
Introduction to mid-latitude 
deep convection





How deep convection is depends on how far 
up the instability goes in the atmosphere

Cumulus humilis Cumulus congestus Cumulonimbus

Conditionally unstable in 
a shallow layer

Conditionally unstable 
about midway through 

troposphere

Conditionally unstable nearly 
to the tropopause





In the absence of surface gradients, principal 
facilitating mechanism for convective initiation is an 

air mass boundary (e.g. front, dryline)



Changing synoptic conditions can affect potential for deep convection 
from one day to the next, for example:

Low level moisture, theta-e
Temperature, lapse-rates
Vertical wind profile, wind shear



Convection purely 
thermodynamically 
driven

Convection 
organizes by mostly 
linear dynamic 
pressure effects

Convection 
organizes by both 
linear and non-linear 
dynamic pressure 
effects



Air-mass type 
thunderstorms:
Isolated, 
symmetric

Multi-cellular type 
thunderstorms:
Larger, more 
asymmetric



Air mass thunderstorm 
life cycle



Air mass 
Thunderstorm
Cumulus Stage

A parcel of air is lifted from surface (updraft)

As the parcel rises, it reaches the lifting 
condensation level and forms a cumulus cloud. Air 
continues to rise because condensation occurs.

Lifting mechanisms include:
Mountain-valley circulations 
Sea-breeze front
Thermals arising from the land surface.



Air mass 
Thunderstorm
Mature Stage

Cumulonimbus with anvil.

Cloud liquid and ice particles grow 
larger, eventually falling to the 
ground as rain.  

Process draws in drier air 
surrounding the cloud to create a 
downdraft.

Leading edge of the downdraft is 
gust front. 



Mature air mass thunderstorm 
with gust front

Gust front can provide a lifting mechanism to get other storms going.



Monsoon Thunderstorms in Arizona

Forced by the diurnal 
mountain valley circulation

Form over the mountains 
during late morning to early 
afternoon

Reach mature stage by 
about mid-afternoon.

(Photo taken around 3pm)

Monsoon thunderstorms at Kitt Peak at mature 
stage with gust fronts.



Air mass 
Thunderstorm

Dissipating Stage

Gust front moves far enough 
away from the storm to “choke off” 
the updraft.

Once this supply of warm, moist 
air is from the updraft is cut off, 
the storm begins to weaken either 
by evaporation and/or by raining 
itself out.
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Incorporation of vertical wind 
profile in diagnosing potential 

for convection

Idea: In addition to thermodynamic instability 
(CAPE), wind changing speed and direction with 
height to facilitate convective organization.

Why that is we’ll talk about later, by further analysis 
of how the shear affects growth from a dynamical 
standpoint, but point is to become familiar with basic 
convective types, structures now.



Why is wind shear a necessary 
ingredient for severe thunderstorms?

CUMULUS STAGE
Updraft only

MATURE STAGE
Updraft + downdraft

NO WIND 
SHEAR

WITH 
WIND 

SHEAR

(Bluestein)

Wind shear allows the updraft to be maintained in the cloud and not get 
choked off by the downdraft—so the thunderstorm keeps receiving the warm, 
moist air it needs to keep growing.

MOST 
FAVORABLE 

FOR GROWTH



Multicell Thunderstorms

In moderate shear, thunderstorms can get a bit more organized 
(meso-β, meso-α scales), numerous and have longer lifetimes.

Note the tilted structure of the anvil with respect to the cloud base—
this indicates wind shear.



Repeated 
development of 
new convection 
along the gust 

front, on 
downshear

flank of outflow





Squall Line
Line of thunderstorms that 
can be hundreds of miles 
long.

Form along the cold front or 
ahead of it in the warm 
sector

Heavy precipitation on the 
leading edge and then light 
rain behind.

Multiple lines may form, with 
the leading line being the 
most severe.

Squall lines on radar image in the warm 
sector of Colorado low.
(February 2007 Case)
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http://www.rap.ucar.edu/weather/radar/displayRad.php?icao=KSHV&prod=vel1&bkgr=black&endDate=20070224&endTime=-1&duration=0


Idealized squall line
thunderstorm structure

Shelf cloud at leading edge of squall line

Note the wind shear profile



Mesoscale Convective System (MCS)
A number of individual 
thunderstorms cluster together 
to form a giant circular 
convective weather system.

Can be the size of an entire 
state!

Most common in summer, 
originating from convection 
which forms over mountains 
(the Rockies in the case of 
U.S.)

Sometime referred to as ‘quasi-
linear’ convective systems 
(QCLS)



Idealized structure of a mature 
mesoscale convective system

Houze (1993)



Bow echoes are typically 
found in well developed 
mesoscale convective 
complexes.

These produces very strong 
(straight line) winds which can 
potentially exceed hurricane 
force 
(75 mph).

Called a derecho
(Spanish = straight ahead)

Derecho or Straight Line Wind



Ingredients for a supercell
INGREDIENT 1: HIGH “CAPE”

Make the atmosphere more conditionally unstable by:
Warming and moistening near the surface
Cooling and drying aloft

INGREDIENT 2: LARGE HELICITY 

Helicity is essentially the integrated directional wind shear, or change in 
horizontal wind speed and direction, through a vertical depth.  
NECESSARY FOR THE STORM TO ROTATE!

INGREDIENT 3: A CAPPING INVERSION

An inversion that occurs near about 800-mb.  Only a few strong updrafts 
break through the cap and utilize the enormous amount of convective 
available potential energy



Tornadoes occur where three 
different air masses clash

Tornadoes (and the supercell thunderstorms that spawn them) are most 
prevalent in “tornado alley” in the central U.S. 

Some of the most severe weather on Earth!  

WARM 
AND DRY 

AIR
(cT)

COLD AND DRY AIR
(cP)

WARM 
AND 

MOIST AIR
(mT)



Tornado Alley: A unique clash of air 
masses like no where else on Earth

AIRMASS WINDS CHARACTER

cP
Westerly 
above about 
700 mb 

Cold and dry.

cT Southwesterly 
at about
800 mb

Warm and dry.

WHAT IT DOES

CREATES 
INSTABILITY 
ALOFT

PROVIDES 
CAPPING 
INVERSION

mT
Southerly to 
Southeasterly 
near surface

Warm and moist CREATES INSTABILITY 
NEAR SURFACE AND 
PROVIDES FUEL FOR 
STORMS



THE “LOADED GUN” SOUNDING
THE SIGNATURE FOR SUPERCELLS

WARM AND MOIST
NEAR SURFACE

COOL AND 
DRY ALOFT

CAPPING 
INVERSION

WIND 
DRASTICALLY 
CHANGES IN 

SPEED 
AND DIRECTION 

WITH HEIGHT



Supercells on radar

NOT big long 
squall lines. 

Get compact and 
isolated rotating 
cells.

KANSAS

OKLAHOMA

TEXAS

http://www.rap.ucar.edu/weather/radar/displayRad.php?icao=KDDC&prod=vel1&bkgr=black&endDate=20070224&endTime=-1&duration=0


Horizontal structure of a tornadic 
supercell

TORNADO

The tornado is located in front of the precipitation “hook” which defines the 
area of hail and rain curving around the mesocyclone.

Precipitation 
“hook”



Formation of a rotating 
updraft in a supercell

Wind shear caused by a change in wind speed and direction with height 
causes rotation in the horizontal.

Updraft in a thunderstorm tilts horizontal rotation into vertical rotation.

Net result is a relatively small, supercell rotating about a mesocyclone.



Vertical structure of tornadic supercell

REAR FLANK DOWNDRAFT: Downdraft at the base of the supercell, right 
before the wall cloud.

UPDRAFT: Tornado forms at the base of the updraft is the extension of the 
mesocyclone, defined by a wall cloud.

FORWARD FLANK DOWNDRAFT: Precipitation falls in the form of (possibly 
large) hail and heavy rain.

UPDRAFT 

FORWARD FLANK
DOWNDRAFT REAR FLANK

DOWNDRAFT 

NOTE 
WIND 
SHEAR





Wall cloud in rotating 
mesocyclone









Bulk Richardson number (R)

Since storm strength is dependent on BOTH instability and shear, 
can define a bulk Richardson number (R).

R = CAPE/S2

S2 = ½ (u6km – u500m)2

This measure gives some indication of the potential for organized 
convection.

Supercell (tornadic) thunderstorms tend to form with 10 < R <40.  
So need some sort of optimal balance of CAPE vs. shear to get 
most intense kinds of thunderstorms.
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Sounding for Alabama tornado 
outbreak in late April 2011

http://www.srh.noaa.gov/images/bmx/significant_events/2011/042711/Radar/ref_80.gif
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