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Ingredients for Severe 
Thunderstorms

• Remember the ingredients for severe 
storms…

1) Good Buoyancy for strong lift
2) Wind shear – keeps rainy downdrafts 
separate from updrafts, and can allow for 
rotating storms with tornado potential



How can winds and shear be 
shown?

sfc

500

OR…
700

850



Hodographs

• Hodographs help a lot.  They use a polar-
type plot with the tails of all vectors 
imagined at the center point, and a line is 
drawn then to connect the heads of the 
vectors.  This connecting line is usually the 
only thing plotted, along with elevations or 
pressures of some of the points.





Severe weather hodographs

• Curved hodographs are a sign of potential for 
supercellular, rotating storms – the kinds that 
produce the largest hail and most tornadoes.

• NOTE:  We usually say speed and directional 
shear are what gives us a supercell, but a 
hodograph is really needed to tell for sure –
since you can end up with a straight hodograph, 
even if you have both speed AND directional 
wind shear.



Here are some winds, changing speed 
and direction with height.   What would 
the hodograph look like?

A straight line!



Storm Relative Helicity

• In the last 10-20 years, a parameter 
known as helicity, or more precisely, 
STORM-RELATIVE HELICITY (SRH), has 
gotten lots of attention as a good predictor 
of storm rotation or tornado potential

• SRH is defined as the component of the 
3D vorticity vector in the direction of the 
storm relative flow



SRH

• SRH = VSR (V x V)
• SRH also happens to be twice the area 

under the hodograph curve, between it 
and the storm motion point.   

• SRH is computed in a layer, usually 0-3 
km, but increasingly often 0-1 km.



If the southerly wind 
vector represents the 
storm motion vector, the 
0-3km SRH would be 
twice the area between 
the white lines and the 
blue/yellow hodograph 
curve



SRH 

• Doing the math, SRH becomes…
SRH = ∫∫(V – c)  (V x V)  which is 

approximately
SRH = ∑ [VSR (∆u/∆z) – USR (∆v/∆z)] ∆z
Where SR represents storm relative flow (c 

is the storm motion)
Traditionally, people use 0-3 km SRH where 

SRH > 150 m2s2 is usually needed for 
tornadoes



More…

• More recently, it has been found that 0-3 
km values work better to indicate supercell
spin, but many of these storms do NOT 
produce tornadoes.  

• 0-1 km SRH > 100 m2s2 may work better 
to predict tornadoes



Problems with SRH

• Note that in the formula, one has to 
assume a storm motion.  This is easy once 
a storm has formed, but how do you do it 
as a forecast?

• Also, some problems with storms 
changing directions during their lifetimes, 
or storms on a given day moving in 
different directions

• SRH is very sensitive to assumed storm 
motion



Storm motion?
• Non supercell storms may move with the mean 

wind in the 0-6km layer  (if data is limited, this 
might be similar to 700mb wind)

• Supercells slow down and deviate toward the 
right due to the rotation and interaction with the 
shear

• Bunkers Technique is a fancy way to determine 
predicted storm motion, but it is a bit 
complicated

• Simpler older rule said supercells move at 75% 
of the speed and 30 degrees to the right of the 
MEAN wind.



Example of computing SRH

• Earlier formula can be collapsed down to
• SRH = ∑3

0 VSR ∆u – USR ∆v  if we assume 
our layers are the same ∆z

• NOTE:  layers where SRH < 0 are 
excluded in the computation

• Consider wind profile of:

And determine the 0-3km SRH



• Best to create a table with the u, v 
components, and determine the ∆wind 
values in each layer, the average u,v in 
each layer, and the storm-relative values.  

• Usually use supercell method to estimate 
storm motion, which is subtracted out to 
determine storm-relative u,v



u v ∆u ∆v u v usr vsr

sfc 0 10

10 7 5 13.5 -13 24.5

850 10 17

20 -17 20 8.5 2 19.5

700 30 0

In this example, with limited data, we just use 2 layers (more is better). We used 
the 700 mb wind as the mean value, and so storm motion was from 300 degrees 
(30 degrees to right of mean) at 22.5 m/s (75% of mean speed).



• Our calculation is thus…
• SRH = (24.5*10 – 13*7) + (19.5*20 – 2*(-

17))  =  760 m2s2

• This is a very large SRH and would indicate 
great potential for supercell rotation and 
possible tornadoes.



Hodographs from around time of tornadic thunderstorms



Hodograph from near tornadic storms that hit Waterloo area


	Hodographs and Helicity
	Ingredients for Severe Thunderstorms
	How can winds and shear be shown?
	Hodographs
	Severe weather hodographs
	Storm Relative Helicity
	SRH
	SRH
	More…
	Problems with SRH
	Storm motion?
	Example of computing SRH

