CHALMERS DRIVE:SWEDEN

UNIVERSITY OF TECHNOLOGY =  ®*etcsesccsscne |
Digital solutions for sustainable planning and . |
management of shared micromobility using Big Data €A

Kun Gao

Assistant Professor, Urban Mobility Systems
Department of Architecture and Civil Engineering
Chalmers University of Technology




CHALMERS

UNIVERSITY OF TECHNOLOGY

Background and Goals

Shared micro-mobility system (SMS, e.g., e-scooter, e-
bike, bike and e-moped)

Regarded as low-budget alternative and potential
environmentally friendly travel choices

Prosperous development in EU

Challenges: System performance evaluation and
monitoring; Parking issues; Low system efficiency;
High system costs; Integration with public transit;
Safety issues (improved)

Municipal authorities and SMS operators are actively
seeking efficient solutions to these challenges to
foster the long-term sustainability of SMS across
various urban landscapes
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Figure source: https://highways.dot.gov/p ublic-roads/spring-2021/02
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Background and Goals

Management & Planning
Shared Micro-mobility

e Objective 1: A big-data and high-resolution assessment framework
for quantifying the user and system impacts of different types of SMS in
different city contexts based on field big data with demonstration case
studies in Swedish cities.

e Objective 2: A digital dashboard prototype to analyse and assess the
impacts of different management measures (implemented or planned)
on the performances of different SMS based on field big data and high-
grained simulation.
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e Objective 3: Conducting empirical analysis of multiple cities based on
big data to improve the sustainability and efficiency of different SMS.

Partners: Chalmers, Stockholms Stad, WSP, CERO
Tid: September 2023 - March 2025
Tagg: Shared micro-mobility, digital solutions
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Insights from big data: substitution and emission impacts

* E-scooter sharing systems : . :
* Resultin Stockholm, Gothenburg and Malmo J Spatlotemp(_)ral Usage paFtemS.' demand, trip
- One year (2022) data from two operators characteristics (speed, duration, distance)
O Complete dat U Modal substitution
m . g
ompiete data O Accessibility
O Trip-level inference approach .. .
Q High-resolution impact analysis O Emission reductlpn
O Reduced travel time
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Insights from big data: emission and reducing user travel time
Spatial variation of GHG emission and travel time reduction

Reduce 6 min per trip 8.3%, 7.5% and 2.0% positive impact
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Insights from big data: emission and reducing user travel time

GHG emission impacts depends on life-cycle emission factors of e-scooter sharing, usage patterns
and substitution to other transport modes
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Insights from big data: 142 EU cities in 16 countries

Country Level Comparison on Probability of Replacing Car
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Insights from big data: 142 EU cities in 16 countries

Country Level Comparison on Probability of Replacing Car

I Probability of replacing walking

0 19.2% - 46.6%
U On average 35.4%
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Insights from big data: 142 EU cities in 16 countries

GHG Emission Reduction per Escooter Trip by City and Country

GHG reduction per e-scooter trip "
I U -50.7-85.9 eq-C0,/g

U On average, 11.07 g CO,-eq

Q

France, Hungary, ltaly, Poland, Slovakia, and Spain
have a net GHG reduction.

For the other 10 countries, overall negative GHG
reduction

GHG Reduction (eg-COz)
)

Reduced travel time per e-scooter trip

I U 3.1 minutes to 6.4 minutes
U On average, 5.2 minutes
U UK, Switzerland, Sweden, Norway, Germany,
Finland top in reduced travel time
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Insights from big data: 142 EU cities in 16 countries
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Integration of SMS with public transit: benefits

R e e | Accessibility improvement to jobs
Public transit VS Public transit+shared e-scooters

Accessibility Gains by E-Scooter Combined with Transit Compared to Transit-only
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Integration of SMS with public transit: current situation

First-mile integration
W& &
O (Origin) D(Destination)
point point

o f @ g
Last-mile integration

Inputs:
Starting and ending points and
timestamps of a trip of SMS
Spatial distances to transit station
Timetables of transit stations
Point of interests (surrounding
land use)

Machine learning

—

Manual labelling

Likelihood of
atripis an
integration

Over 80% accurancy

No Integration Potential integration Integration

2025-01-31

P

oo

3 nput
D Process
(] output

<> Boolean

Is the travel
digtance <1007
Bus Stops & Trips

Bus Arrival Time

Did the trip
end/begin <50m
ol op

Trip Access / N

POl location

|

POl results
\

]

cl—;:gifjg?etd Egress considered
4 for analysis | |
N p I, Is e POl <2BQ
Integrated trips from the trip
from analysis F K';::To;)i':e acvess or egress?
results ) L Y
[
. )
Integrated Trip

p
Comparative
analysis




CHALMERS

EEEEEEEEEEEE CHNOLOGY

Integration of SMS with public transit: current situation

A year data including over 300 000 trips of e-scooter sharing in Goteborg

0,0 (583)

* Integration percentage = 1.8% s

» Potential integration percentage = 6.7% .

pore{ s Last-mile
- winter o summer ‘ "

pa e e om n T Tl HEEE 21"2 o
* MaaS business model for integration based on user S s
preference modeling = F - . | First-mile
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Effects of implemented/planned policy on SMS systems based on big data

E-Scooter Parking Policy (1. September 2022)

» E-scooters may not be parked on footpaths and cyclepaths. Parking is only permitted in cycle racks
or designated places.
» Exception: Gothenburg still allowed e-scooters to be parked on footpaths, but not cyclepaths.

» E-scooters may no longer be ridden on footpaths.

Stockholm Gothenburg Malmo
Number of Days - Before 22,2,6 18,1,5 20,0,6
#Total, #Fridays, #Weekends
Number of Days - After 22,3,6 18, 3,5 20, 3,6
#Total, #Fridays, #Weekends
Number of Trips - Before 269,784 38,814 60,485
Number of Trips - After 226,130 27,346 54,854
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Spatial Distribution of Daily Demand

Daily Average Cumulative Demand per AZ (Origin-based) Daily Average Cumulative Demand per AZ (Destination-based)

40 40 demand_total demand_dailysumavg
30 30 measure
% 20 20 t-statistic 15.3322 15.4474
?: 10 10 p_ttest 0.0000 0.0000
2 0 0
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F -10 . -10
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STOCKHOLM

GOTHENBURG

MALMO

Probability

Probability

Probability

Usage Efficiency

Total Usage Frequency

Daily Usage Frequency

Per scooter per Day
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General Utilisation Frequency (whole timeframe)

Daily Utilisation Frequency

Number of Scooters per Day

daily_util total_util

measure
t-statistic  30.7960 19.7570
p_ttest 0.0000 0.0000
mean_ant 6.5816 115.3454
mean_post 5.7533 98.6407
std ant 39919 29.9761
std_post 35101 26.7370
daily_util total_util

measure
t-statistic 1434909 22,8333
p_ttest 00000  0.0000
meanant 31700 38.8918
mean_post 27905 27.6359
stdant 20766 11.9020
std_post 17775  9.9570
daily_util total_util

measure
t-statistic ~ 4.7452  13.0357
p_ttest  0.0000  0.0000
mean_ant 2.6011 30.1683
mean_post 25241 259112
std ant 17926 10.3572
std_post  1.6904 10.9425

Total Usage Frequency:
decrease in all cities

+ Dally Usage Frequency:
decrease in all cities

* Average daily number of
scooters:

o STH: 3.5% decrease
o GBG: 9.6% decrease
o MO: 14.4% decrease
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GHG Emission Reduction, Spatially

Average GHG emission reduction per AZ (trip-level)

GOTHENBURG STOCKHOLM

MALMO

GHG_avg - A(Post-Pre)

OpenstreetMap contributors (C) CARTO
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(C) OpenStreetMap contributors (C) CARTO

GHG_avg - A(Post-Pre)

(C) OpenStreetMap contributors (C) CARTO

Average Daily Amount of GHG emission reduction
GHG_dailysumavg - A(Post-Pre)
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Effects of future policies on SMS systems

Estimated shared micromobility trips based on LuTrans and RVU relations

Stricter parking policy in the future : -
» LuTrans: validation by data in 2022 cener " Sundbyberg. " |stockholm Region

Total shared

> Test a scenario of future parking regulation in ipe " | 27000 7000 to3.250
STH Vianova trips 2022-09-22
» around -30% for market share of e-scooter T
Total bike trips 26,000 4%)|

sharing with an absolute drop of 8380 trips daily

Bicycle flow in Stockholm's inner city

-

Travel time, travel cost, travel distance

How many
trips?

Where do
the trips
go?

Demand-
calculation

How are
the trips
made?

=IF L o 2o { 3 @ <
< , ~
\ o T e,
I \‘A’ i :
xpos ‘ | - bs b e & F
exposition | = =
- " 5 y 3 \\




Data Analysis

Digital tools for abovementioned functions for analyst, planner and
manager based on big data

Dashboard link

Q

oooo

Spatiotemporal Usage patterns:
demand, trip characteristics
(speed, duration, distance)

Modal substitution

Accessibility

Emission reduction

Reduced travel time



https://backup-smsdashboard.pythonanywhere.com/
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Digital dashboard for optimizing parking space and charging facilities based on big data

Existing and Recommended parking
space/charging in different zones

Planning/Strategy 1

Evaluation Efficiency
Planning/Strategy 2 NI
Comparison System costs
‘ A Planning/Strategy 3
- L : : . Existing Optimal
Daily average Hourly peak Existing parking Optimal Daily average Hourly peak ; ;
Areas ] ; - EE N [ . ; charging charging
parking demand parking demand capacity parking space charging demand  parking demand
outlets outlets
Zone 1 65 10 0 12 20 3 0 3
Zone 2 152 50 25 40 62 6 0 5

Zone 3 198 60 10 55 30 10 3 5
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Remaining challenges

« Data access and sharing

« More dialogues with various cities: utilisation and improvement based on
needs

+ Software and business models
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Thanks for Your Attention e

Kun Gao

gkun@chalmers.se
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