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Image Index
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SST and Dynamic Topography during Katrina's Passage
across the Mexico Gulif
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THREFINRYT "RSE SEEZERISIN
ARW-WRF (V3.5.1)

Simple ocean mixed layer model ( Rhines and Thompson , 1972)
NCEP£EKB o=l (1°x1°)
NCEP2IkCHIBiR2tr ( 0.5°%0.5° )
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323 : BiRkE(E 2°C ( SST-2.0°C )
%4 : iGiEEK 3°C ( SST-3.0°C)
%5 : iBiEEK 4°C ( SST-4.0°C)
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o EFS e mIElVtEEIER --- ZEaRr "XKe" (2017)
BEREEY X5 aEMRAISZIR

NCEP RTG SST Aug.21 2017
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igRiEEN "X EETRHRAISAD

RTG SST and EC forecasting track of Typhoon Hato at 12UTC AUG.20 2017 RTG SST and EC forecasting track of Typhoon Hato at 12UTC AUG.21 2017

ECHfiE $7iz-8 20 H 1207k . NN ECTfiEHFiR-8 5211202
18.5m/s, 991 hPa v 40.6m/s, 956hPa




--- @mak “Xe5" (2017)

RTG SST and EC forecasting track of Typhoon Hato at 12UTC AUG.20 2017 SST and EC eps No.3 member forecasting track of Typhoon Hato at 12UTC AUG.2(
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--- @mak “Xe5" (2017)

RTG SST and EC forecasting track of Typhoon Hato at OOUTC AUG.21 2017 SENST and EC eps No.33 member forecasting track of Typhoon Hato at OOUTC AUG.2
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26.8m/s, 982hPa o AR 8 521 HOORYi{2k
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RTG SST and EC eps No.12 member forecasting track of Typhoon Hato at OOUTC AUG.21 2( EC forecast for HATO based on 2017082100 UTC
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--- @mak “Xe5" (2017)

RTG SST and EC forecasting track of Typhoon Hato at 12UTC AUG.21 2017 RTG SST and EC eps No.2 member forecasting track of Typhoon Hato at 12UTC AUG.21 2
¥ ECIREIETiR-8 521 A1203i2iR | AR | ECES7iik — member-2
40.6m/s, 956hPa | @ B 8 521 H12h3iiEik
42.7m/s, 952hPa

ﬂ !

117E
EC forecast for HATO based on 2017082212 UTC RTG SST and EC eps No.28 member forecasting track of Typhoon Hato at 12UTC AUG.22 :

— 024 24—48 ——48-72 =—=72-96 —96—120 30N :igﬁg Ec%éiﬁ;ﬁ ~ member-za
o BABRE 8 522H 128218
i 39.1m/s, 954hPa
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£Eits

ARW-WRFi&ER\, (V3.5.1 ) =FmEME , MiZIES 51799, 3. fl1km
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R AE48/) B ( 20175E8H22H08RIE24H08HT , 535 1<45%)
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--- BIEaX “XK8" (2017)
ZEitie
HUERSHILER

a. IR 3iESZE : Lin et al. scheme

b. KiKiE5175 2 : RRTM

c. }5ii4E99A X : Dudhia

d. YWiRmSEHHZE : New GFS simplified

Arakawa-Schubert scheme ( {X9km )
- NRESHEHEE : YSU *

Surface Layer75 % : Monin-Obukhov
. Land Surface/5 % : thermal diffusion
- Shallow cumulus option
- 1d ocean mixed layer

| ™ -.@ l‘ 0
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Single-channel Poleward Outflow
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Single-channel Equatorward Outfiow
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Dual-channel Outflow
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avel-£5 0 " = Outflow & Intensification
_— -7 Typhoon Roke

Pre-Rapid Intensification
00 UTC 19 Sep 2011

Intensity = 65 kt

150-300 mb Divergence

10 et ’ &

* Outflow directed equatorward

* No interaction between outflow and
approaching upper-level jet

e Weak upper-level divergence

e Weak typhoon

- ¢
= i

Ronald J. Ferek, 2015
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* Outflow shifts poleward
» Outflow couples with midlatitude jet

e Upper-level divergence triples

* Roke underwent rapid intensification,
increased intensity by 50kts in 24h

Outflow & Intensification
Typhoon Roke

Rapid Intensification
00 UTC 20 Sep 2011
(+24h)

——i e - A A= _4

150-300 mb Divergence
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=35

J s e
S eps

Ronald J.

Ferek, 2015



- EEAR SR (2011) RiSiEE

18% Maximum Wind Speed from 0000 UTS 18 Sep 2011

1840

201159518H08HI iR

Maximum Wind Speed (ki)

48 =10 2

Forecast Time (Hour)

All NWP models (including COAMPS-TC)
failed to capture this rapid intensification (RI)



o MHIRXKSKSSSMNEE(ER
EE/MBMNiXLE - Tropical Cyclone Intensity (TCI) Experiments (2012-2015)
TESEREXNENIEERESHEZTRISD

Unexplored: Outflow structure, intensity, and
variability, and relatlonshlps with hurricane intensity

ONR TCS-08
NSF TPARC
NOAA IFEX
NASA GRIP
NSF PREDICT

E -

\ Eyewall — ﬂ ? o~
\ |
Primaii(gwiiing] clrculation , , w

Image courtesy of NASA Ronald J. Ferek, 2015



o I KSS5aXIEE(ER
EE/MHZMNiKIE -~ Tropical Cyclone Intensity
(TCI) Experiments (2012-2015)

THREEREXNERIEERESEZARIFD
OppO(tunlty. NASA HS3 Field Program 2012-2014

lejggé =&\ TWO Global
AND/SEVERE Hawks will fly to
STORM| sample the

SENTINEL environment and

HS3 inner-core

» Environmental Payload:
cloud/aerosol lidar, dropsondes,

wind lidar, remote sounders NASA Global Hawk at Wallops
- Over-storm Payload: HAMSR (multi- N —

level water vapor), HIWRAP (surface Rl . SIR ELY, Ops ‘T tmng HS3
(EXIT ‘

and multi-level wind velocity and i ]

rain rate), HIRAD (surface wind gl ol

speed, rain rate), dropsondes

Advantages:

* long duration
* high-altitude
obs.

ooooooo
|||||




o HIRAKSESXAEE(ER
EE/MHZMNiKIE -~ Tropical Cyclone Intensity
(TCIl) Experiments (2012-2015)
THRSEREXNSMEERASIEANTZIE
HS3 Observa HS3 Observations of Hurricane Nadine’s (2012)
Outflow at 150mb

o | . e i
14SEP12 UW-CIMSS/NESDIS



EE/MHZMNiKIE -~ Tropical Cyclone Intensity
(TCI) Experiments (2012-2015)

TRSERLYaKEERESEZERIRZN

Impact of HS3 Dropsondes for Hurricane Nadine (2012)
Track Error (nm) | Iptepsity: Max Wind Error (kts)

L L L i
No HS3 drops (+synthetics)
HS3 drops

Nodrops

No drops HS3 drops

Mean absolute error (nm)

: Bias (dash),,,__\/—'?

—n, ——

® Dropsonde impact experiments
performed for 19-28 Sep. (3
flights)
-- Blue, with HS3 drops
-- Red, No drops with synthetics
® COAMPS-TC Intensity and Track

skill are improved greatly through
assimilation of HS3 Drops
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Hurricane Outflow Theory
Secondary Circulation

Outflow

Eyewall
Eye Ascent
Descent upP

3
=L
-
-l
=
-2
L]
@
=

(—— Inflow IN

i 50 100+
Fundamentals: Radius (nm)

Secondary circulation impacts the primary circulation (and therefore TC
intensity) through variations in gradient wind balance.

Key factors that determine radial inflow:
— Surface and boundary layer characteristics

Conservation of angular momentum, mass and kinetic energy

+ Changes in one branch of the circulation will impact the other branches
through continuity (must bal/ance)




¢ HIGASS&aMNAEEIER
I EXERI)ZE ( Environmental V:rtical Wind Shear)
ENX

Wind shear is defined as the wind vector difference
between the 850 and 200mb level (arbitrary)

ablh

Good

Latent heat can
\ concentrate in
one area

Bad

convection
torn apart

\' -
High westerly shear Low easterly shear

In general, low values (< 20kt) of vertical wind
shear are desired.



¢ HIRKSSSXAERIER

KISXEEIZ ( Environmental Vertical Wind Shear)
What is an appropriate measure o@hear?

s Shear?

T\

200hPa - 850hPa = 10ms-1 (over 650hPa)

Spread evenly through the layer

zj Shear?
20

ﬁ

850r

200hPa - 850hPa = 10ms (over 650hPa)

Concentrated in the lower part of the
layer

Mean wind field
changes with height



KiSXFEEHIJZE ( Environmental Vertical Wind Shear)
KRIZESNZHRELE

A& R EFERIE IR, 10°x10° ( 5£8°x8° ) RIIEEH NS , £5I{E850hPafl1200hPaif
E it ERERFE IR Rz ERIRXIZAXEEIIE

Hrp , Shrd (ARG ESIE ,
U0 T 7200hPa EEHE 4 RXIE
Uys, 7 7850hPa EEHE a4 RXIE
V200 %3s200hPa FEH _EEMKIE
V5o 22850hPa EEHE L& RN E
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IMREETZEX S XIBERIFZR

MMREEINZESEXEEZLZAEEEMA—BRIER , XSSXEEE ( MSLP )
FRDNIHIE (IIMPI ) FEZEBX

HRRIEERINZRMET , maKAEEEERELE ( Gallina and Velden 2002 )

REDMISKIELREXBS X B g/ BRI ERESRMY FREs (Wong and
Chan 2004 )




IMRERZXSXEERRZN
AIbXEF | MREETIEIRFELIH9-10KFD
IMEEBIZEATI-10KFVA) , —RRETRISS

WIREEIZTNTFI-10KAPEY , —AZEETF IR 4T

£
@
=7
=
o
i —
o
@
i
=
o
w
@
h_
o
@
[
o
ko
@
==
<L

Eﬁﬁﬂﬁﬁﬂﬂﬁﬁﬁﬂﬁﬁﬂﬂﬁﬁﬂﬂ
AAXEFEREEZEASHIEKERERNXER



IMRERZXSXEERRZN
AoF , WRERNZIRFELNAT-8KFED
IMREEIITEXTF7-8KFVE) , —BZETRIES
MREETZ/NFT-8KFH | —BRETIIEER4ES

—
=
=
[=5)
=
=
13~
=
L
o
o
=
7y
o
[=B)
o
oo
[=5)
=
]
]
=5 ]
-
=T

Time after analysis T(0) (hrs)

[ Shear 13 @ Shear 4.6 O Shear 7-9 0 Shear 10-12 W Shear 134]
L XAFEXREZ ST ERNZBAIXR




MRERTZE RTARI,'&'EEEEI%?IIIE — 152258 “FAI1" BIEELIE

—

=
e
_a

24N
22N .\\‘
= .*5"‘*71_::1} T
L
/ .
20N 7 ppe &? L g )
N o S o

18N

~ B
L '

A © s

=SOSR RAiE R ——lERSE —ESE




MEEFTWUSRIRERSZN - 15228 8K “Ril” HEtElgE

o HRASE5aNIERIER

27km 200hPa Stream at 12Z030CT2015
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The Eye of Hurricane Isabel 2003




DMSP image of Isabel on 12 September

Vorticity and wind vectors from the
numerical experiment —»




