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1. INTRODUCTION 

·The April 3, 1974 tornado 
outbreak provided a wealth of 
scientific data. Of the 148 tor
nadoes mapped by Fujita (1975), 
the Parker, Indiana tornado was 
not the strongest, rated at F 4, 
but proved to be one of the most 
interesting and one of_ the most 
meteorologically signfficant. 
As pointed out by Fujita (1974), 
a movie taken of the tornado re
vealed that during a portion of 
its lifetime the tornado evolved 
from a single large funnel into 
a tornado containing numerous 
suction vortices. This confirmed 
the tornado model proposed by 
Fujita (1971). 

Forbes and Fujita (1975) 
presented preliminary estimates 
of values of the velocity com
ponents in the Parker tornado. 
This paper represents a detailed 
study of the Parker tornado 
using data from aerial surveys, 
ground surveys, <a · mov·ie of the 
tornado, and still.· photographs of 
the tornado. Components of motion 
have been studied quantita~ively 
for both the tornado ;and suction 
vortex scales. ~aximum wind
spe~d - within a ·suction vortex was 
observ:~ to -be 70 m/s (157 mph). 

Agee et al. (1975) studied 
the revolution of the suction vor
tices about the Parker tornado, 
but were not able to resolve 
the speed of rotation about the 
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suction vortex axis. Blechman 
(1975) calculated a speed of 
suction vortex rotation of 
24.4 m/s (55 mph) in a 
Wisconsin tornado. 

2 • THREE SCALES OF MOT ION IN 
THE PARKER TORNADO 

The Parker tornado was the 
third in a three-tornado family. 
Each of these tornadoes made 
gradual left turns, with respect 
to their initial direction of 
translation and the movement of 
the parent thunderstorm. Based 
upon damage, the Parker tornado 
was rated F 4 in intensity, was 
22 miles long, and had F P P 
of 4 3 4. For an explanation 
of the F P P scale, refer to 
Fujita (1973). 

It appears that three 
scales of ·motion caused damage: 
the tornado cyclone, the tornado, 
and the suction vortex systems. 
The most significant portion of 
the damage path is shown in 
Figure 1. The outer boundary of 
F o damage is shown, and is quite 
wide at this time, typically 
.93 km (.58 mi). The diameter 
of the funnel near the surface 
was much smaller, typically 
.40 km (.24 mi). 

The shaded region in Fig. 1 is 
the region with damage _F2 or 
stronger. A typical width of the 
F2 damage, .5 km (.31 mi), suggests 
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Figure 1. The Parker tornado: a 
portion of the damage track, in
cluding F-scale and debris di
rection. Locations of the 13 
movie computation loops are shown. 
The Monroe Central High School 
location is indicated. 

that its width was roughly that of 
the vis ible funnel. 

The h eavy line ins ide the F 2 
shading is the approximate path of 
the tornado center. The short 
line segments in Fig. 1 represent 
directions of debris scatter. 
Sho rt segments with arrows pri
marily represent tree fall, but 
occasionally represent a short 
swath of debris. 

The most intense damage 
caused by the tornado occurred 
to b uildings just north of 
Monroe Central High School . Here, 
the debris scatter was in a looped 

·.' 
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Figure 2. Aerial photographs of 
the damage as the tornado crosse d 
the highway north of Monroe Central 
High School. (Photos by Mr. Tecson 
of SMRP) 

pattern, as shown. It is likely 
that this loop of debris was 
associated with a suction vortex. 
Figure 2 shows two aerial photos 
of the damage in this area . The 
arrow points to the fatalit y 
location, where damage was appar
ently associated with low-level 
inflow near the edge of the funnel. 

A third scale of motion, the 
tornado cyclone scale, may have 
been responsible for a p o rtion of 
the damage shown in Fig. 1 . The 
protrusion of FO damage on the 
right side of the path was probably 
due to a strong downdraft whose 
directi o n paralleled the tornado 
trans lation. In the movie, 
however, t his scale of motion 
was not detectable. 



Figure 3. Selected still photos of stages of the Parker tornado. Photos 
courtesy of Mr. Anderson. 

Figure 3 is a selection of 
still photographs outlining the 
evolution of the visible appearance 
of the funnel. Photo A shows the 
funnel as narrow and barely touching 
the ground, one mile south of the 
edge of the damage in Fig. 1. 
Photo B shows a cylindrical funnel 
associated with the damage at the 
bottom of Fig. 1. 
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Photo C shows that the fun
nel has become conical. In 
addition, there are fragments of 
cloud hanging vertically around 
the top of the funnel. This may 
represent the tornado cyclone 
scale, as the location is near 
the tornado cyclone damage of 
Fig. 1. 

Photo D shows the transition 
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from single to multiple vortices. 
Two vortices can be seen at this 
time, located about ~ mile south 
of the high school intersection. 
This is reminiscent of the tornado 
near Elkhart, Indiana in the Palm 
Sunday, 1965 outbreak documented 
by Fuji~a et al. (1970). 

Photo E shows a diffused 
tornado funnel with two distinct 
suction vortices in its rear 
quadrant. The location is 
about l mile north of the high 
school intersection. These vor
tices were also visible in the 
movie. Photo F shows a diffused, 
cylindrical funnel. Visible suc
tion vortices are no longer present 
about one mile north of the high 
school intersection. 

Based upon this sequence and 
the Hubbard movie, it is con
cluded that suction vortices were 
visible for only about 2 miles. 
There could have been vortices 
near the ground at other times, 
obscured by trees. In addition, 
the suction vortices produced 
dust clouds which tended to mask 
their existence. Actually, 
residents reported seeing multiple 
funnels approaching them about one 
mile prior to becoming visible in 
the photos. 

3. MEASUREMENT TECHNIQUES AND 
ERROR ANALYSIS 

In order to obtain detailed 
values of vertical and 
velocities in the tornado and suc
tion vortex, 13 special computation 
loops were prepared. Each of these 
loops, in this case, consisted of 
one-half second of footage of the 
tornado from the Hubbard movie. 
Cloud tags, referred to hereafter 
as tags, were tracked in these 
loops. The tags appeared to be 
elements of dust and cloud, 
rather than debris. 

In order to study both the 
tornado and suction vortex scales 
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of motion, two types of reference 
frames were used in preparing the 
computation loops: a ground-
fixed system and a suction vortex
f ixed system. Individual frames of 
the Hubbard movie were printed, 
registered for one of these refer
ence systems, and then re-photo
graphed into a computation (movie) 
loop. 

In the ground-fixed system, 
tags in the tornado could be 
tracked, yielding an apparent 
velocity with respec.t to the 
ground. Typically, however, the 
suction vortex translation with 
respect to the ground was large, 
obscuring rotation about its own 
axis. 

In the suction vortex-fixed 
system, the rotation about the 
suction vortex axis could be 
detected. Values of tornado 
windspeed could also be detected, 
relative to the suction vortex. 
These relative winds can then be 
converted to speed with respect 
to the ground through addition of 
the appropriate translation 
velocity. 

Because of the aerial and 
ground surveys, the distance and 
direction from the movie location 
to the tornado center was known 
accurately for all segments of 
the Hubbard movie. Thus, the 
tag movement observed in the movie 
loops could be converted to an 
apparent velocity. From this ap
parent velocity, the vertical, 
tangential, and radial components 
can be extracted. 

Because the actual distance 
from the photographer to the tag 
being tracked is a function of 
the spatial position of the tag 
in the funnel, the computation 
of apparent velocity from ob
served tag movement was not a 
uniform procedure. A correction 
factor was applied, based upon 
tag position in either a cylin-



Source 

1. Vector plotting 

2. Vector measurement 

3. Correction factor 

4. Neglecting conical 
shape 

5. Suction vortex radial 
position 

6. Component of translation 
toward observer 

MAXIMUM POSSIBLE ERROR 

Possible error: 
Tornado 

2 -1 
ms 

1 
-1 

ms 

1 
-1 

ms 

-1 
less than 3 ms 
when neglected 

not applicable 

-1 
0 to 1 ms , 

depending upon 
orientation 

-1 
8 ms , when 
cone-shape _

1 
neglected: 5 ms 

otherwise 

Possible error: 
Suction vortex 

2 -1 ms 

1 
-1 

ms 

1 
-1 

ms 

negligible 

-1 
less than 2 ms 

-1 
less than 1 ms 

-1 
7 ms 

Table 1. Error analysis for apparent velocity. 

drical or conical funnel, depend
ing upon the shape of the funnel 
at the time. Because the funnel 
was wide and close to the 
photographer, failure to apply 
the correction factor could have 
yielded errors up to 15% (relative 
to the speed if the apparent ve
locity was referenced to the tor
nado center). 

Sources of error in the 
corrected apparent velocities 
include: 

(1) Error in plotting the 
distance travelled by the tag, 
while viewing the loop. 

(2) Error in measuring the 
distance travelled while con
verting to velocity. 

(3) Error in the correction 
procedure (measurement of the 
distance to the tornado center, 
measurement of tag position in 
the funnel, approximations in the 
equations, etc.). 
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(4) Error in approximating 
the funnel by a cone (at the 
beginning of the movie) or a 
cylinder (at later times) • 

(5) Error in determining suc
tion vortex radial position with 
respect to the tornado axis. (The 
edge of the suction vortex was as
sumed to be at the edge of the tor
nado funnel in the correction pro
cedure. In reality it was often 
inside of this radius.) 

(6) Error due to a component 
of the tornado translation toward 
the observer. (This effect was 
small because the tornado was moving 
at a large angle to the observer. 
In 8 of the loops this angle was 
about 90 degrees!) 

The magnitudes of each of these 
errors is evaluated in Table 1. If 
all of the errors contributed at 
once, with the same sign, the error 
could be 8 m/ s. The total error is 
normally expected to be less than 
5 m/s. 



Terminology used in the text, 
and symbols used in the figures, 
conform to Fujita et al. (1976) 
and Fujita and Forbes (1976). In 
this paper, the term revolution 
speed is synonymous with revolving 
velocity. 

4. THE TORNADO 

The visible shape of the fun
nel has been presented in Fig. 3. 
During that sequence, covering 
about a five-mile path, the diam
eter of the tornado funnel at 
tree-top level increased from 
roughly 150 m to nearly 800 m, 
as it turned into a giant dust 
cloud. During the period when suc
tion vortices were observed, the 
rate of growth was slower, and 
tree-top diameter was typically 350-
400 m. Just before suction vortices 
became visible , the funnel was cone
shaped. Because of this, the diam
eter increased from about 300 m at 
the ground to nearly 800 m a t an 
elevation of 400 m. 

The tornado axis was tilted 
with respect to the vertical. The 
primary orientation of the tilt was 
in the direction of movement. The 
value was typically 10 to 20 
degrees. The tilt of the funnel in 
Figures 4 and 11 was 13 and 19.5 
degrees, respectively. 

4.1 Translation Of The Tornado 

Through use of the compu
tation loops and additional still 
photos print ed from the movie, the 
tornado translation was calculated 
to be 24 m/ s (54 mph). The direc
tion of movement of the tornado cen
ter, shown in Fig. 1, was slowly 
changing. In 8 o f the computation 
loops the translation was perpen
dicular to the angle of view. 
Because rapid changes in appearance 
of the funne l made precise determi
n a tion of the cente r difficult, 
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temporal variations of transla
tion speed were not calculated, 
and the tornado was assumed to 
have a constant translation speed. 

4.2 Tangential Velocity Of The 
Tornado 

Figure 4 shows the tornado 
shortly before suction vortices 
became visible, located about 3/4 
mile south of the high school. 
At this time the tornado was trans
porting a small farm implement (a 
fertilizer spreader) about one mile, 
into a stand of trees. 

The velocities shown in Fig. 4 
are corrected apparent velocities 
in m/s relative to the ground. The 
maximum velocity observed was 88 m/s 
(197 mph). This agrees well with 
the F3 classification of the damage 
in this area. 
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Figure 4. The Parker tornado before suction vortices became visible. 
Vectors and velocities are of apparent windspeed with respect to the 
ground, in m/s . This fig~re corresponds to computation loop 1. 

Figure 6. Deviations from a tornado in pure rotation , derived from 

0 

METER S 

Fig. 4. Horizontal velocity deviations in m/ s are due to radial velocity 
and a s ymmetries of tangential and radial velocitie s. 
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The apparent velocities shown 
in Fig. 4 are vector sums of trans
lation, tangential velocity, radial 
velocity and vertical velocity. 
From these apparent velocities, the 
component velocities can be obtained. 
Figure 5 is a diagram of vertical 
profiles of tangential velocity, 
vertical velocity, and the vector 
sum of these components, derived 
from Fig. 4. 

The tangential velocity can 
be obtained from the apparent 
horizontal -velocity through elimi
nation of the radial velocity 
component. The technique used in 
obtaining the tangential velocities 
in Fig. 5 was to work with parcels 
near the tornado axis~ Near the 
axis the radial velocity contribu
tion to the apparent velocity is 
minimized, and the horizontal 
velocity closely approximates the 
tangential velocity. Away from 
the axis, the contribution of tan
gential velocity to the apparent 
velocity decreases due to the 
curvature of the funnel. (That 
is, the tangential velocity near 
the edge of the funnel is toward 
the observer, making minimal con
tribution to apparent velocity.) 
The velocities used in Fig. 5 
were for tags close to the axis, 
at points where speed falloff 
due to funnel curvature was 10% 
or less. 

The maximum tangential ve
locity was 87 m/s (195 mph) with 
respect to the ground, or 63 m/s 
(141 mph) about the tornado axis. 
This velocity occurred at 110 m 
elevation. 

There is some scatter in the 
data, due partly to errors and 
partly to natural variation. It 
will be seen later, in Figures 6 
and 12, that the scatter is not 
purely random. 

In order to get a clear 
picture of the vertical variation 
of the tangential velocity, a 
running mean over a 50 m height 
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interval was plotted at increments 
of 10 m elevation. Fig. 5 shows a 
distinct maximum in tangential velo
city between 115 and 155 m, of 
roughly 50 m/s (112 mph). Above and 
below this region the velocity 
decreased rather steadily. Ob
structions to vision prohibited 
measurements near the ground. 

There is some indication that 
the tornado windspeed increased 
after suction vortices became vis
ible, though it was difficult to 
obtain a vertical profile because 
the data was more sparse than in 
Fig. 4. Apparent velocities of 
90-96 m/s were obtained in Fig. 11, 
yielding tangential velocities of 
order 65-70 m/s (145-157 mph) about 
the tornado axis. The average for 
the tornado tangential velocities 
in 7 loops (numbers 6-12) con
taining suction vortices was 
66 m/s (148 mph), with a maxi-
mum of 75 m/s (168 mph). 

There was some indication that 
the tangential velocity on the left 
side of the tornado was weaker 
than that on the right side. In 
tornadoes containing suction vor
tices, the funnel was sometimes 
semi-transparent and tags could 
be seen moving in the opp?site 
direction with respect to the tor
nado translation, on the left side 
of the funnel. In these cases, 
the tangential velocity on the left 
side averaged about 28 m/s with 
maximum 43 m/s (96 mph) about 
the tornado axis. 

The validity of this ob
servation of weaker flow on the 
left side has not yet been fully 
evaluated. However, two items 
for consideration are: 

(1) The tags may have been 
at a different radius from those 
tracked on the tornado right side. 

(2) The tags were typically 
at a position where the falloff 
of tangential velocity due to 
curvature was not negligible, but 



was not corrected for in the 
average. 

4.3 Vertical Velocity Of The 
Tornado 

Figure 5 shows the p rofile of 
vertical velocity observed in the 
tornado in Fig. 4. Vertical com
ponents of all apparent velocities 
were used. The maximum· vertical 
velocity was 48 m/s (108 mph) and 
occurred at 337 m. 

In order to estimate the ver
tical variation, a running mean 
over a 30 m height interval was 
plotted at increments of 10 m ele
vation. Overall, the vertical 
velocity increased with height. 
The profile shows a minimum near 
130 m, of value 15 m/s (34 mph). 
This level corresponds to the level 
of maximum tangential velocity. 
Above and below 130 m the vertical 
velocity increased gradually. 

There is an indication that the 
vertical velocity in the tornado 
was weaker when suction vortices 
existed. In addition, the verti
cal velocity on the right side was 
weaker than on the left. When 
suction vortices existed, the ver
tical velocity on the left was 15-
24 m/s (34-54 mph) and 8 m/ s (18 
mph) on the right. This temporal 
and spatial variation is still 
under investigation. 

4.4 Radial Velocity Of The 
Tornado 

Figure 6 is a diagram of the 
deviations of the apparent veloc
ities of Fig. 4 from those ex
pected if the horizontal apparent 
velocity was due only to tangen
tial wind. In order to construct 
this diagram, the mean tangential 
velocity was calculated along the 
tornado axis. This value was 
then adjusted for all tag posi
tions in the funnel, to account 
for the apparent velocity falloff 
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due to curvature. At the edge of 
the funnel one would expect neg-
· 1 igible apparent velocities, in 
the absence of radial motions. 

From the pattern of deviations 
in Fig. 6, it is apparent that rad
i al velocity existed. Along the 
left side of the diagram (tornado 
rear quadrant) , .negative dev iations 
imply outflow, as do positive devi
ations on the right side of the dia
gram (tornado front quadrant). Dev
·iations in excess of 20 m/ s (45 mph) 
in the rear and in excess of 30 m/ s 
(67 mph) in the front of the tornado 
were- observed . These patterns of 
deviations suggest a radial ve
locity of roughly 30 m/ s (67 mph) 
outward, with a maximum of 
53 m/s (119 mph) observed. 

In terms of overall features, 
outflow is observed above roughly 
80 m. One expects radial inflow 
near the surface. A vertical pro
file of radial velocity has not 
been prepared, due to scarcity of 
data and lack of precision in the 
values, · inherent in the calculation 
of deviations. It is apparent from 
the horizontal patterns in Fig. 6 
that the entire deviation field is 
not due to radial velocity, but also 
due to asymmetries of tangential 
velocity. 

4.5 Asymmetry In The Tornado 

Away from the edge of the fun
nel , Fig. 6 clearly shows organ
ized patterns of deviations. Of 
particular interest is the elongated 
band of positive deviations near 
100 m elevati on. At that distance 
from the tornado axis, it would 
take radial inf low in e xcess of 70 
m/ s (157 mph) to account for the 
upper pocket of deviations in ex
cess of 20 m/s. in addition, the 
band crosses the tornado axis. 
Clearly this band of positiv e 
deviations is assoc i ated with a 
band of anomalously large tangen-



t~al velocities. 
There is an overall tendency 

for posi·tive deviations in .the 
area to the left of the tornado axis. 
This probably ·represents the begin
ning stage of . suction vortex forma
tion within the tornado. Alter
natively, it could mean that suc
tion vortices already exist inside 

. ·the periphery of the funnel cloud. 
In either case, it appears that the 
horizontal and vertical patterns of 
asymmetries of tangential velocity 
are associated with suction vortex 
formation or existence. It is un
certain whether the asynunetries 
are a cause or an effect in this 
case, however. 

5. THE SUCTION VORTEX 

The Pa:r::k.er tornado, during a 
portion of its lifetime, contained 
visible suction vortices. Typical
ly, the torna do contained 2 or 3 
well- define d s uction vortices, and 
ofte n several other suction vor
tice s less sharply defined or in 
the process of lifting and dis- . 
sipating. The suction vortices 
formed on the left side of the 

to r nado, mov ed around the rear of 
the tornado, ~nd dissipated on the 
right front of the tornado. 

The suction vortice s were o f ten 
tilte d f rom vertical. In a broad 
sense, the tilt was in the direct i on 
of the tornado translation, similar 
to the tornado tilt. Superimposed 
on this overall tilt , near the 
ground, was a tilt away from the 
dire ction o f r e volution of the suc
tion vortex about the tornado. 
That is, on the left side, with 
vortices moving toward the rear of 
the tornado, the tilt was increa sed. 
On the right side the tilt was 
considerably decreased: near the 
ground the tilt was occasionally 
reverse d from that ·· of the overall 
(when the bottom of the suction 
vortex was moving faster toward 
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the front of the tornado than was 
the top of the suction vortex). 

The diameter of the funnel 
cloud of the suction vortex was 
typically 50 m, with a range of 
about 20 m to 140 m. These 
suction vortices appear to be con
siderably larger. than average. 
Suction vortices observed in other 
tornadoes were · roughly 10 min 
diameter. Thus, the Parker tor
nado probably represents the extreme 
in development of suction vortices. 

5.1 Revolution Velocity Of The 
Suction Vortex 

The revolution velocity of 
the suction vortex about the tor
nado is a function of position in 
the funnel, as shown in Figure 7. 
There is considerable scatter in 
the data, and some of the large 
values are possibly inaccurate. 
Possible errors result from (1) 
use of sti ll photos produced 
from the movie instead of movie 
loops, in order to get more data : 
and (2) uncertainties in the ra
dial position of the suction vor
tex with respect to the tornado. 

··~· 
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Figure 7. Suction vortex revolution 
speed about the tornado axis as a 
function of position in the tor
nado . 



Figure 8. The Parker tornado with suction vortices. The apparent ve
locities about the suction vortex are shown in m/s. Also shown are 
velocities of other vortices and the ground relativ e to this vortex 
when its axis is taken as a fixed reference. This corresponds to compu
tation loop 2. 

The objective of the diagram 
is to point out the asymmetry of 
revolution speed i n a general sense: 
from speeds in excess o f 50 m/s 
(112 mph ) on the left side and rear 
quadrant, decreasing to 30 m/s 
(67 mph) on the right side of the 
tornado. 

In the individual computation 
loops , the speed of revolution can 
b e determined accurately, as in 
Figure 8. The apparent velocity 
is the component in the plane of 
the photograph. This appare n t 
ve locity of revolution must be 
corrected for falloff due to 
curvature, to obtain true rev
olution speed about the tornado. 

The spacing of the s uction 
vortices about the tornado axis 
was typically about 30 degrees 
apart . In terms of a fixe d 
object on the earth, success ive 
s uction vortices would have 
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passed it (or struck it) at roughly 
2-second intervals . From typical 
values in the Parker tornado, a 
particular suction vortex would 
have taken no more than 2 seconds 
to pa ss over a point on the earth 
( f rom front to rear edge o f the 
s uction vortex) . 

It would have taken roughly 29 
seconds for one suction vortex to 
r evo lve completely around the tor
nado. The suction vortices were not 
observed to make a full revolution , 
therefore having a lifetime of 
roughly less than 20 seconds . 

5.2 Tangential Velocity Of The 
Suction Vortex 

Figure 8 gives a sample of 
the apparent velocities within a 
suction vortex. Using a coordinate 
system with s uction vortex fixed, 



apparent velocities were obtained 
for suction vortices in a total of 
11 computation loops. The com
posite profiles of velocity are 
shown in Figure 9. The maximum 
apparent velocity in a suction 
vortex was 70 m/s (157 mph}. 

Because of the falloff in 
apparent velocity with distance 
from the axis, due to curvature, 
only tags near the axis of the 
suction vortex were used in the 
profiles of tangential velocity. 
Values were not used if the fall
off due to position was greater 
than 8%. Figure 10 illustrates the 
curvature effect upon apparent 
velocity . 

In order to obtain detailed 
variations with height, a running 
mean over a 30 m height interval 
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Figure 9. Vertical profiles of 
velocity in suction vortices, in 
m/ s. Data represent a composite of 
values from s uction vortices in 
11 computation loops (numbers 
2-4 and 6-13) • 
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350 M 

150 M 

Figure 10. Suction vortex rotation, 
in m/ s. The effect upon the appar
ent velocity of distance from the 
vortex axis pan be seen at top and 
bottom. Thi's corresponds to 
computation loop 13. 

was plotted at lOm increments • 
It can be seen in Fig. 9 that the 
tangential velocity reached a broad 
maximum of about 45 m/s (101 mph) 
between 105 and 165 m elevation. 
The extreme value in this region 
was 58 m/s (130 mph). Above and 
below this level the tangential 
velocity decreased rather steadily. 
Due to obstructions to vision 
(including the dust cloud raised b y 
the suction vortex}, velocities 
could not be determined near the 
ground. 

Figure 11 shows the Parker 
tornado in the vicinity of Monroe 
Central High School. In the left · 
side of the photo two suction 
vortices can be seen. In the right 



Figure 11 . The Parker tornado near Monroe Central High School . At least 
two suction vortices are visible . Values are shown with respect to the 
ground and were obt ained using a reference system with ground fixed. This 
corresponds to computation loop 5 . 

side of the photo , the f ront of the 
tornado appears to be filled with 
dust . 

The vectors in Fig. 11 rep
r esent apparent velocities with 
respect to the ground , and were 
calculated in that frame of 
reference . Because of that, 
rotation about the fast - moving 
suction vortex could not be dis
cerned . Rotation was detected in 
the slow-moving suction vortex in 
the tornado r ear . This figure 
demonstrat es the comp l exity in 
determining the sca l e of motion 
being measured by the apparent 
velocity vector . 

Figure 11 was treated as if 
the tornado was conical , and devi
ations from apparent velocities of 
a tornado in pure rotation were 
calculated , similar to Figure 6 . 
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The deviation velocities are shown 
in Figur e 12 . The presence of the 
suction vortices shows up c l early 
in the deviation pat t ern. Devia
tions are posit i ve along the vortex 
axis and negative outs ide the 
periphery of the vortex, where air 
is moving toward or away from the 
viewer . Stil l p r esent , as in Fig . 
6 , are horizontal bands of positive 
deviations. 

5 . 3 Vertical Velocity Of The 
Suction Vo r tex 

Figure 9 shows a vertical 
profile of vertical velocity in the 
suction vortex. All values from 
the s uction vortices in 11 compu
tation loops are included . The 
maximum vertical velocity was 41 
m/s (92 mph) at 364 m elevation . 
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Figure 12. Deviations from a tornado in pure rotation, derived from 
Fig. 11. Horizontal velocity deviations in m/ s are due to the presence 
of suction vortices, radial velocities, and asymmetries of tangential 
and radial velocities. 

In order to obtain a detailed 
profile, a running mean over a 20 m 
height range was plotted at 10 m 
increments. A maximum of 20 m/ s 
(45 mph) exists at 100-120 m ele
vation . There is a distinct mini
mum of 6 m/ s (13 mph) at 280-300 m 
elevation. Above this level the 
vertical velocity increases. 

5.4 Radial Velocity Of The 
Suction Vortex 

It was not possible to obtain 
quantitative values of radial velo
cities in suction vortices. Some 
suction vortices showed outward 
radial velocities. On the average, 
it is felt that radial velocities 
were not large, however, in com
parison with the tangential 
velocity. 
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6. THE DUST CLOUD 

Near the ground, roughly 
below 80 m, the suction vortex 
created a dust cloud of diameter 
several times that of the suction 
vortex funnel. The dust clouds 
of several of the suction vor
tices grew vertically and hori
zontally to very large dimensions. 
In these cases, it appeared that 
a significant portion of the dust 
escaped control of the suction 
vortex and entered the tor-
nado circulation. The suction 
vortex was partially or wholly ob
scured. Thus, this dust-cloud 
motion appears to encompass two 
scales of motion. 

Figure 13 shows a drawing of 
one large dust cloud. At this 
point the dust cloud extends 



vertically to about 180 m and 
is up to 310 m wide. 

6.1 Apparent Horizontal Velocity 
Of The Dust Cloud 

Figure 13 gives the apparent 
velocities in the dust cloud from 
one computation loop (number 11 
of Fig. l}. The velocities were 
rather uniform, extending nearly to 
the ground. Of eye-catching effect 
in this loop was a surge at the 
lower right edge of the dust cloud. 
where velocities of 85 and 89 m/s 
are shown. The edge of the dust 
cloud seemed to surge forward in a 
solid wall. 

The dust cloud apparent ve
locities were easy to track but 
difficult to evaluate. As men
tioned, dust appeared to leave 
the suction vortex circulation 
and enter that of the tornado. 
For this reason it was difficult 
to determine the curvature of the 
dust cloud circulation. Since 
the dust cloud originates from 
the suction vortex circulation, 
the apparent horizontal velocity 
of the dust cloud is composed of 
a tangential and a radial compo-

SP£EO RELATIV[ TO GROUNO 

Figure 13. A large dust cloud 
associated with a suction vortex. 
Windspeeds are with respect to the 
ground in m/ s. This corresponds 
to computation loop 11. 
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nent, with respect to the suc
tion vortex axis. 

The reader will recall that 
knowledge of curvature is needed 
to eliminate the effect of ap
parent velocity falloff in deter
mining the tangential velocity 
from the apparent horizontal ve
locity. Therefore, computation of 
the tangential velocity is some
what subjective for the dust cloud. 
Specifically, all apparent dust 
cloud velocities were used in the 
vertical profiles of Fig. 14 
unless it was obvious that the 
curvature effect was significantly 
reducing the velocity. 

It must be pointed out that 
the radial component of velocity 
may be contributing substantially 
to some of these velocities. 
Strictly speaking, the profile of 
"tangential" velocity is one of 
apparent horizontal velocity. 

Figure 14 gives vertical pro
files of dust cloud velocities, 
obtained from 7 computation loops. 
The maximum apparent velocity 
with respect to the ground was 97 
m/s (218 mph} at 45 and 55 m. 

Figure 14 shows that the 
"tangential" velocity with re
spect to the ground was relatively 
constant with height. The max
imum "tangential" velocity was 
96 m/s (215 mph} at 45 m elevation. 

A running mean over a 20 m 
height interval was plotted at 
10 m increments. This shows a 
weak minimum of 81 m/s (182 mph} 
at about 115 m elevation, with 
very slow increases above and 
below this level . Due to 
obstructions to vision, the dust 
cloud was not observed below 20 m. 

Because of the subjective 
selection of the values used in 
the profile, it is likely that the 
true "tangential" velocity is 
close to the maximum observed, as 
indicated in Fig. 14 by the line 
near the maximum velocities. 
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Figure 14. Vertical profiles of 
velocity in a suction vortex dust 
cloud, in m/ s. Data represent a 
composite of values from dust 
clouds in 7 computation loops 
(numbers 6-12) • 

The radial velocity could not 
be determined quantitatively. The 
use of the term radial is in ref
erence to motion away from the 
suction vortex axis. Due to the 
fact that the dust was leaving 
the suction vortex circulation 
and entering that of the tornado, 
significant radial velocity is ex
pected. Because of the surge of 
the dust cloud in Fig. 13, the 
author would not be surprised to 
see outward radial velocities of 
50 m/s (112 mph) in the dust cloud. 

6.2 Vertical Velocity Of The 
Dust Cloud 

Figure 14 shows vertical ve
locities in the dust cloud. The 
maximum vertical velocity was 
32 m/s (72 mph) at 71 m elevation. 
A running mean over a height in
terval of 20 m was plotted at 10 m 
increments. This shows that, 
overall, the vertical velocity de
creased slowly with height. There 
was a maximum of 18 m/ s (40 mph) 
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at 40 m and a minimum of 11 m/s 
(25 mph) at roughly 135 m eleva
tion. The maximum extremes of 
vertical velocity occurred near 
70-90 m, however. 

7. INTERACTION BETWEEN SCALES 
OF MOTION 

There are some obvious ways in 
which scales of motion would inter
act. In addition, from comparison 
of the profiles, the scales are 
apparently interacting in a way 
which would not be expected. 

The first obvious form of 
interaction involves tornado tan
gential velocity and suction vor
tex revolution about the tornado. 
As a first approximation, one would 
expect the two velocities to be al
most identical. This was not the 
case. The tornado tangential veloc
ity on the right side was 40-50 m/ s 
prior to suction vortices becoming 
visible and about 65 m/ s while they 
were visible. The suction vortex 
revolution speed was about 30 m/s 
on the right side. Furthermore, 
the revolution· speed was greater on 
the left side, where tornado tan
gential v e locity appeared to be 
weaker. Thus, the suction vortex 
revolution differs substantially 
from tornado tang ential veloci ty. 

A second obvious interaction 
is between the dust cloud and the 
suction vortex . A comparison is 
made for tangential velocity rela
tive to the suction vortex axis i n 
the fourth set o f prof iles in Figure 
15. It can be seen that the suction 
vortex tangential velocity is larger 
than that of the dust c l oud rotating 
at a larger radi us. Thi s, to a 
limited extent, gives an indication 
of the change of velocity along the 
radial. The vertical velocities of 
the suction vortex and dust cloud 
(not shown} are similar, with those 
of the suction v ortex typically 
sev eral m/ s large r. 



A third obvious interaction is 
between the dust clotrd and the 
tornado. The third set of· pro
files in Fig. 15 compares their 
vertical velocities. The profiles 
are strikingly similar, with the 
dust cloud vertical velocity every
where 3-4 m/s weaker than that of 
the tornado. By contrast, the pro
files of tangential velocity (not 
shown) were strikingly different. 
The dust cloud velocities were 
much larger than those of the 
tornado. 

From the above two paragraphs, 
one concludes that the dust cloud 
tends to retain tangential veloc
ity gained from its origin in 
association with the suction vor
tex, while attaining vertica~ 
velocities similar to those in 
the tornado. 

As a fourth possible inter
action, it was not obvious that· the 
profiles for the suction vortex and 
the tornado should be similar. 
Indeed, the first set of profil~s 
in Fig. 15 is of vertical velocity, 
and the similarity is minimal. 
Although the values are comparable 
below 225 m, the vertical variations 
are different and sometimes 
opposite. 

The second set of profiles in 
Fig. 15 are strikingly similar, 
however. In terms of both mag
nitude and vertical variations, 
the tangential velocities are 
nearly identical. The suction 
vortex velocities were typically 
7% less than those of the tornado. 

This similarity of tangential 
velocities is amazing in view of 
the fact that the data were derived 
from completely independent samples. 
The tornado profile is from one 
loop, before suction vortices be
came visible. The suction vortex 
profile is a composite of data from 
11 computation loops. 

Apparently the suction vortex 
tangential speed is derived 
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Figure 15. Comparison of vertical 
profiles of velocity. 

partially from the tornado flow 
relative to the moving suction 
vortex. It has been pointed 
out earlier in this section that 
the tornado tangential velocity is 
substantially larger than the suc
tion vortex revolution speed, the 
difference being 10-30 m/s. This 
relative flow must be exerting an 
influence upon the suction vortex 
formation and maintenance. This 
would account for the similarities 
in the vertical variations of the 
tangential velocity, shown in the 
profiles . 

It must be concluded that the 
scales of motion in the tornado are 
interacting strongly. The most 
amazing conclusion is that the pre
existing tornado wind profile may 
exert some control over not only 
the revolution of the suction vor
tices about the tornado axis, but 
of the suction vortex tangential 
velocity and its vertical varia
tions as well. 



8. PRESSURE 

Assuming a Rankine vortex and 
using the cyclostrophic relation, 
one can estimate pressure drop in 
terms of the tangential velocity. 
Using typical values of. tangential 
velocity of 50-65 m/s in the tornado 
of radius 150-200 m near the surface 
and translating at 24 m/s, a pres
sure drop of 25 to 42 mb is ob
tained between the funnel periphery 
and the axis. Accordingly, the 
rate of pressure change due to 
tornado translation over a sur-
face point is 4 to 4.6 mb/sec. 

Using a tangential velocity of 
45 m/s for the suction vortex of 
radius 25 m, translating on the 
right side of the tornado at 54 m/s 
with respect to the ground, a pres
sure drop of 20 mb is obtained. 
The rate of pressure change due to 
the suction vortex is about 
43 mb/sec. Even on the left side 
where translation with respect to 
the ground is slower, the rate of 
pressure change would exceed 
10 mb/sec. 

The above pressures refer to 
those associated with the vortex. 
No analysis has been performed in 
reference to dynamic pressures 
upon structures due to interaction 
with the wind field. 

The pen of the barograph 
located in Monroe Central High 
School went off the bottom of the 
chart at 20 mb below the initial 
ambient value. Because the baro
graph chart-driving mechanism was 
electric-powered, and power went 
off at the school, it is 
impossible to determine the rate 
of the pressure change actually 
occurring at the surface. 

Persons within the tornado 
damage area experienced a variety 
of pressure effects. Teachers 
taking shelter in an interior hall
way of the high school felt the 
pressure in a number of ways. One 
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said he couldn't breathe--the air 
was sucked from his lungs. Another 
said his ears popped. A third 
said his ears hurt all night after 
the tornado. Across the road from 
the school, an ear infection was 
aggravated, requiring a doctor. 

The vertical variations of 
vertical velocity in Figures 5 and 
9 have dynamical implications in 
terms of non-hydrostatic pressure, 
divergence, etc. Research on this 
problem is continuing. 

9. SUMMARY AND CONCLUSIONS 

The maximum observed ap
parent velocity in the tornado was 
99 m/s (222 mph) with respect to 
the ground. The maximum observed 
apparent velocity in a suction vor
tex was 127 m/s (284 mph) with 
respect to the ground. The latter 
value occurred at 386 m elevation 
and is shown in Fig. 10. At 150 ~, 
a value of 113 m/s (253 mph) with 
respect to the ground was observed 
in a suction vortex. 

It can be seen from Figures 
5 and 9, and physically expected, 
that velocities decrease as they 
approach the ground. Therefore, 
it is doubtful that velocities 
reached 250 mph at the ground. 
Therefore, the F 4 rating of the 
tornado based upon damage agrees 
well with the calculated winds. 

It is difficult to extrapolate 
the profiles to the ground. The 
dust cloud data extend~d closest to 
the ground. It would not be 
unreasonable, therefore, to expect 
a windspeed with respect to the 
ground near tree-top level of 85 m/s 
(191 mph) in the dust cloud. 

As first order estimates, by 
extrapolating the profiles, one 
might expect windspeeds with 
respect to the ground near tree-top 
level of 60 m/s (134 mph) in the 
tornado and 94 m/s (210 mph) in 
the suction vortex. 



Parameter · 

Tornado: . 

Translation 

.: .. 
Extreme Value Observed 

(unless otherw'ise· noted) 

About ... to~nado axis· 
1: • • .• 

. -1 . 
24 ms · ( 5'4 mph) 

with ·respect to ground 
.. _l 

75 ms (168 mph)-Tangential . velocity 

V~rtical veloctiy 

Radial ·velocity 

48 ms-l (108 mph) 
-1 ' Estimated, 30 ms (67 mph): or more. 

Could be up to ·53 ms-l (119 mph). 

Suction vortex: About suction vortex axis: 

Revolution velocity Variable with position in tornado. 
30 -l . . ms is typical on right slde of 
tornado -(with respect to tornado) 

.;.1 
70 ms .( 157 mph) 

41 ms-1 (.92 mph) 

Tangential velocity 

Vertical velocity 

Radial velocity Appears to be small: unmeasured. 

Dust cloud: with respect to ground: 
-1 

96 ms (215 mph) 
-1 32 ms (72 mph) 

Tangenti.al velocity 

Vertical ,velocity 

Radial velo.city Unmeasured: appears to be large, 

perhaps up to 50 ms-l (11~ mph) 

Table 2. Extreme values of velocity components observed in the 
Parker tornado. Values are maxima unless otherwise noted. 

It must be pointed. out that 
the above apparent velocities did 
not include the radial component of 
motion. In the dust cloud and tor
nado, the radial motion appeared to 
be substantial. The vertical pro
file is not known exactly, though. 
Because a radial surge was observed 
in the dust cloud at low levels, a 
tree-top level total wind estimate 
can be made. Using an 85 m/s ap
parent velocity and a 30 m/s radial 
velocity, it. would not be 
unreasonable to expect that winds 
reached 90 m/s (202 mph) at tree-

76 

top level in the dust cloud. The 
tornado total velocity would not 
be expected to reach that value. 

Table 2 summarizes the extreme 
values of the various velocity com
ponents. For typical'values, one 
should refer to the profiles in 
Figures 5,9, and 14. 

This paper has given values 
of motions on the tornado and 
suction vortex scales. Perhaps of 
equal importance are: (1) the 
observation of asymme.tries in the 
tornado and (2) the indication 
that the scales of motion are 
interacting. 



The author is eager to analyze 
the Cabot, Arkansas tornado of 
March 29, 1976. It appears to be 
an interesting case of interacting 
scales of motion. 
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