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Continuing Education

To document Professional Development Hours (PDH) or Certification
Maintenance (CM) credit for the AICP:

> Log your attendance on the site host’s sign-in sheet

> Site hosts: return the completed sign-in sheet to APBP after the
webinar (fax to 866-720-3611 or e-mail webinars@apbp.org)

> A Certificate of Attendance may be downloaded and printed here:
http://www.apbp.org/?page=Webinar certificate

> Planners: APBP has applied to the AICP for 1.25 CM credits for this
webinar
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Today’s webinar presenters

Simon Blenski, Bicycle and Pedestrian Planner, City of
Minneapolis

Dr. Luis Miranda-Moreno, Researcher, McGill University

Dr. Krista Nordback, Research Associate, Oregon
Transportation Research and Education Consortium
(OTREC), Portland State University
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Today’s webinar presenters

Simon Blenski is a Bicycle and Pedestrian Planner for the City of Minneapolis Public Works
Department, where he manages Minneapolis’ non-motorized traffic count program,
evaluates pilot projects, and works to implement crash countermeasures for bicyclists and
pedestrians. Simon holds a Master’s in Urban and Regional Planning from the University of
Minnesota-Twin Cities.

Krista Nordback, Ph.D., P.E. is a research associate at the Oregon Transportation Research
and Education Consortium (OTREC) at Portland State University. She earned her Ph.D. in
civil engineering from the University of Colorado-Denver, focusing on transportation
engineering. Her doctoral dissertation, "Estimating Annual Average Daily Bicyclists and
Analyzing Cyclist Safety at Urban Intersections," develops a new method for estimating
bicycle traffic and provides the first safety performance functions for bicyclists in the U.S.
Findings include evidence of fewer collisions per cyclist at intersections with higher bicycle
volumes; in other words, cyclists are safer in numbers.
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Today’s webinar presenters

Luis Miranda-Moreno works as a researcher and professor in the department of Civil
Engineering at McGill University; he holds master’s and PhD degrees in Transportation
Engineering from the University of Waterloo, Ontario, and a bachelor’s degree in civil
engineering. His research focuses on the development of traffic data collection and
monitoring technologies and methods, in particular for non-motorized modes. He has also
developed an expertise in road safety and the impact of transportation systems on the
environment. He has done research and projects for transportation agencies and industry.
He is currently working in a project for the National Cooperative Highway Research
Program (NCHRP) and the Canadian foundation for Innovation (CFl) on traffic data
collection tools and methods. He has published about 60 peer-reviewed journal articles as
well as many conference papers and government reports.
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APBP Webinar
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Oregon Transportation Research and Education Consortium
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Overview

e Motor Vehicle
Safety in
Numbers

e Bike & Ped
Safety in
Numbers

e Conclusions
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Which intersection is safer?

APBP Webinar Series

Intersection 1

1 crash per year

Intersection 2

6 crashes per year
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Which intersection is safer?

Intersection 1
1 crash per year

0.0004
crashes/vehicle

Intersection 2
6 crashes per year Q_—}.»/

e

0.0004
crashes/vehicle
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Highway
Safety
Manual

First Edition
2010!
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An Introduction to the

HIGHWAY
SAFETY
MANUAL
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Which intersection is safer?
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Which intersection is safer?
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Intersection 2
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Individual Risk

Risk = Crashes per Vehicle

Constant Risk

Actual Risk

SAFETY IN NUMBERS!

Crashes per Vehicle
Crashes per Vehicle

Vehicles Vehicles
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Risk Performance Function
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Which intersection is safer?

_ Intersection 1 Intersection 2
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BICYCLIST & PEDESTRIAN
SAFETY IN NUMBERS
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Why study bicyclist & pedestrian

safety?
® \Vore fatalities/mile than drivers

® Safety used as a reason not to cycle

® Not well understood
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Highway Safety Manual

For urban and suburban roads & intersections:
Bicycle Collisions =

Motor Vehicle Crashes X f(speed, road type)

0
QQ'@ :
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Highway Safety Manual

For urban and suburban roads & intersections:

Pedestrian Collisions =

Motor Vehicle Crashes X f(speed, road type)

Except pedestrians are included in
SPF for signalized intersections.

2\ 2
NOTHING FOR e
RURAL ROADS
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Bicyclist Risk Performance Function

Bicycle Conflicts
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per cyclist

50

Bicyclists/Hour
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Jacobsen, P. (2003). "Safety in Numbers: more walkers and bicyclists, safer walking and
bicycling." Injury Prevention (9): 205-209.

23

APBP Webinar Series Is There Safety in Numbers? | 11/20/13 23 of 85



31 Intersections in
Alameda County, CA

Pedestrian Crashes/Crossings

Pedestrian Crossings
Schneider, et al. (2010). ,,
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Elvik, 2009 [\*

e Summarized literature:
— 14 models: safety-in-numbers for walking
— 8 models: safety-in-numbers for biking

e “..intheory, the total number of accidents
could go down if a substantial share of trips by
motorized transport is transferred to walking
or cycling.”

25
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Collision per Bicyclist
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Collision per Bicyclist
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What if?

If the model holds, imagine Boulder had

1% bicycle mode share, instead of >9%.
 Fewer than half the bicyclist-

motorist collisions would occur.
BUT

e Cyclist risk would increase
almost three-fold.

30
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Other Approaches

e Robinson, 2005: Helmet law in Victoria,

Australia, 30% decline in cycling
associated with higher risk of death and

serious injury per cyclist.

e City Level

— Marshall & Garrick — Cities with more cycling
are safer for ALL ROAD USERS.

— Portland
— NYC
— Minneapolis
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e } .i D Marshall and Garrick, 2011

m IS
24 CALIFORNIA CITIES
Less Safe Safer
Cities Cities
Non-Highway 676 200
Road Fatalities
(total over 11 years)
per city per year 5.1 1.5
Non-HW Fatalities
per 100,000 pop. < {dc L V258
(per year)
Mode Shares
Driving 95.8%0 84.1%
Transit 1.7% 6.6%0
Walking
Biking
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Combined Bicycle Traffic over Five Main Portland Bicycle
Bridges Juxtaposed with Bicycle Crashes

Cyclists per Day Crashes and Bicycle Crash Index
20,000 900
¥ Bridge Bicycle Traffic
17,500 * Reported Bicycle Crashes* 800

— Bicycle Crash Index

15,000 | ™=Bicycle Crash Index (Trend Line) 700
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12,500
500

10,000
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5,000 =
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0 |I

1991 1992 1993 1994 1995 1996 1997 1993 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
Bridoe Bicycle Traffic 2,850 3,555 3,885 3,830 3,207 4,520 5225 5,690 5910 6015 7,686 B,250 B,562 8,875 10,192 12,046 14,563 16,711 15,794 17,576 18,257 18,794

Reported Bicyde Crashes® 155 163 171 188 195 160 167 166 161 178 175 173 164 174 188 203 186 265 287 321 297 *

Bicyde Crash Index 544 453 440 493 514 354 320 292 272 298 230 210 192 1% 184 168 128 158 182 183 163 *

Bicyde Fatalies 2 0 4 3 2 1 5 3 0 0 5 0 4 1 4 0 6 i 4 0 2 2
Extrapolated from peak period counts Ye ar

"Crash Rate" represents an indexing of annual reported crashes to daily bicycle trips across the four main bicycle bridges. SOU rce: Clty Of PO rtl d nd
#2008, 2009 Reported Bicycle Crashes data reflects a decision by the Portland Police Bureau to lower the threshold for reporting bicycle-involved crashes. This
change, beginning in January 2008 means that crashes previously unreported by Portland Police are now entering the reporting system. There have been no 33
indications in the operation of our system that leads the city to condude that the increase in reported crashes is representative of changes in actual crash activity with
in the city.
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New York City

Annual Casualties
Daily Ridership {(Injuries and Fatalities)
200,000 . " " ) 10,000
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SOURCE: http://transalt.org/files/issues/bike/images/ridership graph.jpg 34
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Conclusions é'i

e Bicyclists & pedestrians collisions vary with
volume!

Constant Risk Actual Risk

S~

Bicycles

Collisions per Bicycle
Collisions per Bicycle

Bicycles

35
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Conclusions

e Bicyclists & pedestrians are safer in numbers.

— But we don’t know why.

e Bicyclists at intersections with over 200
bicyclists per day tend to be safer per person.

e This has policy implications...

We still need
safer road design!




Thank you for listening!

Krista Nordback, P.E., Ph.D.

Oregon Transportation Research and Education Consortium
Portland State University

503-725-2897

nordback@pdx.edu
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Bicycle and pedestrian safety:
Link between crash risk, flows and built
environment

Luis Miranda-Moreno
Assistant Professor
Department of Civil Engineering
McGill University
Email: luis.miranda-moreno@mcgill.ca
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Some background
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 Many studies have looked at the relationship
between ped/bike collision frequency and
volumes (Elvik, 2009, Strauss & Miranda-Moreno, 2012).

APBP Webinar Series

Literature

ﬂ = aOZO‘lF 2

A = mean number of collisions
Z = Bike or pedestrian volume
F = \ehicular traffic volume
Olo, OL1, Ol2 = parameters
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Non-linear association (Elvik, 2009)

Authors Year Country Soudy units Sample size Number of accidents Type of accident Measure of exposure I Expomnent
I Mator vehicles Pedestrians Cyclists I
Bride, Larsson 1993 Sweden Junctions 285 165 Pedestrian Entering motor vehicles, I 0.50 0.72 I
crossing pedestrians
Briide, Larsson 1933 Sweden Junctions m 432 Cwclist Entering motor vehicles, I 0,52 0.65 I
entering cyclists
Leden, Garder, Pulkkinen 1998 Sweden Junctions 276 Cyclist Entering cyclists I 0.47 I
Leden 2002 Canada Junctinns 748 359 Pedestrian Right turning modor vehicles, 086 048
crossing pedestrians I I
Leden 2002 Canada Junctions 126 .y} Pedestrian Left turning motor vehicles, 1.19 0.33
crossing pedestrians I I
Lyon, Persaud 2002 Canada Junctions GE4 5280 Pedestrian Entering motor wehicles, 057 0.74
entering pedestrians I I
Lyomn, Persaud 2002 Canada Junctions 63 1065 Pedestrian Entering motor vehicles, 040 0.41
entering pedestrians I I
Lyon, Persaud 2002 Canada Junctions 122 159 Pedestrian Entering motor wehicles, 053 0.66
entering pedestrians I I
Lyom, Persaud 2002 Canada Juncthons 123 e Pedestrian Entering motor vehicles, 0.58 0.7
entering pedestrians I I
Jacobsen 2003 United States Cities 1] Pedestrian Share of working trips on foat 041
Jacobsen 2003 United States Cities 68 Cyelist Share of working trips on I 031 I
bicycle
Jacobsen 2003 Denmark Towns 47 Pedestrian Kilometres walked per I 0.36 I
inhabitant per day
Jacobsen 2003 Denmark Towns 47 Cyelist Kilometres cycled per I 0.44 I
inhabitant per day
Jacobsen 2003 14 European Country 14 Cyelist Kilometres cycled per I 0.58 I
inhabitant per day
Jacobsen 2003 8 Europan Country ] Pedestrian Trips on foot per inhabitant pe 013 I
day
Jacobsen 2003 8 European Country B Cyelist Trips on bicycle per inhabitant 048 I
per day
Robinsan® 2005 Australia Stanes 7 Cyelist Kilometres cycled per I 0.52 I
inhabitant per day
Jonsson 2005 Sweden Road sections 3493 130 Pedestrian Motor vehicle kilometres, I 0.E3 038 I
pedestrians crossing and
walking along road I
Jonsson 2005 Sweden Road sections a3 343 Cyelist Motor vehicle kilometres, 0.76 035
cyclists crossing and riding I I
along road
Geyer et al. 2006 Dakland Junctions 247 185 Pedestrian Entering motor vehicles, I 016 061 I
crossing pedestrians
Harwood et al 2008 United States Junctions 450 T8 Pedestrian Entering maotor vehicles, I 0.05 0.41 I
entering pedestrians
Harwoaod el al. 2008 United States Junctions 1433 4824 Pedestrian Entering motor vehicles, I 040 0.45 I
entering pedestrians [
Mean (simple) 057 0.50 0.48 [
Average values
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Non-linear relationship

R Number of crashes

Risk/ Number of crashes

Bicycle, pedestrians or vehicular flows

More volumes — lower crash risk (safety in number effect)
— But also more crashes
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Question #1
Can we observe the same thing in Montreal?

Answer: Yes, the same thing...

1 A non-linear association between
bike/pedestrian flows and crashes

 This applies to both: signalized and non-
signalized intersections and to all modes
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Data integration

Sensors for automatic
data collection

Standardization
of volumes

Manual counts

Road geometry/built
environment inventory
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Manual counts (8 hours)

Analysis and
modeling

Accident data
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Intersections inventory / crash history

zed and non-signalized intersections
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Link #1;
Link between flows and crashes
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Results #1
Link between bike flows and risk

For Bicycles

—Risk at sig intersections

Risk at non-sig intersections

30 350 750 650 &50 ]050 /Q‘YO 1450 16:;0 /&5020\5‘022502{5*036503&\5‘0
Bike volumes
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Bike risk vs pedestrian risk
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Question #2:

While one can observe the "safety in numbers"
effect, what causes this effect?
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Possible causes

dRoad user adaptions? E.g., drivers reduce speeds or
pecome more aware as non-motorized volumes increase?

L Designs? Intersections with higher volumes are on
average safer? Appropriate designs or interventions
attract more cyclists — higher numbers in safer
environments.

 Two additional findings in Montreal:

* Flows are strongly associated with designs and built
environment.

o Geometry designs can affect both safety and volumes
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=Policies and
interventions

=Economical/
demographic
changes

(Feng 2001; Harwood, Torbic et
al. 2008; Clifton, Burnier et al.
2009; Elvik 2009; Ewing and
Dumbaugh 2009, Miranda-
Moreno, et al. 2011).

APBP Webinar Series

Framework

Macro level

Built environment

* Land use mix

 Population density

 Public transit
accessibility

» Connectivity

Micro level

Street and
intersection design:
 Traffic controls
o Geometry
 Bicycle/ped
facilities

Weather

V

Exposure

= Bicycle/ped
flows

= Vehicular
traffic
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safety

Crash risk:

- Occurrence
&

- Severity
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Link #2:

Link between flows, built environment and
geometry
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Built environment

OO bt

@® Bus stop
SN Streets
@~ building
- Commercial

- Government and Institutional

- Open Area

- Parks and Recreational

E Residential

- Resource and Industrial
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Intersection geometry
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v" Road width

v" Number of lanes
v' Median presence
v' Parking

v Curb extensions
v" Pedestrian light
v’ etc
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Results #2

Link #2: Link between built environment/geometry and flows

Factor Impact (%) 20.8
80 1
Employment density 5.3 70 61.0
~ 60 [
Presence of school 1.4 S %0 26.4
+— 40 =
. (&)
Subway station o
3.4 20 13.9
presence c =
. — 10 23 14 34 r'
Land use mix 79.8 o | =1 ———
10 L N Q S ) 5Q N
Ave Street length -2.5 PSS S F @\cg & & <&
. X
Presence of parking S A N S SR I Iy
3.5 & & £ ¥ & & & & o
entrance ' & 8 & SR
() Qo
Length of bicycle o &5 & x""& & o
S 13.9 &< & & 0
facilities ¥ T
S \*
Presence of Bicycle lane 36.4
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Impact of new infrastructure

1) Bicycle lanes, Ave. Laurier, Montreal

r. 1 P e, n'...

2) Cycle track, Ave. Laurier, Ottawa

Daily flows

Standardized daily flows Standardized daily flows
e 1,002
3000 - 2,200 %)
% 900 - 685
2000 - frs 450
980 S, 600 -
1000 - T 300
0O Ve
0 T T 0 T T T
Pre-construction ~ post-construction Pre-construction  Pre-construction post-construction
May 2011 JU“e-AUgUSt August 2010 May 2011 August 2011:
AL Increase: ~ 50% with respect to May
Increase: > 100% with respect to May 2011 2011
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Link #3:

Link between geometry and crashes
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Result #3

Role of geometry at signalized intersections

Variables Coef. Impact (%)

Ln total pedestrian flows 0.404 40.5% G
Ln total traffic flows 0.612 61.2% G
Full pedestrian phase (light) -0.478 -38.0% :
Half pedestrian phase (light) -0.281 -24.5%

Exclusive left turn -0.175 -4.9% ﬁ
Commercial exit/entrance 0.046 3.5% ﬁ
Length of crosswalk 0.0089 59.2% D
Curb extension presence -0.270 -27.1%

No of lanes 0.114 73.8% G
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Risk

Result: Role of geometry factors
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Some conclusions
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Some conclusions

dWe found a non-linear association between bike &
pedestrian flows and crashes at intersections.

 The road designs are the critical factors: They affect
flows and safety.
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Some conclusions

Limitations of past studies:
J Most studies have used cross-sectional crash data.

1 Most studies do not control for the potential bias
assoclated with the complex links between flows,
geometry and built environment as well as safety.

L Keep Iin mind that as volumes increase “design
standards” also increase or vice versa.
= If this hypothesis Is true: safety in numbers may be
Inflated ...
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Some conclusions

1 Should we talk about “the safer numbers” instead of
“safety In numbers”? We want higher volumes but in
safer environments

4 If “safety in numbers” exists, we cannot use it as a
treatment (policy).

1 Ped/Bicyclist risk at intersections is already many times
higher than for motorized users.

7
|
- |
~ I
— | | Bl
I | | I
| I | I
™M 4 I | | |
3 ; } ' | i
& ! | | il L
™ 4 | | | | : L—-l
: o ] I I :
| | -
I | , } , 1‘ L
1.5 B8 &0 89 80
e BT_NT_R|_ T[]
o] Tl T . V.l i ldk il =
0-10 10-20 20-30 30-40 40-50 50-60
Motor-Vehicle Flow (in 1000's)
01 Pedestrian Cyclist

[ Motor-Vehicle

excludes outside values

APBP Webinar Series Is There Safety in Numbers? | 11/20/13 65 of 85



Work In progress

d We need to learn more the effect of treatments
and “safety in numbers” using microscopic data:
vehicle speeds, conflict (surrogate) analysis, etc.
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Thanks!
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Is There Safety in
Numbers for Cyclists?

Cases from Minneapolis, MN

______

Simon Blenski
City of Minneapolis Public Works Department
simon.blenski@minneapolismn.gov

APBP Webinar - November 20¢2013 www.minneapolismn.gov/bicycles
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Portland, OR bicycle crash rate

Combined Bicycle Traffic over Five Main Portland Bicycle

Bridges Juxtaposed with Bicycle Crashes

Cyclists per Day Crashes and Bicycle Crash Index
20,000 900
" Bridge Bicycle Traffic
17,500 * Reported Bicycle Crashes* 800
— Bicycle Crash Index
15,000 | mBicycle Crash Index (Trend Line) 700
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Minneapolis bicycle crash rate

[ Bicycle Commuters ®
mmm Reported Crashes **

Reported Crashes

19932 1994 1995 1996 19497 1998 1969 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2017 2012

APBP Webinar Series

*1993-1999 data based on the 1990 Decennial Census, 2000-2004 data based on the 2000 Decennial Census, 2005-2012
data based on American Community Survey 1-year estimates, "Bicycle Commuters” refers to Minneapolis workers aged

16 or older who commute primarily by bicycle,
¥*As reported to Minneapolis Public Works, by the MPD and Minneapolis Park Police
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Minneapolis bicycle crash rate

1,000 10,000
[ Bicycle Commuters *
mmm  Reported Crashes **
800 8,000
¢ ¢ Crash Rate (Ratio of crashes to commuters)
3 N 3
z
E‘ 400 4,000 g
200 2,000
0 0

1993 1994 1995 1996 1997 1998 1959 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

*1993-1999 data based on the 1990 Decennial Census, 2000-2004 data based on the 2000 Decennial Census, 2005-2012
data based on American Community Survey 1-year estimates, “Bicycle Commuters” refers to Minneapolis workers aged

16 ar older who commute primarily by bicycle,
**As reported to Minneapolis Public Works, by the MPD and Minneapolis Park Palice
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More bikeways <=p More bicyclists

200
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ju s}
o]

Mliles of Bikeways

40

Commuters
{Census/ACS)

Bicycle Trips

(traffic counts}

On-Street Bikeways

Off-Street Bikeways

1969 2000 2001 2002 2003 2004 2005 2006 2007 2008 2000 2010 2011 2012 2013

40,000

32,000

24,000

16,000
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Source: LA Census Bureau 1930-2000 Decennial Census, 2005-2012 American Community Survey, Minneapelis Public Werks Mon-Maotorized
Traffic Counts 2007-2013.
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Minneapolis bicycle crash analysis

2,973 reported bicyclist-motorist

crashes from 2000-2010

Understanding Bicyclist-Motorist Crashes in
Minneapolis, Minnesota

Acomprehe rsive look at crash data fiorn 2000-2010and
recormmendations for improved bicye list ssfety

ﬁl > -
T -

s e
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* W

Bicyc ke and Pedestrian Sectian
Public Wo ths Depa frnent
City of Minnes polis
January 15,2013
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Wnnswpols
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www.minneapolismn.gov/bicycles/data
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Number of Crashes vs. Crash Rate

Top Bicyclist-Motorist Crash
Corridors by Number of Crashes

Top Bicyclist-Motorist Crash
Corridors by Crash Rate

Mumber of Crashes Crash Rate*
- — 100-126 L — igol;:gs
- s 50 -00 > — = 39

77148

20-49

*Crash rate is expressed as crashes per one million bicycls miles traveled (BMT)
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Corridor level crash rate

Minneapolis crash analysis

Crashes = Exposure = CrashRate
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Corridor level crash rate
Minneapolis crash analysis

Crashes == Exposure = CrashRate

Crashes (Total crashes along corridor from 2000-2010)

Crashes

—  per million
EXposure (Bicycle miles traveled) BMT
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Corridor level crash rate

Minneapolis crash analysis

Crashes = Exposure = CrashRate

Crashes (Total crashes along corridor from 2000-2010)

Crashes
per million
Exposure (Bicycle miles traveled) BMT
1 2 3
Conduct screenline > Extrapolateto x Multiply by length
count(s) 11-year period of corridor (miles)
’.‘ "‘
MNEPDP Count Extrapolation Factors
4-6pm to Daily 5.00
Daily to Weekly 7.659
Weekly to Monthly 4.29
Monthly to Annual .05
Annual to 11-year 11.00
Daily to 11-year 3,298.68
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Assumptions and Notes

-

. " \/V—\_/fl"—n:u’:li &
> Recent traffic is representative of :
historic traffic. s el i A
f_u_f:n ter] Tene 2614
> Counts at 1 or 2 points are
representative of whole corridor.
ceunt _
e é_....,_,:__.:::,._ - A
> Traffic travels along corridor rather
than across the corridor. ne
‘f'f- » YT + B
—— g-Err"M =1

> Crash rate did not account for motor vehicle, transit, or pedestrian traffic.
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Generally: more bicyclists, lower crash rate
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Source: Crashes as reported Minneapolis Public Works by the MPD and Minneapolis Park Police, Minneapolis Public Works Non-Motorized
Traffic Counts 2007-2013.
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Generally: more bicyclists, lower crash rate

80 ® No bicycle facility present
70 ® 0 Bicycle facility present
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Bicyclists per day

Source: Crashes as reported Minneapolis Public Works by the MPD and Minneapolis Park Police, Minneapolis Public Works Nen-Motorized
Traffic Counts 2007-2013.
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E 28th St - 170 bicyclists per day
Relatively high crash rate
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15th Ave SE - 4,330 bicyclists per day
Relatively low crash rate

APBP Webinar Series Is There Safety in Numbers? | 11/20/13




Is there Safety in Numbers for Cyclists?

- In Minneapolis, “numbers” have a positive relationship with
safety.

« Observed at the city-wide level over time and across
different corridors.

« Corridors with more bicyclists tend to have lower crash rates.

« Other factors may be at play - some of the safest corridors
also have bicycle facilities.

Safety 4= Numbers
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Education

122
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Thank you

APBP Webinar Series

Simon Blenski

City of Minneapolis Public Works Department
“simon.blenski@minneapolismn.gov
www.minneapolismn.gov/bicycles
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