0. Intro: two recent events Roadma P




1. The tropical cyclone
wind field

Observed structure and variability
Physical model
Response to warming



observed structure and
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Near-surface wind field wind field
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Radial profile of the near-surface azimuthal wind
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Radial profile of the near-surface azimuthal wind
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Radial profile of the near-surface azimuthal wind
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Radial profile of the near-surface azimuthal wind

Size: some absolute radius
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Radial profile of the near-surface azimuthal wind
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The wind field varies in two distinct ways
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1) Radius of maximum wind contracts as storm intensifies

Notice' the outer circulation does not change!
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2) Storms can have same intensity/structure, but different sizes

Katrina (2005)
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S|ze varies a Iot in nature — independent of intensity

AV, = 50";”‘
within 24 hr

GOES East 16 Sep 2010

http://www.nnvl.noaa.gov/MediaDetail.php?MedialD=526 &\MedialypelR =1




Storm size varies strongly between storms, less so during storm lifecycle

Rank correlation: intra-storm \ inter-storm
Extended Best Track database Atlantic (1988
2012) and east Pacific (2001-12)
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Three essential components to the wind field
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Physical model



Three essential components to the wind field
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The 3D dynamical/thermodynamic structure are tightly coupled

Near-surface rotating wind
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The 3D dynamical/thermodynamic structure are tightly coupled
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A model for the outer, non-convecting region
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Physics: radiatively-driven subsidence



A model for the inner, convecting region
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A model for the complete structure

Chavas et al. (2015), Chavas and Lin (2016)
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The model captures observed wind field structure well

Chavas et al. (2015), Chavas and Lin (2016)
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The model compares observed wind field variability, too

Chavas et al. (2015), Chavas and Lin (2016)
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The model can work over land too — though real landfall is fundamentally asymmetric

Simple landfall simulations: surface is instantly roughened+dried beneath a tropical cyclone.
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Closest analog: a storm moving rapidly from ocean to land
Real landfalls are much more complex: fundamentally asymmetric process



Putting pieces together: a physics-based wind footprint

Synthetic wind footprint [m/s] for Katrina-like storm
T v

45 — 70
- Example: track of
Katrina (2005)
40 - 60
8 55
35 - 50
= 45
(@)}
()
©
0 30 40
©
2
© 35
25~ 30
25
20+~ 20
15
15

| 1 1 |
-100 -95 -90 -85 -80 -75 -70
longitude [deg E]



Pressure, too



If we know the wind field, we can predict the minimum pressure at the center
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Response to warming



Structure is the first step

(0]
o
I
L

v

Vm ax

N
o
I

increases slowly with
global-mean warming
(many studies)

(o)}
o
I

(6))
o
I

constant -- inner/outer theories do not
structure depend strongly on temperature ‘
simulations confirm this (will show later) |

S
)
T

w
o
[

R34pe
277

N
o
[

azimuthal wind speed [m/s]

—
o

|
LLL

o

o
=

max 50 100 150
29 radius [km]

)



A good, fast, physics-based model for the tropical cyclone wind field structure
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Break for questions!



Absolute angular momentu
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A complete model for absolute angular momentum
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Outer model: estimating w_,,; (QUikSCAT)
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Outer model: estimating w

cool (

QuikSCAT)

Best-fit w,

Median width of annulus is ~600
km, invariant with intensity
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Complete model performs well

Inputs: Vax Maxo
Weoo = 2 MM/s
C/Cq = F(Vmax) [0.5-1]

Model error vs. HWind

. Residual underestimation at
intermediate radii

Works fairly well even at low
intensities, surprisingly

Note: C,/C,4 not well constrained,
though correct order of magnitude

Chavas et al. (2015)
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Complete model performs well
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Model low bias: the role of intermittent convection?
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Model low bias: the role of intermittent convection?
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Model low bias: the role of intermittent convection?
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This effect can enhance radial import of M (e.g. Xu and Wang 2010)

Chavas et al. (2015)



Summary: complete structure model

A physical model for the complete
radial structure of the wind field

« Merges existing inner ascending and
outer descending region solutions

« Nature may not be too far off!

* Residual underestimation at
intermediate radii (spiral bands?)

Chavas et al. (2015), in review
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