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How might we foster rigorous science and
credible evidence in Vision Zero Programs?

e NCHRP Project 17-18(5)
“Integrated Safety

Management Processes” Integrated Safety
proposed methodologies for Management Process
“identifying crash concerns
and developing an effective o
combination of strategies to
support jurisdictional goals”. Bisoun Pesu

* Significantly, research was led
by Canadians! e 1

TRANSPORTATION RESEARCH BOARD

WASHINGTON, D.C.
2003
www.TRB.org



* “Anintegrated management (Vision Zero?) process
comprises the necessary steps for advancing from crash
data to integrated action plans:

— (1) review highway safety information;
— (2) establish emphasis area goals;

— (3) develop objectives, strategies, and preliminary action plans
to address the emphasis areas;

— (4) determine the appropriate combination of strategies for
identified emphasis areas;

— (5) develop detailed action plans; and
— (6) implement the action plans and evaluate performance”

* Process includes methodologies to aid the practitioner in
problem identification, resource optimization, and
performance measurements



Procedure for determining an effective combination
of strategies to achieve a jurisdiction’s safety vision.
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Identifying Emphasis Areas — Typical Approach
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Source: 2018 Vision Zero Advocate Conference Presentation by
Pedram lzadpanah



Cityof e Intersections ® Pedestrians
London e Distracted and Aggressive e Cyclists
Driving e Red Light Running

e Young Drivers
Cityof e Aggressive Driving e Older Drivers
Hamilton e Intersections e Hills

e Vulnerable Road Users ® Young Drivers
Cityof e Distracted Driving e Young & Older Drivers
Ottawa e Vulnerable Road Users e Emergency Response

® Aggressive Driving e Metrics & Evaluation
Cityof e Intersections ® Impaired & Distracted Driving
Calgary e Mid-block ® Speeding

e Vulnerable Road Users
Cityof e Aggressive Driving ® Pedestrians
Toronto e |ntersections e Cyclists

® Distracted Driving ® SchoolZones

Source: 2018 Vision Zero Advocate Conference Presentation by

Pedram lzadpanah




IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH



IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Uses crash records

ldentifies subsets of crashes that provide potential
emphasis areas

Evaluates these potential emphasis areas by comparing
them to their complementary subsets on a rate or
percentage basis

A statistical test ensures observed differences are real
and not by chance

Output leads to identifying objectives and strategies
for all emphasis areas

Analysis can be performed with free software



CRITICAL ANALYSIS REPORTING ENVIRONMENT

CENTER for ADVANCED
PS PUBLIC SAFETY

A data analysis software package originally designed for
problem identification and countermeasure development
in traffic safety applications.

On-line analysis with Alabama sample data at https://safety.aladata.com

Desktop software download at
http://www.caps.ua.edu/analytics/downloads/datasets/

Basic procedures can be implemented in a spreadsheet



IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Examine frequency distributions for each variable in crash records,
looking for high poles, this will identify potential emphasis areas

“ Order: |Matural Order v | [] Suppress Zero-Valued Frequencies
E Manner of Crash) Frequency Cum. Frequency Peicentage Cum. Percent  #
Non-Callision 2259 2259 0Es 0.65
Single Vehicle Crash [all types) 68262 70521 19.70 20.36
Head-On (front to front anly) E917 77438 200 22.35
Angle Oncoming (frontal] 7743 85187 224 2459
Angle [front to side] Same Direction 8768 93365 283 2712
Angle [front to side] Opposite Direction 9491 103446 274 2986
Rear End [front to rear] 125183 228623 3613 65,93
Side Impact [angled] 28442 257071 821 74.20
Side Impact (30 degrees) 30 288102 8.96 8316
Sideswipe - Same Direction 29394 317496 8.48 91.65
Sideswipe - Opposite Direction 6007 323803 1.73 9338
Causal Veh Backing: Rear to Side 6479 329982 1.87 95.25
Canesl Yok Backing Blearto Bear 2055 208 nen arpr ¥
[] s | = o | [[] Display &verage
2015-2017 Alabama Integrated Crash Data
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IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Emphasis areas can be further explored to more specifically define the
subset of crashes, e.g. time-of-day for alcohol-related

|| Order: |Natural Order v ‘ | [] Suppress ZeroMalued Frequencies
Frequency Cum. Frequency Percentage Cum. Percent 4 ime of Day
4 Null value 0 0 ooo oo
12:00 Midnight to 12:59 &M 792 792 562 562
1:00 AM to 1:59 AM 822 1614 5.84 1146
200 AM to 259 AM 789 2403 560 17.06
300AM to 359 AM 594 2997 422 21.28
400 AM to 459 AM 452 3449 A 2449
5:00 AM to 5:59 AM 347 3796 248 2695
6:00AM to B:59 AM 273 4063 1.94 2889
7:00 AM ta 7:59 AM 302 4371 214 304
:l | & JJ | [[] Display &verage  [] Display Filter Name
2015-2017 Alabama Integrated Crash Data
Time of Day
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3:00 AM to 3:59 AM 8:00 AM to 8:59 AM 1:00 PM to 1:59 PM 6:00 PM to 6:59 PM 11:00 PMto 11:59 PM
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IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Emphasis areas can be compared to their complement to confirm over-
representation

Frec?ulf:citl Subset Percent F[equir;: Other Percent Odds Ratio Max Gain
4 Mull +alue a 0.o0 a 0.o0 0.000 0.000

12:00 Midnight to 12:59 AM 792 562 3515 1.06 537 E43.047

1:00 &M ta 1:59 AM g22 5.84 2829 0.85 E.857" o217

2:00 &M to 2:59 AM 783 B.60 2534 (1] 77e E79.075

200 AM to 359 AM 594 422 2369 0.7 5917 433610

4:00 Ak to 4:53 Ak 452 3.4 27E0 0.83 3.865" 335041

5:00 AM to 5:59 AM 347 245 4368 1.45 1.648" 136.474

E:00 &M to B:59 AM 273 1.94 8394 253 0767 824878

700 &M to 7:59 AM 302 214 21198 E.38 0.336" 596,297

2:00 &AM to 8:59 AM 221 1.57 14511 449 0.3507 -410.876

900 &AM to 59 AM 184 1.3 13148 .96 03207 -373EE

10:000 Ak to 10:53 Ak 23 1.64 14963 450 0.364° -03.291

171:00 Ak to 11:59 Ak 285 1.84 18164 5.47 0,336~ H10.727

12:00 Noan te 12:59 P N7 225 22510 B.77 0332~ -536.895

1:00 PM ta 1:59 PM 352 2.50 21848 E.57 0.380" 573842

2:00 PM ta 2:59 PM 453 .22 24005 722 0.445" -BE4.248

2:00 PM to 3:59 PM 563 4.04 20340 .31 0.434" 742129 | []Sort by Sum of Max Gain
i:] @ | & }lr | [] Dizplay Filter Name

2015-2017 Alabama Integrated Crash Data
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IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Emphasis areas can be further targeted using other crash-related
variables

| Order: | Max Gain

w Descending

~ | [] Suppress ZeroValued Rows

| Significance: | Dver Representation

~ | Threshold: | 20 3

m‘s.lalue Fleqsuu:nsg:- Subset Percent FrequDelr!E Other Percent Odds Ratio Max Gain
Cleburne 1 013 m7 0.29 0.429 -1.330
Coffes 9 1.14 2817 0.8 1.394 2.545
Colbert 12 152 3869 112 1.354 3138
Conecuh 4 0.51 872 0.25 2002 2.002
Coosa 2 0.25 057 018 1.567 0.724
Covington 3 0.38 1498 0.43 0874 -0.432
Crenshaw 2 0.25 599 017 1.457 0.627
Cullman il 39 5457 1.58 2479 18.436
Dale 7 0.88 2103 0.61 1.453 2181
Dallas 2 0.25 2374 089 0.363 -3.440
Dekalb 8 1.0 2915 0.84 1.198 1.321
Elmaore 18 227 4526 1.3 1.736 7623
Escambia 10 1.26 1861 0.54 2.345 5.736
Etowah 27 | 7584 219 1.554 9622
Fayette 2 0.25 623 018 1.401 0.572
L . o ~ | [] Sort by Sum of Max Gain
|] | & ‘;J‘ | [] Display Filter Name
2015-2017 Alabama Integrated Crash Data
County
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IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Example — Head-On vs non-Head-On crashes by roadway curvature

Curvature Subset Freq Subset%  OtherFreq Other % Over- Maximum
Represetation Gain

Over-representation is evaluated using appropriate statistical test

SubsetPercentage; — OtherPercentage; )i SubsetFrequency

MaximumGain =
100

i=1



IDENTIFYING AND EXPLORING EMPHASIS AREAS
— ILLUSTRATION OF THE NCHRP 501 APPROACH

Definition of subsets and their comparison is important.

Here, pedestrian vs non-pedestrian crashes at intersections
are compared, evaluating location of first harmful event.

Location First Harmful Event Rel to Roadwa Subset Frequency Subset Percent Other Frequency Other Percent Odds Ratio Max Gain »~
E Intersection with Crosswalk and Pedestrian Si... 43 1418 EB4 08e 16533 46036
E Intersection with Crosswalk no Pedestrian Sig. .. 20 578 450 056 10.257" 18.050
E &t Intersection no Crosswalk kil 8.96 4889 612 1.463 9816
E Dff Roadway - Location Unknown 2 058 188 024 2455 1.185
P Intersection® 1 029 39 0.05 5.918 083
Other 1 029 53 0.07 4.355 0.770
Off Roadway 1 029 226 0.28 1.021 .01
Null value 1} 000 0 0.00 0.000 0.000
Median 1} noo 446 056 0.000 0.000
E Dutside of Right-ofw/ay 1} 000 197 0.25 0.000 0.000
E In Parking Lane or Zone 1] 0.00 60 0.0e 0.000 0.000
E Gore 1} 000 12 0.0z 0.000 0.000
E Separator 1} 0oo 18 0.0z 0.000 0.000
E Non-Intersection Crosswalk 1} 0.00 23 0.04 0.000 0.000
E Other Non-ntersection 0 0.00 5 0m 0.000 0.000
E Driveway Access Crosswalk 1] 0.00 1 0.00 0.000 0.000
E Sidewalk 1] 0.on 16 002 0.000 0.000 | 77 sort by Sum of Max Gain
CJ B | & | [] Display Filter Name
2015-2017 Alabama Integrated Crash Datz
Location First Harmful Event Rel to Roadway
100

g. =}
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IDENTIFYING AND EXPLORING EMPHASIS
AREAS — A SMALL SAMPLE OF POSSIBILITIES

* Fatal crashes
 |dentify age groups, location types, manner of crashes
* Leads to focussed education, engineering and
enforcement strategies
e Speeding-Related
* |dentify road/intersection types, geographic areas and
time of day to focus strategies on
* Bicycle Crashes
e Over-represented for certain types of infrastructure?
e Requires linked data on volumes and type of
infrastructure for meaningful insights



USING RIGOROUS SCIENCE AND CREDIBLE EVIDENCE
TO DETERMINE APPROPRIATE STRATEGIES FOR
IDENTIFIED EMPHASIS AREAS

 Needs to be based on credible evidence

* Assessing credibility of evidence is not trivial

— Methodological Issues
— Applicability/transferability of results

* Challenges due to road user adaptation — our
focus here



VISION ZERO

\ / ADVOCATE INSTITUTE

ABOUT AWARDS

Inventory of Proven and Promising Traffic
Safety Countermeasures »

The Canadian Council of Motor Transport Administrators (CCMTA) has
developed a comprehensive inventory of proven and promising
countermeasures for traffic safety that support the Vision Zero focus
of their Road Safety Strategy 2025.

April 25, 2017
Al [] pril 25

1. Vision Zero Overview []

2. Traffic Safety Research
L]

3. Engineering
Countermeasures



CANADA'S

oA
R OA D v STRATEGY MATRIX ROAD SAFETY MEASURES CCMTA MEMBER JURISDICTIONS RESOURCES

SAFETY

STRATEG :

Road Safety Measures

Road Safety Strategy 2025 provides Canadian jurisdictions and road safety stakeholders with an inventory of road safety initiatives which can be adopted or
adapted to address their specific road safety challenges. Some of these have been proven effective and for others, measured effectiveness is not yet available
and these are considered promising. The inventory supports the concept of a safer systems approach to road safety to address: the road user, road

infrastructure and vehicle safety concerns.

Evidence provided for the initiatives in the inventory is the outcome of independent research and the initiatives should not be construed in any way as being
policies adopted by CCMTA or by its members. The initiatives may, however, be used by CCMTA and its member jurisdictions and other stakeholders as a
reference for the development of policy and programs. The assessment tocl used to evaluate initiatives is available here.

Search for Road Safety Measures

Criteria (you can select more than one)

Type
Road Users m Vehicles

L]
Risk Group(s)
Young/Movice Drivers Medically at-risk Drivers W Commercial Drivers = High-risk Drivers General Population

Contributing Factor(s)

Drugs | Alcohol | Distraction  Fatigue | Speed and Aggressive Driving  Unrestrained Occupants m Road Infrastructure = Vehicle Factors

Road Safety Interventions

Education/Training | Communication/Awareness Policy/Legislation/Regulation Enforcement m Technology | Information/Data/Research




Limit marked crosswalks to roads with average daily traffic of 12,000 or less

Type: Road Infrastructure i
Risk Group(s): Vulnerable Road Users @
Contributing Factor(s): Speed and Aggressive Driving Environmental Factors Road Infrastructure

Strategy Type(s): Road Infrastructure

Zegeer et al, (2005) carried out a study to determine whether marked crosswalks at uncontrolled locations are safer than unmarked crosswalks under
various traffic and roadway conditions and to recommend ways to make crossing safer for pedestrians. Five years of pedestrian crash data from 1,000
marked crosswalks and 1,000 matched unmarked comparison sites were included in the study. None of the sites in the study had a traffic signal or stop
sign on the approaches. Detailed data were collected on traffic volume, pedestrian exposure, number of lanes, median type, and speed limit. The results of
the study showed that on two-lane roads and on multilane roads (roads with three to eight lanes) with average daily traffic (ADT) below 12,000, there was
no difference in pedestrian crash rates between a marked crosswalk alone at an uncontrolled location and an unmarked crosswalk. However, on multilane
roads with ADT volumes greater than 12,000 vehicles and no raised median and on multilane roads with ADT above 15,000 vehicles and with a raised
median, marked crosswalks alone had significantly higher pedestrian crash rates than unmarked crosswalks.

The authors cited the findings of research by Knoblauch et al. (2001) which suggested that while marked crosswalks in themselves may not increase
measurable unsafe pedestrian or motorist behaviour, the installation of a marked crosswalk may increase the number of at-risk pedestrians (particularly
children and older adult pedestrians) who choose to cross there instead of at the nearest signal-controlled crossing. The authors suggested that crosswalk
enhancements should be added to the marked crosswalks rather than removing or failing to install them. Some suggested improvements included
providing raised medians on multilane roads, installing traffic and pedestrian signals when warranted, adding curb extensions, providing adequate lighting,
and designing intersections with tighter to turn radii



Protected Left Turn movement

Type: Road Infrastructure G
Risk Group(s): Vulnerable Road Users General Population @

Contributing Factor(s): Speed and Aggressive Driving Environmental Factors Road Infrastructure
Strategy Type(s): Road Infrastructure

Left-turning traffic is over-represented in conflicts at intersections. An estimated 27% of all intersection-related crashes in the United States are associated
with left turns, with more than two-thirds of these crashes occurring at signalized intersections (U.S. Department of Transportation, 2008).

When a driver has a protected left turn signal, a solid green arrow gives the driver the complete right of way in a left-turn lane, with no pedestrian
movement or vehicular traffic conflicting with the left turn, Protected left turn signals are introduced to eliminate conflict between left-turning vehicles and
crossing pedestrians as well as through traffic. When a protected left turn signal is used, the time to provide that phase must be taken from the through
phase or the cycle length must be extended. Criteria that are frequently used toimplement left turn phasing include traffic volume of left-turning vehicles,
delays to left-turning vehicles, and left-turn collision experience,

Recent (2017) research for FHWA indicated that pedestrian crashes
increase where left turn protected phase for vehicles is provided and

pedestrian volumes are lower than 5000 per day
“Pedestrians not respecting “don’t walk” signal during the protected left-turn phase”



Search for Road Safety Measures

Criteria (you can select more than one)

Type
Road Users |RGSONMIPRSEUREIREN venicis

Risk Group(s)

Young/Novice Drivers | Medically at-risk Drivers = Vulnerable Road Users =~ Commercial Drivers | High-risk Drivers m

Contributing Factor(s)

Drugs  Alcohol | Distraction Fatigue  Speed and Aggressive Driving  Unrestrained Occupants  Environmental Factors m Vehicle Factors

Road Safety Interventions

Education/Training = Communication/Awareness  Policy/Legislation/Regulation = Enforcement m Technology = Information/Data/Research

Linkages

Keywords (optional) @

delineation



Enhanced delineation and friction for horizontal curves

Type: Road Infrastructure 0o\
Risk Group(s): General Population 0
Contributing Factor(s): Road Infrastructure

Strategy Type(s): Road Infrastructure

Horizontal curves are a change in the roadway alignment that creates a more demanding environment for the driver, vehicle, and pavement,
Recent analysis of US crash data indicated that 28% of fatal crashes occurred on horizontal curves, In addition, three times as many crashes
occurred on curves as on tangential sections of roadways (Federal Highway Administration, 2012).

The installation of larger chevron signs with enhanced retroreflectivity, curve warning signs, sequential flashing beacons, advisory speed signs, and
the application of high friction surface treatments can have a positive effect on reducing the number of vehicles that leave the roadway on
horizontal curves (Federal Highways Administration, 2010),

The United States Federal Highways Administration's FHWA Clearinghouse cited the effectiveness of the several treatments or ‘crash medification
factors' that contribute to safer travel on horizontal curves. Montella (2009) and Srinivasan et al. (2009) demonstrated that installing chevron signs,
curve warning signs, andor sequential flashing beacons can result in a 38%-43% reduction in all fatal and injury crashes; installing chevron signs
on horizontal curves can produce a 16% decrease in non-intersection fatal and injury crashes; installing new fluorescent curve signs or upgrading
existing curve signs to fluorescent sheeting can result in a 25% reduction in non-intersection fatal and injury crashes; installing static combination
horizontal alignment/advisory speed signs can contribute to a 13% decrease in all injury crashes; and refinishing pavement on curved sections of
roadways with high numbers of serious crashes with microsurfacing treatment can result in an approximate 43% decrease in all fatal and serious
injury crashes.



Curve Delineation
Srinivasan et al. (2012)

CMF’

Crash Type AADT Range (standard error)

< 3,800 1.206 (0.136)
Lane departure crashes

> 3800 0.731 (0.067)

< 3,800 1.192 (0.136)
Crashes during dark

> 3800 0.678 (0.085)

< 3,800 1.200 (0.138)
Lane departure crashes during dark

> 3800 0.712 (0.093)

“Treatment should be targeted where it is likely to be effective;
Otherwise speed mitigation measures could be implemented”



Raised Pavement Markers
Persaud et al. (2004)

Two lane roads
AADT CMF for Flatter curves | CMF for Sharper curves
<5000 1.16 1.43
5001-15000 No change 1.26
15001-20000 | 0.76 1.03

“.. could encourage drivers to increase speed, especially where
traffic volumes were low — can be dangerous on sharper curves”

Treatment should be targeted where it is likely to be effective,
e.g., at sites with a high frequency of wet weather night crashes

Despite credible evidence of driver adaptation ........



NATIONAL
COOPERATIVE
HIGHWAY
RESEARCH
PROGRAM

REPORT 600

2012

Human Factors Guidelines
for Road Systems

Second Edition

page 6-11 notes: "Raised reflective pavement markers are highly
effective at improving curve visibility and reducing crashes, especially
when used in combination with centerlines and edge lines.” Statement is
referenced to "Nemeth, Z.A., Rockwell, T.H., and Smith. G.L. (1986)
"Recommended Delineation Treatments at Selected Situations on Rural
State Highways




using rigorous science and credible evidence In
performance evaluation to
revisit/refine/update a vision zero plan --
challenge
BS?

 Why evaluate? Who evaluat
* Crash-based evaluation is not trivial
* Accounting for RTM, crash trends, traffic volume changes
» Separating/accounting for effects of multiple strategies
e CMF Clearinghouse has CMFs ranging from 1 to 5 stars
e Barriers to performance evaluation

e Evaluation of pilot programs
* May require application of surrogate measures

e Surrogate measure must have an established relationship
to crashes

e Statistical rigour still required
 Example from a CARSP 2017 conference presentation



Impact of Curb Radius Reduction on Pedestrian Safety:
A Before-After Surrogate Safety Study in Toronto

Methodology

« 3 days of video for before study and 3 days for after study
* Video data were recorded on weekdays from 7am to 7pm

 Total of 144 hours for 2 intersections

Davenport / Christie Yorkwoods / Driftwood
Before After I Before After
August 2m 2016 November 8" 2016 | September 13" 2016 May 9t 2017
August 3@ 2016 November 9 2016 | September 14" 2016 May 10* 2017
August 4th 2016 November 10%" 2016 | September 15" 2016 May 11*h 2017

Extracted from a CARSP 2017 presentation by Sohail Zangenehpour



Yorkwoods / Driftwood

CONFLICT FREQUENCY, BEFORE-AFTER
14 13
W Before After
12
10
£t B
=
S 6
4 1 2 2
2
0 0
. ] ]
Low Risk Conflicts Medium Risk Conflicts High Risk Conflicts
Risk Severity

- Low Risk Conflict Rate was reduced by 90%
- Medium Risk Conflict Rate was reduced by 100%

- High Risk Conflict Rate was reduced by 100%

Extracted from a CARSP 2017 presentation by Sohail Zangenehpour



So, should the City of Toronto continue
to invest in curb radius reduction?
-- Questions to ask

* Was evaluation sample large enough?
* Were results statistically significant?

* Would use of a comparison group change the
results?

e Would reduction in conflicts translate into
reduction in pedestrian crashes? How much?



Food for thought in closing

* So, can we/should we better foster rigorous

science and credible evidence in vision zero
planning?

* If so, what will it take?



