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Severe Thunderstorms



Worldwide, there are an estimated 16 million 
thunderstorms each year, and at any given moment, there are 

roughly 2,000 thunderstorms in progress. There are about 

100,000 thunderstorms each year in the U.S. alone. 

About 10% of these reach severe levels.



Severe Thunderstorms
What makes a storm “severe”?

• Damaging winds of 58mph or higher

• Hail 1 inch or larger

• Tornado



What is needed for Severe Storms?

General thunderstorms need:

Lift
Instability
Moisture

Severe thunderstorms need:

MORE Instability
Wind Shear



Moisture

Main source of moisture for Southeast



Moisture



Lift

Fronts

Other Boundaries



Warm and Cold Fronts

Cold Front

Warm Front

Cold Air Displaces Warm Air

At The Surface

Warm Air Displaces Cold Air

At The Surface

Moves More Rapidly

Moves More Slowly



Gust Front (other sources of lift)
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Outflow Boundary (other sources of lift)
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What is needed for Severe Storms?

General thunderstorms need:

Lift
Instability
Moisture

Severe thunderstorms need:

MORE Instability
Wind Shear



• In basic terms, the 
instability of the 
atmosphere is 
measured based upon 
how warm it is at the 
surface versus how cold 
it is aloft.

• In general, the 
atmosphere gets colder 
as you go up.

• During the summer, it is 
a lot hotter at the 
surface, but it also 
warm aloft

• In the winter it is colder 
at the surface, but it is 
also colder in the upper 
atmosphere, as well.
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• In basic terms, the 
instability of the 
atmosphere is 
measured based upon 
how warm it is at the 
surface versus how cold 
it is aloft.

• In general, the 
atmosphere gets colder 
as you go up.

• During the summer, it is 
a lot hotter at the 
surface, but it also 
warm aloft

• In the winter it is colder 
at the surface, but it is 
also colder in the upper 
atmosphere, as well.

• How is the instability 
calculated?
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The Skew-T
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• CAPE stands 
for the 
Convective 
Available 
Potential 
Energy

• Depending on 
what type of 
CAPE exists (tall, 
short, skinny, fat) 
will determine 
the type and 
amount of 
thunderstorms 
that are possible 
(potential).

Instability 

Hot Surface/Cold Aloft

Temperature 
Increasing

High
CAPE

CAPE values
Greater than 

2000 J/Kg

Hot Surface/Warm Aloft

Temperature 
Increasing

Low
CAPE

CAPE values
less than 
1000 J/Kg
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Instability 

Weak Instability

Strong Instability
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What is needed for Severe Storms?

General thunderstorms need:

Lift
Instability
Moisture

Severe thunderstorms need:

MORE Instability
Wind Shear



• Wind shear can be 
calculated in three 
ways

• Change in wind speed 
with height

• Change in wind 
direction with height

• Change in both speed 
and direction with 
height

Wind Shear 
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• Wind speed is typically 
calculated in terms of 
speed and direction.  The  
change in these is known 
as Helicity or Storm 
Relative Helicity.

• Helicity is measured at 
several height levels, and 
that determines what 
type of storm is likely to 
form or what the mode 
of convection will be. 

• 0 to 6 km (storm 
motions)

• 0 to 3 km (supercells, 
multicell, or ordinary 
cell?)

• 0 to 1 km (tornadoes?)

The 3-Dimensional Atmosphere
Wind Shear 
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• Finding the 
perfect balance 
between 
instability and 
wind shear 
remains a 
forecast 
challenge.

• All about the 
favorable mode 
of convection.

Finding the Perfect Balance 
Instability versus Wind Shear

Favorable 
for storms

23



Shear helps to organize storms

24Little to No Shear Lots of CAPE, Little Shear Lots of CAPE, Lots of Shear
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SPC Day 1 Outlook 

6 AM 2/24/18



SPC Probabilistic Tornado Graphic 

6 AM 2/24/18



Probabilistic Damaging Wind Graphic

6AM 2/24/18



Probabilistic Large Hail Graphic

6 AM 2/24/18



According to SPC our main threats were

Damaging Winds & Tornadoes

Our Large Hail threat was low

Now, let’s look at why…



500 mb Heights 6 AM 2/24/18



500 mb Heights 6 PM 2/24/18



Surface Analysis 6 AM

Wind Barb

Dew Point

Temperature



Surface Analysis 6 PM





925 j/kg of Most Unstable Cape



Effective Bulk Shear at 8 PM



Effective Bulk Shear at 9 PM



0-1km Storm Relative Helicity 9PM



Mesoscale Discussion 2pm



Mesoscale Discussion 6:40 PM 



What is needed for Severe Storms?

General thunderstorms need:

Lift
Instability
Moisture

Severe thunderstorms need:

MORE Instability
Wind Shear

925 j/kg MUCAPE

Warm Front

70 knots of Bulk Shear

0-1 km Storm Relative 
Helicities of 600



Event Overview for Middle Tennessee

• Low CAPE/ High Shear event
• 2 EF2 Tornadoes
• 2 EF1 Tornadoes
• 2 Injuries
• Numerous houses damaged or destroyed





Damage



Enjoy this class? 

Join one of our online or in person Spotter Classes this Fall.    

https://www.weather.gov/ohx/skywarn

Also, come to KenTenn on Saturday, November 3rd in Hopkinsville, KY 



Questions

Brittney.Whitehead@noaa.gov




