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SXERHIRERRESFRE

Gray (1968) identified six features of the large-scale environment that were
necessary ingredients for tropical cyclogenesis

sufficient ocean thermal energy ( SST > 26°C to a depth of 60m )
moist mid-troposphere ( measured by 700hPa relative humidity )

conditionally unstable atmosphere to support deep convection



SXERHIRERRESFRE

Gray (1968) identified six features gf the large-scale environment that were
necessary ingredients for tropical cyclogenesis

a maximum in lower troposphere relative vorticity

weak vertical shear of the horizontal winds at the genesis site

location at least 5 latitude away from the equator



Schematic of CISK
RN A RS B EaNRIEEERE , BARRYERAIENERENIAT, ERKSHESTIAH,
2R —ANERFIKSRIIERIRER ( Charney & El-iassen, 1964 )

Convection grows stronger as more moisture Air flows outwards and Coriolis tuming forms upper anticyclone
flows into surface low

Latent heat
release causes
air to expand
and surface
low to
strengthen

Stronger
convection gives
more latent heat

As surface low

Fricti I strengthens, moist
i rLeranaL COnVOranice frictional convergence
Incipient A0\ of moisture causes gence,

disturbance

Winds strengthen as
"\, low develops; frictional
| convergence

low have positive - »
feedback to each other_ -

convection and surface

©The COMET Program S e ——— 3 @The COMET Program

(a) given an incipient low-level cyclone with a moist boundary layer, frictional
convergence of moisture, and forced ascent drive convection

(b) latent heating due to convection reduces surface pressure, strengthens the low-level
cyclone, and enhances moisture convergence and convection in a positive feedback
loop



WISHE: A Carnot Cycle Theory of Potential Intensity
B-SHHE(ERIEIE

( WISHE, wind-induced surface heat exchange )

Idealized Carnot Engine in a Tropical Cyclone

@©The COMET Program

v Air in the atmospheric boundary layer flows in isothermally (AB),

v rises adiabatically in the eyewall convection (BC),

v diverges isothermally near the tropopause in the outflow anticyclone(CD).
v To close the circuit, this air must sink far from the storm (DA).



WISHE: A Carnot Cycle Theory of Potential Intensity

SRE/RSIERE— IMIRIEIEE DS EEHMinZ BIERIEMNETE ( Kerry Emanuel ,
1986 )

Idealized Carnot Engine in a Tropical Cyclone

@©The COMET Program

v Air in the atmospheric boundary layer flows in isothermally (AB),

v rises adiabatically in the eyewall convection (BC),

v diverges isothermally near the tropopause in the outflow anticyclone(CD).
v To close the circuit, this air must sink far from the storm (DA).
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THE WARM CORE IS A CONSEQUENCE OF BOTH LATENT
HEAT RELEASE AND WARMING BY SUBSIDENCE

OUTELOW OUTEFLOW

UPWAR UPWARD
MOTION MOTION

INFLOW INFLOW



THE WARM CORE IS A CONSEQUENCE OF BOTH LATENT
HEAT RELEASE AND WARMING BY SUBSIDENCE
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SST and Dynamic Topography during Katrina's Passage
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AVHRR SST Variation from Jul.20 to Jul.16 2014
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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°)
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NCEP RTG SST Aug.21 2017
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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
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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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--- @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
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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
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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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Ronald J.

Ferek, 2015
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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
|||||
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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)
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MMREEINZESEXEEZLZAEEEMA—BRIER , XSSXEEE ( MSLP )
FRDNIHIE (IIMPI ) FEZEBX

HRRIEERINZRMET , maKAEEEERELE ( Gallina and Velden 2002 )

REDMISKIELREXBS X B g/ BRI ERESRMY FREs (Wong and
Chan 2004 )
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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 —»
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hERIA --- Upper-level Anticyclone
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200mb Geopotential Height (m) Climatology 1981-2010 climo
NOAA/ESRL Physical Sciences Division
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FEEHTJTF (Vertical Wind Shear)
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(KB5S (Low-level Convergence )
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NCEP RTG SST Aug.22 2017 RTG SST Variation Between Aug.25 and Aug.22 2017
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EC 850hPa Stream +0H at 12Z21AUG2017
EC-2017£:8521H208I850hPaR, 72 Jf 7
: L

;

EC 850hPa Stream +O0H at 00Z23AUG2017
|EC-2017:8F23H20

= SN,

S




6.6 "‘N%ME*E‘CE%%




aXEERERARS

GRAPES-GFS ( ~28km )
ECMWF ( ~9km ) > ~5km , 2025
NCEP-GFS(~13km)
_> NCEP-FV3GFS (~13km , 16X)
- BIRAFRIZ KB BB %l (FV3) - 2019
UKMO (~10km)
JMA-GSM (~20km/0.1875°)
CMC-GEM (~25km/17.2km)

GRAPES-GEPS ( ~55km , 30/\F}X)
EC-EPS ( ~18km , 511\ FR)

—> ~9km , 2020 —> ~5km , 2025
NCEP-GEFS (~34km , 21\ B R)

— NCEP-FV3GEFS , 2020

~25km , 31 R |, 35K

UKMO-EPS ( ~20km , 18/36/\F}R)
JMA-EPS ( ~40km/0.375° , 271 i R)
CMC-GEPS ( ~39km , 21/\FkR)




NCEP-FV3GEFSiaE g iiuH
RGF STk {RiaEEARErH | 15'5'&1'5'."1&5%

|||||

RBREN, “JE13” (IRMA , 2017 ) 54/)\i3TRiE
$eiRAdE : 20175958 H08H}



NCEP-FV3GEFSiaE g iiuH
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1016

MR, “#HB{ECiE" ( FLORENCE , 2018 ) 72/)\iITiR
¥2iRASE : 201859511 H08HT
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17052 4K “BAEE” ( Noru ) 60/\iIFiiR
FciRAdE] : 2017578528 H200Y



NCEP-FV3GEFSiaE g iiuH
BRGFSTiRiRiEHIAEH , (B35

17055 5K “BRE" ( Noru ) 120/)\BI7iiR
#EIEAYIE : 201747531 H08E
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b XHEF | EFURRIRIEIARE | (BFURIRES. REIRK

MODEL FORECAST — INTENSITY VMAX ERRORS (KT
VERIFICATION FOR ATLANTIC BASIN 2015—2018

—— FY17: GFS17
——— FY19: FV3GFS

N
»

-
[+

-
N

Atlantic
Basin
2015-2018

3 48 60 72

INTENSITY VMAX. ERRORS (KT)

L+

Intensity Errors

VERIFICATION FOR ATLANTIC BASIN 2015—2018

—— Y1 T7: GFS17
—— FY19: FV3GFS

BAS ERRORS (KT)

6o

Forecast lead time (hr)




NCEP-FV3GEFS;aETnikiuH
ERICAEEF | BETRE—ENH | TRkiRSS

MODEL FORECAST — INTENSITY VMAX ERRORS (KT
VERIFICATION FOR WESTERN PACIFIC BASIN 2015—2018

FY17: GFS17
FY19: FV3GFS

8

West Pacific Basin 2015-
2018

W
=]

INTENSITY VMAX ERRORS (KT)
N

48 60 72 B4 96 108 120

Forﬁé;:-t Ia.c:lcrl.r time ..'(HI'J Hurricanes project — NG\M/NCE‘F’/E’MC
MODEL FORECAST — BIAS ERRORS (KT)
VERIFICATION FOR WESTERMN PACIFIC BASIN 2015—2018

———— Y1 7: GFS17
—— FY19: FV3GFS

Intensity Bias

48 60 72

Forecast lead time (hr)
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RRE GRAPES-REPS ( ~10km , 300 FR)

%‘E‘%ﬁ NRL-COAMPS-TC EPS (36/12/4km , 111\ Bk R)

GRAPES-TYM

GRAPES-TCM
LiaaREEIEN

[T HEEGRAPES-SCS
FESSEZHARERT-RAPS

ITFHERN

NCEP/EMC-HWRF (i8/S/R{24& , 13.5/4.5/1.5km )
— Driven by FV3GFS 2019

NCEP/EMC-HMON ( i8/S#85 , 18/6/2km)
— Driven by FV3GFS 2019
Hurricanes in a Multi-scale Ocean coupled Nonhydrostatic model

NRL-COAMPS-TC (8/5i85 , 36/12/4km )
— BIS/RiES . 12/4/1.33 km, 202082021




aREEFWIRA A

aSREESIESEEETRRSGE (TCSP )

SREERITTHRGE (WIPS)

aRiEE R REASIRSERIRGE (PLSC)

[ RE(EMEMLEE75% (ANNGA )

SHIFOR (Statistical Hurricane Intensity Forecast)

SHIPS (Statistical Hurricane Intensity Prediction Scheme)

DSHP (SHIPS with Inland Decay)
LGEM (Logistic Growth Equation Model)
STIPS (Statistical TY Intensity Prediction Scheme)
ICON/IVCN/IVDR Consensus
Average of DSHP, LGEM, CTCI, ,GFSI, HWFI, HMNI
HCCA (HFIP Corrected Consensus Approach)
- Weighted average of AEMI, GFSI, CTCI, DSHP, EGRI, EMNI, EMXI, HWFI, LGEM
FSSE — FSURBREASTIRAE
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REREA : MAESESIRAPIRESXER

MSLP<1005.0hPa

BFEESE ASSESFESE
MSLP) £ FIER{EE e AAERS
( ) &ME éé gt ([Ek%1.0nPa ) SRS

L= 258
850/700nP SERE (SLP) AR
ﬁ%-,%-ggd?@ >0.002hPa/km

10mJX=E

>5ml/s
850/700nhPa/10m
mESAE

850hPajRE
> 104s1

AR

1. REEEPC
2. FfEEERERTIAR, BEts

3. itE R ERN=#E ( 300-500hPa )
4. AR RIEERES (240h) > 0.5°C




TC Genesis Probability %(00—48h)
Initial time= 12726 SEP 2019

100E 105 110E 115E 120E

---F= el

126E 130E 135E 140E 145E 150E  155E

160E 165E 170E 175E

TC Genesis Probability (%)
Initial time=12Z26 SEP 2019

191855/

"R HERK

187 00Z 067
27SEP

12h 18h

1918S 5K “AKiHp"
( Mitag )

0-48/)\B 4 pE BT Z=F
$2iRAYE : 20199526 H2087
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sEETI5Z] ( Kaplan and DeMaria 2003 )
Rapid Intensification Index ( RIl)

=k

EERFK24/0BiRZ1 &

L=

A

% ( 24/)BIAIRMN15K/FVEkLA L ) RITTEETE

Atlantic & E. Pacific since 2006

Western Pacific since 2018



WHRIEHZ k628 ( Kossin et. al. , 2006 )
Secondary Eyewall Formation Index ( SEFI )

INIKNEXIIEZL ( Cram et al. 2006 ) Annular Hurricane Index ( AHI)

M 2EHIZEE ( Gallina and Velden 2002 )
Storm Relative Shear Tendency

SMT[EI528 ( Sarah C. Jones, Patrick A. Harr, Jim AbrahamZ , 2003 )
Extra Tropical Transition Index ( ETI)




TR
Rapid Intensification Index ( RIl)
Predictors used in operational NHC SHIPS-RII

" [Predicior | Defniton | Wore Favorabie
(1| PER | Provious 1zh intensity change | Larger
VMAX Maximum sustained wind (t=0h) Avg. of Rl sample

3 IRSD Std. dev. of 50-200km IR brightness Smaller
temperatures (t= 0h)
4 IRPC 2nd principle component of IR image Front
(0-440 km radius) (t= 0h) left quadrant
SHEAR | 850-200hPa shear 0-500 km radius

200hPa divergence from 0-1000 km
radius (time-avg.)

deg. up-shear (t=0h)

Inner-core dry-air predictor/flux

Potential intensity ((time-avg.) m
Oceanic heat content (time-avg.) |Larger |

Percent area with total precipitable Smaller
water (TPW) <45 mm within 500km 90

Objective Storm Size R5 (Knaff et al. 2014)
Sine of Latitude




gﬁgﬁﬁ?ﬁﬁﬂ Rapid Intensification Index ( RIl)

2018/2019 NHC Operational Statistical RI
models

Predict RI probability for 8 Rl thresholds at 4 lead times ( 20kt/12h,
25kt/24h, 30kt/24h, 35kt/24h, 40kt/24h, 45kt/36h, 55kt/48h and 65kt/72h)

for Atlantic and E. Pacific



gﬁgﬁﬁ?ﬁﬁﬂ Rapid Intensification Index ( RIl)
2018/2019 NHC Operational Statistical Rl models

Multi-lead time Rl models developed include the following
SHIPS-RIl (Kaplan et al. 2015)

Based upon linear discriminant analysis
10 SHIPS environmental predictors utilized in both Atlantic and E. Pacific basins

Logistic regression and Bayesian Rl models
(Rozoff and Kossin 2011; Kaplan et al. 2015)



gﬁgﬁﬁ?ﬁﬁﬂ Rapid Intensification Index ( RIl)
2018/2019 NHC Operational Statistical Rl models

Multi-lead time Rl models developed include the following

Consensus Rl model
The arithmetic average of SHIPS, Logistic, and Bayesian models

Probabilistic Statistical Rapid Intensification Index (DTOPS)
(Matthew Onderlinde & M. DeMaria , 2018)

Based on logistic regression, ECMWF, GFS, HWRF, LGEM, and SHIPS



L EEERR =S Rapid Intensification Index ( RIl)
2016-2018 NHC Operational Statistical Rl models

l SHIPS-RII

l CONS (SHIPS + LOG + BAY)
I CONS (SHIPS + LOG + BAY)
E. Pacific

Y l I I I I
I ! I ! i ! 35 40

No.cases 914 832 832 832 812 732 650 345 . 1165 1044 1044 1044 1044 936 835 465
No. Rl 55 99 76 56 25 51 40 17 . 101 169 169 120 93 84 61 35

RI_threshold (kt) RI_threshold (kt)

Skill of the 2016-2018 Operational Rl model Forecasts

l SHIPS-RII
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Brier skill score relative to climotolgy (%)




B'Er" T E’%ﬂ Rapid Intensification Index ( RIl)

2018/2019
NHC Operational Statistical Rl Product

CUREENT MAX WIND (KT):

. 2019 ATLANTIC
:IT PREDIC

24-h)

tribution

STD DEV ©
TuL"&IIT|TT1T|T WIND

[ -
[ |

[

FProb
5 Prob

of EI pro

2019FEHFNEANX, “SEB=Z"” ( Dorian)
SEERFER AU EE RIS m



gﬁgﬁﬁ?ﬁﬁﬂ Rapid Intensification Index ( RIl)
Predictors used in operational JTWC SHIPS-RII (Knaff et al. 2018)

 Teremictor | oemmmen

Environmental predictors (time averaged from t=0 to the forecast time)
nm 850-200hPa generalized wind shear in a 200-800km annulus (Knaff et al.2005)

2| _onc [oveancheatconen Ghayeraizoo)
nm 700-500hPa relative humidity averaged within 200-800km annulus

"4 |_DIvC | 200mPa dvergence in 500km circle contered onthetc
5| _por [Poemameny@en

Temperature advection between 850 and 700hPa averaged from O to 500km

Satellite IR predictors

Percentage of IR pixels colder than -50°C within a 50-200km annulus

Percentage of IR pixels colder than -60°C within a 50-200km annulus
Standard deviation of IR brightness temperature at 100-300km

Radius of minimum brightness temperature (0-150km)

Deviation of IR-based TC size (R5) from the climatological population

Best-track/advisory-based predictors
Current TC intensity (t=0)

12h change in TC intensity, which is limited by the following function:
DV=min[min(VMAx0.33, 17.5), DV]




EEE’ "m]:a%ﬂ Rapid Intensification Index ( RIl)

Predictors used in operational JTWC SHIPS-RII
(Knaff et al. 2018)

50-
200km
KA
mlm‘ﬁa:
-60°C
[izi} 3]
100- 200hPa =Pay 4

15 300km ¢ =
I L Ky

F£H Rim 5
I s tnEE ggﬁ
DV GS.H. SDO]I PO I DIVC PC50 PC60 RMNE'I
gE I 50-
12/\BY 200km
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Atk
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RI25 RI30 RI35 = RI40 RI45 m RI55 = RI70
Normalized discriminant function coefficients
for linear discriminant analysis (LDA)



EEE’ "m]:a%ﬂ Rapid Intensification Index ( RIl)

Predictors used in operational JTWC SHIPS-RII
(Knaff et al. 2018)

50-
200km

U 73 NS
12/\83 =iREF
aRiEE -50°C

T [i:1f 32
Bt

.’éﬁﬁ

[ |
= II il AN
VMAX DV GSH SDO POT DIVC PC50 FR5 RHMD TADV

4 I 100- &R BE (R

an 300km 7 B EE
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RI25 RI30 RI35 m RI40 RI45 mRI55 mRI70
Normalized discriminant function coefficients
for logistic regression(LRE)



W%NEN}E’%& Annular Hurricane Index ( AHI)
IRIRNE X AYES1S

Distinctly axisymmetric

Large circular eyes

Greatly reduced rainband activity
Lasts at least 3 hours

Rare, occur ~4% of the time

~4% Western Pacific 2000-2009 (Chu & Tan, 2014)
East Pacific 3% and Atlantic 0.8% 1989-1999

Ly grﬂ LU . AN | T
L ! ..'.'-J'-’-:‘..g . - ‘:*1‘ d .} . ‘:bi:. i




ﬁﬂkﬂ&b‘d&ﬁ%& Annular Hurricane Index ( AHI)
IRIARE X3R4 =

Do not weaken rapidly after max intensity

Intensity is very close to 85% MPI with respect to SST
Have large intensity biases & larger than normal intensity errors

Annular Hurricanes
- = = Aftantic Storms (Emanuel 2000%

(Knaff et al. 2003)

) 20 40 a0 B0

Time After Maximum Intensity (hours)




ﬁﬂkﬂ&ﬂ?ﬁ%& Annular Hurricane Index ( AHI)

INARRE XUAZ PR RV IR SR
Weak Easterly/Southeasterly Wind Shear
Weak Relative Eddy Flux Convergence
200hPa Easterlies
SSTs in arange 25.4 to 28.6°C steady or decreasing.

Weak Easterly shear, under an upper ridge, over SST <28.6°C
Intensity > 85kt



W%N&N?E%& Annular Hurricane Index ( AHI)
IRIRIEXFELIRYTR

Sublective Diagnostic | Objective Parameter | Source
“Largeeyewallradius | R, | IRimagery _
~ WarmEye | AT, | IRimagery _
" Verticalshear | SHRD | NCEP analysis_

 200mPawinds | U200 | NCEP analysis_
‘Eddy flux convergence | REFC__ | NCEP analysis
~ sst | sST | ReynolasssT_
" intensity | intensity | NHC Best Track

Yellow = Structure Blue = Environment
REFC: Relative Eddy Momentum Flux Convergence

REFC =—r‘25(r2U’LVL’)

r is the radius from storm center, U is the radial wind, V is the tangential wind, the overbar
represents an azimuthal average with respect to storm center, the primes represent deviations
from that average, and the subscript L indicates a coordinate system moving with the storm.



W%N&N?E%& Annular Hurricane Index ( AHI)
IRIRIEXFELIRYTR
2 ( Screening )

Prescreening Criterion
| mwensiy | <sma

e | swieme
v | <arsertame
were | <o mmee




IAREXFSZIRYITR
SIEHBISH — NBPTHEZ—

Linear Discriminant Analysis(LDA)

EP052006 07/22/2006 00 UTC
Screening Storm Intensity = 130kt > 84kt ? ---> Passed
Screening SST = 27.3°C > 24.3°C ? ---> Passed
Screening SST = 27.3°C <29.1°C? ---> Passed
Screening Vertical Shear = 5.7kt <21.97 kt ? ---> Passed
Screening 200hPa Zonal Wind -13.2kt >-22.94kt? | --->Passed
Screening 200hPa Zonal Wind -13.2kt <2.92kt? ---> Passed
Screening 200hPa Mom Flux Conv -0.1m/s-day | >-9m/s-day ? | ---> Passed
Screening 200hPa Mom Flux Conv -0.1m/s-day | <11m/s-day ?| ---> Passed
Screening Goes Rad Cold Br Temp 106km > 50km ? ---> Passed
Screening Goes Eye-ring Br Temp | =16.2°C > 15°C ? ---> Passed

Storm may be annular, passed screening
Calculate AHI from discriminant analysis

Annular Hurricane Index (AHI) Value = 100.
(AHI = 100. is best match to annular structure)
(AHI = 1. is worst match to annular structure)
(AHI = 0. for no annular structure)




MZ%FEX|Daniel ( 2006 ) 7={!

Lty

L oy e

7/20/06 0Z, Vmax= 95kt 7/22/06 0Z Vmax = 130kt
AHI = 0 AHI = 100
B RTE, AT gy

AHI =0
- No annular structure
AHI = 1
- Worst match to annular structure

AHI =100
- Best match to annular structure

'

i = T

7/21/06 0Z, Vmax= 120
AHI = 50



W%@N}Eﬁﬂ Annular Hurricane Index ( AHI)

2018/2019
NHC Operational Statistical AHI Product

ANNULAR HURRICANE INDEY (AHI) ALOS2019% DORIAN 08/28/18 12 UIC
STOEM NOT ANNULAER, SCREENING STEP FAILED, NPAL3=3 NFAIL=4

AHT= 0 (AHTI OF 100 IS BEST FIT T ANN, STRUC., 1 IS MARGINAL, 0 IS NOT ANNULAR)

2019FARMEN, “SEB%E"” ( Dorian)
EEEZHRRERPOIIRREXIEE T m
ftp://ftp.nhc.noaa.gov/atcf/stext



WARIEHZ Rkia s

Secondary Eyewall Formation Index ( SEFI )

WHIRIESXIF =
Precursors to large and rapid intensity and structure
changes

Often interrupt intensification, sometimes briefly,
sometimes permanently

Wind field expands: wind radii, storm surge, and
Integrated kinetic energy all increase

Present a unique forecast challenge, but no objective
guidance available




W ARIEHZ P E Y

Secondary Eyewall Formation Index ( SEFI )
Predictors used in operational NHC SEFI

(1 [ vMX_ | Currentintensiy
m Latitude Further south

3 Climatological depth of 26°C ocean

200hPa zonal wind (200-800 km Weaker (near zero), very
from center) narrow range

500-300hPa relative humidity

0-600km average symmetric Stronaer
tangential wind at 850hPa g

4

5

Azimuthally averaged surface
7 pressure at outeredge of vortex Lower
850-200-hPa shear magnitude

Maximum potential intensity Higher, very narrow range

Standard deviation (from Smaller
IR00-05 | axisymmetry) of infrared brightness
temperature between 100 and 300km

Average infrared brightness
Lo temperature between 20 and 120km CBIEEs, MEEL FEmgE

(more axisymmetric)




W ARIEHZ P E Y

Secondary Eyewall Formation Index ( SEFI )

Probability of Secondary Eyewall Formation (PSEF)

Executes within SHIPS using environmental and satellite-based features as input

Probability of secondary eyewall formation, given a collection F of observed features
(storm, environment, satellite)

Provides probability of the onset of an eyewall Formation at lead-times: 0-12h,
12-24h, 24-36h, 36-48h

P(Osef)P(F‘Csef)
P(F)

P(Cyet|F) =




W ARIEHZ P E Y

Secondary Eyewall Formation Index ( SEFI )

2018/2019
NHC Operational Statistical PSEF Product

¥ PROBLTY OF AT LEAST 1 SCNDEY EYEWL FOEMTN EVENT ALOGZ2019 DOETAN 08/29,/2019 12 UTC «*
TINE(HE) 0-12 12-24(0-24) 24-36(0-36) 36-48(0-45)

[ 22 161 353 +—— PEOB BaSED ON INTENSITY ONLY
¢—— FULL MODEL PEOE (R&N NORMALLY)

CLIND (%) A a0 13)
PROE (%) I 1 17

o :
R ] &)

20195FAPEN “2SEB%"” ( Dorian)
EE EZRRER O IXARIER B a2 i
ftp://ftp.nhc.noaa.gov/atcf/stext



KT
Storm Relative Shear Tendency
AL REF | MRERTIEIRFEZIA9-10K/FD
WISEEIITATFI-10KFEY , —AZEETiRES
IMREEIIZNTI-10KFVE , —BRETFNiRsk4ES

WiEsterm PacificTCs

Average Pressure Change (mb)

AXEFEMEEZCSHIEMESIIENXR



o S EIGEN
Extra Tropical Transition Index ( ETI )

v' Structural unknowns, the cyclone having originated and tracked over oceanic/data
sparse areas

v Rapid changes in this structure that occur during the transformation phase

v ET is a complex evolutionary process that involves interactions over a variety of
horizontal and vertical scales

v' Some of the physical processes of ET are as yet still uncertain
v' ET process is poorly understood and incompletely researched
v A universal definition of ET does not exist



® ST IEEE]

Extra Tropical Transition Index ( ETI )

A IERIRRIEISE ( Thermal Asymmetry )

IR ERS p FEHRT

(nofrontal) (frontal)

L R3EE! ( Thermal wind )

1 ~v3 s
E 1%

Vow

(Warm Core)




o SXZEEIEEN
Extra Tropical Transition Index ( ETI )

M IRIEISEL ( Thermal Asymmetry )
wanEmBprRIgLaRPLAED. FEA500kmBEF KIS HEGEER , £HFE600-
900hPal 1% EERE MR E R AR FHEIEME , AARETT -

B=Z -Z -Z -Z
600hPa — 4-900nPa |, .~ 4600nPa ~ “000nPa,

B=100m in this example

VWarm

B >>0: Frontal B~0: Nonfrontal




® S EIEEY
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