
A more detailed and quantitative 
consideration of organized 

convection: Part III

Supercell thunderstorms 



Miller Composite Sounding Types

Some background from Bluestein’s book

U.S. Air force began forecasting based on upper-air observations in 1948 in 
response to a tornado hitting Tinker Air Force base near Oklahoma City

1952 The Severe Local Storms Forecasting unit of the Weather Bureau 
started to forecast severe weather

SELS moved to Kansas City and become National Severe Storms 
Forecasting Center in 1966.  Later moved to Norman, Oklahoma

Four characteristics soundings associated with strong convection identified, 
developed by Col. R. Miller (in Air Force Manual)



MILLER TYPE I

Well mixed, moist boundary 
layer of about 100-mb.  High 
theta-e air.

Stable, dry inversion above 
low-level moist layer (cap)

Cold and very unstable aloft.

Directional shear.

The “loaded gun” 
sounding discussed 
earlier in reference to 
supercell thunderstorms



MILLER TYPE II

The tropical sounding

Deep moist layer up to at 
least seven km, so pretty 
close to moist adiabatic.

Little if any capping inversion

Possibility of widespread 
convection, but typically not 
too severe



MILLER TYPE III

Similar to type II, except 
much colder (by 10-15 
degrees C)

Found in cold core of upper-
level cyclones and troughs.

“Cold air” sounding



MILLER TYPE IV

No low-level moist layer.  

Relative humidity increase 
with height in lower 
troposphere

High surface temperature 
with a deep, well mixed 
boundary layer that is nearly 
dry adiabatic.  

The “inverted V” profile .  

Produced when dry 
continental tropical air 
overlaid by cold, moist polar 
air.

Sounding for microbursts!









Downshear side view
Top down view

Cyclonic 
vortex

Anticyclonic
vortex

















Unidirectional Shear vs. Directional 
Shear on Hodograph





To estimate the storm motion vector (c) in operational practice (e.g. 
from a morning sounding), consider pressure-weighted mean wind in 
lowest 5-6 km.  In strong clockwise turning hodograph, add 5-10 m s-1

to the right of the mean wind.





Mesoscale dynamics of 
supercell thunderstorms

Has mainly to do with dynamic pressure effects and 
tilting of horizontal vorticity in an environment of 

high (rotational) vertical shear, assuming you have 
the requisite thermodynamic conditions present.



Simplified equations of motion for 
convection on mesoscale
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W momentum

Linearize, Boussinesq approx.

Buoyancy

Full equation

IMPORTANT ASIDE: Absolutely no 
Coriolis effects here!  So any rotations in 
supercell storms due ONLY to mesoscale
dynamics—NOT the synoptic scale!
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Invoking a shallow water assumption, our first term on LHS vanishes because:
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Linearize about the following state:
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Differentiate u and v momentum equations with respect to x and y, respectively, 
then add together..

Add w momentum equation, differentiated with respect to z and assuming 
constant mean density, to get a divergence equation:

Assume a linearly 
varying mean vertical 
wind profile of u and v, 
for simplicity.  
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Laplacian equation for pressure perturbation = dynamic pressure + buoyancy

Linear dynamic contribution: Interaction of environmental shear with updraft 
vertical velocity (i.e. rotation of horizontal environmental vorticity into vertical)

Non-linear dynamic contributions: Fluid extension terms and shear terms

Fluid extension Shear



Contributions to dynamic 
pressure by linear dynamics
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Since a Laplacian tends to change the sign of the variable on which it operates:

For an updraft in an environment of positive unidirectional zonal shear, 
Positive perturbation pressure on upshear side of updraft
Negative perturbation pressure on downshear side of updraft
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Physical interpretation: Vertical advection by an updraft of horizontal 
momentum associated with environmental shear is balanced by pressure 
gradient force. 
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(Bluestein)

Unidirectional shear 

For a maximum updraft velocity in 
mid-levels, perturbation high 
pressure upshear, low pressure 
downshear.   Helps promote new 
cell growth downwind of the 
updraft in front of the storm.

Directional (clockwise) shear 

Upward directed pressure gradients are 
favored on more on the right flank of the 
storm.  Opposite for counterclockwise 
shear.

Almost always a clockwise rotating 
shear profile for supercell
thunderstorms in United States.   

Effects of linear pressure perturbation terms



Contribution to pressure perturbation by 
non-linear dynamics

Shearing terms:









∂
′∂

∂
′∂

+
∂
′∂

∂
′∂

+
∂
′∂

∂
′∂

−∝′∇
y
w

z
v

x
w

z
u

x
v

y
updynNLshear 22




















∂
′∂

−
∂
′∂

−







∂
′∂

+
∂
′∂

+







∂
′∂

−
∂
′∂

−







∂
′∂

+
∂
′∂

+







∂
′∂

−
∂
′∂

−







∂
′∂

+
∂
′∂

−=
222222

2
1

z
v

y
w

z
v

y
w

x
w

z
u

x
w

z
u

y
u

x
v

y
u

x
v

Can express with deformation and vorticity terms in all directions:



Shearing terms:
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Can express with deformation and vorticity terms in all directions:

Consider tilting of unidirectional shear by an updraft, such that all deformation 
terms and horizontal vorticity terms (i.e. crossed out terms) are zero.  All that 
is left is vertical vorticity.
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Result: Non-linear shearing terms produce low perturbation pressure in the 
vicinity of mid-level  anticyclonic and cyclonic vorticity induced by the updraft.



Effect of non-linear pressure
perturbation terms (shearing)

In unidirectional shear

Have formation of mid-level 
vorticies at storm flanks.   
Results from tilting of horizontal 
vorticity of the environment by 
updrafts results in perturbation 
low pressure.  

This DOES NOT depend on the 
direction of rotation!

The upward directed pressure 
gradient at storm flanks will 
tend to enhance updrafts at 
the sides of the storm.



Storm splitting process

A downdraft in the center of the 
storm starts to weaken the updraft.  
Strongest vertical motion becomes 
more favored at right and left flanks.

The downdraft splits the storm into two:

Right mover: cyclonically rotating on the 
right flank
Left mover: anticyclonically rotating on the 
left flank.

The aformentioned linear perturbation 
pressure effects will favor the 
development of the right mover in an 
environment with clockwise rotating 
shear.



High CAPE, unidirectional shear 
typically associated with bow echo, 

derecho events  quasi-linear



UNIDIRECTIONAL 
SHEAR: Left and 
right movers 
equally favored

CLOCKWISE 
ROTATING SHEAR 
PROFILE: Favors 
right mover













Constant idealized sounding

Vary wind shear profile
(as seen in hodograph)



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.



CASE A

CASE B



CASE C

CASE D



CASE E

CASE F



CASE D
Unidirectional shear
No helicity

CASE D
Directional shear
Has helicity



CASE C
Unidirectional shear
No helicity

CASE C
Directional shear
Has helicity
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