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Chapter I

INTRODUCTION

The environment reflects the interaction between human activity
and the various natural systems. In part, these patterns of human activity
reflected by the environment, are determined by the adjustments people
make, either individually or collectively to a variety of phenomena which
exist in nature, including those which pose a threat of danger to human
life and property. Events such as floods, blizzards, earthquakes, and
tornadoes are considered to be hazards when they occur in conjuncticn
with human activities. Such hazards require human adjustments or
change with respect to‘hazard-response. To the inhabitants of the
midwestern United States, the meteorological hazards of floods, drought,
tornadoes, hail and windstorms present the greatest natural threat to
both life and property. In the state of Kansas, the tornado has been
the most frequent and consistent form of naturally occurring disaster
throughout its history. This is the land where the skies are not cloudy
all day and where a simple tapping of ruby slippers and a wish to return
home reverses a young Kansas girl's dreams of yellow brick roads,
Munchkins and the land of 0z back to the reality of the dangers involved
with this awesome phenomenon. An interesting question arises from this
historical association with actual and ficticnal tornadces by the residents
of Kansas. Because of past tornado experiences, are the citizens of
Kansas communities more concerned and aware of this disaster and there-
fore respond differently? This study looks at three Kansas communities
with varying degrees of tornado experience in an effort to investigare

the influence of experience on human awareness and response behavior to the



tornado hazard. Awareness refers to a persons knowledge, realization or
perception of the hazard. Response involves their reaction to the tornado
hazard,

Past natural hazard studies suggest that the type of human response
to the magnitude and frequency of tornadic activity is based generally upon
levels of awareness of the damage potential, effectiveness of institutional
actions such as warning systems and the types of adjustment options
available to them.l The remaining sections in this part of chapter cne
will discuss the physical properties of tornadces, their economic effects

and the problems related to citizen awareness, as well as institutional

responses and individual adjustment options.

Physical Properties of Tornadoes

A very important aspect of a citizens awareness- response level
is the kﬁowledge of the weather conditions which spawn tornadoes, the
characteristic properties of the tornado itself and the type of damage
it can cause. Hypothetically, a citizen who knows the basics of the torgado
can respond in a more orxderly fashion because of probable alertness to
the weaﬁher_conditions, recognition of warning signs and knowledge .
of the best places to seek safety. This section is concerned with a
general discussion of the physical properties of tornadoes that are
most importantrin understanding human response.

Several theories have been advanced as to the type of energy

transformation necessary to generate a torrado. Although no single theory

lHazards research is generally concerned with investigating aspects of
human behavior as influenced by a variety of factors relating to the threat or
occurrence of hazardous events in nature, and how this behavior accounts for
particular human activities at certain places and times,



has gained general acceptance, scientists seem to agree that tornadoes
originate from the combined effects of thermal and mechanical forces;
with,one or the other force being the stronger generating agent.
Regardless of the complicated energy transformatlons whlch produce the
tornado, its formation requireshtheﬁp;esence of layers of air Wyich
c?ntrast in temperature, moisture, density, and wind flow characteristics.
Once formed, the tornado becomes a visible wvortex of rotatlng winds
about a hollow cavity in which centrifugal forces produce a partzal
vacuum. The tornado or funnel cloud appears as condensation forms about
the vortex. Near the grqund_it darkens as the air surrounding it

fills with dust aﬁ& debris. | !

{g%j%bsential part of tornado safety is to recognize the differences 4T“*
between the appearance of tornadic systems and other comparatively
harmless weather phenomena. In a March 24, 1977 television documentary
on tornadoes, the National Severe Storms Center in Kansas City was
quoted as saying "if it doesn't spin, don't call it in." Atmospheric
conditions can produce a wide variety of ominous=-looking cloud formations,
some of which give mistaken impressions of being a funnel. A common
error in citizen detection is viewing from a long distance a rain shower
falling from a thunderhead. Although this shower appears as a dark
solid column extending from the base of a large thunderstorm system, as
a tornade does, it is harmless as compared to a funnel system,

Some tornadic storms f£ail to assume the more classical form of the
funnel on the ground, This was the case in Manhattan, Kansas on June 8,
1966 when no funnel cloud was reported yet witnesses saw rather large
"holes"™ in the base of the cloud with circulating debris as the storm

system passed overhead. Because of the confusion with respect to atmospheric



conditions and the occasional twists in seemingly predictable patterns,
shelter should be sought at the slightest indication of danger. This
procedure, although ideal in theory, can be harmful in practice because
of a tendency for individuals to become immune to the hazard situation
treating it as a routine procedure. This will be discussed in more
detail in the section dealing with problems related to citizen awareness.

AT

{éf?e;\important characteristics of the tornado include the direction ﬁ%“ﬁ)
of moveQ;nt, the length and width of its path, its period of most frequent
occurrence and the locations where this hazard is most likely to strike.
Tornadoes occur in many parts of the world and in each of our fifty states
but'norarea is more favorable to their formation than the continental
ﬁlains of the United States. This region reaches its peak in the nugber
of tornadoes during May in the southern plains and June in the northern
plains. This center of maximum frequency drifts northeastward with the
increase in the penetration of warm, moist air while contrasting cool,

dry air surges in from the north and northwest. It is the convergence

of these contrasting air masses which generate the tornadoes which begin
their increase in frequency over the Gulf States in February and move
eastward duriﬁg March and to the southeast Atlantic States in April.2

As this region of maximum frequency drifts in a northeasterly direction

go does the movement of the tornado itself. For the state of Kansas, %MW_

data show the general direction of movement is from west to east with the

. 3
greatest number moving from the southwest to the northeast.

2Na.tional Oceanic and Atmospheric Administration, Tornado (Washington,
D.C., U.S, Government Printing Office, 1975) p. 7.

3Joe R. Eagleman, Vincent Muirhead and Nicholas Willems, Thunderstorms,
Tornadoes and Building Damage (Lexington, Mass., Lexington Bocks, 1975) p. 59.




\%\Qhe number and timing of tornadoes in the storm system present an
additional threat to the potential victims of the storm. Because of the
metecrological combinations which create them, tornadoes form most often
during the warmest hours of the day in a variety of combinations. Multiple .
tornadoes, supported by the same thunderstorm are uncommon but do occur.
Another possibility iz that several tornado producing thunderstorms may
occur at the same time within a radius of I[ifty miles or less. Frequently,
a single thunderstorm produces several tornadoes, one originating as
another dissipates.

" The area covered by a single tornado may be as extensive as a path
one mile (2 kilaﬁeters) wide and 300 miles {483 km) long, but on the
average it is only a quarter of a mile (40 km) wide and up to sixteen
miles (26 km) long. This path of destruction caused by the tornado leads
to many disasterous economic situations for those individuals who fall
victim to its fury.

Damages reéulting from tornadoes are the result of the combined

action of strong rotary winds, flying debris and the partial vacuum in

\*\ the center of the vortex.4 These damages are often compounded by the

presence of associative disturbances such as heavy rain, hail and excessive
winds. But by far the greatest monetary loss results from structural

failures generated by the partial vacuum in the center of the vortex.

Economic Effects

Property losses resulting from tornadoes in the United States during

the period from 1956-1965 exceeded $5 million in each year while damage

4Executive Office of the President, Office of Emergency Preparedness,
Report to the Congress, Disaster Preparedness Vol. 3, (Washington, D.C.: U.S.
Government Printing Office, 1972) p. 35,




exceeded $50 million per each one year period during a nine year period
from 1966-.-1974.5 This increase in property losses in the United States
can be attributed in part to the increase in property value, devaluation
of the purchasing potential of the dollar and the concentration of the
population. It is this increase in the number, size and population of
urban aréas that has made people and their property more vulnerable to
the tornado hazard.

The need to immediately quote losses to determine if the region
qualifies as a federal disaster area is one of the greatest problems
following a major disaster. With little information available on the
cost criteria used as a base in estimating damages it is very difficult
to interpret how adequate the published figures are. Most estimates
made since 1964 are based on the cost of restoration, however, some
contradictions to this criteria in damage and expenditure estimates
still exist.6 Unfortunately, losses reported are used as the major
means of assessing the severity of the disaster. These reported figures
are assessed on public losses such as impaired utilities and damaged
erderal, state and local structures and roads, plus those losses in the
private sector from damages to homes and businesses and the loss in revenue
caused by the slack in business levels during the reconstruction period.
Again, inconsistencies exist and figures on reported losses between
various agencies fail to agree., Before any reasonable appraisal of these

figures can be made, the numerous technical problems and the difficulty in

5National Oceanic and Atmospheric Administration, Climatological Data
National Summary, 1974 (Washington, D.C,: U,S. Government Printing Office) p., 66.

6Douglas Dacy and Howard Kunreuther, The Economics of Natural Disasters
(New York: The Free Press, 1969) p. 123.




making viable estimates over a wide area in a short period of time must
be taken into account.

The most destructive series of tornadoes reported in recent times
occurred on Palm Sunday, April 11, 1965 when 37 tornadoes struck the
midwest causing an estimated property damage of between $200 million and
5500 million7 {conflicting reports from two sources) killing 271 persons
and injuring more than 5,000.B

Individuai attitudes concerning tornadoes are often affected by -
reports made by the news media on the tragedy. These reports of the
disaster, coﬁveniently lumped into dollars and cents, deaths and injuries,
add to a citizens awareness level whether they were a victim or not. The

following section deals briefly with this and other problems related to

citizen awareness.

Citizen Awareness

A person's hazard experience and attitude or feelings and emotions, N
in combination with the physical factors related to the actual situation

help to influence their level of awareness about actual or potential

hazard situations. Not only is past experience a factor in determining
human behavior but the actions taken by various governmental agencies
in the form of precautionary measures and relief-rehabilitation programs

as well as public reports and accounts of the disaster also act to affect |
how people view the particular hazard situation. Response to the tornado j
hazard is also dependent upon attitudes which in turn are affected by

their awareness levels and their past experience with tornado situations,

2
Ibid., p. 8,

Executive Office of the President, op. cit., footnote 3, p. 28.



An effort by various governmental agencies in conjunction with the news
media to make the citizenry more aware or alert to the situation as
probable conditions arise may tend to have adverse effects as persons who
are continually subjected to tornado watches and warnings that upset
their normal routine may develop an insensitivity to the potential
of the possible hazard situation. This leads to a basic problem related
to the effectiveness of warning systems. White and Haas ask "with
current tornado forecasting skills, what modes of delivering the
messages and what type of message content are most effective for the
majority of the threatened population?“9

The degree to which a hazard experience influences an individual's
level of awareness and response is determined by the amount of direct
exposure to the hazard, the degree to which they are subjected to news
reports and the variety of institutional responses made during the recovery
process. The overall hazard experience is a combination of a variety of
factors which relate to an individual's attitude towards tornadoes. How
the actual physical event was observed and perceived is compounded by
the actions taken by other individuals or groups before, during and
after the occurrence of a tornado, as perceived by the individual. There-
fore, the response of government agencies in an effort to aid the citizens
of a community devastated by a tornado becomes an importané aspect in

the formation of awareness-response levels.

9 .
Gilbert F, White and J., Eugene Haas, Assessment of Research on Natural
Hazards (Cambridge, Mass.: The MIT Press, 1975) p. 279.




Institutional Responses

Proper precautionary steps by both the public and its officials
becomes a critical necessity for tornade protection. The combination of
a speedy onset, short duration, erratic path and low predictability of
the tornado require the participation of all levels of government and
the cooperation of citizens for the coordination of arrangements and
communications between the responsible warning agency and the local
county and state authorities and agencies which have the responsibility
of instituting actions to insure public safety, rescue and relief.
Sincei;953 the National Oceanic and Atmospheric Administrations'
National Weather Service is the agency responsible for providing
alerting information and warnings to communities concerning the develo-
ment of tornadoes.

A further involvement between the National Weather Service and any
community is the development of a Tornado Preparedness Plan. This plan,
initiated to ensure cooperative local action in the event that a
tornado should occur, may include arrangements from the simple to the
complex depending upon the size énd diversity of the community. Among
these arrangements made to ensure proper coordination of local actions are
the following procedures common to all community plans as compiled By the
Naticnal Weather Service.l0

1. Indication of the National Weather Service office responsible

for warnings.

2. A tornado and severe thunderstorm reporting network,

0 . i d 4 5

1 National Oceanic and Atmospheric Administration, National Weather
Service, Tornado Preparedness Planning (Washington, D.C.: U.S. Governmental
Printing Office, 1970) p. 5.




10

3. One or more warning centers.

4. Communications for dissemination of watch bulletins and warning
bulletins and for alerting safety, rescue and relief agencies.

5. Provisions for alerting places where people normally congregate,
to the need to activate a supplemental watch on threatening
weather conditions for their own immediate benefit.

6. Provisions for alerting and warning people in outlying areas.

7. Specific, detailed provisions for action to be taken when a
tornado or severe thunderstorm strikes.

8. Warnings lists, and rosters of key personnel and alternates,

9, Brief, clear reference information on steps that should be
taken by the public to be prepared for tornado and severe thunder-
storm strikes.

10. Information on actions to be taken after a disaster, and
availability of food, shelter, medical supplies, water, fire
prevention, sanitation and military assistance.

The citizens of a community which has instituted these arrangements
into its emergency operations are assured of being adequately warned in
the event of a tornado and provided with satisfactory relief and
rehabilitation after a disaster. An orderly, timely and effective
method of reaching all citizens in the event of a tornado is the most
successful means of alleviating possible injury and death and reducing
the damage potential. In any post-disaster situation it is important
to provide the community with a safe, speedy and successful means of
recovery. Proper allocation of duties and responsibilities to provide
safety and relief to individuals stricken by the tornade is equally as

important as an effective warning system in a pre-disaster situation,
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The single most important aspect in a community's avoidance of |
costly damage and loss of life is a.timely and effective warning system, ,}
To be ideally effective, a tornado warning system should have the
following characteristics, as set forth by the Office of Emergency

Preparedness in their 1972 Report to the Congress on Disaster Prenaredness.ll

1. The system must provide timely warning.

2. It must appeal to more than one human sense, such as sight and

hearing.

3. It must be as mechanically foolproof as possible, with its

human element having a similar degree of infallibility.

4. The warning must be understandable, convincing in language and

tone, and issued by sources the public considers to be reliable.

5. It must reach every citizen in the affected area regardless of

the hour.

No amount of public education, early detection, timely warning and
execution of proper safety procedures will be effective without prompt
hﬁman response to the threat. Even with proper response damage is
unavoidable. If, therefore, a tornado does occur, necessary steps must
be taken for the implementation of disaster relief and rehabilitation
programs by all levels of thé government. Today, the methods of providing
relief at all levels are distributed through a variety of agencies and
organizations. However, prior to the 1950‘'s the American National Red
Cross, established in 1905 as an official instrument of the Federal

Government, was the major disaster relief agency in the United States.12

11Executive Office of the President, op. cit., Vol. 1, p. 38,

lznacy and Kunreuther, op. cit., footnote 5, p. 33.
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Motivated initially by preparation and response to military attack in
the 1950's, all states now have statutes dealing with a variety of
disasters.l3 Red Cross activities are concerned mainly with mass
care, while the federal government through its many programs provides
assistance designed to aid the community as a whole or individuals
separately.

In Kansas, relief operation procedures begin at the local level
when a tornado threatens or occurs. Local authorities immediately take
steps Fg warn citizens, alleviate suffering and protect ;ife and
property.l4 However, when damage is extensive and additicnal help is
needed, local authorities may request assistance from the Governor
who then has the option of committing various state agencies and resources
as the conditions warrant. If the situation is of such severity and
magnitude that effective response is beyond the capabilities of the
State and the affected local governments, the Governor can request
federal assistance.ls This request must contain an accounting of
reasonable expenditures of state and local funds for disaster relief in
addition to an estimate of the extent and nature of federal assistance

required for each of the affected counties and the state.16 The govern=—

13pkecutive Office of the President, op. cit., footnote 3, Vol 3, p. 3.

14Division of Emergency Preparedness, Kansas Emergency Procedures
Handbook (Office of the Adjutant General, Oct., 1976) p. vii.

130bid., p. vii.

281pid., p. vii.
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mental responsibility in any post-disaster situation is to ensure
continued protection, speedy relief and proper assistance to the citizens
stricken by the disaster.

An individual's level of personal suffering can be alleviated in
part through an effort to replace what was lost in the disaster.
Although no price can be placed on human life or suffering, some
compensations can be made to return the victim to a satisfactory
level of living. This is what current governmental disaster policies
attempt to do. The expenditures by government agencies could be
lessened to some degree through the application of numerous adjustment
options available to the individual citizen. The next section deals
briefly with these options in regard to lessening the damage from

tornadoes and their associative disturbances.

Individual Adjustment Options

Sound and aggressive forms of various precautionary measures can do
more to reduce the severity of tornado damage than any other mitigative
action. Awareness and proper incentives to motivate individual or
community participation with respect to mitigative action are often
affected by current federal policy such as low-interest Small Business
Administration (SBA) loans - readily available and with extreme flex-
bility -~ to individuals, business concerns, partnerships, churches,
charitable organizétions and other non-profit organiza.tions.l7 It is
conceivable that the amount of aid available to the victims of a

designated federal disaster area encourages individuals te continue

7
1 Dacy & Kunreuther, op. cit., footnote 5, p. 185,
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to ignore various options available to protect themselves and reduce
property damage against future catastrophes.18 Those persons choosing
to gamble may be left to rely upon more conventional forms of
financing for rebuilding if their property is damaged in a region
which fails to qualify as a designated disaster area.

A major form of protection for homeowners is the comprehensive \

homeowners insurance policies developed in the 1950's. It is standard
practice today for financial institutions to require that a homeowner
carry an EC or extended coverage endorsement in conjunctwon with fire
insurance as a condition for obtaining a mortgage on a house. >’ This
coverage for protection from wind damage caused by tornadoes began its
populatiry in the midwest and spread to include all states. As would
be expected, the rates paid for this protection reflect the area's
vulnerability, therefore being the highest in the‘central plains states.
For the more prudent individual who chooses to ignore the small
mathematical probability of a tornado striking a specific location in

2
any one year 9 and opt to rely on the ability of natural forces to reduce

these probabilities to an almost meaningless form,21 there are a variety

18H. Kunreuther, "Economic Analysis of Natural Hazards An Ordered Choice

Approach" Natural Hazards: Local, National, Global, ed. G, F, White, (New
York; Oxford University Press, 1974) p. 213,

19

Dacy & Kunreuther; op, cit,, footnote 5, p. 231,

20According to the NOAA (see footnote 1) the probability of a tornade
striking a given point in the area most frequently subject to tornadoes is
0,0363, or about once in 250 years.

2:I'Some exceptions are; Oklahoma City-struck by tornadoes 26 times
since 1892, Baldwin, Mississippi-struck twice by tornadoes during a 25
minute period on March 16, 1942. Irving, Kansas=struck by two tornadoes
which occurred 45 minutes apart on May 30, 1879 and Codell, Kansas-struck
three times, 1916, 1917 and 1918-all on May 20. (refer to footnote 1)
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of actions that can be taken to alleviate the losses suffered by the
tornado. Based on a review of previous tornado studies, they appear
to be:

1. Institute a plan to be utilized by all members of the household

upon receiving timely warning.

2. Increase the amount of insurance coverage,

3. Provide a form of shelter to house persons in the event a

tornado does occur.

4. Provide proper ventilation for the roof of the home.

5. Anchor meocbile homes firmly and abandon quickly at the onset of

a tornado.

Although this list has been compiled from the findings of several
studies on tornadoces, iﬁ is by no means inclusive. Any or all of these
procedures will help alleviate both death and injury as well as
property damage in the event of a tornado. However} the most
important factor in surviving any disaster is to maintain a moderate to
high level of awareness of the damage potential and a quick, effective
mode of response. The quicker an individual recognizes the immediacy
of the event and responds in a timely and orderly fashion, the more
likely that person is to survive the tornado. Those individuals
victimized by the tornado hazard, either actual or potential, would
conceivably maintain a higher level of awareness and response to this
hazard than those who have escaped its occurrence. However, the
retentiveness of such an encounter on the part of an individual would

seem to lessen as time elapsed.

F
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MAN-ENVIRONMENT STUDIES IN GEOGRAPHY

The study of the man-environment relationship is a rich tradition
in geography. Throughout the discipline's history this approach
has dealt with a variety of hypotheses and generalizations concerning
the processes involved in man-environment intefactions. These studies
are characterized by a balanced view of both socio-cultural and
ecological phenomena. One school of thought was introduced in 1922
by Harlan Barrows, who recommended studying geography as human ecology
which invnived the relationships that exist between natural enviromments
and the distribution of man and his activities.22 This approach,
viewed from the standpoint of human adjustment to the environment
rather than from that of environmental influence, was concerned with
those adjustments made to landforms as an element of the natural
environment. The view of poeple as agents in the modification of the
surface of the earth is an old and honored theme among such noted
geographers as Carl Sauer, C. Ritter, F. Ratzel and G.P. Marsh.23
Previous geographers have either concentrated on the physical or the
human element or have shown an unnecessary concern with the impact of
cne on the other.24 G.P. Marsh felt that the study of what humans have
done to the earth was the purpose of geography while C. Ritter and F.

Ratzel supported the opposite view that human activity is defined in

22Harlan Barrows, "Geography as Human Ecology,"” Annals of the Association
of American Geographers, Vol. 13 (1923) p. 1.

23John Leighly "Carl Ortwin Sauer, 1889-1975"™ Annals Vol. 66, No. 3, p. 344.

24Rpger Minshull, The Changing Nature of Geography (London: Hutchinson
and Company LTD, 1972) p. 102,
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terms of physical laws.25 Individual or collective human adjustments
are made not only to landforms but to a wide variety of phenomena in
the natural environment. Among these adjustments are those made in
response to a variety of meteorological and gecphysical events which
are termed hazards when human activity is inveolwved.

The environmental orientation in geography, scmetimes referred to i
as man-land relationships, is one of the three major themes of geography ‘
today. The initial division of studies in geography would fall under ]
an environmental, regional or spatial theme.26 The environmental
perspective is_coﬁprised of numerocus subdivisions which have produced
a variety of accomplishments leading to a better understanding of how
humans cope with the environment in terms of receiving the greatest
benefit with minimum disruption to the natural environment. Among
these various branches concerned with the interaction of man and the

environment, the field of environmental perception has gained much

recent interest.

Environmental Perception

Not until the early 1960's did the perception approach begin to

L

have a significant impact on qeographers; The economic gecgrapher W.
Kirk was among the first geographers to separate the perceived environment
as a distinct subfield.27 In the early 1950's he stressed the

importance of examining the "behavioral environment", a field which

231pid., p. 102.

ZGJ. Lewis Robinson; "A New Iook At the Four Traditions of Geography",

Journal of Geography, Vol. 75, No. 9. pp. 520-530,
2

7
Larry Grossman "Man-Environment Relationships in Anthropelogy and
Geography" Annals, Vol. 67, No. 1, p. 139,



