g S N ., e AR »' f‘“‘"&': TR LR S T , N <Ll lmin %
Repraducad !'J‘y’ .
\—.—x-ml-nmpc}gumsraf SERVICE CENTER :

SERVICES TECHNICAI. INFORMATIQN AGENCY

] t ’ vv ‘ E
U B. BUILDING, sAYTO?N‘: 2, 0 ".,'° i

ﬁlmw ,‘ oT othe
osther %%1 used for any purpose ‘other t
a:defi Aﬂteiy relgmted Government p me;

1 Government }‘:hﬂreby incurs ne resporzslblhty, nor any ebligation
} wha‘t;,eewr« aid the fact that the Government may have formulated, -
: ',‘i‘ur‘muhed or in any way supplied the said -drawings, speclflcatmns |

o other dulz is not to be regarded by lmphcat"on or otherwise as - |
K 3 ‘\in &RW mmm*l: Jcensmg the holder or any -other person. \or col ’ora-;_
£ 3 ti”m O Lolvey: ng any rights or Ppermission to ~manufacture. use

. { ,wu mxy p"'xwz,.ted mventlon thaL may m a'ay way be r lated

x ' - -

%Y y o ‘ ‘ T U S o P ",j;’"f '




e

_,\\ (co IES. OBTAIENABLE FROM " AST'A-Dsc) i

—

.
- - ~ A
- -~ _ y =0 o
. _ &= E & &
7 e -
PR, B T S s
o . ¢ < _ R - F L. - N
/ = ~ - . - Daaas Z. -
= 5 50
= ~— - _ | . -
. - - -3 »
s - = - ; & Sl %3
= - = 3 < T ot 4
. = 3 Lo
L= ' =S & S = -
ER - o -~ & 3o .
b . 5
— ~ - Y




o e ke )

R T e e
R %mm.‘\xm,m.wu, w.ﬁ“w.m‘@ﬁﬁqﬁmﬁ
P

.M N ‘ ' » PR N

IRTY T I e

e
I e O

5

P R R NS, SYROP . 2 P

"

Pty

-

i @ Lo
0 ud i > .w
M 8 b =
> c @
_ pit o o ™ . o L
uy ®) . . -
. m - X - -
_ ‘ 4 O ~oa @ Cw
T & LW | g 5w
| cE O Fo ® K3-Na
w Lt 5 9 W o
w w A _Y . R;.E ’. B
xz @ < e
< X s @
O < _ <
E .un ho , Nw '
| ' \ ," .

WEATHER -
WASHINGTON-

REPORT

'YPHOON

<

k




BN

PR e e :
:!l"w 5 i}) 1-“"‘%‘!‘,‘3}?}?‘”"- N CRER

)'{/ i

BNy

7 *; Analysis P

i:(‘- ;‘ alrcia‘-qucd‘é‘h%

—Adjutant G

HEADQUARTERS

AIR WEATHER SERVICE
Andrews Air Force Base
Washington 25, D. C.

régr;ﬁ:r(1948 and‘l9h9);" isﬁgublished for

. -

ce of all concerned., T

.2 - :BY COMMAND OF BRIDGADIER GENERAL SENTER: . .

" Coionel, USAF

. ROY-¥, NELSON, JR..

August 1951

’Air Weather- Service Technical-Report No. 105-43, "Typhoon Post-

the ipfor%étion

.0

ST

en

Bl e S5 e Yy

~ - —_ ——
e A - .
CE T — o o i e =
- - - o
o » 0 -
aY ——
~ - S : =
. — — D %
e = — - b
— “m - _ 5 — - -
S _ —t - TNl - -
- e Yo S
/
H
_— - Y
- I 1
. - /
- - ¢

. DISTRIBUTION: CADO —

hief of Staff -

ke

i

e
-5
2 %
-2l

iz

55
R

P

1

Yy R | '

Mo D)

3ol
4

|

.

5
e e

Pl .

it WL

!
I
/

i

‘s
-
s

&

il

et



- e m e w— - o — G man e mme e e W

PREFACE. o v o o o o o o o o o o o  © « o o 0 o e o v e e e 1

I,o_‘,_ INTROD.UCTION ® @ e 2 o 8 _ 06 o o o o 6 o o o o & o 0 o o o o o 1

1. Organization of the Post-Analysis Board « « ¢« ¢ o ¢ o ¢« .1 e ig

n

i

2. North Pacific Typhoon Warning Service « « o o « o o o o

LTI SUMMARY OF DATA S & + v o v mog & o v n o fie oo e e e aie o3
L= _ _30 Sources Of Datd e o o o 4;{_;'..0 :/o ) e e V-o T e —:e’_-; 2o e ’ °.-'-'? '0- L) 3 é
N Cla331ilcat10n cifTroplcal Cyclones T - T I S

:- 5 L= The Danger"Period % . © e o e 0 e o il e _oA_:_‘g_‘_ ofﬁz_ﬂ__o_' a . 6' - . :g/
. o - T}’phoon Sta‘blaths fe 8 e L) R ;‘ o' ¢ o o Io_ e ‘oﬂ . ; ‘8 ’ '£\j
'-/-;: L - I _ N ) - 58 . - 7-"". - j e B s ) "i

II ANALYSIS"OF DATA . 6 ‘e ; ':': e & o o o o _o_. s & R -'o"-:.g' . o:’ro_ [} e ' _.—T" T ’—i -_

"?' s &t R R E
Seasonal Dis nrlbutlon . )
Lat’tude of- Formatlonl_y, = Eoady

Y

'?3 3_-1'Damages R T T s
-"‘16é' Error Analyses e _.: 27 Te e e el

RO > 5 -

-.:—'17_.. 19L|.8 Operations * o Lo o e o o~'o e o o o ';“‘-". e-;o. -'o'Ao~ ;‘;ﬁ—‘"—:'
:...18. Reconnaissance on Typhoon Haze I PN N S

- ' _.19. 191}9 O'Oerations e o o _o._o__o . :o . o:‘o . ‘o . :o-‘_f ':," .

APPENDIX I -thrratlve Hxstorles of Troplcal Cyﬁlones f.f. ,_. ;;“
AP‘-’ENDIX I - Tvphoon Tracks: 1%5-1949 Sl e gl 6 e e




g et

Gt tikaeia )

A

e *j'.'r'

Tl . ,.FA.;E
- This re\pc_r;N has been prepared at Headquarters, Air ‘eather Service,
on the basis of data submitted in the Annual Reports of the Typhoon
Post-Analysis Board for 1948 and '_t91+9; The report consists primarily
- cerpts ‘from the two unpubllshed manus cript.s. “Sc’S'ﬁc;_;d-ltlng N re- )
B the tevhm.cal flndlnge of the bEEFdT in as clear and s:unple &*ﬁannef"as& L
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=~ Board, no‘comprehen51ye ttempt_at research, beyond the scope of this

I. INTRODUCTION

L. Orzanizaticn of Post inalysis Board.\¥s

During 1948, great strides were made in the operational
reorganization of the Typhoon farning Center on Guam., Due to the rapidly
increasing demands for warning ssrvice made upon the facilities of the 5
Center, it had been determined late in 1947 that a complete overhaul of”
operational proceedures would be necessary to enable the Center to
carry out its ﬁ1331on properly; however, a continuing shof age of

qualified nersonnel delayed the realization of thls obJectlve until ’ -
tﬂe\EEFIJ fa¢¢ of 1948 when ‘the Typhoon warnlng Section of the Central '

[

LSO L

.came into being as a sepa rate unit. = T L7 = %’
Unt11 that tlme, warnlng operatlons'qad been superlmposed upon ﬁ
an already over burdened Upper Air Anal ysis Sectlon with a resultant drop ‘? )
in efflclency of both. operatlons, A ‘single forecaster had ‘been a% - . 15 B
the duty of. Post-analy31s of al; 1948 tropical cyclones and the ert;?g _____ -7 g
© of their individual histories. -With the organlzatlon of the Typhoon - ' ?ﬂ*
] Warnlﬂo Section, however, the forecast,. briefing, and post-analy51s T .é
perations. were separated completely from the Upper-Air Analysis Section il
and were combined into a single unit. Foux forecasuers were then as51gned N
0 psrmanent_dufy'w1th ‘the Section to 11 typhoon-warning and’ ~ . . % 7
" post-analysis operations, . Each - - th -f” nization was then. SRS L
-serutinized closely for weaknesses. treaml’ ' T3
1335 all p01nts to'obtaln maxlmum ef flclency and flex1b111ty.'-_~ o R T
S - : . PR I "u::a._r__:__?eg

£UIN

S The mlsslon-of the Board‘ls the post;analy31s and detalled study o
‘of -each North Paclflc troplcalocyclone in tne Light - of all avallablef "‘-ﬂ;f'

i

..‘i
it

-
s

IRy,
' .

32
P

_data rece1Ved fgom,varlous_sounces both bc’ore\and after the cyclone has T
d1551pated. Tne“fesults of thls study are ,nen 1ncorporated into@an T
“individual h_story of each dlsturbance, which,. in turn,, is consolldated '
“into a compos:te annual history and compilation-of. pertlnent dau&

__oalthouvh research and_speclal p“ogectS'are adJuncts of the Post-Ana1y51s

7

x)

b
e dnd

! 5
“‘..',"{ éx{:ﬂ

Roport has yet Been attempted due to the relatively short. perlod ‘of

----- [

foreca_t;ng experlence of ‘the individual Board members and the lack of
specialized- meteorologlsts with the requlred research background.

. _The eyes of the Typhoon Warning Service are the reconnalssance

_aircraft of the 514th Weather Reconnaissance Squadron (VLR) based on . ,
Guam., Without the services of this organization to drdw upon, the problem’
of accurately forecasting the movement of tropical cycl%nes over vast
areas of open ccean, with the attendant lack of data, would be virtually E
impossible. Although no method has yet been devised to dissipate the 2

_ destructive forces of tropical cyclones, with the aid of long-range ' .

- g =

#/For background on the post-analysis program see AWS Technical Reports
© 105-37 and 105-42.

Y . O L
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_aerial reconnaissance, adequate early warning can now be given to
minimize the loss of life and property.

A most important phase of 1948 Typhoon Warning Operations was
establishment of much closer ceocordination of efforts between Harmon and
Fleet Weathiér Centrals, All information that could conceivably improve
typhoon forecasts, such as late ship data or reconnaissance reports,
and bulletin forecasts were jointly coofdinated prior to release., This
degree of cooperation tended; in large measure, to allay natural fears -
and -add to a sense of greater security among the various lccal commands i |
and the native population of Guam when a tropical cyclone was approaching ! K
the Marianas. dJoint forecasts wereissued every few hours over_the local : .
Armed Eorces Network radio-station during such periecds. = - - - .

oo~

.o - 5
e RSEN > - “«
- e

.f.*'.. . -f_ Simllarly, durlng r9h8 a. greater appre01atlon of mitual S

’ operatlonal problems was effectcd oetween the Weather Central aud the '

5Xith . Yeather Reconnalssance Squadron. It is felt that the addition 6f

- -rated Heather Office 8 to_tﬁe Centralls staff durlng,tpe year was an” - " 1 .
~ important factor in"effecting this change since they were better quali- RN o

TR fied to evaluate theroperatlonal limitations of the B-29's with whlch

v e _the Slhth Squadroi:was‘éqﬁxppec. Converseiy; an; _earnest effort—was-madew- —-

o ¢ ;"fth Squadron personnel 5

T:f;; w1th the problems anectlng the bentral,_ The sue cessof these efforts is. '

;~N_'-—xeaully apparent 1n the flne devree of- coordlnatlon now ex1st1ng. o

- —— — - . - .
o e - — -

TR TET AN
" 5 L '

E e T i::ff_. On 1 February ]9&9, the Weather Central; includihg the"Typhoon oL
b e Warning -Section, was moved from Harmon Air Force Base to morth Guam Air ;
E f:~ ~Fo zCe Base, - Thelé is %1ttleureason 6 doubt—that this moveé resulted in’ .

S .;reven greater Typboon Narnlng efllCanCJ durlng 1947 ‘than was possible - | 7.
. .. during l9h8 “due prlmarlly t6 the tloser contact of- .eatper Centrai j"‘*a ot
i . i persomnel w1tn those of the 514th Squadron and allied facilities. The )
) '~ elimination of several serious comnmunications difficuities encounteted ~ o
- while the Central was at Harmon Alr Force Base also served to improve

the 1Tarmng Service. s e

- oty v-‘.krmr".vlwm"?

- D 5_2. North Pac1f1c Typhoon Harning Serv¢ce. ' s .

, The North Puc;flc Typhoon Warning Service has - respon31biL1ty—- o
for ‘the ‘proper dissemiriation of typhoon warnings-to all agencies :
] .designated to receive them in the North Pacific area, The Warning
-  Service is composed of weather® units of the 2u43rd 'eather Jing, Tokyo,
Japan. It is divided into three component parts: gg

) (1). The Typhoon Warning Network, - ‘ : A %

(2} The Typhoon Post~Analysis Board and

{(3) The 5L4th Weather Reconnaissance Squadron.

2
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., Pacific whers reporting stamor!s

¥suoer1mp05ea of a-map Ol-the mu;ﬁn PaleLC Wlth Guad =
geograp phical center-of the Umited States; Clark Air Eor e Ba%e (Manlla);;?
- Woald l*e about 200 mides-westh of San Franciscs while Okinawa would, £ Tall -

“"“ou7a be near W1nnepes, Canaac, and -Haneda A

The ne+roﬂk is a‘dlosely integrated group of six wesather
tions of vhich North Guam Weather Central iz the Typhoon Warning
er. Radisting out from it like spokes of a wheel; are the radio
teletype lines of communications to the five Sub-Centers, each of
ch is, in itself, the Local-pointkof a minor network of reporting
units known as the Field Stations., The Sub-Centérs are located in an
arc around Guam at the following strategic points:

Wa

T
tde tde

(1) Clark Air Force Base, Luzon, Philippine Islands;’
(2

*—”

Kadena Air Force Base, Qkinawa" T - - =

o
|
!

3}“_Lunghma Weatner Detwchment~~\hangha1, Chlna;

Haneda Axr rorcm Dase, Tokyo ang-and =

g™
(N

(5) Hickam Alr Force BaSe, Oahu, Te *rltory of Hawall.

B-29 aircraft of the 514th Squadron.operate’ dup ring typhoon tracking
_operations and for which the Tyrghon Warning Service has forecast
res“on51b111ty. re?erence snould be made ta thc chart on the foWlOfln"

sover Vancouver, Té the east, &wzjaiern ktoll would lie mear: Bermuda,
Wakc ISAaDd woula 119 over Po*tlﬁnd 'N“lnb, and-Hickam Adr Foree Base
AFoFFR, - To, the north;\Iﬁo,J5ma

be locatnd stlll farther r novuq, in the banadlan Northwast. -

2, Soutces of Data. el et . S

P

— . Numerous books “and. artlcles have been wrltb 1 on t
typhoons and hurrlcanps, the majority..of which have beean based en

o .
information gained from raclons prov1dpd with a rather c;ose—ﬁnlt weathpr -

reporting networw, Forecastin " of hurricanes in the Caribbean area, .
where the numbzr of reporting statlons iz relativsly large, has shown

- In order to-dppreciate fully~the t; pndous area over v41ch:the~

1r'Force—Ba"e, ToVyo, JOUld___

that present uPy forecasting rules and techniquses, applicable to tropical

cyclones, leave much to. be desired. This is eSDeciﬁll" true in the
3 s’ )

ng fe miles apart. The
Festern North Pacific encomp ;u;-~:»Vf~” =t magnitude.,

.
5 8008 e S
.

PR

campenn Bess b d o

3

i

clly pon

[RPIRT7 *

}

!

s s S, e o b

IS A

I« v

PN md RjenbEDATE

|

i

kzan

LS

erhRd
B

C e itk
e

b

i
!
|
]




No. B8c8
Poies 10 soatn

G CHART~LU.S NAVY

Ni

NORTH PACIFIC OCEAN- METEOROLOGICAL. PLOTTI

i

T T =Ty
3%

P 30 smen

No B5LG

e DTOw Tna i

-

A

—. 0

|

%3

Mot net Be T e Mg

|y

o e P




q
i

RS I Eaas G ‘,:H-_“’\::_ _‘r‘_'

_ typhoon‘ln its early stages.’

ith this vast domain, the breeding ground of typhoons, are located
eight island stations from which the Center regularly receives surface
and rawinsonde reports. These few reports are supplemented by ship
reports and aircraft in-flight data, the accuracy of which is often
somewhat questionable. . -

One of the primary purposes of this Report is to place on

record the knowledge gained during 1948 and 1949 typhoéon warning

“operations in the Western North Pacific and to emphasize the need for:.-

additional reportlng stations at strategic points throughout the Western
North Pacific. -Points brought out in the following discussion are the i

results of empirical observations rather than theoretlcal appllca 1ons. -

A ngher 1eve1**f‘§iper1ence and the ani1c1pated addrtlon of personaer- o

w1th research bacxvrounds promlses to make subsequent annual Reports far 2

b

Soa el s S e b R

‘;more-'"ompreheHSlVe. -. L s P o e Som o=, T

- ~ BN N - 5 R 5 & < )

. i . : 5 . =
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Classification of Tropicalmﬁicloness C o

Tnere are only two areas in the world wkere rntense uroplcai
are-H ahoons._ Those areas\ re. the hestern—Nor*h

that every troplcal cyclone w111 fall.unerrlnoly'lnto one of the three— -
patterns. Rather, it should be kept in mind that the plctures presenteq

are idealized ones and. bear tire ‘most. ?ften observed characterlstlcs of-_ﬁ
the. storms i each category. . D S == )

- I - _ - ~ - s
A5 N - - ) . s 5o -

Troplcal Depres31on. B L ‘3'5

A troplcaﬁ depre351on is, .in realrt

It is defined as-a +roplcal cyclonic
-circulation -of winds with maXimum ve1001ty of 27 knots or less.

surface chart it appears as one or more closed isobars.
surrounded- by considerable cufulus ‘and cumulonimbus activity 1ntersversed
-math*varylng decks. of moaerately thick. altostratus and capped with a

" shéet--of 01rrostratus clouds. Whlch extend out some distance from. the
center. -
squalllness throughout the area except near the center where 1ight
continuous rain is found Except in the v101n1ty of cumulonimbus -
act1v1ty, flying condltlons will be characterized by only light turbu-
lence with v131b111ty réduc ed by cloud decxs. -

v b. Trovical Storm ‘

A tropical storm is best defined as a tropical cyclonic
circulation of winds with maximum velocity randing between 28 and 6L

\J¢

R s i

H\

"'tropical storm qf" =
On-a . — =

B It is most - . _ - .
often characterized by a 1arge loose, often 111—def1ned, center’ -

Sea conditions are 1lght to moderat e assoclated with general. : =

N
e sots sul g Bhiartgsond
)

-
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knots., It is characterized by two or more closed isobars with greater
symmetry than those of the tropical depression. It has a fairly well
defined center surrounded by decreasing heavy cumulus and cumulonimbus
activity imbedded in decks of thick altostratus capped with cirrostratus.
. There are moderate to neavy bands of precipitation around the outer
portions of the storm. The areas between the bands are relatively free
of rain and the visibility is better. The band of weather immediately
surrounding the center is moderatély turbulent depending upon the degree
of cumulonimbus activity and heavy continuous rain is typical of the
area, Flylng conditions are not considered partlcularly hazardous,
although turbulence is moderate in the bands of heavy rain oriented
’aroundxthe stormfs circulation and v151b111uy is mostly obscured by .

- Clouds except in falrly open. areas bétween the rand hands and ‘between )
= ldecks of altostratus. = The sea is charactérized by moderate to heavy PR

RTENE N

Ztms L Rt

oo b

B w‘swe;ls of greater than normal length. Much foem and spray glve ev1dence o : I
’ -,Of the effect of the strong w1nds on the surfaoe-« . Cos i
c.vgyphoon. I R T T ;n; i
LR AL typhoon is a troplcal cyclonic circulation of winds with - - . i
""‘ilntenSltlpsuéf &l knots or greaters Tt usudlly has a we;l-deflned_cenu.g;# RS B

e} o “eye"; an drea of llght varlable w1nds and: generallv elther_open to
_ 1_+he sky or capped by a thin ve11 of c1rrostratus.' Surroundlng the typhoon )
-0 din a radlus_of—250 m:les to;as much as SOO mlles, are cloud fcrmatlons
of var1ed desc*lpblons* Starting from the outer edgee, a th1n overcast -
) ‘, Of high 01rrostratus is’ encountered ,-and, as the center of the typhoon - , .
"‘“j is’ approached Tow ‘scud LS encountered under thlckenlng layered decks — ~ — - . j .
T 'of altostratue._ Embedded in the altostratus are scattered cumulonlmbus T
'\'1n varylng degreee deoendent upom horlzontal wind shear and the energy ) -
prcsent in the typhoon. In51de the™ comparatﬂvely open area of the eye,
_'are found scattered scud.clouds near the suriace. On the fellowing nage

the chart deplctlng the -idealizad. structure of a typhoon shows lines.of : _"j-
weather radlatlng.out from the center of the storm.llke the streamers '
from & pinwheel (see Lower~ftgure)~ It 48 thought that th2 bands of raln B
" and tarbhlenCe about~the typheon are, in reality, lines of convergence,. - .. - - .
with bu11t~up cumulus and cumulonimbus, very heavy rain, and moderate to =
"severe turbulence along the length of thé line. This cofiception appears
" to be borne out by the cloud conflguratlor about. a typhoon as photographed
. _... . on & radar scope. e T B A
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The state of the sea in the typhoon area also indicates the

] tremendous forces in play there, The ocean is sometimes churned into

] ~ giant waves 4O to 50 feet high, wave ¢rests are blown off in flying

l - sheets of foam to form long streamers over the heavy typhoon swell.

‘ These swells, of unusa.!.ly long wave length, extend out from the cen*er as

far as 1,000 miles in a severe typhoon and are one of the most reliable
indlcatlons of the presence of the storm.,

Aoy

o

s S .a_‘?_;. . 5. The Danger Perlod. ‘ : = B %_
. o - There 15 no -such thlng as a "normal" typhoon season, Averages - <3
! 2n be obtained for the characterlstlcs of typhoons observed over a period

l\"‘ wra

) i of ysars, but any individual typhoon may vary greatly from such an average.
— . For example, the typical "life cycle of a troplcal storm as described in
- - the literature is well known: A depression foriis somewhere in the -
?f easterlles s moves west-norbhwest while mtens1fy1ng 1nto a troplcal storm

) "~ or typhoon, encounters a westerly trough decelnrates » recurves and moves __
P e T off to the northeast acceleratlng una 'j,osing 1nt ﬁaty. This is the ]
T "average" or "tvnlca.!." plcture of a typhoon, and yet only two tropical -
' cyclones katrlcla -and Aj_lyn out of the twenty occurring during the 1%9

w’ - All‘ t_he others fol.;.owed tracks mt}__l_

T

R

"o

Qumﬁﬁ'&hé&b Sl A ndd 4

;
it

curvatx,re ;. A ~d Toops, Sti 2 :
- 777 central tendency in_erd 'ﬁ R
¢ ke remt-réd th"‘.

N thls is partlcula‘ly & where tvnhoons are_c_oncerned. PP = ““

. - SR TR

T Burlng the perlod that’ the—Typhoon Warm.ng Center is 1ssu1ng -f'. I
. bulletlns s on a tropical cyclone s-the usual series of events is to.imsue .
o warnings on alL three stages of devélopment, the 1ength of time in each

‘ " " 'phase being dependent upon the rapidity with which the cyclone reaches

typhoon- proportlons. ALl troplcal cyclones that reach typhoon intensity

_ begin as troplca'.; &epressions——devei:op .to .storm 1nt,ens1ty , and event,ually

.
o i Al st e Qs

J

- emerge as typhoons., Once the air in which the typhoon is imbedded loses - — 3
© - its erergy potentla..!. y d1ss1pdtlon, in-the reverse order, takes place. @
o= The final stage is the acqulss;ulon of exbratroplcal cbaracterlstlcs s or . ]
e ra.pla and compj.ete cu.ss:s.patlon. D 37 R REPPTRESNEE
e ST w S : ,, : v . - - el e T -?‘a-
T Because of the erratlc nature of troplca;. cyclones, few adhere g
strictly to the systematic progression outlined above, The number of 1"5
times that a tropical cyclone can vary between storm and typhoon intensity 3
is apparently unlimited, This variation is practically impossible to E
" detect over open ocean areas and can be determined aeg‘lmtej.y onl v by 3
1nfor*matlon gathered from frequent reconraissance mJ.ssz.ons. . %
é. Typhoon Statistics.--— ' - 7 - o - - 1
During the period 11 January 1948 through 12 December 1949, - K

tha Typhoon larning T-rier issued ullebins on a tLotal of |/

O

<&

42 storms




i;:’,_.'Durlng January FebruaryQ Farch and Apnlli

) ) of 4 2 to h 8 cyclones~as reached durlng uhe month od September.i_‘;";&ﬁgl

e = It is 1nterest1ng t6 note that , while both graph appear much -

(25 in 1948 and 18 in 1949). Thirty of these storms reached full typhoon
intensity. The most destructive storms of the period were Libby in 1948,
and Della, Gloria, Judith, Kitty, and Allyn in 1949. Consolidated
sunraries of meteorological data on these storms is presented in table
form on the following pages. A more detailed analysis of the reasomns

for formation and recurvature is given in the next section. The Appendix
to this report contains a series of maps by months showing the storm
track and relative intensity of troplcal cyclones during the period 1945
througn 1949. o -

__. III. ANALYSIS OF DATA.

7, Seasonal Distribution. : C e R

The table ‘on page 13- shows th aVerago~number of troplcal T
‘cycloneq occurrlng 1n the North Pag flc Ocean each month;  Two groups of
“ data are shovn- hlstorlcal data‘lor 1505=1937 and,more current data for f'l
- the years 1945-1949 inclusive.. Vhile %nere are certa11~d1f1erences, the .
‘two graphs have the same oeneral featuree, 1n that both- Show the same I
‘seasonal f]uctuatlon of . cyclone activity, rebruary belng the month uf S
mlnlnum frequency and Septemoer the -‘maximum, . It <also appears conclu31ve

'roplcal cyclones is apparentLy o

.voverned, prlmarlly, by Mue i‘

" —lh—uuu~uOrﬁh Paclfic, is at a. mlnlmum, averaglng less than otie® per month~ ;_i:
. During subseqaent months, as the mean po51tlon of the-Front _moves north—-
ward, tnelr frequency 1ncreases gradually untll an average Jionthly: maxnmum '

{

the samg™in the.overall picture; the respect1Ve manthly averages vary
considerably. The 32-year-average shows January,- February, March,.and -

April to have a greater frequency of ¢y cyclones thanthe correspondlng—months——_»~
. —for the last four .years._ July and December also show a greater frequency .

e but of lesser maghitude., Since the first four months Just mentioned - .
reoresent that tlme of year when mld-latltude'storms occur farthest south I

1ack -of organlzed reconnalssance prlor to 1945 mayohaVe resulted in warn=_'- =e
ings being issued on disturbances that were actually'wave “formations &r-
shear lines, and not troplcal cyclones as we know them_today.- "Conversely,
the recent four. yeap»avcpage shows May, June,“August, September, Octoeber,
and November to have a greater frequency of cyclones than the correspond=
ing months in the 32-year average. These increased freduenc1e% ‘during -
the months of the normal typhoon season are felt to be more reliable than
o:ev1ously used averages, as present—day reconnaissance’ makes possible
the detection of a great nmumber of storms which might have otherwise gone

uiinoticed.,
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A consideration of the charts depicting cyclone tracks for the
past four years, contained in the apperdix.at ‘thé’ bacdkeud of this Report,
will reveal that there wers any number of cyclones, that, without the -
aid of reconnaissance and numerous aircrait in-flight data, would have
gone undetected. An outstanding example of this is the month of
November, Yvonne, Elnora, Nora and possibly Betty, if it had .been a
- typhoon of narrow dimensions, could have conceivably gone unnoticed,

. T Diiring 1949, the seasonal distribution ofs storms varied
considerably from the mean., The maximim .occurred in July rather than
September, and the séason did.not actually begln-untll June, no storms
have occurred in February, Largh .April zor May. Carmen, which occurred

» in January, is considered as part of the 19&8 season; Also, August,_’

-;_ Sepbemuer, and Octouer had only‘8 storms,; as compared w1th an average

F" R % 11 for 1905-1937, and. 13 for. 1945-1949 IR M

2

—‘~ s 3 Suc varlatlons from the. mean are qulte commnon. The “ange of
the number of‘storms~for the month. of February~*s O-h, ‘whereas the mean

" is O¢4s In July, the range is 0-7 with a mean of 3. h. These figures )
’ se Fe—to 111ustrate the rellablllty of tbe mean. 5 b

oy & . a5 . - 5 =
_‘-_':-__,. ...-,.__. 5 ,_' -

- - - - - . - - . o
._-,_ S e .5

e 5 . e ——

Cee -f-;»~“+1we1cs satheredAln the past four‘years, w1th “the- aiEof - RS
oL excellenf reconnaissance and experlenced observers,-tend, £ 7 empha31ze '5"’~{5_
- twov1mpertant conclu51ons.~ that many more tropical cyclones ocecur

2
¢ - -

e annually in the Palelc than was prev1ously thought and, that a very

-~ Mmited humber of them oceur durlng the meonths. of Januany, March, and -
 hpril, These conc1u31ons,—Hﬂwever varid théir accuraey sy -are Stlll

llmlted by'thelr short period of BbServation #End should be considered-

e subsequently. _ I, )

- - ,' - - &
- . - L

ST . B .Latmtude—of formatiom.,” ... - e el T

e < _As wWas suated éar 1ier in this dlscu551on, trop*cal cyclones R
L ' form at varylng degrees of latltude, dependent upon the location of the -
ol Intertropacal Front "at the partlcular time, On the- lollow1ng page is a

. .—1- graph. deplctlng the average latitude of ufdplpal ¢yclonie” formation in the - walo
"+ Pacific, ' Here again, data gatheréd from 1905 tlhirough 1936 is compared .

to that gathered from 1945 th"ough 1948, Prior to World War-II when

3 : there was no aermal reeonnalssance and ‘only_ a - limited number of aircraft
.in-fllght reports, the majority of trop1ca1 cyclones were not detected

e ~ until they had reached-a p01nt north of the 1l5th paral;el and west of

. the 145th meridian, an area frequently traveled by surface vessels.,

It is thought, that for this reason, statistics presently in use relating
to Pacific cyclones, show the averagé ironthly latitude -of formation to
be abnormally far neyth.’ Again, increased 1econnaissance and wore in-
flight reports have shown that, on the'whole, tropical cyclones in this
region form much farther south than was previonsly thought. A study of

merely -as & trend untll further subqtantlated by data to be vathered ”.'} —f“_f
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the graph shows this to be the case in practically._every instance, with
the exception of August. The average latitudes of formation for February
and March have been omitted as there were no storms occuring in February

and only one occuring during March in the past four years. Since cyclones
-~ during these two months are so infrequent, their average latitude of

formation, presumably around 6°N, is uncertain but significant in that
they must be considered in any theory of typhoon formation.

D

- - <9 Deveiopment and. Intensification. o ' ' ' o :

: "eather and Climate of China™ shows three regions where storms - L
- orlglnate in the North P301f1c_Ocean. A copy of this-chart is shown on
: _the next page. Studies by the typhoon Post_Analysis Bodrd have indicated -
A \ﬂyﬁawfthaf typhOOns do noti "originate® ih~any such. definedble area, but developum
. ‘from ‘ea sterly waves -that- can-in most caszs be ‘traced back to Kwajalein =
»? A éto’l or: fartheér t6-the east. It his been estimated that some 30 ﬁerbent
o '_,_---the total number of easterly waves. develop intd troplcal‘cyc*ones,- -
- - follow1ng a falrly -regular pattern ‘of intensificatioén from wave to tangent -
T et e p01nt to..vort ex +o depre351on to oroprcaﬁ storm-and-flnallv to u—typhoon. E

R

ST TOREN U U PR
i 3RIRE i 5 W do

e ——.—__—::_—z-'_:T;‘.:__—._ ‘L._

Perhaps a better term than orlglnatlon would be “1nten31f1oatlon"

&l .y u.; 1terv...~. ic

w*haxrnhaamavi»

v_‘rTf;:*_{ whlch & tyﬁhoon was flrst notlced or where fhe depression_had 1nten81f1ed ;
‘-E'_T:,F 1nto & troplcal-gtorm or- typnoon. R A S ¥” g
s T . ) s s~ L T on '=:r-".__: < T o T T L -Egig""
- oo - _- \\ _— S o I o . ’%;J
heeh- 20 g If 1t is assumed that the plctured areas»are areas of 1nten51f1—~~—‘ %f
g?“'_;_h«_ catlon, then thev agree faxmﬁy'well with the areas of 1nten51f¢catlon of 3?
%I} ' 1949 storms, The criteria _for: establlshlng the point of intensifieation £
a “of the 1949 stoims is the po81tlon given on the first bulletin. The i
-~ areas that inelude most of these points do not coircide exactiy with thé - d
“so-called areas of origination, due possibly to the use 6f different.. i
-  ctriteria or: to the fact that the data for l°h9 is not entlrely represent— '"§H
T ;?tlve, Jbut nhere is a oreat deai of elrLlaritv.:“_' T _ _%4
In- §“e LOLS report of the r"yphoon Post Anaiyels Board ~the aréas- — ﬁg;

- of origin were cCetermined by the points at which +tropical- cyclones-ifere-.
first detected, regardless of the intensity at the time: ~Such a pro- - =
cedure naturalLy placed the. supposed areas of origin farther to the east
than those shown on the chart. The trouble with this method is that.
some storms may be detected when they are just beglnnlng to intensify, ~
white others may have reached fuli typhoon 1nten51ty before data indicates

= their ‘Presence. .
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From 1949 data it appears that the area of most probable
intensification is the Philippine Sea; that part of the Pacific Ocean - il
bounded by the Philippines on the west, the Marianas on the east, Palau !
on the south, and approximately the 23rd parallel on the north, In this
region 14 or 70 per cent of the tropical storms and typhoons of 1949
intensified. It is hardly necessary to state that easterly waves or -
tropical cycrofies of less than tropical storm intensity shoutd be
carefully watched in this area for signs of -intensification.

—_— ~ Ha o 5 - -

4+ - . 10. Reasons for Formation. .. . -
At the present time, 1ittle can be written on the develcpment

of Pacific typhoons other than to point 6ut apparent causes according
. ~ to the syroptic patterns in which they originate. The inadequacy of

2 ‘ weather data-in the opén ocean areas of the Western North Pacific pre-
L clLdeS the accuracy of analysis necess ry to deteet typhoon devel dpment. o

. with any degree of eff1c1ency. Even when a troplcal cyclone has reached -

) typhoon 1nten31+y and is the domlnant feature ol the weather mao, the :

B R DAL T A T T N

-and certainly is handlcapped by lack of 1nformat10n w1th which he is
Sl - expected. Lo forecast tne(muvementrres; : S e )

!
. 'r“.'"'* N X
.u‘t.q.x}.',.\:ﬁt.}.x.. [EINPRINN

| e :.' deperdﬁng upon'whlch one-o’ tne follow1ng fotr synoptlo models was ‘; S
] 1nstrumentai~1n*the1r fowmaulon. The Intertrop_cal Front stronv po;ar -
‘ trouCh “the easterlJ wave, or tne 1nduced trough, ~ It is thought that
- ,f' this c1a551f1cat10n uas.determlned, prlmar;*y, from data obtained in- .
o the Carlbbean aréa and does not., necessarlly, apply to troplcal cyclones . :

fi; . in the: Western North pa01f1c. From: present indications, none of the abOVe -
' N four types, in themseLves, result-ln_nyclone formatﬂon in this reglon. —
s Rather, it is felt that a combination of two or more of-the patterns listed ‘
e mnst be present in the formation of each cyclone. An exampie of this
N would be the presence of an edsterly wave-assoolated with the Inuer-
N ~ tropical Front. : and the’ corblnatlon of sjstems being 1nteng1f1ed by a

south"est ronsoon sur"e. TR = z ) o &

1

QAT R IR ORN

i

B

DR o audil ot el ot ity

o . R

. T a. Intenslflcatlon.of an Fasterly Wave on the Intertropicdl . .
- . Front eaused~by-a Sounthwest Monsoon Surge.r '

On the. follow1ng page is a sectlon of theysurface map at
the time typhoon Libby, érié of the more intense 1948 typhoons began its
development, The two parailel lines drawn through the two low pressiure
centers near the bottom of the map represent the Intertropical Front.
The dash~dot lines extending northeastward from the lows indicate the
positions of the easterly waves, On the map prior to the one illustrated,
the lower two-thirds of the area shown comprised a flat 1008 millibar
pressure field with the base of the two easterly waves imbedded ia a =
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R pleture is that :of -a- well - dsVeTOped easterly *mbedded in a. deep easterly -

11005 millibar cell of low pressure along the Intertropical Front.

Subsequent developments were such, that the low pressure cell split,
forming the two scparate lows as” indicated., The southwest monsoon
surge to the south of the Intertropical Front, as indicated by the
2000, 4000, and 6000 foot winds at Truk (979), was sufficient reasen
to request a reconnaissance flight to the suspected area midway.be-
tween Saipan (894 ) and the weather ship "Birddog 4" stationed at 11.0
degrees north latitude and 156.C east longitude. The reconnaissance

mission flown to this area reported 2 weak, closed circulation at 14.0

degfeee north -latitude and 152,0 degrees east longitude. This depression
at the base of the easterly, 1mbeoued in the Intertroplcal Front,
intensified as thé result of .the southwest monsoon surge, and resuined

in an extremely intense typhoon.

The pressure fleld, aooompanylng leby S development ‘was
not the typical pressure dist¥ibution normally associated with the
intensification of an éasterly wave in this mariner. The more usual

flow. to the north of the Intertroplcal Front with the*western ‘Jobe-of -
. the Pac1f1c High Cell well-to the wesn of the_pertur atlon.
troplcal Front and the easterly wave ‘form what is “commonly. knowir as- the

‘Mriple point." At this stage, however, the circulation is not complete.
‘To the north of the_Intertroplcal F&onx there 1s ar fa;rly'strong, open,

N ~‘7"-ba-~-

.{WTf_-~Aii~uheb,1sﬁnow_needed;to~produce troplcal cycIone, ]

}.surge as . reoresented by the4w1nds at-Truk (9717, wa's prcduced—by
'prev1ous, or. p0551b1y's;multa eous, 1ntru31on from the.south -6f relatlvely

.southwest surge of air, -

cold air aloft imto the.potentlal storm @vea., This advection of ‘cold air

Lo produced an incredsed tilt to o the axis of_the easterly wave, resultlng

.~was the resudt of the decreased pressuré at the base of the easterly.

“n decreased surface pressures. It is belleved ‘that the surface surge’

Storm development _was rapld onee tne surge was estabilshed

R Troplcal cyclones “that’ deveiop in +he manner described
_above are variable-in their+intensities.  This Varlabllltj is determined,
. for the most~ part; “by-the moisture content -of the air masses involved,
The hlsxer the m01sture eontent, the more intense the storni, " This tyre
-of storm usually occurs most fr equently during the summer months when -
the Pa01flc High cell has "eacbed 1ts most westerly p01nt of mlgrdtlon.
: 4 L
- B, Intensification of an Hasterly %Wave on the Intert"oplcaL
Front caused by a Westerty Trough.

o

— ——

0f the five synoptlc patterns listed on the comp051te data ,
heet it is felt that this one 1s least probable of ceu51ng cyclone
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development, At the time the two cyclones, Nadine and Hazel, forumed,
the only apparent reason for the intensification of the easterly wave
on which they developed was that of a fairly weak westerly trough scme
distance to the north., At the time, it was believed thal the Southern
end of the trough, at some unknown height above the easterly, caused its
intensification. However, it is reasenable to assume that, if a westerly
trough is not sufficiently strong to induce a surface t,rough in the
easterly flow, .neither is it sufficiently strong to intensify an easterly
wave, unless, of course, the vertlcal activity of the easterly extends o 3

B ”.to unusual heights, Consequently, no. further dlscussa.on of this synoptic ~
_ type wilkl be made in this Repert. It is felt that further study is

C \' - necessary to éxplore possibilities and justify the validity of its -

classa_flcatlon as a cause.of iropical cyclone development )
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% o . N ' Intenblflcatlon of an Basterly Wave on the Interbroplcal
] Tra e e :—:: _Front_causéd by s Trough. in themEasterlx F'low Induced .
| , T e el T “by 2 Jester;l_.z Trough S R
k e e , AR e
S LT o On the follow:.ng page s a sectron of a chart ssho»ung the . .-=

synoptn.c modets that led to the developmernt of Typhoon BeVerly, the last
tropn.ca.l cyclone of the ~‘.91;8 season. '
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‘ N .‘~ Dur:.ng -he' w:mter, when the tempera‘be latn.tude frontal TS
NI sysf.ems move into. the troplcs s there .are a_ number 0 trougns 5. -dn the -
‘5 o ..., easterly flow, ‘irduced by westerly. troughs associated with temperate -E
oL T es- U uAdtitudes _\yst,ems. @urmg this time of Jyear,’ *the Pac‘i‘fn.c H;Lgh CeXl-is YR

iyt : Sk

e~ -;%i——;—__—-'——'};-' -displaced-well to the east and gouth.of its sufmer position. - This- 1
‘ - cTe. ... southward dlsplacement Bf the: §ystenms, however, doés not preclude thée ~

~ , . possa.blllty of easterly wave intensificatiofi, providing the hecessary -
;¥ -7 factors for intensification_are. encountered. before the easterl...es-reach— -
5 150 degrees -east longitude, near which po:.nt they usuaLy d1331pate. ey

i' I '. - This being the case, the majority of cyclones resulting from synoprblc o
[ patterns of” thls type usu’dlly formﬁn“source regz.on VAN, 3 ;

Slna B 4 50200

e . The map referred to above, ShOWb‘a westerly trcugh Just _ i
. Lo the- wsst of weanner ship "Birddog 4", and an easterly wave\approachlng g
- the 1s1and -of ronapv 72;. Both systems were ratner intense, as deter-
mlned by the weather experienced as ‘they. pacsed Guan (892) and KMaJaleln‘ v T
Atoll (968) respeculvely. “As the easterly came under the influence of— :
‘ ) . ‘the area of mass Aivergence associated with the westerly aloft, the
Lo T surface pressures fell, and, in effect, induced the,Intertroplcal Front _
into the potential storm,area, This, in turn, provided an infiux of air N
, from the south, A short time later, the series of events just described - ‘
r . ) were completed and a definite. closed circulation existed at 6.5 degrees
' north latitude and 153,0 degrees é@st longitude. In general, the
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L. tropical cyclones produced in this manner reach tyrhoon intensity
shortly after a definite closed circulation has been established, f

‘ o <

d. Intensification of an Zasterly “.ave on the Intertropical

Frant caused by the North Indian Westerlies.-

The synobptic nattern represented by the chart on the
foliowing page is distinctive, in that the oniy place in'which it is
{ responsible for the development of tropical cyclones is in, or near,
source region "C¥, Involved in this case, as in the three previous
cases, are the seemingly inseparable easterly wave and Intertropical
: Front, the third necéssary factor being a strong westerly flow of air:
‘ , . across the southern Philippines, comparable in all respects to the

RO B .t

’ . tne Intertropicat. Front, in the PblLlelne and outh_Chlna Sea regich, )
" is, in general, an east-west lire over southern China then dipping south-
) L eastward ‘through Formosa to Guam. This pecullar orientation of the

oo F Eront produces ‘a. southwest imonsoon flow over the entipe’ South China Sea )

- - - -

I 'mﬁff i; and as far east as the lBOth merldian. The *riormal path of” easterly
- waves to the west of Guam, dur1ng these two menths, 1s northwestward

L )

e Jilong the ine of . .convergence. betweensihe “Southviest fonsoon and the’ ':, o
N nortneaster‘y trades.f’lhe 31multaneous °x1stence of N low pressure T e

EELINL: i T 8

,area in the South Chfn« Sea and an actlve éasterly wave 6 the east of :
. the Phlllpplnes, is a 51tuat10n favorlng the formatlon of a tropncal t S 17
'cyclone in source reglon wen, The'westerly fiow of the warm,.molst alr o

B  ‘across. Mlndanao, as is indicated on the chart, ‘provides the requlred

_ North Indian Westerlies referfed to by Deppermann. (See American -7 .

gih o Meteorological Society Bulletin for December, 1947). The chart referred - %'

= - & - to above shows the synoptic pattern that was 1nstrumental‘1n the o g
EATERE formatlen of troplcal cycroneﬁnese. SRRECE , e T %1
ST s Durwng the- nonths of July and August.; the ‘mean nosztlon 9? T e iﬂ
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potential for cyclone deve;opment ‘at the bdse of the easterLy. Cyclcnes '_§
. fonnlng in this manner are usually smail, the winds of typhoon 1nten51tj f%’
N . belng conflned toa relatively smail area near the center. T ~§
. e e = - - b 3 y
‘ 5 Uy . Ce Formation and. Inten51f1cat10n of a Low Pressure Area - k!
T . at the Base of a Westerly Trough in the Vlclnlty of the - v‘q;ié
‘ = B
- ‘g :

A con51deratlon of the éhart on the foLlowing pase Wil o
‘ : - 7 probably raise a qnestlonras to- the difference in this situation and
~ . ‘that brought forth in Exampte C p.-18.  The main: dlfﬂerences to be
' ' . pointed out are the absence of an easterly wave in this example and the ~
differences in the structure and intensity of the stpectlve westerly
| o troughs involved, -

=H

| ‘ “ & P ———
The westerly trough dlscussed here, as contrasted to the

5

2k

| "'ﬁ’-—ﬁ!&@"‘
- T Ve T NiAkaY - ',.,“1’"‘ .. R I ¥ @ *%‘.
SEsEE e ﬁwﬁs e

amen e

R, H;‘.‘!i':&

i sl .




. e sy . - g !. !.‘ - *
17/ - 8 700 YLy v s R 6 74 7€ ¢

44 [ a6

P 745 8

T S a8 747004137
sag 3OV 3300

O 4 | a2

353 33 N« LY

b4 5
312p™ &9 : - 65

320 5
3450 3310 A TP 3?“‘0 3 N 7 = s
. 3160 e - I / 670 A | ;
37 10 A4 ) A £ 53 1 i 2
A 0 415370 Bl00 e oSt / |
s5o" 36 15, S 2407 ) 3 -_? r
6 O:; ° o I :
? 1°C 170078 o‘Q- i 1] }imp—130° s
& O::'OS 7 . -+ . 2 =
Lo 210 0 i ’ : \ . 5
Ay A -ﬂoo - O = s _ .= L 4 ;

‘

f
i " ¥
st ara i sl wl;]u slhd fuedktiendinti g, Ll .

o By e -
S Mt L Bl b e
o)

" .;«I: %,-J

LY

< c
4
o=

1%
W
" o B 1 . -.|‘ J R
e
/

o R TR (T, P SRS TS
-
.

[=]

e




one associated with the easterly wave in Example C, was well develcped,
slow moving, and, at times, quasi-stationary, The intensity and southern
extent of the trough was subsiantiated by the-winds aloft over Guam,

This well developed westerly, induced a surface trough of the magnitude
required for the northward displacement of the Intertropical Front.

Here again, as in Example C, the Front was induced far enough northward i
to provide a surge of warm air from the south completing the circulation. :
It is doubtful if an easterly wave, in addition to not being necessary-
fer this type of cyclone development, could exist in a synoptic pattern

f this type. A westerly trough of great intensity disrupts the deep

~ ; easterly flow to the east of it and resuits in the dissipation of any )
easterlj wave ﬁhat“ﬁay—befpresent, “Since the base of the polar westerlies ;
is usually low over a cyclone that develops as a result of this synoptic i
‘ pattern, the cyclone, of necessity, is comparatively shallow. The . - . = &
‘ . - majority of them appear to form north.of the 15th parallel during the—- B
- months oP August ,° September, and Octiober, and are usually of short . ~§
‘ f. Other Cawses.” ~ ~ . i Che T U
. Tn addition to the five types of patterns discussed on - %
) pp. 35517, 18, and 20, there is one additional situation that leads, = == 2
S fnf eqwently, to storm ‘devélopment, ThHis 1nvloves the case of a = r“'.éi
P VTR troplcal cyclone whlch develops in the’ trough induced by -another cyclone. ;o E
e S e ‘The_exact reason for this action is obscure. However, any'brough with ; =
- e 0 na& €irculation such that.air from 4 mature’ storm is belng fed into 1t A
& -~ déserves the closest scrutlny. lfﬁ'-r,- e e T I =
3 SR > : ~ IR - 5
S . - il
e - Although the synoptlc pattérggjfor development “as expielned ‘3.
.t o Hn this- sectlon are all a.pparent ‘and based, for the most part, ofi a ™ =~ ~*‘§
éls . .- single year's' observations, it is hoped that they may be of:value to add - T
- concernied ‘in-determining the‘approx1mate tlme and ﬁlace of the deve]op— C; i
. “ ment of tropical cyclones. : . - IR &
—_—— } o - — - e ——i - l T
5 - _ )
N N ll._ Directibn of-Movement, ‘ o i e %
. == T E . N . N T L oo e . E
‘ - i T N . T e =k
'f _ © -7 7 In 1948 and 1949, tropical storms moved.in'every concelvable-"_ . - &
e~z 0 direction. A glance at, the post ana1y51s tracks in The Appendix show R ¥
N - . N, -- i e i ]
o - . éxamples of typacal recurvature, inverse recu vature, locps,; and many- - gr
other types ol movement rrom thls ‘can be seen how seldom the sgrcélled ' g'
: typical typhoon occurs. oo IR : : -9
- R P ‘, . . ~ 3
; ‘ Determining the direction of movement is probably the most . i
i important phase of tropical &yclome forecasting. Although there are: 1
i apparently no definite forecasting rules or techniques resulting in a N
: - high degree of accuracy that can be applied, it is felt that a close

correlation between the surface and 700 willibar synoptic- patterns,

T







adeguate reconnaissance, and tne application of practical, couion

sense concépts of meteorology can reduce ferecasting errors to a

mininum,

Because most facific tropical cyclones develop between £ degrees
north latitude and southern periphery of the sewi-permanert Tsclfic high
cell, their firsl tTendency is to move westward in the strong easterly

trade flow. There appears to be a direct relationship betwsen the
attern 1csu_Lt1nff in their formation and their initial direc~"—"

synoptic pe
tion of movement, Generally speaking, the cyciones that form at the .

base of easterly waves, with the exception cf -those that form just to

' the east of the Philippines, will move west northwestward. This initial ' a -

direction of movement is apparently necessitated by the deep easterly i
flow to the north of the storm area-and the fact that the 1sturbance i,

s _still assoc:.ated with_t the Intertropical Front. = - 3
R . K -~ \.'a::

P . < — -

2 A c,/c1 one tnat forms just to thie east of “the Phlllpolnes has a.
e _ tenden ¢y Lo -move northwestward, since it follows the c1rculat10n “around
o " the low in the. South China Sea that'was initially instrumental in it§

foriiation. A cyclone that forms at the b2se of a quasi-stationary s
trough can move in either of two dirdcticns » dependi ng upon ; ‘

-festerl_y crough ¢
- developments subsequent to intensification, Generaily, if the & trough -

A _ ... %6 the: north rem'a:snS d:atlonary, the storm Will moVe northwasd in- thew -7 =
R trough If,. however, the trough fiils or fves rapldly 4o the east, - - -~ ~. -

~ 77777 the storm Will move . northward until it comes under 4hé influence of the . - -
00 - % strong northerly winds to the-west of the trough ats whlch tlme 1t wu..L ‘
e T move. toward the west 01 wesb wsouth\nres’c.. e VH L
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: Speed “of movement, of the—varlous Pac1f1r~ storms ‘of l%e and )
- J.9h9 varled as greatly as.did their pa,ths.' Many of the large, intense
~ storms moved Qulte rapldly considering their &reas of activ:Lty and- over- -

T aiJ.__average movement. This view-point, however, must be tempered by >

, : the fact that they alsc moved much faster than the avérage storm AFTER )
_recurvature, pausing therr over-all speed of movement to appear unduly

- .rapid, Tt seems reasonabfe to assumé that their persmtence in mid-: .
Ltatitudes after recurvature was, in large ‘measure, & direct reflection

of their energy, and, in congequence, allowed a longer period of "tlm e__ -
: for acceleratlun befo e dlssipatlon oc;urred. ’ . (
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- The table om the next pagehgi.v.eg the average speeds for. _
different positions along the tracks of 1949 tropical cyclones as come-
pared with historical data (1905-1937). In most cases-these agree fairly
well, considering the comparatively small sample used in obtaining the
1949 data. ' - ‘ '
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=, " 1949 TROPICAL CYCLONES AND.HISTORICAT, MIANS

COMPARISON

RATES OF MOVEWMENT
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The average speeds for all 1949 tropical cyclones were:

Before recurvature ——---————-- 105 knots. ,

- During recurvature s=———-————- 9% knots. T
After recurvature -—--—----=15% knots. :
Cver-all average  s---=--<—-=12 Kkfidts, -

13, Recurvature. , . .

Once ‘a tropical cyclcne is fully developed and has moved out

of its source region or become disassociated from the Intertropical L

. convergence zone, the problem arises as to whether it will continue its

present direction or recurve in a different direction.,  The problem of )

forecasting recurvature in the Pacific is one that will not be satisfac= i

torily solved uiitil data at several sirfategic points becomes more readlly
avallable, and data 0w avallabie more rellable. e

o %

QRN

A ‘ . .

<% - - o - , : o

¥ . %f .. _ The terms, “recurvature" and "p01nt of recurvature", as apptied

' to cyclone ‘tracks, do not mean the same thlng t6 all people. For the =
.purpose of clariflcatlon, ‘the foilowing def1n¢tlons apply in this dis-
cussion: "recurvature" refers to that part of the storm track that curves

gn an oprosite or unusual direction. from its prev1ous headlng. The term,
“point of recurvature," is applied to that point on the track where the

sto*m looes its westerly component and acqulres an easterlr component
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'?{'j'“ ffi. ":'ff . Once o troplcal-Suorm hreaks away from_any 1nfluence of the 5fj; o _

o B Intertroplcai Front . and becomss merely an 1ntense 01rcu1atlon 1n the . - A
??&y general flow surrounding it, it bécomes subje ct. many;varlablea in -~ é«%
-+, that flOW'Uthh tend to steer the stormeaccordlng ‘to the flow. patterns = . & °
"*n its vicinity. Onee—the "location and- intensity of the surround1ng~ q,;f B B
. hlgh pressure cells and thelr ass001ated troughs and ridges have been ‘ -
£ - firmly established, 'thé flow patterns, as represented by the five figures . .
= on the follow1ng page,.__ have been observed to produCe the types of tracks o
o " indicated by the broken 1lines, 4 brief discussidn of theé effects ‘and o
" the degrees of variability of each of the typical flow patterns followss -
--=  Although the statements are worded in a positive manner for the sake of: -
u;cvity3 they aré very general assumptions based on the observation of-- = ' "%
19A8 Pac1flc storms and their actions under these oondltlons as outllned‘ 3

s

INTNENS TV

PR E IR,

= © ~a,  If the base of the westerlleb, to the west of a storm, as s
represented by Figure 1, lowers appreciably. and’ remal;s 10@? the stormy

. owll recurve to the northward The point ahead of @ troughyynéﬁg%
R storm witd ‘begin recurvature is dependent “upon a number of‘?ﬁ?ﬁ &; Tt

that are aldays present although their & gree of effectlveness 1s often
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~ FIGURE 3
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- ‘i~'1n Figure-4: Thls usually occurs, however, only 1f the trough 1s statlonary

‘e g o)
T Smmmamen st 4 riiane e S AR e T A - Ve TYEE | e g ettt « rvmy -  v— -
LTI L W e g—p—r — un - Y

miles in advance of the trough, but the usual distance is in the vicinity

. storm are at some unknown hreight above the level of the storm but low
.enough to induce a surface trough in the easterly flow., It has been

and encounters & weak troughfaS;

difficult to determine. The slower and more intense the trough, the
farther in advance will the storm recurve. On the other hand, if the 2
storm is well developed and moving rapidly, it will move closér to the g
trough before recurvature, In general, it can be said that, under
certain circumstances, the storm will begin to recurve as far as 500

f P

of* 300 miles,
. b, In Figure 2, the base of the westerlies to the west of the

e an T

observed that the usual sSequence of events, in this cdse, is the re- %
curvature of the storm northward into_the surface trough; then, since. 2
the base of the westeriics 15 not low enough to éffect its moverént for = E
any great length of time, the storm veers back to the west ar¢ind the i
periphery of the hlgh cell to-the rear of the trough.- The degree o - “‘ %
which the storm w111 recurve northward.is dependent upon. the intensity 3
of the eurface trough and the speedmofwPhe westerly’ trough aloft that “%Fé%
induces it. The degree of” recurvature appegrs to dlmlnlsh as the speed o *%
of the trough increases: o - £ %
- - The type of*revurvature Just aescrlbed ocgurs for the most ’ i

o |

noted that it ofte becomes a par%~01 %he tro;gh therebj changln; the
01rculatlon and. TioveTeht -of- the storm to a pattern resembllng that—shown

or qua31-stationary.._”ﬂvﬂr_ . T TR :

- - .-

L Ce . Flgure 3 deplcts a 31tuatlon-sxm11ar to that<representeu in .
Flgure 2, with the exceptlon that the high celj to the rear of the trough»
héé"burlt“southward to such an extent it tends to block the storm's ‘
wesbward movement, Here, as in Flgure 2, the storm recurves northward - f,_"}
into the surface’ trough instead of moving westward after having failed to .- :
catch the westerly trough, moves southwestward around the blocking high
zell to the rear of the trough. ~ Once the storm begins moving southwest-
ward, it- has .been observed to decrease rapldly in 1nten81ty, and at

tlmes, to d1$31pate entlrelyL _ = - R

e A R e

Sl

e

i

» ’J
qx{n&w&-z:em@!wm

. fd The. 01rcu1atlon and track of the sto“m represented - in.
rlgure 4-1s characterlstlc of a’'storm that develops at the basé of a
westerly trough and/or a storm Lhat, subsequent to development; haa be- ,
come pdrt of a westerly trough as- explalned under rﬁgure 2 above. ‘

4

I
I

A A AL G Mad

e. The circulation 111ustrated in Figure 5 is that of a tropical
cyclone approaching a strong, deep, westerly trough which extends well

28




into tropical latitudes. This circuiaztion seems most conducive to shérm
recurvature of cvclonu-, di.;eo sarently to the strong southwesterly flow
to the east of the trough. This situation was seen many times in the
area immediately east of the Ryukyus and the Japanese hpire here strong
t e t ar

rougns from the wes

L4, Dissipation.

Since tropical cyclones persist only so long as the necessary
i supply of moisture in large quantltles is present, it follows, therefore,
B that when the supva is eliminated, the cyclone will begin to dissipate.
It.is nnouvhtchat Lhe enefgy necessary to form dnd maintain a tropical -
‘storm: 1s_der1ted frowr the latent heat of condensation contalned in the
warm moist-air of the tropics. It is plaln that when this source of .
energy 1s not presenb. Dne storm.lose~ lua 1dent1ty and decays. v

i
4
|

The ellmlnatlon of the energy sou"ce i-s- actom] lished in severai
d1 ferent—was.- First,, “when a tropical cy orié moves fwer a large land
mass such as the Dhlllpﬁﬁhe Islands or China where the air Béing intro=. -~
_duced into the cyclone is. reiatlvely much drier than that of the troplcal L
gsea, the cyclone will begin to dissipate. In reference to the llpplnes,
however, overiand storm_tragectorles over these 1sLands is comparatlvely )

R ¢

\
»
h‘.‘fi

{/
s

- Frlctlonal ’5?ces;der1ved from, rugged terrain features aliso-.. -
comblne tp dlSSlpate tropical cyclones in tnau .area, Over Chlna, the '; f'j*‘

terrain effect is also felt in large degree although the “lack’ of a. ST
" foisture source seems to be 1ndlcated as ‘the prlmary Teason for storm R

13
s
%

Lﬁmﬂ#ﬁe

i .

dlSSlp&tlon~i Lha?‘—feglone o T

|

Salte gttty s

J

: As typhoons move from troplcal 1at1tudes to Hors temyerate '. S
latltudes ovéer the ocean, there has been a tendency in the past on the B
- - part of some typhoon forecasters to TFefer to the typhdon as being extra-
_ — " tropical when it reached the v101n1ty of 35 degrees north Iatitude or

- moved into the proximity. of a mid=latitude frontal system.  This is -
dangerous assumptlon and should not be made without sound basis in fact

‘ As has been prev1ously pointed out by Palmer and oﬁhers, the process of - g
S . dissipation is a gradual one and does not cccur over a period of hours, E;

- but us Liy of days., The structure~of-the typhoon dlffers markedLv“Trom
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‘ Onily two tropical cyclones during 19&9 dissipated\while over
‘tropical ocean waters,and both of these occurred during the winter when
the advection of cool dry air into their circulation was quite 1ike1y,
The other cyclones dissipated upen crossing over a large land mass such
China, or upon reaching latitudes above 30 degrees north. The more in-
tense of the tropical cyclones reaching higher latitudes (Patricia and ;

|
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: year,

 arrived, it headedsnontheast 1eav1nv behind.an estimated
‘varLous paths across. yhe Leste

’ Kitty and sllvn.

‘authorltatlve damagé reports aré avallable.
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Ailvn for exnmple) did not dissipate, but assumed extratroprcal char-
acteristics and moved off to the northeast as deep mid-latitude cyclones.
15. uamages. : : 0

During 19&8 as in past years; -death and destruction foilowed
in the wake of the Pacific storms. The known damage and loss of life
gtaggers the imagihation., The unknown damage was also undoubtedly )
tremendous among the countless coral atolls and voicanic islands that
dot the Pa01flc and throughout the land areas of the Phlrlpplnes and '
South Chlna where news travels slomLy. ‘ -

Tvphoon L.bby was, perhans the most deSUructlve storm of thée
Developing rapldlv eastﬂof “Twe Jlma, it pounded ‘that tiny volcanlc'
spit w1th winds of 120 miles per hour and gusts estimated at 175 miles =
per hour._ Roaring west, it presentl" reached lena*a where it sta"nat:;'
directly oveér - station fof seven nours.' Then, as abruptLV as It had
10 OOO 000

———

l_; e
S

dazed and battered pnpulace.

-\———.-

of the eighteen named Tro cal Cyclones that pursued- their - . -
ra

~Nor’c"l Pa01f1e, only & few caused—serlous

Bt

property damage and

- . ot - g e .
e *\’P‘""'c .J\",;.....-i.w!?dﬁ[. 1 R PRPWIRC TR S PIUNEAETY I INE. 0
.. L L3 n o o Lh L4

Y
S|

g

~They were: Della; Gloria, Judlth, T
Phe greatest damage to mllltary 1nsta1¢atlons has beeri-
redited to iyphoons"Giorla and’ A‘lvrra these are the onry sfo*ms on. whlch
AL hougn no ureakdown “of the
destructlon Incurred by Okinawa as, floria passed was recelved by the =~
Weather Cen*ral total 1osses were estlmated to be in excess i of t twenty -
(20) mi: 1ion dolLars. R oA TR T <

e (- = X =

N o . -

i T e Mo Sh T - : .
A_'.lyn v_fa_s somewha* Tess dest ructive to Guam,_ as may be seen

from the followlna bredkdown: -~ - .. o= L

-2

g - Air Forces .. % 11,000,000 '.;;o __ -

— " Navy ~ 3,811,158 o -
Nonzhllltany -whil 2 »503,760-- - . . .
S - Cohwmy T TA750,000 0 L -
EEE L Total L. 519,06, g8 . -

e e %

Inciudedgin tlie above was the loss of crops suffered by the‘
native Guamanians which has oeen a contlnulng problem affecting thelr
llvellhood '

The afore-mentioned Tropical Cyclones, plus several others,
inflicted severe damage to civilian population throughout the Phlllpplnes,

China, Formosa, uklnawa Japan and Guam., A hreakdown of the civilian
damages reported in Japan is shown on page 3L.
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DQHAGES BY STORMS

Dead

Injured R
. Missing

Houscs completely or half
destroyed .

L '*Houses les+ - 1 ''''''

Pacdy-fields Tosts

- Paddy fields flooded .
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. 1. . 2 ..
Although ‘much non-mijitary damage results from high winds, the
greatest destructicn is a result of heavy rainfall associated with
typhoon activity., T ;
kyp oo Ve N This :ras especially true in Japan, as shown by the
readown on Y'\.'-" e a +1’\ D‘r\w 2 i na And~
£ ng in e i 3.ppine Isiand In the xhl.l.lpp.Lneb,

CA AP iands.
extensive damage was caused by storms in which no winds in excess of

forty(40) knots were recorded, Actual accounts of such instances are .
not available to the Typhoon Post Analysis Board.

. In general, much military and civilian damage is prevented each.
year by adequate storm warning; however, this only applies to wind destruc-. 4 [
- . tion as very little may be done to combat the heavy ran.nf‘all that accom- ‘?‘
: panies these disturbances, Z
LT T e e T - S —
j I o L Slnee the*pﬁmr-v funetion of the_Typ woon Warning Network is-
: -§5.0. . -to prepare accurate forecasts of tropical cyclohes in the Northern West
f “%' .- Pacific Ocean, it-is-necessary that some sort of vern.fication program
x;'-‘— o © be instituted to0 check on the suocess of the forecasts,” - ~--. . .~ =]
g_ At the Typhoon Warning” Center the errors for bulietin iocatiohs, ,f
5. s 12 ‘hours forecasts, and 24-hour forecasts ‘made on all bulletins issued f
. _ have been _computed, - The méthod used for determining the error consists - kS
= ) < o= -;of measur.ng the dlstance in nautlcal mlles J:rom the question_ed pOsltlon - 3
P e E
$ 50 - e e e
: S ~=6h the followmz Dage. This chart shows ho noticeable trend 5 further ;_-- R :gf-
- L emphas:Lz:mg the’ “fact that. éach. .Lnd1v1dua1 cyclone- is a problem" b‘}"’“*it”‘élf‘. T %
Eo - " The part- of the.graph showing the combined averagss for all storms i; e §
i g e _each sub-center and-the Net is of particular interest. It would appear B
E T L that the ‘forecaster's abilities at each suu-cer«ter are 1nd1cated by the Tt E
+  heights of these bars. This is not the case, however, as many other '
i - .- factors~enter into the considerationi— e . '

_ " Frem the graph 1t appears that the forecasters at Andersen

Weather Central are less proflclent than those—at other stations, .It
must-be remembered, however, that the forecasts made at "Guam were. usaall,

made- at: the: beginning -of the life cycle of -the .storm when it was ill-" S
defined and subJect 'té ‘changes in speed and directions Im addltlon, the =~
. data ‘available in Guam's area of respcui.bihty is extremely :scarce, often
being limited to reports froi Guam, Saipan, Iwo Jima; a few islands to =
the south of Guam, and whatever ships. mlg‘lt happen té be in the area.

~

iy ';'wgsg: WY EERYES
< .
« .

~ Clark was hampered somewhat by lack of data and also by the
fact that many storms recurved in their area. - Kadena, being out of

&
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operation for a long period due to damage caused by Typhoon Gloria,
issued only 24 bulletins, rendering their errors non-representative.
Haneda Sub-Center had the advantages of a comparative wealth of data

and relatively straight tracks which were usually established before
reaching their area, Cooperation of the Japanese Central Meteorological
Observatory was also of great aid. This is not meant to infer that the
forecaster at Haneda are less proficient than those at other sub-centers,
only that if all forecasters had the same tools to work with, the average

errors would be much closer together. o , . i

Muach of"the error in forecasting is due to the erroneous loca- v
tion of the center of the storm at the time the forecast is being pre- ) "
_pared. . In an effort to el:unlnate. this error and obtain a figure more .

fi - representatlve of the forecastér's ability, the forecast -errors were . .-
recomputed using the_ same forecast direction and ve.x.oolty, but us:mg t}}e N
post ana1y31s pos:.tlon as a ba315 rat ser than the. erroneous bulletin S _\9

Posrtlon. e N e T e - T Tl

2.0, o o " It is beyond the scope of’ ‘this report to discuss the forecast -
o _ errors individually, but explanation of the large errors made on certain o
) sto**-'—spculd bg attempted. Det_alled explanation has_@ual]y been | -

PR SIS ——'i-""vv—*--'-—"_ ————1

- e ot B G
- i s T o

- = r"he largest average errors: of 19l+9 were made- by Guam ine fore= o
= casting % he-movemént of . Typhoon -Carmen, A glar:cv at the post analysn,s S
B ". .. path of this ‘cyclone on page - will show thée reason for thisj—=Carmen -

: ‘_-‘“,j, - -7 " had-a very -unusal patn, to say the_least. . Also reconnaissance was in- - _
e _adeq\mte ‘and data from the- area—very meagmr. Typhoon Hester » anot her o
’ " ‘unusal ‘storm, - “had large forecast errors-for the same reasons, The =~ - . ..

‘large errors on Lise and Madeline ‘were due mostly to the fact that un-
known to the forecasters, both were-in the process of : -ecurvature at oo

: the time they were first detected. : < S e -

& /.:J

R

|

| 'i:'
g

f,
|

T . Other 1arge errors were made hy uadena in foreca;ting Della __::-l’ -
f : and Allyn, and by Clark in- forecasting_Patricia ,. the latter two .cases i
being ‘due to unantlclpated recurvature._ Haneda had average 2,-hour fore-'

cast’ _errors or more than 200 m:.les on—only three storms during the sea.son, B
Delld; e Pa.trlcia, “and Allyn. The ‘1arge~errofs. on Della were due ‘to the L
rather unusual northward movement, the errors on the other two storms

being due to acceleration of the storm after recurva.tixre.

S

|

oG \ . .
SRR & TR £ ‘#‘*ﬂM\'—ﬁigrq i \,ﬂllmg&i‘.ﬂé)&luﬁm *@.wmkx.u.i-aa‘ RS uwlim-«%.\\\hﬂ(-m3!!‘»&’2&' S

- On the cred:.t side of the ledger are the numerous accurate .
forecasts made by each memter of the Net. In almost every case, these .
small errors are attributable to the smooth track of the cyclone and
the availability of data.
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_.area of 8 500 square miless .- , . -

~ level typhoon reconnaissance is as o0ld as reconnalssanceﬁltseif.,,Each

~“taining to roprcal-cvclone phenomena. While attalnment of this goal
"is not fea ble with” present ‘methods and equlument “névertheless,. t,e
_fsearch w111 89 en and both types. of ‘aerial reconnaissance mentioned

;_;,above will contlnue to pluy a large part 1n the eventual regirzatlon of

’—the boxing method.of 01rcumnav1gat1ng the storm. - —

.on course to the storm area until the 700-mb level is attained.. Upon -

_perpendicular to the wlnd toward the center until the eye is reached
-Keeping“the wind off the left w1ng.' Within the relative calm of’ the eye 5

!
: - |
Unfortunately, no verification of tropical cyclone forecasts 4
was attempted in previous years either in the Pacific or the Caribtean;

at least none appears in the available literature, Thus there is no 1

basis for comparing the success of the forecasters.of the 1949 seascn .
1
1

with that attained in previous years. It would seem, however; that a
24~hour forecast error of 187 miles leaves much to be desired., This
average error means that the storm could be located anywhere within an B
area of 110,000 square miles, which is quite a large area even in the
Pacific Ocean, . .Similarly thée 12 hour ‘forecast error of 105 miles means
an error area'of 35,000 square miles, In locating the bulletin position
of the storm the average error amounted to 52 nautlcal miles, an error 3

BN LR oo

.. IV. TIPHOON AFRIAL Rnoomm SANCE ~

17 1948 Operatlons. . . I L Hy ;. e

~— . <

: Dlscu351on and debate of the relat;ve merlts of hlgh and low

method has’lts advocates since both types of reconnaissance have their
piace in thé never endlng search for troplcal cyclone data. The goal
of the search is, of course, possession of all ‘possible knowledge per-.

the goal "i‘ - va-E,_—f?;?i?“ ST e E e el e

=

Weather reconnalssance in the P301flc durlng 1948 as performed ’>_

“by the SLsth Heather Recoﬁhalssance Squadror, was a comolnatlon of the -
“two methods, usually dependenb ‘upon the type of information desired by .
Eheuu31ng agencies., The standard typhoon reconnai ssance procedure not

/'-;M

in use and developed late in the‘year, is such a comblnatlon'and enploys

L
EletQ oo

3
2
i

4

BRI

- T, N x
— — B -

s -

Follow1nv the take-off on a typhoon m1531on, the alrcraft cllmbs]

1

v

reachding the euorm, a penebralbion is wade direcbly inlo the eye by liylng

¢

2,
7
i

a descent -is made to 1,500 feet, at the discretion of the aircraft’
commander, The weather observer aooard determines the ﬁressure of the
storm a% the center, gathers other information normally ' required, and
sends his réport. Circumnavigation must now be accomplished. A climb .
back to the 7C0-nb level is made, and departure from the eye is made - .

i

e ademesd it s HRSANRRNRERE S L
™ < i

through the weakest quadrant of the storm as determined by radar-scope i

returns. hen the p01nt is reached where the circulation of winds about

the storm has dropped to 40 knnts, another descent is made to 1,500 feet Bl

and the bracketing procedure begins. his consists of fiying four legs ]
|
l
|




counterclockwise about the storm, each leg aprroximately 70 to 80 miles
in length, depending upori the configuration of the 40-knot winds. The
legs are oriented respectively on the cardinal headings of south; east,
north, and west, and the movement of the storm taken into consideration
while the bracketing is being accomplished.

‘The advantages of this uethod appear to be obvious in that both
surface and upper-air data is gathered. The surface data is obtained at
a fixed distance from the storm center-in all quadrants. The eye is
.definitly fixed at both levels., The minimum 70C-mb height and surface
. pressure, together with the maximum temperature within the eye, are
: i secured, ‘Although more time is consumed in the climbs and descents o
- required than would be the case if the entire mission were flown at one .
' , . . -level, it is felt .that the informttion va:med warrants it- and is of ) %
e greater importance. Also, to be seriously considered is the factor of

- _crew fatigue, which in’ bypassing the areas. of severebt turbulence, is ,
) = . lessened considerably.- In ‘Yike manner, the dangsr of ‘damige to the air-
c - . 7 “eraft is. reduced to 3 mimmum. . ) . :
A ._ = 18; Reconnaissance “on ’lfyphoon Haze]. = s _i.:,_:_—d

- During the period -of . Typhoon Hazel, Sepr,ember 2=T7, 1948, a.
noteworthy opportunity arose to consider both high and low-level recon~
naissance at, close hand ©n the _morm".g ‘of & September 1948, a B=29-

. N A

— ] of the 51hth Recox;naissance Squadron, ‘staging out of Clark {‘1‘;1;@ Mé.'rTi’la .
_ toom off to reconnoitér Typhoon Hazel, centered 450 miles of T the -east: o
" coast. of- Luzon.ﬂ..;._.,hat time, single-level wissicts at the 700-mb. Level -

. was standard; procedure. Consequently, the aircraft climbed on course - -

“ " to the “700-~mb level a.nd -in due tii me, “arrived . in -the sto*m area where'—“"** =
_ circumavization was begun in the southwes* quadrant. Flying cbunter- T
clockwise with the circu].ation arovnd. the oenter 'y the air craft socured-" -
readingsiin all four quadrants then took up a heading to eBtablish ‘the e
center of tne\t_,rphoon and presently broke -out into the eye, Flying G
: - _below them at 600 feet over the e water, the crew saw a Navy Privateer a
— -~ _aircraft which had been dispatched from: Sangley Point Naval Air Station, :
' “Manila, also to réconnciter the storm. Although the flights had not. -
__been planned ‘to-coincide inter\tionally, it, nevertheless, afforded an-
e “ﬁnprecedented%pportunit’y‘ ‘40 study the two methods of reconnatssance - -
~'.  whose combin reports resulted in the nlot shown on the following page. _
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IR | ¢lose examination -of the _plot will reveal a 'r“éinarkable b i
similarity of data obtained, To simlify the ¢hart so that it would” hav.f R
-~ —greater wind field clarity, only-a very smell porportion-of the data _ . ™~
. reported is plotted. The Air Force reports dre :mdié:ated by solid -
Lo . i figures andithe Navy reports by dashed figures, Both crews reported
Z - ~ the area of maximum winds and heaviest rain to be in the northeast
quadrant., The Navy observer reported surface winds as "gusts to 75 knots
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E in squalls" while the 5l4th Squadron observor obtained 700-mb level winds -
: of 74 knots determined by double drifts. Both crews repsrted theeye as
37
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. airéraft Whlle the second navigator concerns himself primarily with

© to full time additional duty with the lypnoon ~Post: unalysls .Board.,

.', to circumnav1gate the storm being: Feconnoitered.

The outlook on typhoon recomnaissance for the 1950 season is con-
siderably brighter. The 512th Reconnaissance Squadron (VLR) Weather is
to become operational very socn at Yokota Air Force Base, Japan, and
should be an immeasurable aid during the next season. At the present
time, a forecaster from that orgsnization is on TDY with the 514th
Reconnsi ssance Squadron and is working with the Typhoon Post Analysis
Board te familiarize himself with its procedures, problems and needs.
It is felt that this training wil] be of valuable assistance to the
512th Reconnaissance Squadron when they begin flying typhoon reconnaissance

One of the faults of - reconnaissance during 1949 was the -scarcity of
fixes on typhoons and the inaccuracy. of some of the fixes obtained.
~During the reconnaissance of Typhoon Allyn the 51Ath Reconnaissance
Squadron inaugurated the procedure of sending twe navigaters on each
flights The results were far beyond the nost optomistic expectations.
It was found that two navigators could fly two consecutive missions with
less. fatigue than one navigator would fly one mission alone, On these
‘missions where two navigators work toguthei, one man does 411 -dead '_
" reckoning taking “responsibility for position reports and. directing the
obtainlng fixes for the other navigator by means of Loran, radio, ‘celes-
~tial or any -other method available. This procedure prov1ded more flxes e
) whlcn were more accurate than. by:any_prev1ous method-_"lpals therefore
recommended that whenever post blé. two naV1’ators shoulﬁ be sent onweach

o & - =

’ typhoon reconnaissance m1831vn. "?11':i;z'ﬁ;ﬂ B e T SO 1'

S . ﬂnother coimmon fault found w1th typhoon réconnaissance ‘in 19&9 wis '#;l;«én
"7 "a lack of coordination betwéen the_Typhoon Center and the 51hth Reconnais-:\ h

- .sance Squadron. In accordance with a directive from 2lujra Alr’Weather -
Wlng a.forecaster from the 514th. Reconnalssance Sqnadron has beeneassigned
He— - -~
1sito concern himself w1th'collect1ng reconnaissance data from his sqnadron,

prepare reconnaissance or operational, portions “of individual tropical

¢yclone reports and the yearly summary, act as monitor for_the Typhoon

Post Analysi:s Board during tropical storms and maintain liaison between
" the 5lith Reconnaissance Squadron and the Typhoon Post Analy31s ‘Board.

fThis should eliminate the delays experienced in the past in securlng

Lhe reconnaissance organization, thus preventing the loss of much val-
- uable data as experienced during the 1949 season,. - e

Ve a . L I,

In several instances during 1949 the reconnaissance missj.ons failed
In most cases the

. reason for this was because of late take-off due to aircraft not being
in commi831on, or long distances prevented circumnavigation because of
-darkness, _
reasonable to expect that every storm will be circumnavigated.

With two squadrons flying typhcons in the 1950 season it is
It is
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‘ strongly recommended that an earnest attempt be made to 4o 50 as the
data obtained by such reconnaissance is invaluable.

Only nine soundings were made in typhoon centers. The reasens for
| not taking soundings were: insufficient time in the typhoon's e eye,
| shortage of fuel supply, and in many cases due to cloud coverage in the
-eye. Fighteen dropsondes were released‘ six of them were successful.

Radar scope photographs and aerial cloud photographs:were not .
always taken, Radar operators and Weather observors seem to need more E
- 1nstruction in the use of the K-20 aerial camera. : CN

. It is the opinion of the Typhoon Post Analysis Board that very
- high altitude reconnaissance on Typhoons would be of great value for’ R
' research purposes, It is- recommended that, if at all practi'bal this -

vrs Dok

, oe carried out ‘during the 1950 typhoon season. ST i
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being open to the northwest and estigates of surface winds made by the
514th Squadron observer agreed within five knots with those reported by
the Navy observor in all guadrants, The only discrepancy noted in the
two reports, was a difference of 15 miles in the position of the typlioon
center, which was conceivably an instrument or navigationul error, cor |
the combiration of any number of factors. An error so small in determin-
ing the center of a typhoon of the magnitude of Hazel is of little con-
sequence, as an allowable error of 25 miles is the normal limit. Although
no concrete conclusions as to the relative merits of high or low-level

- reconnaissance can be drawn from this single mis«ion, it can be stated -
definitely that a need for both methods exists. The type to be used- -
must be determined by the information desired and the intensity of the

storm to-be réconnoitered.
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%&: ) - % - The Typhoon Warning Cer'ter at Andersen AFB (formerly Nort.hs Guam . - 5
T, am) made 100 requests for typhoon reconnaissance during the 1949 typhoon

g
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-~ 7 ' geason, Of t_he, requests ‘made, only half _could be fulfilled by.the 514th
. Reconnaissance Squadron (VLR) Weather. The 50 riissions .flown actuslly =~
_ . -~ covered 5k requesti 2s there were four cases where two separate Storms
- - were recormoitered by one flight: There were four cases where thi 51hth
‘if,—“;_ Recon?aissance 39 undron used alrcraft f‘urn..:shed by the 19th Bombar@mgnt
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L P =i dIn every irstance where reconnaissance was reqnested and the- -
e -‘”“514th\Reconnaissance Squadron was unable to furnish the mission, the [ = -
| T .. Téason was the same - no. aircraft'available. The’ tropical_dlimate and: ~__'_—
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- - aged equipment began to hamper the squadron's operations more and~more
L7 T - astbbe eason-progressed; On the first five typhoons of the. yéar the
R P 514th _flew 70, 92 pergeg@ of the~mlssicns'requested, but on the “Tast five o
- ' age is hlgh only b~cause of typhoon Allyn on which eleven missions of =~ 3
" twelve requested {91566 percent) were flown. These percentage figures. - i
) shcw very well how rccannaissance declined as ‘the 1949 season’ progressed :
TR \See ge*36) EE - > -

e \ ——— =

P 5 . S

8 : : Communlcation of recennaissance da+a showed an, almost reversed
e urend to the missions flown. -.At the. beginning. of the season reports
. sometimes reqplred ‘several hours Lo reach the Typhoon Center. Ina fow

cases‘they'werewnever received by the Center at all. Toward the end of ;ﬂ',fr
“the season condltlons were very much improved and it-was usualiy only &
_ matter of minutes until this_information reached'the Center.- Only.in- - .. = _
.'caees where communlcetions equipment, was damaged Ly qtorms were thére — - -—

any long delays in the rec‘rpt ‘of reconnaissance meséages. It is - ST

regrettable that accurats logs were not. maintained on reconnai ssarnc

messages by the Typhuon Post-Analysis Board so that oommunications

statistics could be included in this report. However , such a program

has been initiated and a detailed report on this subject will be included

in the 1950 Operational Report. '
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 Hours flown DAY NIGHT TOTAL
1. Actual typhoon mlssions. 319.40 110.45 430,25 %
2, Search missions. T1.40 27,30 .99.10 .

Observations transmitted

1. Primary addresse=e NGAFB Typhoon Center - 880
_ 2, Secondary addressee - Net - ' Unknovn

YRR

]

Observations received b‘y Typhoon Center

P

= o Averaze delay. 1;191'8 eipt of message
- TR Recond not kept ' :
- Soundings . - -

- -7 -+ - _ 1, Aircraft B e
e " . -2, Dropsonds"
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NARRATIVE HISTORIES OF TROPICAL CYCLONES

TROPICAL CYCLONES OF 1949

TYPHOON CARMEN
Janpuary 15-20

Carmen, the last storm of the 1948 secason, was post-analyzed
- as havin; moved in an anti-cyclonic arc, Its origin can be tracec
to the southeast of Yap, at the junction of the base of a westerly
trough and a secondary line of convergence assoclated with the
Inter-tropical trough. Its track can be followed south of Yap and
- northwest betwecnKYap and Palau. " kuch- Speculatlon vas afforded
B ) when “three reconnaissance fixes indicated a loop in Carmen's path.
- - - Indications were that Carmen was a very small storm in-the respect
© 77 that high winds and weather extended only a short distance from its-
. . . center. An-allowance for navigational -error along With a 42 hour -
: . .- stagnation would have. -discounted the unusual recurvature. The ’
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- fipal 1eg pursued a southwest course into Mindanao, the result of ¥

. g . theé Siberian high cellls intrusion into the Philippinc Sca. . - - 9
=i;:§ S Sporadlc surfate and .upper air dats throughout the storm’'s- duration - g0
) T was. of ifnsufficient value to present a true nlcturc, 10 result — . 4
T ' confusion andflnaccurate forecasting. . TR S I

- o S i _ TVPPOON DELLA I CT T -1.
T . - . - June 17-21 _ y e emiil W
D . 5%

Dellu began as e
traked as far 603t as Truk vutn cons stvnce
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s ,;;Ef_ Yép»'1th“1nten31flcat;on-ev1dent near 15 N and 127 u,—scven days s
~:~ 7 - -after the éasterly —~passagé at Truk: A surge of moist unstabie\alr Rada
- -~ 77 from theé southwest was the primary factor in 1nten31flcatlon, Sk T L -

g’” LT “-parobolic path wds follovwied, with the cye passing over Okinawas, .~ ‘
Re- ' Contrary to climatological data, Della pursued & path across Kyushu e ;i
T ———— rather than-the-conventional movement up the polar trougi to the. =Y
T T - south- of_the Japanese impire. Della. moved inte-the Japancse Ses-

.. C L we.n and became extratroplcal four days aftcr it was detccted as a . -

o - Lyphoon..'?h;*- SR, T

) t_: — :: \ . :‘ S 3 “ﬁri‘mp_ig&;s‘ffom ELALW I R B
R BRI S .,Juiy g-10 — T

. - . R - 5 . s o -

N R I . e - . P [y

z - Elglne, a troplcal stonm throughout her llfe, dcvclopcd from

N . * an ill-defined ecasterly wave that passed south of Guam. Tack of )
-sufficient data prevented accurate detecticn of thq easter v east

..... , of Guam.. ‘As Elaine passed Yap, a surge of the ménsoon W1nd» to:the’
_south of the Inter-troplcal trough intensified the wave and a wc“k
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(ELAINE CONTINUED)

circulation developed at its base. A 290 degrec movument at 12
knots was followed until it passed over the northern tip of s
Mindanao; from this point a gradual recurvature toward the north- o
west was taken. A southerly flow in the South China Sca aided
in intensification but there was no evidence of winds morc than
L5 knots throughout the storm. The storm tracked within 60 miles:
of Manila and dissipated rapidly as it entercd the China coast
west-southwest of Hong Kong. ) g p

TYPHOON - FAYE - - ' )
" July 13-18 . T

N - " = = s : !

. Faye was ohe of two storms that had its origin in the. upper”
alr, between 25-and 40. thousand feet, and gradually descended to
" the surface- over: the’ western ‘edge of the Pacific high celle -
(Indkcatlons of—Kwaaalwln's~upper winds verified th¢ presence of | = - . -
, and five days later it's nearness to TIwo-dJima .
was r°flected on the surfacc) Faye, -moderate storm micved near =
and 0 the south of Iwe Jima and recurved -around the Pacific
high cell 500-miles to the west of Iwo Jima, Fay fo owed a
northerly path upon redurvature and passed over thc mbstcrn edge |

of Ayusnu 1nno the Japanese Sea.
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B Ohatias
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Glorl“;fene «of” thc m st : '*

wave ' which Was was 1nten51f1ed«

- passing south. of“Guam. GLOTris ‘ -7

near -15 N.-and 132 £i ~Her Tuture ‘track was north for- 450 mllCS with T
_. inverse recurvature to the northwest. pa331ng over Okinawa and - Coee s 7Y
entering the China coast near- Shanghal. liaximia winds were- e«tl— IR |
matedxln excess of llO knotsc"~“ : e R
I - LI, §
oot T mewowmsme o T
SR ,qu;g%gma o - RS B %:-fisﬁg
. R T R o L \“.%
Hester' One_ of the seasogls.most confu51n, storms, rosulted : ‘.'g
from the’ 1ntéﬁSiflcatlon of an easterly wave near Guam, -Post™ — _ ~3]
-~analy31s indicates that a convergent westerly and southwesterly C oz
flow in the vicinity of Saipan was the factor 1n,1ntens1flcat10n. %
Reconnaissance revealed a loop in- Hester's trackiacar Saipan. . g
After a north-northwesterly movement to the east of Iwo Jima, the™ -

storni finally entered the Japanese mainland to the spnth of Tokyo.
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". Throughout her life, recomnaissancce could find né ev1dcncc, of &

hw“w1th 1nvense recurvature ovcr ,estern Kvushu.-

(HESTER CONTINULD)

"Hester was strongest at the time she was first detected and woeken-
ed thercafter, becoming negligible when it struck the Japanese
islands. :

TROPICAL STORM IRMA . .
July 28-30

Irma originted in the South China Sea snd intensified into
a weak -storm for reasons thai_arc only ¢ qt.;:nosn,tlon due to a lack
of data in tha% area.  Her path was’ northeast and finally north.

: dei‘lned center, but rz,portcd 50 knot x1nds. .

T"PHOON J’JDI'“" ' A

e 5 e 7 T

'August,lzflé PR e

Judlth bega nas a vortex assoc:u.tod with an cas uCI‘lV wavo
and cari. be 1dc,nt1f1ed as hav:x.ng passed Kwajalein 20 days prior -
to its dlssn,pat:\.on. Intensification into a typhoon Wwéas near 1k -
N ‘and 126 E,-bit the cause is uncertain. Seon after detcutlop .

.of the tyohoon, normal reccurvaturc began, but two days later in- o
Verse. curvature was ¢ :.dcnt. At t..h.b tnrne 1t vias mousht thc.t et e

typhoon, attaln:.ng maximun mnds of 65 knots. =

- s TTIen

= E— - SRS 5 =

B “*“r“‘_~ﬂmmp¢xmwwtﬁw.wmevn,;;;iggf:;
e e August 28 ~Scptem_b_b;'. s [ A,

Krt.ty orlglnated i‘rom an easte,rl,y— wawve-that passe,d Kwagaleln -
) and intensified near 23N and 154 E. - It is believed that intensi-«
fication was-the result. of a westerly troubh that ‘move d to the, north :
.of the storm prior to its defection. Further, the northwest mo
ment 1nto the nose of the Pacific high- c\,ll a.ssn,stcd in ma:.nta:m:.ng
‘the gradlg,nt. ‘Kitty began recurveture near 32 N and 340 Ey-but —
normal recurvature was hever canplctcd as. the stormm maintaired a’
;noruherly moveient. across Honshu and dissipated ncar Hokkaido. . -
P Reconnaissance reported 4 maximum wind of 65 kiots. Kitty in- - =
. flicted more demage on the Tolfyo aréa than any storsi during the -~ - 7

season, Gusts to 75.knots were reportcd with torrential ra:.ns.
5 5 - 1’/
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'
| TYPHOCHN LISE ;
| September 2-6

Tropical. C jclone Lise was first debucted as a weak tropical

« dow j"‘SSlﬂb north of Guam and Saipan on 31 August. Navy Recon-
na'?s sow two days later esteblished that this lom had inereascd
Lo TTRYOIL Il._”"t,’”“-lt‘,’. Tntensification is attribubed to the low
moving into 2 stagnant low pressure area in the Phillippine ..La(
Iisu ougan 8 shurp recurvature on 2 September and passed 70 xS
southeast of Iwo Jima as an intense Vphoon on L uvo’ccmber, X
man winds of 85 knots were experienced at Iwo Jima for a short
period.
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. PR .<.dg,l.Lm, Wias thu second of twe stormms during the scasor that . - - .
% ST -} o § cinatiéd in bhe uope or_ air and surfated over the wesbeon cdge of 0 _
I th Pacific high csll. 4 uurr?ce*shlp on. .. Sqtmibg;% E"V'\/ first -
- - -, --4indications of a relgtivily wodk-storm-in the vieinity:: 2 21 ¥ and LT
151 E. The stora mis discdvoied whild in h,ﬂproccsb 0} rLRIVELUre; -

the track thereafror 10'nn°'- srihwafd, miso '*";; T Jire by H50 miles. -
SECT © . Madeline nover reclhed txpheonn :Lntcnsa_ty a.g Gis-jpnascs :Lnto the .
AR ) polar trough five & Lays aftor it was dc’o" tod, . o R
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S g ,_1_' ~had failed So indi zate-winds in ¢xeess of L5 Lnots, The stora_ . .
passcd -sonir-6f Okinawa ond struck central FO.;."mOSu. Nelly -dis-- = & =

1ions over o m,rlc.d of five days -

appearcd into 'thé Chine coast morth of Hong Komge ~ ~ -~ _ .. -
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. - Ciclig vas fivst :io"o'v.c;ed in the . lattor d: y‘~ af Scotu.zbcr,,nn
~' . the Yap-Palau aren, This storm cap be traded to Fwajalein, nine .
coTTT o Tt days prior bo dts intensification to a tropical stirm., Data is o - - :
T R __1nouivlr'1.ent to. determing the ceuse—cl intu wc:.flu,utj.on, and e on- : 4

' naisteace fizes failed to reveal it§ datensihy. Loving nerthwost- .
waid, Onclia passed betw..n Luson and- romo'.,, striking to. Jiina




{ OMiLIA- CONTINULD)

coast on 4 October 180 miles northeast of Hong Kong. Omclia's dis-
tinguishing feature was the reported fact that rio closed cisculation
could be found near the cocnter by reconnaissance.

TYPHOON PATRICIA
October 24~28

. On 17 Octbber, surface ship reports from the Truk area gave
- the first indication of the tropical disturbancc later named Patricia.
As it moved slowly northwestward it began-to intensify such that a
definite closed circulation was apparent with the phssavefsouthwest '
of Guam on 20 October., At this time, thc¢ stormwas ‘in the process
) of recurvature and continued thercafter on a northeasterly track
- . which skirted all U.S. Kilitary instellations. Patri¢ia traverscd
' - ~over 3,000-miles in the C.LOVCH days it was under survca.llanre by -

S . the. Network. L. D R

s - i _ ' - . PO

L L TROPlCAI. STORL RENh-— " . = - T . i
el L e Cliovenber i A

- LA ~ S . 5 - - =

b

- S ' - Tromcal Storm ‘Rena was -an-examplc of the cariy-winter storms
: ' \v’uch 1ntms11y 1n the Pg.lau Lrea, thcn movc 2CTOSS, the oouthc,rn

It thought “tHAL. =
d by_ 5 1and sta’c.:x.on SR
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B “was h5 knots. Recurv1ng -5] 1ght¢y upo lcavinc the Pnl—llpplncs 5 Rena .
s oot e took.up & course foiHong Kon.,,  -but dissipation had-already. be,gun, R
CLl =woapd i croééing bine Chlna Sca the storm soon lost. :Lts :Ldg,nﬁlﬁyo_ IR
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- o On :10- Novcmber, Kwaaale:.n exper 1cnc<,d the flrst affé?,ts of th¢™
e - " storm’ mh:.eh later developed into Typhoon Allyn. \Thc torrential rains
: ~ and a wind shift indicative of a vortex induced the Kwajalein fore- )
: caster to relédsc a tropad alerting tho Typhoon Viarning Network. . = 7 -
) ..As the stom contlnued wostwird it rapidly. intensified.  The first o
- T T reconnalssancc flight established the center .of the storm north of - —
- .7 Truk with maximun winds -of 60 knots. Threc days latér when the storm - -
—_— approached Guam, the winds. had- ~1ncreas;d ‘te. Y20 kactss On 17 Nov- . 7 -
: . embor, Typhoon Allyn . “shruck Guam-with @ ferocity unequalled-since  — ~—FT
- - 1900, Passing within 35 miles of the southern ‘end _of ihe¢-island, o
- S the storm created havoc on a grand scalc. No l:wes ,were lost even
e among the natives, who, lacking typhoon shcltcrs, cgdured the storm
' in their hous¢s, hundreds of which- vicrc eomplotcly dcstroycd. By
garly morning on the 18th, " the populsce was able -to leave their -
o shelter to survey the dcstruct101 which emoutited to millions of '
s ~ dollars. Alljn continucd along a v.cst, ‘northircsterly” trach apparently.
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hcaded for Okina waj houever, recurv:.tur;b occurred, and the typhoon A
passed south of Japan; lashing Torishima with 80 knot winds before
settz.n.g course for the Aleutian low, ; o
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o - TYPHOON BETTY - " i
December 3~y

S R

Tropical Cyclone Betty, a small but reportcdly intense stor: .
. ' developed in the Yap-Palau area December 2nd ond 3rd then moved
= west northwestward through the South Central Ph;l::_oplnc Islands at
' - an average speed-cf 12 knots. Although the first reconnaissaonce
' fix on December 3rd estimated the winds at 80 knots,  the light sur-
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- - . face winds reported as the stomn moved through the Philippines in- T
. dicate that Bc.tty probably never exceedud-50 knots 111tvn§1_i;§r. Thg_s i
ERE ended one of the weaker Bhd- more ooscum storms of fche séason. |
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e~ - Camilla, the findl significant storm of the typhoon season; }
oL - was the-ninth tropical. c*;clonc to intensify.in the Yap-Palau aren. 3

S:Lmllar to ot,hc,r lr..tc, ueau )r sforms Canllb -novc,d W est northwest- ' -

T N across no,"hern Luzon, dlss:.patlng'vsw'llo éross:mg the mountan.nous T |
et I " area.. Carnllla “then moved -northeastward.up the polar trough accel— - T
Ce e eratggﬂrapldl*r c.nd bccomlng ekvratroplcal Just cast ui‘ kaawa. S ~;-_‘ R |
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