UNDERSTANDING TORNADOES!
A guide about their causes, prediction, and how to stay safe when they threaten.

Evolution of tornado
forecasting in the U. S.
Perhaps the most awesome spectacles yet most dangerous and misunderstood weather
phenomenon is the tornado. In the earliest years (prior to 1870), man’s understanding
of these storms was quite limited. It was often referred to as a
because of it’s
strong winds around the funnel. Most of the people never payed much attention when
storms passed through. That’s because they knew little about tornadoes, how they
formed, or where they came from. But, in 1870, all this would start to change. In 1870,
the Army Signal Corps had decided to undertake intense research efforts to document
and understand such severe storms and tornadoes. Leading the effort with this endeavor
was Sgt. John P. Finley. During the 1880’s Finley organized a team of 2000 “so called”
reporters across the central and eastern states, to document tornadoes, and associated
weather patterns and conditions which led to their development. Using this information,
Finley was able to produce charts showing characteristic tornado producing patterns,
which were used in tornado “alerts”. However, by the late 1880’s, Finley’s forecasts fell
out of favor with the Corps. This eventually led the Weather Bureau to ban the use of
the word tornado in their forecasts because they felt it would provoke fear and undo
panic amongst the public. Little progress was made with tornado forecasts into the
1900’s. It wasn’t until 1950 that the Weather Bureau Army Navy Corps would form a
specialized group to predict severe local storms. This group would be called it’s
From the start, problems and issues plagued the unit. The forecast staff
was young and inexperienced in this field of work. The forecasts were often wrong or
not well forecast. In 1952, the SWU was relocated from Washington D.C. to Kansas
City Missouri, an area more prone to severe storms. A short time later the unit was reor SELS. From this point moving
named as the “
forward, tornado prediction took on a new life. As knowledge increased in prediction
methods, and higher technology arrived by the early 1960’s, forecasting severe weather
in general improved vastly. Computers aided greatly to this process, by allowing forecasters to compute and analyze many charts and data sets which could not be done
manually. Today, forecasters know a-lot about tornadoes and the general atmospheric
conditions which often breed them. But we still don’t know how tornadoes develop out
of meso-cyclones or how to predict exactly where and when they will develop. Perhaps
one day, technology will un reveal some answers to these daunting questions, allowing
for an even better warning system to be developed.

Fawbush and Miller … First ever tornado forecast!
Two men of the U.S. Air Force made the very first ever tornado forecast in the country in 1948.
Ernest J Fawbush and Ronald C. Miller had issued the first forecast on 20 March 1948, and the
second on 25 March 1948. Both forecasts were made successfully, which inspired the Weather
Bureau to begin it’s own group of forecasters to begin severe weather forecasting efforts in
1950.

By definition, a tornado is a violent twisting wind storm,
which is characterized by a funnel shaped pendent which
extends from the base of a thunderstorm to the ground. It is
not officially classified as a tornado,
Tornadoes come in many shapes
and sizes, ranging from rope like F0 storms, to the wedge
shaped monster F5 tornadoes. They can appear singular, or
as a group of twisters. The appearance of tornadoes is often
black or gray in color, but some folks have reported a
“greenish” tint just prior to the tornado striking. Most tornadoes travel from the southwest to the northeast, but have
also traveled from the northwest to the southeast. Forward
speeds range from stationary to 70 miles per hour. The
winds around the funnel have never been accurately measured since the instruments were destroyed by the storm.
However, studies from recent tornado damage shows that
the winds reach speeds of 260 miles per hour, or greater. Of
course, this don’t apply to all tornadoes either. A tornado
which moves over, or forms over a body of water is known
Tornadoes often develop from a rare
as a
breed of severe thunderstorms known as
Supercells can last for hours, and produce several tornadoes
during it’s lifecycle. While tornadoes have occurred in many
other countries around the world, they are most common in
the United States. Most tornadoes develop in a corridor
which runs from the southern plains northward to the corn
belt east to Ohio, then southward to the Gulf coast. This
area has been referred to as “
.

How do tornadoes form?
For a tornado to develop, certain conditions must exist within the atmosphere. This is broken down into three key
parameters. The first is a flow of deep rich moisture northward off the Gulf of Mexico, Atlantic, or Pacific oceans, as
illustrated below. As this moisture spreads northward, strong surface heating causes lapse rates to quickly steepen. This
results in large spreads of instability across the warm sector. Next, we need wind shear. Wind shear is expressed as either
directional or speed shear. Directional shear is winds which change direction with height, and overlap each other. Directional
shear in the lower troposphere helps initiate the development of a rotating updraft. This is one component that is important to
the development of a mesocyclone and the development of tornado-genesis. Strong lower tropospheric winds and directional
shear together will generate high values of Helicity and thus this increases the tornado threat when severe storms develop.
Directional shear is illustrated below. Speed shear is wind speed which increases with height. A significant increase of wind
speed with height will tilt a storm's updraft. This allows the updraft and downdraft to occur in separate regions of the storm
that reduces water loading in the updraft. The downdraft will not cut-off the updraft and actually it will even enforce it. Wind
shear environments are very important in determining storm mode or type. The final element is instability. Instability is
basically how unstable the atmosphere is. The greater the instability, the more likely severe storms are expected to develop.
Shown below are illustrations of what was explained herein.
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Tornadoes are
dangerous!
Know the words of warning!
The National Weather Service uses specific terminology when forecasting possible
tornadoes with severe thunderstorms. These terms are very important, so become
familiar with them. They could save your life.

Tornado WATCH:
This means atmospheric conditions are now favorable for severe thunderstorms and
possible tornado development in and close to the watch area, over the next several
hours. This gives you time to review your severe weather safety plans with your family.
Make sure everyone knows where shelter is located, and how to reach it quickly, if
necessary. In the meantime, go about your normal activity, just as you would any other
time. If you will be outdoors, keep an eye on the sky occasionally. Watch for signs of
cumulus clouds which towers up into the atmosphere. It could mean a storm is
developing. Be ready to respond quickly to a warning. Be sure to have a portable
NOAA weather radio with you. It will alert you of any watches and warnings.

Tornado WARNING:
This means a tornado is being detected on Doppler radar, or trained spotters have
sighted a tornado on the ground, either within, or about to enter your county. If you
live in the direct path of this dangerous storm,
Otherwise, remain fully
alert and prepared to take cover, since the thunderstorm may produce additional
tornadoes. Never run outside to take pictures or shoot video of the approaching storm!
This is very dangerous and foolish. Always remember, tornadoes can form quite
suddenly, so their may not always be time for additional warnings. If you see a tornado
on the ground approaching your location, don’t wait! Take cover at once!

Tornado Safety:
Being safe from tornadoes means knowing what to do, and where to go when they
threaten. In most homes and office buildings, move quickly to the basement or underground storm cellar. In homes without a basement or storm cellar, move quickly to the
lowest level of the building, then seek shelter in any interior small room or hallway. A
closet or bathroom are good choices. In mobile homes, evacuate them at once! Move to
a sturdy shelter area. In every instance, take along a heavy blanket or mattress to
protect yourself from flying debris and glass. Get prepared ahead of time! Know where
safe shelter is located in your home, and how to reach it quickly if necessary.

Groups of spirited and trained people known as “
are deployed when a weather watch has been issued.
Their mission is to closely watch the sky whenever storms have
developed, and are moving into their location. They keep in
close contact with fellow chasers by radio and cell phones.
Many chasers have their own chase vehicles, fully equipped
with Doppler radar access, and onboard instrumentation to
record local weather conditions. Their job is to watch not only
the sky, but what’s going on around them. They will report
any large diameter hail, damaging thunderstorm winds, lightning, wall or funnel clouds, and of course, tornadoes. These
groups are known as the backbone of the National Weather
Service’s warning program. Many of the severe thunderstorm
and tornado warnings are issued based largely on information
provided by the storm chasers and spotters. Doppler radar
also plays a pivotal role in the warning process as well.
These “ground-truth” reports have been relied upon by the
National Weather Service for many years, and have been proven to help save lives. Prior to 1980, the average lead time for
severe thunderstorm, and especially tornado warnings was
only a mere three (3) minutes! That’s hardly any time to
quickly reach safety. But with today’s Doppler radar, the average lead time for warnings is thirteen (13) minutes. This is
still not sufficient for people to seek shelter, but it’s a far cry
over just 3 minutes back in the day. So remember when a severe weather warning is issued for your area, those spirited
people out in the field, who provided the information. They
are truly an elite bunch of people!

But the real truth is this device was the actual device
used by “Project Vortex” back in the late 1980’s and
1990’s. Project Vortex was funded jointly by the
“National Severe Storms Laboratory”, and NOAA.
They called it simply “TOTO”, which stands for “Totable Tornado Observatory” This was essentially a 55 gallon barrel, which contained anemometers, pressure
sensors, and humidity sensors and devices to record
data.
Several groups tried to locate TOTO into the direct
path of tornadoes for years, but all attempts failed
a direct hit. Project Vortex means “Verification of the
origins of Rotation in Tornadoes Experiment”. The
primary objective of Project Vortex was to gather and
collect pre-storm environmental conditions which are
believed to lead to tornadic development in supercell
thunderstorms. This data and information will be used
to help design future warning systems for the public.

For more information about tornadoes and severe thunderstorms, please contact our office during regular business hours, or you
can contact your local office of the National Weather Service.
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