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ABSTRACT 1 
Bicycle parking data and analysis are necessary for evaluation of facility designs and parking 2 
plans, and for analysis of bicycle use more generally; they inform efforts to promote bicycle use, 3 
and provide direction for policy-makers and planners. However, there is a lack of research and 4 
data related to bicycle parking, and no standardized methodology for data collection. Measures 5 
such as duration and turnover have long been identified with vehicular parking studies, but have 6 
not been utilized in the study of bicycle parking.  7 

This paper begins to fill this research gap by proposing a methodology to collect detailed 8 
bicycle parking data. This methodology makes use of digital photography to capture detailed 9 
parking data over a period of time, including arrival and departure times, parking durations, and 10 
turnover rates. This paper documents a trial data collection, and suggests ways in which the data 11 
can be used to answer specific research questions. In addition, the authors evaluate the feasibility 12 
of the proposed methodology, quantifying the work effort needed to perform the collection and 13 
analysis. This type of research can provide valuable information for universities and public 14 
transportation agencies, as they plan for, monitor, or improve bicycle parking facilities. 15 

INTRODUCTION 16 
In the US, bicycling is increasingly regarded as an important and underutilized mode of 17 
transportation, and municipalities and institutions have set goals for increasing bicycling mode 18 
share. Donald Shoup and others have argued that free and abundant automobile parking is 19 
directly and causally linked to high rates of driving in the US (1). It is therefore not too great a 20 
leap to suggest that provision of ample and secure bicycle parking has a crucial role in efforts to 21 
increase bicycle use.  22 

Bicycle parking data and analysis are necessary for evaluation of facility designs and 23 
parking plans, and for analysis of bicycle use more generally; they inform efforts to promote 24 
bicycle use, and provide direction for policy-makers and planners. However, there is a general 25 
lack of research and data related to bicycle parking, and no standardized methodology for data 26 
collection. Measures such as duration and turnover have long been identified with vehicular 27 
parking studies and viewed as essential to understanding and predicting vehicular trip generation 28 
–but these measures have not been utilized in the study of bicycle parking or trip-making.  29 

This paper begins to fill this research gap by proposing a methodology to collect detailed 30 
bicycle parking data. This methodology makes use of digital photography, a widely available and 31 
inexpensive technology, to capture parking data over a period of time. Detailed data including 32 
arrival and departure times, parking durations, and turnover rates can be collected in this way. 33 
The authors document a trial data collection, and suggest ways in which the data can be used to 34 
answer specific research questions.  In addition, the authors evaluate the feasibility of the 35 
proposed methodology, quantifying the work effort needed to perform the collection and 36 
analysis.  37 

BACKGROUND 38 
Even within the field of bicycle-related research, parking issues have received scant attention: a 39 
2005 nation-wide review of pedestrian and bicycle data collection and facility inventory efforts 40 
included no research on bicycle parking activity or utilizing bicycle parking data, and little 41 
information related to the planning, construction, or inventory of bicycle parking facilities (2). 42 
Nevertheless, there is a body of literature relevant to this bicycle parking investigation, and it can 43 
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be loosely grouped into three categories: policies, programs, and design guidelines; bicycle 1 
parking studies; and vehicular parking study methodologies.  2 

Policies, Programs & Design Guidelines 3 
Throughout the twentieth century, public bicycle parking in the US was largely confined to areas 4 
designated for pedestrian use—sidewalks—and occasionally to areas in parking structures not 5 
suitable for automobiles. In other words, bicycle parking was not a discrete, well-established or 6 
uniformly defined use of space. Where dedicated facilities have existed, they were frequently 7 
plagued with inefficient and unsafe designs. In some areas, adequate supply of dedicated bicycle 8 
parking simply did not exist. This has been illuminated in recent years as individual pole-9 
mounted parking meters have been replaced by multi-space parking kiosks. Bicyclists in cities 10 
across the country found themselves with no place to park, and local governments responded in a 11 
variety of ways—from adapting old poles to new life as dedicated bicycle parking, to piloting 12 
use of new solar-powered individual-space meters with electronic payment options, to launching 13 
municipal bicycle parking programs (3, 4).  14 

Universities were among the first in the US to formalize institutional policies, programs, 15 
and research related to bicycle parking. This may be the result of their limited sizes, youthful 16 
student populations with lower rates of car ownership, and academic orientation. More recently, 17 
cities across the country have also recognized the importance of bicycle parking: integrating 18 
bicycle parking into municipal codes and plans, setting standards for bicycle parking, 19 
formalizing the provision of public bicycle parking, and instituting bicycle parking requirements 20 
for new or existing buildings. New York City, established zoning requirements for bicycle 21 
parking in residential and workplace construction in April 2009 (5). More comprehensive lists of 22 
bicycle programs addressing parking concerns are maintained by a variety of organizations, 23 
including the Association for the Advancement of Sustainability in Higher Education (6), the 24 
National Center for Bicycling and Walking (7), and the National Association of City 25 
Transportation Officials (8). 26 
 In addition to formal ordinances and programs, bicycle parking facility design guidelines 27 
are available from numerous sources, including the Federal Highway Administration (9), 28 
professional organizations such as AASHTO (10) and the Association of Pedestrian and Bicycle 29 
Professionals (11), and non-profit bicycle advocacy groups such as the Victoria Transport Policy 30 
Institute (12) and the Initiative for Bicycle and Pedestrian Innovation (13). These guidelines 31 
typically indicate minimum space requirements for bicycle parking and suggest steps to improve 32 
parking conditions through policy and program implementation. Beyond the facility inventory, 33 
there is no discussion of data collection.  34 

Bicycle Parking Studies 35 
The authors found little evidence of academic work related to bicycle parking. However, 36 
university and municipal parking studies have been performed in conjunction with many of the 37 
programs discussed previously. Most of these studies are descriptive—focused on the allocation 38 
of resources or progress toward established goals. Nevertheless, they provided guidance for the 39 
current research. Bicycle parking studies, in general, have employed two basic methods, often in 40 
conjunction with one another: counts and surveys. 41 

Bicycle Parking Count Data 42 
The University of Washington (UW) has published a report on campus bicycle parking every 43 
year since 2000 (14). These analyses have relied on annual campus-wide bicycle counts, each 44 
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conducted during a single four-hour, mid-day period on a sunny, mild spring day. This 1 
methodology is an attempt to measure accumulation during a peak demand period, and provides 2 
a snapshot of bicycle parking activity; herein this method is referred to as the snapshot approach. 3 
The snapshot approach is roughly equivalent to vehicular accumulation studies such as the ITE 4 
trip generation data collection (15).  It has been widely used in university and municipal studies, 5 
such as those done by the New York City Department of City Planning (16), the Portland Bureau 6 
of Transportation (17), and Portland State University Transportation and Parking Services (18).  7 

Using the snapshot data, ―utilization rates‖ are typically generated by dividing the 8 
number of bicycle parked by the design capacity of the parking facilities. Utilization rates for 9 
individual parking facilities and larger areas, including entire university campuses, are 10 
commonly reported and used to instruct changes to parking plans and facilities. In their 2009 11 
Bicycle Parking Assessment, program managers at University of Colorado at Boulder appear to 12 
have improved on the standard snapshot method by performing multiple counts over the course 13 
of a month, using the highest counts at each location to determine peak demand (19).   14 

The snapshot approach has several advantages. Used year-to-year, it can provide 15 
information about trends in overall bicycle use. It can also provide some information about user 16 
preferences. For example, UC Boulder’s 2009 Assessment (20) grouped parking facilities based 17 
on their proximity to building entrances, and reported anecdotally that when utilization rates 18 
were above 75 percent, the number of ―errata‖ bicycles—those found locked to nearby benches, 19 
railings, street signs—increased dramatically. As a result, the authors recommended setting a 20 
―target utilization rate‖ at 75 percent of the facility design capacity.   21 

The snapshot approach also has drawbacks. It cannot provide arrival or departure 22 
information, or count the number of individual parking events over a period of time. Also, 23 
sample sizes and experimental controls are limited, and the data collection can be cumbersome 24 
and require interpretation in the field. Addressing these shortcomings was an objective in the 25 
development of the time-series methodology. 26 

Bicycle Parking Survey Data 27 
Surveys are often used in conjunction with the snapshot approach. For instance, UW surveys the 28 
renters of its 600 bicycle parking lockers to obtain utilization data which is incorporated into the 29 
campus-wide statistics (14). PSU Transportation and Parking Services uses surveys to glean both 30 
broad and deep information by conducting an annual bicycle survey, and biennial student and 31 
employee commute surveys (18). 32 

Survey data have two significant limitations. First, surveys generally rely on individuals' 33 
perceptions to report factual information, such as travel time to the parking site, and arrival and 34 
departure times, thus the data are prone to error. Second, respondents to topical surveys typically 35 
constitute a self-selected group, and bias between this group and larger populations is not clear. 36 
Some bias can be eliminated by over-sampling select subgroups, or by heuristic analysis using 37 
multiple surveys. For example, the PSU bicycle survey mentioned above is performed over the 38 
course of a week, where response cards are attached to as many bicycles on campus as possible; 39 
postcards direct potential respondents to an online survey. Respondents in this case are self-40 
selected. In contrast, the student and employee commute surveys randomly select and contact 41 
potential respondents directly. Despite these shortcomings, surveys can provide useful 42 
information about bicycle parking. One repeated finding is that the lack of secure parking is one 43 
of the most frequently cited barriers to bicycle use for transportation (18, 21). 44 

One current topic of enquiry is the economic impact of bicycle parking. The city of 45 
Portland, OR, has a growing program that repurposes curbside automobile parking spaces for 46 
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bicycle parking. These so-called ―bike corrals‖ are intended to meet the demand for bicycle 1 
parking and to remove bicycle parking congestion from pedestrian zones and store fronts, but 2 
what are the economic impacts of bike corrals? A 2010 report indicates that in general owners of 3 
businesses near bike corrals perceive increased patronage by bicyclists, and increased demand 4 
for bicycle parking (22). This finding corroborates the earlier supposition that the provision of 5 
parking may help promote bicycle use. However, the study author specifically notes that he was 6 
unable to determine whether the business owners’ perceptions of increased traffic and patronage 7 
were accurate. A new method is needed to address these questions. 8 

Vehicular Study Methodologies 9 
Not surprisingly, vehicular parking studies informed the development of the proposed 10 
methodology. Accumulation, volume, duration, and turnover, are well-established measures of 11 
parking activity and objects of routine data collection and study (23). These measures are defined 12 
as follows: 13 

 Accumulation is the number of vehicles parked at a facility. 14 
 Volume refers to the number vehicle parking in a facility over a period of time. 15 
 Duration is the amount of time a vehicle is parked. 16 
 Turnover is the ratio of volume to capacity of a facility. 17 

Categorization of parking activity by duration is also standard practice, though specific 18 
definitions such as short-, mid-, and long-term vary. All of these measures are relevant to bicycle 19 
parking, but only peak accumulation appears to have been the subject of study. 20 

Additional considerations were found in the Boston Metropolitan Area Planning 21 
Council’s description of using license plate numbers as unique vehicle identifiers (24), and in 22 
Syrakis’s and Platt’s documentation of what appears to be one of the first uses of aerial 23 
photographs in parking studies (25). Finally, the authors noted several instances in which data 24 
collection was found to be time-consuming, expense, and a limiting factor. This was particularly 25 
common is the case of bicycle-related studies (2, 24). 26 

METHODOLOGY 27 
Based on the review of literature, the following were determined to be requirements of any new 28 
methodology: (1) the ability to capture duration (the length of time a bicycle is parked), 29 
accumulation (the number of bicycles parked at any given time), and volume (the total number of 30 
bicycles parked over a period of time); and (2) a high degree of efficiency in terms of cost, 31 
researchers’ time, and equipment. 32 

Digital photography provided an ideal tool to capture raw data under these requirements. 33 
Photos taken from the same position at regular time intervals allow for the identification of 34 
individual bicycle arrival and departure to within a particular time interval. Additionally, the data 35 
can be used to approximate parking duration derived from the arrival and departure times.  36 

One obvious drawback is that a bicycle that is parked and removed within a single photo 37 
interval will not be observed or counted. On the other hand, the photographic record eliminates 38 
the need for counting and interpretation in the field. The method is relatively inexpensive in 39 
terms of equipment cost and data storage, compared to video monitoring; video monitoring could 40 
be used to obtain more precise data, but may require more processing time and storage space. 41 
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 1 
FIGURE 1  Study area, with photograph locations and identification numbers. 2 

Study Area 3 
The study area included 35 bicycle parking areas with a total of 368 bicycle parking spaces, all 4 
on the campus of PSU. Though parking area capacities varied, each parking area used the 5 
―inverted-U‖ rack as a fundamental unit—that is, each was composed simply of multiple 6 
―inverted-U‖ racks. Because this is a feasibility study, rack locations were selected to reflect a 7 
variety of parking conditions, from isolated curbside racks, to covered racks adjacent to staffed 8 
parking kiosks, to large groups of racks adjacent to multiple building entrances. Capacities of the 9 
parking areas ranged from two (for a single rack), to 70.  10 

It was also important to select racks that were within a reasonable walking distance of 11 
each other to ensure efficient data collection. After the racks were selected, 49 data collection 12 
vantage points were identified and ordered, and a data collection route was previewed. For high 13 
capacity parking areas, multiple photographs were deemed necessary. The study area, selected 14 
rack locations, and photograph vantage points are shown in Figure 1.  15 

Data Collection 16 
The study period was 12 hours, 8:00 AM to 8:00 PM, with a time interval of one hour between 17 
photographs. Data collection was performed on Thursday, November 5

th
, 2009, weather was 18 

overcast with sporadic light rain.  19 
Every hour, a research team member traveled the designated route, taking the prescribed 20 

photographs in chronological order. By following the predetermined route and photo sequence, 21 
photos taken at each individual rack were approximately one hour apart.  Timestamp recording 22 
ensured that the photos were correctly identified. 23 
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Following field collection, a web-based application was used to store, tag, and sort the 1 
photos by time and location. Figure 2 presents a sample of photos taken between 8:00 AM and 2 
12:00 PM at photo location ID 11. As shown, a parking event record was created for each 3 
bicycle observed, along with descriptive notes. Indicator variables were used to record the 4 
presence of the bicycle in the photo record, implicitly recording arrival and departure data. 5 
Defining a ―parking event‖ as the arrival, presence, and departure of a bicycle at a parking 6 
facility ensured the linking of arrival and departure data, and allowed for additional analysis. 7 

 8 
FIGURE 2  Sample photos and data collection sheet for location 11; in the table, "1" 9 
indicates the presence of a particular bicycle at a particular time. 10 

RESULTS 11 
The parking event data can be processed to obtain the desired measures (accumulation, duration, 12 
and volume), both for individual locations and the study area en masse. In addition, arrival and 13 
departure times can be examined. Together, these measures create a toolkit for decision makers 14 
to use when comparing facility applications, or evaluating a bicycle parking system.  15 

Volume and Turnover 16 
The collected data revealed a total of 490 individual parking events (the total parking volume) 17 
over the 12 hour period, yielding an over all turnover rates of 1.33 parking events per space per 18 
day. Turnover rates for individual parking locations however varied from 0.0 to 3.0, suggesting 19 
that a comparative analysis of turnover rates based on facility characteristics may be a fruitful 20 
topic for future research.  21 

Duration 22 
The Portland Bureau of Transportation categorizes bicycle parking activity by duration: short-23 
term is used to describe parking events lasting less than two hours, mid-term is for durations 24 
between two and four hours, and long-term is for durations greater than four hours (26). Using 25 
these categories, the breakdown of observed parking events is shown in Figure 3.  26 
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 1 

 2 
FIGURE 3  Duration of observed parking events. 3 

As an example of how such information might be used, note that the PSU bicycle program has 4 
received complaints about crowded parking near building entrances. Duration data from these 5 
locations could explain this as the result of long term visitors utilizing racks close to building 6 
entrances. If long term visitors are more likely than short term visitors to be enticed to alternative 7 
parking locations by the provision of sheltered or secured parking, then it would be reasonable to 8 
suppose that provision of such amenities would free-up parking close to building entrances for 9 
short term visitors. Again, duration data could be used to quantify the potential of this proposal.  10 
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FIGURE 4  Accumulation and occupancy for the entire study area, as a function of time. 12 

Accumulation and Occupancy 13 
Accumulation in vehicular studies is often plotted against time of day. Figure 4 shows an 14 
accumulation plot of the bicycle parking data over the 12 hour study period. Interpreting this 15 
plot, it appears that even during peak accumulation there is still parking available, even allowing 16 
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for turnover losses.  Expressing accumulation as a percent of capacity provides a measure 1 
referred to here as occupancy (on the right vertical axis in Figure 4). This measure appears to be 2 
a useful tool for comparing specific rack locations, as shown in Figure 5. 3 
 4 
 5 
 6 
 7 

The authors observed that the locations adjacent to entrances to popular campus buildings 8 
(such as the Smith/Cramer courtyard) experienced particularly high accumulations, with more 9 
than two bicycle s parked at a single rack, or overflow bicycles parked at trees and benches 10 
during midday. In contrast, a large rack group on Montgomery Street, located 225 feet from 11 
entrances to Smith and Cramer Hall experienced no more than 25 percent occupancy throughout 12 
the day. These results are presented in Figure 5. These findings not only confirm the common 13 
thinking that users prefer to park close to their (assumed) destinations, they allow this preference 14 
to be quantified, and potentially compared to other user preferences. Such analysis might lead 15 
campus planners to provide incentives at the Montgomery location that would attract long term 16 
users, as discussed previously. 17 

CONCLUSION 18 
The methodology developed through this research offers a simple collection method that requires 19 
no special equipment or software. The researchers feel that the data collection and compilation 20 
efforts were efficient for the quantity of data gathered. The data offer deeper insight into 21 
bicyclists’ parking behavior than was previously available, and opportunities for analysis with 22 
more robust statistical comparisons.  23 
 In the feasibility study data was collected for 368 bicycle parking spaces on PSU campus. 24 
Measures previously associated with vehicular studies were successfully applied to bicycle 25 
parking data and produced results consistent with expectations.  26 
 Throughout this study, the researchers tracked the pace of the project (Table 1) by 27 
recording the time spent in field collection, data recording, and analysis to provide PSU campus 28 
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decisions-makers with a detailed summary of the work effort. The authors note that with minimal 1 
training the majority of this work could be performed by interns or staff with little experience or 2 
expertise. Also, the authors feel that there are opportunities for efficiencies in image processing, 3 
data tabulation, calculation and analysis, that may be realized as the methodology is refined.   4 
 5 
TABLE 1  Distribution of Work Effort 6 

Task Work Effort 

Data Collection for 368 bicycle parking spaces 13 hours 

Photo Upload, Tagging, and Organization  20 hours 

Image Processing, Data Tabulation 25 hours 

Calculation and Analysis 25 hours 

Methodological Recommendations 7 
Despite the limited data collection involved in this study, the authors identified several 8 
rudimentary details critical for successful data collection: 9 

 Camera resolution should be matched to photo content: photos of multiple racks and 10 
those taken at greater distances require higher resolutions. When in doubt, err on the side of 11 
higher resolution. 12 

 At most, six ―inverted-U‖ racks should be included in a single photo; higher numbers of 13 
racks decrease the visibility of individual bicycles. As the complexity of the rack increases, the 14 
time required to analyze and record the data increases dramatically, but the optimal number of 15 
racks per photo is not yet clear.  16 

 Extra photos should be taken if collections are performed at night, dawn or dusk. 17 
 Locations for analysis should be chosen based on specific research hypotheses; the 18 

breadth of locations was sufficient for this feasibility study, but limited the quantity of data 19 
related to more precise topics.  20 

 Finally, the trial study only captured bicycles parked at dedicated bicycle parking 21 
facilities. There were bicycles within the study area parked to street signs, street trees, etc. The 22 
authors feel that future studies would benefit from a standardized method for counting these 23 
bicycles. 24 

Future Applications 25 
The data collection methods outlined in this research is versatile, and the data robust. The 26 
method can be adapted to a variety of conditions and applied to a range of research questions. 27 

The photo interval defines the ability to capture short duration parking events, and 28 
determines the precision of the duration analysis. The highest resolution of parking duration in 29 
the trial study was one hour. In future research, the interval and resolution should be adjusted to 30 
ensure the expected parking durations are captured. 31 

Photographic collection preserves more data than was examined in this study, such as 32 
weather conditions, bicycle types, cargo, etc. This presents opportunities for further 33 
investigation. The method could be paired with perception survey to target information such as 34 
trip origins and destinations. The use of automated cameras or web-cams could expand and 35 
simplify the data collection. 36 

Finally, feedback from city planners, universities, and researchers is needed in order to 37 
build consensus on the methods and measures used to investigate bicycle parking. 38 

39 
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