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i ABSIRACT

Twenyfieyears of tropical storm~ and' typhbon data for

the western No~th Paci:fic (:1945-19694) were evaluated to de-

termi~ne the geograph~ic and seasonal yariat!0n of those tropi-

cal cyclones which rapidly intensified o~er the open ocean

(_> 50• knots, increase in 24 hours) and those tropica! cyclones

that weake~ied at low latitudes over the open ocean (.> 20 knots

decrease in 24 hours, South o0f 25N). Tihe results, show distinct

geographic and seasonal pr~ferences for botho rapid~ intensifica-

tion and low-latitude weakening of tropical cyclones•.< ()
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I
"The tropical cyclone forecaster is concerned with two'

major pr6oibrs, once a tropical cyclone .has been detected.

The first is the mdvement of the storm and' the second is

that of the future intensity of the storm in question' As

an important step toward&understanding the effect of the

ocean-atmosphere system on 'tropical cyclone intensity, the

intensity characteristics of storms have been examined.

In a previous publication (Brand and Gaya, 1971) the fore-

caster was given statistical information on the geographic

and seasonal variations of tropical cyclone intensity changes

based on 25 years (1945-1169) of tropical storm and typhoon

data. Tables were presented fcr 100 x 100 latitude/longitude

areas of the western North Pacific, for each month, and for the

12-, 24-, and 48-hour changes in intensity of tropical cyclonic

circulations which, during their life cycle, reached tropical

storm or typhoon intensity for the period 1945-1969. In-

tensity changes were presented in terms of initial intensity

as well as a category independent of initial intensity. 1

Rapid intensification (defined here as an increase in

maximum surface wind of 50 knots or more in 24 hours) is unusual.

iExamples of the geographic variations of the intensity changes
can be seen in Appendix A.



2. DATA SOURCES

The data used for this study were extracted from a history

file of tropical stormsl and typhoons2 of the western North

Pacific, for the period 1945-1569, compiled by the National

Climatic Center (KCC) for and with the Navy Weather Research

Facility (Hodge and McKay-_,1970). This history file is com-

prised of data .rom the following sources:

a. snptic Chart

Period PrMpnc Location

1/45 - 12/47 U.S. Air Force Weather Central Andrews AFB, Md.
1/45 - 4/60 U.S. Air Force Weather Central Tokyo, Japan
7/45 - 12/45 U.S. Weather bureau Washington, D.C.
1/54 - 12/67 U.S. Air Foxca, Anderson AFB Guam, M.I.
5/59 - 12/66 U.S. Navy, kLEtEACEN/JTWC Guam, M.I.
1/67 - 12/69 ESSA, NX Washington, D.C.
1/45 - 12/54 U.S. Navy and U.S. Air Force Various

b. Publications

Annual Typhoon Reports, F'leet Weather Central/Joint Typhoon
Warning Center, Guam, 1953-1969.

Memoirs of the Central Meteorological Observatory, Japan.

A Report on the Typhoonrs and Tropical Depressions (Philippines),
'947-49, 195154., and 1956-58.

Mtteoreoogical Fesuits of Royal Observatory, Hong ong, 1947-58.

ITropical cyclonic circalations which at one t-ime in the life
cycle of the storm reAcled trop•c.l storw intensity.

'Tropical-.yc;o ..nic circiulations which rt ote ti'ie i. the life
cycle Of tvhe stozx reached typhocn intenszty.
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3. DISCUSS ION, -6F RE-SULTS

The.monthly frequency distribution of tropical cyclone

occurrences (6-hourly)', during the period 1945-1969, is pre-
sented in Figure 1. These 6-hourly occurrences are based

obn available-data for the period from sources listed in Sec-

tion 2. The 25 yeaqs of data indicates an August-September

peak for tropical cyclone occurreani's (solid line). When

the tropical cyclone 'occurtenceS 4re stratified in terms of

_tropicail -cyclone. in.tensitY,o August shows apeak for ocqur-_

rences having intensitiei < 64 kndts (less than typhoon in-

tensity). September shows a peak for occurrences having

intensities' 64 knots: (typhoon intensity). Notice that from

January through August the number of typhoon intensity occur-

rences is less than the number 0f occurrences of storms having

less than typhoon intensity; whereas, from September through

December the converse is true. It is also 'iiteresting to note

for the month of August the relative:ly large difference between

the number of occurrences having intensities < 64 knots and

the number of occurrences of typh6on intensity.

August is also the month in which tropical cyclones

seem to intens-ify less rapidly than in the other months, of

the typhoon season. This can be seen in Figure 2 whicb

presents the monthly distribution of the average maximum

5



- Tropical Cyclone Occurrences

i.-. Tropical CycbcnerOccurrences- 64knots jtyphoon intensity)

Tpiojcal Cyclone Occurrences .64knots

3000- --.- - - -....... -

2900- - - -- -
2800------ -

26000 - - ,-- - - -

S2400--0

23000 0 - --- - - - -

h- 2200

2200
2 100~
1 00- -

i 1 •4,00---

0, 130o-o- --- --- I - -Urn 1500 0---- --

14000S 8--12000.

6700 ----- ,, .# , - -- -

400- •- -,".,,,_ ._-
AE0 -g-o-

200 -0 ""-A..... 
.

JAN FEB -MAR APR VMAY- JUR,. .JUL AUG SEP OCT, NOY DEC

Figure 1. Monthly frequency distribution of tropical cyclone
occurrences in the western North Pacific for tropical cyclones
which reached tropical storm or typhoon intensity. The occur-
rences are based on 6-hourly reports during the period 1945-
1969.
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increase in intensity! oc6urring over a 24-hour period dur-
- . ing intensificdon- It should also beh noted that August

is','the month that'has the greatest number of very small in-

tense typhoon occurzences (Brahd, 1970) and the most cold-

core or"in tropical cyclones.

The annual average 24-hour maximum increase, in inten-

sity is 30.-1 knots for intensifying tropicalcyclones which

during, their Lifetime reached tropical storm or typhoon in-

tensity. Thus, a storm exhibiting an increase in intensity

of 50 knots .n 24 hours is wellabbve average and should be

limited in frequency.

3.-l Rapid Intensification

Figure 3 presents the monthly frequency distribution of

occurrences of tropical cyclones which intensified by 50

knots or more in 24 hours. The number of occurrences is

based on the number of 6-hourly occurrences during the period

for which tropical cyclones intensified by 50' knots or more

in 24 hours; the number in parentheses below each-month is

the number of individual tropical cyclones associated with

these 6-hourly occurrences. The number at the top of the

}I
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Figure 3. Monthly frequency distribution of occurrences of tropical
cyclones whici- intensified by 50 knots or more in 24 hours.
The number of occurrences is based on the number of 6-hourly
occurrences during the period in which the tropical cyclones
were intensifying by 50 knots or more in 24 hours. The
number in parentheses below each month is the number of
individual tropical cyclones associated with these 6-hourly
occurrences. The number at the top of the graph is the
ratio (%) of these occurrences to the total number of tropi-
cal cyclone occurrences (see Figure 1).
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graph is the ratio (%) of "rapid inztensification"' occurrences

(Figure 3) to the total number of tropical cyclone occurrences

(Figure i). It can be seen that August has a dip in, the

general trend. This dip is especial) ' evident in the ratio,

of rapid intensification ,occurrences to total number of tropi-

cal cyclone of- irrences.

Only 13 August tropical cyclones out of a possible

122 (see tropical cyclone count given in parentheses below

each month of Figure 2) showed an increase of maximum wind

by 50 knots ,or more, while 24: out of 12-3 did so in September;

16 out of 86 in July; and 16 out of 89 in October.

It is interesting to note that when an intensification

criterion of 40 knots in 24 hours is used, the August dip

is not presenit as seen in Figure 4. Figures 3 and 4 are

similar in many respects, apart from the '&rgj difkeren-e

in August. Notice that is quite common for August and Sept-

ember tropical cyclones to intensify by 40 knots in 24 hours.

In fact, 37% (45 out of 122) of the August a,'d 39% (48 out of

123) of the September tropical cyclones have doe so, based

on 25 years of history.

If those segments of the tracks of tropical cyclones

which intensified by 50 knots or more in 24 hours are plottee

for each month, the geographic variations of this rapid

10
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Figure 4. Monthly frequiency distribution of occurrences of
tropical cycloner -I which intensified by 40 knots or more
in 24 hours. Th- 1:i:1,ber of occurrences is based on the
number of 6-hourly ,,-currences during the period in which
the tropical cyclcqpA were intensifying by 40 knots or
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ij'densification can be seen. Figures 5 through 9 present these

rapid intensification track segments (part (a) of Figures 5-9)

for the imonths of July through November (the peak months of the

typhoon season) and' these can be cOm*paed with the monthly trop-

ical storm and' typhoon tracks (parts (b) and (c)of Figures 5,9).

Notice that rapid intensificati0n occurs in preferred

areas in each of the months, but 26N seems to 'be' the •upper

northern limit for these rapid intensification segments.

From August to October, the preferred areas for rapid in-

tensif ication Oesem to move toward the South and' oeast.

November shows a concentrated region approximately between

10-15N to the east of the Philippines.

3.2 Low-Latitude Weakening

In the same manner in which tropical storms and typhoons

were examined for rapid intensification, an examination was

made of those storms that weaken at 'low latitudes. Two

criteria were used to define weakening: 1) that a decrease in

maximum surface wind of at least 20 knots occur within a 24-

'hour period; and 2) that the decrease occur south of 25N. The

Segments of the tracks of tropical cyclones fitting these

criteria were plotted for the months of July through Novem-

ber and can be seen in Figures 10(a) through 10(e). Aqain,

comparisons should be made with the monthly tropical storm

and typhoon tracks (refer to Fi~gures 5 through 9).

12
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TRACK SEGEKNTS FOR AUGUST TROPICAL- 17 -

CYCLON$ IIS45-1SIS PEEN•ING A 50 KNOT_ .. -

OR WEATER INTENSITY INCMEASE IN 24 HOUNS " .
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(b*- ... -. . -

Figur 6.o T- segent fo Auus troica cycone (1945-

I -

-II

1969) experiencing a 50-knot or more intensity increase
in 24 hours (a) and the tropical storm and typhoon tracks forthe .'irst half (b) and seccrd half (c) of August.
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!TRACX-SESrENTS RR SEPTEMBER'TROPICAL
CTLOWE I 945.1969)ExpERlINCINS A`56 MHOT t~RGREATER INTE SITY INCREASL W 24 HOURS

4PTEMBER11-i51TROPICAL S ORM - -
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AVY nN(194j.U).

f Figure 7. Track segments for September tropical cyclones (1945-
1969) experiencing a 50-knot or more intensity increase in 24
hours (a) and the tropical storm and typhoon tracks for the
first half (b) and second half (c) of September0
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Figure 8. Track segments for October tropica2 cyclones (19 45-
19 69) experiencing a 50-knot or more intensity increase
in 24 hours (a) and the tropical storm and typhoon tracks
for the first half (b) and second half (c) of October.
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Figure 10. Track segments for tropical cyclones (194LI-1969)
experiencing a 20-knot or more intensity decrease in 24
hours occurring south of 25N for the months July - November.
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It can be .seen that most of the tropical cyclone "•eak-

ening" segments are associated with those st6rms reaching

the Asian maihnland or crossing the Philippines 2 or Taiwan;,

but certain exueptions do ex4st, In July, a number Of north-

westerly moving storms weakenel over the open ocean in the

area bounded'by 15N - 25N and 125)E - 130E. In August, a

=month that has A great deal of storm activity, surprisingly

few storms weakened over the open ocean; while from Septem-

ber on, weakening storms .ere more apparent not only in the

western North Pacific but also in thto South China Sea.

Notice the general heading of the storms weakening

over the open ocean throughout the 5-month period. In

October and November, t,,hese low-latitude track segments

are associated with recarving storms as the mean latltude

of tropical cyclone rec.xrvature move.ý south. This assoc-

iation may be explained Ly the fact that tropical cyclones

tend to reach their maxinum intensity just prior to or at

recurvature and to decremý,s in intensity thereafter (Riehl,

1971).

2 A detailed study of the t.Eftts of the Philippines can be
found in "Changes in the Chari cteristics of Typhoons
Crossing the Philippines," El'PREDRSCHFAC Tech. Paper No. 6-72
(i3rand and Blelloch,1972).

20
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APPENDIX A

GEOQ•RAPHIC DISTRIBUTION OF 24-HOUR INTENSITY CHANGES
(JULY - NOVEMBER)

The geographic variation of 24ý-Your intensity changes

for tropical storms and typhoons (1945-1969) are presented

in Figures A-i through A-5, for the months July through

Novembei, respectively. Value6s are deduced from Brand and

Gaya (1971). The values given in the following figures are

from the general category that was independent of initial

intensity and represent average intensity changes occurring

from the present position to the following 24-hour position.
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Preceding page blank
23



0 0, a

_______ 0u) TL. fn NfEUas~i~~m

co

HN m

00

~- C)to

0

0 I:

UU,

H

CD u

H 044

0 + +

>1'-44

(Y))

24rý



z0 0ohn 0 0 0 o0
'-4 tnan(

0 k

rvv

0: 0

m 03

CD z 4

25 0



011, 0 C 0 0000
oinL, U0 0' c'.j 0

H k

00

co C h

H C) -I
+

* .2~oý 0

0z

M C'4

M r-I H - Ln 4

0

H, 00L

-44

c4*

266



. 0i 0 00Ln 0 in 0N 0

OD L bA evn

0~
W Na )n a n -

Hr - cCL -1
0- 

__

%__

CD 14 (Y 4-)

00) "H -rI C 0

+00

C! m 4JV>

0~ 0 H '

0 
_ _ _ __I

1.1

0 rr
N %VW0H

COIN

0- 00
IU-

C':

.r;4

27



z 0
0 0 0 0 0

ou* 0 0 N 0

~C LA(NH

0

T- 4. , 0
4 ~04

a) C ) 4

4- + - 00 Mu
to 0L -l

.. h 0

,0-4 4.)
Cý H' LAn w C i

o N r. - C

o cz

- 04

00

Hi

rjoo
CD1

%04F 28


