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Comparing transport systems??

Sustainable mobility indicators
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1 DIMENSION

Environmental

11 Indicators

Emissions per year (per capita)

NOx (NO and NO,)
VOCs

CcO

PM10 Ton or
PM2.5 g/year
SOx

O;

Co,

N,O

CH,

Energy consumption per year (per capita)

MJ or
MIJ/year
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Largest end uses of energy by sector in IEA!, 2014

Source: IEA Energy Efficiency
Indicators (database), 2017.
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Annual global transportation energy consumption by mode, 2012
percent of regional total
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/
Figure 8-2. World transportation sector delivered e/l—a

energy consumption by energy source, 201040
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Sources of Transportation Air Pollution

Smog and soot =» Health and welfare impacts

CO, and other greenhouse gases =» Climate change

Ce@RIO0CTOC

ht Duty Heavy Duty Motorcycles Aircraft Marine Engines/  Locomotives Lawn Recreation
E:hIC es Vehicles Dlesel Equ|pment Ocean Vessels & Garden Wehicles
ON ROAD NONROAD
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GHG Emissions [GtCO, eq/yr]
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IPCC (2014)
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Mon-transport sectors:

Chart — Contrit 18029 ctor to total emissions of the main air pollutants
FPallutant: CO (77.07%) po
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European Environment Agency )
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Emissions

Energy
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Transport Energy Efficiency

(More efticient) ; BT O e ‘ i vallad (Logs affigiant)
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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?
Excel file by e-mail
<
Sy -
E \
= g
> >

MJ/pkm g/pkm
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Measurements by ACTIVITY WATCH w/ GPS
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Measurements by ACTIVITY WATCH w/ GPS
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Highlights from the Chrome 68 update
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Measurements by ACTIVITY WATCH w/ GPS

STRAVA o =

- 18

100 - L 16

80 Al | _ 14

~~~~~~~~ z 12
——heartrate =
e E:;g:rs;:yg New Places E | i =
&b lkm 1211m ¥20 -9 60 10 E
R @ —=—Speed =

018
Run in the Rain
Emily Mellows
- l4km 440/km ¥ 15
.

‘ 0 50 100 150 200 250 300
gﬁ;;sg Time (s)

Carla Silva camsilva@fc.ul.pt 17



FC Ciéncias 1°Sementre 2018-2019 | Mobilidade Sustentavel
ULisboa

Measurements by ACTIVITY WATCH w/ GPS
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e = - 13
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° Measurements of sustainable Mobility

Mobility = Passengers x km

Neé"vehicles

I Motorization index = 1000 inhabitants

Potential of transferring car trips to public transport and soft modes
=% of trips by public transport and soft modes

Final energy Ef ficiency = M]/pkm
Local impact HC,CO,NOx,PM2.5,PM10 emissions = g/pkm

Global impact CO,,, emissions = g/pkm

2eq

Carla Silva camsilva@fc.ul.pt 19
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iteea [ViOtorization

Motorization index

X. Motorizationrate 2014

MNAFTA: 661 A%
EU 28/EFTA: 569 RU/TK/Other Europe: 277

JESK: 551

207 83

714

C&S
America: 176 320
778
Average rate: 180 veh./1,000 inh. —
OICA W sia

| March 2, 2016
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C|i&  Motorization

Motorization index evolution....

Total number of vehicles Vehicles per thousand people
(1970-2030)
Millions Vehicles
16“” 200 Ul'li[(:d SL&'I.{L'S
Germany
1200 | - 600 et T
= Japan
M.K. Gajendra Babu,K.A. Subramanian Alternative Transportation Fuels:
800 Non-OECD 400 Utilisation in Combustion Engines. 2013. CRC Press.
200 |
China
0 0 ,..-’:::..--'fndm
1930 1950 1970 1990 2010 2030 1970 2000 2030

FIGURE 1.13
Growth of global vehicle fleet. (Adapted from BI’ Energy Outlook 2030, London, January 2012))

* Increase the need for mobility......private transport

Carla Silva camsilva@fc.ul.pt 21
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Portugal case study

Evolugdo da Taxa de Motorizagdo em Lisboa e na AML
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Portugal case study

Juadra 3 - Taxa de motorizacdo nas concelhos da AMP (Fonte! IME, 20005

g g
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i Intermodality

Public
transport

Automobility regime

Figure 2: Schematic representation of interlinkages between regimes and sub-regimes in land-based
personal mobility

DO THE RIGHT MIX

Carla Silva camsilva@fc.ul.pt 24
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iids”  Intermodality

Figura 3 - Viagens diarias dos residentes da Figura 4 — Modos de transporte utilizados nas
AML® viagens diarias motorizadas dos residentes da
AML

TMeTCc Outros
2% 5%
Transporte
Individual
TE%
(Th
57%

Fonte: DGTT, 2000
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iids”  Intermodality

70

60 -

50

30 B Active

Preventive
B Non-Active Medicine

Reparts

20

1

Predominantly  Predominantly Exclusively cycling Exclusively
collective individual walking
motorized b motorized ¢

Active = Soft modes= bike + walking

@ Impact of travel mode shift and trip distance on active and non-active transportation
in the Sao Paulo Metropolitan Area in Brazil, Preventive Medicine Reports
Volume 2, 2015, Pages 183-188
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ks Total travel times

/11 Comparison of journey speeds by different modes of transport in town /////1111T1THTHTTHTTHITHITIT
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i on MA Travel to work by modes of
transport, 2011.

Any other
0.7%

Bicycle 100% = 200.4 million.

=

Moped / Scooter /
Motor Cycl
Water transport o ;)rs%yc e
0.4% ;
i Tempo / Autorickshaw ’
/ Taxi
2.5%
L7

Surveys....
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Stae  Knowing how people move???

=

TP006: Mode share of journeys to work _ g M: Zoaland
(full time workers 6-9:30am; includes combined modes) olbe it

@1989/90 @1997/98 @2003-07 @2004-08 O2005-09 m2006-10 ®2007-11 0200812 @2005-13 O2010-14

80%
70%
60%
50%
40%
30%
20%
10%

0%

Drive  Drnve +walk Passenger Passenger Walk only Cycle PT/walk or PT/car or
+walk PT PT/ car/
walk
"Passenger " refers to passengers in private vehicles. Data source: New Zealand Household Travel
Please note that this graph visually compresses the Survey. Ministry of Transport exported on:
time intervals between 1989790, 1997/98 and 2003-07. 8r2mM4
Surveys....
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e SUrveys

How people travel?

Ini confic

National
Travel
Survey How people travel?

Why people travel?

When people travel?

Carla Silva camsilva@fc.ul.pt 30
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How people travel?

Why people travel?

~HNEEEN -HE NI

= Purpose share: Great Britain, 2010
(Y] F:1 I (NTS web tables NTS0401 and NTS0402)

Travel
Survey Average number of trips Average distance travelled

Other lnisure Cammuting

Businrss
10%
Visiting friends Education
% et
g
%
Odher esco
and porsonsl
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How people travel?

How people travel?

: Mode share: Great Britain, 2010
S (NTS web tables NTS0301 and NTS0302)

National
Travel
Survey - otner Wk

Local and non- 3% 2% Rall 4% 3% Bicycla
local buses 9% |
7%

Average number of trips Average distance travelled

Lecal and non-
local buses

5%
Bicycle
2%
Carfvan driver
Carivan %
Carfvan driver passenger
4% 2%
32
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How people travel?

When people travel?

Trips in progress by time of day and day of week - index: Great Britain, 2010
(NTS web table NTS0501)

~HNEEEN -HE NI

I confideres

N ati una I [ — Monday to Friday — Saturday —— Sunday
Travel

300

- L e e

200 f--m-mmmmmmmmmmmmmmme e - iy (ealb el CEEEEEEEEEEEREEEEEE

150 i SRR i, ety (S A R

Index: average hour=100

LT B e e ek \ e e

NG

T T T T T T T T T T T T T T T T T T T
oooo 0200 0400 D&00 0800 1000 1200 1400 1600 1800 2000 2200
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How people travel?

Ini confic

National
Travel
Survey How people travel?

Why people travel?

When people travel?

Carla Silva camsilva@fc.ul.pt 34
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\9

Szro,, 1t design
g/
A9ree D 2nd test in a few people
AQree M 3" did you get the info you needed? No

0/3}3
j/d/sagrep IQ l Yes!

Ready to go...

On-line In person
LJsurveygizmo
4» SurveyMonkey
Google Forms QuestionPro
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C | Siéncias Su rveys

How people travel?

Universe Population
(theoretical target (empirical target Original Final
population) population) sample sample
(data)
---p G B ey
/.oﬁo ‘o @1 »e®
® @ 1 i o0
o & O
o %% © ©
® P
e 5’
sometimes called Loss (non-
sampling frame response)
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How people travel?

n02 5808 2 Ea af?efetln -

1 1 1

= Ii.-‘l- i Y '. " . i
* * *

Average | Average | Average
_ - ...I1S the distibution
The Sampling - of a statistic across
Distribution... " | . an infinite number
o om ow of samples
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Standard Normal
Distribution

Normal Distribution
o =Xl

2. The area to the left Area=1

= L] /l:l."
1. Use the table to find the
area for the z-score

Carla Silva camsilva@fc.ul.pt 39
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i Surveys

How people travel? Origin —Destination

How many respondents?

=2 p(1-p)
2

Sample Size =

-
D

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

40
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e SUrveys

How many respondents?

[ Sample size = 2,401
Margin of error = 2%

Sample size = 1,067
Margin of error = 3%

[ Sample size = 600
Margin of error = 4% |

Sample size = 384
.\Iargll of error = 5% |

| Sample size = 96
;hlamh of error -w%__

40% 45% 50% 55% 60%

5% ® e 4
10% 2%

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

Carla Silva camsilva@fc.ul.pt 41
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e SUrveys

How many respondents?

Confidence level 90% -> 7=1.645
Confidence level 95% -> 72=1.96

Confidence level 99% -> 7=2.575

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%.

Carla Silva camsilva@fc.ul.pt 42
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How people travel? Origin —Destination

How many respondents?

Population +3% 5% +10%

500 345 220 80
1,000 525 285 90
3,000 810 350 100
5,000 910 370 100
10,000 1,000 385 100
100,000 1,100 400 100
1,000,000 1,100 400 100
10,000,000 1,110 400 100
N > 100 000

22 p(1-p)

Carla Silva camsilva@fc.ul.pt 43
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swee EX@IrCice

Your survey results are meanfull for FCUL population?

FCUL population 5849

Staff 2015 Students 2015 Students 2015

W 9%

18%

13% 62%

5159 5159

690

u Undergraduate
m Professors ® Undergraduate+MSc
= MSc
u PhD

aM uF

u Researchers
« Non-Academic Staff
u Grantees
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Cl5=  Exercice

Your survey results are meanfull for FCUL population, respondents 237

=2 p(1-p)
22

22 p(1-p)
1+H(—52)
g=N

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
We think the answer would be 50% chance of yesorno  p=0.5

Level of confidence, i.e., 95% chance of population answers fall within the margin of error
Z2=1.96

Carla Silva camsilva@fc.ul.pt 45
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Cl5=  Exercice

-2 pll=-p)
. 2
g e
Sample Size = —

z 1.96 1+(I‘><P(1-P})
p 0.5 2N
e 0.02
N 5849
Sample size 1702.236

Z 1.645 €———

p 0.5
Z 1.96 e 01 €&—
p 0.5 N 5849
e 0.1 €—
N 5849 Sample size 66.87711

Sample size 94.48

Not even at 10% margin error and 90% confidence!!

Carla Silva camsilva@fc.ul.pt 46
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the following survey results are meaningful?

Consumers Desire More

Automated Automobiles
Consumers Trust Driverless Cars

57"

of consumers, globally, trust

driverless cars—even more so
in emerging markets

95% 52%
86% 45%
70% 45%
60% 37%
57% 28%
'glls:élcll isco Customer Experience Report for Automabile Incustry, May 2013

1511 persons
10 countries (overall population > 2 000 million )

Carla Silva camsilva@fc.ul.pt 47
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C | Siéncias Su rveys

N>1 2 _
00 000 2, p(1p)
—_—
EL
Z 1.96
p 0.5 _
e 0.02 Margin of error
N 2000000000 increase VA 1.96
p 0.5
Sample size 2400.99712 e 0.03
N 2000000000
N Sample size

Sample size 1067.11054
100000 2344.70367

500000 2389.5255
1000000 2395.24901
1000000000 2400.99424
2000000000 2400.99712

Carla Silva camsilva@fc.ul.pt 48
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”'L?:bc"'gss UMP - Sustainable urban mobility plans

European Platform
on Sustainable Urban
Mobility Plans

Guidelines

Developing and Implementing
a Sustainable Urban Mobility Plan

A
FERE I - rsec by e rtsigens Enery Eurmoe
¥ ow Frogramme of the European Union
»

Carla Silva camsilva@fc.ul.pt
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CENSOS
w201 |

XV recenseamento geral da populagao
V recenseamento geral da habitacao

RESULTADOS MOUMENTOS PENOULARES

MEIO DE TRANSPORTE UTILIZADO NOS MOVIMENTOS PENDULARES

DEFINITIVOS TEMPO MEDIO PORDESLOCACADPENDULAR ..

LISBOA
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Commuting(regional interactions), 2011
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Means of transport in commuting

Carla Silva camsilva@fc.ul.pt 53



Ciéncias 19Sementre 2018-2019 | Mobilidade Sustentavel

ULisboa Su rveys

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

TEMPO MEDIO POR DESLOCACAD, 2011 POPULACAD POR ESCALAD DE TEMPO
DE DESLOCACAQ, 2001 E 2011

fent2iBes de tempe de dalota o em minum)
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Recent mobility survey 2017 Porto and Lisbon
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Recent mobility survey 2017 Porto and Lisbon

46 080 valid answers, 18169 na AMP e 27911 na AML, contemplando um total de 99144
individuos (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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Recent mobility survey 2017 Porto and Lisbon

Why people travel?

Figura 16 — Distribuicao do nimero de deslocacoes por motivo de deslocacao (excluindo “regresso a casa”)

AM POI’tG e Dias Uteis .
) Trabalho AM Lisboa s Dias Uteis
Unidade: % S.DF. Unidade: % Trabalho 5.D.F.
’ 40,0~
outra How people travel? P
K = " Compras oura _— 3004\ -
at“”dade;: N ’ ~sividade ‘\\ _~ ""“ﬁ-x "‘\.._}‘ Compras
f N 20,0 - ;- \

When people travel? KX |
-\ Acomp. i} &’ L )
7 — : — \ Acgmp_

Estudo < . ; )
\ \ \ familiares Estudo = =2V , / . .
\ . \ N ' y, /" familiares
P4 \ ' " Vg rd /
Y .."- '. A
L . \VAssuntos / \ A’
azer ;

pessoais Lazer ssuntgs

pessoais

Carla Silva camsilva@fc.ul.pt 57



Ciéncias 1°Sementre 2018-2019 | Mobilidade Sustentavel

ULisboa Su rveys

Recent mobility survey 2017 Porto and Lisbon

How people travel?

Figura 18 — Distribuicao do nimero de deslocagoes por principal meio de transporte, nos dias uteis
(globalidade dos meios de transporte)
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Recent mobility survey 2017 Porto and Lisbon

How fast people travel?

Average 30 km/h

Why car?

e Speed;
e Confort;
* No public transport direct connection between origin and destination.
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Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?
Quadro 6

Deslocagoes por tipo de dia e meio de transporte principal da deslocagdo

AM Lisboa
Unidade:10°
[ ]
Lin Number trips
Total semanal Dias uteis SDF a)
AM Lishoa 37,697.1 27,439.7 10,257.4 P er mo d e
Transporte individual 22,542.4 15,715.5 6,826.9
Automovel - condutor 17,326.3 12,334.4 4,992.0
AutomOdvel - passageiro 4,884.7 3,110.2 1,774.5
Motociclo/ciclomotor 331.3 270.9 60.4
Transporte publico 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 357.4 263.4 924.1

a) SDF - Sdbados, domingos e Feriados
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Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

Quadro 9

km per trip

Tempo e distancia por deslocagao, segundo o principal meio de transporte das desloca¢ées

AM Lisboa
Duragdo média (minutos) Distancia média (km)
AM Lisboa 24.3 10.3
Automovel - condutor 21.7 12.7
Automovel - passageiro 20.8 13.3
Motociclo/ciclomotor 18.0 11.7
Autocarro (transporte publico) 45.7 12.1
Comboio 53.4 19.1
Metropolitano 39.7 8.5
Barco 58.1 19.5
Taxi 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 deslocagbes internacionais
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Recent mobility survey 2017 Porto and Lisbon

Impact of people travel?

2.(Number trip; X km per trip, X EC))

. mode of transport

EC. final energy consumption by mode (MJ/pkm)
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e First steps in a sustainable mobility plan;

 Mobility measures;

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

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

* Final energy consumption estimation from surveys.
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