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Introduction

This memo summarizes the methodology and key findings for the sqattaskof the bicyclecrash analyis
being conducted as part of the® Francisco Active Communities Plan. Theginase ofcrash analysis (Step 1)
focused on investigating factors related to who, where, when, and why crashes that involved a bicyclist
occurred. Thiphase 6tep ) investigated modifiable risk factors agsated with fatal and severe bicyclist
crashes. ThiStep llanalysis will help ulairther understandthe risk factors associated with bicycle crashes,
which carnthen be used to inform the bicycle network development phase and countermeasure selection.

Most sections of this memanalyzedhe 5year study period (2022021) as the base study periothis analysis
also looked at crashes that occurred during the-paademic period (201:2019) and during the pandemic
(202G62021) to control for changes in tral behaviors due to the COVID pandemic.



Key findings

Reported crash data that involved a bicyclist was the primary dataset in this crash analysis. Repshedata
arecritical to understanding crash patterns. Whigported craskdata areknown to have problems with
underreporting-?, they areoften the most complete data source in terms of the number and consistency of
crash attributes available and the breadth and number of crashes inclugeduch, thsedata can provide the
necessary detail for informing engineering treatments and helpngerstand who was involved in a crash. This

report acknowledges the crash data used in this analysis provides us with an incomplete picture of crashes but

allows us to use the most complete and readily available data that represent crash events andle pe
involved in crashedey findings from this crash analysislude the following:

1 Crash Location:
0 The majority of crashesverall and KSI crashes in particidacurred at intersections (79.3&hd
78.4% respectively)
0 When lookingnly at KSkrashes, those occurring amidblocklocationstended to result in a
slightly more severe outcontban those at intersectionsyith 10.1% of crashes resulting in a
KSI and an average EPDO score of 24.23.
1 Neighborhoods:
o Changes in the distribution of crasheere observed between study periods in several

neighborhoods. These differences most likely reflect changes in how people traveled during the

pandemic, with fewer people working downtown and potentially an increase in recreational
trips.

o Neighborhoods with large differences in percentage points between theopnelemic and
pandemic study period for bicycliKiSI crashasclude: Castro/Upper Market (5.8%), Tenderloin
(+5.8%), Mission%.6%), Golden Gate Park (+4.5%), Sunset/Parksidé§}3\@rth Beach
(-3.8%), Bayview Hunters PoirB.(/%), and Outer Richmond (+3.2%).

o Differences iroverall crashdistributions were highest in the following neighborhoods: Financial
District £3.6%), SOMA3Z.3%), Mission-2.6%), North Beach1(%), andNob Hill {0.9%).

1 High Injury Network:

o The majority of thecrashes that occurred along the HIN occurred at intersections (B4t
crashesandKSI crashesinost often at signalized intersections (80% of all crashes;08 K%l
crashes)Half of the KStrashesat signalized intersectiorslong the HIN were reported as a
roadway user disregarding a red signal.

0 Nearly46%of the motorist-bicyclistcrashes along the HIN were perpendicular crasha#f of
which werebroadside crashes

1 Stutts, J., & Hunter, W. (1998). Police reporting of pedestrians and bicyclists treated in hospital emergency rooms.
Transportation Research Record: Journal of the Transportation Research Board, (1885), 88

2San Francisco Department of Public Heftbhgram on Health, Equity and Sustainability. 2017. Vision Zero High Injury
Network: 2017 Update A Methodology for SaFrancisco, California. San Francisco, CA. Available at:
https://www.sfdph.org/dph/files/lEHSdocs/PHES/VisionZero/2017 oviisreroNetwork Update Methodology Final 201

70725.pdf

Disclaimer: Information contained in this document is for planning purposes only. All results, recommeratadicosimentary

contained herein are based @imited data and information and on existing conditions that are subject to change. Further analysis and
engineering design are necessary prior to implementing any of the recommendations contained herein. Geographic and mapping
information presented in this documtis for informational purposes only, and is not suitable for legal, engineering, or surveying
purposes. Data products presented herein are based on information collected at the time of preparation. Safe Street®®Research

Consulting, LLC makes no wariaat expressed or implied, concerning the accuracy, completeness, or suitability of the underlying source

data used in this analysis, or recommendations and conclusions derived therefrom.


https://www.sfdph.org/dph/files/EHSdocs/PHES/VisionZero/2017_Vision_Zero_Network_Update_Methodology_Final_20170725.pdf
https://www.sfdph.org/dph/files/EHSdocs/PHES/VisionZero/2017_Vision_Zero_Network_Update_Methodology_Final_20170725.pdf
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The pandemic studyeriod had a higher concentration of KSI crashes having occurred along the
HIN. Additional monitoring of crashes and travel behaviors is recommeodaetter
understand if the pandemic fundamentally changed travel behaviors.

9 Functional Classification:

(0]

(0]
(0]

Across all years (including ppandemic and mighandemic years) the most severe crashes
occurred on majaothighwaysandthe most crashesveralloccurred on collector roadways
Arterials accounted for the largest number of crashasaper milebasisfollowed by collectos.
When looking at intersetion crashes and the highest and lowesté€tional classifiddon

present, collectorresidential and residentiatesidentialcombinatbnshad the largest share of
all crashes and KSI crashegture evaluation is recommendgals there may be underlying data
issues related to how some streets are codpdrticularly forresidential strees that have the
characteristics of an arterial oolbector.

The most severe crashes occurred at intersections with generally higher functional classes;
crashes at intersections of major highways and arterials were the most severe (40.0 avg. EPDO),
followed by intersections of major highways and collec{@k9 avg. EPDO).

1 Intersection Control:

(0]

Uncontrolled stops and partial stegontrolled intersections had the highest average EPDO score
per crash. This is likely due to a bicyclist attempting to cross a street in which the motorist does
not have a trafficontrol device, therefore leading to higher kinetic enet@nsferat the time

of the crash.

The majority of he KSI crashes that occurred at signalized intersectioasrred in non

residential areaswith 39% in mixed land usseasand 25% in commerai land useareas

compared to 19% within residential land useas.

1 Number of Lanes:

(0]

There is a clear and positive relationship between crash densities, severity, and the number of
lanes: there were 108.2 crashes per 10 miles-lire roads, 89.1 crasheper 10 miles of-Bane
roads, and 86.4 crashes per 10 miles dare roads, compared with just under 10.7 crashes per
10 miles on dane roadways.

Certain roadway configuratiemseem more dangerous for bicyclists than othdénsparticular,

while bicyclist crashes onane roadways were rarer than those on other roadway
configurations, crashes on these roadwayere disproportionately severe

I PostedSpeedLimit and Observed Speed
0 There were differences among crash trends when comparing reparteshes by posted speed

limit and observed speed. There were more crashes on low speed limit fachifgéprhh), and
on average morsevere crashes were on roadways vati80 mphposted speed limit. Higher
observed speeds, however, were correlateith more severe safety outcomes for bicyclists; the
most severe crashes occurred on facilities with prevailing speeds89 8%ph. While these
relationships are likely confounded with the number of people cycling on thesfmed roads
versus highespeed roa@ways, it is clear that traveler spe&lpositively correlated witsevere
bicyclist crashes.
Nearly 80% of KSI crashes occurred along 25 mph streets. Of the crashes that occurred along 25
mph streets:
A 27.5% of KSI crashes were solo bicyclist.
A 79% ofKSI crashes occurred at an intersection (slightly more than half at signalized
intersections).
A Same and perpendicular direction of travel between the motorist and bicyclists
accounted for the largest share of crashes, both with 38.8% of KIS crashes.
A Mostof the KSI crashes along a 25mph street did not occur along a bike facility of any

type.



9 Bicyclist Volume Estimates:

(0]

Unsurprisingly, the data show locations with higher bicycle volumes had a higher bicycle crash
frequency due to higher levels of exposLifénis does not necessarily mean locations with higher
volumes of bicyclists have higher crash risk.

Relative to the percentage of all crashes that occur on the streets with the highest bicyclist
ridership, there are fewer severe crashes than for otheunw categories.

A The proportion of midblock crashes resulting in a KSI outcome are quite low for the
highest volume street (8.4%) whereas the lowest volume streets have the highest
proportion of KSI outcomes (21.4%).

A Intersections with higher volume estimes had fewer crashes that resulted in a KSlI,
whereas intersections with a lower volume estimate have a higher proportion of crashes
that resulted in a KSI. This relationship between bicyclist volumes and the average
severity of crashes at intersections mayggest a safety in numbers effect.

1 Bike Facility Type:

(0]

Over the study period, only about o#ihird of KSI crashes occurred along streets with a bike
facility. Given how ridership tends to occur disproportionately along the bike network, these
numbers sggest a protective effect of the bike network in terms of KSI crashes.
Bike facilities werdéurther analyzed by comparing peststallation crashes per year rate by a
number of variables to help us better understand the safety effect bicycle facilitiestyav
facility type.
Class lll facilities accounted for the largest share of both overall crashes and KSI crashes per year
(39.7% and 48.2%, respectively), followed closely by Class Il facilities (39.2% and 31.7%,
respectively). Class IV accounted for thied highest share of crashes (20.1%) and KSI crashes
(19%) per year
While Class Il facilities accounted for the large share of crashes, the percentage of crashes that
resulted in a KSI outcomes the lowest (7.8%), followed by Class IV (9.0%). Ttisdin
suggests that the Class Il and Class IV facilities and the type of physical separation they provide
may help reduce the severity of crashes if they occur.
Regardless of bike facility type, the largest share of crashes by relative direction of travel
between the bicyclists and motorists was the same direction (47.9% of all crashes; 42.4% of KSI
crashes)
A Exploring the same direction crashes further, the most common movement types
involved a bicyclist proceeding straight and a motorist making a night(®% of all
crashes, n=66; 5.1% of KSI crashes, n=3) while the most common movement type for KSI
crashes was bike proceeding straight and the motorists stopped (5.6% of all crashes,
n=41; 13.6% of KSI crashes, n=8). Five of the eight KSI crashes avarg dashes.
Crashes along any type of bike facility were concentrated at intersections (81.5% of all crashes;
82.2% of KSI crasheslith KSI crashes occurred most frequently at signalized intersections
(~60%).
Most intersection crashes along a bikeifily were perpendicular (35.5% of all crashes; 39% of
KSI crashes), followed by same direction (30.3% of all crashes; 24.7% of KSI crashes). Midblock
crashes largely involved both parties traveling in the same direction (65.2% of all midblock
crashes an®5.4% midblock KSI crashes).
Nearly all bicyclistotorist KSI crashes (18 of 20) that occurred along a Class Il facility were at
an intersection. Similarly, 11 of the 13 KSI crashes along a Class IV facility were at an
intersection.For KStrashes along a Class IV facility at an intersection, most KSI crashes involved
both parties traveling perpendicularly (54.5%).
Crashes along residential streets with a Class Il or Class Il facility also tended to be less severe,
with fewer crashesesulting in a KSI outcome compared to collector or arterial stréts. is



likely due to lower vehicle volumes and speeds resulting in lower exposure and less kinetic
energy at the time of the crash due to lower vehicle speeds.
o Class | and Class IV litieis, which provide the greatest level of physical separation, had the
lowest crash rates and KSI crash rates per year and per mile along streets with four lanes. This is
a particularly interesting finding, given that Class | and IV facilities areiofitailed along
streets with higher levels of stress and crash risk.
0 Roughly 60% of bicycle crashes and 55% of KSI crashes along a bike facility of any kind occurred
along the HINClass Il and Class lll facilities along the HIN had the highest rassloésper
year, followed by Class Il and Class Ill facilities off thel@Ncrashes per year were highest
along the Class lll facilities along the HIN, followed by Class Ill facilities off the HIN. These
findings underscore the need for bicycle fa@htialong these routes, but may also indicate
insufficient protection gained from Class Il and Class Ill facilities along these routes.
0 Nearly half (47.8%) of the crashes and KSI crashes (47.1%) along any bike facility type occurred
along the HIN at an inteection.
OneWay Streets:
o Crashes oone-way streetswere more severe in terms of crashes per mile, KSI crashes per mile,
and EPD®aluesper mile than other roadways across all years.
0 Mostcrashes along onway streets occurred at intersections (9t¥@ll crashesand KSI
crashes). One quarter of the KSI crashes along avayestreet were citedsdisregard red
signal followed bydooring(11.8%).
Street Slope
0 The share of all crashes is distributed mostly among slopes betwe@&®1KSI crashes are
concentrated on roadways with slopes 6f419, which makes some sense given that steeper
slopes are more difficult to access via bicycle.
Bus Stops
o0 Across the entire network, there were 26.6 crashes per 100 intersections, but there were
notably more cashes per 100 intersections (46.8) when considering intersections with bus
stops. This may point a relationship between intersections with more conflicting or complex
traveler movements and bicycle crashes.
Land Use:
0 Severe crashes seem to lower-represented in commercial and mixede contextsThese
findings may reflect thathe complexity of interactions among roadway users in commercial and
mixeduse spacess an important factor in bicycle safety.
Equity Priority Communities:
o Slightly mee than half of the reported bicyclist crashes (N=2,432) occuteside ofEPG
(55.2%) and these crashes tend to be more severe, with an average EPDO score of 23.2 and
10.3% of crashes resulting in a KSI outcome.
0 There is a clear correlation betweereshesalong the HIN an&PG: nearly81% ofall crashes
and80% of KSI crashes across all EPCs occurred along the HIN.
LocationMovement Crash typing:
0 The top three locationmovement crash types include:
A Intersectionc perpendicularc bike proceeding stight, motorist proceeding straight
(14.9% crashes; 21.8% KSI crashes)
A Intersectionc perpendicularc bike proceeding straight, motorist making left turn (6.4%
crashes, 6.1% KSI crashes)
A Intersectionc same directiorg, bike proceeding straightnotorist making right turn
(6.2% crashes; 4.2% KSI crashes)



9 Safer Street Priority FinddSSPRrrash Risk Estimation
0 The SSPF estimated the following streets to have high crash risk:

A HowardStfrom Van Ness Ave td%3St

Turk Stfrom Laguna St to Market St

TaylorStfrom Market St to Bush St

SansomeStfrom Broad Way to the Embarcadero (not along HIN)

Silver Avefrom Alemany Blvd to Madison @tot along HIN) and Princeton St to

Barneveld Ave

3 Stfrom Mariposa St to China BasSt (not along HIN)

Valencia Sfrom 7" St to Market St

o0 Many of these higher scoring corridors are located areas of the city that generally have higher
volumes of bicycle and motor vehicle volumes such as the Financial District, SOMA, Mission,
Tenderlon, Western Addition, and North Beadilany of the highest scoring corridors aiso
within EPCand overlap with sections of the HIN

> > > > >

A
A

Next Steps

1 Toole Design and SFMTA to review this draft analysis and provide comments for Safe Streets to address.
Key geestions to consider in during the review:
o Are there any findings that do not reflect your current understanding of bicyclist safety in San
Francisco?
o0 Are there areas of this memo for which you would like additional information? If so, what else
would youlike to know?
1 Once this analysis is finalized, Safe Streets will deliver the following files to Toole Design and SFTMA.
Toole Design will use these files to produce any necessary graphics or maps.
o CSV file of crash data with geospatial attributes
0 Crashanalysis Word Document and PDF
0 Refined and contextualized intersection and segment data. Both data include aggregated
crashes.

Data Preparation

Crash datavere processed and evaluated as part of thepl crash analysis. No otheleaningto the underling

crash data occurred as part of tisepll analysis. Roadway characteristics, land use, and demographic data
were processed as part of thetepll analysis and joined to a master intersection and cdimedataset. The

crashes were joined to the intersection and centerline data to contextualize the crash data and to aggregate the
crash data to the network data to allow for a systemic safety analysis to be conducted.

As part of the data preparation effty the intersection and centerline data wetieoroughlyreviewed at the
start of this analysisA number ofdata quality issues withoth the street centerline and intersection dateere
identified and aredetailed inApperdix A Network Data QC

Crash Weights

Crashes have been assigned an Equivalent Property Damage Only value (EPDO) that will be used throughout this
analysis to wigiht crashes based on the estimdterash cost. Applying severbased weights to crashes allows

us to better understand the general crash intensity when anady@ash frequencies in cross tabs. A higher

EPDO value may suggest a particular roadway chenatic is associated with higher crash severities and/or

crash frequencies. Most tables in this reppresentEPDQralues vidhe total EPDO by variables as well as the



average EPDO score per score (total EPDO divided by the total number of crasiedis)uounderstand the
average severity of crashéseeTablel).

Tablel: Crash EPDO Scoring

Crash Severity Location Type Crash Cost | Ecuivalent
Property

Damage Only
Signalized Intersection $1,787,000 119.93

Non-Signalized

“Fatal and Severe Injury (KA) Intersection $2,843,000 190.81

Roadway $2,461,000 165.17
Evident Injury Other Visible (B) $159,000 10.67
Possible Injurg Complaint of Pain (C) $90,900 6.10
Property Damage Only (O) $14,900 1.00

* The letters in parenthesis (K, A, B, C and O) refer to the KABCO scale commonly used by law enforcement agencias ir
reporting efforts The KABCO scé@eurther documented in theigthway Safety Manual (HSM)

** Figures were calculated based on an average Fatality (K) / Severe Injury (A) ratio for each area type, a crashFedatifyr
(K) of $8,112,200, and a crash cost of a Severe/Disabling (#uof $437,100. These costs are used in the HSIP Analyzer.
*** Based on Table -4, HSM First Edition, 2010. Adjusted to 2022 Dollars.

Descriptive Analysis

Crash Location (Intersection MidblocR

Crashes were assigned a location type as eithemigavicurred at an intersection or a midblock location.
Crashes were coded asving occurrect an intersection if thegeocodeddata point was withirv5 ft of an
intersection centroidAll other crashes were coded as midblodke performed aensitivity analysis to inform
this threshold by comparing the spatial location of several samples of crasheghatiter eachcrashwas

coded as an intersection crash. Intersection crashes werewed with aerial imagery to ensure the results are
AYOUdZA GA GBS /1t Qa OdzNNByYy G | LIINRBFOK Aa G2 »etaiady St OK
intersection rear endKL50ft, or midblock > 20t. Caltran§Highway Safety Improvement Pragn uses 25

as the threshold to define intersection crashes. For the purposes of this anad§igisting the density of San
CNJ} yOA &aO02 Q& alaillonBBoptipmiar 75M5t8 helpzis H&tter understand risk factors and behavioral
patterns asso@ated with crashes andrashlocatiors. The results of this approach are summadiae Table2.

The differences between this GIS proxirtigsed approach antthe officer-reported locations resulted in 307
(13% of crashes) previously midblock crashes being coded as intersectioesceach33 (~1%) previously
coded intersection crashescodedas midblock crass



Table2: Crashes by interseah relation and spatial proximity, 2022021

Location Intersection (CHP) # Crashes
Type SSREL

intersection  Intersection0 ft 1,599
intersection  Midblock > 2@t 307

intersection  Intersection Rear EndkL50ft 37

Intersection Total 1,943

mid-block Midblock > 2Gt 456
mid-block Intersection Rear EndL50ft 29
mid-block Intersectioni0 ft 4

Midblock Total 489

Table3 summarize bicyclist crashes by location type for crashes that occurred between 2017 and 2021. The
majority of crashe$79.3%) and KSI crashes in particular (78ct¥)rred at intersectionsThis distribution is
expected for bicyclist crashegs most interactions betweermadwayusersoccur at intersectioocations

rather than midblockWhen looking at the percentage of crashes that remiiih a KSI, midblock crashes tead

to result in aslightly more severe outcomevith 10.1% of crashes resulting in a KSI and an average EPDO score
of 24.2 Motorist speeds are likely higher midbloitlan at intersectiors, resulting in higher kinetic energy and
limited reactiontime, both of which may aatribute to midblock crasheseing more likely to be sever®fthe
midblock KSI crashes, 31.4% were $ndyclistcrashesand only 2 of the 51 midblock KSI crashes vesxded as

a dooring crashFor motoristbicyclist KSI crashgal out of the 22 KSkashes included both roadway users
traveling in the same direction.

The most common violation type for KSI crashiean intersectiorincluded unsafe speed20%), red signat
driver or bicyclist responsibility (14.1%), and Unknotvh®6). The most commmoviolation type for midblock
KSkrashesncludesunsafe speed37.3%), unsafe turn or lane change prohibitd®.{%), andunknown(9.8%).
Of the unsafe speed violations for both intersection and midblock cra&8/ of thosecrashesvere sole
bicyclist or bicyclispedestrian crashes.

Table3: Bicyclistrashes by location type, 202021

%

Crashes
Location # % resulting Avg EPDO
Type #Crashes %Crashes KSI % KSI EPDO EPDO inKSlI per crash

intersection 1928 | 185] | 41,169 9.6% 214
midblock 504 20.7%| 51| 21.6%| 12,211 22.9%| 10.1% 24.2
Total 2432  100.0%| 236| 100.0%| 53,380| 100.0%|  9.7% 22.0

Table4 summarizes bicycle crashes by location type for thepgamedemic study period. Most crashé&&/ (76)
and KSI crasheg9.1%) occurred at intersectionslnlike he 5year study periodntersectioncrashes tended to
result in a KSI outcome more often than midblock crasivé 9.6% of crashes resulting in a KI8lit the
average severity of crashes in terms of average EPDOwasemilar between location typedhe top three
violation types for the prgpandemic study period were the s as the Syear study periodor KSI intersection



crashes, and similar fanidblock crasheswith unsafe speed (7.6%), unknown (3.2%), and unsafe turn er lan
change (2.5%) beirtfpe leading contributing factors

Table4: Bicyclisttrashes by location type, 202019

%

Crashes
Location # % resulting Avg EPDO
Type # Crashes %Crashes KSI % KSI EPDO EPDO inKSI per crash
intersection 1296 77.7% 125| 79.1% 27,668 9.6% 214
midblock 372 22.3% 20.9%| 8,254 23.0% 8.9% 222
Total 1668 100.0% 158 100.0%| 35,923| 100.0% 9.5% 21.5

Table5 Summarizes bicycle crashes by location type for the pandemic study period. Like-{pendemic study
period, most crashe8g.®6) and KSI crashes (%) ocarred at intersections. However, unlike the pre
pandemic study period, midblock crashes tended to result in a KSI outdd6&6) more often than

intersection crashes (8%9. Regardless of location type, crashes that occurred during the pandemic studg peri
resulted in a KSI outconstightly moreoften thanduring thepre-pandemicstudy period(10.2% compared to
9.5%, respectivelyYhe top three violation types for the pandemic study period match the top three violation
typesfor the 5year study period for both intersection and midblock KSI crashes.

Table5: Bicyclisttrashes by location type, 202021

%

Crashes
Location # % resulting Avg EPDO
Type # Crashes %Crashes KSI % KSI EPDO EPDO inKSI per crash
intersection
mid-block 132 17.3% 23.1%| 3, 956 | 227%| 13.6% 30.0
Total 764 100.0% 78 100.0%| 17,457| 100.0% 10.2% 229

Intersection Control

Table6 summarizes intersection bicycle crashes by intersection control from-2021. Most bicycle crashes
occurred at signalized intersectiobsth overall (67.9%) angarticularly forKSI crashe§1.5%). Additionally,

the number of crashes and KSI crashes per interseutihna traffic signaas substantially higher than
intersections with other traffic control types. When looking at the average severity of crashes by intersection
control type,crashes at signalized intersections teddo be the least severe with an average EPDO score of
20.2. Uncontrolled stops and partial stagntrolled intersections had the highest average EPDO score per crash
(27.1 and 25.2, respectivel\Berpendicular riative direction of trave(e.g.,broadside motorist left turn into
bicyclis) is the most common crash type at partial stopntrolled intersections for bicyclisinotorist crashes
(43.5%0f allcrashes; 40%f KSI crashesThiscould bedue to a bicycit attempting toenter orcrossa street in
which the motorist does not have a traffic control dev(oe vice versa) therefore leading to higher kinetic
energy at the time of the crash.

The majority dthe KSI crashes that occurred at signalized intgises occurred in nomesidential areaswith
39% occutingin mixedlanduseareasand 25% in commercial land ugeeas compared to 19% at signalized
intersections within residential land useeas. This higher share of crashatsignalized locations mon-
residential land uses is likely associated with hidlieyclist and motorisexposure levelat these locations.
Additionally, there tend to be more interactions between moving bicyclists andnsts at signalized
intersections compared to other location typ&he most frequent reported violation types for KSI crashes at
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signalized intersectionacluded disregard red signdlL9.®4),unsafe speedl8.96),unknown(13.68%),unsafe
turn or lane clange(8.3%),violation rightof-way left turn(8%) anddooring(8%)

Nearly25% of the KSI crashes atitboof overall crashes at signalized intersections were-badgclist crashes

mostof which werecited as traveling too fast faronditionsor unknovn. Thesignalizedntersections with sole

bicyclist KSI crashes generally&a max slope between-2% gradewhich isnot especially steep for the city

odzi Yl & adAftf KFE@S O2yiNAROdzGSR (2 L¢ThisklOgrangeacaouns 2 NJ Y 2
for 39% of the street networkbut 68% ofolo-bike KSI crasheat signalizedntersections

Table6: Bicycle crashes by intersection control, 22021

KSI Avg.
Crashes Crashes EPDO

Intersection # ) #KSI % KSI % per100 per100 per
Control #Inf % Ints Crashes Crashes Crashes Crashes EPDO EPDO Ints Ints Crash
Signalized 1,323| 18.4%| 1,310 133 |
Partial Stop 2,025 27.0% 291 | 15.1% 27| 14.5%| 7,331| 17.8% 14.4 1.3 252
Al-Way Stop | 2,011| 26.7% 230 | 11.9% 16 8.6%| 4,847| 11.8% 11.4 0.8 211
Uncontrolled | 1,879 | 27.9% 97 5.0% 10 5.4%| 2,630 6.4% 5.2 0.5
Total 7,238 | 100.0%| 1,928| 100.0% 186 | 100.0%)| 41,234 | 100.0% 26.6 2.6

Table7 and Table8 summarize intersection bicyclist crashes by intersection control type for th@gamdemc
and pandemic study periodgspectively The distribution of crashes was comparable between study periods
with most crashes and KSI crashes having occurred at signalized intersections followed by pada@itstdipd
intersections.

3aLYGSNASOGAZ2Y &¢ InMBtabieKtBrolGhSuhs Rocuimnt ta allgithie éable to fit withinney ®p E mm €
portrait layout.
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Table7: Bicycle crashes by intersection control, 22019

KSI

Crashes  Crashes
Intersection # % # KSI % KSI % per 100 per 100
Control #Ints % Ints Crashes Crashes Crashes Crashes EPDO EPDO Ints Ints
Signalized 1,323| 18.4% 890 | 89|
Partial Stop 2,025| 27.0% 194 | 15.0% 15| 12.0%| 4,338| 15.7 9.6 0.7 224
AllWay Stop | 2,011| 26.7% 146 | 11.3% 13| 10.4%| 3,595| 13.0 7.3 0.6 24.6
Uncontrolled 1,879 | 27.9% 66 5.1% 8 6.4%| 2,006| 7.2% 3.5
Total 7,238 | 100.0% 1,296 | 100.0% 125 | 100.0%| 27,718 | 100.0 17.9 1.7 214

Table8: Bicycle crashes by intersection controR@2021

KSI Avg.

Crashes Crashes EPDO
Intersection # ) # KSI % KSI per 100 per100 per
Control #Ints % Ints Crashes Crashes Crashes Crashes EPDO Ints Ints Crash
Signalized 1,323| 18.4% | 44
Partial Stop 2,025| 27.0% 97| 15.3% 12| 19.7%| 2,995| 22.1% <0.1 <0.1
Al-Way Stop | 2,011| 26.7% 84| 13.3% 3 4.9%| 1,258 9.3% <0.1 <0.1| 15.0
Uncontrolled | 1,879 | 27.9% 31 4.9% 2 3.3% 626 4.6% <0.1 <0.1| 202
Total 7,238 | 100.0% 632 | 100.0% 61 | 100.0%| 13,545| 100.0% 0.1 <0.1| 214
Neighborhoods

Map 1 displays thegpercentage of KSI crashes by neighborhood forgaredemic and pandemic study perigds
help us understand spatial patterns during the two study periéads.example, the Missh District accounted

for approximatelyl2% of KSI crashes that occurred during thegaedemic study periodout only about 6.4%

of KSI crashes in the pandemic study perfeat both periodskKSI crashes were most concentrated within the
Financial Distat andthe surroundingneighborhoodswith some key differences in certain places between
periods, including a noticeable reduction in the percentage crashes in the Bayview Hunters Point area and a
contrasting increase ned@olden Gate Parik the latter period.

Thesedifferences between thetwo study peiodsare further highlighted itMap 2, which depictshese KSI
distribution changes as well as the difference betweverall bicycle crash distributioNeighborhood with
large differencesn percentage pointbetween the prepandemic and pandemic study perifat bicyclistKSI
crashesnclude Castro/Upper Market (5.8%), Tenderloin (+5.8¥%i¥sion (5.6%),Golden Gte Park (+4.5%),
Sunset/Parkside (+3%),North Beach-3.8%), Bayview Hunters PoinB(7%) andOuter Richmond (+3.2%).
Differences iroverall crashdistributions were highest in the following neighborhoo&fmancial District-8.6%),
SOMA {3.3%),Mission §2.6%), North Beach1%), and Nob Hill@.9%) These differences most likely reflect
changes in how people traves during the pandemiowith fewer people working downtown and potentially an
increase in recreational tripgurtheranalysisand continuedmonitoringof travel behaviors and crash patterns
will help the SFMT# better understandongerterm impacts related taravel behaviorchangesassociated
with the COVIEL9 pandemic and higher rates of people woddrom home.
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Map 1: Percent of KSI bicyclist crashes by neighbor and study period
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Map 2: Difference between crash and KSI cristribution by neighborhood and study period
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High Injury Network

Table9 summarize bicycle crashes along thdigh Injury NetworkHIN ) for crashes that occurred bheeen
2017-2021.Map 3 displays bicyclist crashes and the HIN from 2PQZ1.As expected, botbverallcrashes and
KSI crashes were concentrated along the, ldtidowunting for 67% and62.3%6 ofall crashes and KSI crashes
respectively The majority of thecrashes that occurredlongthe HINinvolved a bicyclist and a motorist (83.1%
of all crashes; 67.8%f KSI crashesas opposed tgolo-bicyclistcrash(11.3%of all crashes; 28.1%f KSI
crashes)Interestingly, crashes that occurred along the Mi&te less severe on averagas reflected in the
average EPDO scard hisfinding mayberelated tothe HIN being informed by aggregating historic crdate,
whichdoes not necessarily account for rizkexposure (exposure oarselyhandled byHINsegmentation
lengths) For example, mangortionsof the HIN have high volumes of people ridalgike, therefore we can
expect a higher concentration of crashes. Stseedt along the HIN can leither lower-risk or lowstress streets
with few recordedcrashesor the conditionamay beso stressful that few people ride their bikes along that
street. The latter of the two scenarios may factaioicrashes that occurred bthe HIN being slightly more
severe.

Of the crashes that occurred along the HIN, the majority occurred at intersectionsof&dPérashesand KSI
crashes)(rashesalong the HIN werenost often at signalized intersectiornjsgt over80%of allcrashesandKSI
crashes)followed by partial stogcontrolled intersection$10.8%of allcrashesand%of KSI crashs. Half of the

KSI crashes aignalized intersecti@along the HINvere reported as thariver or bicyclist failing to obey a red
signal(19.6%)unsafe speel8.6%), andinknown(13.7%)Digging deeper into thdisregard red signal

violation, we see that about 70% of these violations for crashes overall and for KSI crashes are attritheed to
bicyclist. These violations can indicate an unmet need for cyclists (e.g., long wait times, unresponsive traffic
signals, dangerous conditions) and prompt a heed to examine signalized intersections and network connectivity
overall for bicyclists, asell as to consider engaging in outreach, to better understand how the system could
work better for bicyclists.

Nearly 46% of th&SI crashes that involved a motorist and a bicyclist that occurred along the HIN involved
perpendicular precrash directios of travel between the motorist and bicycljstith nearly half of those
invohing both parties proceeding straigffite., a broadside crashijhe second most common crash type
included both parties traveling in the same directigith the bicyclist proceedip straight and the motorist
stopped (8.6%f KSI crashesinost of those crashes were related to the bicyclists getting doorée. third
most common crash type along the HIN involved both parties travelipgripendiculadirections with the
bicyclist poceeding straight and the motorist making a left tum6Yoof KSI crashes).

Table9: Bicycle crasheslong the High Injury NetworR0172021

KSI Avg
Crashes Crashes EPDO
# # ) # KSI % KSI per 10 perl0 per
HIN Miles  Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles crash
Yes 128.8| 13.1%| 1,625 67.0% 147 62.3% | 32,850 61.7% 126.14| 117.53 20.2
No 853.8| 86.9% 801 33.0% 89 37.7% | 20,402 38.3% 9.38 10.74 255

Total | 982.6| 100.0%| 2,426 100.0% 236 100.0%| 53,252 100.0% 24.69 24.74 22.0

TablelOandTablell summarize crashes along the HIN for the-pesndemic study period and pandemic study
period respectivelyThe patterns are similar between study periods, though the pandemic study perioa had
higher concentration oKSI crashesaving occurred along the HINs discussed above, additional monitoring of
these data and periodic reevaluationtbie HIN will help clarify whether pandemic era crashes differed from
historic crashes in a shetérm way, or if pandemic era travel fundamentally shifted the HIN loigen in San
Francisco.
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Tablel0: Bicycle crashes along th#igh Injury Network, 20:2019

KSI
Crashes Crashes
# # % # KSI % KSI % per 10 per 10
HIN  Miles Miles Crashes Crashes Crashes Crashes EPDO EPDO Miles Miles
Yes | 128.8| 13.1%| 1,127| 67.8% 94| 59.9%| 21,736| 60.7% 87.48 7.30 193
No 853.8| 86.9% 536| 32.2% 63| 40.1%| 14,047| 39.3% 6.28 0.74 26.2
Total | 982.6 | 100.0%| 1,663 | 100.0% 157 | 100.0%| 35,783 | 100.0% 16.92 1.60 21.5

Tablell: Bicycle crashes along the High Injury Networ2022021

KSI Avg
Crashes Crashes EPDO

# # % # KSI % KSI % per 10 per 10 per
HIN  Miles Miles Crashes Crashes Crashes Crashes EPDO Miles Miles crash
Yes | 128.8| 13.1% 498 | 65.3% 53 67.1%| 11,137| 63.6% 38.66 4,11 224
No 853.8| 86.9% 265| 34.7% 26 32.9%| 6,370| 36.4% 3.10 0.30 24.0
Total | 982.6 | 100.0% 763 | 100.0% 79 | 100.0%| 17,507 | 100.0% 7.76 0.80 22.9
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Map 3: Bicyclist crashes and High Injury Network, 22021

Bicyclist Crashes, 2017-2021*

e KSI
* Non-KSI

High Injury Network

1 mi @ SAFE STREETS
Research + Consulting

17



Functional Classification

Tablel2 summarizes bicyclist crashes by functional classification that occurred between 2017 and 2021,
including both intersection and midblock crashikap 4 displays bicyclist crashesafunctional classification.

The highest functional classification was assigned to crashes that occurred at intersections. Most crashes
occurred along collector streets (36.4%@ll crashesand 33.5%0f KSI crashes). When looking at the number of
crashes on a per mile basis, crashes and KSI crashes are concentrated along major streets. Arterial streets had
the highest concentration of crashesith 94.6 crashes and@6 KSI crashes p&0 miles. Collectors had the
second highest concentration of crashes p@miles (62.5), whereas mjor/highway had the second highest
concentration of KSI crashes @grmiles (9.9). Additionally, crashes were most severe on average along
major/highway although only 2.5% of crashes occurred along those streets. Crashes along arterials were the
second most severe on average @avg. EPDGndaccounted for the largest share of KSI crasklespite
arterialsonly comprising7.8% of the seet network mileageTablel3and

Tablel4 show crashes by functional ctabefore and after the pandemic, and while there are some differences
among total crash volumes and crash severity, the general trends (e.g., most servere crashes on major highways,
most crashes on collector roadways, and highly concentrated crahses bhoglgs on collectors and arterials)

were the same during all time periods.

Tablel2: Bicycle crashes by highest functional classification, ZI7L

KSI

Crashes Crashes Avg
Functional # % # % # KSI % KSI % per 10 per 10 EPDO pe
Classification  Miles Miles Crashes Crashes Crashes Crashes EPDO EPDO Miles Miles crash
Collector 14.4% 34.8%
Residential 754.9| 76.8% 760 31.3%| 66| 28.0%|16465| 30.9% 10.1 0.9 21.7
Arterial 76.4 7.8% 723 29.8% 34.3%| 16,461 | 30.9% 22.8
Major/Highway| 10.1 1.0% 60 2.5% 10 4.2%| 1771 3.3% 59.3 9.9
Total 982.6| 100.0% 2,426 | 100.0% 236 | 100.09%| 53,252 | 100.0% 24.7 2.4 22.0
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Tablel3: Bicycle crashes by highest functional classificat2®1,72019

KSI Avg
Crashes Crashes EPDO
Functional # % # % # KSI % KSI % per 10 per 10 per

Classification Miles Miles Crashes Crashes Crashes Crashes EPDO EPDO Miles Miles crash

Collector 141.2| 14.4% \ 35.8% \ 38.2% 37.9%

Residential 754.9| 76.8% 533 32.1% 42 | 26.8% 30.6%
Arterial 76.4 7.8% 497 | 29.9% 50| 31.8%| 10,337 | 28.9%
Major/Highway | 10.1 1.0% 38 2.3% 5 3.2% 960 2.7%
Total 982.6| 100.0%| 1,663 | 100.0% 157 | 100.0%)| 35,783 | 100.0%

Tablel4: Bicycle crashes by highest functional classificat2®202021

KSI Avg
Crashes Crashes EPDO

Functional # % # % # KSI % KSI per 10 per 10 per
Classification Miles Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles WIES crash

37.7% 24.1%

Collector

Residential 754.9| 76.8% 29.8% 30.4% 0.3 24.4
Arterial 76.4 7.8% 226 29.6% 4.1 27.2
Major/Highway | 10.1 1.0% 22 2.9% 6.3% 4.6%

Total 982.6| 100.0 763 | 100.0% 79| 100.0%| 17,50 | 100.0% 7.8
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Map 4: Bicyclisttrashes andunctionalclassification 20172021
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Functional Classificatianintersection Crashes

Tablel5 summarizes reported bicycle crashes at intersections by functional classification between 2017 and
2021. Crashes are categorized by both the minimum and maximum functional classifiddtierstreets at the
intersection The most severe crashes occurred at intersections with generally higher functional ctssgek
factors would suggestrashes at intersections of major highways and arterials were the most severe (40.0 avg.
EPDO), follwed by intersections of major highways and collectors (31.9 avg. EPDO). There are relatively few
intersections between major/highway roads and either arterials or collectors, but crashes that occur there are
disproportionately severe.

Surprisingly, éarge share obverallcrashes (26.8%and KSI crashes (24.286rurred at intersections of
residentiatresidential roadwayswhich make up 60.5% of aitersections but are typically designed for slower
speeds and less traffiddditionally, the largest shee of overallcrashes (29.5%nd the secondargest share of
KSI crashes (23.1%9curred at intersections of collector and residential roadways, even though these
intersections make up only 20.5% of all intersectiQsdicating that crashes at theset@nsectionsare
overrepresentedor both metrics. Upon review of these locations, many do not appear to fit the common
characteristics of residential streetSeveral intersections with at least one KSI crash are located downtown
along collector streets ahcross withvery small alleyike streets €.g.,8th St and Minna St 7th Stand Natoma
St, and 5th Stand Natoma S}. Additionally, several streets stand out upon revid¢wr example, Webster S¢
coded as residential, bitasa buffered bike la@, two general purpose landés eachdirection,a striped
centerline,and a raised mediaq characteristics often found along arterial roadwgays seen irMap 4, Valencia
St, Polk St Harrison St Folsom St and Balboa Sare alsocoded as residenti@nd as having no centerline,
eventhough they have many of the characteristics of a collectarterialanda centerline is visible through
street view imageryThese potential miscodes may helgplain whythe residentiaffunctional classificatiors
associated witlsuch a large share of KSI crasliethe SFMTA uses street classification fdegaor throughput
evaluation, we recommend revisiting these classifications and characteristics in the source data.

Tablel6 andTablel7 show crashes during 2017 through 2019 and 20@01, respectively, and they share the
same crash trends as they®ar period, with some notable differences. Aver&itD@er crash was highest
(52.6) during 20222021, and lowest before the pandemic (37 8lso, arterial intersections had highest number
of crashes per intersection during theygar period and before the pandemic, but major/highway intersections
with collectors and arterials had the highest number of crashes during the pandemic.

Tablel5: Intersection bicyclist crashes by highest and lowest functional classification2@R17

3 ashe ashe PDO
ona ona % % per 100 per 100 pe
Collector Residential 1,524 20.5% 569 | 29.5% 43| 23.1% 37.3 2.8 19.4
Collector Collector 185 2.9% 165 8.6% 18 9.7% 89.2 9.7 20.9
Residential Residential 4,384 | 60.5% 516 | 26.8% 45| 24.2% 11.8 1.0 21.6
Arterial Residential 816 | 11.2% 350 18.2% 40 | 21.5% 42.9 4.9 23.2
Arterial Collector 141 2.0% 182 9.4% 22| 11.8% 129.1 15.6 22.5
Arterial Arterial 64 1.1% 89 4.6% 8 4.3% 139.1 12.5 18.7
Major/Highway | Residential 92 1.3% 33 1.7% 5 2.7% 35.9 5.4 27.9
Major/Highway | Collector 16 0.2% 17 0.9% 3 1.6% 106.3 18.8 31.9
Major/Highway | Arterial 10 0.1% 7 0.4% 2 1.1% 70.0 20.0 40.0
Major/Highway | Major/ Highway 5 0.1% 0 0.0% 0 0.0% 0.0 0.0 0.0
Total 7,237| 100.0%| 1,928| 100.0% 186 1.0 26.6 2.6 21.4
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Tablel6: Intersection bicyclist crashes by highest and lowest functional classification2Q027

5 s e PODO
ona ona % 0 per 100 per 100 pe

d a % c e a C - d e a
Collector Residential 1,524| 20.5% 371 34 24.3 2.2 22.0
Collector Collector 185 2.9% 109 8.4% 12 9.6% 58.9 6.5 20.5
Residential Residential 4,384 | 60.5% 357 31| 24.8% 8.1 0.7 21.7
Arterial Residential 816 | 11.2% 239 | 18.4% 23| 18.4% 29.3 2.8 20.0
Arterial Collector 141 2.0% 123 9.5% 15| 12.0% 87.2 10.6 224
Arterial Arterial 64 1.1% 61 4.7% 5 4.0% 7.8 17.9
Major/Highway | Residential 92 1.3% 24 1.9% 3 2.4% 26.1 3.3 22.8
Major/Highway | Collector 16 0.2% 10 0.8% 2 1.6% 62.5
Major/Highway | Arterial 10 0.1% 2 0.2% 0 0.0% 20.0 0.0 8.5
Major/Highway | Major/Highway 5 0.1% 0 0.0% 0 0.0% 0.0 0.0 0.0
Total 7,237 | 100.0%| 1,296| 100.0% 125| 100.0% 17.9 1.7 21.4

Tablel7: Intersection bicyclist crashes by highest and lowest functional classification2@220

AV(Q
3 s : PODO
ona ona % 0 per 100 per 100 pe

a a % a e a e e a e a
Collector Residential 1,524 | 20.5% 198 14.8% 1.3 0.6 14.5
Collector Collector 185 2.9% 56 8.9% 9.8% 3.0 3.2 21.8
Residential Residential 4,384 | 60.5% 159 [ 25.2% 14| 23.0% 0.4 0.3 21.3
Arterial Residential 816 | 11.2% 111 17.6% 17 1.4 2.1 30.2
Arterial Collector 141 2.0% 59 9.3% 71 11.5% 4.2 5.0 22.6
Arterial Arterial 64 1.1% 28 4.4% 3 4.9% 4.4 4.7 20.5
Major/Highway | Residential 92 1.3% 1.4% 2 3.3% 1.0 2.2 41.4
Major/Highway | Collector 16 0.2% 1.1% 1 1.6% 4.4 6.3 23.7
Major/Highway | Arterial 10 0.1% 0.8% 2 3.3%
Major/Highway | Major/Highway 5 0.1% 0.0% 0 0.0% 0.0 0.0 0.0
Total 7,237 | 100.0% 632 | 100.0% 61| 100.0% 0.9 0.8 21.4

Number of Lanes

Tablel8 summarizes all reported bicycle crashes by the number of roadway lanes between 2017 antdh2021.
number of lanes reflestthe overall numbeof general purpose lanes along the street in both directions of
travel. Crashes at intersections were assigned the greatest number of lanes of the intersecting roadways. The
number of lanes of roadways considered this analysiganged between 1 and+5Most roads (761%)

considered in this study are two lane roadwagad these roadways were the site of about ehed of all

crashes and KSI crasheswgver, there is aclear andpositive relationship between crash densitisgverity,

and the number ofanes there werel08.2 crashes per 10 miles ofdhe roads, 84 crashes pefl0milesof 3-

lane roadsand86.4crashes pefl0 mileson 4-lane roads, compared witjust under10.7 crashes pefl0O miles

on 2lane roadwaysThe rate oSl crashes p&O milesand EPDGcores further illustrate thelisproportionate
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burdenthat roadways with 3, 4, or 5+ lanes create doerallnetwork safety.Furthermore, 53% of the-lane
roadway mileag@ccurs alongne-way streets as shown later ithis report, oneway traffic is often a separate
risk factor in safety models (i.e., irrespective of lane numbdusg)to the lack of oncoming traffighis trend is
the same during prgpandemic years and during the pandemic, as showirainiel9 and

Table20.

Tablel8: Bicyte crashes by number of lanes, 2€2021

pe ashe PDO
H % 0 per 10 per 10
ane e 0 e ashe 0 ashe ashe ashe PDO % EPDO e e e
1 56.0 5.7% 13 0.5% 0 0.0% 108 0.2% 2.3 0.0 1.9
2 751.0 76.4% 33.1% 77 32.6% 35.8% 10.7 1.0 25.4
3 36.4 3.7% 324 13.4% 22 9.3% 5,573 10.5% 89.1 6.1| 153.3
4 101.1 10.3% 36.0% 36.9% 34.9% 86.4 8.6 | 183.9
>=5 38.2 3.9% 413 17.0% 50 21.2% 9,920 18.6%
Total | 982.6| 100.0% 2,426 100.0% 236 100.0% | 53,252 100.0% 24.7 2.4 54.2
Tablel9: Bicycle crashes by number of lanes, 22019
~ PDO
! % Mile 70 70 PDO % EPDO  per 10 ashes — pe
ane e ashe ashe ashe ashe _ per 10 0
1 56.0 5.7% 9 0.5% 0 0.0% 74 0.2% 1.6 0.0 1.3
2 751.0 76.4% 33.4% 33.8% 36.9% 7.4 0.7 17.6
3 36.4 3.7% 222 13.3% 16 10.2% 3,967 11.1% 61.1 4.4 109.1
4 101.1 10.3% 35.8% 36.3% 33.9% 58.8 5.6 | 120.1
>=5 38.2 3.9% 282 17.0% 31 19.7% 6,380 17.8%
Total 982.6| 100.0% 1,663 100.0% 157 100.0% | 35,783 100.0% 16.9 16| 364

Table20: Bicycle crashes by number of lane2@2021

# # ) # # KSI % KSI
Lanes Miles Miles Crashes o s Craihes Crasshes EPDO % EPDO  per 10

s
1 56.0 5.7% 4 0.5% 0 0.0% 34 0.2% 0.7 0.0 0.6
2 751.0| 76.4% 247 32.4% 24 30.4%| 5,852 33.4% 3.3 0.3 7.8
3 36.4 3.7% 102 13.4% 6 7.6%| 1,609 9.2% 28.1 1.7 44.3
4 101.1| 10.3% 36.6% 38.0% 36.9% 27.6 3.0 64.0
>=5 38.2 3.9% 131 17.2% 19 24.1%| 3,544 20.2%
Total 982.6 | 100.0% 763 100.0% 79 100.0%| 17,507 100.0% 7.8 0.8 17.8
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Map 5: Bicyclist crashes anmtimber of lanes20172021
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Posted Speed Limit

Table21 summarizes the number of reported bicycle crashes categorized hyostedspeed limit (i.e., not
prevailing speed) between 2017 and 2021. Speed limits ranged between 25 mph (or less) to 45 miles per hour.
About 3% of roadways in the network (26.7 miles) did not have speed limit data available. Most of the network
(90.6%) has agsted speed limit of 25 mph, and most of theerallcrashes (82%) and the KSI crasi&86)

occurred on these roadwayas shown itMap 6. Twathirds of crashes anfi0% of KSI crashafong 25 mph
streetsoccurredalong the HINAround 13% of crashes were on roadways with posted speeds of 30 mph, even
though they make up less than 3% of the network. The 30 mph roadways also had the highest number of
crashes peflOmiles(110.29, KSI crashes p&f miles (10.9), and PDO perlOmiles(2,357.9, indicating tha&
disproportionate share of severe injuries and fatalities oauthese roadsSimilarly, it is notable that

roadways with a speed limit of 35 mph have the setbighestEPD@er 10 miles (1,268.9 and 8% of KSI

crashes, despiteomprisingess than 3% of the network.

Most KSI crashes along 25 mph stigievolved a bicyclist and a motorist (68%), followed by $adyclist

(27.5%) and bicyclispedestrian 4.5%)crashesNearly 806 oftheseKSI crashes occurred at an intersection

with 53% at a signalized intersection, 13% at a partial stop, and 8% atveayadtop.Looking at bicyclist
motorists crashes, perpendicular and same direction crashes accountadddy 39% oKSI crashes eachhe
mostfrequentmovement types for perpendicular KSI crashes were both parties proceeding stréigh (2
n=25), followed by licyclist proceeding straight and motorist making a left turi%4 n=5. The most frequent
movement type for same direction crashes were bike proceeding straight and motorist stopped (9.9%,/n=12
of the 12 were dooring relatedfollowed byother/unknown (5.8%, n=7) and bike proceeding straight and
motorists making a right turn (5%, n=6).

The majority (about two third)f the KSI crashes along 25mph stesditl not occur along a bike facility of any
type. Of the bicycle facilities along 25 mptreets, Class Ifacilities hadhe largest share of KSI crashes (54,8%)
followed by Class Il (36.7%) and Class IV (12ac¥fies Similar tothe findingsin the functional classification
section of this analysis, intersections along 25 refrhetsat collector-residential and residentiaiesidential

streets accounted for nearly 50% of KSI crashestated earlier in this memo, several of these streets coded as
a residential street may have thleharacteristicof a collector or arterialincluding being mjor destination hubs
with more motorist and bicyclist travel than we would expect on a typical residential street

These trends do not differ between study years before the pandemic and during the pandemic, as shown in
Table22 and Table23.

Table21: Bicycle crashes by posted speed limit, 22071

Posted ashe ashe PDO

peed f % f f % per 10 per 10 per 10

e e ashes % Crashe ashe ashe PDO % EPDO e e e

AR5 890.5| 90.6% 1,983 81.7% 186 78.8% | 42,915 80.6% 22.3 2.1 481.9
30 27.6 2.8% 304 12.5% 30 12.7% 6,503 12.2% 110.2 10.9| 2,357.4
35 27.9 2.8% 117 4.8% 19 8.1% 3,544 6.7% 41.9 6.8 | 1268.9
40 6.7 0.7% 6 0.2% 1 0.4% 155 0.3% 8.9 1.5 231.2
45 3.2 0.3% 8 0.3% 0 0.0% 72 0.1% 24.7 0.0 221.9
unknown 26.7 2.7% 8 0.3% 0 0.0% 63 0.1% 3.0 0.0 23.6
Total 982.6 | 100.0% 2,426 100.0% 236 100.0% | 53,252 100.0% 24.7 2.4 541.9
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Table22: Bicycle crashes by posted speed limit, 220170

Posted ashe ashe PDO

peed % 0 0 per 10 per 10 per 10

€ € ashe ashe e ashe PDO % EPDO Mile c c
HR5 890.5| 90.6% 82.9% 80.3% 82.2% 15.5 1.4 330.3
30 27.6 2.8% 198 11.9% 16 10.2%| 3,614 10.1%
35 27.9 2.8% 73 4.4% 14 8.9%| 2,531 7.1% 26.1 5.0 906.2
40 6.7 0.7% 4 0.2% 1 0.6% 143 0.4% 6.0 1.5 213.3
45 3.2 0.3% 5 0.3% 0 0.0% 40 0.1% 15.4 0.0 123.3
unknown 26.7 2.7% 5 0.3% 0 0.0% 40 0.1% 1.9 0.0 15.0
Total 982.6 | 100.0% 1,663 | 100.0% 157 | 100.0%| 35,783| 100.0% 16.9 1.6 364.1
Table23: Bicycle crashes by postggeed limit, 220-2021

Posted ashe ashe PDO

pDeedo % 0 0 per 10 per 10 per 10

€ € ashe ashe c ashe PDO % EPDO Mile s s

<=25 890.5| 90.6% 79.3% 75.9% 77.3% 6.8 0.7 152.0
30 27.6 2.8% 106 13.9% 14 17.7%| 2,893 16.5%
35 27.9 2.8% 44 5.8% 5 6.3%| 1,014 5.8% 15.8 1.8 363.1
40 6.7 0.7% 2 0.3% 0 0.0% 12 0.1% 3.0 0.0 17.9
45 3.2 0.3% 3 0.4% 0 0.0% 33 0.2% 9.2 0.0 101.7
unknown 26.7 2.7% 3 0.4% 0 0.0% 23 0.1% 1.1 0.0 8.6
Total 982.6 | 100.0% 763 | 100.0% 79| 100.0%| 17,507 | 100.0% 7.8 0.8 178.2
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Map 6: Bicyclist crashes argbsted speed limi20172021
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MeanObserved Speed

This analysis also looked at the relationship between nudemervedspeeds per segment. It is important to note
that the nature of this analysis precludes analysis intedogd speeding that may be observed at times
throughout the city.Table24 summarizes bicycle crashes by categorizethbymeanobservedspeed between
2017 and 2021The mean bserved speeds range fror5 mph tox45 mph, with categories separated into 5
mph bins.Intersection cashes were assigned the highestan observed speed on the intersecting roadways.
Less than 1% of roadways in the network (6.5 miksked areported speed, and onlgne of the crashes during
the study period occurred on these roadways. Most crashes (96%) and most KSI (98%) crastezsactcurr
lower-speed roadways, which is likely confound®dhe prevalence of lower mean speeds throughout the
network, as well as theumber of people cycling on the legpeed roadsMap 7 compares the posted speed
limit data to the mean observed speed data, illustrating the predominance of 25 mph for both categbees.
EPDO scores indicate higher crash severities for the very small percentage of the networkne@eneotorist
speeds betwen 30 and 39 mph were observed, but there were only four KSI crashes on thosesmadzshes
are not illustrated in this map comparisonhat the KSI crashes occurred almost exclusively at lower observed
speedg; contrasting with weHestablished injuy severity research suggests both that additional scrutiny is
needed for these data and that these findings should be interpreted with caution.

While reported crash trends before the panderaie similar to the Syear reported trends (se€able25), crash
trends during the pandemic diffalightly(seeTable26). During the pandmic period, nost crashe$95%) and

KSI crashes %) stilloccured on lowspeed roadways, but crashwere slightlymore distributed among

higher speed roadways. Crashes on-kpeed road® 2% mph)had lowEPDGcoresper 10 miles (176.3 when
comparedwith roadways with 3889 mph prevailing speeds &4), 2529 mph prevailing speeds (8%), and

45 mph or greater (225). There were also®B4 crashes pel 0 mileson roadways with observed speeds of 45
mph or greater, which is the highest of all categorlagkeeping with the conclusion stated above, the extreme
concentration of KSI crashes at lower observed speeds suggests caution with these data.

Table24: Bicycle crashes mpserved motorist spee@0172021

KSI
Observed Crashes Crashes EPDO

Motorist  # % # % # KSI % KSI perl0  per10 per 10
Speed Miles Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles Miles

X 075 [SL48H 9% | 245|
2529 104 1.1% 45|  1.9% \ 19| 7174

30-34 77| 0.8% 33| 1.4% \ 39| 9714
3539 31| 0.3% 10| 0.4% 1| 0.4% 0.5%

40-44 12| 01% 2] 01% 0| 0.0% 21| 0.0% 16.5 00| 173.6
45+ 1.3 0.1% 4] 0.2% 0| 0.0% 29| 0.1% 30.4 0.0| 2205
unknown 65| 0.7% 1| 0.0% 0| 0.0% 6| 0.0% 1.5 0.0 9.3
Total 982.6 | 100.0%| 2,426| 100.0 236| 100.0 | 53,252 100.0 24.7 24| 5419
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Table25: Bicycle crashes by observed motorist speed7-2019

KSI

Observed Crashes Crashes EPDO
Motorist  # % # % # KSI % KSI perl0  perl0 per 10
Speed Miles Miles  Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles Miles
XKH p 952.4| 96.9% 96.9%

2529 104 1.1% 1.4% 1 0.6% 1.1%

30-34 7.7 0.8% 21 1.3% 3 1.9% 644 1.8%

3539 3.1 0.3% 8 0.5% 0 0.0% 63 0.2%

40-44 1.2 0.1% 1 0.1% 0 0.0% 11 0.0% 8.3 0.0 90.9
45+ 1.3 0.1% 0 0.0% 0 0.0% 0 0.0% 0.0 0.0 0.0
unknown 6.5 0.7% 0 0.0% 0 0.0% 0 0.0% 0.0 0.0 0.0
Total 982.6 | 100.0% 1,663| 100.0% 157 | 100.0%| 35,783| 100.0% 16.9 1.6 364.1

Table26: Bicycle crashes Impserved motorist speed, 202021

KSI
Observed Crashes Crashes
Motorist # # % # KSI % KSI per 10 per 10
Speed Miles % Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles
XKH p 96.9% 95.9%
2529 10.4 1.1% 21 2.8% 1 1.3% 366 2.1% 20.1 1.0 350.6
30-34 7.7 0.8% 12 1.6% 0 0.0% 101 0.6% 15.6 0.0 1315
3539 3.1 0.3% 2 0.3% 1 1.3% 202 1.2%
40-44 1.2 0.1% 1 0.1% 0 0.0% 11 0.1%
45+ 1.3 0.1% 4 0.5% 0 0.0% 29 0.2%
unknown 6.5 0.7% 1 0.1% 0 0.0% 6 0.0%
Total 982.6| 100.0% 763 | 100.0% 79| 100.0%| 17,507 | 100.0% 7.8 0.8 178.2
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Map 7: Posted Speed Limit amdiean Observed Vehicle Spe28172021

Posted Speed Limit

P’

Posted Speed Limit
<= 25 mph
——30 mph
~——35 mph
40 mph
~———45 mph
——Unknown

0 0.75 1.5 mi
A

Mean Observed Vehicle Speed

N

Mean Observed
Speed

<=25
—25-29
——30-34

35-39
——40-44

45+

A 0 0.75

1.5 mi

@ SAFE STREETS
Research + Consulting

3C



Bike Volume Estimates

Citywide bicycle volumes along every street in San Francisco were estimated as paSBMMSACP. Those
estimates have been integrated into this analysis through a serious of descriptive crosstabs. Due to data
limitations thataffected the bicycle volume estimatigrrocess and outputghese estimates arased in broad
categories, rather than asmw numbers The bicycle volume estimation task categorizeditive medium, and
highbinsbased on the following break points: 16849, 256499, and 500+The low category accounts for
65.8% of the network by mileage, medium accounts for 27% hagtdaccounts for 7.2%

Thevolumeestimates for both intersection and midblock locations weseparatelybinned into quantilesor the
purpose of this analysiQuintilesdividethe segment and intersection data infive bines withroughly the same
number of records (or locations) (lowest ing the 20" percentileand belowand highest being the 80
percentileand abovg. Segment and intersection crashae analyzed separately given that the categories
applied to intersections will have different vakithansegmentcategoriesAdditionally, the bike volume
estimates were not conducted separately for the yp@ndemic and pandemic study periods. As such, the
volume estimates will be used to analyze thgear study period, rathethan the two study perids separately.

Unsurprisingly, the following tables show locations with higher bicycle volumes had a higher bicycle crash
frequency due to higher levels of exposure. This does not necessarily mean locations with higher volumes of
bicyclists have higher ash risk. Research has found that specific locations may havelmeanrelationship

between bicyclist volumes and crash frequencies, meaning crash rates declined when bicyclist volume exceeded
a certain thresholdl Researchalsosuggests there is a ahge in motorist behavior in the presence of higher
volumes of bicycle and pedestrian volumes. Additionally, there are many characteristics that influence bicyclist
crash risk that areot captured by the ACP bicyalelume estimates and bike facility dgsithat have been

exploradA Y LINBGA 2 dza S T Fsafeiperformatm@fnctions (SPRS)¢ SFDRMawill be developing
another SPF for bicyclists which will explore the relationship between contextual variables and bicyclist volumes
as they relate tarash riskThe following sections summarize the bicycle crashes by bicycle vektimatesas

a way to explore the relationship between the dafis section does nguggest causatiobetween the

estimated bicycle volume, crashes, and othariables summarized in the following crosstabs

Mid-block Crashes

Midblock crashes are summarized using two different classifications of bicyclist volume estihadie2.7
summarizes bicycle crashes by the low, medium, and high classifications used@Abike volume estimation
task.As previously mentioned, blocks with higher bicycle volume estimates had a higher frequency of crashes.
These bloks also have a much higher rate of crashes per mile, KSI crashes per mile, and EPDChper mile
those are likely related to the method in which the low, medium, and high classifications were cigkaield.

with high bicyclist volume estimates account tmly 7.2% of the network but account for 38.4% and 24% of KSI
crashesMoreover, relative to the percentage of all crashes that occur on the streets with the highest bicyclist
ridership, there are fewer severe crashes than for other volume categories.

4There are nstreetswith an estimated bicycle volume less than 1@#ich is considered a data limitation for this crash
analysis

5Jacobsen P. L. (2003). Safety in numbers: more walkers and bicyclists, safer walking and bipylipgevention:
journal of the International Society for Child and Adolescent Injury Prevedtg)n20%,209.
https://doi.org/10.1136/ip.9.3.205
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Table27: Midblock ficycle crashes stimate bike volume20172021

KSI

Bicyclist Crashes Crashes EPDO
Volume # % # % # KSI % KSI per 10 per10 per
Estimates Miles  Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles Mile
High 70.4 7.2% 191 38.4% 12 24.0%| 3,496| 29.1%

Medium 265.3| 27.0% 159 31.9% 19 38.0%| 4,292 35.7% 6.0 0.7| 161.8
Low 646.9| 65.8% 148 29.7% 19 38.0%| 4,230 35.2% 2.3 0.3| 65.4
Total 982.6 | 100.0% 498 | 100.0% 50| 100.0%| 12,018| 100.0% 5.1 0.5| 122.3

Table28 summarizesnidblockbicyclist volumes by classifying the bike volumes by quintiigeTable27,

streetswith highervolumeestimateshad a higher frequency a@verallcrashes and KSI crash&his aligns with

our generalexpectationsasexposure increasesrashes are likely to increa as wellHowever, when we look

at the proportion of midblock crashes that result in a KSI outcome, we can see there appear to be safety benefits
along highetvolume streets for bicyclists. The proportion of midblock crashes resulting in a KSI outeome ar

guite low for the highest volume streeB @%) whereas the lowest volume streets have the highest proportion

of KSI outcome(.4%).
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Map 8: Bicyclist crashes arestimated bicyclist volumes (low, medium, hjg2)172021
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Table28: Midblockbicycle crashes by estimate bike voluf@eantiles) 20172021

Bicyclist KSI

Volume Crashes Crashes % Crashes
Estimates # % # % # KSI % KSI % per 10 per 10 resulting
Quantiles Miles  Miles Crashes Crashes Crashes Crashes EPDO EPDO Miles Miles in KSI

5 (highest)| 188.7| 19.2% 57.6% 48.0%| 6,179| 51.4%

4 191.9| 19.5% 75| 15.1% 10| 20.0%| 2,188| 18.2% 3.91 0.52 13.3%
3 201.3| 20.5% 76 | 15.3% 8| 16.0%| 1,914| 15.9% 3.78 0.40 10.5%
2 194.2| 19.8% 46 9.2% 5| 10.0%| 1,156 9.6% 2.37 0.26 10.9%
1 (lowest) 206.6| 21.0% 14 2.8% 3 6.0% 581 4.8% 0.68 0.15

Total 982.7 | 100.0% 498 | 100.0% 50 | 100.0%| 12,018 | 100.0% 5.07 0.51 10.0%

Intersection Crashes

Intersections were categorized into quantiles like street centerlines, but the volume estimates were aggregated
from all intersecting legS hebicycle volume estimates duot differentiate directional volume estimates to

allow for the volume estimates the aggregated to intersections to refleenteringbicyclist volumes.

Intersection bicyclist crashes by bicyclist volume estimates are summariZathlie?9. Like midblock crashes,
bicyclist crashes were concentrated at intersections that haeéihhest bicyclist volume estimatég2.7%
crashesb58.1% of KSI crasheg)gain, this is not directreflection of crash riskut arepresentation othe

reality thatwherethere are higher volumes of bicyclistaveling,we can expect to observe a higher frequency

of crasheslnterestingly, we do see an inverse relationship between the percentage of crashes that resulted in a
KSI outcome and bicyclist volume estimateseiisgctions with higher volume estimates hi@dver crashes that
resulted in a KSWhereas intersections with a lower volume estimate have a higher proportion of crashes that
resulted in a KSI. Thislationship between bicyclist volumes and the averagesgvof crashes at intersections
may suggesa safety in numbers effect

Table29: Intersectiorbicycle crashes by estimate bike volume (quantiles),-2021

Bicyclist KSI

Volume Crashes Crashes 9% Crashe
Estimates # % # KSI % KSI per100 per100 resulting
Quantiles # Int % Ints Crashes Crashes Crashes Crashes EPDO Ints Ints in KSI

5 (highest) 20.0% 62.7% 58.1% 57.3%

4 1,448 | 19.9% | 370 19.2% | 40 21.5% | 8,728 | 21.2% | 25.6 2.8 10.8%

3 1,438 | 19.2% | 183 9.5% 17 9.1% 3,914 | 9.5% 12.7 1.2 9.3%

2 1,456 | 19.4% | 113 5.9% 13 7.0% 3,119 | 7.6% 7.8 0.9 11.5%

1 (Lowest)| 1,449 | 21.5% | 53 2.7% 8 4.3% 1,835 | 4.5% 3.7 0.6

Total 7,238 | 100.0%| 1,928 100.0% | 186 100.0% | 41,234 | 100.0% | 26.6 2.6 9.6%
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Bike Faciliy

To examine the relationship between bicycle facilities argltpatterns postinstallation all crashesvere
aggregated to the nearest roadway centerlifiéhe crash occurredt least one yeaafter the year the bike
facility was installel The highest bike facility was assigned to each centerline (multiple facility types can be
present along each blocllass | facilities were the highest and Class 1l facilities were the |aGwest.
correspondindacility installdate in the datawas usedo screen for the crash aggregatidblass lll facilities
make up the largest portion of the bike netwod6(4%) whichmaybe dueto their relatively minotimpact on
motor vehicle capacitgr level of servicandtheir relatively low cost for installation. Class Il facilicesnprise
the second large share of network mileg@2.8%) followed by Class 1V (13.8%) and Clag%o) (

*NOTE Becausdhe narrative and tables in this section summarize bicycle crashes thatioed along a street with a

bike facility only if the crash occurredt least one year aftethe facility was installedthe crashesexaminedhere are a

subset of the overall sample of crashes citywide. Crashes that occurred before the facility was etstallalong a street

without a bike facility are exclude?l | & (KS& IINBX y2i AyFtdzSyOSR o6& (KS oA0eOf

Postinstallation bicycle crashes per year by bicycle facility type over-freabstudy are summarized Trable

30. Class lll facilities accounted for the largest shateotti overallcrashesand KSI crashgmer year(39.7%and
48.2%, respective)yfollowed closely by Class Il faciliti®®.20and 31.7%, respectivélyClass IV accounted for
the third highest share of crashes (20.1%) and KSI crashesfdé@9&ar while Class | facilities had the lowest
share of crashes (1%) and KSI crashes (1ViBtle Classlifacilitiesaccounted for the large share of crashthe
percentage of crashes thagsulted in a KSI outcormeas the lowest7{.8%) followed by Class 1\9.0%). This
findingsuggestghat the Class Il and Classfi¢ilities and the type of physical separation they provide may help
reduce the severity of crashedlifey occur.

Most KSI crashes along a bike facility involved a bicyclist and a motori$o89f4he KSI crashes that occurred
along a bike facility, 28.2% weresalo bicyclistand those occurrethost frequently along a Class 1l facility
(18.8% of KSI crashes)

Interestingly, regardless of bike facility typle largest share of crashes tfative direction of travel between

the bicyclists and motorists was the same direction (4709%l crashes; 42.4%f KSI crashesfpllowed by
perpendicular (33.2%f allcrashes; 40.7%f KSI crasheslxploring the same direction crashes furtheie th

most common movement types involved a bicyclist proceeding straight and a motorist making a right turn (9%
of allcrashesn=66 5.1%of KSkrashesn=3)while the most common movemeiype for KSI crashes was bike
proceeding straight and the motoristsopped(5.6%of allcrashesn=41; 13.6%0f KSI crashes=8). Five of the
eightKSI crashesere dooring crasks Exploring the perpendicular crashes further, most crashes involved both
parties proceeding straight (10.78ball crashesn=78; 153%o0f KSI crashes=9)followed by the bicyclist
proceeding straight and the motorist making a left turn (7 &Rall crashes n=55; 10.2%f KSI crashes=6).

Most of the crashes and KSI crashes involving both parties proceeding stvaigitited as failure to obey a

stop sign odisregardeded traffic signal.

Crashes along any type of bike facility were concentratadtatsectiors (81.5%of allcrashes; 82.2%f KSI
crashes)Mostintersectioncrashes along a bike facility were perpendicular (3505%l crashes; 39%f KSI

5 Bicycle classlefinitions

1 Class I: Trail or shareded path

1 Class II: Bike lane

1 Class lll: Route or sharrew

91 Class IV=eparated or protected bike lane
" This deviates from the approach uses elsewhere in this analysis. All other gartithis memo separate intersection
crashes from midblock crashes and assign centerline characteristics to midblock crashes and intersection crashes to crashes
that occurred within 75 feet of an intersection. This approach aggregated crashes to the nearest centerline regardless of
proximity to an intersectin.
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crashes)followed by same direction (30.386 allcrashes; 24.7%f KSI crashesMidblock crahes largely
involved both parties traveling in the same directi@®.2% ofall midblock crashes and 65.4%dblockKSI
crashes.

Roughly 60% of KSI crashes along a bike facility occurred at a signalized intersection, with half (49.4%) of those
crashesnvolving both parties traveling in perpendicular direction of travel and Bifflving the parties

traveling in the same directioldditionally, most KSI crashes at signalized intersections involved a motorist
proceeding straight (44.8% of signalized isgxtion KSI crashes) followed by a motorist making a left turn

(21.8% of signalized intersection KSI craghes

Nearly albicyclistmotorist KSI crashes (18 of 20) that occurred along a Class |l facility were at an intersection.
Similarly, 11 of the 1BSI crashes along a Class IV facility were at an intensdetir KSI crashes an
intersectionalonga Class Il facility, 44.4% involved both parties traveling in the same direfdilanved bythe
parties travelingperpendiculaly (38.9%)For KSI cehes along a Class IV facility at an intersectioyst KSI

crashes involved both parties traveling perpendicularly (54.5%).

*NOTE Qrashes per mile and KSI crashes per mile columns are included in the following tablesecommend

interpreting those measures with caution as the resultsdo not adjust for exposureFor example, Class Ifcilities
comprisel3.8% of the bike network by centerline mileage, but often have the largest share of bicyclist volumes due to
the comfort and safety benefits they prade. Due to concerngbout the precision of theexposure data, wedid not
estimate crashes per bicyclist traveling along a Class IV facility or through an intersection with a Class IV facility.

Table30: Bcyclepostinstallationcrashesper year ly bicycle facility type20172021

CLASS | 12.3 7.0% 9 1 1.8 1.0% 0.2 1.1% 15 0.2 11.1%
CLASS I 58.0| 32.8% 354 27 39.2% 57 31.7% 12.6 1.0 7.8%
CLASS I 81.9| 46.4% 368 43 39.7% 48.2% 9.0 1.0

CLASS IV 24.5| 13.8% 152 14 37.4 20.1% 34 19.0% 9.0%
Total 176.8| 100.0% 883 85 1859 | 100.0% 179 | 100.0% 15 0.2 9.6%
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Map 9: Bicyclist crashes aralirrent bicycle network20172021
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Table31 summarizes bicycle crashes by bike facility type and bike volume estimates foydae Study period
Unsurprisinglycrashes rates (crashes per yeagre generally highestlong streets with higher bicycle volume
estimates (47.7%) regardless of bicycle facility tyjmwvever, crashes generally occurred most often along high
and medium volume street with a Class Il or Class 1l facilitgh€sa@ong hose streets also tended to be more
severe with a higher percentage of crashes resulting in a KSI outcome compared to other medium to high

volume strees with a Class | or Class IV facility.

Table31: Bicyclepostinstallationcrashes per year by bicycle facility tygrel bicycle volume estimate20172021

High CLASS | 2.5 1.4% 2 1 0.4 0.2 1.6 0.8

High CLASS I 15.7 8.9% 160 8 1.6 1.0 4.8%
High CLASS Il 15.0 8.5% 153 16 30.6 20.4 10.5%
High CLASS IV 116 6.6% 97 I 245 19 1.6 7.7%
Medium | CLASS | 5.2 2.9% 2 0 0.4 0.0 0.8 0.0 0.0%
Medium | CLASS I 28.1| 15.9% 153 14 31.3 3.1 111 1.1 9.8%
Medium | CLASS Il  39.7| 22.5% 148 16 29.7 7.5 0.8 10.8%
Medium | CLASS IV 7.9 4.4% 38 3 8.7 0.6 11.1 0.8 6.9%
Low CLASS | 4.7 2.7% 5 0 1.0 0.0 2.1 0.0 0.0%
Low CLASS I 14.2 8.0% 41 5 8.3 1.0 5.9 0.7 12.0%
Low CLASS Il  27.2| 15.4% 67 11 13.4 2.2 4.9 0.8 16.4%
Low CLASS IV 5.0 2.8% 17 4 4.3 0.9 8.4 1.8 21.2%

Table32 summarizes bicycle crashes by bike facility type and functional classification foyéae Study period.

Class Il and Class Il facilities along residential streets accounted for the largest share of crashes (Class II: 20.1%;
Class lll: 19.9%) and were in the top three location types in terms of percentage of KSI crashes (Class Il 17.2%;
Class lll: 16.8%nterestingly, crashes along residential streeith a Class Il or Class Il facility also tended to be

less sevee, with fewer crashes resulting in a KSI outcome compared to collector or arterial streets. This is likely
due to lower vehicle volumes and spkeresulting in lower exposure and ldgseticenergy at the time of the

crash due to lower vehicle speeds.
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Table32: Bicyclepost-installationcrashes per year by bicycle facility éygnd functional classification20172021

Bike
Facility
Type

Functional

Classification Miles

%

WIES

Total

Total

KSI

Crashes KSI

per

Cashes Crashes year

Crashes
per year

Crashe per
yearper10 per yearper

NIES

KSI Crashes per year

10 miles

% Crashes

resulting in
KSI

CLASS | | Arterial 2.2 1.2% 5 0 1.0 0.0 4.6 0.0 0.0%
CLASS | | Collector 4.0 2.3% 3 1 0.6 0.2 15 0.5 33.3%
CLASS | | Residential 6.2 3.5% 1 0 0.2 0.0 0.3 0.0 0.0%
CLASS 1| Arterial 7.1 4.0% 66 6 13.2 1.2 18.7 1.7 9.1%
CLASS Il| Collector 16.8 9.5% 112 I 227 1.4 13.5 0.8 6.2%
CLASS Il | Residential 34.2| 19.4% 176 14 37.0 3.1 10.8 0.9 8.3%
CLASS lll| Arterial 9.1 5.2% 54 I 10.8 1.4 11.8 1.5 13.0%
CLASS Il Collector 16.9 9.6% 128 21 25.6 4.2 15.1 2.5 16.4%
CLASS Il Residential 55.9| 31.7% 186 15 37.3 3.0 6.7 0.5 8.0%
CLASS 1\ Arterial 5.9 3.4% 47 6 12.0 1.2 20.1 2.0 10.0%
CLASS I\| Collector 12.9 7.3% 72 6 175 17 13.6 1.3 9.5%
CLASS I\| Residential 54 3.0% 33 2 8.0 0.5 14.9 1.0 6.7%

Table33 summarizes bicycle crashes by bike facility type and number of general purpose lanes fgetre 5

study period Similar to the findings reported earlier in this menstreets with a bike lane and two general
purpose lanes had high rate of bicycle crashes per yeowever, Class | and Class |V facilities, which provide
the greatest level of physical separation, had estcrash ratesand KSI crash ratger yearand per mile

along strees with four lanes. This isarticularlyinteresting finding given thatClass | and IV facilities are often
installedalong streeswith higher leved of stress and crash risk.

When looking at all bicycle facility types alongrftaned roads, most crashes occurred at intersei@%9% of
all crashesand 80% ofKSI crashesynd particularlyat signalized intersection§ {%oof all crashes80%of KSI
crashes)Exploringmotorist-bicyclistcrashes along fodane roads at interseimns, we find thatsame direction
crashesomprisedthe largest share of both overall crash88%) and KSI crash@%) followed by
perpendiculamovementy(37.6%0f allcrashes37%of KSI crashesfror the same direction crashes, the
motorist was most often making a right tyfor perpendicular crashethe motoristswere most often
proceeding straight.

Themajority of crashes along a bike faciliy a two-lane roadalso occurredht intersectiors (60%of allcrashes
and62% ofKSI crashesgandmost frequently at signalized intersectior88¢oof all crashe$. Interestingly, of the
intersection crashes along a twane road with a bike facility, signalized intersection anavaly stop controlled
intersections had the same share of KSI crashes 39| crashesMostintersection crashes along twlane
roads involved parties travelinig the same directiotid3%of allcrashes31%of KSI crashesjollowed by
perpendicularly to each otheB7%of all crashesA6%of KSI crasheslror bothof these broactcrashtypes, the
motorist wasmostoften proceeding straightThe same direction crashes, in particutagy indicate the need
for separation in either time (e.g., via a bicycle signal) or space (e.ghysé&al separatiorbetween moving
vehicle traffic and bicycliseong twalane roads.
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Table33: Bicyclepostinstallationcrashes per year by highestpéle facility type andumber of general purpose lanez0172021

B s s
DIKE Ola a ) a S peE A 0 d
0 o o - o . o fa - o o
a H H 0 Ola D a al p D alp a O

CLASSI| |4 2.5 1.4% 9 1 1.8 0.2 7.3 0.8 11.1%
CLASSII |1 11 0.6% 6 0 1.2 0.0 10.5 0.0 0.0%
CLASSII | 2 39.8| 22.5% 215 18 44.1 3.6 111 0.9 8.2%
CLASSII | 3 3.8 2.2% 25 0 53 0.0 13.8 0.0 0.0%
CLASSII | 4 10.6 6.0% 97 8 201 19 19.0 1.8 9.3%
CLASS Il | %6 2.7 1.5% 11 1 2.2 0.2 8.1 0.7 9.1%
CLASSIIN | 1 1.8 1.0% 15 2 3.0 0.4 16.8 2.2 13.3%
CLASSIII | 2 59.8| 33.8% 193 20 38.7 4.0 6.5 0.7 10.3%
CLASSIII | 3 4.1 2.3% 24 1 4.8 0.2 11.6 0.5 4.2%
CLASSIII | 4 13.3 7.5% 118 17 23.6 3.4 17.7 2.6 14.4%
CLASS Il | b5 2.9 1.7% 18 3 3.6 0.6 12.3 2.1 16.7%
CLASSIV |1 0.5 0.3% 2 1 1.0 0.5 21.7 10.9 50.0%
CLASS IV | 2 6.2 3.5% 52 2 12.4 0.5 20.1 0.9 4.3%
CLASS IV | 3 4.5 2.6% 31 4 7.0 0.9 15.5 2.0 12.8%
CLASS IV | 4 10.5 6.0% 57 4 15.0 0.9 14.7 0.8 5.7%
CLASS IV | ¥ 2.8 1.6% 10 3 2.0 0.6 7.2 2.2 30.0%

Table34 summarizes bicycle crashes by bike facility type and if the street is along the HIN feyahesudy
period. Roughly 60% of bicycle crashes and 55% of KSI crashes along a bike facility of any kind occurred along the
HIN.Class land Class lll facil@salong the HIN had the highest rate of crashes per year, followeddss Il and
Class lll facilities off the HIKISI crashes per year were highest along the Class lll facilities along the HIN
followed by Class lll facilities off the HIN¥ese findigs underscore the need for bicycle facilities along these
routes, butmayalso indicate insufficierrotectiongained fromClass Il and Class Il facilitésng these routes
The data also showthdatlass IV facilities along the HIN had a higher peaggntf crashes resulting in a KSI
(9.1%) compared to Class Il facilities along the HIN (5Ti##3e findings may reflect that Class IV facilities, due
to their greater level of protection, tend to be installed in more complex locations with greater yimtgrisk
factors. Additionally, these findings appear to further support the idea of separation in tinékeigignalthe

vast majority of crashes (94%) and all KSI crashes along a Gaslity¥hat isalong the HIN occurred at
locationswithout a bike signal.

Nearly half(47.8%) ohll crashes and KSI crashes (47.1%) along any bike facility type occurred along the HIN at
an intersectionOf the intersection crashes along the HIN, 82.2%llafashes and 92.5% of KSI crashes were at
signalizedocations The most common violation types at these locations incluafe turn or lane change
(18.2%of allcrashes; 13.5%f KSI crashesjlisregard red signdll4.1%of all crashes8.1%of KSI crashes), and
unsafe speell.5%of allcrashes; 13.5%f KSI crashesfErashes involving a bicyclist and a motorist occurred
most often between parties traveling in the same direction (4204%l crashes; 25%f KSI crashesand most
often along a Class Il facility Class Ill facilitylikely related at least in part to higher bicyclist exposure in those
locations, and potentially influenced by less protection for bicycligte most common motorigire-crash
movemensfor same direction crashegere proceeding straight and making a rightn. KSI crashes occurred
most often between a bicyclist and motorist traveling in perpendicular directions @I crashes), again,
most often along Class Il and Class Ill facilifiee.most common motorist prerash movement was proceeding
straight, followed by making a left turn.
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Table34: Bicyclepostinstallationcrashes per year by highest bicycle facility tgpdHIN 20172021

KSI % Crashes
Bike Total Crashes Crashes Crashes per KSI Crashes per year
Facility # % Total KSI per per year per 10 per year per resulting in
Type Miles Miles Cashes Crashes year year miles 10 miles KSI

NO | CLASS | 11.0| 6.2% 7 1 14 0.2 1.3 0.2 14.3%
NO | CLASSII| 42.4| 24.0% 142 15 28.8 3.1 6.8 0.7 10.9%
NO | CLASSII 659 37.3% 165 19 33.0 3.8 5.0 0.6 11.5%
NO | CLASS I\ 10.3| 5.8% 41 3 10.0 0.9 9.7 0.9 9.0%
YES | CLASS | 14| 0.8% 2 0 0.4 0.0 2.9 0.0 0.0%
YES | CLASSIlI| 15.6| 8.8% 212 12 441 2.5 28.2 1.6 5.7%
YES | CLASS Il 16.0] 9.1% 203 24 40.7 4.8 25.4 3.0 11.8%
YES | CLASS IV 142| 8.0% 111 11 27.4 25 194 1.8 9.1%

Oneway vs. Twavay

Table35 summarizes bicyclist crashes on emay versus tweway streets during 2022021, including both
intersection and midblock crasheluist0.4% of the roadways in the network did not have enetwo-way
designations, andixcrasheqbut no KSI crashesgcurred along these facilities. Most of the roads in the
network (88.2%) are twavay roads, but only®% of all crashes and 59% of KSI crashes occurred on these
facilities.In contrast, me-wayfacilities make up 11.4% of the network but accountdatisproportionate38% of
all crashes and 41% of KSI crashes during the study period. Sthtistics equate to ne-way roadwayhaving
4.5 times theEPD(per 10 milesthan two-way facilities.

Most crashes along onawvay streets occurred at intersections (91.8%allcrashes; 90.5%f KSI crashes).

Among these intersection crashes (N=210), 84.3% occurred at signalized locations, as did 95.2% of KSI crashes.
One quarter of the KSI crashes alamg-way streeswere citedasdisregard red signafollowed bydooring
(11.8%0f KSI crashg@sThe most common relative direction of travel of both parties was same direction (37.8%
of allcrashes; 32.4%f KSI crashes) followed by perpendicutasvements(37.5%of all crashes; 45.6%f KSI
crashes)Most ofthe same direction crashes involved the bicyclist proceeding straight and the motorist making
a right turn (18.7%f allcrashes, n=62; 11.186 KSkcrashesn=3) followed by both parties proceedingaght
(13.6%0f allcrashes, n=45; 794 ofKSI crashes, n=Amongthe perpendicular crashes, the most frequent
movement types involved both parties proceeding strai@tt. 1%of allcrashes, n=120; 64.566KSI crashes,

n=20) followed by bicyclist prageding straight and the motorist making a left turn (14 8P4all crashes, n=42;
9.7%0f KSI crashes, n=3).

These findingdicate that oneway facilitiegpresent significansafety issues for bicyclistisat may need
further study through specific roaday safety assessmentghis trend is the same befor&gble36) and during
(Table37) the pandemic.
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Table35: Bicycle crashes lmpneway street 2017-2021

ashe e PDO
% H % % ea 0 per 10 per 10
e : ashe ashe ashe ashes EPDO % EPDO mile e e
Onewa
NO 866.7| 88.2% 62.2% 59.3 62.8 17.4 1.6 | 386.1
YES 111.7| 11.4% 911 37.6% 96 40.7 19,745 37.1
Unknown 4.2 0.4% 6 0.2% 0 0.0% 46 0.1% 14.1 0.0| 108.4
Total 982.6| 100.0% 2,426 100.0% 236 100.0 53,252 100.0 24.7 2.4 | 541.9

Table36: Bicycle crashes by omay street, 20172019

KSI
Crashes Crashes EPDO
# # ) # KSI % KSI year 10 per10 per 10
Miles Miles Crashes Crashes Crashes Crashes EPDO % EPDO miles miles Miles
YES 111.7| 11.4% 39.3% 40.8% 38.1%
Unknown 4.2 0.4% 5 0.3% 0 0.0% 35 0.1% 11.8 0.0 8.2
Total 982.6 | 100.0% 1,663 | 100.0% 157 | 100.0%| 35,783| 100.0% 16.9 1.6 344

Table37: Bicycle crashes by omey street, 2@0-2021

KSI
Crashes Crashes EPDO
# # % # KSI % KSI year 10 per10 per 10
Miles Miles Crashes Crashes Crashes Crashes EPDO % EPDO miles NIES Miles
NO 88.2% 66.2% \ 59.5% 64.9% 131.1
YES 11.4% 33.7% 40.5% 35.0%
Unknown 4.2 0.4% 1 0.1% 0 0.0% 11 0.1% 2.4 0.0 25.9
Total 982.6 | 100.0% 763 100.0% 79 | 100.0%| 17,507| 100.0% 7.8 0.8| 178.2
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Map 10: Bicyclist crashes arahe-way streets 20172021
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Street Slope

Table38 shows bicycle crashes categorized by street slope between 2017 andRfjis vary somewhat
evenly across the study areaith no category contaiimg more than28% of the networkthe largest category
slopes-2.9), and others ranging from 4% of the network. The steepest roadways (Senprise22% of the

network. The share of all crashes is distributed mostly among slopes betwe0.1KSI crashese

concentratal on roadways with slpes of 1 4.9, which makes some sense given that steeper slopes are more
difficult to access via bicycl&@he most severe crashes also occur on these facilities; they have the higbést E

per 10 miles (approximately656.5665.3. Thidfive-yeartrend reflectsthe pre-pandemicperiod fairly well(Table

39). Howeverdifferent crash trends emerge during the panderfliable40), with more severe cragtson
facilities with slopes between-8.9 (B3.5 EPD(er 10 miles).

Table38: Bicycle crashes by street slope, 22021

s e PDO
% per 10 per 10 per 10
ope e e ashe ashe e ashe PDO % EPDO e
<1 9.1 0.9% 3 0.1% 0 0.0% 32 0.1% 3.3 0.0 35.3
1-2.9 | 272.7| 27.8% 35.1% 34.7% 34.1%
34.9 | 230.5| 23.5% 700 29.8% 67 29.2% 14,589 28.4%
56.9 | 151.8| 15.4% 364 15.3% 30 13.1% 7,291 14.2% 24.5 20| 497.6
7-8.9 | 102.1| 10.4% 182 8.0% 19 9.3% 4,386 9.4% 18.9 22| 4921
9+ 216.5| 22.0% 265 11.4% 31 13.6% 7,022 13.7% 12.8 15| 338.0
Total | 982.7| 100.0% 2,325 100.0% 225 100.0%| 50,399 100.0% 24.7 2.4 541.9
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Table39: Bicycle crashes by street slope, 2@D19

ashe ashe PDO
% 0 0 % per 10 per 10 per 10
ope € c € ashe e ashe PDO PDO e e e
<1l 9.1 0.9% 3 0.2% 0 0.0% 32 0.1% 3.3 0.0 35.3
1-2.9 272.7| 27.8% 37.5% 36.3% 36.1%
3-4.9 230.5| 23.5% 474 29.3% 31.8%| 10,106| 29.6%
5-6.9 151.8| 15.4% 233 14.3% 20 12.7%| 4,922| 13.9% 15.7 1.3 327.5
7-8.9 102.1| 10.4% 129 8.2% 8 6.4% 2,227 7.4% 13.3 1.0 259.1
o+ 216.5| 22.0% 165 10.3% 19 12.7%| 4,343| 12.8% 7.9 0.9 212.3
Total | 982.7| 100.0% 367 | 100.0% 32| 100.0%| 8,065| 100.0% 16.9 1.6 364.1
Table40: Bicycle crashes by street slope2@2021
% ashe ashe PDO
% ashe 0 per 10 per 10 per 10
ope e e ashe s ashe PDO % EPDO Mile s s
<1 9.1 0.9% 0 0.0% 0 0.0% 0 0.0% 0.0 0.0 0.0
1-2.9 272.7| 27.8% 29.9% 31.6% 29.8% 8.4 0.9 191.4
3-4.9 230.5| 23.5% 30.9% 19 24.1% 26.1% 0.8
56.9 151.8| 15.4% 131| 17.6% 10 13.9%| 2,373 14.8% 8.8 0.7 170.4
7-8.9 102.1| 10.4% 53 7.5% 11 15.2%| 2,164 13.6% 5.6
o+ 216.5| 22.0% 100 | 13.8% 12 15.2%| 2,686 15.6% 4.9 0.6 126.2
Total 982.7 | 100.0% 131 | 100.0% 18 | 100.0%| 3,962 | 100.0% 7.8 0.8 178.2
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Map 11: Bicyclist crashes argireet slope 20172021
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Transit

Table41 shows reported bicyclist crashes at intersections and their proximity to transit facilities during the five
year period 201%¢ 2021. Out of the 1,928 intersection crashes, 882 (or 45.7%) were near bus stops, and 85 of
those were KSI crashes. Across thiéremetwork, there were 2@ crashes pelOQintersectiors, but there

were notably more crashes p&00intersectiors (46.8)when considering intersections with bus stops. This may
point a relationship between intersections with more conflicting or compiaveler movements and bicycle
crashes. This trend holds for both gpandemic and mighandemic years, as shownTiable42 and Table43.

Table41: Bicycle crashes Iproximity to a bus stop20172021

KSI
Near Crashes Crashes Avg

Bus # % # KSI % KSI per100 perl100 EPDO pe
Stop #Int % Ints  Crashes Crashes Crashes Crashes EPDO % EPDO Int Ints crash

5353| 74.3%| 1,046| 54.3% 54.3% 19.5
Yes 1,885 25.7% 882 45.7% 85| 45.7%| 17,702 42.9%
Total | 7,238| 100.0%| 1,928| 100.0% 186 | 100.0%| 41,234 100.0%

Table42: Bicycle crashes by proximity to a bus stop, 22119

KSI
Near Crashes Crashes Avg
Bus # % # KSI % KSI per100 perl100 EPDO pe
Stop #Ints % Ints Crashes Crashes Crashes Crashes EPDO % EPDQ Int Ints crash

5353| 74.3% 707 | 54.6% 56.0% 13.2
Yes 1,885 25.7% 589 | 45.4% 55| 44.0%| 11,615
Total | 7,238| 100.0% 1,296| 100.0% 125| 100.0%| 27,718

Table43: Bicyclecrashes by proximity to a bus stop 222021

KSI
Near Crashes Crashes Avg
Bus # % # KSI per100 perl100 EPDO pe
Stop #Ints % Ints Crashes Crashes Crashes EPDO % EPDC Int Ints crash

No 5353 74.3% 53.6% 50.8% 55.0% m

Yes 1,885| 25.7% 293 46.4% 30 49.2%| 6,102 45.0%
Total 7,238 | 100.0% 632 | 100.0% 61 100.0%| 13,545| 100.0%

Land Use

Table44 summarizes bicyclist crashes by land use between 2017 and 2021, including both midblock and
intersection crashes. Five different land use categories are considered: commercial, industédlusg, public,

and residential. The largest share of the network (64.2%)tisn residentialareas followed by public land use

(14.7%) and mixed uses (12.6%). Crashes in mixed used contexts seem to be slightifyresented, as they

make up 30% ddll crashes. Similarly, severe crashes seem to berepeesented in commercial contexts; they

make up 20% of KSI crashes despite only making up 3.9% of the network, and they have the highest crashes per
10 milesin the network.These findings maeflectthe complexity of interactions among roadway users in
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commercial and mixedseareas, which can impabicycle safety outcomes. In general, this trend holds both
during and before the pandemic as showrTable45 and Table46, with some differences. Most notably, there
were relatively more severe crashes in term&E®DGcoresnear public spaces during the pandemic compared
to pre-pandemic years (28in 20262021, compared to23in 20172019) Additionaly, there was a change
the percentage of KSI crashes nearediand uses31.26in 20172019, compared to 20.3% in 202021)

which likely reflects changes in activity and travel behavior between those two periods

Table44: Bicyclist crashes by land use, 2@0D21

KSI
Crashes Crashes
) # % # KSI % KSI perl0 perl0 Avg.

Land Use # Miles Miles Crashes Crashes Crashes Crashes EPDO % EPDO Miles Miles EPDO

Commercial ) . . ‘

Industrial 8.1%

Mixed Use 123.9 25.0% 57.6 4.8 18.6

Public 144.8 16.4% 25.2
Residential 630.9 32.7% 11.5 1.2
Total 982.6 100.0% 24.7 24 22.0
Table45: Bicyclist crashes by land use, 2@019
% H % % % pe 0 pe 0 AV(Q
and Use # Mile c ashe ashe ashe ashe PDO PDO c € PDO
Commercial 38.4 3.9% 320 20.4% 25 20.0%| 5,103| 18.4% 19.3
Industrial 44.8 4.6% 8.2% 7 5.6%| 2,019 7.3% 1.2 0.1 19.0
Mixed Use 123.9| 12.6% 29.3% 39 31.2%| 7,863| 28.3% 2.2 0.2 20.7
Public 1448 14.7% 11.9% 15 12.1%| 3,444| 12.4% 11 0.1 22.3
Residential 630.9| 64.2% ‘ 30.3% 33.6% 1.6 0.2
Total 982.6 | 100.0% 1,663 | 100.0% 126 | 100.0% 100.0% 1.6 0.2 21.4

Table46: Bicyclist crashes by land use222021

KSI
Crashes Crashes
# # % # KSI % KSI % per 10 per 10 Yo}

Land Use Miles Miles Crashes Crashes Crashes Crashes EPDO EPDO Miles Miles EPDO
Commercial . 3.9% 99 | 13.0% 15| 19.0%| 2,828| 16.2%

Industrial 44.8 4.6% 61 8.0% 7 8.9%| 1,383 7.9% 13.6 1.6 22.7
Mixed Use | 123.9| 12.6% 219 | 28.7% 16 | 20.3%| 3,748| 21.4% 17.7 1.3 17.1
Public 144.8| 14.7% 136 | 17.8% 18| 22.8%| 3,899| 22.3% 9.4

Residential | 630.9| 64.2% 32.3% 3.9 04| 228
Total 982.6 | 100.0% 763 | 100.0% 79| 100.0%| 17,507 | 100.0% 7.8 0.8 22.9
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Map 12: Bicyclist crashes ardnd use 20172021
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Equity Priority CommunitiesCitywide

Table47 summarizes bicyclist crashes during thgear study period by proximity to an EPC. Slightly more than

half of the reported bicyclist crashes (N=2,432) opmtinot within an EPC (55.2%) and these crashes tend to be
more severe, with an average EPDO score of 23.2 and 10.3% of crashes resulting in a KSI outcome. This pattern
was similar when exploring crashes by-pendemic (sedable48) and pandemic (se€able49) study periods.

When looking at crashes that occurred within an EP@iesrelate to the HIN, 80.5% of crashes and 79.6% of

KSI crasheacross all EP@scurred along the HIN. There are several potential factors that may influence this
concentration of crashes. One factor might be related to bicyclists riding along aismatiber of streets,
increasing the volume along those streets, resulting in a higher crash frequency. Another potential factor might
be related to systemic safety issues within these communities that increase bicyclist risk along the HIN or just
expose lgyclists to greater risk due to a higher ratio of HIN streets toldbty streets. Acquiring comprehensive
bike counts within EPCs can help us better understand bicyclist exposure and estimate crash risk within these
communities.

The top three reported vialtions for KSI crashes within EPCs inclutsafe speed for conditioli26.5%),

disregard red signdll1.2%), andinsafe turn or lane changemn ®w:: 0 ® 9 EOf dzRA y 3
these are also the top three report violations for crashes that aeclioutside of EPCs.

Gdzy 1y 2 ¢

Table47: Bicyclist crashes lyquity Priority Communit20172021

% Crashes

resulting in
# Crashes % Crashes # KSI| % KSI # EPDO % EPDO KSI Avg. EPDO
Not within EPC 1,342 55.2%| 138 58.5%| 31,116 59.1% 10.3% 23.2
Within EPC 1,090 44.8% 98 41.5%| 21,555 40.9% 9.0% 19.8
Total 2,432 100.0%| 236| 100.0%| 52,671| 100.0% 9.7% 21.7

Table48: Bicyclist crashes by Equity Priority Community, 22010

% Crashes

resulting in
# Crashes % Crashes # KSI % KSI %EPDO KSI Avg. EPDO
Not within EPC 885 53.1%| 90 57.0%| 20,148| 56.9% 102% 22.8
Within EPC 783 46.9%| 68 43.0%| 15,279| 43.1% 8.7% 19.5
Total 1,668 100.09%| 158 | 100.0%| 35,426| 100.0% 9.5% 21.2

Table49: Bicyclist crashes by Equity Priority Communit202D21

% Crashes

resulting in
# Crashes % Crashes #KSI % KSI  # EPDO % EPDO KSI Avg. EPDO
Not within EPC 457 59.8%| 48 61.5%| 10,969| 63.6% 10.5% 24.0
Within EPC 307 40.2%| 30 38.5%| 6,276| 36.4% 9.8% 20.4
Total 764 100.0%| 78| 100.0%| 17,244| 100.0% 10.2% 22.6
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Map 13: Bicyclist crashes ariequity Priority Communitie20172021
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Table50 summarizes bicyclist crashes by injury severity that occurred within the six EPC focus communities
between 20152021. Neighborhoods that are closer to the central business districhitgebr crash frequencies,
which is largely due to higher levels of exposure. Key findings for each neighborhood are outlined below.

Table50: Bicyclist crashes Byocus EPC Communidgl7-20218

elghbornooa ashe PDO PDO
Bayview Hunters Point 46| 11| 1,820 23.9%| 39.6
Excelsior 28 1 376 3.6% 13.4
Mission 232| 12| 3,519 5.2% 15.2
Soma 279 | 23| 5,488 8.2% 19.7
Tenderloin 243 | 26| 5,167 10.7%| 21.3
Western Addition 117 8| 1,871 6.8% 16.0

Bayview Hunters Point

1 46 total crashes, 11 KSI crashes

1 23.9% of crashes resulted in a KSI outcome

1 Most crashes occurred at an intersection (n=36), including 9 of the 11 KSI crashes.

1 Most KSI crashes occurred at signalized intersection (7 KS1trashes)

9 Failure to stop at a stop sign was the most common reported violation type (8 total crashes; 1 KSI crash),
followed by unsafe speed (7 total crashes; 4 KSI crashes)

Perpendicular crashes that involved the bicyclist and motorist proceediaigist accounted for the

largest share of crashes (14 total crashes; 3 KSI crashes)

Nearly half of the KSI crashes (n=5) occurred during dark lighting conditions

Half of the overall crashes (n=23) and most of the KSI crashes (n=7) occurred along the HIN

Most crashes occurred at or along an arterial (25 total crashes; 9 KSI crashes)

Most crashes (nt9) and KSI crashes @)=occurred at or along a street withur vehicle lanes.

Eight of the 11 KSI crashes occurred at or along streets with a posted speed limit of 30 mph or higher.

=

=A =4 =4 =4 =9

Excelsior

28 total crashes, 1 KSI crash

3.6% of crashes resulted in a KSI outcome

Most crashes occurred at intersection (n=21). The one KSI craghidialeck.

Intersections with a stop sign accounted for most crashes (12 crashes)

Failure to stop as a stop sign was the most common reported violation type (5 crashes) followed by
unsafe speed (4 crashes).

Perpendicular crashes that involved the bitstchnd motorist proceeding straight accounted for the
largest share of crashes (6 crashes)

22 of the 28 crashes occurred during daylight conditions

Slightly more than half of the crashes occurred along the HIN (15 crashes)

Nearly half of the crashes ogrred at or along an arterial (13 crashes)

Most crashegn=16)occurred at or along a street wiflour vehicle lanes

= =A =4 =4 =4 =4

= =4 =4 =9

8 Crashes that are located along the boundary of two EPCs were assigned to both EPCs and summarized in ttig table in
Fft20Ay3 aSOGA2yd ¢KS ONI}aK FTNBIdzSSyOAaASa Ay GKA&A aSOdGAzy
crashes are assigned to multiple EPCs. A 50 foot threshold was used as part of the EPC focus community analysis process.
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1 23 of the 28 crashes occurred at or along streets with a posted speed limit of 25 mph

Mission
I 232 crashes, 12 KSI crashes
1 5.2% of cashes resulted in a KSI outcome
1 Most crashes occurred at intersection (n=194), including 11 of the 12 KSI crashes.
1 The most common reported violation type was unsafe turn or lane change (42 total crashes; 2 KSI

crashes) followed by disregard red sigr#d {otal crashes; 0 KSI crashes) and dooring (21 total crashes;
1 KSI crash).
9 Unlike citywide trends, most crashes involved both the driver and bicyclist traveling in the same
direction (105 total crashes; 5 KSI crashes)
9 Perpendicular crash with both tHacyclist and driver proceeding straight was the most common crash
type (26 total crashes; 1 KSI crash) followed by same direction with the bicyclist proceeding straight and
GKS Y2G2NARada YIF{Ay3a I NARIKG G dzNIFEmedidedtihndvithivotiK 2 2 | € 3
the driver and bicyclists proceeding straight (19 crashes and 2 KSI crashes).
Most crashesrn(=201) and KSI crashas={0) occurred at or along the HIN.
Most crashest{=108 and three quarters of KSI crashas®) occurred at or alog a street withfour
vehicle lanes.
9 All 232 crashes (severe and non) occurred along a street speed limit of 25 mph or less.

=a =

Soma
1 279 total crashes and 23 KSI crashes
1 8.2% of crashes resulted in a KSI| outcome
1 Most crashes occurred at intersection (n823including 20 of the 23 KSI crashes.
9 Just over half of the reported crashes (n=165) and KSI crashes (n=14) were at signalized intersections.
1 Unsafe turn or lane change was the most common reported violation (50 total crashes; 3 KSI crashes)

followed by disregard unsafe speed (36 total crashes; 4 KSI crashes) and disregard red signal (31 total
crashes; 3 KSI crashes).

1 Same direction of traveldiween the driver and bicyclist was the most common crash type (108 total
crashes; 5 KSI crashes) followed by perpendicular direction (96 total crashes; 9 KSI crashes).

1 Perpendicular crashes involving both the driver and bicyclist proceeding straiglhevasst common

crash type (11 total crashes; 4 KSI crashes).

Most crashes (262 of 279 total crashes) and all 23 KSI crashes occurred along the HIN.

Almosthalf of all crashes (135 andmostKSI crashes (fi3) occurred at or along a street witbur

vehicle lanes.

1 Most crashes (n=250), including most of the KSI crashes (n=19), occurred along streets with a posted
speed limit of 25 mph.

=a =

Tenderloin

9 243 total crashes and 26 KSI crashes

M 10.7% of crashes resulted in a KSI| outcome

1 Most crashes occurred at intersection (n=213), including 23 of the 26 KSI crashes.

1 Unsafe speed was the most common reported violation (45 total crashes; 8 KSI crashes) followed by
disregard red signal (34 total crashes; 4 KSI crashes) and unsafe ame change (32 total crashes; 1
KSI crash).

1 Perpendicular direction of travel between the driver and bicyclist was the most common crash type (86
total crashes; 10 KSI crashes) followed by same direction (83 total crashes; 4 KSI crashes).

1 Perpendiculacrashes involving both the driver and bicyclist proceeding straight was the most common
crash type (29 total crashes; 5 KSI crashes).
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1 16.5% of the reported total crashes and 30.8% of KSI crashes in the Tenderloin EPC were solo bicyclist
crashes, which isithher than the other EPC neighborhoods and citywide trends.

1 Nearly all crashes (240 of 243 total crashes) and all 26 KSI crashes occurred along the HIN.

1 CGashes =109 and KSI crashes<{11)occurredmost frequentlyat or along a street witthree vehide
lanes.

1 238 crashes, including 24 of the 26 KSI crashes, occurred along streets with a posted speed limit of 25
mph or less.

Western Addition

9 117 total crashes and 8 KSI crashes

1 6.8% of crashes resulted in a KSI outcome

9 Most crashes occurred at integction (n=95), including all 8 KSI crashes. 84 of those 95 crashes and all 8
KSI crashes were at signalized intersections.

1 Unsafe turn or lane change was the most common reported violation (18 total crashes; 0 KSI crashes)
followed by unsafe speed (15t crashes; 0 KSI crashes) and disregard red signal (13 total crashes; 3
KSI crashes).

1 Unlike citywide trends, crashes that involved both the driver and bicyclist traveling in the same direction
accounted for the largest share of crashes (48 total crash&KSI crashes) followed by perpendicular (36
total crashes; 5 KSI crashes).

1 AImost halfof all crashes44.4%) occurred at or along a street with two vehicle la€Sl crashes (n=4)
occurred most often at or along streets with five or more vehiclesan

9 85 of the 117 crashes occurred along street with a posted speed limit of 25 mph; half of the KSI crashes
occurred along street with 30 mph or higher.

LocationMovement Crash Typing

Locationmovement crash types were developed as part of this analysis to help us understand the specific
dynamicghat contributed to bicyclismotorists crashes. Scoloicyclist and bicycligbedestrians are excluded
from this section of the analysggventhe low sample sizesnd different dynamics compared to crashes
involvingbicyclists and motoristsThe relative direction and prerash movements (analyzed during tB&epl
analysis) are il\ppendixB: Relative Direction and P«€rash Movementfor reference.

The top b locationrmovementcrash types are summarizedTable51 for crashes that involved a bicyclists and
motorist during the 5year study periodRoughly twethirds of crashes, KSI crashes, and EPDO scores are
accounted for within the top 15 crashes ¢tte are 12@istinctlocationrmovement crash types).

Theintersection ¢ perpendicularg bike proceeding straight, MV proceeding straigbitash type accounted for

the largest share of overall crash@dgl.9%)and KSI crash€21.8%) These crashes also teadito more severe

than many other crash types witt2% of crashes resulting in a KSI and having an average EPDO score of 24.
Most crashes occurred at signalized intersection (60.8% crashes; 69.4% KSI arashese most had a
contributing factor cited a disregarded red signal both overall crashes and KSI cr&hthe crashes within

this crash type, most occurred at an intersection with the highest functional class as a collector (36.5% of
crashes), but the majority of KSI crashes occurred at inteosecwith an arterial (41.7% KSI crash
Interestingly,mostcrashes occurred at intersections with tlwevestfunctional classification was a residential
street (80.46crashes; 75% KSI crashés)oking at highest and lowest functidictassificatiorcollector-

residential pairs accounted for the largest share of KSI crashes (27.8%) followed by regielsideatial (25%)

and arteriatresidential (19.4%)Crashes that occurred at higher functional classifications were on average more
severe than residatial crasheswhich is likely due to higher vehicle speed along higher functional classifications

Theintersection ¢ perpendicularg bike proceeding straight, MV making left turaccounted for the second
largest share of crashes (6.4%) and KSI crashes (61 &distribution of KSI crashes is nearly a quarter of the
share of KSI crashes than the first locatmavement crash typehighlighting the severity of that crash type
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This pattern may suggest the frequencies of intersection between perpendicular bicyclists and motorists who
are both proceedingtraight are a critical issu8imilar to the previous crash type, most crashes occurred at
signalized intersections (58.9% crasH&®% KSI crashe3he most common reported violation type involved a
motorist violating the bicycli€2 @ght of way while making the left turn (46.5% of crash&&)st crashes

occurred at residentiatesidential streets (32.6% crashes; only one KShfalowed by collecteresidential
intersections (26.4% crashes; only one KSI crash). Amtesidlential crashes accounted for the third share of
crashes (19.4%) but also accounted for half of the KSI crashes (n=5) that occurred for this crash type.

The third most common locaticmovement crash type wastersection¢ sameg bike proceeding straight, MV
makingright turn accountedfor 6.2% of crashes and 4.2% of KSI crashes. These crashes tend to be less severe
than other crash typewith 5.6% of crasés resulting in a KSI outcome and having an average EPDO score of 16.
Most crashes had a reported violation as unsafe turn or lane change (53.2%) followed by unsafe speed (7.9%).
Crashes for this crash type generally occurred at arterial intersectionstivi#§ of crashes having occurred at

an arterial intersection and 37.3% at a collector.

Table51: LocatioaAMovement crash types for bicychsiotorist crashes, 2012021

oca ovement Cra De ashe ashe % # EPDO EPDO PDO
intersection- Perpendicular Bike Proceeding Straight, MV Proceeding Straig 301 14.9%| 36 21.8% 7,235| 18.5% 12.0% | 24.0
intersection- Perpendicular Bike Proceeding Straight, MV Making aftn 129 6.4% 10 6.1% 2,300 5.9% 78% | 17.8
intersection- Same- Bike Proceeding Straight, MV Making Right Turn 126 6.2% 7 4.2% 2,016 5.1% 56% | 16.0
intersection- Opposite- Bike Proceeding Straight, MV Making Left Turn 118 5.8% 10 6.1% 2,233 5.7% 85% | 18.9
intersection- Same- Bike Proceeding Straight, MV Proceeding Straight 108 5.3% 5 3.0% 1,527 3.9% 4.6%| 14.1
intersection- Perpendicular Bike Proceeding Straight, MV Making Right Tur 100 4.9% 4 2.4% 1,328 3.4% 4.0%| 13.3
intersection- Same- Other 91 4.5% 6 3.6% 1,473 3.8% 6.6% | 16.2
intersection- Same- Bike Proceeding Straight, MV Stopped 67 3.3% 9 5.5% 1,655 4.2% 13.4%| 24.7
intersection- Perpendicular Other 54 2.7% 5 3.0% 1,118 2.9% 9.3% | 20.7
mid-block- Same- Other 50 2.5% 3 1.8% 878 2.2% 6.0%| 17.6
mid-block- Same- Bike Proceeding Straight, MV Stopped 37 1.8% 4 2.4% 940 2.4% 10.8%| 25.4
mid-block- Same- Bike Proceeding Straight, MV Proceeding Straight 37 1.8% 2 1.2% 635 1.6% 54%| 17.2
intersection- Perpendicular Bike Making Left Turn, MV Proceeding Straight 34 1.7% 3 1.8% 622 1.6% 8.8%| 183
intersection- Same- Bike Proceeding Straight, MV Parked 29 1.4% 4 2.4% 909 2.3% 138% | 31.3
intersection- Same- Bike Proceeding Straight, MBhanging Lanes 25 1.2% 1 0.6% 339 0.9% 4.0%| 13.6
Total 2,021 | 100.0%| 165 | 100.0%| 39,201 | 100.0% 82% | 194

External Data and Analysis

The research team also looked at data analysis from the San Francisco Department of Public Health (SFDPH) and
the USDOT Safer Streets Priority Finder (SSPF) to complement the data analysis presented above. Key findings
from those analyses follow below.

San Francisco Department of Public Health

Among the many services the SFDPH provides to the city, their use of a trained epidemiologist to evaluate
crashes from trauma centers relative to poliegorted crash data provides an unparalleled understandirity bo
of the degree of misclassification of injuries within the San Francisco Police Department (SFPD) data and the

55



degree to which bicyclist crashes are underreported in the SFPD data. Due to HIPAA concerns, the research team
lacked access to any detailedtddor this comparison. However, hidével statistics from SFDPH suggest the
following:

1. Most neighborhoods have a relatively low ratio of trauma center injuries compared to the count of SFPD
injuries for the years 2032021. The Presidio is a clear exeéeptin this area, given that the SFMTA and
SFPD do not have jurisdiction over that area, but people injured there may still use the trauma services
at ZSFG. Outside of the Presidio, the highest ratios occur in Presidio Heights, Bayview Hunters Point,
Potrero Hill, and Castro/Upper Market (see Table 57 in Appendix C). The higher ratios are particularly
concerning for Bayview Hunters Point and Castro/Upper Market, given their higher number of crashes
overall.

2. Solo crashes are a significant problem in the, agspite appearing less frequently in the SFPD data
(49% of all crashes in the SFDPH analysis, 82% of which were not linked to SFPD crashes). Paying
particular attention to findings from this analysis relative to solo crashes may help ensure that these
crashes are sufficiently addressed. However, the SFMTA may consider additional research specifically
into solo crash dynamics through SFDPH to help clarify the extent to which solo crashes in SFPD data
represent the larger population of solo crashes.

3. The dificulty of assessing injury severity at the scene results in misclassification of injury levels.
Therefore, while it is critically important to focus on KSI crashes to aim to reduce the most harm in the
city, it remains important to understand and addrgegterns of minor and moderate injury crashes, as
well.
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Safer Streets Priority Finder

The Safe StresPriority Finder (SSPR)asalsoused as a method to estimate bicycle crash risk. The SSPF is an
open sourcdoo that analyzes crash data, network daand the USDOT Pedestrian Fatality Risk Pilot data using
a Bayesian statistical framework to estimate risk values across a street network for bicyclists and pedestrians
separately The general framework of th@SP#s displayed ifrigurel. For this project, the tool was only used to
estimate bicycle crash within San Francisco.

Figurel: SSPF Framework. Image Sounttps://www.saferstreetspriorityfinder.com

9 https://www.saferstreetspriorityfinder.com/
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