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1. INTRODUCTION 

Meteorological and topographical conditions, 
which vary significantly within the continental 
United States, influence the frequency of occur
rence and severity of tornadoes . Based on a number 
of probabilistic· and statistical methods, several 
attempts have been made to regionalize tornado 
windspeeds assuming a specified risk level and to 
specify their probability of occurrence . A critical 
review of several tornado risk models, the existing 
tornado data base, population bias, and the influ
ence of topography on tornado frequency and inten
sity has been completed (Abbey, 1976). 

Both the U. S. Nuclear Regulatory Commission 
and the Energy Research and Development Administra
tion are interested in ascertaining whether or not 
there exists regional differences in tornado char
acteristics. This brief paper will summarize those 
efforts in which a risk model was developed and 
employed to determine tornado windspeed as a func
tion of probability for specific geographical 
locations. 

2. TORNADO RISK MODELS 

Only those tornado risk models which have as 
their objective the prediction of windspeed as a 
function of the risk one is willing to assume are 
considered herein. Models which predict only the 
probability of occurrence, property loss or fatal
ities are not discussed. 

All of the models make use of a tornado clas
sification scheme to obtain a measure of the dis
tribution of number of tornadoes as a function of 
intensity. As presented herein all of the models 
uses the scheme developed by Fujita (1971) and 
later modified (Fujita, 1973; Fujita and Pears9n, 
1973). Thus the uncertainties associated with 
that rating system are common to all approaches 
and the comparisons are based on the methodologies 
employed. The windspeeds determined by each model 
will be the fastest one-quarter-mile windspeed and 
are generally considered to be the vector sum of 
the horizontal wind velocity components. In reality 
the vertical component may also be significant. 
The result of each tornado risk model below gives 
the probability that the windspeed in a tornado 
will exceed a particular value in one year. 

Crutcher, et al., (1975) emphasize that the 
probability of observing a predicted value (tornado 
windspeed) in a span equal to its calculated return 
interval is not 1.0; there is only a 0.63 probabil
ity that the predicted windspeed will be observed 

in its given return interval. Specificallz1the value 
that is approached asymptotically is 1 - e as the 
recurrence interval approaches infinity. 

In the selection of a representative data set, 
caution should be exercised not only in the geo
graphical area of interest, but also the time period 
over which the data was collected. Asp (1963) and 
Court (1970) furnish cogent analyses of the tornado 
data record. Joos (1960) and Fujita (1970a) demon
strate thatthe proper selection of homogeneous years 
of data is necessary in order to avoid misinterpre- · 
tations of results generated by using data which is 
not internally consistent. 

Another significant problem that plagues the 
tornado data record and influences results of the 
tornado risk models is population bias. Several 
investigators have tried various approaches to 
minimize this effect; however, until more becomes 
known about t~e distribution of meteorological con
ditions associated with tornado outbreaks, solutions 
to the population bias problem remain speculative. 
Galway (1977) has recently described the climatolo
gical aspects of tornado outbreaks . One approach 
which has found recent favor among several investi
gat9rs is the use of tornado path lengths as a more 
representative indicator of the tornado threat than 
tornado occurrence (Wilson and Morgan, 1971; Abbey 
and Fujita, 1975; Keyser, et al., 1977). 

The size of the area selected from which to 
develop the tornado data base for that region has 
been the subject of scrutiny. McDonald, et al., 
(1975g) confirmed that one of the most sensitive 
parameters in tornado probability calculations is 
the size of the representative area being analyzed. 
This area should be selected small enough such that 
the tornado distribution within it is random, but 
large enough such that it may be considered repres
entative of the topographical and meterological 
conditions encountered surrounding a given location. 
For example, in some areas of the country, there may 
be an order of magnitude difference in the co~uted 
windpseed as a result of the selection of a 1 versus 
a 9° square. Abbey and Fujita (1975), Abbey (1976; 
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Figure 1 . Threshold windspeed as a function 
of probability for three local 
regions [after McDonald, et al., 
1975a]. 
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Figure 2. Threshold windspeed as a function 
of probability for selected local 
regions [after McDonald, et al., 
1975g]. 
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Figure 3. Probability of tornado windspeeds as a 
function of sampling range (radius from 
a site) [after Fujita, 1976b]. 

1977) and Kelly, et al . , (1977) utilize the overlap
ping 2° Marsden squares. 

The sensitivity of the size of the_ region 
selected can be seen by examining Figure 1, Fig
ure 2, and Figure 3. The close ag5eement

0
between 

the risk model results using the 4 and 5 regions 
shown in Figure 2 tends to confirm that there exists 
some minimum size geographical region that must be 
considered in order that the random distribution of 
violent, strong, and weak tornadoes not bais the 
model results. Figure 3 illustrates the effect of 
sampling range on the !redicted windspeeds. 

2.1 Tornado Risk Model by McDonald, et a l . , (1974, 
1975a-h) . 

A region surrounding the site of igterest !s 
defined; this region may range from a 1 to a 5 
square. Data are assembled for the defined region 
as well as from a several state area surrounding 
the local region. Four basic steps are involved 
in the development of their tornado risk model: 

1. Determination of a damage area-intensity rela
tionship in a several state region surrounding 
the site; 

2·. Determination of an occurrence-intensity rela
tionship in a local (1° to 5° squar e) region 
surrounding the site; 

3. Calculation of the probability of a point within 
the local region experiencing windspeeds, the 
magnitude of which fall into any arbitrary 
interval; 

4. Determination of the probability of windspeeds 
exceeding any threshold value at anr point 
within the local region. 

A plot of the results of Step 4 is the tornado risk 
model~ 



2.2 ·Tornado Risk Model by Abbey and Fujita (1975). 

Utilizing the distribution of actual dantage 
from detailed surveys of the April 3-:-4,: 1974,' · 
tornado outbreak, the actual areas of damage per 
F-scale intensity unit per tornado are calculated. 
In this manner, gradations of F-scale damage within 
each tornado path ar·e determined empirically-. An 
index is created to account for these damage grada
tions as a function of path .length. The model con
sists of three steps: 

1 . Sum p3th lengths for all reported tornadoes 
per 1 square per F-scale rating; 

2. Computation of the Dauiage Area Per Path LEngth 
index (DAPPLE) ; - - - - -

3. Determination of the probability of a point 
experiencing winds associated with a given F
scale damage classification per year . 

Windspeeds associated with particular F-scale ratings 
are continually being evaluated. Abbey (1977) pre
sented a weighted windspeed to be assigned to the 
appropriate F-scale rating based on the number of 
tornadoes assigned each classification. 

3. REGIONALIZATION 

Figures 4-11 depict the application of the 
tornado risk model developed by McDonald, et al., 
to eight specific sites, i.e., Pantex (northwestern 
Texas; Argonne, Illinois; Nevada Test Site; Paducah, 
Kentucky; Oak Ridge, Tennessee; Portsmouth, Ohio; 
Savannah River, South Carolina; Lawrence Livermore 
Laboratory's Site 300, California. 

Figures 12-16 illustrate the use of the Abbey 
and Fujita (1975) model to specific locations, i.e., 
Leechburg, Pennsylvania; Cheswick, Pennsylvania; 
Richland, Washington; Vallecitos, California; and 
Chatsworth, California. For additional details 
regarding these five sites, the reader should 
consult Fujita (1977a-e). 

Abbey and Fujita (1975) utilized their model 
to predict r~'ions where the probability of F5 
damage is 10 or greater. Extending this analysis 
further, a three-degree square (nine square degrees) 
running mean technique was used to smooth the smal
ler scale variations that existed in the one degree 
square calculations. Figure 17 depicts the regional 
variation of tornad~8wind~yeeds_gssociate~5with probabilities of 10 , 10 , 10 , and 10 • The 
probabilities corresponding to tornado windspeeds 
of 350 mph, 300 mph, 250 mph, and 200 mph are 
portrayed in Figure 18. 

It is apparent that, especially for low levels 
of risk, the tornado threat varies significantly 
over the contiguous United States. The findings 
presented are in general agreement with previous 
investigators as far as regions of tornado severity 
are concerned without regard to assigning a wind
speed to that severity, e.g., Kessler and Lee (1976), 
and Reed (1971) . Linehan was able to discern four 
regions based on his analysis of tornado-related 
death statistics. 

For specific locations, other studies lend 
support to the results presented here. For the 
three northwestern states, Fujita (1970b; 1976b) 
and Jaech (1970) should be consulted. Fujita (1972) 
performed an analysis of the tornadoes in the 
southernmost Rockies. Smith and Mirabella (1972) 
argue that California tornadoes are less severe than 
their Midwestern relatives . Kelly, et al ., (1977) 
show the geographical distribution of weak (F0-1), 
strong (F2-3), and violent (F4-5) tornadoes. The 
centroid of violent tornadoes is displaced eastward 
from the frequency maximum. 
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Figure 4. Probability of exceeding threshold 
windspeed per year for Pantex, Texas 
[after McDonald, et al., 1974) . 

Figure 5 . Probability of exceeding threshold 
windspeed per year for Argonne, Illinois 
[after McDonald, et al., 1975a]. 
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Probability of exceeding threshold 
windspeed per year for t he Nevada 
Test Site [after McDonald, et al., 
1975b] . 
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Figure 7. Probability of exceeding threshold 
windspeed per year for Paducah, 
Kentucky [after McDonald, et al., 
1975 c] . 
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windspeed per year for Portsmouth, 
Ohio [after McDonald, et al., 1975eJ. 
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Probability of exceeding . threshold 
windspeed per year at Savannah River, 
South Carolina [after McDonald, et al . , 
1975g]. 
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Figure 11. Probability of exceeding threshold 
windspeed per year at Lawrence Liver
more Laboratory's Sit e 300, Caiifornia 
[after McDonald, et a l ., 1975h] . 
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Figure 12. Probability of exceeding threshold wind
speed per year at Leechburg, Pennsylvania 
[after Fujita, 1977a] . 
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Figure 13. Probability of exceeding threshold wind
speed per year at Cheswick, Pennsylvania 
[after Fujita, 1977b]. 
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Figure 14. Probability of exceeding threshold wind
speed per year at Richland, Washington 
[after Fujita, 1977c]. 
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Figure 15. Probability of exceeding threshold wind
s_peed per year at Vallecitos, California 
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Figure 16. Probability of exceeding t~reshold wind
speed per year at Chatsworth, California 
{after Fujita, 1977f], 

4. CONCLUSIONS 

To be realistic, regionalization of tornado 
windspeeds should consider: a) frequency of tornado 
occurrences; b) population bias in reporting number 
and intensity of tornadoes·; c } measurements or in
ferences of tornado severit y; d) meteorological and 
topographical inhomogeneities within a region which 
may account for different intensities or lack of 
tornadoes; and e) path area as a function of severity, 
topography, and meteorological (mesoscale and synop
tic) region. Advancements are being made (e.g., 
McDonald, et al., 1977) . The importance of accurately 
determining tornado path area (e.g., Howe, 1974) 
cannot be underestimated, an observation emphasized 
by Court (1976) . Based on the improved data base, 
the tornado threat varies significantly across the 
coterminous United States. 
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Figure 17. Regional distribution of tornado wind
speeds associated-~th an a!!l}ual prob:6 ability of_~a) 10 ; (b) 10 ; (c) 10 ; . 
and {d) 10 [after Abbey, 1976). 
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Figure 18. Regional distribution of annual risk 
probabilities associated with tornado 
windspeeds of (a) 350 mph; (b) 300 mph; 
(c) 250 mph; and (d) 200 mph [after Abbey, 
1976]. 
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