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Digital exhaust

Where our physical world
meets our digital lives
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Figure: MIT Technology Review
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Outline: A tale in 3 parts

MobilityVitality ConnectedCommunities

MicromobilityEquity



Mobility Vitality
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Trip counts

1.00 - 741.00
wess 742,00 - 2601.00
wess 2603.00 - 8416.00
e 8420.00 - 43117.00
w—— 43145.00 - 756117.00
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Trip counts Sum of Cosine Similarity

770.35-4933.41

we— 4933.80 - 6283.36
ms 2603.00 - 8416.00 6283.55 - 7229.64
e 8420.00 - 43117.00 7229.85-7919.98
w—— 43145.00 - 756117.00 BB i : 7920.03 - 9180.28

\B5

1.00 - 741.00
742.00 - 2601.00
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(c) Capital Bikeshare (d) Strava Running '




w=ss yolume and similarity both high
ws=  high volume but low similarity
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Top 10 categories
C1:LLLL, Count:4638
C2:LLLH, Count:1218
C3:LLHL, Count:345
C4:LLHH, Count:311
C13:HHLL, Count:354
C14:HHLH, Count:321
C15:HHHL, Count:1381
C16:HHHH, Count:4452

Qiang, D., McKenzie, G. Mobility Vitality in Active and
Micro-Mobility Modes: Measuring Urban Vitality Through

Spatiotemporal Sim

ity, AGILE Conference 2025
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STREET SPACE ALLOCATION
The street divided (New York City)

car pedestrian micromobility transit
static 73.6% 24.2% 1.7% 0.5%

space [ B 1 |
allocation

dynamic 79.0% 4.2% 1.8% 15.1%

vace [ B 1
consumption

33.0% 45.1% 2.8% 19.1%

- S I e
share

i



Connected Communities



Claudio Schwarz



https://unsplash.com/@purzlbaum




DOCKED Vs, DOCKLESS

(Washington DC)

_________ i s ol ol i
Sunday Monday Tuesday ‘Wednesday Thursday Friday Saturday
Lime Scooter-share @ -1.00--0.50
= -0.50 - -0.05
1 -0.05-0.05
= 0.05-0.50
= (0.50-1.00




MICROMOBILITY
VS.

RIDE-HAILING
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WELLINGTON

Access to
Schools

o/
#  School

Schools IDW Durations
(Walking)

[ < 15 Minutes
15 to 30 Minutes
[ 30+ Minutes

Walking

“
#  School

Schools IDW Durations
(Micromobility)

[ < 15 Minutes
15 to 30 Minutes
[ 30+ Minutes




WELLINGTON

Entertainment

Hospital Park

100% -
80% A
60%
40% -
20%

0%
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Lomnvown

Access to Parks

~|
TomTon', Garmin, N/NASA, UsGS
/a

(Micromobility)
| <15 Minutes
5 to 30 Minutes

Walking E-micromobility



Lomnvown

100% -

Entertainment Hospital Park

80% -
60% -
40% -
20% -

15 20 25 30 35 40 45 50 50+ 15 20 25 30 35 40 45 50 50+ 15 20 25 30 35 40 45 50 50+

School Supermarket

100% +
80% -

60% - =0- Micromobility =0- Walking
40% A

Percentage of Cells (Cumulative)

20%

15 20 25 30 35 40 45 50 50+ 15 20 25 30 35 40 45 50 50+ 5
Minutes S
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OPEN DATA + TOOLS
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https://docs.google.com/file/d/11XLUD9gHCYdwrLEFcF4dHMTtuDT1WlVl/preview

Platform-based Exploratory Analy
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Platform-based Exploratory Analysis: Commuting Behaviour

l m Micromobility Open Data
& Analytics Platform
s
1
N I

9m 49s

Trips Average Duration
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Analysis with downloaded open data: E-scooter vs. E-bicycle

Density

O E-scooter
B E-bicycle

T T T T T T T T T
95 100 105 110 115 120 125

60 65 70 75

Minutes

Density plots comparing e-scooter and e-bicycle trip duration in London, UK



Analysis with downloaded open data: Trip & Gender correlations

Trip Count (Origins)
1-2
2-6
6-71
m 71-715
B 715-2377
I 2377 -5599
Il 5599 - 74306

Trip Count (trip originating)

Percent Female
W 44.99 - 47
47-48
48-49.9
49.9-50.1
50.1-52.45
B 52.45-52.89
B 52.89-55.83




Shared micromobility services are not equitable
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MORAN'S EIGENVECTOR SPATIAL FILTERING

Model R? AIC Adj R? RMSE EVs
Linear Model 0.56 942 0.54 0.66 -
MESF + Contiguity Matrix 0.76 720 0.74 0.49 26
: MESF + K-Nearest Neighbor (4) 0.78 697 0.75 0.47 34
Washington, DC  p1poF + Gabriel Graph 079 681  0.76 0.46 31
Spatial Lag + Gabriel Graph 0.71* 763 - 0.51 -
Spatial Error + Gabriel Graph 0.68* 801 - 0.52 -
Linear Model 0.40 1061 0.38 0.77 -
MESF + Contiguity Matrix 0.69 856 0.64 0.56 41
MESF + K-Nearest Neighbor (4) 0.67 865 0.63 0.58 31
Pordand; OR MESF + Gabriel Graph 068 851  0.64 0.56 34
Spatial Lag + Gabriel Graph 0.57* 920 - 0.63 -
Spatial Error + Gabriel Graph 0.55* 941 - 0.63 -
Linear Model 0.39 766 0.36 0.78 -
MESF + Contiguity Matrix 0.79 518 0.74 0.46 40
MESF + K-Nearest Neighbor (4) 0.79 513 0.75 0.45 42
Rt G MESF + Gabriel Graph ° 079 523 074 0.46 41
Spatial Lag + K-Nearest Neighbor (4) 0.67* 7 - 0.54 -
Spatial Error + K-Nearest Neighbor (4) 0.66* 586 - 0.53 -

* indicates Nagelkerke pseudo-R?



Race

Age

Income

Built Env

Male®

Black™-?
Hispanic®
Multiple Races
16102022

21 to 242

25 to 29%-2-2
30 to 34’

3510 393
| 40 to 442
[ Less than $35,0002-
$35,000 to $60,000?
$60,000 to $100,000
Over $100,000'-2
Walkability'-*

Emp. HH Mix?

Workers'-2

e Washington DC
® Portland 2

e Atlanta?

‘ ‘
| i i —
_,_
-0.25 0.00 0.25

Coefficient Estimate

0.50



All three cities:
Strong positive association with
e Men,
e 18-39 year olds,
e Lower-income populations (<$35,000),

e Walkability,




Higher-income groups (>$100,000) positively
associated with usage in Washington DC and
Portland

o Particularly for morning weekday commute

Black and Hispanic populations are negatively
associated with usage in Washington DC and
Atlanta

Portland stands out (existing policy interventions)
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¥ Free RivES

1 July - September, 2024
& (Enrolled in Mobility Access Program)

442

‘ Pre-pilot
‘ During pilot

ﬂ Post-pilot

Number of trips/day



TRIP PURPOSE

Percentage of instances

60%

40% A

20% 1

0% 1

Business

Commute

Joy lride

Largelevent

Never used

Recreation

Shor;ping

Social

Pilot Phase

. Before pilot

During pilot



TRAVEL
MODES
SVBSTITVTED

A
Taxi or
Public
0
Private
car
Personal
0
Personal
-
scooter
0




“| felt appreciated. Like, | felt more valuable....”

“...Giving transportation to so many people that
really need it, just that right there shows how
you're putting back in your community.”




THE TAKEAWAY

e Understanding mobility is essential for
understanding cities and communities

e Mobility Vitality is important for livable
and accessible cities

e E-micromobility is a small but growing
part of the urban mobility ecosystem

o Offers improved access for many

o Still has along way to go
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Relative dominance
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Montreal, QC Washington, DC

# Number of Runs Number of Runs
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13-17 15-22

W 17-24 W 22-35

Bl 24-37 Bl 35-54

Bl 37-57 Il 54-85

Il 57-86 Il 85-175

0 2 4km

Il 86-265 Il 175 - 600




Montreal, QC

Washington, DC
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Frédéric-Back Park in northwest Montréal

Percent Female Percent Female
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