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CHAPTER |

INTRODUCTION

Conguering the Landscape

Automobiles dominate urban landscapes. A majority of people choose the
automobile as their primary mode of transport over other alternative modes such as
pedestrian, bicycle, and mass transit (subways, buses). Society enjayaitieHat
personal automobiles offer. They offer freedom and convenience to drivers, allowing one
to rapidly transport to various destinations. The driver chooses when and where to depart
and arrive. While in motion, drivers enjoy the luxury of personal climate comtrolle
environments along with one’s choice of a variety of music. This machine iscamer
society’s preferred mode of travel; the demand and dependence of the autdrasbile
determined the fabric of urban cityscapes. The design of the landscapdrifre+tnru
restaurants to indoor car garages, is forced to satisfy the demand of trapeesicle
by becoming automobile-oriented.

Automobile-Oriented Society

In the United States, society and cityscapes are increasingly lmgcomi
automobile-oriented. In the post WWII economy, the user-friendly automobile
flourished. Vehicles are mass produced at a price that allows the cortkarability to
have a trendy and affordable automobile. Society has continued to become more

dependent upon this convenient mode of personal transportation. Worldwide, U.S. cities



show extreme dependence upon the automobile, along with cities in Canada and
Australia (Kenworthy and Laube 1999). The distribution of automobile use is not the
same worldwide. European and Asian cities are not as dependent on the autontbbile, wi
much of their population using different modes of transportation. These citieagse m
transit and are dependent upon pedestrian modes such as walking and bicycling
(Kenworthy and Laube 1999). The design of the city is influenced by the héiangee

upon the automobile.

The American urban landscape sprawls outward and stretches out; swsh as L
Angeles, California. The automobile allows movement along far ranging distande
destinations. Parking lots and garages are created to house the automobile when not in
use. Drive-thru restaurants flourish, delivering fast food directly into ihéomws of
automobiles. Automobile dependence shapes cityscapes into automobile-oriemed urba
societies. With society choosing this mode of transport, problems of traffic dongest
and accidents are made known through our increasing use and dependence upon
automobiles.

Congestion and Accidents

As society continues to use the automobile as a major mode of transportation,
traffic congestion and accidents are inevitable. The benefits of the auterachoffset
by congested cities during rush hour traffic. The convenient and comfortable aléomobi
slowly travels along congested roadways. Congestion and traffic acameese in
occurrence as motorists increase usage and dependence on the automobile. The
congestion is due to about 160 million drivers in the U.S. freely using roadways (Li et a
2007). High levels of traffic and congestion greatly influence the production of

automobile accidents (Levine et al. 1995c). Accidents continue to occur as tiesre Ci



modernize and develop to appease the desire for motorization (Hijar et al. 2004).
Although congestion is an issue, it is not immediately life threatening. iCTaaffidents
are the real hazard to human health, and there are several social factoieted with
automobile accidents.

Social Issue of Traffic Accidents

Traffic accidents occur because of several factors. They are profidciger
behavior, roadway condition, traffic characteristics, and environmentatdgticet al.
2007). Accidents are also influenced by social patterns. Concentrated stz s
such as shopping, entertainment, and employment explain driver behavior (LeVine et a
1995c). Levine describes that accidents involve an interaction of traffic volieathew,
holidays, and weekly patterning of social activities (1995a). The behavior otrdady
patterns of the entire fleet of automobiles on roadways is dynamic in présésgigen
et al. 2002). Different age cohorts of the population have different travel patterns.

The Baby Boomer generation refers to the cohort of the population in the U.S. of
people born between 1946 and 1964. This size cohort increases the proportion of drivers
and traffic on roads in the U.S. (McKnight 2003). Boomers lead to an increase of traffic
and daily travel patterns such as leisure, social, and shopping activitiesg\éore
Gosselin 2008). Levine suggests that human activities can help to predict traffi
accidents (Flahaut 2004). The Boomer cohort contributes to more daily tragehpait
roads, influencing an increase in traffic accidents. Drivers are irvatvaccidents
while experiencing everyday social activities, allowing accidents tmbsidered at the
social level. To help remedy this social phenomenon, safety has becomerg goaia

for transportation planners and city officials.



Importance of Safety

Transportation safety became center stage with the passage of timediate
Surface Transportation Efficiency Act (ISTEA) in 1991 (Kim et al. 1995a) hVBTEA,
increased awareness and attention is continually devoted to traffic congest safety
at preventing accidents (Jun et al. 2007). Transportation planners and engineeug conti
to research and seek ways to make roadways safe for drivers. The goalyaksafaich
is to better understand the complex influences associated with traffieatscid
implement corrective measures and remedy the problem (Brijs et al. 20@8)hdsis
will show that by mapping traffic accidents, the phenomena can be bettestonder
through various visualization techniques.

Mapping and Location Identification

One of the most important aspects of researching traffic accidesttglisng
specific locations where accidents occur. This makes “crash mappinghiga@008)
an essential part of reducing traffic accidents. By visualizingdraéicidents, one is able
to observe spatial relationships to gain a greater understanding of wevbemthey
occur. Maps become a compass that can help direct police and transportation glanners t
specific urban areas for safety improvements. As “visual stimuli,” a hapss
geographic relationships to viewers (Monmonier 1991). Maps allow many aspezas
space to be represented to a viewer without having to go out into the real-world. Using
maps, the viewer can comprehend spaces and patterns by a visual rejpyas#rttae
real-world (Lloyd and Bunch 2009). A map is an important method at which to view
spatial-temporal patterns of traffic accidents. Different visuakssgmtations can act as
tools to provide users with gained knowledge of accidents. Geographic visualization

becomes a powerful tool. Geovisualization involves using visual representatiorigeto ma



spatial problems visible to one of the human body’s most powerful senses—vision
(Slocum et al. 2009). Geovisualization allows viewers to easily see and understand
accidents in urban areas. Viewing the locations of accidents helps to ideet$yof
urban cities needing reform.

Once specific locations are identified, solutions such as new road design and
better signage can help reduce accidents. The most common method is black spot or hot
spot detection. A hot spot is a concentration of traffic accidents occurring asertala
specific location (Kaufman 2008). Usually, crashes form these clusters, golxtis
geographic space (Xie and Yan 2008). The terms black spot and hot spot are often used
interchangeably. Hot spot identification is a tool for safety as it helpstjae specific
areas on a road network (Kaufman 2008). Finding and reforming intersections@nd roa
areas with unusually high amounts of accidents, these so called hot spots, improves road
safety (Geurts and Wets 2003). Identifying hot spots is a widely acceptedentef
approach to the safety of accident prevention. Western Australia uses theaNatid
State Black Spot Program for reducing the accidents at these locationsg moelds
safer for users (Meuleners et al. 2008). Solutions can be implemented onto eaéding
networks once hot spots are identified through crash mapping.

Using crash mapping is significant; as it acts as a compass for findutgpssito
accidents. Formulating solutions is the next step once a hot spot is identified.
Roundabouts are a choice solution for intersection hot spots (Figure 1). The benefits to
roundabouts include safety and mobility. As a safety solution, roundabouts are becoming

increasingly popular in the U.S., and reduce injury due to traffic accidertsahtd



Bekkevold 2007). Other solutions such as traffic calming are implemented at hot spots
Examples of traffic calming include parabolic speed humps and chicagese(B).
Transportation planners have used traffic calming to also encourage alternati
modes of travel such as pedestrian movement (Randall et al. 2005). Awareness from
ISTEA and the 1998 Transportation Equity Act for th& Z&ntury (TEA-21) has caused
a shift from automobile-oriented planning to accommodating pedestrian travekingval
and bicycling are now seen as valid modes of travel. The goal of this new urban design
of “walkable cities” helps to reduce traffic congestion and accidents, arelwed/ias an
important safety solution (Southworth 2005). As hot spots for traffic accidents are
identified, many solutions aid in increasing the safety of society and itsf usad

networks for travel.

Figure 2. Chicanes in Saint-Sulpice, France are used to eesipeed (Larsen 2007).



Statement of the Problem

Traffic accident research is important and necessary to gainrguedtrstanding
of accidents. According to the National Highway Traffic Safety Aulstration
(NHTSA), the primary mode of travel in the U.S. is the automobile. In 1951, the U.S.
recorded its millionth death from traffic accidents. In the 1980s, deaths ffio tr
accidents averaged 50,000 annually (Whitelegg 1987). In 2007 there were over 6 million
traffic accidents reported by police, and over 41,000 people died as a result of those
crashes (NHTSA 2009). On average, that is 112 people each day—one every 13 minutes.
In 2005, traffic accidents were the leading cause of death for every aga thvough 6
and 8 through 34 (NHTSA 2009). Traffic accident research is worth studying, in hopes
of creating safer roads for an automobile-oriented society. Geograplgg bnigue
aspects to the research of traffic accident safety through crash mapding
geovisualization techniques.

Traffic accident research benefits from knowledge gained by studgmgyaphic
relationships within the phenomena. Geography allows accidents to be studigtyspati
This study seeks to gain understanding of traffic accidents through varsoias amnd
cartographic representations. Traffic accident data can be rezdremngeveal spatial-
temporal patterns. In this study, maps are used as methods in which to descriptively
analyze accidents. These methods incorporate various visual represensatomts. a
New knowledge and patterns of traffic accidents can be gained from stuchshgs
geographically. Traffic accidents are not simply random events occurrifg on t
landscape. There exist patterns in the occurrence of accidents, andetiits bén

incorporating geography better the research (Levine et al. 1995b). haffdent



research has benefited from using geographic information syste®st(Ghap and
visually represent traffic accidents.

Crash mapping determines the geographic locations of traffic accidéafgping
traffic accidents using GIS allows police, planners, and the public to visudiere w
traffic safety improvements can be implemented (Kaufman 2008). GIS is awuitédit
traffic safety, it identifies safety “deficient” locations to helgase accidents (Erdogan
et al. 2008). This study seeks to discover patterns within traffic accidentemaor
navigate police and city planners to specific locations. Using GIS to caoiicaby
represent the accidents improves the safety of a city’s road network. Indisiiiegl
benefit from crash mapping and identifying hot spots to create safer roads.

To my knowledge, there has been no research dealing with crash mapping in
Stillwater, Oklahoma. This study searches within the data to find crasimpatte
associated with social activities. Greater understanding is gainedngynigps as a
method of communication. Traffic accident data is “sliced and diced” to reveaktlisti
spatial-temporal patterns. By isolating specific days and times, sa#es visually
represented to gain a better understanding of accidents in the citywéatetill This
study acts as a powerful navigation tool to direct police and city planners to higdlig
locations within the city. The study also acts as a staging checkpadi® process of
increasing driver and road safety. The city benefits from this studgibing insight
through visually represented patterns of traffic accidents withim&tef, Oklahoma.

Area of Study

The study area incorporates Stillwater, Oklahoma, located in Payne County, and
has a population of approximately 50,000. The city hosts a major university, Oklahoma

State University (OSU). Both Oklahoma City and Tulsa are within appad&iyna one



hour driving distance from Stillwater. This short distance makes it eadyivers to
make trips interchangeably between the major cities of Oklahoma fordlgewds,
services, and activities. Traffic and congestion are often experiencezlditytias a
result of the influx and outflux flows of automobiles. Sporting events, holidays, and
OSU students create patterns of congestion within the city. With OSU’s pret®nc
proportion of college aged drivers is most likely higher than a similar diyut a
major university. Residents of the city from ages 20 to 24 make up 29% of the overall
population (U.S. Census Bureau 2000). Stillwater also experiences the normakpatter
of traffic in a city such as rush hour at 5 p.m., the end of a workday. Traffic accidents ar
highly concentrated in developed urban areas such as Stillwater; locati@eglehés
usually overlap with urban concentrated areas (Kim et al. 1995a). Stillwateas area
offers an interesting pattern of traffic and accidents betweentthand university.

Stillwater’s transportation network influences traffic flow, congestion, and
accidents. The city’s two main arterial collector streets areatdgeleral highways (6
Avenue - SH51 and Perkins Road - US177). Much of the traffic flow within the city
utilizes the two streets (Figure 3). Seasonal patterns of traffic arttbats occur in
conjunction with OSU’s activities. The student population leaves the city for y®lida
and summer seasons. Traffic accidents are influenced by the citybatiorities tied
to the university.

Patterns associated with Stillwater’s traffic accidentsheespatial and temporal
characteristics behind the crashes. Stillwater’'s social activsgasonal patterns,
sporting events, and weather events reveal distinct patterns of when and wliEnetsic

are occurring within the city. Of the many factors influencing accigdpats of the issue
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Figure 3. The city uses the darker shaded streets as artetiattors for traffic flow.

is related to the lifestyles and behaviors of drivers—activities such as whdalsand
socializing (Kim and Yamashita 2001). These social activities influenceptiteal and
temporal arrangement of the accidents. Using GIS, discovering wheréhandhe
accidents occur might allow greater understanding to be reached. This understanding
influences improved and safer roadways, but the accidents first must be mapped and
visualized spatially, rather than statistically. It might be thougttaccidents occur
randomly in time and space; however, they cluster spatially and temp&ialtk (1991).

As accidents cluster in time and space, safety is improved by identifybbppr

locations of hot spot areas within cities (Black 1998). Accidents vary spatcaibrding

to the time of day and day of week, reflecting patterns in changing teaffigestion
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levels (Kim et al. 1995a). Below is a four-fold plan to gain greater knowlddge o
accidents within the city.
Objectives

1. Using a GIS, cartographically represent and display traffic accidethts oity
of Stillwater spatially, using location.

2. ldentify hot spot locations where traffic accidents occur in time and space
using various cartographic and visual representations.

3. ldentify spatial and temporal patterns associated with traffic atsitten
Stillwater, including city wide occurrences due to social activitiestisggoevents, and
weather events. Determine an accident rate at road intersections mamedangerous
locations.

4. Gain understanding of the city’s traffic accidents through crash mapping and
visual representations of spatial-temporal patterns.

The objectives incorporate a four-fold plan at which to identify infected areas
along Stillwater’s road network. There are numerous methods of research inchedf topi
traffic accident and safety analysis. Viewing the previous relsexithis topic provides

a firm foundation for the study in Stillwater, Oklahoma.
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CHAPTER Il

REVIEW OF LITERATURE

I ntroduction

Relevance of Traffic Accidents and Safety

The automobile is a machine, but today one could make a strong argument that
the automobile is a very necessary friend and foe in an American soceftye Bhe rise
and vast diffusion of the user-friendly automobile, it was not necessary to havaténtri
road network infrastructure; the idea of urban sprawl was not an issue. Today, roa
network infrastructure is studied by transportation planners and acadssaccteers to
try to solve traffic congestion issues. A major issue with the automolieted
infrastructure is traffic accidents. Technology such as GIS offersialsmution to
analyzing and critically evaluating traffic accidents on roadwaysst&yying accidents,
solutions can be discovered to make roads safer for automobile-oriented users within an
automobile-oriented society. Understanding academic literature fid¢ sia€ident
analysis provides a solid foundation to my research in studying spatial-témpora
characteristics of traffic accidents in Stillwater, Oklahoma.

Academic research concerning traffic accidents began usings@&lg as the
1990s. This chapter will review specific topics of traffic accidentsademic literature.
First, | plan on discussing the emergence and importance of using GéSstuiuil/ing

traffic accidents. Secondly, | will point out pioneering figures of tratticident studies,

12



and discuss how their research is closely related to what | explore. KEyelsgures
analyze spatial-temporal patterns of traffic accidents, which i®thmalation of my own
research. Next, | will examine the literature analyzing the spatigboral aspects of
traffic accidents—where accidents occur and when they occur, and whetkearthe
associated patterns with those places and times. Lastly, | will exétaraéure that
considers reform and treatment of safety deficient locations in citi€3is@ major
unifying theme among the articles.

Using maps as methods allows understanding to be gained through different
geovisualizations of accident patterns. GIS, as a tool, has built strong hddgeer
disciplines other than Geography that are interested in incorporating the heoltgy
into current and relevant research. This is important to my research becteuse ot
disciplines such as engineering and civil planning departments are atssteden
traffic accident analysis. My work brings a geographic component ofdadat the
accidents, instead of only statistics, allowing results to be viewed in dpatibns.

Emer gence of Geographic Information Systems

Traffic Accident Factors: Systematic, not Random

Numerous factors influence the severity and frequency of traffic acsiflaret
al. 2007). A major assumption is that the higher the interaction of an area locdted on t
road network, the higher the amount and frequency of vehicle accidents. Compared to
rural areas, urbanized areas experience higher frequencies ofacaftients simply
because there is more traffic, and more opportunity for multi-vehiclectead@idents
(Levine et al. 1995c). The public holds a common misconception that traffic accidents
are a direct effect of random events, meaning that crashes defy ttyetalmé

researched systematically (Navin and Appeadu 1995). This is an incorrect notion
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because numerous factors lead to the direct influence and cause of traffentsc(lLi et
al. 2007). Since traffic accidents are not random, they can be studied by location using
GIS.

Discovering the First GISLiterature of Traffic Accident Research

In the past, traffic accidents were studied using statistics only, leautrtbe
spatial location component of where the accidents occur on the landscape. GIS is an
important tool for traffic accident research to be studied by location althgtatistics
(Erdogan et al. 2008). Developments in GIS such as desktop GIS packages have made it
easier to do research on traffic accident and safety analysis (Kiml8©&h). In the late
1990’s, GIS had existed for over three decades, yet research in traffimbecidesafety
analysis was new with very few published articles (Austin et al. 1987)995, only 29
state transportation departments utilized GIS (Kim et al. 1995a). The develaygrtient
Intermodal Surface Transportation Efficiency Act (ISTEA) supports thelo@went of
GIS technologies in researching transportation planning. Numerous statepacted
to continue investing in GIS packages for transportation research and Kafest @l.
1995a). Identifying safety deficient locations on roadways with GIS will helpedse
traffic accidents (Erdogan et al. 2008). There are a handful of acadesacateers who
have helped pioneer the analysis of traffic accident research using &iSnagortant
and useful tool.

Kim and Levine: Pioneers of Geographic Traffic Accident Resear ch

Kim and Levine are two of the leading advocates in the geographic perspective
towards the research of traffic accident safety and their locations. Inth@95,
researched the spatial and temporal patterns of accidents in Honolulu, Hamast @l.

1995a). Both the authors’ articles are not only relevant to the present, but they also show
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the important emergence of GIS. In 1992, Hawaii became one of seven déaties] e
begin research and creation of a crash outcome data evaluation system (CODES)
CODES aims to create database information on vehicle incidents as wedlthsane
economic characteristics of the accidents. This system analyZesltsedielmets, and
current safety implementations on transportation networks (Kim et al. 1995a).ngim a
Levine published several academic articles studying accidents in HonolwaijiH8y
analyzing traffic accidents on the island, Kim and Levine find patterns imtleeaind
location of specific crashes. Honolulu is at a different scale than &sliyhowever, this
study, much like Kim and Levine, examines where and when accidents occur within a
city. Their research is a launching pad for my study because | coneanirtite spatial-
temporal aspects of accidents in Stillwater, Oklahoma.

Teenage and Alcohol Related Accidents

Kim and Levine’s work analyzed driver behavior to assess traffic accidedts
personal safety. Kim and Levine studied the amount of accidents assogthtatt@hol
and drugs. They specifically researched young male drivers affgctdddinol or drugs
caught in a “rollover” accident (Kim et al. 1995a). Kim built a model that datedrihe
probability of specific instances of accidents involving speeding, alcohol ugs, dnd
severity of injury to rank the severity of the accident (Kim et al. 1995a). d&areh
will examine specific age groups, locations, and times of traffic accidStuslying
accidents near high schools at 8 a.m. and 3 p.m. in conjunction with 16 and 17-year-old
drivers may show patterns associated with teenagers arriving and g frartn school.
Researching specific age group behavior is important to highlightingl soci
problems such as teen drug and alcohol abuse. Teenage use of drugs and alcohol while

driving has been a major concern of parents and insurance companies (Hebinga e
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2007). Further research may lead to greater awareness of driver behavionomi3dika
drinking alcoholic beverages and speeding are commonly associateg thet increase
and influence traffic accidents (Kim et al. 1995b). Kim compares gender omegti
that male drivers are more apt to experience severe accidents; young (dtestreens to
mid 20s) are more prone to experience accidents; female drivers are mor®prone
experience fatally injured traffic accidents (Kim et al. 1995b). Kim andrie also
study specific times during the day when traffic accidents occur, and those
accidents occur. Kim and Levine found that traffic accidents are products of highe
levels of traffic, which are a result of concentrated daily traveépattlike work, home,
shopping, and entertainment (Levine et al. 1995c). My study searches fdr spatia
temporal accident patterns influenced by social activities in thefc8tillwater.

Spatial Importance and Black Spot Analysis

Kim and Levine analyze spatial patterns associated with traffidertsi in
Honolulu, Hawaii (Levine et al. 1995b). Researchers use GIS to geo-refeceitmna
locations, gaining latitude and longitude points based on a projected map coordinate
system. The points can be examined using GIS tools to describe the spatigraensin
of those accidents within an urban area (Levine et al. 1995b). The importance of more
research coming on the scene shows a necessary need to researchdidéintsac
Geographic articles use a spatial representation of a map, others lackomgpetely.
Chiou develops a neural network system in which to analyze car accidets,dgets
not concentrate on the locations (2006). Locations make a study geographic bygstudyi
the spatial arrangement of the traffic accidents. Black spots, or hot spats (us
interchangeably), experience numerous traffic accidents compared to othveayoa

segments (Erdogan et al. 2008). Traffic black spot analysis is used in caaieyrac
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studies (Levine et al. 1995b). Black spot analysis identifies hazardous areas on road
networks. The purpose is to create safer road systems for users. This studiyensas di
unique geo-visual representations to isolate specific patterns within therstodata. As
the data is isolated temporally, hot spots are seen geographically. Thedseshiées
study is that it searches deep to discover social and spatial-tempteaigpat accidents,
and represents them visually.

Temporal-Spatial Research and Road Safety

Kim, Levine, and Nitz contribute numerous articles on spatial-temporakttraffi
accidents within Honolulu. They examine not only spatial patterns, but also consider
temporal patterns. Traffic accidents fluctuate daily at different hourdaye(Levine et
al. 1995c¢). By studying temporal patterns described by Levine, | idamifanalyze
accidents at certain days of the week and hours of the day. Levine explapatthe
patterns by population and census block groups (Levine et al. 1995c). This study
analyzes the spatial and temporal patterns of traffic hot spots such as edideata
occur at certain hours throughout the day and days of the week. Several of these studies
focus their research on a strict aim of model building and quantifying tirebopes of
gaining accident explainability and predictability. The problem with thisasit is
difficult to measure, define, and predict human behavior in conjunction with factors that
contribute to the creation of a traffic accident. Identifying accident hot apdtspatial-
temporal patterns of this phenomenon points out the problem, and directs reform efforts.

Geographic Spatial-Temporal Characteristics
Social Activities and Accidents

Traffic accidents occur more frequently in high traffic congestion areldef

convergence among trips taken on a network, usually a result from a higher caiocentra
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of social activities such as shopping, eating, entertainment, or employmemie(le¢l.
1995c¢). Examining these patterns reveals specific accidents at distatmnedased on
the activity and the day of week. An interesting sub-topic is the pursuit of tdmpora
patterns of traffic accidents. Daily fluctuations in traffic aeoid have been recorded
and examined revealing variations in hour, day, week, and month as well as weather
(Levine et al. 1995a). The temporal pattern analysis of accidents is an appedach t
distinguishes Levine’s work from other academics. Levine writes, “To ourlkdge,
there have been no studies which have documented day-to-day changes in motor vehicle
accidents for an entire metropolitan area” (Levine et al. 1995a, 785). Li can be abmpare
and contrasted to Levine because Li offers a new visual method to analgfficg tr
accidents.

Li uses visual modes similar to Levine, but takes it a step further. Li (2007) uses
3-D visual representation, a method | incorporate into my research. | usseeAeds
three dimensionally represent traffic accidents at certain locatimnsg specific times
of the day and days of the week. This method is similar to Levine and Li. Their
literature reveals that traffic accidents are influenced by a comimnattiweather,
holidays, the amount of traffic, and normal weekly social activities (leegiral. 1995a).
A specific recreational social activity is drinking alcohol, and unfortunatelyng while
under the influence of alcohol. Alcohol and drug use are associated withdcaifients
at specific places and times. This is a spatial-temporal relationship gie¢hemena of
accidents occurring in conjunction with the trip to and from taverns. | examirguthis
topic in my research by concentrating on certain tavern clusters around®tilat

specific time periods.
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Unique Themes of Improving Traffic Safety

Raising Public Awareness

As discussed earlier, the basic commonality among the existing resatrin
this topic is the use of GIS. Studies of traffic accident analysis use GHfereali
methods. Some research uses zones and polygons that reveal areas of more accidents
than others (Austin et al. 1997). With this method, one cannot assess the exacislocat
of accidents, and it is difficult to determine which locations should be looked at for
solutions and reform of hot spot areas. Arthur uses GIS and point data of traffic
accidents at certain intersections. T-intersections and four-way titersewere
analyzed to set the stage towards awareness of speed and how exceedingispead |
increase the risk of a traffic accident (Arthur and Waters 1997). His methogls we
geared towards raising awareness of drunk-driving programs and organiz&gons li
MADD (Mothers Against Drunk Drivers). Organized programs are geareddswar
increasing public awareness and safety of driving (Arthur and Waters 1883ifes
raising awareness, there are many smaller topics to be researdnedpatial-temporal
patterns of traffic accidents.

Road Design and Alternative Transportation as a Safety Solution

While most literature on the topic concentrates on the accidents, very igsv arg
toward solutions to those accidents. Transportation planners use solutions such as
improving road design and installing traffic calming devices to help redueats:
Urban planning plays an important role in analyzing traffic accidents kecaus
transportation issues and city planning are directly related. Other modasspiartation
such as pedestrian, rail, subway, and buses decrease congestion as well disidiogl like

of accidents. Proposing solutions is the key to developing safer streets and providing
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well-being to its users. Other research in the field has studied the commenate
crashes, and has developed an online web tool interface designed to aid and educate
businesses of the risks and dangers of traffic accidents (Bapna 2005). Raisamgasa
of public and local businesses that use roadways in a city will help reduae traff
accidents. Besides reform solutions to roads for cities, more researctied tebetter
understand accidents. Intersection accidents and police departments pdhycdevit

the chain of events during and after an accident. Other research methods helato ga
stronger understanding of traffic accidents.

Data Collection and Spatial Importance

Artificial neural networks and right-of-way scenes involving two-casloea have
been analyzed. There are numerous ways at which two cars will collidet agains
other at an intersection along a transportation network (Chiou 2006). Some recent
literature on traffic accidents does not use spatial location or studyngatfe
phenomena. Most methodologies use GIS, and regardless of maps or analyzing crash
locations geographically, the literature describes use of geocodingedaized from
government entities. There is a special chain of events in the methodology of data
collection: the accident reports of traffic incidents are filled out by pofiteers
arriving at the scene, almost immediately after the crash has occkmedxample,
traffic accident data is collected in Hong Kong by the police: Hong Kasghree major
databases for crash data and is referred to as Traffic Accident Ba¢anSyor TRADS
(Loo 2006). TRADS contains the only data in Hong Kong with spatial variables of
location in the crash data, this is vital to studying the location of phenomena (Loo 2006).
This study shows the importance of the spatial locations of traffic accidentation is

important in order to identify sites that need improved design for safer roads.
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Closing Remarks

Pointing a Compass Toward Solutions

As the world evolves into a more automobile-oriented place, traffic congestion,
accidents, and safety become increasingly important. Decreasing eadthrds and
increasing congestion create problems that are reduced by traffingaaotutions like
using alternate modes of transportation (Pulugurtha et al. 2007). Once trainsport
networks create better pedestrian crosswalks for user-oriented mode®lof tra
pedestrian-car crashes inevitably will increase, creating newgonshwith uncovered
solutions: methods specifically geared towards pedestrian safetykailht@ forefront
(Pulugurtha et al. 2007).

Congestion can be alleviated by reducing traffic accidents becausasizs
significantly influence the creation of traffic congestion and traffiagke(Huang and
Pan 2007). The relevance of studying these upsets within the arteries and systems of
networks is important to resolving traffic issues. Geographically,itochecomes top
priority. Identifying hot spot problem areas aids in the development of safer, more
enjoyable transportation networks within urban areas. Geovisualization is aangces
method to point out hot spots and understand accidents. Crampton states that geographic
visualization (GVis) “uses the map’s power to explore, analyze and visualird spa
datasets to understand patterns better” (2001, 235). This study aims to act assa compa
to point out infected hot spots within the city.

Traffic accidents are a major problem within society. Li writes, “Tpartation
accidents were the seventh single leading cause of death in the Uniésd @207,

274). Traffic accidents are the leader in cause of teenage fatalitiedUnithd States

(Hellinga et al. 2007). Further research is needed to help prevent this phenomenon.
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Society places great importance upon health safety and road transportataty S
places large importance on the value of life, and traffic accident reductiantls
pursuing. The purpose of this study concentrates, not only on finding patterns, but how
those patterns are represented. Maps are powerful methods that commungraighgeo
data clearly to a viewer (Brewer 2005). Maps are visualization methodsithiey
finding patterns through “visual exploration” of data sets using GISs (Krabk a
Ormeling 1996). This study is successful in visually exploring trafficdactipatterns to
gain more understanding of the phenomenon.

The issue will not go away as traffic continues to rise. Major urban cengers a
continually revamping road networks as the automobile continues to rise in usage. Loca
state, and federal entities are pursuing solutions. Traffic safety t@asmé&d¢he most
critical issue within government agencies of transportation (Erdogan2€08).

Research through these agencies in cooperation with academia can helpateeaiteads
for society’s everyday use of roads. Traffic has been a result of increpsduitits
users of road networks.

The literature covering the topic of traffic accidents discovers various@ggf
traffic patterns, geographic locations, methods using GIS, and unique subsetewédar
areas. The geographic aspect is absent in much of the literature; insteadentrates
upon quantitative model building. This allows my research to gain extremeneddva
adding a spatial incentive. Using spatial-temporal patterns in my cessiows results
to be visualized geographically, making location important to studyingctesd€idents.
As this study concentrates on finding spatial-temporal relationships inditeicdata,

graphics and images highlight the relationships through geovisualizationg@ram
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2001). The topic of traffic accidents has a solid foundation of previous and ongoing
research. The city of Stillwater is a new location for incorporating thleade and GIS

techniques of these studies.
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CHAPTER IlI

METHODOLOGY

Three Datasets
City Data

Various methods are used to examine traffic accidents. This study wilirese t
datasets to develop a GIS of traffic accidents in Stillwater, Oklahomamétheds,
design, and visual representations of the accidents are widely acceptedheithin t
literature on the topic, and are useful and relevant. ESRI's ArcMap (2009ajl imuse
create the GIS and contain the datasets of the traffic accidents of ttillW#e first
dataset (City) was received in the spring of 2008. The data was obtained through the
Stillwater Police Department. Its format is Microsoft Excel (2007) amdains over
7,500 cases of traffic accidents within a 5 year period from 2003 to 2008. Attributes of
each accident in the data include location, severity, date, day of week, araf tay of
the accident. The location is defined as two types: address and intersection. Eac
accident is unigue containing the attributes listed, and the data is in a GISeawaalty
Manipulation of this first dataset is minimal, and includes determining whiebsection
distance to use.

Each intersection accident will be geocoded as a single point in the GIS.

Geocoding will take each traffic accident location and place thatfispgetident within
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the GIS map. The accident will be placed where it occurred in time and space on the
street network of Stillwater. The distance of an accident might be list@@0aft from
that intersection, yet geocoding this example would place the point dia¢thg
intersection. | decided what distance to use based on an accident occurriag as it
influenced by the intersection—the vehicle needs to be close enough to the iotetsect
have been influenced by it during the accident. | have chosen the distance of being at
less than 100 ft because of the legal distance required for signaling onels traked
on the influence of the intersection (DPS 2008). The second dataset will reqtere m
manipulation before it can be geocoded.

DPSData

The second dataset was received in the winter of 2009 from the Oklahoma
Department of Public Safety. This dataset was in two parts. The first wascsdft
Excel file containing almost 12,000 entries of accidents in Stillwater froiyea6period
from 2001 to 2006. This file contained columns such as the temporal characteristics of
the accident as well as age and gender, but lacked location. The Citpemtaotl
contain age and gender, giving the DPS data an advantage. The second péatgeas a
PDF file containing the location of the accidents from the same years: 2001 to 2006. The
Excel file lacked location, and the PDF contained the locations of the ascidgoth
files contained a unique key, the DPS case number, which was used to join location from
the PDF to the Excel file. This process took a substantial amount of time anddezui
considerable labor intensive effort. Intersection location was the only usadtiehoc

from the PDF file. The end product contains only intersection accidentslo@gil
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OV Data

The third dataset was received from the Oklahoma State University Police
Department in the summer of 2009. It contains the traffic accidents that occugred onl
within the university’s boundaries from 2001-2008. Over 2,000 records contain location,
temporal characteristics, age, and gender. The data is in Excel formatreamtyisor
use. The OSU data is important to the study because it fills in the “donut hole” where
accidents were not present within the City or DPS data. The university ancecity ar
separate, handling traffic accidents separately. The OSU dataedaalosgside each of
the first two datasets to complete the assessment of traffic acontmntsthe city—to
fill in the donut hole of where the university is located. The OSU data from 2003-2008
was combined with the City data to match the time period of the accidents. Also, the
OSU data from 2001-2006 was combined with the DPS data for the same reason. The
City data will be used for all of the study, except for an intersectiorasagssment using
the DPS data.

Geocoding and Descriptive Sear ches

The street network layer file of the city contains the street names aresaddr
locations within the city. The two datasets (City and DPS) contain the locatitives of
accidents. An address locator was created within ArcCatalog angseaso geocode
the accidents. Geocoding places a feature in the GIS based on location. yTdaeCit
was geocoded and matched 6,310 (85%) out of 7,434 records. Additionally, the DPS
data matched 4,227 (78%) out of 5,401 records. Much of the OSU data did not geocode
due to parking lot locations not existing within the street network of the city.GThe
shows points on the street network of the city, representing a single accidhatt at t

location (Figures 4 and 5). Some locations have multiple accidents and will apjpear a
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Figure 4. Geocoded traffic accident locations using City dedan 2003-2008. These are used for most of
the study. Each point represents one locationpnetaccident.
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Figure5. Intersection accident locations of DPS data frofd12R006; these will only be used for the
intersection rate. Each point represents oneitmtatot one accident.
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single point. One dot on a GIS map does not necessarily equal one accident: several
crashes could have occurred at a particular location (Pulugurtha et al. 2005 will be
corrected using different visualization techniques of Kernel Density @&nd 3-
representations in ArcScene. The point data displayed in the GIS containgbitseattr
data such as where (location) and when (date, day of week, time of day) the aarieent
occurring. Descriptive searches within the attribute data reveadisymatiporal
characteristics of the accidents.

Spatial-Temporal Patternsand Hot Spots

The descriptive searches of the accidents reveal specific fluctuatiomere and
when the accidents occur. This study analyzes numerous degrees of location and
temporal instances. | examine each day of the week to see the patternderitsicc
throughout each day of the week. Breaking down accidents occurring at each hour in the
day reveals spatial patterns around the city. | examine how different lodagioms
accidents occurring at specific times of the day. These differerec@slaenced by
social activities such as employment, shopping, and home-based actiatrase(kt al.
1995c). Specifically, examining a location such as Stillwater High Schedgdeific
temporal patterns of accidents when students arrive and depart from school. meenage
have accidents between 7:00-8:00 a.m. and 3:00-4:00 p.m. based on the school commute
times and the driver’s travel patterns (Hellinga et al. 2007).

Another age cohort of drivers is the elderly. Older adults are at a higkef ri
being injured in a traffic accident. Longer life spans and the aging of theH®m
generation will increase the amount of drivers in this age group and furthenadlue
accidents (McKnight 2003). Many college students engage in social actimtging

alcohol. The accidents occurring when taverns (bars) close during weekeeas
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accidents occurring close to those establishments. | also examine geacigdents.
Some research reveals that high masculinity and male personalitieshaakeér more
likely to participate in risky driving, influencing an accident (Ozkan arjdriem 2005).
Accidents vary with age, gender, and social events: | explore thesetehistics to gain
insight of crashes in the city. Accidents in Stillwater vary with seasgniatiluenced by
social holidays, large sporting events with OSU, and weather occurréevas(et al.
1995a). Spatial-temporal patterns are discovered, and displayed visually to coatenuni
those patterns to viewers. Spatial-temporal patterns of accidentsloeag@ns of
where the accidents occur.

Hot Soots

Certain locations in the city have accidents occurring more frequently in othe
areas. ldentifying these hot spots is an improved way of determining whatnscate
experiencing more occurrences than simply one traffic accident. Le¢gtes,sS'there is
no absolute definition of a hot spot” (2006). Much research does not define criteria
making a location a hot spot. Generally, it is accepted to define it as a clustéisan
points in one area or on a line (Anderson 2006). A hot spot refers to any location with
clusters (concentrations) of traffic accidents. Accidents will beeriedt or concentrated
(Levine 2006), in specific areas during particular temporal periods. For the deapisy
in this study, | have decided that a hot spot refers to the “high” and “very hatggaries
colored orange and red, respectively. Since the density values are equal, iatbot
spot refers to the top 40% of the values—this is explained further under KernelyDensit
By mapping these locations, traffic accidents can be better understood atloityt

through visual representations of crashes.
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Ste Specific Locations

Specific locations around the city influence large amounts of traffic and
congestion due to the activities of the drivers. Many OSU students socializeujisbt
the campus on Washington Street. This street, called “The Strip,” has numerous taverns
that draw in students on the evenings of weekends. Accident clustering can heeexami
in this area as well as Stillwater High School. Wal-Mart, on Perkins Roauhtisea
location worth examining because of the high traffic volumes flowing in and out of the
store. As hot spots are identified, these sites can be spatially viewend tpegder
understanding of crashes within the city. The DPS data analyzed wheratccide
occurred at road intersections within the city.

| nter section Accident Rate

Using the DPS data, the intersections become meaningful by determintag a ra
from the number of crash occurrences. For instance, one intersection may have 50
accidents with another having 1,000 accidents, both from 2001-2006. | have obtained
AADT traffic counts of specific streets from the City GIS Departme¥ADT is a
measurement of Annual Average Daily Traffic. This is the annual average naimber
vehicles traveling through a certain location each day. Using the AADT c¢tnafiic
was calculated through 40 intersections in the city. Only these 40 intersecti@able
to be counted because the AADT counts did not exist at every intersection withity the ci
Four AADT counts exist at one intersection, thus one vehicle traveling through is double-
counted (Figure 6). Each AADT count (north, south, east, and west) at an intersection
was added together and then divided by 2 to equal the number of vehicles passing

through the intersection.

30



Using the AADT, if the intersection with 50 accidents has 50 cars traveling
through it from 2001-2006, the location is considered extremely hazardous. The
intersection with 1,000 accidents may have 500,000 vehicles traveling through from
2001-2006, making the intersection not as hazardous as the previous. Using the AADT

counts, | calculated a rate by using a ratio of one accident occurrence tararaamber

Calculating Traffic Through an Intersection

N ® Accidents
A ® AADT

Streets

0 0.05 0.1
Miles

Figure6. The green dots are AADT counts at an intersectitime AADT was used to determine traffic
through intersections having traffic accidents.

of vehicles. |took the total number of accidents in an intersection for the feread,
and then used the AADT count to determine how many vehicles travel through that
particular intersection within the same time period—=6 years. Finadlye iB an accident
rate for each of the 40 intersections showing one accident occurring fgreaumber
of vehicles traveling through that road intersection. This intersectionssglssment
identifies hazardous sites by making the accident count meaningful. Besidgs
intersection rates in the city to analyze accidents, Stillwater iexgpes city wide

occurrences of traffic accidents.
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City Wide Occurrences

Social Activities and Weather

Significant weather events and social activities such as holidays and major
sporting events associated with OSU influence traffic accidents withaityhe
Stillwater experiences ice storms in the winters, which influences mu@klafioma.
One of the factors influencing accidents is weather and its effect on roadesuiri the
form of slippery ice (Li et al. 2007). Within the City data, Januafyar&l 3%, 2007
each experienced 34 traffic accidents in 24 hours. Both days record the highest amount
of accidents within one day. These dates are significant because thisavadisrang the
January 2007 North American Ice Storm. | personally remember, while atge&U,
the university closing for multiple consecutive days in January 2007 due to the ice storm
Oklahoma Governor Brad Henry declared a state of emergency due to the stor (KOC
2007).

OSU often attracts a high volume of visitors for sporting events. OSU football
and basketball games influence the occurrence of traffic accidents dearitiLtk of
traffic and the congestion of roads in the city due to the crowds they attractdyotimfr
town and the surrounding region. Along with the ice storm on January 16, 2007, the
OSU Cowboys defeated the University of Texas Longhorns 105-103 in triple overtime
the same day in front of an official crowd of 13,611 (OSU 2008) who had to travel to the
arena despite the slick roads. A combination of the basketball game dhérgrdous
weather event influenced the high occurrence of accidents on that day. Seaalswality
influences the occurrence of accidents in the city. Many of the OSU stwdeats
Stillwater for holidays and the summer season. Traffic congestion aidératcc

occurrence decrease during these holiday seasons. Displaying each GISheap of t
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spatial-temporal patterns, hot spots, intersection rates, and social/vwoeatineences are
important to the awareness and effectiveness of the study. Multiple visesaefation
methods have been used for each GIS map.

Visual Representations

3-D and ArcScene

Representing each map of the GIS visually is important to the effectiveinbes
study and the awareness of the viewer. The data is displayed using various visual
methods. Accident occurrence throughout days of the week and times of the day are
displayed using charts from Excel. The representations of the point data migbhkave
point at a location, but have multiple occurrences of accidents at that sarmnlocat
Using ArcScene, | represent accidents in 3-D, with vertical linestasseons showing
where higher occurrences of accidents are happening in the city. Another method |
use is Kernel Density to visually represent my results.

Kernel Density

ArcMap uses two ways to calculate density, the Simple Method and Kernel
Density. The significant advantage of visualizing accidents with thefgodts is the
ability to see accidents that would have been hidden on top of one another in point data.
Both methods involve creating a raster layer. A raster layer is made up obuosrells
with each cell having a unique value (like a mosaic). A density value is determined f
each cell. The Simple Method uses a search radius around each raster cellnfghe poi
that are within the search radius are totaled. The total number of points is then dyvided b
the total area enclosed with the search radius (Mitchell 1999). For instantee s
search radius is 100 ft, and 3 accidents are within the search area. Thaliar@&ot

(nr?) of 31,349 square feet, or .72 acres. The density value is 3 accidents divided by .72

33



acres to equal 4.2 accidents per acre (Mitchell 1999). That specific dengéys/dien
applied to that cell in the raster, eventually making a density surface. | Kemsty
works in a similar fashion.

Kernel Density is a weighted method for calculating density (Mitchell 1999).
With Kernel Density, A search radius is used around each point (Figure 7). A fdynoot
curved surface” is fitted over each point (ESRI 2009b). The surface value is the highes
over the point, and “diminishes” in value further away from that point (ESRI 2009b).
The value eventually reaches zero at the search radius distance from that pcdap A
applies a quadratic kernel function (Silverman 1986) to calculate the surfaes gaer
each point. The density for each raster cell is then calculated by sunmeisgytace
values, of each point, where they overlap that specific cell (ESRI 2009b). The output
creates a “smoother density surface” than the Simple Method that bettt#frederash
locations with dangerous crash problems (Pulugurtha et al. 2007). Using the weighted
method creates a map with better understood patterns (Mitchell 1999). Applying this
method allows clear visual representation of hot spots where crash concengiaions

clustered in the city.

Figure7. A search radius is around each traffic accidentugrutha et al. 2007).
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The maps allow viewers to visualize crash hot spots using the weighted density
method. On each map, the density concentrations are categorized into very low, low,
medium, high, and very high. These categories refer to the crash densities, and are
classified using equal intervals. The “very low” category refers to thetgeatues
from O to the 20 percentile. So, the “very high” category has the top 20 percentile of the
density values—values greater than 80% (Pulugurtha et al. 2007). The “very high”
category refers to a higher number of occurrences (high intensity) in ot latciditzon
(Corcoran et al. 2007a). The categories aid decision makers such as poliogéfiohde
spots within the city (Pulugurtha et al. 2007).

Two important choices to be made during this process are cell size and search
radius (bandwidth). The cell size refers to the size of each rasteaa salhkller cell size
will appear smoother. A lower search radius will yield a “spiky” density, méiile a
higher radius will have a more generable and smooth surface. An acceptablatrandw
is neither too “spiky” nor too generable (Corcoran et al. 2007b). For this stuaglithe
size was set to 20 feet. The search radius was set to 400 feet, unless speaifieskothe
The resulting visual map displays hot spot zones where accident occurremgeis hi
than other areas. This method is useful for determining concentrations of accideats i
urban area, and has been used in a considerable amount of literature on the topic
(Steenberghen et al. 2004). Using the Kernel Method to identify crash conoasthats
been used in cities such as Las Vegas to mitigate safety for pedesishrzones
(Pulugurtha et al. 2007). Using this method for Stillwater visually highligtatsh

clusters in the city.
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Working like a compass, this visualization technique points out clusters in
Stillwater. Using maps to represent my results is effective becaugewss can see
and understand what is represented. By identifying hot spots using GIS, a mor€ “robus
understanding is gained through the visualization of spatial data (Anderson 2009).
Taking Kernel Density a step further allows the crash densities to béizesuia 3-D.

Topographic Accident Density

3-D visualization of accidents is a helpful technique because it allows vigwers
perceive where the densities are highest at certain locations withiitytbsing a
different representation method. Using the values from the Kernel Desustity layers,
each map is represented in ArcScene using base heights. The base heagluts leyer
use the density values along a z-axis, enabling the output to be visualized inh&D. T
color scheme remains the same, with hot spot areas being orange and red—higi and ve
high, respectively. The categories are also the same as in Kerndlyeasi low, low,
medium, high, and very high); the classifications for the 3-D represergatie also
equal intervals. Now, the accident densities are shown as topography over the landscape
of the city. The higher peaks refer to more clustered accidents. This method of
visualization becomes useful when looking at each hour of the day. By isolatiitg traf
accidents at each hour of the day, patterns are able to be perceived witityn tRerc
instance, 7:00-7:59 a.m. shows accidents of people traveling to work and school. This
temporal isolation of the data displays spatial patterns of where ascabentr more
frequently in dense clusters. By using different geovisualization methods, new
understanding is gained on traffic accidents in the city. The process has Eeelt; dif

there are several limitations to this study.
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Limitations

The most significant limitation to this study is the data and its manipulation to
become usable for the GIS. The DPS data took a considerable amount of timegattachin
location to the file so it could be used in ArcMap. It was very difficult obtainirtgrae
datasets separately because it involved communicating between seviesl tenti
retrieve data that still needs some manipulation before it is in a readyt.fofmere are
several features within ArcGIS, and a single study could incorporate mahgdse
however, | have needed to limit myself in what is delivered based on the timexcasast
of the study. The highest accident location in the city is the Wal-Mart ¢éocaiti
Perkins Road. This is slightly misleading because many points geocodechdtiiess:

111 N Perkins Road. The address includes all of the large parking lot, as well as the
entrances into the store. This is misleading because many vehicleshiraugh this

area; however, accidents are still clustered at that location. Thesasoaing applies to
the city’s high school.

The OSU data did not match a large portion of its records due to the addresses.
These locations are described as lots, or parking lots. These locations did not geocode
because they were not a street address or two intersecting roads. DespitariiiOSU
accidents do fill in the “donut hole” of the university nicely. Lastly, along witistrof
Oklahoma, GPS coordinates of crash locations are not regularly taken. Thistina¢ans
the location of each accident is not a precise location, but rather a street addmes
intersection of two roads. Despite the limitations, | have a solid foundatiosuttsre

from this study of traffic accidents in Stillwater.

37



CHAPTER IV

FINDINGS

City Wide Representations

Vertical Line Approach

Each map tells a story of how traffic accidents are situated in time acel spa
Seeing these visual representations allows the viewer to gain greaestanding of
traffic accidents within the city of Stillwater. Figure 4 display§fittaccidents from
2003-2008. Using ArcScene, a different visual approach is used (Figures 8 and 9). In
Figures 4 and 5, there are multiple accidents at one location, but the maps oaly displ
one instance of an accident at each single location. Using ArcScene, eéioh caabe
represented to show the amount of accidents that occurred at each location useilg vertic
lines. Each displays its exact amount of accidents.

Wal-Mart, at 111 North Perkins Road, had 273 accidents. "fieghest
location is the intersection of'6venue and Monroe Street with 77 accidents. Stillwater
High School, at 1224 North Husband Street, had thieighest amount of 66 accidents.
The 4" and %" highest locations are the intersections of McElroy Road and Husband
Street, and B Avenue and Western Road with 59 and 55 accidents, respectively. The
Wal-Mart and High School locations are significant because they refigel activities

of drivers. Large numbers of people shop for goods at Wal-Mart, while teenagers, who

38



are new drivers, are driving around the school. Visualizing the spatial datheath t
maps allows a viewer the ability to see where more accidents are happehingivei

city. Multiple accidents at one location can also be viewed using Kernel Density

Figure 8. Looking northwest, traffic accidents are represeate vertical lines. The five red lines indicate
the city’s highest 5 locations for accident occnoes. The tallest red line is the Wal-Mart on rerk
Road.
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Figure9. Looking northeast, this shows another viewpoirthefsame scene as in Figure 8.
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Hot Spot Density

Using Kernel Density allows a viewer to see which locations and areas dfythe ci
experience clusters and high occurrences of accidents. Figure 10 revealsfiwshiot
the city where accidents are clustered together. These locatiomgnéieast because it
directs proper authorities to improve safety on roadways. For this map, the desitie
classified using natural breaks. This displays patterns that are manetdesther than
generalized. The “very low” category refers to 0 - 1.28 accidents per ‘dce” refers
to 1.29- 5.47, “medium” is 5.48 - 13.19, “high” is 13.20 - 38.30, and “very high” is 38.31
- 82.08. The values are recorded from the Kernel Density output. Using nataka bre
instead of equal intervals for this map’s classification allowed for moadlettpatterns
within the overall accidents in the city. The five high occurrences of acciddritgure
8 and 9 are also visible as hot spots in Figure 10. The Wal-Mart location on Perkins

Road is, again, categorized as having very high concentrations of accidents. The
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Figure 10. The map reveals where dense clusters/concentratfatcidents are occurring in the city.
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intersection of McElroy Road and Husband Street is in the high category, and is
surrounded by a larger area showing the same density of the high categarythisl
location are several eateries in close proximity to the high school. This isessan
irregularly designed intersection. This method of representation becomas atlpf
identifying the dense areas of the city where accidents are clusteresnaphs useful at
pointing the direction towards locations in need of safety reform. Other visti@hiz
techniques can take a hot spot map into 3-D.

3-D Hot Spot Density

By converting a hot spot map into 3-D, accident density can be spatially
visualized in 3-D. Another hot spot map displays a more generalized pattern iof'the c

traffic accidents (Figure 11). Using a larger search radius makiéeaicpatterns more

Traffic Accident Hotspots
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Figure 11. Using a larger search radius produces a more dexsetpattern of different densities of
accident clusters.
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observable for larger areas of the city. There are three areas daaasifiggh clusters of
accidents. Wal-Mart is still visible, as well as the irregular sgetion close to several
eateries and the high school. Also, the intersection$ af/@nue and Monroe Street,
and 6" Avenue and Washington Street show up as hot spots. Washington Street
experiences social activities: “The Strip” is a popular area forgeBeudents just south
of OSU’s campus. Figure 11 is then used to create a 3-D visualization.

A benefit to this visualization technique is being able to view accidents in 3-D. 3-
D is used to represent elevation, allowing the viewer to see hills and peaks of n®untai
on the landscape. In this case, the topography model is representing traféotacc
densities. The patterns of crash clusters are still concentrated in theusas in the
city, but this is now able to be viewed in 3-D using ArcScene. Instead of a tall pea
representing elevation, it now represents a location with high crash densiaé/avy
on Perkins Road is categorized as very high, while the area near the high school and
several eateries appears high. The two intersectior!s A¥&nue and Monroe Street,
and " Avenue and Washington Street appear as having high concentrations as well.
Representing in 3-D allows the densities to be viewed as topography.

Viewing the city three-dimensionally allows viewers to gain a significant
understanding of where accidents are occurring more often. Seeing heightmd wi
along with color (classification), of different locations allows for betteewstdnding of
how densely clustered a certain area is within the city. Figures 12 and &Bthdeicene
from different angles. The city streets have been draped over the topograigmgites
to aid viewers in location identification. The three areas are stillficignily clustered,

with Wal-Mart being the tallest peak. Each peak on the map indicates how dense a
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Figure 12. Looking northeast, this scene depicts a topogramloidel of traffic accident density in the city.
The highest peak is Wal-Mart on Perkins Road.
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Figure 13. Looking southwest, this same scene from FiguresMsualized from a different viewpoint.
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location is with traffic accidents. This different visualization technique camcates
the same information as Figure 11, but gives a different view of the accideméscityt
This visual representation allows accidents to be viewed as “topographicnaccide
density.” The 3-D map allows a viewer to see higher peaks of where accidents a
occurring on the landscape. This gives 3-D an advantage over a 2-D map. ltgh throu
different representations that greater understanding of crashes ity tbencbe realized.
Specific spatial-temporal patterns in the data can be visualized byngalattain days
and times.
Weather Occurrences

By isolating specific days and times within the data, two days had the highest
number of accidents occurring within a 24 hour period. Janudhandd 3% 2007 both

experienced 34 accidents each (Figures 14 and 15). Different patterns can be observed
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Figure 14. This day experienced 34 accidents strongly infleery an ice storm and a university
basketball game.
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January 31, 2007

PERKINS
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Figure 15. This day also had 34 accidents and experiencedeastorm.
with both days. January T6vas the night of a large rivalry basketball game. Also, the
city experienced a severe ice storm during the month of January, and producey slic
roads influencing occurrences of traffic accidents. Both days experiendgolen
accidents happening at the same locations. On JanU(Fig6re 14), the accidents are
not clustered south of Hall of Fame Avenue, but that is just opposite on Jantiary 31
(Figure 15). January $had more crashes south of Hall of Fame Avenue. This area is a
neighborhood close to the OSU campus.

The neighborhood roads within cities ice over first, then the main roads. This
happens because traffic uses the main roads more frequently than the neighborhood
roads, allowing the ice to dissipate and melt faster outside the neighborhood. The
patterns between the two maps are able to tell a viewer how accidentedauthose

specific days. These maps are useful in pointing out locations experiencithgnés
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during ice storms, and the city of Stillwater can examine thesedasatihere multiple
accidents occurred during this time period. Isolating the accident datésrepatal-
temporal patterns. By slicing the data temporally, viewing time periodsgdine social
activities of city residents can portray where traffic accidents@rerring at those times.
Adult Establishment Hot Spots

Accidents involve the weekly patterning of specific social activitiesifieset al.
1995a). Social activities involving adult establishments (taverns, bars) and @lcohol
beverages can strongly influence traffic accidents. By viewing the tahymtods in
which these activities take place, an understanding can be gained from visuedifing t
accidents associated with those activities. In Stillwater, this|sutigity begins
Thursday evening and continues through Saturday evening. The concept of “data
slicing” was applied to search for patterns within the traffic accidentsficTaccidents
occurring on Friday, Saturday, and Sunday were first isolated. Out of those days,
accidents occurring between 1:00-3:00 a.m. were isolated. This specificaimewas
chosen because taverns close at 2:00 a.m., in which people leave early asnggt as |
drive to a different location. Most people engage in this activity during weekgad da
and not during the week. Figure 16 shows the accidents that occurred during tiiat speci
time frame. A large cluster of accidents can be identified at “The Strippalgr
college student destination just south of the university’s campus. Hot spots aresidentifi
when the densities are calculated (Figure 17).

The patterns of traffic accidents appear in three distinct locations (Higure

The largest concentration of accidents is clustered on “The Strip.” Thisoods a
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Figure 16. The large cluster of accidents occurred at “Th@Stm Washington Street; a popular

weekend location for socializing.
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Figure 17. The large hot spot is “The Strip.”
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popular socializing destination for many college students. Existing on the unigersity
southern boundary, this is the location of many taverns. Just to the northeast of this
location is another smaller hot spot. This is the location of Eskimo Joe’s, a nestantta
bar. To the far north, this hot spot is the location of the Dragon’s Lair, and adult
entertainment establishment. These hot spots are visualized in 3-D to shevemdiff
representation of this spatial-temporal pattern. The map (Figure 17) masteal into
3-D (Figures 18 and 19) for more visualization. The same patterns are visSHR in
The large clusters of hot spots are in close proximity or located at adbliststents
where weekend social activities occur. Viewing this spatial-tempattdrn using
ArcScene allows the viewer to grasp the different amounts of accidetarslasor near
these locations.

A significant finding of these hot spots is that the accidents occur at or in close
proximity to the adult establishments. The accidents, during this time peeathtar
randomly dispersed throughout the city. Accidents cluster near and at adult
establishments. Viewing the hot spots in 3-D reveals different heights and widths of
peaks (Figures 18 and 19). The largest peak is “The Strip” just south of the university
This location is lined with bars serving alcohol to socializing customers. Tbedsec
largest peak near Boomer Lake is the location of the Dragon’s Lair, a padular
entertainment establishment. The third largest peak is the location of the famous
restaurant, Eskimo Joe’s. The restaurant has a two full service bars insidies @pst
downstairs, allowing for a large clientele. Along with color, 3-D regmtssthe accidents

with height, giving it an advantage over the 2-D map. Visualizing this pattgr® he
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Figure 18. Looking northeast, the map shows 3-D density dfitraccidents near adult establishments
between 1:00-3:00 a.m., Friday through Sunday.

Figure 19. Looking southwest, the same scene from Figure \$ate clusters of accidents. The largest
peak is “The Strip.” The second largest peak iaduit entertainment establishment.
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viewers gain understanding of where the accidents are occurring at teres, and
what activities influence the phenomenon.
I nter section Accidents

Gender and Age

Using the DPS data, accidents at intersections from 2001 to 2006 contain age and
gender. Viewing different patterns of locations for different age groupsgffieult,
and produced little to no patterns partly due to the data only being at interseétions
overall assessment of the intersection accidents for the six yeaal ppaws that gender
is nearly split in half between male and female accidents. Female (548ghtk/
higher than male (49%). Spatial patterns of gender were not found, but that does not
mean that they are nonexistent. Analyzing the spatial locations of gendecifit Sipse
periods revealed no apparent hot spots of gender groupings. Age was also viewed to
determine any spatial patterns.

Age also had little to no clustering at specific locations with certain ages.
majority of accidents at the intersections were from drivers betweegé¢leof18 and
22. This can be compared to the city’'s age demographics: ages 20 to 24 years make up
almost 30% of the overall population in Stillwater (U.S. Census Bureau 2000). Smaller
spikes in the graph (Figure 20) show drivers with specific ages, but the majdhy
accidents come from the late teen to early twenties age group. Figure Z0agjeow
around the rim of the circle, and the largest occurrence of accidents are flege eged
drivers. The university students influence this statistic, partly due to savéies and
the sheer size of the student population within the city—around 30% (U.S. Census

Bureau 2000). The elderly population (80 years and older) were isolated to visuglize an
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Figure20. The outer rim is age. Most intersection accidemnésdrivers 18-22 years of age.

patterns or concentrations in accidents. Most of the accidents involving the eldexly
concentrated within the neighborhoods, not on the arterial streets. Besidesagehder
age, the intersection accidents were used to determine a rate of vehiclesdenta

Inter section Accident Rate

The AADT counts were at forty intersections in the city where an atdcide
occurred. The intersection with the highest accident occurrence is Magh &tceHall
of Fame Avenue, having 236 accidents within the six year period (Table 1)kcitiert
occurs at this intersection every 248,522 vehicles traveling through the intersecery
9 days. Duck Street anéf' 2venue has 142 accidents within that time frame. An
accident will occur every 135,387 vehicles—every 15 days. At the bottom of the list,
Perkins Road and Hall of Fame Avenue has only two accidents. Its rate is 36,120,851

vehicles needed for an accident, or 1,096 days. Based on the data | used for this study,
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Table 1. The forty intersections are sorted by “Vehicles €ash.” The rate refers to an accident
occurrence every “n” number of vehicles travelingptigh the intersection.

Days
Crash AADT of Vehicles Per
Intersection Count North South East West Intersection Per Crash | Crash
DUCK ST & 3 AV 142 5495 5940 2592 3518 8773 135387 15
MAIN ST & HALL OF FAME AV 236 14642 14962 | 13989 | 9933 26763 248522 9
DUCK ST & MCELROY RD 131 7151 12159 | 13069 | 5761 19070 319022 17
DUCK ST & 9 AV 56 6442 5288 3837 5534 10551 412883 39
WASHINGTON ST & AIRPORT RD 80 12624 12619 2842 2499 15292 418905 27
WASHINGTON ST & LAKEVIEW RD 126 14226 18596 9954 7345 25061 435874 17
MAIN ST & MILLER AV 95 15634 14666 5048 4903 20126 464264 23
MAIN ST & 9 AV 24 1351 5283 4078 181 5447 497334 91
DUCK ST & MILLER AV 89 17094 15706 4998 6531 22165 545770 25
WASHINGTON ST & 26 AV 4 81 162 1464 335 1021 559380 548
HUSBAND ST & LAKEVIEW RD 39 2431 3551 9668 4388 10019 562991 56
WASHINGTON ST & MCELRQOY RD 69 7072 9222 | 12996 | 9794 19542 620671 32
DUCK ST & HALL OF FAME AV 78 11527 18613 | 10099 4515 22377 628708 28
MAIN ST & 3 AV 57 14257 12661 | 3006 3394 16659 640495 38
DUCK ST & 12 AV 32 6133 406 7760 5939 10119 692993 68
SHALAMAR DR & 16 AV 2 579 411 317 654 716073 1096
WESTERN & MCELROY 25 5338 5022 3662 2620 8321 729419 88
JARDOT RD & 12 AV 7 2302 548 295 1896 2521 789097 313
MONROE ST & UNIVERSITY AV 43 5615 6280 9874 9944 15857 808128 51
WESTERN RD & 9 AV 31 10595 9632 3370 123 11860 838425 71
WESTERN RD & UNIVERSITY AV 40 13683 13747 | 5286 16358 896214 55
MAIN ST & MCELROY RD 67 14115 15126 | 15593 | 12122 28478 931486 33
MAIN ST & 12 AV 27 3803 8123 5315 8595 12918 1048511 81
ORCHARD ST & 4 AV 2 589 685 360 404 1019 1116569 1096
WESTERN RD & 12 AV 16 6814 7400 3553 8884 1216762 137
HALL OF FAME AV & WASHINGTON 37 11847 1277 | 19012 | 10974 21555 1276697 59
HESTER ST & UNIVERSITY AV 18 4483 3192 8907 | 11218 13900 1692325 122
JARDOT RD & MCELROY RD 10 3970 5222 2886 4737 8408 1842504 219
MARINE ST & MERCURY AV 3 2476 856 2152 2742 2003031 731
WESTERN RD & LAKEVIEW RD 10 1919 5136 6818 5246 9560 2094964 219
WASHINGTON ST & UNIVERSITY AV 10 3242 7727 10206 10588 2320251 219
HUSBAND ST & 26 AV 2 236 308 1994 2064 2301 2521321 1096
WESTERN & HALL OF FAME AV 13 5877 10462 | 14421 15380 2592713 169
JARDOT RD & LAKEVIEW RD 3 330 3021 1716 3351 4209 3074675 731
STAR DR & MCELROY RD 11 478 16124 | 15911 16257 3238738 199
RICHMOND & PERKINS 1 4422 7929 556 3882 8395 18396547 2192
PERKINS RD & VIRGINIA AV 3 21786 18782 | 10178 5692 28219 20613980 731
WASHINGTON ST & 6 ST 2 4165 2579 | 29656 | 21736 29068 31851261 1096
PERKINS RD & HALL OF FAME AV 2 24675 22829 5563 12862 32965 36120851 1096
JARDOT RD & 3 AV 4 0 0 0 0 0 0

Perkins Road and Hall of Fame Avenue experiences 32,965 vehicles traveling through i
per day, the highest out of the forty intersections; however, it is consideredesie saf
Jardot Road and®Avenue is slightly misleading because its AADT count is 0, while

still having 4 accidents within the 6 year period. This intersection ranks numbier one
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being the most dangerous in the city, but it is placed at the bottom of the list. Some of the
locations are T-intersections, which is why there are null values in the dafidatdions

(Table 1). The AADT count through a T-intersection only requires 3 directions, so the
counts are still accurate because every vehicle is double counted. ThetiolessEe

mapped to allow viewers the ability to understand the spatial arrangementreftive
locations are in the city.

Representing the intersections spatially gives a sense of thgearmant of the
locations. The forty locations are all mapped with the five highest intemsgsati red,
including the star (Figure 21). These locations have the highest amount of accidents
within the six year period. Main Street and Hall of Fame Avenue has 236 accidents
highest. Duck Street anéf'2\venue has 142, Duck Street and McElroy Road has 131,
Washington Street and Lakeview Road has 126, and Main Street and Miller Avenue has
95 accidents. When the rate is applied, the locations change due to the rate determini
the safeness of an intersection.

In Figure 22, the safest intersection is situated at the crossing of exalart
streets, Perkins Road and Hall of Fame Avenue. The two most dangerous intessecti
are Jardot Road an&'®venue, and Duck Street ani Bvenue. These locations are
adjacent to residential areas and are situated along collector streets.Rbed and'3
Avenue, according to Table 1, requires no vehicles to produce an accident. The AADT
count is correct, but the rate is misleading because more than 0 vehicles ttaoeigd t
that location in 6 years. It is still considered dangerous. The top five unsafectnbese
include the two red stars as well. Three intersections remained in the top figsthig

occurring and top five most dangerous locations: Main Street and Hall of Faaneelv
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Figure21. Forty intersections are shown. The locations tithfive highest occurrences are in red. Main
Street and Hall of Fame Avenue has 236 accideémdhighest occurrence.

40 Intersections with (;alculated Traffic

S
PERKINS

o Accident Locations 4
« Top 5 Unsafe Intersections
* Unsafest Intersections

i\( Safest Intersection

HALL OF FAME

S
‘Y’

*

* ...* *

WESTERN

. *

MAIN

. * .

0 0.5 1
Miles

* .

The safest intersection is made up of arteriabssrevhile the two most dangerous intersections

Figure 22.
are near neighborhoods situated on collector street
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Duck Street and"3Avenue, and Duck Street and McElroy Road. These three
intersections have both high occurrences of accidents and are also rated afry uns
The rating maps are important to the city for assessing which interseatie producing
more accidents and how often. The maps have an advantage over the raw data by
showing where the locations are inside the city. The city and transportatiompglanni
offices benefit from these maps and rates by identifying which locatioms aeed of
reform. The maps play a significant part in the chronological chain of eeauliagd
towards safety improvement of roads in the city. More understanding can be gamed f
spatial-temporal breakdowns of when accidents occur more often.
Spatial and Temporal Breakdowns

Temporal Breakdowns

By visualizing different temporal breakdowns of accidents occurring in tyeaci
deeper knowledge of this phenomenon is gained. Using the City data, accidents are
broken down temporally by hour, day of the week, and by month. These breakdowns are
visually represented using charts. The spatial component is added by vieowiemntsc
by each hour of the day. Each hour is visually represented to reveal where hotespots a
at the individual hours of the day. They are then represented in ArcScene to reveal the
density of the accidents in 3-D. Through these various methods of visual represgntat
each method acts as a different geovisualization tool.

Breaking down the accidents by each hour of the day shows which part of the day
experiences more crashes. The chart (Figure 23) begins at midnight, that érsutoref
the time from 12:00 a.m. to 12:59 a.m., and ends at the 11:00 p.m. to 11:59 p.m. hour.

The accidents occur as a result of daily patterning of activitiesr{eetial. 1995c).
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Accidents increase at 8:00 a.m. as more drivers travel to work. There is andt@et spi
lunchtime. The highest part of the day is at 3:00 p.m. when the high school is dismissed,
and also at 5:00 p.m. when drivers travel home from work. Another visual representation
is shown as a supplementary chart in the appendix. It shows the same data, but in a
different way (Appendix 1). The hours of the day are around the rim. Next, the agcident

are broken down by day of the week.
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Figure 23. The chart shows the breakdown, by hour, of accgdienthe city. The highest occurrence of
accidents is experienced between 3:00 p.m. and@BrB9in the afternoon.

Using a pie chart, the accidents are displayed for each weekday (Figure 24). A
pie chart was used to resemble the repeating of the week throughout time. Sunday
experiences the least amount; altogether the weekend experienceadenents than
the rest of the week. The most accidents happen on Friday, while Monday through
Thursday experiences roughly the same amount. These various perspectiaes give
clearer picture of when the accidents are happening. Seasonal patterns camlith see

the monthly breakdown of accidents.
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H Sunday

Figure 24. The city experiences the least amount of accidemtSunday, while the most occur on Friday.

900 Monthly Accident Breakdown

Total Accident Occurence

Figure25. Seasonal patterns are revealed in the chart. dfdke university students leave the city
during the summer months.

The monthly breakdown of accidents is done two ways. First, the breakdown is
done for the entire period of the City data—five years (Figure 25). Then, eacltsy
broken down to see yearly patterns from month to month (Figure 26). The overall

monthly breakdown from 2003-2008 reveals distinct phenomena attributed to seasonal
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Figure 26. This chart breaks down each year by month. Thesgganeral pattern is seen here as in Figure
25. January, 2007 is a large spike, influencethbytarge ice storm that affected much of Oklahoma.

patterns. The accidents decrease dramatically during the summer months. vérstyni
students leave the city and return to permanent residence while not attendéstesem
classes. Another display shows the same data, but with a different visuatmégires.

The same general shape exists among all years for monthly ac¢fignte 26)
as it does for the overall monthly breakdown (Figure 25). There are subtle patterns
among the individual years. April, 2005 experienced a larger than average amount of
accidents. September, 2007 had a lower than average amount. Having more years of
data would allow for more pronounced patterns because five years is a limited &mnount
explain; however, construction of roads and weather can influence trafficlaswel
accidents. A substantial spike occurred in January, 2007. This was strongly irdfluence
by the ice storm event that affected most of Oklahoma during that month.

Each year in Figure 26 is individually represented with a different visaa ich
the appendix. The visual representations of the charts (Appendix 2-7) are shown by
month for each of the five years. The months are along the outer rim, givingrauabnt

chronological picture of when the accidents occurred. January, 2007 appears with a more
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pronounced spike of accidents, influenced by the ice storm (Appendix 7). Understanding
the temporal breakdowns in the accident data allows viewers to gain deeper and more
valuable insight in when the accidents occur. Spatially, accidents cluspecificsareas
during different hours of the day. These results are visually represented toynataaml
when the accidents are occurring by hour of the day, but also where they areratextent
for each hour of the day.
Spatial-Temporal Hourly Breakdown

Figure 23 shows accidents at each hour in the day, but they are also tedresen
spatially. This advantage, in viewing the accidents by each hour spatilanaes
understanding of where the accidents occur at specific times. This method of
visualization has a superior advantage because it shows spatial arrangeménts of 3
densities. The differences in the arrangements of accidents can be seen theough ev
hour in the city. Each hour is now represented using Kernel Density, and is then
converted into 3-D to be visualized in ArcScene. The visualization maps for eaatf hou
the day are referenced within the Appendix. Each hour is grouped into two maps: “a”
and “b”. For instance, 12:00-12:59 a.m. is first displayed using Kernel Density
(Appendix 8a). Next, the same hour is shown in 3-D with ArcScene (Appendix 8b).
Each hour of the day proceeds chronologically, in groups of two, through the twanty-f
hours. This method was chosen because the patterns progress and change location
throughout the day. The patterns are better understood by observing the changes in
density between chronological hours. The Kernel Density and 3-D maps use the equal
interval classification described in the methodology section. Each categitepsify

represents the range of values as a percentile. “very high” includes the tap&tQijee
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of the density values (Pulugurtha et al. 2007). Spatial-temporal patterns canrsecdbse
throughout the day.

From 8:00 to 8:59 a.m. drivers are still traveling to work from home, a daily
activity pattern. There is a small spike in traffic accidents duringhtius (Figure 23).
The high school experiences a large concentration of accidents from 7:00 to 7:59 a.m. as
well as from 8:00 to 8:59 a.m. (Appendix 15 and 16). Lunchtime experiences a spike
from noon to 12:59 p.m. (Figure 23). The high school also has a high concentration of
accidents during the students’ lunchtime, from 11:00 a.m. to noon (Appendix 19). At
noon, Wal-Mart, on Perkins Road, begins to experience high concentrations of accidents
due to the large parking lot as well as the many consumers needing desiredlg@as
the store shows a high peak density at noon time (Appendix 19 and 20). Wal-Mart
continues to stay highly dense with accidents throughout the rest of the day upgifst ta
off throughout the evening hours. The Wal-Mart peak snuffs out between the 10 o’clock
and 11o’clock hours (Appendix 30 and 31). After 11:00 p.m., the peak decreases
dramatically (Appendix 31). This is partly influenced by Wal-Mart closing of its two
entrances into the store at 11:00 p.m. every evening. Each hour of the day has spatial-
temporal patterns of accident hot spots. These patterns are easily peaoéived
understood through the geovisualization representations within the maps. Through
mapping methods and visual tools, deeper insight is gained towards understanding the

accident patterns in the city.
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CHAPTER V

CONCLUSION

Relevance of Traffic Accident Research

Society is continually becoming more dependent on the automobile. This
dependence is the strongest in U.S. cities (Kenworthy and Laube 1999). Usage of the
automobile experienced rapid growth in the post-WWII era when owning a nevasar w
both trendy and affordable (Randall et al. 2005). Cities, such as Los Angeles, have been
built around the automobile. Its auto-based design allows the urban landscape lto spraw
(Kenworthy and Laube 1999). Cities are designed to accommodate the drivevams,
drive-thru restaurants, and houses with garage doors. In 2007, about 160 million drivers
used U.S. roads for convenience of travel (Li et al. 2007). With numerous drivers on
roadways, traffic congestion and accidents become an important safety issu

Traffic safety research is relevant when faced with the cragstisa In 2007,
over 41,000 people died as a result of traffic accidents—one person every 13 minutes
(NHTSA 2009). With the installation of the Intermodal Surface Transportation
Efficiency Act (ISTEA) in 1991, traffic safety continues to be an important acelssary
issue to be researched (Kim et al. 1995a). Out of the many forms of traffierdcand
safety research, the identification of areas where accidents occufretprently helps to

reduce crashes using GIS (Erdogan et al. 2008). Location identification & wher
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accidents occur more often is useful at improving safety on roadways. Hot sptibdete
has been a useful tool and GIS uses crash mapping to make this possible.

Benefits of Crash Mapping

One of the major advantages to using GIS is the geographic component.
Analyzing traffic accidents in tabular form in, for example, Microsaftéss is a
“daunting” task (Kaufman 2008). The data contains numerous records, and it is difficult
to visualize the spatial locations of patterns within the traffic acadebtash mapping
using a GIS allows a safety analysis of patterns to happen in minutes @aR008).
By pinpointing where concentrations of accidents are located, police and trahisport
planners are able to treat these hot spots and improve roads. By using GISd#m@sacci
can be visualized spatially.

Geovisualization

Visualizing traffic accidents becomes a vital tool for gaining insight ipébial
and temporal patterns within a city. GIS has allowed police and city officiaisw
incidents visually, a method that was not previously possible (Levine 2006).
Geovisualization is a powerful tool in which to represent traffic accidenengtiges the
“most powerful of human information-processing abilities”—the eyes (MacEadcttral.
1999). The “geographical dimension” enhances the ability to see patterns and
connections among phenomena within large spatial datasets (Kwan 2000).
Geovisualization is an improvement to road safety, as it plays an importanoifuimcti
the many steps needed to achieve reform on roadways. By identifyinggatterhen

and where accidents happen in a city, this greatly enhances the understandisigest cra
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Social Activity Patterns

Searching for spatial and temporal patterns of traffic accidentdline®ér,
Oklahoma was an improvement and benefit towards road safety. Drivevdyacti
patterns influence where and when the accidents occur. Accidents are @fffuoict
clustered social activities involving employment, residential, and embergéait (such as
holidays and shopping) (Levine et al. 1995c¢). This study found that traffic accatent
weekend evenings from 1:00 a.m. to 3:00 a.m. showed highly clustered crashes near adult
establishments. Drivers engaging in this social activity were involvectidesats at or
in close proximity to these locations, influenced by the driver’'s involvement isdhial
activity. Shopping areas and eateries also had hot spots of accidents.

The high school experiences concentrations of accidents in the morning as
students and teachers go to school, and also around lunch time. Certain locations in the
city are clustered with various eateries, and these locations have high catraesntf
accidents around lunch time. Wal-Mart is used by many drivers for desired gdosls. T
location was found to have dense concentrations of accidents throughout afternoons and
well into evening hours. The accidents in the city involve the weekly patterning of
regular social activities (Levine et al. 1995a). Weather is one of the fijee ma
contributing factors affecting traffic safety (Li et al. 2007). Extremather events play
important roles towards accidents in the city. January, 2007 experienced an ice storm
This, along with large sporting events at the university can greatly infusaaidents in
the city. Representations of temporal and spatial patterns of the accitentse

understanding of the phenomena.
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By breaking down the accidents temporally, and representing them visually,
viewers are able to gain understanding. By seeing visual charts on accidedbwrea
by hour, day of the week, and month, one is able to see when the accidents occur more
often. Incorporating multiple visual techniques help viewers to spatially dadérhe
patterns of traffic accidents. The accidents were displayed as hot spatg)gwhere
they occurred at certain times of the day. These densities, or concentratiens, we
represented visually in 3-D to enhance the patterns associated with the accident
Viewing accidents as “mountainous peaks” of density allowed the study tpanate
visual methods of seeing patterns. Spatial and temporal patterns of th&affig's
accidents have been revealed through visual representations. Greater amslgght c
influenced by the unique methods of geovisualization.

Further Study
Future study on this specific research should also examine risk of traftieats
during different time periods. More research is needed in order to anticipite tra
accidents and when certain events occur in cityscapes. For instance, thambbdy
planners of Stillwater could benefit from this study. They could anticigataic areas
of the city that would become accident hot spots during certain seasons, weatf®r ev
or distinct social activities such as evening weekend attendance at adilislestants.
Safety improvements on specific locations would be a financial benefit tayhendi the
drivers involved. Model building could also help to predict the occurrence of accidents.
Perhaps the most important attempt at accident research is anticipating a
predicting crashes. This research could produce a model for crash seSevigyity

such as whether an injury or fatality occurred could help to assign greatetangeoio
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certain locations needing safety reform. The public, police, and city of $éitlwan
benefit from this study. Using a web-based application to allow viewers todtbes
different patterns of accidents may increase public awareness. The iynstedents
and permanent residents of the city would gain greater insight of accidentgth web
applications by viewing the different visual representations. Google 2409) is able
to display files from ArcGIS, and this would be a helpful tool in spreading the knasvledg
of this study’s findings to the general public. Traffic accident safetgp®itant to
improving roadways for its users. This study plays a significant role ingps ®ward
safety reform. A deeper and beneficial understanding is gained by thessergations.
They act as a compass to lead police and city officials to speciftmlogan the city
needing safety implementation. By representing the phenomena through \etiuadisn
greater understanding of the city’s traffic accident patterns can teaged. This study
contributes gained insight in the spatial and temporal patterns of traffic @iscide

Stillwater, Oklahoma.
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Appendix 23b. Looking northeast, 3-D densities from 3:00-3:59 p.m
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Appendix 27b. Looking northeast, 3-D densities from 7:00-7:59 p.m
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Appendix 29b. Looking northeast, 3-D densities from 9:00-9:59 p.m
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