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What is sustainable mobility?

Sustainable mobility indicators

Comparing transport systems??
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Indicators of sustainable Mobility

1 DIMENSION

Environmental 

11 Indicators

NOx (NO and NO2)

VOCs

CO

PM10

PM2.5

SOx

O3

CO2

N2O

CH4

Emissions per year (per capita)

Energy consumption per year (per capita)

Ton or 
g/year

MJ or 
MJ/year
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Transports share
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Transports mode share

Source: EUROSTAT

http://ec.europa.eu/eurostat/statistics-explained/index.php/File:Energy_consumption_of_transport_by_mode_EU-28.jpg
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Transports share by energy source
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Transports share by energy source
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Transport share

IPCC (2014)
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Transport share

2017
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Emissions

Energy

Minimum energy and emissions
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UK transport energy efficiency

Average values!!!!!
Should have standard 

deviation…. 
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P#1

Estimate your energy for regular walking (at least 3 repetitions of the 

measurements), in MJ/pkm, and speed (km/h). What would be your 

graph? 

MJ/pkm

k
m

/h

Excel file by e-mail

g/pkm

k
m

/h
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P#1

Measurements by ACTIVITY WATCH w/ GPS 
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P#1

Measurements by ACTIVITY WATCH w/ GPS 

Mouse right click;

Inspect;

Network;

Filter by “stream”;

Select Response;
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P#1

Measurements by ACTIVITY WATCH w/ GPS 
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P#1

Measurements by ACTIVITY WATCH w/ GPS 

distance 0.8 km

bpm 89 bpm

time 644.64 seconds

Speed 4.5 km/h

Correlation #1 
����������

�	�
���


Correlation #2 
����	�
� 
�	�
���


0.14286

MJ/pkm

0.170023 0.012

g/pkm

0.010
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Measurements of sustainable Mobility
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Motorization index
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Motorization index evolution….

• Increase the need for mobility……private transport

M.K. Gajendra Babu,K.A. Subramanian Alternative Transportation Fuels: 

Utilisation in Combustion Engines. 2013. CRC Press.

Motorization
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Portugal case study @2015

∼ 10 million 

∼ 64% urban zones

∼ 4 million cars

Motorization index

400

Motorization
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Portugal case study

Motorization
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Intermodality
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Intermodality
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Intermodality

Active = Soft modes= bike + walking

@ Impact of travel mode shift and trip distance on active and non-active transportation 

in the São Paulo Metropolitan Area in Brazil, Preventive Medicine Reports

Volume 2, 2015, Pages 183–188
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Total travel times

~ 4.5 km/h
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Knowing how people move???

Surveys….

Travel to work by modes of 

transport, 2011.

100% = 200.4 million.
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Knowing how people move???

Surveys….
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How people travel? 

When people travel?

Why people travel?

How people travel?

Surveys
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How people travel? 

Why people travel?

Surveys
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How people travel? 

How people travel?

Surveys



1ºSementre 2018-2019 |  Mobilidade Sustentável

Carla Silva camsilva@fc.ul.pt 33

How people travel? 

When people travel?

Surveys
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How people travel? 

When people travel?

Why people travel?

How people travel?

Surveys
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Surveys
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Surveys

1st design

2nd test in a few people

3rd did you get the info you needed? No

Yes!

Ready to go….

On-line In person
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How people travel? 

Surveys
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How people travel? 

Surveys
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Surveys

Area = 1
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How people travel? Origin –Destination

How many respondents?

N= total population (small size)

Z = confidence level (90%, 99%, 95%)

e = margin of error (e.g. 5% input 0.05)

p= 50% (estimative of answer, 0.5)

N > 100.000 individuals ⇒ Sample size

Surveys
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How many respondents?

margin of error (or confidence intervals)

Suppose in your survey 40% of the respondents pick a certain answer and your margin 

of error is 2%. This would mean that if you interrogate the total population, you can 

be sure that between 38% and 42% would pick the same answer

Surveys
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How many respondents?

Confidence level

How often the actual percentage of the population that picks a certain answer, lies 

within the margin of error. In market research, margins of error are calculated 

generally for a confidence level of 95%.

Confidence level 90% -> Z=1.645

Confidence level 95% -> Z=1.96

Confidence level 99% -> Z=2.575

Surveys
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How people travel? Origin –Destination

How many respondents?

Surveys

N > 100 000
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Exercice

Your survey results are meanfull for FCUL population? 

FCUL population  5849
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Exercice

Your survey results are meanfull for FCUL population, respondents 23? 

FCUL population  N=5849 < 100 000 ⇒

Several questions for example:  Willing to use an Autonomous Vehicle?

1. Margin or error, i.e, expect the population answer will be in 2% of the sample’s e=0.02

2. We think the answer would be 50% chance of yes or no      p=0.5 

3. Level of confidence, i.e., 95% chance of population answers fall within the margin of error 

Z=1.96
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Exercice

Z 1.96

p 0.5

e 0.02

N 5849

Sample size 1702.236

Z 1.96

p 0.5

e 0.1

N 5849

Sample size 94.48

Z 1.645

p 0.5

e 0.1

N 5849

Sample size 66.87711

Not even at 10% margin error and 90% confidence!!
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the following survey results are meaningful?

Surveys

1511 persons

10 countries (overall population > 2 000 million )
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Surveys

N >> 100 000

Z 1.96

p 0.5

e 0.02

N 2000000000

Sample size 2400.99712

N Sample size

100000 2344.70367

500000 2389.5255

1000000 2395.24901

1000000000 2400.99424

2000000000 2400.99712

Z 1.96

p 0.5

e 0.03

N 2000000000

Sample size 1067.11054

Margin of error 

increase 
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SUMP - Sustainable urban mobility plans
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SUMP - Sustainable mobility plans

Characterization 

of current status

SURVEYS

Vision for the future

Scenario building
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Surveys
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Surveys

Commuting(regional interactions), 2011 
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Surveys

Means of transport in commuting 
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Surveys

Average time in commuting (average 30 min 2001; 26 min 2011)
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Surveys

Recent mobility survey 2017 Porto and Lisbon

2,57 milhões de pessoas1,60 milhões de pessoas
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Surveys

Recent mobility survey 2017 Porto and Lisbon

46 080 valid answers, 18169 na AMP e 27911 na AML, contemplando um total de 99144 

indivíduos (40393 na AMP e 58751 na AML). 

Campain: October-December 2017

1st Web (Computer Assisted Web Interview-CAWI)

2nd Face to face interviews(Computer Assisted Personal Interview-CAPI) for the non 

respondants 1st stage. 
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Surveys

Recent mobility survey 2017 Porto and Lisbon

When people travel?

Why people travel?

How people travel?
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Surveys

Recent mobility survey 2017 Porto and Lisbon

How people travel?
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Surveys

Recent mobility survey 2017 Porto and Lisbon

How fast people travel?

Average 30 km/h

Why car?

• Speed;

• Confort;

• No public transport direct connection between origin and destination.
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Surveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
Quadro 6 Voltar ao Índice

Deslocações por tipo de dia e meio de transporte principal da deslocação

AM Lisboa

Unidade:10
3

Total semanal Dias úteis SDF a)

AM Lisboa 37,697.1 27,439.7 10,257.4

Transporte individual 22,542.4 15,715.5 6,826.9

Automóvel - condutor 17,326.3 12,334.4 4,992.0

Automóvel - passageiro 4,884.7 3,110.2 1,774.5

Motociclo/ciclomotor 331.3 270.9 60.4

Transporte público ou coletivo 5,939.5 5,056.6 882.9

Dos quais:

Autocarro 2,945.9 2,476.0 469.9

Comboio 1,215.7 1,032.0 183.7

Metropolitano 1,167.8 1,014.6 153.2

Modos suaves (a pé e bicicleta) 8,857.7 6,404.3 2,453.4

Outro/desconhecido 357.4 263.4 94.1

a) SDF - Sábados, domingos e Feriados

Deslocações Number trips

Per mode
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Surveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

Quadro 9

AM Lisboa

Duração média (minutos) Distância média (km)

AM Lisboa 24.3                                               10.3                                               

Automóvel - condutor 21.7                                               12.7                                               

Automóvel - passageiro 20.8                                               13.3                                               

Motociclo/ciclomotor 18.0                                               11.7                                               

Autocarro (transporte público) 45.7                                               12.1                                               

Comboio 53.4                                               19.1                                               

Metropolitano 39.7                                               8.5                                                 

Barco 58.1                                               19.5                                               

Táxi 19.6                                               6.4                                                 

Transporte escolar / empresa 32.6                                               17.2                                               

A pé 17.0                                               1.5                                                 

Bicicleta 36.2                                               8.8                                                 

Outro/desconhecido 31.7                                               24.2                                               

Nota: Exclui as deslocações internacionais

Tempo e distância por deslocação, segundo o principal meio de transporte das deslocações km per trip
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Surveys

Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

ΣΣΣΣi(Number tripi X km per tripi X ECi)

i mode of transport

ECi       final energy consumption by mode (MJ/pkm)
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You learned….

• First steps in a sustainable mobility plan;

• Mobility measures;

• How to design a survey to get the right answers;

• Minimum number of answers for the sake of statistical meaning;

• Final energy consumption estimation from surveys.
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