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ESTIMATION OF TORNADO WIND SPEED 
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Tetsuya Fujita , Dorothy L. Bradbury, and Peter G. Black 

DeP.!!;rtment of the Geop.!}Y.sical Sciences 

The Universi!Y. of Chicag2 

Chicago , Illinois 

ABSTRACT 

Through a detailed photographic survey of characteristic 

marks produced by tornadoes passing over open fields these 

marks have been classified into: A. captive-debris marks, 

B. scratch marks, C . bounce marks, D. drift marks, E . 

debris marks, and F. cycloidal suction marks . Of thef?e, 

the cycloidal suction marks were found to be useful in com -

puting the shape and the rotational rate of those funnels which 

reached the ground. It was concluded that the suction of a 

tornado at the ground surlace is concentrated at several spots 

around the funnel . The effect of these suction spots upon 

the objects up to several inches above the surlace is just 

enough to collect debris toward its center, but it is not strong 

enough to pick it up. The rotational rate of the suction spots 

was estimated to be less than 150 mph, which is much slower 

than was expected earlier. 

1. Introduction 

Numerous authors have attempted to determine the wind speed of tornadoes which 

are the most violent of wind storms that nature produces every year . Since, at the 

present time, no direct measurements through the center of even a medium intensity 

tornado are feasible, most of the estimates were made indirectly by a careful exami

nation of the resulting damage . Due to the fact that the effects of pressure changes 

upon the storm's destructive force are significant, it is almost always very difficult to 

separate the pressure effect from the wind effect. 

Despite a number of difficulties and assumptions involved, the estimates of wind 

1The research presented in this paper has been sponsored by the National Severe 
Storms Laboratory, ESSA, under Grant USESSA-CWB-E-86-67-(G). 



speed are made from: 1. the extent and the characteristics of damage , 2. motion pic

tures of funnels and flying debris , 3 . the shape of the funnel, 4 . the patterns of up

rooted trees , etc. Regardless of the methods of estimation, what is needed for the 

design of tornado-proof structures is the highest wind speed expected when a "large 

tornado" happens to hit a structure ranging from a residential house to an atomic power 

plant . 

Previous estimates from the extent and the characteristics of damage vary rather 

significantly. From structural damage caused by the Dallas tornadoes of 2 April 1957 

Segner (1960) estimated the optimum wind speeds required to produce specific damage 

to be about 92 mph for blown - out concrete - block walls; 55 to 65 mph for an over

turned empty storage tank: 179 mph for the roof of a two-story building of special con

struction· 83 to 217 mph for overturned railroad freight cars: ll5 to 133 mph for a 42-

foot flagpole · etc. Booker (1954) obtained minimum speeds of 148 to 170 mph to down 

three transmission towers by the Worchester tornado of 9 June 1953. 

Similar estimates have been made by investigating structural damage by tornadoes. 

It seems reasonable to assume that minimum speeds ranging between 55 to 217 mph are 

required to result in typical damage left behind Midwestern tornadoes. 

Hoecker's (1960) elaborate photogrametric study of motion pictures taken during the 

Dallas tornadoes of 2 April 1957 resulted in a maximum tangential speed of debris being 

170 mph at a distance of 150 feet from the center and 210 feet above the ground . Similar 

calculations were made b y Goldman (1965) who made a detailed study of the Illinois 

tornadoes of 22 April 1963. His effort was mostly concentrated on the estimate of ver

tical velocities rather than tangential velocities , obtaining 184 ft sec-1 at 750-ft radius 

and about 900 ft above the ground. If the convergence beneath this computation point 

were constant, it would be about 20,000 x 10-5 sec-1 • Rotational speeds of the Fargo 

tornado funnel computed from a movie film by Fujita (1960) were between 93 and ll2 mph . 

The shape of a tornado funnel has been used to estimate the tangential wind speed 

at the edge of the funnel. Glaser (1960) computed the tangential speed along the edge of 

a tornado funnel of 21March1956 in Texas . He obtained results which showed that the 

speed increases from practically zero at the funnel base, 340 m above the ground, to 

about 230 mph at a radius of 61 m and 820 m above the ground. 

Patterns of up-rooted trees were used by many researchers to determine qualitatively 

the airflow around a tornado near the ground . Among these are Hall and Brewer (1959) 

who studied patterns of tree falls associated with a series of tornadoes of 4 June 1958 

in west-central Wisconsiw Budney (1965) who mapped and interpreted the pattern of a 

large number of fallen trees caused by a tornado of 3 September 1963 in Elk County, 

2 



Pennsylvania , and Fujita (1966) who made an aerial survey of the Palm Sunday tornadoes 

of 11 Aoril 1965 . 

The above mentioned wind speeds were estimated values using certain but reasonable 

assumptions. It is our desire , therefore, to obtain wind records made during tornado 

occurrences as close as possible to the storm centers. Figure l shows an enlargement 

of a wind recorder trace at Tecumseh, Michigan , obtained by the Tecumseh Community 

Health Study of the University of Michigan. The tower was located just at the southern 

edge of the damage path with a 3-mile width. We must, therefore, expect that winds 

much higher than this recorded speed of 151 mph would accompany the tornado at the 

level of the wind tower . 

2. Classification of Ground Marks Left by Tornadoes 

Since the Palm Sunday tornadoes of 1965, major and minor field surveys have been 

made for the purpose of obtaining evidence from which the wind speed of tornadoes 

could be estimated . As has been discussed in the introduction, it is feasible to esti -

mate the approximate wind speed capable of producing each specific case of damage. 

Three examples of typical tree damage by one of the 21 April 1967 tornadoes north

west of Barrington, Illinois are shown in Pictures 1 through 3. The first picture shows 

an uprooted tree which had been standing on a sandy hill: the second, a split tree with 

its trunk consisting, more or less, of a bundle of weak splinters. When trees are 

weak, as in these cases , they will fall or break. If a strong tree remains standing in 

tornado winds, it will capture flying debris. Picture 3 shows a section of a nearby 

cyclone fence captured by such a tree standing near the center of the tornado path. These 

pictures suggest that it would be rather difficult to estimate the wind speed that caused 

the individual damage, since the specific damage is closely related to the condition of 

the trees as well as to the characteristics of the winds. 

A remarkable pattern of damage to a cyclone fence northwest of Barrington, Illinois 

was surveyed by the authors in an attempt to determine the wind field accompanying 

the 21April1967 tornado. As shown in Picture 4, the fence posts were in various degrees 

of tilt after the storm passage. In the picture, the storm moved from the right to the 

left at about 50 mph. A total of ll2 posts were surveyed individually to determine their 

direction (from which each post was pushed) and the zenith angle (angle of each post 

measured from zenith ) . (See Table I.) 
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Table I. Direction (10 degree units ) and zenith angle (degrees) of the Cyclone fence 

posts affected by the 21April1967 tornado. 

POST 
NO. 0 1 2 3 4 5 6 7 8 

0 00- 00 00-00 00-00 00-00 00-00 00-00 00-00 00-00 00-00 
10 00-00 00-00 00-00 00-00 00-00 00-00 00-00 00-00 00-00 00-00 
20 00-00 00-00 00-00 00-00 00-00 00-00 00-00 35-10 35-30 02-50 
30 02-70 01-60 05-55 02-50 36-50 01-70 02-80 35-10 35-90 broken 

40 02- 60 36-40 ·. 36-45 03-40 30-30 03-40 ~J-50 33-30 03-30 01-20 
50 . 04-20 02-60 35-60 29-40 32-50 31-85 broken 31-70 29- 80 27-90 
60 25-<}0 29-90 26-80 24-70 19-60 18-60 19-70 19-50 20-40 21-40 
70 21-40 21- 40 21-30 20-15 19-50 20-30 20-60 22-30 22-60 21-55 
80 21-40 21-30 22-20 20-40 20-30 21-30 20-20 21- 30. 21-30 21-30 
90 21-40 21-20 20-30 19- 50 21 -30 21- 20 20-10 21-30 20-20 20- 20 

100 20- 20 20-20 19-30 19- 30 19-30 20-20 21- 20 22-10 23-10 00-00 
110 00-00 00-00 00-00 

Since the mesh fencing was fastened to the posts, the direction and the zenith angle 

of an individual post should be influenced by the drag forces acting not only upon the 

post but also upon the mesh fencing before it was carried away. Nonetheless, the final 

position of each post may be regarded as representative of the tornado wind at approxi

mately the time when the mesh fencing was separated from the post. 

In order to produce a chart representing the geographic distribution of their 4irec

tion and the inclination, the posts were converted into the standard wind symbols and 

plotted on a local map as shown in Fig. 2 . The pattern of the fence-post damage, thus 

obtained, clearly indicated the flow which accompanied a cyclonic tornado travelling 

from the west-southwest to the east-northeast . The estimated path of the center is 

shown by the dashed line. A convergence line seen to the south of the tornado center 

represents the narrow zone where the southerly winds meet the flow brought into the 

southern sectors of the storm after travelling the back side of the tornado . The damage 

to the fence extended to the left of the center as far as 70 m while it extended 100 m to 

the south , suggesting that the storm's translational speed of about 60 mph contributed 

appreciably to the asymmetry of the surface wind structure. 
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The foregoing discussion leads to a partial conclusion that the patterns of tornado 
damage to uniformly distributed objects could reveal important information as to the 
dynamical structure of the storm which can not be obtained from individual damage to 
different types and sizes of structures. A specific damage does not always represent 
the spatial characteristics of the storm. We are already familiar with a large number 
of damage photographs showing demolished houses, uprooted trees, etc. Additional 
pictures of this kind do not contribute significantly to the improvement of our concept 
of the storm structure . What is needed is the areal distribution of the damage to simi
lar objects distributed more or less uniformly along the storm's path. It is better that 
these objects be small in order that they not modify the flow patterns inside the storm., 
yet they must be large enough to be photographed from low-flying airplanes. 

Our efforts during the past few years have been aimed toward the detailed photo
graphic survey of open fields in the Midwest which may be either unplowed, plowed, 
or planted depending upon the time and the location of the tornadoes . 

As a result of our survey , we have classified the "marks" or the tornado-produced 
patterns on the ground into· the following six categories: 

A . Captive - debris marks 

B. Scratch marks 

C . Bounce marks 

D. Drift marks 

E . Debris marks 

F. Cycloidal suction marks 

These marks can be observed from the air if one is flying between l, 000 and 3, 000 
feet above the ground . We shall now elaborate on each of these marks . 

Captive-debris marks are produced on an open field when flying debris just above 
the surface is caught by wires which have been blown off from fence posts by the first 
impact of tornado winds . These marks, when observed or photographed from the air, 
appear somewhat like giant scratches produced by hard objects dragged by high winds. 
Picture 5 shows an example of such marks. A picture taken at close range , however, 
reveals that the scratch-like appearence is merely the result of high reflection from 
a large number of short pieces of corn stubble captured by wires (Picture 6) . An enlar
ged view (Picture 7) shows that the wires are wrapped tightly by short pieces of corn 
stubble. As in the case of many other damage surveys , tornado winds have a tendency 
to initiate the wrapping of large objects by smaller but longer ones . 

When closely spaced wires capture low flying debris , the debris population some
times becomes so high that the captured debris marks appear in an aerial picture as 
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an arc -shaped narrow band tinted with the color of the captured debris . 

Scratch marks have been found to be extremely rare . · In the early stages of our 

aerial field survey operations, it was thought that a large number of arc-shaped lines 

on the fields were made by sharp-edged objects dragged by strong winds. We, therefore , 

identifiect these lines as scratch marks. Thus far, we have been unable to find a real 

scratch mark from the air . Pictures of two scratch marks taken from the ground are 

shown in Pictures 8 and 9 . Those shown in Picture 8, made by one of the automobiles 

in the background when it was blown by the tornado wind off an elevated highway after 

riding over the guard rail. Note that the guard rail was damaged slightly by the car . 

The depth of the scratch mark in the earth was about 5 inches . The mark in Picture 9 

was made on short- grassland as the trunk of a tree was dragged downwind leaving a 

shallow scratch of about 6-inches .in width. It seems that objects ranging from short 

corn stubble to automobiles prefer to either become airborne or roll when caught by 

strong tornado winds. The strong vertical wind shear near the surface will exert a 

rotational torque to a resisting body such that an automobile would roll downwind around 

a horizontal axis perpendicular to the direction of the pushing wind. 

Bounce marks are observed along the path of a heavy object which is rolling down

wind. Due to the bouncing motions of the object while travelling over a field, we often 

see dark-colored , irregular-shaped spots along a straight or curved line. If an object 

disintegrates before it finally comes to rest, there will be several lines of bounce markE 

emanating from the point of disintegration . Shown in Picture 10 are several bounce 

marks made by three cars, each of which remained in one piece and several parts from 

a disintegrated car . Picture 12 shows one of the close-up views of a bounce mark behind 

a demolished car in Picture 11. It would be feasible to establish the three-dimensional 

bouncing motion of a car through a detailed survey of those bounce marks which pre

serve imprints of the outermost shape of a car undergoing deformation and destruction 

upon each bouncing impact. 

Drift marks can easily be identified from the air as short lines of wind-driven 

debris oriented in the direction of the strong wind which had caused the final drifting 

of the debris on the field. If one could observe the change with time of the direction 

of drift marks, it would be found that this change takes place very rapidly as the storm 

center moves . The drift marks left by a storm, therefore , do not represent the instan

taneous air motion but they show, instead, the final effects of high winds upon the debris 

distribution . Pictures 13 and 14 represent aerial and ground views of drift marks on 

the previous year's corn field which had not yet been plowed. Note that the density of 

debris decreases downwind, making it feasible to determine the wind direction . 

6 



: • 

Debris marks refer to the configuration of debris with known origi.ns such as build

ings or other structures, lumber yards, hay stacks, etc., where debris was picked up 

by the storm . Since the debris source is a fixed location on the earth, the lines of debris 

distribution represent the "streaklines" instead of the "streamlines". Picture 15 shows 

debris marks originating from a number of demolished structures in Belvidere, Illinois . 

Several streaklines of debris are visible. On the ground, however, these lines are 

piles of massive debris such as those appearing in Picture 16. Streaklines of debris 

marks can be described as the loci of the endpoint of debris departing from the point 

of destruction and carried by the tornado wind. 

Cycloidal suction marks were used by Fujita (1967) for estimating wind speeds of 

the Palm Sunday tornadoes of 1965 without making a ground survey of the marks. After 

the 21 April 196 7 tornadoes extensive aerial and ground surveys were made by the authors 

in an attempt to learn the nature of these marks which seem to be extremely valuable 

in understanding the behavior of tornadic winds within the friction layer just above the 

ground . 

3. Characteristics of Cycloidal Suction Marks 

Since Van Tassel ( 1955) first reported on the elliptic marks left on fields by the North 

Platte Valley tornado of 27 June 1955, several other such phenomena have been reported. 

Prosser (l 064) found a large number of cycloidal marks in a series of vertical aerial 
pictures photographed along the path of a Nebraska tornado of 5 May 1 %4. The aerial 

survey of the Palm Sunday tornadoes of 11 April 1965 as reported by Fujita (1966) revealed 

the existence of a large number of well -defined cycloidal marks in Indiana and Ohio. 

Both Van Tassel and Prosser concluded that they are closely related to the rotational 

and translational motions of each tornado. To determine the estimated tangential wind 

speed, Van Tassel assumed that the marks were produced by something being carried 

with the speed of the revolving wind within the tornado funnel. Using C , the circum

ference of the ellipse: N, the number of scratch rings per mile; and S, the translational 

speed of the tornado as input data, he estimated a tangential wind speed of 484 mph. 

Prosser considered, on the other hand, that these marks in the photographs are probably 

the result of light reflected differently from the disturbed and the undisturbed areas . 

This was based upon his closer inspection of high ~resolution aerial photographs and also 

upon a damage survey by R. E. Meyers, State Climatologist for Nebraska, who stated, · 

"the path gave the impression that an enormous vacuum cleaner had swept the ground 

clean of vegetation, loose soil, all other movable objects. " Careful examination of the 

aerial photographs by Prosser led him to make an important suggestion that the vortex 
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diameter was oscillating about the mean since the radius of curvature of closed loops 
varied along the tornado path . 

About two years after the Palm Sunday tornadoes of 1965 several damaging tornadoes 
occured near Chicago . An aerial survey of the tornado areas revealed that a large 
number of cy_cloidal marks were left on open fields. One of the aerial pictures of these 
marks is shown in Picture 17. When examined from color pictures, these marks are 
of a dark yellow color, with an appearance of an eroded sandy soil . In order to verify 
the materials producing the marks, a ground survey was made over the entire region 
of the cycloidal marks appearing in Picture 17 . Grid lines are drawn at 100 -m intervals. 

A visual close-range inspection of this area from the ground showed that the cycloidal 
marks were made of short pieces of corn stubble deposited along cycloidal curves as 
shown in Picture 18 which was taken looking west-northwest. The close-up view in 
Picture lq reveals individual stubble piled 4 to 8 inches high in a band of about 5-ft width. 

Further characteristics of the cycloidal marks were studied by examining several 
marks which crossed a narrow irrigation ditch in an open field. Picture 20 shows that 
a cycloidal mark disappears as it approaches the irrigation ditch and reappears on the 
other side of the ditch. 

Other interesting cycloidal marks were found on a field still covered with relatively 
tall corn stubble left over from previous years. As shown in Picture 21 , the pattern 
of leveled stubble gives a definite impression that the direction of fall orients toward 
the center line of each cycloidal mark. An undisturbed field of long stubble appears 
like Picture 22. From this evidence we may assume that a cycloidal mark forms while 
the air just above the ground converges into a spot rotating around a tornado center . 
Since the air converging into this spot must move upward, this spot may be identified 
as a spot of concentrated suction. 

It is of interest to note that Prosser stated that the marks are the result of differ
ential soil characteristics, while the authors found that they represent narrow bands of 
debris accumulation. Nonetheless, both researchers agree that they represent the loci 
of spots which act like nature's vacuum cleaners. In Prosser's case, the vacuum cleaner 
was so strong that it loosened up and vacuum cleaned the soil and vegetation. The debris 
accumulation seen in the author's case can be explained as the result of vacuum cleaners 
which are strong enough to converge debris, but not capable of sucking up the accumu · 
lated debris, which will remain within a layer a few inches deep above the ground . 

To give an idea of the amount of suction that might be present in a tornado, for example , 
it may be calculated that a household vacuum cleaner head with 15 ft sec-1 suction speed 
will produce a convergence of 
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suction speed 
Conv. = = 100 sec-1 

height of head above the floor 

when the head was placed about 2 inches above the floor. If we assume that a conver

gence of 10 sec-1, only one-tenth of that of a household vacuum cleaner exists near the 

ground, it would result in vertical motions of 5 ft sec-1 at 6 inches above the ground, 10 

ft sec-1 at one foot, 100 ft sec-1 at 10 ft, etc. 

Despite the fact that we do not know the exact magnitude of the convergence giving 

rise to the formation of these ground marks, it is obvious that they can be produced 

only if the convergence near a tornado center is concentrated at several spots which 

rotate around the center. In case the convergence takes place uniformly around a circu

lar area, a uniform damage belt such as that produced by a rotating grinder would be 

expected . 

The size of these spots with strong convergence, as determined f ram the width of 

cycloid~! lines in only several to 20 ft, implying that the convergence inside a tornado 

is concentrated at several spots which rotate around the travelling tornado center. Such 

spots of concentrated convergence may be called the "suction spots," and the ground 

marks appearing along the loci of suction spots , the "suction marks." Suction marks, 

if preserved, would represent a group of cycloidal curves; however , due to strong 

winds on the rear side of a travelling tornado, the marks produced by suction spots 

while moving on the front side are either partially or totally destroyed by those suction 

spots in the rear side. This is why in aerial pictures we frequently see the rear half 

of the cycloidal marks more distinctly. Before the end of the tornado wind, the rear 

half will be swept by the remainder of the whirlwind. 

The above discussion leads to a conclusion that the suction spots, where strongest 

suction inside a tornado near the ground takes place, are likely to be characterized by 

a convergence of up to about,10 sec-I if a cycloidal suction mark consists of a pile of 

debris which was not picked up by the suction spot. Unless an object sticks up above 

the ground at least about 5 to 6 inches, the object is likely to be protected from becoming 

airborne. In other words, small debris located within an extremely shallow layer above 

the ground is collected toward the center of a suction spot, but the spot usually fails to 

pick up the collected debris. Thus, it leaves along the path of the suction mark a long 

line of debris. Due to the translational motion of a tornado and the rotational motion 

of a suction spot around the tornado center, the line of debris deposit takes a cycloidal 

shape . Thus, we call the line "cycloidal suction mark . " 
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4. Estimate of Wind Speed from Cycloidal Suction Marks 

If a suction spot is assumed to rotate around the tornado center at a constant radius, 

the locus of the spot can easily be computed as a function of U , V , and R which are, 

respectively, the translational speed, tangential speed, and radius between the spot 

and the tornado center. Parametric equations of a cycloid with the x-axis taken along 

the path of a tornado center are 

y = R sin wt 

and x = Ut + Rcoswt 

where w denotes the angular velocity of a suction spot and t , the time measured from 

the initial x -axis crossing of the spot . If c = wt/27T , the total rotation number of 

a suction spot around the tornado center , is substituted in Eq. (1) , and, if the resulting 

equation is differentiated in order to obtain the slope, then 

dy dy/dx V COS 27TC = = dx dt dt U-Vsin27TC 

n COS 27TC = 
I - n sin 27TC 

(1) 

(2) 

where n =V/U , the ratio of the tangential and the translational speeds. Eq. (2) indicates 

that the slope of the cycloidal curve is a function of both n and c without depending upon 

R , the distance of the suction spot from the rotation center . This means that the over -

all shape of a cycloidal mark depends only upon n , the ratio of the tangential and trans

lational speeds . 

Figure 3 was made by changing n from 1. 0 to 10. 0. The height of the loop as well 

as the loop width increases with n , becoming very close to 2R when n exceeds 10. 

As shown in F igure 4, n , the ratio of V and U , increases from 1. 0 to infinity as 

the relative loop width , W , increases from 0 to 1. 0 . The relative loop width can easily 

be determined on a rectified aerial photograph as the ratio of W and 2R in the figure . 

It is , therefore, feasible to compute n from the measured value of W . The figure 

also shows that , S , the relative loop shift can be obtained as the function of W , thus 

making it possible to follow successive loops produced by a specific suction spot. 

Applying the n vs W and s vs W relationships , Fujita (1967) estimated the rotational 

rate and the distance of suction spots around the tornado center. Shown in the lower 

half of Fig. 5 are the cycloidal marks obtained by analyzing aerial photographs. From 

the size and the phase of each cycloidal mark, the position of the suction spots around 

the core was determined. The stippled areas denote the areas of the core assumed to 
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accompany suction spots around its periphery . 

The open circles with numbers 1 through 7 are the estimated positions of the tornado 

center after the suction marks completed each revolution around the center . The dis 

tance of travel during each revolution can be converted into the rotational period by 

assuming UTOR = 62. S mph . The periods in seconds given in the figure are the rota

tional periods thus obtained. 

The figure also shows the positions of the suction snots when the tornado center was 

at the locations 1 through 7 . In determining the positions of these suction spots , the 

radius vectors were obtained by measuring the distance between the loop tops and the 

path of the tornado center. The phase angles were computed from the positions of the 

bases of perpendiculars dropped from each loop top to the path of the tornado center . 

Of interest is the change in the stippled area obtained by connecting the suction 

spots smoothly . The number of suction spots varied between 4 and 5 while their radius 

vectors changed considerably from time to time. It Phould be noted that the rotational 

period decreased as the mean diameter of the stippled area shrunk with the eastward 

movement of the storm. This would imply that (1) the shrinkage of the stippled area 

increased the rotational rate, keeping probably the angular momentum constant and 

that (2) the stippled area represents the central core of the tornado, which J.<ept deform

ing rather rapidly . 

The mean tangential speeds of the suction spots when the tornado center was at 

locations 1 through 7 are 110, 114, 111, 118 , 118, 111, and 104 mph, respectively, By 

adding 62.5 mph to these values, we obtain the maximum ground speed of 172, 176 , 173, 

180, 180, 173, and 166 mph, respectively. 

These tangential speeds are very similar to those of funnel rotation obtained by 

Fujita (1960) using motion pictures of the Fargo tornadoes of 20 July 1957. The tangen

tial speeds of seven pendants appearing at the base of a sheared-off funnel just above 

the ground were 112 (90), 112 (60), 93 (30) , 100 (60) , 111 (110), 100 (100), and 102 mph (90) , 

respectively. The numbers in parenthesis are the distance in meters of the pendants 

from the funnel center. 

The same principle of computations was applied to the cycloidal suction marks pro

duced along the path of the 21 April 1967 tornado which extended from the southwest of 

Belvidere to north of Woodstock, Illinois . The storm center travelled at the rate of 

about 50 mph. 

Over the area of Pictures 17 and 20, the relative loop widths were measured and 

found to be 0. 55 and 0. 50 respectively. The corresponding rotational rate of the suction 

spots are 160 and 150 mph, respectively. An addition of SO mph translational velocity of 
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the tornado center would result in 210 and 200 mph, respectively. 

5. Summary and Conclusions 

In an attempt to determine the field of air motion inside tornadoes, patterns of 

damage were studied. This was based mainly on the aerial and ground survey of the 

Palm Sunday 1965 and 21April1967 tornadoes which occured in the vicinity of Chicago. 

It was found that the suction effects of these tornadoes upon small objects located 

within a few inches above relatively flat fields is almost one order of magnitude smaller 

than that of a household vacuum cleaner. The strongest suction areas are concentrated 

at several spots around the boundary of the funnel reaching the ground. These suction 

spots with diameters only up to about 50 ft, rotate around the tornado center. The 

tangential speeds estimated from cycloidal suction marks range up to about 150 mph. 

Even after adding in the translational motion of each tornado the maximum speeds of 

suction marks were estimated to be 200 mph. At the present time ; there are no ways 

of knowing the microscale flow patterns around the suction marks. It would be reason

able to assume that the maximum wind speeds are not too far from the rotational velo

city of the tornado funnel . 

Further and more complete studies of the characteristics of damage patterns in 

various scales would certainly increase the basic knowledge on the storm circulation. 
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Figure 1. Wind recorder trace from Tecumseh, Michigan, on 11 April 1965. In completing 
this wind speed chart, both time and speed of all visible maximum and minimum values were 
read from the recorded trace and then connected with straight lines. At the same time, 
successive maximum and minimum values were separately joined to show the range in the 
variation of gusty winds. Wind velocities plotted at the bottom represent l-min means of 
maximum values in mph. (Courtesy of the Tecumseh Community Health Study, the Univer-
sity of Michigan) For details refer to Fujita (1967). 
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Figure 2. Direction and zenith angle of cyclone fence posts damaged by 21 April 1967 tornado 
near Barrington, Illinois. 
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Picture l. An uprooted tree; Picture 2 . Splintered tree trunk; Picture 3. Cyclone fence wrapped around 
tree near tornado center; Picture 4. Pattern of tilted cyclone fence posts; Picture 5. Aerial view of cap
tive debris mark; Picture 6. Ground view of a portion of Picture 5; Picture 7. Close-up view of a portion 
of PL:ture 6; Picture 8. Scratch mark made by one of the cars in background 

17 



• 

11 

Picture 9. Scratch mark made by tree trunk; Picture 10. Bounce marks made by cars; Picture 11. Ground 
view of a car in Picture 10; Picture 12. Ground view of a bounce mark in Picture 10; Picture 13 . Aerial view 
of drift marks; Picture 14. Ground view of drift marks in Picture 13; Picture 15 . Streaklines of debris marks; 
Picture 16. Ground view of debris 
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Picture 17. Aerial vie w of cycloidal s uction marks; Picture 18 . Ground view of suction marks in Picture 17; Pic
ture 19. Close-up view of marks in Picture 18; Picture 20. Cycloidal suction marks broken by irrigation ditch ; 
Picture 21. Pattern of cycloidal suction marks on field of tall stubble; Picture 22. Ground view of undisturbed 
tall stubble; Picture 23 . Distribution of debris caught by tree trunks; Picture 24. Splinter of wood driven into pole 
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