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Background: spontaneous TC genesis [2]

• Doubly periodic domain, uniform SST, Bryan Cloud Model 1, SST=300 K, 𝑓 = 10−4 s−1, no background shear.
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A stochastic model based on the vorticity equation

Main References

• Convection is NOT a small-scale noise – it projects onto larger scales [4].

• How to quantify the mesoscale imprint of the “convectively generated vorticity noise”?

• The mesoscale vorticity and vapor fluctuation [5] are initial seeds for mesoscale feedback.

Tilting of random shear → dipoles𝒇-stretching → monopoles

Modeling the histogram of mesoscale vorticity

= normal distribution

cyclones by stretching + cyclones by tilting + anticyclones by tilting: 

normal distribution(+) normal distribution(+) normal distribution(-)

Vorticity monopoles + dipoles Redistributed by 2D flow Mesoscale vorticity

Solution of the stochastic model

Convective Rossby number: 

the relative importance of tilting to 𝑓-stretching

𝜎෦𝜔𝑧
= 𝜎𝑋

2 + 𝜎𝑌
2 + 𝜎𝑍

2
1
2 = 𝑓 Ω𝑡𝑅

1
2 1 + Roc

2 1/2

𝑤 ∼ σ𝑛=1
∞ exp −

𝐱−𝐱𝐧
2

𝑟𝑐
2 𝛿(𝑡 − 𝑡𝑛)

Roc ≡
𝑓∗
𝑓
=

2

𝜋

1
2 Δ𝑈

𝑓𝑟𝑐

Δ𝑈: eddy vertical wind difference

𝑟𝑐: cloud radius

𝑡𝑅: time coordinate rescaled by the domain-averaged accumulated rainfall 𝑅.

Standard deviation

𝑓 ↓,  Roc ↑, tilting more dominant
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Experimental result: power law

• Roc ∼ 1 ⇔ 𝑓∗ ∼ 3 × 10−5 s−1 ⇔ 12∘N, transition between tilting & stretching regimes.

Stretching 

dominant

Tilting

dominant

𝑅1/2
stochastic 

spin-up stage

Key quantity: mesoscale midlevel vorticity

• The standard deviation of mesoscale vorticity ෦𝜔𝑧 , 𝜎෦𝜔𝑧
, grows rapidly within the first two days. 

• Using the accumulated rainfall rate 𝑅 as a rescaled time coordinate, there is 𝜎෦𝜔𝑧
∝ 𝑅

1

2.  

• The variable 𝑅 represents the accumulated convective stirring effect.  
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𝐧: a horizontal random unit vector

𝐱𝐧: random location vector

Convection: random local pulses

Background wind: random vertical shear

• 𝜎෦𝜔𝑧
is sensitive to the grid spacing Δ𝑥, which influences the simulated cloud radius 𝑟𝑐.

• Doubling longwave radiative feedback to detect the small-amplitude instability[3].

20 km-Gaussian 

filtered

• Future work: include background vertical shear. Welcome your feedback!
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Δ𝑈: magnitude of eddy vertical wind difference
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