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Abstract
O’Dell, Jared. M.S. The University of Memphis. December 2013. Crash Data Study
for the City of Germantown, TN. Major Professor: Dr. Stephanie Ivey.
The City of Germantown has experienced a rise in intersection related crashes over the
past several years. They currently must sort through hundreds of documents to perform
analysis on these intersections and the cause of increased crash rates. This thesis proposes
a method of visual analysis of the 39 major intersections within the Germantown city
limits. Visual mapping software is required for visual analysis. The incorporation of
ArcGIS 10 is critical to the success of this project because it provides a means of quick
visual analysis of intersection related crash data within the city. This provides
Germantown officials with a starting point in their search for problem intersections.
Similar projects have been performed throughout the country. Most of these were at a
statewide or county level. This thesis will focus on one city and the visual crash data
analysis of the corresponding 39 major intersections.
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1. Introduction
Problem Statement
The City of Germantown has a need to be able to view historical crash data in a
manner that that allows analysis of the data visually, such as on a map, crash data queries,
and statistical analysis. Germantown is located within Shelby County, Tn. Data has been
collected since June of 2010 on all crash incidents at major intersections within the city
limits. This data can be used to analyze problem areas at the major intersections. Visual
analysis of the major intersections facilitate identification of high crash rate areas in order
for the City of Germantown to determine how these problem areas can be improved for
driver safety and reduction in cost to the city and its’ taxpayers.
If the City of Germantown wishes to review crash data, currently, they must manually
dredge through police records to find the desired data. One has to find each individual
document, record the desired data, and repeat this process over hundreds of reports.
Secondly, a bigger problem arises of having to sort the crash data, find a way to compile
the data, compare the data, and analyze it through mechanisms, such as intersection crash
rates and injury rates.
This process is extremely time consuming and simply cannot be performed by a few
individuals in a timely and accurate manner. The crash history data is currently held in
Tennessee’s Integrated Traffic Analysis Network (TITAN) database which stores police
reports of all incidents to which police officers in the state of Tennessee responded. All
the data for the City of Germantown can be found in TITAN but the problem remains of
timeliness in acquiring the data necessary to perform proper analyses.

1

Research Objectives
The goal of this research project is to provide the City of Germantown a visual tool
that will greatly aid them in the identification, analysis, and development of solutions for
major intersections with abnormally high crash and injury rates. Visually mapping crash
incidents will prove to be an extremely useful solution to the problem that the City of
Germantown currently faces of identifying high crash and injury rate intersections.
Identification of problem areas among the thirty-nine major intersections in the City of
Germantown will not only provide the potential for making the roadways safer for drivers
and pedestrians but it is also highly necessary for Germantown officials to perform their
duties and fulfill their responsibility to the public. Identification of these areas is pertinent
in spotting patterns, improving faulty road network designs, identifying needs for
increased driver education, and saving money for the city and citizens alike.
Creating visual data requires the implementation of mapping and spatial analysis
software. The Illinois Center for Transportation model for crash data analysis was chosen
by Jonathan Smith, the Head Traffic Engineer for Germantown, as a guideline for this
project. ArcGIS was used in the aforementioned model and is also incorporated into this
project. ArcGIS provides the ability to create visual maps and perform spatial analysis,
for the purpose of problem intersection identification, based on the data available within
the TITAN database. A set of required data elements was requested from the TITAN
database based in order to conduct the work for this project.
The data elements deemed necessary for analysis of high crash and injury rate areas
for the development of the visual tool for the City of Germantown include:
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the latitude and longitude of each individual crash,



the master record number for each incident from the TITAN database,



the date and time of the incident, the road name as well as the intersecting road
name,



the type of collision,



the occurrence (or not) of injuries during the incident and the total number of
injuries,



the occurrence (or not) of fatalities during the incident and the total number of
fatalities,



the total number of vehicles involved in the incident,



the presence of a work or construction zone, and



Weather conditions at the time of the crash.

After all of the required information is obtained from the TITAN database, the data
can then be entered into monthly databases using Excel based on all of the data elements
listed above. Excel was chosen to create the monthly crash databases because ArcGIS is
easily compatible with Excel. Once all of the monthly databases are completed, they can
then be loaded into ArcGIS where the visual mapping process and spatial analysis can
take place. This methodology will create a powerful tool for the City of Germantown that
will aid the city and the traffic engineers greatly in high crash rate and injury rate
intersections. After the problem areas are identified, steps can be taken by the traffic
engineers in order to correct existing problems and make roadways safer.
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2. Literature Review
The importance of identifying and rectifying high crash rate and high injury rate areas
is crucial to the safety of the public. Identification of these areas is also important in
spotting patterns, improving faulty road network designs, and saving money for the city
and citizens alike. This section will focus on review of relevant literature pertaining to the
current project. The work performed by the Illinois Center for Transportation will serve
as a guideline for this project in accordance with the request of the City of Germantown.
GIS Analysis of Crash Data
The Illinois Center for Transportation GIS project was configured on a statewide level
by Jo, Ouyang, and Li (2009) for crash data analysis. The spatial databases include the
crash data, roadway network, and jurisdiction boundaries. The non-spatial databases
include detailed crash information, fatality and injury information, surface and weather
conditions, collision type, crash identification number, date and time of crash, light
conditions, vehicle type, and direction traveled. The Illinois Center for Transportation
project also includes web user interfaces in order for people to generate queries. As an
example, one might use a query to generate crash data about a specific county.
The spatial data provided in the Illinois GIS project involved crash data, the roadway
network, and jurisdiction boundaries. These are all represented by shapefiles that are
visually displayed in ArcGIS. Crash data is essential for a GIS analysis at a statewide
level. The crash data refers to all of the information that has been collected about each
individual crash. Crash data is what makes up the crash databases that can be uploaded
into ArcGIS. The vehicle information data used in the Illinois Center for Transportation
project is shown in Appendix C of (Jo et al., 2009).
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The roadway network provides visual duplication of all roads within the state of
Illinois. Roadway networks are often mapped using aerial photography and then
transferred into shapefiles. These shapefiles are crucial in identifying high crash and
injury rate areas because without the roadway network one could not visually link
problematic crash areas to major roads or intersections (Jo et al., 2009).
Shapefiles were also created to visually map the different jurisdictions within the state
of Illinois. In this case, the jurisdictions are the individual counties within the state. When
the roadway network and the jurisdiction boundaries are layered together in ArcGIS, they
provide an identical replication of the state, the county lines, and all roads within the state
(Jo et al., 2009).
Iowa State University uses similar techniques in acquiring crash data (Roche, 2000).
They implemented a tolerance zone around high crash locations (HCL) in order to focus
on the crash incidents that have direct impact on the area being analyzed. Tolerance
zones can be defined along a major roadway or around major intersections. The crash rate
method was utilized by Iowa State in order to account for the traffic volumes for the area
under analysis. The intersection crash rate method involves dividing the number of
crashes by the number of vehicles that enter that intersection. The number of vehicles can
be found from the annual average daily traffic (AADT). The resulting calculation gives
the crashes per entering vehicles for the intersection that is in consideration as an HCL.
Harkey (1999) also developed a method of identifying problem locations for the
purpose of implementing countermeasures. His system allows for the import and export
of crash data files into GIS where the data can then be analyzed by agencies such as the
Federal Highway Administration (FHWA). It also has a query capability in order to
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group together crashes with similar attributes or locations for easier analysis. Harkey
incorporated an intersection analysis, a strip analysis, and a cluster analysis. The
intersection analysis uses a tolerance zone to narrow data to the pertinent intersection.
The strip analysis analyzes a predetermined section of roadway. The cluster analysis is
used to analyze crash rates around bridges, traffic signals, or railroad crossings. A similar
study was also presented at an International Conference in Nottingham, England
(Funamoto, Nham, Morimoto, & Koike, 2010). Spot and mesh analysis methods were
used to analyze municipal roadways.
The study performed in Washington County, Oregon by McNeil and Edelman (2009)
focuses on fatal vehicular crashes. Their purpose was to make crashes that resulted in
fatalities easily identifiable through spatial visualization. The goal was to identify
problems that could be rectified through proper allocation of funds from the local traffic
agencies. McNeil and Edelman (2009) used a similar approach as the state of Illinois in
terms of data collection and representation. They also used point analysis for
intersections and segment analysis for stretches of roadway. In a similar study, Oris
(2011) wrote a Master’s Thesis pertaining to fatal crashes in the state of Kentucky. The
thesis was based on analyzing fatalities due to temporal factors such as time of day and
days of the week as well as crash rate calculations.
The University of Florida (2009) developed a GIS tool for the Orlando Metro area.
Their purpose was to be able to share crash data among interested agencies. They focused
on the development of the data sharing process by using GIS shapefiles to store the crash
data. The data is updated every six weeks for current use. The shapefiles can be easily
shared through a web database.
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Karashin and Serdal (2002) collected crash data from police reports in order to
determine hazardous roadway locations in Turkey. Their goal was to reduce costs of
accidents, injuries, and fatalities. They proclaimed that traffic accidents account for two
percent of the gross national product. GIS was used to locate and identify these hazard
locations and incorporated queries to find those locations.
A GIS study was conducted in Hong Kong by Chin Lai and Yee Chan (2004) because
of the alarming fatality rate among crash incidents. The purpose of the study was to
analyze crash data by employing the point pattern analysis method. This method allowed
them to determine if crashes along a roadway where clustered together or dispersed. A
unique symbology map was used to identify if crashes involved fatalities or injuries.
Another study in Bangladesh (Ashan, Newaz, & Alam, 2011-12) used GIS to analyze two
major intersection highways for clustered crash data. The University of Baylor (Abdalla
et al., 2012) conducted an injury related death study in Dallas County, Texas using GIS.
The study involved all injury related deaths of any nature. The goal with all three was to
identify areas in need of improvement through GIS visualization.
Jayan and Ganeshkumar (2010) published a study designed to identify accident hot
spots. Their study covered fourteen districts within Kerala, India. Traffic congestion was
being studied to find a correlation between congestion and crashes. Traffic density was
compared with crash locations. Jayan and Ganeshkumar (2010) emphasized the use of
crash attribute data when performing GIS crash analysis. Some of the main attributes
included the time and date, the latitude and longitude, the type of accident, vehicle type,
and type of injury if any. Reshma and Sharif (2012) wrote a similar journal article about
identifying crash locations for transportation planning use. The University of Perdua
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(Pirotti, Guarnieri, & Vettore, 2010) located in Legnaro, Italy also used crash data
attributes to locate high crash rate locations. They provided crash rate formulas used to
determine the rates. The University of Technology Malaysia (Hamzah, Setan, & Majid,
2010) was concerned with photogrammetry for more accurate crash location reporting
which aids in the analysis and planning process. Aga Khan University (Razzak, Khan, &
Jalal, 2011) performed an analysis of Karachi, Pakistan which is considered a growing
city. They wanted to find if a GIS analysis was feasible in such an environment.
Results from previous research
The Illinois Center for Transportation GIS project was successful in visually mapping
and identifying high crash rate areas. The system assists the state of Illinois and the local
traffic agencies in identifying dangerous roadway sections and improper designs within
the transportation network. It also allows for countermeasures to be implemented in a
timely manner while increasing safety to the public and saving tax dollars (Jo et al.,
2009).
Iowa State University determined that GIS based crash data analysis should be a
fundamental part of transportation agencies. The conclusion was based on the time saved
when performing such a GIS analysis. Scenarios, patterns, and alternatives can now be
easily accessed where they were not before (Roche, 2000).
The GIS system that Harkey (1999) developed proved worthy of implementation
among transportation agencies. Some of the benefits of his project included spatial
relationship analysis, better accuracy of reporting crash locations, and the conduction of
corridor analysis along a segment of roadway. Similarly, the Nottingham Conference
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proceedings concluded that the spot and mesh analysis methods successfully identified
high crash locations along municipal roads (Funamoto et al., 2010).
The Washington County GIS project successfully identified hotspots for crashes
resulting in fatalities. They contend that fatal crashes not only cost lives but that they also
have the highest cost to the city and the taxpayers. Fixing high fatality rate crash areas
should be at the top of every local traffic agencies priority list (McNeil and Edelman,
2009). Oris (2011) determined that each approach taken for the analysis of fatal crashes
in Kentucky revealed similar patterns for crash locations.
The University of Florida (2009) stated the crash data must be updated as frequently
as possible. The data should be updated at a minimum of four times per year. This insures
that the data is accurate and readily accessible by agencies requiring this data to perform
research and analysis.
Karashin and Serdal (2002) concluded that Hazardous roadway locations were easily
identifiable through the use of GIS. The case study they presented resulted in the
identification and rectification of problem areas as well as cost savings for the gross
national product.
The authors of the Hong Kong study determined that GIS proved instrumental in
determining where the clusters of crashes were occurring. They also indicated the use of
symbology aided greatly in the visual analysis of crash data and location of high injury
and fatality rate areas (Chin and Yee Chan, 2004). In Bangladesh, it was found that half
of all crashes occurred within a small area and could be rectified because of the GIS
analysis (Ashan et al., 2011-12). Baylor University successfully mapped all injury related
deaths within Dallas County, Texas with the implemented of GIS (Abdalla et al., 2012).
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Jayan and Ganeshkumar (2010) concluded that traffic congestion was a direct factor
when examining crash locations. This study concluded that higher density roadways tend
to have more accidents and GIS is not only useful in spotting accident hot spots while
aiding transportation departments in long range planning of roadway design. Reshma and
Sharif (2012) and Pirotti et al. (2010) claim that a GIS approach aids in transportation
planning. Aga Khan University determined that a GIS study of crash data in a growing
community was not feasible because the proper amount of crash data was not available to
make accurate assessments about the matter (Hamzah et al., 2010). Noordin (2008)
concluded that GIS was a necessity in the improvement of roadway safety.
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3. Methodology
This section covers the methods used to visually display crash data at the thirty-nine
signalized intersections in the city of Germantown. The selection of appropriate spatial
data software, the design of the crash information databases, the shapefiles required and
produced, and the various types of visual mapping are covered here.
Software
After meeting with the City of Germantown, it was determined that ArcGIS 10 would
be the most appropriate software package to be used based upon the city’s familiarity
with the software. The Germantown Traffic Department has its’ own GIS division. The
GIS approach was desired to allow better access to an overwhelming amount of data,
quicker analyses of the data, and ease with which to compare groups of data on a monthly
basis with additional important information included in attribute tables. ArcGIS 10 has
functions that allow for queries of desired data based on the type of crash data that one
would wish to analyze visually. ArcGIS 10 is also compatible with Microsoft Excel
which was used to create the crash information databases.
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Database Design
The city of Germantown requested that the crash data needed to be broken down into
month by month databases. This is due to the fact that monthly databases can be layered
together in ArcGIS in order to visually display the crash data in one month, one year, all
three years, or any combination of months that is deemed necessary for analysis. The
time frame of analysis runs from May 2010 to April 2013. Year by year analysis can be
broken down from May to April for each of the one year time frames. The data is built in
tables using Microsoft Excel. The database format is shown in figure 1.

Figure 1. Database Format
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The crash locations are based on the longitude and latitude of the incident as reported by
the responding police officer via Tennessee’s Integrated Traffic Analysis Network
(TITAN) database. Some of the reports include the latitude and longitude while others

only gave a distance in feet from the nearest intersection. The latter was usually the case.
In the second case, Google Maps was incorporated to identify the latitude and longitude
of each crash incident by using the scale provided on the map to find the distance in feet
from the intersection. Then using the “what’s here” function, Google Maps provides the
latitude and longitude of the crash location. The latitude and longitude is known as ‘XY’
data in ArcGIS where ‘X’ corresponds to the latitude and ‘Y’ corresponds to the
longitude.
Additional attributes for each crash incident where also included in the Excel
databases. The additional attributes are the master record number from each police report,
the date and time of the incident, the name of the roadway where it occurred, the nearest
intersecting roadway, the manner of collision, whether or not injury occurred, how many
injuries occurred, whether or not fatalities occurred, how many fatalities occurred, the
number of vehicles involved in the incident, if the incident occurred in a work zone, and
the weather conditions at the time and location of the incident. Each category listed above
has unique values assigned to them and their cells have to be formatted in Excel. Unique
values and cell formats are covered in the Data Management section of this document.
The advantage of putting the crash data into Excel spreadsheets is that it only has to be
done once. This prevents the City of Germantown from having to sift through hundreds
of paper files each time they wish to analyze crash data. Further analyses can be done by
using ArcGIS queries and spatial analyses.
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Data Dictionary. The following section provides explanations of the column headings
provided in the monthly Excel spreadsheets and attribute tables:
Lat - the latitude of the crash location (X coordinate)
Long - the longitude of the crash location (Y coordinate)
Master Record # - the number used to identify the incident report in TITAN
Date – the date of the incident
Time – the time of the incident
Road Name – the name of the roadway where the incident occurred
Intrsct Road Name – the name of the closest intersecting roadway
Type – the manner of collision
Injury – whether injuries occurred in the incident
# Injured – the number of people injured in the incident
Fatality – whether fatalities occurred in the incident
# Fatal – the number of fatalities that occurred in the incident
# Veh – the number of vehicles (units) involved in the incident
Work Zone – whether the incident occurred in a work zone (construction)
Conditions – the weather conditions at the time and location of the incident
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Database Management. Managing the crash data database for ArcGIS will be an
ongoing process as future monthly spreadsheets will be added. It is extremely important
to point out that all Excel files must be saved as an Excel 97-2003 Workbook. ArcGIS
does not handle Excel 2010 files well if it accepts them at all. The crash history data is
sorted by month and each month has its own sheet in the yearly Excel spreadsheets
(2010, 2011, 2012, 2013).
Formatting cells is a task that must be completed for ArcGIS to properly import the
Excel file. Each column must be assigned a format so that ArcGIS will know how to
interpret the information presented in the file. The number of Injuries, Number of
Fatalities, and Number of Vehicles are formatted as a number with zero decimal places
(0, 1, 2...). Latitude and Longitude are formatted as a decimal number with six decimal
places (35.090570, -89.816090). The Master Record Number, Road Name, Intersecting
Road Name, Type of Collision, Injury, Fatality, Work Zone, and Conditions are all
formatted as text. The Date is formatted as a date (1/1/2013) and the Time is formatted as
a time (1:10 PM).
Unique values are assigned to each category in the Excel spreadsheets and attribute
tables. Latitudes and Longitudes each have a specific number value for each incident with
latitude being positive and longitude being negative due to geographical location.
Latitude is at 35o and longitude is at -89o. The six decimal places represent the location
differences in Germantown, Tn. The Master Record Number also has a specific value for
each individual incident. The Date can be any day of the selected month and the Time
can be any time in a 24 hour period. The Road Name and Intersecting Road Name refer
to the physical location in Germantown and can be any street in the streets layer.
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The Type of collision can be one of six values. Front to Rear, Angle, Sideswipe in
Same direction, Sideswipe in Opposite Direction, Not Collision with Motor Vehicle in
Transport (single vehicle incident), and Other. Injury, Fatality, and Work Zone are
limited to two values which are ‘Y’ or ‘N’ (Yes or No) based on whether they occurred
during the crash. The Number of Injuries, Number of Fatalities, and Number of Vehicles
can be assigned any whole number which represents the quantity for each incident.
Weather Conditions may be ‘Clear’, ‘Cloudy’, or ‘Rain’ according to the police officers
observation.
As stated at the beginning of this section, data is added for every month of each year
moving forward. The data is manually entered into each month’s spreadsheet within the
yearly Excel file. Each month is then converted into a shapefile in ArcGIS. This
procedure is followed for every month in the future as the crash data is processed into the
TITAN database. Figure 2 shows an example of cell formatting in Excel.
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Figure 2. Cell Formatting

Spatial Data
Geospatial data refers to objects or locations of events somewhere on Earth (4). In this
case, crash locations in Germantown are defined by their latitude and longitude within a
geographic coordinate system (GCS). The coordinate system incorporated within this
project is the World Geodetic System 1984 (WGS_84). WGS_84 is based on a spheroidal
datum that represents the Earth based on its’ center of mass and has an accuracy error of
two centimeters (4).
ArcGIS combines layers of spatial data that can be used to analyze the crash data
when they are overlaid within the map. All of the layers in the map must use the same
geographic coordinate system (WGS_84) for the data to match and be properly analyzed.
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The layers include the roadway network, the thirty-nine major intersections in
Germantown, the crash locations and a buffer zone around the intersections.
Roadway Network. The road network for Germantown was provided by the GIS
division within the Germantown Traffic Department. The roadway network includes all
of the streets within the city limits and was obtained by means of aerial photography.
Figure 3 displays the roadway network in ArcGIS.

Figure 3. Germantown Roadway Network
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Major Intersections. The major intersections within Germantown were also provided
by the GIS division. There are a total of thirty-nine intersections that need to be analyzed
by the traffic department and they are represented with a blue triangle. Each intersection
has a reference code that refers to the intersecting streets. Figure 4 shows the major
intersections in GIS and table 1 gives the intersection codes along with the corresponding
streets.

Figure 4. Major Germantown Intersections
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Table 1

Germantown Intersection Codes
Intersection Code
G01
G02
G03
G04
G05
G06
G07
G08
G09
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
M01
M02

Location Name
Poplar Avenue/Poplar Estates Parkway
Poplar Avenue/Riverdale Road
Poplar Avenue/West Street/ Farmington Boulevard
Poplar Avenue/Germantown Road
Poplar Avenue/Exeter Road
Poplar Avenue/Kimbrough Road
Poplar Avenue/Forest Hill-Irene Road
Poplar Avenue/Village Shops Drive
Poplar Avenue/Johnson Road
Poplar Pike/Forest Hill-Irene Road
Poplar Pike/Hacks Cross Road
C.D. Smith Road/Hacks Cross Road
Poplar Pike/Germantown Road/Arthur Road
Poplar Pike/West Street/Germantown Road
Germantown Road/Stout Road
Poplar Pike/West Street/North Street (2)
Farmington Boulevard/Germantown Road
Neshoba Road/Germantown Road
Brierbrook Road/Germantown Road
Wolf River Boulevard/Germantown Road
Wolf River Boulevard/Riverdale Road
Farmington Boulevard/Exeter Road
Farmington Boulevard/Kimbrough Road
Farmington Boulevard/Brierbrook Road
Wolf River Boulevard/Johnson Road
Wolf River Boulevard/Dogwood Grove
Dogwood Road/Kimbrough Road
Winchester Road/Forest Hill-Irene Road
Farmington Boulevard/Allenby Road
Wolf Trail Cove/Germantown Road
Poplar Avenue/Arthurwood Drive
Wolf River Blvd/Forest Hill - Irene Road
Germantown Road/Methodist Hospital
Germantown Road/Crestridge Drive
Poplar Avenue/Oakleigh Drive
Wolf River Blvd/Farmington Blvd
Wolf River Blvd/Kimbrough Road
Poplar/Kirby
Poplar Pike/Kirby
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Crash Data. The crash location data is displayed in ArcGIS after the process has been
completed. Once the database is completed, the coordinate system is defined, and the
shapefiles are created, the crash locations will then become visual point locations within
ArcGIS. Figure 5 displays an example of the crash locations for May 2010. The crash
locations are represented by an orange star.

Figure 5. Crash Locations for May 2010
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Buffer. In order to determine that a crash is related to the intersection a maximum
distance is required. In accordance with the City of Germantown standard practice, the
maximum distance from the intersection was established as 50 feet. For the purpose of
visual analysis, a buffer layer was created. The buffer is placed around all 39 major
intersections. This allows the analyst to identify which crashes are intersection related
and which are not. Figure 6 shows the 50 foot buffer zone around an intersection.

Figure 6. Fifty foot Buffer Zone
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GIS Analysis
The purpose of this project is to provide the City of Germantown with a means of
visually analyzing intersection related crash data. ArcGIS is the tool of choice for
analyzing the spatial crash data. Mapping the crash data in ArcGIS is crucial for visual
inspection. Four different kinds of maps have been created in order to aid Germantown
with their analysis. The first kind of map contains spatial data about crash incidents all
over the city. The second kind of map shows all crashes that resulted in someone being
injured. The third kind of map displays the crash incidents by the manner of collision or
crash type. The fourth category deals with fatal crashes. Queries were performed to make
all four map types and are discussed in section 3.3.4 Queries.
Analysis Methods. Visual analysis is the primary concern for the City of
Germantown at this stage of the project. Each of the four styles of maps contains
pertinent spatial information about where these crash incidents are occurring, when they
are occurring, the type of crash, and whether or not injuries and fatalities occurred during
the incident.
Queries can be performed within ArcGIS. A query allows the analyst to sort through
the spatial crash data based on the attributes of each crash. The attributes of crash
incidents are defined within the monthly databases as they are built.
After visual analysis takes place, all of the 39 major intersections will undergo further
analysis. The crash rate method is used to mathematically determine whether or not an
intersection is considered a problem or highly dangerous intersection. The crash rate
method is discussed in the future research section.
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GIS Maps. The four types of maps and how they are beneficial for crash data analysis
are discussed in this section. The first type of map contains the crash locations in
Germantown from May 2010 to April 2013. The maps are separated by three one year
intervals and all 36 months. Figure 7 displays the crash locations for the first one year
interval while the second and third are shown in the appendix.

Figure 7. Crash locations May 2010 to April 2011
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Figure 8 displays an example of a monthly crash location map. This example shows the
crash locations for May 2010.

Figure 8. Crash locations May 2011
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The second type of map displays the spatial data for the crashes that resulted in
injuries. Injury crash locations are represented by a yellow asterisk. The asterisk increases
with size based on the number of injuries that occurred during the incident. A yearly and
a monthly example are provided in figures 9 and 10.

Figure 9. Injury Crash locations May 2010 to April 2011
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Figure 10. Injury Crash locations May 2010
The third type of map displays the crash locations by the manner of collision that
occurred. The categories are angle, front to rear, head on, not collision with motor vehicle
(one car incident), sideswipe traveling same direction, sideswipe traveling opposite
direction, rear to rear, rear to side, and unknown/other. The collisions are represented by
different colored squares. The figures 11 and 12 display a yearly and a monthly example.
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Figure 11. Crash Type locations May 2010 to April 2011
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Figure 12. Crash Type locations May 2010
The fourth map type displays the fatalities that have occurred from May 2010 to April
2013. There were a total of three fatalities that all occurred in 2012 in the months of
August, October, and December. Only one fatality occurred at a major intersection during
the three year analysis period. It occurred in August of 2012 at the intersection of Wolf
River Boulevard and Forest Hill Irene Road (G32). Figure 13 shows the fatalities as they
are represented by a red pentagon.
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Figure 13. Fatal Crash locations August 2012
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Visual Analysis. The output produced by ArcGIS displays all of the crash incidents
that have occurred in Germantown from May 2010 to April 2013. Clusters of incidents
can be identified around the major intersections. The feature layer is titled intersections
and provides the location of the 39 intersections that are considered major. The streets
layer provides the names of the intersecting streets. The monthly crash location layers
display the locations of the incidents by month.
A unique symbology map was created for each map type in order to identify crashes,
injuries, crash types, and fatalities. Crashes are marked with an orange star, injuries are
marked with a yellow asterisk, crash types are marked with colored squares, and fatalities
are marked with red pentagons. Major intersections are marked with a blue triangle. The
fifty foot buffer zone is marked with a colored circle around each intersection.
Queries. When performing analysis of the crash data, queries become extremely
useful. A query search can be conducted for an attribute within the crash databases.
Queries can be performed on the date and time of the crash, the road name or the
intersecting road name, the type of crash, injuries and the number that occurred, fatalities
and the number that occurred, the number of vehicles involved, if the crash occurred
within a work zone, and weather conditions at the time of the crash. A query can also be
performed according to the master record number of the incident in order to find a
specific crash incident. The master record number refers to the file number within the
Tennessee’s Integrated Traffic Analysis Network (TITAN) database. The maps shown in
section 3.3.2 were created by performing queries related to the attributes that were
desired to be analyzed.
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4. Results and discussion
Visual analysis of each intersection was performed by the use of a ‘clip’. A clip is a
tool within GIS that allows only data of interest to be displayed in a new GIS layer (15).
All of the incidents that fell within the 50 foot buffer zone were determined to be
intersection related. For this reason, the 50 foot buffer was used to ‘clip’ the intersection
related crashes. Figure 14 shows an intersection being clipped for one month and figure
15 shows an example of an intersection being clipped for the first year.

Figure 14. Intersection ‘Clip’ Example for May 2010
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Figure 15. Intersection ‘Clip’ Example May 2010 to April 2011
Based on the visual analysis, the major intersections with a high density of crash
incidents are Germantown Parkway and Wolf River Boulevard (G20), Germantown
Parkway and Poplar Avenue (G04), Germantown Parkway and Farmington Boulevard
(G17), Poplar Avenue and Farmington Boulevard (G03), Wolf Trail and Germantown
Parkway (G30), as well as Poplar Avenue and Kirby Parkway (M01). Intersection G20
was determined to have the highest accident rate based on the visual inspection. G20
tallied 107 intersection related crashes in the three year analysis period. Table 2 shows
the total number of crashes by intersection for each one year period and the entire 3 year
analysis period. If crashes fell just outside the buffer then they were included in the total
crash count.
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Table 2

Total Crashes by Intersection
Intersection
Code
G01
G02
G03
G04
G05
G06
G07
G08
G09
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
M01
M02

May2010Apr2011
Total Injuries
3
2
13
17
5
14
10
3
5
3
7
1
8
5
3
3
20
6
3
25
1
5
8
1
2
0
5
3
5
14
0
0
1
1
2
1
2
16
0

May2011Apr2012
Total Injuries
3
0
19
25
4
15
6
1
4
3
11
2
12
4
4
5
15
5
3
41
6
12
6
1
1
0
3
4
2
12
0
1
0
2
2
1
3
13
0
34

May2012Apr2013
Total Injuries
2
4
10
14
6
12
4
2
3
4
10
3
10
3
3
8
10
7
6
41
3
7
8
2
3
3
1
7
1
13
0
4
0
1
0
0
1
12
1

3 Year
Total Injuries
8
6
42
56
15
41
20
6
12
10
28
6
30
12
10
16
45
18
12
107
10
24
22
4
6
3
9
14
8
39
0
5
1
4
4
2
6
41
1

Injury related crashes by intersection were tallied by the same ‘clip’ method as the
total number of crashes. The intersections that have the highest number of injury related
crashes are G20, G04, G30, and M01. G20 tallied 15 intersection related crashes that
resulted in injury during the 3 year analysis period. The intersection of Wolf River
Boulevard and Forest Hill Irene Road (G30) has the only intersection related fatal crash
in the 3 year analysis period. Table 3 shows the total number of injury related crashes by
intersection for each one year period and the entire 3 year analysis period.
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Table 3

Injury Crashes by Intersection
Intersection
Code
G01
G02
G03
G04
G05
G06
G07
G08
G09
G10
G11
G12
G13
G14
G15
G16
G17
G18
G19
G20
G21
G22
G23
G24
G25
G26
G27
G28
G29
G30
G31
G32
G33
G34
G35
G36
G37
M01
M02

May2010Apr2011
Total Injuries
0
0
2
5
0
1
3
0
0
1
0
0
2
2
1
1
5
1
0
3
1
1
0
0
0
0
1
0
1
4
0
0
0
0
0
0
0
2
0

May2011Apr2012
Total Injuries
1
0
2
2
1
3
2
0
1
0
1
0
4
1
0
1
2
1
0
4
2
3
1
0
0
0
0
0
0
3
0
1
0
1
1
0
0
6
0
36

May2012Apr2013
Total Injuries
0
0
0
6
2
1
0
1
0
0
1
2
0
0
0
2
1
1
2
8
1
1
1
0
1
0
0
3
0
3
0
1
0
0
0
0
0
3
1

3 Year
Total Injuries
1
0
4
13
3
5
5
1
1
1
2
2
6
3
1
4
8
3
2
15
4
5
2
0
1
0
1
3
1
10
0
2
0
1
1
0
0
11
1

Now that they have been identified, these high density crash intersections can be
reported to the Germantown Traffic Engineers for further investigation as to what can be
done to make these intersections safer for the commuting public while saving taxpayers’
dollars. Further analysis can be performed by queries. Searches can be performed
according to the attributes of the crash data within the monthly Excel databases.
The output produced by ArcGIS is accurate to the desired level. However, the accuracy
of the crash locations is dependent on the accuracy of the police report from which the
latitude and longitude was obtained. If the report does not contain the proper coordinates,
then the crash location will be misidentified. This is not a major problem as police
officers now use GPS to mark the locations of incidents.
It is imperative that all Excel files are saved in the 2003-2007 workbook formats.
ArcGIS does not accept Excel 2012 files. Also, sometimes an Excel file can become
corrupted and require one to make the file again. This is an easy fix as the file can be
copied and pasted to a new file as long as the cells are formatted in the new file.
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5. Conclusions
The crash locations for the city of Germantown where successfully imported into GIS
shapefiles for analysis through this research for the time period of May 2010 to April
2013.
High crash rate intersections are easily identified during visual analysis via clusters
formed around the major intersections. More data will be added in the future to provide
extended analysis of problem intersection identification. The crucial steps in the
completion of this project were the collection of the crash data, importing it into ArcGIS,
producing spatial data reference maps, and visually analyzing the outputs. ArcGIS is a
tool that continues to grow in application and proved to be a valuable tool for visual crash
data analysis in the City of Germantown.
The results obtained from the visual crash data analysis are critical to the City of
Germantown and their efforts to identify problem intersections. The intersections that
have the highest total crashes are Germantown Parkway and Wolf River Boulevard
(G20), Germantown Parkway and Poplar Avenue (G04), Germantown Parkway and
Farmington Boulevard (G17), Poplar Avenue and Farmington Boulevard (G03), Wolf
Trail and Germantown Parkway (G30), and Poplar Avenue and Kirby Parkway (M01).
The intersections associated with a high number of injuries are Germantown Parkway and
Wolf River Boulevard (G20), Germantown Parkway and Poplar Avenue (G04), Poplar
Avenue and Farmington Boulevard (G03), and Poplar Avenue and Kirby Parkway
(M01). Wolf River Boulevard and Forest Hill Irene Road (G30) recorded the only fatal
crash related to intersections during the analysis period.
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With the problem intersections identifies, the City of Germantown can begin
investigations pertaining to each of the intersections mentioned above and determine
what measures must be taken to make those intersections safer for the public while
reducing expenses to the city and its’ taxpayers.
Future Research
Germantown will continue to compile monthly databases as the crash data is
processed into TITAN. As this process continues moving forward, more and more crash
data will become available and add to the value of visual crash data analysis.
Origin and destination matrices could be incorporated in the future in order to try to
understand where people are coming from and going to at certain times of the day and
year. This would add more value to understanding why certain areas have a higher
density of crashes than others. After the City of Germantown has analyzed the visual
crash data via ArcGIS, they will then proceed to further analyze each intersection by the
crash rate method.
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Appendix

Figure A-1. Crash locations May 2011 to April 2012
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Figure A-2. Crash locations May 2012 to April 2013
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Figure A-3. Injury Crash locations May 2011 to April 2012
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Figure A-4. Injury Crash locations May 2012 to April 2013
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Figure A-5. Crash Type locations May 2011 to April 2012
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Figure A-6. Crash Type locations May 2012 to April 2013
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Figure A-7. Intersection ‘Clip’ Example May 2011 to April 2012
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Figure A-8. Intersection ‘Clip’ Example May 2012 to April 2013
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