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Program

Topics # Contents

Basic concepts and 
definitions

1 Transportation system; Transports classification; historical evolution; 

2 Introduction to “sustainability and metrics”

3 Energy conversions, primary energy, final energy, useful energy; Minimum 
energy and emissions in mobility, 

4 Propulsion technologies, internal combustion engines, electric motors, fuel 
cells, efficiencies

Characterization of 
mobility patterns

5 Surveys; Statistics; transport sector share energy & emissions; 

Sustainability –
Environmental 
dimension

6 Development of “sustainability and Metrics”

Air quality 7 World Health Organization, Directives, standards for emissions, air quality
index

8 Air quality networks and pollutants covered - local and global emissions

Emission 
inventories

9 Emission inventory models, micro to macro, motor vehicle dynamics

10 COPERT 5 fleet model
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Program

Topics # Contents

Application of metrics of 
Sustainable mobility

11 Comparing Lisbon and Oporto mobility
Screening mobility patterns in University campus

Life cycle analysis in 
transportation systems

12 Life cycle analysis

13 Water, land use, resources scarcity and carbon footprint

14 Carbon footprint in transport

15 Carbon footprint applied to electric versus diesel technology

Disruptions & consequences 16 COVID19 impact overview
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BASIC CONCEPTS

TOPIC #II
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SUSTAINABILITY & METRICS

• What is “Sustainable Mobility” ???

Environmentally friendly….

Don’t harm future generations….

Electric cars….

Don’t waste resources….
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SUSTAINABILITY & METRICS

• How could be measured???
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SUSTAINABILITY & METRICS

MONITOR
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SUSTAINABILITY & METRICS

COMPARE

VS
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SUSTAINABILITY & METRICS

• Concept of sustainabiliy appear in the
80’s 

Dixon et al 1989 doi.org/10.1080/08941928909380675
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SUSTAINABILITY & METRICS

Avoid physical stock (resource) depleation

Avoid physical stock (resource) depleation in a ecosystem

Sustained increase in the level of societal and individual 
welfare; social-physical-economic sustainability.

https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf

UNITED NATIONS -World Commission on Environment and 
Development - Brandtland Report “Our common future”

1987

“ Development that meets our needs without 
compromising future generation needs” – page 43
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SUSTAINABILITY & METRICS

Question: 

How to achieve sustainability and how to 
measure progress toward it????

Human welfare drives sustainability
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SUSTAINABILITY & METRICS

“They are a to-do list for people and planet, and a blueprint 
for success,” he added of the 17 goals and 169 targets to 
wipe out poverty, fight inequality and tackle climate change 
over the next 15 years.

United Nations on 1 January 2016 – an 

ambitious set of goals to banish a whole host 
of social ills by 2030.
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SUSTAINABILITY & METRICS
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SUSTAINABILITY & METRICS

• Concept of sustainabiliy apply to the
transportation system appear in the
90’s 

“a more sustainable transportation system” as “one which provides affordable 
access to freight and passenger service and does so in an environmentally 
sound and equitable manner” 

“transport that meets the current transport and mobility needs without 
compromising the ability of future generations to meet these needs” 

William R. Black

Indiana University

Black, 2010, from “Department
transportation Canada, 2003”

Black, 1996
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SUSTAINABILITY & METRICS

• Concept of sustainabiliy apply to the
transportation system
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SUSTAINABILITY & METRICS

No definition standard: 

e.g. Centre for Sustainable Transportation and the Government of 
Canada (Environment Canada and Transport Canada), 2003:

• Allows the basic access needs of individuals and societies to be met safely and in 
a manner consistent with human and ecosystem health, and with equity within 
and between generations;

• Is affordable, operates efficiently, offers choice of transport mode, and supports a 
vibrant economy;

• Limits emissions and waste within the planet ability to absorb them, minimizes 
consumption of nonrenewable resources, reuses and recycles its components, 
and minimizes the use of land and the production of noise.
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Sustainable transportation system

• Negative impacts

o A

o B

o C

shop

school

office

Boarder of 
the system

o D

home

greenhouse gas emission

air pollution
congestion

traffic fatalities

urban sprawl
“land consumption”Fossil fuel depletion

affordability 
issues???
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SUSTAINABILITY & METRICS

Question: 

How to achieve sustainability and how to 
measure progress toward it????

Improved decision making & planning
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Sustainable transportation system

• A transportation system is an infrastructure that serves to 
move people and goods efficiently.

o A

o B

o C

shop

school

office

Boarder of 
the system

o D

home
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Sustainable transportation system

• Efficiently….

Seamless and intelligent
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Sustainable transportation system

• Indicators and Metrics

Quantitative (calculations 
numbers with units of 
measurement addressing 
each property )

Qualitative (property of the system)
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Sustainable transportation system

• Metrics and indicators

• 1st each institute define its sustainability 
concept;

• 2nd develop categories/dimensions;

• 3rd develop indicators and metrics .

Addressing Sustainability in Transportation Systems:
Definitions, Indicators, and Metrics. DOI: 10.1061/(ASCE)1076-0342(2005)11:1(31)
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55 Indicators– Joint Research Centre 

7 INDICATORS
A – Transportes Públicos 
B – Mobilidade Pedonal e Acessibilidade 
C – Mobilidade Ciclável
D – Planos e Projetos
E – Acalmia de Tráfego 
F – Sensibilização

SUSTAINABILITY & METRICS
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Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility” 26

Sustainable transportation system

• Metrics and indicators

2012

Set of processes and actions towards people and 
goods transportation with reasonable cost and 
simultaneously minimizing negative impacts on 
the environment and people welfare, satisfying 
todays and future generation needs.
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Sustainable transportation system

• Metrics and indicators

2010…2018

International 
private Institute
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Sustainable transportation system

• Sustainability

No definition but considers mobility maturity, innovativeness and performance

Financial attraction to 
use the Public 
Transport Share Public Transport

In modal split

Cycle 
paths 
density

CO2, NOx and PM 
emissions

Traffic fatalities

Smart card

Sharing systems
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Sustainable transportation system

score

Innovativeness 
(9 indicators)

Performance 
(9 indicators)

Maturity (9 
indicators)

0 - 100 best
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Sustainable transportation system

2010
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Sustainable transportation system

2014
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Sustainable transportation system

19 indicators
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Sustainable transportation system

2018
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Sustainable transportation system

27 indicators
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Sustainable transportation system
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Sustainable transportation system

score

Innovativeness 
(9 indicators)

Performance 
(9 indicators)

Maturity (9 
indicators)

0 - 100
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Sustainable transportation system

• Metrics and indicators

2012
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Sustainable transportation system

• Definition of sustainability in transports

“On the basis of the definition of sustainable transport system 
established in the European Union’s Sustainable Development 
Strategy (EC, 2003) and characterization of sustainable 
transportation system according to so-called Vancouver 
principles “Towards Sustainable Transportation” (OECD, 1996) 
the scope for measurement of transport performance using 
indicators is identified. “

https://publications.jrc.ec.europa.eu/repositor
y/bitstream/JRC41602/indicators%20report_gr
een%20template.pdf
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Indicators of sustainable Mobility

55 Indicators– Joint Research Centre 

http://publications.jrc.ec.europa.eu/repository/bitstream/JRC54971/sust_transp_ind_report_final.pdf
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Indicators of sustainable Mobility
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Indicators of sustainable Mobility

mailto:camsilva@fc.ul.pt


Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility” 42

Indicators of sustainable Mobility
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Sustainable transportation system

Several items

Environmental 
(15 indicators)

Economic 
(19 

indicators)

Social 

(13 
indicators)

Technical & 
operational 

(3 indicators)

Institutional 

(4 indicators)
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Sustainable transportation system

Published: 17 Dec 2015

World Business Council for 
Sustainable Development

Sustainable Mobility Project 2.0 (SMP2.0)
Indicators Work Stream - 2ndEdition

http://wbcsdpublications.org/wp-
content/uploads/2016/01/SMP2.0_Sustainable
-Mobility-Indicators_2ndEdition.pdf
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Sustainable transportation system

World Business Council for Sustainable Development

“Sustainable mobility is the ability to meet society’s 
need to move freely, gain access, communicate, 
trade and establish relationships without sacrificing 
other essential human or ecological values, today 
or in the future.” 

(Source WBCSD, Mobility 2030: Meeting the 
challenges to sustainability, 2004)
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Sustainable transportation system

DIMENSIONS INDICATORSvs

4 dimensions- 19 Indicators
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Sustainable transportation system

19 Indicators

Metrics – equations & calculations

Each transformed with a 0-10 scale
best
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Sustainable transportation system

19 INDICATORS

mailto:camsilva@fc.ul.pt


Carla Silva camsilva@fc.ul.pt TOPIC#2 Basic concepts and Definitions in “Sustainable Mobility” 49

Sustainable transportation system

Radar graph

Economic 
sucess (5 

indicators)

Global 
Environment 
(9 indicators)

Quality of 
Life (11 

indicators)

Mobility 
System 

Performance(
7 indicators)
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• Other metrics; 4 dimensions 17 indicators

Chris De Gruyter , Graham Currie ,and Geoff Rose. Sustainability Measures of Urban Public 

Transport in Cities: A World Review and Focus on the Asia/Middle East Region. Sustainability 

2017, 9, 43; doi:10.3390/su9010043

Monash University

Australia
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Indicators of sustainable Mobility

4 categories
19 INDICATORS
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✓ There is no unique metric 

system for measuring 

sustainable mobility;

✓ Stick to one set of metrics and 

conclude on that basis!

Concluding….
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SUSTAINABILITY & METRICS

TIP: 

We must not place so many requirements on 
the Sustainability concept or we will fail in 
achieving such sustainable transportation 
system
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Sustainable transportation system is KEY!!!
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Sustainable transportation system is KEY!!!

MEASURING AND STATISTICS
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OPEN QUESTION

What information is missing to be able to compute, in the system 
indicated in the next slide, 

• NOX and PM emissions; in g/week?

And, 

• Energy consumption, CO2 and NOX&PM emissions are enough to 
monitor the sustainability of the system??? 
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OPEN QUESTION

DESTINATION SUM

A B C D

O
R

IG
IN

A 65 28 28 121

B 69 12 83 164

C 100 60 217 377

D 86 127 63 276

SUM 255 252 103 328 938

ner trips per day (flows)

DESTINATION SUM

A B C D

O
R

IG
IN

A 15 10 10 35

B 15 5 2 22

C 10 5 10 25

D 10 2 10 22

SUM

ner km per link (distance between nodes)
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