
TORNADOES & DOWNBURST



TORNADOES







• A devastating F5 tornado about 
200 meters wide plows through 
Hesston, Kansas, on March 13, 
1990, leaving almost 300 people 
homeless and 13 injured.



• Total destruction caused by an 
F5 tornado that devastated parts 
of Oklahoma on May 3, 1999.



• A tornado is a violently rotating (usually 
counterclockwise in the northern hemisphere) 
column of air descending from a thunderstorm 
and in contact with the ground. Although 
tornadoes are usually brief, lasting only a few 
minutes, they can sometimes last for more than 
an hour and travel several miles causing 
considerable damage.

In a typical year about 1000 tornadoes will strike 
the United States. The peak of the tornado 
season is April through June and more tornadoes 
strike the central United States than any other 
place in the world. This area has been nicknamed 
"tornado alley."

Most tornadoes are spawned from supercell 
thunderstorms. Supercell thunderstorms are 
characterized by a persistent rotating updraft and 
form in environments of strong vertical wind 
shear. Wind shear is the change in wind speed 
and/or direction with height. 

• Tornadoes are natures most destructive 
weather hazard.

http://www.srh.weather.gov/srh/jetstream/mesoscale/windshear.htm


Annual Number of Tornadoes per State (upper number)

• Tornado incidence by 
state. The upper 
figure shows the 
number of tornadoes 
reported by each 
state during a 25-year 
period. The lower 
figure is the average 
annual number of 
tornadoes per 10,000 
square miles. The 
darker the shading, 
the greater the 
frequency of 
tornadoes.



• Average 
number of 
tornadoes 
during each 
month in the 
United States.



Fujita Scale

Fujita scale is a measure of tornado intensity 
quantified through a subjective analysis of relating 
tornadic damage to wind speed. 

-Weak tornadoes are F0 - F1, winds 60 to 115 mph. 
-Strong tornadoes are F2 - F3, winds 115-205 mph. 
-Violent tornadoes are F4 - F5, winds > 205 mph. 

The size and/or shape of a tornado is no measure of 
its strength. Occasionally, small tornadoes do major 
damage and some very large tornadoes, over a 
quarter-mile wide, have produced only light 
damage.

F2-F3
Winds 115 - 205 mph

F4-F5
Winds > 205 mph

F4-F5
Winds > 205 mph

F0-F1               

Winds 60 - 115 mph

F2-F3
Winds 115 - 205 mph





New Enhanced 
Fujita Scale



Fujita Tornado Damage Scale
Developed in 1971 by T. Theodore Fujita of the University of Chicago

SCALE WIND ESTIMATE *** (MPH) TYPICAL DAMAGE

F0 < 73
Light damage. Some damage to chimneys; branches broken off 
trees; shallow-rooted trees pushed over; sign boards damaged.

F1 73-112
Moderate damage. Peels surface off roofs; mobile homes 
pushed off foundations or overturned; moving autos blown off 
roads.

F2 113-157
Considerable damage. Roofs torn off frame houses; mobile 
homes demolished; boxcars overturned; large trees snapped or 
uprooted; light-object missiles generated; cars lifted off ground.

F3 158-206
Severe damage. Roofs and some walls torn off well-constructed 
houses; trains overturned; most trees in forest uprooted; heavy 
cars lifted off the ground and thrown.

F4 207-260
Devastating damage. Well-constructed houses leveled; 
structures with weak foundations blown away some distance; 
cars thrown and large missiles generated.

F5 261-318

Incredible damage. Strong frame houses leveled off foundations 
and swept away; automobile-sized missiles fly through the air in 
excess of 100 meters (109 yds); trees debarked; incredible 
phenomena will occur.

http://www.spc.noaa.gov/faq/tornado/f0.htm
http://www.spc.noaa.gov/faq/tornado/f1.htm
http://www.spc.noaa.gov/faq/tornado/f2.htm
http://www.spc.noaa.gov/faq/tornado/f3.htm
http://www.spc.noaa.gov/faq/tornado/f4.htm
http://www.spc.noaa.gov/faq/tornado/f5.htm


Tornado Videos

http://www.youtube.com/watch?v=xCI1u05KD_s

http://www.youtube.com/watch?v=iJ26HnnUuO0

Joplin Tornado

http://www.youtube.com/watch?v=xCI1u05KD_s
http://www.youtube.com/watch?v=iJ26HnnUuO0
http://www.youtube.com/watch?v=DTKfdEIXD18&feature=related


Origin of rotation in tornadoes

• Severe thunderstorms associated with mesocyclones (strongest 
tornadoes)

• Weaker thunderstorms associated with fronts and shear lines (weaker 
ones)



Origin of rotation in the mesocyclone

(a) Spinning vortex tubes created by wind shear. (b) The strong updraft in the thunderstorm 

carries the vortex tube into the thunderstorm, producing a rotating air 

column that is oriented in the vertical plane.

Why mesocyclones?  Why is wind shear important?





• (a) Spinning vortex 
tubes created by 
wind shear. (b) The 
strong updraft in the 
thunderstorm carries 
the vortex tube into 
the thunderstorm, 
producing a rotating 
air column that is 
oriented in the 
vertical plane.



Final Spin-Up:  Conservation of Angular 
Momentum

Angular momentum= mvr=constant



Another way to get rotation
• (a) Along the boundary 

of converging winds, 
the air rises and 
condenses into a 
cumulus congestus 
cloud. At the surface 
the converging winds 
along the boundary 
create a region of 
counterclockwise spin. 
(b) As the cloud moves 
over the area of 
rotation, the updraft 
draws the spinning air 
up into the cloud, 
producing a 
nonsupercell tornado, 
or landspout. 
(Modified after 
Wakimoto and WIlson)

Weaker Tornadoes on Fronts and Shear Lines



A Tornado 

Almost Took Out 

Bill Gates!



DOWNBURST



Damaging wind from thunderstorms is much more common than damage from tornadoes. In fact, many confuse 
damage produced by "straight-line" winds and often erroneously attribute it to tornadoes. Wind speeds can 
reach up to 100 mph with a damage path extending for hundreds of miles.

Several factors contribute to damaging winds at the surface. As precipitation begins to fall, it drags some of the 
air with it. This precipitation drag initiates a downdraft. The downdraft is intensified by evaporative cooling as 
drier air from the edges of the storm mix with the cloudy air within the storm. 

Also some of the strong winds aloft are carried down with the downdraft by a process called "momentum 
transfer". These processes lead to a rapid downward rush of air. As the air impacts the ground it is forced to 
spread out laterally causing the gusty and sometimes damaging winds associated with thunderstorms.

Derechos
Derechos are the result of the combination of several outflow boundaries, which are set up by the precipitation 
downdraft. The word "derecho" is of Spanish origin, and means straight ahead. Derechos result from particularly 
strong downdrafts and can travel many hundreds of miles before dissipating.

There are two dangers associated with derechos: The duration of the damaging winds and widespread coverage 
of such winds, 

Damaging winds are classified as those winds exceeding 50-60 mph. In derecho situations it is not uncommon for 
winds of this magnitude to last for over 30 minutes, with occasional gusts of 100 mph and cover up to 1250 
square miles or about the size of Rhode Island.

http://www.srh.weather.gov/srh/jetstream/mesoscale/downburst.htm


Damaging Wind

•-Cold air ‘bursts’ down from cloud 

•- Spreads on ground contact

• -Accelerates on outwash

• -Can reach 150 mph

• -Tornado-like damage



Downbursts can be Divided into Two Main Types

• MACROBURST: A large downburst with its outburst winds extending greater than 2.5 miles 
horizontal dimension. Damaging winds, lasting 5 to 30 minutes, could be as high as 134 mph. 

• MICROBURST: A small downburst with its outburst, damaging winds extending 2.5 miles or 
less. In spite of its small horizontal scale, an intense microburst could induce damaging winds as 

high as 168 mph.



• Dust clouds 
rising in 
response to 
the outburst 
winds of a 
microburst 
north of 
Denver, 
Colorado.





• Wet microburst photo 
taken by Bill Bunting.  
A series of three sides.

• Downburst Hazards.
Downburst winds can 
exceed 100 mph and are 
capable of doing the 
same damage as a weak 
to strong tornado.  
Rapidly shifting wind 
direction and changes in 
visibility pose problems 
to mobile spotters. 





• Strongest winds 
occur in the curl.

• Heavy rains and 
flooding are likely 
when you see 
something like this.  
Don’t drive your 
vehicle into 
something like this.





Downbursts can create hazardous conditions for pilots and these events have been responsible for several 
disasters.

1. As aircraft descend into the airport they follow an imagery line called the "glide slope" to the runway 
(solid light blue line). 

2. Upon entering the downburst, the plane encounters a "headwind", an increase in wind speed over the 
aircraft. The faster wind creates lift causing the plane to rise above the glide slope. To return the plane to 
the proper position, the pilot lowers the throttle to decrease the plane's speed thereby causing the plane to 
descend. 

3. As the plane flies to the other side of the downburst, the wind direction shifts and is now from behind the 
aircraft. This decreases the wind over the wing reducing lift. The plane sinks below the glide slope. 

4. However, the "tailwind" remains strong and even with the pilot applying full throttle trying to increase lift 
again, there is little, if any, room to recover from the rapid descent causing the plane to crash short of the 
runway. 

Since the discovery of this effect in the early to mid 1980's, pilots are now trained to recognize this event 
and take appropriate actions to prevent accidents. Also, many airports are now equipped with equipment to 
detect downbursts and warn aircraft of their location. 



Research by NCAR and collaborators in the 1980s uncovered the deadly 
one-two punch of microbursts: aircraft level off when they encounter 
headwinds, then find themselves pushed to the ground by intense 
downdrafts and tailwinds.



Flying into a microburst. At position (a), the pilot encounters a headwind; at position (b), a 
strong downdraft; and at position (c), a tailwind that reduces lift and causes the aircraft to lose 
altitude.



• Flying into a microburst. At position (a), the pilot encounters a headwind; at 
position (b), a strong downdraft; and at position (c), a tailwind that reduces lift 
and causes the aircraft to lose altitude.



Eastern Air Lines 66

June 24, 1975 

New York – Kennedy Airport

112 killed 

12 injured

Crashed while landing

Boeing 727



Pan Am 759

July 9, 1982

New Orleans Airport

145 passenger/crew killed

8 on ground killed

Crashed after takeoff

Boeing 727



Delta 191

August 2, 1985

Dallas-Fort Worth Airport

Crashed on landing

8 of 11 crew members and 128 of the 
152 passengers killed,
1 person on ground killed 

Lockheed L-1011



USAir 1016

July 2, 1994

Charlotte/Douglas Airport

Crashed on landing

37 killed

25 injured

McDonnell Douglas DC-9



August 1, 1983 the strongest microburst recorded at an airport was 
observed at Andrews Air Force Base in Washington DC.  The wind speeds 
may have exceeded 150 mph in this microburst.  The peak gust was 
recorded at 211 PM – 7 minutes after Air Force One, with the President 
on board, landed on the same runway.



Wisconsin on the 4th of July, 1977, 
with winds that were estimated to 
exceed 115 mph, and completely 
flattening thousands of acres of forest 

Macroburst

Microburst



Low Level Windshear Alert System (LLWAS)


