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5 min

15 min
10 min + 5 min Q&A

15 min
10 min + 5 min Q&A

15 min
10 min + 5 min Q&A

15 min
10 min + 5 min Q&A

15 min
10 min + 5 min Q&A

10 min

Introduction to the programme
(Maaike Snelder - TNO + TU Delft)

MRDH
Identified Challenges
(Vincent Joanknecht — Rotterdam Gemeente)

Reducing the number of cars in European
(Sean van der Lee - Master Research)

Active Mobility in Oaxaca: transforming urban dynamics from a car-centric
model to a human scale city
(Luigi Barraza - Arcadis)

Assessing the impacts of creating low car areas within a city
(Jyotsna Singh - PhD XCARCITY)

Multi-objective Multimodal Network Design
(Tygo Nijsten - PhD Research)

Plenary Discussion
Review challenges + general discussion



Question for the audience

What challenges do you have In
your cities in making your areas
car low?
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MRDH Strategic Agenda

= |nvest in accessibility to facilitate population growth in the region

= Stimulate a future-proof economy

= Renew work locations
=  Stimulate active and collective forms of mobility
= Restoring the public transport system

= Strengthen the regional mobility network

xecarcity



HOW TO REDUCE CAR TRAFFIC?

How do we make sure that the motorist - who has an alternative - leaves his car

but
The automobility that has to be there is affected as little as possible.

With only car restriction measures you hit both the first and the second group.
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DILEMMAS IN EXISTING AREAS

= Where do you start in existing environments: with the sour or with the sweet?

= What do you want with shared mobility, how do governments see their role for this?
How do we remove possible regulatory barriers to new forms of mobility?

» |s a private car-free city or district possible or do we focus on the second car first?

= How scalable is this concept, in which neighborhoods and areas will it succeed and
which will not?

» |s it known what users want: public transport, bicycle, shared mobility (bicycle /
scooter)?

= Which target groups are they?

= How do we do that without too much technology?

xecarcity



ACTIVITIES IN THE REGION

* |nthe region, several municipalities are working to reduce car use / sometimes
ownership. Such as in The Hague, Delft and Rotterdam.

= Examples are: The Hague Binckhorst and South West, Delft Spoorzone, Rotterdam
Merwe4haven and the area around Rotterdam Central Station.

= Sometimes also smaller projects such as bicycle parkings and cooperative shared
mobility.

= Both sweet and sour measures are taken.

= There is objective measurement, but relation with measures taken remains difficult.

xecarcity



ROTTERDAM MERWE4HAVEN

Immersive VR research by
design Urban Community
Vehicle (with BMW)

Integration of Rotterdam
Open Urban Platform,
Digital Twin Federation,
Vehicle data (with BMW)

Modeling and optimisation
of sustainable mobilty

xecarcity
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Reducing the
number of cars In
European cities

A Y A W/ E
What are the keys to success?
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Success factors Barriers

Strategic
communication
‘
Organising
responsibility

Policy &
institutional
Showing
openness and
flexibility
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Barcelona Superblocks
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Success factors Barriers
legitimacy

L
g
e

Organising
responsibility
Policy &
institutional

Timing and
windows of
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Milan Open Squares
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Showing
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Success factors

Trials to create
legitimacy

Strategic
communication

Timing and
windows of
opportunity

Organising
responsibility

Showing
openness and
flexibility

Combining sticks
and carrots

Barriers

Social

Policy &
Institutional

Path dependence

Resources




Additional success factors

The undeniability
of hard evidence

The inarguability
of schools




Success factors

Trials to create
legitimacy

Strategic
communication

Timing and
windows of
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The undeniability
of hard evidence

Organising
responsibility

Showing
openness and
flexibility

Combining sticks
and carrots

The inarguability
of schools

Barriers

Policy &
institutional

Path dependence

Resources




General Lessons

Regulations

1. Continuously explore new possibilities

Land-use Planning

Infrastructure

Information Campaigns

City
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General Lessons

1. Continuously explore new possibilities i

2. Be aware of the context and stakeholders’ needs E&#% (ATTENBURSONZE LN A
T JULLIE ATVOERPUTY IR

~ N

3. Create and identify windows of opportunity

4. Test new measures

xecarcity



General Lessons

Problem stream
B Policy stream
Political stream

3. Create and identify windows of opportunity

Time

xecarcity



General Lessons

1. Continuously explore new possibilities

4. Test new measures

xecarcity
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Additional Lessons for Amsterdam

1. Structured and swift interventions
2. Focusing on school communities
3. Benefiting from windows of opportunity

xcei
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Reducing the
number of cars In
European cities

A Y A W/ E
What are the keys to success?
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Categories of measures

Regulation Infrastructure Land-use Information
- “ .1 i f ‘ : woNDELGEMsTRA: u- i ;KKH Autowas'c!\en#ﬁ;,! *

xecarcity
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GOBIERNO DEL ESTADO

WBID & oaxa

Active Mobil

Transforming urban
car-centric model to ' sc

—




A ARCADIS

Designin
g for

ew approach to architecture an

P3les

Urban Planner + Designer
Places - Arcadis | México.

Assistant Professor
Panamerican University | México.

MSc Sustainable Urbanism
University College London. 2021
Chevening Scholar*

Architect, BArch
Tec de Monterrey. 2014




. . A ARCADIS
Two projects, one goal; a human-scale city.

¢ Define needs and objectives that the service will address. * Propose pedestrianization alternatives considering their economic impact
¢ Design a project compatible with the regulatory environment and its and the reduction of environmental pollution.
goals of sustainability, climate change, diversity, and gender equality. * Propose an on-street management program for the historical city center to

reduce the amount of congestion.

oo o _ . oy Cost-benefit analysis,
I-Y-¥- X lagnosis an ~ ~ System proposal and —~ environmental and
>>—>> Project kick-off baseline ybusinzsspmodel Q communication plan
o0 0 X X w
Y- | A | - I
L d
® ® v ®

Phase 1 Phase 2 Phase 3 Phase 4
| ° ° ° °
| 1st citizen | 2nd citizen | 3rd citizen
PP ; participation ® ; — participation L participation - -
mmem Project +local Information Vision and +local Approach to Validation +local Final documentation
kick-off authorities W@l review characterization authorities  Pedestrianization and training authorities =
a2 o workshops and initital workshops and parking vy workshops N

7

>

diagnosis Q management OAGA®
“ S 4

Pedestrianization and on-street parking management




A ARCADIS

Anyways, what is Oaxaca? (waa-haa-kaa)

Imagen: Plano de la Ciudad de Oaxaca 1803. Fuente: Mapoteca Manuel Orozco y Berra. Autor: Juan Manuel Gijon
(WONIO Mgy

>, Nl
t o
GE - pare

unesco

World Heritage site

Imagen: Centro Histérico de Oaxaca de Juarez. Fuente: AdobeStock.




. . . . 3 ARCADIS
Understanding the city centre through spatial analysis

Soodat file

i
S v

o memmaree

.’_.':—i.o

Mapa: Unidades econémicas y empleo. Mapa: Equipamientos existentes. Mapa: Isocronas peatonales.



What is the voice and vision of the people of Oaxaca?

Description Date

W1: Site visit and vision
workshop with key public
authorities and local

community

Strategic session designed to facilitate collaboration between different key institutions, focusing on the
collective construction of a shared vision for the project.

A ARCADIS

February 2024

Ww2: Strategic
design workshop
with local
community

Participatory meeting aimed at involving citizens in the design of the project, providing a space to collect
their visions, aspirations and concerns regarding the integrated mobility system.

April 2024

W3: Review and validation
workshop with key public

Participatory meeting aimed at key agents and members of the local community to review and
validate pbrooosals. ensuring alienment with the needs and perspectives of those involved. and

hhine 2024



The people of Oaxaca want pedestrian-oriented streets

& 4 b !

Frequent cyclist

37%

Adequate pedestrian

X Lack of adequate parking
crossings

Frequent pedestrian

31%

Sporadic cyclist

16%

Sporadic pedestrian

16%

Dangerous streets Lack of
pedestrian

saftey

What is most important for you as a pedestrian?
Cobbled streets to preserve . . .

. Flat surface streets where it’s easier to
Heritage

bike, roll or walk.

How often you walk to your destination?

Public space invaded by
@ private vehicles

Lack of adequate

sidewalks
Pedestrian-oriented streets with

Pedestrian-only streets
limited vehicles

How often you use a car?

00 W

Off-street parking in empty 10 123 Pedestrian-
B [ ] Bmo (] lots priority streets
35 veees b I e I
semana semana
vreve e vever I
semana semana
Dos veces al _ Dos veces al _
greveralme greveralne At-level Wayfinding for
pedestrian pedestrians and
23 vecesﬁl _ 2-3 vecesual _ CrOSSingS Vehicles
Nunca - Nunca -

36%

Of workshop participants use a
private vehicle every day.

26%

Of workshop participants walk

daily to their destinations Paid on-street

parking

Load/unload platforms

A ARCADIS

Challenges

Opportunities



How to transfer best practice to a Heritage
Site in constant development?

Reconstruccién y
acondicionamiento de calles.
Santo Domingo, Repblica
Dominicana.

-~

-doe

Puebla, México.

Zona urbana de aire protegido.
Medellin, Colombia.

Oaxaca de
Judrez

# 2) l Corredor calle 6 sur.

Corredor cultural. Bogot, Colombia.
Paseo de las Flores.

Curitiba, Brasil.

HANDBOOK FOR
Gender-Inclusive
Urban Planning
Design

I: Manual | Dizeho vial par:
de calles | cudades mesicana

RiA
'diigzad
o=\ =2
wss Vias principales | Y i H m ;§ !‘g
\ £ : a5

—— Vias secundarias £

Simbologia

] Bloques / Manzanas

W Rio Atoyac

W Vias rapidas - Representa borde urbano

Santa Lucia del
H Camino

Ambito de espacio abierto

A

[ Plazas / Parques de acceso publico
[ Zonanatural

Ambiente construido
I Inmuebles catalogados por el INAH

I205 Zona de monumentos histéricos

y s

® E ientos privados y cap en
numero de cajones de estacionamiento

O Hitos

Movilidad
Nodos atractores y emisores de vigjes
Calles con prioridad peatonal existente

1=s s Calles con prioridad peatonal - Oaxaca Camina

s

----- Calles con prioridad peatonal - Oaxaca Camina
Proyecto

----- Calles cerradas (prioridad peatonal)

gestionadas por vecinos

——— Ciclovias SEMOVI Pl.’BLIC SPACES i

: i g | i " 12 : ~ o ia g . e
= Bici - ruta SEMOVI W 3 - ‘ e - : X v e B )8 I ; e

Divertiruta

----------- Rutas de transporte publico
«(@) CITYBUS Ruta 1
» CITYBUS Ruta 2
@ Paradas nocturnas de CITYBUS




. . A ARCADIS
Street typology design for context-based solutions

Oaxaca de
Juérez

.
%
#* e,

Poligono de estudio

Simbologia
i7" Poligono de estud
"ay,
[ Bloques/ Manzanas | “Tamg,,
== Are d. b v
e e N Tl ¥ AT
Movilidad

i Andador peatonal existente

unn Calles cerradas (prioridad peatonal) gestionadas por
vecinos

s Calle completa existente
Intervenciones propuestas

= A) Andador peatonal (10 km/h)
W B) Calle con preferencia peatonal (30 km/h)
) Calle completa (30 km/h) Rio Atoyac
W D) Vidlidad de flujo vehicular (50 km/h)
W D*) Vialidad de flujo vehicular (con ciclovia) (50 km/h)
W E) Corredor verde peatonal y ciclista (50 km/h)

.
..
P

de ks

*Todas las calles dentro del poligono de estudio
én ser intervenidas a través de ampliacién
banq afavor de la ilidad '

«
3
. s
-------




. _ o  ARCADIS
Different streets for a variety of users and priorities

User matrix and compononets of street typology User matrix and compononets of street typology

Typology Typology

Street components Street components
A ] C D D

(o}
o

Private vehicles Cycle lane with priority < 3m width

= B
DR

Pedestrians Single platform with differentiated materials

* ]
R Sidewalk with > 3 m width

Sidewalk with > 2.5 m width

Shared lane on local roads

O00®f
0O0®O

®OO00
Q0000800

Sidewalk with > 1.5 m width

000®

OO0 0800003
OO0 80001800

@ Shared lane on transport axis and main roads
||

QOO0

ROOoO
0O O0000®O

QOR0O®O0®OO0L
0800 ®O0®8O0

On-street parking On both sides of the street = 2.5m D
Active modes Cycling and active modes tolerated D D
: N I d
Cycle lane with priority < 3m width D D D ot allowe
° ° .
(ﬁ) :I)& ‘5:" Emergency, mergency vehicles on shared lane with no timetable
One-way cycle lane > 15 m width & > 0.3m protection D D > ’ §r \
A loading/
unloading Emergency vehicles with priority on right lane with no D D D
Double one-way cycle lanes aligned with D D D platform timetable
street directiion > 15 m width & > 0.3m protection Emergency and service platforms interspersed on
both sides of the street
©g [ ]
Not allowed D ® D a by = Service vehicles (pipas, gas, mercancias con restricted
timetables)

Public Shared lane in local roads
Transport
Priority lane in transport axis and main roads

Shared lane in transport axis and main roads

Not allowed

®O00
®O00
O00®
00RO
00®0O
000




Growing the existing pedestrian network

Typology A: Pedestrian corridor (10 km / h)

FO=T-8

-
2m 2.5m 2.5m 2.5m 2

e

Seccion de calle - Estado actual

vy AN
ok

4.25m

Seccion de calle - Propuesta

Presupuesto paramétrico:
$19,499.84 MXN por metro lineal

Axonométrico
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Enhancing streets with pedestrian vocation Cotin,
e BN

Typology B: Pedestrian priority street (30 km / h)

P S v ccangs: JUNELs (4 N
aceses _fs T .
: .

€l

i _ﬁ_ &= 1
-— !l

l 75m 2.5m 2.5m 1. 75m

Seccion de calle - Estado actual

Ubicacion de
tipologia

Axonométrico

Imagen: Calle 16 de Septiembre, Centro Histérico
Fuente: ITDP México.

3m 3m 2.5m 3m

Seccion de calle - Propuesta

Presupuesto paramétrico:
$27,886.66 MXN por metro lineal

agen: Calle 16 de Septiembre, Puebla.
encia Enfoque.

Planta de conjunto Casos andlogos



Re-designing strategic streets that work for all modes

Typology C: Complete Street (30 km / h)

Ubicacion de
tipologia

Axonométrico

N

R
30km/h
2.8m 2.5m

Seccion de calle - Propuesta

Presupuesto paramétrico:
$26,788.68 MXN por metro lineal

Planta de conjunto Casos andlogos



Providing efficient transit corridors

Typology D: Main transit road (50 km / h)

Ubicacion de

Axonomeétrico

4
5

CENEEa | mas~~em ) o (el a e fleellefe felle

I | NI N e Fouao gl S loeadl )%:

Secciones de calle - Propuesta

Presupuesto paramétrico:
D) $13,474.39 MXN por metro lineal
D*) $16,486.85 MXN por metro lineal

Planta de conjunto Casos andlogos



Enhancing microclimate to improve walkability

Typology E: Green corridor (50 km / h)

N
=
NIS NS 9808 NN
2320 #38 l T T 2308 2300
INGS, NS SIS I8N
AUS s IS NG
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| 2 |

Seccion de calle - Estado actual

.ﬁ.

A
A78 N8 855 %9y
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\
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Planta de conjunto
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Ubicacion de
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Casos andlogos



Selecting endemic species and adequate materials is key

Endemic trees and vegetation species

Lluvia de oro (Cassia
fistula)

Pata de vaca (Bauhinia
variegata)

Primavera amarillo
(Tabebuia chrysantha)

L

Cacalosuchitl (Plumeria Guayacan (Tabebuia spp.) Huizache (Acacia farnesiana)
rubra)

Materials for street pavements

Huaje (Leucaena spp.)

Flamboyan (Delonix regia)

I I I = T R G

[ 1 [T coocoolooooo

H H | | 11 cocooclooooo

H H H | F coooolcoooo

0000000000

H H _l u I 00000000 OO0

= - ocoooolooooo

L T TT

H H J | J | coooclecoooo

e coocoolocoooo

Hidrocreto Piedra cantera verde Concreto hidraulico con Piedra de monte Piso pododactil

textura

Urban furniture and wayfinding

Jardineras de infiltracion

0l L

Bolardo fijo Delimitadores Seméforo para peatones y
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_ A ARCADIS
A parking management strategy that responds to demand

Five key elements: Hitos
@ Cruz Roja Mexicana (® Templo y Convento de Nuestra
5 @ Jardin San Francisco Sefiora de las Nieves
H H g ® Mercado 20 de Noviembre Templo de Santo Domingo
1 . PO I ng n Of t h e H Isto rica I Oaxaca de & @ Real Alhéndiga de Antequera @ Museo de la Filatelia MUFI
M Z f h H . . S Juarez 3§ (® Mercado Benito Judrez ::"di“ Idads‘:::.o D°"‘i;|9°
Zb l lazuela del Carmen Alto
onume nts oneo t € : Sto rc 8 Ce:‘l’r: Comercial Chedraui % Mercado Sdnchez Pascuas
3 FYPSA O Escalera del Fortin
Ce nte r Of O axaca d € J uarez Poligono de estudio 3 8 Mercud:::ncv:norio @ Auditorio Guelaguetza
g Reforma Plaza de la Danza @ IMSS Hospital General de Zona
3 @ Catedral Metropolitana @ Parque El Liano
@® Registro Civil @ Central de Autobises ADO
@® Casa de la Cultura Oaxaqueiia &) Panteén de San Miguel

2. Analysis of pedestrian
isochrones from 0 to 5
minutes, 6 to 10 minutes
and 11 to 15 minutes.

@ Iglesia de la Merced @) Univerdiad Auténoma Benito
Judrez de Oaxaca

Santa Lucia del
Camino

3. Parking restrictions on public

roads by the Security Ministry

of the Municipality of Oaaca de

Juarez. i :::::.:g;: estudio

[ Bloques / Manzanas

I7"% Zona de monumentos histéricos

4. Spatial analysis of the B =
number of spaces that could B

. . I [ 10a5mi
be located within the area £ oot Bl

[ 1socrona peatonal 11 a 15 minutos

with the possibility of parking . T

estacionamiento en la via publica por parte de

wa s ca r ri ed o u t la Secretaria de Seguridad del Municipio
.
wesenes Tipologi i (andador p |y calle
completa) en donde no se permite el 4
estacionamiento en la via publica

= Tipologias propuestas en donde no se permite

5 . P ro p Osa I fo r t h e el estacionamiento en la via publica

Tipologias propuestas en donde se permite el
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A ARCADIS

Differentiated pricing scheme to promote vehicle rotation

Proposal for on-street parking
management polygons and
differentiated areas

Hitos
Q@ Cruz Roja Mexicana (® Templo y Convento de Nuestra
g @ Jardin San Francisco Sefiora de las Nieves
4 ® Mercado 20 de Noviembre Templo de Santo Domingo
Oaxaca de f @ Real Alhéndiga de Antequera ® Museo de la Filatelia MUFI
H (® Mercado Benito Judrez Jardin de Santo Domingo
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H Reforma Plizadela Danss @) IMSS Hospital General de Zona
5 @) Catedral Metropolitana @ Parque El Llano
(@® Registro Civil @) Central de Autobises ADO
® Casa de la Cultura Oaxaquefia Panteén de San Miguel
® Iglesia de la Merced @ Univerdiad Auténoma Benito

Judrez de Oaxaca

j i = :%ﬂ&.l" s

Santa Lucia del
Camino

Simbologia
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[ Rio Atoyac
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A ARCADIS

Interventions that respond to gender-sensitive challenges

{

Accesibilit Streets should be accessible to all people,

. . regardless of gender, age or physical ability.

#1 VISIonlng y The following measures were implemented
in the project to achieve this goals.

#2 Co-Design

& 60/ #3 Feedback

Mobilities of care, which include activities
such as childcare, shopping for groceries, and
caring for the elderly, are frequently performed

Mobilities of care by wamen and shad be consiered in the Accesible Ample and clear Leveled
public transit sidewalks surfaces

Waiting and Accessto Clear sightlines Wayfinding Safe Adequate
resting areas services elements intersections lighting



, . , £ ARCADIS
Sustainability benefits for the people of Oaxaca

(\
©

resiliency and reduces
heat-island effect

Improves perceptions of
safety through gender-
informed design

Fosters social, climate
and spatial justice within
the public realm

&2

Reduces pollution and
improves air quality Impulses health and

well-being equitably

®
=7

Promotes local
econonmy 20
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Distribution effects of
parking interventions
among different
iIncome groups |
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Parking Interventions

Hard interventions, aimed at reducing attractiveness of private car usage

Popular intervention, especially in the Netherlands, however, there is no research
studying their distributional effects

Aim: Mitigate the risk of increased inequity for different population groups such as lower
iIncome groups, and contribute to tackle the social barriers in mobility

xcarcity



Distribution Effects

Equity Equity is a measure of distribution effects
Distribution effects measured over different income groups
Gini’s Coefficient an indicator of social inequality
Value ranges between 0 & 1;

Gini’s where 0 indicates a scenario of perfect equality and 1
Coefficient  indicates perfect inequality

eeeeeeeeeeeeeee

G=Gini Coefficient

1 N= Population groups
G=2Nz”22|yi—yi| = [1N]
J = [1,N]

i
y; = Welfare of a user group 7’
M = Mean welfare value

Utilised in conjunction with Lorenz curve

Lorenz Curve is used to visualize the distribution effects by
plotting the cumulative distribution function of an attribute
across the population

Lorenz
Curve

xcarcity



Gini’s Coefficient- Application

Economic Impact Analysis
Economic equity change as a consequence of change in parking capacities and cost across different
income groups

ngkl = del + vdekl

dCg = change in genarilsed cost of travel
dC = change in monetary cost (including parking price change)
v = value of time for a household ‘m’

dT = change in travel time

Impact On Mode Shift
Change in car usage across different income groups as a consequence of change in parking
capacities and cost

xcarcity



For the Netherlands

» Representative travel survey data of the Netherlands

Cumulative % income distribution

Survey

Analysis

* Age>18
N: 62791

Purpose: Work/Business
Urbanization: High

* Higher the household income, higher the private car usage

» Higher income households travel more distance than lower
income households

Distribution of income

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0% 10% 20% 30% 40% 50%

o 80% 90% 100%

Cumulative % population in increasing order of income

Line of
equality
Base
Scenario

Distribution of private car use
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

G=0.25

Cumulative % private caruse distribution

0% 10% 20% 30% 40% 50% 60% 70% 80%

Cumulative % population in increasing order of income
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Conceptual Framework

Land Use Pattern &
Car Ownership

Input Data

1 Distance B

P Distribution
effects Outputs

[
I > Trip Generation Transport Network .

[ N I y, Parking
I Measures
I 4 N\

| »  Trip Distribution Transport Services ¢

I \ /e

I -

I r ' N Transport Cost <

: > Mode Choice

I .

I A Socio-

| ( _ ) demographic data

[ Iy Assignment

I . /

I

: Travel Time &

I

I

I

I
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Urban Strategy

KPI
Dashboard

Interactive
Interface

Traffic Module

« Static Traffic Assignment
*Deterministic User Equilibrium
*Parking assignment based on parking capacity and occupancy

New Mobility Modeller Module

Digital Twin-

U I"ban +Performs mode choice based on MNL principle
*Multiple population groups included
Strategy Traditional and innovative modes of transport included

[ Traffic Module ][ PT Module ][ Demand ]

Module

1
! New Mobility Air and Noise Indicator
1| Modeller Module Modules

xcarcity



Next Steps

Traffic Module <<

New Mobility <
Modeller

* Include parking price effects in traffic assignment
stage, within parking assignment

* Include different income classes in the traffic
assignment stage using Multi-User Class Assignment

* Include different income classes in the mode choice
stage

xecarcity

Working on better cities with less cars
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Urbanism Next

Multi-objective
Multimodal
Network Design
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Reducing Car Usage: Carrot vs. Stick

= “Carrot” measures: encourage other modes of transport, i.e.
= |mprove public transport; ‘
* Introduce shared vehicles;
» Build Park-and-Rides (P&RS).

= “Stick” measures: discourage car usage, I.e.
* Reduce road capacity;
* Introduce road tolls;
* Increase parking fees.

xecarcity



Reducing Car Usage: Carrot vs

* Literature on combining the two types is limited.

= We aim to fill this gap by combining:
= The improvement of public transport;
= The optimisation of parking fees.

xecarcity



Conflicting Objectives

= When we reduce car usage by improving transit and
optimising parking fees, this can have some negative effects.

= User or operator costs might increase.

* To take these trade-offs into account, we consider multiple
objectives simultaneously:
1. Minimise the number of car users;
2. Minimise user costs
3. Minimise the operator deficit.

xecarcity



Table of Contents

» Research Question

= Solution Method

= Experimental Results

* Future Work and Conclusion
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Research Question

How do we design the transit network, i.e. how do
we choose line routes and frequencies,

xecarcity



Research Question

How do we design the transit network, i.e. how do
we choose line routes and frequencies, and how
do we select parking fees to

xecarcity



Research Question

How do we design the transit network, i.e. how do
we choose line routes and frequencies, and how
do we select parking fees to simultaneously

minimise the number of car users, the user costs
and the operator deficit?

xecarcity
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Solution Method

Upper level:
Decision variables: Optimisation framework
Line routes L
e . Objective values
Line frequencies
Parking fees . Lower level:

Multimodal traffic assignment

xecarcity



L ower Level

= The multimodal traffic assignment model simulates how
people travel given the values of the decision variables, I.e.:
= Which mode do travellers take?
= Which route do travellers choose?

= How do travellers perceive their trip, i.e. what are their generalised
COSts?

= From the results obtained by this model, we can compute
corresponding objective values.

xecarcity



Upper Level: MOOP

* Trade-off between the objectives:
1. Minimise the number of car users;
2. Minimise user costs;
3. Minimise operator deficit.

= Not one single optimal solution.
= Multi-objective optimisation to find a Pareto front.

xecarcity



Upper Level. MOOP

fa N
C
foa A
> B
foB
S
-~
fia<fip f4

— Pareto Front
@ Optimal Solutions
Dominated Solutions
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Upper Level: NSGA-II

* Transit network design problem on its own already NP-hard.

= Need for heuristics, as exact methods are infeasible for large
Instances.

= NSGA-Il is an evolutionary algorithm often used for multi-
objective optimisation problems.

» |dea: first rank on Pareto dominance for quality, then on
"difference” in objective values for diversity.

xecarcity









Experimental Results: Setup

= \We compare three cases:
= Constant parking fees and frequencies;
= Constant parking fees, frequencies as decision variable;
= Parking fees and frequencies as decision variable.

= We use Mandl's network, which is a widely used benchmark
In transit network design.

xecarcity



Experimental Results: Setup
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Future Work
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Future Work

= Case study.

= Speed up the multimodal assignment.

= Look at more decision variables, i.e. transit fee.
= Consider equity.




Conclusion

= We provide a framework for the optimisation of transit routes,
transit frequencies and parking fees.

= We are able to analyse and visualise the trade-offs between
our different objectives: minimising the number of car users,
the user cost and the operator cost.

= For both policymakers and operators, such a wide variety of
solutions can contribute to creating a more sustainable
mobility system.

xecarcity



Conclusion

= Combining "carrot” measures to encourage other modes of
transport and "stick’'measures to discourage car usage
potentially more effective than these measures inisolation.

xecarcity
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Thank you!
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