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Executive Summary
This document reports the analysis carried out in INSIGHT WP7.1 Madrid Case Study, which is framed in the
WP7 Policy assessment and modal evaluation work package. WP7.1 aims to use the MARS simulation model
developed within the project to test different scenarios for post-crisis urban development, focused on tackling
different urban problems of Madrid.
The policy scenarios are selected based on the main features and the main threats that Madrid is facing for its
sustainable development: reduce urban sprawl, enhance the economy and reduce contribution to climate
change. Two policy measures are designed for the case study, namely cordon tolls as part of congestion pricing
for the main city, and the implementation of teleworking measures which are expected to lead to less travel
demand.
The research explores the application of the MARS model to the case study of Madrid from the current year
2016 to a long period of time spanning until 2042. New indicators and methodologies are developed to assess
the impacts of those policy measures.
The results obtained in this research indicate that both the cordon toll and teleworking measures are effective
to mitigate urban congestion. Cordon toll can encourage travellers shifting from car mode to public transport.
Both measures promote economic growth in respect of the number of work places, though teleworking
provides better results. The two policy measures contribute to reducing CO2 emissions.
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1. Introduction
MARS model is a dynamic and aggregate LUTI model that includes two main sub-models, transport and
land use. A housing location sub-model and a workplace (including retail and production) location submodel are part of the land use sub-model. Within the new developed accessibility indicator, which
integrates the public service location choice into the land use sub-model, MARS is able to capture the changes
of land use considering the public service effects and redistribute the number of residents and workplaces in the
Madrid Region.
Through a study on the main trends that threaten sustainability in European cities, it was found out that
reducing urban sprawl, enhancing the economy and reducing contribution to climate change are the main
concerns for most cities. In the case of Madrid, the most worrying threats to be addressed are the urban sprawl
and the recent economic decline. Both trends have had some impacts and effects over the land use and
transport system, which have inspired the design of two policy measures: cordon toll and teleworking. Both
policy measures have been simulated with MARS model in order to analyse the effects over the three policy
priority objectives: reduction of urban sprawl, economic growth and accessibility to jobs, and reduction of
greenhouse gas emissions
The document is divided in three parts. The first one introduces the case study, describing its main features and
the main threats that the city is facing for its sustainable development: urban sprawl and economic decline. The
second part of the document details the scenarios definition and the simulation process, i.e. how the policy
measures of cordon toll and teleworking have been simulated using the MARS model. The last part of the
document contains the results and the conclusions of the simulations.
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2. Madrid case study: main features and policy priorities
In this section, we describe the general features of Madrid, and we analyse its evolution during the last ten
years. This analysis, based on real historical data, aims to establish the policy priorities of the city, related to its
most significant threats. The framework used to evaluate the threats and priorities was developed in the second
work package of the project (Romanillos et al., 2014). The design of the policy measures has been influenced by
the results of this evaluation and the characteristics of the LUTI model MARS, which are detailed in the
deliverable D5.3 Enhanced version of the MARS Simulation Model (Yang et al., 2016).

2.1 Introduction. General features
The city of Madrid is the capital of Spain and the country’s most populated city. The analyses have covered not
only the central city but all the urban geographical area with a high degree of interaction between its urban
centres in terms of trips, relationships and economic activity. This geographical area is known as the
Metropolitan Area (EMTA, 2014), and in the case of Madrid it covers the whole Madrid Region (Monzón et al.,
2015). We consider that it is necessary to cover this entire region to analyse the interaction between land use
and the transport system, as is the case. The region is divided into 179 municipalities (see Figure 1). The central
city is the largest and most populated municipality of the region, referred to as Madrid Municipality or Madrid
City. Table 1 contains some general information about both the city and the region. The population of Madrid
Region amounts to about 6.5 million inhabitants, half of which live in the main city. The region spreads on an
8,030 km2 surface, and the population density is high in the central city, 5.232 inhab./km2, and rather low in the
whole region, 605 inhab./km2 (Monzón et al., 2016). The annual GDP per capita, 30,321 €, is one of the highest
among Spanish cities, but it is rather low compared to other European cities (EMTA, 2014). 18% of the active
population in Madrid is unemployed. The high level of unemployment is largely due to the economic crisis,
which brought with it serious decline and job losses. In the Madrid region there are 0.505 cars per inhabitant, a
figure that decreases if we only consider Madrid City. This is something common to all European cities:
dispersed areas are characterised by car dependence, as the car is frequently the only practical alternative to
typically inadequate, relatively and increasingly expensive public transportation systems (European
Environment Agency, 2006).

Figure 1 Madrid Region divided into municipalities
© INSIGHT Consortium
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Table 1 Madrid Case Study- Main features (2014)
Main features
Population
Surface* (km2)
Density *(inhabitant/km2)
Motorisation index
(vehicles/1,000 inhabitants)
GDP per capita (€)
Unemployment rate (%)

Madrid
Madrid
City
Region
3,165,235
6,454,440
605
8,030
5,232
804
455
505
30,321
18.0

(*): Administrative surface (urban and not urban surface)
Source: Metropolitan Mobility Observatory. Report 2014 (Monzón et al. 2016)
The case study of Madrid is going to be evaluated using the simulation tool MARS. This tool requires some
external inputs. One of these inputs is population growth. For this issue, we have adopted the projections given
by the Spanish Statistical Office (INE, 2016), which are presented in Figure 2.

Figure 2 Population growth- Projections- Source; INE (2016)
According to the last Mobility Survey carried out in Madrid, which is summarised in Table 2, almost 13 million
trips are made per day in the whole region. Therefore, each person makes on average 2.5 trips per day. The
trips last on average 29 minutes and have a length of 6 km. As in most European cities, the modal split is
dominated by car use (EMTA, 2014): 40% of these trips are done by car (see Figure 3), 30% walking and 28% by
public transport. However, these figures present considerable variations depending on the purpose or the zone.
Commuting trips are more based on motorised modes: people travelling to work use more the public transport
and the car. People travelling for other purposes usually walk and cycle more. On the other hand, trips done in
the city are generally more sustainable than the rest: they are based in public transport, walking and cycling.
Due to the larger distances, trips made between the City and the Metropolitan Ring are basically made by
motorised modes, especially by car. The car is also the most common mode for trips whose origin and
destination are in the Metropolitan Ring, although a considerable percentage of these trips are also made
walking and cycling. Only a few of these trips are made by public transport, if we compare them to trips from or
to the main city. This is not surprising given that the accessibility levels by public transport in the city are higher
than in the Metropolitan Ring. It is always more difficult and less economically viable to provide quality public
transport services to segregated areas (European Environment Agency, 2006; European Union, 2011).
© INSIGHT Consortium
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Table 2 Madrid Case Study- Characterisation of the transport network (2014)
Main features

Madrid
Region

No. of trips per day1 (millions)
No. of trips per person per day1
Average duration the trips (min)
Average distance of the trips (km)

12.9
2.5
29.0
6.0

(1): In a working day
Source: Metropolitan Mobility Observatory. Report 2014 (Monzón et al. 2016)

Figure 3 Modal split by trip purpose.
Source: Metropolitan Mobility Observatory. Report 2014 (Monzón et al. 2016)

Figure 4 Modal split in trips between the different zones of Madrid Region.
Source: Metropolitan Mobility Observatory. Report 2014 (Monzón et al. 2016)
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2.2 Evolution: main threats and priority policy objectives
The first step of INSIGHT was to study the main trends that threaten sustainability in European cities, in order to
design appropriate objectives and policies for city management. For this, we resorted to the main reference
document on urban problems at European level, which comes from the initiative Cities of Tomorrow (European
Union, 2011). Considering sustainable development as a concept divided into three dimensions, society,
environment and economy (OECD, 2002; Tanguay et al., 2010; Haghshenas and Vaziri, 2012), the main trends
existing in European cities threatening each dimension are described below:
Society: the weight of working-age population is decreasing due to the low birth rate, the increase in life
expectancy and the migration of active population due to the lack of job opportunities. In addition, socio-spatial
segregation is growing, associated to socio-economic inequalities. Urban transport systems are related to this
trend, since they affect the liveability of cities and provide accessibility (a concept linked to equity).
Environment: the endless consumption of natural resources during urban growth and sprawl continues to pose
a threat to the environment. This negative impact of urban development must be addressed to avoid the
resulting environmental damage.
Economy: a lot of problems associated with economic sustainability started appearing with the Eurozone crisis.
The recent recession has been putting pressure over economic development and competitiveness.
Finally, the urban sprawl witnessed by Europe in the latest decades has adversely impacted society,
environment and economic efficiency (European Environment Agency, 2006). Sprawl can be considered as a
horizontal threat to sustainability, based on the aforementioned dimensions. Despite the classification, the
threats described under each dimension are interrelated.
At the initial stage of the project, we designed some sustainability objectives in order to face these threats, and
we proposed several indicators for measuring the achievement of those objectives (Romanillos et al., 2014).
This evaluation framework was assessed in a stakeholder consultation (García-Cantú et al., 2014). The
framework, which has been improved throughout the project thanks to the participation of experts involved in
INSIGHT, is used in this document to evaluate the main threats and the policy priorities existing in the city of
Madrid. In the consultation process, ten policy makers of European cities had to select the most important
objectives from the list. The stakeholders also assessed the indicators proposed. All the indicators used in this
analysis were considered to be relevant for their correspondent objectives by the majority of the stakeholders
consulted. Table 3 summarises the sustainability objectives designed in the project and the main results of the
stakeholder consultation process. The detailed list of validated indicators is showed later on in Tables 4 and 5,
together with the values of the indicators for the city of Madrid in the years 2004, 2008 and 2013.

© INSIGHT Consortium
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Table 3 Sustainability objectives and indicators assessed by stakeholders.
Source: Compiled by authors from Romanillos et al. (2014) and García et al. (2014)
Objectives Indicators

Importance for
stakeholders

1

Economic growth

Essential

5

5

2

Economic efficiency

Little
importance

3

3

3

Liveable streets and
neighbourhoods

Very
important

5

5

4

Equal, safe and secure society

Neutral

11

7

5

Stop demographic decline

Unimportant

4

4

6

Human capital improvement

Little
importance

2

2

7

Reduce energy consumption,
especially from non-renewable
sources

Very
important

9

5

8

Reduce contribution to climate
change

Very
Important

3

2

9

Reduce pollution: air pollution

Very
important

6

4

Unimportant

2

2

Important

3

3

noise pollution
10

Reduce urban sprawl

© INSIGHT Consortium
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validated for each
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Table 4 Indicators related to sustainability objectives 1- 6 in Madrid. Years 2004, 2008 and 2013. Evolution. Source: Alonso and Monzón (2016).
Objectives

Indicators

Unit

Economic
growth

Household budget
GDP per capita
Unemployed

€ per household
€ per inhabitant
No. of
unemployed
No. of jobs
€ per m2
No.
ADT
ADT
ADT
min
No.
Km2
Km
Km2
Km2
M. Seats-km
M. Seats-km
M. Seats-km
Ratio (no unit)
%

Economic
Efficiency

Liveable streets
and neighbourhoods

Equal, safe and
secure society

Stop
demographic
decline
Human capital
improvement

Job creation
Land prices
Unoccupied flats or buildings
Congestion- traffic density: Big streets
Medium streets
Small streets
Time spent travelling
Pedestrians and cyclists injured in traffic accidents
Space for pedestrian use
Length of bicycle lanes
Road land occupation
Green areas
Public Transport supply (all modes), Madrid Region
PT supply Central City
PT supply in the Metropolitan Ring
Income inequality- S80/S20 ratio
Share of the budget devoted to main needs
Essential services provision (space devoted to
health, educational and social services):
Madrid Region
Central City
Metropolitan Ring
Traffic accidents with casualties
Fatalities occurred in traffic accidents
Crime according to surveys (share of persons that
report delinquency & vandalism problems)
Share of active population
Share of population over 60 years
Share of population under 25 years
Share of skilled workers
Drop-out rates from secondary education
Cultural offer (no. of cinemas and cultural offer)

2004

2008

2013

Growth is (+)
or (-) for
objective?

Annual evolution
(average annual growths)1
2004/07
2008/13
2004/13
6.0
-2.8
1.1
4.6
-1.5
1.2

Summary
(evolution of the indicator
towards the objective)

29,806
26,064

37,548
31,227

31,456
28,915

(+)
(+)

253,804

221,732

532,063

(-)

-3.2

20.2

9.8

2,664,966
2,298
366,075
159,025
106,049
67,813
47.3
39
94
108
88
130
54,951
34,840
20,111
5.5
65.3

2,949,640
3,005
410,000
165,512
110,332
69,423
41.0
37
98
190
91
148
64,334
41,608
22,726
5.7
59.9

2,672,138
1,998
443,986
122,675
107,029
53,242
31.2
35
103
290
90
163
61,503
39,941
21,562
6.1
64.9

(+)
(+)
(-)

2.7
7.1
2.9

-1.9
-7.8
1.6

0.1
-1.2
2.2

(-)

0.4

-5.2

-2.7

(-)
(-)
(+)
(+)
(-)
(+)
(+)
(+)
(+)
(-)
(-)

-3.5
2.5
1.2
24.5
-1.4
3.2
4.1
4.7
3.2
1.3
-2.0

-9.6
0.2
1.0
9.5
1.8
2.0
-0.8
-0.7
-1.0
1.6
1.6

-6.9
1.2
1.1
16.2
0.3
2.5
1.3
1.7
0.8
1.5
0.0

Km2

65

84

86

(+)

7.0

0.5

3.4

Km2
Km2
No.
No.

20
45
9,142
97

25
59
10,261
85

25
61
11,160
64

(+)
(+)
(-)
(-)

6.1
7.6
4.9
0.7

0.0
0.7
1.8
-4.6

2.7
3.8
3.2
-2.2

%

51.0

52.2

54.0

(-)

-0.9

2.0

0.7

Recent deterioration

%
%
%
%
%
No.

51.1
18.9
27.4
45.7
25.6
203

54.6
19.2
25.7
52.2
27.1
213

52.2
20.9
25.2
51.8
19.7
228

(+)
(-)
(+)
(+)
(-)
(+)

1.7
0.3
-1.1
3.5
1.5
1.2

-0.9
1.6
-0.4
0.9
-5.8
1.4

0.2
1.1
-0.7
2.1
-2.6
1.3

Recent deterioration

Recent deterioration
Sharp deterioration, especially
in the recent period
Sharp & recent deterioration
Recent deterioration
Deterioration
Improvement, especially in the
recent period (economic
decline & decreased demand:
less traffic & travel time)
Deterioration
Improvement
Great improvement
Deterioration
Improvement
Recent deterioration
Deterioration
Recent deterioration
Improvement (especially in the
earlier period of economic
growth)
Deterioration
Recent improvement

Deterioration
Improvement
Improvement

(1): The indicators were collected for all the years of the period 2004-2013. The annual growths have been calculated year by year. The values listed on the table are the average annual growths, and therefore
consider simultaneously the values of each indicator in each year. The advantage is that they do not depend on spot values of one particular year.
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Table 5 Indicators related to sustainability objectives 6-10 in Madrid. Years 2004, 2008 and 2013. Evolution. Source: Alonso and Monzón (2016)
Objectives

Indicators

Unit

Reduce energy
consumption,
especially from nonrenewable sources

Energy consumption
Energy cons. main sectors:
Transport
Housing
Industry
Fuel dependence (energy coming from petrol
and carbon sources)
Fuel dependence in relevant sectors:
Transport
Industry
Services
Share of energy cons. from renewable sources
Greenhouse Gases Emissions (GGE)
GGE by main sectors:
Transport
Industry

Ktoe.

10,619

11.614

9.716

Ktoe.

5,233

5,814

4,936

(-)

2.7

-3.2

-0.6

Ktoe.
Ktoe.

2,636
1,282

2,668
1,378

2,312
763

(-)
(-)

0.3
1.8

-2.8
-11.0

-1.4
-5.3

%

60.1

57.6

55.8

(-)

-1.1

-0.6

-0.8

%

98.0

97.0

96.6

(-)

-0.3

-0.1

-0.2

%
%
%
KT CO2 eq

22.5
4.1
1.4
22,767

18.0
2.4
1.4
23,228

18.1
2.0
1.9
18,317

(-)
(-)
(+)
(-)

-10.4
-12.4
0.5
0.6

-2.1
-3.0
5.5
-5.7

-5.8
-7.2
3.3
-2.9

KT CO2 eq

9,740

10,369

7,758

(-)

1.7

-5.5

-2.4

KT CO2 eq

4,521

4,323

2,424

(+)

-0.6

-10.4

-6.0

%

47.0

48.3

45.9

(-)

0.7

-1.0

-0.2

µg/m3

120

96

66

(-)

-5.3

-5.6

-5.5

µg/m3

34

27

18

(-)

-5.0

-7.5

-6.4

Tons

91,916

75,798

48,577

(-)

-2.4

-5.3

-4.0

Tons

111,369

97,635

87,284

Tons

61,958

59,166

39,159

(-)

-6.9

-7.7

-7.3

Tons
Tons
Tons
LAeq dBA
%
Inhab/ Km2
Km2

12,764
13,833
1,654
65.4
30.1
6,321
50

7,273
10,800
1,662
65.29
26.9
6,263
52

4,907
4,084
1,119
63.10
14.2
6,045
56

(-)

-2.5

-12.3

-7.9

(-)
(-)
(+)
(-)

53.4

51.2

49.4

(+)

0.1
-2.3
-0.3
1.0
-1.0

-0.7
-14.9
-2.4
1.8
-0.7

-0.3
-9.3
-1.3
1..4
-0.9

Reduce contribution
to climate change

Reduce air and noise
pollution

Reduce urban sprawl

Deaths from diseases potentially related to
pollution
Avrg. air concentration of:
NOx
Particles
Total emissions of :
NOx
Particles
Emissions in relevant sectors:
Transport NOx
Transport particles
Industry NOx
Industry particles
Noise intensity levels
Population declaring noise problems
Urban density (inhabitants per urban surface)
Land occupied – built up land
Share of the population living in the Central
City

%

2004

2008

2013

Growth is (+)
or (-) for
objective?
(-)

Annual evolution
(average annual growths)1
2004/07 2008/13
2004/13
2.3
-3.5
-0.9

Annual evolution
(average annual growths)
Improvement, especially in the
recent period of economic
decline, (reduced demand of
services and activities)

General improvement due to
technological innovation &
greater environmental
awareness.
General improvement,
especially in the recent period
of economic decline, (reduced
demand of services and
activities)

Improvement, especially in the
recent period of economic
decline, (reduced demand of
services and activities)

General deterioration

(1): The indicators were collected for all the years of the period 2004-2013. The annual growths have been calculated year by year. The values listed on the table are the average annual growths, and therefore
consider simultaneously the values of each indicator in each year. The advantage is that they do not depend on spot values of one particular year.
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Tables 4 and 5 show the analysis that has been conducted to set the policy priorities in the city of Madrid by
Alonso and Monzón (2016), using the framework developed in WP2. The indicators related to each policy
objective (and subsequent threats) were collected by the authors for each year of the period 2004-2013. The
table also shows the evolution of the indicators. This evolution is measured by their average annual growth,
which is presented in the table in red colour if the evolution of the indicator is negative for the objective and in
black if the evolution of the indicator is positive for the objective. The importance of the threats and evolution
towards the policy objectives has been evaluated by analysing the evolution of these indicators during two
differentiated periods: 2004-2007 and 2008-2013. The first period was characterised by economic growth, and
the second one by the generalised economic crisis (Directorate General for Economic and Financial Affairs of the
European Commission, 2009). According to the table, there have been two sustainability objectives from which
the city of Madrid has significantly deviated during the last period (2008-2013): economic growth and stop
urban sprawl. All the indicators related to both objectives have deteriorated during this period. The economic
indicators reveal a clear economic decline during the last period of economic recession, where for example the
number of unemployed inhabitants has grown on average 20% per year. Indicators on urban sprawl
demonstrate that this threat is also very relevant for the city. But if we observe both trends from a global
perspective (period 2004-2013), we can see that they have behaved very differently. The economic outlook has
worsened very fast, but very recently, and in fact some economic indicators have globally improved since 2004
(e.g., GDP). On the contrary, urban sprawl has been a constant trend, and probably more worrying, since
Madrid´s population has been steadily dispersing during the global period 2004-2013. Another threat that has
been constantly growing is the demographic decline. Madrid has deviated from the objective of stopping this
trend, but the deviation is not as significant as in the case of economic growth or stop urban sprawl. On the
other hand, the city has progressed towards energy saving, and towards social objectives such as human capital
improvement and liveable streets. The most significant progress has been achieved in environmental objectives.
Madrid has significantly reduced its pollution and its contribution to climate change during the most recent
period (2008-2013), probably helped by the general slowdown of activities during the economic crisis. If we
consider the importance attached to the objectives by policy makers in relation to the progress or deviation
towards them, it is noted that those objectives from which the city is significantly deviating are considered to be
essential (economic growth), even when the deviation is very recent and the global evolution is positive (20042013). There are some other objectives whose progress is favourable and are considered of high importance,
mainly those related to the environment. The concern about damages of urban development to natural
resources is not new, and environmental sustainability objectives such as reducing contribution to climate
change and pollution are probably the most classical policy objectives in this comparative (European Union,
2011). This relatively old concern has ended up giving good results: environmental indicators show a positive
progress towards the objectives (e.g., share of renewable has grown and petrol dependence has decreased
since 2004). In addition, the slowdown of activities during the economic crisis has also helped to reduce
emissions and energy consumption.
Given the evolution of the indicators related to each policy objective, the urban sprawl and the economic
performance are priority issues in the case of Madrid. Furthermore, in the face of advancing climate and the
specific concern for it, as well as the responsibility of cities (Senate Department for Urban Development and the
Environment - Berlin, 2014), the climate change topic has been taken as a priority in the four INSIGHT case
studies. The role of cities in the reduction of CO2 emissions is increasingly gaining relevance in international
policy (European Union, 2011). Cities are responsible for a significant part of overall GHG emissions, both
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directly as generators of such emissions and indirectly as end users of fossil fuel based energies and other goods
and services, the production of which generates emissions elsewhere (United Nations, 2011). The urban way of
life is part of the problem and the solution, since the concentration and the economies of scale that exist in
cities allow a more efficient use of energy (Lewis et al., 2013). Actually, in Europe, CO2 emissions per person is
much lower in towns than outside them (International Energy Agency, 2012). This general awareness about the
key role of cities to address climate change came out in the experts and stakeholders consultation actions that
have been carried out throughout the project. In the case of Madrid (see Table 5), the indicators show that the
GGE have been reduced during the last period of economic decline and slowdown of activities. However, the
level of direct CO2 emissions, 3 Ton of CO2 equivalent per capita in 2013, is still above the level defined as
climate neutral, 2 Ton per capita per year1. The transport sector is responsible for more than 40% of these
emissions. Therefore, the application of transport policies to address climate change may result adequate and
effective. In view of the above arguments, three policy objectives are going to be considered as a priority for
Madrid case study: enhance economic growth, reduce urban sprawl and reduce contribution to climate change.

1

A city can be regarded as “climate-neutral” if its greenhouse gas emissions can keep global warming below the threshold
of 2°C – assuming a world population of 9 billion people by 2050, each endowed with the same per-capita emission rights
of 2 metric tonnes of CO2 equivalents per year (Senate Department for Urban Development and the Environment - Berlin,
2014)
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3. Policy measures
The previous section analysed the general framework for the case study of Madrid, concluding that the most
worrying threats to be addressed are urban sprawl and the recent economic decline. Both trends have had
some impacts and effects over the land use and transport system that will be detailed in this section. These
effects will be analysed together with other notable trends that have inspired the design of two policy
measures: cordon toll and teleworking. Both policy measures have been simulated with MARS model in order to
analyse their effects over the three policy priority objectives: reduce urban sprawl, enhance economic growth
and accessibility to jobs, and contribute to reduce greenhouse gas emissions.

3.1 Motivation: main trends and effects
The population living in Madrid has grown in the two periods under analysis, economic growth and economic
decline, although the growth rate is higher in the first period. However, the demographic evolution (Figure 5)
shows that even if the population has grown in the city and in the metropolitan ring, big differences can be
noticed in both tendencies. The growth rates of the population in the metropolitan ring are clearly higher than
the growth rates of the city in both periods. As a consequence, the city has been steadily losing population
weight over the whole region since 2001. The demographic evolution of Madrid during the last decade has been
characterised by the spread of low density settlements around the core cities (European Union, 2011). Unlike
the demographic evolution, the economic evolution in the case study of Madrid has drastically changed from
one period to the other (Figure 5). The first period is characterised by a marked growth in employment rates
and GDP. The second period is characterised by employment decline and a slight decline in the GDP.
The evolution of the context described above has had clear impacts over the mobility patterns. On the one
hand, the trends in the demand for services, including transport services, are always linked to the economic
trends (Taylor et al., 2009). This is evident when we analyse the evolution of car traffic levels (Figure 5): the first
period of economic growth is characterised by a growth in the traffic levels, while the second period of
economic decline is characterised by a decrease in traffic levels. However, if we analyse the evolution of the
public transport demand, the outcome is different. The number of public transport trips per inhabitant shows a
marginal growth in the first period and a more significant decline in the second period. During the first period,
which is characterised by economic growth and a general increase in demand, the public transport demand
remained nearly constant. This is probably because the population growth concentrated in the metropolitan
ring, where public transport connections are worse and people are less likely to use them (European Union,
2011). In the second period, the effects of the economic crisis are noticeable and public transport demand
changes from a stable one to a declining one. This evolution is thought to be due to the joint effects of the
urban sprawl and the economic crisis.
The evolution of workplaces and their location shows a mixed trend between the sprawling tendency and the
economic evolution. The total number of jobs increased during the economic growth period and decreased due
to the economic crisis. However, the process of decentralisation of the employment has been a clear and
constant trend, because of the formation of new employment sub-centres in the metropolitan ring (GarcíaPalomares, 2010). As a result of this decentralisation of residents and workplaces, the percentage of the
population that works in a different municipality than their municipality of residence has grown from 2001 to
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2011, not only in the metropolitan ring but also in the city (Figure 6). This has translated into longer distances
between origins and destinations, and has increased the use of the car. The percentage of workers travelling by
public transport has decreased, since both workplaces and residents have moved to the suburbs, which are less
accessible by public transport. This decentralisation of jobs and residents generates more trips by car to and
from the main city, a scene where cordon tolls may be an effective strategy (Zhang and Kockelman, 2013). On
the other hand, there is a growing tendency that has led to reduce the need to travel: the percentage of
workers working at home has significantly increased from 2.4% to 8.0%. This is a widespread tendency, related
to the improvement of information and communication technologies.

Figure 5 Evolution of key aspects in Madrid region
Source: Elaborated by the authors from the regional database ALMUDENA (2014)
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Figure 6 Changes in personal mobility (2001-2011)
Source: Elaborated by the authors from Census data, available in the Spanish Statistical Office INE (2016)

3.2 Justification and design of the policy measures
The potential of the measures that have been finally designed and simulated, cordon toll and teleworking, was
previously analysed by using a mobility survey carried out in the Madrid Region in 2014 by CTRM (2016). This
mobility survey did not contain information about distances and time between origins and destinations. In order
to suplement this information, we resorted to the open source Google Maps. The steps followed for the analysis
of the mobility are shown in Figure 6. The survey and the Google Maps information were adapted to the MARS
zoning, in order to align the outcomes of the analysis to the simulation process. The results of this analysis and
calculations are shown in Tables 6, 7, 8, 9 and 10, diferenciated by zones. These zones are shown in Figure 7.

Figure 6 Methodology to analyse the mobility in Madrid Region with traditional an new data sources
ESM (Encuesta Sintética de Movilidad) refers to the mobility survey carried out by the CRTM (Consorcio Regional
de Transportes de Madrid), which is the Public Transport Authority in Madrid Region, in 2014
EDM (Encuesta Domiciliaria de Movilidad) refers to the mobility survey carried out by the CRTM in 2004

© INSIGHT Consortium

Page 18 of 48

D7.1 Madrid Case Study
Issue 1

Figure 7 Madrid Region with the different zones considered in the analysis
In zones 1 and 2 the ESM zoning coincides with MARS model. In zone 3 the ESM data is more aggregated. Red
lines represent ESM zones.
Table 6 Distribution of commuting trips in Madrid Region according to their OD (3 zones)

ORIGIN

Commuting trips
4.299.518 trips/day

45.4%

DESTINATION
Metropolitan RingInner periphery
34.7% WPs
13.5%

Metropolitan RingOuter periphery
2.9% WPs
0.8%

13.8%

22.4%

1.0%

0.8%

1.0%

1.4%

Central City
62.4% WPs

Central City
49.1% pop
Metrop. Ring-Inner periphery
44.6% pop
Metrop.Ring- Outer periphery
6.4% pop

Table 7 Distribution of non-commuting trips in Madrid Region according to their OD (3 zones)
DESTINATION
Metropolitan Ring- Inner
periphery

Non-commuting trips

ORIGIN

9.217.000 trips/day
Central City
49.1% pop
Metrop. Ring-Inner periphery
44.6% pop
Metrop.Ring- Outer periphery
6.4% pop
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Central City

Metropolitan RingOuter periphery

49.1%

5.5%

0.9%

5.8%

33.6%

1.0%

1.0%

1.0%

2.1%
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Table 8 Distribution of commuting trips in Madrid Region according to their OD and mode (3 zones)
Commuting trips

ORIGIN

Madrid
6.45 million inhab
2.73 million WP
Central City
49.1% pop

Metrop. RingInner
periphery
44.6% pop

Metrop.RingOuter
periphery
6.4% pop

TOTAL

Central City
62.4% WPs
1.950.439 trips/ day
Walk
PT
Car
28.3% 45.0%
23.3%

Other
3.4%

Intra-zonal trips: 597.104 trips/ day
Walk
PT
Car
Other
67.8% 17.4%
13.3%
1.5%
594.933 trips/ day
Walk
PT
Car
Other
1.4%
41.4%
52.1%
5.0%

35.437 trips/day
Walk
PT
0.0%
33.2%

Car
65.5%

2.580.809 trips/ day
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Other
1.3%

Metropolitan Ring- Inner
periphery
34.7% WPs
578.922 trips/day
Walk
PT
Car
3.9%
41.3% 52.5%

DESTINATION
Metropolitan Ring- Outer
periphery
2.9% WPs
33.717trips/day
Other Walk
PT
Car
Other
2.2%
0.0%
39.0% 61.0% 0.0%

962.666 trips/ day
Walk
PT
Car
Other
26.0%
10.9% 60.6% 2.6%
Intra-zonal trips: 510.081 trips/
day
Walk
PT
Car
Other
42.3%
6.0%
51.3% 0.4%
40.941 trips/day
Walk
PT
Car
Other
5.1%
5.4%
88.9% 0.7%

1.582.529 trips/ day

40.968 trips/ day
Walk
PT
Car
0.0%
7.3%
92.0%

Summary

2.563.078 trips per day:
30.2% by PT to CC- NOT Intra-zonal
15.8% walking Intra-zonal
14.6% by car to CC
11.9% by car to Inner periphery
9.3% by car to Inner periphery

1.598.567 trips per day:
Other
0.7%

55.109 trips/day
Walk
PT
Car
Other
32.1%
2.5%
65.5% 0.0%
Intra-zonal trips: 25.318 trips/
day
Walk
PT
Car
Other
44.6%
2.2%
53.2% 0.0%
136.180 trips/ day

20.1% by car to Inner Periphery- NOT Intra-zonal
19.4% by car to CC
16.4% by car Intra-zonal
15.4% by PT to CC
13.4% walking Intra-zonal

137.873 trips per day:
26.4% by car to Inner Periphery
19.4% % by car to Outer Periphery-NOT Intra-zonal
16.8% by car to CC
9.8% by car Intra-zonal
8.5% by PT to CC

4.299.518 trips per day
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Table 9 Distribution of non-commuting trips in Madrid Region according to their OD and mode (3 zones)
Non-commuting
trips

ORIGIN

Madrid
6.45 million inhab
2.73 million WP
Central City
49.1% pop

Metrop. RingInner
periphery
44.6% pop

Metrop.RingOuter
periphery
6.4% pop

TOTAL

DESTINATION
Central City

Metropolitan Ring- Inner
periphery

4.525.498 trips/ day
Walk
PT
Car
35.2% 30.0%
19.9%

Other
15.0%

Intra-zonal trips: 2.056.274 trips/
day
Walk
PT
Car
Other
57.0% 14.7%
17.2%
11.2%
535.439 trips/ day
Walk
PT
Car
Other
3.0%
37.8%
46.3%
12.9%

94.837 trips/day
Walk
PT
0.0%
35.2%

Car
30.7%

5.151.744 trips/ day
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Other
22.9%

502.766 trips/day
Walk
PT
Car
0.5%
36.6% 49.5%

Metropolitan Ring- Outer
periphery

Other
13.4%

3.099.269 trips/ day
Walk
PT
Car
Other
41.3%
9.6%
43.6% 5.5%
Intra-zonal trips: 2.391.705 trips/
day
Walk
PT
Car
Other
51.2%
5.9%
38.7% 4.2%
94.572 trips/day
Walk
PT
Car
Other
4.6%
6.4%
83.5% 5.5%

3.696.607 trips/ day

78.657 trips/day
Walk
PT
0.0%
39.5%

Summary

5.106.921 trips per day:
Car
32.4%

Other
28.1%

94.469 trips/ day
Walk
PT
Car
4.6%
5.8%
84.1%

Other
5.4%

22.9% walking Intra-zonal
20.6% by PT to CC
10.7% by car to CC
8.2% walking to CC

1.598.567 trips per day:

191.493 trips/day
Walk
PT
Car
Other
29.6%
5.2%
70.2% 2.3%
Intra-zonal trips: 94.837 trips/ day
Walk
PT
Car
Other
35.0%
2.6%
60.9% 1.6%
364.619 trips/ day

32.8% walking Intra-zonal
24.8% by car Intra-zonal
11.4% by car to Inner periphery- NOT Intra-zonal

363.279 trips per day:
20.7% by car to Inner Periphery
21.1% by car to outer Periphery NOT Intra-zonal
15.2% by car Intra-zonal
8.8% by PT to CC
8.7% walking Intra-zonal

9.217.000 trips/ day
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Table 10 Characterisation of commuting and non-commuting trips in Madrid Region
Commuting trips

NOTcommuting trips

4.3 million trips
53.0 million passenger km
- 27.8 million cars km
Modal Share:
20% walk
35% PT
42% Car
Average distance per trip: 12 km
3.7 km walk
13.9 km bus/15 km rail
15.3 km car
Average time per trip: 34 min
45.2 min walk
55.2 min bus/48.1min rail
18.6 min car

9.2 million trips
69.4 million passenger km
-34.7 million cars-km
Modal Share:
32% walk
23% PT
33% Car
Average distance per trip: 8 km
3.9 km walk
9.5 km bus/12.3 km rail
11.2 km car
Average time per trip: 29 min
46.3 km walk
41.6 min bus/41.3 min rail
12.4 min car

The results of the analysis show that commuting and non-commuting trips have very different characteristics. Non-commuting trips are more numerous,
but commuting trips show more distant OD pairs and are more car-dependent. For this reason, the measures proposed to address the objectives and the
priorities are mainly focused on mobility to the place of work. The first measure is a cordon toll at peak hours, to reduce the car use in trips done from and
to the city centre. According to the analysis, these trips account for 30% of the total commuting trips (Table 6), and in all combinations (city to
metropolitan rings and vice versa), more than 50% of them are done by car. The second measure is teleworking. Teleworking is a growing trend (Figure 6)
and can help respond to the increased problems that have brought the decentralisation of residents and workplaces: longer commuting distances and
higher car dependence. The teleworking policy measure is proposed as an option for the workers to work at home some days of the week or the month,
and not every day. This specification is thought to avoid counterproductive results such as encouraging sprawl.
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3.2.1 Cordon toll
It is well known that optimal road pricing may yield a social and environmental surplus (Zhang and Kockelman,
2013). In addition, in some cases the added value of the measure to the economy and efficiency has been
demonstrated trough gains in the value of time (Eliasson, 2009). In this case, the contribution to the economy is
especially valuable, since it is considered a priority in Madrid. The cordon toll measure is going to be applied in
two different areas (inside the city) to compare the benefits of each option. The charging price for both areas is
set as €5 per vehicle, based on considering the London congestion charge (LCC) value (£11.5 per vehicle), the
GDP and congestion level, and the equivalent estimation for the case of Madrid. Both zones are inside the city,
and the charge is applied at peak hours, in order to address mainly commuting mobility.

3.2.2 Teleworking
One possible measure to tackle the mobility challenge is to encourage telework. Telework, the time and place
independent work by using information and communication technologies, can potentially reduce the homework trips and the associated mobility effects significantly (if the employee can commute to a nearby satellite
office) and possibly even avoid them completely (if the employee can work at home) (Vanoutrive et al., 2010;
Horvath, 2010). Moreover, under certain conditions, potential environmental benefits can exist in terms of
energy consumption. Even though teleworking is becoming economically more attractive through the evolution
in ICT, it is at present not yet a widespread measure in large companies (Van Lier et al., 2014). Nevertheless,
telework is gaining importance during the last years, illustrated by an increase of 5% between 2001 and 2011 of
the number of people that work at home every day (INE, 2016), as Figure 6 showed. From a policy viewpoint,
the magnitude of the impact of teleworking on environmental, mobility and socio-economic aspects is therefore
relevant in order to determine whether a further encouragement of telework is useful and sustainable for
society as a whole. This document is focused on the aspects related to mobility and environment. In the
simulation process, we are going to consider that by fostering teleworking we would reduce some percentage of
the commuting trips, 5% and 10%. Both scenarios are considered feasible according to the revised
documentation on this topic (Vanoutrive et al., 2010; Horvath, 2010; Van Lier et al., 2014).
Teleworking is often presented as a transport management solution, since it is assumed to reduce energy
consumption and emissions by lessening the number and length of commuting trips (Nijland and Dijst, 2015).
However, teleworking practices have some other side effects that affect the global energy and emissions
account (Van Lier et al., 2014). On the one hand, potential environmental benefits can exist in terms of energy
consumption due to heating or lighting in the offices when employees work from home. On the other hand,
telework might also cause an increase of the energy consumption at home and generate additional non work
related trips. Mokhtarian and Varma (1998) investigated these side effects, concluding that the impacts on the
overall energy and emissions balance caused by changes in heating and lighting are negligible compared to the
impacts caused by changes in transport behaviour. Van Lier et al (2014) analysed the potential benefits on
environment considering commuting and non-commuting trips, and did not find significant additional travel
distances caused by extra non-commuting trips done by teleworkers. In the case of the Madrid case study, we
have not considered any of the side effects mentioned above in the simulation. The model only considers
energy and emissions related to transport and it is not sensitive to changes in non-commuting trips due to the
reduction of commuting trips. However, according to the literature revised on the topic, these limitations of the
model do not limit the significance and relevance of the results, focused on commuting mobility.
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4. Policy implementation: simulation context
Considering a scenario as the land use and transport features modelled by the LUTI model, five scenarios are
built in this work to assess the long term impacts of the two policy measures described in the previous section.
Firstly, a reference scenario is created, the do-nothing scenario, to compare it with scenarios in which the policy
measures are implemented. The four remaining scenarios are associated to the policy measures. Two of them
are associated to the cordon toll applied at different spatial dimensions; the other two are associated to the
teleworking measure, implemented at differing degrees.
The following sections present the 5 scenarios in detail, then the process of simulating the different measures
using the MARS model, and finally the effects of each policy measured by indicators.

4.1 Scenario definition


Do-nothing Scenario (S0)

The do-nothing or “base scenario” is the reference scenario, which assumes that the city of Madrid does not
implement any policy measure from the simulation base year to the end year. In the do-nothing scenario it is
assumed that exogenous variables, like population, housing price, household income etc., are not influenced
by the implementation of any policy measure. Without any policy intervention, the problems like congestion,
air pollution, urban sprawl etc. become more serious. The do-nothing scenario allows us to examine the
contribution of certain policy measure to address problems such as congestion, CO2 emission or economic
growth.


Cordon toll scenarios (S-M30 and S-M40)

Cordon toll measures have been implemented in London, Singapore, Stockholm and several Norwegian cities,
and is the most common pricing form of road pricing. The cordon based pricing is levied for crossing a cordon,
and may vary with time of day, direction of travel, vehicle type and location on the cordon. It could be applied
with different pricing schemes. The main advantages are its flexibility in having variation in charges by time of
day and vehicle type, and that each individual trip made into the area can be subject to a charge.
In this case, we create two scenarios with the cordon toll measure for the case of Madrid. In both scenarios, it
is assumed that all car travellers are required to pay a fee to enter into the toll area during the peak hour
period (7-11 am and 5-8 pm), but travellers do not need to pay when they leave this area, or when they move
inside the area.
The entry points of the cordon toll and the technological and logistical issues are not addressed by this work. It
is assumed that the fee is automatically charged to drivers when passing through the checkpoints.
The toll is charged only during the peak hours (morning and evening) of the day, and we propose two
alternative areas (one bigger and one smaller), the M-30 and M-40 highways, see Figures 8 and 9. The charging
price used a fixed value of €5 per vehicle (see section 3.2.1). The beginning of the simulation is 2016, and it
ends in 2042.
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Figure 8 Charging zones in scenarios S-M30

Figure 9 Charging zones in scenario S-M40
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Teleworking scenarios (S-T5 and S-T10)

The concept of teleworking came into usage in its present context to indicate work remote from the office.
Previous academic work found that teleworking resulted in a significant decrease in the total number of trips
in the Netherlands and the Brussels Capital (Hamer et al., 1991; Van Lier et al., 2014). The measure is even
more effective over congestion and traffic at peak hours. Teleworking enables the reduction of commuting
distances and times. Daily trips can be avoided, postponed or reduced, relieving the congested peak hours.
Thus it leads to a significant decrease in associated external effects which are detrimental to society
(emissions, noise, etc.)
For the case of Madrid, the teleworking measure is aligned with real trends in commuting mobility. More and
more employees are allowed to work out of the office, which leads to less travel demand particularly to the
commuting trips. We use the MARS model to simulate the long term impacts of 5% and 10% of the whole
employed population converted to work at home (scenarios S-T5 and S-T10). The measure is applied in the
whole region of Madrid and the simulation period starts from 2016 and ends at 2042. It is assumed that 5% or
10% of the employees choose to work at home instead of going to offices or other places.

4.2 Simulation procedure
Figure 10 illustrates the flow chart of the simulation procedure using the MARS model. Firstly modellers define
the time frame (when), geographic dimension (where) and the intensity (how much) of each policy measure as
an input to the model. Certain variables are then modified based on the scenario definition. For example, the
cordon toll affects the travel cost between each Origin-Destination zones, so the variable of travel cost that is
contained in the transport sub-model is revised. After running the simulation, the outcomes of the simulation
can be obtained.

Figure 10 Simulation procedures by MARS model


Time frame. In general, policy measures can be applied in any year of the defined simulation period. For
the purpose of this work, the simulations of the two measures are arranged for three critical years: the
base year T0, the policy implementation start year Ts and the policy end year Te.
 The base year T0: reference year 2012. The model was updated to 2012 by using the new mobility
survey and household indices, therefore all simulations run starting from 2012.
 Policy implement start year Ts: 2016, the current year.
 Policy implementation end year Te: the final year 2042. The MARS model for Madrid spans a 30
year period and was calibrated using data from 2012, so the policy end year was set as 2042.
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Geographic scale. To set up the specified geographic area of each policy, a new variable associated with
each policy action needs to be devised. For example, a “toll zone” variable is created to apply the cordon
toll measure. The charging area is defined in accordance with the number of toll zones. When the model
calculates the travel cost between each OD pair, the zones included in the “toll zone” are automatically
imposed an extra fee. For the case of Madrid, the constructed cordon toll scenarios are proposed to be
implemented in two different geographic scales, M30 and M40. According to the zoning of the MARS
model (Annex I), the two geographic areas used in this work are corresponding to the following zones
(see Figure 8 and 9):





Cordon toll at M30: the charging zones include the districts of Madrid-Centro, Arganzuela, Retiro,
Salamanca, Chamartín, Tetúan, Chamberí.
Cordon toll at M40: the charging zones include the districts of Madrid-Centro, Arganzuela, Retiro,
Salamanca, Chamartín, Tetúan, Chamberí, Fuencarral, Moncloa, Latina, Carabanchel, Usera, Puente
de Vallecas, Moratalaz, Ciudad Lineal, San Blas and Pozuelo de Alarcón.

Intensity. The intensity in this context refers to how much a cordon toll is charged and how much
population would telework. For the case of cordon toll, we used a fixed value €5 per vehicle for both
scenarios S-M30 and S-M40, which is in accordance with the economic level of the case study area. With
respect to teleworking, 5% and 10% of population are set to work at home, as explained in section 3.2.

4.3 Five performance indicators
The performance indicators of the MARS model are many. In order to compare the impacts across the different
scenarios analysed in the case study and also to represent stakeholders’ interest, we choose five of these
indicators to represent the policy impacts in terms of transport, land use and environment aspects.


Travel time by car

Travel time in the MARS model is directly measured by traversing the route(s) that connects any two or more
points of interest. It is composed of running time and stopped delay time. Due to traffic congestion, the actual
travel speed decreases compared with the free flow speed determined by the speed limits and the frequency of
intersections, among other elements. The greater congestion is, the greater the time spent on travelling. Thus,
this indicator reflects the change in total travel time spending by the private motorised mode (car), depending
on the scenario analysed with respect to the base year. For different motorised modes, it considers various
components in the travel time calculation function. Equation 1 defines the travel time of travellers by car
𝑇𝑇𝑖𝑗𝑐𝑎𝑟 (𝑡) in year t from origin zone i to destination j.
𝑇𝑇𝑖𝑗𝑐𝑎𝑟 (𝑡) = 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑡𝑖𝑚𝑒𝑖𝐼 (𝑡) + 𝐼𝑉𝑇 𝑡𝑖𝑚𝑒𝐼𝑗 (𝑡) + 𝑝𝑝𝑙 𝑠𝑒𝑎𝑟𝑐ℎ 𝑡𝑖𝑚𝑒𝑗𝐽 (𝑡) + 𝑤𝑎𝑙𝑘𝑖𝑛𝑔 𝑡𝑖𝑚𝑒𝐽𝑗 (𝑡)

(1)

 Modal split
As an indicator to represent transport system efficiency, the indicator of modal share aims to examine the car as
well as the public transport use rate after applying certain measures. In this context, consistency and speed of
PT services or the constraints and difficulties for car use (e.g., toll fee, etc.) are the factors that encourage the
use of public transport over car use. The car modal share indicator (denoted “ms car” in Figure 11) distinguishes
the car modal share by peak hour tours and non-peak hour (“opeak”) tours from origin i to destination j.
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time ij opeak
tours ij opeak
trip time mode ij
att matrix peak available
ms car
car availability
tours ij peak
line sum i to j peak available
total tours peak i
Figure 11 Composition of car model split indicator in MARS model
For each part, the number of car tours was calculated based on different variables. In the case of car trips at
peak hours, it was determined by the factors of car availability, car fraction factor (also known as car
impedance or car generalised cost) and the number of trips attracted from destination j (i.e., trip attraction).
When implementing car restriction measures or PT incentive measures, these corresponding factors may
change, leading to car modal share increase/decrease over time.


Number of residents

The number of residents in year t in zone i depends on the number of the previous year t-1 and the number of
people that moved in minus people that moved out (Figure 12). The principle and the mathematic formulas are
included in deliverable D5.3. Basically, there are four elements that influence people’s decision to move in or
out of a zone: accessibility, green land, housing price, and available houses. When the accessibility is improved
as the result of implementing new policy measures, more people are attracted to move into the zone. A new
balance of demand and supply is then achieved according to people’s needs.

Residents J t=0
Residents iJ (3)

Residents move in J
Residents J

(Residents J)
Residents move out i
Avg time living at same HU J
Figure 12 Composition of car model split indicator in MARS model
Wegener & Fürst (1999) identified that the changes of land use like re-distribution of residents are very slow
changes. In particular, when policy measure is applied in a small part of the whole study area, the land use
changes are even smaller or appear in much longer time.
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Number of workplaces

The number of workplaces is another key indicator representing land use impacts subject to the economic
development changes. Similarly as the indicator of number of residents, it is determined by the number of
workplaces in the previous year and the new workplaces that equals to the number of workplaces that moved
in minus those that move out (Figure 13).

Share of sector T=0
Workplaces sector J T=0
Workplaces J t=0
max wp
New workplaces J

WP in
Workplaces J

(Workplaces sector J T=0)
(Workplaces J)
Workplaces out J

WP out

(WP in)
Figure 13 Composition of number of workplaces in MARS model


CO2 emissions

Already today, European Cities face a strong need to reach policy goals regarding emissions (CO2, NOx, noise,
etc.) and public space, balancing mobility needs with quality of life and sustainability. The indicator of CO 2
emissions shows the total emissions of greenhouse gases caused by the combustion of gasoline engines and
diesel vehicles. This indicator can be expressed in tons of CO2 emitted per year and its corresponding value
(Bickel et al., 2006). In this work, this indicator was measured per vehicle kilometre for all motorised modes.
Carbon emissions from vehicles are influenced by technological improvements designed to increase energy
efficiency. To calculate this indicator, firstly Equation 3 and 4 show how to estimate the emission rate based on
the average trip speed from origin zone i to destination j for car and bus respectively. This estimation sets up a
value of emission rates both for car and bus in g/km (Ntziachristos and Samaras, 2000; DETR 2007).
Subsequently, Equation 2 obtained the total CO2 emissions 𝐶𝐸(𝑡) in a given year t in terms of the type of travel
mode between origin i to destination j.
ℎ

𝑖

𝑗

𝐶𝑂2
𝑒𝑐𝑎𝑟
(𝑡) = (𝑎 + 𝑏 ∙ 𝑣(𝑡) + 𝑐 ∙ 𝑣(𝑡)2 + 𝑑 ∙ 𝑣(𝑡)𝑒 + 𝑓 ∙ ln(𝑣(𝑡)) + 𝑔 ∙ 𝑣(𝑡)3 + 𝑣(𝑡) + 𝑣(𝑡)2 + 𝑣(𝑡)3 )

(2)

where
𝐶𝑂2
𝑒𝑐𝑎𝑟
(𝑡): CO2 Emission rate of car (g/km)

V (t): Average velocity of car (km/h)
a to j: coefficients, calibrated for the case of Madrid region.
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𝑒

𝑓

𝑔

𝐶𝑂2 (𝑡)
𝑒𝑏𝑢𝑠
= (𝑎 + 𝑏 ∙ 𝑣(𝑡) + 𝑐 ∙ 𝑣(𝑡)2 + 𝑑 ∙ 𝑣(𝑡)3 + 𝑣(𝑡) + 𝑣(𝑡)2 + 𝑣(𝑡)3 ) ∙ 𝑣𝑒ℎ ∙ 𝑘𝑚

(3)

where
𝐶𝑂2 (𝑡):
𝑒𝑝𝑡
CO2 Emission rate of bus (g/km)

V (t): Average velocity of bus (km/h)
a to g: coefficients, calibrated for the case of Madrid region.
𝐶𝐸(𝑡) = |246(∑𝑖𝑗 𝑒 𝐶𝑂2 (𝑡) ∙ 𝑣𝑒ℎ ∙ 𝑘𝑚𝑖𝑗 )|

𝐻𝑊𝐻

+ |365(∑𝑖𝑗 𝑒 𝐶𝑂2 (𝑡) ∙ 𝑣𝑒ℎ ∙ 𝑘𝑚𝑖𝑗 )|

𝐻𝑂𝐻

(4)

where
𝐶𝐸(𝑡): CO2 emissions of all modes (car and bus) (ton/year)
𝑣𝑒ℎ ∙ 𝑘𝑚𝑖𝑗 : Vehicle-kilometer between i and j in year t
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5. Analysis of results: impact of the policy measures
This section presents the analysis of the simulation results on the basis of the five selected indicators. We will
deal with the implications of the changes in respect to transport, land use and environment.

5.1 Transport impacts
The transport impacts of the cordon toll and teleworking measures are given separately aiming to distinguish
the effects at different spatial areas.

5.1.1 Cordon toll measure
For the cordon toll measure, we first present the changes on the total number of trips by car to examine how
many car users got influenced, and then introduce the indicators of average travel time and modal split
regarding the base scenario S0 and the cordon toll scenarios S-M30 and M40.
All the results are given in respect of three different spatial dimensions, i.e., the Whole Region, to the charging
area and inside the charging area. The results in relation with the Whole Region cover all the trips simulated in
the MARS model. The results associated with the area “to the charging area” refer to the trips that start from
outside the charging zones and finish inside the charging area. For example, in the cordon toll scenario S-M30,
the trips included in the “to the charging area” are the ones that start from zones 8 to 90 and end at zones 1 to
7 (see Annex I). The trips “inside of the charging area” are the trips that begin and end inside the charging zones
(zones 1 to 7, for instance).
As defined in section 3.1, every car user gets charged when he enters the charging area. Thus it is expected that
the number of trips to the charging area as well as the area inside the cordon are affected by the change of
travel cost.
Table 11 presents the total number of trips by car in respect of the three areas. The results are obtained both
for a short term year 2017 and long term year 2042 in order to evaluate the impact evolution. The greatest
reduction of car trips occurs in the charging area of the scenario S-M30. The reduction is bigger in the short
term in 2017 (24.39% less trips) and then decreases to -16.93% at the end year. A similar effect is also found in
the scenario S-M40. This result is consistent with the real case in Stockholm. A strong reduction of the number
of car trips occurred in the following year after the toll implementation, and then the number of trips started to
increase again until achieving a stable state (Börjesson et al., 2012).
The impact of the cordon toll measure inside the toll zones is quite small, which means there is no big effect to
the car users driving inside the charging area. The car trips slightly increased in this area for both cordon
scenarios, S-M30 (1.13% more) and S-M40 (0.89% more) at long term. Considering the impacts for the whole
Madrid Region, though the proportion of trip reduction is small, -1.4% and -2.02%, there are more than 15,415
(for S-M30) and 22,207 (for S-M40) car users that change to other travel modes or cancel their trips, which leads
to less congestion and better accessibility.
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Table 11 Total number of trips by car for cordon toll scenarios
Whole Region
2017
2042

Year
S0

1,067,975

1,099,151

S-M30
Changes %
S-M40
Changes %

1,044,601
-2.19%
1,030,774
-3.48%

1,083,736
-1.40%
1,076,944
-2.02%

To the charging area
2017
2042
230,355
225,762
312,150
296,015
174,181
187,535
-24.39%
-16.93%
244,907
253,249
-21.54%
-14.45%

Inside the charging area
2017
2042
30,910
32,361
146,028
144,550
30,910
32,727
0%
1.13%
146,028
145,836
0%
0.89%

Another important finding is seen in Figure 14. It illustrates the increase of the number of car trips in the whole
region for different scenarios from 2016 to 2042. It can be seen that without the implementation of cordon toll
(blue curve), the number of car trips grows more along the whole simulation period compared with the cordon
toll scenarios. It thus shows the fact that the cordon toll can effectively reduce motorised trips and relieve the
congestion at urban area.

Figure 14 Nº of car trips increasing in base scenario and cordon toll scenarios
Regarding the impacts on travel time, we obtained the results both for the public transport and car during the
peak hour. The results are very similar for the two modes. Since it is more important to understand the changes
on car mode, Table 12 thus shows the average travel time by car and its changes for the three areas
respectively. In general, the changes of average travel time are not so great, but still not negligible. The biggest
travel time reduction is by the S-M30 scenario at long term, which is -3.04%. We also observe the changes for
more detail, and find that a big travel time reduction (more than 10%) indeed occurred in some of the OD pairs,
in particular from origin zones 1 to 16 to destination zones 1 to 7, where the cordon toll is applied. It implies
that a cordon policy can reduce the urban congestion but definitely not for all districts. Further study on the
distribution of travel time reduction will be helpful to answer the question of which characteristics of an area
get more affected by a cordon toll.
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Table 12 Average travel time by car for cordon toll scenarios [min]
Whole Region
2017

2042

S0

51.87

52.71

S-M30
Changes %
S-M40
Changes %

51.87
0%
51.87
0%

52.49
-0.42%
52.37
-0.65%

To the charging area
2017
49.08
49.31
49.08
0%
49.31
0%

2042
51.06
50.98
50.11
-1.86%
50.14
-1.65%

Inside of the charging area
2017
24.67
26.13
24.67
0%
26.13
0%

2042
25.3
26.78
24.53
-3.04%
26.05
-2.73%

The implementation of the cordon toll measure slows down the increase of travel time by car. Figure 15
presents the trend lines of the increase of travel time by scenarios considering the trips in the whole region.
Similar to the changes of number of trips, both cordon toll scenarios relieve the increase of travel time. This
reduction is more intense in the case of a bigger charging area.

Figure 15 Car travel time in base scenario and cordon toll scenarios
Modal split rate or say mode-share is an important component in developing sustainable transport within a city
or region. Table 13 illustrates the modal split rates for the three scenarios, i.e., S0, S-M30 and S-M40 at the end
of the simulation year. It is not unexpected that the modal split does not change for the whole region or the
area inside the charging zones since the cordon policy is only imposed on a restricted area. However, the modal
split rates indeed change significantly in the trips to the charging areas.
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Table 13 Modal split rate for cordon toll scenarios [%] at 2042
Areas

Whole Region

Scenario

S0

car
Bus
Rail
slow

80%
11%
8%
1%

SM30
80%
11%
8%
1%

SM40
80%
11%
8%
1%

To the charging area
S0
M30
63%
17%
19%
1%

M40
71%
14%
15%
0%

SM30
60%
19%
20%
0.3%

SM40
68%
16%
16%
0.9%

Inside of the charging area
S0
M30
19%
25%
38%
18%

M40
30%
30%
34%
7%

SM30
19%
25%
38%
18%

SM40
30%
30%
34%
7%

Figure 16 shows the modal split of the trips to the charging area, comparing the base scenario with the cordon
toll scenario. The effects are similar for the two cordon toll scenarios. The car mode share is reduced by 3%,
public transport (including bus and rail) increases 3% and the slow modes are little affected. 3% of car travellers
shift to public transport in the long term under the condition of a single cordon toll implemented; greater
changes would be expected if a public transport incentive measure were applied in combination with the
congestion pricing measure.

Figure 16 Modal split of the trips to the charging area

5.1.2 Teleworking measure
We distinguish the impacts of the teleworking measure also at three spatial dimensions, but different from
those used for the cordon toll measure. The three areas are the whole Madrid Region, the Metropolitan Area
(MARS zone 1-66) and the Madrid City (MARS zone 1-21) (see Annex I).
Since this measure is implemented as a reduction of 5% and 10% of the number of employees, the number of
trips reduces correspondingly to such extent. The indicators that represent the changes on transport impacts
are three: the travel speed by car, the travel time by car and the model split rate.
Figure 17 shows the changes of car speed of the three teleworking scenarios from the second year after policy
start 2017 to the end year 2042. It is clear that the teleworking measure effectively improves the car speed in
the Madrid City as well as the whole region. The car speed increases 4.6% and 9.1% respectively after the
teleworking measure is applied with the 5% and 10% intensity. The blue line in Figure 17 is the average car
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speed of Madrid Region in the base scenario. The current car speed decreases (until 2028) without the policy
intervention which implies that the city will be more congested. The teleworking measure thus is useful to
mitigate the congestion by reducing the travel demand.

Car Speed Variation - Teleworking Measure
45

Average Car Speed (Km/h)

44
43
42
41
40
39
38
2017
2018
2019
2020
2021
2022
2023
2024
2025
2026
2027
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042

37

base scenario

tele5%

tele10%

Figure 17 Car speed of the Madrid City variation by year by scenarios
The comparison of the average travel time by car during the peak hour is given in Table 14. The long term
changes of travel time in teleworking scenarios are double than the cordon toll scenarios. The biggest reduction
of travel time occurs in the Madrid city at long term, 6.91% reduction of scenario S-T10 comparing with the donothing scenario. With respect to the whole region, the impact is also more significant, -3.04% less travel time in
the scenario S-T10.
Table 14 Average travel time by car for teleworking scenarios [min]

S0
S-T5
Changes
S-T10
changes

Whole Region
2017
2042
51.87
52.71
51.87
51.86
0%
-1.61%
51.87
51.11
0%
-3.04%

Metropolitan Area
2017
2042
41.15
42.15
41.15
41.19
0%
-2.28%
41.15
40.34
0%
-4.29%

Madrid City
2017
2042
26.13
26.77
26.13
25.79
0%
-3.66%
26.13
24.92
0%
-6.91%

Regarding modal split, the changes are also small. Since travel time and travel cost do not vary a lot under the
implementation of teleworking measure, travellers keep using the same mode. Table 15 lists the results of
modal split at three different areas that are obtained for the end year of the simulation 2042.
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Table 15 Modal split for teleworking scenarios [%] at 2042

S0

S-T5

S-T10

Travel
Model
car
Bus
Rail
slow
car
Bus
Rail
slow
car
Bus
Rail
slow

Whole Region

Metropolitan Area

79.25%
11.39%
8.30%
1.07%
79.32%
11.37%
8.24%
1.07%
79.38%
11.36%
8.18%
1.07%

48.38%
19.79%
29.36%
2.46%
48.61%
19.79%
29.15%
2.46%
48.81%
19.78%
28.95%
2.45%

Madrid
City
36.64%
27.19%
31.91%
4.97%
36.16%
27.26%
32.34%
4.95%
37.09%
27.31%
31.38%
4.94%

5.2 Land use impacts
The land use impacts are related to the indicators of number of residents and number of workplaces. Since we
embedded the public service model with the accessibility indicator (see INSIGHT deliverable D5.3), the MARS
model is able to capture the changes in land use considering the public service effects and redistribute the
number of residents and workplaces among the Madrid Region.
Figure 18 presents the impacts of the two policy measures on the distribution of residents comparing with the
reference scenario S0 at 2042, using the results obtained from the last year of the simulation for all zones of
Madrid. The changes in the number of residents for the cordon toll measure are negligible. Except several zones
that locate at the border of Madrid City (see 18 (a) and (b)), residents in the rest of the areas do not change
their housing place. This means that increasing the transport cost does not lead people to change their place of
residence.
For the case of the teleworking measure, most of the zones are not influenced, but it leads to more residents
living in the border of the Madrid City (see red marks in Figure 18 (c )and (d)). As the intensity of teleworking
measure increases, a slightly higher number of residents appear in the region of Madrid.
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Figure 18 Impacts of policy measures on resident distribution at 2042
Another key indicator of the land use impact is the number of workplaces. As before, we use the number of
workplaces in each policy scenario at 2042 minus the number from the base scenarios S0. The changes are
presented in Figure 19.
Compared to the changes in the number of residents, the number of workplaces is more effected by both
cordon and teleworking measure. The teleworking measure improves accessibility thanks to less travel time and
leads to higher workplace demand in certain areas. In total, the cordon toll measure generates 1,824 (S-M30)
and 3,157 (S-M40) workplaces, and the teleworking measure produces even more, 3,347 (S-T5) and 6,331 (ST10) more workplaces in the Madrid Region.
It is interesting to note that the increase of workplaces in the cordon toll scenarios occur more in the east of the
region in Figure 19 (a) and (b), while the reduction of workplaces distributes in the border of Madrid city or even
at the border of the region where poorer areas are located. The teleworking measure as we expected brings
about more number of workplaces. After checking the zones with the highest increase of workplaces in Figure
19 (c) and (d), it is found that the zones with more population attract more workplaces and the ones that have
less residents lose more workplaces.
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Figure 19 Impact of policy measures on workplaces distribution at 2042

5.3 Environmental impact
Total CO2 emissions are calculated using the formulas shown in Equation 4. We obtained the results of the total
CO2 emissions both for the peak hour and for the non-peak hours. However, since the cordon toll and
teleworking measure are both implemented during the peak hour, the impact in terms of the environment is
also more distinct.
As we see in Figures 20 and 21, the Madrid Region will go through a fast increase of CO2 emissions in the
following years from 2016, and then will enter into a gradual decrease period from 2029 to 2042. That is in
accordance with the changes of population in Madrid Region that were explained in section 2.1.
The impact of policy measures on greenhouse gas is obvious at peak hours. Both the cordon toll measure and
the teleworking measure effectively reduce the emissions of CO2 for the whole Madrid Region. In particular, the
scenario S-T10 decreases emissions by 10% since the corresponding number of trips area are repealed.
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Yet we also find out that the situation is the opposite during the non-peak hours compared to the peak hours.
As the result of car speed increasing, more CO2 emissions are released during the peak hour. After we check the
integrated impacts on CO2 emission for the whole year, the cordon toll measure produces almost the same
emissions as the do-nothing scenario; and the teleworking measure slightly increases the emissions by 1.3% for
S-T5 and 2.6% for S-T10. In this context, the cordon toll measure seems better than the teleworking measure.

Figure 20 CO2 emission variation by years by scenarios [peak hour]

Figure 21 CO2 emission variation by years by scenarios [non-peak hour]
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5.4 Comparison of the two policy measures
In this section we aim to present a qualitative comparison of the two policy measures regarding the three types
of impacts. However, the comparison is hard to make since each policy measure can be very effective in one
particular area but may also have some disadvantages. We summarise the impacts regarding the five outcome
indicators that have been already presented in sections 4.1, 4.2 and 4.3. It needs to be taken into account that
the comparison is limited to the specific case study and simulation model.
From this comparison analysis in Table 16, we see that the teleworking measure is better for reducing traffic
congestion, increasing the number of workplaces and reducing GHG emissions, though it does not lead more
people to choose public transport or slow modes. Achieving a 10% teleworking scenario in big metropolitan
area requires a big effort from the government.
Moreover, a single measure could be better in certain aspects but has other weak points. For example, the
cordon toll measure shows a good performance in modal shift but it does not encourage economic growth nor
restrains CO2 emissions. Future work will thus focus on an integrated policy strategy in order to achieve
complementary impacts.
Table 16 Comparison of different scenarios
Policy measure

Cordon toll S-M30
Cordon toll S-M40
Teleworking S-T5
Teleworking S-T10
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Transport impacts
Travel time
(whole
region)
-0.42%
-0.65%
-1.61%
-3.04%

Land use Impacts

Environment
Impacts

Modal split

Nº of
residents

Nº of
workplaces

CO2 Emissions
[peak hour]

Car +3.05%
Car +3.10%
Car +0.07%
Car +0.13%

+5
+14
-6
-14

+1,824
+3,157
+3,347
+6,331

-1.38%
-2.57%
-5.41%
-10.72%
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6. Conclusions
The aim of work package WP7.1 was to explore the contribution of certain policy measures to meet the
challenges of economic growth, social cohesion and environmental sustainability in Madrid. Five scenarios
corresponding to the two selected policy measures, i.e., cordon toll and teleworking, are designed for the
Madrid Region after the introduction of the evolution of population and mobility.
As one of the European cites most affected by the economic crisis, Madrid has fallen into an economic recession
after the fast economic growth during the 90s to 2006. The main goal of the city is to encourage economic
growth while reducing urban congestion and CO2 emissions. The cordon toll measure has proved to be effective
to reduce the car use in many cities of the world, and teleworking is a popular measure to reduce the travel
demand as well as encourage the creation of jobs.
By using the updated MARS simulation model, we simulate the cordon toll measure by modifying the travel cost
between each OD pair and implement the teleworking measure by converting workplace to home for the whole
region. We presented the results obtained from the MARS simulation model to explore the impacts of the two
policy measures in three aspects: transport, land use and environment. The main findings of the analysis are the
following.




The cordon toll measure is effective to reduce number of trips by car. A bigger charging area leads to
more trip reduction and stronger mitigation of urban congestion. It does not affect significantly people’s
residential choice, but it does influence the labour market. A number of new workplaces are created in
the periphery of the Madrid Region. Regarding CO2 emissions, the cordon toll reduces the total amount
of emissions during the peak hour when the toll is applied, but is less effective than the teleworking
measure.
The teleworking measure is a policy that is expected to reduce travel demand. Through examining the
five outcome indicators, it is found that teleworking reduces congestion but does not encourage people
to shift from private vehicle to public transport mode. The measure indeed reduces CO2 emissions
thanks to the number of trips cancelled. Moreover, it helps to produce a lot more workplaces all over
the region except in several zones with low population density. We do not find evidence on urban
sprawl by applying the teleworking measure.

The methodology and results produced from this work may be useful to policy makers and urban planners for
the analysis of the current scenario, the definition of policies and measures and the evaluation of future
scenarios when dealing with public services.
This work is the first step to assess the impacts of policy measures for Madrid. Due to the model limitations, the
results do not include the traffic flow changes. In future work it may be worth checking the more detailed
changes by means of a microscopic simulation model, like VISUM. Finally, it would be interesting to examine the
impact of combined policy measures through the same methodology.
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Annex I. MARS Zoning of Madrid

Figure I.1 MARS Zones of Madrid
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Table I.1 MARS Zoning Madrid
Zone
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39

© INSIGHT Consortium

District/Municipality
Madrid_Centro
Madrid_Arganzuela
Madrid_Retiro
Madrid_Salamanca
Madrid_Chamartín
Madrid_Tetuán
Madrid_Chamberí
Madrid_Fuencarral_El_Pardo
Madrid_Moncloa_Aravaca
Madrid_Latina
Madrid_Carabanchel
Madrid_Usera
Madrid_Puente de Vallecas
Madrid_Moratalaz
Madrid_Ciudad Lineal
Madrid_Hortaleza
Madrid_Villaverde
Madrid_Villa de Vallecas
Madrid_Vicálvaro
Madrid_San Blas
Madrid_Barajas
Alcobendas
San Sebastián de los Reyes
Algete/Cobeña
San Agustín del Guadalix
Fuente el Saz de Jarama/Molar (EL)/Pedrezuela/ValdeolmosAlalpardo/Valdetorres de Jarama
Ajalvir/Daganzo de Arriba/Paracuellos de Jarama
Coslada
San Fernando de Henares
Torrejón de Ardoz
Alcalá de Henares
Loeches/Rivas-Vaciamadrid/Velilla de San Antonio
Mejorada del Campo
Getafe
Leganés
Fuenlabrada
Alcorcón
Pozuelo de Alarcón
Majadahonda
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Zone
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74

75
76
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District/Municipality
Rozas de Madrid (Las)
Torrelodones
Hoyo de Manzanares
Tres Cantos
Colmenar Viejo
Arganda del Rey
San Martín de la Vega
Pinto
Parla
Móstoles
Brunete/Villaviciosa de Odón
Boadilla del Monte
Villanueva de la Cañada
Colmenarejo/Villanueva del Pardillo
Galapagar
Collado Villalba
Becerril de la Sierra/Boalo (El)/Moralzarzal
Manzanares el Real/Soto del Real
Bustarviejo/Miraflores de la Sierra
Cabanillas de la Sierra/Guadalix de la
Sierra/Navalafuente/Valdemanco/Venturada
Berrueco (El)/Cabrera (La)/Patones/Redueña/Talamanca de
Jarama/Torrelaguna/Torremocha de Jarama/Valdepiélagos/Vellón (El)
Camarma de Esteruelas/Fresno de
Torote/Meco/Ribatejada/Valdeavero
Ciempozuelos
Valdemoro
Torrejón de la Calzada/Torrejón de Velasco
Griñón/Humanes de Madrid
Arroyomolinos/Moraleja de En medio
Casarrubuelos/Cubas de la Sagra/Serranillos del Valle
Álamo (El)/Batres
Morata de Tajuña/Perales de Tajuña
Quijorna/Valdemorillo
Fresnedillas de la Oliva/Navalagamella
Escorial (El)/San Lorenzo de El Escorial
Alpedrete/Collado Mediano/Guadarrama
Alameda del Valle/Canencia/Garganta de los Montes/Gargantilla del
Lozoya y Pinilla de Buitrago/Lozoya/Navarredonda y San
Mamés/Pinilla del Valle/Rascafría
Cercedilla/Molinos (Los)/Navacerrada
Acebeda (La)/Braojos/Buitrago del Lozoya/Gascones/Horcajo de la
Sierra/Madarcos/Piñuécar-Gandullas/Robregordo/Serna del Monte
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Zone

77

78
79
80
81
82
83
84
85
86
87
88
89
90
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District/Municipality
(La)/Somosierra/Villavieja del Lozoya/Lozoyuela-NavasSieteiglesias/Puentes Viejas
Atazar (El)/Berzosa del Lozoya/Cervera de Buitrago/Hiruela
(La)/Horcajuelo de la Sierra/Montejo de la Sierra/Prádena del
Rincón/Puebla de la Sierra/Robledillo de la Jara
Anchuelo/Santos de la Humosa (Los)/Torres de la Alameda/Valverde
de Alcalá/Villalbilla
Ambite/Corpa/Pezuela de las Torres/Santorcaz/Villar del Olmo/Nuevo
Baztán/Olmeda de las Fuentes
Campo Real/Pozuelo del Rey
Brea de Tajo/Carabaña/Estremera/Orusco de
Tajuña/Tielmes/Valdaracete/Valdilecha
Belmonte de Tajo/Colmenar de Oreja/Fuentidueña de
Tajo/Valdelaguna/Villamanrique de Tajo/Villarejo de Salvanés
Chinchón
Villaconejos
Aranjuez/Titulcia
Robledo de Chavela/Santa María de la
Alameda/Valdemaqueda/Zarzalejo
Navas del Rey
Cadalso de los Vidrios/Cenicientos/Pelayos de la Presa/Rozas de
Puerto Real/San Martín de Valdeiglesias/Villa del Prado
Navalcarnero
Aldea del Fresno/Colmenar del Arroyo/Chapinería/Sevilla la
Nueva/Villamanta/Villamantilla/Villanueva de Perales
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