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Node Place Model

Unsustained node

Evaluating the quality of transit services and the intensity of activities

within a specific area to determine the potential for transit-oriented
development [1; 2]

« Shift from planning for mobility to planning for sustainable
accessibility, by achieving integration between transport and
land-use planning [3; 4];

* Multi-criteria analysis tool and normative typology of station
areas [5].

Unsustained place

\J

Place value

Source: Diagram conceptualized by Bertolini (1999, p. 202) and reinterpreted by Yang et Song
(2021, p. 3)
Redesign: Authors, 2024
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Banister, D. (2008). The Sustainable Mobility Paradigm. Transport Policy, 15(2), 73-80. https://doi.org/10/csng4v

Caset, F., Vale, D. S., & Viana, C. M. (2018). Measuring the Accessibility of Railway Stations in the Brussels Regional Express Network: A Node-Place Modeling Approach. Networks and Spatial Economics, 18(3), 495-530.
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Higgins, C. D., & Kanaroglou, P. S. (2016). Forty Years of Modelling Rapid Transit's Land Value Uplift in North America: Moving Beyond the Tip of the Iceberg. Transport Reviews, 36(5), 610-634. https://doi.org/10/ggw575
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Since the conceptualization of the tool between 1996 Netherands
. . . Source: Authors, 2024
and 1999, the number of studies dedicated to this elgion
approach has continued to grow significantly [6]: 1
. . . . Canada United Kingdom _ Chin Soutthorea
» 79 bibliographic references listed. ! N Caech Republic 11
United States 1 B - Greece Jagaﬂ
" 2 Switzerland \ 1 Iran
13 2 ltal » 3 |
ortuga ta u
P 'Elg | Zy T ;key .
. . Egypt Hong Kong
- Extensive development in East L O 1
g Asia and Northern Europe [6]; nde T e
< Ethiopia 1

* Primarly focused on global 1 Bangladesh
metropolises [7/];

 Diverse transit network sizes, g
ranging from 3 to 1,700 stations;
Australia
» Small station neighborhoods and 4

Publication Year limited consideration for cycling.

Source: Authors, 2024

[6] Ibrahim, S., Ayad, H., & Saadallah, D. (2022). Planning Transit-Oriented Development (TOD): A Systematic Literature Review of Measuring the Transit-Oriented Development Levels. International Journal of Transport
Development and Integration, 6, 378-398. https://doi.org/10/gr9c72

[71 Nigro, A., Bertolini, L., & Moccia, F. D. (2019). Land Use and Public Transport Integration in Small Cities and Towns: Assessment Methodology and Application. Journal of Transport Geography, 74, 110-124.
https://doi.org/10/gf8zgr



https://doi.org/10/gr9c72
https://doi.org/10/gf8zgr

Research Aims

. Spatial Temporal Contextualization: Adopting an intermodal
perspective by considering the contributions of cycling, while
analyzing temporal dynamics;

. Calibration: Enhancing the model by incorporating new relevant
dimensions to improve the Transit-Oriented Development
concept;

. Geographic Scale: Applying the revised model to the Hauts-de-
France Region, characterized by both urban and rural areas;

. Descriptive Statistics: Assessing the influence of various variables
on station attractiveness;

. Classification: Contextualizing nodes and their surroundings to
develop a typology of stations;

. Automation: Developing automated techniques for data
collection and analysis to ensure the model's reproducibility.
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HAUTS-DE-FRANCE REGION
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Case Study

Focus on the Hauts-de-France administrative region:

 Formed in 2015 from the merger of the Nord-Pas-de-Calais
and Picardie Regions;

« Well-developed transport network, including rail connections;

« Densely interconnected with a polycentric railway network,
organized around the European Metropolis of Lille, the
conurbation of the Mining Basin, medium-sized towns, and
‘rurban’ areas;

* 12.5 % rail modal share in the region, compared to 11% on
average in France;

+ 2.2 % bicycle modal share, against 3.5 % average nationwide
[8].

®  Railway Stations

— Railway Network
— Segregated Cycle Lane
—  Cycling Path
Source: Authors, 2024
[8] Veélo & Territoires (2023). Atlas régionaux. Vélo & Territoires. https://www.velo-territoires.org/observatoires/donnees-velo/atlas-regionaux/
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Pedestrian (PB) and Pedestrian (Pl) and
Cycling Buffers (CB) Cycling Isochrones (CI)

Station Areas

Pedestrian and Cycling
zones (buffers and
isochrones) for high-speed
and regional rail stations,
completed by metro and
tramway stops (Multimodal
Hubs).

European Metropolis

\_ European Metropolis
of Lille |

of Lille

Size of station areas based
on acceptable distances [9]:

* 1 km for walking;
* 3 to 4 km for cycling.

Pedestrian coverage:  Cycling coverage: Pedestrian coverage:  Cycling coverage:

976 km?* 6,878 km? » 302 km? 2,412 km? N
3.06 % 21.54 % 0.94 % 7.55 % Moinse, D., & L'Hostis, A. (2024). Optimizing
Legend Intermodal Commuting by way of Detours and Breaks:
) ) o [9] Evidence of Micromobility Users in France. Journal of
Source: Authors, 2024 ® 1-km pedestrian area 3- and 4-km cycling area Voronoi Diagram Transport Geography, 116(103821), 1-16.

https://doi.org/10/gtkvs9
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21 Age

2 1 Gender

3 I Education

2 1 Social Housing

2
3 Nncome

21 Platforg'ns

Main Indicators from the Literature

2 1l Pedestrian
Crossing Density 2 1 Service Span
-
2 I Airport Access
-

3 B Built Density
.

6 U Degree Centrality

3 1 Motorized Speed A 2 1 Students
\ 16 W Ridership A et /” »
. j ; 5 I Commercial
Land Use

5 I Property Values R /‘
. ‘Espaces piéfops__ " '
.7 710 1 Downtown 6 I Multimodal Hubs

=

10 B Closeness.
Centrality

28 B Functional
Diversity

N 2 N Fare Integration
1 1 Highway Network

| 22\l~l'.‘evel of Service .
T ALY 16 1 Intersection Density
5 I Floor Area Ratio N

%

3 1 Green Spaces ¢ .
2 Wl Elevation

6l Pedes‘iw Isochrones

.

3 I Motorized Traffic { * 2 1 Car-sharing Services

3 I Bike-sharing Services

.
2 1 Professional Status

Source: Authors, 2024
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Node and Ridership dimensions
Place dimension

Accessibility dimension

Demographics dimension

4 dimensions

NPART Model:
* Node (Transit);
* Place (Development);
» Accessibility (Oriented);
* Ridership (Demand).
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Node Place Accessibility Ridership per Time (NPART)

Node (N)

High-speed train frequency
Regional train frequency

Service span

Rail speed

Number of directions

Degree centrality

Closeness centrality
Betweenness centrality
Reachable stations within 1 hour
Access to the regional core (Lille)

Access to the national core (Paris)

Aisuaq

Aysiang

anjeA puet  s|0d

saiydesbowag

Place (P)

Population density

Employment density

Residential land use

Commercial land use

Industrial and office land use

Green space land use

Local, urban and regional POls

Residential and office real estate

Public housing

Household income

Aungexiem

Aujiqeaxig

JSTTNRENo))

juawabeuely puewaq

Accessibility (A)

Pedestrian network
Intersection density
Pedshed and bikeshed ratio
Cycling network

Bicycle parking capacity
Shared bicycles

Metro and tramway stops
BRT and bus stops
Motorized speed limit

Car parking area

Household motorization rate

2. Methodology
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Ridership per time (RT)

Weekday (12 AM to 6 AM)

Weekday (6 AM to 10 AM)

Weekday (10 AM to 3 PM)

Weeday (3 PM to 8 PM)

Weekday (8 PM to 12 AM)

Weekend

46 indicators

Source: Authors, 2024
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Methodological Framework

318 nodes 318 station areas
Operating sations Influence areas in the region
\J A
3 types of rail service 4 areas .

« Multimodal hubs; » Pedestrian isochrones (P/); I n n ovatlo ns:

+ High-speed rail; « Pedestrian buffers (PB);

* Regional rail. « Cycling Isochrones (C/); . .

g e () * Machine Learning and Data

Science applications in TOD;

318 nodes and 1,272 station areas
+ 5 multimodal hubs (20 stati ; M M M
. 13"?#9?]2362(1 sL‘ltatSicgns ?;Ztggtgsa;r)eas); b Pred |Ct|Ve mOd el I n g a n d
+ 300 regional stations (1,200 station areas). . . . . ;o .
optimization of classifications.

\J

Ridership prediction 6 periods (dependent indicators)

N on of train station visits. b N Ensemble Learning method . *Weekday, 12 AM to 6 AM (RTT); « Weekday, 3 PM to 8 PM (RT4);
garegaion ol i Steton v by MLR, DT, RF, ANN, and KNN methods  Weekday, 6 AM to 10 AM (RT2) + Weekday, 8 PM to 12 PM (RTS);
our, from Google Maps « Weekday, 10 AM to 3 PM (RT3); « Weekend (RT6).

40 independent indicators

L ) Multicollinearity 2 weighting techniques
Data normalization > : 12 nlc;ciz I;ggigz ((’F\’?‘ »  «Linear correlation coefficient; »  «Equal weight;
p ' « Variance Inflation Factor (VIF). * Information Entropy Weight (IEW).

+ 11 accessibility indicators (A).
A}

4 classification methods
* K-means;
= Agglomerative Hierarchical Nesting (AGNES); -
* Gaussian Mixture Model (GMM);
» Prediction.

288 spatial temporal typologies

Based on the type of area, time period, and the indicator weighting and classification methods
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3. Findings
Pedestrian Isochrones (PI) Cycling Isochrones (C/) , , Ro— & e
At Aca veion o A\ Gustave Eiffel
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Influence on Ridership

§ Each indicator has been assigned a weight for both pedestrian and
2 cycling isochrones, reflecting its relative influence on ridership.
o | mdicatos | | o
Node
- Daily frequency of high-speed service (weekend) 0.27 0.27
_ - Daily frequency of high-speed service (weekday) 0.26 0.26
E - Betweenness centrality (shortest paths) 0.15 0.15
= Place
- Industrial, commercial and office real estate 0.21 0.13
BB superior POIs 0.16 0.15
- Intermediate POls 0.13 0.12
E Accessibility
é - Number of metro and tramway stops 0.31 0.28
g - Sharing bicycle station capacity 0.24 0.24
- Bicycle parking capacity 0.17 0.17
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ie e Class 1 18

8 /0 3 classes of stations:

S ﬁf ' s i Class 2 151 2 149 .

& Dependent « High values across all

L 149 0 149 dimensions (Class 1);

egen o o

T } TOTAL 318 12 306 * Qualitative service and

. surroundings, but links

o T poorly connected (Class

o T Cycling Isochrones (CI) 2);

s | - TOTAL | Accessibility | Dependency * Car-centric (Class 3).

5 /"% Class 1 34 Extending station areas to a

. /’ . .

-;:5 o Class 2 133 A 12 cycling scale doubles thg
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3. Findings
Characterization K-means clustering

Information entropy weight (IEW) RAILENIUM | VM5 OZGaiema A\
Tuesday, from 6 AM to 9 AM (RT2) e

European Metropolis of Lille

HAUTS-DE-FRANCE REGION European Metropolis of Lille HAUTS-DE-FRANCE REGION

NN NN NN

< N NN

v

Class 3
4874 %

Pedestrian Isochrones (PI) Cycling Isochrones (C/)

Source: Authors, 2024
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1. Codes for Generating Railway Station Neighborhoods

* Pedestrian and Cycling Buffers

e Pedestrian and Cycling Isochrones

2. Codes for Spatial and Statistical Data Collection

Node (N)

Transit &'

N1: Frequency (Weekdays,

High-speed Rail)

M2: Frequency (Weekends,

High-speed Rail)

M3: Frequency (Weekdays,

Regional Rail)

N4: Frequency (Weekends,

Place (P)
Development [

P1: Population Density

P2: Employment Density

P3: Residential Land Use

P4: Commercial and Public

Accessibility (A)
Oriented &

Al: Length of
Walking Paths

AZ2: Intersection
Density

A3: Pedshed and
Bikeshed Ratios

Ad: Length of Cycling

Ridership per Time (RT)

Demand ==

RT1: Peak-Hour

Ridership (Weekdays)

RT2: Off-Peak Hour

Ridership (Weekdays)

RT3: Peak-Hour

Ridership (Weekends)

RT4: Off-Peak Hour

Regicnal Rail)

N5: Service Span

(Weekdays)

N6: Service Span

(Weekends)

MN7: Commercial Rail
Speed

M8&: Number of Directions

Service Land Use

Paths

P5: Office and Industry Land AS5: Cycling Parking
Use Capacity

A6: Public Sharing
P6: Green Space Land Use -
Bicycles

P7: Proximity Points of
Interest

P8: Intermediate Points of

A7: Metro and

Tramway Stops

A8: BRT and Bus

Ridership (Weekends)

Model Reproducibility

4. Conclusion
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Automation of data collection and analysis process.

Exclusively relied on coding, avoiding the use of tools

such as GIS.

Coding publicly shared in a GitHub repository:

 Tutorial for generating geographical areas;

« Collecting
Accessibility, and Ridership per Time data;

and

» Analyzing data.

measuring

Node,

Place,



Main Findings:

Combining Geography and Statistics

Positive association between Node (Transit), Place
(Development), Accessibility  (Oriented), and
Ridership (Demand);

Integration of micro-mobility aligns with similar
urban planning principles as Bicycle-based TOD
[10];

Statistical innovations;

Intrinsic link between TOD and proximity on a
multi-scalar level;

Recommendations to urban planners and
policymakers: Optimizing urban development
strategies and improving connectivity and
accessibility by identifying high-potential areas
(Class 2).

4. Conclusion
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Class 2

Source: Authors, 2024

Perspectives:

« Territorial diagnosis to qualify the typology
of stations and provide a more nuance and
micro-geographic perspective, based on a
case study of a railway corridor
encompassing the 3 types of stations and
station areas.

Lee, J., Choi, K., & Leem, Y. (2016). Bicycle-Based Transit-Oriented Development as an Alternative
[10] to Overcome the Criticisms of the Conventional Transit-Oriented Development. International Journal
of Sustainable Transportation, 10(10), 975-984. https://doi.org/10.1080/15568318.2014.923547
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Personal Vehicles

Shared Vehicles

Parked Bike

n=1902|7

On-board Bike

n=105 (51| 54)

e-Bike

n=3(3|0

Folding Bike

n=30 (14 | 16)

Folding e-Bike

n=10(4| 6)

e-Scooter
n=71(28 | 43)

Kick Scooter
n=12(5|7)

Shared Bike*

n=13(5|8)

Source: Authors, 2024

Micromobility Perimeter
e

Estimated Trip Distances (km)

131,8
2
37
293,6
16 i
ot | e
1 2 3 4

Estimated Trip Distances (km)

Legend

Access ("first mile")

. Egress ("last mile")

*Station-based (docked) or free-floating micromobility schemes

s g

al Q3
Access
Egress Max
Min 85th
Q2

Min = Lowest value Q3 Third quartile
Qi First quartile 85th  85th percentile
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Micromobility Options
All types of light vehicles
n=262 (126 | 136)
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Ridership
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Diagram with Euraflandres
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Diagram with Euraflandres

Cycling Isochrones
Information entrophy weight (IEW)
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Profile of Stations

Pedestrian Isochrones (PI)

Cycling Isochrones (Cl)
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walking and cycling scales
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