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Findings

With the increasing popularity of shared e—scooters, understanding where they
are parked becomes crucial, especially for integrating them with existing public
transportation services. In this study, we analyzed the relationship between trip
origins and the nearest bus stops, using 506,000 shared e-scooter trips from
Louisville, Kentucky. We examined this relation temporally for different hours of
the day and different weekdays, but also spatially, using three metrics including
land use, distance from the city center, and the Local Index of Transit Availability
(LITA) accessibility index. The temporal analysis showed a different parking
distance pattern during early morning hours (between 2 and 4 a.m.), whereas the
spatial analysis showed no impact of spatial features on distances between scooter
parking (and therefore trips starting points) and nearest bus stops.

1. Questions

Scooters could arguably replace motorized trips (Abouelela, Al Haddad, and
Antoniou 2021), or at least reduce their negative impacts, especially if they are
well integrated with existing public transportation. This integration can solve
the first and last-mile dilemma (Fearnley, Johnsson, and Berge 2020), increasing
accessibility to public transportation (Oeschger, Carroll, and Caulfield 2020),
but also leading to more sustainable transportation systems (Kager, Bertolini,
and Brommelstroet 2016). One of the most important, but not yet studied
aspects of scooter integration with public transportation, is the distance
between the stops and the scooters, as walking distance willingness could be
a factor affecting or determining the use of different transportation services.
In this study, we assessed the distances between bus stops and parked scooters
both temporally and spatially. Temporal analysis considered different hours
of the day and different days of the week, while spatial analysis looked at
different land uses, distances from the city center, and accessibility to public
transportation (bus). This assessment aimed to answer following research
questions:

1. What is the average distance between scooter trip starting points
(origins) and the nearest public transportation stops, in this case bus
stops?
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2. How do different temporal and spatial factors influence the distance
between parked scooters and nearest bus stops?

2. Methods

We used the open scooter trips data' from Louisville, Kentucky, to analyze the
relation between trips starting points and the nearest bus stops, as buses are
the only available public transportation services in the city, organized by the
Transit Authority of River City (TARC, ridetarc.org). We collected 505,993
trips starting the gth of August 2018 tdill the 315" of January 2020.
Subsequently, we removed trips outside the operation zones, trips with
distances less than 100 meters® or more than 50 km, with durations more than
120 minutes, or speeds higher than 25 km/hour, resulting in 379,308 trips
(75% of the original trips). The bus stops locations were defined using GTFS
files downloaded from the Open Mobility Data platform (transitfeeds.com).
We retrieved the city’s land use data from the city portal (data.louisvilleky.gov).
Finally, the census zones limits used for the Local Index of Transit Availability
(LITA) calculation were retrieved from the USA Census Bureau (census.gov).

To answer the first research question, we used the Approximate Nearest
Neighbor (ANN) searching algorithm library (Arya et al. 2019) available in the
statistical software package R (R Core Team 2021), in order to calculate the
euclidean distance between trips’ starting points* and the nearest bus stops.

To answer the second research question, the distance was calculated and
aggregated for different temporal features, meaning different hours of the day,
and different days of the week. For assessing the impact of spatial features, three
metrics were considered: land use (considering the land use of the trip starting
point), distance from city center , and LITA (for the different census zones).
Thereafter, parking distances were assessed spatially.

LITA calculations consider three aspects of public transportation service
characteristics per census zone:

* Route coverage score: the number of public transportation stops per
zone

* Frequency: the daily number of buses traveling the zone

e (Capacity: seat—miles per capita
pacity p p

1 data.louisvilleky.gov/dataset/dockless-vehicles, accessed 30/6/2021

2 Noland (2019) analyzed in more details the trip characteristics of a sample of this dataset.

3 The removal of short trips, less than 100 meters, was done to avoid GPS multipath errors, as done in McKenzie (2019) for cleaning shared
e—scooters trips.

4 Only starting points or origins were considered to avoid data duplication; each trip origin or starting point is a previous trip destination or
ending point.
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Figure 1. LITA map

LITA is calculated as the total daily seats on the bus line [bus capacity
(assumed 36 seat/bus for TARC buses) multiplied by the number of
buses per day] multiplied by the length of the bus route in the zone
(in miles), divided by the sum of the total resident and employment
population per zone.

Inputs needed for the above metrics, such as the bus stops, number of daily
buses, length of bus lines, were all calculated using the GTFS files. The average
of the three scores was added to 5.5, to avoid negative numbers resulting in
the LITA score (Chen 2018), for which the higher the value, the better the
accessibility per zone. Figure 1 shows the calculated LITA per zone for
Louisville, Kentucky.

It is to be noted that the trips’ geo-locations (latitude and longitude) were
rounded to the nearest three decimal numbers for privacy reasons, which on
average could affect the scooter location by 30 meters. While this
approximation could have affected the distance calculations, the methodology
used in this research could be generalized for other datasets with more accurate
coordinates.
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Figure 2. Average hourly distance distribution between parked scooters and nearest bus stops

3. Findings

The euclidean distance calculations, along with the impact assessment of
temporal and spatial features on parking distances between scooters and nearest
bus stops, are summarized in Table 1. The obtained mean parking distance was
found to be . = 115, with a standard deviation & = 134 m, which answers the
first research question. The overall parking distance distribution is presented in
Figure 2. Findings show that for 50% of the trips, scooters were parked within
70 meters from the nearest bus station, and for 85% of the trips, the parking
distance was less than 200 meters.

The hourly distribution of the distances for the different days (Figure 3) shows
that the parking distance has a rather similar pattern throughout the day, except
between 2 and 4 a.m. Parking distances between 2 and 4 a.m. are statistically
different from the rest of the day’ and tend to be longer, meaning that scooters
tend to be further from bus stops. One possible reason could be the very small
share of trips originating between 2 and 4 a.m. (about 0.6 % of the total daily
trips). To investigate whether this was due to rebalancing and redistribution,
distances were calculated between trip starting and ending points and the
nearest bus stops, and their distribution compared with each other. Yet, as

5 This was found based on a t—test between the mean parking distances between 2 and 4 a.m. and the mean during the rest of the day.
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Table 1. Parking distance to the nearest bus station summary per different temporal and spatial categories in meter

Min 15tQ mean Median 3rdQ Max Std Trips (N) Pct (%)
All trips 1 42 115 70 132 2948 134 379,308 100%
Time of the day
Morning (00:00-06:00) 1 71 116 71 136 1622 135 23,548 6.2%
Before noon 1 70 116 70 133 1731 134 119,665 31.6%
(07:00-12:00)
After noon 1 70 115 70 132 2948 133 171,137 45.1%
(13:00-18:00)
Night (19:00-23:00) 1 70 115 70 133 2004 133 64,958 17.1%
Day
Weekdays 1 70 115 70 132 2483 133 256,382 67.6%
Weekend 1 70 115 70 132 2948 134 122,926 32.4%
Land-use
Right-of-way 1 70 115 70 132 2192 133 112,501 29.7%
Commercial 1 70 115 70 132 1733 133 91,257 24.1%
Public and semi-public 1 71 116 71 135 2004 133 89,925 23.7%
Residential 1 70 115 70 132 2948 136 52,314 13.8%
Industrial 1 70 114 70 132 1323 132 19,586 5.16%
Parks and open space 1 71 117 71 136 1924 138 11,018 2.9%
Vacant 1 71 115 71 136 1013 130 2,707 0.71%
LITA
4-5 1 72 117 72 135 1193 134 9,256 2.4%
5-6 1 70 115 70 133 2948 134 149,826 39.5%
6-7 1 70 114 70 132 1223 133 27,280 7.2%
7-8 1 70 113 70 132 1731 131 35,006 9.2%
10-11 1 70 115 70 132 2192 134 157,933 41.6%
Distance from downtown (km)
Less than 0.5km 1 70 115 70 132 2192 133 85,119 22.4%
0.5km - 1.0km 1 70 116 70 132 1731 135 58,130 15.3%
1.0km - 1.5km 1 70 114 70 132 1290 132 39,476 10.4%
1.5km - 2.0km 1 70 114 70 132 1731 131 18,808 5.0%
2.0km - 2.5km 1 70 115 70 132 1223 133 13,304 3.5%
2.5km - 3.0km 1 70 114 70 131 1193 134 12,048 3.2%
3.0km - 3.5km 1 70 115 70 132 2004 134 23,053 6.0%
3.5km - 4.0km 1 70 116 70 135 2483 136 51,009 13.4%
More than 4.0km 1 70 115 70 132 2948 133 78,361 20.7%
Land-use description, retrieved from American Planning Association (planning.org)
Commercial Retail and whole sales, business offices
Public and semi-public Public and private schools, municipal buildings, public property rather than parks, hospital, churches,

and golf courses
Residential Residential uses
Industrial Light and heavy industrial uses
Parks and open spaces All public parks, playgrounds, swimming pools, athletic fields
Vacant Includes undeveloped land

no statistical difference was found between both, there was no evidence to
the rebalancing and redistribution effect. Longer distances might indicate that
people use scooters from bus stops to travel further distances during early
day hours (between 2 and 4 a.m.), which have no bus temporal coverage; in
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Figure 3. Average hourly distance distribution; error bars in the zoomed view show the hourly standard deviation

Louisville, the service hours for bus is between 5:30 a.m. and 10:30.¢ Also,
early morning distances tend to be longer during the weekend compared to
weekdays, which could be attributed to an increase in recreational activity
during weekends.

Analyzing the distances according to varying land uses did not reveal any
significant differences; however, the trip percentages showed that half of the
trips started in commercial and public and semi-public land uses; this might
indicate that scooters could have been used for recreational trips, as was
supported in Noland (2019), and as observed in Washington, D.C. (McKenzie
2019). The distance to the nearest station per each category of LITA values
showed no significant differences or relation between the distances and the
zonal bus accessibility. However, 40% of the scooters were parked in highly
bus—accessible areas (LITA = 10-11), which could indicate that scooters
complement the use of buses or extend bus accessibility. Also, the distance
between scooters and the nearest bus stop was not affected by the scooter’s
locations away from the city center.

.com/index/en/public_transit-line-17-Louisville_KY-1442-11408-240824-0, accessed 1/7/2021
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Findings indicated that scooters could be used to extend the temporal
accessibility of the bus service. On the contrary, there was not sufficient
evidence that distance is impacted by any tested spatial features, including
LITA, and land use. Of course, a finer spatial resolution of the data could
lead to a more accurate analysis; however, this might come at the price of
jeopardizing users’ locations, and therefore privacy. Additional data, such as
user survey data focusing on trip purpose and multimodality, could
undoubtedly help in better understanding whether or not scooters are used as
first and last mile access to and from public transport, in the case of Louisville,
bus services.

The methodology presented in this paper could be replicated in other cities, in
order to better understand scooter parking patterns, and whether the results
obtained in Louisville would be comparable in other cities in the US, but also
in the world. This could give an insight to service providers on how to better
integrate scooters with existing public transportation systems.
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