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Vorticity
• Vorticity and circulation are both measures of fluid rotation

• Vorticity: measure of rotation at a specific point
• Circulation: measure of rotation over an area

• For incompressible fluid, vorticity equation can be expressed as:

• Baroclinic generation term can be written in terms of buoyancy:

𝑑
𝑑𝑡

𝝎 + 𝑓&𝑘 =
𝜕𝝎
𝜕𝑡

+ 𝑽 + 𝜵 𝝎 + 𝑓&𝑘 = 𝝎 + 𝑓&𝑘 + 𝜵 𝑽 +
1
𝜌!
𝜵𝜌×𝜵𝑝 + 𝜵×𝑭𝒓 𝝎 ≡ 3𝐷 𝑣𝑒𝑐𝑡𝑜𝑟 𝑣𝑜𝑟𝑡𝑖𝑐𝑖𝑡𝑦

Total vorticity
tendency

local
tendency

advection tilting and
stretching

baroclinic
generation

friction

𝝎 = 𝜉, 𝜂, 𝜁 =
𝜕𝑤
𝜕𝑦

−
𝜕𝑣
𝜕𝑧
,
𝜕𝑢
𝜕𝑧

−
𝜕𝑤
𝜕𝑥

,
𝜕𝑣
𝜕𝑥

−
𝜕𝑢
𝜕𝑦

𝑑
𝑑𝑡

𝝎 + 𝑓&𝑘 =
𝜕𝝎
𝜕𝑡

+ 𝑽 + 𝜵 𝝎 + 𝑓&𝑘 = 𝝎 + 𝑓&𝑘 + 𝜵 𝑽 + 𝜵×𝑩&𝑘 + 𝜵×𝑭𝒓
We will revisit baroclinic 
term later in semester.
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Vorticity
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Vertical Vorticity
• Vertical vorticity tendency is written as (neglecting friction)

• Lets unpack and interpret the “tilting and stretching” term
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Note that buoyancy does not directly 
generate vertical vorticity.
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Tilting
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Stretching
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Origin of Midlevel Rotation in 
Supercells



Begin with vertical vorticity equation

• Vertical vorticity equation (neglect Coriolis, baroclinic and friction terms)

• Expand

• Expand fully
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Linearize vertical vorticity equation around an 
environmental wind profile [!𝑢(𝑧),�̅�(𝑧)]

• Linearize and neglect product of perturbation terms

• Rewritten in reference frame moving with storm

𝑢 = J𝑢(𝑧) + 𝑢′
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Comments on linearized equation

• Mesocyclone acquires vertical vorticity by tilting horizontal vorticity 
associated with environment vertical wind shear

• Advection shifts location of vorticity around in important ways

• Only tilting term can develop 𝜻! > 𝟎 because advection term is 0 if 𝜻! = 𝟎
everywhere (in the environment)

• As an updraft intensifies, 𝜻! > 𝟎 initially generated by tilting is intensified 
by stretching (𝜻′ 𝝏𝒘!

𝝏𝒛
; nonlinear term removed by linearization)
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Interpretation of tilting term
• Tilting term produced vorticity couplet that 

straddles the updraft core

• Negative vorticity is located left of the shear 
vector

• Positive vorticity is located right of the shear 
vector

𝑺×𝜵𝒉𝑤′ + &𝑘

Source: MR (2010)
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Interpretation of advection term
• Horizontal vorticity vector 

(𝝎𝒉) points 90° to left of shear 
vector (𝑺)
• Crosswise vorticity case

• 𝑽 − 𝒄 ⊥ 𝝎𝒉
• Advection term does not shift 

cyclonic vortex toward updraft 
core

− 𝑽 − 𝒄 + 𝜵𝒉𝜁#

Source: MR (2010)



Interpretation of advection term
• Horizontal vorticity vector (𝝎𝒉) 

points 90° to left of shear vector 
(𝑺)
• Streamwise vorticity case

• 𝑽 − 𝒄 ∥ 𝝎𝒉
• Advection term shifts cyclonic 

vortex toward updraft, aligning 
vorticity with updraft core, 
resulting in cyclonic, intense 
mesocyclone

• Stretching (𝜻′ 𝝏𝒘X
𝝏𝒛

, nonlinear term) 
can intensify 𝜻′

− 𝑽 − 𝒄 + 𝜵𝒉𝜁#

Source: MR (2010)


