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ABSTRACT
Wrongway driving (WWD)has been problematic on United States highways for decades despite
its rare occurrence. Since WWD crashes are rare, recent researchers have studied Vei&Ehnon
events such as WWD 911 calls and WWD citations to understand the overall nature and trend of
WWD. This paper demonstrates the regional nature of the WWD problem and proposes regional
transportation systems management and operations (Regional TSM&O) solutions to combat this
problem. Specifically, it was found that 11% of all WWD mudléita eventge.g., multiple 911
calls for the same WWD event) traveled from one county to another. Additionally, 30% of all
WWD singledata and multdata events occurred at or near interchanges between two limited
access highways in counties with multiple operatiggncies. This indicates that a significant
proportion of WWD events could potentially travel from one limited access facility to another.
Moreover, 28% of WWD events occurred on limited access facilities shared by multiple agencies.
To emphasize theegional nature of WWD, this paper determined the vulnerable demographic
groups in different regions of Florida by developing WWD crash and citation prediction models.
The model sé findings indicate that ceict ai n
increase WWD risk. The model sé6 results can
law enforcement presence in high risk WWD locations. Regional TSM&O solutions, such as
coordination and communication among agencies and regional trafficgeraaat centers
(RTMCs), law enforcement eocation with RTMCs, and strengthening statewide TSM&O

programs to manage WWD events are also proposed.



ACKNOWLEDGMENTS

| would first like to expresey deep gratitude anappreciation to Dr. Haitham ADeek,
my advisor, who hagiven me an opportunity to work in his team dredped me tremendously
with his effort in guiding me througihe graduate life and up until nown addition | would like
to express my gratitude for the rest of the members of my coremidte Nizam Uddirand Dr.
Samiul Hasan for their suggestions and inputs

Secondly, | would like to thankir. Adrian Sandtfor his amazingassistance with my
research andis companionship.l would like to express my gratitude to Md Imrul kayes, Omar
Al-Sahili and other membersof DrA&le ek 6s research team as wel |l
from time to time. | would alsolike to express appreciation fthe assistance provided by Dr.
Grady Carrick with Enforcement Engineering.

Finally, yet importatly, | would to gve my appreciation to myamily members in

Bangladeslior providing me withthe support



TABLE OF CONTENTS

LIST OF TABLES.. ..ottt anees s rrenneees Vil
LIST OF ABBREVIATIONS..... oottt eees s enenssb bbb e e e e e e e e e e e e s ennee e IX
CHAPTER ONE: INTRODUCTION......cciiiiiiiiiiiiiitirees s ee s ee s snnnsssssssseseeeeeeeaeees 1
I = = T3 (o | 0] 0 o P 1
1.2 Research Goal and ODJECHIVES..........ccoiiiiiiiiiieeee e 2
1.3 Organization Of THESIS.......uuuiiiiiiiiiii e 3
CHPTER TWO: LITERATURE REVIEW.......cutiiiiiiiiiiiii et 5
pZ2 I [ 1 0T ¥ {1 PP 5
2.2 Previous WWD ReESEAICN REVIEW........uuuuuueiiiieee s ceeetiiiiiiansea e e e e e e e e e e sannenasseaaeeeeaeeeees 5
2.3 Conclusion fur.om..Li.t.er.at.ur.e..Rev.i.ewl2
CHAPTER THREE: METHODOLOGY......cciiitiiiiiiiiiiiiiieeee e enee e 14
G 200 {110 o (3o 1o USSP 14
3.2 Florida Limited Access Highway NetWOIK..............uuuiiiiiiiieeeiiiiiiiiiieiiiieieeee e 15
3.3 WWD Data REQUIFEM.........oeeeeeiiiiiiiimmce et s e e e e e e e e e e e e e e aeneseeeeas 15
G0 Tt B O =T 1 - - VR 15
3.3.2 WWD Citation DAta..........cceeiiieeiieieiiimmeeeeeeeeeeeeeieetinn s s eeeeesnnna s s e e aeeeeessmnnes 15
3.3.3WWND 911 Call DALa.......ccceeeeiiiiiiiiiinees st eenessee e e e e e e eaaeaaeeeeeeeans 15

3.4 NORWWND Data REQUITEM.......coooiiiiiiiiieeee st eeeeas e e e e e e e e e e e e ean 16
3.4.1 Daily Vehicle Miles Traveled (DVMT.)......ouuiiiiiiiiiiiiiiiiiieeeeeeeeeeee e 16
3.4.2 Geometric Boundary of th@Nties.............uuiiiiiiiiii e eeeee 16
3.4.3 Driver DemographiC Dat@l.........ccouuiiiiiiiiiiieeeeeeeee e 16

3.5 WWD Data@ AN@IYSIS......ccoeiiiiiiiiiiiiteees st eeeess bbb e e e e e e e e e e e eeeeeeeeees 16
3.5.1 Mapping WWD Dal...........uuuuuuiiiiiiiieceeeiiiiiie s e e e e e e e e e e e e e saeeesa s e e e e e e e aaaeeeeeenasasnanas 16
3.5.2 Crash Data ANAIYSIS......ccuuiiiiiiieiiii e 18
3.5.3 Citation Data ANAlYSIS........cooiiiiiiiieree e eeea bbb e e e eas 18
3.5.4 911 Call Data ANAIYSIS.......uuuiiiiiiiiiiie e ceeer e eere e 19
3.5.5 Affinity (Market Basket) ANAIYSIS........couuiiiiiiiiiiiii e 19
3.5.6 Negative Binomial Model @V/WD Data............ceeeeiiiiiiiiiiiieeeiiiieieeeeeee e 19

3.6 Summary of MethodolOgY.......ccouuuuiiiiii e aeaes 20
CHAPTER FOUR: DATA ANALYSIS AND PREPARATION........ccuvuiiiiiiieeeeeesceeervveeeeeeen 21
g 1 1 o o [ ) P PUPPPR 21

iv



4.2 Limited ACCESS HIgNWAYS .......cooiiiiieeiiie e et a e e e e e e e e e e 21

G I o 11 1= SRR 25
4.3.1 COUNLY TP ittt ettt e ettt s emee e e e e e e et e e e e e eetna s smsa e e e eeene 27

4.4 WWD Crash Data DeSCrIPON. ......uuiiiie e eeesieeeiie e e ee et enne e e e e e e e eeeeeanaeananas 27
4.5 WWD Citation Data DeSCIPLION. ......ccoiiiiiiiiiieeee e eees e 32
4.6 WWD 911 Call Data DESCIIPLION........uuuuiiiiiiiiiieeeieeeieiiieeieeeeee et e ee e e e e e s ammmreeeeeaeeeeeaeeens 36
4.7 Demographic Data DeSCIPLIOMN..........uuuurriiie s it e e e e e e e e s smenas e e e e e e e aeaeeeeees 41
4.8 Summay of Data Analysis and Preparation..............cvvviiiieeeeeieeiieeeeeeee e 45
CHAPTER FIVE: REGIONAL WWD ANALYSIS......ooiiiiiiiiiiieieee e 46
o0 I o1 (o To {3 Tox 1 o] o PP O TR PP o1
5.2 County Based WWD ANAIYSIS......ccoooiiiiiiieree e ceenai e e e 46
5.3 WWD SingleData and MultiData Event ANalysSis...............eueviiiiiiiieemiiiiiiiiiiieeeeeeeenn 48
5.4 Summary oRegional WWD ANAIYSIS......cccouiiiiiieeiiiiiiiieeeee e meee e 50
CHAPTER SIX: STATISTICAL MODELS......coiiiiiiiiee et 51
6.1 Data Preparation for Modelling............cooooriiiiiiicce e 51
6.2 StatiStICAl MOUEIS......cciiiiiiiiee e e ennr e 52
6.2.1 Model 1: WWD Crash MOGEL...........uuiiiiiiiiiie i eeeeeeeen e 52
6.2.2 Model 2: WWD Citation MOAEL...........uuuuiiiiiee e eeerren e 56
CHAPTER SEVEN: REGIONAL TSM&O POSSIBLE SOLUTIONS.......ccvvvviiiiiieeeeeianee. 59
CHAPTER EIGHT: SUMMARY AND CONCLUSIONS.......ccooiiiiiiiiiiiiiieeeieeeeeveeeeeeeee 61
APPENDIX: SAMPLE WWD CRASH REPORT (LONG FORM).......cccevvieiiiiiiieeeeeees 64
LIST OF REFERENCES.......ccoo oot e e et e e e ennrne e e 68



LIST OF FIGURES

Figure 1: Longitude(X) and Latitude (Y) Search and Result in Google Maps.................. 17
Figure 2: Outlining Limited Access Roadways in Google Maps.............uuvveeiiccceeeeeeennnnns 17
Figure 3: Outlining County Boundaries in ArCMap.........ccouviiieeeeiiiieeeiiiie e e eee e eeeeeaeeee 18

Figure 4: Limited Access Highways (Toll Roads and Interstates) in the State of Elorida24
Figure 5: Central Florida Limited Access Roadway Netwark............cccoovviiieeeiuvvennnnnnnnennn. 24

Figure 6: Central Florida Limited Access Roadway Network and Share of Roadways by

Different OperatioBl AQENCIES. ........oooiiiiiiiiiiitireer s e e e eeeesssss e e e e e e e eeeaaaeeesaaans 25
Figure 7: Counties Under Study in the State of Florida............oooiiiieee 26
Figure 8: Selected County Types (Urban/Rural) in theeStaFlorida...................oovvvvvvvieeee.. 27

Figure 9: Location of WWD Crashes from 2011 to 2015 on Limited Access Roadways 29

Figure 10: HeaMap Showing thé&Number of WWD Crashes on Different Segments of Limited
Access Roadways in Different COUNLIES............uuueeiiiiiiicereeire e eeeers s e e 30

Figure 11: HeaMap Showing the Number of WWD Crashes Per Mile of Limited Access
Highways on Diferent Roadway Segments in Different Counties...............oevvvivieeciinnnnnne. 31

Figure 12: WWD Crashes Per Million DVMT in Selected Counties............cccccvvvvieeeennneen. 32
Figure 13: Locatio of WWD Citations from 2011 to 2015 on Limited Access Roadways33

Figure 14: HeaMap Showing the Number of WWD Citations on Different Segments of Limited
Access Roadways in Different COUNLIES............uuuiiiiii i eerere e e e 34

Figure 15: HeaMap Showing the Number of WWD Citations Per Mile of Limited Access
Highway on Different Roadway Segments in Different Counties...........cccccoeevvieeereeevennnnn. 35

Figure 16: WWD Citations Per Million DVMT in Selected Counties..............ccccvvvvucmmnnnnn. 36
Figure 17: Location of WWD 911 Calls from 2011 to 2015 on Limited Access Roadway&/

Figure 18: HeaMap Showing the Number of WWD 911 Calls on Different Segments of
Limited Access Roadways in Different COUNTIES............ooovviiiiiiiccee e 38

Vi



Figure 19: HeaMap Showing the Number of WWD 911 Calls Per Mile of Limited Access
Highway on Different Roadway Segments in Different Counties...............ccevvveeeeeeeeeeenn. 39

Figure 20: WWD 911 calls Per Million DVMT in Selected Counties...........ccccccvvvvvieemenn.. 40
Figure 21: Percentages of Licensed Drivers in Age Grow3QLears) in Selected Countie$2
Figure 22: Percentages of Licensedvers in Age Group (560 years) in Selected Countie$3

Figure 23: Percentages of Hispanic Population in Selected Counties................cooceeeee... 44

vii



LIST OF TABLES

Table 1: Description of Limited Access Highways in the State of Flarida....................... 22

Table 2: Comparison of WWD Crashes and All Crashes on Limited Accebwé&lyg in the
State of Florida from Year 2003 t0 2015........uuuuuiiiiiiiie e erenr e e e 28

TABLE 3 Summary of Multiple WWD Events Type and Number of Counties Traveled by WW
I3 1Y OSSP 47

Table 4: WWD MultiData Events at or Near an Interchange Between Two Limited Access
Highways Operated by MUltiple AQENCLES.........cviiiiiiiiiiii e 49

Table 5: WWD Singledata Events at or Near arténchange Between Two Limited Access
Highways Operated by MUltiple AQENCLES.........cuiiiiiiiiiiiii e 49

Table 6: WWD Events on the Same Limited Access Highways Operated by Multiple Agéncies

Table 7: Florida Statewide Statistical Model for WWD Crash Prediction and Explanation of

T = 10 (5] (] S = LUy ([t TP 55
Table 8: Explanation of Parameter Statisin Table 7..............oooooiiiiiiieeei 56
Table 9: Florida Statewide Statistical Model for WWD Citation Predictian...................... 58

viii



AADT
BAC
CAD
Caltrans
CAR
CFX
DHSMV
DMS
DOT
10.DPS
11.DUI
12.DVMT
13.FDOT
14.FHP
15.FHWA
16.FL
17.FTE
18.GLM
19.GPS
20.1

21.1TS
22.MDOT
23.NTSB
24.00CEA
25.RTMC
26.SR
27.SSE
28.TMC

© © N o o s~ w DdPE

LIST OF ABBREVIATIONS

Annual Average Daily Traffic

Blood alcohol content

Computer Aided Dispatch

California Department of Transportation
Crash Analysis Reporting

Central Florida Expressway Authority
Department of Highway Safety and Motor Vehicles
Dynamic Message Sign(s)

Department of Transportation

Department of Public Safety

Driving under the influence of drugs and/or alcohol
Daily Vehicle Miles Traveled

Florida Department of Transportation

Florida Highway Patrol

Federal Highway Admintsation

Florida

Florida Turnpike Enterprise

Generalized Linear Model

Global Positioning System

Interstate

Intelligent Transportation Systems

Michigan Department of Transportation
National Transportation Safety Board
OrlandeOrange County Expressway Authority
Regional Traffic Management Center

State Road

Sum of Squared Errors

Traffic Management Center



29.TRB
30.TRR
31.TTI
32.TxDOT
33.UCF

34.X
35.Y

Transportation Research Board
Transportation Research Record
Texas Transportain Institute

Texas Department of Transportation
University of Central Florida

Longitude
Latitude



CHAPTER ONE: INTRODUCTION

1.1 Background

Limited access roadways (such as interstates and toll roads) are designed to provide high
speed mbility and safe traveling byeliminating potential crashesDespite modern design
standards and introduction of Intelligent Transportation Systems (ITS) technologies, limited
access roadways still experience safety challenges; one such challenge isvayotigving
(WWD). Wrongway driving (WWD) is hazardous result of dri@driving in wrong direction
on the wrong side of roadwayWWD occurs when a driver intentionally or unintentionally (due
to confusion, intoxication, or other reasons) drives omtioag side of divided highways against
the direction of mainline traffic flowlt is especially dangerous ¢imited access facilitiedue to
high posted speed limitOn such roadways, rgght way driver on the mainlinéo not get much
time totakeevasve action to avoid a wrorway vehicle, since the approach rates of both vehicles
combine for an excessive rate of speed.

WWD causes nly about 3% of crashes on higbeed divided highways, but these crashes
are oftermore severe anchtastrophiclue to he heaebn nature of the crashesulting in fatalities
or serious injurieg¢l). Even thougtthey aresmallin number, WWD crashes draw more media
attention due to high fatality rates and can worry road (8er#é recent United States (US) study
found that, from 2004 to 2013, there were approximately 1.34 fatalities per fatal WWD crash
compared to 1.10 fatalities in all other fatal cragBgsThere is an average of 300 to 400 fatalities
caused by WWD craglsevery year in the United Stat@h.

Since WWD crashes are rare, it can be difficult to understand WWD by analyzing WWD
crashes alone. Previous studies conducted by the University of Central Florida (UCF) on limited

access highways in Florida showdrit other WWD nostrash events, such as WWD citations
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and WWD 911 calls, can be used as surrogate measures for WWD crashes due to their more
frequent occurrence than WWD crash@s5-7). As crashes are rare in nature, it is not always
recommended to waiintil crashes happen before introducing countermeasures. Study findings
by UCF using other nearash WWD data have been adopted by transportation agencies to

implement WWD countermeasures inufoFlorida and Central Florida

1.2 ResearchGoal and Objectives

This study investigates the regional aspects of WWD in the state of Flérideongway
driver can cross county boundary line and trdveh one county to another. wrongway driver
can also travdrom one limited access facilitp another limied accesfacility in the same county.
This can be a regional problem if the two roadways are operated by different agencies. In some
counties, multiple agencies operate the same limited access highways, so a WWD event could
cross operational boundarieasily and quickly. For these reasons, WWD needs to be dealt with
in a regonal manner.

This research alsinvestigats the demographic characteristics of wremgy (WW)
drivers. It introduces a regional analysis concept to predict WWD crashes rertiffegions in
Florida using both WWD nonrash event§WWD citations and WWD 911 callgnd driver
demographic information. Florida has a wide variety of ethnicity and age groups living in various
parts of the state, so this type of analysis can haffictagencies throughout the stadeletermine
the potential WWD risk related to various demographic groups. These demographic differences
need to be considered for effective WWD countermeasure implementation. This regieed!
approach investigatinthe effects driver demographics and ANVD crash events haven

WWD crashe$as never been attempted before.



The primary objectives of this research are to:

1) Study the regional aspects of WWD by examining the different counties, limited access
facilities, and/or jurisdictions a wrongay driver travels through before he/she either crashes, is
apprehended by law enforcement, or-setfects his/her WWD behavior.

2) Analyze and model the demographic factors of drivers to find which driver factors influence
the number of WWD crashes and citations in different regions in Florida.

3) Propose Regional TSM&QTransportation Systems Management & Operatisog)tions to

the WWD problem. These proposed solutions are conceptual in nature and include better
coordination and communication among local agencies to manage the WWD problem. Also, these
solutions are compatible with existing Regional TSM&O programs practiced nationwide in the
US. Furthermore, the findings from this paper can be used to guide local anahstates in
determining the counties or populations with higher risk of WWD events and taking necessary and

appropriate steps to combat this WWD problem.

1.3 Organization of Thesis

There areeight chapters in thighesis. Chapter 1 is the introduction,hieh provides
background on WWD and defines the research goals and objectives. Chapter 2 is the literature
review of past studies on WWDChapter 3 describes the methodology applied in this study.
Chapter 4 analyzes the data and pregtheedata set fastatistical modelling. Chapter 5 describes
how WWD becomes a regional problem and howcdordinate among nearby counties and
agencies operating different portions of limited access facilitatistical modelling was
performed and more idepth analyis was discussed in chapter 6hapter7 proposes important

regional Transportation Systems Management and Operations (RTSM&O) solutions of dealing



with WWD and effectively reduog the number of WWD events. Chapter 8 provides the

conclusion of thighess.



CHPTER TWO: LITERATURE REVIEW

2.1 Introduction

The intent of this chaptes tofind and study relevant researches on WWD at the national
and international levels.Studying the previous researches will help to determine potential
charateristics, dributes and the causes of WWD eventtinderstanding the underlaying
characteristics and nature of WWD eventt help to effectivelycombat WWD.

This literature revievdescribegprevious studiesvhich have used different approaches in
analyzingWWD andfound various significant human and otlentributingfactors for WwWD
The studies includanalyses of WWD crashes, locations of such crashes, time, possible reason of
crash and driver factor analysis of WWD crashBse results and recommendatidrasel on the
findings inthese studies are useful in ordeutaerstand different approaches to WWD and find

the effective ong andfind the missing gaps in the existing seghnd how they can be addressed.

2.2 Previous WWD Research Review

WWD research wastarted by the California Department of Transportation (Caltrans) in
the 1950s with the study of median related crashes on fre€8)ay€alifornia first started using
cameras and road tubes in 1967 to detect WWD incidents and identify locations tah\Wigy/D
crash density9).

TexasA&M Transportation Institute (TTI) and the Texas Department of Transportation
(TxDOT) conducted significant number of studies to find théoplde causes of WWD crashes in
Texas CoonWydi scussed possi bd$t eacoddmrea n&@&B g s
crastheas can be | mpl eieeditedlawmonmngsxlases from 199
Texas and nawbagnwirdshwewsohmgoime 1DO86BI awi P ODr e
significant findings
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DUI wasofbentdheéeé main75% epsoae rfto rwdayb focart aad h ensr
nati oaanwd-@lBeOpercentwayf cadas hwag ntghe study tin
I n Theae werewgdga8l atedncrfasleevsays during t
Over 60%WWD atshheesse ur red i n .|WWRQer aasnhhh g s as ec
found that ww\Wk tciriresghleys t o o c c u ip eir b etd swee eena r |
12 AM and 6 AM.

Among all WWD <cr ashe7l %tcduder ri rveed so ravefd re énfed yess
were $emale

Abou@% of WWIRcerwaasyh eosb sweerrved httad e caused 1 n
i njuries.

Abo28 %WWDdr i verf®uweaer ¢ o be25feyebrs ween

I n 60. 7% cases the driver was found to dr.i
About 1/ 3 ofritghen toHwaey htdrewvengwas known.
Left de exit ramps andwatyr amtsridd tosn tacd e & s e @
downt owns) were found to be problematic.

Anot her r@ocer@d)ioubegdrtuhnakt dri ving i s the me

majpyrof WWD cr aasriitisghienstTepWddpoct ashe®foccurr et

P. M. t avh& rifecaddt noufmbWwWD cr as hes we2r eA.rM.c oarndde d4 bA

The

T
1

T

significant factors found in the study ar
Abou@ %WWDcr asme® | vedgf atnaclaiptaice s ati ng i njur
Approxi2matfediyaldi tli0dp eyreaasrh eis "Wi\odrivers ataurred
between 200 nd 2011.

Average bl ood al cohol cWWd reiny ef (o Bvhacg0 t @9 baen



whereas |timetl egald. 08.

Cooner a®d Ramf tCo@d)etru AWdDdd as mhe sTexiarsg t he
Department of Public. Sad esgc dmDPEBNY cgawsrhc a epfor
used i n thewa®ine puhildiessafetpr esrestiwerpiovg s p o
|l nformati on about WW gsluclwveas asdvarmittuy,e orfi wear
i mpairment, time of crash, andndri gi wasi obsef
most of the weornashmdsd. ivaroe head

Co o rear (1) found that drivers younger than 35 years and over 65 years were
overrepresented in crashes, as were Hispanic drivers. Additionally, most WAsH2€occurred
during nighttime The researchemsurveyed state DOTSs to get information typical wrongway
signing and marking and any innovative practieesluated the applicability afieasibility of the
available countermeasures to addM84&/D problems in Texas; identifietypical situations that
were more likely to produce wrongay entry issuesanddevelopedyuidelinesfor application of
wrongway countermeasures and treatments

In San Antonio, Texas, Fariell@4) found 185 reports of WWD crashend 358 WWD
911 calls in 2011 80% of the WWD events happened at night, with 45%immicy between 2am
and 4am.

Studies on implementation of WWD countermeasures in San Antonio, Texase
performed by Fariello and Venglaty). Theyinspecedthe current field conditionsf existing
signs and pavement markingsing the checklist degned by TxDOT and the Texa®\&M
Transportation Institute (TTl)and then recommeerd needed modifications to reduce WWD

incidents.



Mol @ranal yzed ctrlaes hWWD Seauatt ed iINew Mexi co,
sing crash exampl easame&spit ov isdéhdee csdt lurtyg nfroine
here i s an average of 300etdudODof WWRIfteewa

Eustace(l@fnadu WdVWDloadt v caused 2% of the crast
ompared tgpebeodtlcedshesr causedsbyguch as f a
ane dRri0OWwW) ng too fast for the coddubnong/ ekf er
17%ailure to yiel dptehhatringhtt hef wvwedcykd (e¥so%),,n camr
egligent manner (6 %), failure to obey traffi
i mproper turns (3%).

Zhou (@7, and Zhou and Rouholam{@i8)i nvest ihgatWwwwD cr ashes
reeways iimdl Itlhienanad nt «a dfherrbetudyg faodongs s

n the dat aNapiowiadedHi gphrhway Traffic Safety Ad

Anal ysis Reporting Sydckiteadnd ( FABS8yrand3g5s5Wepeopiiq

rass hien t he .Moirte ebdeeaBeactne sl 986 mhad 800WWBdcr as h
rom 300 to 900 fatalities per year.

The same gr ouwp ldfercraeedilerabrat 2@ @& r | I | i noi s fr

The study seéroevewle rtbh a@ as WaVs , resulting in 44

Oof all WWIb % roafs htehse cioas ke salnBl@ vewlse adsi deswi pe

directi o0%rashesashes caused byandr iav esrisg ndrfii

umbemnsbfescoccurred beAmoenegn tlh2e Advb & @% \be th MWYWR s h

rashes were in ur ban ar eas and The of$t WilViDe < r z

di scuasgdomher rel ated character i steiscpso n sseu ctho
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interchange typwray tdanrattr ¥ awsreal owommrgessed di amo
and partial cloverl eaf (16 %).

A North Carolina study also foundhat intoxicated and elderly drivers were
overrepresented in WWD crashét9). Younger drivers typically caused crashes due to
distraction, whereas older drivers caused crashes because of physical illnessgsutdnéia, or
confusion(20).

A study of WWD crashes on French divided highways from 200&2 identified the
factors that differentiate WWD crashes and WéwWD crashes on the same road over the same
period(20). It was found that WWD crashes are more likely to occur during nighttime and WW
drivers are more likely to be older, intoxicated, local, and drive older vehicles. Lathorp et al.
reviewed fatalities caused by WWD crashes on
2004 and compared them with other fatal 4pealestrian crash€21). The analysis found that
fatal WWD crashes are more likely to occur during darkness and involve intoxicated drivers.
Anot her Texas study conducted a motorist sur.\y
warning messagg®2). The survey findingsupported the use of two WWD warning messages
and how to display them on Dynamic Message Signs (DMSs) to alerwayhdirivers.

AlDee k (23l eadl .t he WWD r esear csht uidn eGevnditviDesl FI1 o
tol |l roads i nThCeeongpr ad f Frl eog @ adracWWVDr si nacniad eynztesd,

conduwatsed mer survey amdbd apddygyr q0kIs &éGrdabnegaei r e

County Expressway Authority (OOCEA), nloyw CF X,
anal YWXMDn @ r a s loenss,, aintda ¢9¢c1lulr rceadl losn Itnhfeo rrnoaat d wany sa.l
unreported WWD imcedentenand WwWDveémsidents w

cust omerMosrueroavgegrn,cy questi onnai r e pwaosf eusssd do ntad s



trangdgmpmor taggtenci es f eel about WWD and possi bl e
was used ttdedetxearemitneof the problem of WWD on
should get priority for countermeasures insta
UCF started its WWD researdby surveying drivers on their WWD experiences and
examining WWD crashes, citations, and 911 dispatch calls in the Central Florid&,a2én (
Applying a new methodology of combining WWD crash and-a@sh events, Rogers at al.
ranked the counties anuhited access routes in counties with high WWD risk vdk)e The
study found that counties with larger metropolitan areas in Florida (Misade, Orange,
Broward and Palm Beach) were ranked highest in terms of WWD risk value. It also ranked the
intergates and toll roads in these counties with high WWD risk. An extended study by the same
researchers identified high risk roadway segments (hotspots) at the microscopic level in South
Florida(2). Sandt et al. extended the WWD hotspot modeling to exalimited access facilities
in Central Florida(6). Besides using WWD citations, 911 calls, and geometric features of
interchanges and traffic volume, the study also identified WWD hotspots based on WWD event
durations obtained from the Regional Traffic Ma@ement Center (RTMC) in Orlando, Florida.
The identified hotspots in Central Florida obtained by both techniques were found to be similar.
Mor ena a@2b)dr elpemirt ed t hat the Feder al Hi ghwa
Mi chi gan Depar tameinotn odMEBEDMAmnesd oWWD cr ashes on
freeway system fronrtihveery eceorn fafiG(tah et omnaz Ondb9t.® nt |
factors in most of the WWD cr &shestiegpoyt eod d
ni ght pvrodiem were some of the contributing f a
confusion because of Il nterchange desi hewer e

MDOT26)f esearch32wuae WWatshes r esulsteerd oiuns a nfjaut
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Among internacamamlz zd (e is@dWVWerginaeds t he
causes ando sWWDu tcincansswe $sF2 eorml arhce. study it was o
drivers are the vulnerabl enfdruewnpg eo fof drail werhs |
vul nerable group is elderly dihverstwdyhi poSwi
al so showedr asvlaes WWD are rare Juctolslesdinoeneb ed a
t he cmTaehescsopuenctieaclmeasures f ori pceedvadita nwa rWwiwDn
(to alert dri wearys molveune ntthe i var angrati onal radi
i mprovement of the |l ayout of junctions.

To evaheaeéfectivenessesashdWwbwtyguprepmsesasu
me t hkinglg et al.(28) published a study report in cooperation with Texas Department of
Transportation and the Federal Highway Administrati@bserving WWD crashes from 2007
through 2011, it was observed that thehleist number of WWD crashes occurred between
midnight and 5:00 AM.The study also found that the main reason for WWD crashes are driving
under influence.The studyalso recommended different countermeasures to be installed on the
local road network.

In Florida Kittelson & Associateq29) conducted a statewidd/WD crashstudy on
interstate freeways and expressways for Florida Department of Transportation (fedi@d the
major contributing factors. The study also suggested countermeasures in order to
minimize/prevent th®VWD crashesnd its consequences of crashes and fatalities.

Compared to research on WWD events, very little research has been done on Regional
TSM&O strategies to reduce WWD and provide WWD warning messages to drivers. Existing
Regonal TSM&O strategies include a variety of management and operations solutions, such as

incident management, work zone management, active traffic management, planned special event
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management, and road weather managerf83®82). Most of the Regional TSM&Q®@esearch
emphasized regional partnerships and building stronger links between planning and operations
(32, 33). Although Regional TSM&O strategies are gaining significance by providing more
economical alternatives, consideration of a Regional TSM&O apprés still norexistent in

some areas, such as WWD.

2.3 Conclusion from Literature Rev

There are considerabl e number Doiff fsetruednite ss tcu
focused on diffesoert cdspdetse ot WHWBMVDI 0 Bscourses e
thementioned statistics and trends, and many
WWD.A significant snhuonbeedrh ¢ohfmntag towdiceasuses of WW
intoxication and driver coinvfeurssi oaand teastwamsi @i ts.y
observed th@WwWDeveaoshadughperscantsanpd |of freewa
thegsult in significantly higher rate of fata

The state of FIl ompdat madentsiifgyniifg cahée pro

installing countermeasures along the toll roa
pl aying the key role in | eading the Hoeweevaerrgch ¢
t here i s nloe rreessgiaamcehl ommspects of WWD. No res

determine how many roadways a WWD can potent.i
the | ocal agencies can coordinate theiei®effor
shared roadways with operational agenci es. T
by UCF, deals with the regional and demograph

Regi onal TSM&O research on WWB eeghbreal pitolsl
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provides suggestions that agencies can adopt

on a regional l evel
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CHAPTER THREE: METHODOLOGY

3.1 Introduction

This chapter describes the sources and nature of dath for regional and driver factor
analysis of WWD crashes and WWD citations. The study uses the WWErasimevents: WWD
citations and WWD 911 calls which have been adopted and used by UCF researchers for the first
time to determine the risky roadwaygseents for WWD crashesFurthermore, this research
studies the driver factors in different regions of Florida to find the significant driver factors which
causes more probability of WWD crashes. The WWD sources that have been used in this research
are:

i) WWD Crash Data on Limited Access Roadways

i) WWD Citation Data on Limited Access Roadways

iii) WWD 911 Calls Data on Limited Access Roadways

Understanding the different sources of WWD data is important to know how they can be
effective in WWD researchUse of tlese data sources has been done in the same fashion as it was
done in previous research by UCF.

For studying regional influence in WWD events several other typaata were requiredlThe
data requirement included geometric and demographic data faediffegions of Florida. Data
which was usethclude

) Geographic boundaries of the counties in Florida

i) Limited accesgoadways in Florida

i) Number oflicensed drivers in different age groups in Florida

iv) Percentages of licensed drivers in different ethnic ggom different counties in

Florida
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3.2 Florida Limited AccessHighway Network

For the purpose of this research, WWD Data on limited access highways are only analyzed
within the State of Flada. Because WWD has limitetumbers this research was decdi¢o

examineWWD events on only limited access interstate higrawvethin Florida

3.3 WWD Data Required

Several WWD data sources were gathered and analyzed for this research. The limited
access roadways analyzedrenoted in the previous section. Tledlowing sections summarize

the WWD data sources for this research.

3.3.1 Crash Data

The Florida Department of Transportationos
system data was utilized for this analysis. For this research, WWD crashes oaocumr@11
to 2015 on limited access roadways were analyZdw long forms collected from FDOT were
analyzed to verify that all crashes were due to wawayg driving of at least one involved driver.

The crash details were thoroughly studied to ensureghee of the crash.

3.32 WWD Citation Data
The WWD citation data was collected from 2011 to 2015, provided by Florida Highway

Patrol (FHP). The citation data consisted of citations written for violating Florida Statute
316.090(1), which are citatiofigr driving the wrong way on a divided highway. The citation data

contained Global Positioning System (GPS) location information, allowing the data to be mapped.

3.33WWD 911 Call Data
FHP also provided 911 Comput&rded Dispatch (CAD) data for WWD fdhe years

2011 to 2015; this data also contained GPS location information.
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3.4 NonWWD Data Required

3.4.1 Daily Vehicle Miles Traveled (DVMT)

FDOT6s Annual Daily Vehicles Miles Travel
roadways for the years 202015 (5 years total) were utilized for this research for evaluating

exposure.

3.4.2 Geometric Boundary of the Counties

Geometric boundaries of all 67 counties in Florida were collected from American €ensus
Bureau, TigerLine Daté34). Among 67 counties only54of them has limited access roadways
running through themAs a result, only these 45 counties were selected for further analysis among

all the counties.

3.4.3 Driver Demographic Data

One of the objectives of this research is to find if WWD is influermgdiemographic
characteristics living in different parts of Floriddnstead of using all population data, only
licensed driver information was used for this stuthumber of licensed drivers in different age
groups was collected from DHSM\Again, forfinding whether ethnic groups living in different
parts of Florida can influence WWD, population in various ethnic groups in each county was

collected from American Censigireau(35).

3.5 WWD Data Analysis

3.5.1 Mapping WWD Data

This research utilized @®gle maps and ArcGIS 10.4 as tools to map the locations of WWD

events. All WWD crashes, citations and 911 calls have their associated locations (X ard Y co
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ordinates) with the data description. This allowed them to be easily mapji&abgte maps and

ArcMap.
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Figure 1: Longitude(X) and Latitude (Y) Search and Result in Google Maps

Figure labove displays black pointon the Google map layer that was searched from the X and

Y coordinates providednd figure 2below shows how tdraw roadway lines in a Google Map

layer.
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Figure 2: Outlining Limited Access Roadwaysn Google Maps
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Figure 3: Outlining County Boundaries in ArcMap

ArcGIS wasutilizedto draw the county boundarnpés. Even the exclusion of the counties

which do not have limited access highways on them was facilitated by using ArcMap.

3.5.2 Crash Data Analysis

Crash on limited access highways for each county wasgaigd for years 2012015. X
(longitude) and Y(latitude) coordinates eordinates contained in the crash data were used to
locate each crash on each specific limited access roadways. All crashes on different limited access
roadways within a county were aggregated in next step to find the total naM®VD crashes

within this county during the study period.

3.5.3 Citation Data Analysis

WWD Citations were mapped on the limited access roadways for the 45 counties under
investigation. In next step WWD citations on various limited access roadways witounty

were aggregated from 202D15 to find total number of citations for each county duringtiey
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period. X and Y coordinates contained in the WWD citations were utilized gppimg, similar

to WWD crashes.

3.5.4911 Call Data Analysis

WWD 911 calls contained X and Y eardinates of the location wre the calls were
coming from. X and Y ccordinates were utilized to map these WWD 911 calls. Number of 911
calls on different limited access roadways within a county were aggregated from 2015 tio 2

get the total number of 911 calls within county during the study period.

3.5.5 Affinity (Market Basket) Analysis

An affinity (market basket) analysis of WWD datas performed to determine how the
data sets (WWD crashes, citations, and 911 callsylapped. Market basket analysias
performed to be consistent with previous UCF research on WWD. The analysis ensutesl that
same WWD events were not considered twice in two different categories. In soméessase
WW vehicle caused WWD 911 ¢aland WWD citations. In such a case it was only considered
as a WWD citation only for the modelling. Affinity analysis was performed for all three sources

of WWD events: WWD crashes, WWD citatigasd WWD 911 calls by reviewing the events.

3.5.6 Negaive Binomial Model of WWD Data

To determine a model relatingetbe WWD crashes, citatiorixl1 callsand other factors,
two negative binomiamodek werefit with to predict the number of WWD crashes and WWD
citations in each county.

The negative binomiaegression model is written as

It 1 1T & 1 & E88888888 1 & (1)
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Where X%, X2, Xpar e predictor variabl s, baddretobegr es s
estimated using data on XX>, X% and acount variable y. The distribution of y is assumed to
be a negative binomial probability distribution with the following parameterization:

5 6 (y+ 1) Ly am,
|_(y+1)|_(}g) 1+am 1+ar

(2)

Where O> 0 is the mean of y and U> 0 is the h

3.6 Summary of Methodology

The Methodology section was intended to explain the different data sources and the types of
analysis, which were penfimed in the upcoming chapter #he dapter explains all the steps done

for data collection and how the data are going to be analyzed in chapter 4 and chapter 5.
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CHAPTER FOUR: DATA ANALYSIS AND PREPARATION

4.1 Introduction

This chapter discusses about the analysisnigaes adopted for various data used in this
study. Data analysis involves studying various data sostads as limited access highways in
Florida, operating agencies which operate the limited access facilities and their operating
boundariesgcounties viich have limited access highways on them, WWD crash, citation and 911
call data analysis of demographic data in the state of Floridetail. This chapter also discusses
the data preparation techniques for statistical modeling which going to be patfiorenfollowing

chapter as a part of the study.

4.2 Limited Access Highways

Limited access roadways have higher speed limits and WWD crashes are more severe on
those roadsThis study only deals with WWD events on limited access highways (interstdtes an
toll roads). The roadways studied are authorized by four different agencies, nad#ety(Central
Florida ExpresswayAut hor i ty) , FTE (Floridabds -Dadenpi ke
Expressway Authority) and FDOT (Florida Department of Transportatidtist of the roadways

authorized byheseagencies are given ifable 1
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Table 1: Description of Limited Access Highways in the State of Florida

FDOT FTE CFX MDX
T 14  SRO91 SR 408 SR 836
1 1-10 ' SR 417 (Seminole SR 414 1 SR 874
1 1-75 Expressway and SR 417 1 SR 878
q 1-95 Southern (Central 1 SR 924
T 1-110 Connector Florida
q 1-195 Extension) Greenavay)
q 1-275 SR 429 Gouthern 1 SR 429(the
q 1-295 Part of Toll 429, remaining of
1 1-375 Western Beltway, 429 except
7 1-395 Part C) FTEOs ¢
1 1-595 ' SR 528 (The SR 451
Martin Andersen SR 528 (MP
Beachline 8.00 to MP
Expressway) 31.00)
T SR570
f SR 589
SR 821

SR 417:Toll Road 417 is a 5ile limited access highway serving Osceola, Orarzgel
Seminole CountiesThis highway is jointly operated by Centifébrida Expressway Authority

(CFX) and Florida's Turnpike Enterprise (FTEJTE operates the northern 17 miles of Toll 417

as the Seminole Expressway, beginning at the Seminole County line and extending north to its
terminus at# in Sanford. FTE alsoperates the southern end3R 417, from Milepost 1 at
Interstate 4 to Milepost 6 in Orange County, known as the Southern Connector Extension. CFX
operates the middle section of Toll 417, from Milepost 6 in Orange County to Milepost 37.5 at the

Seminole @unty line, known as the Central Florida GreeneWay.
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SR 429:The southern part of toll 429, known \A&stern Beltway Part C is an-bdile limited
accessighway bcated west of Orlands operated by FTEThe remaining portion of toll 429 is
operated by CK.

SR 528:This limited access highway is operated by Florida's Turnpike EnterpriseFadFTE
operates the westemost eight milesknown aghe Beachline Expressway West and the eastern
22 miles knownas the Beachline East Expressway, wkileX opeates from mileposB.00to
milepost 3100.

Figure 4shows all the toll roads and interstates in the state of FloFigehighways shown
in the figure are only considered in this studiygure5 shows Central Florida network of limited
access facilies All limited access highways were traced on the ArcMap using ArcGIS Thd.
data source for limited access highways in Florida was American Census-Bliggaline data

(36).
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Same limited access facigscan be shared by more than one operational agemuasn,
limited access highways operated by elifint operatioml agencies can cross each other at
interchanges Hence,a wrongway driver careasily cross operational boundaries and can travel
from aroadway of one agency toroadway of another agencyigure 6 shows Central Florida
limited access aadway network and the share of different roadway segments by different

operational agencies.
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Figure 6: Central Florida Limited Access Roadway Network and Share of Roadways by
Different Operational Agencies

4.3 Counties
Study was performed to finhow many counties a wrongay driver travelled before last

recorded or crashedgain, to investigate the regional effect on WWD, counties were used as units
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of regional division.WWD events record, length of limited access highwagscentages of
licensed drivers in different age groups and percentages of population in different ethnic groups in
each county were investigated to find demographic eftectVWD crashes and citation$here

are 65 counties in Florida, only 45 counties/é limited access highways on thefhese 45
counties are only considered for further analysiigure 7 shows the counties which were
considered in this researclAmerican Census Bureau, American FactFinder data was used for

determining county boundias (35).

Figure 7: Counties Under Study in the State of Florida

26

































































































































