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Fig. 1. Tokyo Tornado of 24 May 1964 which damaged 480 homes in the southwest suburb. 
Tornadoes are called tatsumaki (dragon whirls) in Japanese. Courtesy of Mr. Takashi 
Ohuye. 
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T . THEODORE FUJITA, Professor of Meteoroiogy, 

The University of Chicago, Chicago, Illinois 

T ORNADOES, often called twisters or 
cyclones, have been thought to be a 

unique phenomenon of the North American 
Continent. This image has been changing 
rapidly in view of the frequent observation of 
similar phenomena in other parts of the 
world. 

The word utornado" gives a false psycho
logical image in that it represents the most 
destructive wind created by Mother Nature. 
Some tornadoes are so severe as to destroy 
prac~ically everything in their direct paths. 
Nevertheless, the number of such destructive 
tornadoes is no more than a fraction of all 
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storms confirmed and listed as tornadoes in 
the United States. 

The official list of tornadoes in Storm Data 
1972 includes 23 tornadoes characterized J:>y 
path lengths of 50 yards or shorter. The 
sma1lest one of the year, confirmed in North 
Carolina on 1 August, was only 5 x 3 yards 
in damage area. Storm Data described the 
tornado: "funnel touched ground briefly, af
fecting area about 10 X 15 feet. Uprooted a 
tree, upset yard furniture. Damage negli
gible." Even such a small one must be called 
a tornado because there wa5 confirmed dam
age where a funnel cloud touched down 
briefly. 
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An example of the largest and the strong
est tornado was the Tri-State Tornado of 18 
March 19 2 5. The storm traveled 219 miles 
at 60 mph, killing 689 and injuring 1,980 
persons. Such an intense tornado is ex
ceptional indeed, rather than common. Refer 
to Flora (1953). 

Over 50% of the confirmed tornadoes in 
the United States, as well as in England, 
Japan, New Zealand, anq Australia, are char
acterized by estimated maximum winds of 
less than 100 mph. 

Classification of Whirlwind 

"Whirlwind" is a general term given to a 
rotating column of air. One might get the 
impression that whirlwinds, often represent
ing dust devils, are significantly weaker than 
tornadoes. This is not true because strong 
dust devils do pick up cars. Over 50% of 
the confirmed U. S. tornadoes are definitely 
weaker than such a strong dust devil. 

The term "Ipo Ipo" is used in the Philip
pines to express rotating columns of air re
gardless of their origin and intensity. Sev
eral hundred years ago, "Tsuji-kaze" was 
used in Japan to represent all types of whirl
wind with damaging intensity. It is very 
likely that other countries have their own 
general terms corresponding to these. 

The presence or absence of a parent cloud 
holds the key to the major division of whirl
winds into one of two categories. 

The first category is expressed by adding 
·"devil" or "whirl" to the characteristics of 
whirlwinds . without parent clouds. Dust 
devils and smoke devils are typical examples. 
Since "devils" are not accompanied by funnel 
clouds, their vortices are transparent. Small 
objects or particles drawn into the whirl 
make the vortex visible, giving an impression 
of a whirling "devil." 

The second category has no general name 
in English, except it is subdivided into three 
terms: "waterspout," "tornado," and "funnel 
aloft." Most other languages have a unique 
term: trombe in French and German, tromba 
in Spanish and Italian, symerch in Russian, 
tatsumaki in Japanese, etc. (see table I ) . 

The rotation axis of this type of storm is 
surrounded by a funnel cloud, the upper por
tion of which is attached to the parent cloud. 
A. funnel cloud, also called "tuba," often 
takes strange shapes. It carries various nick
names: manga in Spanish; hose in German; 
snake, elephant trunk, rope in English; dra
gon in ancient Japan and China; vishap in 
Russian, etc. 

Some storms are confirmed and listed as 
tornadoes even though the funnel clouds are 
not witnessed because of precipitation, ob
struction, or darkness. In most cases, how
ever, there exists convincing evidence of tor
nadic phenomena, such as the narrow path, 
the explosive damage, or the typical roar, etc. 
in addition to the stormy weather. 

TABLE I 

CLASSIFICATION OF WHIRLWINDS. This table was made based on the customary expressions. For 
definitions of whirlwind, tornadoes, and waterspout, refer to Glossary of Meteorology (1959). 

Parent cloud Funnel cloud Location Name EMW 

Yes In the air Funnel aloft -
Tromba (Sp. It.) Yes · Over water Waterspout F3 . 
Trombe (Ge. Fr.) 
Smyercb (Ru.) Over land Tornado F4 
Tatsumaki Ga.) 

Whirlwind Unknown Over land Tornado F4 
Ipo !po 

Dust devil F2 
No Over land 

Mountain devil Fl 

Devil (En.) No Steam devil f O 
Whirl (En.) 
Senpu Ga.) Over land or over water Fire devil Fl 
Wirbel (Ge.) 

Smoke devil Fl 

UMW 

-

F4 

FS 

FS 

F3 

F2 

Fl 

F2 

F2 
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TABLE II 

INTENSITY DISTRIBUTION OF 62 AUSTRALIAN TORNADOES 

Speed Range 
Frequency 

Sl--(i() 
13 

61-70 
18 

71- 80 
13 

81- 90 
2 

91- 100 
12 

101-110 
·o 

111-120 
3 

200 mph 
1 

Fujita-Pears_on (FPP) Tornado Scale 

Some tornadoes are extremely violent while 
others are weak. To distinguish the very 
strong ones from the medium or weak ones, 
Seelye ( 1945 ) attempted a pioneering work 
in classifying the intensity of New Zealand 
tornadoes into 0 to 5 units. These are: 

0 ... Funnel cloud and no, or very slight, 
surface disturbance 

3 .. . Outbuildings, verandas, and roofs 
carried away 

5 . .. Well-constructed buildings demol
ished 

Clarke ( 1962) tabulated the· windspeed 
distribution of 62 Australian tornadoes, re
vealing that 50% were characterized by less 
than a 70 mph wind (see table II). There 
is one report of 200 mph winds caused by 
the Brighton tornado of 2 February 1918. 

The scaling of tornadoes into the Fujita
Pearson (FPP) scale has been tested since 
1 January 19 71 to obtain the two-year sta
tistics for 19 71 and 19 72 . As shown in table 
III, the ranges of the FPP scale are assigned 
to be large enough to permit easy estimation 
of the scale. 

The windspeed V, path length L, and path 
width W are computed as functions of FPP. 
Three equations for the computation are: 

V = 14.1 (F + 2)t in mph (1) 

The Fujita-scale windspeed to be com
puted by the above equation connects Beau
fort force 12 with Mach number 1 in 12 
steps. The windspeed difference between 
scales is designed to be large enough to allow 
the estimation within a possible error of 1-
scale. The maximum F scale within the en
tire tornado area is assigned as being the 
scale for the storm. To assist one in esti
mating the F scale through visual inspection 
of damage patterns, figure 2 was prepared 
for general distribution. For details refer to 
Fujita (1971). · 

The Pearson-scale path length (PL) is 
based on the actual path length of the tor
nado and L is defined as the total length of 
the storm's path, excluding the portion where 
the tornado was not on the ground. In case 
the tornadoes form a family, each member of 
the family is expressed by an FPP scale. 

The Pearson-scale width (Pw) is based on 
the average width of the tornado damage 
measured in the directions perpendicular to 
the path. The lifted portions are excluded 
from the averaging, so that the product of 
the length and the mean width represents the 
damage area. 

L = 1Ql<PL-1) 

°W = 1QHPy-5l 

in miles 

in miles 

The FPP scale is designed to be coarse 
enough for an easy assessment of all tor
nadoes. From the statistical point of view, 
it is desirable to categorize all tornadoes in 
a coarse scale, rather than assessing a lim

(2) · ited number of storms .in a scale of extreme 
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(3) accuracy. 

TABLE ill 

THE FPP TORNADO SCALE. The values of wind speed and path length and width are computed from 
Eq. (1)- (3). Most tornadoes can be expressed by the FPP scale ranging between 0, 0, 0 

and S, S, S. Higher values may be used whenever necessary. 

Maximum windspeed Path length Pat h width 

FO less than 73 mph PO less than 1.0 mile PO less than 18 yd 
F 1 73-112 p 1 1.0-3J p 1 18-SS 
F 2 113-1S7 p 2 3.2-9.9 p 2 S6-17S 
F3 1S8-206 P3 10--31 P3 176-SS6 
F4 207-260 . p4 32-99 P4 0 .3-0.9 mile 
FS 261-318 PS 100--31S PS 1.0--3.1 
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FUJITA SCALE FOR DAMAGING WIND 

Scale 

FO 

F 1 

F2 

F3 

F4 

F5 

mph Expected Damage 

( 40-72 ) Light Damage 

( 73-112) Moderate Damage 

(113-157) Considerable Damage 

(158-206) Severe Damage 

(207-260) Devastating Damage 

(261-318) Incredible Damage 

Fig. 2. Reference photographs distributed to U. S. weather stations 
for the assessment of tornado damage in F scale. 
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Fig. 3. Percent distribution of windspeed, 
path length, and path width as functions of 
F PP scale. 

The FPP distribution of tornadoes is very 
useful in expressing the wide range of tor
nado intensity and path. It is convenient to 
express the distribution in the per cent fre
quency rather than in the actual value. 

Figure 3 shows the FPP distribution ip. 
the per cent of occurrences. In order to vis
ualize the small percent occurrences of large 
FPP storms, the iso-percent lines in the 
figure are drawn to be convex downward, 
using parabolas computed from 

y = k (scale + 1 ) 2 
( 4) 

where y denotes the height of the per cent 
line, k a constant, and "scale" either F or P. 
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The top diagram includes the frequency 
·distribution with respect to the F-scale wind
speed. The Australian distribution was com
puted from Clarke ( 1962) ; the Japanese, 
from Fujita et al. ( 1972); the United States, 
1965, from Tecson (1972), 1971 from Fujita 
( 19 72 ) , and 19 7 2 from the assessment by 
NOAA climatologists. 

It is seen that the frequency of U. S. tor
nadoes extends into F4 and F5 scales, al
though their frequencies are no more than 
a small per cent of the total. Neither Aus
tralian nor Japanese tornadoes exist in the 
F4 or higher scales. 

The path-length scale in the middle dia
gram reveals the fact that the lengths of 
long-track Japanese tornadoes are one scale 
shorter than the U. S. counterparts. The 
path width scale also shows similar charac
teristics. 

The above evidence implies that the U. S. 
tornadoes are one order of magnitude larger, 
on the average, than Japanese tornadoes in 
their damage areas. 

Tornado Frequency 

The frequency of U. S. tornadoes in
creased gradually since their official collec
tion began back in 1916. As a result of a 
renewed interest in reporting tornadoes by 
the U. S. Weather Bureau, a significant in
crease started in 19 53. About 7 SO tornadoes 
annually are confi.rmed and listed in the 
United States in recent years (fig. 4). 

Australia has been known to be the second 
country on the earth in terms · of tornado 
frequencies . This is partly because its area 
is almost as large as the United States ex
cluding Alaska. Against such an image, the 
latest frequency of Australian tornadoes is 
only 14.6 per year, which is at least one 
order of magnitude smaller than those of 
U. S. prior to the 1953 increase. 

The prorated frequencies must be used for 
other countries whose areas are considerably 
smaller than the U. S. The area ratio of 
the United States exduding Alaska and other 
countries of known tornado frequencies are: 
United Kingdom, 32; New Zealand, 29; 
Italy, 26; and Japan, 21. Each of these 
ratios is to be multiplied by the tornado fre
quency in order to obtain the frequency pro
rated to the U.S. area. 

Figure 4 includes the annual prorated fre-
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TORNADO FREQUENCY per YEAR per U. S. AREA 
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Fig. 4. Tornado frequency of 6 countries prorated to the U. S. area excluding Alaska. 
Increase in the tornado frequencies during the 1950s and 1960s is seen in many countries. 

quencies from these countries. Japan, for 
instance, recor,ded 100 to 200 prorated tor
nadoes early in the 19 SOs. Since then, the 
frequency is increasing, reaching 300 to 400 
in recent years, and the most recent fre
quency is just about one-half of those in the 
U.S. 

New Zealand experienced 2.61 prorated 
tornadoes per year between 1928 and 1944. 
The maximum was 667 in the year 193S. 
Recent tabulation by Tomlinson ( 1971) re
vealed an increase in the frequency from 400 
to 600 during the 1960s. The New Zealand 
frequency is only 20% less than that of the 
United States. 

Italian tornadoes, as tabulated by Visconti 
and Cannata (1969), include "trombe d'aria 
o marine," namely tornadoes and water
spouts. Their prorated frequency, only 
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about 100 in 19 SO, increased to 900 in 1 S 
years. When the waterspout frequency is 
excluded, the Italian tornadoes are compar~ 
able to those of the U. S. in terms of fre
quency. 

Only four years of tornado statistics are 
available from the United Kingdom. The 
1963 through 1966 statistics by Lacy ( 1968) 
indicate that the prorated frequency in
creased from 300 to 1,300 per year. The 
U. K. frequency turns out to be much higher 
than that of the U. S. · 

These tornado data in other parts of the 
World suggest that the U. S. tornado fre
quency is no more than that of industrial 
countries in the middle latitudes. The major 
differences seem to be in the occurrence of 
extremely large and intense tornadoes in the 
U.S. 
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Fig. 5. Daily frequencies of tornadoes in Japan and the United States. 

Seasonal Variation 

Although tornadoes may occur at any time 
of the year, we often observe seasonal varia
tions. In the United States, for instance, the 
tornado season begins as early as February 
and March, reaching a peak in May and de
creasing to an insignificant level toward late 
summer. 

When the variation is examined in detail 
' say, on a day-to-day basis, there are signifi-

cant maxima on specific calendar days. 
Shown in fig. 5 is the daHy frequency of 
U. S. tornadoes based on Walford's (1960) 
tabulation. April 30 appears to be the peak 
day. for the year, followed by 20 May, 5 
April, and 6 June. It is of interest to note 
the existence of minimum-activity days, such 
as 17 April, 6 May, and 28 May within the 
tornado season. · 

The height of the tornado activity ( abbre
viated as HT A in this paper) varies from 
country to country or even from place to 
place. In Japan, for example, HTA appears 
. to correspond to each of the typhoon and 
winter-monsoon seasons. · 

In the U. S., it is known that the HTA in 
the Southern States occurs in the early 
spring. As spring progresses, the HTA 
moves northward across the Great Plains 
reaching the central Midwest in May and th~ 
northern Plains in June. Finally, the HTA 
reaches western Canada in July, thus com
pleting the trans-Great Plains journey in 
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four months. Refer to McKay and Lowe 
( 1960) for details of Canadian tornadoes. 

In European countries, the HTA begins in 
late spring and spreads over the entire con
tinent of Europe by August. The HTA oc
curs in July and August in the area from 
northern Russia to Germany and France 
as well as in the northern plains of Italy'. 
During the autumn, the HTA moves out of 
continental Europe towards the west and 
south, reaching England, southernmost Italy, 
and Israel early in the winter. 

The side of Honshu Island facing the 
Japan · Sea shows a distinct HTA in mid
winter while the HTA on the Pacific side is 
in its typhoon season. It is rather spectacu
lar to see such a significant change in the 
HTA across the 150-mile wide island. 

In India, their HTA coincides with the 
Nor'Wester season, April to June, when a 
low-pressure area develops over the upper 
region of Bengal to southern Assam. A 
number of destructive tornadoes take place 
mostly in April and May . 

The HTA in South America occurs during 
early summer. Due to the sparsity of tor
nado data from South American countries . . ' it 1s not feasible to determine the movement 
of HT A in La Plata basin where most torna
does develop. 

New Zealand tornadoes occur rather uni
formly during the four seasons of the year. 

(Continued on page 79) 
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Fig. 6. Tornadoes around the World expected to occur in about 4-year period. 
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BY TT. FUJITA 1973 

Fig. 7. The expected maximum wind (EMW) by tornadoes around the World. 
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Tornadoes ( Continued fr~m page 62) 

There are, however, small maxima in the 
winter months. 

No significant change in HTA is seen in 
Australia where desert and arid lands domi
nate the huge central regions. 

The world-wide variation of HTA strongly 
suggests the existence of various meteorologi
cal conditions, giving rise to the formation 
of tornadoes around the world. The tornadic 
phenomena, when examined in the global 
scale, appear to be rather complicated, neces
sitating an investigation of climatic and syn
optic conditions of each country. 

Tornadoes around the World 

It is not an easy task to collect tornado 
data from various parts of the world, since 
the literature is in various languages such 
as German, French, Italian, Russian, and 
Japanese. In most cases, no translations are 
available. 

An attempt was made to plot the locations 
of international tornadoes for a four-year 
period, 1963-66. For this period, a com
plete listing of the tornado date, time, and 
location is available from the following five 
countries; United States (2,659 storms), 
United Kingdom (98), New Zealand (60), 
Japan (45), and Uruguay (,6) . 

Data from other countries do not cover 
the same four-year-period, making it im
practical to plot the tornado locations for 
this specific period. Estimates of tornado 
occurrences in other parts of the world were 
made based on a library of literature avail
able for specific storms. 

P.resented in fig. 6 il!re the locations of 
tornadoes expected to occur in about a four
year period. The density of tornadoes may 
not represent the true distribution every
where in the entire world because the public 
education and awareness toward tornadoes, 
population density, and the data collection 
system are quite different from country to 
country. Nevertheless, the plotted distribu
tion suggests the frequent occurrence of tor
nadoes within the latitudinal belts, 20° to 
50°, on both sides of the equator. 

Tornadoes occurring deep inside the trop
ics, say 20°S to 20°N, appear to be rather 
weak, · developing mostly in the form of 
waterspouts over warm waters. Hawaii, Fiji 
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Island, Philippines, Borneo, Singapore, Mau
ritius Island, Panama, Jamaica, and other 
tropical coasts experienced waterspouts which 
became tornadoes upon crossing the shore 
lines. 

A further attempt was made to produce a 
world map of the Expected Maximum Wind
.speed (EMW) expressed in F scale (fig. 
7). The EMW is defined as the maximum 
windspeed of 99.9ro of tornadoes. The 
0.1 % or one-in-1,000 storm is likely to pro
duce Unexpected Maximum Windspeed 
(UMW), which is assumed to be one-F scale 
larger than that of EMW. 

The tropical coastlines, except where it is 
extremely dry, are characterized by the 
EMW of F 2. The UMW will be F 3. 

EMW of F 3 is found in various parts of 
the world. The Pacific coast of Japan is 
visited by F 3 tornadoes originating as water
spouts. Similar cases are reported along the 
Mediterranean coast of Italy as well as the 
Atlantic coast of Europe. For instance, an 
estimated F 3 tornado moved across Ame
land Island off the North Sea coast of the 
Netherlands killing 4 and injuring 400 
others. 

A tornado belt extends from southern 
England to central European Russia. F 3 
tornadoes are expected in this belt during 
the late spring to summer months. A 1 7-
mile-long tornado moved through the south 
suburb of Pforzheim, damaging 1, 7 SO houses. 
It FPP scale is estimated to be 3,3,3. In 
Golitsimo near Moscow, two tornadoes, one 
in cyclonic and the other in anticyclonic ro
tation, moved side by side through a 6-mile 
path, leveling and cutting trees in their 
100-200 yd swaths. 

The EMW of F 3 in the Southern Hemi
sphere is located in South Africa and south
ern Australia. La Plata basin in South 
America is also characterized by expected 
F 3 tornadoes or possibly F 4. Montevideo, 
the capital of Uruguay, was visited by 5 
tornadoes duririg the 19 63- 71 period. 

A small area of F 4 tornadoes is seen in 
the Bangladesh:-Assam area. A tornado in 
1963, classified as 4,3,2 using the FPP 
scale, left a 22-mile damage swath. The tor
nado killed 139 people, destroyed 33 villages, 
and left 3,760 families homeless. 

The largest area of EMW of F 4 covers 
most parts of the United States east of the 
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Rockies. Of 1,628 tornadoes in 1971 and 
19 7 2 only two were F 5. This evidence im
plies that the frequency of F S tornadoes in 
the U. S. is about one-in-one-thousand. It 
is reasonable, therefore, to assume that the 
EMW in the Midwest and Eastern U. S. , is 
F 4 while their UMW is likely to be F 5. 
At the present time, our research efforts are 
directed toward subdividing the United 
States into a number of tornado alleys, each 
characterized by the EMW and the corre
sponding UMW. 

Fire Tornadoes 

Tornado distribution around the world 
shows specific patterns related to the dis
tribution of land, sea, mountains, and air 
masses. When small areas on the surface 
of the earth are examined in detail, it will be 
found that there are favorable locations of 
tornado formation . 

Under very unusual circumstances, tor
nadoes and smoke devils occurred in Tokyo. 
Following the earthquake of 1 September 
1923, which killed 142,000 people in the 
Tokyo area, fires started burning out of con
trol. In fact, more people were killed by 
the subsequent fire rather than by the tremor 
itself. 

The ascending smoke and hot air produced 
massive convective clouds over the areas of 
the great fire. These clouds developed into 
a number of cumulonimbi. Though showers 
started in several areas, the rainfall was not 
heavy enough to extinguish the fire. Instead, 
tornadoes touched down from the cloud base. 

Some tornadoes were as intense as F 2, pick
ing up carts and people just outside the fire 
lines. The record indicates that a house with 
7 or 8 people was picked up by a tornado. 
A child fell from the house onto a bamboo 
pole, which penetrated his throat causing 
death. After all, some 120 tornadoes and 
smoke devils occurred in Tokyo within the 
24 hours following the great earthquake. 

Metropolitan Tornadoes 

Investigation of Chicago-area tornadoes 
during the past 20 years indicates a signifi
cant decrease in tornadoes over the city 
proper. Meanwhile, the tornado frequency 
in suburban areas appears to be increasing. 

Locations of 2 8 tornadoes in the Chicago 
Metropolitan area are plotted in fig. 8. · F 2 
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Fig. 8. Distribution of tornadoes within the Metropolitan Chicago area. 
The "heat island" effect of the urbanized area of 7-million population is 
speculated as being the cause of the tornado-free area. 

and F 4 tornadoes in 1961 and 1967 were 
damaging ones. Since then, people often 
report funnel clouds over the southwest sub
urbs. A significant tornado belt is seen in 
the north to northwest suburbs where O'Hare 
International Airport is located. The tor
nado patterns do not support a possible 
argument that O'Hare tower might be con
tributing to the frequency increase. A tor
nado originating some 15 miles west-south
west of O'Hare moved directly to the air
port. Though avoiding all airplanes, it 
picked up 40 cars in the parking lot. 

A horseshoe area located over the City 
of Chicago appears to be tornado free during 
the past 20 years. Should there be even a 
small tornado within such a densely popu
lated area, there will be no chance that it 
could be undetected. In fact, Midway Air
port is located inside the tornado-free area. 

An ERTS picture depicting Chicago with 
its near infrared spectral band is presented 
in fig. 9. Both water and urban areas as 
well as railroad yards are black. This ERTS 
picture reveals convincingly that the dark 
city areas correspond to the tornado-free 
area. 
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Fig. 9. An ERTS picture covering the Chi
cago area of Fig. 8. Near-infrared spectral 
band was used to enhance the urbanized 
areas. 
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Fig. 10. Tornado-free area and tornado belt in the Tokyo area of 11-
million population. The "heat island" effect is speculated as the cause of 
the tornado belt. 

The Tokyo area tornadoes were mapped 
for the purpose of finding if tornadoes are 
avoiding the heart of the city. As expected, 
tornadoes are found to exist around the up
wind fringe of Tokyo (see fig. 10). 

A horseshoe belt which may be called a 
tornado belt was found to exist in the Tokyo 
area. The tornado frequency appears to 
decrease toward the center of the city and 
toward the outer suburbs as well. 

Such a distribution of tornadoes implies 

Fig. 11. An ERTS picture covering the . 
Tokyo area of Fig. 10. 
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an establishment of a new city climate in 
and around Tokyo. It may be speculated 
that the inner part of the city acts as a 
heat island surrounded by the relatively cool 
suburban air. A mesoscale front is likely to 
form over the inner suburbs where a signifi
cant surface vorticity can be expected to 
exist. The city center, loaded with human
generated heat, is covered with a uniformly 
hot air which tends to ascend over the city, 
finally drifting away to the downwind sub
urbs. 

Changnon (1968, 1972) pointed out an 
increase in the precipitation and hail to the 
downwind side of Gary's industrial complex. 
In his METROMEX effort in Metropolitan 
St. Louis, Braham (1972 ) revealed the 
heat island effects of the urban areas, such 
as low-level convergence and a blanket of 
warm air. 

Shown in fig. 11 is an ERTS picture of 
Tokyo, similar to that of Chicago. The -city 
of 11 million metropolitan population is 
visible as a cluster of dark areas assu·med 
to be a large heat island. 

Laboratory Model 

In order to simulate the heat island and 
the surface friction upon tornado behavior, a 
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laboratory model of a traveling tornado was 
constructed. An example of the urban-effect 
experiment is shown in fig. 12. Lake Michi
gan is a large pool of shallow water in the 
background and downtown Chicago is made 
up of small rocks which can be rearranged 
freely in this preliminary experiment. The 
city is heated from below or can be heated 
by hot wires placed across the model city at 
various levels. 

Through this preliminary experiment, it 
was found that the surface friction tends to 
diminish the intensity of the laboratory tor
nado. The addition of heat beneath or over 
the city further reduces the fury of a tor
nado, often down to zero, thus dissipating 
the entire funnel. 

Conclusions 

With the exception of devastating force, 
long path length, and wide path width char
acterizing no more than several percent of 
U. S. tornadoes, the majority of tornadoes 
around the world are all alike. Their ex
pected maximum windspeeds are F 3 or 
slower. 

For a better understanding of world tor
nadoes, it is necessary to standardize the 
international reporting system. Meanwhile, 
it should be recognized that the expected 
world frequency of tornadoes, at least 1,000 
per year, is not too small to be neglected. 
Moreover. the tornado frequencies reported 
from major industrial countries are increas
ing rapidly in recent years. 

Artificial suppression of tornadoes through 
speculated "heat island effect" appears to be 
taking place both in Tokyo and Chicago 
with 11 and' 7 million metropolitan popula
tion, respectively. Preliminary estimates 
permit us to speculate on the threshold pop
ulation of about four million for the effective 
tornado suppression. 
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