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sEETI5Z] ( Kaplan and DeMaria 2003 )
Rapid Intensification Index ( RIl)
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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)
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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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B'Er" T E’%ﬂ Rapid Intensification Index ( RIl)

2018/2019
NHC Operational Statistical Rl Product
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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)
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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)
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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
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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
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Extra Tropical Transition Index ( ETI )

RPDAERIFRIERS

#! ( Thermal Asymmetry )

Conventional Tropical cyclone: B ~0

Forming Mature Decay

"ﬁ

Conventional Extratropical cyclone: B varies

Developing Mature Occlusion

00

B>>0




#pEMIEE ( Thermal wind ) -V

500km¥ I EENFEAESEZE: 5l 700hPai & i il
AZ = Zyax-Zmin 500km L

PEEIE , BER SRR,
EItBER(V, ) EE%R , 153 :

AZ=dfIV,] g
d AEFEAREERNIES , FARKSE , ghENMEE

EHARKL(VL)EEHXER | 158l

300hPa

a(ZMAx _ZMIN) :_’\/TU‘

olnp

600h Pa

| Cold-core | iRIEBNYAR .
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