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Where does a systemic safety approach fit in?

Reactive » Proactive
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Where does a systemic safety approach fit in?

Reactive

! » Proactive
Spot

Spot approach:
Improvement at a specific location in

response to a-higher-than-expected
crash rate at a site
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Where does a systemic safety approach fit in?

Reactive : : » Proactive

Spot Corridor

—_—— —0—0-0—0-0—

Corridor approach:

Improvement across a corridor in
response to a-higher-than-expected
crash rate, or recurring safety
concerns along a corridor
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Where does a systemic safety approach fit in?

Reactive

Spot Corridor

—_—— —0—0-0—0-0—

> ROAD SAFETY
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Systemic

$

-

——

Systemic approach:

“An improvement that is widely
implemented based on high-risk
roadway features that are correlated
with particular crash types” FHWA

» Proactive




Where does a systemic safety approach fit in?

Reactive : : : : » Proactive

Spot Corridor Systemic Safe Systems

—— —e—e-0o0— +4—-

——

Safe Systems approach:

“Building a system in which people
cannot be fatally or severely injured
on despite human error” Soames Job
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Where does a systemic safety approach fit in?

Reactive : : : : » Proactive

Spot Corridor Systemic Safe Systems

—— —e—e-0o0— +4—-

——

Systemic approach:
* reactive - it uses historical crash data to identify priorities
e proactive - make improvements also at low or non-crash sites
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FHWA's Systemic Safety Program

Identify Focus Crash Types and Risk Factors

™ Task 1: Select Focus Crash Types
Task 2: Salect Focus Facilities
Task 3: ldenfify and Evaluate Risk Factors

iy
Screen and Pricritize Candidate Lecations

Select Countermeasuras

Pricritize Projects
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A systemic matrix approach

Example of a pedestrian safety matrix

Urban and Urbanized, Control Type STEP Unsignalized STEP 3 Signalized
Conventional Highway [#ofLanes-Main £ <=3 >3 J— ol i MIC =3
and City One-Way ~ [foflanes Cross  FiLL <=3 <=3 | [aYo) LT \/ = >3 Total
Street,  2009-2013 |MADT-Main M':TR 50,000 [>=50,000] <50,000 [>=50,000] <s}},000 JCA< d | <yoo o,0R0 ~¥,000 <50,000 >= 50,000
AADT - Cross <12,000 <12,000 |>=12,000|<12,00ad>=12,000|<124#00 |B=12,000|<12,000 |>=12,000|<12,000 |>=12,000|<12,000 |>=12,000)
# of Intersections 197 | 15 2347 | 335 | 3 166 22 23 21 501 54 148 15 271 208 56 57 5876

Pedestrian Movements |Primary Collision Factors

Influence of Alcohol

Following too close

Xing Xwalk — c §/ure to Yield

Intersection roper Turn

eding
@er\ﬁolations
Jure to Yield
per Turn
ther Violations
hce of Alcohol

y
[
F gure to vield
Xing —Not Xwalk] Improper Turn
A
N

Speeding

™ er violations

uence of Alcohol

ure to Yield
Roadway —Include
1 T
Shoulder Toper Turn
eding

Mer\f'lolat'lons
Muen[e of Alcohol

Faylure to Yield
Mot in Roadway InJerErTurn

(peeding

Other Viclations
Total

| Rate (crashes/intersection) |

* Systemic pedestrian matrix developed by SafeTREC for Caltrans
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A systemic matrix approach

What type of crashes are happening on what type of facilities?

Urban and Urbanized, Control Type IEE Unsignalized STEP 3 Signalized
Conventional Highway [#ofLanes-Main £ <=3 >3 J— bl s i MIC =3
and City One-way  |foflanes Cross _ FiLLL <=3 <=3 [ [a¥a) | \ ¥/ = >3 Total
Street, 20092013 |MADT-Main M':TR 50,000 [>=50,000] <50,000 [>=50,000] <s}},000 JCA< d | <yoo o,0R0 -3,000 <50,000 >= 50,000
AADT - Cross <12,000 <12,000 |>=12,000|<12,00ad>=12,000]<124#00 |¥-12,000|<12,000 |>=12,000{<12,000 |>=12,000{<12,000 [>=12,000
# of Intersections 1197 | 15 2347 | 335 | 3 166 22 23 21 901 54 148 15 271 208 56 67 5876
Pedestrian Movements |Primary Collision Factors
Influence of Alcohol 1 1 1 1
Following too close 1 1
Xing Xwalk — {ure to vield a5 e 2 34 3 1 : Il - 12 1 28 28 a 15| EEE
Intersection c r‘JroperTurn 6 2 2 1 11
eding 1 2 2 1 5]
&er\ﬁolations 12 36 1 12 4 2 as 3 9 2 14 14 4 8 156
Jure to Yield 2 1 1 2 6
per Turn 1 1
Wglother Violations 1 1 2
’hncem‘)}lcohol 1 1
Fﬁ\ureto\'ield 6 10 2 3 1 22
Xing —Not Xwalk] Improper Turn 1 1 1 1 4
Speeding 4 2 1 1 8
rmer\liolations 31 51 1 2 3 2 1 22 1 4 16 3 1 4 142
> uence of Alcohol 3 1 1 1 3
ure to Yield 1 1 1 1 2 3
Roadway —Include
shoulder wroper'rurn 4 3 1 8
eding 5 4 1 10
- viclations 1 1 9 1 1 5 1 2 3 1 35
uence of Alcohol 1 1 2
Faylure to Yield 3 1 1 7 1 2 3 18
Notin Roadwayc InerpErTurn 2 1 1 3
(peeding 2 a 1 2 9
Other Violations 2 1 6 1 2 1 1 14
Total = - I - 4 51 6 8 Ol 0 32 3 68 59 10 36 || 827
| Rate (crashes/intersection) |[ 041 [ 043 [ 009 [ 00a [ 133 ] 031 [ 027 [ 035 [ 029 [ 020 [ 019 [ 022 [ 020 [ 0.25 [ 028 | 0418 | 054 |[0.14]

* Systemic pedestrian matrix developed by SafeTREC for Caltrans
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A systemic matrix approach

What type of crashes are happening on what type of facilities?

Urban and Urbanized, Control Type IEE Unsignalized STEP 3 Signalized
Conventional Highway [#ofLanes-Main £ <=3 >3 J— bl s i MIC =3
and City One-way  |foflanes Cross _ FiLLL <=3 <=3 [ [a¥a) | \ ¥/ = >3 Total
Street, 20092013 |MADT-Main M':TR 50,000 [>=50,000] <50,000 [>=50,000] <s}},000 JCA< d | <yoo o,0R0 -3,000 <50,000 >= 50,000
AADT - Cross <12,000 <12,000 |>=12,000|<12,00ad>=12,000]<124#00 |¥-12,000|<12,000 |>=12,000{<12,000 |>=12,000{<12,000 [>=12,000
# of Intersections 1197 | 15 2347 | 335 | 3 166 22 23 21 901 54 148 15 271 208 56 67 5876
Pedestrian Movements |Primary Collision Factors
Influence of Alcohal 1 1 1 1 4
Following too close p N 1
Xing Xwalk — {ure to vield a5 1 (@ 5 2 34 3 1 3 y a 12 1 28 28 a 15| EEE
Intersection c r‘JroperTurn 2 1 11
ﬁeding 1 2 2 1 5]
&er\ﬁolations 12 36 1 12 4 2 as 3 9 2 14 14 4 8 156
Jure to Yield 2 1 1 2 6
per Turn 1 1
Wglother Violations 1 1 2
’hncem‘)}lcohol 1 1
Fﬁ\ureto\'ield 5] 10 2 o> L - 3] € L 1 22
xing ~Not xwalkll  [improper rurn 1 ODVSLIETHCO MOLISDOLS 1 4
speeding q 2 i i e el - 1 8
rmer\iiolations 31 51 1 2 3 2 1 22 1 4 16 3 1 4 142
> uence of Alcohol 3 1 1 1 3
mureto‘ﬁeld 1 1 1 1 2 6
Roadway —Include
shoulder indbroper Turn 4 3 1 8
eding 5 4 1 10
- viclations 1 1 9 1 1 5 1 2 3 1 35
uence of Alcohol 1 1 2
Faylure to Yield 3 1 1 7 1 2 3 18
Notin Roadwayc InerpErTurn 2 1 1 3
(peeding 2 a 1 2 9
Other Violations 2 1 6 1 2 1 1 14
Total = - I - 4 51 6 8 Ol 0 32 3 68 59 10 36 || 827
| Rate (crashes/intersection) |[ 041 [ 043 [ 009 [ 00a [ 133 ] 031 [ 027 [ 035 [ 029 [ 020 [ 019 [ 022 [ 020 [ 0.25 [ 028 | 0418 | 054 |[0.14]

* Systemic pedestrian matrix developed by SafeTREC for Caltrans
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A systemic matrix approach

What are the relevant countermeasures for each matrix cell?

Urban and Urbanized, Control Type IEE Unsignalized STEP 3 Signalized
- - 3 - i <=, =, L] >,
Conventional Highway # of Lanes - Main 3 3 3 — = i MIC 3 \
and City One-Way # of Lanes - Cross FILLL <=3 <=3 | g ﬂ I ‘>3’ =3 =3 Tota
Strest. 20052013 |PADT-Main M':TR 50,000 [>=50,000] <50,000 [>=50,000] <s}},000 JCA< d | <yoo 0,0k =3, 000 <50,000 >=50,000
.
AADT - Cross <12,000 <12,000 |>=12,000|<12,00ad>=12,000| <1200 |#12,000{<12,000 |>=12,000|<12,000 |>=12,000|<12,000 |>=12,000|
# of Intersections 1197 | 15 2347 | 335 | 3 166 22 23 21 901 54 148 15 271 208 56 67 5876
Pedestrian Movements |pPrimary Collision Factors | Counter Measures
ENENENENENENE A N A N N NE D D DN D D A A DN D A A S
Influence of Alcohol 0 Y Y At At Y Y et st YooY st ut ey at aY At et Y Y a2t et w2t e aYaet u oal
hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl A |
Following too close - BT BT S - BE- B - B B BT B~ S+ S -~ S-S -~ SN B -~ S-S B AT B - S
) - - LT R T T S S AR T S AR R " 'S -SR-S < J S - R < N SR < BT - BN S 'O <N - BN SR TR | B S B 2
Xing Xwalk — ure to Yield LI IR B N T T T N - - IO M A A B - N < MR < B < B < SR < B S WA B - - R . B T B A - I I
Intersection roper Turn WY Y Y oY oY oY o3t o:Y oY oaY oY oYY oat Y aY YooY wY oaY ownY oY ey oY owY ot oY et oatoat aut ol
o Yot oY oY oY s oY st oY oY oY oz oA oY oY oY oz oatoaYyadayadayaaadada et e oatoal
ing Y omY oY oY oY s oY st s oY st oY oA oY s s omY oaaYya ey s ey e aatadsY et e st oal
er Violations B Y @nYaeYaeYaYaYsYaYaYaYaaeYaeYeY ey e g sy 5 Y Y 5T 5 Y Y 5T 5 5T 5 5 5]
I L2 R T | T - S - | S - N R (A N S S NS [ N A - S A - - N SN S S S TSN S B
ure to Yiel hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl Al hl A |
1 LIS T T - I TN - - T - S T R | NS I T: IS (A | SN IS TS ' NANNR NN BANE: B BN A B
per Turn @B Y oY &Y B Y B %Y wY osY B &Y wt oY on’ 25; Y 23Y 2% 2% ;Y @Y 23 sY ad s s atataYaetatas)
wgther violations B Y omY oaY o a et ataaY ada ol g S e i pinemil g 2t oz oY omY oY mY oY oaY o o)
B Y st oay sy et adatat ayat ol z I 3 2 2 oYY oY ataYaY Y oad et oe)
’hnce of Alcohol Y Y ey et a2 oY Y 0" 20" Rt B9 ] 2 o™ I T et Y Y s Y Y e s o]
1 ure to Yield EORA B T T TN T SN - - B T B - Tgv s 5T 4T 4N 5 D T T T S NN Y B BN B
O TS B T TS NS T TS "R N A " N S - S < B - S NN SN BN B N TS SN TA: NN SN A TN A B
Xing —Not Xwalk] Improper Turn Y aYaYalasyatatat et nt atoat g’ 23 2% 22" 2 Y onY oY o2y oY Y Y Y Y ey Y at a2t 2y
4 O R TR A TR T R (A ] ENA8E 1 0 N E oY oY ot oY oY oY ou
Speeding O T T A P T R (A ) 1 uff [ M L 4 VEMNY "D BTSN R TR - BTN "R
1™ er viclations g Y e Y g Y gt gy gt gy g g Vg Ty Y g N Ty g8 ' 3 g g g g9 g g 9T gy gy gt g gt g 5]
= 2T N T T S - S TR S N S NS S T NN SO NS NS - S NN (N NSO - N I SRS NS BN B
uence of Alcohol L2 TR S N S TN S ST T ST SO N SO S T ST S S N ST SR S-S SN SN AN S - SN SRR SN ST SN SR B
d 1ud ure to Yield L S T S S S S T O U - T N O . S SN . T - S . R LS | S L S A S S T < - TR
Roadway —Include | edhraper Turn B Y mY Y ¥ 3 av sy s 3 nY®mY s a Y Y 3 3Y oY #Y w) pY sy ay s e Y s ) uY oa u ]
Shoulder - I T S T T - S - B B - - - TR "S- N B - - - - - B - S - ST B S - B A BN TS
eding - BT BT - - B N - B B - T~ BT+ S S~ S-S S~ ST B B~ S-S B ST B B~ S
Mer\,mat-mns I T T T T T N A SR T A A S S T - B - T - B < TS - B - N N S - B - B N S AR BN - AR T
LI R B I T T HO N - O - N N A0 A B - S MR < M < T < SR < B S - WA B - SN - S . B T B I I I
muente of Alcohol B Y om Yt sy ouY ;Y oaY oY ;Y Yot oY ot owY ;Y omY oY ;Y osmY o:Y omY ;YooY omtont ;Y oY st onYomY omY o
Fyjlure to Yield 3 Y 3t 3 3 1Y nY e ) Y owY s s onY ou oY o oY st aY wY onY ouY oY s Y Y s s onY on o ou])
3 I T S T T - S - B B - - - TR "S- N B - - - - - B - S - ST B S - B A BN TS
Not in Roadway '"JVDF”T'-'”‘ - BT BT - - B N - B B - T~ BT+ S S~ S-S S~ ST B B~ S-S B ST B B~ S
(pegd-,ng LT R T T S S AR T S AR R " 'S -SR-S < J S - R < N SR < BT - BN S 'O <N - BN SR TR | B S B 2
— LT T T T T DO SO WA : T SO IO N " A A NN D < T TR < MR T < T < B S | S < T < T S| T | B | N < T 2
Other Violations o D | S SO B N - - A< I < IS S N A N | ST | MM SO MM S M M SO - M I < B A N MM N BN B
Total
| Rate (crashes/intersection) |

* Systemic pedestrian matrix developed by SafeTREC for Caltrans
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An Enhanced Systemic Approach to Safety

Three overarching objectives:

1 Enhance methods to identify systemic safety concerns

2 Enhance countermeasure scope to include engineering and non-
engineering improvements

3 Enhance process to determine high priority locations

‘ Collahorative Sciences Center for
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Project goals and activities

1 Enhance methods to identify systemic safety concerns

Develop method to determine populate mode-specific crash
crash types and the facility types matrices using the data from
that need to be included in a multiple states

matrix for a specific mode

Matrix
Structure

:EHE‘E]Q snseﬁiﬁegsliﬂ? September 6, 2019



Project goals and activities

2 Enhance countermeasure scope to include engineering and non-
engineering improvements

develop a list of engineering develop a list of non-engineering
safety countermeasures to improvements to address crash
address crash profiles identified profiles identified for the

for the different matrices different matrices

i
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Project goals and activities

3 Enhance process to determine high priority locations

explore the advantages and define guidelines for
disadvantages of different determining upper and lower
methods to identify systemic thresholds for systemic projects
hotspots

fiit I

Hig
I
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Expected outcomes

m
o |

~ “Modal

1 Guidelines for determining matrix
structure across different modes

e

=
o

2 Basic toolbox for engineering and
non-engineering improvements

3 Considerations for screening criteria
for systemic projects

‘ Collahorative Sciences Center for
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Enforcement countermeasures

*How can it be used?
* Police enforcement targeted at the identified problematic facilities

* What is the promise?
* Filling the gaps in the driving code
* What are the limitations?

* Burdensome state by state legislative analysis

* Guidelines for future considerations

_ Collaborative Sciences Center for
»ROAD SAFETY



Education countermeasures

* How can it be used?
* Elaborating an educational countermeasures matrix

 \What are the limitations?

* Multitude of entities involved in road safety trainings
* What is the promise?

* Lead the development of learning modules

e Guidelines for future considerations

7-‘_':‘- Collaborative Sciences Center for
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Data requirements

* Three categories of data
* Crash data (rows)
* Roadway data (columns)
® Operations data (columns or risk)

* Source: HSIS (Highway Safety Information System)
files
* accident subfile
* vehicle/occupant subfiles
* roadway file
* intersection file

= Challenge: linking the data

> ROAD SAFETY



Data collection

HSIS Data for 5 years across 7 states:

g Ca||fo rnia 2010 - 20 14 name | year |info | numb_records | numb_variables |variables
callacc 2010 acc 154438 56 'acc_date' ‘acctype' ‘accyr' ‘alch_flg'  'bike_flg'  ‘casenc’ ‘causel’
° . _ callacc 2011 acc 150465 56 ‘acc_date' ‘acctype' ‘accyr’ ‘alch_flg'  'bike_flg'  ‘casenc’ ‘causel’
N o rt h Ca rOI I n a 20 10 20 14 callacc 2012 acc 145776 56 'ACC_DATE' 'ACCTYPE' 'ACCYR'  'ALCH_FLG' 'BIKE_FLG' 'CASENO' 'CAUSEL
caldace 2013 acc 146529 56 'ACC_DATE' 'ACCTYPE' 'ACCYR' 'ALCH_FLG' 'BIKE_FLG' 'CASENO' 'CAUSEL'
[} 1 caldacc 2014 acc 150587 56 'ACC_DATE' 'ACCTYPE' 'ACCYR'  'ALCH_FLG' 'BIKE_FLG' 'CASENO' 'CAUSEL'
Ohio 2011 - 2015 ; : OC AL CACIVE SOUR AW BCDNLELT CLRND _cAd
callint 2010 int 17795 38 'cntyrte county’ district hwy_grp'  'int_dte int_popgrp int_prf
callint 2011 int 17484 38 'entyrte’ ‘county’  'district’  'hwy grp'  'int_dte’ 'int_popgrp'  "int_prf’
o M . . ' ' " ' I o oo ' ' oo J
Was h in gto n 2011 - 2015 cal2int 2012 int 17224 38 'entyrte'  'county’  'DISTRICT' 'HWY GRP' ‘int_dte'’  'INT_POPGRP' ‘int_prf
cal3int 2013 int 0 0
. . caldint 2014 int 17145 38 'cntyrte’ ‘county’  'DISTRICT' 'HWY GRP' 'int_dte’ ‘INT_POPGRP' ‘int_prf'
g I I | I nols 2006 - 20 10 calOroad 2010 road 47399 54 ‘aadt’ ‘acc_dte'  ‘'access'  'begmp' ‘city’ ‘cntyrte’ ‘county’
callroad 2011 road 49523 54 ‘aadt' ‘acc_dte' ‘'access'  'begmp' ‘city’ ‘cntyrte’ ‘county’
. 12road 2012 road 54354 54 'AADT 'ACC_DTE' 'ACCESS' 'BEGMP Iy ‘cntyrte’ ‘COUNTY'
Py _ ca | Y
M I n n eSOta 2006 20 10 cal3road 2013 road 54721 54 'AADT 'ACC_DTE' 'ACCESS' 'BEGMP' Ty ‘entyrte’ 'COUNTY'
caldroad 2014 road 55196 54 'AADT' 'ACC_DTE' 'ACCESS' 'BEGMP' 'CITY ‘cntyrte’ "COUNTY"
) H _ calOveh 2010 veh 308297 29 'accyr' ‘casenc’  'cause' ‘contribl'  ‘contrib2'  'defect’ "dir_trvl'
M a I n e 20 1 1 20 1 5 callveh 2011 veh 304266 29 'accyr' ‘casenc’  'cause' ‘contribl'  ‘contrib2'  'defect’ "dir_trvl'
cal2veh 2012 veh 293992 29 'ACCYR' 'CASENO' 'CAUSE' 'CONTRIB1' 'CONTRIB2' 'DEFECT' 'DIR_TRVL'
. . cal3veh 2013 veh 301104 29 'ACCYR' 'CASENO' 'CAUSE' 'CONTRIB1' 'CONTRIB2' 'DEFECT' 'DIR_TRVL'
a a C ean I n g I n y O n caldveh 2014 veh 307395 29 'ACCYR'  'CASENO' 'CAUSE'  'CONTRIBI' 'CONTRIB2' 'DEFECT' "DIR_TRVL'

ollaborative Sciences Center for
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Choosing the Rows and Columns

Facilities

Intersections: Urbanized Unssignalized Signalized
ConventionaliOne-way city 2 <=3 >3 <3
street >3 <=3 >3 [ <=3 >3 | ¢=3 >3 [ <3 Total
5250000 | <50000 =50,000 | < 50,000 =50000 | <50000 | 5:-50000 | < 50,000 5:50000 | <50000 | 5-=50000 | <50000 =50000 | <50000 | >-50000 | <S50000
ALL Districts 312,000 | <12.000]>=12.00] < 12,000[>= 12 0] <12,000[> =12,00] <12.000[ >= 12 ,00] < 12.000[> 12,00 <12.000] »= 12,00] < 12.000] >=12,00] < 12.000f » =12,00] < 12,000[ > 12,00] 12.000[ > =12.00[ <12.000]>=12,00] < 12.000]>= 12 0 < 12,0003 = 1Z.00] <12,000] = 12.00] 12,000]» =12,00] < 12,00

0 | 3 | 3 [ e | o [ 24| w [365a] o [ o [ o | 24 [ o | & | 1@ [wen| s | 49 [ 16 | 264 | 14 | 16 | 63 | mes | o | o | 30 | &1 | o | 2 | 3 | 478 |

Fedestrian Movements

Iterative, data-driven process to determine:

Hing Kealk - Intersection |1

® ROWS: representation of the crash dynamics

ing Hualk. - Not Intersection ; -

O collision factors, violations, collision type, movements, etc.
® COLUMNS: built-environment conditions
O traffic controls, volume, speed, number of lanes, median presence,

Hing - Not Hwslk

Fioaduay - Include Shouider |
m

parking, crosswalk, etc.

Mot in Foadway

Decision-making factors: road safety expertise, share of blank cells, kurtosis,

table size, etc.

\HHHHH\HHHHHHHH\HHHIEI

ApproachiLesve School Bus [
Im)

Spe
Other Violations

Total 11 I I N N N N N N N N N N I N N
Fiates 11 [ [ T 1 T 1 1T [ T [ T T 7T T T T [T T T T T T T T T T T T T T T

Crash Types

il

[:nlluhnrulwe Stiences Center for
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The Countermeasure Matrix

Control Type Unsignalized
famet ' = . : =
>+ 50,000 50,000 >* 50,000 50,000 50,000 50,000 50,000 >+ 50,000 50,000 50,000
lALL Districts 12,000 [3512,000/<12,000 [5+12,000]<12.000 |[5512,000]<12,000 |5+12,000]<12.000 |5=12,000<12,000 | 5+12,000<12.000 |5 00 _[5212,000] 12,000 |>12,000<12.000 |5212,000]<12.000 [5+12,0001<12.,000 |512,000]<12.000 |5=12,000]<12.000
 of Intorsactions ][ e T 3 o | s T 3659 ) o | o 24 0 [ [ 1061 55 29 & | 26 116 69 | 1129 ) 30 n | o 2 36 478
Pedestiian Movements [Primary Collsion . - - o . n s " ) . . " u "
1 | Countermeasures _
wvalk - Intersection

2
Xing Xwalk - Not Intersection s | 1 Install sidewalks and walkways ¥ ¥ Y ¥ ¥ N hi ¥ ¥ ¥ ¥ ¥ ¥
4 |14 Widen sidewalks Y N Y Y Y N Y ¥ ¥ ¥ ¥ ¥ ¥
s |59 Maintain a sidewalk level across the ¥ Y N N Y N Y N N Y Y Y ¥
& |18 install bike lanes ¥ ¥ N N ¥ N i N N ¥ ¥ ¥ ¥
Xing - Not Xwalk 7 2 Curb ramps ¥ Y Y Y N N Y ¥ ¥ ¥ ¥ ¥ ¥
& |11 Curb-extensions ¥ N Y ¥ N N Y Y Y N Y Y ¥
8 |23 Curb radius reduction Y N hd N N N Y Y Y N Y Y Y
w0 | 3 Marked crosswalks at signalized Y N Y N N N Y Y N Y Y Y Y
Rosd < kil Skl # | 6 Marked crosswalks at unsignalized ¥ N Y N N N Y N Y Y Y Y ¥
2 |12 marked crosswalks at midblock crossings Y Y N Y N N Y N N Y ¥ ¥ ¥
1 | 4 Non-motorist guiding signs Y N Y ¥ Y N Y ¥ ¥ Y ¥ ¥ Y
1 | 5 warning sizns for mororists| ¥y | N ¥ ¥ ¥ N Y N Y ¥ Y Y ¥
% |53 Adult Crossing Guards Y Y Y ¥ N N Y Y Y Y Y Y ¥
et % |52 School zone signals v | v v ¥ N N Y Y Y Y | ¥ | v ¥
|54 Safe routes to school ¥ N hi L ¥ N hi b b ¥ hi hi ¥
# | 7 Advanced "STOP" markings ¥ N Y ¥ N N Y N Y Y Y Y ¥
19 |44 Advanced stop line Y N Y Y N N Y ¥ ¥ ¥ ¥ ¥ ¥
PopronchAigeva schaol Bus 20 | 45 Sign "Stop here for pedestrians” Y | N ¥ ¥ N N Y N Y ¥ ¥ ¥ ¥

SUMMARY

District # or All

Total # of crashes in district

W
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Creating Systemic Matrices

Divided Highway LIR Independent Alignment Undivided Highway

Paved shoulder up to 4ft Paved shoulder 5ft or more Paved shoulder u Paved shoulder 5ft or more Paved shoulder up to 4ft Paved shoulder 5ft or more

2lanes 3lanes 4lanes SlanescZlanes 3lanes 4lanes SlanescZlanes 4lanes Zlanes 3lanes 4lanes Zlanes 3lanes 4lanes Slanes Zlanes 3lanes 4 lanes
Improper Turn

Hit Object 14 2 386 43 1 533 471 1 20 17 1 1315 ar 5 213 17 B
Overturmed T 1 333 L& Z 1 552 135 1 bl &} T 6 20 115 13 z
OtherfccTupe d4 1 1 14 g 1 25 ] 5 1
Speeding
% Hit Object 1 L] 22 177 143 1 il 7 1 B0Z 33 3 B0 g 4
= Overturmed 4 2 53 3 1 a3 BS 2 T T 1 453 18 3 56 13 2
g OtherfccTupe 1 B 10 2 1 13 1 4 1
w Alcohol
Eﬁ Hit Object B 124 14 1 1 121 33 3 2 5 513 13 T2 g 2
r Overturmed 4 43 3 1 il 40 1 3 154 4 35 2 1
OtherfccTupe d4 1 4 2 T 1
OtherFactors
Hit Object B 50 3 1 33 58 1 2 3 2 328 12 1 52 g 3
Overturmed 2 23 Lt} i 20 1 3 2 67 2 2 30 3 1
OtherfzcTupe Z 14 1 24 T 3 3 T 3 1 28 3
Alcohol
OtherCrashTupe 3 2 22 2 24 13 2 32 4 4 ar 5 4
Sideswipe 1 1 1z 1 14 22 23 1z 2 3
RearEnd T 30 T 1 50 56 4 1 1 37 1 25 1 3
OtherFactors
H OtherCrashTupe 32 5 BE 2 3 1 51 21 4 1 434 20 3 215 13 5
] Sideswipe il 1 1z 5 1 20 & 1 1B 4 1 45 2 1
5 RearEnd g 1 35 1z 3 42 33 1 1 B0 1 33 4 4
= Improper Turn
g OtherCrashTupe g BT 1z 1 a0 i B B 13 1 a5 1 3
~ Sidezwipe 3 35 10 1 55 hl 2 3 2 B2 2 20 1
RearEnd 4 13 4 24 35 1 1 2 13 3 1 7
Lane Change
OtherCrashType 1 24 17 1 50 55 5 ] 1 5 |
Sideswipe 1 71 3 1 k=11 127 Lt 2 il 5 1 3 1
RearEnd L= il k) kil 1 2 2 1 1 2 1
Speeding
OtherCrashTupe 4 43 3 B3 43 3 1 5 222 3 1 35 g 4
Sideswipe ! 2 23 30 1 3 2 45 1 il 2 3
w RearEnd hl 5 325 i 1B 1 485 452 1 26 g 41 2 580 18 = 1 337 20 13
% Speeding
= Rear-end 35 5 314 4261 o 3 Kl BE10 22 15 a7 23 303 5 43 o 213 g 45 4
5 Sideswipe 2 17 s 13 137 1 1 3 1 12 1 g 1
w OtherfocTupe 2 25 a4 1 = 136 1 il 2 5 1
§ OtherFactors
£ Rear-end 13 1 177 340 2 100 B00 7 3 3 43 2 13 2 26 7 T 1
2 Sidezwipe 5 B0 24z 1 1 34 360 2 5 1 B3 2 3 1 32 3 1
o OtherfocTupe g K=} 136 44 35 3 1 o7 5 3 B7 4 3
m
Lane Change
Sideswipe T 455 1 1 51 gz0 z 5 5 1 3 1 z 1
Rear-end ! 123 il 227 1 2 1 1
OtherfccTupe 14 77 El 140 1
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Creating Systemic Matrices

Divided Highway L/R Independent Alignment Undivided Highway
Paved shoulder up to 4ft Paved shoulder 5ft or more Paved shoulder up to 4 Paved shoulder 5ft or more Paved shoulder up to 4ft Paved shoulder 5ft or more
2 lanes 3 lanes 4 lanes 5 lanes or n 2 lanes 3 lanes 4 lanes 5 lanes or r 2 lanes 4 lanes 2 lanes 3 lanes 4 lanes 2 lanes 3 lanes 4 lanes 5 lanes 2 lanes 3 lanes 4 lanes
Improper Turn
Hit Object 14 2 386 48 1 599 471 11 20 17 11 1315 37 5 218 17 3
Overturned 7 1 333 18 2 1 552 198 11 21 8 7 786 20 118 13 2
OtherAccType 4 1 1 14 8 1 25 3 5 1
Speeding
% Hit Object 1 118 22 177 149 1 10 7 1 602 33 3 60 8 4
E Overturned 4 2 53 3 1 89 65 2 7 7 1 459 18 3 56 13 2
g OtherAccType 1 (] 10 2 1 19 1 4 1
o Alcohol
En Hit Object 3 124 14 1 1 121 98 3 2 5 513 13 72 8 2
o Overturned 4 48 3 1 70 40 1 3 134 4 38 2 1
OtherAccType 4 1 4 2 7 1
OtherFactors
Hit Object 3 50 9 1 93 58 1 2 3 2 328 12 1 52 8 3
Overturned 2 29 10 76 20 1 3 2 167 2 2 30 3
OtherAccType 2 14 1 24 7 3 3 77 3 1 28 3
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Creating Systemic Matrices

Divided Highway L/R Independent Alignment Undivided Highway
Paved shoulder up to aft Paved shoulder 5ft or more Paved shoulder up to 4 Paved shoulder 5ft or more Paved shoulder up to 4ft Paved shoulder 5ft or more
2 lanes 3 lanes 4 lanes 5 lanes or r 2 lanes 3 lanes 4 lanes 5 lanes or r 2 lanes 4 lanes 2 lanes 3 lanes 4 lanes 2 lanes 3 lanes 4 lanes 5 lanes 2 lanes 3 lanes 4 lanes
Alcohol
OtherCrashType 3 2 22 2 24 13 2 92 4 4 37 5 4
Sideswipe I 12 14 22 23 12 2 3
Rear End 11 30 11 s0 56 T =7 [ s 3
OtherFactors
@ OtherCrashType 32 5 66 2 -3_ 51 21 4 20 [ 215 13 15
S Sideswipe 10 12 5 20 16 176 4 a5 R
£ rReartnd s- 35 12 3 42 39 I 50 -_ 33 4 4
> Improper Turn
g OtherCrashType 8 67 12 - 80 76 6 5 w0 8s - 3
ol Sideswipe 3 35 10 55 71 2 3 2 62 2 20
Rear End a 13 a 24 35 ) 2 19 sl 7
Lane Change
OtherCrashType 24 17 50 55 5 3 I 5 3
Sideswipe 71 9 91 127 10 2 11 5 3
Rear End 15 10 37 1 [ 2 2 I 2




Creating Systemic Matrices

Divided Highway L/R Independent Alignment Undivided Highway
Paved shoulder up to aft Paved shoulder 5ft or more Paved shoulder up to 4 Paved shoulder 5ft or more Paved shoulder up to 4ft Paved shoulder 5ft or more
2 lanes 3 lanes 4 lanes 5 lanes or n 2 lanes 3 lanes 4 lanes 5 lanes or r 2 lanes 4 lanes 2 lanes 3 lanes 4 lanes 2 lanes 3 lanes 4 lanes 5 lanes 2 lanes 3 lanes 4 lanes
Speeding
OtherCrashType 4 49 3 63 49 3 1 5 222 9 1 35 8 4
Sideswipe 11 2 23 30 1 3 2 46 1 10 2 3
@ Rear End 71 5 325 76 16 1 485 482 1 26 8 41 2 580 13 15 1 337 20 13
o Speeding
E Rear-end 95 5 914 4261 10 3 791 6610 22 15 37 23 309 5 49 10 218 8 45 4
g Sideswipe 2 17 105 19 197 1 1 3 1 12 1 8 1
o OtherAccType 2 25 84 1 15 186 1 31 2 5 1
&  OtherFactors
E Rear-end 19 1 177 340 2 100 500 7 3 3 48 2 13 2 26 7 7 1
2 Sideswipe 5 60 242 1 1 34 360 2 5 1 69 2 3 1 32 9 1
: OtherAccType 8 78 186 44 315 3 1 107 5 3 67 4 3
Lane Change
Sideswipe 27 485 1 1 51 820 2 3 5 1 3 1 2 1
Rear-end 11 123 10 227 1 2 1 1
OtherAccType 14 77 g 140 1
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Different Matrices Reveal Different Insights

VEHICLE PEDESTRIAN BICYCLE

INTERSECTION — = ZF = 2i-meTie oo -
SEGMENT & "o - =il e oo




Bicycle-invo
(2010-2011)

lved matrix for intersection crashes in California

CALIFORNIA INFRASTE ~
—Timed Signals — 4 way Stop signs ~'2 way Stop signs ~/No controls +Others Grand Total

Collision v 242 342 343 4+2 443 4+4 542 5+4 6+2 6+3 6+4 6+5 6+6 8+2 8+3 8+4 2+2 4+2 242 342 4+2 4+4 5+2 6+2 6+3 8+2 4+1

=B
Alcohol ] 2 2 5 3 Il 15
Control Violation 1 12 ofiliid 4 2 3 s s a4
Failure to yield ] 12 4 [ | 3 4 af 1 14 6 | ] 51
Improper Turn ] s [ 3 | 9 5 25
Other Improper Driving s e 16 1 1 o3 R 13 A3 s 12 2 s
Other than driving _ - 3 2 7
Pedestrian Violation - _ _
Speeding 4 ] 2 4 16
Others 3 || | L s e 13

~/Other
Control Violation [N o [ | 5
Failure to yield 2- - - 1 6
Improper Turn [ [ ] || 3 || 2 10
Other Improper Driving - 2 2 - 6
Other than driving 4 - 5
Speeding | | [ | e 6
Others I s e i 3 s e

-V
Alcohol o | 3
Control Violation 2 | 2 B 10
Failure to yield ) 10 30011 3 5 21 2033 2 1 86
Following too closely - _
Improper Turn a 3 9 9 ] 4 T 2 4 | 36
Other Improper Drivin 5 2 - 3- 4 _ - - 21
Pedestrian Violation _
Speeding - _ 1 Bl
Others || |

Grand Total 17 6 3 58 3 533 53 4 8 1 1 6 3 2 78 9 8 27 4 3 552
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Pedestrian-involved matrix for intersection crashes in
California (2010-2011)

CALIFORNIA INFRASTS ~
~Timed Signals
242 342 343 S4+0 442 S4+43 4+ 542 544 =642 643  -6+4 ~ 646 —8+4
Collision = <=50000 <=50000 <=50000 <=50000 <=50000 >50000 <=50000 <=50000 >50000 <=50000 <=50000 >50000 <=50000 >50000 <=50000 <=50000 >50000 <=50000 >50000 >50000
Alcohol
Control Violation ] ] [ R B | 2 [ ]
Failure to yield 6 2 PI T ) 2 16 3 2 7 7 2 8 5 3 | ]
Improper Turn 3 _ | | ]
Other Improper Driving 2 2 _
Other than driving _ _
Pedestrian Violation s 17 e 4 2 ] s 3 sl 3 [ ]
Speeding 2 s || [
Others 1 3 3 3 1 2
Grand Total 8 2 T 2 3 28 5 3 9 1 20 2 7 19 6 7 2 3
~14 way Sto —/2 way Stop signs ~Yield signs ~/No controls Grand Total
—12+2 —12+2 —I13+2 —14+1 —14+2 =I5+0 —I5+2 —I5+4  -16+2 —16+3 —18+2 =12+2 —12+1 —12+2
<=50000 <=50000 <=50000 <=50000 <=50000 >50000 <=50000 <=50000 >50000 <=50000 >50000 <=50000 >50000 <=50000 <=50000 <= 50000
2
2 2 2 . 15
12 sSEaE 11 o1 . 1 18
2 2

2 I I

16 5 L I ]
3 3 I |

2 1 2 1
a 11 [ 2] 2 2 326

N
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Left portion of the non-PDO auto-only matrix for
Intersection crashes in California (2010-2011)

CALIFORNIA INFRASTF -
= Timed Signals
240 241 242 3+0 342 343 441 42 443 444 542 543 544
~<=50000 - <=50000 -<=50000 ~<=50000 - <= 50000 ~>50000 ~<=50000 - <=50000 - <= 50000 ~>50000 - <= 50000 ~>50000 - <=50000 ~>50000 - <=50000 ~>50000 ~<=50000 ->50000 - <=50000 ~>50000
Collision - >400 >400 <=400 > 400 > 400 <=400  >400 >400  >400 >400 <=400  >400 (blank) >400  <=400  >400 >400  <=400  >400 >400  <=400  >400 <=400 _ >400 >400 >400  <=400  >400 >400
A
Alcohol 4 - 7
Control Violation 2 8 | ] | ] 20 | ] =
Failure to yield | ] [ ] 15 3 2 sliana 2 3
Improper Turn - 9
Other Improper Driving 5 | ] 7
Other than driving | ] 2
Speeding 8
Others | ] 5 2
B
Alcohol 2
Control Violation | ] 2 2 2 11 | ]
Failure to yield _ - _ 6
Improper Turn _ 5- 9 =
Other Improper Driving [ ] 4 2 13
Other than driving
Speeding [ ] [ ] | |
Others | | 5 | |
-c
Alcohol 4 LY [ 9 |
Control Violation | | | | | |
Failure to yield _ - -
Following too closely 2 5 T | ] 2 I 3 | | | ]
Improper Turn | ] ||
Other Improper Driving 2 7 | ] 4 16 | ] 3 I o 2
Other than driving | ]
Speeding 2 5 b | 2 10 2 3 4 104 i s 4 67 9 S 5
Others | A s
-D
Alcohol 7 [ | 6 23 | ] e 3 |
Control Violation 7 8 15 7 2 36 5 17 7 15| 272 7 4 2 4 5 126 0001 o 2 4 2 19 2
Failure to yield | ] 2 4 23 4 5 129 6 ofliiia 3 6l 3 2 8 2
Following too closely
Improper Turn ] ] 7 3 16 | 9 | 2
Other Improper Driving [ ] 4 | ] 1 P | 7 | ] 3
Other than driving | [ ] 2 P | ]
Speeding 2 5 7 5
Others | 5 2 | 3 3 [ 2 20 2 | |
=E
Alcohol 4 | ] i s | ] 5
Control Violation | |
Failure to yield _ _
Improper Turn [ ] [ ] 5 | 2
Other Improper Driving 2 | ]
Other than driving 2 -
Speeding ] 2 2 4 2 | 2 |
Others | | | 2
-F
Alcohol | |
Control Violation | ]
Failure to yield 2
Following too closely
Improper Turn ] ] 2 [ ] |
Other Improper Driving _ - _
Other than driving
Speeding 3 -
Others | |
+ Other 7 2 1 2 19 1 4 4 2
Grand Total 12 18 36 220 a1 1377 8 21 14 o788 2 32 8 59 10 20 441 R ) 43 s 3 50 13
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Right portion of the non-PDO auto-only matrix for
Intersection crashes in California (2010-2011)

442
<= 50000
<= 400

443
<=50000
>400 >400

—4+4 542
<=50000 - <=50000
> 400 <=400

~5+4
> 50000
>400 >400

642
<= 50000
<= 400

>50000
>400 (blank) <= 400

>50000
>400 <=400

> 50000
>400 <=400

>400 <=400

742
>50000

- 8+2
>50000
>400 <=400

>400 >400

Yield signs
—22

<=5000( <= 50000
>400

442
<=50000
<=400

No controls

241
<= 5000
>400 <=400

242

<=50000

<=400

342
<= 50000
>400 <=400

441
<=50000
>400 <=400

442
<=50000
<=400

642
> 50000
> 400

> 50000
>400 <=400

+ Others Grand Tota

@

I mII
~

3 o[

15 43 6 3

I NI

w
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Considerations for Screening

Trade-offs when setting safety screening priorities:

Inclusive approach Restrictive approach

Capturing all potential systemic safety , ,
Higher cost-effectiveness
challenges

. Potentially missing valuable safety-
Lower cost-effectiveness _ , N
Improving opportunities

> ROAD SAFETY



Summary

« Data-driven methodology to identify recurring safety concerns
within a road network, by identifying the crash profiles that are
associated with certain roadway features

* Flexible enough to allow agencies with varying degrees of data
availability to implement it—regardless of the level of performance
their data management systems

* Provide aggregate information on the crashes that occurred to
Identify systemic hotspots, which then allows to target blanket
Improvements across an entire facility type.

« Support transition from existing practices in road safety to
approaches such as safe systems

‘ Collaborative Sciences Center for
»ROAD SAFETY  www.roadsafety.unc.edu | September 6, 2019



Comments

Questions
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