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Abstract. A growing number of cities have added electric-assist pedal bicycles to their existing public
bike sharing systems. While reception of these e-bikes has been largely positive, still little is known
about how their usage differs from traditional non-electric bicycles. In this paper I examine and identify
the spatial and temporal differences in usage behavior between electric and non-electric bikes in a public
bike sharing system. Using data from Montréal’s BIXI operator, I find that e-bikes tend to be used
for slightly longer trips, on weekends and during peak evening commute, and show greater spatial
dispersion across docking stations than non-electric bicycles.
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1 Introduction

Electric-assist pedal bicycles (e-bikes) are dramatically changing the urban mobility ecosystem. Over the
past few years, e-bikes have become a reliable means for both commuting and recreational travel. In 2021,
the global e-bike market was valued at US$17.6 billion and is projected to reach almost US$41 billion by
2030 [23]. Many large, municipally-funded bike sharing programs have taken notice and begun to introduce
e-bikes into their fleets. While the majority of public bike sharing systems still rely on traditional non-electric
bicycles, the influx of commercial micromobility operators into cities (e.g., Lime e-scooters) has encouraged
government-funded cycling programs to offer new modes of transportation.

The introduction of these e-bikes into major urban bike sharing systems prompts a number of questions
that are of interest to both city officials and the public. How are these new vehicles being used? How
does their usage differ from traditional non-electric bicycles? While a substantial body of literature has
researched traditional docking station-based bike sharing platforms [10], little work has explored the difference
in activity behavior between non-electric and electric-assist bikes in the same system. Still fewer researchers
have examined this from a spatiotemporal perspective with the goal of understanding how these services
differ in where and when they are used. In this short paper I will address this through the following two
research questions (RQ).

Is there a significant difference in the temporal (RQ1) and spatial (RQ2) activity patterns of e-bikes
and traditional bicycles in major, docking station-based, bike sharing systems?

To address this question I analyzed data from Montréal’s BIXI program. Launched in 2009, BIXI (a
hybrid of Blke and taXI) is North America’s longest running large-scale bike sharing service [22]. In the last
year BIXI registered 437,140 unique users and reported more than nine million trips [5]. The service uses
docking stations where a user can unlock a vehicle at one station and ride it to another. When the system
was first introduced it consisted of only traditional bicycles, but in early 2019 BIXT introduced a fleet of blue
e-bikes into their system. These new e-bikes were greeted with skeptical optimize by BIXI riders [7] but are
actively in use by visitors and commuters today [6]. In fact, BIXI has increased the number of electric-assist
vehicles year after year since their introduction [8]. In this paper, I will differentiate the two vehicle types
by referring to electric-assist pedal bicycles as e-bikes and traditional non electric-assist bicycles as simply
bicycles.
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2 Related work

Existing research on bike sharing systems has largely explored the impact that the introduction of new
systems has on urban populations. For instance, Fuller et al. [11] found that the introduction of a bike
sharing system (BIXI in this case) led to an increase in active transportation among people living in areas
where bikes were made available. Other research has demonstrated that the introduction of bike sharing
systems complement existing modes of public transportation [13,16,26] but do not necessarily replace car
trips [3]. There are notable differences and motivations between e-bike users and bicycle users with some
researchers finding that e-bike users were more likely to take public transit [1,4] should e-bikes not be
available. Contradictory research found that usage in e-bikes and bicycles appears to be the same with slight
variations due to distance and route gradient [25]. The demographics and factors leading to e-bike usage
vary by region through with price, income, and availability playing a important roles [21,9].

Very little research has compared different vehicle types on the same public bike sharing system. In
one such study, Reck et al. [24] compared docked e-bikes and bicycle usage in Ziirich, Switzerland finding
that both services exhibited similar temporal patterns, peaking during heavy commuting hours. Additional
work has compared public bike sharing systems with other micromobility systems. For example, research
by McKenzie [18] compared docking station-based bike sharing systems with new dockless electric scooters
in Washington DC finding that there were notable spatial and temporal differences in usage. Further work
investigated various factors that could explain the differences between public bike sharing system use and
new mobility services including gas prices [28], weather [12], and holidays [14].

From analysis perspective, a growing body of work has investigated spatial and temporal usage patterns
of bike sharing systems. Bao et al. [2] used spatial regression models to predict mobility patterns while others
have used a variety of machine learning methods to make spatial predictions [19,27]. A large body of work
has focused on optimizing redistribution of vehicles [15] with many papers discussing the engineering tasks
necessary for improving the efficiency of vehicles themselves. Despite the amount of existing literature on
bike sharing, a comparison of e-bike and bicycle activity behavior on a single public bike sharing system
remains as a research gap.

3 Methodology

For this work, I restricted my analysis to a 138 day period from June 18th through November 3rd, 2021.
These dates are based on when I first gained access to the BIXI e-bike application programming interface
(API) and the final month of operation for BIXI’s 2021 season.

3.1 Data

Yearly trip data are published through BIXI’s open data portal [5]. In these data, each trip consists of an
origin station, destination station, start timestamp, and end timestamp. Geographic coordinates and station
names are associated with each station in the dataset. Notably, the data do not include a vehicle identifier,
user identifier, or type of vehicle. Restricted to the 138 day analysis window, a total of 4,001,081 trips were
reported.

Since BIXI does not publish the vehicle type in their public trip data set, one is unable to identify
which trips were completed using a bicycle and which used an e-bike. To accomplish this task, I access data
reported on the available vehicles map published on the BIXI website (https://secure.bixi.com/map). This
interactive map reports real-time availability of vehicles and differentiates between e-bikes and bicycles. Data
on the map is fed through an API' that returns the vehicle and station identifiers for all available vehicles
with every request. In requesting the set of available vehicles every minute over the course of 138 day I
was able to reconstruct trips. This was accomplished by identifying when and where a vehicle disappeared
from the available vehicles data set and then reappeared in the data set. This approach followed the trip
reconstruction process outlined by McKenzie [17]. Using this method, I identified 898,566 e-bike trips using
a total of 1,721 unique vehicles.

! https://layer.bicyclesharing.net /map/v1/mtl/map-inventory
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Next, I compared the set of e-bike trips with those accessed through BIXI’s open data portal, with the goal
of identifying which trips used e-bikes and which used bicycles. This matching process involved identifying
trips with the same origin and destination stations, as well as the same start and end timestamps. A buffer
of five minutes was added to the start and end times to account for data collection frequency offsets and
report delays from the BIXI platform itself. After matching, a total of 687,302 unique e-bike trips were
identified. The difference between the original number of e-bike trips, and the matched e-bike trips can be
largely explained through redistribution. Throughout the day BIXI redistributes their vehicles via truck to
balance their fleet and ensure users always have access to vehicles.

3.2 Temporal analysis

After data collection and cleaning, we calculated the median trip duration and distance for each of the vehicle
types as well as the average number of trips per day. To address RQ1 I ran a difference in means t-test for
trip duration and trip distance. Trip distance in this case was reported as the Euclidean distance between
two stations as I do not have access to route distance.

Next, I calculated the aggregate temporal usage pattern for each of the vehicle types by binning trips into
hours of the week. For both data sets combined, the number of trips for each hour of the week is shown in
Figure 1. These patterns reflect typical usage behavior with increased trip counts during weekday commuting
periods and less pronounced behavior during the weekends. I then split these temporal patterns by vehicle
type with the objective of identifying differences in temporal behavior throughout the week.

Trips
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Fig. 1: Trip count by hour of the week

There is an order of magnitude difference between the trips taken using e-bikes and those taken using
traditional bikes. This makes it impossible to compare the two vehicle types at the level of raw trip counts.
Instead, I assessed the relative difference in popularity of each service at different times of day. For instance
one service might show a greater percentage of its overall usage on the weekend than weekdays. To accomplish
this I normalized each of the hourly trip counts by the maximum hourly trip count for the week. This resulted
in a temporal popularity pattern where all values were bounded between zero and one. This was done for
both temporal patterns independently. I then subtracted each hourly popularity value in the e-bike temporal
pattern from it’s corresponding hourly value in the bicycle temporal pattern with the goal of identifying
which vehicle type was relatively more popular, at different times of the week.

3.3 Spatial analysis

To address RQ2 I explored the different spatial patterns resulting from users of e-bikes with those of bicycles.
E-bike trips and bicycle trips were aggregated by station of trip origin independently. If I were to simply
look at which station had the highest number of trip origins, bicycles would clearly dominate given the
much higher number of trips. Similar to the temporal analysis, these trip counts were normalized so that all
station values were bounded between zero and one. This allowed us to identify differences in relative spatial
popularity. In other words I could identify which vehicle type had a higher percentage of their overall trips at
which stations. This speaks to the spatial behavior of users. Station popularity values were then subtracted
from one another to identify which stations were relatively dominant. A map of the stations was generated
for visual analysis of the clustering. To report on the statistical differences between vehicle trips, I conducted
a global Moran’s I analysis [20] to identify the degree of spatial auto-correlation in each of the vehicle data
sets. My goal was to determine if one vehicle type was more spatially clustered than the other.
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4 Results

4.1 Temporal behavior

While there is a substantial difference between the number of trips, the median trip duration and distance
is relatively small with e-bike trips being longer and farther than bicycle trips on average (Table 1). The
results of the difference in means t-test indicates that for both variables, Distance and Duration, the means
were significantly (p < 0.01) different.

Table 1: Descriptive statistics for BIXI trips, split by vehicle type. Note that distance is measured as Euclidean
distance between the origin and destination stations.
Electric bike Traditional bicycle

Trips 687,302 3,313,779
Median Trips per day 5,293 25,127
Median Duration (seconds) 664 622
Median Distance (meters) 1,997 1,417

Analysis of temporal patterns over the hours of the week demonstrated that there are small, but notable
differences between the two vehicle types. While bicycle trips remained high throughout the week, e-bike
dominance was more sporadic. Figure 2 shows normalized e-bike trips subtracted from normalized bicycle
trips. From this perspective, a greater percentage of e-bike trips took place on weekend afternoons and during
evening rush hour than bicycle trips. In contrast, bicycle usage showed more even distribution over the hours
of the week.

Relative popularity
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Fig. 2: Relative popularity of vehicles aggregated to hours of the week. Normalized e-bike trips are subtracted
from normalized bicycle trips. Blue negative values represent e-bikes. Red positive values represent bicycles.

4.2 Spatial behavior

The results of the station-based spatial analysis are shown in Figure 3. Station-normalized e-bike trips were
subtracted from bicycle trips. Negative values are shown in shades of blue. These blue stations indicate that
a greater percentage of all e-bike trips originated from these stations than the percentage of all bicycle trips.
Positive values are shown in red and indicate stations where bicycle were the relative dominant vehicle in
use.

In visually analyzing this map one sees clear spatial clustering. A greater percentage of bicycle trips
originate at stations in the downtown core, as well as the Plateau and St. Henri neighborhoods. E-bike
usage appears to be more widely dispersed with a larger percentage of trip origins being distributed in
regions outside of the downtown core. The global Moran’s I analysis of both data sets confirmed the visual
assessment and found that there is a higher degree of spatial auto-correlation in the bicycle trip origins
(I = 0.384) than the e-bike trip origins (I = 0.344), both with an expected value of -0.0013 using Euclidean
inverse distance weighting.
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Fig. 3: BIXI stations styled by relative dominance of vehicle type. E-bike and bicycle trips were aggregated
by station. Normalized e-bike trips were then subtracted from normalized bicycle trips.

5 Discussion

In this short paper I present a comparative analysis of two vehicle types in a large public bike sharing
system, namely e-bikes and traditional bicycles. The analyses contrasts the spatial distribution of trips as
well as temporal properties. Through these analyses I discovered that e-bike trips tend to be slightly longer
in duration and distance than bicycle trips. Given this increase in distrance and duration, it follows that
a greater percentage of e-bike trips would originate at stations outside of the downtown core than bicycle
trips. The spatial analysis confirms this and suggests that bicycle trip origins are more clustered than their
electric counterparts.

While every effort was made to accurately analyze the data and report the finds, there were limitations.
The process through which e-bike trips were matched to the data from BIXI’s open data portal is not exact.
Due to data collection frequency and lack of transparency in the temporal precision of reporting from BIXI,
exact matches were difficult to ascertain. The temporal buffering technique was useful in matching trips
between data sets, but it is likely that a small number of trips were mislabelled. Given the volume of trips,
it is unlikely that any mislabelled trips would have altered the overall findings.

Finally, this short paper presents my preliminary work on subject. Further analysis will mix the temporal
and spatial dimensions in order to identify spatial variation in trips depending on time of day. BIXI, like
many large bike sharing systems offers different membership options. Analysis by membership type may
be of interest to the operator and city officials. Finally, we know that bike sharing usage behavior is also
influenced to socio-economic and demographic factors. In future work, I will explore how these factors effect
vehicle choice and trip dynamics.



6 Grant McKenzie

References

1. Kang An, Xiaohong Chen, Feifei Xin, Bin Lin, and Longyu Wei. Travel characteristics of e-bike users: Survey
and analysis in shanghai. Procedia-Social and Behavioral Sciences, 96:1828-1838, 2013.

2. Jie Bao, Xiaomeng Shi, and Hao Zhang. Spatial analysis of bikeshare ridership with smart card and poi data
using geographically weighted regression method. IEEE Access, 6:76049-76059, 2018.

3. Tomasz Bielinski, Agnieszka Kwapisz, and Agnieszka Wazna. FElectric bike-sharing services mode substitution
for driving, public transit, and cycling. Transportation research part D: transport and environment, 96:102883,
2021.

4. Alexander Bigazzi and Kevin Wong. Electric bicycle mode substitution for driving, public transit, conventional
cycling, and walking. Transportation research part D: transport and environment, 85:102412, 2020.

5. BIXI Montréal. Open Data. https://bixi.com/en/open-data. (Accessed on 01/04/2023).

6. BIXI Montréal. Renting Electric BIXI Bikes in Montreal. https://bixi.com/en/ebike. (Accessed on 01/04/2023).

7. René Bruemmer. Curious about those new electric BiXi bikes? We test drove one — Mon-
treal  Gazette. Montreal — Gazette, 08 2018. https://montrealgazette.com/news/local-news/
curious-about-those-new-electric-bixi- bikes- we-test-drove-one.

8. CTV News Staff Writer. Bixi Montreal launches on Wednesday with more e-bikes. CTV News Montreal, 04 2022.
(Accessed on 01/05/2023).

9. Chuan Ding, Xinyu Cao, Meixuan Dong, Yi Zhang, and Jiawen Yang. Non-linear relationships between built
environment characteristics and electric-bike ownership in zhongshan, china. Transportation Research Part D:
Transport and Environment, 75:286-296, 2019.

10. Elliot Fishman. Bikeshare: A review of recent literature. Transport Reviews, 36(1):92-113, 2016.

11. Daniel Fuller, Lise Gauvin, Yan Kestens, Mark Daniel, Michel Fournier, Patrick Morency, and Louis Drouin.
Impact evaluation of a public bicycle share program on cycling: a case example of bixi in montreal, quebec.
American journal of public health, 103(3):e85—€92, 2013.

12. Kyle Gebhart and Robert B Noland. The impact of weather conditions on bikeshare trips in washington, dc.
Transportation, 41(6):1205-1225, 2014.

13. Greg Phillip Griffin and Ipek Nese Sener. Planning for bike share connectivity to rail transit. Journal of public
transportation, 19(2):1, 2016.

14. Aryan Hosseinzadeh, Abolfazl Karimpour, and Robert Kluger. Factors influencing shared micromobility services:
An analysis of e-scooters and bikeshare. Transportation Research Part D: Transport and Environment, 100:103047,
2021.

15. Shuguang Ji, Christopher R Cherry, Lee D Han, and David A Jordan. Electric bike sharing: simulation of user
demand and system availability. Journal of Cleaner Production, 85:250-257, 2014.

16. Ting Ma, Chao Liu, and Sevgi Erdogan. Bicycle sharing and public transit: Does capital bikeshare affect metrorail
ridership in washington, dc? Transportation research record, 2534(1):1-9, 2015.

17. Grant McKenzie. Docked vs. Dockless Bike-sharing: Contrasting Spatiotemporal Patterns (Short Paper). In
Stephan Winter, Amy Griffin, and Monika Sester, editors, 10th International Conference on Geographic Informa-
tion Science (GIScience 2018), volume 114 of Leibniz International Proceedings in Informatics (LIPIcs), pages
46:1-46:7, Dagstuhl, Germany, 2018. Schloss Dagstuhl-Leibniz-Zentrum fuer Informatik.

18. Grant McKenzie. Spatiotemporal comparative analysis of scooter-share and bike-share usage patterns in Wash-
ington, DC. Journal of transport geography, 78:19-28, 2019.

19. Tomohiro Mimura, Shin Ishiguro, Satoshi Kawasaki, and Yusuke Fukazawa. Bike-share demand prediction using
attention based sequence to sequence and conditional variational autoencoder. In Proceedings of the 3rd ACM
SIGSPATIAL International Workshop on Prediction of Human Mobility, pages 41-44, 2019.

20. Patrick AP Moran. Notes on continuous stochastic phenomena. Biometrika, 37(1/2):17-23, 1950.

21. Mallikarjun Patil and Bandhan Bandhu Majumdar. An investigation on the key determinants influencing electric
two-wheeler usage in urban indian context. Research in Transportation Business & Management, 43:100693,
2022.

22. PBSC Urban Solutions. Montréal bike share program. https://www.pbsc.com/cities/montreal-bike-share. (Ac-
cessed on 01/05/2023).

23. Precedence Research. E-bike market size  to  worth around us$ 40.98 billion
by 2030. https://www.globenewswire.com/en/news-release/2022/02/07/2380421/0/en/
E-bike-Market-Size-to- Worth- Around- US-40-98- Billion-by-2030.html, 7 2022. (Accessed on 01/06,/2023).

24. Daniel J Reck, He Haitao, Sergio Guidon, and Kay W Axhausen. Explaining shared micromobility usage,
competition and mode choice by modelling empirical data from zurich, switzerland. Transportation Research
Part C: Emerging Technologies, 124:102947, 2021.

25. Patrick Rérat. The rise of the e-bike: Towards an extension of the practice of cycling? Mobilities, 16(3):423-439,

2021.



26.

27.

28.

Electric vs. non-electric bike sharing use 7

Daniel Romm, Priyanka Verma, Elizabeth Karpinski, Tracy L Sanders, and Grant McKenzie. Differences in
first-mile and last-mile behaviour in candidate multi-modal boston bike-share micromobility trips. Journal of
Transport Geography, 102:103370, 2022.

Soheil Sohrabi and Alireza Ermagun. Dynamic bike sharing traffic prediction using spatiotemporal pattern
detection. Transportation research part D: transport and environment, 90:102647, 2021.

Hannah Younes, Zhenpeng Zou, Jiahui Wu, and Giovanni Baiocchi. Comparing the temporal determinants of
dockless scooter-share and station-based bike-share in washington, dc. Transportation Research Part A: Policy
and Practice, 134:308-320, 2020.



