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The purpose of this planning report is 
twofold. First, this report seeks to 
understand the factors that lead to 
obstruction of the bike lane. Second, 
this report aims to generate policy 
recommendations that cities can use to 
reduce potential obstructions in their 
bike lanes. This report focuses its 
analysis and recommendations on two 
study cities ►Oakland and San José. 
These are both cities in the San 
Francisco Bay Area with ambitious bike 
plans and ambitious mode shift goals. It 
is the opinion of the author that 
maintaining free -flowing, unobstructed 
bikeways is essential to promoting the 
adoption of cycling as a mode of 
transportation ►especially for the 
☻ȩɣˉǟʫǟʻˉǟǌ Ʒ˞ˉ ǁɴɣǁǟʫɣǟǌ☼ ǁ̈ǁɋȩʻˉʻ ˉȞƒˉ
both cities aim to reach.

While there is significant literature on 
the perceived and actual safety of 
cyclists in specific types of bike lane 
infrastructure as well as the ability of 
bike lane infrastructure to influence 
mode choice, there is far less published 
research on obstructions in the bike 
lane. This report looks to help fill that 
gap by analyzing the causes of bike lane 
obstructions, looking for patterns as to 
where obstructions occur, and looking 
for ways to reduce obstructions. Cities 
are constantly dealing with competing 
interests in the public right -of-way and 
especially at the curb. Bike lanes, and 
specifically obstructions of those bike 
lanes are only one aspect of the 
roadway that cities must regulate. 
However, cycling mode share adoption ►
that is, more people choosing to bicycle 
for transportation ►is crucial for cities 
to meet climate goals. Additionally, 
cyclists are among the most vulnerable 
road users ►especially when compared 
to cars. Finding ways to improve the 

ǟȇȇȩǁƒǁ̈ ɴȇ ƒ ǁȩˉ̈☼ʻ ƷȩɅǟ˿ƒ̈ ɣǟˉ˿ɴʫɅ Ʒ̈
adopting policies that limit obstructions 
is something that all cities should 
consider. 

For this project, a mixed methods 
approach was taken. This report 
combines quantitative analysis of a 
unique data set with qualitative 
interviews conducted with planning staff 
at both study cities. The data for this 
report was collected in the field by the 
author. Additionally, obstructions were 
submitted directly to the author by 
other cyclists through an Instagram 
account (@whatsinthebikelaneoakland) 
that was created for this project. Just 
over one-fourth of Oakland obstructions 
were submitted through this account. 
Bike lane obstructions were recorded 
primarily on a series of defined routes in 
each study city. An attempt was made to 
balance as many lane-miles of Class II 
bike lanes and Class IV bikeways in both 
cities. Class II bike lanes are traditional 
paint -separated or buffered bike lanes. 
Class IV bikeways are protected, either 
parking separated, separated with quick 
build measures such as flexposts or 
jersey barriers, or separated with 
hardscaped concrete elements. Class I 
bikeways (fully separated from the right 
of way, such as an off-street trail) and 
Class III bikeways (designated bike 
routes or bike boulevards ►streets 
without a protected or painted bike 
lane, but lower traffic streets with traffic 
calming measures for routes defined as 
bike boulevards) were not included in 
this project. Obstructions on these 
routes were either too hard to measure 
(Class III) or completely outside of the 
normal realm of what is expected (Class 
I). 
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Collection of data occurred primarily 
between April 2022 and August 2023. 
When riding along the prescribed routes, 
the author would pull over and 
photograph any observed obstructions. 
Upon ending data collection for that 
day, the author would return home and 
categorize each obstruction in a 
spreadsheet. This spreadsheet 
contained the locational coordinates of 
the obstruction obtained from the 
photograph metadata, as well as the day 
of the week, time, date, street, cross 
street, bike lane class, and type of 
obstruction. 

Obstructions were categorized into three 
groups ►systemic obstructions, willful 
obstructions, and chaotic obstructions. 
Typically, systemic obstructions 
occurred when a vehicle blocked the 
bike lane due to not having anywhere 
ǟɋʻǟ ˉɴ ʠƒʫɅ╖  ɴʫ ˉȞȩʻ ʫǟʠɴʫˉ┼ ☻ɣɴ˿Ȟǟʫǟ
ǟɋʻǟ ˉɴ ʠƒʫɅ☼ ˿ƒʻ ǌǟȇȩɣǟǌ ƒʻ ƒ ʻȩˉ˞ƒˉȩɴɣ
where there was no legal parking space 
visible within a block. Systemic 
obstructions were typically delivery 
vehicles or work vehicles. Trash cans 
and dumpsters fell into this category as 
well, especially for those larger 
dumpsters that did not have a defined 
place in the street. Willful obstructions 
typically applied to privately owned 
vehicles whose drivers chose to park in 
the bike lane. Chaotic obstructions were 
often due to dumped objects or shared 
micromobility scooters in the bike lane. 

After the data collection period ended, 
the spreadsheets were transferred to 
Esri ArcGIS Pro, where they could be 
analyzed in conjunction with existing 
data layers. These data layers include 
the location of specific bike lanes in 
both study cities, the base zoning type 
at the site of obstruction, and the 
borders of Equity Priority Communities 

as defined by the Metropolitan 
Transportation Commission (MTC) for 
Plan Bay Area 2050. The goal of this 
analysis was to determine whether 
specific types of bike lane classes were 
more frequently obstructed, whether 
obstructions occurred more or less 
frequently around different land uses, 
and if populations who were already 
disadvantaged were being subjected to 
an increased number of bike lane 
obstructions.

Analysis of the field collected data 
revealed several important findings. 
First, there were twice as many 
obstructions in Class II bike lanes 
compared to Class IV bikeways. This was 
true in both study cities, despite 
recording more obstructions in San José 
than Oakland.  Additionally, this held 
true despite a disparity in existing Class 
IV bikeway mileage in the  study cities. 

Obstructions comprised of more than 
one object (multiple obstructions) were 
far more frequent in San José. These 
instances of multiple obstructions were 
usually related to garbage or recycling 
can obstructions, as well as due to 
unbundled yard waste. 

The most common obstruction by type 
varied across both study cities. It also 
varied by bike lane class. In Oakland, 
obstructions due to parked or idling 
vehicles (police vehicles, delivery 
vehicles, work vehicles, and private 
vehicles) accounted for over three -
quarters of all obstructions. This pattern 
was consistent across Class II and IV 
bike lanes ►though parked vehicles 
˿ǟʫǟ ʻǟǟɣ ȩɣ ôƒɅɋƒɣǌ☼ʻ Jɋƒʻʻ ¸¸ ƷȩɅǟ
lanes at much higher rates than Class IV 
bikeways (almost three to one).

viii
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In San José, the most common 
obstructor of the bike lane was garbage 
or recycling bins. These obstructions 
were also the most likely type to result 
in multiple obstructions. Garbage bin 
obstructions were often seen in 
conjunction with unbundled yard waste 
obstructions. This may be due to trash, 
recycling, and yard waste often being 
collected on the same day. Unbundled 
Yard Waste was an obstruction type 
unique to San José. Oakland requires 
residents to bundle their yard waste in 
paper bags or use provided green bins, 
like trash and recycling. Trash can and 
unbundled yard waste obstructions were 
more common in Class II bike lanes than 
Class IV bikeways.

Obstructions in Class IV bikeways, while 
less frequent, were often more likely to 
result in an impassable obstruction. An 
impassable obstruction is one that 
would likely force a rider to dismount 
their bike and walk on the sidewalk to 
pass the obstruction. Of the 72 
obstructions recorded in Class IV 
bikeways across both study cities, 53 
percent were deemed impassable based 
on a metric created for this study. 
Between the two study cities, this 
number was much higher in Oakland. 75 
percent of Class IV obstructions in 
Oakland were deemed impassable. 

Obstructions in Oakland were far more 
common in commercial zoning districts 
(n=56) than any other type of base 
zoning. The CN zoning type (Commercial 
Neighborhood Center) was the most 
common specific zoning in terms of 
obstructions (n=30). Residential uses 
were second (n=24) with the most 
obstructed residential specific zoning 
type being the RM (Residential Mixed 
Housing) zone (n=11). 

In San José, Residential zoning was the 
most frequently obstructed. There was a 
strong pattern between the density of 
housing and the frequency of 
obstructions. Residential obstructions 
accounted for 85 out of 140 total 
obstructions (60.7 percent). As density 
increased, so did obstructions. There 
were 18 obstructions recorded in the R -
1-8 zone (up to eight dwelling units per 
acre), 25 obstructions recorded in the R -
2 zone (up to two dwelling units per lot), 
and 38 obstructions recorded in the R -M 
zone (multiple dwelling units per lot). 59 
out of 85 (69.4 percent) obstructions in 
residential zones were due to garbage 
cans or unbundled yard waste.

Finally, this project looked at 
obstructions and their relation to MTC 
Equity Priority Communities (EPC), a 
composite indicator that measures 
concentrations of underserved 
population using demographic 
information such as race and income. 
When looking at cumulative obstructions 
across Oakland and San José, 
obstructions occurred more frequently 
in EPC census tracts than non-EPC 
census tracts. This was especially the 
case in San José, where 71.43 percent of 
recorded obstructions (n=100) were in 
cğJ ǁǟɣʻ˞ʻ ˉʫƒǁˉʻ╖ ôƒɅɋƒɣǌ☼ʻ ɣ˞ɝƷǟʫ
was less strong, with 44.19 percent of 
obstructions (n=38) in EPC census tracts. 
Both cities have EPC tracts around their 
downtown and spread throughout the 
study areas. The study areas included as 
even of a mix of EPC and Non-EPC tracts 
as possible. Both study cities have 
similar amounts of EPC area despite a 
major difference in total area within 
their city limits. 

ix
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In Oakland, 24.82 square miles of the 
City is within an EPC (31.82% of the total 
area). In San José, 24.67 square miles of 
the City is within an EPC (13.67% of the 
total area).

In conjunction with the data analysis, 
this project conducted interviews with 
planners at both study cities. The 
purpose of these interviews was to gain 
contextual information on the patterns 
discovered through data analysis and 
build a stronger case for specific policy 
recommendations. The following 
recommendations were shaped by 
information derived from the interviews.

Recommendations for both study cities:

-Build more Class IV protected bike 
lanes

-Consider using small, narrow sweepers 
to sweep protected bike lanes.

-Consider more permeable barriers 
when building protected bike lanes but 
scale them for objects smaller than a 
car.

-Consider adding a bollard at entrance 
points to Class IV bikeways.

-Build space for dumpsters into bikeway 
plans and use street infrastructure tools 
to create space for dumpsters and 
garbage cans on the street near existing 
bikeways.

-Create more flexible curb space in 
commercial areas with high frequency of 
deliveries. 

-Educate the public on how protected 
bike lanes are supposed to work. 

-Be creative. Design bikeways with site -
specific information in mind and 
develop bikeway plans that allow for 
flexibility.

Recommendations for Oakland:

-Reconsider using parklets next to 
protected bike lanes or add very specific 
guidance and only permit parklets next 
to protected bike lanes in specific 
situations.
Recommendations for San José:

-Consider requiring yard waste to be 
bundled or set out in closed receptacles. 
End the free unbundled yard waste 
option for residents.

-Consider revising garbage set -out rules 
to allow for more flexibility as to where 
cans are initially placed by residents. 
Additionally, look to increase on -site 
pickup in areas with higher density 
housing.

-Consider using lock-to requirements for 
shared micromobility devices (scooters) 
in targeted areas of San José.

Obstructions in the bike lane are only 
one factor that may prevent someone 
from riding a bike as opposed to driving. 
There are greater, more common safety 
implications ►primarily interactions 
between cyclists and motor vehicles. The 
evidence shows, however, that there are 
policies that cities could enact, and 
tactics cities could follow that would 
likely reduce the number of obstructions 
in their bike lanes. Policies designed to 
reduce obstructions may be easier to 
utilize and implement than policies that 
are designed to make drivers slow down. 
Certainly, these strategies should be 
implemented simultaneously. Slowing 
down car travel speeds on city streets is 
ǁʫ˞ǁȩƒɋ ˉɴ ɝƒɅȩɣȊ ˉȞǟ ◦ȩɣˉǟʫǟʻˉǟǌ Ʒ˞ˉ
ǁɴɣǁǟʫɣǟǌ☺ ʠɴˉǟɣˉȩƒɋ ʫȩǌǟʫʻȞȩʠ Ȋʫɴ˞ʠ
ʫǟȇǟʫʫǟǌ ˉɴ ȩɣ ƷɴˉȞ ʻˉ˞ǌ̈ ǁȩˉȩǟʻ☼ ƷȩɅǟ
plans feel more comfortable riding their 
bikes on the street.

x

ūȞƒˉ☼ʻ ¸ɣ ļȞǟ BȩɅǟ Óƒɣǟ╗           Executive Summary



The findings and recommendations of this study provide a pathway that cities can 
follow to reduce bike lane obstructions. As time passes and the target years for 
city mode shift goals approach, it will remain to be seen whether cities truly 
embrace the necessary policies to encourage people to adopt alternative modes of 
transportation. Continuing to allocate space for private vehicles in the public right -
of-way at the level that cities currently follow is not a strategy that will work into 
the future. Space must be reallocated and properly managed to create safe and 
reliable transportation options that will help cities reach their mode shift goals.

xi
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Figure ES.1: Class I Bike Path (Three 
Creeks Trail) in San José. 
Source: City of San José 

Figure ES.2: Buffered Class II Bike Lane 
on Broadway in Oakland. 
Source: City of Oakland

Figure ES.3: Class III Bike Route with 
sharrow and traffic diverter on 55 th  
Street in Oakland.

Figure ES.4: Class IV Protected Bikeway 
on San Fernando Street in San José.

https://www.sanjoseca.gov/Home/Components/FacilityDirectory/FacilityDirectory/3025/2028
https://www.oaklandca.gov/projects/broadway-corridor-bikeway


⁪╖ Ëǟʫɴǟɣ ËɴȞƒɣ ǌǟ ¯ƒʫˉɴȊ┼ ǟˉ ƒɋ╖ ◦Tɴ ˉȞǟ ȞǟƒɋˉȞ Ʒǟɣǟȇȩˉʻ ɴȇ
ǁ̈ǁɋȩɣȊ ɴ˞ˉ˿ǟȩȊȞ ˉȞǟ ʫȩʻɅʻ╗☺Environmental Health 
Perspectivesvol. 118, no. 8 (2010): 1109-16. 
https://doi.org/10.1289/ehp.0901747
⁫╖ İ╖Ó╖ ¯ƒɣǌ̈┼ ŲȩɣȊ┼ ų╖ B˞ǟȞɋǟʫ┼ ļ╖Ë╖ ◦ ƒǁˉɴʫʻ ƒʻʻɴǁȩƒˉǟǌ ˿ȩˉȞ
bicycle ownership and use: a study of six small U.S. 
ǁȩˉȩǟʻ╖☺Transportation 37, 967►985 (2010). 
https://doi.org/10.1007/s11116 -010-9269-x
⁬╖ Ë˞ʻˉȩɣ ļ̈ɣǌƒɋɋ╖ ◦J̈ǁɋȩɣȊ ɝɴǌǟ ǁȞɴȩǁǟ ƒɝɴɣȊʻˉ ŋİ
ǁɴɝɝ˞ˉǟʫʻ┴ ļȞǟ ʫɴɋǟ ɴȇ ǁɋȩɝƒˉǟ ƒɣǌ ˉɴʠɴȊʫƒʠȞ̈╖☺Urban 
Studies, 59(1), (2022): 97►
119.https://doi.org/10.1177/0042098020957583
4. McNeil, Nathan, Christopher Monsere, and Jennifer Dill. 
◦¸ɣȇɋ˞ǟɣǁǟ ɴȇ BȩɅǟ Óƒɣǟ B˞ȇȇǟʫ ļ̈ʠǟʻ ɴɣ ğǟʫǁǟȩ˻ǟǌ Jɴɝȇɴʫˉ ƒɣǌ
İƒȇǟˉ̈ ɴȇ Bȩǁ̈ǁɋȩʻˉʻ ƒɣǌ ğɴˉǟɣˉȩƒɋ Bȩǁ̈ǁɋȩʻˉʻ╖☺Transportation 
Research Record 2520, No. 1 (2015): 132 
142,https://doi.org/10.3141/2520 -15
⁮╖ Ëǟʻʻȩǁƒ JȩǁǁȞȩɣɴ┼ ǟˉ ƒɋ╖ ◦ãɴˉ ƒɋɋ ʠʫɴˉǟǁˉǟǌ ƷȩɅǟ ɋƒɣǟʻ ƒʫǟ ˉȞǟ
same: Infrastructure and risk of cyclist collisions and falls 
ɋǟƒǌȩɣȊ ˉɴ ǟɝǟʫȊǟɣǁ̈ ǌǟʠƒʫˉɝǟɣˉ ˻ȩʻȩˉʻ ȩɣ ˉȞʫǟǟ ŋ╖İ╖ ǁȩˉȩǟʻ╖☺
Accident Analysis & Prevention 141 (2020): 105490, 
https://doi.org/10.1016/j.aap.2020.105490
6. Kevin Manaugh, Geneviève Boisjoly, and Ahmed El-Geneidy. 
◦ô˻ǟʫǁɴɝȩɣȊ Ʒƒʫʫȩǟʫʻ ˉɴ ǁ̈ǁɋȩɣȊ┴ ŋɣǌǟʫʻˉƒɣǌȩɣȊ ȇʫǟʧ˞ǟɣǁ̈ ɴȇ
cycling in a university setting and the factors preventing 
ǁɴɝɝ˞ˉǟʫʻ ȇʫɴɝ ǁ̈ǁɋȩɣȊ ɴɣ ƒ ʫǟȊ˞ɋƒʫ Ʒƒʻȩʻ╖☺Transportation  
44, No. 4 (2017): 871-884, http://doi.org/10.1007/s11116 -016-
9682-x
⁴╖ ◦Ħɴƒǌ TǟʻȩȊɣ┴  ǌǌȩɣȊ Bȩǁ̈ǁɋǟ Óƒɣǟʻ☺┼  ǟǌǟʫƒɋ ¯ȩȊȞ˿ƒ̈
Administration, n.d., Accessed May 6th, 2023. 
https://safety.fhwa.dot.gov/saferjourney1/library/counterme
asures/10.htm
⁵╖ ßƒ̇ B˞ʻȞǟɋɋ┼ ǟˉ ƒɋ╖ ◦Jɴʻˉʻ ȇɴʫ ğǟǌǟʻˉʫȩƒɣ ƒɣǌ Bȩǁ̈ǁɋȩʻˉ
Infrastructure Improvements: A Resource for Researchers, 
cɣȊȩɣǟǟʫʻ┼ ğɋƒɣɣǟʫʻ┼ ƒɣǌ ˉȞǟ £ǟɣǟʫƒɋ ğ˞Ʒɋȩǁ╖☺ Ë˞ɋ̈ ⁫⁞⁪⁬╖
https://www.pedbikeinfo.org/cms/downloads/Countermeasur
e_Costs_Summary_Oct2013.pdf

The following report examines the 
conditions of bicycle infrastructure in 
two cities in the San Francisco Bay Area 
► Oakland and San José. More 
specifically, this report focuses on how 
bicycle infrastructure is obstructed and 
the impact of those obstructions on 
bicycle safety, rider experience, and 
impacts on mode shift goals. For 
numerous reasons including exercise 
potential, climate change mindfulness 1, 
or due to its relative affordability as a 
mode of transportation 2, cycling in an 
urban or suburban environment has 
increased over the last two decades. 

A common use case for bicycling within 
the urban environment is commuting to 
work. San Francisco (the metropolitan 
area in which Oakland is situated) and 
San José are two of the top three 
metropolitan areas in the United States 
with the highest rates of bicycle 
commuting, at 2.0 percent and 1.82 
percent, respectively. 3 As more people 
use bicycles as a form of urban 
transportation, cities have responded by 
developing bicycle specific 
infrastructure to increase bicycle mode 
split. Studies show that bike lanes ► and 
especially protected bike lanes, which 
are separated from car traffic by a 
physical barrier ► increase both the 
perceived 4 and actual safety 5 of cyclists. 
Additionally, studies point to the 
presence of a bike lane as having a 
significant impact on whether people 
choose to bicycle or not. 6 

While there is significant research into 
the effect of bike lanes on cycling safety 
and cycling mode choice, there is much 
less research into what happens when 
the bike lane is obstructed. The cost of 

bike lane installation varies, with a 
Federal Highway Administration manual 
citing a cost of up to $50,000 per mile. 7 
Another study from the Pedestrian 
Bicycle and Information Center (which is 
funded by the U.S. Department of 
Transportation) cites a median bicycle 
lane construction cost of just under 
$90,000 per mile, noting that this can 
vary by location. 8 Given the significant 
municipal expenditures on bike lane 
expansion, seeing these exclusive rights -
of-way regularly obstructed by parked 
vehicles or stationary objects is both an 
inefficient use of limited tax dollars as 
well as a safety risk for cyclists who are 
forced to maneuver around the 
obstructions. 
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Both Oakland and San José have 
ambitious mode split goals. By the year 
⁫⁞⁮⁞┼ ôƒɅɋƒɣǌ☼ʻEquitable Climate Action 
Plan9 aims for a 10 percent bicycle mode 
ʻʠɋȩˉ┼ ƒɣǌ İƒɣ ËɴʻǠ☼ʻBetter Bike Plan 
2025 hopes to achieve a 20 percent 
bicycle mode split. 10 It is the belief of 
the author that maintaining a free -
flowing bikeway clear of obstructions is 
a key factor towards achieving these 
lofty mode split goals. 

Several studies from New York have 
recorded and categorized bike lane 
obstructions. Both studies found that 
obstructions were common occurrences 
in both protected and non -protected 
bike lanes 11 and that obstructions pose a 

safety risk to cyclists. 12 This report aims 
to categorize the types of bike lane 
obstructions that occur in both Oakland 
and San José, and to analyze the most 
common factors that lead to bike lane 
obstructions. 

9. City of Oakland, Equitable Climate Action Plan,  July 2020. 
Accessed May 6, 2023, 
https://www.oaklandca.gov/projects/2030eca  
10. City of San José, Better Bike Plan 2025, October 2020. 
Accessed May 6, 2023, 
https://www.sanJoséca.gov/home/showpublisheddocument
/68962/637477999451470000  
11. Peter Tuckel and Kate Pok-JƒʫƒƷƒɋɴɣƒ╖ ◦BȩɅǟ Óƒɣǟʻ ɴʫ
Blocked Lanes: An Observational Study of Obstructions of 
ãǟ˿ ųɴʫɅ Jȩˉ̈☼ʻ BȩɅǟ Óƒɣǟʻ╖☺ ░⁫⁞⁪⁶▒┼
https://hunter.cuny.edu/news/hunter -college-study-finds -
7-5-obstructions -per-10-city -blocks/
⁪⁫╖ Jɴʫǟ̈ BƒʻǁȞ┼ Tƒɣɣƒ cˉȞƒɣ┼ ƒɣǌ JȞƒʫɋǟʻ BƒʻǁȞ╖ ◦BȩɅǟ Óƒɣǟ
Obstructions in Manhattan, New York City: Implications for 
Bȩǁ̈ǁɋȩʻˉ İƒȇǟˉ̈╖☺Journal of Community Health , 44, No. 2 
(2019): 396►399, https://doi.org/10.1007/s10900 -018-00596-4
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Figure 1.1: Mode shift targets from 
ôƒɅɋƒɣǌ☼ʻ cʧ˞ȩˉƒƷɋǟ Jɋȩɝƒˉǟ  ǁˉȩɴɣ ğɋƒɣ

Figure 1.2: Mode shift 
ˉƒʫȊǟˉʻ ȇʫɴɝ İƒɣ ËɴʻǠ☼ʻ
Better Bike Plan 2025.

https://www.sanjoseca.gov/home/showpublisheddocument/68962/637477999451470000
https://www.sanjoseca.gov/home/showpublisheddocument/68962/637477999451470000
https://hunter.cuny.edu/news/hunter-college-study-finds-7-5-obstructions-per-10-city-blocks/
https://hunter.cuny.edu/news/hunter-college-study-finds-7-5-obstructions-per-10-city-blocks/
https://doi.org/10.1007/s10900-018-00596-4


The city of Oakland, California is in 
Alameda County, just five miles east of 
San Francisco in the heart of the San 
 ʫƒɣǁȩʻǁɴ Bƒ̈  ʫǟƒ╖ ôƒɅɋƒɣǌ☼ʻ
population is 433,823 and it has a land 
area of 55.93 square miles13, giving 
Oakland a population density of 7,756 
residents per square mile. Oakland is 
bordered by the cities of Berkeley and 
Emeryville to the north and northwest, 
the City of San Leandro to the southeast, 
San Francisco Bay to the south and west, 
and the Oakland Hills to the east. While 
much of Oakland is relatively flat, there 
is a gradual incline in an eastbound 
direction; the highest point in the hills, 
Vollmer Peak, has an elevation of 1,905 
feet. 

Though elevation changes and uphill 
roads can pose a challenge to cyclists, 
Oakland has built an extensive bikeway 
network. Studies show that hills may not 
actually be a statistically significant 
barrier to cycling adoption. 14 To that 
end, hilly terrain was not cited as a 
barrier to cycling in the survey within 
ôƒɅɋƒɣǌ☼ʻ ƷȩɅǟ ʠɋƒɣ┼Ðǝ˂☺ʵ BȦɂǝ
Oakland.15 In California, there are four 
classifications of bike lanes or bikeways 
► numbered one through four. Class I 
bikeways are off -street bike paths, often 
multi -use and fully outside of the 
vehicle right of way. Class II bike lanes 
are the most common and recognizable 
type ► these are traditional, on -street 
painted bike lanes, separated from 
motor traffic with striping only. Class III 
bikeways are either bike routes or bike 
boulevards. These are on-street 
bikeways, not separated from traffic 

with striping or a barrier, but located on 
low-traffic, low -stress roads designed to 
create a safer cycling environment. Bike 
boulevards are not synonymous with 
bike routes ► they feature specific traffic 
calming measure sand are required to 
meet speed and traffic volume 
standards. Class IV bikeways are on-
street, protected bike lanes ► separated 
from motor traffic with either a 
hardscaped barrier or quick -build 
treatments such as plastic bollards or 
flexposts. 

Between 2007 and 2019, the city 
increased its bikeway network from 104 
miles to 164 miles.16 As of 2019, only one 
mile of the existing bikeway network was 
a Class IV bikeway. The proposed 
bikeway network in the Ðǝ˂☺ʵ BȦɂǝ
Oakland  plan includes 219 additional 
miles of new and upgraded bikeways ► 
upgraded meaning that the bikeway 
would receive a higher level of 
protection from motor traffic. 17 This 
increase in bikeway miles coincides with 
a significant number of Oakland 
residents who express a desire to ride 
their bike more than they currently do. 
Six districts in the flatlands and lower 
hills of Oakland were surveyed and on 
average, just under 66 percent of 
residents would like to ride more. 18 This 
same survey highlighted that bike stress 
is a major issue in Oakland, with 
aggressive drivers being the most 
common reason people choose not to 
bike.19 
⁪⁬╖ ŋɣȩˉǟǌ İˉƒˉǟʻ Jǟɣʻ˞ʻ B˞ʫǟƒ˞┼ ◦Ĥ˞ȩǁɅ ƒǁˉʻ┴ ôƒɅɋƒɣǌ ǁȩˉ̈┼
Jƒɋȩȇɴʫɣȩƒ☺┼ ɣ╖ǌ╖  ǁǁǟʻʻǟǌ ßƒ̈ ⁯┼ ⁫⁞⁫⁬┼
https://www.census.gov/quickfacts/oaklandcitycalifornia  
14. Tyndall, 2022.
15. City of Oakland, Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, accessed May 6, 2023. 
https://www.oaklandca.gov/resources/bicycle -plan
16. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 39
17. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 95
18. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 25
19. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 26

Existing Bicycling 
Conditions in Oakland
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Ðǝ˂☺ʵ BȦɂǝOakland is heavily focus on 
creating low -stress, neighborhood bike 
routes that allow people to ride on non -
arterial, quiet streets that feature traffic 
calming measures and low traffic 
levels.20 According to the Transportation 
Injury mapping System (TIMS), there 
were 349 total bike crashes in Oakland 
between 2020 and 2022, with three 
fatalities and 31 severe injuries. 21 TIMS 
data is likely underreported as it only 
contains officially reported crashes 
through the California Statewide 
Integrated Traffic Records System 
(SWITRS) ► without a police report, a 
bike crash does not make it into TIMS.  
77 percent of severe and fatal bicycle 

crashes in Oakland during 2018 occurred 
ɴɣ Ƚ˞ʻˉ ˉȞʫǟǟ ʠǟʫǁǟɣˉ ɴȇ ˉȞǟ ǁȩˉ̈☼ʻ
roadway network 22 ► ˉȞǟʻǟ ◦ȞȩȊȞ ȩɣȽ˞ʫ̈
ǁɴʫʫȩǌɴʫʻ☺ ƒʫǟ ɴȇˉǟɣ ɝƒȽɴʫ ƒʫˉǟʫȩƒɋʻ╖
Oakland is no longer proposing any sort 
of arterial bike route that forces cyclists 
to share a lane with drivers on these 
busy streets and looking to build 
protected bike lanes or low -stress 
routes to move cyclists away from the 
danger.23 

20. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 82
21. University of California, Berkeley, Transportation Injury 
Mapping System. Accessed May 6, 2023. 
https://tims.berkeley.edu/tools/query
22. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 38
23. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 22.
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Figure 1.3: Protected Cycle track on Lakeside Drive in Oakland. 
Source: Bike East Bay

https://tims.berkeley.edu/tools/query
https://bikeeastbay.org/campaigns/lakemerrittloop/


24. ŋɣȩˉǟǌ İˉƒˉǟʻ Jǟɣʻ˞ʻ B˞ʫǟƒ˞┼ ◦Ĥ˞ȩǁɅ ƒǁˉʻ┴ İƒɣ ËɴʻǠ ǁȩˉ̈┼
Jƒɋȩȇɴʫɣȩƒ☺┼ ɣ╖ǌ╖  ǁǁǟʻʻǟǌ TǟǁǟɝƷǟʫ ⁭ˉȞ┼ ⁫⁞⁫⁬┼
https://www.census.gov/quickfacts/fact/table/sanJosécityc
alifornia
25. Better Bike Plan, 32.
26. Jȩˉ̈ ɴȇ İƒɣ ËɴʻǠ┼ ◦BȩɅǟ ğɋƒɣ ƒɣǌ ļʫƒȩɋ ãǟˉ˿ɴʫɅ► Annual 
ŋʠǌƒˉǟ☺┼  ʠʫȩɋ ⁬rd, 2023. Accessed December 2nd, 2023, 
https://sanJosé.legistar.com/View.ashx?M=F&ID=11807821&
GUID=825E276C-43FD-438E-8DD5-D88A7DDF8A6C 
27. Better Bike Plan, 65.
28. Better Bike Plan, 52, 55.
29. Better Bike Plan, 31.
30. Transportation Injury Mapping System data query .

The city of San José, California is in 
Santa Clara County, about 50 miles 
south of San Francisco. San José is the 
11th largest city in the United States, 
with a population of 971,233 and a land 
area of 178.26 square miles.24 With a 
population density of 5,684 residents 
per square mile, San José is easily 
characterized as a sprawling city ► it is 
the fourth largest city in California in 
terms of total area. Located in the Santa 
Clara Valley, San José is bordered by 
mountain ranges on both its west and 
east ends. Mt. Hamilton is the highest 
point in the Diablo Range to the east, 
and Loma Prieta is the highest point in 
the Santa Cruz Mountains to the west. 
San José has very non-standard city 
limits due to rapid expansion and 
annexation of nearby municipalities in 
the mid -20th century. This puzzle-like 
border gives San José many neighbors. It 
is bordered by the city of Milpitas to the 
north, the cities of Santa Clara, 
Cupertino, Saratoga, and Campbell to 
the west, the town of Los Gatos to the 
southwest, and the City of Morgan Hill to 
the southeast. While there are 
significant elevations at the far ends of 
the city limits, a large majority of the 
heavily inhabited parts of San José are 
entirely flat. This mostly -flat terrain 
helps to create a fertile environment for 
cycling. Unfortunately, the distances 
that people are often required to travel 
by bike are quite lengthy due to San 
ËɴʻǠ☼ʻ ʻʠʫƒ˿ɋȩɣȊ ʻȩ̔ǟ► 61 percent of 
ʫǟʻȩǌǟɣˉʻ ʠɴɋɋǟǌ ȇɴʫ İƒɣ ËɴʻǠ☼ʻ Bǟˉˉǟʫ
Bike Plan 2025 cited long distances as a 

barrier to cycling. 25 

San José has constructed an extensive 
bicycle network to help bridge the long 
distances between places that residents 
might need to ride. Starting in the 1970s 
when the first bike lanes were striped in 
San José, the city has constructed a total 
of 460 miles of on -street bikeways and 
63 miles of multi -use off -street paths. 26 
The Better Bike Plan includes 
recommendations to build 102 miles of 
bike boulevards (Class III), 104 miles of 
new protected bike lanes (Class IV), and 
253 miles of upgrades of existing bike 
lanes to protected ones. 27 Like Oakland, 
San José is focusing on building low -
stress bike routes ► the Better Bike Plan 
only calls for the construction of 
protected bike lanes and bike 
boulevards, following their own surveys 
and existing research which points to 
these as the safest options and the 
options likely to incur the highest levels 
of mode shift. 28 55 percent of residents 
surveyed for the Better Bike Plan say 
that they would like to ride a bike more, 
with the highest rates of cycling demand 
in the four most centrally located city 
council districts. 29 In the period between 
2020 and 2022, TIMS recorded 586 bike 
crashes in the City of San José, with 
seven fatalities and 48 severe injuries 30. 

Existing Bicycling 
Conditions in San José
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Like Oakland, San José has identified 
◦ʠʫȩɴʫȩˉ̈ ʻƒȇǟˉ̈ ǁɴʫʫȩǌɴʫʻ☺► the streets 
that account for an outsized proportion 
of roadway fatalities and severe injuries. 
In San José, three percent of streets 
account for over one -third of all 
fatalities and severe injuries. 31 The 
response of the bike plan is to 
encourage cycling on less busy routes 
and create protected bike infrastructure 
on these busy streets that carry higher 
loads of bicycle and car traffic.

What are the factors that lead to 
obstruction of the bike lane in Oakland 
and in San José? What kind of policy 
suggestions can be generated from the 
findings, and how can cities more 
proactively manage space at the curb to 
limit obstructions and promote a free -
flowing bicycle network? 

The following report aims to understand 
the factors that lead to obstruction of 
the bike lane in both Oakland and San 
José. A major focus of transportation 
planning initiatives over the past decade 
has been the effort to reduce 
greenhouse gas (GHG) emissions by 
promoting modes of transportation 
other than gas -powered cars. 
Transportation accounted for the largest 
percentage of GHG emissions by sector 
in California between 2000 and 2020 ►  
38 percent.32  The United States 
Environmental Protection Agency (EPA) 
proposed three distinct routes towards 

reducing GHG emissions in the 
transportation sector ► one of which is 
to shift the modes of transportation 
people use from automobiles with 
internal combustion engines to zero 
emission vehicles ► such as bicycles.33  

To accelerate this necessary mode shift 
away from driving, cities have invested 
heavily in bicycle infrastructure to 
create a safe environment for urban 
cyclists. Safety is consistently cited as 
one of the primary barriers to 
widespread bicycle use amongst people 
who live in urban areas. 34 In the United 
States, development of urban road 
networks in the 20th century was heavily 
focused on maximizing vehicle 
throughput 35  ► that is, getting as many 
cars from one place to another, as 
efficiently as possible. Planning to 
maximize vehicle speed had obvious 
negative effects on the street 
environment from a cycling perspective. 
High speed travel lanes designed to get 
cars onto freeways does little to 
promote a safe environment for cycling. 
Trying to incentivize a mode shift 
towards cycling in places primarily 
designed for car travel requires the 
development of bicycle infrastructure 
that protects cyclists from drivers. 
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cɝȩʻʻȩɴɣ ¸ɣ˻ǟɣˉɴʫ̈ Tƒˉƒ┼☺ ƒǁǁǟʻʻǟǌ ßƒ̈ ⁶ˉȞ┼ ⁫⁞⁫⁬┼
https://ww2.arb.ca.gov/ghg -inventory -data
⁬⁬╖ ŋɣȩˉǟǌ İˉƒˉǟʻ cɣ˻ȩʫɴɣɝǟɣˉƒɋ ğʫɴˉǟǁˉȩɴɣ  Ȋǟɣǁ̈┼ ◦Ħɴ˞ˉǟʻ
ˉɴ Óɴ˿ǟʫ £ʫǟǟɣȞɴ˞ʻǟ £ƒʻ cɝȩʻʻȩɴɣʻ ļʫƒɣʻʠɴʫˉƒˉȩɴɣ  ˞ˉ˞ʫǟ┼☺
accessed May 9th, 2023, 
https://www.epa.gov/greenvehicles/routes -lower -
greenhouse-gas-emissions-transportation -future
34. Manaugh, 2017.
35. Jeffrey R. Brown, Eric A. Morris, and Brian D. Taylor. 
"Planning for Cars in Cities: Planners, Engineers, and 
Freeways in the 20th Century."  Journal of the American 
Planning Association 75, no. 2 (Spring, 2009): 161-177. 
https://doi.org/10.1080/019443608026400

https://ww2.arb.ca.gov/ghg-inventory-data
https://www.epa.gov/greenvehicles/routes-lower-greenhouse-gas-emissions-transportation-future
https://www.epa.gov/greenvehicles/routes-lower-greenhouse-gas-emissions-transportation-future
https://doi.org/10.1080/019443608026400


36. William Schultheiss, Rebecca Sanders, and Jennifer 
ļɴɴɋǟ┼ ◦ ¯ȩʻˉɴʫȩǁƒɋ ğǟʫʻʠǟǁˉȩ˻ǟ ɴɣ ˉȞǟ   İ¯ļô £˞ȩǌǟ ȇɴʫ
the Development of Bicycle Facilities 2 and the Impact of 
ˉȞǟ ŨǟȞȩǁ˞ɋƒʫ J̈ǁɋȩɣȊ ßɴ˻ǟɝǟɣˉ┼☺Transportation 
Research Record, 2672(13), 38►49. 
https://doi.org/10.1177/0361198118798482 
37. Schultheiss, Sanders, and Toole, 10.
38. Nathan McNeil, Christopher Monsere, and Jennifer Dill, 
◦¸ɣȇɋ˞ǟɣǁǟ ɴȇ BȩɅǟ Óƒɣǟ B˞ȇȇǟʫ ļ̈ʠǟʻ ɴɣ ğǟʫǁǟȩ˻ǟǌ
Jɴɝȇɴʫˉ ƒɣǌ İƒȇǟˉ̈ ɴȇ Bȩǁ̈ǁɋȩʻˉʻ ƒɣǌ ğɴˉǟɣˉȩƒɋ Bȩǁ̈ǁɋȩʻˉʻ┼☺
Transportation Research Record 2520 no.1, (2015):  132►
142. https://doi.org/10.3141/2520 -15 
⁬⁶╖ ŲȩƒɣȊ £˞ɴ┼ ǟˉ ƒɋ╖┼ ◦ğʻ̈ǁȞɴ-physiological measures on a 
bicycle simulator in immersive virtual environments: how 
protected/curbside bike lanes may improve perceived 
ʻƒȇǟˉ̈┼☺Transportation Research Part F: Psychology and 
Behaviour 92, (2023): 317►336.
⁭⁞╖ ßȩǁȞƒǟɋ £ƒʫƷǟʫ┼ ǟˉ ƒɋ╖┼ ◦¯ƒ˻ǟ ğƒ˻ǟǌ ļʫƒȩɋʻ ƒɣǌ
Protected Bike Lanes Led to More Bicycling in Atlanta? A 
Generalized Synthetic -Jɴɣˉʫɴɋ  ɣƒɋ̈ʻȩʻ┼☺Epidemiology  33 
no. 4, (2022): 493-504, 
https://doi.org/10.1097/EDE.0000000000001483  
41. Ðǝ˂☺ʵ BȦɂǝ îƒɂɈƒɠǊ, 80.
42. Better Bike Plan 2025, 62-65.
43. Basch, Ethan, Basch, 

While separated bike lanes have existed 
in the United States as far back as the 
1970s36, early guidance on bike lane 
ʠɋƒǁǟɝǟɣˉ ʻˉʫɴɣȊɋ̈ ɴʠʠɴʻǟǌ ☻ʠƒʫɅȩɣȊ-
ʻǟʠƒʫƒˉǟǌ☼ ƷȩɅǟ ɋƒɣǟʻ► where bicycle 
traffic is routed between parked cars 
and the sidewalk and strongly suggested 
ˉȞƒˉ ◦Ʒȩǁ̈ǁɋǟ ɋƒɣǟʻ ʻȞɴ˞ɋǌ ƒɋ˿ƒ̈ʻ Ʒǟ
placed between the parking lane and the 
ɝɴˉɴʫ ˻ǟȞȩǁɋǟ ɋƒɣǟʻ╖☺37 Three to four 
decades later, the consensus on the 
safest place for a bike lane has shifted, 
and cities studied in this report ► 
Oakland and San José ► have adjusted 
the focus of their bicycle planning 
towards developing protected bike 
lanes. 

Research shows that physical separation 
from drivers as opposed to a painted 
line or buffer leads to significant 
increases in perceived cyclist safety. 38 39 
Additionally, research shows that off -
street bike trails (fully removed from the 
right of way) (Class I) and protected bike 
lanes (Class IV) lead to an increase in 
bicycling. 40 Both Oakland and San José 
are focused on developing a network of 
low-stress bike routes in their most 
current respective bicycle plans. Both 
cities are focusing on building new 
protected (Class IV) bikeways as well as 
upgrading their existing Class II bike 
lanes to Class IV status.41 42

While the increased focus on the 
development of low stress, protected 
bikeways for urban cyclists is an 
essential part of the equation towards 
generating a mode shift to cycling, it is 
not a standalone solution. The design, 

approval and construction of protected 
bikeways is a key first step towards 
accelerating mode shift in a manner that 
prioritized safety. Ensuring that these 
new bikeways remain free from 
obstructions is critical to cementing this 
ɝɴǌǟ ʻȞȩȇˉ ƒɣǌ ʠʫǟ˻ǟɣˉȩɣȊ ☻ȩɣˉǟʫǟʻˉǟǌ
Ʒ˞ˉ ǁɴɣǁǟʫɣǟǌ☼ ǁ̈ǁɋȩʻˉʻ ȇʫɴɝ ƷǟǁɴɝȩɣȊ
discouraged. Cities which have 
historically relied on cars as the primary 
mode of transportation ► especially 
sprawling cities like San José ► means 
that it is easy for a discouraged cyclist to 
revert to using a car when faced with a 
series of unpleasant bicycling 
experiences. Studies show that bike lane 
obstructions are commonplace, even in 
protected bike lanes ► and that they do 
pose a risk to rider safety. 43
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Creating and maintaining the flow of 
bicycle traffic through this low -stress 
network is essential to cementing mode 
share goals. San José aims to increase 
bike mode share to 15 percent by 2040 
and 20 percent by 205044┼ ƒɣǌ ˉȞȩʻ ˿ɴɣ☼ˉ
happen if the experience is consistently 
frustrating, or cyclists are routinely 
forced to abandon safe infrastructure to 
maneuver around an obstacle. 

What causes the bike lane to be 
obstructed? Do bike lane obstructions 
occur due to street design issues? 
Many of our roadways were developed in 
a bygone era, where uses of the public 
right -of-way differ heavily from today. 
Transportation planners working in the 
1950s and 1960s could not have foreseen 
the quantity of freight vehicles and app -
based rideshare and delivery service 
vehicles which have proliferated in 
recent years, especially since the onset 
of the COVID-19 pandemic. What new, 
creative ways of managing curb space 
can be implemented to account for 

these vehicles that often block the bike 
lane because they have nowhere else to 
be? Are some bike lane obstructions 
caused by willful neglect of the right -of-
way, such as private cars idling or 
parking or the dumping of unwanted 
goods? Is the bike lane ever obstructed 
purely by accident? Are there structural 
issues with the way cities manage the 
curb that can lead to obstructions of the 
bike lane, such as refuse service and 
yard waste? Obstructions of the bike 
lane are often in areas where bike 
infrastructure is underdeveloped 45, but 
what happens when protected bike 
lanes are blocked? How do riders 
negotiate obstructed bike lanes when 
there is no easy way around an 
obstruction?

44. Better Bike Plan 2025, 9
45. ßƒʫǁǟɋ ßɴʫƒɣ┼ ◦c̈ǟʻ ɴɣ ˉȞǟ BȩɅǟ Óƒɣǟ┴ Crowdsourced 
Traffic Violations and Bicycle Infrastructure in San Francisco, 
J ╖☺Transport Findings , April 
2020.https://doi.org/10.32866/001c.12651 .

ūȞƒˉ☼ʻ ¸ɣ ļȞǟ BȩɅǟ Óƒɣǟ╗           Chapter 1: Introduction

8

https://doi.org/10.32866/001c.12651


The purpose of this literature review is 
to explore the current literature and 
research on bikeway obstructions. In 
addition to literature specifically related 
to obstructions and conflicts in the bike 
lane, this review examines literature 
related to whether different types of 
infrastructure impact perceived and 
actual cyclist safety. While there is much 
existing literature about municipal 
investments in expanded and safer 
bikeway networks to encourage mode 
shift, there is a lack of scholarly research 
on municipal programs designed to 
cement mode shifts through efforts to 
maintain a free -flowing, unblocked 
bikeway. This review examines the 
existing literature on both municipal 
and informal, citizen -driven projects to 
prevent and report bikeway 
obstructions. Finally, this review will 
examine how cities are attempting to 
allocate space at the curb in more 
flexible ways than simple on -street 
parking to reduce obstructions.

The literature review to follow will be 
broken up into two sections. The first 
section will examine the literature on 
the three topics outlined above. To 
reiterate, those topics in question form 
are as follows:

ÅDo different types of bikeway 
infrastructure impact rider safety 
(perceived or actual) or mode choice 
frequency? 

ÅAre there existing cases of municipal 
projects to prevent obstructions of 
the bike lane? Or are existing efforts 
individual or community -driven?

ÅWhat examples exist of innovative 
curb management strategies that 
create additional flexibility and/or 
new methods of space allocation?

The second section will aim to 
summarize what was learned through 
the analysis and propose ideas for 
future research. At the end of this 
report, Appendix C will contain a list of 
search terms and catalogs used to 
complete the literature search for this 
review.

The following literature review is split 
into three subsections, each dealing 
with one specific question. There was 
only a small amount of literature 
specifically regarding obstructions in the 
bikeway, so the scope of the literature 
review was expanded to include 
additional topics that focus on the 
impacts of bikeway hazards, existing 
systems for reporting or preventing 
them, and potential future methods to 
reduce bikeway friction between cyclists 
and their surrounding environment. 
These topics were selected to provide a 
well -rounded approach to 
understanding the inputs that may 
create bikeway obstructions as well as 
the outputs that stem from these 
obstructions. A full list of search terms, 
journals, databases used, and keywords 
is presented in Appendix C. 

Literature Review
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