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Fovell et al. 2009
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Horizontal Shear
e Vertical Shear
e Asymmetries
e Environmental Interactions
e Structure and Intensity Changes

Motion processes are
quite simple, so that if the
large-scale is correct,
then the motion will be
correct. And details of the
core are incidental
E Holland EMC 0909 8
NCAR

Track Models

48-h Track Errors - Model Guidance
Atlantic Basin Tropical Storms and Hurricanes

Error cut in half since 1990 No progress in the last 20 years
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Why such a big difference
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s between track and intensity?
Holland EMC 0909 9 Courtesy of Dr. G. Holland
[ b AN BRI EE T Environmental Factors
What are the controls?? _
# .
i, : Typhoon weakens
over region of cold water or low ocean heat content,
over land or region of decreased humidity,
over region of strong vertical wind shear.
However, the variance of typhoon intensity change
from climatology is not explained well by the synoptic-
scale environmental conditions.
ERAGE Ry
Figure 13. Intensity {minimum sea-level pressare) versus the radial extent of 50 ki (60

miileshour) winds in natical miles (n mi) for porthwest Pacific typhoons as measured by

S km. Large

dats ilustrate the large differences that can exist for cyclones of the same am sea-
level pressure (MSLP) of 940 mb, 23 ki versus 144 ki Note also that the cyclones of skm-
illar outer radins of 50 knot winds can have MSLP differences as great as B9 versus 975
mh, These measurements are also typical of the Atlantic

Weatherford and Gray 1988

It is fairly typical for typhoons to strengthen or
weakens rapidly without any clear commensurate
changes in the environment.

Internal meso-scale processes matter!
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- Regime 1: barotropic
unstable regime

- Regime 2: barotropic
stable regime
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~ They hypothesized
that these changes
may result from
horizontal mixing

process.

Schubert et al. (1999)
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Vorticity mixing leads to
Rapid Intensification !
What is intensity??

et V3 e 200K, Vi stmris patbern b cmrsed by e prvsomce
e

Fic. 2. Evolution of vorticity (shaded) and i ion con-

ftours (bold) for the numerical experiment of Kossin and  MESCVORTICES [N HURRIC

[Schubert (2001). Yalues along the label bar are in units of

107 57'. The shape of the streamlines transitions from a penta-

fzon to a hexagon and back to a pentagon over & h.

Importance of Asymmetric Vorticity Dynamics
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A case where MPI theory failed! (Montgomery 2006)
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Vortical Swirls in Typhoon Eye Clouds
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Concentric eyewalls near Taiwan

Bilis(2000)
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Maemi(2003)

Lekima(2001)

Dujuan(2003)

WNPAC Concentric eyewalls formation
locations, intensity, and tracks

Kuo et al. (2009)
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A major issue in understanding changes in typhoon intensity
1.1
Knaff and Kossin {2003) Black and Willoughby (1992)
1.0 Fhauler. TE T Hurricane Gilbert (1988)
WNPAC con 4 s 21 Development of
09 o i3 s 9/131 symmetric structure
0.8 from asymmetric
, WNPAC non-con convection in 12 hours
= 07
0.6 The contraction of the
: Outer tangential wind
0.5 E;nanuol {2000) WNPAC maximum
0.4 Emanuel (2000) ATL . X
y 5 Core vortex intensity
0.3 remains approximately
-80 -60 -40 -20 0 20 40 60 80 the same during
time(hr) the contraction period
Key feature of concentric eyewall formation appears to the maintenance
of a relative high intensity for a longer duration prior to formation, rather than o
a rapid intensification process that can reach a high intensity. Inner core dissipate,
TC weakens
Kuo et al. 2009

Concentric Eyewall formation

Kuo, H.-C., L.-Y. Lin, C.-P. Chang, and R. T. Williams, 2004: The formation of
concentric vorticity structure in typhoons. J. Atmos. Sci., 61, 2722-2734.

Binary vortex interaction  Kuo etal. (2004,2008)

Kuo, H.-C., W. H. Schubert, C.-L. Tsai, and Y.-F. Kuo, 2008: Vortex interactions and [Variables]
barotropic aspects of concentric eyewall formation. Mon.Wea. Rev., 136, 5183-5198. [
. . . 2
0935-1935 LST R, R,; A; &, ,&,| Beta-skirt

[ Parameters]

o Vortex radius ratio (r) :&
R, (TC core)

 Dimensionless gap (%)

e Vortex strength ratio (y) = ?
2

® An extension of Dritschel and Waugh's (1992) work.

® [n addition to the radii ratio and the normalized distance
between the two vortices, the vorticity ratio is added as a
third external parameters.

- B
Typhoon Lekima (2001)

«=07 y=7 r=1/4 AR,=5

\=0hr \=6hr t=12hr Double eyewall of different sizes maybe explained
: by the binary vortex interaction with skirted parameter

The formation of . a e
concentric eyewalls 031010 bai0® 160Ks)  B0OSOAITD 106 Lsahi)
g
o 200 100 L) 25 10 10
200 km I Maemi ‘e
(2003)
a0 T T T T T T T T ;‘
; E
The contraction of 1
the secondary wind 7 (1007114 12007 0wy (10OTIoAITS BO0C Bskis
maximum by nonlinear £ | .
advection dynamics. ]
4 Winnie
(1997)

distance from center (km)

Kuo et al. (2008)
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Kuo et al. 2008

[T TERWEY AND MONTGOMERY: MODELED SECONDARY EVEWALL FORMATION DIz
JGR 2008

Tabde 1. List of Secondary Eyewall Formation Hypotheses With Suswmnary of Revance 1 cur Modelad Humicanes”

Toeama 1 oy T

Dujuan
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Imbude
(2003)
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Importance of the vorticity axisymmetrization dynamics +
Poble xphsion . convections.

Pesaibly explasanion N

Need to understand both the vorticity generating meso-

oot e e Arpaidk 1t B ol il A o o scale processes in the TC environment and the detail core
structure.
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The rapid filamentation process tends to make an important contribution to
7 =2(S2+S2—2)yY2 2 30min - . : : the organization of the moat in strong typhoons, especially in cases
> T G ) : rapid filamentation time where the maximum winds are greater than 130 kts.
Kuo et al. (Nov. 2009 MWR)

" " . . TCSO08: Typhoon Sinlaku
Time= Oh T Gh
s 3 b Vorticity ELDORA Doppler radar data,
A Flight level data, Dropsondes
. Fliamentation time Reflectivity and wind field

Time= 12 hr Time= 18hr

Conserves the
angular
impulse
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T<20min are shaded
Melander et al.

1986 Kuo et al. 2010
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Large variability in vertical
motion.

Filamentatiom time - W contour frequency

High resolution appears to be
crucial in concentric eyewall
simulation.

Filamentation. Time(min)

. ; 1
maer Vertical Velocity (m/s)

Convections in strong differential rotation environment,
weak updraft is diminished. Kuo et al. 2010

Shuyi Chen 2006

1 a0 Typhoon Morakot (2009) a disaster case with multiple scale interactions
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Research Issues in Typhoon Intensity (and Structure)
Spatial correlation of potential vorticity and diabatic heating;

Why no concentric eyewall in some intense typhoons? Why
different intensity change in CE;

Multiple scale interactions;

Triggering mechanism for outer bands dissipation before RI;
Inertial gravity wave radiation from the inner core;

Target observation and data assimilation;

Air-sea interaction;

Typhoon Intensity Forecasting with Limit Resources
Multiple scale interactions in the model;

High resolution model with explicit convection (expensivel!);
Data assimilation, bogus vortex initialization;

High resolution deterministic and low resolution probabilistic
forecasts;

Relevant details of air-sea interaction (parametric or explicit);

More observations and to fully utilize observations in the
models;

Many more..............
Many more.............
Thank you!
e b
A painting with filaments!
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Kuo et al. 2001

Thoughts from the 80’s and 90's

Shapiro and Willoughby (1982) and Schubert and
Hack (1982) proposed that heating-vorticity
interaction can lead to convective-ring contraction.

dldt~¢\/ -V
Stronger¢ near the TC core favors the inward
response

Symmetrical Model

Moat formation and eyewall replacement are
related to the subsidence and the moisture cut-off.

10
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@ Tropical cyclones of sufficient strength (e.g.
sustained wind speed > 120 kts) often form double
eyewalls. Inner eyewall weakens and/or die.

@ Area of asymmetric convection outside the core
vortex that wraps around the inner eyewall to form the
concentric eyewalls in about 12 hours.

@The contraction of the secondary wind maximum
and the formation of the moat are features of the
vorticity dynamics. The moat formation by subsidence,
rapid filamentation, and advective dynamics.

® Double eyewall of different sizes maybe explained

by the binary vortex interaction with skirted parameter.

® The pivotal role of the vorticity strength of the core
vortex in maintaining itself, and in strectching,
organizing and stabilizing the outer vorticity field,
and the shielding effect of the moat to prevent
further merger and enstrophy cascade processes

in concentric eyewall dynamics.

@ Formation of concentric eyewalls is important for
the TC intensity problem. A self-limiting process for
TC intensity. A natural “STORMFURY”.!!

® The organizational aspects of outer eyewall
formation from an asymmetric vorticity field outside
the cyclone core. The importance of core vortex
structure, the moat, and the spatial characteristics of
the vorticity field outside the core in the formation of
double eyewalls.

@ Need to understand the vorticity generating meso-
scale processes in the TC environment.
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