value chain for a permit policy, is also the most difficult to implement. It is
extremely costly to implement and monitor, even when offsetting a plethora of advantages. The
maximum efficiency of an economic incentive instrument is achieved when it operates at the most
decentralised level, states Raux and Marlot (2005). A large number of consumers would result in a
large and liquid market for permits, according to Watters and Tight (2007). Also, the free allocation of
permits to individuals would result in strong incentives for emission reduction, since the opportunity
cost of using such permits would be perceived much more easily, turning real costs into perceived
ones.
The short-term effect of such measures would be a disincentive on car usage, while in the long run it
would act as an incentive to purchase low-emission vehicles.
Regarding the disadvantages of such a scheme, it must be mentioned that if permits are given for free
to motorists in proportion to the cars they own, individuals would buy more cars, cancelling the
incentive to buy efficient ones, states Watters and Tight (2007). If motorists were to trade permits for
car purchases, the link between car ownership and emissions would be a weak one, since, according
to Verhoef et al. (1997), parking externalities and emissions from construction and scrapping of
vehicles are directly related to car ownership. There would be no incentive to shift to more fuel27

efficient cars, unless the number of permits is proportional to the emissions of the car. Without such
proportionality, the scheme would bypass the important connection between car usage and emissions,
which is more important than the type of vehicle, argue Santos et al. (2010).
Even though command-and-control policies are not efficient from an economic point of view, they are
widely used to regulate environmental and other types of externalities. They include fuel standards,
vehicle standards, restrictions on vehicle circulation and parking restrictions.
Fuel Standards

Fuel standards refer to the standards imposed by governments on the chemical constitution of motorvehicle fuels. One example is the ban on lead in petrol, which has been implemented virtually all over
the world, as stated by Santos et al. (2009). A more particular example is the regulation of CO 2
emissions from fuel, which was imposed by the State of California in 2007 via the Low Carbon Fuel
Standard. This standard demands that providers reduce fuel greenhouse gas emissions ten percent
by 2020, state Farrell and Sperling (2007).
Vehicle Standards

These are policies that regulate vehicle safety, tailpipe emissions and fuel efficiency. Safety
standards, according to Acutt and Dodgson (1997), refer to front and side impact tests that vehicles
have to pass before they enter the market, compulsory fitting of head restraints and seat-belts,
minimum depth of tire treads, brakes and annual safety checks. Safety standards will become more
rigid as time goes by. Concerning tailpipe emissions, a widely known standard is the introduction and
obligation of installing catalytic converters in vehicles. Vehicle emission standards are regulations
imposed on car manufacturers by most of the developed countries, say Clerides and Zachariadis
(2008). These standards, alongside the increasing fuel price in the United States of America, led
Portney et al. (2003) to conclude that they had a substantial combined impact on the fuel economy.
They point out that the new car and new van fuel economy rose by over 30 percent between 1978 and
1982, as an example of how a command and control policy can affect the market behaviour.
Other CAC policies in the road transport sector

Restriction on vehicle circulation
Many historical towns in Europe have areas of restricted vehicle circulation in order to create a better
environment for shoppers in the area. Such a scheme in Oxford, United Kingdom, states Parkhurst
(2003), resulted in a reduction of 17 percent in the number of car trips to the centre, whilst not
affecting the overall number of visitors to the city centre. Another example of restrictions on vehicle
circulation includes restricting certain licence plates from circulating. In Athens, even (odd) number
plates are allowed to drive on even (odd) days only. The problem with this type of measure, is that
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there is no guarantee that the most efficient trips, with the highest marginal benefit would be the ones
taking place, states Verhoef et al. (1995). A final example of vehicle circulation restriction is the Italian
limited traffic zones, which have been implemented in a number of cities in Italy. Taking the example
of Rome, the Limited Traffic Zone (LTZ) in the historical city centre is an area with restricted traffic.
The LTZ works via a permit system. Those who qualify for these permits are residents, some
specialised workers, employees who work in, or whose car park space is inside the LTZ, cars carrying
children to school, school buses, goods vehicles and disabled people, as explained by the ATAC
website (Agency for Auto-rail-tram transport in the Municipality of Rome). The permits are valid for one
year and are sold for a fee that is announced by the city council in advance, instead of by auction.
These permits are not tradable and not everyone qualifies for a permit, which makes this a CAC policy
instead of an IB auction functioning policy.
Parking restrictions
Finally, parking restrictions inside city centres can reduce traffic levels indirectly, increasing the
demand for public transport and reducing traffic externalities. According to Verhoef et al. (1995),
parking as an activity entails costs, as the land used for parking could be used for something else.

3.2.3. Taxes and subsidies in the road transport sector

Taxes are used by governments to generate revenues, to redistribute part of the revenues from an
economic sector in order to achieve a fairer distribution of resources in society, to correct market
failures and to provide goods or services that the market, if left to itself, would not provide. There are
two types of taxes: distortive and corrective taxes. They both act on society’s behaviour by
increasing the marginal cost of the targeted activities. The difference between them resides in the fact
that distortive taxes are introduced in an otherwise efficient economy. They distort the market, by
‘inserting a wedge between marginal cost and price’, state Cramton and Kerr (2002). Corrective ones,
on the other hand, are introduced in an otherwise inefficient economy, to try to make the market more
efficient by changing behaviours.
Road transport has to be taxed to adjust market externalities. One possible instrument is a Pigouvian
tax that can align marginal private costs and marginal social costs. The effectiveness of taxes as a
corrective instrument depends on the strength of the link between the externality they are targeting
and the tax itself. If the link is weak, then drivers, polluters, or road users may respond in an inefficient
way, state Crawford and Smith (1995).
In their study about the effectiveness of corrective taxes in the road transport sector, Parry and Small
(2005) realise that the ‘fuel tax is approximately the right instrument’ for global warming alone. There
are many types of taxes in road transport, since several factors determine the ideal policy instrument
to be selected, according to Timilsina and Dulal (2008). These factors include the type of externality
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that the government wants to tackle; the flexibility the government has to meet the desired targets; the
nature of information asymmetries; the specific characteristics of the location; and lastly the
administrative and monitoring costs and benefits associated with each instrument, according to Santos
et al. (2010).
Since there are several types of externalities, it is inefficient to use only one tax to internalise all the
undesired outcomes of road transport, state Proost et al. (2009), who argue that fuel taxes are
imperfect instruments to internalise all transport externalities simultaneously.

Ownership vs. usage taxes
Comparing ownership taxes with usage taxes, the literature on transport economics is critical of
ownership taxes, defining them as blunt and indirect tools to address transport externalities.
Nevertheless, it is also conceded that they are policy instruments that are easier to implement and
which also possess higher political approval ratings, states Barter (2005). The tax weights applied to
the different stages of vehicle ownership is a key determinant of vehicle purchasing and travel
behaviour, consequently having implications on the life-time CO2 emissions of a vehicle from
production to disposal, state Hayashi et al. (2001). In principle, variable taxes linked more closely to
vehicle usage are more effective than fixed ones that are related to ownership, in reducing
externalities. However, due to limitations in tax imposition, De Borger and Mayeres (2007) state that
fixed taxes can be important second-best instruments. It shall now be reviewed several types of taxes
and subsidies imposed on the market by policymakers.

Taxes on purchase and ownership of a vehicle
Many countries tax vehicle possession and ownership. These types of taxes are a direct way to
address CO2 emissions linked to the manufacturing and disposal of vehicles. However, such
emissions account for a small percentage only of the vehicle’s total life emissions, which are not
tackled by purchase and ownership taxes, points out Hayashi et al. (2001).
The primary impacts associated with these taxes are a reduction of vehicles in circulation and a longer
car ownership, state Chia et al. (2001). Longer car ownership is an undesirable incentive to use older,
more heavily polluting cars. So, as pointed out by Pritchard and DeBoer (1995) in Timilsina and Dulal
(2008), higher purchase and ownership taxes for new models must be matched by tax increases for
the second-hand market. Increasing taxes in any economic sector lowers the competitiveness of the
country, points out Bartner (2005). Therefore, it is important to plan and design taxes that affect only
the behaviour that requires correction. These are called differentiated taxes and they depend, in this
case, on vehicle characteristics.
For purchase taxes, it is possible to differentiate them into fuel consumption per mile, type of fuel,
horsepower, engine size, weight and retail price. According to Johnstone and Karousakis (1999),
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model year, mileage and the presence of fuel injection are the most significant factors that contribute
to emission of HC, NOx and CO.
For ownership taxes, the vehicle’s age is also an important factor. Differentiating taxes through the
aforementioned factors will work as a clear signal for consumers who are considering their purchase
decisions, states Evans (2008). However, it is quite often difficult to establish a bulletproof correlation
between the tax and polluting emissions, since there are many factors involved that do not depend on
the vehicle’s hardware, such as vehicle age and driving style, states Fullerton and West (2003) and
Fullerton and Gan (2005). Nevertheless, differentiated taxes have the potential to become effective
tools and are administratively simple, because a tax system is already in place in virtually every
country in the world. Even though Acutt and Dodgson (1997) point out that moderate costs might arise
from modifications needed to tax systems already in place, these taxes carry a relatively low cost
compared to the total cost of purchase, ownership and usage of a car and have a significant impact in
altering behaviour, say Knight et al. (2000).
Differentiated vehicle taxes impact suppliers and consumers of vehicles, points out Evans (2008). It
encourages producers to manufacture fuel-efficient vehicles and at the same time it changes
consumer behaviour towards more efficient vehicles. However, considering that the ideal price for
such a tax would be the marginal social cost that emission externalities carry for society, as pointed
out by Johnstone and Karousakis (1999), it is difficult to establish an adequate price for such a tax, as
it is virtually impossible to accurately monitor and record single vehicle emissions. Also, if the tax is
calculated at the moment of purchase, the life-time mileage decision is made after the purchase,
making the fixed tax a sunk cost.
It is also important to define if the tax is levied upon purchase or on an annual basis, as this has
consequences on the consumer’s incentives. In line with the discussion in Santos et al. (2010) about
this topic, it is more effective in terms of reducing emissions to charge this tax on an annual basis,
because a periodic tax is levied on the continued utilisation of old vehicles, and therefore provides
incentives to purchase newer, cleaner vehicles.

Purchase and registration taxes
Every European country levies a value added tax (VAT) on the purchase of new motor vehicles, given
that vehicles are a good just like any other. VAT rates vary from 15 to 25 percent, depending on the
country. Many countries also levy a registration tax, based on the pre-tax price, fuel consumption,
cylinder capacity, CO2 and other emissions and vehicle length, according to the European Automobile
Manufacturers’ Association (2009). Ryan et al. (2009) carry out a broad review on the effects of such
taxes on road transport externalities for the EU-15 countries. They conclude that registration taxes are
not significant enough to shift consumer decisions when county specificities are included, that these
taxes do not bring any significant change in average vehicle CO 2 emissions and that these taxes are
significantly smaller for commercial vehicles.
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Ownership taxes
These taxes are levied in most countries, usually on private and commercial vehicles, with different
criteria, that can include cylinder capacity, fuel efficiency, vehicle age, gross weight, CO2 and other
types of emission, in the case of private vehicles. For commercial vehicles it is more common to levy a
tax based on the criteria of weight and axles, although noise and pollutant emissions can also be
considered, according to the European Automobile Manufacturers’ Association (2009), who also point
out that the following European countries do not levy an annual tax: Czech Republic, Estonia, France,
Lithuania, Poland, Slovenia and Slovakia. Consumers seem to be more sensitive to annual ownership
taxes than to registration taxes, according to Ryan et al. (2009), who state that these taxes have a
significant impact on total new car sales in Europe.

Subsidies for efficient vehicles and feebates
Subsidies are a relevant economic instrument used to shift consumer trends towards buying more
fuel-efficient vehicles. Even though they do have an impact on changing customer behaviour, in a
sense that subsidies sway consumers away from the second-hand market to acquire newly
manufactured vehicles, they can also lead to an increase in vehicle ownership, offsetting its beneficial
effect. Feebates reduce the burden on the government’s finances compared to simple subsidies. This
would make feebates a neutral economic instrument, immediately allocating the collected tax money
to a subsidy, as stated by BenDor and Ford (2006) and Koopman (1995).
A Feebate, by being a self-financing system of fees and rebates, has the potential ability to shift the
demand and supply of vehicles. They alter the purchase price of vehicles while at the same time
encourage manufacturers to manufacture vehicles that have lower emission standards, in order to
best exploit the feebate system in place. Consumers’ demand, however, will not change due to this
system when feebates target manufacturers on the basis of their sales mix within a model year. This
suggests that consumers should be the privileged target for the application of such schemes.
The downside of this scheme is that it only affects new vehicles, making the emission reduction
gradual, achieving its full potential in a two-decade span, state BenDor and Ford (2006). Therefore,
they should be considered long-term measures. Banerjee (2007) describes a Canadian policy of
subsidising the purchase of efficient vehicles. Eligible vehicles that were purchased could apply for a
rebate ranging from CA$1000 to CA$2000 (€655-€1310 or $925-$1850). The rebate was combined
with a tax on fuel inefficient vehicles, the Green Levy, which ranged from CA$1000 to CA$4000.

Disposal incentives
A disposal scheme offers an incentive to everyone who is willing to dispose of their old vehicle.
Several developed countries have such schemes, which are reviewed in Santos et al. (2010). Disposal
incentives are rebates granted to owners of old vehicles upon disposal, according to Evans (2008),
who defines older vehicles as those that issue more pollutants. The immediate benefit that comes
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from this policy is an earlier disposal of some vehicles and a reduction in fuel consumption both due to
the higher efficiency of newer vehicles and to a reduction in the number of vehicles when the old ones
are not replaced, as Acutt and Dodgson (1997) mention. However, as Alberini, Edelstein and
McConnell (1994) mention, some individuals might be led to keep their old vehicles for longer until
they become eligible for the disposal scheme. The government costs of the disposal scheme are
administrative and subsidy related, being relatively easy to implement, say Hsu and Sperling (1994),
even though it is difficult to assess the benefits of a disposal scheme, as there are a number of
uncertainties regarding car use and emissions. According to Albertini et al. (1998), some private
companies have financed disposal programmes as a way to achieve imposed regulatory standards or
to obtain emissions offsets, showing that there is room for private companies to aid in correcting
emission externalities. Another problem associated with disposal schemes is the fact that it is much
more beneficial for the owner of a low quality old car to use the scheme than for the owner of a good
quality vehicle, according to Hahn (1995). It is also a problem to define in advance what is going to be
the lifetime of a vehicle, since it depends on how often it is used, the driving style and the maintenance
frequency.

Taxes on vehicle usage
These types of taxes are levied on the vehicle user in line with its use, hence, if the vehicle is not
used, such taxes are not issued. In this category we include fuel taxes, tolls, congestion charges and
parking charges, as explained by Santos et al. (2010). They are an important economic policy that
affects demand and supply, reducing road transport externalities, mainly environmental ones.

Emissions taxes
This is the best instrument to correct emission externalities and induce behavioural change towards
optimality of vehicle purchase and usage choice, state Acutt and Dodgson (1997) and Johnstone and
Karousakis (1999). However, direct charging every single vehicle is not a feasible option due to the
lack of cost effectiveness and the impracticability of monitoring techniques, point out Fullerton and
Gan (2005), Fullerton and West (2000) and Plaut (1998).Given these obstacles, Fullerton and West
(2002) conclude that the same efficiency can be achieved with a petrol tax that depends on fuel type,
engine size and the pollution control equipment installed, or with a tax that depends on distance.
A type of emission tax that would be almost ideal would be a carbon tax. Almost ideal, since,
according to Harrington and McConnell (2003), there are other gases that contribute to global warming
besides CO2. It could be implemented as a tax on the carbon content of fuel, and paid at the moment
of fuel purchase, exactly as in fuel duties. It would impact the choice of fuel type and the aggregate
fuel demand, as determined by vehicle fuel economy and vehicle usage, state Gorham (2002). It has
the potential to create dynamically efficient choices of ‘ever cleaner technology and energy
conservation’ (Pearce, 1991).
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This tax could be accompanied by reductions in incentive distorting taxes such as income taxes, in
order to become revenue neutral to the government’s budget. The drawbacks of a carbon tax include
the need to precisely ascertain the inter-fuel substitution elasticities, as well as the income and price
elasticities. Such a tax is potentially regressive, because lower income households may spend more
on carbon intensive activities. Also, this tax might affect a nation’s competitiveness in relation to other
nations, points out Pearce (1991). In spite of its effectiveness, political opposition is an obstacle to a
broader imposition of such an economic instrument, as Vehmas et al. (1999) and Richardson (2002)
state.

Fuel taxes
Fuel taxes are applied in every country in the world, as they are a low cost and effective revenue
generating instrument for governments. Even though politicians defend fuel taxes on an environmental
basis, as Newbery (2005) states, they have a potential role as instruments for emission reduction.
Their biggest advantage is their administrative simplicity, given that a tax collection system is already
in place in every country. Regardless of whom the tax is applied to, fuel producers or retailers, the end
consumer pays the tax. A fuel tax is a price signal to drivers about the social cost of the externalities
that fuel produces, states Wachs (2003). The more transparent the tax system is, the clearer the price
signal is to the consumer. Fuel taxes vary greatly in percentage terms, state Gupta and Mahler (1995).
The same authors explain, in reference to the volatility of petrol price and its effects on government
taxation, that ‘if the international price of the product is subject to big variations, the quantities of
petroleum products consumed may be more stable than the value of the petroleum product
consumed’.
Considering this effect, some governments opt to have fixed fuel taxes, in order to keep their revenues
stable throughout fiscal years. Due to such variety in percentages of fuel taxes, Parry and Small
(2005) have developed a model that estimates the optimal fuel tax and have applied that model for the
United States of America and the United Kingdom. According to the results of their model, the optimal
petrol tax in the USA for the year 2000 would have been $1.01 per US gallon, twice the actual rate for
2000, while for the UK the optimal tax would have been $1.34 per US gallon, which is less than half of
the practiced tax rate.
The immediate effect of an increase in fuel taxes is on demand, in the form of a reduction in km
driven, through the impact of the taxes on the marginal cost of driving, state Santos et al. (2010). In
the long term, one can also consider that an increase in fuel taxes works as an incentive to scrapping
old vehicles, reducing car ownership and favouring vehicles with higher fuel economy at the time of
purchase. On the supply side, a fuel tax leads fuel producers to invest in cleaner technology and car
manufacturers to manufacture vehicles with higher fuel economy to gain a competitive advantage.
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In an analysis of the literature, Santos et al. (2010) find the studies of Graham and Glaister (2004) and
Goodwin et al. (2004) reporting the short-run price elasticity of fuel demand to average around -0.2 to 0.3, and the long-run elasticity to average around -0.6 to -0.8. These studies contradict the one carried
out by Small and Van Dender (2007), who give a more moderate long-run elasticity of -0.43. These
elasticities show that an increase in fuel taxes is a measure that has more long-term effects than
short-term ones, although in the long term the rebound effect might be observed. This occurs if a
higher fuel economy of vehicles translates into more km per vehicle.

Vehicle km travelled taxation
An alternative type of usage tax that can be used in order to reduce emissions from road transport is a
tax on distance driven. Such a tax could be levied once a year on the basis of km travelled as
registered on the odometer. The mileage could be checked during the mandatory regular safety
inspections so as to reduce the administrative cost. Vehicle-km travelled (VKT) taxes lead to a high
incentive to cheat by rolling back odometers, even though with the introduction of electronic
odometers this problem can be removed from the equation. The main advantage of VKT is that it
eliminates the above-mentioned rebound effect, since it intends to change distance travelled
behaviour.
However, this tax is not likely to trigger any technological emission abatement improvement, or any
shift in demand for more fuel-efficient vehicles, since this tax is more suitable to tackle the rebound
effect created by vehicle fuel efficiency.

Congestion charges
The idea behind a congestion charge is to pass on the additional social costs imposed by the trip
maker to the drivers themselves in a more transparent way. In theory, a congestion charge is a
Pigouvian tax that intends to correct an externality by having its price equal to the marginal cost of
congestion.
The congestion charge ensures that only cost-justified journeys are made and scarce road space is
allocated to those who need it the most. Its effects are a reduction of travel demand and congestion,
while travel speed increases.

Pay-as-you-drive insurance
Pay-as-you-drive (PAYD) insurance is different from standard insurance since the premium is
dependent on the annual distance travelled, making insurance a variable cost, states Litman (2008).
Its advantage over conventional insurance is that the price is based on the distance travelled, which is
correlated to the driver’s willingness to pay for insurance. They are more accurate than normal
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insurance schemes, according to Litman (2008): they increase the correlation between premia and
expected claims for the insurance company. Parry (2008) states that PAYD is politically more
acceptable than fuel taxes, as it reduces distance-related externalities, such as congestion or
accidents ‘far more than fuel taxes’, while at the same time it is more efficient than a VKT tax for a
given reduction in demand for petrol. Considering its political feasibility, PAYD schemes are viewed
more favourably than fuel taxes. Implementing PAYD does not transfer large tax payments from
drivers to the government.
However, if all drivers switch to PAYD, the monitoring costs the insurance companies would incur
would outweigh the scheme’s direct benefits. Another concern with PAYD schemes is the possibility
for fraud in the odometer readings, state Bordoff and Noel (2008) and Edlin (2003).

Company cars and other incentives
Company cars are defined by Cohen-Blankshtain (2008) as vehicles that companies buy and provide
for their employees. The tax fees for companies that such vehicles are subject to play an important
role when defining policies to tackle environmental externalities, as Potter et al. (2002) point out.
The provision of company cars to employees has effects on public transport, acting as a disincentive
to public transport use. Therefore, from an environmental point of view, company cars should be
limited, defends Cohen-Blankshtain (2008). Some employers provide not only company cars, but also
free parking spaces and public transport passes to their workforce, according to Knight et al. (2000).
The tax treatment of these benefits is important in strengthening or weakening these incentives using
environmental considerations as the basis. Taxing parking spaces provided for employers would
reduce vehicle ownership by employees.
Another option would be to make public transport bus passes for employees tax free, even though this
policy might only target a relatively wealthy sector of society.

Revenue allocation
How the money collected by road transport policies is used is an important determinant in the political
acceptability of these measures. They can be used to cut distortionary taxes, earmarked for
investment in specific sectors or redistributed as subsidies.
Gupta and Mahler (1995) stated that the taxation of domestic consumed oil products is an important
source of revenue in most countries. This fact provides obstacles for earmarking, since governments
do need general revenues to guarantee the safety and proper vitality of their nations. By pointing out
the difference between a tax and a charge, according to the System of National Accounts 1993
(OECD, 1993): ‘Taxes are compulsory, unrequited payments... to government units.
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They are described as unrequited because the government provides nothing in return to the individual
unit making the payment, although governments may use the funds raised in taxes to provide goods
or services to other units, either individually or collectively, or to the community as a whole’, it
becomes clear that the revenues from taxes should go to general public expenditure, leaving the
revenues from charges earmarked for road transportation public investments.
By using revenues generated from taxation to tackle environmental concerns related to the road
transport sector, governments can create a ‘double dividend’ effect. This refers to the idea that
environmental taxes not only correct market failures, but they also generate revenues that can be
used to reduce distortionary taxes. Earmarking the revenues is defined by Santos et al. (2010) as
using the revenues generated by a tax programme for specific pre-defined projects. Earmarking can
increase the political acceptability of policies and it can establish a link between tax and use of a
resource, which consequentially leads to better transparency into the effects caused by road transport
consumer behaviour.

3.3.

Fuel Demand

3.3.1.Introduction

In this subchapter it shall be reviewed scientific literature that concerns fuel demand, identifying in the
process which factors determine a society demand for fuel. By doing so, it is expected to achieve
some crucial information for this dissertation: in which type of statistical data sets should the focus be
on.

3.3.2. Determinants of Fuel Demand

The scientific literature points out that fuel prices, income and GDP are key determinants of fuel
demand for aggregated data. Other factors include the stage of economic development, state of
technology, degree of urbanisation and commuting trips.
Dargay and Gately (1994) have reviewed energy demand for three decades relative to income growth,
concluding that demand for transportation fuel is correlated with a nation’s GDP, both for OECD and
for less developed countries. This correlation between energy demand and income growth is
‘determined by a number of factors: the stage of economic development, the state of technology,
energy endowments and energy pricing policy’.
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Concerning the stage of economic development, they defend that a shift from an agricultural economy
to an industrial one will lead to an increase in energy demand while a shift from an industrial to a
service economy will tend to lead the nation to a saturation level for energy demand, a stage where
energy consumption will increase less rapidly than GDP. The authors also review the effects of oil
price increases and decreases for energy demand. Their time related analysis led them to conclude
that with oil price increases the demand decreases. However, when oil prices decrease back to
previous levels, the demand does not increase at a similar level, making demand imperfectly pricereversible. This might have happened, according to the authors, due to the introduction of fuel-efficient
technologies and policy standards. Small and Van Dender (2007) have studied long-run trends in
transport demand with data from the United States of America and other IEA (International Energy
Agency) countries. They conclude that the urbanisation degree, commuting trips and fuel costs are
important for determining fuel demand.
Sene (2012), while developing a study for estimating the demand for gasoline in Senegal, made a
thorough literature review of determinants for gasoline demand, based on the works of Akinboade et
al. (2008), Eltony and Al-Mutairi (1995), Birol and Guerer (1993), Ramanathan (1999). In this literature
review, one can extract real income and fuel price as determinants for fuel demand in developing
countries. Coyle et al. (2012) have estimated supply and demand functions for the U.S. gasoline
market using information from tax returns provided by the IRS (Internal Revenue Service). They use
income data and macroeconomic indicators in order to estimate demand for gasoline.
On the other hand, Wadud, Graham and Noland (2009) carried out a different study concerning fuel
demand. They modelled fuel demand for different socioeconomic groups. They base themselves on
the studies of Archibald and Gillingham (1980), Becker (1965), Lancaster (1966) and Kayser (2000) to
conclude that fuel demand is not entirely correlated with fuel price and population income. Household
level data, (age, sex, race, education, location and household composition) and car ownership are
some of the variables that are correlated with fuel demand in a disaggregated level. Through the
review of these studies, we can conclude that for an aggregated level, fuel price, income and GDP are
more relevant than for a disaggregated level.
Graham and Glaister (2005) have modelled an interesting approach towards the key determinants of
road traffic demand. They modelled the generalised cost of driving a vehicle kilometre as follows:
(1)

Where g is the generalised cost of driving a vehicle kilometre, p is the price of fuel per litre, s is the
number of kilometres that can be driven per litre of fuel and k is a non-fuel component of generalised
cost. Their model goes deeper as they state what define s and k:

(

),

(

)

(2)
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Where t represents vehicle technology, Y represents the income of the population and v is the typical
vehicle speed reached.
From this modelling of road traffic demand, we can conclude that there are several components in
road traffic demand that need to be included in our study in order for it to reflect the reality of road
traffic demand in Portugal. This will be an important consideration while choosing which type of
variables shall be included in the model that we are going to use to analyse road traffic in Portugal.

3.3.3. Price elasticity of fuel

Goodwin et al. (2004) reviewed 69 published studies since 1990 concerning price elasticities of fuel
demand for different countries, concluding that price elasticities vary from 0.00 to -1.81, depending on
the estimation technique and the data used. Hughes et al. (2008) finds elasticity values that range
from -0.03 to -0.34 depending on the model, time period and estimation technique, inflation corrected.
Wadud et al. (2010) looked at household data to find an average price elasticity of -0.47. Small and
Van Dender (2007) state that fuel consumption is becoming more price-inelastic over time, as it is
increasingly dominated by changes in fuel efficiency instead of total distance driven. This happens
because of rising incomes and decreasing real fuel prices.
Graham and Glaister (2005) have observed in their study that decomposes they key determinants of
road traffic demand that average long run fuel price demand elasticity of -0.77, whilst for a short run
scenario that value decreases to -0.25. Whilst the short run scenario tends to reflect mode shift and
changes in driving behaviours, in the long run, vehicle technology, mode choice, destination choice,
travel frequency choice and population relocation are responsible for a greater elasticity value. In this
study it is also stated the observation that a growth in fuel prices influences in a wider level fuel
consumption rather than the amount of kilometres driven.
There is a lack of literature regarding national travel demand models, compared to models created to
analyse the externalities associated with road traffic. This conclusion is based in a literature review of
articles by Athanasenas (1997), Schuffham and Langley (2001), Haldenbilen and Ceylan (2011), Weis
and Axhausen (2009), Page (2001), Gaudry, de Lapparent (2012) and Humel et al. (2010). No
literature studies on aggregate or disaggregated national road traffic were found, except for two by of
Gaudry and Himouri (2011) and González and Marrero (2012). In the first one, the authors used a
DRAG strategy that formulated the model as a simultaneous equation system of road demand, risk
taking and damages, decomposing victims by different categories in order to account and relate total
road demand in Algeria with several statistics such as accident frequency, severity and victims per
category, and mean speed of highways. González and Marrero (2012) developed a dynamic panel
data model to study the existence of induced road traffic in Spanish regions. Both have used different
models and approaches to process the collected statistical data in line with the final purpose of their
model.
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3.4.

Summary

The goal of this chapter has been to investigate the state of the art concerning transportation science
in general, with a greater emphasis into finding works that are somehow similar in purpose: to create a
statistical model that correlates statistical data with road traffic demand, in order to assess its
determinants.
This review has started with some basic economic concepts, such as supply, demand, elasticity, cost,
pricing or externalities, to proceed with road transport policies; in such subchapter, it was reviewed
how governments try to achieve an optimal mix of economic growth related with road traffic supply and
demand, with minimization of road traffic associated negative externalities. Governments tend to alter
behaviours via usage of economic corrective instruments. Diverse in nature, they fit in two categories:
Incentive Based (IB) and Command-and-Control (CAC) policies. IB policies provide economic
incentives to targeted audiences, being the best instrument when what is intended it a behavioural
change, whilst CAC policies tend to restrain the behaviour of economic agents in order to achieve a
limit level of maximum activity that causes a negative externality. They are not economically efficient,
yet they do work in restraining harmful activities, being widely used to regulate environmental and
other type of negative externalities. In order to decrease the level of these negative externalities that
are a consequence of road traffic demand and supply, governments use taxes and subsidies in order
to align marginal private costs with marginal social costs.
Our research for determinants of road traffic demand has started by shifting towards a research for
determinants of fuel demand. Since fuel consumption will be used as a road traffic demand proxy, it
seems reasonable to act in this way. It has been found in scientific literature that fuel prices, income
and GDP are to be considered key determinants for fuel demand. Other factors include stage of
economic development of a country, state of technology, degree of urbanisation and commuting trips.
A study by Graham and Glaister (2005) has given a quality view about how road traffic demand should
be modelled, dividing its independent variables into fuel price, number of kilometres driven per litre of
fuel, vehicle technology, population income and typical vehicle speed reached.
The search for similar studies on econometric and statistical models for road demand has led to the
conclusion that there exists very few literature on aggregate or disaggregated national road traffic.
After performing this literature review, one can conclude that the proposed dissertation topic is
something that has not yet been done globally – a statistical model that explains road traffic demand
for a country, both at aggregate and disaggregate level. Although there is extensive literature
concerning road traffic, there seems to be a lack of empirical data, mostly due to the difficulty in
obtaining such data when it comes to car usage. Car usage differs in several key aspects, such as
vehicle technology, distances driven, driving behaviour and others. What doesn’t change, though, is
the negative externalities associated with this crucial activity in developed economies. In order to
tackle such externalities, governments have regulated activities and created incentives towards
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externality reduction. However, the effects of these measures are hard to measure. Therefore, in case
our study presents a realistic view of road traffic demand for Portugal, this study should be a relevant
option when analysing future economic policies towards road traffic.

4. Research Methodology and Data

In this chapter a description of the choices that were made for the creation of our model will be
delivered, while summarizing some aspects of how the data was fit into the model. We start by
reviewing some statistical and econometric methods for linear models, its assumptions and
operational method. This shall be followed by a brief description about our dependent and
independent variables choice and the several dimensions involved – variables, regions and time
horizon. In order to understand and to be able to read the outcomes of this study, it must be properly
highlighted how the statistical data was arranged.
The objective of this dissertation is to create multiple regression equations that relate a dependent
variable, road traffic in Portugal, with a set of independent variables. Ideally, these multiple regression
equations will be aggregated and disaggregated at municipality level. These independent variables will
be collected from INE (Instituto Nacional de Estatística), the Portuguese Statistics Bureau. The
collected statistical data addresses a plethora of categories that is defined in its original language at
the end of this dissertation. The harmonisation of different data sets has been a challenge.

4.1.

The Model

This work will be accomplished with time series data. According to Wooldridge (2009), ‘a time series
data set consists of observation on a variable or several variables over time’. The author also states
one of the challenges that must be tackled for this dissertation: ‘A key feature of time series data that
makes them more difficult to analyse than cross-sectional data is that economic observations can
rarely, if ever, be assumed to be independent over time’. The investigation already performed on
databases led us to the series pointed out in the reference chapter, from which our variables will be
chosen during the next working steps of this dissertation. The multiple linear regression model is now
presented, as explained in Wooldridge (2009) and in Pindyck and Rubinfeld (1981).
Multiple regression analysis is used to mathematically depict how the interaction of several variables
explains the effects in a dependent one. The simple multiple linear regression model can be written
as:
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(3)
Where

is the intercept;

is the parameter associated with explanatory variable

for any given

value of k and variable u is the error term.
The model will start by declaring dependent variable y as the amount of car fuel sold per municipality.
This data is classified into type of fuel sold, municipality where the purchase was made and time
(years 1995 to 2009). Afterwards, the data collected will be analysed in order to find out if they qualify
to become independent variables. That will be the next step of this dissertation, which will be followed
by model creation, analysis and the conclusion. According to Corrar (2009), multivariate statistical
analysis requires assumption tests for the independent variables. These tests are to be performed
singularly and between the set of variables. The main assumptions required for multiple regression
analysis are residuals normality, residuals homoscedasticity, coefficient linearity, absence of residual
serial self-correlation and of multicolinearity between independent variables.
The residual normality assumption requires that the set of residuals produced in the observation
domains should have a normal distribution, thus becoming a signal that sampled cases arrange
normally throughout the population extension.
Residual homoscedasticity means that the Residual group belonging to the data set should have
constant or homogeneous variance throughout the extension of their independent variables.
The absence of serial self-correlation between residuals assumption comes with the need to assure
that the model has no residual correlation along the independent variables domain, which implies that
the effect of observation X in every other observation is null.
The linear relationship shows the degree to which dependent variable variation is associated with
independent variable in a strictly linear way. Explained variable variation will happen in direct relation
with explanatory variable variation.
Multicolinearity is a phenomenon where there is correlation between independent variables. This can
compromise the results of multiple regression studies, by emphasizing too much the explanatory
power of correlated variables towards other independent variables that do not suffer from
multicolinearity, by distorting variable coefficients.
Considering the creation of a multiple linear regression model, two methods shall be used in this
study; enter and stepwise.
With enter method, there is no requirement for a variable to enter the model. In stepwise, according to
information gathered in Pyndick and Rubinfeld (1981), the process begins with a simple regression
model (one independent variable only), being added as a following step the independent variable with
higher partial correlation value to the regression equation. Each new independent variable that enters
the model is checked via F test about its additional contribution to the model. In a negative case, the
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stepwise method allows for the variables to be eliminated. The procedure continues until each
independent variable has been evaluated about its contribution to the model.
In accordance with information collected in Wooldridge (2009), a logarithmic scale shall be used in our
multiple linear regression models in order to unlink our data with their original measurement scales.
This logarithmic scale will also become useful when attempting to obtain elasticities of fuel
consumption towards our modelled independent variables. The independent variable coefficient will
have a percentage interpretation when multiplied by 100.

4.2.

Data organization

Data sets were organized by region, time and variables. In order to study the correlations between
variables throughout the years, according to a certain region, a model was created for every NUTS
region to be later imported to our choice of multivariate statistics software.

4.2.1. Region Selection

According to Eurostat, the Nomenclature of Territorial Units for Statistics is a standard for referencing
subdivisions of countries for statistical purposes. This standard has been developed and is regulated
by the European Union, covering its member states in detail. For each member state, a hierarchy of
three NUTS levels is established by Eurostat. It is not mandatory that subdivisions in some levels
correspond to administrative divisions within the country (this in fact constituted a major challenge in
data set organization for this study. The table below presents the classification of Portugal according
to its different NUTS divisions.
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Table 1 – NUTS Division of Portuguese Territory
NUTS Subdivisions of Portugal
NUTS I

NUTS II

NUTS III

Continente

Norte

Minho-Lima
Cávado
Ave
Grande Porto
Tâmega
Entre Douro e Vouga
Douro
Alto Trás-os-Montes

Centro

Baixo Vouga
Baixo Mondego
Pinhal Litoral
Pinhal Interior Norte
Pinhal Interior Sul
Dão-Lafões
Serra da Estrela
Beira Interior Norte
Beira Interior Sul
Cova da Beira
Oeste
Médio Tejo

Lisboa

Grande Lisboa
Península de Setúbal
Lezíria do Tejo

Alentejo

Alentejo Litoral
Alto Alentejo
Alentejo Central
Baixo Alentejo

Algarve

Algarve

Açores

Açores

Açores

Madeira

Madeira

Madeira

In total, Portugal has 3 NUTS I divisions that comprehend mainland Portugal and its two autonomous
regions (Açores and Madeira), 7 NUTS II subdivisions that are distributed as one for each
autonomous regions plus five for mainland Portugal (Norte, Centro, Lisboa, Alentejo and Algarve), and
30 NUTS III subdivisions.
For our multiple linear regression models, these NUTS divisions and subdivisions are going to be our
studied population. A greater emphasis shall be given from NUTS I and II, whilst NUTS III will have a
general view about its traits only. Also, it should be mentioned that only mainland Portugal will be
studied, since Azores and Madeira have completely different characteristics when it comes to road
traffic due to their geographic condition.
The most difficult and time consuming task in this study was to rearrange data sets that had their
population classified according to Portugal’s administrative division of municipalities into NUTS
terminology.
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The need to study as much regions as possible for Portugal is viewed as a good way to deliver greater
analysis quality to Brisa – Autoestradas de Portugal, S.A. By disaggregating data sets, we become
able to identify better data variance, in a geographical way. This disaggregation means that
differences between east and west, north and south, interior and shoreline are going to be highlighted
in the end.
Our study will not include Madeira and Açores, as they would be natural outliers in this model.

4.2.2. Time Horizon

As stated before, the time horizon for this study will include year 1995 up to 2009. Although short, the
time horizon is seen as large enough (15 years, to be more precise) to give a good impression about
the country’s evolution in the several variables observed.
It would be possible to include even more years, yet that would increase the possibility of missing
values for some variables, in case data was not present before 1995, or after 2009. Would that be the
case, we would have to apply statistical techniques to replace missing values with variable means,
which would introduce “false values” into our data set, which would undermine the reality of our study.

4.2.3. Dependent Variable

For dependent variable, our choice fell into data of fuel sales in Portugal, present in Portugal’s General
Directorate of Energy and Geology’s website. These variables are divided by NUTS III region and by
year. Even though it would be possible to disaggregate by fuel type, the choice of neglecting the type
of fuel sold was made, by summing up every litre of sold fuel in Portugal.
This data set required the most manual treatment; the initial data set was measured in tonnes. This
would make impossible the summation of different fuel types, since different fuels have different
densities. Fortunately, fuel densities were present in the data set. Therefore, after manual calibration,
our data set was measured in litres.
Another issue concerning data treatment was the fact that the municipalities were sorted by district,
which is a different land division than the one made by NUTS III categorization. Therefore, a choice
had to be made: dividing municipalities by district or by NUTS III group. In the end, the choice was to
divide municipalities by NUTS III groups, since all data sets from Portugal’s Statistics Institute that we
were going to use are organized in that way.

Nevertheless, this required several hours of data

rearrangement. In addition, in our time interval, some new municipalities were created in Portugal,
further complicating automation in this data rearrangement.
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The choice of fuel sales in Portugal for the position of dependent variable in our multiple regression
model for national road traffic is justified by its almost perfect explanatory power of road traffic usage
in Portugal. Since in this time span (1995 until 2009) electric car usage is inexistent, we can associate
all road traffic to fuel sold in gas stations. Nevertheless, some variance is lost, due to three factors: we
cannot conclude that all fuel sold at gas stations was used for road traffic; there are some small
domestic appliances, such as lawn mowers, run on car fuel. The other two factors, which are more
significant, refer to fuel bought in Spain and used in Portugal and to fuel bought in Portugal and used
in Spain. In the first scenario, we have some traffic that is impossible to fit into our model, since there
is no viable way of measuring fuel bought in Spain that is consumed in Portugal. For purchases in
Portugal that are used abroad, this reflects fuel that fits into our model that has a poor explanatory
power, since it is not solely used for road traffic in Portugal. However, since such fuel data is inside
our model, it is possible to detect it partially due to the presence of outlier NUTS III regions that have
borders, with a careful analysis and comparison of independent variables with neighbouring regions.

4.2.4. Independent Variables

The independent variables are the explanatory variables we used for road traffic in Portugal. These
data sets were collected from national institutions, such as Portugal’s Statistics Institute (INE), the
General Directorate of Geology and Energy and the Bank of Portugal. Their access is public, being
available online at the institutions’ websites.
These variables are going to be tested into our multiple linear regression model to check for fitness
and explanatory power.

Gross Domestic Product
Gross Domestic Product is the market value of all officially recognized final goods and services
produced within a country in a given period. When such value is divided by the number of inhabitants
in a certain area, it gives a measurement of a region’s purchasing power and standard of living. The
idea behind the inclusion of this variable into our model is that a notion of how much money is
available, during a certain year, to the inhabitants of a certain region, should give a clear view of the
inhabitants’ availability to purchase vehicles and fuel and to use them in their daily lives, either for
work, commuting or leisure.

46

Gross Value Added
Gross Value Added (GVA) is a measure of the value of goods and services produced in an area,
industry or sector of an economy. In national accounts, GVA is the grand total of all revenues, from
final sales and (net) subsidies, which are incomes into businesses. Those incomes are then used to
cover expenses (wages and salaries, dividends), savings (profits, depreciation), and (indirect) taxes.
By analysing the per capita GVA in a certain region, we become able to measure how productive and
competitive a region is, for any given year. GDP and GVA series indeed similar, and both reflect the
level of economic activity in a given region. Given our short time span, we try both of them as
explanatory variables; they will actually prove to yield different results, depending on the region being
studied.

Employment
This variable gives us an idea about the percentage of citizens that are employed in a certain region
for any given year. This way, we can analyse how much employment is an explanatory variable of
road traffic in Portugal. This variable can be seen as a proxy for income.

Compensations
In order to further complement the information that we have about national purchasing power, the
variable compensations, which reflects salary values per capita for different regions, shall bring some
light about any possible inequalities between the GDP of a region and how much money is earned by
a region citizens.

Inhabitants
The variable ‘Inhabitants’ will bring information to our model about how many citizens live in a certain
region for any given year. It seems reasonable to assume that the more populated a certain region is,
the more car traffic will take place in it. We want to evaluate if such assumption is valid. Moreover,
given that we use other variables in per capita terms, the inhabitants variable should not be
considered simultaneously.

Weighted Fuel Price
This variable is a weighted average of fuel price sold in Portugal. To create such series, a weighted
average was made with data of fuel consumption and with different fuel types prices in our time span,
1995 to 2009. This is the price variable in our demand function. We will be able to check how much
traffic is affected by variations in fuel price, in order to derive price elasticities in different regions.
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Interest Rate
Due to the lack of available statistical data concerning car usage and ownership costs, such as
insurance or maintenance, bank loan and deposit interest rates shall be used as a proxy for those
costs, in order to assess the value that is given to money during a certain period of time. It is
worthwhile to mention that, due to the lack of regional data, these rates were considered to be valid
throughout the country.

5. Descriptive Statistics

In this chapter it shall be studied the evolution of variables across time, along with variable shares
across NUTS II regions, with the goal of obtaining a clear picture about some traits of NUTS II that
differ from their peers.
For descriptive statistics, the two dimensions studied were regions and time, organized by variable.
This seems to be the wisest option, since it allows us to study descriptive statistics variable by
variable. Another option would be to study the descriptive statistics of a region, yet there would be no
correlation between variables means and standard deviations, whilst the other option, to study the
descriptive statistics behind variables and regions organised by year would give us a picture of how
regions have behaved comparing to their variable values in a certain year, which is not the goal of this
study.

5.1.

Fuel Consumption

Starting with fuel consumption, it seems clear that a higher continental evolution rate in the beginning
of our time span has somehow decreased starting in year 2001. Norte seems to be the NUTS II region
with the highest fuel consumption, while Algarve the lowest consumer. It should be noted that NUTS I
region Continente has a different scale, the right-hand one.
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Figure 2 – Fuel Consumption by NUTS I and II

According to fuel consumption market shares, we can somehow view how fuel consumption is
distributed across Portugal. We notice that the more south we go, the lower is the region fuel
consumption share, with a staggering 5% only for fuel consumption in Algarve, compared to 32% in
Norte.
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26%
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Figure 3 - Fuel Consumption Shares by NUTS II Division (Average 1995-2009)
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5.2.

GDP

Our GDP evolution graph shows, in line with preceded fuel consumption evolution graph, that growth
has slowed down near year 2001. Lisboa region has the highest GDP values, while Algarve has the
lowest values. It should be noted that NUTS I region Continente has a different scale, the right-hand
one.
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Figure 4 – GDP Evolution by NUTS I and II
GDP shares show us that Lisboa has a high value of 39% of total continental Portugal GDP, followed
by Norte, with 30%. Centro has 20% of continental Portugal GDP, which seems to be a somewhat low
value if we compare GDP shares with fuel consumption shares. (In this scenario, Centro has 27%
share for fuel consumption for 20% GDP share. This could be an indicator of a bigger tendency to
travel further than in other NUTS II regions.) The same goes for Alentejo, who has a 7% market share,
followed by Algarve with 4%.
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Figure 5 - GDP Shares by NUTS II Division (Average 1995-2009)
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By analysing GDP data in a per capita scale, we notice a clear difference between Lisboa and other
NUTS II regions, being Norte the region with lowest per capita GDP. All slopes seem to have similar
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Figure 6 – Per Capita GDP by NUTS I and II

5.3.

GVA

GVA evolution in continental Portugal shows us again that growth has slowed in 2001 up to 2005,
regaining some growth speed to lose it later in 2007. Again Lisbon and Norte are the champion
regions for our indicators, while Algarve and Alentejo are our worst performers. It should be noted that
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NUTS I region Continente has a different scale, the right-hand one.
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Figure 7 - GVA Evolution by NUTS I and II
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GVA shares show us again that Lisboa and Norte regions are the highest achievers, with 39% and
30% respectively. Centro shows us 20% value, while Alentejo and Algarve have 7% and 4%
respectively.
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Figure 8 - GVA Shares by NUTS II Division (Average 1995-2009)

Per Capita GVA analysis shows similar results to GDP analysis. Lisboa region shows the biggest
value, while Norte region shows the smallest. Algarve has an unexpected second place for per capita
GVA value.
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Figure 9 – Per Capita GVA for NUTS I and II
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5.4.

Compensations

According to our compensation of employees evolution graph, it seems that better paid workers
exercise their labour activity in Lisboa and Norte regions, in opposite with Alentejo and Algarve
regions. It should be noted that NUTS I region Continente has a different scale, the right-hand one.
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Figure 10 – Compensation of Employees Evolution by NUTS I and II
By observing compensation of employee’s shares, we realize that Lisboa region collects 41%
employment compensations, more than ten times Algarve region share. Norte, with 30% and Centro,
with 19%, are followed by Alentejo, with 6% share.
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Figure 11 - Compensation of Employees Shares by NUTS II Division (Average 1995-2009)

Per capita compensations graph analysis show a higher return for labour in Lisboa region. In 1995 it is
visible a lower value for Alentejo and Algarve. Yet by 2009 they compete with Norte, mostly due to a
larger growth rate.
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Figure 12 – Per Capita Compensations of Employees by NUTS I and II

5.5.

Inhabitants

In light with developed economies trend, continental Portugal shows a steady, slow population
growth. Norte is the most populated region, followed by Centro and Lisboa. Alentejo and Algarve
are the least populated regions of continental Portugal. It should be noted that NUTS I region
Continente has a different scale, the right-hand one.
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Figure 13 - Inhabitants Evolution by NUTS I and II

Population distribution goes as 37% for Norte region, 27% for Lisboa, 24% for Centro, 8% for Alentejo
and 4% for Algarve.
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Figure 14 - Inhabitants Shares by NUTS II Division (Average 1995-2009)

5.6.

Employment

Our employment evolution graph shows a rise until 2001, when a slow decrease of employment
has started up to 2009. We can also notice that Norte, Lisboa and Centro are the most
employable regions of continental Portugal. It should be noted that NUTS I region Continente has
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a different scale, placed on the slopes right side.
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Figure 15 - Employment Evolution by NUTS I and II

Employment seems to be distributed mostly around Norte, Lisboa and Centro, with 35%, 30% and
25% shares, respectively. Alentejo shows a 6% share, being the remaining 45 attributed to Algarve.
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Figure 16 - Employees Shares by NUTS II Division (Average 1995-2009)

Per capita employment values (which roughly correspond to an employment rate) declare that Lisboa
is the region with more employment for its inhabitants, unlike Alentejo. Norte shows a negative
evolution towards time, being Algarve the region that evolved more over time, even though there is a
big decrease from 2008 to 2009.
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Figure 17 – Per Capita Employment for NUTS I and II
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5.7.

Fuel Price

Weighted fuel price shows high peaks of growth and decrease, with virtually no differences between
NUTS II regions.
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Figure 18 – Fuel Price Evolution by NUTS I and II

Interest Rates – Loans and Deposits

5.8.

Interest rates have shown a decreasing pattern until 2004. There was some increment that peaked in
2007, yet interest rates have reached a new minimum in 2009.
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Figure 19 – Interest Rates Evolution by NUTS I and II
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6. Multiple Regression Analysis

6.1.

NUTS I

6.1.1. Continente

Figure 20 – Continente Region Model Output

Concerning continental Portugal, the specification selected includes weighted fuel price and GDP as
best predictors for fuel consumption. The estimated coefficients have the predicted signs.
This model shows consistency through a high adjusted R square value of 0.813. This means that this
model explains 81.3% of chosen independent variables variance. We can also reject, for a 95%
confidence interval, the statistical hypothesis that R square equals zero, according to our ANOVA
table results, that show 0% F-test significance value. Our selected predictive variables show a 95%
confidence interval of possessing non null coefficients.
Looking deeper into the model results, we realize that weighted fuel price shows a coefficient of 0.383, while per capita GDP has a 0.839 coefficient. According to these findings, and in light with
logarithmic scale usage, we conclude that a 1% increase in (weighted) fuel price will decrease total
fuel consumption by 0.383%, which reflects a price inelastic demand. In opposition, a 1% increase in
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per capita GDP will have as consequence a 0.839% increase in fuel consumption, which also mirrors
some degree of demand inelasticity of fuel consumption as regards mainland Portugal’s economic
level of activity. Fuel seems to be a normal good, as expected, but not a superior one.
We therefore conclude that for mainland Portugal, the best multiple linear regression model fit uses
as explanatory variables weighted fuel price and gross domestic product values.

6.2.

NUTS II

6.2.1. Norte

Figure 21 – Norte Region Model Output

In this NUTS II region, our best model fit has two predictors: per capita gross domestic product and
weighted fuel price, also in logarithmic scale.
The model shows an adequate adjusted R square value of 0.769, which is understood as a model
76.9% explanatory power on the variance of its independent variables. This value is backed up by a
rejection on the R square equal to zero null hypotheses, for a 95% confidence interval. Consistent with
our stepwise algorithm approach towards this NUTS II regression, our selected predictive variables
show a 95% confidence interval of possessing not null coefficients.
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Our results show a 0.994 coefficient for per capita GDP and a -0.355 value for weighted fuel price
coefficient. The direct interpretation stands out that a 1% increase in per capita GDP will lead to a
0.994% increase in fuel consumption in this region This figure is significantly higher than the one
obtained for mainland (and which is a sort of “average” of all NUTS II regions), showing that fuel
demand is more responsive to economic activity in Norte as compared with the country as a whole.
Using the same line of thought, a 1% increase in fuel price will lead to a 0.355 decrease in fuel
consumption in Norte, clearly stating an inelasticity of fuel consumption demand towards fuel price.
This figure is lower than the one for mainland, denoting less price elasticity than the country’s average,
which is in accordance with fuel demand in Norte being highly sensitive to the level of economic
activity.
We therefore conclude that fuel price and GDP are the explanatory variables in Norte.

6.2.2. Centro

Figure 22 – Centro Region Model Output
This Stepwise model presents an adjusted R square value of 0.728, with two explanatory variables of
road traffic. They are per capita GDP (0.362 coefficient) and per capita employment (1.683
coefficient). These coefficient values show that there is an inelastic behaviour of fuel consumption
demand towards per capita GDP, and an elastic behaviour of fuel consumption demand towards per
capita employment.
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6.2.3. Lisboa

Figure 23 – Lisboa Region Model Output

For Lisboa region, a stepwise algorithm has been used with an adjusted R square value of 0.592. This
shows that this model could have a much better explanatory power of independent variables total
variance explained.
According to the model, per capita GVA, with a coefficient of 0.558 and weighted fuel price, with a
coefficient of -0.318 are Lisboa region explanatory variables of road traffic. Due to the value of its
coefficients, both variables show an inelastic behavior towards fuel consumption demand. Therefore, it
is to be deemed that gross value added and fuel price are essential towards fuel consumption in
Lisboa region. Due to its low value of adjusted R square and also due to the importance of this region
in almost every single economic variable considered in the model, a stronger, more fit to data model
would be desirable. Bad data adjustment can be linked to a road traffic demand inelasticity. This would
indicate that road traffic in Portugal is linked with more work related trips than leisure ones, for it is an
essencial product, even though there are alternatives such as public transportation systems. Such
model might have been obtained if it were possible to include more variables that would take into
consideration the traits of this country’s most urbanized NUTS II region, such as public transportation
statistics (as a way of having a substitute product statistic), or car insurance sales (for a nongeneralised cost dimension).
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6.2.4. Alentejo

Figure 24 – Alentejo Region Model Output

For Alentejo region, our predictive variables are weighted fuel price and gross value added.
The model has an adjusted R square value of 0.402. This means that this model explains 40.2% of
independent variable variance, which stands for a low explanatory power of all involved variance. All
statistical tests usually made have showed that the model and its coefficients are significant, for a 95%
confidence interval.
Weighted fuel price shows a coefficient of -0.180, while gross value added has a 0.339 coefficient.
This reflects in elasticity values: a 1% increase of fuel price would become a 0.180% decrease of fuel
consumption, while a 1% increase in gross value leads to a 0.339 increase in fuel consumption. These
coefficients are significantly lower than the ones obtained for the country as a whole, suggesting high
inelasticity of fuel demand in this region. The specification obtained, however, is not powerful enough
to allow firm conclusions. Bearing in mind this model low explanatory power, Alentejo explanatory road
traffic variables are fuel price and gross value added.
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6.2.5. Algarve

Figure 25 – Algarve Region Model Output

Chosen predictors for this region were per capita gross value added and weighted fuel price. All test
statistics point out that the model and its coefficients are significant for a 95% confidence interval.
This model shows an adjusted R square value of 0.941, which stands for an excellent 94.1% of
independent variables variance explanatory power.
Per capita gross value added shows a coefficient of 0.930, while weighted fuel price shows a -0.363
coefficient value. This stands for a 0.930% increase in fuel consumption for a 1% increase of per
capita gross value added and a 0.363% decrease in fuel consumption for a 1% increase in fuel price.
The elasticity towards the proxy for economic activity is higher than the average Portugal’s, whereas
the price elasticity is quite similar. This seems to be an excellent model, with a very high explanatory
model. We can therefore assume that per capita gross value added and fuel price are Algarve’s
explanatory variables for road traffic.

63

6.3.

NUTS III

The table below shows multiple linear regression model results for different NUTS III regions. For
every model we conclude via statistical tests that, for a 95% confidence interval, R square is not of
zero value, independent variables coefficients are not of zero value as well. Followed by the table,
there will be comments on NUTS III results, except for Algarve NUTS III region, since it was already
analysed above due to its simultaneous NUTS II quality.

Table 2 - NUTS III Multiple Linear Regression Model Output Table

ln(y) = 20,272 + 1,979 * Ln(Per Capita Employment) - 0,314 * Ln(Weighted Fuel Price)
ln(y) = 11,114 + 0,897 * Ln(Per Capita GDP)
ln(y) = 15,454 + 0,503 * Ln(Per Capita GVA) + 1,113 * Ln(Per Capita Employment)
ln(y) = 21,408 - 0,050 * Loans
ln(y) = 19,814 - 0,056 * Loans

Adjusted R
Square
0,795
0,795
0,852
0,745
0,724

Stepwise
Stepwise
Stepwise
Stepwise
Stepwise

ln(y) = 19,004 - 0,036 * Deposits

0,351

Stepwise

ln(y) = 18,701 - 0,048 * Deposits

0,531

Stepwise

ln(y) = 20,359 - 0,487 * Ln(Weighted Fuel Price) + 2,697* Ln(Per Capita Employment)

0,349

Enter

ln(y) = 18,163 - 0,032 * Loans - 2,45 * Ln(Per Capita Employment)

0,726

Stepwise

ln(y) = 15,868 + 0,380 * Ln(Per Capita GDP)

0,611

Stepwise

Pinhal Litoral

ln(y) = 22,187 + 4,036 * Ln(Per Capita Employment) + 0,279 * Ln(Weighted Fuel Price)

0,815

Stepwise

Pinhal
Interior Norte

ln(y) = 18,278 - 0,796 * Ln(Weighted Fuel Price)

0,701

Stepwise

Dão-Lafões

ln(y) = 20,187 + 1,581 * Ln(Per Capita Employment)

0,497

Stepwise

Pinhal
Interior Sul

ln(y) = 19,075 + 2,582 * Ln(Per Capita Employment)

0,223

Stepwise

Serra da
Estrela

ln(y) = 16,872 - 0,363 * Ln(Weighted Fuel Price)

0,51

Stepwise

Beira Interior
Norte

ln(y) = 21.530 + 5.441 * Ln(Per Capita Employment) – 1.098 * Ln(Weighted Fuel Price)

0.730

Enter

Beira Interior
Sul

ln(y) = 17,961 - 0,026 * Loans

0,264

Stepwise

Cova da
Beira

ln(y) = 1,91 * Ln(Per Capita GDP) -1,502 * Ln(Weighted Fuel Price) + 0,048 * Deposits

1

Region

Regression Equation

Minho-Lima
Cávado
Ave
Grande Porto
Tâmega
Entre Douro
e Vouga
Douro
Alto Trás-osMontes
Baixo Vouga
Baixo
Mondego

Method

Oeste

ln(y) = 0.743 * Ln(Per Capita GVA) + 1.714 * Ln(Per Capita Employment) + 13.928

0.814

Stepwise
with no
constant
Stepwise

Médio Tejo

ln(y) = 17,233 - 0,106 * Loans - 3,927 * Ln(Per Capita Employment)

0,916

Stepwise

Grande
Lisboa
Península de
Setúbal

ln(y) = -0,029 * Loans – 0,205 * Ln(Weighted Fuel Price) + 21,326

0,513

Stepwise

ln(y) = 13,358 + 0,783 * Ln(Per Capita Compensations)

0,917

Stepwise

Alentejo
Litoral

ln(y) = 1,92 * Ln(Per Capita GVA) - 1,694 * Ln(Weighted Fuel Price)

1

Stepwise
with no
constant

Alto Alentejo

18,008 - 0,777 * Ln(Weighted Fuel Price)

0,273

Stepwise

Alentejo
Central

ln(y) = 19,871 + 1,423 * Ln(Per Capita Employment) - 0,532 * Ln(Weighted Fuel Price)

0,675

Enter

Baixo
Alentejo

ln(y) = +1,934 * Ln(Per Capita GDP) - 1,712 * Ln(Weighted Fuel Price)

1

Stepwise
with no
constant

Lezíria do
Tejo

ln(y) = 23,199 + 3,924 * Ln(Per Capita Employment)

0,605

Stepwise

Algarve

ln(y) = 10,920 + 0,930 * Ln(Per Capita GVA) - 0,363 * Ln(Weighted Fuel Price)

0,941

Stepwise
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6.3.1. Minho-Lima

Minho-Lima shows a good adjusted R square value of 0.795 for its stepwise-obtained regression
model. Explanatory variables for this region are per capita employment, with a coefficient of 1.979 and
fuel price, with -0.314. According to these values we can conclude that for Minho-Lima, fuel
consumption demand is rigid towards employment. For a 1% increase in per capita employment, fuel
consumption will rise 1.979%. For fuel price, however, fuel consumption demand is inelastic. For a 1%
increase in fuel price, fuel consumption will decrease 0.314%.

6.3.2. Cávado

Our Cávado model was obtained through a stepwise algorithm with an adjusted R square value of
0.795, which is an adequate value. Per capita GDP is the explanatory variable of Cávado, with a
coefficient of 0.897. Fuel consumption demand in Cávado is therefore classified as inelastic towards
per capita gross domestic product.

6.3.3. Ave

A regression model for Ave was created through stepwise algorithm that possesses an adjusted R
square value of 0.852, confirming model fitness towards its variables. In Ave, road traffic is explained
by per capita gross value added and per capita employment rate. While fuel consumption demand is
inelastic towards per capita gross value added, due to its 0.503 coefficient, fuel consumption demand
is elastic towards per capita employment, having reached this conclusion due to a 1.113 coefficient.

6.3.4. Grande Porto

Grande Porto’s regression model, created via stepwise, shows an adjusted R square value of 0.745.
Loans interest rate is the region’s only explanatory variable, with a coefficient of 0.05. Due to a scale
difference, we conclude that a 1 percentage point increase in interest rate will decrease fuel
consumption by 5%.
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6.3.5. Tâmega

Tâmega shows a similar model as the above mentioned for Grande Porto, adjusted R square included
(0.724). We conclude that loans interest rate explains road traffic in Tâmega, with a rigid coefficient of
0.056. For a one percentage point increase of loans interest rate, a 5.6% increase in fuel consumption
is expected.

6.3.6. Entre Douro e Vouga

Entre Douro e Vouga’s road traffic is, according to its regression model, explained by its deposits
interest rate, with a coefficient of 0.036. For a one percentage point increase in deposits interest rate,
a 3.6% increase in fuel consumption demand is expected. The model shows an adjusted R square
value of 0.351, which makes it a model with scarce independent variable explanatory power.

6.3.7. Douro

Douro’s road traffic is explained by deposits interest rate as well, yet its adjusted R square is slightly
better than the model for Entre Douro e Vouga, with a value of 0.531. The independent variable has a
coefficient of -0.048, meaning that for a 1 percentage point increase of bank deposits interest rate will
lead to a 4.8% decrease in fuel consumption.

6.3.8. Alto Trás-os-Montes

In Alto Trás-os-Montes it was not possible to use a stepwise algorithm to find explanatory power of
variables, so it was needed to insert manually the independent variables in to the model. Model results
show an adjusted R square value of 0.349, too low for model fitness approval. Weighted fuel price,
with -0.487 and per capita employment, with 2.697 are the explanatory variables of road traffic in Alto
Trás-os-Montes. These coefficients classify fuel consumption demand elastic towards per capita
employment, and inelastic towards fuel price.
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6.3.9. Baixo Vouga

In Baixo Vouga, a stepwise algorithm gave as a result a model with an adjusted R square value of
0.726, adequate for our model. Loans, with a 0.032 coefficient, increases fuel consumption by 3.2%
for each one percentage point increase of bank loans interest rate, while per capita employment, with
a 2.697 coefficient, classifies fuel consumption as elastic towards per capita employment variations.
Baixo Vouga has for explanatory variables of road traffic applied loans interest rates and per capita
employment values.

6.3.10.

Baixo Mondego

A stepwise algorithm has created a model with an adjusted R square value of 0.611, which shows us
that this model has a somewhat poor explanatory power. Per capita gross domestic product, with a
coefficient of 0.380, is the model predictor. Therefore, fuel consumption demand is inelastic towards
per capita gross domestic product variations, being per capita gross domestic product the explanatory
variable of road traffic in Baixo Mondego.

6.3.11.

Pinhal Litoral

For Pinhal Litoral, our stepwise model has created an adjusted R square value of 0.815, which shows
a good independent variable explanatory power from the model. Per capita employment, with a 4.036
coefficient and weighted fuel price, with a positive 0.279 value are the predictors. Fuel consumption
demand is elastic towards per capita employment variations, while being at the same time inelastic
towards weighted fuel price.

6.3.12.

Pinhal Interior Norte

A stepwise created model has declared weighted fuel price as model variable for this region, with a
coefficient of -0.796. Adjusted R square value is of 0.701. Therefore, fuel consumption demand is rigid
towards weighted fuel price. Weighted fuel price is the explanatory variable for road traffic in Pinhal
Interior Norte.
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6.3.13.

Dão-Lafões

In Dão-Lafões, for our stepwise created model with its adjusted R square value of 0.497, per capita
employment is the explanatory variable, with a 1.581 coefficient, defining therefore fuel consumption
demand as elastic towards per capita employment.

6.3.14.

Pinhal Interior Sul

Pinhal Interior Sul has a poor model, as an adjusted R square value of 0.223 tells. Even so, according
to the model, a 2.582 coefficient is attributed to its unique independent variable, per capita
employment, defining fuel consumption demand as elastic towards per capita employment.

6.3.15.

Serra da Estrela

Weighted fuel price explains road traffic in Serra da Estrela, with a coefficient of -0.363. An adjusted R
square value of 0.51 for this stepwise created model lifts some doubts about its fitness for given data.
Model conclusions are an inelastic behaviour of fuel consumption demand towards weighted fuel price
and that road traffic in Serra da Estrela is explained by its weighted fuel price.

6.3.16.

Beira Interior Norte

In Beira Interior Norte came the need to create manually a regression model. Results show an
adjusted R square value of 0.730, for independent variables per capita employment and weighted fuel
price. They have a 5.441 and -1.098 for coefficients, respectively, that define fuel consumption
demand as elastic towards both explanatory variables of road traffic in Beira Interior Norte.

6.3.17.

Beira Interior Sul

In Beira Interior Sul, a poor stepwise model with an adjusted R square value of 0.264 shows us that
loans interest rate is the only explanatory variable, with a coefficient value of -0.026.
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6.3.18.

Cova da Beira

In this NUTS II region, a stepwise with no constant method has shown us that per capita gross
domestic product, weighted fuel price and deposits interest rate are explanatory variables of road
traffic, with respective coefficient values of 1.91, -1.502 and 0.048. Fuel consumption demand has an
elastic behaviour towards weighted fuel price and weighted fuel price. A 1 percentage point increase
in deposits interest rate will lead to a 4.8% increase of fuel consumption.

6.3.19.

Oeste

Our stepwise model for this region shows an adjusted R square value of 0.814, which is to be
considered a good value. Two explanatory variables of road traffic have been found, per capita gross
value added, with a 0.743 coefficient, and per capita employment, with a 1,714 coefficient.

6.3.20.

Médio Tejo

Here, the model has obtained an excellent adjusted R square value of 0.916. The explanatory
variables are loans interest rate, with a -0.106 coefficient, and per capita employment with -3.927. Fuel
consumption demand is therefore elastic towards per capita employment. A 1 percentage point
increase of loans interest rate will decrease fuel consumption in 10.6%.

6.3.21.

Grande Lisboa

Our Stepwise model for this region turned out to have a poor adjusted R square value of 0.513. Loans,
with a coefficient of -0.029 and weighted fuel price, with a -0.205 coefficient, are this region
explanatory variables.

6.3.22.

Península de Setúbal

With an adjusted R square value of 0.917, this stepwise created model declares per capita
compensations of employees as the explanatory variable of road traffic in Península de Setúbal, with a
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coefficient of 0.783. Fuel consumption demand is therefore rigid towards per capita compensations of
employees.

6.3.23.

Alentejo Litoral

For Alentejo Litoral came the need to create a stepwise with no constant model. The results were a
1.92 coefficient for variable per capita gross value added and a -1.694 coefficient for weighted fuel
price, therefore defining fuel consumption demand as elastic towards these variables. This shows that
fuel consumption demand has elastic behaviour towards the model variables.

6.3.24.

Alto Alentejo

For Alto Alentejo, a stepwise model with a poor adjusted R square value of 0.273 pointed out weighted
fuel price, with -0.777 for coefficient as the explanatory variable, defining therefore fuel consumption
demand as rigid towards the model variables.

6.3.25.

Alentejo Central

By introducing manually variables into the regression model, an adjusted R square value of 0.675 was
obtained, for a model that has per capita employment, with a 1.423 coefficient and weighted fuel price,
for -0.532, defining fuel consumption demand as rigid for weighted fuel price and as elastic for per
capita employment.

6.3.26.

Baixo Alentejo

A stepwise with no constant model gave as output 1.934 for per capita gross domestic product and 1.712 for weighted fuel price, defining therefore fuel demand consumption as elastic towards the
model variables.
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6.3.27.

Lezíria do Tejo

In Lezíria do Tejo, per capita employment explains road traffic, with a coefficient of 3.924. This model
has been created with a stepwise algorithm, having an adjusted R square value of 0.605. Fuel
consumption is therefore defined as elastic towards per capita employment.

7. Summary

After creating, running and validating our multiple linear regression models, it can be seen on the table
below our final results for explanatory variables of road traffic in Portugal.

Table 3 – Explanatory Variables of Road Traffic in Portugal

Region

Adjusted R

Method

Variables

Coefficients

Enter

Weighted Fuel Price

-0,383

Per Capita GDP

0,839

Weighted Fuel Price

-0,355

Per Capita GDP

0,994

Weighted Fuel Price

-0,314

Per Capita Employment

1,979

Square
Continente

Norte

Minho-Lima

0,813

0,769

0,795

Enter

Stepwise

Cávado

0,795

Stepwise

Per Capita GDP

0,897

Ave

0,852

Stepwise

Per Capita GVA

0,503

Per Capita Employment

1,113

Grande Porto

0,745

Stepwise

Loans

-0,05

Tâmega

0,724

Stepwise

Loans

-0,056

Entre Douro e

0,351

Stepwise

Deposits

-0,036

Douro

0,531

Stepwise

Deposits

-0,048

Alto Trás-os-

0,349

Enter

Weighted Fuel Price

-0,487

Per Capita Employment

2,697

Weighted Fuel Price

-0.205

Vouga

Montes

Centro

0,513

Stepwise
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Baixo Vouga

0,726

Stepwise

Loans

-0.029

Per Capita Employment

-2,45

Loans

-0,032

Baixo Mondego

0,611

Stepwise

Per Capita GDP

0,38

Pinhal Litoral

0,815

Stepwise

Weighted Fuel Price

0,279

Per Capita Employment

4,036

Pinhal Interior

0,701

Stepwise

Weighted Fuel Price

-0,796

Dão-Lafões

0,497

Stepwise

Per Capita Employment

1,581

Pinhal Interior Sul

0,223

Stepwise

Per Capita Employment

2,582

Serra da Estrela

0,51

Stepwise

Weighted Fuel Price

-0,363

Beira Interior Norte

0.730

Enter

Weighted Fuel Price

-1,098

Per Capita Employment

5,441

Norte

Beira Interior Sul

0,264

Stepwise

Loans

-0,026

Cova da Beira

1

Stepwise with no

Weighted Fuel Price

-1,502

Per Capita GDP

1,91

Deposits

0,048

Per Capita GVA

0.743

Per Capita Employment

1.714

Per Capita Employment

-3,927

Loans

-0,106

Weighted Fuel Price

-0.318

Per Capita GVA

0.558

Weighted Fuel Price

-0.205

Loans

-0.029

Per Capita

0,783

constant

Oeste

Médio Tejo

Lisboa

Grande Lisboa

Península de

0,814

0,916

0.524

0.513

0,917

Stepwise

Stepwise

Stepwise

Stepwise

Stepwise

Setúbal
Alentejo

Alentejo Litoral

Compensations
0,402

1

Enter

Stepwise with no

Weighted Fuel Price

-0,18

Per Capita GVA

0,339

Weighted Fuel Price

-1,694

Per Capita GVA

1,92

Weighted Fuel Price

-1,712

Per Capita GDP

1,934

constant

Baixo Alentejo

1

Stepwise with no
constant

Lezíria do Tejo

0,605

Stepwise

Per Capita Employment

3,924

Algarve

0,941

Stepwise

Weighted Fuel Price

-0,363

Per Capita GVA

0,93
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8. Conclusions

In the process of creating this dissertation, a thorough review of scientific literature concerning road
economics, econometrics, multivariate statistics and transport policies was made in order to form the
basis of a multivariate statistics model concerning road traffic in Portugal.
Economic concepts such as supply and demand, externality, elasticity, cost and pricing were
discussed among others to give a theoretical basis on the economic motivators for road traffic in
Portugal. A review on multiple linear regression model was made in order to realize how to apply such
technique to correlate and analyze several variables with some hypothetic connection towards road
traffic in Portugal.
In order to serve as a motivation towards this dissertation, a review on road transport policies was
made in order to gain insight on the magnitude and complexity associated with transportation
economics and policy.
The main conclusion that can be drawn from reviewing economic policies in road transport sector is
that there is combination of policies that can tackle every single problem, maximizing at the same time
economic benefits that arise from transportation. It seems that for every economic benefit that arises
from transportation, there are several negative externalities imposed on society that diminish any
economic improvement. Therefore, policymakers, in several road traffic activities, attempt regulate the
market to reach a situation where marginal social costs equal marginal social benefits in the demand
curve, this is, any extra level of activity will bring as much positive externalities as negative ones. In
order to do so, they use legislate corrective instruments such as command-and-control or incentive
based policies and apply taxes and subsidies in road transport sector.
By reviewing scientific literature concerning fuel demand, an insight was achieved concerning
determinants of fuel demand and its price elasticity. An insight into what drives consumers to drive
their cars to gas stations has shown that income, GDP and fuel prices are key determinants of fuel
demand. Several different elasticity values were obtained by several researchers concerning fuel
consumption demand towards fuel prices. These values have one thing in common though, for all
prices tend to assume that this relationship is inelastic. Consumers take fuel in consideration as an
essential good in their lives. Graham and Glaister (2005) have modelled the generalised cost of
driving a vehicle kilometre in a way that divides this cost in a fuel price component, another one for
efficiency and a last one which is a non-fuel component of generalised cost. This view was taken into
consideration into our model, when a non-fuel component was introduced via bank interest rates.
A model review has returned few statistical models for road traffic quantification, so no deep
knowledge came from a literature search for road traffic quantification models.
In order to fit our input data, the choice came into a multiple regression model with logarithmic scales.
Whenever possible, per capita values were also used in order to give the variables a stronger
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explanatory power and to compensate for discrepancies between different regions in geography,
demographics and economics. Also whenever possible, it was attempted to have our choice of
statistical software use a stepwise algorithm in order to choose the best data variance fit possible to
our models. Whenever it was sensed that there were not enough variables that would explain the
characteristics of a certain NUTS region, it was attempted to create a manual model, which is not the
desired scenario. Such scenario would be a situation in which selected data has such explanatory
power, normal distribution, homoscedasticity and absence of self-correlation that a stepwise algorithm
hands out a model with several selected variables and an excellent value of adjusted R square (above
0.80 would be legitimate). However, our scenario is expected for a dissertation that intends to be a
first view over the problem of modelling road traffic in aggregate and disaggregate level for Portugal.
Concerning our data selection, our model consists of three dimensions: population, time and variables.
Population refers to which regions are going to be studies, time reflects on our temporal horizon and
variables stands for our choice of possible explanatory variables of road traffic in Portugal.
Our choice of regions was the statistics standard for Europe, NUTS (Nomenclature of Territorial Units
for Statistics). This model has divides Portugal into three layers of regions, NUTS I, II and III. Due to
geographic and economic activity disparity that would make such regions automatic outliers, it has
been decided to leave Açores and Madeira regions out of our model.
Our temporal choice starts in 1995, ending in 2009. A bigger time period would be preferable, yet
there would be no data for some of our chosen variables. However, considering Portugal’s history, it
would seem that the time period seems perfect, since economic and political modernity were achieved
not that far away from the beginning of our time horizon.
Our variable choice went for gross domestic product, gross value added, inhabitants, employment,
compensation of employees, bank loan interest rates and bank deposit interest rates. A correlation to
fuel consumption is quite visible for the first set of five variables; the idea behind this model is to
search inside multicolinear variables the one that would fit best into its model. Our choice for interest
rates came from a need of having a proxy for non-fuel costs of driving, according to the model created
by Graham and Glaister (2005) mentioned above; our first choice would be data about car purchase
taxes, driving insurances and other non-fuel generalised costs, yet it would seem that no statistical
data collection was to be found. Another idea that came to mind was to somehow model commuter
traffic, such as daily usage of public transportation systems. However, such systems are present only
in major cities, and this dissertation focus is nationwide, not citywide.
After collecting data, a descriptive statistics chapter gives a general view about how do different
regions behave for different variables and different time. Graph evolution of how variables values
evolve across time and pie charts for region shares were created. These have given us a broader view
on NUTS II regions statistical behaviours. While Norte is the most populated region and with a high
GDP absolute value, its poor per capita indicators show economic inequalities concerning other
regions. Centro seems to be an average region for Portugal, with no outlier behaviours detected,
except for a 2007 GDP value, alongside with Lisboa. These would tend to reflect some data input
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error, yet these values were double checked. Lisboa is the region with the highest indicators, except
for population. It would seem that this is the most economically develop region of Portugal. Alentejo
being the poorer, while Algarve having the biggest indicator evolution throughout this temporal
horizon.
Concerning our model results, we have obtained 31 models for 31 regions, with 23 stepwise
algorithms, 3 stepwise with no constant and 5 manual variable selection models. Weighted fuel price
is the most significant and explanatory variable for road traffic in Portugal, being present in the models
16 times, followed by per capita employment with 11 times, a tie between per capita gross domestic
product and per capita gross value added, since they both have been selected 6 times each. Bank
loan interest rates, has been selected 7 times, being followed by bank deposit interest rates with 3
selections. Average adjusted R square model value is 0,68. This shows an average fitness of model of
68%, this is, the model explains 68% of total independent variables variance. It must be noted, though,
that this average counts with 3 stepwise with no constant methods (in such method adjusted R square
is assumed to be automatically equal to 1). This 68% value shows an acceptable explanatory power of
the models. However, it should be noted that 13 models have only one explanatory variable, 17 have
two and only one has 3 significant explanatory variables of road traffic.
Concerning Continente and NUTS II regions, and excluding Alentejo which is the region where the
poorest fit was obtained, one can see that price elasticity of fuel demand consistently ranges between
-0.32 to -0.38. Fuel demand seems to be inelastic towards economic activity too, but with a less
consistent behaviour: the highest elasticity is obtained for Norte (0.99), whereas the smallest figure is
recorded in Centro (0.36). Knowing the coefficients of these explanatory variables of road traffic in
Portugal, it is possible to realize how the nation’s fuel demand is going to respond to changing
economic conditions.
.

75

9. Bibliography

Acutt, M., and Dodgson, J. (1997). Controlling the Environmental Impacts of Transport: Matching
Instruments to Objectives. Transportation Research Part D: Transport and Environment 2(1), 17-33
Akinboade, O., et al. (2008). The Demand for Gasoline in South Africa: An Empirical Analysis Using
Co-Integration Techniques. Energy Economics 27, 25-58
Alberini, A., Edelstein, D., and McConnell, V. (1994). Will Speeding the Retirement of Old Cars
Improve Air Quality? Resources 115
Archibald, R., Gillingham, R., (1980). An Analysis of Short-run Consumer Demand for Gasoline Using
Household Survey Data. Ver Econ Stat 62, 622-8
Athanasenas, A. (1997). Traffic Simulation Models for Rural Road Network Management. Transpn
Res. E (Logistics and Transpn Rev.) 33
Banco de Portugal (2012). Séries Cronológicas. http://www.bportugal.pt
Banerjee, R. (2007). Deals on Wheels – Analysis of the New Federal Auto Feebate. Backgrounder No.
108 Toronto, Canada: C.D. Howe Institute
Bannister, D. (1998). Transport Policy and the Environment. London: Spon.
Barter, P. (2005). A Vehicle Quota Integrated With Road Usage Pricing: a Mechanism to Complete the
Phase-out of High Fixed Vehicle Taxes in Singapore. Transport Polic 12(6), 525-536
Induced travel demand: Evidence from a pseudo panel data based structural equations model.
Research in Transportation Economics 25(1) 8-18. Yang, D.
Baumol, W., and Oates, W. (1998). The Theory of Environmental Policy (2

nd

ed.). Cambridge:

Cambridge University Press
Beamon, J.A., Leckey, T., and Martin, L. (2001). Power Plant Emission Reductions Using a
Generation Performance Standard. Energy Information Administration
Becker, G.A., (1965). A Theory on the Allocation of Time. Econ J 493-517 September
Bell, M., Samet, J., and Dominici, F. (2003). Time-series Studies of Particulate Matter. Johns Hopkins
University, Department of Biostatistics
Ben Dor, T., and Ford, A. (2006). Stimulating a Combination of Feebates and Scrappage Incentives to
Reduce Automobile Emissions. Energy 31 (8-9), 1197-1214
Birol, F., Guerer, N., (1993). Modelling the Transport Sector Fuel Demand for Developing Economies.
Energy Policy 1163-1172
Bordoff, J., and Noel, P. (2008). Pay-as-you-drive Auto Insurance: A Simple Way to Reduce DrivingRelated Harms and Increase Equity. Discussion Paper 2008-09. The Hamilton Project, The Brookings
Institution

76

Brownfield, J., Graham, A., Eveleigh, H., Ward, H., Robertson, S., and Allsop, R. (2003). Congestion
and Accident Risk. Research Report No. 44. London: Road Safety, Department for Transport.
November
Burtraw, D., Palmer, K., Bharvirkar, T., and Paul, A. (2001). The Effect of Allowance Allocation on the
Cost of Carbon Emission Trading. Discussion Paper 01-30. Resources for the Future
Button, K.J. (1990). Environmental Externalities and Transport Policy. Oxford Review of Economic
Policy 6(2), 61-75
Chia, N. G., Tsui, A., and Whalley, J. (2001). Ownership and Use Taxes as Congestion Correcting
Instruments. Working Paper 8278 NBER Working Paper Series. National Bureau of Economic
Analysis
Clerides, S., and Zachariadis, T. (2008). The Effect of Standards and Fuel Prices on Automobile Fuel
Economy: an International Analysis. Energy Economics 30 (5), 2657-2672
Coase, R. (1960). The Problem of Social Cost. Journal of Law and Economics 3(1), 1-44
Cohen-Blankshtain, G. (2008). Framing Transport-environmental Policy: The Case of Company Car
Taxation in Israel. Transportation Research Part D: Transport and Environment 13(2), 65-74
Corrar, L. J., Paulo, E., Filho, J. M. D., Rodrigues, A., Coelho, A.C., de Almeida, F.C., Bezerra, F.A.,
da Cunha, J. V. A., Antunes, J., Diniz, J.A., dos Santos, J., Pohlmann, M. C., Mário, P. d. C., Herdeiro,
R. F. C., Nakao, S. H (2009). Análise Multivariada para os Cursos de Administração, Ciências
Contábeis e Economia, Fundação Instituto de Pesquisas Contábeis, Atuariais e Financeiras. Editora
Atlas
Coyle, D., De Backer, J., and Prisinzano, R. (2012). Estimating the Supply and Demand of Gasoline
using Tax Data. Energy Economics 34, 195-200
Cramton, P., and Kerr, S. (1999). The Distributional Effects of Carbon Regulation. In T. Sterner (Ed.),
The Market and the Environment (pp. 255-271). Cheltenham, UK: Edward Elgar
Cramton, P., and Kerr, S. (2002). Tradable Carbon Permits Auctions: How and Why to Auction not
Grandfather. Energy Policy 30(4), 333-345
Crawford, I., and Smith, S. (1995). Fiscal Instruments for Air Pollution Abatement in Road Transport.
Journal of Transport Economics and Policy 29(1), 33-51
Dales, J. (1968). Pollution, Property and Prices. Toronto: University of Toronto Press
Dargay, J., Gately, D. (1994). The Response of World Energy and Oil Demand to Income Growth and
Changes in Oil Prices. Economic Research Reports. C.V. Starr Center for Applied Economics. New
York University
De Borger, B., and Mayeres, I. (2007). Optimal Taxation of Car Ownership, Car Use and Public
Transport: Insights Derived from a Discrete Choice Numerical Optimization Model. European
Economic Review 51(5), 1177-1204
Diário da República. Decreto-Lei 138-A/99
Diário da República. Decreto-Lei 177-A/2001

77

Diário da República. Decreto-Lei 253/97
Diário da República. Decreto-Lei 299-A/98
Dinheiro Vivo. Grupo Mello prepara OPA sobre Brisa (http://www.dinheirovivo.pt)
Direcção Geral de Energia e Geologia (2012). Consumo de Combustíveis por Concelho, 1990 a 2009.
http://www.dgeg.pt/
Direcção Geral de Energia e Geologia (2012). Estrutura dos Preços dos Combustíveis na UE-15,
1999 a 2008. http://www.dgeg.pt/

Direcção Geral de Energia e Geologia (2012). Estrutura dos Preços dos Combustíveis na UE-27, a
partir de 2008. http://www.dgeg.pt/
Eldin, A. (2003). Per-mile Premiums for Auto Insurance. In R. Arnott, B. Greenwald, R. Kanbur, and B.
Nalebuff (Eds.), Economics for an Imperfect World: Essays in honour of Joseph Stiglitz (pp. 53-82)
Cambridge, MA: MIT Press
Eltony, M.N., Al-Mutairi, N.H., (1995). Demand for Gasoline in Kuwait: an Empirical Analysis Using CoIntegration Techniques. Energy Economics 17(3), 249-253
European Automobile Manufacturers’ Association (2009a). ACEA Tax Guide 2009
European Commission (1995). Towards fair and efficient pricing in transport. COM (95) 691
http://europa.eu/documents/comm/green_papers/pdf/com95_691_en.pdf
Eurostat. Length of motorways.
(http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/search_database)
Eurostat. NUTS Nomenclature.
http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/introduction
Eurostat. Real GDP growth rate volume.
Evans, C. (2008). Putting Policy in Drive: Coordinating Measures to Reduce Fuel Use and
Greenhouse Gas Emissions from U.S. Light-Duty Vehicles, MSc., Project, Master of Science in
Technology and Policy, Massachusetts Institute of Technology, June
Expresso. OPA/Brisa: Tagus consegue 84,8 do capital da Brisa, insuficiente para sair de Bolsa
http://expresso.sapo.pt/opabrisa-tagus-consegue-848-do-capital-da-brisa-insuficiente-para-sair-debolsa=f745913#ixzz28tbklRN5
Farrell, A.E., and Sperling, D. (2007). A Low Carbon Fuel Standard for California Part II: Policy
Analysis. UCD-ITS-RR-07-08. Davis: Institute of Transportation Studies, University of California
Fernandes, C.; Viegas, José M. (2005). Portuguese Experience in Motorway Concessions with Real
and Shadow Tolls. Research in Transportation Economics 15
Fridstørm, L., Ifver, J., Ingebrigtsen, S., Kulmala, R., Thomsen, L. K., (1995). Measuring the
Contribution of Randomness, Exposure, Weather, and Daylight to the Variation in Road Accident

78

Counts. Accid. Anal. And Prev. 27 (1), 1-20. Elsevier Science Ltd.
Fullerton, D., and Gan, L. (2005). Cost-effective Policies to Reduce Vehicle Emissions. American
Economic Review 95(2), 300-304
Fullerton, D., and West, S. (2002). Can Taxes on Cars and on Gasoline Mimic an Unavailable Tax on
Emissions? Journal of Environmental Economics and Management 43(1), 135-157
Fullerton, D., and West, S. (2003). Public Finance Solutions to Vehicle Emissions Problems in
California. Monograph. Berkeley Electronic Press
Gaudry, M.; de Lapparent, M. (2012). Part 1. National road safety performance: Data, the emergence
of two single-outcome modelling streams and public health. Research in Transportation Economics 30
German, J. (2007). Reducing Vehicle Emissions Through Cap-and-trade Schemes. In D. Sperling, and
J.S. Canon (Eds.), Driving Climate Change: Cutting Carbon from Transportation (pp.89-105). Boston,
London: Elsevier
Goodwin, P., Dargay, J., and Hanly, M. (2004). Elasticities of Road Traffic Fuel Consumption with
Respect to Price and Income: a Review. Transport Reviews 24(3), 275-292
Goodwin, P., Dargay, J., Hanly, M., (2004). Elasticities of Road Traffic and Fuel Consumption With
Respect to Price and Income: a Review. Transport Reviews 24(3), 275-292
Gorham, R. (2002). Air Pollution from Ground Transportation: An Assessment of Causes, Strategies
and Tactics, and Proposed Actions for the International Community, The Global Initiative on Transport
Emissions: A partnership of the United Nations and the World Bank, Division for Sustainable
Development. Department of Economic and Social Affairs, United Nations
Graham, D.J., and Glaister, S. (2004). Road Traffic Demand Elasticity Estimates: a Review. Transport
Reviews, 24(3), 261-274
Graham, D.J., and Glaister, S. (2005). Decomposing the Determinants of Road Traffic Demand.
Applied Economics, 37(1), 19-28
Gupta, S., and Mahler, W. (1995). Taxation of Petroleum Products: Theory and Empirical Evidence.
Energy Economics 17(2), 101-116
Hahn, R.W. (1995). An Economic Analysis of Scrappage. RAND Journal of Economics 26(2), 222-242
Harrington, W., and McConnell, V. (2003). Motor Vehicles and the Environment. Report. Washington
DC: Resources for the Future
Hayashi, Y., Kato, H., and Teodoro, R.V.R. (2001). A Model System for the Assessment of the Effects
of Car and Fuel Green Taxes on CO2 Emissions. Transportation Research Part D: Transport and
Environment 6(2), 123-139
Hepburn, C. (2006). Regulation by Prices, Quantities, or Both: a Review of Instrument Choice. Oxford
Review of Economic Policy 22(2), 226-247.
Hepburn, C. (2007).Carbon Trading: A Review of the Kyoto Mechanisms. Annual Review of
Environment and Resources 32, 375-393

79

Hepburn, C., Grubb, M., Neuhoff, K., Matthes, F., and Tse, M. (2006). Auctioning of EU ETS Phase
Allowances: How and Why? Climate Policy 6(1), 137-160
Hsu, S., L., and Sperling, D. (1994). Uncertain Air Quality Impacts of Automobile Retirement
Programs. Transportation Research Record 1444, 23-27
Hughes, J. E., Knittel, C.R., Sperling, D., (2008). Evidence of a Shift in the Short-run Price Elasticity of
Gasoline Demand. The Energy Journal 29 (1) 113-134
Hymel, K.M.; Small, K. A.; Van Dender, K. (2010). Induced demand and rebound effects in road
transport. Transportation Research Part B 44
Instituto Nacional de Estatística (2012). Contas Nacionais. http://www.ine.pt
Johnstone, N., and Karousakis, K. (1999). Economic Incentives to Reduce Pollution From Road
Transport: the Case for Vehicle Characteristics Taxes. Transport Policy 6(2), 99-108
Kahn Ribeiro, S., Kobayashi, S., Beuthe, M., Gasca, J., Greene, D., Lee, D.S., et al. (2007). Transport
and its Infrastructure. In B. Metz, O.R. Davidson, P.R. Bosch, R. Dave, and L.A. Meyer (Eds.), Climate
Change 2007: Mitigation – Contribution of Working Group III to the Fourth Assessment Report of the
Inter-Governmental Panel on Climate Change. Cambridge, UK/New York, US: Cambridge University
Press
Kaufmann, R., Bradford, A., Belanger, L., McLaughlin, J., and Miki, Y. (2008). Determinants of OPEC
Production: Implications for OPEC Behaviour. Energy Economics 30(2), 333-351
Kayser, H.A., (2000).Gasoline Demand and Car Choice: Estimating Gasoline Demand using
Household Information. Energy Economics 22, 331-48
Knight, P., Van den Brander, T., Potter, S., Enoch, M., and Ubbels, B. (2000). Fair and Efficient
Pricing in Transport: The Role of Charges and Taxes. Final Report to the European Commission DG
TREN, in Association with EC DG TAXUD and EC DG ENV
Koopman, G.J. (1995). Policies to Reduce CO2 Emissions from Cars in Europe: a Partial Equilibrium
Analysis. Journal of Transport Economics and Policy 29(1), 53-70
Lancaster, K.A., (1966). A New Approach to Consumer Theory. J Polit Econ April, 132-57
Litman, T. (2008). Distance-based Vehicle Insurance as a TDM Strategy. Victoria Transport Policy
Institute
Maibach, M., Schreyer, C., Sutter, D., van Essen, H. P., Boon, B. H., Smokers, R., et al. (2008).
Handbook on the Estimation of External Costs in the Transport Sector. Report Produced within the
Study Internalisation Measures and Policies for All External Cost of Transport (IMPACT), Version 1.1,
Commissioned by the European Commission DG TREN. The Netherlands: Delft, CE
Millard-Ball, A. (2008). Municipal Mobility Manager: a New Transportation Funding Stream for Carbon
Trading? Transportation Research Record, 2079, 53-61
Millard-Ball, A. (2009). Cap-and-trade: Five Implications for Transportation Planners. Paper No. 09th

2077 Washington DC: Transportation Research Board 88 Annual Meeting

80

Newbery, D.M. (1990). Pricing and Congestion: Economic Principles Relevant to Pricing Roads.
Oxford Review of Economic Policy 6 (2), 22-38
Newbery, D.M. (2005a). Why Tax Energy? Towards a Moderation Policy. Energy Journal, 26(3), 1-39
Newell, R.G., and Stavins, R.N. (2003). Cost Heterogeneity and the Potential Saving from Marketbased Policies. Journal of Regulatory Economics 23(1), 43-59
OECD (1993). The System of National Accounts, 1993
Ortúzar, Juan de Dios; Willumsen, Luis G. (2011). Modelling Transport, 4

th

ed., Wiley

Ozan, C.; Haldenbilen, S.; Ceylan, H. (2011). Estimating emissions on vehicular traffic based on
projected energy and transport demand on rural roads: Policies for reducing air pollutant emissions
and energy consumption. Energy Policy 39
Page, Y. (2001). A statistical Model to Compare Road Mortality in OECD Countries. Accident Analysis
and Prevention 33
Parkhurst, G. (2003). Regulating Cars and Buses in the Cities: The case of Pedestrianisation in
Oxford. Economic Affairs 23(2), 16-21
Parry, I. H. W., Walls, M., and Harrington, H. (2007). Automobile Externalities and Policies. Journal of
Economic Literature 45 (2), 373-399
Parry, I.W.H. (2008). How Should Heavy-duty Trucks be Taxes? Journal of Urban Economics 63(2),
651-668
Parry, I.W.H., and Darmstadter, J. (2003). The Costs of U.S. Oil Dependency. Discussion Paper 0359. Washington DC: Resources for the Future
Parry, I.W.H., and Small, K.A. (2005. Does Britain or the United States Have Right Gasoline Tax?
American Economic Review 95(4), 1276-1289
Pearce, D. (1991). The Role of Carbon Taxes in Adjusting to Global Warming. The Economic Journal
101(407), 938-948
Plaut, P. (1998). The Comparison and Ranking of Policies for Abating Mobile-source Emissions.
Transportation and Research Part D: Transport and Environment 3(4), 193-205
Portney, P.R., Parry, I.W.H., Gruenspecht, H.K., and Harrington, W. (2003). Policy Watch – The
Economics Standards of Fuel Economy. Journal of Economic Perspectives 17(4), 203-217
Potter, S., Enoch, M., Rye, T. and Black, C. (2002). Using the Personal Taxation Regime to
Encourage Modal Shift: an International Review. Paper No. 02-2796 presented at the Transportation
st

Research Board 81 Annual Meeting, Washington DC
Pritchard, T., and De Boer, L. (1995). The Effects of Taxes and Insurance Costs on Automobile
Registrations in the United States. Public Finance Review 23(3), 283-304
Proost, S., Delhaye, E., Nijs, E., and Van Regemorter, D. (2009). Will a Radical Transport Pricing
Reform Jeopardize the Ambitious EU Climate Change Objectives? Energy Policy 37(10), 3863-3871
Pyndick, R. and Rubinfeld, D. (1981). Econometric Models and Economic Forecasts, McGraw-Hill.

81

Ramanathan, R., (1999). Short and Long-run Elasticities of Gasoline Demand in India: an Empirical
Analysis Using Co-Integration Techniques. Energy Economics 21, 321-330
Raux, C., and Marlot, G. (2005). A System of Tradable CO2 Permits Applied to Fuel Consumption by
Motorists. Transport Policy 12(3), 255-265
Richardson, B. (2002). Environmental Regulation Through Financial Organisations: Comparative
Perspectives on the Industrialised Nations. The Hague, London: Kluwer Law
Ryan, L., Ferreira, S., and Convery, F. (2009). The Impacts of Fiscal and Other Measures on New
Passenger Car Sales and CO2 Emissions Intensity: Evidence from Europe. Energy Economics 31(3),
365-374
Santos et al. (2010). Part I: Externalities and economic policies in road transport. Research in
Transportation Economics 28
Schuffman, P.A.; Langley, J.D. (2002). A Model of Traffic Crashes in New Zealand. Accident Analysis
and Prevention 34
Sene, S.O. (2012). Estimating the Demand for Gasoline in Developing Countries: Senegal. Energy
Economics 34, 189-194
Small, K. A., Van Dender, K. (2007). Long Run Trends in Transport Demand, Fuel Price and
Elasticities and Implications of the Oil Outlook for Transport Policy. Discussion Paper No. 2007-16 –
International Transport Forum
Small, K.A.A., and Van Dender, K. (2007). Fuel Efficiency and Motor Vehicle Travel: The Declining
Rebound Effect. Energy Journal 28(1), 25-51
Timilsina, G., and Dulal, H. (2008). Fiscal Policy Instruments for Reducing Congestion and
Atmospheric Emissions in the Transport Sector: A Review. Policy Research Working Paper 4652. The
World Bank, Development Research Group. Sustainable Rural and Urban Development Team
UK DfT (2004). Transport Analysis Guidance (TAG) – The Environment Objective, TAG Unit 3.3.1
London: Department for Transport
UK DfT (2007). Transport Statistics Great Britain 2007 Edition. London: TSO: Department for
Transport
UK DfT (2007). Road Transport and the EU Emissions Trading Scheme. Department for Transport
UK DfT (2009). Transport Analysis Guidance (TAG). The accidents sub-objective, TAG Unit 3.4.1.
London: Department for Transport
Vehmas, J., Kaivo-Oja, J., Luukkanen, J., and Malaska, P. (1999). Environmental Taxes on Fuels and
Electricity – some Experiences from the Nordic Countries. Energy Policy 26(6), 343-355
Venables, A. (2007). Evaluating Urban Transport Improvements: Cost-Benefit Analysis in the
Presence of Agglomeration and Income Taxation. Journal of Transport Economics and Policy 41(2),
173-188

82

Verhoef, E.T., Nijkamp, P., and Rietveld, P. (1995). The Economics of Regulatory Parking Policies:
The (Im)Possibilities of Parking Policies in Parking Regulation. Transportation Research Part A: Policy
and Practice 29(2), 141-156

Verhoef, E.T. (2000). The Implementation of Marginal External Cost Pricing in Road Transport: Long
Run vs. Short Run and First-best vs. Second-best. Papers in Regional Science 79(3), 307-332
Verhoef, E.T., Nijkamp, P., and Rietveld, P. (1997). Tradable Permits: Their Potential in the Regulation
of Road Transport Externalities. Environment and Planning B: Planning and Design, 24(4), 527-548
Wachs, M. (2003). A Dozen Reasons for Raising Gasoline Taxes. Research Report UCB–ITS-RR2003-1 Berkeley: Institute of Transportation Studies, University of California
Wadud, Z., Graham, D.J., and Noland, R.B., (2009). Modelling Fuel Demand for Different SocioEconomic Groups. Applied Energy 86, 2740-2749
Walter, A. (1961). The Theory and Measurement of Private and Social Costs of Highway Congestion.
Econometrica 29(4), 676-699
Watters, H., and Tight, M. (2007). Designing an Emissions Trading Scheme Suitable for Surface
Transport. February – Institute for Transport Studies, University of Leeds
Weis, C.; Axhausen, K.W. (2009). Induced travel demand: Evidence from a pseudo panel data
WHO (2007). Noise and Health. World Health Organization, Regional Office for Europe
th

Wooldridge, J. M. (2009). Introductory Econometrics, 4 ed., South-Western CENGAGE Learning

83

10.

Appendix

10.1.

Minho-Lima

Model Output
Cávado
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Ave

Grande Porto

Tâmega

85

Entre Douro e Vouga

Alto Trás-os-Montes

Baixo Vouga

Douro

86

Baixo Mondego

Pinhal Litoral

87

Pinhal Interior Norte

Pinhal Interior Sul

Dão-Lafões
Serra da Estrela
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Beira Interior Norte

Cova da Beira

Beira Interior Sul
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Oeste

Médio Tejo
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Grande Lisboa

Alentejo Litoral

Alto Alentejo

Península de Setúbal
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Alentejo Central

Lezíria do Tejo

Baixo Alentejo
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