The stochastic spin-up of vorticity in spontaneous tropical cyclogenesis !
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Background: spontaneous TC genesis [l A stochastic model based on the vorticity equation
 Doubly periodic domain, uniform SST, Bryan Cloud Model 1, SST=300 K, f = 10~* s~1, no background shear.
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X,. random location vector
n: a horizontal random unit vector

200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 200 400 600 800 1000 C:

v (km) o (kan) s {lo) o) AU: magnitude of eddy vertical wind difference

(b) f =5e-05 s, wagrm/f, t =2 days
200 - 0.1

N/ Modeling the histogram of mesoscale vorticity

1|——t =1days
1|—1t =2days

Vorticity monopoles + dipoles Redistributed by 2D flow  Mesoscale vorticity co_. ., /f Histogram

—t = 0.5 days| [
—t =1 days
t = 2 days

=
i
N

=
S
w

spectral density

simulation movies ‘1 317 “ e ) o Evorticity spectrum

Ax =1 km 100 1072 10° '

x (km) K (km)

« Convection is NOT a small-scale noise — it projects onto larger scales 4. | J/ \\
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- The mesoscale vorticity and vapor fluctuation [°! are initial seeds for mesoscale feedback. | 1
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* How to quantify the mesoscale imprint of the “convectively generated vorticity noise”? 5./ f
cyclones by stretching + cyclones by tilting + anticyclones by tilting:

Experimenta| result: power law normal distribution(+)  normal distribution(+)  normal distribution(-)
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Solution of the stochastic model
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 The standard deviation of mesoscale vorticity @, , o5, grows rapidly within the first t\ivo days.
* Using the accumulated rainfall rate R as a rescaled time coordinate, there Is g5 < R2.

« The variable R represents the accumulated convective stirring effect. . fv _ (2
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Main References tr: time coordinate rescaled by the domain-averaged accumulated rainfall R. 0.5; Stretching
dominant

Tilting
1 . . . D .
2 Ay AU: eddy vertical wind difference dominant
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Future work: include background vertical shear. Welcome your feedback!
haofu@uchicago.edu
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