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SEVERE THUNDERSTORMS AND TORNADOES

What causes tornadoes and other severe weather? The an-
swer to that question involves two separate but related
studies. First, meteorologists seek to understand the large
scale weather patterns that produce intense thunderstorms.
Secondly, the thunderstorm itself is examined to learn the
small scale processes that lead to formation of the severe
weather.

LARGE SCALE WEATHER PATTERNS

Severe weather forecasters 1look for several key
features on the weather maps when formulating a Tornado
Watch. Warm, moist air at low levels is one of the prime
ingredients looked for when tornado forecasting. To the
public it 1is sultry or muggy air =-- usually drawn inland
from over the Gulf of Mexico toward an approaching low
pressure area. Above this, the presence of a warm, dry

layer of air in the low to middle levels of the atmosphere
(say up to 10,009 feet) is another prime ingredient and
often serves to distinguish severe thunderstorms from the
more common non-severe thunderstorms. At upper levels the
air is usually cold and dry.

Also, forecasters look for areas of low pressure in the
middle and upper levels of the atmosphere, generally moving
from west to east. These upper level systems (called
"troughs") usually cause rising air motion ahead of them. A
jet stream (a narrow, high level band of winds with speeds
up to 208 mph) is also found associated with these upper
level disturbances.

Finally, solar heating often intensifies the
thunderstorm process; hence, the late afternoon and early
evening peak for tornado occurrences. As the surface of the
earth heats, moist air in the lower layers is warmed and
rises. The warmer the air, the faster it rises, as in a hot
air balloon. This rising moist air produces all types of

cumulus clouds, including cumulonimbus (thunderstorm)
clouds. Additional heat is released as the water vapor in
the rising air condenses to form visible clouds. If all

ingredients are present in the correct proportions, this
released heat can lead to the formation of severe
thunderstorms and tornadoes.

Severe thunderstorms do not occur randomly in the moist
air, but normally form along lines of converging winds or




other boundaries such as cold or warm fronts. Often,
intense squall lines form well ahead of advancing surface
fronts.

Tornadoes are known in many parts of the world but
nowhere are they as common as in the central and southern
United States. The geography of the central plains, with
the Gulf of Mexico to the south and the Rocky Mountain and
high plateaus to the west make +this region the tornado
capital of the world. Only here are the ingredients for
tornadoes brought together so frequently. Also, the very
strong tornadoes which occasionally strike in this country
are virtually unheard of elsewhere.
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Fig. 1. Weather map showing main ingredients whieh led to the tormado
outbreak of 20 May 1957. Low-level winds bringing warm, moist
air northward ave showm as the thin dashed arrows. Other fea-
tures are as labelled.

For an example of how these weather patterns develop,
consider the case which produced the infamous tornado on 20
May 1957 which devastated Ruskin Heights, Missouri. As



of the fateful day, a wea-
southwest of Kansas City with
warm front (which lay

shown in Fig. 1, at 29:00 a.m.
ther system lay west and
strong low-level winds forcing the

across southwest Kansas and Oklahoma) northeastward toward
Kansas City. This push of warm, moist air toward the
threatened area was bounded on the west by a counterclock-

wise flow of warm, dry air from the desert southwest. The
boundary between the moist and the dry air at the surface is
shown by the scalloped line. Aloft, jet stream winds raced
in gentle curves around an upper trough in Colorado and New

Mexico.

Thus, the

weather were brought together that afternoon,

tendency for the low-level air to rise.

ingredients needed for an outbreak of severe
as the heating
from the sun warmed the low-level air still more,
This

creating a

enhanced the

rising motion ahead of the upper-level disturbance.

9:00 p.m.
20 May 1957
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Fig. 2.

Similar to Fig. 1, except conditions ave shown at a time near
the end of the severe weather outbreak.




By 11:04 a.m., the first tornado of the day was underway
in eastern Colorado. Tornadoes and severe thunderstorms
spread across southern Nebraska and northern Kansas during
the afternoon. The most severe activity was generally under
the wupper jet stream as it intersected the advancing warm

front (Fig. 2) - a quite typical situation for progressive-
type outbreaks (those with a moving zone of concentrated
severe weather). This area of severe weather was

approaching the Kansas City area by 6:00 p.m. A second,
more localized outbreak of tornadoes developed in northeast
Oklahoma about 5:00 p.m. ahead of the advancing dry air,
and continued on past 11:08 p.m. that night. By midnight,
a total of 35 tornadoes had occurred.
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Fig. 3. Map showing the path of the devastating tornado which hit Ruskin

Heights.

The tornado which eventually slammed into the Kansas
City suburb of Ruskin Heights first touched down southwest
of the small Kansas town of Williamsburg (Fig. 3) at 6:15
p.m. Well before this, at 11:00 a.m., the severe weather
forecaster on duty in Kansas City had issued the tornado
watch shown on Fig. 4. Between 3:15 and 4:10 p.m., two
more tornado watches were issued (also shown), this time
including the Kansas City area. These watches, combined



with the developing weather, had persons in the affected
areas at a high state of readiness to react to any tornadoes

which might occur.
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Reported Tornadoes 20 May 1957

Fig. 4. Tornadoes and tornado watches of 20 May 1967. Brief touchdowns
are shown by dark triangles, while long-tracks are depicted by

lines.

As a result, tornado warnings spread quickly ahead of
the violent tornado as it moved northeastward at 40-45 mph
toward Kansas City. News of the approaching storm was re-
layed by volunteer storm spotters to radio and TV Dbroad-
casters. As the storm passed near Ottawa, Kansas, it
appeared as shown on the cover. Note the low cloud struc-



ture (a wall cloud) beneath which the tornado is occurring.
Also, a multiple vortex phase is revealed by Fig. 5, in
which the tornado is actually composed of 2 (or more)
smaller whirls which rotate around each other. This storm
was obviously large and dangerous. The tornado entered the
heavily populated suburb of Ruskin Heights about 7:45 p.m.,
near the end of its 71-mile track. At that time, its damage
path was over one-third of a mile wide, as wide as it had
been at any point along the track.

Fig. 5. Another view of the Ruskin Heights storm near Ottawa, Kansas,
showing a multiple vortex phase of the tornado.

Within Ruskin Heights, the devastation was tremendous.
Witnesses observed multiple vortices, and those within the
path heard the characteristic roar of the tornado as it
approached. Even today, more than 25 years later, people of
Kansas City still remember vividly their experiences of that
night. All told, 37 people died. There is no doubt that
had there been no tornado watches and warnings, this violent
tornado could have claimed many, many more lives.






