
A more detailed and quantitative 
consideration of organized 

convection: Part I

RKW Theory

Note: Most lecture notes presented here based on course Daily Weather 
Laboratory II taught by Prof. Richard Johnson, Colorado State University, 

Department of Atmospheric Science



Rotunno, Klemp, and Wilhelmson
(RKW) Theory: The visual picture



Vorticity from wind 
components in x-z plane

Expand total derivative



RKW Theory 

Vorticity tendency = Net advection of vorticity from sides + difference in buoyancy

Cold pool on lower left 
side of the domain



Zonal wind 
zero on 
lower left

No shear 
on right 
side (u=0)

Simplifying assumptions

Vertical velocity 
zero at top

Result: zonal wind at the upper boundary 
travels at the speed of a gravity current due to 
presence of the cold pool
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Vertical velocity 
zero at top

Zonal wind 
zero on 
lower left

Add zonal 
shear to 
this side

OPTIMAL CONVECTIVE STATE =
No inhibition of a vertically upright updraft 
by cold pool or shear (c = Δu)

c < Δu  Updraft tilts downshear

c > Δu  Updraft tilts upshear

‘Low-level’ wind shear (Δu) typically means 
lowest 2-3 km



RKW Theory notes, caveats…
Outflow boundary speed is not necessarily constant, so shear environment 
may become suboptimal as the squall line matures and outflow boundary 
speed increases, leading to tilting of updrafts.  

BUT…it is the rearward tilting of the updrafts that generates rear inflow and 
squall line structure!  So low-level shear in most severe squall lines 
generally might be ‘suboptimal’ from perspective of RKW theory.

RKW theory strictly applies to only the tils of the gust front updrafts.  But the 
wind shear profile further aloft becomes more important factor for growth as 
the storm matures

Bottom line: RKW probably places too much emphasis on tilt of gust 
front updraft in squall line longevity.  Most applicable to the issue of 
convective initiation rather than convective maintenance.  
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