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EXECUTIVE SUMIRY

This research examinedarongway driving (WWD) events on Florida limited access
roadways, with a primary focus on FIl ori daods
previous WWD research focused only on WWD hess but this research considered hotsh
andnoncrash events (WWD citatiorand911 calls) to more thoroughly undéand WWD risk.
These data werased to model FTE roadways and determine hotspot counties, roadways, and
segments where there is a high risk of WWD. Additionally, the pilot test of WHBDNG
WAY Blinker signs in South Floridawas evaluated and a driver survegn WWD
countermeasures waenducted

WWD crashes are rare (less than 1% of all crashes on FTE system), but often fatal (15%
of FTE WWD crashes resulted in at least one fatality). Since it is difficult to determine WWD
hotspots using only crash datiawas necessary to analyather WWD eventsincluding WWD
citations and WWD 911 callsUnderstanding the relationship betwekasenoncrash WWD
events and WWD crash events is essential. Two maudais developed that usenon-crash
WWD events and other parameters (such as irdegd design) to predict WWD crash risk at
both a macroscopic and a microscopic level. These modelsdiloat South Florida(Miami-
Dade and Browar@ounties) are hotspots for WWD on the FTE system.

FTE is currently testing enhancddtelligent Transportézon System (ITS)WRONG
WAY signs with flashing LED bordeiat select ramps on SR 821 and SR 86Sonth Florida
A beforeandafter analysisvasconducted on these sites to see if WWD has reddigedo these
ITS devices Limited dataand an insufficient observation period prevented a comprehensive
evaluation of these devices. It is recommended that observations and data collection continue at
these pilot test sitesHowever, based on the modeling results and the success of these devices in
causing sme wrongway vehicles to turn around before entering the mainline, it is suggested to
considerexpansion of these devices $outh Florida(and possibly other parts of the state as
well).

The driver survey conducted for this study shows that drivers do not necessarily
understand common WWD countermeasur es-waysuch &
arrows, or colored edge lines. Over 70% of the 900 random survey respondents inditated tha

they preferred the use of two setsWRONG WAY signs equipped with Rapid Rectangular
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Flashing Beacons (RRFBs), as implemented byCinatral FlorideExpressway Authority (CFX)
over t he FTLEDWRONG ®AYsEs. Aanajority of respondents alsndicated
that they would want to be warned about detected WWD events via dynamic message signs or
in-vehicle navigation systems. Driver responses to a hypothetical WWD warning message were
collected and modeled using a decision tree to better understam various drivers would
react. This model found that older drivers and drivers who wanted to be warned about WWD
would be more likely to pull over than younger drivers who did not want to be warned.

The implementation of enhanced Intelligent Transgdan System (ITS) countermeasure
devices shows that FTE is proactively working to reduce WWD events on its toll road network.
Further analysis of hotspot areasGentral Florida continued evaluation of the pilot sites in
South Floridaexpansion of amntermeasure implementation, and investigation of improvements
and modificationgo these countermeasures can help FTE reduce the risk of WWD events even
more,potentiallysaving lives andnaking their roads safer

Evaluatingthe Wrong | @ S5NAGAY 3 LYOARSyiGa tNRoO6fSY 2y 4H&&y Qf 2NARI Q



Sle

STC

DESCRIPTION OF PROBLEM
Wrongway driving (WWD) is a hazardous result of driver error or behavior. It is

especially dangerous on higbeed roadways, such sited access facilities (interstates and
toll roads). A right way driver on the mainlinéthese roadwaysan take little etion to avoid a
wrongway vehicle, since the approach rates of both vehicles combine for an excessive rate of
speed. Only about 3% of crashes on kegked divided highways are caused by WWD, but
these crashes are often catastrophic, resulting in fasabt serious injuries (NTSB, 2012)n
fact, here is an average of 300 to 400 fatalities every year in the United States due to WWD
(Moler, 2002). There were 386 fatalities in Florida due to WWD from 2B0Y1; this made
Florida the third worst stateith respect to WWD fatalities, behind Pennsylvania and Texas, as
shown in Figure 1 belowdéta fromCBS Pittsburgh, 2013).

Number of WWD Fatalities from 2007-2011 by State

1400
1200
1000
800
600
400

Numberof VWAD Fatalities

200
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Figure 1: Number of WWD Fatalities from 2062011 by Statedata fromCBS Pittsburgh,
2013)

The leading factors for WWD driveerror can vary and include driver intoxication,
confusion, and even suicide. When WWD crashes occur on limited access facilities, these events
usually make news headlines and strike fear into those who use thesspégghroadways.

These events can alsause negative publicity for the agency that owns and maintains the
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roadway. For example severe WWD crash occurred on August 30, 2012, on the eastbound
State Road (SR) 408 (toll road) near Good Homes Road in Orlando, Florida. A suicidal driver
drovehis vehicle the wrong way and crashed into another oncoming vehicle that was traveling
the correct way. Both drivers died in this WWD crash. This crash garnered negative media
attention and triggered an investigation into WWD incident€entral Floridaoll roads. From
this investigation, the Floridabés Turnpi ke E
roadway network throughout the state of Florida with respect to WWD and test ITS
countermeasures faouth Florida This studydiscusses theygematic evaluation of wrong way
driving on the FTE roadway network.

Studies on WWD first began in 1962 in California and have continued through the
present day (NTSB, 2012). Many of these studies have focused on WWD crashes and
countermeasures to redud8VD. While studying crashes is important, it is also important to
study other WWD events that may not have resulted in a craskcfash WWD events). Law
enforcement officers (LEOS) stop some wramay drivers before they cause a crash and issue a
pertinent citation, but other times the wrengy drivers are not intercepted. Other drivers might
report WWD events to emergency response personnel, such as a 911 Computer Aided Dispatch
(CAD) call center, but previous research in Florida has shown thatabolyt 10% of drivers
that withess WWD actually report it (Abeek et al., 2013). Therefore, it is necessary to analyze
all of the available WWD data, including crashes, citations, and 911 call data, to obtain a more
comprehensive understanding of the akte WWD.

The first goal of this research was to examine WWD on Florida toll roads and limited
access highways to understand the relationbkizveenWWD crashes and necrash events.

The second goal was &valuatenew emerging countermeasures to helmiat WWD on toll
roads. To achieve these two goals, the following objectives had to be achieved:
1. Collect and analyze VWD data on Florida toll roads and limited access highways.
This data collection and analysis inclsd&WD crash data, citation datand911 call
data.

2. ldentify aeas where WWD tends to ocduased on collected data

3. Develop crash prediction models using multiple WWD data sets in order to predict
WWD crashes and develop a deeper understanding of WWi will help provide a
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new method to identify hotspot interchanges/locations and prioritize these
interchanges/locations for WWD countermeasure enhancements and solutions.

4. Analyze ITS WWD countermeasure solutionmplemented inSouth Floridaand

determine potential modifications and improvements to these technologies.

The first objectivavasto gatheand analyz&/WD data. WWD crash data, citation data,
and911call data were obtained frodifferent sources and analyzetth respect to yearly treis
and locations Statewide data for Florida limited access roadwags collectedput theFTE
system was thprimary focus of the data analyses.

The second objectiveas to determin@reas where WWD is more prevalent throtigg
trends,maps,and analyes performed on the dataRates and numbers of WWD evemtsre
examined for many years. WWD events were mapped to determine locations with high
frequencies for further analysisindividual counties and roadway segments were analyzed to
determine WWD densities.

The third objective of this report vgato model WWD crashes with the use of fooash
events. Since WWD crashes are so infrequergnsportation agencies need to exanire
than just WWD crashes alon&Jsing WWD citations and WWD 911 calls (namash events)
along with WWD crasheso determine WWD hotspotsasthe major objectivef this research
Two models were developed to identify WWD hotspot$he first modelg effort used
statewide data at a macroscopic level to identify WWDspmttcounties and main routes in
Florida. The second modeling effort, targetédh@ microscopic level, focusemh interchange
segments withithe hospot routesletermined from thérst model

The fourth objective was to examine the enhanced countermeasures which are being
tested on the FTE routes of SR 821 and SR 86South Florida The FTEOG6s Bl in
countermeasure sites were targeteddaimple beforandafter analys. Eleven months of
before and after dataere available for these FTE sites. Howewvétre low number ofWWD
eventsduring these periodsade it difficult to conclusively determirvehetherthe devices were
effective in reducing WWD.A driver survey waslso conducted on FTE customers to better
understand how driver comprehend and react to WWD countermeasures. The survey results

indicated ways that FTE could improve its WWD countermeasures.
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The research performed by the UniversityCaintral Florid UCF) research tearshows
significant knowledge gained on WWD. Most of the previous WWD research focused on WWD
crashes alone and did not consider WWD -nash eventswhile this studyconsideredboth
WWD crash and nowgrash events. In the current day age,at is necessary for transportation
agencies to look beyond basic WWD countermeasures and to provide newer and improved
engineering countermeasuresch adWRONG WAY signs equipped withght emitting diodes
(LEDs), rapid rectangular flashing beacoRR{FBs),cameras, and detection devicescombat
dangerous WWD. This research focuses on providing new methodologies, developed from
modeling efforts, to prioritize interchanges in terms of WWD risk value so transportation
agencies can decide and selecttions for enhanced countermeasures and take a proactive role
to reduce all WWD events in order to reduce WWD crash events and attempt to save lives.

The reporis split intosevenmain sections The first section discusses the background of
WWD reseach, the goals and objectives of this study, and previous research on WWD. The
second section describ&ése new methodologies applid¢dr this researchincluding modeling
approachesThe third section discusses the WWD dstarcesused for thigesearch, including
WWD crash WWD citation, and WWD 911 call datand the analyses of these datde fourth
sectiondiscusses the two WWD crash prediction models developed for this researc¢heir
application and results The fifth section discussethe evaluaion of the FTE Blinker sign
countermeases, including a simple befeendafter analysis, at the test sitesSouth Florida
and also provides a priority listing for countermeasxgansion based on the modeling results.
The sixth sectiordiscusses the WWD survey that was conducted on FTE cust@nédrthe
analysis of its resultsThe last sectiodiscusses théndings, conclusionsand recommendations
of thisWWD study.

Literature Review

This |iterature revi edve dloicrugs ewi tolm WWR.ViI oTE
studies on <c<asgesoantdi bhghof WWD as well as r
Both national and 1 nter nfahtei orneaslu | & tsu daineds rweecroem

these studies ader stshaeh dnho sithn aoprpdrearp rtioat e types

countermeasures in order to provide the most
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A significant amount of WWD research has &b
by Texas Transporndatibe TaesastDeparn(tTmént aof T
Cooner (2010) discussed the | ack of dtaattewisde
of WWD crathesfoll owing are some of the stati:

T Nati onwi deed DB st oc ausWwapf cabshes oagd 75% o
wr owgy c¢crashes from 1996 to 2000.

T There werer&2attedeewapghes in Texas from 108
of these occurred in | arge urbaanéareas su
San Antoni o.

T Wrowg@gy crashes were most |ikely to occur i
12 AM and 6 AM.

T Al most 50% ofwadyeewaghes owgre fat al or ca
injuries.

T 71% of frewaymydmwirwaergsanademos8 fa lods freeway
wr oowgy dr i ve3rds ywearres 205 d.

f Most WWD incidents occurred-waty esxirteenr ampg o,

freeways, and staged construction areas.

Cooner (2012) reported that adt@ti ghkrnsdyjiov et
Peak hours for WWD crashes occurred from 10 F
A. M. This data implies that a majority of W
bar/club and decides to have al e eumn dderri ntkhse itrh

the drivers are unaware that they are going i

crash. The following statistics were mention
T 45% of crashes occurred between 2 A. M. and
T 27 out of o3llv ecd aas hdersi vienrv t hat was i ntoxicat
T 50% of crashes involved a fatality or inca
1T 20 fatalities/year and WwWhy drrdshes/ yoecacrurir

bet ween 2007 and 2011.

Evaluatingthe Wrong | @ 5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4H{i&&y f 2NARI Q
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T Average blood al cohol c ovirtoavgty dABAQer ofwaan
0.19 (l egal l'imit is 0.08).

Arthur (2012) and Gr oss mawa Yy 2i0nic2igdbernetp ocsSma ald
Antoni o on November 23, 2012 .-waYyhdriwerdassuan
fast | ane of whae d$dhet sbhownd alne@nef the nort hbc

t o miss -wahye dwriovnegr -vbauyt drhiev ewr omigt anot her vehi

edge-36f ahd overturning onto Rittman Road. T
wr oowgyncident on a controlled accestr dlilgdhdvagc
hi ghway. The foll-wwyndrevahgswece ahswr magt i

T There were 185 repoabhsAwnfoWWD, i iexaendsr i m¢
T Drivers p9hredal(l368)eporting WWD incidents
San Antonio Police Department during 2011
i ncident call / day. This is al most one W\
significant.

TxDOT has since i mpgWane ndieglnd§d asrmd nfgD di WK @tn

try to cowmbyatemworomagntrol |l ed access highways.
Cooner and Ranft (2008) , and Cooner et al
freeway WWD in Texas. These studeways ndecat

dangerous than ot her t yep euss uoafl |cyr ahs hgehss shpdedeaiu she
Freewalyat eawrongshes in TextbhewPepanmrmnmérytzedf
Saf €Dy S) crash reports e@andn@lpoipubl irepsasen
Results showed t hatwatyh e rparschbeasb ihlaiptpye na fn gwrionn g h
was five times higher than the average <crash
peri od. Charawggricstaishespf such as severity,
i mpairment, time of crash, and origination of
most of the eornaschodd ivgaroensheadihe dri vewist lwer e
56000% of crashes involving a DUI. The crashe

and originated at freeway exit ramps.

Evaluatingthe Wrong | @ S5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4Hi&&y Gf 2 NARI Q



dep
cou
ma r
i mp
spe

i ns

pot
tra
geo
t he

1

T

Sl

STC
Cooner and Ranft (2008) di anmnadti vBan b v eyt s atl a
artments ofOTt) ans pldretsaet isounr v(iely s basvwwwedd i f t
Nt er mel & Hiu Daess No t EnWRONOG sVWAQ'g & sh,acked paveme

ker swaywrpanwe meamtdé ageoWws nes. Forno ne xti hte rsaunrpvse y

oMWDrtbunt er measures were identified and ma
cific guiwebDamesi t® censeguences. A check
pectors to use as a guideline to help i1iden

Cooner et aatl. 20Q00 X% a alas oWWDs sccaussteedr me as ur
enti Aa¢xasef Mhhewasytsudy divided the counter me

ditional signing and pavement mar ki ngs,
metri comsedi aindati ntelligent transportation
se countermeasures include the foll owing:

Traditional signinignalibde Bot mMBEWRIONMGar Endgs
WAYsi gnd,acked rai sed pavementmamar klearnse so no rt
exit r ampasy, pvawenngent arrows, yellow edge |
l ine on right side of exit ramps
|l nnovative signingi maltuwea 2@m&BoOT ®BATERNgS
anWRONG WAYghas WRONG WAYganmrsmlver head signs an
fl ashers
Geometric macildufdeati emds r ance and exit ramg
ramps reduces t heanahirdanmope toHr catn fruesd wmt)i,ons
the size of the opening cmne@watyesdra vlieersss) .i nv
I ntelligent transpomtcdtuiden tdhyestfeorh| app Inigc sty
o New Mexi cWda yWrDoentgect i on anldoWarsmeintsgprSy st
vehicle detectors, a@wodhnsdeatrsd owa rwa rnngi nsgi ¢
mount ed omg tdaagesvead ni dbei Vagedtwhen a wr
way vehicle iIis detect guaty e hYecllleosw alnidg hrtesd
l i ghts f away twvhehiweloe.g These | ights f1l as
o Washington Exper i-Waeynt &kt elcTtS roir gpanngd Wa r
SystemsystTdimsc an spegsfeerded fvehicle detecti

Evaluatingthe Wrong | @ 5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4Hi&&y ©f 2 NARI Q
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with sol ar powered batteries for the L
and VCR. The system activated only wf
detected a wrongewaysvemi akcéi vaWedn thm
fl asWwROMNG WAY red under the VCR recording
o0 Smar Tek AcouSA3r Seatbires $arysarr affdn cwr c

detection on exit ramps.

o Countermeasure system on a bridge in FI
soan f atal crashes, a detection and warni
WWDwas installed before a bridge in Flo
and a police subwsgtoantgiyonmnwansyvtedrd ti eacddt ed. any

Fariello (2011 pnds mitla2t)i omaa yatbdoitv i wirgo n g
presentations discussed how TxDOT put togethe
high ri sk |l ocati ons, i nvestigate prior WWwWD
emented el sdwlee rrpeo,t eaannd ail d et iffoyr San Antor

3
©

res

poi

ou(rfeeersioel.l o, S@2Mel 1t hall enges that were disc
n
force mtmgndheme i nsti tuti onal smead warl e sSWWDn ctl aurde n
n
a

ts of entry for WWD and how to @ahesttdskyv

identi f WwWdt ievre nthle iICommputer EBAQdPsdstDem,pabanobd (s
dynami ¢ me sDsMygteo swagrgmtaty ( dri ver sWVbfevdaTleet ed
foll owisntgi csst awer e menti oned in the presentatioc
T 100 WWD reports from March 15 to September
one WWD report every two days.
85% of WWD reports occurred between 10 PM
23% of WWD reports occurred between 2 AM a

WWD warning message displayed 60 times fr ol

Fariello (2011) also described the field I
and TTI to ensure the roadways had sufficien
desigoetde used by field inspectors to ensure

wr owgy driving are <clearly Masy b MWeaoya gdle tpercap e
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technol ogies wercd udkeagt i megt Eenpyd D N@®Ewdr i kxn
system (i ntcrossMdvetl r dvirdgdhesg Do r-i n(tnrounsi ve, andh (
TAPQ®dar-i hbhomsi ve, | ow cost).

Fariello and Venglar (2012) studied the im
Antoni o, TexdshecKlhieyt udesli gned by TxDOT and 7

conditions of signs and pavement mar ki ngs a

modi fications to reduce WWD incidents. They
T Onsi te drhiamewvedy zati on. This separates th
exiting | anes and helps direct traffic in

Enhanced st aWwRGNG iVgaivd ngDOi N@T ENTERO si gns.
|l ntegrated wrong way detecdedsn @aewpeciesl | y P
exit ramps, can greatly help in identifyin
warning messages can be transmitted both t

enforcement .

T LED il l uminated / bl ank outreigntsentiomes
especially at night.
TxDOT (2011) published an article, AThe Sa
their website. Thiwsayardtrii ovli ed gf o nwcs el ndars wrhar g

in 2010 and 2011 racnedmeantttarnahcetdeuda | li cw adrifecmt i on.
pl aced on the efforts needed to combine engin
to take the WWD problem seriously.

Fries (2012) ment iwarye d rti lvaetr smanhivhees o r & re
involved in a crash before | aw enforcement a
TxDOT i mplemented a set of coway edrmevaisnug ecsn ttol
accident prone ronadwaywy,t ri88 oh8Sk.ommA IQask Par k wa
for 18% -wady warcocnigdent s in the area. Af ter thr
3 %.

Hemphil |l (2012) from the North Texas Toll w
various WWD couwrtl eredimlenegstuirvees si gns, polED and
enhancedayoiugnsi mprooweeneednt saogohps | det et t iachnrs.o
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recommendedfteqypentf ofmel d inspection of WWD
standards to beh merenyn pspranpdrairadtse wintcr ease pukt
count er,aemas umraeésnt ain active | aw -veanyf odrciewnemd ke
they cause a crash.

Finley et al. (2014) publish&EdD@mEAWASt udy
t ovaed uat e t he WADiceoatnitveemesass uadgfes anko20lW7@vi at i
20L1t was obMMDcvy ad me dMatx a so cteygide ¢ avleleynw mi dni ght
A. dntthe pri mawadrfiaactngr under the i1influence. T
designed and cooducsedstwdi ¢«¢d oseddeter mine t
WWD countermeasures on drivers wunder the infl
fromsfgrctGllpsresearchers were able to obtain v
way driver warning messages. As a resul t, r e
for WWD countermeasures.

Il n addition to the WWDQ hsetruwedihesv ep ebrefeonr nmeadn vyi
bot h nationally and i nternationasgelxyampl eveo| and
provsdmed paectoemttiealmeasures tThesel ve Bheapeohbe
400 fatalities everoy WWDarf rreetwiaoyn we d&s hdkewse t

countermeasures applied in states including
wer e di scussed; t hese i ncluded sensor and Vv
embedded sensor s, vai ndde of |daestheicntgi olni gshytsst.e ms T h e

desi gns -woary nveri dregnt s wer €t alwae theheromnedd t hat

interchange is the best i nterchange in terms
i nt er chantgoe decrainvelreacdonf usi on in choosing the ¢
mar ki ngs, and channelization can reduce this

Eustace and Wei (2009) studied the cause:

determhae®dd ng on tohfe twreonrgo asdi doenl y, claawerd 2@
other driver errors such as driving too fast
of f roaanfdali 17%)r,e to yield thkeri ghgewarnhdad waglgsand &€
exami nedspedtht ®b motor Vidnlei cal etulgagreasstheeds . super
especiall yt idme i digpirwmiypdfunhgespdci aker @edaodtoironal
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el derly drivets, iamproebkl thei wayssuailnalwadiem@ s
| arger, higher warning signs with better |igh
The Nati onal Transportation Safety Board

i nvestigation repevaty deaalviimg . abldwet mar canggo al
Ai denti fy safred yt o egroeammeggmtd awn @wng ons on such h

rampso (NTSB 2012) . WWD countermeasures wer e
focus (driver, traffic contr ol devi ce®Dr andgr
countsurmesa i ncledededdcati on to anedduthke dusee
technol ogies to prevent i Nt ox i cCTehteseechndi wgda

i ncludetlyali tintoenrdewvd lkapaséi ve safety apprboach) 1
previously convicted individuals who were dri
that prevents the vehicleds engine from start
obtained and analyzed to ealsulriemitthe. al A hofl N
these devices were mandatory Alosro anteln tD&dhn eodf fwee
innve hi adlceotedlectée ¢ lomo laormc¢c teisvdg safety approach) fo
D Wi convictionssuchAnm exyamplme icsf the Driver Al

Safety (DADSS) . This system comsisdsedfon who
( me assad rceo h o | content in the drivsdthebrdeatvle) 6an
usi nrgariendt | i ght absorption).

Hi ghway traffic controil ncdleuvdiec esi gannadg ei nafnrd
mar ki ngs such as the minimum signage require
Devices (MUTCD) shown in Figurne FXigndetBe op
i mportant to have adequate |lighting so driver
mer ging areas. Il nterchange design is another
full cloverl eafwy dantsrcyowa ya@Vveiotmogroonngg pr ogr ams
applied in many states, including California,
information on WWD collisions. T hwasy icndlolrinsait ¢
trends minmde dtelter most effecawvenftounne me me asat ¢

another critical cwaypocdreinti n@. reduce wrong
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Figure 2: MUTCD Minimum Signage Require at EX
(NTSB, 2012)

Legend
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Wrong-Way Arrows
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Use stop line =~
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St = * gﬁ%’m
Entrance Ramp f: ~h
o \ -
A== BB
re @) | <3
. B
o]
ot |- * Notes: Modify as appropriate
S ® for multi-lane crossroads

Figure 3: MRepduiomead &ndgnage and Pavement Mar
Usi ng9 ehiGPISe navi gast itoon psryoswaegre alweohg 1 s a n
research, buhawdhebeemsmyseemsed successfully wi
manufacturers, I(iToygloddi ngnNi sBvah These- syste
vehicle notification alerts (audio and visual

wrong way.

Zhou et al . (2012) investigated the main c
faeewaAcsc.ording to the National Hi ghway Traffic
Anal ysis Reporting System (FARS), 1753 peopl
crashes in the United States (on andi ngy pferson:
300 to 900 fatalities per year. These statis

and deserves serious attention at the nationa
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Crash data was 1c2001009 cftoerd I[flrloiem a2 030 éifr ree wtary sW

ashes, resulting in 44 fataliti eosn acnod |2 4s8 oi

d
t

22% were sideswipe opposite direction <cr a
ween 12 AM and 5 AM windler 60Wecauns$édebgedr

ashes were in urban areas and Th & mbds WWOomma

t

erchange typewayt heant rcyauwerde worompmr essed di

7 %) , and partial c | ocvoeurnlteearfme(als6u%)e.s wWRe ree rraelc
ecklist was also created to be used in the
ggest what i s needed to fix the problem re
atures.

i g

Zhou andmRoull@i0D14) created a guide to hel|
de dWWRBoscwsmetder menacsluurdeesng signs and pavemen

sign el ement s, advanced I TS systems for det
ucateomui ddhsuggested using I TS technol ogi
thorities and traffic management centers,
tection technologies can include inductive
tectors. Warning devices can -pianvcelmednet LweaD nw
hts.
The guide also discussed effective enforce
WWD . I't is important to hbhaew Ehné oWdBMeat e
owgy driver as soon as possible. Law enfor
act entry pwaytdroifvetrheand orneggcord this infor
have a high riskab$o WWBcomméerededii wdsei ng ignit.i
nvicted DUI of fenders to reduce the amount
ucation is also important, especially for

ed

co

of

n

fusi ome adirdi wenrszy know what -way doriivfert.hey wit
AlDeek et al . (2013) stCeditecdl| WWhaeo wudt olgl am
WWD | arcadde sytegv ey. WWD crashes, <citations,

determnde &and rai®®k anbe OpbpbanhgoExpressway Aut |

CFX, roadways i n t er ms of WWD incidents. T
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information on unreported WWD incidents. and d
Al |l iosf itnhf or mati on was wused to determine the |
countermeasures should be i mplemented.
This s Atbdkey kb ye't al . (2013) found that SR

roadways where WWD counter meaass ualeso wfeo en dnotsh
citations have bece&mat matlaerfFfao e gdlehne c uns ttohnee r

was given to 400 participants who either per

witnessed WWD, I ndi cated that only 1l16wayof t h
driver, even though §6f &t 3a%hchanged kt lodi
because of the WWD incident. Based on these
should be i mplemented at ramps on SR 408 an:

WRONG WAYgns equiRapkRdctwintghul ar FIl ashing Beac:¢
i nnovative techwalyodyitwveralert wrong

Morena and Leix (2012) reported that the F
Mi chi gan Department of Trangganrt att iwadn2 O(OPDO ) nt
WWDcrashes on the Michigan WwPewayheysameal yzaéd

was some sort of driver confusi on. Some dri
darkness, or because they havea nnioxhtcautiedi @om m
because of | ntbheawthamh@% ofevatiylgaedsrei vhrnogn gcr as hes o

night and early morning hour sanmsepetiyf 60-8&I| by W
way drivers wer e aulncdoehrolt hoer idnrfulguseenc eThoef di str
old drivers was f ai r luyn eevgdunaslty,r i bbwtt eddr iwi etrh g6e9n%a
f emal e. Parti al cloverl eaf i nterchanvwape entr
crashes. onb50&8mmwmgd t he -tchrasdweady omampse eavalys ed S ¢
fatalBadased. on tNPOE resubdbtdsesced sev,eni rdalfucirre
| ower ed Si gpay e naedndtio wis ¢ n aaln d red del ilaneal®X s
itnerchangesarf opl &dnye

The MDOT (2012) white paper addressed the
transportation system. One of the major safe
wrong way movements omatf r3dweandsc WWAWBaht eas srheoswel dt ¢
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fatality orThserpiagpes iafdjswr ynent i-omienlp rt ohveg aaspnptl si ¢
mentioned in the stadyi byeMomamae samtdmblLdenm g ft o
WWDcr ashes ovéin vehgemae s .

Wil son (2013)ydarscpislsetd st wdy involving WW
County, Wi sconsi n. Radar detectors were inst
vehicle traveling the wrdnhngewalyy tbo whkl pséend
test | ocations, tWWRoO NGe tVBAIYp i s f wWarsd i pgadc&d t o t
prevenwawramgvers from entering the freeway.
DMS to war n o twireorwagdyr ivveeirisc | aelso ut

Laurie et al. (2004) examined tdwayueatoi eas
onto freeways. DOhN@QT uBNGOMEMVEAYSI gin configur
includi b9 WOBDBERBERN and combi NOdRAGHEO Wa RN
signs. Tests in a drivD@OgNGT maN BERNr ashuwiwe dit nt
l ess wayngntries thhGnNQT tENaEKER M onkbdwdver, t he
provide better resultstiwetdhi gdm.cr ONEe VEYamdnn ¢ d
AINO RI GHTO THUIRNns resul ted i n -waeyr oe ndtrriyv.e r sH onnaekvi
these tests were congdtulcdierd ampla cambiivernrysiamua.l

Il i mManhddt heanescicdcuwrsax et gpol ated to real i fe se€
NCHRP Report 600 (2012) di scussed the desi
system. One section dwsagusnddilkeswonoor ¢édees

-

amps have been howmadceofbe mMaeaymaVWbD enci dent

some design guidelines for exit ramps were di
ramps. Addi tional guidelines were also made
signs agd mar ki monspicuous), l ow visibility
scenari os.

Patch (2011) di scussed some possible WWD

road design, and upgraded pavement mam kamgs .
emergency happens and the regular way 1is bloc
vehicles to reach the emergency scene i s to ¢
are designed to be wused f otr fvreehawd y sspaeadvse.l i n
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speeds, the spike strips mighwaynovwe heivcelne ,p uonrc t1
end up punctur wag tvheehitciMedasdoadtfeetwaiasgpha | s o; ment i
this method iins thhei nDgb¢tl st ecadrreacan be used to
pavement arrows when-waydriawmwer bgntcemsaietche ngr o
to a warning message board to war aatyh ev echa neil reg

Siicrkg and Lechtenberg (2009) reported t heé

Transportation) was the | eader i n anal ysis al
gui delines t-orpssevegtcmaesdhas. Ot hewi gdtedt ene sf
for medi an barrier i mpl ementation are based

warrant a barrier. Traffic vol ume, crash r

s
among the factors which ealme hiempl|l eémendedi f a
Acci dent reports from 2002 through 2006 f
analyzed, model s were built, and benefit/ cost
deter mi ne i f it was necessariyerto i Tnmpel eanle m \t e
recommended this approach for the Mmddeah st
crashes and at emotty geassyHdeesS MWD Ther e were al s
indicated that mor e f rcecquuanretd drno swsi nmesdi aann dc rt
crashes increased with the increase in traffi
Schrock et al . -aalboe) dtddw defdbhe i mport
arrows (pavement mar kwagsmovemeasisoohgiehécwe
Aifeld evaluation was done f.olhi ®nsi setwasnl|l €o;
urban area and had fair pavement mar ki ngs. T
treat ment was applwasd awnldl enotred.t r aTlheé cstdady c
of | ow cost | ane direction arrows downstream
incorrect | ane when exiting the freeway to th
on onesistiengltehe safety benefit could be achi ev
Conesa et al . (2013) pr opway dv eaehi mmé tels 0o da nt
appropriate actions. Wireless signal emitter
would spliay it heoreades containing threaé area

range, and nfo wsiirgeneals sr areces.ii veal yi me tthhee veerhd ecrl e
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passed through the signal areas t o odeterimi nel
vehicle is determined to be traveling the wr
of fending vehicl e, as wel |l as on the roadsi de
reduced. I f the vehingl ewagont heueehicocl er awv é
The National Emergency Center would also be i

Rose (2011) did an eval watyi otheterct iondeso s
expr essrvaanyp so f(ft hr e ® 51 0 mdde)ir cahmdngwh dt her t hi s sy
and accurate or mAwaty icmr apsrhevsent iTrhge vsrianegs st udi
their geometry, signage, ease of access, con
eval uati on par ocoensgs riunnc ltuedsetd per f or med wunder nc
without controlling the traffic to check the
conditions as wel |l as a controlled simulation
systemds accuracyway fnoddegt $ he ®Sowmegfal se de

showed the system sensitivity and how to con

feasibility of the application.

Scaramuzza and Caviewynabhdwwarywr dniglvea sst(lcau
solutions) in -Bawyteereathed. i nWEwnhngzerl|l and are
heaodcol |l i sions that usually occur. It was ob
t he risky margeudvreirvserlsy uynadwer the influence of
poor Vvision, especially at night. They al so
wWr o-wgy movement s, i ncluding radi o wawayngs [
movemewia a national radi o program), speci al

junctions.

AlSal eh and Koushki (2007) analyzed the wurt
in driver behavior toward traffolcderegdidiateroans
than 50 years ol d) hvwaay tdrei Vvhiingdg;e stthirsathi gph rwa
poor vision and cul tur al expectation of i mmur
the relationship bhet woemeshevhuste dficehgubnd
percentage of-waédwyi ving the wrong
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Kittelson & Associ ates WWDOclas)h csamddeycec toelhh a
interstate freewaydklamrdi deax pDepamwtamen tf oa f Tr a
More than 6WWD @rod*ehmddiabtne rFsltoartiedaf r eeway ® and
i dentdiufrii esit updeye i o d2 0(1250)0.9 Of t hese, 2®WWD cr as he
crashes with mjlea ireessudndinfy® Coa lrietsiueé £ .i WDh e maj
crashes occurred in dar WWDemaisthieeanocCul ed il
Turnpi ke system, District 6, and District 5.
were ®8B®he diamond/ partial di amond, p aKi teil al c |
inspeweri®nal so performedchéeckomke tbewt menhsthe
required by FDOT and FHWAG6s Manual onl hgniifnor m
advance crossing streets guide signage of the
MUTCD requi Bamgeratge at i nterchange exit ramps
requirements (One oD® WRONGNWBR GNEggnVgM ss coupl e
with the WRONG WAY signs, and no turn restric
RI GHT TURN sMogns ofedveay) svirgmg coul d be arnedpl ace
s gnage at the studied | olchaetsicomd§swds paoe maet |
(RPM) and pavement mar ki nwar h(iesgilhc by W@ maytr iccosgs w a
did street |lighting.

Based on t Keséeef snbndisluggdgsessotceidatneasny WWD coun
including adefitiechalvespagnaeati and strips on si
with radar icetegafait\WWh ddetdeacftfiiocn maintahg e ment cen

and | aw entowaemahtso recommendeadab ¢WlWDi mpr ove d

This |iéerawvuslkeows that there have been ma
of these studies discussed causes of WWD, SO
provided potenti al countermeasures to reduce
int oxmcand driver confusion, especially among
make up a small percentage of freeway crashes

There are a variety of <count er memcsluudeisn gt hsaitg nc
pavement markings, geometric modifiwaygtidonveras

and al ert ot her drivers about detected WWD ev
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A majority of the WWD research has taken j
I 1dii e, Wi sconsi n, and SbWMnreehd ggaarnc h alhmeosn gb eoea rh ed & n
probl em iUnlHIkcr itdhae.se previous studies, UCFo6s
WWDcrashestati ons, amaldy z9%1 1t hceal d rst itead skolnde r 0 a c
Fl onind & rtsot adteetser mi ne effective placement of e
research is very unigue and groundbraenaakliynsg sb e
of WWD data than previomesdethgddetsemamidn& sWWD i o

angrioritizeoluod &rimepalseurmeemt ati on
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APPROACH AND METHODOLOGY

The methodology for this research was developed to gather information off a number of
different sources. It was decided to takeeav approach to study WWD in a way that no one
else has attempted. Figudebelow shows the universe of different data sources for WWD.
Understanding these various data sources of WWD events is a critical element in this research.
The universe of WWD ata sources includes several types of data. Some of the data sources
overlap and some data is reported and documented, but some is not.

vAND
911 calls

Unreported
WD Events

Figure 4: The Universe of WWD Data Sources (AlDeek et al., 2013)

The intent of this methodologgectionis to describe and explain the WWD data
collected WWD data analysismethods modeling efforts, evaluation methods for the ITS WWD
countermeasure sites 8outh Floridaanddesign ofthe WWD driver survey. For this research,
analyzedWWD data was restrted to limited access highwawithin the state of Floridawith
primary emphasis off TE roadways Figure5 below shows the FTE system and Florida
interstate highway network, with the FTE netwatownin greenand the interstate network

shown in blue

Evaluatingthe Wrong | @ S5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4H4&&yxf 2NARIQ



STC

Pensacola

Fort Walton
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SUNCOAST PARKWAY
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St. Petersburg
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Figure 5: Florida Interstates and Florida Turnpike Roadways (FTE, 2014)

The following roads on the FTE system were reviewed in this research: SR 91 (Turnpike

Mainline), SR 417 (Seminole Expressway/Southern Connector), SR 528 (Beachline), SR 570

(Polk Pakway), SR 589 (Veterans Expressway/Suncoast Parkway), SR 821 (Homestead

Extension), and SR 869 (Sawgrass Expressway).
In Central Floridathe FTE roadway network is closely linked to tBentral Florida

ExpresswayCFX) toll road network, as shown below Figure6. FTE roadways are shown in

green and CFX roadways are shown in purple. Castral Floridatoll roads are SR 408, SR
414, SR 417, SR 429, and SR 528.
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Figure 6: CFX Network and Metro Orlando Toll Beltway (CFX, 2014)

Several data sources weused to collect datdor this research. These data were
analyzed for the roadwayshown in the previous figuress DOT6s Crash Anal ysi
(CAR) system data was utilized fetatewideWWD crash analysis. FTE also provided the
research team with itbeen years of WWD crash data ranging from 2002 to p&tiag which
were used to analyze the FTEsystem FDOTO0s Annual Daily Vehicle
reports for FTE roadways and freeways (limited access roads other than interstates) fasthe yea
20032014 (12 years total) were utilized for this resedoctvaluateexposure.

Florida Highway PatrolRHP) provided WWD citation data from 2011 throughrtial
2015. Ths citation data consisted of citations written for violating Florida Statu603D(1),
which are citations for driving the wrong way on a divided highway. The citation data contained

Global Positioning System (GPS) location information, allowing for the data to be mapided.
Evaluatingthe Wrong | @ S5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4H&&yxf 2NARI Q
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also provided 911 Computé&ided Dispatch (CAD) dateof the years 2003 to partial 2015; this
data also contained GPS location information.

For these WWD data, yearly trends were determined using the WWD event frequencies
for each year. Vehicle mileage was also used to standardize the frequencies ahok afiove
accurate comparisometween years. Microscopic analyses were also performed for specific
counties and roadways to better understand whether certain locations could be considered WWD
hotspots.

To help visualize the geographic spread of the WWD, dategle Mapswvas usedo
map the locations of WWD events. Longitude (X) and latitude (Y) coordipatesded with
the datawereused to pinpoint the location of the WWD evet a data poindid not contain
coordinate informationthe location was appximatedusing distance measurements and mile
marker/exit number informationThese maps were used to identify WWD hotspot areas and the
nearest entry interchange for the WWD event. Since it was very difficult to know exactly where
the wrongway drivere nt ered t he hi ghway, the cl osest i nt
based on direction, was chosen as the most likely entry point.

In order to model the data using all three data sets (WWD crashes, citations, and 911
calls), it was necessary to remeooverlapping events to prevent duplicatigm affinity (market
basket) analysis ahe WWD data was performed to determine how the data sets overlapped.
This market basket analysis providadvay to analyzell the WWD data sourceto see how
they wee related and to remove data points that most likely corresponded to the same WWD
event.

The nonoverlapping WWD events were then used to develop a nretiing WWD
crashes, citations, and 911 calls generalized linear modekinga Poisson distributiowas fit
to the datawith a logarithmicfunctionbeingused or t he dependent variabl
logarithmict r ansf or mati on per f or mMmisdmodenwad refearedit®as 1 c al
GLM 1. The Poisson regressioroatel can be stated as follows:

o Ow Jpi =1, 2,é., n

Where Y is the nomegative response variable with mean p that depends on p predictor

variables8 & é ,8 in the following fashion

SR - 4 Agor
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Here' is the mean of Yfor theith set of values of predictor variabl@sié é , 8 ,
and’ iare the regression coefficients.
Themodelfunctiondevelopedn this researclwas of the following form

t Qo f ® T @
Where' &1 @0 QR 6/R¢E GAdE O AECER N GRTTER Uit wp AAEOANOAT AU

To develop the microscopic WWD risk model that was used for hotspot roadailys
2), traffic volumes and interchange data needed to be colleEt&iIOT 6 s | nt er change
used to set up exits amdile marker segments for each of the FTE roadways analyzed in this
research (FDOT 2012). Aftemformation on the exits and mileafpr the roadway segments$
interest werecollected annual averagedaily traffic (AADT) and daily vehicle miles traveled
information was gathered from FDOT&6s Office ¢
FDOT 2014). The AADT volumeswere averaged at the interchange junctions for both the majo
roadway and crossing street. To classify interchange type, etmbhenge was examined
manually in Google Maps and classified as one ofdhewing types:

1 Full Diamondi standard four leg diamond interchange.
1 Other Diamondi any diamond other than the standard four leg diamond

interchange.
Partial Cloverleaf any patial cloverleaf interchange (full or half loops).
Major Directionali any complex directional interchange with 2 or more major
routes.
2-3 Leg Directional any directional interchange with two or three legs.
Trumpeti any trumpet style interchange (these common on SR 91).

Single/Slip Ramp$ a single ramp entrance or exit, or a slip ramp alone.

= =4 4 =

Otheri Interchange types not defined by any of the above.

This microscopic model considered the number of WWD events, traffic volumes, and
interchange typesor a fouryear period withinseveninterchangesegments of limited access
routes. Figure 7 demonstrates the data preparation praxedbe development of two seven
interchange segments as an exampl@e segments overlap to create additional datag@ont

building the model.
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Figure 7: Segmenting the Route to BuildGLM 2 Model

{3336)

In Figure 7, the first segment of SR 8&dnsistsof the first seven exits/interchargyeer
the FDOT interchange reporin this segment (bm exit 0 to 1}, there were 3 WWD crashes in
thefour yeas of data usedo(ue dot$, 1 WWD citation(red doj}, and 10 WWD 911 callgreen
dotg. The mean AADT along this segment was calculated alongthétimean crossingtreet
AADTSs for each interchangeAdditionaly, the counts of eactype ofinterchange were noted.
For modeling, the interchange typesre divided bythe segment mileage to obtain interchange
type per mile Thesecondsegmenof SR 821 stretchefiom exit 1 to 12and thesame counts
and data weracquired. This process was repeated until the end of the roadway. In statistical

modeling, his type of processs referred to agn aggregation process. With thaggregation
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processmore data was able to be ugedthe modelwhich made it easieiotidentify if variables
were significant. Seveninterchangeger segmentwere used becaugkis producedan average
count of3 WWD crashes within the 4 years of dddamost segments.

To evaluate the LED Blinker signs implemented by FTESwuth Florida a simple
beforeandafter analysis of WWD event dateasconducted for the pilot test locat®n Eleven
monthsof data were collecteduring boththe before and after periodsSince crash reports were
not available for t he seportpwer usedisdetermineeVWDTrasli s S u
frequenci es. SunGuide is the reporting syste
for alerts and important events (such as crashes) on FTE roadways. WWD citation and 911 call
data from FHP were also ub@é this analysis. Interchanges on FTE roadwaySauath Florida
withoutthe LED signs were used as control sites.

As part of this methodology, a wroigay countermeasure driver survey was conducted
on FTE customers and Florida interstatd$ie purposef the driver survey conducted for this
study was to obtain information on drivers®o
countermeasures and warning messages. This information can indicate potential improvements
to these countermeasures and alloviERG understand how its customers will respond to WWD
alerts. The survey was conducted online and completed by 900 random respondents who lived in
zip codes near FTE roadways or Florida interstates. The survey asked the respondents about
their knowledgeof common WWD countermeasures (such as the DO NOT ENTER symbol and
roadway edge lines), their opinions on various WWD ITS countermeasure and warning
technologies, their reaction to a hypothetical WWD alert, and their social demographics (age,
gender, edudion level). Pictures and videos were included in the survey to help the respondents

see WWD countermeasures in action.
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WWD DATA SOURCAISD ANALYSIS
Before using the collected WWD crash, citation, and 911 call data to develop the crash
prediction malels, the data sets were individually analyzed to determine trends and hotspot

locations.

WWD Crash Data Analysis

The crash data information and crash reports from FDOT and FTE included data for
ADriving Wrong Side/ Way o0 cdusedy the dovier afduliOnlas a ¢
WWD crashes that occurred oimited access facilitiesvere analyzed for this research, since
WWD on these facilities is extremely dangerdug tothe high free flow speeds.

Tablel on the next pagshowsthe number o'WWD crashes and fatalities obtained from
long-form crash reports for FDOT limited access facilities, including the FTE sysiém.table
shows the total number of crashéne total number of WWD crashes, the total number of WWD
fatal crashes, the perdage of total crashes that are WWD crashes, and the percentage of WWD
crashes that were fatal for Florida limited access facilities from-20Q2. The percentage of
WWHD fatal crashesncreased in 2011 and 2012, even though the number of WWD crashes
decrased. It is important to note thaven though that 2012 has increase ithe total number
of crashes, statutory changes resulted in more crash reports being inakitmuyforms
compared to previous years. Therefore, gbecentage of WWD crasheéslikely higher than
shown, since more crashes are included in 2012 than were included in previous years.

Table 2 on the next pagshowsthe number of WWD crashes provided by FTE and
confirmed t o b éhesercradhdsdt deportssty makug mndrify the locations,
so it was confirmed that al |l of t IFEESWAWDWWD cr
crashes peaked in 2007 with 17 crashiedthe number of WWD fatalities peak&d 2005 with
7 fatalities from 3VWD crashes The data from Table Zexalso shown in Figure 8 (after Table
2), which shows the trends more clearly. Since 2008, both the number of WWD crashes and
fatalities per year have slightly increaseld.is important to note that before 2006, there were
many WWD crashes that invols#enedian crosovers. From 2006 onwards, the implementation
of median barriers on the FTE system reduced the number of median crossover crashes, and

therefore the number of WWD crashes.
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Table 1: FDOT Limited Access Crashes (Total and WWD)
Longform rep_orted Total Total WWD WWD Crash Fatal
crashesreceived Crashes WWD Fatal Percentage of | Percentage of
from FDOT Crashes | Crashes| Total Crashes | WWD Crashes

2003 | 30,903 135 23 0.44% 17.04%

2004 | 36,347 159 17 0.44% 10.69%

All state 2005 | 41,166 143 15 0.35% 10.49%

maintained 2006 | 37,567 126 6 0.34% 4.76%

limited | 2007 | 40,710 155 12 0.38% 7.74%

(ooliee | 2008 | 37,249 | 108 6 0.29% 5.56%

(includes | 2009 | 36,197 119 4 0.33% 3.36%

Turnpike) | 2010 | 38,524 104 5 0.27% 4.81%

2011 | 36,120 53 7 0.15% 13.21%

2012 | 42,070 71 16 0.17% 22.54%

Table 2: FTE WWD Crashes
— FTE WWD WWD Total WWD Total WWD Fatal
Crashes Injuries Fatalities Crashes

2002 12 11 1 1
2003 13 12 3 3
2004 9 12 4 3
2005 10 11 7 3
2006 13 7 4 2
2007 17 21 1 1
2008 5 3 0 0
2009 7 8 0 0
2010 8 8 1 1
2011 8 17 1 1
2012 14 15 3 2
2013 8 6 2 1
2014* 5 2 1
2015* (July) 6 8 3 2
Total 135 145 32 21

* 2014 data is ncertified andso is the partiaR015data.
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Total WWD Crashes on FTE System by Year
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Figure 8: WWD Crashes on FTE Toll Road System by Year

Simple statistical analyses were performed on the data from Tahising the 12
complete years of data from 20@R13 TheFTE yearly average for this time perioavere10.3
WWD crashes per year, 10.92 injuries per year, 2.25 fatalities per year, dathlldsashes per
year. As noted earlier, the crash numbers changed from 2006 and dagerio the
implementation of median barrielsy future yearly averages might not follow this data exactly.
For examplethe average yearly number of WWD crashesnfr2002 to 2005 was 11 WWD
crashes, whereathe average yearly numbdrom 2006 to 2012was 9.4 WWD crashes.
However, since WWD crashes are relatively rare, it is a good practice to use as much data as
possible even if roadway characteristics changedpbtain the best understanding of WWD
crashes.

In addition to looking at the WWD crash frequencies, it is also important to consider
driver exposure. Using the yearly vehicle miles trave]éT) to standardize the crash
numbers can allow for betteomparison between years. Table 3 on the next phges the
WWD crash rate per billion VMT for FTE roadways. The daily VMT (DVMT) valt@msFTE
roadwayswere obtained from FDOT annual reporihe WWD crash ratevas lowesin 2008

but increased afteéhat with a large jump in 2012. Figure 9 shows these values graphically.
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Table 3: FTE WWD Crash Rates
Statewide FTE Statewide FTE Statewide FTE FTE WWD
Year WWD DVMT (in thousands | Annual VMT (in Crash Rateper
Crashes of miles) billions of miles) Billion VMT
2002 12 15,009.00 5.48 2.19
2003 13 16,162.10 5.90 2.20
2004 9 14,545.10 5.32 1.70
2005 10 19,525.50 7.13 1.40
2006 13 22,399.80 8.18 1.59
2007 17 22,836.30 8.34 2.4
2008 5 21,451.50 7.85 0.64
2009 7 20,514.00 7.49 0.3
2010 8 20,772.70 7.58 1.06
2011 8 20,997.40 7.66 1.4
2012 14 21,329.80 7.81 1.80
2013 8 20,941.90 7.64 1.06
WWD FTE Crash Rate per Billion VMT 2002 to 2013
25
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Figure 9: FTE WWD Crash Rates per Billion VMT
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The FTE WWD crash data were also mapped to understand the geographic spread of the
data. Google Earth wasised to map tls® WWD crashes on the FTE system. In 2010, FHP
started utilizing GPS to provide X and Y coordinates of crash locations in their crash reports;
these coordinates were used to accurately locate and map the crashes from 2010 and onward.
For aashes prior to 2010, locations were approximated using information from the crash reports,
such as mileposts or nearby interchanges. The FTE WWD crash map created in Google Earth
for the data shown in Table 2 (frob®@02through partiaR015 is shown inFigure10 on the next
page with small red pins regsenting the crash locationBased on this map, a WWD crash heat
map wasalso created in Google Earth. his heat map is shown in Figutel (after Figure 10)
with high-density crash locations in red, mau-densitylocationsin yellow, and low-density
locations in greerThese maps show where WWD is more prevalent on FTE roadwhnispot
areas seem to be around Miami and Fort Lauderdaouth Floridaand around Orlando in

Central Florida
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Figure 10: FTE WWD Crashes 2002partial 2015 (Source: Google Earth)
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Figure 11: FTE WWD Crashes Heat Map 2002partial 2015 (Source: Google Earth)
A more microscopic analysis was also conducted on these FTE WWD crasdtds. 4

shows the number of crashes, ngs, and fatalities for eadfloridacounty that had at least one

FTE WWD crash. Figurel2 (after Table 4shows the counties that contain FTE roadways

(highlighted yellow); some of these counties (Indian River and Hernando) had no WWD crashes
in the dad. FromTable 4 it can be seethat Broward Countyin South Floriddhad the highest
number of total WWD crashes (36), fatalities (14), injuries (28), and fatal crashes (7). - Miami
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Dade County(also in South Florida had the second highest number of W\WEiashes (25),
fatalities (6), injuries (28)and fatal crashes (4) (tied with Seminole County, which Gentral
Florida).
Table 4: FTE WWD Crashes by County

WWD WWD
County D Total Total RYD) (e
Crashes L . Crashes
Injuries | Fatalities
Broward 36 28 14 7
Miami-Dade 25 28 6 4
Orange 19 15 0 0
Palm Beach 9 17 1 1
Seminole 8 17 5 4
Hillsborough 8 7 0 0
Osceola 6 5 0 0
Polk 5 4 2 1
Lake 4 13 3 3
Martin 4 4 0 0
Sumter 4 4 0 0
St. Lucie 4 2 0 0
Okeechobee 2 0 1 1
Pasco 1 1 0 0
Grand Total 135 145 32 21
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Figure 12: Florida Counties (Yellow Counties Contain FTE Roadways)
Table 5 on the next page shows the total number of WWD crashes per FTE

roadway/ rout e. Fl oridads Turnpi ke (SR 91) h
Ext ensi on TurpikeKHEET) had thedsecomidost WWD crashes. Since SR 91 is the
longestrouton FTEOG6S system, it makes sense that it

exposure, it is important to also calculate the WWD crash density (number of WWD crashes per
mile) for each roadway. These density values are shown in Galaliter Tables). This table

shows that the Homestead Extension of Florida's Turnpike (HEFT) has the highest WWD crash
density of 0.669 WWD crashes per mikgth the Beachline Expressway second and the
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Table 5: FTE WWD Crashes by Roadway (200partial 2015)
WWwWD WWD
Route Name RO | D, Total Total D) [Pl
Number | Crashes L " Crashes
Injuries Fatalities
Florida's Turnpike SR 91 67 83 12 8
Homestead Extension of
Florida's TurnpikHEFT) SR821 31 21 11 !
Seminole Expressway SR 417 9 18 5 4
Greeneway
VeteransExpressway / SR589 9 8 0 0
Suncoast Parkway
Sawgrass Expressway | SR869 8 2 2 1
Polk Parkway SR570 5 4 2 1
Beachline Expressway | SR528 5 2 0 0
Western Beltway SR429 1 1 0 0
Grand Total 135 145 32 21

Table 6: FTE WWD Crash Densityby Roadway (2002 partial 2015)

Roadway WWD Crash
Route Name NS Length AL Density
Number : Crashes .
(miles) (crash/mile)
Homestead Extension of
Florida's TurnpikHEFT) SR 821 47.856 32 0.669
Beachline Expressway | SR 528 8.4 5 0.595
Sawgrass Expressway | SR 869 21.8 8 0.367
Seminole Expressway / SR 417 o5 4 9 0.354
Greeneway
F1 or Tudpiki s SR 91 264.7 66 0.249
Polk Parkway SR 570 24.4 5 0.205
Veterans Expressway / SR 589 59 9 9 0.170
Suncoast Parkway
Western Beltway SR 429 9.9 1 0.101
Grand Total 455.4 135 0.296

Sawgrass Expressway thir@fable7 on the next page breaks down the roadway WWD

crash density within each county. The length of each FTE roadway in each county and the

Evaluatingthe Wrong | @ S5NAGAY 3 LYOARSydGa tNRoO6fSY 2y 4&&y3Bf 2 NARI Q



Sle

STC
number of WWD crashes on that roadway in the county were used to detdrenlw&VD crash
density.

Table 7: FTE WWD Crash Density by Roadway per County (200partial 2015)
Route Name Route County Roadwa_ly WWD WWD Crash _
Number Name Length (miles) | Crashes| Density (crash/mile)
Turnpike SR 91 | Miami-Dade 3.342 2 0.598
Turnpike SR 91 Broward 25.912 20 0.772
Turnpike SR 91 | Palm Beach 44.561 9 0.202
Turnpike SR 91 Martin 20.249 4 0.198
Turnpike SR 91 St. Lucie 34.959 4 0.114
Turnpike SR 91 | Okeechobee 7.472 2 0.268
Turnpike SR 91 | Indian River 9.98 0 0.000
Turnpike SR 91 Osceola 58.732 4 0.068
Turnpike SR 91 Orange 24.913 14 0.562
Turnpike SR 91 Lake 23.876 4 0.168
Turnpike SR 91 Sumter 10.67 4 0.375
Turnpike SR 91 264.666 67 0.253
Greeneway SR 417 Osceola 2.906 1 0.344
Greeneway SR 417 Orange 5.098 0 0.000
SeminoleExpressway| SR 417 | Seminole 17.445 8 0.459
Greeneway/Seminole| g 417 25.449 9 0.354
Expressway
Western Beltway | SR 429 Osceola 4528 1 0.221
Western Beltway | SR 429 Orange 5.325 0 0.000
Western Beltway SR 429 9.853 1 0.101
Beachline SR528| Orange 8.4 5 0.595
Expressway
Polk Parkway SR 570 Polk 24.4 5 0.205
Veterans Expressway op poo | Wilishorough | 15.311 8 0.523
Suncoast Parkway
Suncoast Parkway | SR 589 Pasco 19.865 1 0.050
Suncoast Parkway | SR 589 | Hernando 17.731 0 0.000
veterans Expressway  gp ggaq 52.907 9 0.170
/ Suncoast Parkway
HEFT SR 821 | Miami-Dade 40.15 23 0.573
HEFT SR 821 Broward 7.706 8 1.038
HEFT SR 821 47.856 31 0.648
Sawgrass SR 869 | Broward 21.835 8 0.366
Expressway
FTE System 455.4 135 0.296
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The WWD crash densities for each roadway segment are shown in Figure 13 on the next
page ranked by highest density. The top five roadway segments ranked by WWD crash density
are SR 821 in Broward County (1.038 WWD crashes/mile), SR 91 in Broward Count (0
WWD crashes/mile), SR 91 in Miarlade County (0.598VWD crashes/mile), SR 52
OrangeCounty 0.595WWD crashes/milg andSR 821in Miami-Dade County 0.570WWD
crashes/milg Four of these segments areSouth Floridaand one is irCentralFlorida, which
are the two major WWD hotspot areas.

In summary, WWD crash frequencies and rdtase been slightly incremg for both
statewide limited access facilities and FTE roadways specifically since 2008, though they are not
as high as pr2008 levels (except for a peak in 201Z)ne possible reason for this is that FTE
started implementing median barriers along riiedways in 2006, which decreased WWD
crashes caused by median crossinga.average, the FTE system experiencedVIUD crashes
per year11 total injuriedue to WWD crashes pgear, and 2.25 fatalitieslue to WWD crashes
per year from 2002013 The maps created for the FTE WWD crash data indicatedSbath
FloridaandCentral Floridaare hotspot areasSouth Floridaranked especially high, &oward
County and MiamDade County experiencete highest amountof WWD crashesand SR 821
and SR 9dwithin Broward county &d the highest WWD crash densities for 2@@2tial 2015
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Figure 13: FTE Roadway Segments Ranked by WWD Crash Density
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WWD Citation Data Analysis

WWD citation data was provided by FHP for the years of 2011 to 2014, as well as the
first nine months of 2015. These citations were statewide citations for violations of Florida
Statute(F.S.)316.090 (1), which concerns driving on the wrong side of divided highways. The
provided dataverefiltered to only consider WWD citations on FTE roadways. Tabitel8w
shows the annual WWD citation frequencies and rates (citations/bilion VMT) for FTE
roadways. From 2012014, the rate decreased, but it increasats maximumin 2015 Since
there were only nine months (273 days) of data analyzed for 2015, the expected yearly citation
frequency was extrapolated by multiplying themberof WWD citations through September
2015 (23) by 365/273 to obtain an expected frequency value of 30.75. This value was used to

calculate the rate for 2015.

Table 8: FTE WWD Citation Frequencies and Rates (20122015)

Statewide FTE | Statewide FTE
Number of FTE DVMT (in Annual VMT SUE BIED
Year o S Citation Rate
WWD Citations thousands of (in billions of il
miles) miles) per Billion VMT
2011 26 20,997.40 7.66 3.39
2012 27 21,329.80 7.81 3.46
2013 23 20,941.90 7.64 3.01
2014 18 23,065.80 8.42 2.14
2015 23 (expectegearly
(273 days)| count of 30.75) 23,037.70 8.41 3.66
Total 117 (124.75) 109,372.6 39.94 3.12

Like the WWD crash datahé FHP citation data contained X and Y coordinates of the
citation locations; these coordinates were used to accurately locate and map the citations. Figure
14 on the next page shows the F.S. 316.090 (1) citations mapped on the FTE roadways, with
each redpin representing one WWD citationOnly the WWD citations from 2012014 are
shown on this map A heat map was also created; this heat map is shown in Fi§ufafter
Figure 14) On the heat map, higlensity citation loations are in red, mediughensity
locations are in yellow, and ledensity locations are in green. These maps indicate that many
of the WWD citationslike the WWD crashesyccur near Miami and Fort LauderdateSouth
Florida as well as Orlando and tntral Floridearea.
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Figure 14: FTE WWD Citations 20112014 (Source: Google Earth)
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