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Vertical shear is a main contributor to intensity change

predictors for SHIPS

(statistical TC intensity forecast model)
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Numerical experiment: spin up TC and hit it with shear
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TC vortex

height | (~10 km)

RMW (~30 km)
experiment | U, .,
no shear 0 m/s
5mps 5m/s
10mps 10 m/s
15mps 15 m/s
20mps 20 m/s
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shear profile

u(z) = 0.5 U, (cos(! z/ 12) - 1),
z = height in km

¥in thermal wind balance

Mvirtually steady in a no-
vortex experiment




Numerical model: the virtue of simplicity

¥RAMS (non-hydrostatic)
. surface fluxes:
« bulk aerodynamic formula, C,/C; =1
« Deacon ‘s formula for drag coefficients
. parameterizations:
o\Warm rain microphysics
» N0 cumulus convection scheme
» N0 radiative processes
o« turbulence (based on Smagorinsky)
2 SST = 28.5;C, f-plane
. double, two-way nested domain, 5 km
. Intense and resilient TCs

Focus on structural changes (meso-" scale)
and conceptual understanding




An unsung pathway to shear-induced weakening
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quenching diabatic processes:
the source ocean fluxes and radiation

T/ S
Mmoist |Sentropes:
TH, HI<#2<#3

distinct, shear-induced thermodynamic impact on inflow layer
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A distinct structural change
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Downdraft formation and the Ostationary band complexO

shear vector
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A H)53) vertical cross section along 75 km radius:
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low level updrafts

downdrafts form underneath the helical updrafts of the SBC
precipitation evaporating in unsaturated air below




Dynamic contribution to Ostationary band complexO formatio

Tilt evolves consistent with balanced dynamics (not shown here)

w 15mps

vortex settles into left-of-sheatr tilt equilibrium ¢
(e.g. Reasor, Montgomery and Grasso 2004)

E
tilt direction

time in [h]
outer-vortex tilt = standing VRW wave #1 pattern = low-level vorticity anomaly
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Forcing of vertical motion by low-level vorticity anomaly

vertical motion:

Resas NPQI K~ 7777°
R'.)I)B)'-*33,6")

BI)O) H)53) frictional convergence
provided by vortex tilt:
favorable meso-" scale
environment for SBC
formation

balanced TC vortex dynamics
" thermodynamic impact
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Kinematic contribution to Ostationary band complexO formatia
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Shear-induced environmental storm-relative flow
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Shear-induced deformation of the Omoist envelopeO
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Downdrafts outside of the moist envelope
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Robustness of results in our suite of experiments
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Some supporting evidence from the real atmosphere



tilt equilibrium
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tilt equilibrium
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Conclusions

¥shear-induced, thermodynamic impact on the inflow layer

Mdowndrafts associated with Ostationary band complexO

¥favorable meso-" scale environment for SCB by vortex tilt
(dynamics) and distortion of moist envelope (kinematics)

¥same basic structural evolution with associated weakening
IS found for weaker TCs, more realistic values of C, and C,,
and ice microphysics also

Atmospheric  HIB 1further examination of the thermodynamic modibcation of the

Chemistry infRow layer of tropical cyclones by vertical wind shear
and Physics

- M. Riemer?, M. T. Montgomery2-3, and M. E. Nicholls*

HIBB1$imple kinematic models for the environmental interaction of
tropical cyclones in vertical wind shear

M. Riemer!" and M. T. Montgomery1-2

HIBI1)A new paradigm for intensity modiPcation of tropical cyclones:
thermodynamic impact of vertical wind shear on the inf3ow layel
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Flow boundaries in idealized numerical experiment
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