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Abstract

As city traffic increases across the globe, congestion within cities is becoming more of an issue. Many cities have

already implemented congestion charges, and the general consensus has been that it has brought about a positive

impact for city populations as a whole. Considering the worrying rise in congestion - and pollution - in the

city of Barcelona, and while commending the recent Zona de Baixes Emissions (Low Emission Zone) system

approved by the city council to thwart this, we propose an alternative: applying a congestion charge to Barcelona.

We collected data from four different cities that already implemented congestion charges: Singapore, London,

Stockholm, Gothenburg. This data was used to build different linear and nonlinear regression models that

were compared, and the selected model was used to forecast the congestion charge prices and their subsequent

reductions in traffic. In this thesis we argue in favor of the implementation of the congestion charge based on

both theoretical evidence and empirical evidence garnered through these statistical models.
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I. Introduction

Emissions, unpleasant and dangerously

noxious, increase in level with the

amount and duration of vehicular traffic

powered by their internal combustion engines.

According to the European Environment Agency,

emissions from transportation methods are one

of the main causes of air pollution, amount-

ing to 22% of total Greenhouse Gas Emissions

in Europe, with road transportation specifically

contributing to almost 72% of this contamina-

tion. Air pollution in cities is associated with in-

creased respiratory symptoms in children (Wjst

et al., 1993), with negative cardiovascular effects

in healthy men (Riediker et al., 2004) and with

increased mortality rates (Dockery et al., 1993).

Arguably, a key area that European city adminis-

tration’s efforts should be focused on is reducing

the number of vehicles traversing and circulating

within the cities in order to be able to reduce the

exposure to air pollution. Doing this will lead

to massive improvements in the quality of life

of the citizens and a reduction of health-related

costs (Pérez, Sunyer, & Künzli, 2009). It is always

difficult to determine the exact economic welfare

aggregation that will accrue to the choices of in-

dividuals in a population, but imposition of a

congestion cost does shift marginal utility, and

making it less desirable to contribute to conges-

tion will have an effect on the choices motorists

make. With all the above in mind, in this study

we will outline the main pain points of traffic in

the city of Barcelona, as well as argue in favor

of congestion charge as opposed to the current

Low Emission Zone (LEZ) scheme. To do so, first

we will introduce the traffic problem Barcelona

is facing and previous insufficient measures the

town hall has implemented, including the con-

cept of Superilles (‘Superblocks’) and the Zona de

Baixes Emissions (LEZ). We will then do a compre-

hensive revision of previous literature in order

to set the groundwork for our proposition of a

congestion charge system, as well as examine pre-

vious successful examples of congestion pricing

systems applied in the cities of Singapore, Lon-

don, Stockholm and Gothenburg. Then, thanks

to extensive data gathered from these cities, we

will design different statistical regressions for

forecasting the effect that the price of a conges-

tion charge could have on traffic in the city of

Barcelona. After having revised former literature

and modelled our regression, we will formalize

our proposal for a congestion system suitable to

Barcelona for which we will then provide ratio-

nal argument to why it is strictly preferable to

current the LEZ system.

1



Circumventing Traffic in Barcelona • June 2020 • Sanginés-Uriarte & Trepat

II. Presentation of the Problem

In a study conducted in 2012 comparing 36 Euro-

pean cities, Barcelona is actually at the top in both

high NO2 and NOX concentration levels across

Europe (Cyrys, Eeftens, Heinrich, & Ampe, 2012).

In fact, these pollutants have been directly linked

to negative cardiovascular effects in Barcelona

citizens (Schembari, Nieuwenhuijsen, Salvador,

de Nazelle, & Cirach, 2014). Dropping these

amounts to internationally recommended levels

could prevent 659 deaths every year while, at

the same time, 599 deaths could be avoided if

traffic noise was reduced accordingly (Mueller et

al., 2017). All this data points to a problem that

needs to be solved as soon as possible; conges-

tion. With an average of 29% of congestion, de-

fined as the percentage difference between actual

travel time and free-flow travel time, Barcelona

lies 81st in most congested cities of Europe ac-

cording to the TomTom Traffic Index Ranking

(2019), which, considering the geographical situ-

ation of Barcelona, combined with its high pop-

ulation and traffic density makes the city highly

vulnerable to the traffic-related issues described

above, with pollutant concentrations ramping up

very easily. In fact, 48% of citizens are exposed

to above-recommended levels of NO2 and 95%

to PM10 (Agència de Salut Pública de Barcelona,

2018).

However, how do Barcelona citizens perceive

this problem? 28.3% of citizens think the best

way of tackling climate change in Barcelona is

through controlling road traffic, reaching a 37% if

other measures to reduce road emissions are con-

sidered (Ajuntament de Barcelona, 2019a). Ad-

ditionally, 72.8% of the participants would be

willing to reduce their private vehicle usage even

if this means seeing their travel time increased.

Hence this evidence leads to a clear conclusion:

Barcelona citizens are aware of the problem and

are willing to face it, even if it signifies some level

of individual sacrifice of personal comfort. In

fact, Barcelona city hall administration has been

mixing more conventional policy measures with

a set of innovative measures tailored to Barcelona

geospatial distribution (Agència d’Ecologia Ur-

bana de Barcelona, 2015) to incentivize more sus-

tainable and active transport modes to restrict

road traffic. We will now give a detailed descrip-

tion of the most important measures, weighing

up their advantages and disadvantages while

presenting evidence of their success (if data is

available).

i. Policy Implementation in Barcelona

Before describing the current policy package be-

ing used, we should take a look at what is the

current status of traffic in Barcelona. Data ex-

tracted from the statistics section of the city hall
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show traffic intensity has increased a 1.75% in the

period between 2014 and 2018 (see Figure 5 in

the Annex; Departament d’Estadística i Difusió

de Dades, 2019).

What policies is the administration carrying

out to reverse this trend? Probably, the most

internationally famous and well-spoken of all

are the “Superblocks” (Superilles). Taking advan-

tage of the unique urban disposition in most of

Barcelona, the idea is to shift from the motor vehi-

cle prioritized roads towards roads that prioritize

active mobility. Motor vehicle circulation inside

these superblocks of 3x3 blocks is delimited to a

maximum speed of 10km/h. This allows these

superblocks to be transformed into green and

public spaces where pollution is not an issue any-

more. Up to this date, 5 formal superblocks have

been implemented, with mixed results in terms

of acceptance and 3 more are planned to be en-

acted during the current legislature. Barcelona’s

orthogonal grid urban disposition allows this sys-

tem to proliferate, boosting the possibilities of

the original polycentric model. In terms of re-

sults attained, 33% reduction in NO2 emissions

was achieved inside one of the superblocks from

one year to the next (Ajuntament de Barcelona,

2019b). However, no measurement has been car-

ried out on the streets next to the superblocks,

where motor vehicle circulation is fully allowed,

which heavily undermines the quality of the find-

ings.

Besides this measure, the reelected administra-

tion has implemented another key measure in

2020 that is supposed to shape the travel patterns

of Barcelona citizens, further aiming to reduce

the carbon footprint and increasing their wellbe-

ing.

In 2019 the administration announced the in-

troduction of a permanent LEZ that started being

enforced in 2020. Motor vehicles registered be-

fore 2000 for gasoline and 2006 for diesel will

not be allowed to circulate inside the designated

area (see interior of the red circle in Figure 6 in

the Annex), between 7:00AM and 8:00PM dur-

ing working days. This is a stark contrast from

previous years, when vehicles were only forbid-

den from circulating inside the metropolitan area

when a situation of high pollution was detected.

Numbers on how many of these vehicles will not

circulate around Barcelona differ between 50,000

and 125,000 depending on the source consulted,

due to some reasons that will be discussed below.

The main objective of this measure is restricting

vehicle circulation to those subject to the newest

European standards on emissions. The logic be-

hind this is that the maximum allowed emissions

have decreased on every update of these stan-

dards and, thus, have improved the efficiency

of the newly registered cars (see Figure 7 in the

Annex). Therefore, by setting these restrictions
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the administration encourages the substitution

of the oldest and most contaminating vehicles

for cleaner vehicles which in turn will lead to

a significant reduction of pollutant emissions in

a very short period of time. In this regard, a

study commissioned by the current administra-

tion predicted a 15.3% and 19.3% reduction in

NOX and NO2 emissions respectively for 2020.

These numbers are forecast in respect to the 2017

baseline, mainly thanks to the substitution ef-

fect mentioned beforehand (Barcelona Regional,

2018).

However, we argue this system is neither ef-

ficient nor progressive when trying to address

Barcelona’s bigger problem; road traffic and the

whole set of externalities it generates.

First of all, the measure does not minimize

car congestion. As the same study recognizes, it

is not even supposed to reduce traffic, but only

accelerates the renewal of the fleet. By doing so,

the administration is only addressing one of the

externalities - emissions - that may be even better

addressed through fuel taxes (Mohring, 1989),

while completely disregarding the others such as

excess noise or congestion.

Secondly, the measure is regressive and arbi-

trary, as it is not based on the need of the indi-

vidual to make use of the vehicle but on the age

of the car, which is negatively correlated with the

level of income of the individual (Yurko, 2008).

Therefore, LEZs must not be regarded under nor-

mal circumstances in the public debate as pro-

gressive, as it creates an artificial unfairness for

those who cannot afford renewing their vehicle

and their next best alternative makes them much

worse off. In this regard, Barcelona’s city hall ad-

ministration has issued a moratorium on old ve-

hicles being used for professional services. This

is an exemption that mitigates the regressivity of

the LEZ but has no environmental justification

and it may be even argued that it opens doors

to lobbying efforts that try to get exemptions in

further updates of the system.

Furthermore, the LEZ’s effectiveness in reduc-

ing traffic is open to debate; even though older

vehicles represent a relevant share of vehicles

registered, they are underrepresented in terms

of vehicles in circulation. This is because their

use rate is considerably less intense than that of

new cars (see Figure 8 in the Annex). This carries

over into terms of political acceptability as well,

since local news tends to focus on the number

of cars being taken out of circulation rather than

the reduction in emissions, despite this being the

main objective of the LEZ. In other words, social

acceptability of these measures seems to share

a stronger link to traffic reduction rather than

emission reduction.

Finally, as it raises no direct revenues - taxes

raised in the fleet renewal process may be consid-
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ered as indirect revenues but they can be disre-

garded as they are not part of the city hall budget

- thus rendering it impossible to finance improve-

ments in the public transportation network or

subsidies for clean vehicles without having to

raise other taxes.1

III. Literature Review

For the purpose of our study we have reviewed

extensive literature in order to fully comprehend

and support the basis of our project. Our study

is based on widely supported economic princi-

ples, such as the Pigouvian Tax, as well as articles

which endorse many of the statements, conclu-

sions and ideas that we will posit.

i. Externalities

Arthur Cecil Pigou, the British economist that

wrote the well-known book “The Economies of

Welfare”, is credited for being the first to for-

malize the concept of externalities. By differ-

entiating between social and private marginal

products, he acknowledges the fact that some

resources turned into use by private actors may

have potential spillovers for unrelated third par-

ties, which must be aggregated into the social

net product produced by these resources. To

solve this divergence, Pigou advocates for “ex-

1Example footnote

traordinary encouragements” or “extraordinary

restraints”, putting as examples taxes levied on

alcohol, petrol or bounties to agricultural activ-

ities; the revenue raised goes for the indirect

service of developing citizens suited for military

training, for instance (Pigou, 1929). As we are

going to prove in the next sections, this measure

is able to modify the demanded quantity for this

resource and, therefore, make it converge to the

social optimal equilibrium, a Pareto efficient so-

lution.

This theory has gained extensive consensus as

the most efficient solution to treat externalities in

market-based economies. It is a simple solution

that allows state intervention to improve the ar-

rangements determining the use of resources by

incorporating into their price information about

the social impact of their use. Nevertheless, his

theory has not remained uncriticized. In 1960,

Ronald Coase published The Problem of Social Cost,

in which he laid the grounds for the Coase Theo-

rem and, additionally, harshly criticized Pigou’s

work. Coase positioned himself against Pigou’s

interventionist stance and said that Pigou’s anal-

ysis of the law and the economic situation was

wrong in some cases. Coase argued that in many

cases, state intervention is not desirable at all

and a solution to a harmful effect will be agreed

among the different parts as long as transaction

costs are low enough and property rights are
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clearly defined (Coase, 1960). It is worthy of note

that Coase and Pigou address completely differ-

ent views on externalities. While Pigou focused

on equilibrium and how they impact the national

dividend, Coase focused on private bargaining

between two actors, in what is called a bilateral

monopoly situation, as it can be shown by the

legal cases he sheds light on (Hovenkamp, 2008).

In fact, Coase even recognizes that state inter-

vention might be desirable when a large number

of people are involved (Coase, 1960) and Pigou

does not advocate for state intervention in every

case (Brian Simpson, 1996), making both theories

more complementary than is normally thought.

ii. Traffic, congestion and pollution as neg-

ative externalities

While in the previous section we have introduced

the concept of externalities, in this section we are

going to focus specifically on the case of conges-

tion, traffic and pollution, three concepts that are

closely intertwined.

In the First Edition of Economics of Welfare,

Pigou examined the case of a high-quality con-

gestible and a low-quality uncongestible road,

claiming that if government did not intervene,

the aggregate time lost would not be minimized

as drivers would overuse the congestible road.

However, 4 years after the publication of his book,

Frank Knight published his critique on this is-

sue, claiming that Pigou misunderstood the topic,

focusing on the marginal costs instead of the

marginal revenues that could be obtained if the

congestible road was privatized (Knight, 1924).

According to Knight, by falling into this mistake,

Pigou did not consider the possibility of a private

toll-setter, which Knight proved would lead to an

efficient solution. Interestingly, Pigou dropped

this issue in the next editions of his book, appar-

ently accepting Knight’s criticism as valid. How-

ever, as it has been shown in further literature,

Knight’s criticism can only be valid under some

clearly specific conditions, while Pigou’s point

about the need of government intervention holds

in more complex road networks that are closer to

the actual conditions of today (Buchanan, 1956;

Salant & Seegert, 2017). Under a situation with

two or more roads with different private toll-

setters, these will set prices above the efficient

level as monopolists, because the conditions of

competition and perfect substitutability do not

normally hold. Much literature has stemmed

from the Pigou-Knight debate, but what appears

to be undeniable is that the Pigouvian Tax is the

most consistent solution under different scenar-

ios (Salant & Seegert, 2017).

The increase in traffic and congestion in cities

has been an object of study during the past

few decades, as environmental concerns and the

awareness about its harmful economic impact
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have extended to citizens. The most commonly

mentioned factors behind the increase in conges-

tion include rapid population and job growth

(Hau, 1992), more intensive use of vehicles, con-

centration of work and school trips at peak hours

(Remi, Adegoke, & Oyerinde, 2009; Shamsher

& Abdullah, 2015) and a tendency to live and

work in low-density urban areas, especially in

developed countries, which makes travel dis-

tances increase and public transport efficiency

decrease (Chen, Jia, & Varaiya, 2001). The last

factor that has been extensively covered is the

fact that drivers are not bearing the full cost of

traveling, as they fail to consider the cost they

are imposing on the other commuters (Downs,

2000).

Despite urban planners’ efforts to reduce vehi-

cle use by utilizing engineering techniques such

as traffic signal optimization, reversible lanes or

priority access to high-capacity vehicles, their ef-

fect is not significant enough to nip the problem

in the bud; in other words, demand and supply

do not match in an optimal equilibrium. There-

fore, we see congestion pricing as being the most

effective solution we can implement since other

regulatory packages such as quotas (Low Emis-

sion Zones can be considered as such) that have

been historically implemented are more arbitrary

and discriminatory in not respecting individual

freedom, and as we argued earlier, they are not

as efficient and progressive as they are thought

to be.

Finally, it is also important to understand how

traffic and congestion are closely linked to green-

house gases emissions, which builds a stronger

case for congestion pricing implementation. In

almost every country in the world, fuel-driven

vehicles represent the largest share of registered

and newly registered vehicles. The combustion of

said fuel causes a release of noxious gases that are

harmful both to the inhabitants of cities where

there is an abundance of vehicles and to the rest

of the world. Even though regulations and tech-

nological improvements have achieved a very

significant reduction in emissions in some of the

most pollutant GHGs by greatly increasing ve-

hicles’ fuel efficiency (Ajuntament de Barcelona,

2017), volume and speed of traffic are impor-

tant factors to be considered. While the former

is of common knowledge, the latter might be

counterintuitive if engine efficiency is not well

understood. Studies have shown that maximum

engine efficiency is achieved at speeds of around

50km/h, increasing exponentially for speed re-

ductions starting at 15km/h (Khreis, 2016). Con-

gestion pricing directly addresses volume and

congestion factors and its implementation flex-

ibility leaves room for measures such as clean

vehicle purchase subsidies that encourage fleet

modernization to address fuel efficiency.
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In conclusion, after revisiting the literature on

congestion problems in urban areas, we must ad-

vocate for congestion pricing as the primary pol-

icy tool to address this issue in Barcelona. Even

though some objections might be fairly raised,

it is indisputable that the benefit obtained from

a congestion network is higher with a conges-

tion charge than without it. The policy design,

though, will determine how big this differential

is.

iii. Rationale and extended literature on

congestion pricing

Once we have explained why a congestion charge

in the form of a Pigouvian Tax is the most appro-

priate way of internalizing the cost of congestion,

we must understand the rationale behind it, for-

malizing how congestion appears and revealing

which are some of the congestion charge designs

that could be implemented.

The rationale behind the origin of congestion

is the following: when individuals decide to

use their vehicles they will only consider the

marginal private benefit (MPB) they extract from

using them. The MPB decreases with the traffic

flow because higher traffic flow levels are related

with lower speeds and their marginal private

cost (MPC) only considers their time and vehi-

cle operating costs. This leads to a suboptimal

equilibrium where there are too many vehicles

circulating, as new users do not consider the costs

they are imposing on the vehicles already on the

road, making the gap between the Marginal So-

cial Cost (MSC) and the MPC widen as traffic

flow increases (Button, 2004). A well-designed

congestion charge, therefore, must discourage

demand up to the point that the Marginal So-

cial Benefit meets with the Marginal Social Cost,

which translates into a fully internalized exter-

nality. This is what is now known as the static

model (see Figure 9 in the Annex).

During 1950-1960s, the debate initiated by

Pigou and Knight in the 1920s gained importance

again, as congestion started to be a significant

problem in developed countries and many au-

thors began to look for potential solutions. The

debate was further extended and complemented,

but the static model that Pigou and Knight pre-

sented is still widely considered as valid and

applicable in current implementations of the con-

gestion charge.

In some of the most relevant papers written on

road transportation, Alan Walters and William

Vickrey (Vickrey, 1963, 1969; Walters, 1961) ex-

posed the problem of road usage, arguing that

pricing management on this issue had been sig-

nificantly deficient until that moment. The bottle-

neck problem firstly introduced by Walters and

further developed by Vickrey, with a set of rigid

assumptions, states that at some point of demand
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traffic flow is maximized. From then on, it starts

decreasing as car density keeps going up, reach-

ing what is known as “hypercongestion”. These

simple assumptions have been relaxed under fur-

ther research with success, proving that bottle-

neck provides a feasible explanation and solution

(Arnott, de Palma, & Lindsey, 1994). Vickrey even

went one step further, suggesting the implemen-

tation of a dynamic pricing structure that takes

into consideration the added queue time you

are imposing on the other drivers during a peak

hour in a bottleneck (Vickrey, 1969). This was the

first manifestation of dynamic pricing in urban

transportation. Even though it has not been im-

plemented anywhere yet new technologies are

bringing the concept closer to reality.

Vickrey not only dealt with the optimal alloca-

tion of resources but also with the distributional

effects generated (Vickrey, 1968), a point which

had already been considered but not thought

through completely (Sharp, 1966; Strotz, 1965).

Vickrey is concerned about the fact that if there

are only priced routes, those who have more time

than money to spend may be left out of circula-

tion. However, he makes the point that higher

income households already make use of private

transport more often than lower income house-

holds, with or without congestion pricing. Ac-

cording to Vickrey, a significant share of the trips

that will stop happening are non-essential trips

that can be made off-peak or made through a dif-

ferent mode, which are most commonly made by

high-income households. This is also confirmed

to be the situation in Barcelona (Rosell & Bel,

2017). Furthermore, higher income households

will hold a higher burden of the tax due to their

overrepresentation in road networks and even

those with lower incomes who keep driving will

benefit from reduced travel times. A final remark

might be also made for public buses users, as

increased reliability and lower travel times can

also be expected (National Academies of Sciences

Engineering and Medicine, 1994). Therefore, as

much of the literature has suggested, the dis-

tributional effects of congestion pricing largely

depend on travel patterns, socioeconomic dif-

ferences and how the congestion charge system

is designed, both on the charge itself and the

revenue usage (Arnott et al., 1994; Eliasson &

Mattsson, 2006). Moreover, according to Glazer

and Niskanen (2000), the characteristics of Euro-

pean metropolitan areas, with highly used pub-

lic transport networks and high-income house-

holds living further away from city and work

centers, would make the implementation likely

to increase aggregate consumer welfare.

Much of the recent literature has been focused

on complementing the static model by introduc-

ing more factors and complexity, thereby reflect-

ing in a more precise way the dynamics of the

9
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urban network. Much of this complexity appears

due to behavioral responses of road users, which

makes long-term equilibrium and second-best

options worthy of further consideration. The ba-

sic assumptions used in the static model include

perfect information, road user homogeneity and

demand curve unvariability. Once these are re-

laxed the level of complexity introduced makes it

impossible to establish a first-best option pricing,

since traffic conditions differ within the same city

(E. T. Verhoef, 2000). Significant literature has

been written on the topic, analyzing the dynam-

ics of welfare gains and traffic changes under dif-

ferent scenarios, and they mostly conclude that

under second-best pricing welfare gains from

pricing congestion are much more limited than

under first-best conditions (Liu & McDonald,

1998, 1999; Small & Jia, 2000; E. Verhoef, Nijkamp,

& Rietveld, 1996; E. T. Verhoef, 2000). The im-

plications are that policy makers must take into

account the deviations from first-best conditions,

such as how road users are heterogeneous or

how many people can deviate to untolled routes,

to design the appropriate congestion pricing sys-

tem, both on the costs and the revenues sides.

iv. Design and Feasibility of a Congestion

Charge

Once we have gained further knowledge of the

possible welfare gains of putting a price on con-

gestion and its limitations, we should shed light

on some considerations about the design of an

efficient congestion pricing system.

The first factor that resonates when talking

about congestion charging is the price. The right

prices can be obtained by firstly determining, via

technical criteria, the appropriate traffic flow over

a network or a specific road; and later estimat-

ing the drivers’ price sensitivity so the price that

leads to that precise appropriate traffic flow can

be set. Another method of estimation consists

of quantifying the benefits and costs of imple-

menting the system and imposing a charge that

maximizes the aggregate welfare obtained (Na-

tional Academies of Sciences Engineering and

Medicine, 1994). Additionally, the consideration

of how much each user is charged must be thor-

oughly considered; as charging each individual

differently depending on certain characteristics

might be deemed as discriminatory and, thus,

illegal. An alternative to price discrimination is

outright exemption, which is one of the main

tools for administration to bolster their political

agenda, either on the side of efficiency or equity.

Exemptions are powerful tools to make conges-

tion charging schemes equitable in the different

cities where they have been implemented (Ison

& Rye, 2005). However, it is also recognized that

exemptions reduce the efficiency of the charge,

as less vehicles are subject to the pricing scheme,
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and some exemptions may be seen by the public

as inequitable if not designated carefully (Rajé,

Grieco, & McQuaid, 2004). Therefore, the most

sensible solution is keeping exemptions at the

minimum levels so that broad consensus about

its equity effects are reached and efficiency is not

significantly eroded.

Current implementations of congestion pric-

ing are dominated by cordons circling the area

in which traffic conditions are sought to be im-

proved. Other options such as the US value pric-

ing of highways crossing cities and Norway’s

tolls must be mentioned. Nonetheless, we have

not considered them since their objective is to

raise revenues for financing new infrastructure

rather than cutting down congestion (Small &

Verhoef, 2007). Cordons can be implemented in

various ways: cities can charge daily fares such as

in the London and Singapore Area Licensing Sys-

tem (ALS - an early adoption of Congestion Pric-

ing implemented in the 1970s), peak vs. off-peak

entry fares such as in Stockholm and Gothenburg,

and gantry-specific entry fares such as the cur-

rent Singapore system. In this sense, efficiency-

equity considerations must be taken into account

in particular to ensure political acceptability in

the long-term. A trade-off between these two fac-

tors has been found (Kristoffersson, Engelson, &

Börjesson, 2017): the more complex and efficient

the system is, which provides greater aggregate

welfare, the more regressive the system will be.

This is because, as the aforementioned study dis-

putes, low-income groups make fewer charged

trips the simpler the system is. Since prices are

fixed in a simple system, lower-income users can

either pay the price or not cross the cordon. This

means that they are less likely to cross the cordon

due to lower time valuation than high-income

groups, and therefore will only bear the cost of

time spent in public transport.

One of the last critical issues of congestion

pricing is political feasibility. Now that techni-

cal feasibility discussion has become practically

meaningless, with technology catching up with

the needs of enforcement and high precision of

license plate detection, political feasibility has

become the main obstacle to implementing the

congestion pricing. Administrations are usually

inclined to follow what they know is going to

gain them political credit rather than follow what

is called an evidence-based policy. The case for

congestion charging is not different. A study for

the Swedish examples found status quo bias as

the most feasible explanation for the fact that pub-

lic support dipped just before the introduction

but greatly increased after the introduction (Bör-

jesson, Eliasson, & Hamilton, 2016). Furthermore,

how the congestion charge is framed might also

influence the level of initial support. Environmen-

tal framing is deemed to lead to higher levels of
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public support than if the charge is framed as a

tax (Börjesson & Kristoffersson, 2015; Eliasson &

Jonsson, 2011). Having revised the theoretical ba-

sis on which we will base our case in favor of the

congestion charge scheme, we will follow with

a brief overview of previous successful cases of

this pricing system being implemented.

v. Successful examples

v.1 Singapore

Singapore introduced its Area Licensing System

as early as June 1975, implementing a Restricted

Zone (RZ) in the Central Business District in

which all vehicles (save for exemptions) had to

buy a daily paper license that cost S$3 if they

wanted to enter the RZ from 7:30AM to 9:30AM

during working days. In June 1989 Singapore au-

thorities extended the ALS to evening peak hours

(from 4:30PM to 6:30PM), as the expected mirror

effect of reducing congestion during the morning

was not being matched in the evening. Reduc-

tions of 45.3% were achieved after the implemen-

tation of the ALS, for morning peak hours, and

46% after the introduction of the evening tolls.

Additionally, motor vehicle speed during peak

hours reached 35 km/h, compared to only 10

km/h in New York (Phang & Toh, 2004).

However, in 1994, after traffic volumes in

the period in-between the morning and evening

peaks progressively rose every year and reached

a point in which traffic volumes during that

period were higher than during “peaks” (Seik,

1997), the Singaporean Authorities introduced

the Whole-Day ALS, a reformulation of the sys-

tem in which motorists could circulate in the

period in-between peaks only with part-day li-

censes with a reduced price of S$2 or with the

full-day licenses of S$3. Total traffic volumes de-

creased, and travel patterns returned to a more

normal scenario with peak, shoulder and valley

hours (Seik, 1997).

The last update in the Singapore congestion

pricing system has been the Electronic Road Pric-

ing (ERP), an automatized system that deducts

the correspondent charge from a pre-paid smart

card every time a vehicle passes under an ERP

gantry. By doing so, they eliminated some of

the main disadvantages of the ALS; shifting from

a daily fare to a per-pass basis and increasing

the flexibility of the system by reducing the com-

pliance and enforcement costs. Thanks to this

measure, traffic volumes were reduced by 10-15%

even though fares were cheaper now than dur-

ing the ALS (Phang & Toh, 2004). Additionally,

prices are revised quarterly to check whether traf-

fic flow is inside the determined optimal range

based on the 85th percentile speed measurement

method which uses historical data of elasticities

for each period (Olszewski & Xie, 2005). There-
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fore, even if the revenues obtained from this sys-

tem are lower than using ALS, traffic flow is

much more optimal which was the Singapore

government’s final objective of its implementa-

tion.

However, this traffic reduction came with a

caveat: after a period of two years, rising in-

come per capita in Singapore meant cars became

more affordable and traffic subsequently rose

for the following years. Since cars are a luxury

good, their income elasticity of demand tends

to be greater than one (an increase in income

causes a sharper increase in demand; Varian,

1992). Thus, traffic over the full period since

1997 has increased despite the implementation of

the ERP, due mainly to the increase in spending

income of Singaporeans.

v.2 London

The London charging scheme went live on Febru-

ary 17th 2003, working as a daily entry fare of £5

that was paid to circulate within the area known

as Central London. The London charging scheme

was implemented as a way of solving two is-

sues with one measure; Ken Livingstone, the

2000 elected mayor of London, had promised

to solve London’s issue with congestion while

raising revenues to improve the transportation

network. The final design was approved in De-

cember 2001 (Richards, 2005). The final charging

scheme consisted of a daily fare charging £5 for

most vehicles circulating between 7:00AM and

6:30PM within the Inner Ring Road, which sur-

rounds Central London. Some vehicles were ex-

empt from the charge, such as reduced mobility

citizens, high-capacity vehicles, cabs and essen-

tial services vehicles. Central London residents

had a 90% discount on the daily entry fare, but

since the Central London area only covers 1.3%

of Greater London area and they have lower car

ownership per capita than the rest of London, the

number of vehicles affected by this exemption

was acceptably low.

One of the most interesting facts about the

London charging scheme is that a close monitor-

ing program was enacted to follow how events

unfolded both in and around Central London,

measuring their traffic, congestion, economic, so-

cial and environmental impacts (Transport for

London, 2003).

After one year of implementation, most of the

outcomes were at the top end of TfL’s prior expec-

tations. Traffic was reduced by 15% within the

charged zone, small bearable increments were

seen in the Inner Ring Road but there was no

evidence of increased traffic outside Central Lon-

don. This resulted in congestion being reduced

by 30% within the charged zone which in turn

led to higher reliability in travel times and less

time in queues and stationary traffic. Thanks
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to the revenues obtained, public transportation

provision was increased to successfully accom-

modate the additional passengers even with a

strong increase by 38% in bus patronage. Vari-

ations in noxious emissions ranged from 12%

decreases for NOX and PM10 to 20% decreases

for CO2 (Transport for London, 2004).

Before the last monitoring report in 2008, two

major changes happened in the London charg-

ing scheme: in 2005 the price rose up from 5 to

£8 and in 2007 a Western Extension was intro-

duced as part of the charging scheme. This last

report showed that while traffic levels remained

stable during these years, congestion levels in

Central London returned to similar levels prior

to the scheme implementation, mostly due to the

reallocation of part of road capacity to pedes-

trian, cyclists and bus priority measures and an

increase in road works intensity (Transport for

London, 2008a). Despite the stagnation in con-

gestion being due to the road capacity reduction,

the population attributed this to the Western Ex-

tension. It was actually discontinued in 2011

following a public consultation that confirmed

the popular will for its removal (Transport for

London, 2008b), which proves the importance of

public support.

Traffic volumes have remained mostly un-

changed since then. Additionally, trip modes

have shifted towards more sustainable and active

modes (Transport for London, 2019) and the neg-

ative trend in emissions has actually accelerated

since the introduction of the Ultra Low Emission

Zone (ULEZ). The ULEZ is a full-day scheme

that overlaps the charging scheme but charges an

extra £12.5 to vehicles that do not meet the latest

European standards on emissions (Transport for

London, 2019). This means that, with the latest

congestion charge update, old petrol cars could

pay up to £24 to circulate within the congestion

area.

Despite these positive trends, congestion con-

tinues to be a huge problem in London. Lon-

doners drive for 12.7% of the total driving time

under traffic congestion and the average peak

morning delay has gone up from 1.4 min/km

to 2.1 min/km in 5 years (Transport for Lon-

don, 2017). The ULEZ should help to amelio-

rate the situation, but further improvements in

the charging scheme such as distance-based user

road charge could further amplify this effect and

accelerate the transition from private transporta-

tion modes towards sustainable and active trans-

portation modes.

v.3 Stockholm

Initially established as a trial in 2006, it works as

a system that charged motorists every time they

crossed the established cordon. The project was

discontinued after the trial due to opposition in
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a referendum, but in the Stockholm municipality

public opinion had already shifted. The shift

was mainly due to the reframing of the charge

as an environmental-driven policy (Börjesson &

Kristoffersson, 2018). This is why in the summer

of 2007, the new government reintroduced the

charge on a permanent basis (Eliasson, 2008).

Similar to Singapore today, motorists in Stock-

holm are charged different prices for crossing

the cordon at different times, charging 2e for

peak hours, 1.5e for shoulder hours and 1e for

the rest of the day. The Stockholm case presents

an interesting example to analyze the direct ef-

fects of the charge on congestion and pollution.

Traffic volumes are significantly higher for the

periods in which the charge was not active than

for the other periods. Introducing the charge for

6 months already worked to shape the travel pat-

terns of some of the users as traffic volumes were

lower during the in-between period than in the

period before the trial (Eliasson, 2008).

Unlike Singapore where environmental aware-

ness was not an established concept before im-

plementing the congestion charge, we found evi-

dence pointing at the positive environmental im-

pact of congestion pricing in Stockholm. There

is a direct link between the introduction of a

congestion charge and the emissions of NO2,

which clearly confirms that air pollution is closely

linked to the congestion levels a city is facing

(Simeonova, Currie, Nilsson, & Walker, 2017).

Overall, the charge has served its original pur-

pose of reducing traffic: by 2015 Stockholm traffic

volume had been reduced by 20% in comparison

to 2006 (Börjesson, 2018).

v.4 Gothenburg

The Gothenburg congestion pricing was intro-

duced in January 2013 as a measure to generate

revenues and curb congestion. Following the

Stockholm congestion charges applied in 2006,

the charge was applied despite lack of public

support and with three main objectives in mind:

raising revenues, reducing congestion, and im-

proving the environment. Despite public back-

lash (57% of the citizens voted against congestion

charges), the plan was carried through thanks to

a deal struck with the central government for a

large national grant for an infrastructure package

to be applied in the city of Gothenburg alongside

the congestion charge (Börjesson & Kristoffers-

son, 2015).

The pricing scheme was based on the Stock-

holm measures, albeit with a few distinctions,

mainly the size of the city (population of 500,000,

significantly lower than larger cities such as Sin-

gapore or Stockholm), as well as the lower share

of public transport use than in Stockholm.

According to studies undergone shortly after

the charge was implemented, it was an immedi-
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ate success and a substantial drop in traffic (12%)

was recorded just a year later, with a reduction

in all time intervals during the day (Börjesson &

Kristoffersson, 2015).

The measure also raised a total revenue of

72Me in 2013, plus revenues from late payment

penalties of 8Me while the operating cost of

the system was 12Me only 17% of the revenues

generated (Börjesson & Kristoffersson, 2015).

IV. Methodology

For our model we decided to take traffic instead

of congestion; this is backed by previous litera-

ture (Börjesson, Brundell-Freij, & Eliasson, 2014);

Börjesson argues in her study that transferabil-

ity is surprisingly applicable to both traffic and

adaptation costs. Congestion, on the other hand,

presents a non-linear dependence.

This is why, for our model, we have only taken

traffic into account. It is true that a model for

congestion is potentially more objective, since

a reduction in congestion is necessarily better

for society (Hau, 1992) while a reduction in traf-

fic can either be better or worse. However, we

sought to provide a model which could be use-

ful according to the preferences of the governing

body of Barcelona. Leaving the choice of opti-

mal traffic reduction to the political views of the

Barcelona town hall, our model provides a guide-

line as to what the price should be according to

said preferences.

First, we collected data on many variables

which could have a potential effect on road traffic

in a city. Next, we plugged the information and

ran a regression through Python-based coding.

Once we found the variables that were statisti-

cally significant, we applied the regression to the

city of Barcelona, fixing all variables other than

price. Finally, we modeled what would be the

traffic reduction for every possible price point in

order to provide an estimate of the potential re-

duction in traffic that a congestion charge could

bring.

The purpose of constructing this model is to

demonstrate that a congestion charge scheme can

mimic, and even improve, the traffic reduction

and overall results achieved by the LEZ.

i. Sources of Data

To study the effectiveness of price changes on

traffic reduction through a comparison of the

results to Barcelona’s LEZ, we gathered data from

Singapore, London, Stockholm and Gothenburg.

For the choice of variables, we focused mainly

on those variables that would influence traffic

in the city in a relevant manner. To do so, we

collected data for each of the years the conges-

tion pricing system has been in place in each

of the cities. In summary, we collected data on
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type of congestion pricing system (Daily Fare

vs Entry Fare), yearly income per capita, yearly

price of congestion charge (measured at on peak

levels), population density (measured in popu-

lation/square kilometer), car density (measured

in car per capita), percentage of vehicles exempt

from the congestion charge, percentage of pub-

lic transport use in the city, yearly fuel prices,

and the average yearly traffic (measured in per-

centages, taking the year previous to the intro-

duction of the congestion charge as base level).

These variables were chosen according to our

own presumptions of relevance as well as previ-

ous literature on the relevance of them on traffic

(Börjesson, Eliasson, Hugosson, & Brundell-Freij,

2012; Chen et al., 2001; Hau, 1992).

All monetary measures (income per capita,

price of the congestion charge, etc) were mea-

sured in purchasing power parity $. The con-

versions were taken from the OECD purchasing

power parity conversion rates, as well as index-

mundi for Singapore’s PPP (no data previous to

2000 was available on Singapore in the OECD

website).

In the Singapore case, due to the complicated

ERP system with 93 different gantries, congestion

charge prices were measured for the specific CTE

Southbound after Braddell Road gantry when avail-

able, otherwise gantries with similar price levels

were used. For our data on Barcelona, we found

the income per capita data in Idescat and the fuel

price information (for Spain) in Bloomberg.

Due to sparsity of data it was necessary to

access many sources and gather data points from

many different origins, which we further detail

in Figure 16 in the Annex.

ii. Formulation of the Model

ii.1 Defining and Choosing the Model

For our study we decided to construct a model

that could further support the thesis of our study,

that a Congestion Tax could achieve the same, or

a better, result than the Barcelona LEZ, both in

traffic reduction and in air pollution.

We first plotted a scatterplot with price on the

x-axis, average yearly traffic on the y-axis, cities

marked by color and income per capita symbol-

ized by size of the point (see figure 10 in the An-

nex). The first thing we noticed was a negative

trend in the price - average traffic relationship,

which did well to confirm our expectations. We

also recognized a trend between higher income

per capita and higher average traffic.

We chose to compare three different models for

our forecasting: a Linear Regression Model with

all variables, a second Linear Regression Model

with only those variables that were statistically

significant in the first Linear Regression Model,

and a Quadratic Regression Model with only
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the same significant variables. All models were

computed with the Least Squares method (OLS).

The data for all models was standardized by

mean and standard deviation.

The first model, the Linear Regression Model

with all variables, had a very high adjusted R-

squared, which was a very positive find. The

names of our variables were the following: in-

come/capita for income per capita, price for con-

gestion charge price, pop-density for population

density, car/capita for car per capita, perc-public-

transport for the percentage use of public trans-

port, and fuel-price for fuel price; as well as avg-

year-traff for our dependent variable, average

yearly traffic.

Figure 1: Summary of First Linear Regression Model

Additional examination of the p-values (Fig-

ure 1) for all the variables provided further, more

relevant, information: the only statistically sig-

nificant variables were income per capita, price,

and fuel price. This find is backed by the article

The Stockholm Congestion Charges - Five Years On.

Effects, Acceptability and Lessons Learnt (Börjesson

et al., 2012), where the authors run a time series

model and find that the only variables that are

significant are employment, relative car owner-

ship in the country, and fuel prices.

Our findings are somewhat different, but

clearly related to Börjesson et al’s conclusions.

In our regression, we used income per capita in-

stead of employment. We chose data for income

per capita due to the easier comparison across

cities of income levels than employment levels.

Income level is a good proxy for employment,

as seen in another study (Gao, Mokhtarian, &

Johnston, 2008), where the authors find a signifi-

cant relationship between income per capita and

employment. Following Börjesson’s findings, our

variable income per capita was significantly corre-

lated with average yearly traffic.

Curiously enough, car per capita, which we use

as a substitute of relative car ownership, turned

out to not be statistically significant, and actually

had a negative relationship. This might be due

to a clustering of our data based on city-wise

factors. Indeed, if we visualize a scatterplot for

the relationship between car per capita and average

yearly traffic (see Figure 11 in the Annex) we can

see that the data is very disperse depending on

the city.

In fact, when checking the cities individually
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(see Figures 12 and 13 in the Annex), we can

see that both for London and Singapore there is,

actually, a positive relationship between car per

capita and average yearly traffic.

Upon further examination of our variables we

also found a very significant effect of price on

average yearly traffic. This was a great find for our

study, as we wanted to use precisely this effect in

order to use a model to predict the price-traffic

elasticity in Barcelona.

Lastly, fuel price seemed to have a significant

effect on average yearly traffic, which again coin-

cides with Börjesson et al’s findings. This effect

was negative, which makes sense considering the

increased cost of driving when fuel prices rise.

Next, we decided to create another Linear

Model with only those variables that were statisti-

cally significant in the first regression. Therefore,

we dropped population density, car per capita and

percentage of public transport use. We obtained the

regression summary seen in Figure 2.

Figure 2: Summary of Second Linear Regression Model

Now we see a slightly larger adjusted R-

squared, and all the variables are significant. This

means that most of the variables that Börjesson

found to be significant were confirmed to be so

in our study, as well as price; effectively mean-

ing this model allows us to use price to forecast

traffic in Barcelona.

The relationship between independent vari-

ables and the dependent variable seem to be log-

ical: income per capita has a positive relationship

to average yearly traffic, which makes sense since

there is a positive relation between income per

capita and car per capita (Our World in Data, n.d.),

and both congestion charge price and fuel price have

a negative relationship with average yearly traf-

fic as they increase the marginal private cost of

driving.

This model seems to suggest a strong impact

of congestion charge price on average yearly traffic,

more specifically for every standard deviation in

price, average yearly traffic is decreased by twelve

percent. This reinforces the aim of our study, to

prove that a Congestion Pricing System can be

more effective in reducing traffic than the current

LEZ.

Lastly, we built a Quadratic Regression Model

with only the relevant variables (in order to keep

the model as simple as possible). The results can

be seen in Figure 3.

This regression produced a counterintuitive
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Figure 3: Summary of Quadratic Regression Model

find: the adjusted R-squared was the highest yet,

however, only two of the independent variables

were statistically significant.

Reviewing all of the models, we chose to in-

corporate the Linear Regression Model with only

significant values. Despite the Quadratic Model

having a larger adjusted R-squared, the differ-

ence (less than 2%) wasn’t large enough to jus-

tify using a model with practically no significant

variables. Besides, we suspected that the higher

adjusted R-squared may be due to an issue of

overfitting, instead of being a better model for

prediction.

Therefore, our final model was the following:

Ŷ = â + b̂1X1 + b̂2X2 + b̂3X3 (1)

Where â is the intercept, b̂1 is income per capita,

b̂2 is congestion charge price, and b̂3 is fuel price.

ii.2 Applying the Model to Barcelona

Since our study focuses on the effect of price

on the traffic of Barcelona, we were especially

interested in the sensitivity of traffic to price.

Therefore, we fixed the income per capita and fuel

price variables to their 2018 levels (the latest data

available) and gauged the effect of different price

levels on traffic, ceteris paribus.

The price levels were also subsequently trans-

lated from standardized values to e in order to

be more interpretable. For the average yearly

traffic, the data at Price=0 was taken as base (100)

and all other traffic levels were computed as a

percentage of the base.

V. Results

i. Reduction in Traffic

After preparing our model for Barcelona by plug-

ging in the necessary data, we studied the effect

that different price levels would have on traffic.

We can see in Figure 4 that a charge of only 1e

can decrease traffic by 4%, and a charge of a little

under 3e is effective at reducing traffic by 10%.

Taking into account the data from the article by

Barcelona Regional from 2019, where it was fore-

cast that Barcelona’s LEZ would reduce traffic

by 2.76%, we can infer that a congestion charge

would achieve the same effect with a price of

0.77e at peak times. Thus, only a small charge
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Figure 4: Summary of Quadratic Regression Model

Table 1: Congestion reduction in response to congestion

charge prices taking 2018 as base year

Possible charges

Prices 0.77e 1.39e 2.78e 4.18e

Reduction 2.77% 5% 10% 15%

would be sufficient to level the decrease of the

ZBE, while also collecting a steady stream of rev-

enue for the city to later repurpose into public

transport.

In Table 1 we can see the effect of different

congestion charges on traffic. A charge of only

4.18e at peak time would be enough to reduce

traffic by 15% in the city. This would be followed,

clearly, by the reduction in noxious gas emissions

and the health improvement for the residents of

Barcelona.

ii. Implementation in Barcelona

According to TomTom traffic and congestion data

(TomTom Traffic Index, 2020), peak congestion

time in Barcelona would be 8:00 AM - 9:00 AM,

closely followed by 6:00 PM - 7:00 PM, Mon-

day through Thursday; and 8:00 AM - 9:00 AM

followed by 3:00 PM - 4:00 PM on Fridays. Week-

ends are generally much less congested. This

means the peak price, estimated by our model

and subject to the political preferences of the local

administration, would be applied to these peak

congestion time frames. Shoulder and valley-

hour charges would be set according to the pref-

erences of the governing body.

In any case, the Barcelona mayor could choose

a realistic price in the range of 0e to 5e according

to the desired outcome in traffic reduction. In

Table 1 we can see the choice of prices for the

preferred decrease in traffic.

The optimal system of congestion charging is

yet again up to the governing body but there is

a case to be made in favor of an entry-fee based

system instead of a daily charge based one. A

daily charge is no doubt much simpler but it

comes at an expense of efficiency as it can be a

strong deterrent to lower-income users. An entry-

fee, on the other hand, can be optimized in terms

of consumer welfare through use of dynamic

pricing to provide different prices at different
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time-slots (Kristoffersson et al., 2017). This would

essentially provide lower-income drivers with

the choice of travelling at off-peak hours, taking

public transportation, or paying a higher price

under extraordinary circumstances to enter the

city in peak hours. In this regard, there is a

simplicity vs. discrimination trade-off between

daily charges and entry fees.

As mentioned previously at the beginning of

our thesis, Kristoffersson et al. (2017), argue that,

as in most taxation systems, there is a trade-off

between efficiency and equity of the scheme ap-

plied. Thus, for the specific type of cordon that

the city of Barcelona would wish to implement,

we would suggest that the governing body seek

a system that would balance these two forces.

This would further build a point in favor of an

entry-fee, since the added complexity of the sys-

tem would suppose a higher benefit to society

without a high compromise in equity. In fact,

we can see in Figure 14 (in the Annex) the con-

sumer surplus of low-income, medium-income,

and high-income congestion charge users and

their consumer surplus according to each type

of congestion pricing system. The simple cor-

don is one in which all users are charged equally

for entry according to time-frames (similar to

the Stockholm system). The differentiated cor-

don system is similar to the simple cordon but

each gantry has a specific price according to the

traffic in that part of the city and the income

status of the neighborhood (similar to the Sin-

gapore system). The consumer surpluses take

into account the gains obtained from faster trans-

portation vs. the cost of the congestion charge.

We can see that the more efficient the charge is,

the lower equity it brings to its users. This is

why we would recommend a differentiated cor-

don system, which strikes a balance between a

convoluted, complicated scheme and a simplistic,

unfair one. However, this would be up to the

choice of the governing body and according to

public opinion.

The next thing in need of fixing is whether

the charge would be only inbound or inbound

vs. outbound. We would recommend the latter,

taking into account the following statistics: ac-

cording to the 2015 Barcelona basic mobility data

(Ajuntament de Barcelona, 2016a) in 2014 there

was about the same amount of cars entering and

exiting the city. As well, despite inbound com-

muting being the main contributing factor, con-

gestion is also affected by outbound commuting.

For these reasons we would propose a dual-sided

congestion pricing, with a time-frame variable,

but lower charge for outbound vehicles due to its

lesser effect on congestion.

The framing of this pricing scheme would be

essential in the positive recognition of public

opinion as well as public support of the conges-
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tion scheme, since public resistance is the biggest

hurdle to congestion pricing (Börjesson & Kristof-

fersson, 2015). It would be essential to formulate

the system primarily as an environmental strat-

egy in order to improve air and life quality of

residents. This is, according to literature and as

previously mentioned, the best method for gain-

ing public approval (Börjesson & Kristoffersson,

2015; Eliasson & Jonsson, 2011). Additionally, as

mentioned above, public opinion surveys reveal

that the residents of Barcelona think that the best

measure for tackling the environmental problems

of Barcelona would be a control on traffic inside

the city: 42.1% of the surveyed population be-

lieved car traffic was one of the driving factors of

city pollution (Ajuntament de Barcelona, 2019a).

The city would also do well to mention the

redistributive effects of revenues that the charge

could have in the framing of the congestion

charge. Said redistributive effects would be es-

sential for the correct functioning of the system,

since this is where the governing body has a

chance at creating greater total welfare for the

population (Eliasson & Mattsson, 2006). This

point has a great influence on which population

groups get the highest positive impact from the

reform. Figure 15 (in the Annex) summarizes

this best: it would be up to the political agenda

of the governing body to decide which group

to benefit the most. However, repurposing this

revenue into public transport seems to be the

most logical option, considering the increased de-

mand for public transport due to displacement

of commuters that do not wish to pay the conges-

tion charge. This method also seems to benefit

lower-income groups the most (Eliasson, 2014;

Kristoffersson et al., 2017).

Following the Singapore ERP model, it would

be sensible to introduce charge exemptions to

emergency vehicles (police, ambulances, tow

trucks, fire trucks. . . ) and public transport vehi-

cles (public buses). As mentioned previously in

our thesis, exemptions make the congestion sys-

tem more equitable while also relieving bureau-

cratic costs of cycling money which is already

state-property.

This congestion charge system could be eas-

ily implemented in the city of Barcelona in lieu

of the current Low Emission Zone. The infras-

tructure for the LEZ, coupled with the natural

boundaries of the city of Barcelona and the infras-

tructure of the Rondes (see map in Figure 6 in

the Annex), make the case for congestion charge

easily applicable. The entrances to the city can be

easily controlled and the Rondes would still al-

low for traffic to border the city without the need

to pay the charge (unless the city also deemed it

necessary to charge passing traffic).

As mentioned earlier in the thesis, this con-

gestion system would be strictly preferred to the
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LEZ in all aspects. The LEZ, as argued earlier,

has two main purposes: reducing the pervasive

environmental impact of traffic on the city and

renewing the vehicle fleet of the city, as well as a

secondary effect of reducing traffic. The conges-

tion charge performs better in all these aspects,

as we will now contend.

First, when comparing the reduction in traffic

between the congestion pricing system and the

LEZ, we have seen earlier that a low charge of

0.77e in peak hours would be tantamount to the

reduction that the LEZ proposes (Barcelona Re-

gional, 2018), and a higher charge would lead to

an even sharper cut in traffic. The main takeaway,

however, is that the congestion charge allows

for the possibility of setting traffic entrance at

whichever level the transport official should de-

sire, whether this is higher or lower than the LEZ.

In this sense, therefore, the congestion charge is

strictly preferable to the LEZ since it allows for

direct control over traffic flow.

Secondly, there is a point to be made regarding

the environmental effect as well. It is true that

the LEZ eliminates the oldest, and, therefore, the

highest polluting cars from circulation, and this is

a specific effect that the congestion charge cannot

mimic in the short term. However, the control

of traffic flow that can be achieved through the

congestion charge can be enough to produce a

similar reduction to the LEZ expected results.

In fact, it would be as trivial as setting a price

that reduces traffic enough to ameliorate the LEZ

results. Indeed, as we have seen earlier, the LEZ

is not all that effective at reducing pollution when

taking into account that older cars have a lower

use percentage (Ajuntament de Barcelona, 2017).

Lastly, regarding the renewal of the fleet of

cars, this is something that the congestion charge

simply does not achieve. There is, however, a

powerful counter-argument: the revenues gained

through the congestion charge could be, if the

government so deemed appropriate, applied as

a subsidy campaign to renew the fleet of vehi-

cles through the use of incentives. In fact, the

difference between this fleet renewal campaign

and the current LEZ is that this subsidy could be

completely financed by the congestion charge, in-

stead of being an expense borne by the Barcelona

city hall. In other words, the congestion charge

could also achieve the same objective, at a lesser

cost.

The argument of cost is especially relevant

given that, even though the LEZ has a lower

implementation cost than the congestion charge

scheme (Ajuntament de Barcelona, 2016b), previ-

ous successful examples prove that the conges-

tion charge is a system that can maintain itself

thanks to the revenues generated. For instance, as

mentioned previously, Gothenburg had an oper-

ating cost of only 17% of the revenues generated
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(Börjesson & Kristoffersson, 2015).

These abundant theoretical points in favor of

congestion charge, added to the quantitative

proof of traffic reduction of our model, demon-

strate the strict dominance of a congestion charge

over the current LEZ system.

VI. Limitations of our study

As with most academic studies, the design of

our current study must be considered in light of

some limitations that can be addressed in further

research.

A relevant limitation is that we originally set

out to build a model that would forecast conges-

tion instead of traffic; as congestion is a much

more objective measure than traffic. However,

data for congestion was scarce, and measure-

ments for this type of data are subject to inconsis-

tencies due to the fact that each measuring body

uses its own method. Furthermore, as previous

literature suggests (Börjesson et al., 2014) models

for congestion are rather complex and require

technical skills and specialized equipment which

were beyond our scope.

Data collection was also a rather laborious pro-

cess and many sources were consulted, due to

the many variables and the vast time frame of our

data points; this may create an issue of disparity

in data. Significantly, due to the novel nature of

congestion pricing, data points were somewhat

scarce for some cities (Gothenburg, for instance,

has only had the charge for 5 years).

The case of Singapore was especially difficult,

since the ERP has been running the longest of

all congestion charge systems (20 years) and re-

covering all prices from the whole period was

an impossible task. Additionally, Singapore’s

complicated gantry system, while very efficient,

proved to be a daunting task due to having to

track the price of a specific gantry for the whole

time frame. Despite these issues, however, we

feel our final results are still quite relevant and

hold nonetheless.

VII. Conclusion

In our thesis we built the case for congestion

pricing in Barcelona as the simplest and most

efficient method for reducing congestion.

Through the use of statistical regressions we

designed a model which predicts the different

traffic levels corresponding to price levels of the

congestion charge. In this model, we found a

noteworthy discovery: a low charge of 0.77e

during peak hours would lead to the same traffic

reduction as the currently implemented LEZ in

Barcelona.

Thanks to our extensive previous literature re-

view we were able to set the groundwork for our
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argument. We defend that, despite congestion

reduction not being the main purpose of the LEZ,

and assuming a proper design of the congestion

charge, the congestion pricing system is strictly

preferable in all possible benefits that the LEZ

might bring:

• The congestion charge is more progressive

since, if well designed, it allows for all citi-

zens to cross the city cordon, while the LEZ

does not.

• The congestion charge is considerably more

efficient at reducing traffic than the LEZ.

• The congestion charge can be used to reduce

pollution in a more versatile manner than

the LEZ.

• The congestion charge system is self-

sustaining, while the LEZ is a costly burden

that has to be financed through other means

such as taxes.

• The congestion charge system allows for re-

distribution of revenues to society, thus fa-

voring the creation of added welfare for its

citizens, while the LEZ generates no addi-

tional welfare gains.

We have outlined some areas in which our study

could come in handy in order to further the re-

search and contribute to a better understanding

of congestion charges in Barcelona. For instance,

a more technical traffic flow model which more

accurately estimates the optimal traffic flow of

Barcelona, would do well to support our case.

Additionally, a model which removed irregulari-

ties and allowed for the use of congestion as the

dependent variable, instead of traffic, could have

been more useful to assist policy makers due

to its more objective nature as a measure. Fur-

thermore, in absence of time we were not able,

unfortunately, to include relevant projections of

specific economic, environmental and health ben-

efits. This would have helped to further extend

the measurable base of our argument.

We hope this study reaches the hands of policy

makers, activists, and other interested citizens of

Barcelona, so that one day a congestion charge

system might help solve the imperative issue of

traffic, congestion and pollution in our city. It

is our hope this serves to bring about a better

future for its inhabitants, and that it may provide

a standard for other cities to follow.
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Annex

Figure 5: Daily Traffic Intensity in Barcelona

Source: Departament d’Estadística i Difusió de Dades, 2019

Figure 6: Road Map of Barcelona

Source: Ajuntament de Barcelona, 2016b
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Figure 7: Pollution of Cars According to their LEZ System Tags

Source: Ajuntament de Barcelona, 2017

Figure 8: Usage Rate of Cars. Red represents total registered cars while blue represents cars in circulation.

Source: Ajuntament de Barcelona, 2017
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Figure 9: Static Model for Congestion Pricing

Source: Button, 2004

Figure 10: Scatterplot of Average Yearly Traffic and Price
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Figure 11: Scatterplot of Average Yearly Traffic and Cars per Capita

Figure 12: Scatterplot of Average Yearly Traffic and Cars per Capita in London

Figure 13: Scatterplot of Average Yearly Traffic and Cars per Capita in Singapore
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Figure 14: Consumer Surplus by Income Groups in different Congestion Systems

Source: Kristoffersson et al., 2017

Figure 15: Consumer Surplus by Income Groups in different Congestion Systems

Source: Eliasson, 2008
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