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ABSTRACT 

Weather phenomena have always affected human civilization. In particular, the 

destruction that a tornado can cause, no matter the strength and size of it, can wreak 

havoc on a population, while causing massive destruction. This thesis emphasizes 

technology, specifically a GIS-based computer software known as the Catastrophic 

Assessment Tool Set (CATS), to visualize a tornado's projected path. 

This thesis focuses on using several case studies as the foundation for the 

visualization of a tornado's projected path. The case studies of interest for this thesis are 

the March of 2000 Forth Worth, Texas, tornado event, the October of 2001 Cordell, 

Oklahoma, tornado event, the October of 2002 Corpus Christi, Texas, tornado event, and 

the May of 2003 Moore, Oklahoma, tornado event. Several of the case studies worked 

well in a prediction sense, given the earliness or lateness of the relevant meteorological 

variables. Furthermore, other case studies did not perform well in a prediction sense due 

to the post or prior relevant meteorological variables. However, this is a step closer to 

understanding what key meteorological variables play a major role in the projection of a 

tornado. 
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CHAPTER I 

INTRODUCTION 

Historically and presently, tornadoes are known for wreaking havoc upon human 

life, as well as destroying valuable property assets ranging from single-family dwellings 

to muhi-million dollar establishments. As long as the atmospheric conditions are precise 

for tornado formation, a tornado can occur any day, anywhere and at anytime. Natural 

disasters such as a tornado can disrupt every sector of U.S. society, including industry, 

agriculture, forestry, transportation, schools, hospitals, insurance, recreation, tourism, 

telecommunications, water, and power (National Science and Technology Council, 

2003). Population continues to grow in the continental United States escalating to over 

292 million people (Yax, 2003). Numerous American communities are in hazardous 

tornado-producing areas. 

On average, 800 tornadoes are accounted for across the continental United States 

annually, which results in eighty deaths and over 1,500 injuries. This is the most severe 

of any country in the entire world (Radke, 2003). According to the National Science and 

Technology Council, during the 1990s there were more tornado-related disasters than in 

any recent period. Furthermore, during that same period, over $1.72 billion in Federal 

Emergency Management Agency (FEMA) assistance was a spent resuh of tornadoes 

(National Science and Technology Council, 2003). Although tornadoes can be rather 

destructive in nature and costly in reference to perished property, the severity of the 

damage can be lessened. This could happen with an increase in scientific knowledge 



about this natural phenomenon along with advancements in technology. The first chapter 

is going to focus on several studies that joined the knowledge of natural disasters with 

technology specifically, using computer software and implementing it with relevant 

natural disaster data. Following that discussion, the objective of this thesis will be 

presented. 

I.l Incorporating Knowledge with the Geographic Information System 

Natural phenomena that range from large-scale such as hurricanes, to small-scale 

such as tornadoes, can cause much destruction. However, learning about these natural 

occurrences and applying that knowledge by utilizing technological advancements may 

inhibit massive and costiy devastation. Bedient, Holder, Benavides, and Vieux (2003) 

implemented a study where their primary focus was to look at hazardous areas prone to 

flooding, due to land falling hurricanes or tropical storms. The target area was Brays 

Bayou in southwest Houston, Texas. This was the prime target area due to its 

geographical location, which proved to be of importance because of the damage that 

Tropical Storm Frances in September 1998 and Tropical Storm Allison in June 2001 

caused. However, Bedient et al. (2003) stated that the National Oceanic and Atmospheric 

Administration (NOAA) labeled Tropical Storm Allison as the most devastating flood to 

impact the urban Houston area in U.S. history. Brays Bayou, which encompasses the 

Texas Medical Center (TMC), is downstream from major urban facilities. Due to its low 

in elevation location, the TMC became a prime target for flooding. Over $1.5 billion in 



damage was done to TMC alone due to Tropical Storm Allison. This property and life-

threatening storm showed that implementation of superior flood instrumentation is vhal. 

Bedient et al. (2003) realized that gaining knowledge about tropical storms and 

their land falling characteristics is necessary, since once a tropical storm made land fall, 

the development of urban areas has a strong impact on whether a flood will become 

severe or not. Being that Brays Bayou is downstream from an urban area, it will more 

than likely flood easier than other non-urbanized leveled areas. Bedient et al. (2003) 

realized that although gage-based flood warning systems do interpret rainfall 

measurements well, it could however improve with additional instrumentation. 

Improvement was needed because the spatial density of the gage-based network was low 

and an increase in density would provide for better rainfall estimations. They decided 

that not only is the implementation of the Next Generation Radar (NEXRAD) with the 

current gage-based Flood Alert System (FAS) are required, but also a Geographic 

Information System (GIS) based computer software to display numerous features was 

desired. 

Bedient et al. (2003) used the above instrumentation for Tropical Storm Allison, 

to see how well it forecast Brays Bayou flooding. The NEXRAD radar was used to 

visually show the track of Tropical Storm Allison in space and time, and to see where the 

heaviest rainfall was located within the storm. With the use of rainfall analysis from 

NEXRAD, Bedient et al. (2003) used GIS to enhance and define Brays Bayou 

boundaries. GIS was used to show the flooding effects on specific streets, streams, 

topography, and land use. Overlaying the NEXRAD image onto a GIS topography map 



will allow the analysis of those effects easily. Bedient et al. (2003) noticed that linking 

NEXRAD and the increase of spatial density gage-based FAS with GIS gives the ability 

of rainfall estimation over a certain area, where in this case the area is Brays Bayou. 

Although Tropical Storm Allison caused historically high damage costs, the combination 

of the above instrumentation aided by personal knowledge allowed Bedient et al. (2003) 

to show successfially that the system did work well for Tropical Storm Allison. Even 

though the storm caused structural damage to TMC, the system efficiently provided 

enough warning via the internet to TMC personnel to evacuate the area. 

GIS-based computer software is also of importance to the Air Force. Squires 

(2003) conducted a study that used GIS solely as a visual aid to manage and analyze 

climate data. Squires (2003) noted that GIS has become an essential component for the 

Air Force Combat Climatology Center (AFCCC). The majority of the projects at 

AFCCC utilize weather observations that are scrutinized for use of climatological studies 

that support aviation interests and operational forecasting. Squires (2003) explained that 

the studies would be used for long-range mission planning to military construction 

projects with GIS being an essential contributor in the aid of visualization. 

Approximately 10,000 locations around the world take weather observations, received by 

the AFCCC. The AFCCC receives over 100,000 surface weather observations on any 

given day (Squires, 2003). Each weather observation site is unique in how it codes 

certain parameters (i.e., pressure, temperature, and relevant parameters), which forces the 

AFCCC to manage and put all of the diverse observations into equivalent code. Utilizing 

GIS could therefore help map the surface observations. 



Squires (2003) used the continental U. S. tornado data from 1950 to 1995 in the 

form of beginning and ending latitudes and longitudes, to be visually displayed on GIS. 

GIS was able to draw lines to represent each individual track as a fiinction of the Fujita-

Scale. With GIS, seeing where a tornado may form more prominently as a function of 

spatial distribution, than in another area will improve analysis. 

According to Radke, Cova, Sheridan, Troy, MuLan, and Johnson (2000), GIS can 

be employed to lessen the effects that natural disasters such as tornadoes, can generate 

upon human life and property. Radke et al. believed that the development of operational, 

predictive models that are embedded within GIS is critical. These models can depict on 

GIS, maps of environmental variables in numerous combinations, in order to produce a 

plethora of scenarios. These scenarios could therefore be used to see what the best action 

is to take to protect American communities and properties. However, the scenarios are 

based upon input data, which would have to be up-to-date to insure proper realistic 

conclusions. Radke et al. (2000) noted that the Sedgwick County GIS Department 

(SCGIS) created over 300 maps for the Emergency Operations Center (EOC) pertaining 

to the May 3-4 1999 tornado outbreak in Oklahoma. This provided the EOC with a 

probable path and damage maps that were used for tornado analysis and future 

operations. 



1.2 Objective 

The objective of this thesis is to visualize tornado track projection with a GIS-

based computer software, given certain meteorological variables. Developing a 

technique for the prediction of the tornado itself is beyond the scope of this thesis. Four 

case studies of past tornadoes F2 and above, according to the Fujita-Scale, will be 

compared to the output model projection analysis created of those same tornadoes. 

Chapter II will discuss the main procedures that meteorologists use to predict tornadoes. 

The procedures will range from instrumentation to the meteorologists role of 

implementing tornado prediction. Within that chapter, I will also discuss comparison 

traits of my technique utilizing and aiding in the present techniques, compared to what is 

being used presently. In Chapter IE, I discuss the GIS-based computer software that is 

being used in the visualization of the tornado track projection, followed by the Chapter 

IV discussion of the methodology that was executed in the present study. Chapter V will 

cover the resuhs of my model track projection and finally. Chapter VT will discuss 

summarizations and recommendations. 



CHAPTER II 

TORNADO PATH PREDICTION PROCEDURES 

The prediction of any kind of weather such as tornadoes is not an easy task. 

According to Doswell, Weiss, and Johns (1993), tornado forecasting can be broken into 

two parts. The first part is the anticipation of a tornado potentially occurring, which is 

called forecasting. The second part is the recognition of a tomadic storm called 

nowcasting. In order to understand the procedures that are used in tornado prediction, 

Doswell et al. (1993) investigated the history of tomado prediction. They found that 

tornado forecasting can be researched as far back as the 19* century, but serious work in 

the prediction of this weather phenomenon did not begin until the early 1950s. In the 

earlyI950s, the word tornado for forecasting the phenomenon was forbidden due to 

America going through the recovery period of post World War II. It was assumed that it 

would cause great panic and fear to all. 

Tomado forecasts began in 1952 by the Weather Bureau Analysis (WBAN) 

Center special unit called the Severe Local Storms (SELS) Center (Doswell et al, 1993). 

Initially, tornado forecasting was not well-understood or established, which led to it 

essentially being purely empirical. This was because the synoptic scale was studied and 

used for tomado prediction, which may not always provide the needed information 

(Doswell et al., 1993). However, Doswell et al. (1993) noted that meteorological 

parameters related to tomado production were detectable at the synoptic scale such as 

instability, extratropical cyclones, low-level moisture, jet streams, surface convergence 



boundaries, and other related features. Although, the above parameters could not justify 

tomado production, at that time it did give insight to a rather non-understandable severe 

weather event. 

During the 1950s the production of radar gave new insight to tornado structure, 

which gave rise to the establishment of the National Severe Storms Laboratory (NSSL) in 

the early 1960s (Doswell et al., 1993). The research from this particular unit of the 

Weather Bureau National Severe Storms Project produced understanding of the stmcture 

from which a typical tornado is produced from what is called the supercell. In latter 

decades, the production of numerous cloud models, due to the more efficient computer, 

gave rise to studying these severe storms in a three-dimensional format, which made 

Doppler radar observations more of a validation tool for the cloud models (Doswell et al., 

1993). To make analysis even more concrete, "storm chasers" went out into the field to 

validate what was being shown on the Doppler radar. 

As a whole, a society has come a long way in forecasting tornadoes. This was 

accomplished initially through trial and error, which led to newer findings of the severe 

phenomenon due to the advancement of instmmentation, faster computers and dedicated 

scientists. 

2.1 Hardware and Software Tools 

As stated earlier, instmmentation has become a key factor in forecasting any type 

of severe weather, especially tomadoes. Instmmentation used specifically for tomado 

prediction includes Doppler radar and computers to visually show the radar image. In 



addition to instmmentation, meteorologists are utilizing computer software in the tomado 

prediction process. One form of software that is of great aid for tornado prediction is the 

Advanced Weather Interactive Processing System (AWIPS). Each component, important 

in the tomado prediction process, (i.e., hardware and software) will be discussed in great 

detail shortly. 

Advances in mesoscale analysis have improved greatly with the use of radar. 

Specifically, both non-coherent and Doppler radars bring the identification of severe 

weather to another level. According to Wilson and Roesli (1985), non-coherent radars 

measure precipitation intensity while Doppler radar measure not only precipitation 

intensity, but also has the ability to measure wind velocities. Presently, the National 

Weather Services (NWS) utilize the Weather Surveillance Radar 88 Doppler (WSR-

88D), which has gone through numerous advancements in its instmmentation, in order to 

provide meteorologists with the necessary tools used for nowcasting severe weather and 

recognizing its kinematics. The WSR-88D shows its final calibrated image on a device 

such as a computer screen with two main components used for tomado prediction. These 

two main components are the reflectivity field and the velocity field, which are usually 

called base data (Andra, Quoetone, and Bunting, 2001). The reflectivity field is able to 

recognize cells of severe weather and its associated precipitation intensity through the use 

of electromagnetic energy transmitted from the radar, scattered back to the radar if a 

target is in its path. Severe weather includes severe thunderstorms, squall lines, hail, gust 

fronts, hurricanes, and tomadoes (Andra et al., 2001). In the reflectivity field, tornadoes 

have a signature like no other severe weather called the hook echo and, as its name 



sounds, appearing like a hook on an imaging device. The hook echo warns the 

meteorologists that rotation within the storm is occurring and if all other conditions are 

met, a tomado can possibly form from this rotating cloud called a mesocyclone. 

In the velocity field, the WSR-88D can measure the wind component (i.e., 

velocity) in the direction in which the radar beam is pointing (Wilson et al., 1985). On a 

typical WSR-88D, bright green colors indicate wind that is moving toward the radar, and 

red colors indicate wind moving away from the radar. This wind directional shift can be 

detected for individual cells of severe storms. Wilson et al. (1985) noted that a detailed 

three-dimensional field of air motion could be obtained by combining Doppler wind 

components from two or more radars. A three-dimensional wind field will provide for 

the necessary analysis of a severe storm that produces a tornado. One of the key 

elements that signify a favorable environment for a tornado is vertical wind shear, which 

can be obtained by looking at the velocity field of individual cells. The velocity field 

together with the reflectivity field provides a strong tornado warning mechanism. If the 

hook echo that is displayed in the reflectivity mode is aligned with the vertical wind shear 

that is in the velocity mode, forecast lead times for severe weather are enhanced, allowing 

meteorologists to initiate the proper procedures and guidelines that are necessary to 

insure the safety of the public. 

The WSR-88D can do several volume scans in the severe storm so that it can 

create a detailed look at stmctures and movements within the cell, providing even more 

insight about the severe storm. The WSR-88D is a powerful device but additional tools 

can aid in proper tornado detection, and prediction. 

10 


