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Mississippi leads the nation in tornado deaths per unit area. Previous risk assessment
studies have indicated a connection between housing type and fatalities but have
focused only on a national scale. The purpose of this study was to provide a local
scale risk assessment for Mississippi. Each county’s individual tornado risks were
combined with US Census county housing data for each decade from 1960-2000. The
study found that the comparable risk to life and property is highest in Harrison
County and Hinds County, but with proper shelters and community planning this risk

would be mitigated.
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CHAPTER I

INTRODUCTION

From 1950-1995 Mississippi held the dubious honor of having the highest
average tornado occurrence per unit area in the United States. Mississippi also led the
nation in the number of deaths per unit area between 1953 and 1998 (Table 1) (Grazulis
2001). Tornadoes are a risk factor to people and property in the United States, and
specifically to Mississippi, that cannot be ignored. This risk assessment project for
Mississippi aims to determine areas within the state where there is a greater threat to
housing due to the prevalence of tornadoes, tornado days, and the associated housing
communities.

Tornadoes, and the supercell storms that spawn them, are complex fluid structures
that, after decades of study, are still not fully understood. It is still not known why the
same storm system on a given day can produce both a tornado that does no damage and
one that wreaks havoc along its path. It is not known why one tornado may travel for 20
miles over rugged terrain while another remains on the ground for a mere mile over flat
grassland. In tornado forecasting, there are very few, if any, absolutes.

Perhaps this unknown is responsible for the number of myths that surround
tornadoes. One of the most persistent is the belief that mobile homes are “magnets” for

tornadoes. Although mainly disproved within the scientific community the public



continues to hold to this idea. Ironically, however, manufactured home sales have
increased over the past twenty years in states known for frequent tornadic activity
(Manufactured Home Association of Mississippi 2002).

The Oklahoma tornadoes of May 3, 1999 provided a unique opportunity for a
wide range of case studies including one on fatalities. The Journal of Weather and
Forecasting for June 2002 was devoted to the research these storms.

Brooks and Doswell (2002) highlighted the importance of safety and risk
assessment within housing communities. Although the Moore, OK F5 tornado of 1999
damaged several thousand permanent homes with less than 100 mobile homes damaged,
according to Brooks and Doswell (2002) the risk to mobile home residents was at least
twenty times as great as the risk to permanent home residents.

Nationally, the number of deaths related to mobile homes speaks for itself. Table
2 indicates the number of deaths by type of housing attributed to tornadoes since 1975
(Brooks and Doswell 2002). The percentage of those people who die in mobile homes is
substantially greater than those who have perished in permanent structures. Since mobile
homes and older permanent homes are at risk from tornadoes because of their light
weight or substandard wind resistant construction, the people who shelter within them are
also at great risk of injury or death. While national studies have been conducted by
Harold Brooks (2003) and also by Jim Belles (2002) of the Memphis National Weather

Service on tornado risk assessment, no local studies have been carried out.



Table 1. Tornado fatalities ranked by state (Grazulis 2001)

State beaths Oeaths Eiller KEiller
per pEer tornadoas tarnadoes
1,000,000 | 160,000 per per 10,000
people sg. miles | 1,000,000 sg. miles
people
Mississippi | 166.0 (1) Ta.0 (2} | 25.0 (2} 12.0 (1)
Arkansas BT.0  (2) 2.0 [(7y | 30.0 (1) 1.0 12)
Llabama 9.0 (5] |54.0 (4] |15.0 (4) 0.0 (4]
Oklahoma Bi.0 (&) | 3.0 (9) [ 24.0 (3} a.0 L&)
indiana 43.0 (&) |'82.0 (3) 7.5 (17} 11.0  (3)




Table 2. Number of deaths associated with structure type (Brooks and Doswell 2002)

Year Total Mobile Permanent
1075 6() 13 B
1976 44 is —_
1977 43 ¥ —_
1978 33 13 -
1979 &4 9 —
1980 28 11 —
10K 24 4 _—
1082 64 20 —_
1OK3 RE 20 —
1984 122 43 —
1983 94 28 40
1986 15 7 3
1987 39 24 7
1988 32 21 6
1989 48 12 8
1990 33 7 11
199] 39 20 3
1992 39 20 18
1993 33 13 6
1994 68 26 14
1995 30 b 15
1996 25 4 8
1997 67 30 23
1998 130 65 40
1999 93 R 35
2000 40 31 4




CHAPTER II

LITERATURE REVIEW

Tornado Environments

Tornadoes are defined as violently rotating columns of air that are in contact with
the ground and a cumulus cloud. Tornadoes can initially form anywhere under the proper
synoptic influences. These fundamental conditions have been detailed by a number of
studies (e.g. Pryor and Kurzhal 1997, Kessler 1992).

A synthesis of the synoptic conditions begins with a warm, dry air mass that must
establish a cap in the atmosphere over cooler, but still warm, moist air. In Mississippi, the
prime source region for this moist air is the Gulf of Mexico. A cap prevents the ascension
of air parcels allowing energy to be trapped in the planetary boundary layer (PBL). Once
the cap is forcefully broken by a synoptic mechanism such as a front, the energy is
released, enhancing the updraft, and an air parcel’s ability to rise rapidly and freely into a
developing thunderstorm. (Mcllveen 1992) Wind shear in the vertical is necessary for
rotation within a column of air. Low level jet streams, or regions of fast moving air
(greater than 40 knots) help develop the proper shear environment.

During the fall and winter months the jet stream dips further south bringing the

stronger jet streaks across Mississippi and the Southeast. The jet streaks in the upper and



mid-level troposphere push cool, dry air into the troposphere and enhance upper level
divergence. Low level jet streams help to quickly move heat and moisture into convective
regions. The jet streaks create regions of vertical shear that enhance the organization of
severe storms (Figure 1) (Verno 1999). However, these conditions alone will not always
produce tornadoes.

The Verification of the Origins of Rotation in Tornadoes Experiment (VORTEX)
was aimed to shed new light on tornadoes and their environs. It was discovered during
VORTEX that boundaries, or leading edges of pools of cool air left behind
thunderstorms, are good locations for later tornado formation. These boundaries are
“small-scale fronts” that supply the air with horizontal rotation. As a mature storm
intersects a boundary, the horizontal rotation can be tilted upward into the updraft and
stretched vertically thereby increasing the spin rate of the updratft.

Rasmussen (2002) suggests that strong synoptic scale shear is not necessary in
tornado formation. Instead, he offers the hypothesis of three atmospheric ingredients
working together. The first ingredient is a long lasting updraft. The second ingredient is
sufficient storm relative helicity (SRH) in the 0-1 km layer. The third ingredient is a

strong, concentrated rear-flank downdraft.

Supercell Storms
There are three different classifications of supercells, the storms most likely to

have tornadic activity in the environment detailed above: 1) Low Precipitation (LP)
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Figure 1. A model of a typical tornadic cell environment. (Kessler 1992)




supercells mainly develop over the Western Great Plains and, in general, produce weak
tornadoes, 2) Classic Supercells are most common over the Central Great Plains and, 3)
High Precipitation (HP) supercells, which are common in the Southeast and are often
responsible for flash floods as well as tornadoes (Ahrens 2000).

In Mississippi, the most common supercell type is the HP storm. This storm is
commonly associated with Mesoscale Convective Systems (MCS) (Maddox 1980).

Kessler (1992) found that these storms often produce the most violent tornadoes.

Risk and Damage Assessment

The most widely used measurement for damage created by tornadoes is the Fujita
Scale. The Fujita Scale works on a rating system of FO to F5 where F5 is the strongest
possible tornado. These ratings are based on the character of damage effected on
structures in the tornado’s path. (Table 3) Significant tornadoes are defined as F-scale
ratings of F2 or greater.

Until recently there was no effective way to measure the exact wind speed within
and around tornado vortices. Even with the technological advancements of the Doppler
radar and the Doppler on Wheels (DOW) it is a dangerous undertaking to move
instruments within a usable range. Additionally, there is very little opportunity to have a

DOW in the right place every time a tornado occurs.



Table 3. Fujita Scale of Tornado Intensity (Fujita and Pearson 1973)

Rating | Estimated Character of Damage
Wind Speed

FO 40- 72 mph | Damage to signs, large tree branches

Fl 73-112 mph | Reof damage, mebile homes removed
from foundations, cars blown off read

F2 113-15%7 mph | Roofs torn away, mobile homes
destroyed, large tree trunks snapped
off

F3 158-206 mph | Roofs and walls torn away from well
constructed builldings, railroad
trains overturned, large numbers of
tiges uproeted

F4 207-260 mph |Well constructed residences
completely destroyed, cars tossed
about like toys

F5 261-318 mph |Well constructed commercial buildings
disintegrated, cars carried distances
of over 100 yards
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Thomas Grazulis (1992) directed one of the largest independent studies on historical

tornadoes as part of the Tornado Project. Grazulis only considered those storms he
evaluated as significant tornadoes, however. As seen in Figure 2, he did find a minimum
of significant tornadoes stretching from Calhoun County, MS to Attala County, MS from
1880 to 1989 that did not seem to be related to low population and reporting biases.

(Grazulis 1992).
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Figure 2. Mississippi Counties with Minima of Significant Tornadoes (Grazulis 1992)
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Even with the tornado minima factored in, Mississippi is still ranked number one for

tornado deaths by population, a statistic that according to Grazulis (1992) truly
demonstrates the relative state-to-state risk to life from tornadoes.

Hinds County, MS and Rankin County, MS, which include the Jackson
metropolitan area, are two areas of concern for high damage and injury in the autumn and
winter seasons. This assessment was because of high numbers of tornadoes occurring
near the relatively high population densities within these two counties. Mississippi, in
general, shows a prevalence of very strong tornadoes with a relatively large number of
long-track tornadoes (Garinger and Knupp 1993).

Brooks et al. (2001) and Concannon et al. (2000) also indicated southern
Mississippi as a region of maximum tornado occurrence when studying national tornado
climatology. Brooks et al. (2001) found that the risk of a significant tornado event across
the United States can be determined by utilizing a hazard model. The hazard model,
named the Monte Carlo, produced results of 10 million extrapolated tornado events that
were statistically comparable to the raw data. A high risk was found to be in central
Oklahoma and the surrounding area, extending eastward into Alabama.

A long-term tornado climatology that Brooks et al. (2001) compiled suggests
Mississippi is at risk of significant tornadoes that have the potential to cause numerous
deaths and considerable damage. Compounding this risk is the number of structures built
with poor wind resistance. Situations arise where there are simply no safe places for
people to seek protection from a severe windstorm (McDonald 1993). People believe the

risk of being hit by a tornado is too low to invest in the proper tornado protection. Yet,
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the most common cause of death in a tornado is from flying projectiles. These might

include pieces of wood, metal pipes, or even cars. The tornado does not have to pass
directly over a house to cause injury or damage. According to Marshall (1993) small
missiles can penetrate walls with single sheathing at speeds as little as 32 mph.

Other than the Tornado Project (Grazulis 2002) and the compilation of papers that
were presented in 1993, there have been few recent tornado risk analyses performed. But,
when ten percent of all US households will experience a tornado that involves injury to
household members and/or damage to real or personal property of the household or its
members (Rossi, et. al, 1983) the matter deserves further study, especially at the county
level. Since mobile homes that are not properly anchored can be overturned by a tornado
with 70 mph winds (F1), all tornadoes from FO through F5 should be considered a real
threat. The amount of property damage continues to increase each year, reaching a level
where insurance alone cannot recoup the losses (McDonald 1993). Zoning and building
codes are determined on a county or state wide basis. In order to implement changes, a
sense of urgency must be instilled on this local level. Determining the Mississippi
counties that would benefit from installing interior or exterior storm shelters or building
houses that are more wind resistant would, in turn, prevent Mississippi from suffering the

economic losses inherent in tornado damage.



CHAPTER III

OBJECTIVES AND HYPOTHESES

The primary objectives of this study are:
1) to determine the locations of greatest risk to human lives from tornadoes in

Mississippi;

2) to determine the extent of the spatial relationship that exists between tornadoes
and housing structures in Mississippi on a county level;

3) to determine if the areas of greatest risk have changed between 1960 and 2000;

4) to provide emergency management with a detailed risk assessment of tornadoes
and property damage of Mississippi counties
This study hypothesizes that due to the economic costs of providing protective
areas and the belief that no structure can withstand significant tornado damage:

1) the primary risk areas within Mississippi have changed from 1960-2001 due to
changes in lifestyle and housing;

2) mobile home locations have remained relatively stationary, but have increased
in number of units with little regard to tornado risk assessment

14



CHAPTER IV

DATA AND METHODS

Study Period

The time period utilized for this study is January 1, 1960 to December 31, 2001.
This time frame was chosen because of the limited availability of housing data prior to
1960. Tornado data was available from the National Climate Data Center (NCDC) from
the 1950s through 2001. However, the risk comparisons offered in this study are in
relation to the housing data. The 42 year period is long enough to allow for an analysis of

decadal risk change.

Housing Data

The housing data was obtained from United States Census Bureau compilations
from 1960 to 2000 (Tables 4a-4e). These data were broken down by county, structure
type, and approximate year of construction (U.S. Census Bureau 2002). Data were
restricted to information that could be found on every one of the last five Census Long

Form Summary Files. The year of construction of a structure provides information on

15
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which federal building codes were in effect when a structure was erected. Structure type
was divided into permanent housing and mobile homes.

This division is necessary because mobile homes are more susceptible to damage
from high winds since they are built to only sustain maximum winds of 110 mph,
equivalent to a strong F1 on the Fujita Scale (U.S. Department of Housing and Urban
Development 1997). Additionally, county area was utilized to normalize the housing and
tornado data in certain map sets. In this way, counties with greater land area would not

result in a greater risk area simply due to size.

Tornado Data

Tornado information and descriptions from the Tornado Project
(www.tornadoproject.com/alltorns/mstorn.htm) and from the National Climate Data
Center (www4.ncdc.noaa.gov/cgi-win/wwcgi.dll?wwevent~storms) were used to find
touchdown sites, path locations, exact dates, and F-scale damage ratings of all
Mississippi tornadoes over the forty-two year period. Tables 5a-5d offer a decadal
breakdown of these data into tornado days per county, total number of tornadoes per
county, number of tornadoes rated F2 or greater, and number of tornadoes rated F4 or F5.

These tornado archives, while invaluable to historical tornado research, do have
some weaknesses. Data collection prior to the advent of technical advancements, like
Doppler warning systems, was a hit and miss venture. For a tornado to be reported

someone must realize that it occurred in the first place. In sparsely populated agricultural


www.tornadoproject.com/alltorns/mstorn.htm

Table 5a. Tornado Days Per County by Decade

2000 -
1960s | 1970s | 1980s | 1990s 2001
Adams 0 4 3 0 0
Alcorn 2 4 3 1 1
Amite 2 4 7 3 0
Attala 3 6 3 4 1
Benton 0 2 1 1 1
Bolivar 4 7 9 2 3
Calhoun 1 5 1 3 1
Carroll 0 2 2 5 1
Chickasaw 1 1 3 2 0
Choctaw 1 1 1 2 0
Claiborne 0 3 2 5 0
Clarke 1 5 5 3 2
Clay 1 1 3 0 0
Coahoma 3 6 3 2 1
Copiah 4 6 6 5 1
Covington 1 1 2 6 0
De Soto 6 2 2 2 1
Forrest 3 3 2 6 1
Franklin 0 1 3 0 1
George 1 4 2 2 1
Greene 0 5 1 1 1
Grenada 4 5 0 1 3
Hancock 2 7 7 8 3
Harrison 7 9 9 4 4
Hinds 11 13 7 5 2
Holmes 2 3 3 7 1
Humphreys 3 4 3 6 2
Issaquena 0 3 1 1 0
Iltawamba 0 3 0 2 0
Jackson 5 13 6 7 4
Jasper 2 3 4 5 1
Jefferson 2 1 2 2 0
Jefferson
Davis 1 4 1 3 1
Jones 4 9 9 3 3
Kemper 0 1 5 3 0
Lafayette 1 7 2 1 1
Lamar 2 3 1 4 4
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Table 5b. Total Tornadoes Per County By Decade

1960s

1970s

1980s

1990s

2000 -
2001

Adams

0

w

0

Alcorn

Amite

Attala

Benton

aln|N|w

Bolivar

—_
o

Calhoun

Carroll

Chickasaw

Choctaw

Claiborne

Clarke

Clay

Coahoma

Copiah

Covington

De Soto

Forrest

Franklin

George

Greene

Grenada

Hancock

QIO NOAONINININ|IR|WIOIN|~(OIN|—~

Harrison

NINO|IO2|O|WwWO|INO|R|2 |2 |OR |0 |RO|VINMN|IN

Hinds

—_
—_

_ |
(@31,

Holmes

Humphreys

Issaquena

Itawamba

Jackson

Jasper

Jefferson

NINOO|IO|W(N

Slw(glw|dlo|lw|glo|Nlo|lo|lo|a|lals 2o jo|a|o|lw|a s (vaNN oSS

NGO (N O|=|~>

NI IN|= (O (N|HR|OWININ|IOININOON|IO|RIOAIN MO (=AW~

O|= | OCIOIN~WIO|ARW|m|m |||~ Om[mOWOC|O|O0|n|m~|OO|m |~ O|~|O

Jefferson
Davis

N

Jones

—_
o

Kemper

Lafayette

Lamar

AW

Lauderdale

OIN|~[OR~N

(W |N|—~

QN2 WO (O |-

RN
N

N~ O|~(~




Tahle Sh. Continned

Leake

2

Lee

Leflore

[ R E =N [¢V]

Lincoln

N
o

Lowndes

Madison

Marion

Marshall

Monroe

Montgomery

Neshoba

Newton

Noxubee

Oktibbeha

Panola

Pearl River

Perry

Pike

Pontotoc

Prentiss

Quitman

OANAMNWWWINIOOOO|W|O|W|A|O|W| (D[N |W

Rankin

—_
o

Scott

Sharkey

Simpson

Smith

Stone

Sunflower

Tallahatchie

Tate

Tippah

Tishomingo

Tunica

Union

Walthall

Warren

Washington

Wayne

Webster

Wilkinson

Winston

Yalobusha

W22 NN OWWOAOINWIO|IWINWIWw Lo,

|2 NN OoO|~ N ||, |, O|ON|OOI|N|O|W|O[N|W[O | _|OWININW|= (N~ (N|&

Yazoo

OO O |WINA=_|I2 NN,V OOICO|IO(OINIWIRINIOIR[2R|WIOININIOIN|I=INININW|W|W

NININ2[WININ[R|2[OININWOINW|AR|2(NO[R 2NN WW|N=IN|WO|IWWIN|W|[|® (o100~ |

—_
o

—_
—_

N[O~ o|lOo|IN|[m|~(NVO|O|O|m O~ |IN|OC|IOCIO|WI2IN(2 2|2 A2 (22N |0 ININ=2IN|= |-

35



Table 5c. F2-F5 Tornadoes Per County By Decade
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Table 5c. Continued
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Table 5d. F4 - F5 Tornadoes Per County By Decade
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Table 5d. Continued
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40
areas like the Mississippi Delta or in nature reserves there are likely to be few reports of

any tornadoes that did not significantly alter the landscape. If a tornado does hit a
farmer’s property, but does not encounter any well-built structure, this may result in the
tornado being classified much lower on the Fujita damage scale than what the wind
speeds actually could have been. In contrast, over highly populated areas like the Gulf
Coast, every tornado is likely to be seen and reported. Each event is also likely to
encounter a house, boat, trailer, or other building, thereby producing more damage and
resulting in higher average F-scale ratings. These factors were taken into account when
designing subsequent analysis maps.

The tornado paths for each decade in each county of Mississippi (Appendix A)
were plotted using Severe Plot 2.0 from the Storm Prediction Center (2002). Housing
structure density data was then plotted on GIS ArcView 3.3 on a county wide basis.
These maps provide a visual representation of each county’s risk where “risk” is defined

as the threat to life and property.

Data and Database Organization

After gathering the housing data, the author entered each decade’s information
into a database. The data was separated by county and listed as follows: total number of
housing structures, total number of mobile homes, number of homes built before 1939,
between 1940 and March 1950, between 1950 and March 1960, between 1960 and March

1970, and so on.
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The total number of housing structures provides a more accurate view of the

population’s potential effect on tornado reports, in the author’s opinion, than a general
county population statistic. People are more likely to group together in a neighborhood
than to spread out across the entire county individually.

Although not directly used to produce the risk maps in this study, the year of
construction was also included to further characterize tornado risk. As stated previously,
the year of construction of a building structure indicates the federal requirements to
which the structure was required to adhere. Houses built before the updated HUD
standards were enacted are, generally, more susceptible to wind damage. Therefore, any
county with larger percentages of such housing might choose to increase its average
assumed risk.

This study is the first to combine housing and tornado data at a county level. The
visual representation produced within GIS aids in understanding the patterns of risk more

easily than with a spreadsheet.

Determining Risk

For each decade, comparisons between counties were performed on the following:
tornado based risks, housing based risks, and a combination of tornado and housing based
risks. A numerical average was established of these risks to create a decadal risk
category. The decadal averages were subsequently average again to determine an overall
risk for Mississippi counties. Each county’s risk was classified as low, low-moderate,

moderate, moderate-high, or high. The author allowed GIS to create the breaks between
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the categories in order to establish a comparative pattern of risk. Even when the

numerical values differ greatly from decade to decade, the patterns of comparative county
risk remain relatively constant. Obviously these are general classifications, and do not
preclude the occurrence of anomalies in tornado occurrence. The numerical values

remain on the maps for the reader to observe.

Tornado Based Risk

The first set of maps is based on tornado density where the number of FO-F5
tornadoes per county was divided by the county’s land area. The majority of studies have
been completed using only significant tornado (F2 or F3 and greater) data. Since
Mississippi has many agricultural areas where little damage may occur the “non-
significant” ratings were included, as well.

The equation for the second set of maps was: (total tornadoes)*(total housing /
county land area). These maps normalized the tornado density for population where High
Risk areas were expected to coincide with large population centers (ie. Biloxi, Columbus,
Jackson, Hattiesburg, Tupelo). If a tornado hits, the risk would be greater where there is a
higher population density. Total housing was used because the author believes it reflects
the risk more accurately than population density. People tend to group in smaller areas as

opposed to spreading out individually.
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Mobile Home Based Risk

The number of mobile homes per county was divided by county land area to
create a density map. Counties with greater mobile home densities are at greater risk of

damage if a severe wind storm occurs.

Combined Risk

The mobile home data and the tornado data were combined in two ways. First,
mobile home density was multiplied by tornado days per county. Counties where mobile
homes would possibly interact more frequently with tornadoes, as determined by the
number of tornado days, were considered to be under a higher risk.

Second, mobile home density per county was multiplied by the number of F2-F5
tornadoes experienced by the county. If a particular county experienced more tornadoes
rated F2 or greater on the Fujita scale than another county and combined this risk with a
prevalence of mobile homes that could potentially be destroyed at such wind speeds, the

county was concluded to be at higher risk.

Decadal Change

Combining all of these stated risk factors by averaging the numerical values
obtained in the previous map sets, allowed for an average county risk to be established.
The decadal risks offer the opportunity to observe if any county’s assumed risk has
changed significantly over the studied time period. This change may have occurred due to

a shift in tornado tracks or a lifestyle shift in housing or population.



CHAPTER V

RESULTS AND DISCUSSION

Thirty-one graphical representations of Mississippi’s county-by-county risk were
produced on GIS. Each decade is color-coded for easy comparison. The 1960s are
presented in yellow, the 1970s in purple, the 1980s in red, the 1990s in blue, and 2000-

2001 in green.

Tornado Based Risk

Figures 3a-3e provide tornado density information. The 1960s data (Figure 3a)
classified De Soto, Harrison, Warren, Hinds, and Simpson as High Risk in this category.
Ten others were considered Moderate-High Risk.

During the 1970s (Figure 3b) the High Risk category, which included Harrison,
Jackson, Hancock, Jones, Simpson, and Hinds counties, shifted south. Fourteen counties
classified as Moderate-High Risk. Although one might assume the increased activity was
partially due to the significant tornado outbreak of 1974, this was found not to be the
case. In fact, according to the historical data, tornadic activity in Mississippi was minimal

during that entire year.
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Figure 3¢ shows a more widespread High Risk group for the 1980s including

Tallahatchie, Monroe, Sharkey, Pike, Lincoln, Jones, Harrison, and Hancock. Thirteen
counties fell into the Moderate-High Risk category.

The 1990s, illustrated in Figure 3d, provided an increase in the number of High
Risk areas than in the other decades. A total of nine counties belong in this grouping,
including Humphreys, Sharkey, Warren, Lauderdale, Hancock, Forrest, Covington,
Simpson, and Lincoln. An increase to sixteen counties was also seen in the Moderate-
High Risk category.

[lustrating the risks for 2000-2001 (Figure 3e) admittedly does not offer the best
comparison to the other decades with a complete ten years of accumulated tornado data.
However, the reason for including these years is to be able to look back at the end of the
decade to see if the trends continued or drastically altered. Keeping that reasoning in
mind, Harrison, Hancock, Lamar, Marion, and Grenada counties are considered High
Risk for this period.

Over the study period, tornado densities shifted with every decade. However,
Harrison County and Hancock County offered an interesting pattern, as they both
appeared in the High Risk category almost every decade. Since other counties with major
population centers did not adhere to such a pattern, this can be considered significant.

Population is considered an important factor in the number of storm reports each

year. If a tornado occurs near a major population center there are plenty of people who
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will see it and then report the event. If one occurs in an open field, and does not cause

considerable damage to anyone or anything, chances are the event will go unreported.
Therefore, in an attempt to normalize for population, Figures 4a-4e were calculated by
taking the total number of housing units divided by county land area and multiplying that
by the total number of tornado reports (FO to F5). It should be noted that there was no
available housing data given for Hinds County in the 1960 Census.

Only Harrison County classified as High Risk in the 1960s in this set of maps
(Figure 4a). Ten counties were found to be Moderate-High Risk and fifteen counties were
areas of Moderate Risk.

The 1970s (Figure 4b) added Hinds County to Harrison County in the High Risk
category. Nine other counties were considered Moderate to Moderate-High Risk.

The 1980s show a similar trend with Harrison and Hinds Counties the sole
occupants of the High Risk category (Figure 4c). Three counties fell under Moderate-
High Risk and nine counties under Moderate Risk.

In the 1990s (Figure 4d) the High Risk category expanded to include Lauderdale,
Jackson, Forrest, Hinds and Harrison Counties. Moderate-High Risk encompassed eight
counties and fifteen counties were Moderate Risk.

Figure 4e shows that the years following 2000-2001 might form a similar pattern.
Harrison County is considered to be High Risk for this period, with ten counties found in
the Moderate Risk to Moderate-High Risk categories.

Counties with high population densities, like Harrison and Hinds Counties, would

be expected to dominate the High Risk category for this set of maps and, therefore,
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Figure 4a. Total Tornadoes Per County (1960-1969) Normalized for Housing Density
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Figure 4c. Total Tornadoes Per County (1980-1989) Normalized for Housing Density
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offered no surprises. However, counties in the Delta appeared in the Moderate Risk to

Moderate-High Risk categories with remarkable frequency considering the lack of
populated land area. Also, counties with higher population densities such as Oktibbeha

County did not rank Moderate Risk or higher as often as would be expected.

Mobile Home Based Risk

As stated in earlier chapters, one type of housing at highest risk from tornadoes is
manufactured housing or mobile homes. Although currently designed to withstand
maximum wind speeds of 110 mph as required by 1997 HUD standards, housing census
data indicates that a large percentage of each county’s housing structures were built prior
to the 1990s. The next three sets of maps were created with that in mind. Figures 5a-5e
provide a risk assessment simply based on the density of mobile homes. Figures 6a-6e
suggest the risk afforded by each county’s possibility of seeing a tornado day combined
with the number of mobile homes. Figures 7a-7e take this possibility one step further and
combine the risk of mobile homes encountering a tornado of F2 or greater.

Harrison County once again is the sole occupant in the High Risk category for
1960 (Figure 5a). Nine counties were considered to have Moderate-High Risk housing
community density.

The 1970s brought a shift in housing type (Figure 5b). Although Harrison County

was the only High Risk, Moderate Risk and Moderate-High Risk classifications
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represented twenty counties. There was also a distinct increase in mobile home density in

the North-Central portion of Mississippi.

In the 1980s, Lee, Harrison, Jackson, and Rankin County qualified as High Risk
areas (Figure 5¢). An additional ten counties were Moderate-High Risk.

The 1990s (Figure 5d) continued the same trend as the 1980s with Lee, Rankin,
and Harrison County considered High Risk. Seven counties were Moderate-High Risk.

The 2000 Census data (Figure 5e) indicates an increased number of mobile homes
concentrated within fewer counties. Harrison County is alone in the High Risk category
for mobile home density this decade. Fourteen counties were considered to be Moderate
Risk or Moderate-High Risk.

Harrison County dominated this category for High Risk incidence. Perhaps more
significant is the lack of mobile home density in the Delta, though this may be due to a
general lack of population. Another interesting occurrence was the persistence of Low
Risk community housing in Benton County even though it was surrounded by counties at

potentially higher risk.

Combined Risk
When tornado days are factored into the equation of risk, the trends remain
essentially the same with a few minor differences. Harrison County was the only High

Risk for the 1960s (Figure 6a). A marked decrease in the number of Moderate-High Risk
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counties occurred in this map set with Jackson County the only one in this category

during the 1960s. Nine other counties were considered to be Moderate Risk.

During the 1970s, Harrison County and Jackson County were High Risk
communities (Figure 6b). Five counties were Moderate-High Risk and six counties were
Moderate Risk.

The 1980s show a general increase in the number of counties under a Moderate to
High Risk (Figure 6¢). Rankin, Jones, Harrison, and Jackson County were High Risk.
Eight counties were Moderate-High Risk.

Risk factors for the 1990s indicate Rankin, Lauderdale, Jackson, Harrison, and
Hancock County were High Risk (Figure 6d). In this instance, it could be possible that
the positioning of the Gulf Coast counties in this risk group was due to a greater than
average occurrence of land falling tropical systems or a predilection to sea-breeze
induced tornadic activity. Nine other counties were grouped into the Moderate-High
Risk.

The map for 2000-2001 (Figure 6e) is closer to the results from the 1960s to
1980s. Harrison County is currently the only High Risk region, but twenty-eight other
counties are Moderate Risk to Moderate-High Risk. The major concern for this decade is
the obvious frequency of tornadoes in the Delta over just a two year period. The
Moderate Risk attributed to Bolivar County and Washington County is higher than would
be expected from the trends in Figures 6a-6d.

The real risk, as stated previously, is the occurrence of tornadoes rated F2 or

greater in counties with high densities of mobile home communities. In 1960-1969
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(Figure 7a) Harrison County was the only High Risk area. De Soto, Lowndes, Jackson,

Warren, and Pike County were Moderate-High Risk.

In the 1970s Harrison County remained the only county at High Risk (Figure 7b).
Lowndes, Jackson, and Jones County were Moderate-High Risk.

The 1980s continued Harrison County’s trend as the distinctive dweller in the
High Risk category (Figure 7¢). Rankin, Jones, and Jackson County were Moderate-High
Risk and six other counties were grouped as Moderate Risk.

A pattern shift occurred in the 1990s to include more central Mississippi counties
in the higher risk categories (Figure 7d). The exception to this was, of course, Harrison
County which remained along with Rankin, Scott, Simpson, Covington, Warren, and
Lowndes counties in the High Risk region. High-Moderate Risk encompassed five
counties in the central portion of the state.

So far this decade, the tendency has been for more severe tornadoes to occur in
northern Mississippi (Figure 7e). This data would skew more towards the southern part of
the state, presumably, if the outbreak of November 2002 had been included in the data
set. As 0of 2001, Union County and Lee County were the only ones in the High Risk
category. Nine other counties fell under a Moderate-High Risk.

The interesting aspect of this map set is the absence of Harrison County in the
High Risk category for the beginning of the 2000-2009 decade. The assumption could be
made that this oversight will rectify itself over the remainder of the decade if the previous
patterns hold. Or, perhaps it is a continuation of the 1990s drift away from the extreme

southern counties.
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Another factor that must be brought to the reader’s attention is the prevalence of strong

tornadoes in the Delta. Even though the mobile home densities for counties in the Delta
are known to be low, these same counties were most often found in the Low-Moderate
Risk or Moderate Risk categories indicating a relatively significant occurrence of F2 or

greater tornadoes in a sparsely populated region.

Decadal Change

When all of these data sets are taken into consideration, a decade by decade
average risk can be established. The maps in figures 8a-8e offer these initial risk
assessments.

On average, Harrison County was the only High Risk area in Mississippi in the
1960s (Figure 8a). De Soto, Lee, Coahoma, Washington, Rankin, Simpson, Warren,
Jones, Forrest, and Jackson counties were grouped as Moderate-High Risk. If Hinds
County data had been available for this time period it is likely that it, too, would have
been included in the Moderate-High Risk.

The 1970s saw the inclusion of Hinds County and Harrison County in the High
Risk group (Figure 8b). Rankin, Jackson, Jones, Forrest, Lauderdale, Lowndes, Lee,
Washington, Coahoma, and Leflore counties rounded out the Moderate Risk to

Moderate-High Risk groups.



iy

Y.
ol

1.-M .-4? naa]

Moderate (8,68 - 14.27) i

M-H (14.27 - 32.28) 2

(s .

40 0 40 80 Kilometers
e —
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In the 1980s, average community High Risk was located in Harrison County and

Hinds County (Figure 8c). Moderate-High Risk counties included Jackson, Jones, and
Rankin.

Figure 8d provides a more expansive High Risk group for the 1990s including
Harrison, Jackson, Forrest, Hinds, and Lauderdale counties. Moderate-High Risk
included Hancock, Pike, Lincoln, Rankin, Madison, Warren, Lee, and Lowndes counties.
For this time period, Lowndes County is grouped in a surprisingly high risk category
considering that it is completely surrounded by Low Risk counties. Population statistics
do not adequately explain this difference.

Harrison County is so far the only site under High Risk for this decade (Figure
8e). To date, the average increased community risk this decade has centered on counties
with larger populations. This is in part because of the minimal tornado data over the two
year period as opposed to census housing data weighted over the entire decade. The

major exception to this is Bolivar County which is already considered Moderate Risk.

Overall County by County Risk

The overall risk map for Mississippi (Figure 9) indicates that Hinds County and
Harrison County are the two areas of greatest community risk from tornadoes in the state.
Jackson, Rankin, Jones, and Lauderdale counties are considered to be areas of Moderate-

High risk based on the factors reviewed in this study. Counties of Moderate Risk include:



Lﬂ

! Law 011-1278 ©
L-M 12,76 - 2124
Moderate (27 24 - 48.07)
MeH  (4B.07 - D03
High {8087 -318.71)

=2 o I

40 0 40 80 Kilometers
™ s

Figure 8c. Average County Risk for 1980-1989

80



r
c

e

Law (.18~ B.15)
LM {6.15-15.23) 59

Moderstz (1533 - 37.84)
M-H (3784 6387

Hign  (BA.87 - 165.90)
A

EE‘*?

AT

40 0 40 80 Kilometers

™ —

Figure 8d. Average County Risk for 1990-1999



£y
{M; &93 %
&iﬁ 7. :
i"“ﬂ" FW "31'“? ‘a

40 0 40 80 Kilometers
——

Figure 8e. Average County Risk for 2000-2001

82



Lo [0.62 - 6.85)

L-M {6.85 - 16.22)
Moderate {1622 - 30.51)
M=H {3851 - B200)
High  [22.90-184.77)

40 0 40 80 Kilometers
——
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Lowndes, Lee, De Soto, Bolivar, Washington, Leflore, Warren, Madison, Lincoln, Pike,

Hancock, Pearl River, and Forrest.

Counties classified as Low-Moderate Risk are: Marshall, Alcorn, Prentiss,
Tishomingo, Union, Pontotoc, Lafayette, Panola, Coahoma, Sunflower, Grenada,
Monroe, Oktibbeha, Humphreys, Holmes, Yazoo, Attala, Leake, Neshoba, Scott,
Newton, Smith, Jasper, Clarke, Simpson, Copiah, Lawrence, Covington, Walthall,
Marion, Lamar, and Adams.

Low Risk counties are as follows: Benton, Tippah, Tunica, Tate, Quitman,
Tallahatchie, Yalobusha, Calhoun, Chickasaw, Itawamba, Clay, Webster, Montgomery,
Carroll, Choctaw, Winston, Noxubee, Kemper, Sharkey, Issaquena, Claiborne, Jefferson,
Franklin, Amite, Wilkinson, Jefferson Davis, Wayne, Perry, Greene, George, and Stone.

The extreme southwestern and northeastern portions of the state as well as north
central counties of Mississippi generally exhibit themselves as Low Risk neighborhoods.
On the other hand, even with a minimum housing population, the Delta is still considered
an area of Moderate Risk. This risk would undoubtedly rise with any increase in

population density.



CHAPTER VI

CONCLUSION

This study intended to identify the counties in Mississippi at greatest risk to life
and property from the threat of tornadoes. If the risk changed greatly from decade to
decade this study would not be valuable with regards to emergency risk management
personnel and pre-planning for disasters. However, areas of High Risk were relatively
constant. Although there will always be exceptions to the general categories of risk, the
study provides a base from which to work.

Mobile home statistics were used as a guide to high risk housing. Obviously, there
are many other types of structures that are considered to be at risk if they are not built to
proper wind specifications. But, in terms of human geography, studying the spatial
relationship of tornadoes and mobile homes is important because it offers the opportunity
to serve as a warning for a growing housing industry. In counties where correlations were
found between frequency of tornado occurrence and large numbers of mobile homes,
manufacturers may have to set new standards for construction or redesign the existing
frames. If this is improbable, the state of Mississippi may need to set stricter guidelines
for manufactured home zoning or mandate the building of protective areas in counties
that were found to be High Risk. No one should use the excuse that there is no refuge

from a violent tornado. Other studies (Marshall 1993, McDonald 1993) have shown that
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protective areas are effective for wind speeds up to and including an F3, possibly even an

F4 rating when built properly. Data indicate that the occurrence of F5 tornadoes in
Mississippi has been extremely rare over the past 42 years with one in 1966 and another
in 1971. Not one has been recorded since the Fujita Scale was developed. Effectively,
any person in Mississippi with easy access to a protective area should be safe from
becoming a fatality statistic.

The author also hopes this study provided a gateway of knowledge for the risk
management community. Knowing which counties are at greatest risk allows for more
efficient division of personnel and equipment during periods of severe weather.

Separating the risk areas by county allows for better division of economic
resources. Counties should be equipped to decide on a local level that building codes are

sufficient for their assessed risk.
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APPENDIX

TORNADO PATHS IN MISSISSIPPI

90



Figure 10a. 1960-1969 FO-F5 Tornado Paths (Hart 2002)
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Figure 10b. 1960-1969 F2-F5 Tornado Paths (Hart 2002)
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Figure 10c. 1960-1969 F4-F5 Tornado Paths (Hart 2002)
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Figure 11a. 1970-1979 FO-F5 Tornado Paths (Hart 2002)
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Figure 11b. 1970-1979 F2-F5 Tornado Paths (Hart 2002)



Figure 11c. 1970-1979 F4-F5 Tornado Paths (Hart 2002)
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Figure 12a. 1980-1989 FO-F5 Tornado Paths (Hart 2002)
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Figure 12b. 1980-1989 F2-F5 Tornado Paths (Hart 2002)
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Figure 12c. 1980-1989 F4-F5 Tornado Paths (Hart 2002)
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Figure 13a. 1990-1999 FO-F5 Tornado Paths (Hart 2002)
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Figure 13b. 1990-1999 F2-F5 Tornado Paths (Hart 2002)



102

Figure 13c. 1990-1999 F4-F5 Tornado Paths (Hart 2002)
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Figure 14a. 2000-2001 FO-F5 Tornado Paths (Hart 2002)
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Figure 14b. 2000-2001 F2-F5 Tornado Paths (Hart 2002)
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Figure 14c. 2000-2001 F4-F5 Tornado Paths (Hart 2002)
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Figure 15. Mississippi Counties
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