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A Validation of rapid intensification for 2015 & 2016 retime dynamical model
forecasts of Atlantic, Eastern Pacific, Central Pacific, and Western Pacific TC

CTCX NRL demo COAMHE with GFS ICs/BCs

COrc Operational COAMPBEC with NAVGEM ICs/BCs
HWRF: Operational, with GFS ICs/BCs

GEDL Operational, with GFS ICs/BCs

GRDN Operational, with NAVGEM ICs/BCs
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A RI threshold is ~ 95percentile of observed 24 h intensity change distribution
in the Atlantic and Eastern Pacific (lower percentile in Western Pacific). Itis
by definition a rare event.
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IS based on the 2 x 2 contingency table and related metrics
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2 x 2 Contingency Table & Metrics

RI observed
Yes No

Yes HIT FA
No | MISS| CR

RI forecast

Success rate (high is good)

Probability RI is observed, given that Rl is forecast
SR =HIT / (HIT + FA)

Note: False alarm ratio =¢lSuccess rate
Prob. of Detection (high is good)

POD = HIT / (HIT + MISS) Probability RI is forecast, given that Rl is observed
Threat Score (high is good) aStadNB 2F F OO0dNI O8 64K
TS = HIT / (HIT + MISS + FA)

Note: Misses and false alarms considered equally bad
Bias Ratio (1 is ideal)

Rate RI is forecast / Rate Rl is observed
BR = (HIT + FA) / (HIT + MISS)
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2 x 2 Contingency Table & Metrics
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Rapid Intensification: 24 h change in intensity >= 30 kt

RI observed

Yes No 0.9

Yes HIT FA
No MISS| CR
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Success rate (high is good)
SR =HIT / (HIT + FA)
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Prob. of Detection (high is good)
POD = HIT / (HIT + MISS)

Probability of Detection (POD)
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Threat Score (high is good)
TS = HIT / (HIT + MISS + FA)

Q)Qf’// Threat score is shaded
Bias Ratio (1 is ideal) 1) 7 - o
BR = (HIT + FA) / (HIT + MISS) i |
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Plot adapted frorRoebbef009
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2 x 2 Contingency Table & Metrics

RI observed
Yes No

Yes HIT FA
No MISS| CR

RI forecast

Success rate (high is good)
SR =HIT / (HIT + FA)

Prob. of Detection (high is good)
POD = HIT / (HIT + MISS)

Threat Score (high is good)
TS = HIT / (HIT + MISS + FA)

Bias Ratio (1 is ideal)
BR = (HIT + FA) / (HIT + MISS)

Probability of Detection (POD)
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Rapid Intensification: 24 h change in intensity >= 30 kt
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RI Validation: Results

Rapid Intensification: 24 h change in intensity >= 30 kt

Observed (black) and predicted RI rates

72-96 h

48-72 h

24-48 h
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Success rate (SR)

SR = prob(RI observed | Rl forecast) ; False Alarm Ratio = 1 - SR
POD = prob(RI forecast | Rl observed)
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Above diag. prob(RI forecast) = prob(RI observed), vice versa below

Threat score (measure of forecast accuracy) grayscale shaded

2015 & 2016: All basins

A Results are binned by lead time

Tau =0-24 hthrough 1842 h (circle)
Tau =24-48 hthrough 4266 h (square)
Tau =48-72 hthrough 6690 h (diamond
Tau =72-96 hthrough 96120 h (star)

A Observed rate of Rl decreases with
forecast lead time

A Forecast rate of Rl < Observed rate
of RI, especially for early lead times

>\

Success rate > probability of detectio
(more misses than false alarms)

>\

Success rate decreases with lead tinr

>\

POD highest for8lead time bin

>\

Threat score highest fo®and 3d
lead time bins
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RI Validation: Results

Rapid Intensification: 24 h change in intensity >= 30 kt
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Observed (black) and predicted RI rates
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Success rate (SR)

SR = prob(RI observed | Rl forecast) ; False Alarm Ratio = 1 - SR
POD = prob(RI forecast | Rl observed)

Above diag. prob(RI forecast) = prob(RI observed), vice versa below
Threat score (measure of forecast accuracy) grayscale shaded

2015 & 2016: All basins

A

>\

>\

>\

Homogeneous comparison

All modelsunderpredictthe RI rate
at all lead times (~0.5x obs. rate)

Success rate > probability of detectio

Model performance declines with lea
time; for last lead time bin metrics are
similar to those of random forecasts

HWRF performs best for first two
lead time bins, CTCX for last two
lead time bins (based on threat score

Dynamical model performance does
not approach HFIP goal, but is skillfu
for the first three lead time bins
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Rapid Intensification: 24 h change in intensity >= 30 kt

Cﬂ-@X IObserved (bl:ack) and prec{icted RI raiesl 20 15 & 20 16WeStPaC
> | COTC

HWRF A Relative toEastPaand Atlantic,
0-8 EDN 08 observed rate of Rl is higher, and

G model forecast performance is better
07 07

A All modelsunderpredictthe RI rate

0.6 0.6 at all lead times. HWRF is best at

earliest lead time bin and COAMPS
at later lead time bins

72-96 h

24-48 h 48-72 h
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Success rate > probability of detectio

e
'S

04

>\

HWRF performs best for first two
L o3 lead time bins, CTCX for last two
lead time bins (based on threat score
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A Except for GFDN, dynamical models
are skillful for the first three lead time
0.1 - do. .
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Success rate (SR)
tau = 0-24 h through 18-42 h SR = prob(RI observed | Rl forecast) ; False Alarm Ratio = 1 - SR Note: WeStPaG,iCCOy nts for r0U9h|y
tau = 24-48 h through 42-66 h | POD = prob(Rl forecast | Rl observed) hl-ft F 0KS WI {f f§ oI
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5?7 tau = 48-72 h through 66-90 h |  Above diag. prob(RI forecast) > prob(RI observed), vice versa below
W tau=72-96 h through 96-120 h|  Threat score (measure of forecast accuracy) grayscale shaded
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RI Validation: Results

Rapid Intensification: 24 h change in intensity >= 30 kt

0.9

08

ClGX
COrgC
HWRH
GHRL

0.7

0.6

0.5

04

0.3

Observed (black) and predicted Rl rates
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tau = 0-24 h through 18-42 h
tau = 2448 h through 42-66 h
tau = 48-72 h through 66-90 h
tau = 72-96 h through 96-120 h
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Success rate (SR)

SR = prob(RI observed | Rl forecast) ; False Alarm Ratio =1 - SR
POD = prob(RI forecast | Rl observed)

Above diag. prob(R! forecast) = prob(R| observed), vice versa below
Threat score (measure of forecast accuracy) grayscale shaded
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2015 & 2016EastPac

A All modelsunderpredictthe RI rate
at all lead times. Early lead times
are particularly bad, especially for
the GFSased models

>\

Success rate >> probability of detecti

>\

COTC best performing model for
earliest lead time bin

A COTC and CTCX best performing
models at the later lead time bins
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Rapid Intensification: 24 h change in intensity >= 30 kt

Observed (black) and predicted Rl rates

CTGX 2016:EastPac
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Success rate (SR)

tau = 0-24 h through 18-42 h SR = prob(RI observed | Rl forecast) ; False Alarm Ratio =1 - SR
tau = 24-48 h through 42-66 h POD = prob(RI forecast | Rl observed)

tau =48-72 h through 66-90 h |  Above diag. prob(RI forecast) > prob(RI observed), vice versa below
tau = 72-96 h through 96120 h|  Threat score (measure of forecast accuracy) grayscale shaded
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RI Validation: Results

Rapid Intensification: 24 h change in intensity >= 30 kt

ClGX
COIC

HWRH
GHRL
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tau = 0-24 h through 18-42 h
tau = 24-48 h through 42-66 h
tau = 48-72 h through 66-90 h
tau = 72-96 h through 96-120 h

Observed (black) and predicted Rl rates

24-48 h 48-72h

F 103
o
- 702
F 0.1
)
11 MGsrinsapipleinitbbs R
0.4 05 06 07 08 09 1 o

Success rate (SR)

SR = prob(RI cbserved | Rl forecast) ; False Alarm Ratio =1 - SR
POD = prob(RI forecast | Rl observed)

Above diag. prob(R!I forecast) > prob(RI observed), vice versa below
Threat score (measure of forecast accuracy) grayscale shaded

2015:EastPac

A RI cases were apparently easier to
predict in 2015 than in 2016. Maybe
increased predictability from SST
anomalies associated with El Nifio?

A Beware of interpreting results for
a single season/basin, or yetr-year
changes in such results.
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Rapid Intensification: 24 h change in intensity >= 30 kt
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O tau=0-24 hthrough 18-42 h
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> tau=48-72 h through 66-90 h
3¢  tau=72-96 h through 96-120 h

Observed (black) and predicted Rl rates

2015 & 2016: Atlantic

] T PO ] A With fewer forecast cases and fewer

: : | : observed RI events in 2015 and 201
w.r.t. the other basinsyndersampling
Is much bigger issue in Atlantic

A All modelsunderpredictthe RI rate
at early lead times.

A HWRF and CTCX appear to have
some skill, but reluctant to draw
conclusions based on this sample
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Success rate (SR)

SR = prob(RI observed | Rl forecast) ; False Alarm Ratio = 1 - SR
POD = prob(RI forecast | Rl observed)

Above diag. prob(R!I forecast) = prob(R| observed), vice versa below
Threat score (measure of forecast accuracy) grayscale shaded
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RI Validation: Results

Rapid Intensification: 24 h change in intensity >= 30 kt
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Observed (bl

and predicted Rl rates
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O tau = 0-24 hthrough 18-42 h
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SR = prob(RI observed | RI forecast) ; False Alarm Ratio = 1 - SR
POD = prob(RI forecast | Rl observed)

Above diag. prob(RI forecast) = prob(RI observed), vice versa below
Threat score (measure of forecast accuracy) grayscale shaded
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Initial Vmax <= 4t

Cases from 2015 & 2016, All basins

Focus on results from first lead time
bin (circles)

HWRF has nearly the correct RI rate,
COAMPYIC forecast rate is far too
low, especially CTCX

HWRF has both POD and SR slightly
above 0.3
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Rapid Intensification: 24 h change in intensity >= 30 kt

Cﬂ_@X IObserved (bl:::ck) and pred‘icted RI raies! 45 kt <: I i Vmax <: 6&
“l| core ,
. HWRF . A Cases from 2015 & 2016, All basins
A Focus on results from first lead time
o7 bin (circles)
(] .
g A Observed rate of Rl is high relative
5°° | ‘ , to other categories of initial Vmax
E 24—I48 h 48—‘72 h 72—I96 h 3
3 o0s . A Models all underestimatebsRlI rate
5 ),
%9_4 7 , A CTCX has higher success rate than
g - HWRF, but lower POD and threat scc
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tau = 0-24 h through 18-42 h SR = prob(RI observed | Rl forecast) ; False Alarm Ratio = 1 - SR
tau = 24-48 h through 42-66 h POD = prob(RI forecast | Rl observed)

tau = 48-72 h through 66-90 h |  Above diag. prob(RI forecast) > prob(RI observed), vice versa below
tau = 72-96 h through 96-120 h
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CTGX 65kt <= 1. Vmax <= 9kt

cCOJC
HWRF A Cases from 2015 & 2016, All basins

A Focus on results from first lead time
bin (circles)

A Models all underestimatebsRI rate

Similar model performance; SR
between 0.3 and 0.4, POD between

0.1 and 0.2

A HWRF performance worse than for
TCs that are initial of TS & TD intensi




