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While ride-sharing has emerged as a popular form of transportation in urban areas due to its on-demand convenience, it has
become a major contributor to carbon emissions, with recent studies suggesting it is 47% more carbon-intensive than personal
car trips. In this paper, we examine the feasibility, costs, and carbon benefits of using electric bike-sharing—a low carbon form
of ride-sharing—as a potential substitute for shorter ride-sharing trips, with the overall goal of greening the ride-sharing
ecosystem. Using public datasets from New York City, our analysis shows that nearly half of the taxi and rideshare trips in
New York are shorts trips of less than 3.5km, and that biking is actually faster than using a car for ultra-short trips of 2km or
less. We analyze the cost and carbon benefits of different levels of ride substitution under various scenarios. We find that the
additional bikes required to satisfy increased demand from ride substitution increases sub-linearly and results in 6.6% carbon
emission reduction for 10% taxi ride substitution. Moreover, this reduction can be achieved through a hybrid mix that requires
only a quarter of the bikes to be electric bikes, which reduces system costs. We also find that expanding bike-share systems
to new areas that lack bike-share coverage requires additional investments due to the need for new bike stations and bike
capacity to satisfy demand but also provides substantial carbon emission reductions. Finally, frequent station repositioning
can reduce the number of bikes needed in the system by up to a third for a minimal increase in carbon emissions of 2% from
the trucks required to perform repositioning, providing an interesting tradeoff between capital costs and carbon emissions.
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1 INTRODUCTION

Urban transportation has seen significant changes over the past decade due to the emergence of the sharing
economy and the ubiquity of smartphones. Ride sharing services, such as Uber, Lyft, Grab, and Didi, have
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become immensely successful due to their promise of personal on-demand transportation at any time [25]. Early
proponents of ride sharing suggested that these services would reduce our reliance on privately-owned cars,
reduce traffic congestion, and reduce carbon emissions, with early studies estimating that at least five private
vehicles would be replaced for each shared car and there would likely be carbon emission reductions if shared
cars were newer vehicles [4]. However, the success of these services has resulted in an increase in traffic and more
congestion on roads—a type of rebound effect [23]. For example, in New York City, a recent study has shown that
ride sharing constitutes more than 50% of traffic on the roads [9, 41]. Another study on the climate impact of ride
sharing has estimated that a typical ride sharing trip is less efficient than a personal car trip, mainly due to the
“dead” miles travelled by a ride-share car between consecutive hired rides, and that this generates 47% higher
carbon emissions than an equivalent private car ride [5, 8]. The study also showed that the greater convenience
of ride sharing has steered passengers away from public transit options. From a carbon emissions standpoint,
the study argues for greater use of travel modes that produce fewer, or zero, carbon emissions such as biking,
walking, or mass transit [8].

Motivated by the need to green ride sharing, we address a key question: what are the carbon benefits and
costs of encouraging more bike sharing as a substitute for shorter ride sharing trips, and what is the feasibility of
such an approach? Bike sharing programs have become popular in major urban areas in recent years, with cities
deploying tens or hundreds of thousands bikes within the urban core. Bike sharing provides many benefits—it
is pollution free, provides wellness benefits through exercise, and can reduce our reliance on other forms of
transportation, especially for shorter rides within urban areas [10]. However, bike sharing has traditionally been
considered to be complementary to car-based ride sharing, rather than an alternative. There are many challenges
in using bikes as a substitute for car rides. Biking can become challenging in rainy or cold weather and in the
dark or may be infeasible for transporting cargo items. The pedaling effort involved in biking discourages its use
for longer rides and for those requiring uphill terrain or steep slopes. The latter limitation can be addressed by
using electric bikes, or e-bikes, in bike sharing programs. E-bikes, which are already popular in many countries,
such as China, provide pedal assist through a battery-powered motor that makes biking easier for longer or uphill
rides [47]. Although some bike sharing systems are beginning to adopt e-bikes, they incur higher deployment and
maintenance costs than regular bikes. We argue that a hybrid mix of regular and e-bikes can be more effective
than using either type of bike in a bike share program. Even with the use of some, or all, e-bikes in a bike sharing
system, a car ride can be potentially replaced by a bike ride only when (i) the distance makes it amenable to
biking, (ii) a bike can be easily picked up and dropped off at the start and end of the car trip, and (iii) factors such
as weather and time of day are favorable. Analyzing the feasibility of such ride substitution using real-world car
and bike data is a key goal of our work.

In addition to these user-centric challenges, there are several provider-centric challenges as well. Since bike
share programs were not explicitly designed as an alternative to ride sharing, they will face capacity constraints if
riders substitute car rides with bike rides even in modest numbers. The capacity of a bike share system will need
to be significantly enhanced to handle this higher demand. Further, the bike share system will need to expand to
new areas that lack coverage, especially if those areas see a significant volume of ride pickups or drop-offs. A
detailed analysis of these capacity enhancement costs and the carbon benefits they provide is another goal of our
work.

Motivated by these questions, we conduct a data-driven study to analyze the benefits of adding e-bikes to bike
sharing programs with the broader goal of reducing carbon emissions and greening the ride sharing ecosystem.
Our emphasis on green carbon-aware design of hybrid bike share systems and carbon analysis of using biking
for short rides differentiates this study from prior work. To understand feasibility and benefits of using electric
bikes within bike share systems, our paper seeks to address the following questions.
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(1) What are the characteristics of typical bike share and ride share trips within an urban area? Based on the
distances traversed by ride share trips, what fraction are amenable to substitution by bike rides? What
percentage of ride share trips have a bike share station near the pickup and dropoff location?

(2) What is the amount of capacity enhancement needed to accommodate a certain percentage (say 5 or 10%)
of car trips using bikes? What is the optimal mix of regular and electric bikes needed to accommodate
those trips, and what are the carbon benefits of such ride substitution?

(3) How should coverage of bike share systems be intelligently extended to parts of the city that lack bike
coverage so as to maximize the use of bikes as an alternative to short ride share trips? What are the carbon
benefits and costs of such expansion?

(4) How can the capital and operational costs of these hybrid bike share systems be optimized using factors
such as repositioning and what are their cost vs. carbon tradeoffs?

We adopt a data-driven analysis approach to address these questions by leveraging public datasets on bike
sharing and ride sharing (taxi, Uber, Lyft, Juno, Via) for New York City. Our algorithms and data-driven analysis
for addressing these questions yield the following contributions.

o First, we characterize and compare bike sharing and car trips in New York City and show that 50% of car
rides are less than 3.6km and 69% are within 200 meters of a bike station. Our results imply that many
shorter car rides could be easily substituted by bike rides if the user is motivated to do so.

e Second, we use optimization-driven data analysis to determine the capacity enhancements needed to
substitute a modest fraction of car rides with bike rides. Our results show a 6.6% reduction of carbon
emissions with 10% ride substitution, and although this would triple demand in the bike share system, it
would require only a 2x increase in the number of bikes needed due to slack in the system from skewed
spatial demand. A hybrid design that assumes electric bikes for longer bike rides of more than 5km requires
only a quarter of these bikes to be electric, saving on the overall cost of the system. We also show that our
results broadly hold under different strategies for ride substitution.

o Third, we use traffic estimates from ride sharing in urban areas that lack bike sharing coverage to determine
popular pickup and dropoff locations and compute the additional carbon benefits of expansion into these
areas. Our results show that adding bike coverage to new regions requires higher capacity enhancements
for ride substitution than that for regions with current coverage. Specifically, we show that adding coverage
to parts of New York City that lack bike sharing coverage would require a doubling of the number of bike
stations and 50% more bikes, but the greening benefits of adding such coverage are significant, yielding up
to 5000MT reduction in carbon emissions.

o Finally, we use our optimization-driven methods to characterize the tradeoff between capital costs of expan-
sion and the operational costs of bike repositioning. We show that reducing the frequency of repositioning
by 2 hours (e.g., from 2 to 4 hours) can reduce the cost of repositioning and the overall carbon emission by
58% while increasing the capital cost (number of bikes required) by only 29%.

Overall, our analysis shows that the carbon benefits of substituting even a modest fraction of ride share trips
using electric and regular bikes are substantial and can help green the overall ride sharing ecosystem.

2 BACKGROUND
In this section, we provide background on ride and bike sharing.

Shared On-demand Mobility. The sharing economy has had a significant impact on personal transportation
and has led to ride sharing becoming common, or even the preferred, form of transport in urban areas [27]. The
ability to get a ride on demand using a smartphone “anywhere” has made them a popular alternative to traditional
taxi rides and private car ownership. A side effect of this convenience has also caused them to supplant more
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carbon-e cient public transit options. Researchers have analyzed the climate impact of ride sharing and found
ride sharing trips to generate 47% more carbon emissions than a private car trip, mainly due to the wasted
driving between two hailed trips %, 8]. This observation motivates our study on whether other types of ride
sharing, such as bike sharing, which have a low carbon footprint could be used for short rides, while providing
similar convenience such as on-demand pick-up/drop-o0 and wide availability.

Bike SharingBike sharing programs are now commonplace in many urban areas. Biking is considered to
be a fun mode of transportation that is ideal for last-mile short distance rides at a much lower cost than
ride-sharing services. Moreover, bikes have dedicated bike lanes in many urban areas and are less susceptible
to tra ¢ congestion as a result, allowing for relatively quick short distance rides. In addition to being a clean
and a zero-carbon transportation mode, biking is seen as a form of exercise and promotes an active lifestyle
with health bene ts. Bike sharing programs have led to a signi cant increase in the popularity of biking within
urban areas in recent years. Bike sharing comes in two avors: docked programs, where bikes are picked up and
dropped o from bike stations, and dockless programs, where bikes can be dropped o anywH&eQur work
currently focuses on docked programs due to the need to charge electric-bikes at bike stations; however many of
our insights carry over to dockless bike sharing programs as well.

There has been signi cant research attention on the design of bike sharing systems over the years. A range of
problems which are discussed in more detail in Section 7 such as optimizing station placement, capacity planning,
rebalancing algorithms, and bike placement methods have been studied. A key di erence with this body of prior
work is our focus on sustainable carbon-aware design and on using bike sharing as a viable alternative for shorter
car rides from a carbon standpoint.

Electric BikesAn electric bike provides pedal assist to its rider using an inbuilt motor and battery, which
makes biking nearly e ortless and attractive for longer rides or rides on uphill roads. Their attractiveness for
handling more challenging rides and reducing the biking e ort makes them a key design element for encouraging
substitution of short car rides with bikes. Electric bikes have long been a popular form of transportation in
countries like China BZ. Some bike share program such as in Riversidg pnd Raleigh 8§ in the USA and
Guildford [27 in UK use only electric bikes. Moreover, New York's Citibike program has plans to add up to 4000
electric bikes to its eet [L5. While an all-electric bike system requires higher capital and operational cost, e.g.,
electric bikes are more expensive to acquire, and a charging infrastructure must be put in place for operation, a
hybrid system is cheaper to build and maintain as only a subset of bikes and infrastructure will require electric
capability. Given the higher deployment and maintenance costs of electric bikes, a goal of our work is to highlight
the bene ts of hybrid systems that use a combination of regular and electric bikes as a cheaper alternative to an
all electric-bike system while retaining the key advantage of electric bikes for enabling ride substitution.

Given this background, the overall goal of our work is to analyze the feasibility of substituting shorter but more
carbon-intensive car rides using bike sharing and to understand the carbon bene ts of such ride substitution as
well as the costs of handling a higher bike sharing demand resulting from such substitution.

3 HOW SUBSTITUTABLE ARE RIDE SHARE TRIPS BY BIKE TRIPS?

In this section, we present a feasibility analysis that examines the degree to which ride sharing trips are substi-
tutable by bike trips.

3.1 Overview of Datasets
Our analysis is based on two public datasets from New York City. These datasets are described below and

summarized in Table 1.
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Table 1. Ride Sharing Datasets

CitiBike 2019 TLC 2019 TLC 2016
Vehicle Type Bikes Taxi and FHV Taxi
Number of vehicles 17,954 bikes/941 station 14K taxi, 78K FHV 22K taxi
Number of trips  18.98 million 354 million (101 taxi, 253 FHV)  156.77 million
Trip-level records  yes yes yes
Pickup/dropo coordinates GPS Geo-fenced Zones GPS
Duration  Jul 2018 - Jun 2019 Jul 2018 - Jun 2019 Jul 2015 - Jun 2016

CitiBike DatasetCitiBike is the o cial bike share system for New York City and has released extensive data
about its operations. For the purposes of our work, we use a 12 month period (July 2018 - June 2019) that
comprises of 18.98 million trips. This is the most recent 12 months for which data is available. During this period,
the CitiBike system had 17,954 bikeand 941 bike stations. The data contains a trip's duration, its start and end
time, the ID of start and end stations, the station names, the start and end GPS locations (latitude and longitude),
the type of user, age and gender, and the bike ID.

New York TLC Datasethe New York City Taxi and Limousine Commission (TLQ) provides comprehensive
statistics for taxi trips as well as ride sharing vehicles (referred to as For-Hire-Vehicles (FHV)) such as Uber,
Lyft, Juno, Via and Limousine series. While many years of data are available, the nature of what information
is released on a trip-level record has changed over the years. For the July 2018 - June 2019 period, which we
refer to as the TLC 2019 dataset, there were a total of 354 million rides, of which 101 million come from taxis
and 253 million come from FHVs, with Uber and Lyft accounting for a large majority20% of the FHV rides.
Trip-level records are available for all of these 354 million rides, which include the pickup and drop-o date and
time, pickup and drop-o location, trip distance, number of passengers, and itemized fare. The latter three elds
are optional elds and only reported for taxi rides and unavailable for FHV rides. For the TLC 2019 data, pickup
and drop-o locations are reported in the form of coarse-grain taxi zones, rather than exact GPS coordinates to
preserve privacy. Each zone represents a geofenced neighborhood. Since some of our analysis requires precise
pickup and drop-o location coordinates, we also use TLC data from July 2015 to June 2016 (TLC 2016 dataset),
the most recent year for which precise GPS pickup and drop-o coordinates are available for taxi rides. The
TLC 2016 dataset comprises of 156 million taxi rides as shown in Table 1. We note that as the popularity of FHV
services like Uber and Lyft increased, the number of taxi rides dropped from 156 million in 2016 to 101 million in
2019, but the total volume of rides increased signi cantly, with FHV rides increasing to 2.5 times of taxi rides.

3.2 Feasibility Based on Distance

We begin our feasibility analysis by computing distributions of trip distances for bike, taxi, and FHV car sharing
for the above datasets.

We analyze trip distances either by using the actual trip distance whenever reported in the trip records, or
by computing the shortest road distance between the pickup and dropo locations. For taxi rides, the actual
trip distance is available in trip records. For bike rides, we use the GPS coordinates of the pickup and dropo
bike stations to estimate the bike trip distance. For the FHV rides, the trip distance is not available in trip-level
records. Further, the pickup and drop-o locations are reported in terms of coarse-grain geo-fenced zones. To
estimate the trip distance from coarse-grain pickup and dropo zones, we compute the centroid of each pickup
and dropo zone and compute the shortest road distance between the two centroids. For trips that originate and

1The vast majority of CitiBikes are regular, non-electric bikes. CitiBike began a pilot deployment of electric bikes in 2019, but these constitute
a small portion of the total bikes during this period.
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(a) Bikes (b) Taxis (c) FHVs

Fig. 1. Distribution of trip distances for bikes, taxis, and for-hire (ride-share) vehicles. The median ride is short, with median
trip distances ranging from 2.1-3.4km

end within the same zone, we assume the trip started at the zone's centroid and ended at the zone boundary and
use half the zone length as the distance.

Figure 1 depicts our results. As shown in Figure 1a, most bike rides are short, with the median distance of a
bike trip at 2.1km (for our analysis, we use median, instead of mean, since all our trip distributions have a long
tail, which can skew the mean). The gure also shows that 75% of the trips, represented by the 75-th percentile of
the distribution, are 3.2km or shorter. At the same time, we nd that the distribution has a long tail with a small
number of trips as long as 12.5km.

Figure 1b depicts the distribution of taxi trips from the TLC dataset. Like our bike results, we nd that most taxi
trips are short the median taxi trip in 2019 was 2.7km long; this is virtually unchanged from the 2016 TLC data
(not shown here for brevity) where the median taxi trip was 2.8km long. The 75-th percentile of the distribution
shows that three-quarters of the trips are 5km or shorter, with the distribution exhibiting a long tail.

Figure 1c depicts the distribution of FHV ride distances. The results show that the median FHV ride is 3.4km,
which is slightly longer than the median taxi ride. Note that many FHV rides start and stop within the same
zone, and due to lack of exact pickup and dropo coordinates for FHV rides, we approximated all of these rides
to be half the zone distance, which may bias our result somewhat. Nevertheless, the majority of FHV rides are
short (<3.5km), which is similar to our observations for taxi trips; the 75-th percentile of FHV trip distance is
6.1km.

Key Takeaways:

The median car trip is quite short (2.7km for taxis and 3.4km for FHVs), and this is comparable to the
median bike trip (2.1km). Further, three quarters of all car trips, represented by the 75-th percentile of the
distribution, are less than 5 and 6.1km, for taxis and FHVs, which represent bikeable distances.

Around 43% of the bike rides are medium-distance trips (between 2 and 5km) long, which indicates that
current bike riders are amenable to biking longer distances even without electric bikes. This implies that
some of medium-distance car rides are also be amenable to substitution, in addition to shorter rides. Electric
bikes have the potential to increase the feasibility of such substitutions.

The observations above indicate that, from a distance perspective, there are a substantial fraction of car rides
could be potentially replaced by bike rides. In practice, however, there might be some practical challenges beyond
the physical distance that are further discussed in Section 3.4.

3.3 Feasibility Based on Convenience

Next, we examine the convenience of ride substitution by examining two key user convenience metrics: end-to-end
ride duration and distance to the nearest bike station.
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(a) Bike short trips (b) FHV short trips (c) Bike medium trips (d) FHV medium trips

Fig. 2. Cumulative distribution functions of trips duration. Short bike rides of 2km or less are faster than FHV rides. FHV
trips have a greater variance due to variable tra ic conditions

Convenience Based on Trip Duratibne ride duration is a key convenience metric since users will have less
motivation to substitute a bike ride by a car ride if bike trips take signi cantly longer than car trips. To analyze
the feasibility of ride substitution based on trip durations, we compute the CDFs of trip durations of short distance
(less than 2km) bike and FHV rides. We also compute the CDFs of trip durations for medium distance (between 2
and 5km) rides. Figure 2 depicts our results.

As shown, the median short bike trip takes 6 minutes (Figure 2a), while the median short FHV trip is 9.9
minutes long (Figure 2b). This reveals an interesting result although bicyles are slower than cars, for short rides,
biking is faster than a car ridikely since dedicated bike lanes in cities such as New York are less congested
than regular roads, so the bikes do not get caught in congestion.

Importantly, Figure 2b shows that distribution of short FHV rides has a long tail and high variance, which means
that many short car rides can have longer durations during periods of tra ¢ congestion (the 90-th percentile is
26.8min and the standard deviation is 11, even when traveling less than 2km). In contrast, Figure 2a shows that
the bike trip duration distribution has a relatively short tail, with the 90-th percentile at 12.5min and a standard
deviation of 7.1. Similarly, Figures 2c and 2d plot the CDF of the duration of medium distance (between 2 and
5km) trips. The result shows, that similar to short trips, the median duration of medium trips is shorter for bikes
(13.8 minutes) as compared to FHV (14.2 minutes), though the di erence is not as substantial as the short trips.

The key takeaway is that for very short rides of 2km or less, biking is 40% faster than an equivalent FHV ride due
tra c congestion seen by cars on city roads and the availability of dedicated bike lanes.

Accessibility of Bike Stationd/hile the above analysis considered trip durations in terms of travel times, a
bike trip has two components that impact trip durations: the time to walk to a bike station and the actual travel
time on the bike. Users will have less motivation to use a bike if the nearest pickup or dropo bike stations are
inconveniently located, which increases the walking distance.

To analyze accessibility of bike stations, for each car ride, we consider their pickup and dropo coordinates
and estimate the distance to the nearest bike station from those locations. Note that this analysis requires precise
(GPS) pickup and dropo coordinates, and hence, we use the 2016 TLC dataset for this analysis. For each trip, we
compute the distance to the nearest bike station from the pickup and dropo GPS coordinates and consider the
greater of the two values as the nearest station for that trip.

Figure 3 shows the distribution of the distance to the nearest bike station for each trip. As can be seen, 18%
of rides are within 100m of a bike station, 45% of the rides are within 150m and 69% are within 200m of a bike
station, where 200m distance takes less than 5 minutes to witks implies that about 70% of riders are within a
short walking distance of a bike station, making ride substitution convenient.

Together, Figures 2 and 3 indicate that even if we were to add a 5 minute pickup and dropo overhead to each
bike trip (equivalent to a 200m walk to/from a station), the end-to-end duration of bike trips for short rides is still
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(a) Taxi (b) FHV

Fig. 3. Distribution of pickup/dropo  Fig. 4. Distribution of number of passengers in each taxi and FHV car trip.
locations to the closest bike stations A quarter of the trips involve more than one passenger

comparable to the FHV trips. If we were to add pickup wait times to FHV trip durations, end-to-end duration for
FHV rides would increase as well, making short bike trips more attractive from a time standpoint.

3.4 Challenges in Ride Substitution

Despite the results above, there are many scenarios where ride substitution may not be feasible even for short
trips. First, if a taxi or FHV trip has multiple passengers, we assume that ride substitution is infeasible, i.e., only
single passenger trips can be substituted using bike trips. The TLC data includes the number of passengers
for each trip, hence in Figure 4, we plot the distribution of passengers per ride for taxi and FHV. The results
show that for both taxi and FHV trips, more than 70% of trips are single passenger, which implies that 30% are
multi-passenger trips and are not substitutable.

Second, the weather plays an important role in bike usage. Figure 6a depicts the demand for bike trips by the
month of the year. As can be seen, bike usage drops by half in winter months in New York and with an even
greater drop during January, which is the coldest month of winter. In addition, an analysis of weather data for
New York (see Table 2) shows that it rained for 170 days of the year, and there were 158 days with an average
temperature of less than 1C. To quantify the e ect of weather on trip demand, we analyze the number of trips
during snow, rain, and other weather conditions. We group days as either snow, rain, or “other' as follows; for
example, if snow (or rain) falls during a day, we label the day as snow (or rain) day. However, if both rain and
snowfall exist on the same day, we label the day as a snow day. All other days are labeled “other' and capture
other weather conditions during which biking is more convenient than during rain or snow. We then compute
the cumulative number of trips every hour for each day and then compute the hourly average across all days of
the year.

Figure 5a shows the distribution of the number of bike trips for di erent weather conditions. Not surprisingly,
rainy or snowy days see lower bike share usage than sunny days. Figure 5b depicts a similar distribution for
taxi trips. The morning peak for taxi trips shows higher demand for taxi rides during sunny days than rainy and
snowy days. However, we observe a slightly higher demand for taxi trips in the evening hours during rain and
show than sunny days, which indicates that people generally prefer to avoid unfavorable weather after work
hours. Since our optimization focuses on the upper bound of trip demand (the number of bikes is as many as
is required to satisfy peak demand), the reduction in demand during rain and snow conditions is not likely to
increase the number of bikes required to satisfy demand. We, therefore, do not consider these conditions for the
rest of the paper.

Third, social factors such as holidays also play a role in bike usage. To quantify their e ect on trip demand, we
compute the average hourly number of trips during holidays and regular working days. We consider holiday
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(@) (b) © (d)

Fig. 5. (5a) Distribution of bike trip demand by time of day during rainy, snowy and sunny (other), and (5b) distribution of
taxi trip demand during rainy, sunny and snow days, and (5c¢) distribution of bike trip demand by time of day during working
days and holiday days, and (5d) distribution of taxi trip demand during working days and holiday days.

days to be Federal Holidays only and all other days as working days. Figure 5¢ shows the distribution of bike trip
demand during holidays and working days, while Figure 5d shows the same distribution for taxi trip demand. In
both cases, we nd that the average hourly demand for both bike and taxi trips is lower during holidays than
during working days. Our analysis in the following sections considers all days; those with favorable weather
and those without, and days with holidays. However, since the above analysis shows that demand drops during
holidays and bad weather days, such factors do not need to be considered separately since lower demand will not
increase bike capacity needed to handle peak demand.

Summary and Key Takeaways.summary, our data-driven analysis shows that the median taxi and FHV ride
is quite short (2.7 km and 3.4km) and around three quarters of these trips are less than 5km, which represent
distances that could be traveled on a bike. Importantly, for very short rides of 2km or less, biking is actually faster
than taking a ride share trip. Further, nearly 70% of the car rides start and stop within 200m of a bike station.
Even some of the medium distance car trips between 2 and 5km appear to be substitutable by bikes, since 43% of
bike rides involve commuting these longer distances already, and future availability of electric bikes can further
reduce the biking e ort involved. The above data-driven observations show that a large fraction of taxi and FHV
rides are feasible for substitution with bike rides.

In practice, however, a much smaller fraction of the rides may be amenable to such substitution due to several
challenges involved in bicycling. For our subsequent analysis, we focus on the costs and bene ts of substituting
only a modest fraction of car rides (e.g., 1% to 10% of the total rides) using bike rides especially since such a
modest amount of ride substitution may actually be feasible with the introduction of electric bikes into a bike
sharing system and appropriate user incentives.

Lastly, while our analysis has focused on New York City, our insights are broadly applicable to other dense
urban areas. For instance, other studies have shown that a non-trivial fraction of the FHV and Uber rides in
downtown urban districts of many cities are shor2f and share similar characteristics with our New York City
analysis. Tra c congestion in cities is a global problem, and our observation that biking is faster than a car ride
for ultra-short rides will likely hold for many other cities as well.

4 COSTS AND CARBON BENEFITS OF ELECTRIC BIKE-BASED HYBRID BIKE SHARE SYSTEMS

Having analyzed the feasibility of substituting shorter car rides with bike rides, we next analyze the cost and
carbon bene ts of modest levels of ride substitution. Speci cally, we analyze the number of additional bikes
needed to handle the higher demand due to ride substitution, the costs of using a hybrid mix of electric and regular
bikes to meet this higher demand, and the carbon emission reductions resulting from such ride substitutions. We
rst describe our research methodology and then our results.
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