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ABSTRACT

Public transit strikes reduce bus and metro service, prompting reliance on other modes of transport
such as bicycle-sharing and testing the resilience of the transport system. This study examines the
relationship between two public transit strikes in Montréal, Canada, in 2025 and ridership of BIXI,
the city’s bicycle-sharing system. Using data on BIXI trip history, weather, Bike Score®, public
transit infrastructure, and the Canadian census, we estimate multilevel regression models with
crossed random effects to predict the number of BIXI trips at an aggregated hexagon level. Our
results show a statistically positive association between public transit strike days and BIXI
ridership. On average, ridership increased by 18% on strike days compared to a typical weekday
with regular public transit service in 2025. These findings suggest that operational adaptations,
such as increased staffing and bicycle redistribution, enhance the contribution of bicycle-sharing
systems to transport system resilience during disruptions.

30 WORDS ABSTRACT

Multilevel regression models indicate that public transit strikes are positively associated with
bicycle-sharing ridership in Montréal, highlighting its role in transport system resilience.
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1. QUESTIONS

Bicycle-sharing systems can promote resilience in the transport system by providing an alternative
for public transit in case of system disruptions (Cheng et al., 2022; Fuller et al., 2019; Saberi et al.,
2018). In June and September/October 2025, two strikes at the Société de transport de Montréal
(STM) led to a significant reduction in bus and metro service, presenting a natural experiment to
examine the resilience of Montréal’s transport system. The strikes suspended STM service in off-
peak hours (midday 09:30-14:45 and evening 17:45-23:00) from June 9 to 11 (Monday to
Wednesday) and on Mondays, Wednesdays, and Fridays between September 22 and October 5,
2025 (Société de transport de Montréal, 2025). In response to the strikes, BIXI, the docked bicycle-
sharing system in Montréal, scaled up operations and staffing to maintain service by adding drop-
off stations and staff near metro stations to manage bicycle returns when docks were full
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(Bourquin, 2025). This study examines the relationship between the strikes and BIXI ridership
while accounting for spatiotemporal factors (e.g., weather, built environment, period of day).

2. METHODS

We use a before-and-after approach with open-source BIXI trip data from 2025 (N = 3,579,696)
and 2024 (N =3,065,427). The 2025 dataset encompasses a week before, the weeks of, and a week
after each of the two strikes, while the 2024 dataset provides the corresponding days from the
previous year. Each trip includes start and end stations, date, and time. BIXI trips were aggregated
spatially and temporally. On the spatial level, to account for yearly changes in station locations,
trips were aggregated into 300-meter hexagons by assigning a departure and arrival hexagon to
each trip. In total, we examine 904 hexagons covering 989 and 877 distinct BIXI stations in 2025
and 2024, respectively. On the temporal level, trips were aggregated for six periods of day
(morning peak, midday, afternoon peak, evening, night, and late night).

We first conduct a visual analysis by mapping the difference between a strike and non-strike day
ridership on the hexagon level. Then, we conduct two multilevel regression models with crossed
random effects with two groupings, hexagon and weekday, to predict the rate of departures and
arrivals per hexagon. These groupings account for location-specific differences (such as proximity
to a popular destination) and systematic variation across days of the week that could bias fixed-
effect estimates if not accounted for. The control variables for each hexagon included median
income, population and job density, BIXI station capacity, Bike Score®, weather data, distance to
the nearest metro station from centroid, number of bus stops, and dummy variables for different
periods of the day (including an additional term for strike days), weekend, and year (2024 vs.
2025).

3. FINDINGS

By mapping the difference in trips between a strike day (Monday, 1 Oct 2025) and a non-strike
day the following week (8 Oct 2025; Figure 1), we observe a substantial increase in departure and
arrival rates on the strike day, particularly near downtown. Stratifying trips by period of day
(Figure 2) shows that the largest positive changes occur during the strike’s no-service hours. These
patterns are further examined through statistical modelling. Table 1 presents the results of
multilevel regression models, with the number of BIXI trips at departure and arrival hexagons as
the dependent variables. Our findings indicate a statistically significant positive association
between the public transit strike and BIXI usage. After accounting for spatiotemporal factors and
the overall ridership increase in 2025, a strike day was associated with 14.6 additional arrival trips
per hexagon compared to a regular transit day, corresponding to approximately 13,200 additional
trips per strike day, an 18% increase over average weekday ridership in June 2025, with a slightly
higher increase in October (~14,250 trips).

The surge in usage was most pronounced during the evening no-service hours (17:45-23:00), with
an increase of 6.8 departure and 7.8 arrival trips per hexagon compared to a regular day, ceteris
paribus. Even during non-strike morning peak hours, departure and arrival rates increase by about
three trips per hexagon, possibly reflecting transit users opting for BIXI to avoid anticipated



crowding on public transit. Proximity to metro stations and increased bus stops in a hexagon during
strike hours were found to have a positive statistically significant on BIXI ridership, ceteris
paribus, further demonstrating the replacement of transit trips by BIXI ones.

A general increase in BIXI use over time is captured by the year variable, indicating 1.2 additional
departing trips and 1.1 arrival trips per day per hexagon in 2025 relative to 2024, holding all other
variables at their mean values. In addition to the temporal effects, our findings confirm a
statistically significant positive impact of population density, job density, and proximity to metro
stations on BIXI ridership, as well as a positive effect of temperature and negative effects of
relative humidity and precipitation, which is consistent with previous research (Faghih-Imani et
al., 2014). The random-effects structure reveals that spatial and temporal clustering account for a
relatively large share of unexplained variance. Together, the hexagon and day-of-week intercepts
random effects explain approximately 26-27% of total variance, confirming that systematic
location- and temporal-specific factors, not fully captured by the fixed effects, play a role in
shaping BIXI usage patterns.

Our results highlight the importance of bicycle sharing systems as viable transport alternative
during public transit disruptions. During the Montréal public transit strike the presence of the
bicycle sharing system improved the resilience of the transport system to absorb some of the riders.
Adapting the bicycle sharing network by increasing the number of drop-off stations and ensuring
rapid rebalancing through additional staff and redistribution strategies during the strike enhanced
the system’s resilience.
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Figure 1 Difference in BIXI trips between a strike day (1 Oct 2025) and a non-strike day (8 Oct 2025) for departure
and arrival trips
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Figure 2 Difference in BIXI trips between a strike day (1 Oct 2025) and a non-strike day (8 Oct 2025) stratified by
period of day for departure and arrival trips



Table 1 Multilevel regression models with crossed random effects predicting the number of BIXI trips at the hexagon

level
Variables - Departure . Arrival
Coef Cl Coef Cl
(Intercept) -30.94 *** -36.48 - -25.40 -29.53 *** -34.84 - -24.22
Socioeconomic variables
Median income [10k CAD] 0.13 -0.07 - 0.33 0.15 -0.04 - 0.34
Population density [1k ppl/sqkm] 0.42 *** 0.31-0.54 0.34 *** 0.24 - 045
Job density [1k jobs/sqgkm] 0.03 -0.02 - 0.08 0.08 *** 0.04 -0.13
Public transit and BIXI variables
Distance to nearest metro station [km] -0.87 *** -1.14 - -0.59 -0.89 *** -1.15 - -0.63
N of bus stops 0.35 ** 0.10 - 0.61 0.30 * 0.05 - 0.55
BIXI station capacity 0.49 *x* 0.45-0.53 0.47 *x* 0.43-0.51
Bike Score 0.33 *&* 0.27 - 0.38 0.32 *#* 0.26 - 0.37
Weather variables
Relative humidity [%] -0.10 *** -0.10 - -0.09 -0.10 *** -0.10 - -0.09
Precipitation [mm] -1.00 *** -1.17--0.84 -1.09 *** -1.25--0.92
Temperature [C] 0.14 *** 0.12-0.16 0.16 *** 0.13-0.18
Period of day [Ref: Morning (06:30 — 09:45)]
Midday (09:46-14:44) 8.67 *** 8.45-8.89 8.57 *** 8.34-8.79
Afternoon (14:45-17:45) 8.46 *** 8.23-8.70 8.32 *** 8.08 - 8.55
Evening (17:46-22:59) 15.81 *** 15.60 - 16.01 15.70 *** 15.50-15.91
Night (23:00-01:00) -12.20 *** -12.50 - -12.08 -10.95 *** -11.16 - -10.74
Late night (01:01-06:29) -12.24 *** -12.46 - -12.03 -11.49 *** -11.71 - -11.27
Weekend 0.97 *** 0.70 - 1.23 0.95 *** 0.70 - 1.21
Year =2025 1.27 #** 1.14-1.40 1.12 #%* 0.99 - 1.26
Interaction with strike hours
Job density x strike hours 0.27 *** 0.26 - 0.29 0.18 *** 0.17-0.20
Distance to nearest metro station x strike hours -1.31 #** -1.44 --1.19 -1.43 #** -1.56 - -1.31
N of bus stops x strike hours 0.28 *** 0.18 -0.37 0.30 *** 0.20 - 0.39
Interaction with strike days
Morning x strike day (Regular service) 3.01 *** 2.38-3.64 317 *x* 2.47-3.75
Midday x strike day (No service) 4.56 *** 3.82-5.30 5.44 *** 4.69 - 6.19
Afternoon x strike day (Regular service) 2.25 *** 1.63 -2.86 2.29 *** 1.66 -2.92
Evening x strike day (No service) 6.79 *** 6.06 - 7.53 7.60 *** 6.85-8.35
Night x strike day (Regular service) -1.59 #*x* -2.26 - -0.92 -1.66 *** -2.32--1.00
Late Night x strike day (No service) =227 HH* -3.03 --1.52 -2.16 *** -2.94 --1.39
September/October Strike Day [Ref: June] 1.09 *** 0.54 - 1.65 1.18 *** 0.61-1.74
Random effects
o2 297.63 310.79
00 105.53 Start hexagon 96.75 End hexagon
6.82 Weekday 5.83 Weekday
ICC 0.27 0.25
N - Hexagons 904 903
N - Weekdays 51 51
Observations 381144 389523
Marginal R2 / Conditional R2 0.431/0.587 0.424/0.567

*p<0.05 *#*p<0.01 ***p<0.001
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