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Motivation

@ A tropical cyclone (TC) is defined to experience Rapid
Intensification (RI) when it experiences a 15.4 m s
Increase In maximum sustained wind speed (Vmax) or a
42 hPa decrease in minimum sea level pressure (MSLP)
over a 24 hour period (Kaplan and DeMaria 2003, KDO3;
Holliday and Thompson 1979, HT79).

@ Processes which cause Rl can occur on time scales <24
hours.

@ Here, we define Rl based on changes in Vmax and
MSLP on shorter time scales

@ We also use observations of Vmax and MSLP from the
Hurricane Database (HURDAT) for Atlantic Basin TCs
and environmental parameters from the Statistical
Hurricane Intensification Prediction Scheme (SHIPS)
database to assess conditions associated with RI.

Method

Calculate MSLP and Vmax changes
over 6, 12, and 24 hour periods for TCs
which reach hurricane intensity

Determine maximum Vmax and MSLP
changes for each TC

ldentify periods in which TCs undergo
Rl as those that exceed 95" percentile
of all intensity changes or the 75%
percentile of all maximum intensity
changes

Compare identified periods of Rl for
different definitions and time scales.

Apply the Wilcox Rank Sum Test to
determine If there Is a statistically
significant difference in SST and wind
shear distributions between Rl and non-
RI times.
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Table 1: Quantitative definitions for Rl

R| Definitions

Time
Period
(hours)

6

12

24

Vmax Change = MSLP Change
KDO3 Definition KDO3
Definition

5.1 msi 8 hPa
0.85msiht 1.33 hPa h'1

7.7 ms1 13 hPa
0.64 m siht 1.08 hPa h'1

154 m st 22 hPa
0.64 msiht 0.92 hPa ht

Vmax Change  MSLP Change
HT79 Definition HT79 Definition

7.2ms1 12 hPa
1.2mstht 2 hPa h1

9.5mst 20 hPa
0.8 mslht 1.67 hPa ht

16.8 m st 29 hPa
0.7 msiht 1.21 hPa ht

Intensity Change per hour

" | O5th percentile (hPa)
=== 05th percentile (ms™)

=== Maximum 75th Percentile (m s

=== Maximum 75th Percentile (hPa)

Fig. 5: Intensification

1 change per hour for TCs

'~ which undergo RI.

10 12 14 16 18 20 22

Time Interval (hour)

24

Wind Shear and Sea Surface

Temperature
03 §  mEehour Fig. 6: Histogram of relative
0,95/ i hour'  frequency of occurrence of
| W24 hour] 540850 hPa wind shear
S 02 - averaged 200-800 km from
S 015 ~ storm center determined for
o - TCs undergoing RI.
L 01 - Average shear computed
over 6,12, and 24 hour
0.05; | periods used in RI
0 - definition.
1 3 5 7 9 11 13 15 17
ms™
] 'mEshourRri _ | |
0.25- i :
WS hour non-RI Fig. 7. Histogram of relative
frequency of occurrence of
— 0.2/ - wind shear determined for
2 TCs undergoing and not
+— 0.15- 1 .
S undergoing RI based on 6
L 0.1 . hour definition.
0.05- I II f
) h 1
1 3 5 7 9 11 13 15 17

m s'1

Bl 6 hour o .
0.25 12 hour . FI1g. 8: Histogram of relative
0124 hour frequency of occurrence of

0.2

" sea surface temperatures
(SST) for 6, 12, and 24 hour

0.15 " intervals used in Rl definition.

Fraction

26 28
Temperature (°C)

30

B 6 hour RI

0.2 B 6 hour non-RI

+ Fig. 9: Histogram of relative
frequency of occurrence of
0.15 . SST for TCs undergoing RI
and not undergoing RII

| based on 6 hour definition.

0.1

Fraction

24 26 28 30
Temperature (°C)

N
o

© 6 vs. 24 KDO3

12 vs. 24 KDO3 ©  Fig. 10: Time of Rl using 6

30 O O and 12 hour KDO03
’é\ 20 |~ definition against Rl using
> 24 hour KDO3 definition.
2 10 " Time t=0 represents time at
D g . which TC became
§ hurricane. Black line
— -10-

| represents 1:1 line.
O

o O

N
o
O

o
S

20 -0 0 10 20 30
Time(hours)

~ 6vs.24KD03 | Fig. 11: As in Fig.10, except
100" -~ 12vs. 24 KDO3| HT79 definition used to

~ g9 . determine RI.
S
O 60-
c O
& 40 O O
= o o 8 8
= 20
= -

Oﬁ

RO
N
S

0 20 40
Time(hours)

Statistical Significance

The Wilcoxon Rank Sum was used to calculate
the probability test statistic (P-value) to determine
If datasets in Fig.6 through 9 had a statistically
significant difference, defined as a P-values <
0.05 (highlighted In red).

Table 2: P-values for Wilcoxon Rank Sum Test.

Probability Statistic Wind
(p-value) Shear

KDO03 6h RI and non-RI

KDO03 12h RI and non-RI '/
il

KDO03 24h Rl and non-RI

KDO03 6h and 12h
KDO03 12h and 24h
KDO3 6h and 24h
HT79 6h Rl and non-RI
HT79 12h Rl and non-RI

0.5890 0.9631
0.5526

HT79 24h Rl and non-RI

HT79 6h and 12h
HT79 12h and 24h
HT79 6h and 24h

Conclusions

@ Intensity change (MSLP, Vmax) per hour is larger for shorter
time interval definitions of RI.(Fig. 5, Table 1)

@ RI Is detected sooner using shorter time definitions for Rl
(Fig. 10, Fig.11)

@ There Is a statistically significant difference between wind
shear and SST distributions for Rl and non-RI cases. (Fig.
7/, Fig. 9, Table 2)

@ There Is no statistically significant difference between wind
shear and SST distributions depending on the time scale
averaged over (Fig.6, Fig. 8, Table 2).

@ For more accurate analysis on Rl, Vmax data requires a
much higher resolution.
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