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I. INTRODUCTION 

Since SMS-GOES became operational both IR and 

visual images have been received for every 30 minutes. 

111ese pictures include more information than those of 

past ATS I and III. Pictures with 1/ 2 mile resolution 

are capable of showing small cumulus clouds during 

daylight hours . Squall lines appear distinctly in after

noon pictures , etc. 

Detection of severe storms in satellite pictures is 

a major problem for forecast«:>rs . Unfortunately, little 

is known about the cloud characteristics in relation to 

the type and severity of s torms. It is expected, how

ever, that severe thunderstorms can be express ed by 

a com bination of several cloud parameters which can 

be determined from the geostationary a ltitude. 

A. Rains torms 

Storm clouds which produce heavy rain do 

not necessa rily reach an extreme height. Cloud

top tempe rature may be way above the tropopause 

temperature. It is likely that the damaging rain 

occurs when successive storms of m oderate 

intens ity m ove over the s ame general area. 

B. Ordinary Thunderstorms 

According to the basic r esearch on thunder

storms in 1946 and 47 by Byers and Braham, an 

updraft changes into a downdraft within 10 to 20 

minutes. The cloud top usually reaches above 

the tropopause, thus producing the so called 

"pumping cell ". 

If the top of the pumping cell reaches be

yond the tropopause, we will be able to identify 

the overshooting top in satellite pictures. In 
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fact, there are too many overshooting tops in 

SMS- GOES pictures , making it very difficult for 

us to dis tinguish very severe thunderstorms from 

ordinary ones. 

C. Hailstorms 

Statistics based on radar meas urement'> 

r eveal that the tops of hailstorms are high, 

reaching 40 to 70, 000 feet. It is also known that 

large hailstorms develop in the region of s trong 

vertical wind she:lJ', which can be determined by 

·satellite. 

D. Tornadic Thunder s torms 

Between 700 and 1000 tornadoes occur in 

the U.S. annually. Statistics show that relatively 

weak tornadoes spawn from small clouds which 

are by no means well-developed thunders torms. 

Such tornadoes are impossible to be predicted 

accurately. Meanwhile, their damage is limited 

to weak structures and mobile homes . Intense 

tornadoes have been known to develop from the 

base of a rotating thunderstorm. Radar sees the 

clouds as being a "fis h-hook" c loud. 

If we are able to distinguish these different 

types of s torms from the satellite, severe storms 

can be detected and a warning given based on 

satellite data. 

Presented hereunder is a hint toward severe 

storm identifica tion based on satellite data. Ex-

tensive research for a couple of years is required 

to test the identification method proposed. 



2. OVERSHOOTING TOPS 

The tops of huge thunderstorms in satellite 

pictures often appear as vast areas of extensive cirrus 

cloud. They consist of clusters of anvil clouds, each 

generated by vigorous thunderstorm circulation. 

The detection of severe storms imbedcled inside 

a vast anvil area begins with a search for the severe 

storms signature on top of the sea of anvil. 

The OVERSHOOTING TOPS are seen in satellite 

pictures taken near the terminator where the solar 

elevation angle is relatively low. In SMS-GOES 

pictures, numerous overshooting tops are identifiable. 

These overshooting tops are located where the sub

anvil updrafts are the strongest (see Fig. 1). 

When the updraft varies, the overshooting height 

should change accordingly. We do not know, however, 

the exact relationship between the draft velocity and 

the overshooting height. 

Fig. 1. Overshooting tops over Africa as seen in 
an SMS picture in the full resolution of O. 5 mile. 
June 16, 1974. From White Sands, U.S. Army. 

3. LEARJET EXPERIMENT 

In order to determine the time and space variation 

of the overshooting tops , a cloud- truth experiment was 

conducted under the joint effort of NASA and the Univer

sity of Chicago. A Learjet was chartered for this pur-
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pose, and horizontal pictures of thunderstorm tops were 

taken at 15- to 60-sec intervals. On several occasions, 

time-lapse movie sequences were made at one- to 

two-sec intervals. 

It was found that an overshooting top varies either 

quickly or slowly depending upon the characteristics 

of individual clouds. This would suggest that the top 

of a s teady-state updraft will remain more or less 

unchanged, while the top of a pumping-cell updraft 

will move up and down rather rapidly. 

The phenomenon of JUMPING CIRRUS was observed 

unexpectedly. When an overshooting top collapses, a 

small segment of the anvil cirrus jumps upward in the 

wake of the overshooting top. 

When this phenomenon is observed horizontally 

from a Learjet flying at 45, 000 ft , a dome of over

shooting top first rises like a thumb; then, the dome 

starts sinking. Suddenly, a faint mass of the anvil 

material jumps upward to an altitude often much 

higher than the level where the dome top had been. 

Shown in Fig. 2 is an example of the variation 

in the heights of the overshooting dome and jumping 

cirrus. The dome descended from its maximum 

height, 2. 7 km above the anvil top. About 4 minutes 

later , the top of the jumping cirrus reached the 3. 2 km 

height , which is 500m higher than the maximum dome 

height. 

km 
4 

3 

2 

1645 CDT 50 

JUMPING HEIGH T 

• 
\/--...-\ .. OVERSHOOTING HT 

·-·-· "· 

55 

Fig. 2. Change in the height of the overshooting top 
and the jumping cirrus above the anvil clouds of 
the May 14, 1974 squall line in southeastern Okla
homa. Note that cirrus jumps upward several 
minutes after overshooting top collapses. 



What makes the anvil cirrus jump up? This has 

been the question since the phenomena were photo

graphed in detail about 2 years ago. 

4. MONITORING VERTICAL MOTIONS 
FROM SATELLITES 

The height of the overshooting dome is a compli

cated function of the rising velocity beneath the anvil 

top. It is true, however, that the overshooting height 

may be used as a measure of the severity of the 

s ub-anvil updraft . 

Although there is no definite relationship between 

the echo-top height and the in-cloud updraft , echo 

heights are measured by radar as an indicator of the 

severity of thunderstorms . If we determine the over

s hooting height from the satellite , the height will serve 

as a simple measure of the rising velocity of the air 

beneath the dome (see Fig. 3). 

DOME TOP 

ANV IL 
RISING VELOCITY 

Fig. 3. Schematical diagram to show the overshooting 
height as a function of the rising velocity in the 
sub-anvil layers . 

The jumping mechanism of the anvil cirrus is 

not clear yet. One suggestion is that the mechanism 

is similar to the splash of water when an object is 

thrown into a pond. A field of convergence c reated 

by the rushing inflow to fill up the sinking object may 

collide, res ulting in a jumping motion at the surface. 

The relationship between the jumping height and the 

sinking velocity cannot be established easily. Never

the less, the jumping height can be used as a measure 

of the degree of sinking motion taking place inside 

the sub-anvil layers (see Fig. 4). 

Based on only a few case studies, it has been 
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Fig. 4. Suggested r elationship between the height 
of the jumping cirrus and the anvil-top conver
gence. The skin layer of the anvil top may 
converge when the underlying anvil material 
converges into the sinking mass. 

found that s trong radar echoes a re found beneath a 

jumping cirrus, rather than an overshooting dome. It 

is probably because there ·is no time for tiny raindrops 

to grow in str ong updrafts. In this regard, a down

draft or a jumping cirrus could be closely related to 

the area of heavy in-cloud precipitation. 

Shown in Fig. 5 is the time lag between the maxi

mum heights of the overshooting and the jumping tops. 

The maximum jumping height takes place several 

minutes after the dome top starts collapsing. Note 

that the area of the strpng echo increases when the 

jumping height increases. 

If we are able to determine the areas and the 

heights of both overshooting and jumping clouds, we 
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Fig. 5. An example showing the existence of strong 
echoes beneath the jumping cirrus. ·Oklahoma 
squall line of May 14, 1974. 



are abl e to monitor the areas and extent of up- and 

downdrafts hidden beneath the anvil top. A comparison 

of Learjet and radar pictures appears in Fig. 6. 
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Fig. 6. Learjet pictures and the corresponding 
radar echoes. The echo extends from south
west (left) to northeas t. Learjet pictures 
taken from the northwest side were printed 
backward to show the correspondence . Strati
fied anvil tops are seen over the r egions of 
weak echoes . Strongest echoes exist beneath 
the jumping cirrus. May 14, 1974. 

5. TORNADO-PRODUCING IBUNDERSTORMS 

Of particular interest is the monitoring of 

tornado-producing thunderstorms from geostationary 

altitude. There is, naturally, no way of photographing 

tornadoes from a satellite. It would be possible, how-
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ever, to determine the time and space variations of 

intense vertical m~tions based on the overshooting

jumping characteristics . 

There are a series of papers suggesting the 

periodicity of tornadoes and tornado-producing 

thunderstorms. In 1963, in his review of Analytical 

Mesometeorology, AMS Monograph, Fujita pointed 

out the 45-min period between tornado formation 

from a parent cloud. 

Periodic tornado production by long-lived parent 

thunderstorms was revealed by Darkow in the 1971 

Severe Storms Conference in Kansas City . 

Foster's study of tornado-producing echoes 

presented before the 1973 Severe Storms Conference 

in Denver further strengthened the concept of the 

periodic formation of family tornadoes. 

The April 3-4, 1974 superoutbreak of 130 torna

does provided an excellent case to investigate the 

magic periodicity of tornado formation. The outbreak 

characteristics are under intense investigation. 

As has been reported by Fujita in Weatherwise , 

April 197 4, ther~ are three types of family torna

does: the "left-turn family", the "right-turn family" 

and the "non-t1,1rn family". The left-turn family 

consists of left-turn tornadoes, each of which curves 

toward the left during its lifetime. Likewise, the 

right-turn tornado makes a gradual right turn. A 

no- turn tornado may turn slightly, but its overall 

path is straight (see Fig. 7). 

I 
I L EFT - TURN FAMI LY 

RIGHT- TURN FAMILY 

NO·TURN FAM ILY 

_ c _ _ 

Fig. 7. Three types of tornado families spawn 
from giant thunderstorms. So far no con
vincing reasons were given why a thunder
storm produces specific- turn family. 



It has been found that the periods of successive 

left-turn tornadoes are about 45 min on the average 

(see Fig. 8). Meanwhile, a complicated periodicity 

in the tornado formation is being s ugges ted through 

the study of the superoutbreak. 
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Fig. 8. Pt:riod between the s uccessive tornadoes 
in families during the April 3-4 outbreak. All 
left- turn and no-turn tornadoes were used in 
these statistics. The periods of right-turn 
tornadoes appear to be shorter and irregular. 

CONCLUSIONS 

It has been suggested that a very high-resolution 

imagery of both infrared and visual spectral bands 

will permit us to infer vertical m otions beneath the 

anvil top. 

Cloud velocity and the anvil expansion rate are 

to be measured based on the existing SMS-GOES. A 

combination of these measurements, in the future , 

will permit us to determine the location of severe 

storms within the vast areas of anvil clouds. 

Extensive research on the behavior of the over

shooting and the jumping phenomena is r equired. 

Meanwhile, methods of detecting both overshooting 

domes and jumping cirrus from geostationary alti

tude need to be explored. 
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