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What is ñSevere Weatherò?

Any meteorological 

condition that has 

potential to cause 

damage, serious social 

disruption, or loss of 

human life.

American Meteorological 

Society: In general, any 

destructive storm, but usually 

applied to severe local storms 

in particular, that is, intense 

thunderstorms, hailstorms, and 

tornadoes.



Three Stages of 

Thunderstorm Development



Stage 1: Cumulus
Å A warm parcel of air begins 

ascending vertically into the 
atmosphere.

Å In an unstable environment, the 
parcel will continue to rise as long as 
it is warmer than the air around it.

Å Billowing, puffy Cumulus Congestus 
Clouds continue to build in towers.



Stage 2: Mature
Å At a certain altitude, the parcel is no longer 

warmer than its environment. It is unable to 

rise any further and develops the distinctive 

ñAnvilò shape as seen in this figure.

Å In cases of particularly strong updrafts, the 

vertical velocity of the updraft may be 

sufficient to penetrate this altitude causing an 

ñovershooting topò to develop above the flat 

top of the anvil.



Stage 3: Dissipating
Å Convective inflow shut off by strong 

downdrafts, no more cloud droplet 

formation, downdrafts continue and 

gradually weaken until light precipitation 

rains out

Å Water droplets aloft being to coalesce until 

they are too heavy to support and begin to 

fall to the surface, strengthening the 

downdraft.



Basic Ingredients for Thunderstorms

ÅMoisture

ÅUnstable Air

ÅForcing Mechanism



Moisture

Thunderstorms development generally requires dewpoints > 

50° F 



Unstable Air
Stable is resistant to change.

When the air is stable, even if a parcel 

of air is lifted above its original 

position (say by a mountain for 

example), its temperature will always 

remain cooler than its environment, 

meaning that it will resist upwards 

movement.

Unstable air occurs when a parcelôs 

temperature is higher than the 

environment surrounding it. The 

parcel will rise vertically until it 

reaches the same temperature as the 

air around it.



Forcing Mechanisms

1. Unequal Heating at surface (Differential 

Heating)

2. Topographic Features

3. Lifting along shallow boundaries of converging 

surface winds



1. Unequal (Differential) Heating at Surface

Å Differential Heating 

occurs because of 

differences in thermal 

properties of Earth 

materials and the lower 

atmosphere.

Å Differential Surface 

Heating can cause 

convective uplift when a 

air parcel warmer than 

the surrounding ambient 

air is able to rise high into 

the atmosphere.

Å This upward force 

generated by convective 

uplift is called Buoyancy



2. Topographic Features

Air bodies that 

encounter 

topographic 

features such as 

mountains are 

forced to rise to 

higher altitudes, 

causing conditions 

favorable to 

thunderstorm 

development. 

These are often 

called ñupslopeò 

thunderstorms.



3. Boundary Lifting

Å Cold front lifting:

ï Cold, dense air acts as 

a ñwedgeò and causes 

warm air to rise, 

creating a lifting 

mechanism.

Å Outflow Boundary lifting

ï The downdraft exiting 

the system in the 

form of a ñGust Frontò 

or ñOutflow Boundaryò 

is sometimes sufficient 

to act as a lifting 

mechanism for new 

storms





Types of Thunderstorms

ÅSingle Cell Storms (Air mass Thunderstorm)

ÅMulticell Cluster Storm 

ÅMulticell Line Storm (Squall Line)

ÅSupercell (SEVERE)



Single Cell Storms (Air Mass Thunderstorm)
ÅLifting mechanism is rising air from surface heating. This 

generally limits the geography of these storms to warm and 

tropical areas.

ÅUsually last around minutes - generally there is no wind 

shear, causing the downdrafts to dampen out the updrafts. 

ÅOftentimes the Gust Front of one cell triggers the growth of 

another, changing from a Single Cell Storm to a Multicell 

System. 

ÅMost single cell storms are usually not severe. However, it 

is possible for a single cell storm to produce a brief severe 

weather event. When this happens, it is called a pulse 

severe storm. Their updrafts and downdrafts are slightly 

stronger, and typically produce hail that barely reaches 

severe limits and/or brief microbursts. Brief heavy rainfall 

and occasionally a weak tornado are possible. Though 

pulse severe storms tend to form in more unstable 

environments than a non-severe single cell storm, they are 

usually poorly organized and seem to occur at random 

times and locations, making them difficult to forecast.

Courtesy of the NOAA National Severe Storms Laboratory (NSSL)





Multicell Cluster Storm

ÅMost common type of thunderstorm.

ÅConsists of a group of cells, moving 

along as one unit, with each cell in a 

different phase of the thunderstorm life 

cycle. 

ÅCluster forms in an unstable 

environment, where the outflows of 

several initials storms serve as the lifting 

mechanism for others to form.

ÅMature cells are usually found at the 

center of the cluster with dissipating cells 

at the downwind edge of the cluster.

ÅCan produce moderate size hail, flash 

floods and weak tornadoes.

ÅMulticell Clusters can also produce 

damaging straight line winds, which are 

born from Micro- and Macro- bursts 

(associated with Severe 

Thunderstorms.)

Composite RADAR Loop for May 28, 2011 - Multicell Cluster storm 

developing in the afternoon over the Champlain Valley

Courtesy of the NOAA National Severe Storms Laboratory (NSSL)



Multicell Line Storm (Squall Line)

The multicell line storm, or squall line, 

consists of a long line of storms with a 

continuous well-developed gust front at 

the leading edge of the line. The line of 

storms can be solid, or there can be gaps 

and breaks in the line.

Squall lines can produce hail up to golf-

ball size, heavy rainfall, and weak 

tornadoes, but they are best known as the 

producers of strong downdrafts. 

Occasionally, a strong downburst will 

accelerate a portion of the squall line 

ahead of the rest of the line. This 

produces what is called a bow echo. Bow 

echoes can develop with isolated cells as 

well as squall lines. Bow echoes are easily 

detected on radar but are difficult to 

observe visually.
Courtesy of the NOAA National Severe Storms Laboratory (NSSL)


