
 

Mapping Bike Share Trips: A Spatial Approach to Evaluating Supply 

and Demand for On-Street Bicycle Facilities in New York City 

Author: Katie O’Sullivan 

 

Affiliation: Master of Regional Planning (MRP) Candidate, University at Albany – SUNY 

 

Abstract 

 

The mode-share of cycling is growing in cities across the U.S, though bicycle counts do not yet 

capture average annual daily traffic (AADT) or other measures of where cyclists travel across 

street networks. Understanding the spatial distribution of cycling within a city would help 

officials prioritize facility improvements according to where they’re most demanded, which has 

powerful implications for improving ridership and safety. Bike share system data provides an 

opportunity to begin illuminating this spatial blind spot. This paper describes an application of 

GIS line density analysis to a sample of three months of bike share trips, approximated by origin-

destination pairs from Citi Bike system data. Trip density is overlaid with New York City's on-

street bicycle facility network to evaluate the strengths and weaknesses of the network in 

accommodating demand for bicycle travel. Future research implications include coordination 

with the Citi Bike expansion, alternative metrics and analyses, and technological developments 

in data collection such as individual activity tracking and GPS-enabled bikes.  
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Mapping Bike Share Trips: A Spatial Approach to Evaluating Supply 

and Demand for On-Street Bicycle Facilities in New York City 

 
 

Introduction 

 

Evaluation of biking, whether in terms of commuting rates, injuries, or demographics, 

often occurs at the scale of an entire city.  While important for comparing progress over time or 

variation within a nation, data collected at this scale offers limited insight. Finer-grained analysis 

of bike trip distribution within cities helps local authorities to prioritize infrastructure 

improvements according to where they’re most demanded or needed, which has powerful 

implications for ridership and safety. There has been ample research demonstrating that as more 

bicycle infrastructure is built, more people will use it. A regression analysis of bicycle mode 

share for work commutes in the nation’s 90 largest cities found that bicycle facilities (separated 

paths and bike lanes) have a significant association with higher levels of bike commuting, 

independent of other factors that affect cycling such as sprawl, higher gasoline prices, and traffic 

fatalities (Buehler & Pucher, 2012).  Recent research in Minneapolis, MN confirms that bicycle 

infrastructure improvements over the past decade, such as the inter-city Greenway, have induced 

significant increases in bicycle commuting (Obesity Society, 2014). Other important factors 

affecting bicycle commuting rates include employers’ provision of bike parking and showers at 

worksites (Buehler, 2012). 

The New York City Department of Transportation (NYC DOT) has compared the 

expansion of the city’s on-street bicycle network over the past five years with an indicator of 

bicycle commuting derived from traffic counts, and found that expansions in the street network 

have produced corresponding increases in bicycle commuting within one year (NYC DOT, 

2013a). The increase in cycling has positive safety implications, as the NYC DOT demonstrated 

a strong connection between cycling rates and the dramatic decrease in cyclists’ risk of injury 

and collision with vehicles over the past 10 years.  These trends suggest that the two truisms “if 

you build it, they will come:” and “safety in numbers” apply to bicycling in New York City as 

much as anywhere: that development of bicycle facilities induces latent demand for people to use 

them, and that as more cyclists are out on the street, there is less of a chance that any one of them 

will get hurt. It’s important to track where bicyclists travel in order to maximize these positive 

multiplier effects of infrastructure on ridership and safety. 

The connection between on-street bicycle facilities, ridership, and safety is especially 

relevant with regards to bike share riders, who are often thought of as more novice compared to 

cyclists who ride bikes that they own. Existing research on bike share users in other cities 

confirms this stereotype. A 2007-2008 study comparing characteristics of Capital Bikeshare 

users to “regular” bicyclists in Washington D.C found that both short-term and annual members 

were more likely to be women, younger, lower income, to cycle for utilitarian purposes, and to 

replace trips usually made by transit or walking rather than private vehicle (Buck et al., 2013). 

The authors concluded that bike share programs may increase bicycling among new segments of 

society and increase the overall mode share of bicycles, though will not necessarily divert 

motorists. Bike share users are also less than half as likely to be wearing helmets than other 

cyclists, making them more vulnerable to serious injury from a collision (Fishman, Washington, 
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& Haworth, 2013). Since bike share users are usually motivated by convenience, increasing the 

level of service available to them may improve mode substitution away from private car travel 

(Fishman, et al., 2013). Improving bicycle travel infrastructure offers one such strategy to 

increase level of service and safety to make bike share a convenient, appealing alternative. In 

New York City, a rigorous quantitative study of street infrastructure and crashes showed that 

installation of bicycle lanes did not lead to an increase in crashes, despite likelihood of a 

considerable rise in the number of cyclists using those lanes (Chen et al., 2012). Another study in 

Vancouver and Toronto found that cycling injury risks were significantly lower along busy 

streets with bike-specific infrastructure (Teschke et al., 2012). 

It is important to note that bike share has itself made significant contributions to the 

volume of cyclists on the streets of New York City. Screenline counts since 1980 suggest an 

average annual increase of 3.48% in bicyclists. The NYC DOT estimates that commuter cycling 

has grown 77% between 2000 and 2007, and 35% between 2007 and 2008 (NYC Department of 

City Planning, 2009).  At that time, over 540,000 residents considered themselves “regular 

cyclists,” and according to the 2011-2013 American Community Survey, over 37,000 NYC 

residents reported that they usually got to work by bicycle. Within three months of introducing 

Citi Bike, more than 70,000 people became annual members, and on the busiest days, took more 

than 40,000 trips, or about seven trips per bike in circulation (Flegenheimer, 2013). Bike share 

systems were also found to increase cycling levels in cities with pre-existing low levels of 

cycling, and are estimated to contribute 1-1.5% increase in mode share (DeMaio, 2009).  

A bike share implementation guide published by the Pedestrian and Bicycle Information 

Center suggests a set of metrics for program evaluation that include ridership, economic self-

sufficiency, popular attitudes about bicycling, promotion of healthy living (through calories 

burned), access by low-income residents, trips per day/week/month/station, number of bicycles 

in service, bike availability, and member counts (Toole Design Group & Pedestrian and Bicycle 

Information Center, 2012). These recommended performance measures overlook the richly 

geographic nature of trip data and the possibility to compare trip frequency with bicycle 

infrastructure, collision incidents, and other environmental data to better understand where and 

how cyclists need to be accommodated within a city. 

Bike share system data provides an opportunity to gain greater insight about where 

bicyclists tend to travel within cities, because the origins and destinations are continuously 

logged for all trips. This trip log is greater than 10,000 per day during most of the year in New 

York City. Given the knowledge gap of bike trip distribution within cities, bike share system 

data is a good starting point for exploring the spatial distribution of demand for bike travel. Of all 

the world cities with established bike share systems, I chose to focus my analysis on New York 

City for several reasons. First, the large sample size: the Citi Bike system is the largest bike share 

in the country, contains 6,000 bikes and often involves more than a million trips per month 

during peak season (NYCDOT, 2014). Additionally, New York City has taken proactive 

measures to accommodate bicyclists with on-street facilities and other infrastructure projects all 

over the five boroughs, and provides easy public access to geographic data for these facilities. 

 

Existing Analysis 

 

Currently, national data sources on bicycling include the American Community Survey, 

the Bureau of Transportation Statistic’s Omnibus survey, and the National Household 

Transportation Survey, which document the number of trips, trip purposes, lengths, and opinions 
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about bicycle travel. While these data sources capture general trends in the behaviors and 

attitudes of Americans about cycling at the national, state, and city-levels, they have been 

criticized for underrepresenting bicycle trips (Schneider, Patton, Toole, & Raborn, 2005). 

Perhaps more importantly, these sources do not show how cycling varies within cities. Intra-city 

analysis is most effective for targeting bicycle infrastructure investments where they will have 

the greatest impact. 

 Many local governments run their own “bicycle count” programs and surveys to 

understand the opportunities and barriers for cycling across a community of interest. However, 

these counts provide limited geographic information because they are usually collected 

manually, at only a handful of locations, and represent limited periods of time. The NYC DOT’s 

Bicycle Screenline Count monitors the number of bicycles entering and leaving Manhattan at 

five key gateway points:  the East River Bridges, the Staten Island Ferry, and each bridge at 50th 

Street. It has been conducted annually since 1985, and three times a year (May, August, and 

September) since 2007. The count is conducted on a Monday, Tuesday, or Wednesday, includes 

a 12-hour count (7am-7pm) as well as an 18-hour count since 2007. This data is used to derive 

the Cycling Commuter Indicator, which indexes annual counts to the baseline year of 2000 and 

estimates that bicycle commuting has increased 390% from 2000 to 2011 (Sadik-Khan, 2011). 

The city’s Cycling Risk Indicator complements this evaluation by showing the number of 

bicyclists killed or seriously injured standardized by the number of cyclists on the road, and has 

shown a reciprocal decrease of over 300% (NYC DOT, 2013b).  

Individual activity tracking via smartphones and other GPS-enabled mobile devices is the 

wave of the future for transportation data collection, though the sample quality of current 

applications is still poor. Fitness tracking smartphone applications such as Human log the precise 

routes people take and by what mode, and aggregate this data to create geographic and temporal 

visualizations illustrating where and when app users walk and bicycle through 30 major cities 

(Human.co, 2014). While this personal activity tracking data provides an unprecedented level of 

detail about route choice, it is problematic for making broader inferences about cyclist travel 

behavior within a city. First, the data offers a limited sample of cyclists: smartphone users who 

subscribe to this service to track their movement for fitness purposes. The data is owned by a 

private company, which does not release the sample sizes or time frames that these visualizations 

represent. Data is available as a percentage of mode-share at the city level, though the total 

number of trips are not represented, and it is therefore impossible to estimate how representative 

this sample is of all bicycle trips. 

Nevertheless, individual movements tracking holds a lot of promise for multi-modal 

transportation data collection. The New York City Department of Transportation has picked up 

on this trend of using smartphones, tablets, and other devices to transmit real-time travel data 

from cyclists, pedestrians, and motorists alike (Park, Kim, Marsico, & Rasheed, 2014). 

Additionally, the University Transportation Research Center has issued a call for research 

proposals related to individual movement tracking. In a research project prior to the era of 

ubiquitous smart phones, on-person GPS units were used to track movement and automatically 

detect transport mode based on travel speed. These sorts of innovations are important for data 

collection, because they reduce burden on respondents, improving data accuracy, and also reduce 

data collection costs (Lawson, Chen, & Gong, 2010). 

Several universities have explored spatial and temporal dimensions of bike share usage 

by developing systems to track bike distribution and ensure that supply and demand for bikes 

and open spaces at stations remain in balance. Such projects include Columbia University’s 
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Spatial Information Design Lab’s Citi Bike Rebalancing study (2014) and Tel Aviv University 

(2013).  While these studies do not connect origins with destinations to track entire trips, they do 

address significant redistribution issues faced by many bike share systems in large cities: soon 

after Citi Bike launched, it struggled to re-distribute bikes between stations to ensure that all 

remained in service (Flegenheimer, 2013).  Columbia’s Rebalancing Study found that activity 

hotspots remained relatively constant between 10am and 12am, and that areas around transit 

stations, (particularly Union Square, Grand Central, and Penn Station,) had high concentrations 

of origins and destinations during peak hours. There was a shift in activity toward the East 

Village and Lower East side area during most of the night. Monthly operating reports from Citi 

Bike confirm these trends. The relative popularity of stations has remained consistent over the 

months, with the most popular stations (both as origins and destinations) being near major transit 

hubs, parts of midtown, as well as the east village and financial district in lower Manhattan, 

while the least popular stations are in Brooklyn (NYC Bike Share, 2013). 

Another application of bike share system data, in this case to evaluate distribution of trips 

across time, rather than across space, demonstrates common diurnal patterns across 38 bike share 

systems in the Americas, Europe, Asia, and Australia (O’Brien, Cheshire, & Batty, 2013). While 

this analysis was conducted before New York City’s bike share system was established, five 

American systems share trends such as a double-peak weekday usage and a wide single-peak 

weekend usage. Ultimately, the ubiquitous “9–5” working day, five days a week, plays out 

across most of the systems studied. 

 

 

Project Methods 
 

To address my research question of whether New York City’s network of on-street 

bicycle facilities provides adequate coverage to areas with highest bike share usage, I used two 

data sources. I obtained a shapefile (geographic data) of the bicycle route network from the New 

York City Department of Transportation data feed. The most recent data available was updated 

in May 2010, so any expansions or upgrades to the network after that date are not included in 

this analysis. My second data source was the Citi Bike Systems data, which provided origins and 

destinations of every bike share trips taken, in the form of monthly spreadsheets. This data 

excludes maintenance and test trips taken by Citi Bike staff, as well as “false starts” or trips that 

are less than one minute in duration.  This exclusion helps ensure that the systems data 

accurately represents the trips and intentions of bike share customers. I chose a sample of three 

months from the 15 months for which data was available, representing both higher-volume and 

lower-volume seasons, and spanning the year and a half timeframe that the system has been 

operating. I retrieved all data on 10/10/2014. 

To select the months for my sample, I used Figure 4  below, which illustrates the total 

number of daily trips since the Citi Bike system opened at the end of May 2013, through May 

2014, the most recent month for which systems data was publically available (NYC Bike Share, 

2014). This graph shows the seasonal and even weekly fluctuations in bike share use. The red 

sections of the graph represent the three months I chose as samples for my analysis: July 2013, 

December 2013, and May 2014.  
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Figure 4: Number of daily Citi Bike trips from May 2013 – July 2014, with sample months 

highlighted in red. 

 

 

In the statistical analysis software SPSS, I created a cross-tabulation chart of all possible 

origin and destination combinations, or “routes,” from the 332 stations that were active in my 

sample. For July 2013, December 2013, and May 2014 data, I used the cross-tabulation function 

in SPSS to calculate the number of trips on each route, or in other words, the number of trips 

belonging to each unique origin-destination pair. I restructured this cross-tabulation in SPSS to 

create separate spreadsheets for each month showing the frequency of trips along each route. The 

spreadsheets had only three fields: the origin station, destination station, and the number of trips 

taken on that route. I deleted all routes or origin-destination pairs that did not have any trips, 

which eliminated over 25% of all possible routes for each month. 

In ArcGIS, I geocoded routes based on station longitude and latitude information 

provided in the Citi Bike system data. I then visualized the frequency of trips taken along each 

route by creating origin-destination lines, colored lighter or darker according to number of trips 

taken. Using these route lines, I was able to create a heat map for the spatial density of trips, 

using the Line Density Function. For this analysis, I used the program’s default settings for 

output cell size and a search radius of 500 feet, encompassing about two north-south blocks in 

lower Manhattan to account for cyclists’ deviations from the Euclidian origin-destination lines.  I 

kept these settings constant between the three months for which I conducted the analysis to allow 

for direct visual comparison between maps. I then overlaid the line density output (a raster layer 

of “hot spots”) with the city’s existing network of bicycle facilities to visualize the degree of 

overlap between trip frequency and facilities, which led to identification of strengths and areas 

for improvement. 
 

Results 
 

To provide context for the maps, Table 1 below summarizes key parameters of bike share 

routes and trips for each of the three months. The most recent month, May 2014, had the greatest 
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number of trips (over 866,000), though these trips were spread over a fewer number of routes 

(about 70,000) than in July 2013 (almost 77,000). I noted the number of trips taken on the most 

popular route, and found that for each month, the same few routes recurred as the most popular, 

and that these routes were all pairs of the same origin and destination. In other words, a bike 

share user would take out a bike, ride it around, and return it to the same station, indicating they 

were riding for leisure or recreation rather than transportation. This conjecture is supported by 

the location of high-popularity, same-origin-destination routes in close proximity to Central Park 

– one of the city’s primary recreational destinations. Lastly, I reported the percentage of trips 

taken each month that had the same origin and destination, to understand the percentage of trips 

that were taken for leisure rather than transportation. They constitute a relatively small subset of 

bike share trips, ranging from about 1-3% in the months I analyzed. As would be expected, the 

percentage of same origin-destination trips is lowest in December (1.74%), when New York 

City’s weather conditions are less inviting to leisurely cycling. 

 

Table 1: Summary of bike share routes and trips by month 

Month 
Active 

Stations 

Total 

Trips 
Routes 

Most number of trips on 

one route 

Trips 

with same 

O-D 

July 2013 328 835,921 76,964 

2,099 trips 

(Central Park S & 6 Ave, 

same origin-destination) 

27,871 

(3.33%) 

December 

2013 
332 439,955 54,960 

369 trips 

(Central Park S & 6 Ave, 

same origin-destination) 

7,635 

(1.74%) 

May 2014 327 866,117 70,484 

1,433 trips 

(Central Park S & 6 Ave, 

same origin-destination) 

24,994 

(2.89%) 

 

Map 1 on page 8 shows for each month all unique routes (approximated by lines 

connecting bike share origins and destinations), which are colored a lighter or darker shade of 

blue according to the number of trips taken. The city’s on-street bicycle network is overlaid on 

top of the bike share routes for reference, though review of trip data in this visually noisy format 

is better suited to broad, general comparisons rather than finer-grained analysis. It is also 

important to note that routes with the same origins and destinations are not visible on this map: 

they are represented as points. These lines and the trips they represent served as the input for the 

“line density” or heat map analysis, which better allows for visual comparisons across space and 

time. 

Significant observations from Map 1 include the denser web of high-traffic routes that 

develops in May 2014 within a half mile radius of Times Square, which may reflect the huge 

success of pedestrian improvements to the area, implemented in late 2013. While it is obvious 

that networks of dark-blue, high-traffic routes would be most prominent in May 2014, the most 

recent sample with the highest number of trips, the clustering of trips into a dense web that 

emerges in the Times Square area, as well as around Union Square, is worth noting.  Across all 



7 
 

three sample months, there is a relative void of high-traffic routes on the southern tip of 

Manhattan and on the eastern periphery of the bike share system in Brooklyn, compared to other 

areas. 

Map 2 on page 9 shows the spatial concentration of all the trips represented in Map 1 as a 

“heat map,” which shades the city a lighter or darker blue according to the relative density of 

bike share trips. The density scale is held constant between the three months, allowing for direct 

visual comparison. The relative density of bike trips did not vary greatly between these months, 

but they do differ in magnitude, with the map of December predictably being lighter blue 

because there were fewer trips. However, there were no significant shifts in hot spots from 

month to month.  Given the low density of bike trips in Brooklyn relative to Manhattan, it seems 

that this neighborhood is well-serviced by the existing bike route network. Further analysis, 

localized to Brooklyn’s geographic area, would reveal more subtle variation in bike share trip 

density to guide future improvements to the on-street bicycle facility network specifically within 

that borough.  

One of the main implications from Map 2 is to prioritize maintenance, repair, and 

upgrades along the existing bicycle corridors where bike share trips are concentrated. The areas 

with the highest route density seem to follow some of the city’s principle bicycle corridors, such 

as the north-south routes on Broadway and 8th avenue. This spatial congruence between demand 

and facilities may be partly explained by the participatory planning process for locating bike 

share stations within the system’s network, a process that included over 150 meetings from 2011 

to gather input from the public, community groups, elected officials, and other public agencies 

within the city (NYC DOT, 2013c). There are many stations along these principle bike corridors, 

and bike share users are more likely to stay on those corridors to go north or south because there 

are already facilities there to accommodate them. Concentration of trips around east-west 

corridors are less prominent, though some relative hot spots exist on the 9th and 10th Street 

corridors between the north-south bike routes on 5th and 1st Avenue, with a notable hotspot in 

summer months at the intersection of these streets with 2nd Avenue. There are also high densities 

around the transit stations at Union Square and Grand Central terminal. The Grand Central 

hotspot is to be expected because it has the highest average weekday ridership in the city 

(150,000) (NYC MTA, 2014). Bike network connectivity in those areas thus has broader 

implications for the mobility of city residents across the modes of bicycling and transit. 
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Discussion 
 

Ranking routes according to the highest number of trips reveals that recreational bike 

share trips with the same origin and destination constitute a small but significant portion of total 

trips per month, and that these trips dominate the most popular bike share stations. These trips 

are most prevalent in warmer months, and are concentrated near Central Park. Areas with high 

bike share trip density but little or no on-street bicycle facilities suggest need for network 

expansion or upgrades. I propose additional on-street bike facilities to connect hot spots 

identified in Map 1 to each other, and also important destinations in the City. These 

improvements are shown in Map 3 below. 

To connect Union Square and Grand Central transit stations to each other, and also to 

connect Grand Central with Central Park to the North, I propose a new bike facility on Madison 

that extends until the existing bike lane on E 55th Street, with another extension northwards from 

E 55th Street alone 6th Avenue to create another access points for bicyclists into Central Park. 

Currently, there is only one access point with bicycle facilities from the south of the park on the 

Western corner. The proposed bike facility along Madison Avenue will extend southwards to 

connect Grand Central Station with Union Square to the South, cutting westwards on East 23rd 

Street right below Madison Square Park to connect with the bike corridor along Broadway. On 

Madison, which is currently three north-bound traffic lanes with one lane of parking, I propose 

replacing one of the traffic lanes with a buffered two-direction cycle track, a bike facility that is 

physically separate from motor traffic and distinct from the sidewalk or other pedestrian 

walkways (NACTO, 2014). 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Map 3: Location of Proposed Improvements to Bicycle Facilities in NYC 
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Madison Avenue currently has three travel lanes (north-bound), with one lane parking on 

the west side. I propose to replace one lane of through-traffic with a two-way bike lane and 

buffer, protected by one lane of on-street parking. Around Union Square, I propose filling in the 

gaps in the existing bike route network by demarcating a cyclist corridor with colored paint 

around the perimeter of the walkway, so that cyclists can travel in their own space through the 

area with reduced risk of collision with pedestrians.  On the street University Place, which 

extends Southwards on the west side of Union Square, I propose shared lane markings 

(“sharrows”) or a signed route that connects with the east-west bike lane on 10th street. Shared 

lane markings or signage are the most appropriate facilities in this setting, as the street is too 

narrow for a dedicated bicycle facility. 

This analysis has several limitations. The first is the quality of the data source: bike share 

data does not provide an ideal representation of bicycle travel. Riders are confined to a network 

of existing stations, there may be selection bias among the behaviors and travel patterns of 

cyclists who choose to use bike share, and the particular routes they choose between origins and 

destinations are unknown. The limitation of route specificity can be addressed by using a 

dynamic radius for calculating line density in GIS that captures routes within a two-block radius 

rather than a static distance of 750 feet. A dynamic line density radius would better account for 

the deviations of a block or two that cyclists inevitably take from the Euclidian path between 

origins and destinations. Additionally, technological improvements in data collection will make 

available higher volumes of bike trip information with better accuracy in the near future. There 

are precise route-tracking opportunities with existing bike share systems that have GPS-enabled 

bikes. With expansion of Citi Bike into uptown Manhattan, Queens, and more of Brooklyn, 

mapping bike share trips may help guide expansion of the bike route network in these areas 

with less extensive coverage. Lastly, bike share system data captures other useful information 

that could provide additional insight if mapped, such as trips by gender, age range, time of day, 

or day of the week.  

  

Conclusion 

 

This project demonstrates that spatial analysis of bike share trip density (approximated 

by origin-destination lines) can be applied to evaluate infrastructure adequacy, and the results 

provide some key insights on the relationship between bike trip density and the on-street bike 

facility network in New York City. Existing bicycle corridors on Broadway and 8th Avenue 

showed high trip densities, indicating that maintenance and upgrades to facilities on these 

routes should be prioritized. Transit hubs like Union Square and Grand Central Station had the 

highest trip densities, which supports the findings of station-based (rather than trip-based) 

analyses by Columbia University and the Citi Bike system reports. Amenities that interface 

between bike share stations and transit stops would improve the mobility of bike share users 

and other cyclists by accommodating their unique needs when they choose to use transit for a 

leg of their trip. In addition to on-street facilities, these multimodal connections would include 

the design of transit stations, bus stops, transit vehicle design, cross-walks, curb-cuts, and bike 

parking.  
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