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FOREWORD

For centuries tropical cyclones have been Equator, west of the Date Line, and east of the
a menace to both military and civilian activi- African coast (JTWC area of responsibility )
ties in tropical and subtropical oceanic for potential tropical cyclone development;
regions. During recent times much effort has
been funneled toward more accurate tropical 2. Provide warnings for all tropical
cyclone forecasts, and toward more efficient cyclones within the area of responsibility;
operational responses to these storms. A
large portion of this effort has been based 3. Determine tropical cyclone recon-
on studies which , if meaning f u l , must be based naissan~e requirements and assign priorities;
on accurately documented data. The Annual
Typhoon Report represents such documentation. 4. Conduct post-analysis studj.es
The body of this report summarizes the trop— including preparation of the Annual Typhoon
ical cyclones occurring during 1976 in the Report; and
western North Pacific , the Central North
Pacific and the North Indian Oceans. The 5. Conduct tropical cyclone research
United States National Weather Service pub- and forecast improvement studies as time
lishes summaries of eastern North Pacific permits.
tropical cyclones in the ~Xariners Weather
~~~~~~~ and Pilot Charts . JTWC is an integral part of FLEWEACtN Guam

and is manned by officers and enlisted personnel
The PACOM Tropical Cyclone Warning from both the Air Force and Navy. The senior

System (western North Pacific and Indian Air Force officer is designated as the Direc-
Oceans) insures warnings of these dangerous tor, JTWC , and the senior Naval officer as
storms is provided to all U. S. government the Deputy Director , JTWC.
interests. It consists of the Fleet Weather
Central/Joint Typhoon Warning Center Detachment 17, 30th Weather Squadron ,
)FLEWEACEN/JTWC), the U. S. Air Force 54th Yokota AS, Japan with assistance from the
Weather Reconnaissance Squadron stationed at Naval Weather Facility , Yokosuka. Japan and
Andersen AFB, Guam, and the U. S. Air Force computer support from Fleet Weather Central ,
Weather Service Defense Meteorological Satel— Pearl Harbor , Hawaii is designated as the
lite Program )DMSP) sites at Nimitz Hill , Guam; Alternate Joint Typhoon Warning Center in the
Clark AS , Philipp ines; Kadena AS , Okinawa: event that FLEWEACEN/JTWC , Guam is incapaci—
Oman AS , Norea ; Hi ckam AFB , Hawaii; and the tated.
Air Force G lobal Wea ther Centra l , Offutt AFB ,
Nebraska. Additionally, satellite support is The Central Pacific Hurricane Center ,
provided by the Fleet Weather Facility, Honolulu , Hawaii , is respons ib le fo r  the
Suitland , Maryland. area north of the equator from the Date Line

east to 1.40W. Warnings are issued in coordi-
The Fleet Weather Central/Joint Typhoon nation with FLEWEACEN , Pearl J3arbor and

Warning Center , Guam has the responsibility Detachment 4, 1Ww , Hickam Al’S, Hawaii.
to:

CINCPACFLT , CDRUSACSG , and CINCPACAP are
1. Provide continuous meteorological responsible for further dissemination , and if

watch of all tropical activi ty nor th of the necessary , local modification of tropical
cyclone warnings to U. S. government interests .

Ill
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CHAPTER I — OPERATIONAL PROCEDURES

I. GENERAL
Services provided by the Joint Typhoon (4) Additional sectional analyses

Warnin g Center (JTWC) include the following : similar to those above , at intermediate
(1) Significant Tropical Weather Advisories synoptic times , during periods of tropical
issued daily describing all tropical distur— cyclone activity.
bances and their potential for further
development; (2) Tropical Cyclone Formation c. AIRCRAFT RECONNAISSANCE:
Alerts issued whenever interpretation of
satellite and synoptic data indicates likely These data are invaluable in the
formation of a tropical cyclone; (3) Tropical positioning of centers of developing systems
Cyclone Warnings issued four times daily and essential for the accurate determination
whenever a significant tropical cyclone of the maximum intensity , minimum sea—level
exists in the Pacific area; (4) Tropical pressure , and radius of significant winds
Cyclone Warnings issued twice daily whenever exhibited by trop ical cyclones. Aircraft
a significant tropical cyclone exists in the reconnaissance data are plotted on large—
Indian Ocean area; and (5) Prognostic scale sectional charts for each mission flown.
Reasoning issued twice daily for trop ical A comprehensive discussion of aircraft recon—
storms and typhoons in the Pacific area. naissance is presented in Chapter II.

FL.ETIWEACEN Guam provides computerized d. SATELLITE DATA:
meteorological/oceanographic products for
JTWC. Communication support is furnished The Defense Meteorolog ical Satellite
by the Nm r ni tz Hill Naval Telecommunications Program (DMSP) played a major role in the - ‘
Center (NTCC) of the Naval Communications early detection of tropical cyclones in
Area Master Station Western Pacific. 1976. A discussion of this role , as well as

app lications of satellite data to trop ical
cyclone tracking , is presented in Chapter II.

2. ANALYSES AND DATA SOURCES
e. RADAR:a. COMPUTER PRODUCTS:

During 1976 , land radar coverage wasVarian plotted charts are routinel y utilized more extensivel y in the Selecti’,’eproduced at synoptic times for the surface , 
Recominaissance Program than ever before.550 mb , 700 mb , and 500 mb . A chart of upper Once a storm moved within the range of atroposp heric data is produced which utilizos land radar site , reports were usually200 mb rawinsonde data and AIREPS above received hourly. Use of radar during 1976

29,000 ft within 6 hours of the 0000Z and is discussed in Chapter II.12002 synoptic times.

t JTWC utilizes the FLEWEACEN Guam 3. PORE CAST AIDS
C om p u t e r Cen te r  f o r  ob jec tive  fo recas t
t e c hn i que s and s t a t i s t i c a l  p o s t - a n a l y s i s,  a. CLIMATOLOGY:

In addition , the standard array of Climatoleg ical publications utilized
syno~-Lic-scale computer analyses and prog- 

during the 1976 typhoon season include pre-
- ‘ nosti,c charts are available from the Fleet vious JTWC Annual Typhoon Reports and climatic

l um e r i c a l  Wea the r C e n t r a l  (FNWC ) a t  p u b l i c a t i o n s  f rom Flee t R ’a ther  C e n t r a l  Guam ,
lionterey, California. Director Naval Oceanography and Meteorology ,

Nava l  Weather Research Facility , Naval Envi-
U. JTWC ANALYSES: ronmental Prediction Research Facility , Nava l

Postgraduate School , Air Weather Service , First
( 1 )  Combined s u r f a c e / g r a d i e n t  level Weathe r W ing  and C h a n u t e  A i r  T r a i n i n g  Cen te r ,

(3 ,000 ft) streamline analysis over trop ical plus publications from other A r r  Force and
rc;ions and an isobaric analysis in more Navy activities , various universities and
northern latitudes and a round  i n t e n s e  trop-  f o r e i gn c o u n t r i e s .
ical systems at 00002 and 1200?.. The blend
betw ’en streamlines an,) isobars fluctuates b. OBJECTIVE TECHNIQUES :
as the pressure gradient changes from season
to Seoson. I,,,w-level W I f l d  directions from The following Obiectivo techniques
sat eflit ” i t j  are i n c lu d e d  in the anal ysi s. were employed in trop ical cyclone forecasting

during 1976. A description and an evaluation
12) 500 mb contour analysis at of these tcchniques is presented in Chapter

00007  and  1201,Z. V:

F) Compos i t e  u p p e r —  t r n p o sp he m m  c ( 1 )  TYr ’575
s I  r t ’ a c r l i n e  a n a l y s i s , u t i l i z i n g  rawinson ,l c  da t a  2)  MOHATT 7 0 0/ 5 0 0

300 rib thruujh 100 mb , w i n d  d i r e c t i o n s  (3) FCSTINT
;,t racl’e,l f r o m  s a t e l l i t e  d a t a  by Del  1 , [MW (4) 12—HR EXTRAPOLATION

a nd At  td [’S ( p I u s ‘ m m  m i n u s  C h e r r  s I f  ‘mr above (5) ((PA C
29 , 000 f e et , i f  0000 Z  and L 2 0 0 Z .  ( 6 )  XT24

(7) INJAH74

‘ - C  
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4. FORECAST ING PROCED URES

a. lLIT1P~L POSITlONlNG~ seven hours apart. ‘this ‘;oriablc ’ i i  1 0 1 0 .

time allows for t,axirn rir use of all ‘:11 [Ic
An initial center position is reconnaissance platforms i ou  s ,rea-Js ‘ia

determined from a subjective evaluation of workload in multi ple storm si’,,,ma tm ons.
center fix data and synoptic data, When forecast intervals for all tropi n i l  c y c l o n e s ,
these data sources are not available , extrapo- regardless of intensity , are 12— , c-I - ,
lation from the previous position is used, and 72-hr.

U. TRACK FORECASTING: turnings in the (‘[Icc I:n,rian Ocean
area are issued wit -h u n 2 h o u r s  of 0 5 0 0 2

An initial forecast track is and 2000z with the constraint that 2
developed based on persistence , climatology consecutive warnings rev not be rore than
and Objective techniques. This initial track fourteen hours apart. i’ia n- nings I m n this , r ’ c m
is subjectively modified based on the are issued only after a tropical cyclone nas
following : attained an intensity of greater trr ,ur 33

Forecast intervals are 24 a rC 48 imo ’,n’s .
(1) The prospects for recurvature are

evaluated for all westward and northward Warning forecast positions are ‘,‘c’ ril icu
moving storms . This evaluation is based against the corresponding post analys is
primarily on present and forecast position “best track” positions. A soromnary of t ic ’
and amplitude of middle tropospheric mid— verification results for 1976 is pr ’se’nT e r
latitude troug hs from the latest 500 mb in Chapter V.
analysis and numerical prognoses.

(2) Determination of steering level 6. PROGNOSTIC REASONING MESSAGE
is partly influenced by maturity arid vertical
extent of the system. For mature Storms In the Pacific Area , prognostic reasoninu
located south of the 500 mb subtrop ical ridge , messages are transmitted at 00002 , I200y ce
forecast changes in speed of movemCnt are whenever the pre’.’ious u”.’asenrn’4 is no i’s ’,’ ’r
closely correlated with forecast changes in valid. This message is intended t-o, - ‘ “ - ‘~the intensity of the ridge. When steering field meteorologists with the roascni u r- -

currents are very weak , the tendency for the latest J’I’t~C forecast. I’rognosti ’ re-is
Storms to move northward due to internal m g  messages are not ,rer i,-ed for tmor ’ical
forces is an important consideration , depressions nor for tOe lnuiazn Ocean area .

spectrum , ~ e f v i n t d j  
~~~~~~~~~~~ 7. SIGNIFICAN1 TROPI CAL WEATHER ADVISORY

time frame is biased toward persistence ,
while that near the end of the lisle frame is This message , 

- 
summarizing s i m n i f i c u i r t

biased towards analogs and climatology, weather in the entire 3T1’mC area of responsi-
bility, is issued by 06002 da il y. It contains

(4) A final check is made against a detatled , non—technical descr ru tion of all
clij ’r,itulo ,’,’ to ascertain the likelihood of significant tropical disturbances , and time
the forecast track , lf the forecast dcvi— irwc evaluation of potential for trop ical
ates greatly from climatology, the forecast cyclone development.
rationale is re i~.n raised an-I the track
ad jus m ’ru is necessa ry .  8. TROPICAL CYCLO NE FORMATION ALE RT

c. [311th i ’ IY FORECASTING: Alerts are issued whenever int,’n m i e  Le T Jon
of satellite and other meteorological data

In forecasting intensity, heavy indicates significant trop ical oy’ lunm,r f n-nra-
relu,inmc ’’ is placed on aircraft reconnaissance tion is likely. These alerts w i l l  s r - e c i ± ’ ,’ a
reports , the Dvorak satellite interpretation valid period not to exceed .14 hours i d must
model , m:, ,’ the oblective techni qees diScussed either be cancelled , recss’,,e,m or S r  i i
above . Ad d itium,i l considerations are the by a warning prior to expirat ion cf timi ’ ’,’ ,ljm j

i S u n i r r I  and intensity of the tropical upper— period .
trrpu,4 fieric trough , ‘ ; ‘nterit and intensity
of upp e r — l e v e l  o u t f l o w , sea s u r f a c e  tenpera-

re  • terrain influences, speed of movement ,
and ( m o x i m n . r t ’ .’ to an ex t r a tr o p i ca l  e n v i r o n m e n t .

5. WARNI NGS
Trop ical cyclone warnings are numbered

S e ( r ’ n t  u . r l l y .  I f  w a r n i n g s  o r ’  d i s c o n t i n u e d
,lmmmi the storm reintensifies , warnmnq s are
nn!r - [mert’ I consecutively from the last wamnmnc
issued . Amended or corrected warnings are
“ iv en  the  sane number as the warnings tl .’y
r )0ii~~ t~1us a s e q u e n t i a l  a l p h a b e t i c a l  d c s i- ~-
n i t - m r .  l a n i r  warning includes the l o c a t i o n ,
i n t ’ t m sity , directi on and speed of movement ,
rind the radial extent of 30 , ,(1 ,and 100 kt
surt ii ” ’ winds (when app ll .riI l, m . ic, im n r’ - un’

w i t h i n  the I N ~ (acj fiC A r ea  are issued with-

in 2 (r iot s of 00002 , P 1 , 1 1 ) 2 , 1200Z and
l a , i)Z with the constraint that thi 2
conse cU t i ’.’e 10 in gs c r y  not be more t h a i

2
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CHAPTER II — RECONNAISSANCE & COMMUNICATIONS

1. GENERAI. satellite positions received at 37 tIC : r om
the Air Force Global Weather Central ,

The Joint Typhoon Warning Center relies Offutt Air Force Base , Nebraska were tic -ely
primarily on two reconnaissance platforms , for the 0800Z and 20002 warnings in time

aircraft and satellites , to provide the Indian Ocean. As in 1-374 a~ d 1975 , se ’ i - i l i tc

required fix data for tropical cyclone metwatch of ti’e western North Pacific ,,ro’,ed
warnings. In 1976 these two platforms pro— extremely useful in identif ying areas of
vided 74.7% of the fixes used for tropical possible tropical cyclone formation , thus
cyclone warnings in the western North Pacific. reducing the number of aircraft investigative
Radar , synoptic data and extrapolation were flights. The Detachment 1, 1st Weather Win 4
the basis for the remaining 25.3%. In the DMSP site on Guam was modified in February
Indian Ocean area of responsibility 89% of 1977 to receive and process data from 3OAA
all warnings were based on satellite data, satellites.

Land radar also provides very useful
2. RECONNAISSANCE RESP ONSIBILITY positioning data on well developed cyclones
AND SCHEDULING when in proxim ity (usually within 175 rim of

,he radar site ) of the Republic of the
Aircraft weather reconnaissance is per- philipp ines , the Republic of China , (long

formed in the JTWC area of responsibility by Kong , Japan (including the Ryukyu Islands)
the 54th Weather Reconnaissance Squadron (54 Korea , and Guam.
WRS). The squadron , presently equipped with
six WC— l30 aircraft , is located at Andersen
Air Force Base , Guam. From July throug h 3. AI R C R A F T  R E C O N N A I S S A N C E
October , augmentation by the 53rd Weather EVALUATION CRITERIA
Reconnaissance Squadron at (<easier Air Force
Base, Mississippi brings the total number of The following criteria are used to evalu-

available aircraft to nine. The JTWC recon- ate reconnaissance support to aTtIC .

naissance requirements are provided daily
throughout the year to the Tropical Cyclone
Airc r a f t  Reconnaissance Coordina tor  (TCA R C) a. Six-hour fixes - To be counted as made

These requirements include area(s) to be on time , a fm ~ must satisfy the following

investigated , tropical cyclone(s) to be fixed , criteria:

fix times , and forecast position of fix. ln
accordance with CINCPACINST 3l40.lM , “Usage (1) Fix must be made not earlier than
of reconnaissance assets in acquiring meteor— 1 hr before , nor later than 1/2 hr after
olog ical data from aircraft , satellites and scheduled fix time .
laud-based radar shall be at the discretion of
FLLWEACEN/JTWC Guam based on the following (2) Aircraft in area requested by
priorities: scheduled fix time , but unable to locate

(1) Alert fli ghts and vortex or center center due to:
fixes as required for issuance of tropical
cyclone warnings in the Pacific area of res- (a) Cyclone dissi pation; or
ponsibility; )b) Rap id acceleration of the

(2) Center or vortex fixes as required cyclone away from the forecast position .
for issuance of tropical cyclone warnings in
the Indian Ocean area of responsibility; (3) If penetration not possible due

(3) Supplementary fixes; and to geographic or other flight restrictions ,
-~~ Synoptic data acquisition ” . aircraft radar m ixes are acceptable .

As in previous years , aircraft reconnais— b. Levied 6—hr fixes made outside the
sance provided direct measurements of height , above limits are evaluated as follows:
temperature , flight leve l winds , sea level
pressure , estimated surface winds (when (1) Early—fix is made within the
obser’.’abl e ) and numerous additional parameters, interval from 3 hr to 1 hr prior to
These data provide the Typhoon Duty Officer scheduled fix times. However , no credit will
mm - l i - a t  ions of c ha ; i t i n ~i; cyclone characteristics , be given for early fixes made within 3 hr of
radius of ,“jcLouJe ,lsu - J c i at eml winds and posi— the previous fix.
tion and in t- enS i ty Jet “mm mi r a t  i o n s .  A n o t h e r
urp ’, r~ i lm t aspec of th u r  data is its (2) Late—fix is made within the
availability fur u ’’ s earci in trop ical cyclone interval from 1/2 hr to 3 hr after scheduled
analysis and forecasting . Aircraft recon— fix time .
naissance will become even more important in c. When 3 hr fixes are levied , he’,’ -‘ ust
years to - ‘ore when to dm- r es o lnm t i on tropical satisf y the same time criteria di scmmssr’ - - f above
cyclone dynamic S t u n  j im-i ro- (raun s will require in order to be classified as manIc on time .
a dens” input of wind and temp rature data. Three-hour fixe s made that do not fleet the

above criteria are classified as follows:
tI, - ) - satellites an I USAF ground sites
Ic -lay an,I ni rUt ~

- - - ‘,‘u ’ra Ic of the JTWC (1) Early—fix is made withi n the
ar -i of r e s ; - o n m s i b l l l u t ’ ,’ . l:m t ’n rm retation interval from 1 l,’2 hr to 1 hr prior to
cml t h i s  ,‘m , r t ” l l i t e  in agery r ides cyclone scheduled fix time .
positions , and for daytime passes estimates
of storm in t e n si t i es are also made. This (2) Late—fix is made W it hi fl the
year t i n ’ ”  .y readouts were available at JTWC interval from 1/2 hr to 1 1/2 hr  after
only 1 i the 0000Z and l200Z warnings. DM5? s-’holul ~~,l fix no .

3
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d. Fixes not meeting the above criteria )i) 1- te ”omirc rul t is within 250 rim of
are scored as missed, the s p e c  i f  rej o i t m t  ar! ,’r the scheduled tire,

bu t ( lia r tO inc 5 ’OmmC ,iied time plus hr.
e. Levied fix time on an “as soon as

possible ” (ASPi?) fix is considered to be: 2) Misn ,em r-ai n cra It fails to be w i t h i n ’
250 rim of il ,’ S eem f u r  point by the scheduled

(1) Sixteen hours plus estimated time tirtm,.’ ~~ln~s .1 hr.
enroute after an alert aircraft and crew are
levied; or 4 M R C R A F T  R EC O N N A I S S A N C E  SU MM A R Y

(2) Four hours plus estimated time During the ls7u tropical cyclone season
enroute after the DTG message levying as 310 six-hourly vortex fixes and 7 supplementary
ASAP fix if an aircraft and crew , previously vortex fixes were levied (‘Fable 2-1). This was
alerted , are available for duty. 100 more levied fixes than during 1975.

Although there were 25 tropical cyclones in the
f. Investigatives — to be counted as pacific area of responsibility during both 1975

made on time , investigatives must satisfy and 1976 , those of 1976 were generally longer
the following criteria: lived and required 126 more warnings. This

primarily accounts for the increase in levied
(1) The aircraft must be within 250 nm fixes. h eavy reliance on DMSP data has

of the specified point by the scheduled time . continued to keep the number of aircraft levies
low. For example , during 1910 470 aircraft

(2) The specified flight level and fixes were levied for 533 warnings, whereas
track must be flown, during 1976 oniy 310 fixes were levied for

635 warnings. In addition to vortex fixes 34
(3) Reconnaissance observations are investigative missions were levied during 1976

required ~very half—hour in accordance with compared with 21 during 1975. This increase
AWSM 105-1. Turn and mid—point winds shall resulted primarily from reduced timeliness,
be reported on each full observation within areal coverage and resolution of the DM5?
250 nm of the levied point, satellite data. Approximately 45P of all

warnings were based on aircraft fixes , 30 on
(4) Observations are required in all satellite data , and the remaining 25% on radar ,

quadrants unless a concentrated investigation synoptic data and extrapolated positions.
in one or more quadrants has been specified.

Reconnaissance effectiveness is suunmarized
(5) Aircraft must contact JTWC before in Table 2—1. The missed fix rate of 3,5% is

leaving area of concern, slightly higher than the 3.2% of 1975 , but
remains significantly better than that from

g. Investigatives not meeting the time 1971 through 1974.
criteria of paragrap h f , will be classified
as follows:

TABLE 2-1. A IRCRAFT RECONNAISSANCE EFFECTIVENESS

EFFECTIVENESS 51M B)))  OF PERCENT
1~~lS

COMPLETED ON TIME 284 89.6
E A RLY 2 .6
LATE 20 6 .3
MISSED 1 1 3 5

TOTAL 317 100,0

LEVIED VS. MISSED FIXES

LEVIED MISSED PERCENT

AVERAGE 1965-1970 507 10 2.0
1971 802 61 7 .6
1972 624 126 20.2
1973 227 (3 5.7
1974 358 30 8.4
1975 21 7 7 3.2
1976 317 11 3.5

4
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5. SATELLITE RECONNAISSANCE SUMM ARY In 1976 the number ‘~ f warnings in time
western North Pacific that w”re based on

SateLlite reconnaissance of tropical OMSI’ da t a Ur o p p~~d to 30% , m~’on’ ;mu r n  wi th 38”
cyclones is provided by the Air Force Weather in 1975 t-’ u~~. c- l i . This decrease was due
Service Defense Meteorolog ical Satellite to the non—a vailability of suff cu, ’r ,t and
I roqram (DM5?) network. This network uses timely INS)’ spacecraft. Of the wam n in fs
data from polar orbiting DMSP spacecraft. that were issued ‘ w i - d a i l y  for the Nort h
Coverage of JTWC ’s area of responsibility is Indian Ocean , %9’ were b as e d  on satel lite
accomplished in the western North Pacific by positions.
direct-readout tactical sites at: Clark AR ,
Phili pp ines; Kadena AR , Japan; ‘lokota AS, Use of the “- r - ,.al-site ” ‘ ,m r ,n’,u no r- rn ’ ,
Japan ; Nimitz (hill , Guam; and Hickam AFI3, Which requir s - m ’ l ”as n’ two fmMSh- ’sites -
Iawaii. Air Force Global Weather Central make each tropu a1 cyclone fix , res o ite cu i n
(AFGWC ) at Offutt AFB , Nebraska , using stored 99 of the tusn ,”J tixes being acco rn liu sjc e’j ,
-J~ ta readouts from the spacecraft , monitors
the N o r t h  Indi an Ocean , Ba y of Bengal , ~nd
Arabian Sea , in addition to backing up tacti—
-cal site operations when necessary .
Operational control and tasking of the DMSP
netw ork by de tachment  1, 1st Wea the r  Win g  on
Guam insures tha t positions and intensity TABLE 2-3 . ‘-V im Dev iationt (nun) of DMSP Derived I
estimates are suppl ied  to JTWC as tropical Tropical Cyclone Posi t ions trio’ - JTWC Best Tr ick
cyclones spawn and develop . Positions . 19 74- 1976 (a l l  s i t e s ) ,  Number of

cases shown in pareni heses.
DMSP derived positions of trop ical

cyclones are categorized in t o  six classes
according to the method of gridding and 1974 1975 1976
type of circuLation center. These classes PCI (ALL SITES)  (ALL SITES)  (ALL SITES)
are i d e n t i f i e d  by a Pos i t ion  Code Num ber
( P C N )  as shown in Table 2—2. E s t i m a t e s  of 1 13.6 (224 )  11 . -I ( 2 14 )  12, 4 ~13l )
t rop ica l  cyclone i n t e n s i t y  are ob ta ined  2 17.4 ( 37) 20. 4 ( 35) 20.1 (124 )
using the Dvorak technique (N Om’mfm Technica l  3 20.1 (422) 21 .2 ( 2 7 1 )  2 1,7 (161)
Mem orandum NESS 45 and subsequent  r e f i n e-  4 2 3 9  ( 70) 22 .4 ( 50) 29 ,3 (152)
m e n t s ) .  5 35.4  (34 2)  34.2 (323) 40. 4 (247)

6 49.4 (108) 44.7 ( 71) 49.0 (153)

152 14.2 (261) 13,0 (249) 16,1 (255)
364 20.6 (492) 21 .4 (321)  25.4 (313)
556 38.8 (450) 36.1 (394) 43.7 (40o )

TABLE 2 - 2  POSITION CODE ‘mi”A 
TOTAL 26,0 (1203) 25.2 (964) 30,5 (968)

(35 st o rtims ) (25 storms) (26 storms)
m cx “n - : . ,, : i- ’r n, ’nm : I -- ‘n n’ :;’: mm - -S i:

i I
2 L i S : l  Ml ‘ic
4 ii i.r. ii Fflil . i, . 5  ~~~~~ A l l ,
4 CELl .  D E l I S  E i ’ ’(’ i P i l l

ioo t c r  ninruni L 
PO Ol LA D E F i N E D  ‘~ - I ,“ ‘ - l i- n - i - n m

.‘ - L m , - ’ u k l t  Ion Center

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
DMSP USE R ATE

(WARNINGS IN PACIFIC)

50
44

A comparison of DMSP positions with the 4~JT?IC Best Track is shown in Table 2-3. A /
significant increase in satellite position /error was observed in 1976. The mean 30 27,
deviation of 30.5 nm was an increase of 21%
over the 1975 mean. This increase was 20
attributable to the lack of Very High 15/
Resolution ) V H R )  visual data. Without vHR
data it is frequently not possible to
identify small islands and atolls necessary
for precise gridding in oceanic regions. 0’ f ‘ s i
Geographic gridding was available for only 1971 72 73 74 75 76
56’ of this year ’s fixes , as opposed to 84%
in 1975.

FIGURE 2—1 . Pc ’rcc ’etm t ,i c m~~ mm ’.- 51,’’. ’,
Pauc -c~(cc mi ’ mit m i(i,) i t a r ; - )  o i l  )7’35P 

~) 4  k r

1. Yokota AR site ceased operation in
December 1976. A new Site at Osan AR , Korea
will be providing inputs to the DM5? network
in 1977.
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6. RADAR RECONNAISSA NCE SUM MARY ( dMA) .  Five  storms Ruby , Therese , Ani ta ,
Billie , and Fran were fixed simultaneously

During the 1976 typhoon season 862 radar by 4 or more radar sites. Super Typhoon i”ral
center fixes were received at JTWC; 859 from was fixed by 10 different sites accounting for
lOnd stations and 3 from aircraft. A WC—l3 0 215 fixes or 25% of the 19Th total. This
of the 54th Weather Reconnaissance Squadron represents the greatest num ber of fixes ever
(54th WRS) fixed Typhoon Marie by radar after received at JTWC for a single tropical cycli.nmi .
earlier reconnaissance had experienced severe
turbulence Within the eye wall. A Pan Geographicall y,  sites in the Japan—Ry,m k y.i
American Boeing 747 fly ing from Manila to network occounted for 83’r of the 81,2 reporto .
Guam fixed Typhoon Louise 385 nm north of The Philipp ines provided 7%, Taiwan and
Koror at 10352 on November 2nd. Super Typhoon Hong Kong 4% each , and Guam 2%. l. r m radar
Pamela ,eas fixed 100 nun east-southeast of reports were received from the Indian Ocean
Truk lagoon by a Continental Air Micronesia area of responsibility.
flight enroute to Guam from Truk.

During 1976 Sr of the 689 warnings
The number of radar center fixes received issued by JTWC were based on radar.

at .JTWC during 1976 is nearly twice the 444
received during 1975. (however , the 12 storms
that were under radar survei l lance during ~~ . COMMUNICATIONS
1976 were less than the 14 surveyed during
1975. This paradox resulted from the fact J’l’WC receives its data and disseminates
that in 1976 tropical cyclones moved slowly its warnings through a variety of communica-
through regions of dense radar coverage. tion systems , including AUTOVON , AL1I tm DIN ,

the Naval Environmental Data Network (NEON)
Radar reports originating from national and the Air Force ’s Automated Weather

meteorological agencies are placed into 3 Network (AWN). Much of the basic meteoro-
categories of accuracy. These categories logical intellig..~nce is received via the
as defined in the WMO radar code are : NEON and graphically displayed by FWC

computers. More timely observations ,
1. good (within 10 km (5.4 nm)) tailored bulletins , and reports are recei.’ed
2. fair [within 10—30 km (5.4—16.2 nm)) by JTWC on a dedicated AWN circuit directly
3. poor [within 30—50 km 116 .2—27.0 n m ) I .  from the AWN switch at Clark AR. AUTODIII is

used for dissemination of warnings which are
Of the 707 radar report encoded in this concurrently transmitted on the AIlS .

manner , 32% were classified good , 43. fair
and 25% poor. Radar reports made while storms 1~ unique JTWC communication procedure ,
were of typhoon intensity had 35% in the good that between the reconnaissance aircraft and
category . JTWC , is discussed below:

All radar reports were compared to the Aircraft reconnaissance data are normall y
JT1’;C best track. The mean vector deviation received by .JTWC via direct phone patch
computed for land radar was 11.6 nfl,. The 3 through the Andersen Aeronautical Station ,
aircraft radar fixes deviated an average of which is the primary station for this purpose.
16.0 nm from the best track . During 1975 Under degraded radio propagation conditions ,
the mean deviation for land and aircrail t the Clark or Yokota Aeronautical Stations
radar center fixes were 10.1 and 16.1 ~~ can intercept and relay the data via AUTOVON
respectively. and teletype to JTWC.

Of the 862 radar center fixes received , The preliminary eye/center data message
71% were from sites of the various national contains sufficient information to permit
meteorological agencies , 16% were from ~~ . ~ 

JTWC to begin early preparation of individual
Air Force ,‘,cr Weather Service sites and 13% warnings. During 1976 average communication
were received from aircraft control and delays for the preliminary and the complete
warning (AC e W) sites, eye/center data messa’4ea were 15 a i d  30

minutes , respectively. This represents a
Of the 12 tropical cyclones that were significant improvement over thai, of the

fixed by land radar , nine, Ruby, Therese , past four years , where they had stabilized
Wilda , Anita , Billie , Dot , Fran , Louise near 20 and 48 minutes , respectively.
and Merge had tracks within range of the Delay times are defined as the difference
highly reliable and extensive network between the fix time and the time of message
maintained by the Japan Meteorological Agency receipt at JTWC. Table 2-4 depicts  the

comp lete eye/center data messages received
more than 1 hour after fix lisle and after
warning time .

T A B L E 2 - 4 , 19 76 A I R / G R O U N D  D E L A Y  S T A T I S T I C S
FOR AIRCRAFT RECONNAISSANCE

~~~ ~~~ ~~L’ ~9 1,9I~
Comp le te  f i x  m e s s a g e s

d e l a y e d  ove r  one ho ur  6 20 19 20 21

C o m p l e t e  f i x m e s s a g e s
r e c e i v ed a f t e r  w a r n i n g  5 . 5  10 .1 4 , 9  3 , 7  4 , 7
t i m e

6
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CHAPTER III — RESEARCH SUMMARY
1. GENERAL may be used if environment is favorable ) to

forecast rapid deepening within 12 to 24
One of the five major tasks of the Joint hours )Sikora , 1976).

Typhoon Warning Center is to conduct limited
tropical cyclone post—analysis and fore— .m reliminary results ix dicate that of
casting research , time and resources permit— the six storms that fell into the rapid or
ting . In most cases research projects are explosive deept’nin-3 :ate ’mi ,mr y during l97t , only
directly concerned with improvement of m Ien- two cases were found to cerrelate with a 9e be-
sity forecasts or speed of movement and tween 365°K and 370°F prior to rapid deepening.
positioning forecasts of tropical cyclones. In general , the high E,e :alues correspond to
Meteorologists from outside agencies such as storms which were in the process of rapid or
the Naval Environmental Prediction Research explosive deepening or had already peaked in
Facility , the Naval Postgraduate School , the intensity. The sample size was found to be
54th Weather Reconnaissance Squadron and too small to accurately determine the
Detachment 1, 1st Weather Wing often collab- credibility of the technique , and an ana lysis
orate with JTWC on research projects. The of additional data is necessary to complete
following abstracts summarize research com— the evaluation.
pleted or underway during the past year.

5. R A D I U S  OF W I N D  FIELD S U R R O U N D I N G  A
2. CROSS-EQUATO RIAL INTERACTI ONS IN THE TROPICAL CYCLONE
DEVELOPMENT OF A WINTER TYPHOON:
NA NCY 1970 (Sokol, 0., Metzger , G. P., Hem , R.L.,

FLEWEACEN /J T WC)
(Guard , C.  P . ,  NAVENVPR EDR SC 1IFAC TECh

PAPER No. 4-7h, UNM ET 7 4 — 6 )
A preliminary analysis was conducted to

deteim ine the 100 kt , 50 kt and 30 kt wind
Although winter typhoons can be as intense radii surrounding a tropical cyclone , for

and destructive as seasonal ones , little use in cases when no detailed wind data are
research has been devoted to these “off-season available . The 50th percentile was deter—
tropical cyclones. ” This synoptic and dynamic mined from a random sample based on .JTWC
study is of such a storm , Typhoon Nancy warnings for super typhoons , typhoons and
(19—27 Feb 70) . It examines anomalies in the tropical storms .
February 1970 circulation patterns over the
Western Pacific and utilizes them to explain
the formation and development of N a n c y .  6. CORRELATION OF JTWC INITIAL POSITION
Special emphas is  is placed on the impact of E R R O R  TO F O R E C A S T  POSITION E R R O R S  I N THE
c r o s s — e q ua t o r i al  i n t e r a c t i o n s  d u r i n g  the W E S T E R N  NO R T H  P A C I F I C
s torm ’ s g e n e s is .  The stud y indicates t h a t
the rarity :f “ o f f — season t rop ica l  cyclones ” (P i l i p o w s k y j ,  S . ,  FLEWEAC EN / J T WC)
nmav r e s u l t , in p a r t , f rom the absence of two
condit ion s no r th  of the equator during winter: 

-) low-level wes te r ly  winds aod a sea s u r f a c e  A s tudy cor re la t ing  the JTWC initial
tempera tu re  maximum . Evidence is also w a r n i n g  p o s i t i o n  er rors  to 2 4- hmnnn r f o r e c a s t
pre sented to su gge s t t h a t  the wa ll  cloud and erro rs sh ows a sma l l  but  sig n i f i c a n t  cor re—
subsequen t  eye fo rma t ion  is con t ingen t  upon l a t ion . A regression a n al y s i s  implies that
a rap id increase of upper level divergence 24-hour JTWC forecasts would improve t:
above the develop ing system, about a 90 nm vector error  if  the i n i t i , u l

posi t ion error is reduced below 5 no .

3. TROPICAL CYCLONE CENTER FIX DATA FOR ~~~~~~~~~~~~~~~~~~~~~~~~~~ 
7 2 -hour  fo re—

T H E  1975 T Y P H O O N  SEA S O N

( S t a f f  FLE W EA CEN/ J TWC TECH NOTE 7 6 — 5 )  7. T H E  I N F L U E N C E S  OF T H E  T R O P I C A L  U P P E R
- - 

‘ 
T R O P O S P H E R I C  TROUGH (TUTT) ON ERRATIC

C MOVEMENT OF TROPICAL CYCLONESI p A computer printout of all center fix
data is displayed for each tropical cyclone (Guard , C. P., FLEWEACEN/JTWC (
occurring in the western North Pacific , the
Arabian Sea and the Bay of Bengal during
1975. Althoug h erratic movement has long mresen-

ted a problem to the t rop ical  cyclone

4. AN EVALUATION OF UTILIZING EQUIVALENT forecaster , little li ght has been shed on the
POT T1A ’ TE~ A D E DA T I I D E  causes 0 t is e n i g m a .  requen 5 i tS

EN AS A M E A S U R E  OF moven ,ent has been attributed to “weak
TROPICAL CYCL ONE INTE NSITY s teer in g f l o w  at mid- t roposphe r i c  l e v e l s ” .

(how ever, adequate explanations for this “weak
l M i lw e r , F .  P., FLEWEACEN/JTWC) steering flow ” are lacking in the literature .

A post season evaluation of the credibility ‘‘his study concentrates on the upper
of tn;, 700 mb e i:uvalent potential temperature troposphere ( 2 0 0 — m b  l eve l)  where  r a win s o n d e
t eei m imi.) m e to f o r e c a s t  r ap id  or exp los ive  , c,ata is significantly aunmmented with aircraft
‘l e u ) ” n i n ’  of t r o p i c a l cyclones  is c u r r e n t l y  in re p o r t s .  Resu l t s  i n dic at e  a s t r o n n i c o r r e l a —
progress  a t  JTWC . The t echn ique  u t i l i z e s  t ion between e r r a t i c  movement  of t r o p i c a l
va lues  of ‘-t: which  exceed or equal  3 7 0 ° K  ( 3 6 5 ° K
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cyclones and movements of the TIJTT . In many 9. OPERATIONAL APPLICATIONS OF A
cases the TUTT is responsible for the en t i re  R ECUR V ATUR E - NON- R E C U R V A T U R E  STUDY B ASED
erratic path of a trop ical system; in others ON 200-MB WIND FIELDS
i t  merel y in i t i a tes  the abnormal movement.

(Guard , C. P . ,  FLEWE AC EN/JTWC )

8. THE DEVELOPMENT AND MOVEMENT OF
TROPICAL CYCLONES IN DEEP SOUTHWE STERLY One of the most d i f f icu l t  problems invo lv-
MO NSOON SURGE S ing trop ical cyclone forecas t ing  is that  of

recurvature - non—recurv a ture .  Colorado State
(Guard , C. P., FLEWEACEN/JTWC ) University Atmospheric Science Paper No. 241 ,

Tropical  Cyclone Motion and Surrounding Para-
meter Rela t ionships (John 5. George , 1975)

During August 1974 and September 1976 the presented a recurvature — non—recurvature scheme
western North Pacific was subjected to a based on 200—mb data composited from peripheral
stronger than normal southwesterly monsoon data surrounding 21 recurving and 21 non—recurv—
f low . This period was character ized by large ing western  Pac i f i c  typhoons . This 200-mb
pressure falls in the region of the near scheme was evaluated by JTWC based on 1974,
equatorial trough, strong southwesterly wind 1975 and 1976 western North Pacific tropical
accelerations and deep southwesterly flow cyclone data. Results indicated that even
penetrat ing above the 500-mb level , thoug h the composited study required several

alterations to be operationally practical , it
This study utilizes both satellite and provided useful starting point. As a result,

synoptic data to illustrate the influences of a follow—on recurva ture  — non-recurva ture  s tudy
this synoptic regime on the developmen t , was establish ed , based on whether or not the
structure and movement of associated tropical Tropical Upper Tropospheric Trough (TUTT) is
cyclones, a persistent feature of the upper level

synoptic pattern. Further evaluation is in
progress.

V . ,
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CHAPTER IV — SUMMARY OF TROPICAL CYCLONES

1. GENERAL R ESUME Table 4 - 4  indicates the number  of t rop ica l
cyclone formation alerts issued by year. taring

PACIFIC 1976 there were 34 alerts , of wh ich 25 de’jel—
oped to truj ical storm or typhoon intensity.

In 1974. tu e  number of trop ical cyclones All storms of 1976 were preceded by a for—
remained below t h e  long term avera ;e. There ration alert. The average lead time between
were 25 numbered tropical cyclones in the the issuance of a formation alert and the
C I S C area of responsibility, all of which first warning was 17.8 hours , with a minimums
proiress e l  to t rop ica l  sto r m or t y phoon of 3.5 hours for Louise and a maximum of 64
int ensi t y (Table 4—1). Althoug h the number hours for Merge.
of tr’ j ical cyclones was the same as last
year ’s total , the occurrence of named storms The storm season had an early debut with
during 1976 increased by 251 (Table 4—2). Of typhoon Kathy forming in January . The near
the 25 storms , 14 attained typhoon intensity, equatorial trough was firmly established by
i n c l u d i n g  f o u r  s u p e r  t y p hoo ns.  The month of April and m a i n t a i n e d  it se l f  t h roughou t  most
March was the only month without a numbered of the remainder of the year. An exception
cyclone , while three month s (February, was late September and most of October , when
:Iarch & December) were without a typhoon tne westerl , ‘ m w  along the equator gave way
)‘I’abtes 4-2 and 4~ 3) 

to easterly trades.

TABLE 4-1. PACIFIC  AREA
1976 TROPICAL CYCLONES

CALENDAR MAX MIN
DAYS OF SFC OBS NO. OF WARNINGS DISTANCE

CYCLONE TYPE NAME PRD OF WRNG WARNING W I N D  SLP TOTAL AS TV TRAVELED
D1” ”  ‘i’Y’ R~ThY 28 JAN~~~

’T
~B ~~~~

‘
~~~~~~

‘ 
~~~~~~ ~~ ~~~~~~~~ ‘T’ 1966

02 TS LORNA 27 FEB-01 MAR 4 35 — - -  13 — —  806
03 TV MARIE 03 APR—14 APR 12 115 929 44 32 955
04 TS NANCY 25 APR-02 MAY 8 55 984 27 -- 1279
05 TV OLGA 12 MAY-27 MAY 16 100 934 60 8 2443
06 STY PAMELA 14 MAY- 27 MAY 14 130 921 52 40 2570
07 TV RUBY 23 JUN-04 JUL 12 120 934 45 24 2798
08 TV SALLY 24 JUN-03 JUL 10 1 15 923 37 23 2981
09 STY THERESE 11 JUL-20 JUL 10 135 903 37 29 2290
10 TS VIOLET 21 JUL-25 JUL 5 55 -— -  20 -- 650
11 IS WIL0A 22 JUL-24 JUL 3 45 992 9 -- 898
12 IV ANITA 23 JUL—25 JUL 3 65 979 9 2 864
13 TV BILLIE 03 AUG- 10 AUG 8 125 914 31 17 1854
14 IS CLARA 05 AUG-07 AUG 3 40 -- - 7 -- 263
15 IS DOT 18 AUG-23 AUG 6 50 989 18 - —  1408
16 IS ELLEN 20 AUG-24 AUG 5 45 993 15 -- 1243
17 STY FRAN 03 SEP-13 SEP 11 130 913 41 26 2616
18 IS GEORG IA 09 SEP-15 SEP 7 40 992 26 -- 1325
19 TY HOPE 14 SEP-17 SEP 4 70 981 15 6 1604
20 TV IRIS 14 SEP-21 SEP 8 75 967 29 11 756
21 TY JOAN 19 SEP-24 SEP 6 70 - - -  20 2 1 368
22 HR KATE 21 SEP-02 OCT (CENTRAL PACIFIC HURRICANE CENTER)
23 STY LOUISE 30 OCT-07 NOV 9 140 895 35 25 2754
24 TS MARGE 06 NOV-11 NOV 6 60 977 21 0 1836
25 IS NORA 03 DEC-08 DEC 6 45 992 21 -- 456
26 TS OP AL 09 DEC-10 DEC 2 35 996 7 —- 338

T976 ’T~T~~~~~ T1T~~~~~~~~~~~~~6~ _____

C INDIAN OCEAN AREA

IC 20-76 29 APR-02 MAY 4 50 - - -  7 - -  403
IC 22-76 02 JUN-0 3 JUN 2 40 - - -  3 - -  163
TC 23-76 10 SEP-11 SEP 2 40 - --  5 - -  324
IC 25-76 15 OCT-17 OCT 3 50 - - -  F --  372
IC 30-76 30 DEC-02 JAN 4 55 - - -  7 - -  511

T976 TOTALS ~~~~ ~~~~28

*OVLRLAPP ING DAYS INCLUDED ONLY ONCE IN SUM
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TABLE ~-2 FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AND YEAR

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL

AVERAGE 0.4 0.1 0.4 0.5 0.8 1 .3  3.0 3.9 4.1 3.3 2.7 1.1 22.0
(1945—58)

1959 0 1 1 1 0 0 3 6 6 4 2 2 26
1960 0 0 0 1 1 3 3 10 3 4 1 1 27
1961 1 1 1 1 3 2 5 4 6 5 1 1 31
1962 0 1 0 1 2 0 6 7 3 5 3 2 30
1963 0 0 0 1 1 3 4 3 5 5 0 3 25
1964 0 0 0 0 2 2 7 9 7 6 6 1 40

1965 2 2 1 1 2 3 5 6 7 2 2 1 34
1966 0 0 0 1 2 1 5 8 7 3 2 1 30
1 967 1 0 2 1 1 1 6 8 7 4 3 1 35
1968 0 0 0 1 1 1 3 8 3 6 4 0 27
1969 1 0 1 1 0 0 3 4 3 3 2 1 19

1970 0 1 0 0 0 2 2 6 4 5 4 0 24r 1971 1 0 1 3 4 2 8 4 6 4 2 0 35
1972 1 0 0 0 1 3 6 5 4 5 2 3 30
1973 0 0 0 0 0 0 7 5 2 4 3 0 21
1974 1 0 1 1 1 4 4 5 5 4 4 2 32
1975 1 0 0 0 0 0 2 4 5 5 3 0 20
19 76 1 1 0 2 2 2 4 4 5 1 I 2 25
AVERAGE 0.6 0.4 0.4 0.9 1 - - 1 .6 4.6 5.9 4.9 4.2 2.5 1.2 28.4
(1959-76)

TA BLE ~-3 FREQU ENCY OF TYPHO ONS BY MONTH AHD YEAR

YEAR ~A FEB MAR APR MI~7 JUN JUL AUG SEP OCT NOV DEC TOTAL

$ v L R A t 0. 4 0.1 0.3 0, 4 0.7 1.1 2.0 2.9  3.2 2.4 2.0 0.9 16.3

1959 0 0 0 1 0 0 1 5 3 3 2 1 20
1 960 0 0 0 1 0 2 2 8 0 4 1 1 19
1 961 0 0 1 0 2 1 3 3 5 3 1 1 20
1962 0 0 0 1 2 0 5 7 2 4 3 0 24
1963 0 0 0 1 1 2 3 3 3 4 0 2 19
1 964 0 0 0 0 2 2 6 3 5 3 4 1 26

1 965 1 0 0 1 2 2 4 3 5 2 1 0 21
1 966 0 0 0 1 2 1 3 6 4 2 0 1 20
1967 0 0 1 1 0 1 3 4 4 3 3 0 20
1968 0 0 0 1 1 1 1 4 3 5 4 0 20
1 969 1 0 0 1 0 0 2 3 2 3 1 0 13

1970 0 1 0 0 0 1 0 4 2 3 1 0 1 2
1971 0 0 0 3 1 2 6 3 5 3 1 0 24
1 972 1 0 0 0 1 1 4 4 3 4 2 2 22
1977 0 0 0 0 0 0 4 2 2 4 0 0 12
1)7-1 0 0 0 0 1 2 1 2 3 4 2 0 15
1375 1 0 0 0 0 0 1 3 4 3 2 0 14
1 37t 1 13 0 1 2 2 2 1 4 1 1 0 15

I ?~9-76) 0.3 0.1 0.1 0.7 0.9 1.1 2.8 3.8 3.3 3.2 1.6 .5 18.7
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1976 saw a large number of days (53) of Billie generated great waves which resulted
mu l t ip le—storm situations (Tables 4-1 and in the drowning of 41 fishermen and swimmers
4-7) . As ear ly  as May s imul taneous storms as the storm passed through the Ryukyu
were generated when Olga and Pamela tracked Isl ands. It was subsequently responsible for
across the western Pacific causing extensive 4 deaths in Taipei and caused millions of
damage to the Philippines and to Guam. June dollars of damage to facilities during its
through September saw six addit ional  two- passage over nor thern  Taiwan.  Al thoug h Marie
storm si tuStions and one three—storm situa— caused no known f a t a l i t i e s ,  it broug ht  mi l l ions
tion. The long duration of several storms of dollars damage to crops and structures in
(e.g., Olga, Pamela and Fran), accounted the Palau  Is lands.  In September I ris  sank a
for the near average number of warnings Panamanian f r e ighter and killed four as it
issued despite the less than average number tracked slowly across the South China Sea.
of tropical cyclones (Table 4-7). Although
the season started quickly, the latter part b. NORTH INDIAN OCEAN
of the season tapered off earlier than
normal. For 36 days in September and Octo— During 1976 there were f i ve  trop ical
bar , normally a very active period , there cyclones in the North Indian Ocean :
were no warnings issued. Not since 1958, three in the Bay of Bengal and two in the
when 30 days passed without a depression , Arabian Sea. Table 4—5 presents the tropical
has such a lull in activity occurred during cyclone distribution by month for 1976 and
this time of the year. it is interesting to for the preceding five years. Except for the
note that twin storms in the nor thern  and absence of act ivi ty  dur ing  November , 1976 was
souther n hemisphere occur red dur ing April climatologically normal. A total of 28 warn—
when Tropical Storm Nancy formed in the ings were issued on the five cyclones, none of
Pacific north of the equator and ‘I’C 19—76 which exceeded 55 kt intensity . TC 25—76
did likewise south of the equator. occurred in the newly acquired JTWC area of

responsibili ty ,  which this year was extended
Most of the damage during 1976 was from 625 to the coast of Africa .

associated wi th three of the four super
typhoons. Damage estimates to public and pri-
vate property for Pamela and Fran combined c. CENTRAL PACII’IC
exceeded one billion dollars, Fran also
accounted for 133 dead in Japan. While Pamela The only Central Pacific tropical cyclone
was responsible for 10 dead on Truic , the spawned during 1976 was in the month of
super typhoon miraculously caused only one September. A disturbance observed on the
fatality as it passed over Guam. Therese sank 20th ultimately developed into Hurricane

12 shipS, and left 1300 homeless due to heavy Ka te, and at one time became a threat to the
rains in Southern Japan. During May , Olga Hawaiian IslandF . It later recurved , passing

caused enhanced monsoonal rains over the northeast of HaAaii . Kate ended a 24 month

Philippines which led to over 200 deaths and absenc.e of tropical cyclone activity in the

thousands homeless. In addition , Typhoon Central Pa c i f i c, being the first hurricane
since August 1974.

TABLE 4-4.
PACIFIC AREA

T~dPJCAL CYCL~t1E FOJ~1AT1~ ALERT StI’TWY

NLP~ER ALERT S~ TE~ TOTAL
OF ~ IO~BECP~ ~U’~ERED

ALERT ~~ EF)ED T~ PICAL £€VEL~~ NT
YEAR SYSTE~ TI~)PICAL CYCLCt4ES CYCLCt1ES RATE

1972 L1 29 32 7LZ
1973 26 23 85~
197~ 35 30 36
1975 34 25 25 74%
1976 34 25 25 74%

I’tfffHLY DISTRIBUT I~1~
J F M A M  J J A S 0 N D

FOF~AT Ic~1ALERTS 2 2 1 2 2 3 6 4 6 2 1 3
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TABLE 4-7. SUMMARY OF JTWC WARNINGS 1959 -1976.

W E S T E R N  N ORTH C E N T R A L
N ORTH P A C I F I C  IND IAN _ OCEAN NORTH P A C I F I C

A V E R A G E  AV ERAGE A V E R A G E
1976 1959-75 1976 1 97 1_ 75 * 1976 1971-75

TOTAL NUMBER
OF WARNINGS 661 680 .~~~ 25 42 33

CALENDAR DAYS OF WARNINGS 131 143 13 16 12 10

NUMBER OF WARN I NG DAYS
WITH TWO CYCLONES L~9 48 0 1 0 1

NUMBER OF WARNING DAYS
WITH THREE OR MORE CYCLONES 4 9 0 0 0 0

TROPICAL DEPRESSIONS 0 5 - - 0 1

TROPICAL STORMS 11 11 - - 0 1

TYPHOONS /HURRICANES 14 19 - - 1 1

1.0. TROP I CAL CYCLONES - - 5 4 0 -

TOTAL TROPICAL CYCLONES 25 35 5 Li 1 3
‘BAY OF BENGAL Ill IfY 1971.1974
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2. WESTERN NORTH PACIPIC TROPICAL CYCLONES
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M A R IE

t on the 1st of April a trop ical distur— Of the e’,’ e n ln J  of 0_ flo’ 70_ n , 0 _ I ’ .- 0_~ ’p h0Ors  once
- — L,oncc WOO .i, ’t,eo’ted by satellite near iON — again b e l , s1n to i r l 0 _ c ’ n S i I  

~~
, 55 si - I - e r  0 _ 0 u I t s

14011. Sy n op t i d  4ia0 _ J revealed a weak surface spheric winds over the 1- : i l i ;~~~i r.e u S s r - U S
.2’,- .’ h o n l . :  ,‘io,’-ala tion with an associated backed , indica . 1 - 1  olpeper  000-U 11110, 1 0_ u the

. 2 0 11 0 1  level ,snticyclo ne. The system drifted west and a more oi. fU.2lezl0 _ link 01 the itco’. ’ s

p

s i .  ~4-l~ sos,thwar .i for 0_ho 1, .oXt 2 days. At  outf low channel with the n: 2— latitude
00 .231 on the 3r - ,i a foro,a 0_ ion alert was issued ,cstorlies -Fl ’.. 4—3 ). This in 0_ l.’nsi fi-,Iis tic-r,

who: ;  synoptic data indicated the systero ha,  continued slowly s u r i z l - (  the subsC-4 ent
int ensified to 25 k0_ , and increasing u!~per hours at  a rate of about ~ rods I~c.- r h o U r .
lo ’:cl outflow to the north promised good
.,U 0_ on 0_ i al for further iftensi~ 00,30_jar,. /,0 A 0 _  l500z on the 7th ‘i’y i~noon ‘1taric i . a S I~ e~

1 I , U O I I Z  ‘;o; the 3r.~
’ 0 _ h e  first warning ~.ias 40 rim north of I,slsu wiOli a. 5k g u s t s  o h  75 kt

issued . Six hours later the oyster; W:IS - and a f lI l n l0’ I i :o  sea level ,lressjre .f 11~~3 oh
.h I ~;r a, I e’ U t o  Trop ical Storm Marie w h e o l  synop— recorded at Koror. IUhiie no d e a t h s  or
tie data o- .- :iiirmed aircraft reports of 35 kt injuries wo ro reported , Uai ’SIII.S of m ar ,. 0_Os: .

4 w i n d s .  14 r n 1 1 i i ~~:, WaS i n c U r r e d  00 t i c -  i~~ la~ I s lan d s .
- ,0 Crop l o S t  0 0 0 0 _ i o n  0-35 eX ’,e n s l ’,’e as 0-a., dao,a.re

n :lucrsced by weak steering flow , the to LIs1i,.iro~s a nd  p.~L,ic ,.tilitios. As a
storm ‘ , rr . o  I eastward in a counterclockwis ’- result , Palau was lsI�c,are.2 a r.ajor dissster

l o o p ,  ,- o n h  ~u o  ing th e  even ing of the 40_ h bo- s:; area,
t a k i ng  ,s s l ow , s o u t h e r l y  h e a s i n s 1  . F r ’ 1 5 - 1 0 3 1
Storm 1-0 _ so  so  11:toOU i f  Ic’,:, .10,1 0,’ 06005 on the By 00001 on the Stn .s W e U Y , r H S s 5  on  the
50_ h had a0_ t alrC’d’ /p -h oOl. o,’;~~t 1.. Twel’,’o’ s i J L 0 _ l I . j I  1.2,11 1i , 1,Ie  l ( I I i - sro,: 0 , I S J I  the ‘.- pstor:;
OIl .15 i a 0 _ . J r  ttw’o :’, -hooo las aI: .3 ,1rI ’,.: a 6 kt coast o-f 0 01,. Ph ils~.j i:.o s . In response , Csr ~~ ,.-
‘- - ‘ ‘ - : ‘ e U l t  00 0 - ar , :  ‘. :I. - ’.1/’ 5’_ —l1O r Oh4 -~’St , sr ~~.p for ‘,u,rre J r, o zt hwa r, ’, ,0,1 1,,C _sr’:o I ,  hUron:. 0 _ l I t -

he :Ie;’: t - ; - - h o u r s  m a i n t a i n e d  1,5 kt w,0,05, t5’~~~ Ool1 
‘ 5 wI ’ste i- r4—:1les t ~.o s1 0 _ I O U ;  a t  ~, 0 - 1 5  ,‘,r,

0 _ l i e  i 00_ h , U:.,.- system r c - a ; - n , ’, 10 _ S  ‘0 ,0 10’ 0’
ln tc r o s i 0 _ 5 - r f  115 kt (Fl I , 4—4 ). The
s e a — h o v e l  pressure was ‘1:9 01 r~ . 20 r~~~ : I

aircraft , l 0 _  20 i ll on the 10 0 _ b ; . b’;~-nuoo. o n e

U 
m a i n t a i n e d  i i i .  k o, 1100115 fo;: 24 1- oar s  as its
northeast r I004’:’ I , ’ , - o . 0 _  increase- ’ o- - 11 kt. By

I 1800Z on the 1 1 0 , 1 0  M a r i e  la- - I an 0 _ C U  4-’o,I}, ’ - ;.

w t r l l o  accelerating on a northoast t o - -k ,
closely follow:ng the 700 rods flow. Two ba ;s
l;,:er the final wa roli n I, was a s s w ’  1 as ‘-0 coo

- 
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OLGA

. , ) O . 0 0 l  Olga  o ri g i na led  w i t h i n  a ‘ ‘cry 0_ z , r l l ~ :i 1i , oa  I the ren a m oo r  of o~l- ,a ‘ S 1:
active l o u  II near iON and between 130 ana
lilt ,. As e .s t  ly as 4 May , several surf,1c0 On the 16th 0_ olga be la:; to slow its
circuLations 4-ore evident throughout this forward movement I l l  r c - sj ~u r , s e  tO a ion.: save
zone , lo, the 12th , a center analyzed near trough moving 

~~ 
the east coast of China.

lOb — 1471 showed indications that it would ,‘ot  0 1 1 1 5 p O i nt  it Wa5 oS)-~ e0_ed that 0_: ,e
0,’ 0_;,,, .101 inant circulation , and the first storm would 1 0 0 0  n. e  ah l e s a  of the 0_ ro -a-:b: , 0 0 _
. s r n i n . ;  was issued at 06005 on 0_i;,.’ 12th . instead , OS - ia L0.~a:1 a Countor;’lockwise Ice:- ,
Irom 0_ i l l Onset , 01 ‘3 WaS a unique system , arid slowly 00.00051:105 uespi0 _ o the a n l a ’.’c . r —
having di l b U S e  characteristics which it .1010 upper level shear, On 0_ ;,e 200_h C b s
“ si n  , s ’ r , ” I 0 _ : , r u  r Oot its lito . One wacO •‘u:r,p5ote~ its lou;, and a t  051 :,,.. 0,;

~ 
‘.00:,

t r a i t  ~as  the lack of vei tical stacking , intensi0_ y . 1.1 0_ er completing thic soc-p  the
obser”ed When comparing satellite sos air— 5 t o r : o .  t racked tOw aid 0_he  west a t  6 kt ,
craft positions. The low to’:el circulation continsin-: to iOleo5i: j . Between aircraft
Was , 1  han oil so m c d , and on several reports a t  0330Z and 1s472 on 0 _ h a  2 Q o h ,
occasions multiple cm r ,.’olations could be 0_here 4-as a drop in  the central press- are of
identified . 44 mb (from 978 to 914 mb ), a r,o0_ o oh 2.7 mb

‘-n hour (Fig. 4—5) - With this rar.jd
Originally, 01 ‘5 was tracked by said — 00) lIrlini ) , Ol ga made l a n d f a l l  on 0 _ h e  east

lite as a tropical ,11sturbance moving toward S u b  of 1,uzon near 16.5N at approximatelyo the southwest , following the center of the 00005 on the 21st with winds estimated at
u, ,.c’r 1c ”el anticyclone . After 1200Z on the 100 kt .
120 _ i. a more clu:’,atol o1m0ul track toward the
west—northwest was obsco.’e~~, but at half the Alto: : landfall 0_ho small core of high
5po,.e~1 norro,al for this con,,, of year, This winds subsideo -oajckly (Fig. 4— 6) - For the
1110 0” c’n t , s l o i , . t  the southern edge of the next 24 hours 01-la ’ s center n:oan,arcd toward
subtropical ri 1 0 , I’c’rslstt,u throug h the the southwest Slung 0_he east Coast 00 LuzOn
at0 _ l- r r,o, r of the 13th when Olga Was upgraded passing near Bayler Bay with 0-tools of 45 kt
to a 1 1 1 1 ) 1 ’ S stot~~. Later that night at storm center. Seeking the path of least
satellite 1 0 _ i  indicated the presence of a resistance , Olga tracked thro~~-~h the Lalonsecond circulation 120 nm to the east of 0_ b: , lowlands during the next 45 hcurs 5)110_in’;
storm cent”r. By the 14th the original tI, , - island t h r o ug h  Lingayen Gulf on 0 _ b o l l
ee r .t o ~ hl, lissipateo and the eon’.’oet j”,- 240_I;. During its slow journey across ~~~~~~energy had consolidated around this second at 2 to I kt , Olga enhanced the sou0_ hwes0 _
“ ‘ 0 , , . The 0,-l,,,.’.I’- ed system then proceeded monsoon over Southern Luzon , b tingin ~o rains
tow Ira th l l’ I’st-Ililrthwest while i t  slowl- ,- in excess of 50 inches at Cot -i i o i n t  andintensified , .111 ,1 attained trop ical storm perhaps hi.Ilw’r at othe r areas. The resal0_ in, :
lntc:lSi’ , b r  ‘ 1,,., second 0 _ 1 0 ’ o .  On the 16th  floods contributed to over 200 , . l c ’a t b ; s  andOl ga responded  to a short 4 -ao l  t r o u g h  t o .  t housands  of h o m el e s s .  For t h e  n e x t  .24 h o u r s
to, 5 0 5 0 _ l ’ r l l , ’S an,. . P00_eu t o war .  thc  n,srt.bl . 01 a t r a c k e d  t o w a r d  the n o r t b - w e s t  tb ir - ouoh 0_ no

on the  17th  the s to rm resumed i t s  G u l f  r e i n t e n s i f vl n g  to 4 0  k t .  On the 25 t h ,
~ e st - r o r t hw e s t  lea h i :r . ~ as the  short wave the low level circulation separated fr ’or-, thepr o gr , . ’ s s l  : r a p i d l y toward  the  e a s t ,  It  was h a r d  core c o nv e c t  ion and  t r a c k e. .  t ; i wa o i  0 _ h o
at th is h int that satellite data indicated ~oo th oa st  a t  an accelerat,’d rate, 01 - :aOlga was entering an unfal.’orlble upper level ~:iss:j.ated to the west of .2i::oi;s-,. on to o 20 0_ i;shearing environment prov1a~~ b~’ a 200 00 as it was absorbod into a sui-0 _ r - 1 j, .’,ih 1 I I S ’ 0 _ U i —ridge over Southeast Asia , ollich persis0_00 bance west of the island .
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PAMELA

Pamela , the fourth typhoon of 1976 , was During the next if, hours P a r , ela  continued
also the first super typhoon of the Season. to, intensity as it moved e r r a t i c a l l y  at 3 to
Destined to become one of the more destruc— 6 ict , turnin .: northwestward on the corning of
tive storms of history, Pamela was first the 17th. Fron , the po rr. ir. l4 of the 16th 5:10 _ il

detected on the morning of 13 May as a trop— the morning of the 180 _ i s , catawar , Atoll
ical disturbance near the eastern edge of the , ‘ n n t i n u e i b  to be buffete d with southwe sterl y
near equatorial trough approximately 230 nm arId southerly surf,,ce winos of 50 to 55 kt.
north of Truk . For the next 24 hours the dis— Dar,.s o’ Wd5 widesprea : on the tiny atoll , but
turbance was difficult to track with the no - sea t l i s  were r epor ted .
sparce synoptic data available , however , sat—
ellite pictures indicated a general southward By the morning of the 18th Pamela had
movement. On the morning of the 14th the acce le ra t ed  to 7 k t , p a s s in o  w i t h i n  50 nit of
d i s tu rbance  began to move to the southwest Tr-ok. A rinima m sea level pressure of 993.4
and at 0600Z it was upgraded to TO 06. By mb was recorded at 04002 and a peak 01:, , ;  i f

that evening the depression was moving west 49 kt was obsc’r’.’eu an hour later. At 03 2 7Z
o at 5 to 7 kt. At 03392 on the 14th aircraft a ir c r a f t  found maximum surface winds of

indicated surface winds near 40 kt and a sea 85 k t , a m i n i m u m  pressure of 951 mb and a
level p ressure  of 998 mb; at 0600 1 TD 06 was c i r c u l a r  eye 10 nm in  d iame te r .  From the
upgraded to Tropi al Storm Pamela. Shor t ly  a f t e rnoon  of the 1 7t h  to the a f t e r n o o n  of the
thereafter Pamela oegan to move to the south 18th Truk recorded nearly 11 inches of rain
at 9 to 10 kt , intensifying to 45 kt by which initiated mud slides killing 10 persons.
1800z. Massive damage was inflicted on crops.

The next morning satellite data showed Pamela ’s erratic movements can be attrib-
that Pamela was moving toward the south- uted to the influence of the Tropical t’~,per
southeast. Truk synoptic data at 1800Z Tropospheric Trough (TUTT) . On the 130 _ h the
indicated a sea level pressure of 998.6 mb , TUTT began to establish itself north of the
a 7.1 mb fall over the previous 24 hours. By d i s t u r b a n c e .  Through  the evening of the i5t:;
2200Z Truk had a surface pressure of 997.9 orb the TUTT moved steadil y south—southwestward ,
and northeasterly winds of 30 kt. At this applying pressure to the upper anticycbone
time Pamela was forecast to trace a counter- above Pamela. This pressure accounted for
clockwise loop around Truk . At 03482 on the Pamela ’s southward and westwa: 3 movement,
16th an aircraft fixed Pamela 75 nm southeast and for the cyclone ’s slow intensification.
of Truk and proceeded on a northeast track By the morning of the 16th the TUTT had
o a t h c r i n - r  peri pheral information. Later that receded northward relieving the southward
afternoon reports indicated destructive winds pressure , ‘:.t.-snct:;a o u t f l o w  Snd a l lowing  the
at Satawan Atoll (91338). The aircraft was tropical otli rot to intensif y . This release
diverted to the region of the atoll where the of pressure would have allowed the storm to
crew observed an extensive area of 55 to 65 roi c ve toward a c l i m a t ol og ical w e s t — n o r t h w e s t
st flight level winds with surface winds track , however , by the 15th , an induced
estimated as high as 100 kt. At 07402 on the mi~t-tropos ;.Ireric hi gh pressure cell between
16th warning number 09 was amended to upgrade I ’ar~ :1a and  ‘typ hoon Ol;a in the Philipp ine
the storm to Typhoon Pamela. Pamela at this S,’,r . had i:It cr.w ifi ed , b-suld inc eastward and
tonI c was a small but intense typhoon (Fi g. 4- forcing ,‘ceoiola toward the east. By early
7) - The maximum winds were located on the r :ornir;-, on the 170 _ h :1- i a had  cove,i cons ide r—
south side of the 150 nm diameter central ably to the west , 0_ l Ie ri - I-se had relaxed , and
dense overcast. 1-sod a sw-so-u nor 1; and then r,e~~tb’swo’stco m p l e t i n - .’ the icc~ around Truk .

From 05.002 on the 18th to 06002 on the
- .- 0 

19th ‘ h y ~ h o n n  P cmcia moved towir i ic; n o r t h —
- 

- 
- — west at a:; average s~~ced of 9 kt , intensify—

~ L ing at a r a t e  of 10 k t  ooach 6 hours. At
- ~~

‘ I ~0 
- * 

“4 l200Z on the 19th Pamela reached its super
t y phoon i n t e n s i t y  of 130 k t  w i t h  ,rosts to

• 
- 

0 160 kt (see photouraph on front cover I , whi ct;
- 
. ,

~~ 
— it maintained for 18 hours. At 21122 on the

19th reconnaissance aircraft reported 0_ lIe
• minimum measured sea level i-ross- -are a t  921 mb

while observing concentric eye wall clouds
w i t h  .hiar ’o ;’ o o r s  of 10 and 20 nm . By the
afternoon of the 20th , an eastward coving
short—wave trough had created a weakness
in the mid—troposp heric sob t r o 1 m e a l  r i d g e
north of l’arnh-l a. This, ‘00,-l o b  with an
.- lon ;at l ’h high pressure c e l l  e a St  of the
typ hoon , forced Pamela to acquire the

A WA ~~~~~~~~~~~~~~~~~~~~~ track which would i- ri o, ,-

A possible threat to the island 1 111 been
FrrI t IPFO 4—7. T o t 4 t a ~~c’d 1d : r ’t , ’ c~~,r .d, o~ Pa os’ta identified as early as the 16th , and all
II, ’ ,Il 6~ fit ~~ ,~~,r 1- - - , tt , r i  7 s ’- ’isC , 71 ~ IS -o tt forecasts subsequently issued indicated that
I • 7 6 , 01 3 17 , it t . r i 1 , 0 - I - S  I o j o , ’ Ss ’ s: 7 702 “3 Pamela was expected to pass within 100 nm of
‘0( 11,34 .‘ ) - ~~~t c ’~’ i  h i .  l,-c , -I : Io,t113,zo:c, ’ s rcoc:.o 4 7 Guam . At  04502 on the 18th the Commander ,
:010 0000Z : I, ’ ‘-27, ) )‘11 51’ (~~~ 1 - 1 . / I I L r v a l Forces M a:  j anas  COMNA\’MJiR1 set Typhoon
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Condition III for Guam . At 23302 on the 18th sure ut ,i3- 3 m -,xir:,,c tei ,’ 9 : - 1 :tb (mr.alc,, t e - ; by
COMNAVMA R set Typhoon Condition II and at a i r e m a i t  a o l - :  j a r ,  s t a ti o n s )  -

~~~~ ,‘ - , m t
2330Z on the 19th Condit ion I was set. n,a0_e,i peak a , 5 s t a i  I c ’ ’ 011115 of h O  kt wit ),

-~ u s t s  ‘ 5  145  k t .  1 a:t ’-la ’~~ 0 : 5 ’, 4 5 5 1 0 0  as
During the next 24 hours northeasterly much as .O kt t , , - t w - , -:, ‘oas and •ll in a

winds on Guam slowly intensified as Pamela ‘.00 _ b r ol  mm:; sti’ s , zes ,cl t ing i: ‘x t r ’-rro l y
approached the island . At 18002 on the 20th u rge . , e s s S r e  u , ’Ier ” rs-:es 60-73 lbs per
the National Weather Service (NWS) at Taquac square I - -- ‘ ) on : ; ~~~~o : .  aIO ‘.~~~~~~- “ 0 o r  I sides.
(91217) reported 73 kt winds at the 3000 ft I - co unrei:.: - r  .‘~ I ~ L0~~’ r r ,’~ w .- re oi - .e 10
level while  sur face  winds  were o n l y  30 k t  w i t h s t a n d  ‘h e  in t e r m i ’  0:0 p r e s s . r ~ ~‘o. a

(Fi g.  4 — 8 ) .  At 03152 on the 21st r econna i s— o :~ 0 :111 1 c ’ t t ” ts , 0 _ 1~ Taquac : 1 - c - , :  01 .1
sance a i r c r a f t  from the 54 th  Weather  3 m  i.’, : . ~ 5 -~.1 ra in lax in q  ail,e,,’S I,,,

~~
5,1 t o ,

Reconnaissance Squadron , Andersen MB , Guam o i t t ,  11 inches i~~~l tr. ; i :  a _ 4 - : , i ~ ,r crm.. -;.
f i xed the typhoon 30 nm sou theas t  of the
island . Less than 90 minu te s  l a t e r  the

• northwestern edge of the eye was over the
southeast coast of Guam . SUPER TYi’HOON PAMELA

Th e large , r e l a t i v e l y  ca lm eye , sol e
20 nm in diameter , required up to three 3 o , sr s  d~ MAY (976
to cross the center of the i s l and  ( F i g .  4 — 9 1  -
Both And ersen AFB and the NWS a t  Taguac
c o n t i n u a l l y  experienced winds  exceed ing  50 k t
as the eye passed south of these stations. ‘~0’ O L O D
Most installations which had wind indicators
los t the ir anemometers  p r i o r  to th e pea k

A A ~ .

I~~’ ’ ~~O P & ”  -~~ , I ½ ’ o  .— 
“~ P~~~~~I 0  I NW S T A GUAC

N A S A  ‘4A SA MOAN ‘4

j ;
~ ~~~~~

FIGURE 4 — 9 .  f 5 7 (lIl ,~~t,’ ,1 p a t i o  o~ t O o  cCo,t ,’I i l
Pa rni’ tdt ’~~~~i,c ,:r~~~t c ’;i ’ ,t i~~ ,i 10 :1 51’ ~ I.’:’ 04 5 3 2  7 . ’

Although the winds of Pamela were 25 kt
weaker than those of Typhoon Karen wt’ich

3 f l a t t e n e d  the i s l and  in November 1962 , the
UK slow 7 kt movement rendered Pamela more

d e s t r u c ti  ‘ tn (Fig. 4—10 and back cover). The
226 square  m i l e  i s l and  was b u f f e t e d  by winds

“~ ‘1 PF 4 - ’: , - . ,, r~~~ , € a  a t ~~~ 
I - in excess of 100 kt  fo r  6 hours , by winds  of

0 , ’ ‘ 
• ‘ - 0 1 , 2 0  ~ 19 76 typhoon force for 18 hours and by winds

3 ’  V -it . / exceeding 50 kt for 30 hours. The last
w a r n i n g  on Pamela by JTWC was issued at 2 3 2 0 2
on th e 20th. The alternate JTWC at Yokota
AB , Japan  as sumed a l l  w a r n i n g  r e s p o ns ib i l i -

winds. ‘lb •’ . r,x imI.o’ - - i-served w l: ,iI ~‘ -i s’, was ties for Pamela and Olga during the next
138 ‘- ‘ • I ’ l I , r t € ’ i U ,- t l, ’ - IONS Taguac  at 0 9 4 6 2 .  5 d a y s .
The ‘ —c n i n es :o -  o n  - S - - i  -‘ r I coo press - lit ’ was
‘3 1.7 mob o ’ I/cS ‘r , ’w”r Fi,’i ~~, some S nor All 0_ oval and Air Force 1:11 0_ s had been
no r t h e a s t  of the  i , ’ r l t , - r .  ‘llI ~’ liiss ’st pres— given adequate warning and had evacuated most
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of their ships and aircraft. Despite exten-
sive preparations damage to c ivil ian  and —
mili tary fac i l i t ies  was severe , exceeding • -~.,,.,. ,, ,~ -

$500 million (Fig. 4—li , Fig. 4—12 and -
Fig. 4—13). Ten small ships and tugs which ‘ - -

had sought refuge in Apra Barber, were either
sunk or ran aground , and numerous other small - ‘

craft were sunk or damaged (Fig. 4-14) . One
ship, the Li. S. Coast Guard Cutter Basswood ,
courageously rode out the storm anchored in
Apra Harbor where it recorded a peak gust of -

120 kt and a min imum sea level pressure of

Miracu lous ly ,  only one death occurred 1..~on Guam due to Pamela ’s passage. This low
loss of life was attributed to the timely ~~~~~~ ~ -and accurate forecasts issued on the storm. ‘ - ‘ 

-

A comprehensive account of lessons learned - 
~~~~~~~~~ _‘ -

from Pamela is given in the Super Typhoon
Pamela After-Action Re~ ort, prepared by
CINCP AC REP GUAM/TTPI in August 1976. FIGURE 4—11. Peat i’r uct.ion s’ai cet d comp o c a d  se

Guam ’ a cc, v -LUacr  ce  mmu ec tic , C, ’c r c  so t  t c  i t a c-
tuke6 ~~~~~ s i , but c&’co’d1’ ct (iou - Scm , 7’I’aO/t I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L cnea  a t :d  t ( I 0  t O I f c t ( ) h O f l o t  a y a t e —  sc’ c ’ ie  s t i
a e v e m e f y  d a m a g e d .  ( O ~~ i c.iaf  U, S . Navy
p i r o t e g n z a p h )

:~~~ %

II I I~~~~~~~
FIGURE 4—10. The t,c ot ~ d Steet 1~~ot~~otton o~ a 

‘

r o t  1 u l r i t ~~o : t t ~~t io,I a k e h o u a q  a t- t e~~to to tIr e
d oti t’ruo c t o s  6.00 0 04 P a m tp f a .  ( O t c4 o c - i a i
U . S . W a v y  5 h i ’ t l l at ’ ,I( . W , . 

-

~~~~~~~~~ ,

‘_  
.
‘

, 
. .  

“ i’ 
‘

_ _ _ _ _  

\ . .~

- 

~~~~~~ 

~~~~~~~~~~

.. . 

I ,

~~~~

FIGURE 4—1 2. T (r0 ) cr 9 ( t o t ,  I t As 1s t o ,

G, ca m Ii’S-i l o ’ 5 ’ O ’ S 1’ I I ’0 t ( t’ A - H i o ’ 01 s , s iioio t F1170’PF 4—1 3. I’I s t c ”  f i n , i ’t  0 ” , t o o ’ ,

t I  , s i . i , :, i  a t  th0 ‘Ot i c  s t  ‘ l r ” — H I . , s d , o ncc 0 70  “ 0 1 ,  t~~’ / — a ct l t s , t  ~~0 0” ,
o f , ,’’ ,.i 1, -I , I , o’-it, r o t  t i , ‘ ‘t H o 1 , T Irs S t ’ 3, 1, t o o  44 f6 tou t - c , . s’tS/Oc it

d 4 ~~, cot l t  1 , ,~~, t : v . ,  p Ils t~ sI4 1 Ii . S. ‘~ 1i / oi5 f g’ ip )r(
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FIGURE 4—15, I e4 Ia’,Cd p lc to l I S t ’ ’ - 0 1 I f t t h l C i ’ /0
- - Paor~ La a t  1 20  l t t  30 ir tn n c’i t t :ii ’ s’ t t  • ‘ 4  G o s s i r r ,FIGURE 4—14. Twt  1 ’  s I I ~ , tb /l i it , . S ~~~~~ sot - -

S t a &o . , ,  1115510 , p5 .: , - / 5 /  1 I s I d  asi 3 t.rii actc u oi ~ 1 55.1 9 1 9 1 6 , (0 I & ~~, 0M SP (1115501! )

is  T /lt , / i’l l Pt I s )  , a t, ,t C ii 7~;~
(5,s It ’i A ‘i tl a b  ‘ , ( , ‘ , .,, ~, U. S. \ vy
‘s i t  o,’ , (

After devastating Guam , Pamela continued
to maintain its 120 kt  in t en si t y  f or an
additional 36 hours , moving northwestward at ‘s’, 

‘

k t  
~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ ~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ 
t:~~
; ~~~~Ta ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~continued to threaten the northern Mariana

Islands , mop—up operations were in full swing
on Guam (Fig . 4—16 and Fig. 4—17). Althoug h
the civilian and military factions were well— ‘ ~~~~~~~
organized and worked closely together , ‘

recovery efforts took months. - ‘ ,~~~~

On the morning of the 23rd Pamela , still 
~~~ Ø’ ,.~ ,.,.

oackirs 4 winds of 115 Itt , slowed to 8 kt , and
n y  t h a t  even ing  ha i:  passed t h r o - s - r h  a weakness

‘ I i , ’  m id—t roposphe r i c  sub t rop ica l  r i o - I c , FIGURE 4 - 1 6 .  A ir  - 1, ’tc  , C ’ o , i o ’ s~~’ ’ ~ t ‘ I I ,  —

~~ r I  r ” m n - ~ to the nor theas t .  At 2000Z i ’ l l  0_ tie ‘4  101 • - S t 11 O S  I ‘ 5 0 ts , 1 / ‘i, I’ , ’ , ‘

: 4t h ,  Pamela 1, 1550-: 15 nor to the east  of ‘ ‘ :‘ ‘ o ,~~. T ., , ,r i ‘ f t  0) 1’’ ( I t t .  I- ot
Is, . - nod r -i 931 - bI ar t s , ,’ 0 _ i r s - ;  th e i n  , rn .1  w t h  C l  1 , I ’ / s t  s’j ,t to / it ‘ 4’ ‘s I i ’s  ‘ It - I if
7~ k t  s ; : i - : s - F  i - ; .  4 — 1 8 ) .  try 18003, on the 2 5 t h  s I l l , )  ~~~~ . , 5 5 1 5~~~~~ s’, i ( l ,  ((‘i ’.,c.t it U . S.
~~he s’,-s ’,ero had s, ik e r , e I i n t o  a t rop ica l st , ’ r n , . ‘ I  t ‘ , I s )
Th e cooler it,,,, s0r fa c e  t e m p e r a t u r e s  and t r e —
::o-ndous ‘o r  tona l shear rap idly stripped the

- I storm of c s  tropical characteristics , and by
the ,(f ”::,~~ sr. of th e 2 6 t h  Pame la  hail become
‘-s’ r a t rr -pbcIal .

P (-I- Ia ’s 15 :ay  trek t,s- K it a distance
t 2 5 7 0  nor d - s r i n g  w h i c h  a tot-, ! i t  52

w a r n i n g s  -~.- ‘ - r ”  iu ’ ; . ’ i , 40 of them as a typ hoon. —
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RUBY

The month - .: June was charactenisod by very small or nonexms ’ olc .
a persistent monsoon trough which was the
br e ’t r / ! i ng , 4 r t / u r . -s f o r  n u m e r o u s  t r op ica l d i s —  As R u by  t r a i t - l o i S  i - 0 5 ’ O l  1 ‘ .r c.. i t  0_ h e

t i , :  na :si ’, s  I” i ,, ,  the  5 th  t y phoon of the  IOOSh S (os/roi l , i -  s r  r”~—in,rts : 1”  0’ i C / — / ’. 5 i  ,.ng
season , was  ,I~ ’0_t’cteiS i o s t h i s t ro ug h as an i i .  : . ca t c rs eas’ sa t  1 movement  sr - s  ~r . t . - : S1I  ic - I—

aro ,o of hea vy thunderstorm activity located tion h g .  4 — 2 0 ) .  P e c n r r o a t s s a o . - 0 ’  , a l r c r a I  at

some :50 nor southwest of Guam . This reg ion 1600 1 on J0~~3’ 1st rec.r sr : t o e  los’ so  p r o . -

nO 000iveel i . e  ac t i v i t y  was  moni tored  f o r  3 0 / s r I  - 9 3 4  n o , at .  I ir, :1c~~0 o n  0 0 _ a t  Typ’ nc r (-‘ . 0.
days boto ic undergoing si .inificant intensi- Was movlr5~ tOWar-i t o  r . ’,r ’ :, ’ , , s I .

• S i-n ,ot Leo,
)~nsby no ,aiI, taSli’ - ’ ’ ~~ / t c’,: 50, ~~l 0 , 0 ,  1’ • ,o,I S I

On t l , n ’  ‘-or  : si : 54  of the 23rd satel],i to t l e  nn 9 ht  of the  n r a  so -o I l  a - :

dit a~~~o’,~~i,,’,,0_oo 0_ h a t t o o  djst-urba t-.cc l a b  a hostile s h, .- s r . :.  0 1 . 5 :  0,10 0 , 1 . ~I’ .. r ’
O c - 1 - i u t il Z ’,’ - i n t o  a r o I - i C d l  d e pr e s s i o n  locates ical  sat e l l i t e  0-sta ,, 5 1 2 5  ~r, bc- o r

some 450 nor so~~t:I~~as 0_ - r t  M a n i l a , movir , ; in d i c a t e d  0_ h a t  lI ,.!, -5’ had f .:,,,.i’5’ :, ‘c- n em: ’ : -,-

we s twa r -s . Based on this information the tropical after its 10 1010 5 0_ i ’  it ,

f i r s t  warr sing was issued on the 2 3r d  at
0000 1. I Iocn ,nn a n s S a n ce  a i r c r a f t  at 1205Z  — 4
i I s b b - c S i t . 5 that l U  07 ? s a s  a t t a i n e d  t r o~~~cal - 
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THERESE

$ 5,iear the end of the first week in July slowly as it tracked farther north , still
a tropical disturbance was detected by maintaining good outflow in all quadrants.

‘+5’ satellite near 9N— 160E, moving slowly west— At 18002 on the 16th Therese passed .5’, nor -
ward. At 23222 on the 9th a formation alert southwest of M i n a m i d a i t o  Jima where  maxis ,srr ,

3 was issued when satellite data indicated that sustained winds of 50 kt and a m i r s O r n u io sea
the system was beg inn ing  to o rgan ize . During level pressure of 966.9 sob were ree/sr-~ on .

the next  24 hours the d i s tu rbance  in t ensif i ed  By the morning  of the  17th Therese ha’J
rap id ly ,  and a i r c r a f t  observed winds of trop— slowed to 9 kt , and began to recurve i- s wat
ical storm intensity. At 00002 on the 11th the north in response to a long wa’.’I’ t r u u ~~ b ,

- ,s~~ the  f i r s t  warn ing  was issued on Tropical at the 200 sob level. At 0900Z the tyI~~S,O s O .

Storm Therese with winhs of 40 kt near the still possessing 90 kt winds , passe _i Fs .  non
center. For the next 24 hours Therese northeast of Okinawa where 41 kt y.•sts w t -r’
continued to intensify while accelerating recorded at Kadena AD. Directl y ahe a-i of
s lowly  on a wes t -nor thwes t  course south of a the storm , Tokuno-Shima was report ir . o  50 kt
wel l  e s tabl ished subt ropica l  ridge . By 0000 1 w i n d s .  At 1200Z the i s l a n d  e x p e r i e n co ’ .i eye
on the 12th Therese had reached typhoon passage with a recorded central prn’Ss,r~. of
intensity. As the subtrop ical ridge to the 958 sob (Fig. 4—24).
r,orth of the storm shifted northward , the
typhoon reacted by slowing and moving toward For the next 24 hours Therese cor,tir 0100 ,_ i

the nor~ 5owe’;0_ . Near 1200Z on the 12th moving northward along the western ed 1c~ of
exp losive deepening began to occur in the subtropical ridge maintainsng typhoon
respons e t o enh an ced outflow resulting from intensity. At 12002 on the 18th Meshirna
a cold-core , upper  tropospher ic  low northwest  ( 4 7 8 4 2 )  reported sus ta ined winds of 65 kt and
of Therese. Reconnaissance aircraft minimum sea level pressure of 971.2 mb.
indicated that from 08052 on the 12th until Shortly t h e r e a f t e r  Therese passed 10 no east
0537Z on the 13th , the storm ’s central pres— of the island as it turned to the northeast
sure plummeted 66 sob, a rate of 3.1 sob per toward the West coast of Kyushu. By 1200Z
hour (Fig. 4-23). Therese had become the on the 19th Therese had made landfall on t.’o s’

2nd super typhoon of the season , attaining a coast of Kyushu with 40 kt winds. After
minimum surface pressure of 903 sob and maid - crossing the coast , the storm continued to
mum winds of 135 kt at 0600Z on the 13th. dissipate over the mounta inous  t e r r a i n .  The
The rese m a i n t a i n e d  super typhoon i n t e n s i t y  f i n a l  Warn ing  was issued at 00 00Z on the 2 0 t h
for the next 18 hours , and at 2100Z on the as Therese became quasi—stationary over
13th passed 30 nm no r theas t  of Saipan with southern Japan .
130 kt winds near the center. Saipan
s u s t a i n e d  only  minor  damage w i t h  observed P r i o r  to dissipation , Therese bro u g h t

0 winds estimated at 75 to 100 kt. near ly  20 inches of ra i n to the i s land o f
Ky u s h u .  The s torm flooded score than 1000

Typhoon Therese began to accelerate homes and sank 12 ships. During the onslaug ht ,
along the southwestern periphery of the 3 per sons were killed , more than 1300 were
sub t rop ica l  r idge  heading  toward a weakness  rendered homeless , and damage to crops was
near 130E. The system continued to weaken estimated in the  mi l l i ons  of d o l l a r s .
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It’. I , ‘ 1 ’,’ l ~~i t ’0 i t on ‘ S I r  2 1 5 ’  . 0 one in  ‘ s I _ i ’  South ar’s:el, 0 . 0 1 ’ ’ ’ .01’ ,’ . 1i , 1(3 00 7 . o , l t , t  0 , _ s  - a t_ s l i ts ’.

ChIna 5’, . which .oe’,’eLO I- I - -i into 0 5 - 1.05 Ii •0i Ot l,r’O ’ . t I i d 5 ’ , S l  S t o i t O ’ , i 0 1 1 / - l / O 3 1 t 4 ’ , O l . i I_i sO , - OO , 0 ’.’ t -

Vi,oIt’0~; ,tic-i 0 *  i o s  the i ’ loil i s ~~~~ oc- ,s 5 0 , 1 - I ,  t h r , - , , , i i m II ,’ s.- - ,1kn ’.-ss i c- I t  L’s-’ F O i t  O s ,

‘ ‘ I t  o t - / o H ’ ;  / ‘,,o ’ ,- ‘Fro r~- i _ s i  Ot,, ro’ u m s 1 0 / .10011

Typhus /ri Anita. AS /‘s11 110 C ’.c -’  i o  s i r’  0 10 i c - 0 _ c - r i l l  y ,  t i ,

s i ze ’ of  II ,,- s tt s r ’Os r’ 0- _ i/ n e-,. o ’ .’l s t t i ’,” 13’ it_ _ o i l .

As e a r l- ,’ as  ‘ h e  1+0 5. , the  w1 ak cir c u l a —  1 . 1 1c r _ i t t  ieC-.l .l. ,00isSt aO/cl .’ c- I l  lI st’ 2 5 0 0 ± 0 , 1 ,  • - . 00 , ’,

O ‘j. .o . , _ i t o i ’ ,’h evs’O /t - . 1 3 ’,’ ,
~s . s-i./

~ .’.”3 
s ,o 0_ 1 , A n i t a , , o no r o w  o ,,,sos -~, of  r o t  / 0 1 1 0 i t , O , ._ i  i , O / 5  0 0 . ’ 5 0 0 0 ’

- -  s I n o r -.-. - - by a.. t .11 it e . In it ‘sal l~ 0_he ci 00 1 ‘‘r . Ao,, .0_ t o i ’  a 5 1 o .  - /  ;‘~ ,~ nor t i ’ s_sr., 1 o,o  - . -O -

sjis0 _o srL,Io/c , - 0o-0 ’.
~~

’,I slc-si3 W 1 0 _ i t i . 0 _ i 5  I al to s / the  0 _ l i e  i, - . . 5, o l . ’ i_i , I ’  r - - i c  50, 1.- . ‘ 0 50 , 0 ’  0 , _ i t , ,

_ i ’ 100 li--rn e_ii~~e of the  m i d— t r o p o s p he ric  r ’ _ i c t i s - f l ’ t  .1 1, ’ o,s,o - 0 5  1. Pt aria a or i o o  / I , , , r ,~~~, ’

s ,1, ’ t . I o / cal r i o - i , . ,  I,,st by the  2 0 t h  a L i _ st k Ic ’ s-’ 1 t . ~~ . ‘ o s , s o. re lear ‘174 nib s t I  12 0 0 Z  on I t s

1 0 / ’ , ,1I. ’,’ l ’l , ,l I ” O / /  i l l  t b ’ .’ r i d - p ~- ne ar l35E , s l o , i  2 3oi . . Ic - .’ , I ,”,s’c-’4  s a t e ll i t e  I - 3 d ’ s - r I  5 ’ s , .

cO l t .  O le - i  / 0 I 0 i 0 _ l I i t . I / ’ l  10 J_ i~~, , I / l .  At 0_ lie 5.01 / on 0 _ I , , ’  2 I r - ~ ( F i / t . 4 — 2 ’ .  c,i~- - / 1 o ’ . / , l i t . 3  , . ‘ U .

O 0 _ i  - - a h i s S  ~ i ’ ,’ S o ; 0 s r ’, c O nt er  was i au1 ~J1ng :- ~~ i iit ,’oooIlt ’,’ 51 0_ Il a r i  -s -- s e y e s/sc.

0 ’ O t  - - O~,’/s_itWJrU o r  /1 15 i I 5 c e n t e r  1 s-0 ,i0_ ion over I~ tIll / 0 0 ’ . - 0 1 0 _ i i  ng convect  i . e ~.st : ,  o _ i ,

I-T i 1, - 1 ,00 ‘.01, , to  rc i nt 5 a w s m - j i l  0 Li I WI~C/ 0 the
s-l i T - lo i ’ - .ted in the 5/.o/th China SI_ s , 0 _ b / . o I Fh C t i I ’ . , - / , t r j t a  aU_ sJr.e’i O ’ ,5 ’~~

10 5 1 0 _ lI’ iir ii. t he  Phili o .t .i .’ Sea. t o o l e S i c - I I S I O  i I , I e t , i O i O 3 ’ , it iso b’ 1 5 0 0  tO ~ cC, ’1

to t h i s  r i . l j inq , t h e  , t i o s 0 _ . s L . t i .c, w l i l  . 0 ’ . 5-00 /1. 5 i’,sO~- l 00 ,0 ‘5_i th siooila r to ‘ . 0 0 _ s t  ‘ , ‘, ‘ 0, l.~ 
,o.- A n ita I - - c _ s ,  a ,‘o,,rcs. on the  51st and 1 5 10 1 1  t h i s o , ccc - l  - ‘ 1 1 1 0 0 , ‘,oo it a I t o - o,itoi:, t o o t  ‘.051

L’r o oo ’, to h e,so j  ‘ . 0 , ’, • .  .1_ icr the i oof j~ ..~ 0 o ”  o~ I _ s o o o - s l o . i ’ t I o n a l  S O . ’ / 0 . 0’, . - - .

‘ t h i s  _ i- oi ,I ’res _ iI ’.i .oIi t./ s ,, , ‘ o  1-_ i s. s t I, /  ‘ ‘1,1. ’ tiL ~~0_ i

b :  , _ i t t er n  a’ I t o - -  200  O I l ,  l i ’,’.. l  to loss  ot  ‘- : , r r t i c a l  5 0 0 / 0 0 5 : 0.’ . ‘l I / s  i t , ’ ..r

0 51,1’. he i + t o .  t i s r - o r s i t l i  the  2 0 t h  f ’_ soc  the  ~.
- i ’ r _ i o a t ,o f o r  U se  U _ s r / t i _ i n  of ‘ 0,1 1_ i ’ S l i i . ,

Tr so ~~s I Trop os1ih er i c  Trou .1 h (Tu’r T)  b r o i l / l I  0 _ l I e  i” . ’S_ s r O ’  to  it  .s l ’ s ’ O’s o5oo ’..- rl _s i  fast os

, 0 0 i ’ i ’ l o C . i  -01s t n o r t h  of the  dist .s,/,a 100e_ i in - s o  i le ’,’el.  / , n l l , r ’ S t , I , O / 0 s l l  i t ’ ’ ‘ ,ii’5

1 / i l / O l i n ’  Si- ,,, ‘l’hie f l o w  ar c-osl o t i me - , . ‘ . on ly 1 _ h o u r _ i .  t 0 _ i t , l 1 1 1s ‘ ‘ s O t  22 1-1 /.

I - , -~ L in  I i  s o t  I y suppressed  the u i p b r l  1’ ’’ - ’ -  I Or , 0 _ i s s -  2 3 r d  i r o . . i  ‘,‘ _s ’.i’ - . i , , .t  t h e  , 0 1 0  [10 . l .a-s l.’~,t

- , . t  : low r rom the d i s t  I i  l , , , t _ s (  _i , hoii  ci - b’ 1 0 1/ 1 of i t s  o , ,,r - s core ,:, 05 ’ .’ , c t i o n  I ‘ s o .  4’ ,

the 21 _ i o  t i l e  tr o-s- .l . bit :- , t o -  r i c o - i . ’ no r t h —  O S , 0, , .0 , 0 5 ,0 0 ,/ S , / / I ’it ’ O 4 0 ,~~,5 / I i  0 ‘1 t r c-s - i e.t l

s_ i ’ ~I , reiievifl -s t h s , - pressure. N i- lw,, . storm At. 0 0 0 0/ .  10 10  t he  2 4 t t , ,  ic-i t t  s t _ s ’ ’ ’.

I h r lso - I- 5h the  2 1s t , .3 C~~~C ionic cell ‘it’ 1 thin ‘.loe S O 1I S ’ O i  ‘ - I I  I l r s , a r d  it 50 kt - ‘ s o  c o o , ’. / o~ e S  -

‘Ft o ’l”l ’ 001/ ~‘.‘, ‘d i n t o  a pos i t ion  I O I V I ) r i l / I  ,‘ 0 _ I ’ .  w, ’,ok en cross / 0 1 - 0  W e S t C t  00 l o S , , .  i t t ’ .  C/ ri oh,

‘ 

onh~~nce / 0 1 , - T O  Ic-_is of the , i l _ i ’ t r s o - b a l s s .’ t i  wh i ch 2 4 :  t o  w s t h  mi t oio n,m l l [ , l i  o ’ ,, l  s t - ru 0 0 , 0 . ’ ,- 1 t j .

became 5’. ‘s l , l . , , -010 5 .I_i 5 d 1,0-/I /05 0_ I _ I _ i  rit ’s-’Itanlsm On o h’s’ 25th, th ’ r i r o’  a t o o _ i  i / .t O ’s I , , e n t -  rt --i

24 h ’rssrs 1 ‘ er for Ar i t.1 . On I I I ,  22nd , Si lil. s tlt s ’ Sea of Japan , 5 0 , I  h., ,’,sOo , ., ‘ s r I ’ ’. •,~ ical s I

and Anita i. e d e ve lo p inq  s i 0 0 0 / / 1 0 ,s O / ’ I I 0 s i ’ l 3’ . 36 00 2  w h i l e  oo , ,, ’ .’i n  - nc-rtls/ ’.,to r , ‘ 4 kt .

They t O  1 a ined t r o p i c _ i l  l e l r ’_ i S i O n  e t c - t r a c t o r —

FIC1I RE 4 25 1 o i  i t  ot d t 0 I ~~ / 0 0 5  1 0

~~~1 s  S I l o I t  ( ( i  t I l  7 1 0 1

b O o ” t  7 0 0 1 3 / ’  1 A , s - f t i

l I ~~, t O_ s ’ 0’ t ci 5/’ 00 1 0 5 1 s f  i n / 0 ’ - I -  S (Ii

Cil I l i s t  ( ‘ r I f , 2 3  T O / I t  1 - 1 7 6 , I 2 C ~~Z .  FIGUR E 4 — 2 6 .  An~~ a a~ 60 ~t i,r t e s a o t y  2 10 ,~~~
.

0 0~~9C If ( 
0 1 / ’ cr4 k o . I e n a  A8 , O~~i n a ooia , 2 J U t l O 73 7+

2 2 7 4 2 .  I’ ll )’ ~~~
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III L L I I ,

bi llie , t , , l  1 0 _ I ,  I s ’~ 
15 on of ‘ 1 / ’  0 . c_ i i 0 , , I l , 1 3 .8 rL and a 6—hour o _ s i o  a l ,  ‘ .0  3.~I€- 5 0 , - ’l / € ’ s .

was f i r  ‘.t - ils~~ r ‘c 1 on t I , - 00.0_i tO. I nil t July At 111 11/Is, l i s t , I I I  ~~~~~~~~~~~~ Wd S Is - ‘, i I O . o 0 _ c - i I  ‘II —I —

31st as t ibis I ‘ o  I ,nce in  the  I - so ‘. I ‘ S - n i  / ,‘ o l  . 0 _ I  1 0 0 ,  Iii ii / I

t I , 5 / 0 ,  l~ I 1 , 1 0 , / i  10_ e ly 180 rim 1/ rU ’ . so . ‘ so

I 10,151’ . S I l l  i r i t  10 1 , ’ S sb , , ’  I ’.’ l , ’ ‘ it days t l _ i~
. i , 00002 ‘1 0 / ti,e 4’ .. 0 _ l i  storm i.,. . i n t ’ l , ’

S ,’ ’ t ’ I o/ , l er l l l l st r a t e s l  l i t t l e  l i l t ’ .  ,I— ,iflcation sif~~. . 1 - 40 kI, ,.oriis ’ h e ’ r I  Is,,’, l i t _ s .  . ‘ I s ’ ” ,

a’, it 10 .10 _ c I ow,,r- 3 the Wc’Si’I I T IIW I’it at ‘~ 1 II’ . / S c-_sthwestward track. S Ic -

14 ~.
0 _,  il,o Ui.  i / _ s _ s t  this period 10c r vertical or 1 , _ i ’ l s t ’ . I S I s -  I w cell in the , r c - t .~ ,si

c- ii, t and ,.isido 1, , ‘t i o n .o l  flow through the Upper . 1  soc-sI l , e r l - ’ ‘1 0 1 , 0  ~h it L’~ s I it. c-. ,l ’ Iitl .5 ’

‘sos the 300 iL  U .000 mb r. t ic - r i b/,o ,sl c r ’ .Ih t 0 ‘b 1 l a t i n ~i so-,_ith, ’s, st,,,r d t.it .‘ . tie 50_ c -n,
I” , t he  4 ’  ri 0 _ I s i s  low c e l l  .1/I 1 it. assoc~ ., i c - / i
t r o u g h  i_ i s  a p p l y i n g  cent . i c  rol .0 s__ s. I,

On the evening u ’ 2 ‘..i...t , lIetcc-rc-Iog- pressure on th~ A nti 3t’lt_i sc above bu s s ,. -
ical s~~tel1itc data rs,_ i i ‘ I t o 0 _ l I _ s  the By this I s i ’ . 0 _ l i ,  s~ U t , “,i_ i d l,. and I c - i c r
dist ,rb,in ‘s ha_ i t.srn,- ,s t owa r d  t t a . o , or t i ,  _ s o ,  , c - t I _ n c .’’ ’ of t h e  ‘ rrn ic-re so.ro,,o, ‘ 1  ‘ .o Ics-.

5_iS  h ,,‘ . _iui i 01-4 beT t er  ,i i s on i  z,- ,o. By the 0 c-~~ 1I / 0/ / , I I S U  t he  eo’ it ‘so , st c ’r o/ ,  moved so_i ’ I : ’,’. .~‘
- w ‘ . wil l,

0 - of  the I r ~ l , - l~ . convect iv,’ s y s 0 _ c - O I  1 ,_id con— I i ,  srs l.i. ‘.5 i s o ’ . .  b ill s ’ . . c-U.n01 ‘ •
s s , h,ote ’ sl and r i _ i _ i  a c c lu i r i  1 , , t r u o s . ,  b a r , d i r o , o  11, 0 ’  01, i f y  as ~~, l  ic - it i t, all L . ‘l, s ’,_s’ 0.

f t i i i  t he  nortl ’sc- .o, t ,~~ _i _i ,. ‘ o , w , - s t  Ci j. .1 — 2 ; )  1 0 /  s , . r . I o I t  remained good .

.‘ct 00002 on ‘I , ’  3rd the  ihi,, 0_ ,,ob aoli. t, s_ i . .  ~~~ ‘.0

into w~~ i : in q  status ,~ ‘ TO 13 “ o s ’ i I,d _ i h ’ -c ’ III [/0 , 0  thi s ‘ ‘ n ,  .of errat ic r,_s’, - ’s- ,,’s

• 100 nm east of Guam. Ship reports at 0000z it 11 / e,ir- h 0 _ l i _ s. I ,l ’ se i t,,. .1 o be ,s t i c,  ._s to
,i ‘ s t  i, 30 knot 5 sro ,li ’e w i n d s  ,inob a ir raft ,~~,s’ . h owever , by ‘o , , afternoon of ‘ ‘ ,. 5th

‘i t  14 3 2 1  reported 40 kt flig ht level (700 mb ) the ‘s l o t  be .i_ ir t O  r.I t’ sdl’.’ i s - i ’s_i . t0 t i l l

w inds  f r o m  the south , 20 non eas t  I 0_ ho, , 0’hW~~St. l0 . I , O l O l ’ c t t d  ‘is’ . sl ot’ in

c - i l  OSSiOlI ‘cr,ter. Wa’, s: (1) It rem i’.’s’I ,’ / O  Usc. So_ t i , ’,. s Its -o;
pressure s i s  . ‘.io . t the Storm t b c - I  ore .‘

By late morning c oo the 3rd , the o oo ,r 0_ ll’ I t ’  5tWar and ~~0 O t ’ _s ’ /. s a I .  ‘n t l l s i t . 0 5  1 .

‘It o r  l / ‘ ‘ ‘ c ’O’lt ,’ l lt  of the tropical system had f r _ i  ‘00_s And 1 2 I  it 5 ,1 .5’ ‘ to ,,. 1 i ccli i t , ’ l s s n

‘si_ s ic- sb it near the southern perip hery of the TUTT t I r / c -\ ’ co o, ,, rtl , it i u i l i e , restro ’T m g
rob o- ’ ropospher ic subt rop ica l  r i d ge .  I n o u t f l o w  sos _ i  t o ’ ’ l o o l l y ~ ios’sn’ the ,ntensi—

r i b  los. - the  t r o p i c a l  depression t u r n e d  f i c a t i o n  r s ’ - By tb,1, (t o , , u s C s- s t  pi r i.’s ‘ , _ i

o it by toward the n o r t h w e s t  in the d i r e c ti on  i’tI !e_i cons.. o,ob .5 Its- lw_ ir s , ‘.Lint -.i o, a_ s’, i t s
F rai n on. between 17002 and 3800Z on the 0 ’ ‘.tc’1~~ ’iil g ir,f1 en’s,, cr’s the t_ s i

I i  13 passed over Saipan where the 1800Z .hy clone, ho lilt’ reac 0_ ’ .J U .5001 ~ 1,’ 0 _ i ’ i t , ’ oIl a
i reports i nd ica ted  s o u t h w e s t e r l y  n o r t h w e s t w , s r , t r a c k  01/,, / ‘  ‘ 011110 / ‘ ‘ 

~, ‘ , c - c - I s

winds at 15 kt , a sea level pressure of intensity by 18002 on 0_h ,, tb i 6 i s ~~. 4-28).
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FIGURE 4 — 2 7 . S t i l l , ’ l O s  0 1 0 ’ ,, t t.t s-’_i t l  U FIGURE 4 — 2 8 .  8 i t ts~ o f  “It 0 1 4  n~i2 t~ip Ios ’~~~d~ i ’i ’ b . ’6 ’me on t 17 , Q _ t , , o t s ’ , o ’ s t o ’  7 0 0  to ,” s’itnt ‘ l ’ ( s ’ t O t t ( l o  2 7 5  10” 0lO ’ ’i t i S l ’ s’ t f  - ‘4  Gus ” , A s i c - s it
a • (‘,roa II , A ,o_itI St U O s ’ , 2 7 ’ . ” . , ‘ ‘ / 5 , 7 !  U ,  ( 1101St ’  ‘~~0 s_s ty )
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U,,r o i . , t  thi s- ’ S 1., ‘ - , s ’ . ’t, ’ 2 d.o~’s ’1’v j . I , o oo l  3’s’,, bi o 0t - O 1 _ it i r  Ishigak m Jima o t c-_ s t ti
1 ( 1 1 1/’ . ’  C o r n _ s o , ’ ’ / i t s  o r - k t c-s.’ , ,,l t i, . n o r ’ l, ’ ‘r ’  0c,ss-r’ 0± ‘i,l.O b _ soo o li ’ .r ’’, o i w,.05 ’,. ’rO i ’ i .  S
i t ’ - :  ‘ at 1 2 tc- b _ i (i t. . 1 l o [ t i/ - i l l_ s  I t  t h i s  cr  iod ci 4’. ‘0’. . At _ i l _ s  . ‘ ‘ ~~‘s~~ ~ 

ouc - os B i b  .
- I5t1 ic-It’ ,ob.’_ s ’,’. 0_ I so ty~. h i s il l  i t s, ;  t o  1 o ’t r ’ s 0 _ . ’ i b , s,;o’’ - ’, over the  1 0 0 b - - s o ,  ‘.i~ ‘0 b s r s i ’ l a ( i u
U 1. - ‘it’u t , ) ‘ ‘ , , sys too ‘ - ic-lens i fy ‘ , :‘  0 . 1’ I. / 0 _ i  0.5 1 “00 00  winds ‘.510’,’ s t  cii at ‘~~~ 1st

t _ s~ .. hl y. Fo ’c-t’,i 0 _ b -  nc-4ht i t  t h e  6t h  u n t i l  the
0_ i.,, ’ 0th bi l lie 1 0 , 1’ ‘5, 1 0 1 c-’ o - s i c - s i v~~’

I . il14 s_ i S  _ i 11 ‘sihi lier lev~~i 0_ t I ’sl ) l l  5_ slot - S
the .‘y-: Ic nc ,, ‘ O l h _ i O i ,’,’ , ,h outf 1 ‘it’ in tI,’. 01 r ‘b i c o  I I

I s - m i, - s n o b  .111 u n r e s t r i c t e d  c h _ i r , o -, i ’ i  LI, ‘ is. , ,
, ‘ - , , , t l , c ’ r o o  l b e m i s p l lore  S Il Or 1 1 0_ i l  3c t  - 0 _ l i  0O’  

I ,
1 1 1 I _ i u i c c ’,O 0 . t  0 1- , w m l ,  t he  s , , , .0_ ,  s emic i  i’d ’ . ‘

~
b , - Coo000 _ i i ‘ ‘.1055 aircr 00 I ,~‘ 14 4  4 , ’ on the 1 , 0 _ li KAD EMA —
00,0. at 0 ‘ 4 o  2 on t h e  7 0 _ h  m d i  ‘ o t c , h  t h a t  d u r i n g  - .
th i s  13 h o u r  O c ’O ’SOIii the’ .’ y . t ’ “t ‘i ‘i tu r e  sit 

, . _,, 
•700  o’ ob rose o r s- o . l7 ’C to .1” 01 , _ i t I  l t h a t  the  . / (

‘co I n _ i l  ~ r,’ss m t ’ S . , ’. f a l l e n  46 s-b , a rate ~10 , / Ir e  t h a n  3 . 5  m b sr  bio ’ .r .  The U 4  ~~~~ —‘

[‘- 1 s - ’r t , ’ s-i a t  0 3 5 0 2  on the  7 th  was the  000 i 0 1 1 0 L  / 0’ ,

I [ ‘ . 5 5 . / r I’  o t t  , i o ’ s~’d by B i l l ie .  D u r i n g  t h i s  -, 
s-
’ 4

IC,,’ 10 0 0 1 _ i 5 , 1 0 ,  ‘e f l u  ~1.t t’ . ox im uooo s u r l , ’Ice w i n d s  ‘
- ‘ won , ,  ‘ i ‘ o t I s  to  be 120 ~~‘ . A’  0 8 0 02  ~~ .

t he  7 t b /  .5 s h i p, J Ob . ’, ’ , 0 ,
~~ 

r t -  1 ii ’ i o t h w e s t e r l y  ,

. 1 1 5,15 s-st 0 t 0  ~.t, s i l l so ’; i o I i O O l lO’  0 / , - b  Io ,,’, i  ‘,
ressi.’,c ‘‘‘12. 3 mb whm le b o i l ’  0 70 urn south—

0 . , o ‘ of 0 c tU  i s  sto, I F i g . 4 — 2 1  . A t
• 22 (3 / I t  on to ,, ‘01 / i’ ’,’~

,,huoos I O i l l ’ s e  r / ’ _ i d h I , ,’ I o  i t s  /
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HOPE

Hop e , th e 11th  t y ph oon of the season , Reconnais sance a i r c r a f t  at 0 8 4 7 Z  on the
developed in a reg ion of intense cyclonic 14th indicated a central pressure of 995 into
shear produced by a deep southwesterly nriorosoon and testified to the large asymmetrical
surge. Not since August 1974, during the c h a r a c t er of this cyclone. Maximum w it s -as in
similar development of Typhoon Mary , has tlse the western quadrant were found to be only
western Pacific experienced such a deep and 20 itt while shops in the east semicircle
p rolonged s o u t h w e s t e r l y  monsoon f l o w .  The reported winds of 45 itt 250 nm from the storm.
di s tu rbance  soon to become Typhoon Hope was
first detected near 17N—157E on the mo rn i n g  D ur i n g  the subsequent 2 days Hope
of the 13th of  September as a reg ion of deep, accelerated to the north—northwest toward a
but unorganized , convection at the eastern weakness in the mod-tropospheric subtropical
edge of the intense monsoon trough. This rid ge, a weakness  created by the combined
same trough had spawned Tropical Storm Georg ia effects of a 500 mb trough located above
f our days ear l ie r .  Japan and an ac t ive  T r o p i c a l  Upper Tropo-

spheric Troug h (TUTT) , oriented noi ”heast-
By the following morning the disturbance southwest, west of Marcus Island. At 0240Z

exhibited much better organization (Fig. 4— on the 14th reconnaissance aircraft observed
38) and a Tropical Cyclone Formation Alert the minimum recorded sea level pressure of
was issued at 00442 on the 14th. At 06001 981 mb and ‘ nd ica t ed  tha t  the  north—northwest—
the American Chieftain (WJNA) 125 am north- ward movement of Hope had increased to 15 itt.
east of I i-  pe , reported 45 k t  southeas te r ly At 0300Z , Marcus Island reported maximum
winds and a minimum sea level pressure of sustained surface winds of 54 kt , a minimum
998. 7 mb . Some 200 non s ou th—sou theas t  of the sea level pressure  of 9 3 3 . 6  mb and a 3-hourly
system , the American Lynx (WZJE) repos- ted pressure fall of 7.7 mb as the typhoon passed
40 k t  w i n d s f r om the southwe st and a min i m um 90 non south—southwest,
sea level pressure of 998.8 mb. The first
warning on Tropical Storm Hope was issued at Hope attained its maximum intensity of
0 7 0 2 Z .  70 k t  abo ut  l800 Z on the 15o,o , approximatel y

240 non northwest of Marcus Fig. 4—39 ).
‘it,,. During the morning of the 16th ‘130 hn,on Hope

began to weaken as it slowed to t and
began to traverse the mid-irop ‘

~~
subtropical ridge. T w e n t y - f o u r  or  later

-~~ the storm had weakened to 45 itt and was moving
it 

‘ 
. 

‘ to~~ird the north—northeast at a speed in 0

~~ 

, excess of 30 kt. The final sar u. was
- issued at l800z on the 17th when s t r o n g  shear ,

- cooler sea surface temperatures , and incursion
- ,, of cool a i r  had s t r ipped llope of i ts  0_ n pical
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Os the 13 I ’o of ~~~~ s - o L s e n  - 0 ’ , 1’ s-c-it ,a’,’e ‘b’hro , f, ’..n’ , ‘ i ’ . .  r i .01 ‘ 0 1  .0, ’ 10 ,1’ it I 0,_i
tl,c ‘ in st tosjieauions of ‘.o, o t  ,. s ‘ ‘ ‘  Le ’~~~’ . ’ 711 k ’  h _ i b ’,,.’d 0 ’  ron - .‘ . — -  , ‘ o,s . u t  tOot ,
1 , ‘ .in I’,’ Ls ’ 3 1 s -  - (si ‘ I s -’ Is or ti. oro 3 00.0 i is os’,,oo,, ~~, /,~ 2 1 0 02  b r  l ’ a ‘ ‘ 0 . ’ ‘ .0 0 1 1 0 / 1 ”  ,..11
0 _ t i  .,s-s~,ih  /.‘ I i i / S . t  Se . , .s ’ 0 14  - .011 ‘ /05 H’ ’ , s s t_ ,o l e v e l  ,rs-’ss .1’ o ‘393 ., ‘I 5 0 , 1  ‘ . , O o aS id
tropo ‘si ‘l,.o, 0 ,o ‘ s ’ on alert i.. s , 1 5 5 . 0 . 11 3 3  ., ‘ , As iris “ a n s i i o l . / o.0 ‘ o W l _ i  ‘ 0 . ’ SO, , t l , it
our an In’ west of 11 ,, ~. l _ i ,  a nd at 53 1,001 3 ‘ tI ’. • ,t~~

t ‘ r o1 coast .1 ‘ 1 .  - ~, ‘ 0 , ‘
first 0~ 

, or. lb  0 ss 5 iSSI . ,  1. , 0 0 , ‘ 0 ‘ . 1 ’ ,’ u t .  5.1 r.,,, .~~. n a ’  ‘ . ‘ Is,.
‘ to 0. ty~~lsc’s.,o. t..o r.e o o s - n ,  ‘.t ‘W,s o

1 nis. 0 ‘Its 0 0 ’s / i  tins-’ 5)’003 000 ’ ., .‘ s ’ ion sod . 0 , ‘ a ’ - . - ‘1 t i , ‘.— ,, , At
al., ‘l,,. t s ‘ ‘ru ed 1 l U ’ .  5 n ’ .’s so ,r , ,’ ’ ,’o ’ t’ tOut S ,— ‘ ‘ O o  ,, ion ‘ ., ‘ j9’ n, 1~~ is , s ’ i l l  .‘ . a s o , ’ o . r o i o o s

a , - ’ ,s~~ I I 5 1 ,  ~~ll s - I , l 0 , ,O / / i t ’O ’ s,’ ‘ . ‘.. ‘ noor ss o,so,s 75 . it , I ‘ ‘ an sec 35 001 ’ s seitt Is
uv e r  in’ ~ , ,0_h s-’no- o Sauth l,’ l l i / i ,  , o .  . 0  ‘ . t s. no, ,— 0. ’ ,.,ob.~ ‘a ( S i t  73) it’ O , i t . r e ’ i , o . 0 _ i t i ,  0,
1011 1— i n s- p ., . ’. .1-  n c , . ‘ ‘ ‘ 

~~ ,‘ ‘ ‘ , . ‘.“ ‘  i.r lisp,)  o c r  5 ’  1 . 0 , _ I ’ , o a se, 1. ‘‘ci ~~o .  ss., ” t  - : 0 , . ,  1’0 a n _ i
passons; o n  r ‘ 1 — - o o , o st  wt 11 no-  n i l  o 0_ b oo . s o o . l s  ‘ ,5,s
S O O t ’ . .  3 , , ’ ,, 5 ,,0 0o, 0’  5 1 , / b I t t ‘ 0 0 , 0  ‘0’’ ’”  0 1 0 , ,

iso’. II) .010 lo s - ’ o Il t un I t  s l, ,s 1~, ..r ’o .’. .‘ 1 3 ( 115_ian l O I S  7 1 l s 1 ~ lab o , ’, . ,  Ju 0,0’ .
Os ‘its 001’ 00 ii, , - n - s , o t e , l’ . ic-  .115 i S. t.so3.’ Ic 00  0 0t,~ 0sCi  d o s  39  , 5 1 5  or ‘I.e l.~~i ‘ .
itI S t _ i  Ito,, ic_i t_sO 1 some 10.. o s ,  i f  1 ‘ a t _ i s - o n it soIl _i to ii, , Ott  _ i , OI s  t i l e  . 0 , ,  , I t , , , ’  015’ ‘I s o , .’ ‘~~ -: a ’ -it

0 ‘ 0 0 Cleh iti s-tssio fl 5 .00’ o0 (’5,ina .‘. ‘ t o  ‘on upi s-oc, 0 5 3  0 ‘i t ’ stE it  0 ’0 , o ’.StO_i t O , t .  )_0 ..an,s0oi . .
.‘,tisnob, s i  is I h ’~~i, t ,  4 — i t / I , .  ou r s  a t t n  n ’ 0 , _ i . i t . .. . ,  t~ a .15 ‘‘ t o

I S t a rr  so o d  / ‘ ‘ o ’  ii uric - ,io of I csi,~~, i l l .
By s’ll1 ,~ 5.’ ,.o ’Iibi of the 00 ,0_ I ,, a se,,, it .,,. t in_ il ‘it i s t o t  , woos s ied ,,,t. I ,l , u ’~. on t o s-,

lOl l’’ 1 353 15 , 1 teric ri ‘;e a,, b c - o u t ,  to , lit 2 1 s t .
noo r 0_ o, of I n ’ , ,.o s i .S1 .’Os-b ‘- , ‘ S ’ onb ’ to i i , n i
nor ’ , ‘.s’  ‘0 ’S, Ii’s ‘ ‘ , 53 . sou’.t,.n - Cosina .~~~,. Or, 0_h’.. , ‘ ,

~ I ris  oh h a sss-  ‘ ‘ ‘ ° ‘ -  n .’ si,
113 ‘ ‘ r ‘0 , , . , 3 , ‘ 1 “ . 5  roorth”.est of Iris ,, o t oo’ ,, ’ rot where e’ .~~ w i ’ s I. w t  n c- n s,  r I c , ,.
‘s o . ., ‘ I , ‘ !.s’.’ ‘0 L O s -  , 1 50 , al,,,,s., .0 lion . l’, ’n / ~‘.0’. ’ .’ c - I’ re ,,.It_~ l j / ,’i C. ’ . 3 ‘ 0, ,, ’
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a t  04 2 0 1  obse rved  t o ,  u i  .,i.n ’ n t ’ i ,  s u r f a c e  of P n 5 i a s  and 51) no o o n t ,  s0 f  ‘ . sto’ , tilt
‘it r o d s  41) or,’ s u u th e , o .o t  ‘ ‘ , ‘ s ’ ._ iro’, coo ,‘s sos-I s j h ae i o  Lee , a 5000 ton 3 s o  ,o .o ’ .0 I n c . ’ ‘ .-

- recon.b c- , a ‘s- “ t n _ i l  : ~ ,r s  of 9 5 3  r l  , A t  s a n k  . ~~~~~~~~~~ t o o  it no.,ws3 ill en n’ Its , .3
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Js ‘10’.

Destined to Spend its s ’ r s t l r e  l i f e  over s torm i o s i e n , s o o i e d  a t  a rate  ot  S s - u  ;.o- r 4

the open ocean, Jo_ in ortqinated wjtlss,, . an hours. On Lhe 21st , l,,.jns 001 sow,’ ’. 1 0_ S  f ’ , n W . o n  I

.,,‘tsv e ne on s-”)aats -irial trough -wl. s,oh extended s3oec-d to 5 kt. As it s ;-; . n - ’ ,a’ ’b,, -c t,’.’ w - - s o. n i l

from the -:~I’0oSt s-st I.’hjnst across the western .-xtrem ity o,f the suIL r ’ ,1 ic al niuj s - 1 ’  0, , - -
i’ . s , ; l t i c  to the Marshall Islands. Joan woo , e v i d e n t  t h a t  Juan  vu ,, 0 0 - 0 , 0 ’,” o - 0-w,,ru t t ,e
iroj ti .t 11’ ,’ observed on the 17th ol September northeast. At this ;~~oi o o t  the u i , , r n  1 , .,.

as a t r s , (~Lca 1 d i s t u r b a r n ,-e , w i t h  a weaK sur— weol deve .~0ps-’sl u_ i t t low 3 o a t t s - - r 0 .  W i l t ,  st”js -’r_ il
0 ,10cc- c yc  t o r t e  centered “soar 1 15’ 155L. At the convective Lands cooio,~~ I i - I , o t n s~~ .or ours d .o C c - I S—
o o r- so’ ul,e s-lu sturbance was detected , the SOu iIs- t r a l  dense Over - c a s t  ap ; .nu x o r a t  . -  I) 1 sc- o n e t -  in
western c-dip.’ of .1 s har p  Tno3sical I’ 3ofoen diameter ,
Tropospheric TrougH I’l t i’T) wa~ 51’ . 5 _i t s - - s i  over
i tt , ,  t ow  leve l c i r c u l a t i o n  cre,,i  rig uo ,idi r c -c— Is’,- 04-OOZ on tb s- 21 ,0; , .tcsao. had O t t O _ i l  b. c -- b

o isona l shear which Suppressed growth of the typhoon intensity y b 0  s- at  the no - t ’ n ;- -soi n t 0
,ippt or level a ott i , ”,’ -.’lone above the sy’s ’ ‘ri , ,“curvature. Six hours later , Iy;.t s~ ’oo. b o o

0” ,’ t h e  18t h , the ‘j,”I’T had no - - c -s led n o r t h w a r d  a t t a b  b /tO- i its 30c-aI . ib ,tSib, S it)’ of 7 1’, ,, ‘, ) n  . 4—
,o i l - o w i  0 0  I a sn , , t l l  an t  icyclone to deve lop  and 4 3 i  , an d a I i  St  i t O , : t , ws-’ I i  ~et 0 0 3 0 0  (‘s O WoO s-

10 0 _ I c -  , 0 , 5 l  t Low 0_s-i t r e  west  above the  v i s i b l e  or, s i t s - - i 11 to - l o t _ i  w it I, tig h t .y Wt u 3 - s-i
d i s t a n t ,  to_ I s-’,’ . By t o , ~ 19 t h , , t he  TUTT had c o n v e c t i v e  t,ans-os surrounding t i c -  , ‘ e o o t , ’r ,
n ” ” . . , ‘ -~ even t o o  t h , ’n n o r t h  auls - owo ng the 00001 on t b ’ -  21st Joan p a s s e d  125 nm west sot

~t o o t  I y , ’ ~~to.: to o idly develop and to - ‘ - n o r a t -  0-t,orcus island where 33 1’. t ,, o , n f a s - o , W i o s i a s w I - r I -

- ‘.- in all . . , o o  o r . ’ . w o t h  the - , , o o - o . -‘.- o b , i c - n -,’ s - ’ d .  By i s -  2 2 o o , ’, Joan had w s - -_ i 3 o s - - o , t - i
t ’ c- ’ O O . O O O O S S O  ‘ - ‘ 0 ’  sO , ! 531 /00 -~~, t h e  d t s t — .r  l , .s o, ’ ’e slightly b u t  ,‘ , . o i o s t a i n o d  t y p hoon i n t en s i t y  as
i o s t e : s s i t i , ’ i - o o o , i  b c-carol s-’ TI) .11 on the l il t , ~t S t . a c c e l e ra i o o - s i  to 11 Ci t o w , , o -s-i the  northeast.
06001. At  I B O O Z  on the l~~th i t  was _ i(o ’4 t .o OI’ d F i r m l y  im p l e ;ot . s o i  in  the  ‘sd— l ost I t a l c -  s - a _ i t t , —
to ‘l ’ n G ( o l . ’ 0 1  . ‘ srr Joan , 325 rim os- ’ ,,,t,o - 0 ~~~~ w.’sterlies , o l S t ’ as-i of a l o n g  wave ir sos - i— 3 i o  m o v i n o s
west sot b O a r  cos s Island (Ft-3 . 4 - 1 2 3 .  sl’ow l’ / s c - r o s s  . t a o  an , Joan c o n t i n u e d  to ir .aook

n o r t b l , o _ i s I w,o r s-i a c c e l e r a t i n g  to 31 Ct by 0_Is -’ .-
b o s o t i a l l y ,  ‘ - - . 0 0 0  t r , . e kt ’ - O  r , , - r t t r ~~’ r . th ro i i - ; I o 24th. It los-’- ’,iotio’ an extratrop ical Systt.oi at

a large break io , 0_S .,’ noid—troposp heroc sub— l OOZ no t he  2 4 t i , , ‘ I o , c -  remains of ‘1v1.-boo,,ooo

t n u3o i s - _ i l  r i - i s ; ’ . ’  w h o  1, had p cr sis0~ u since the . t o ~ ,t o  -.“ c --, ’. i nou ed  to s - to o r o t , t  shipping lanes in
pas sage  so- f Typhoon Il -p t - the ~, r e v i O u s  w . -” ’ , ,  

t o / c -  ‘ w -- s t . ’r n  P a c i f i c .  A s h i p ,  LJWGR , at 1200Z
By the 20th , 01 ,,’ r o , i - ; t ~ lit’ - 400 to rc-,,’Stdboso.t, on the 24 ; to r e p o r t e d  s u s t a i n e d  w i n d s  of oS kt
itself t - ,w, r s - l til t ’ ns- ,rti,w ,o.t , 1- o r c i o l - ;  JoSn to and a sea level pres solno~ of 975 mb while
-o - S t . ’ Ot 0/o il 0 _ l o w s ’ s - w o r d  I r a c k  bs , ‘, i j  th~ located near 335 16 ~- l bo O torn e a s t  of the
sabsesj i.’ s t  .4 hours  . i lo , r ~~n-,’ t hi s  3 - cr I e d  l bs , ,  s -c . : tr at r o p i c a l  low.
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LOU I SE

Louise , the 14th and final typhoon of Beg inn ing  on the let , a series of
season, was also the most intense of 1976. rapidly moving , mid—troposp heric sf,s-n0_-W .s’.’e
The d i s tu rbance  tha t  was to become Louise troughs created a weakness in the soib 0_ n ”-p ooo ’_il

was first detected by satellite data on the ridge between 125E and 13015 . On t b o c -  .s f t ” o  -

morning of 27 October about 75 nmn east of Truk. noon of the 1st Louise began t,-o r e s ps os ii to
During the next 3 days the disturbance showed this weakness by acquiring a so~,rt hwt,’s- t w ,tns-o
l i t t l e  i n t e n s i f i c a ti o n  as it meandered through track. Almost simultaneoulsy, t b ’ .  0 , 3 . 0 - , ,

the northern Truk District. Late on the 29th commenced more rapid deepening, ..0 0 _ t s o l t . 1 1 0 0
the system began moving toward tt,9 west, and 105 kt winds by the morning of 0 _ b c - 2nd . I n s - n
by the morning of the 30th satellile data 03h z on the 1st to 0310Z on 0_i.e 50,-a rs’cOoS-
indicated that it was intensifying (Fig. 4— naissance aircraft indicated a fail ito t I c -
4 4 5 . The f i r s t  warning was issued at 00001 on central pressure of 43 n-oH , a rate of 1.8 nob
the 30th as TO 23 .  per ho u r .  This  deepen ing  W.s ’0  in nt- so , o , 0 0 0 s - ” to

favorable upper— level outflow c b s _ i r o n s ’  1~ .’ t
the northeast and south (Fig. 4-4 - . Further
deepening to 905 mb had 0c c - s - n r c - - a  is-’,- 4 3 5 Z  on
the 2nd , a tall of 28 mb in 11 l oa n s,

D u r i n g  the early 0 0 0 s o r 0 0 1 i o o  s--f t o . ’.’
Super  Typhoon Louise  a t t a i o , c - i  ~~t s  o’ ,,o..i o ’~s-,c -,
in tensity of 140 k0_ which it oo ,,oio. 0 ,,iosoc- 53.n

nearly 36 hours (Fig. 4-4’ . The I s-west
recorded pressure was 3-o s-, rob obsc-n ’,’c-s-i 1, ,

— - 
aircraft at 0830Z on the 3rd -~l i - s . 4 — 4  -

- ‘t F I G U R E  4 — 4 5 .  T , s t  , , c ’ o o  L s ’oss  S o ’ ot t 10 0  °o t  S C I / t o -4 s, 0 , .  2 4 0  s o ”  it ’ o t t , ’ - . o ’  I s , .,’,- - ‘~~ f i t ’ , I ‘, 0 ’i’ ot t’4,’c t
‘ ~~~, 19 0f , 2 2 7 2 1 ,  1 10 07 ’ s r n ,~~, ,s ’ ” H

From the mornin s-n in 2nd  _ i o o t i l  0_ b , ’.

- a f t e r n o o n  S I  t l s s ’  3rd Louise , , o i o o t _ i o o s s - s - I  i ’ SFl ,LPL 4—4 4 Ls ’ ,st ,se a loss ’ l /s ’,o ’ot ~o’’I o o t  O s ’ - . -
- northwesow 01 1 t n , - ’’.. n’o ’s’,’oos,n a ’ - , s

S on r II 03 7 5 0  0 3  S t  , T t tos fit III Then on th€, aft, m uon Is r
• 100 . ,ot t - i t ,  s - n t .  a t  (‘sI,’, , 0 10 1 ,  1 , 1 , ;  7 976 -

O I O O Z  t ‘.3 slowed to 6 k J i t  s r or i, or ’ . .,oo u
w e s t e r n  p e r i p hery of 0_ b ,, - rn o~ 5 3 o n  3 ;p h e r o o ’
subtropica l rib-n , - , by 0000?. ott 0:, - 4 0 6 ,
Loui se bc - - r an 0 - -oo ci ’s- ’l ’ .’ r_ i t r -  to  ‘0 Ct , r.,s - s v 100-,

in a c - S ort h—ss ort boe or’twara , , r , - ’ 0 ’ / r O  1 0 0 1  S i  s- - 
y

Re-oorsooa issaroce aircraft at iSl5Z on the weakening . Louis’- eontin,s-os-’,I t b o l s c - o - ’.’, - , 0 , 0

I s O .  t r l , I o - ’ - :oted t ha t  the s- s- ’rs tr ,tl pre ssure  had f o r  more than  30 h o u r s  s-os it t r . t - .- , , n o o t .’ .i ihc-

1 olden ;- ~ ‘4’” nob , and a t  18007,  t h e  d e p r e s s i o n  broad  , s x o s  of t h t  s ub t r , , ,  i c - i  0. 1 - 0 ’
was ~l 7 - n o ’  ii t ~’ h to Tropical So  no r  Louise. bar ins - ; on t i e  at ter000n of 0_ to , . oth I ,,.‘ t 

~~ 
,001I,  ‘‘ or Sin s

the  n e x t  36 hours  L o u i s e  n o v ’51 w e s t - n o r t h w e s t —  1._ is - i  weakened 0 _ s o  115 It , lot -I on ‘ ‘- ,t , - ’ , ot’ r ,i O e on

w a r - .’ t ’ 14 ~~~~ then w ,’stw ,irs- at 11 kt as its ,t northeast trot ’s- .
w o o s b :o s o ,  ‘r  ‘ ‘ - t f S t ” i  at a rate - s - f  S k t every 6~ F rom 0000 1 on ‘ °o- ’ I l l - , ‘st: t ii 110 b o l l  on ‘h .ht ,-sr s. At 031hz on the 1st -o f November air— 6th Louise we_ i /t o n ,’ 1 o ’ ‘h r  o r _ i ’ - . o I l y  SI , , w t o ’ ,it
craf ’ observed 70 kt f lo ’ ;b st . level winds and of ~ t I  I-er 0. hours. This slow wr’ ik”tits ofound that he t r a l  5 ? ‘sot of the s t o r m  resultt -’t ni’- ito 0 r ( 7 )  bn 1 °
1 s t - I  f a l l e n  t -~, ‘4 4, os-I s ,  A l , I 4 , o j f l Z  Louise W IO S su r f , i so’ r’ hiqh o - r , - ’ s s o i r e  “1, 1 “ ‘ ‘ ‘ - n o ’  ‘r ot
u ; o ; r t , n t t ’ l  to ,o t y ; - b o ’ oor , w h i l e  100 non n o r t h w e s t  

n- ’r ’, h”rn Honsb’, o ’ r ’’ ’ ”- ’- , ’ s’ s i - e o n I- f  U l i t t s i Atoll.
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equatorward penetration of frontal systems ; becoming extratropical. The Airborne
and (2) The extremely strong jet stream Reconnaissance Weather Officer also observed
(exceeding 200 kt) over eastern Japan pro- that the lower half of the wall cloud was
vided an excellent outflow channel. At “rotating rapidly ” , a phenomenon sometimes
0300Z on the 6th , Minamidaito Jima (47945), reported when a storm is becoming extratr cs p-
40 non north-northeast of Louise , reported ic-al.
east—northeasterl y winds of 40 kt and a sea
level pressure of 984.8 nob . Two hours later At 0 001 on the 7th , moving east-r the storm passed 15 non southeast of the northeast at 25 kt , Louise became extra—
island with maxl,muln winds estimated near tropical. As an extratropical system the

F 
0 95 kt. remains of Louise moved northward to combine

with another surface low . The resulting
By the 7th , cooler sea surface tempera- system had deepened to  947 m b  by the 10th

tures and very strong vertical shear were and became one c i  the most severe extratrop-
taking their toll as Louise moved north of ic-al storms of the year , u ltinooa te iy producing
30W. Reconnaissance aircraft at 0359Z on surf in excess of 30 ft in the Hawaiian
the 7th indicated that Louise was rap idly Islands.
losing its tropical character and was

L 
_ _  
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4. NORTH INDIAN OCEAN TROPICAL CYCLONES
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S. CENTRAL NORTH PACIFIC TROPICAL CYCLONES
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KATE 1

Hurricane Kate, the only hurricane to On the evening of the 25th , a sh ip, ATAY ,
develop in the Central Pacific during 1976 , about 120 nini south of Kate , report_id 25 st
posed a threat to the Hawaiian Islands before west winds indicating that the strong winds in
it veered northwestward about a day ’s dis- Kate were tig htly wound near its center.
tance from the island of Hawaii. Seas Attainin g maximum winds of 85 kt on the after-
g e n e r a t e d  by the hu r r i c ane  caused S u r f  up to noon of the 26 th  600 rim east- ~outheoost of15 f e e t  along the n o r t h e r n  and eastern shores Hawaii , Kate did not appear an inoinediate threat
of H a w a i i , Maui  and Oahu , but  no si gni f i c a n t  to the H a w a i i a n  I s l a n d s  ( F i g .  4 - 5 1 ) .  However ,
0 -_ ir a q e  was reported. by the following day it had t u r n e d  n o r t h w e s t ,

and on the morning of he 28th was positioned
The storm which was later named Kate was emily 330 nm due eas t  c-of Hawaii. It was then

spawn ed on September  20 th  in the u s u a l l y  expected to pass 150 tom northeast to! the
absent Central Ns o rth Pacific near equatorial island.
trough. Other weak vortices were observed in

p this trough during the period of Kate but did However , during the 28th Kate veered
not  deve lop, sl i g h t ly to the r i g h t  of it s  ex ~s-e c-ts - ’d pa th

and passed harmlessly, 240 nm cast-northeast
-

‘ The Central Pacific Hurricane Center of I-lila , Hawaii whil e i t  s r ,o,)-i . o i l v  w i_ i t s - c oo s -- a
i ssued the f i r s t  b u l l e t i n  on TD 22 on the ( F i g .  4 - 5 2 ) .  K a t e  f i n a l l l -  0 _ o r - c- es-i north as a
morning of the 21st. A ship, URF J , repor ted weak trop ical storm and ended its career near
30 kt southwest winds 150 nm southwest  of the 2 7 N  154W as the upper air westerises sheared
center of the trop ical depression. its clouds and circulation.

The depression ’s previous northwest track
sto)oped on the morning of the 22nd and the
st-,ro’t gradually intensified, becoming Hurri-
cane Kate on the morning of the 24th . ver y ne ar
its position 48 hours earlier. Kate then
slowly travelled westward for a day before 1
sharply veering north-northwestward . 

0
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CHAPTER V — SUMMARY OF FORECAST VERIFICATION DAT A

J , ANNUAL FORECAST VERIFICATION 2. COMPARISON OF O BJ ECTIVE TECHNIOUES

a .  I cti i l l s / b  t O ) I < I , s2AS ’i V E I 4 l F i C .’.i 1 0 ) t ~ a ’  ( b , 0 1 i . i o s l ,

I s o r e s - a / s t  i~
0 s- ’~ 

i Is i ons  on 0 _ i s s  w or n  s l o s- i  , -oh t ‘s e ti ve ’  0_s-c - . ‘O . 5 0  i o 4 u o o o O  h ave b eet ,

,t .H , 4 0 —  , and 7 2 — h o u r  ! , o t e s - ’ , o s O t , s  ,s o  - - v e r i f i e s - i  ‘ o s - c o  I i - o s - ’. ann u a l l y  s i n _ i c  1 9 4 7 , bo ss w si’ ’,’ ,s- r ‘‘ o - a r —
aq.sins t 0 _ l o s ’ bes t  t r a ck. Position s for stor0000 -o~~’c-soar n ,u 5 i i f i c at i o n s  . s O O - s  o : ’ c - r o ’,’ s - ooloo s - n lt s
over lan,I , dioi -_ ioj-s - oteoi or - 0 , 0 _ n ’  ~~~ t n e a l  are I s - r o v e / s t  any long 0_ e do- , l o ot - p ar  0 . 0 / i r i S  of the
not verifie s-I. In addition is-s the overall 0cc-i— - .‘ s r i o us  t e c h n o - .~-oo ’ o o .  The a n a l o g  to ’chno 

~
s

fj c a t i s s s s s  o b L ’ 7 0 1 , ’o .’ ol in to ‘rable i— I , a separate 7o rovisies three 000’ .’eflOL’nti H. - , one fo..r

v e r i t i s ’a i i u n  f o r  o n ly  s 0 0 5 0 5 o ’ .7cc_ i  t y p hoons o s b . c s i y i o t  moving s0_,, rr- oo , one f o r  r e 0 0 0 c ’ : in g
is c-sr  o s - o i c -.i .  ‘ l b s ~s n . , s f or m a t i o n  i s  l i s t e d  iso  c -t e r m s  oo r s d one c o o t o b i n in g  0 _ b o s.- ‘. n ’ao ” tc .o of
‘ lable  ~— 2 , t o c  , s - o o t s - o  orison ‘ . 5 / J o o i O 0 ’,’ 5 s - ) 5 0 S  v - s - i r s ,  st r a ig h t , r e_ i o i r ’ .’i n g  and - o t h e r  _ i t o r o ’os o , o , , ’ do
l’his oo ,o o oos- ’ jnform.tt.n,o:to is .bes , i o ’t , .- o j  sj n ..o~~io i c a l 1y  not rio-ct the s- ri t,-raa i s O  stra.n.~ob s i or rcoo -orvin ’0.s

ion Fi g-it’ . - 5—I. A , : s - o o o 7 o u t a i o  -s - o o  of closest analogs. lbowoo ’o’cr , only the - :- I - s - c - e s - S  iS l i s 0 _ e s - o

d i s t _ i n o s-:,.- to o ’ the best 0 _ c a - s -k b r i s - s h 0 _  ang le e r r o r )  f o r  ‘.‘e r ’ o . f f i c a t i o o o o , The 0000s og te cfloOls-~ s-5 .s- slso
is also ,:0slculated, Rr o 1 b o0 _ _ is-og i-s- error , i~rovides an iO’o t s ’o,OOlt’ s’ forecast for each warn—
s-j ca~s b n 1 c a l 1 y  d e p ic t e d  in  Fo . b — o r e  5—2 , is a in- , p o s i t i o ns . O b o e  dyn a m i c  o b le s -’t iv e t s - o c n o n l o j o J e

000o s-asoire of abs- i l i t ’ ,’ too forecast the path of ,snooploys the s_i s -r in g - : o s -000 e 7  0_ of a 1.- a l l o t  vortex
nosotion without c e s - b o i r - o to speed. In the Indian in s-i s-s o s - o .o - th cs -b largs.—c - c . ol e  ‘ o ’,. 0~ id a ,  ‘do

- ‘ Ocean ~~~~~~~ no 7 2 — b o o ’ sn ’ forecasts are a.’ostl ab le intensity ‘ t scheme is s , s 0 0 0 0  on st-otis—

f o r  v er - s f i - a a t i o n o , ~o o oob no attempt is ro as- ie to tica l n- ss-o re ssion so~~-a oo0_io n 5 00 u _ i s -b -os storo’,s.
se-b r ooga 0_ e storms n~’ intensity . Lrror s’.sl /
ties for this area ace summarized in ti’s-siojes 5—2 b. DESCRII”l’l’l/N OF OBJl ,c”l’ IVE ’l’E/oIINI -,-bLS
anns l  5— 0 and Fi I c c  5—3.

(1) T Y F ’ 0 7 7 — A n s - o l o g  o n ’ s- - r i o ’  wh i c l o  scans
0~ . ttCl’l,hS 1 1  V FORECAS”I’ VERIF’ICA’i ION In st n y  taps--s for storms sinsoilar os - i ou l s i n  a

to o c c i f s c s - i  s e c - e l - t o o  , o ’ ss- ‘ - n o . ’ ,- l o - t - o ’ - to the  i n s t a n t
Intensit5 verification s t a t i s t i c s  sts- ,o’ oo , Three 2 4 - , 4 1- , ,ooo - o :2-i.e -s - n - f o s o - - s - _ i S i~S

for 0_ r -7- s s ’os L cycic-nes attaining typl’oons s-ore pt’ oos ’ :t b s - o o i , In ad s - o tt i - - t o  ‘ -it - , 48— , , , 0 0 , o  72—
b o o t s - c- si ty a o s .’ - i s  1- i-c ted in ‘Table 5—4. Z~o0bos’c— hour intensi iy forecasts a t ’ s -  pi’o’c-i de o a .
ence to a stanoi s-orditt ed pressure—height versus
w o o _ i  speed relationshi p and improved satel- (2) OIOIIA T ’I’  700/500-Steering program
I i 0 _ s s -  analys is tecloniqoes have resulted in a which advocts a point vortex on a l s -r e s s - ’ o’ s- ’ 0 _ , - o a

low ini ti.ol (o,s001t!Oi1 intensity error ( - 1 , 3  kt) analysis or smoothed t’C 000ss s - os 0_ i o’ f r ’ s - L d s  at the
- - “s-’, the past I liree soasonS. This in turn has des l o o t s .  sc-ed 0 i 7 s - p e r —  ls --vs s- Is L o t  5 , — l 5 0 0 0 s t  time steps
co o ostr ~~ Is-uted 0_s . onma ller 24— , 48— , and 72—hour tho.s- o -,sqh 72 0 .- s - o s - ,  L I 0 _ i i i a i s o ,1 the p n s - 0 0 1 0 0 u S  12—
o, st osos ity f o r e c a so  le ’,’i atj o n s  from the JTW5C hour h i s t s - s -  I”5’ o , - s - o ,’ I L ’ o Ooo t o , MOHATT 0000 ls-000_e,S the

o o s - -o I L tr,ock. 12— boo-un fs- sres-’ossL s -rr o’o and app l i e s  a b ias
correction to t h e  forecast position.
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l o l l  FL t FCc
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TABLE 5-2 . OJIWC ANNUAL OYV [ RA G E POS ITION FORECAST
ERROR FOR TROPICAL C YCL ONES ,i°°d £
WI bofll , 3’,’ FR 35 7(11 3

WESTERN b eR Th 0 ,‘ o ’ ’  1 11) - l oll , t ill 315 0 0 *

24-003 4. 1-HR 72-1(8 2 4 - E l I  4 ° ,~~ s-t’

1950-58 170
1 959 ~l l 7 ‘2:7 ~~- -

1960 1 77 354 - - -

1961 136 274 ,~ _ _  
~~~ ..

1 962 144 287 476
1963 127 246 374
1964 133 234 429
1965 151 303 41 8 - - -

1966 136 280 43 2 -
1967 125 276 4(4
1968 105 229 337
1969 111 237 349
1970 98 1 81 272
1 97 1 99 203 308 220 410
1972 1 16 245 382 193 233
1973 102 193 245 203 305
1974 114 2 15 351 1 3 1  235
19 7 5  1 29  2 7 9  111 1 45  228
( 976  1 1 7  2 0 2  336 l It’

‘1° s -I7A3T P O S I T I O N S  NORTH O F 35 °N WERE 11(31 VERI F IED.
‘‘11- F TYPHOONS Nit
***13 71_ 19’t 4 DOES SOT INCLUDE ARABIAN SEA

TABLE 5-3.  1976 JTI’JC ERROR. SUMMARY FOR TIlE NORTH INDIAN 0 ’ s-f l ’,

W A P I o I N C . S  lit 00 I1 L S ,.~ 21
P~~~’iT

’ ’b(t 
~S//1 - ti1 /’i/,Li F’~~3’’~ RT ,t: , ’:Ll

ERROR [00 1302 ols (’ ,Gi ERROR ERROR i’b’tco E R R O R  [[‘Pill 4ts- ’ s ’ sl

IC 20-76 31 12 6 201 162 4 157 1 0 ) 1  2
IC 22-76 28 18 00 56 41 1 - - -

TI 23-76 35 13 s( 71 ~ 2 - --

TI 2 5 - 7 6  59 40 6 I d - ?  99 4 244 230 2
TI 30—76 ‘ 2  43 7 154 11-i 5 209 147

ALL FISTS 46 28 26 133 10’s-I /10 274 117

TABLE 5-4, ‘nh 411101JAL AVERAGE II0TEN SITY FORECAST £ R R o o i

-s’I L : ,T[ ° bi i  b lUR T’ :  f -SCI F l  3 ‘A’ , 1/11 0’’’
I 1/3 4505s-- ‘ , “10

00’ i l3O bo 24—HR 48—HR 72—HR ‘5/1 -IT 1 / /N  -HR sT5’- - F ~ ’F

197 1  7 1’> 21 24 - -

1972 9 14 7[O 24 3 IS ii-
1973 7 16 20 28 .9 15 20
1000 4 4 11 15 20 0 (0 18
1975 4 13 18 20 7 1 -~ 111
197V 5 12 19 22 5 10 15

AVG 6 14 19 23 s’ (2 17

I Yb 5 0 ( 5 / 1 , 1 ,  O o ’ ,[ ‘
0 0 ’ 9 7 1 ~~~ 17 / 4  10(O L - 11 / i l  ‘ i / I  JOb ARAB IAN SE A

_ _ _ _
‘ i t - -
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l ast  ~s os s i t o  ons .otd s-ier L’,’o ’oi Coy at’en ’s- io,it- o I tOo ’ ~~ ‘ ‘ 
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24 s t o o l  -18 b Oo s-i l ’ posit b oo ss- 0~ n~’ oS lO Ebi e 12— li/s
0,X’f1~s-
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‘I l l s - i , , e s/ s- co t 2 4  or  ‘o i l  o , o ’s s - I  t o o s i s / o s n y  best tr~o, ’lo 0.5 1 , - *  

. - -
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TABLE 5—5 . 1976 ‘t l~1 E C T I i L  TECHNIQUES FOR .10 ‘ . ‘ iO(° lH PACIFIC I

24-HOUR
‘T ilL I t s - 0  H I A C  0124 1,50 ‘5,70 ‘5’.-

J Ill 390 1 17
111 0

X T R P  o’00 t O  9 1 4 )  
~~~~~ s s ~ I

127 13 0 2 /  0 I 41 I Oo 00I I ~ s- 5 0 .
271 III 5(~~t 124 2 7 1  130 ——130 19 30 6 130 0 

_
I

I 
~~~~~~~ 

I 0 0 0  0

192  113 192 1 25 182 134 195 13 1 n ( ’ : s . o , l fl- i 21~~i s - ° ’, ’
l I t  18 131 6 128 —6 131 0 / L C 0 OP005 ° I
283 112 .16 ’ (25 242 131 223 129
00-0 17 0 3 0  5 12 5 03 

~~~~ 12 9 0

031 ‘ 0 ’  185 131 170 iJ ~ 125 ‘00 loo ’s 138 190 i S P
.0 155 24 154 0 ;  I t , ’ 23 15 158 0

55, 0 ‘7 ° Its -  172 1 3 ]  159 1 4 3  118 135 172 137 175  159 177  ‘ 4:’
0 1 ’  35 I’ l l 0 ,0 143 0 149 14 1-1 4 5 149  —10 49 o

48-HOUR
X t R P o PA C ‘ 0 2 1  TY P E -M o ’ 1 -

(10 212
fl~ 3 T I

i ‘T5~.12 
- 2 . ’- ’ . .

‘lO P 270 233 27 0 27 0 I —o s - s - ’ - ’~ 0’ , 0 0  .~O 5 0  030 2 . 2 ’ 0 - ‘
270 37 2 0 0  WE

o ( it 9 /0 2 11 239 I
244 3 5/ 4 4  ~33 .44 3 . J

1 7 1  0 0 -. 1 / 1 - 0  23] It O 262 171 231
5/9~ .0o ~ ;9 i t  7 , 

~~
‘ 35 ‘ -7” 5

T V / I  ,‘4 4 ’ 5 ’~ 4 / 1  , -r lts 4571 /5/ ‘. 74”
253 37 2 ’? .9 2 7 3  23 275 .39 213 ‘3

/ 9 /  4 ‘sit - ~ 0 /~~4 271 103 320 155 287 157 355
355 (1 353 0 1- 305 65 - 0 - 0  62 (55 0

‘5. 5 . O t t  ‘4 :  l~0 - ‘ 5  3 / Y e I ’ 3  0.29 ’ t 4 ~- 237 00’ 159 li t V t )
3 0 , 5 /  0,05 / ‘ ‘ o I l  - 4 2  -14 105 4 3 - s - -  /1/3 3

12-HOUR
- , ‘ ‘ -0 jyft *O p. ’

p 11,/C 0 5 /  0 / 5
335 3

t I P ’S 0 1 4/0

- 4 (0  0.0 0” ‘5 0971 3
‘‘ ‘‘0 / 1  / O H  3 ‘ ‘ 0  I s- I t ’ . -

.0 55 ’,’ 41/ 3 / 1 5 : 00 4 ’  0 ’

1 19 ‘ ‘.0 s - - I  t ’ ’ 0 , ‘ ‘  . 54 /
51 3 I 0 ~ 5 - i  1,10 5 5 - 0  t , / , ’ s -2o ’ - 52 os 



TABLE 5-6. 1976 OBJECTIV E TECHNIQUES FOR ALL WLS TCTII 1, -:,(”°/° PACIFIC FORECASTS
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APPENDIX

ABBREVIATIONS , AC R ONY MS AND DEFINITION S
Abbreviations , acronyms and dofinit ’.ons 2. DEFINITIONs
which apply for the purpose of this report.

A L ’F ! :R0 /3 , ’,’/3’ J -~ J O I N T  T Y P I I O 1 0 / 3 ;  W 7 . R N I N ( ’/3 C L’ /3 ’ ’ S -~~ —
I. ABBREVIATIONS ‘0000) ACROO4’:0I/3s The AJ’i’~J2 is Detachment 1’? , 32 t1o ‘v,’es thor

Squadron , Yokota 2s13, Japan with ass’.staflce
AC ’./3, Aircraft Contro l .ssid from the /3/3 ’.s ’.10,l Weather Service Facijit’.’,

/3’,J~~ rI/3fl’,I Yokosuks,’. Japan.

A IR E P A ir cr a f t  W e a t I o 5 ’r Re o ’~sr t s CYC !, ON I : - , ’ ,  c losed a tmoss ’ .he r ic  c i 0 0 u l a t i o n
( Conomerc~~al  and ~Ii 1  s t a r y )  r o t a t i ng  ab’.’.’.’.t an area of 1 ’ s s ~ pres su re

(counterclockwise in the northern heoois—
5 AJ’I’Wi ,’ Alternate Joint Typhoon phere)

Warning Center
EXTRATROPICAL-A term used in warnings

AUTODIN Automatic Digital Networl/3 and tropical~~ TTh~iaries to ind’.cate that a
cyclone has lost its “ trop ical characteris—

AUTOVON Automatic Voice Network tics ” . The term io’.2lies both poleward4 
displacement from the tropics and the con—A3s’/3’. Automated Weather Network version of the cyclone ’s primer’.’ energy
sources from release of latcnt he,it ‘.,f con-AWS Air Weather Service densation to baroclinic processes. The ter:”
carries no implications as to strength or

CINCPAC Commander in Chief S’acific size.

‘ CINCPACFLT Co~~ ander in Chief EYE/CENTER-Pefers 3, ’.. the rouqhly circu-
S U. S. Pacific Fleet lar E i ’

~i
’
~ i area of a well developed tropi-

cal cyclone usually characterized by
‘ 

CDRUSACSG Commander , U. S. Army comparatively light winds and f,uir weather,
CINCPAC Support Group If more than half surrossndi”~. by wall clo,sd ,

the  word “eye ” is used , oth rwise the area
DMSP Defense Meteorolog ical is referred to as a center.

Satellite Program
S MAXIMUM SUSTAINED ScI/3/3I?—Maximum surface

FLEWEACEN/JTWC Fleet Weather Central/ wind speed of a cyclone averaged over a 1-
Joint Typhoon Warning minute period of time, Wind speed is sub-
Center ject to gusts which bring a sudden temporary

increase in speed (i.e. , on the order c-f a
NEON Naval Environmental Data few seconds). Peak gusts over water avera.;e

Network 20 to 25 percent higher than the sustaine .’.
‘ 1— m i n u t e  Wind speed,

NESS National Environmental
Satellite Service SIGNIFICANT TROI’ICAI, CYCLONE-A tro~’icalp 

cyclone becomes~~~~ g~Tiicant”~Tth the
NOAA ~/3ational Oceanic and , issuance of the first numbered warning by

Atmosp heric Administration the responsible warning agency.

N TCC Nava l  T e l e c o m m u n i c a t i o n s  TROPICAL CYCLONE-A nonfrontal low pres-
Center Sure” y’stem of synoptic scale develop ing

. over tropical or subtrop ical waters and
NWS National Weather Service having a definite organized circulation ,

PACOM Pacific Command TROrICAL CYCLONE AIRCRAFT RECONNAISSAN3 I’
COOR~

’
~~~ i’~R-A CINCPACAF representativeSLP (MSLP) Sea Level Pressure designated to levy tropical cyclone aircraft(Minimum Sea Leve l Pros— weather reconnaissance requirements on

sure ) reconnaissance units within a dess~snateclarea of the  PACOM and to function as coordi-SMS Synchronous Meteorologi- nator between CINCPACAF , aircraft weather
cal Satellite reconnaissance u n i t s , and the appropriate

typhoon/hurricane warning center.
TCARC Tropical Cyclone Aircraft

Reconnaissance Coordinator TROPICAL DEPRESSION-A tropical cyclone
in which the maximum sustained surface wind

TC Tropical Cyclone (1—minute mean) is 33 kt or less.

TD Tropica l  Depression TROPICAL DISTURBANCE-A di screte  sys tem
5/ 

‘ of apparently orqanized convect Ion——
~ M -  World Meteorological 

generally 100 to 300 miles in diamet ,’s’ --Organization 
ori ginating in the tropics or subtrop ics ,
having a nonfrontal migl.S tcsry character ,
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and having maintained its identity for 24 S~ ’~ ’ ’ F , ’ P l i D U / 3 , / ! !~ ,, ~~~~N E -A t y p h oon /
hours or more , It may or may not be associ— herri’~’.-srss’ so, which the -asi ” -os s ust a i n e d
ated with a detectable perturbation of the surface wind (1- o’ , i n ’.’.te : ’ s s ’ a n )  is 130 kt or

wind field, As such , it is the basic greater .
generic designation which , in successive
stages of intensification , may be classified WAI.1, ;’. i :,-,’-.c organized band of cumuli-

as a tropical depression , trop ical storm or form cl ’ .s ’ .so’ l o u i s  13 3 t 5 ’ ly  s u r r o u n d i n g  the

typhoon. central area of a tropical cyclone . Wall
clouds may ,‘osts re1y enclose the eye or only

TROPICAL STORM—A tropical cyclone with partially sirr ’ .su /3s -s the center.

maximum sustained surface winds (1—minute
mean) in the range of 34 to 63 kt,
inclusive.

TYPHOO N 2 ’F tURRI CANE -A trop ical cyclone in
which the maximum sustained surface wind

/3 (1—minute mean) is 64 kt or greater.
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87

L , , , ~~



r 

“

~~~~~~~~~~

-‘— “-.

~~~~~ 

-

~

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

DiSTRiBUTiON

AFGWC c 2 ) MET RESEARCH INSTITUTE LIBR )2)
AFGL/LYS (2) NASA GREEWBELT (3)
AMER EMBASSY , BANGKOK (7) NASA WALLOPS ISLAIID (1)

‘ A0/3DRL/3’S L’NI t’ (1) -/3AT CLIM CNTR )l)

ARIZONA STATE LN1V )l) NATWEASERV FOROFF tIONOLULU (1)
ARRS (4) NATWEASERV PACREG (2)
PSW S (9) NAVAL ACADEMY )l)
HUH OF MET , BRIS bA N E  (3)  NAVENVPREORSCHFAC (5)
BUR OF MET, MELBOURNE (1) NAVOCEANO )l)

‘ BUR OF NET , PERT? (1) NAVWEASER\’FAC ALAM E DA ( 1 )
CATH UNIV OF AMER (2) NAVWEASERVFAC JACWSONVILLE (~ )

‘ CENW EAB UR ‘rA L I cAN ( 3 )  NAVW EASERVFAC YOKOSUK A ( 1)

( CHIEF , MAAG TAIWAN (1) NESS/SFSS )2)
CHINESE AF Nl:ACEN TAIWAN )3) NRC ) l )
CH I N E S E  NAy SILAC EN TAI W AN (1)  NOAA/EDS CORAL GABLES ( 4 )

‘ 
22 L /3/3 C Po’,C (2) NOAA/EDS NI0SSiINGTON, DC (2)
C I N C ’ P O C A FJ / 3 s ’E ( 1 )  NO AA /E RL BOULDER ( 2 )
CINCI’,”.CF’LT )5( N OAA/ ERL  MIAM I 1 1 )

‘ CIVIL DEFENSE (GUs ’,N~ )4) NOAAJEIYDROLOGY tSR (1)

CNO ( 2 )  NOAA/LIBRARY (1)

COLORADO STATE UNIV (LIaR) (1) N OP . A /N E S S  ( 4 )
COLORADO STATE UNIV (2) :;()A’.’~, 00-02, /3 . (2)

COMA TKCARSTKFORSEVENTHFLT ( 1 )  N J - C L -  /30’ s~ (”1 OF ~‘IE’t L IB R  ( 2 )
C(,MFAIRECONRON ONE (1) Odd S LIBR (1)
COM LOGSUPFOR SEVEN T }IFLT ( 1 )  2/3/3/3/3 (0 A SH E V I L L E  , .0)

C U N N A V A I R S Y S C O M  ( 2 )  , ‘o h SL D  ATSUCI ) l
5 - ‘ ‘ - 0 0 , .  -‘,‘,‘PA CEN G CO MPA CDIV ( 1 )  0 .N~~~.P BARBERS ( ‘ P I N T  ( 1)

‘: -0 :,A ’ ,’FORJAPAN ( I )  i N h i .D  CURl P OI N T  ( 1)
u ” ) 0-50 ~’.’sV/3 ”AR IANAS ( 1 )  N W S E D  K A D I : N A  ( 4 )

:s /3 ’INA ’, ’ I ’ ( I IL (1) NB ’SLD /3 ’OI SANA (1)
c s0•o /3~ ’,’:ddRFPAC ) 2 )  O CL A NO G R A I ’ I SE R  OF TUE NA V ’, ’ -‘ 3 )
.,U : ./3N ;OV .0URFPAC REP SU R I C  BAY ( 1 )  OCE AN ROUTES ( 2 )
COMPATRECONF’OR (1) 00DM I S (2)
C0MPA TWIO/3 c ; ( 1)  GN IN .’,/3.A /30 101’ OBS ( 1)
C0t41’UIBFORSEVENTHFLT (1) IVSGASA 6)
CO M P I3IB GRU ( 1) ROYAL OR SL ’/3O.’ATOR Y HO: ) ’ ,; K ONG ) 3)
COMSC (1) ~~,I0’.A/3. PIll’.’ (1)

‘ COMSEVENT IIFI. T ( 2 )  ‘I E XA S ,‘, ‘.0 U N I V  (1 )
CO 1’lSUBGRU SI ’VI ~N ( I 3 ‘ 0 / 3 ’  , 05 IN C  ( 1 )
C O N ) U ( ’ . S ’ A C  (1 ) TTPI )s)

COMT !SIRDI”L T ( 1 )  ‘i ’3’I’II U ON COMM Sr - CR ( 1)
( CO M USTUC (1) UNiV OF CHICAGO (1)
( DDC ( 1 2 )  /3~/3/3IV 01” GIJJ-I )2)

BET 2 , 1MM (2) U N I V  01 s~’o Is.AII DEPT OF ME’l’ (3)
OCT 5 , DIM (2) U N IV OF’ ID’s W A I I  LIBR (I)
BET B , 30WS (1) UNIV 01’ EXICO (1)
BET 10 , ION S (1) UNIV OF OREGON (1)
BET 15 , 3OWS (1) UNIV OF RI’ (2)
BET 17 , 3OWS (2) UNIV Ill” WASISINU’I’ON 1)
BET 18, 3OWS (1) USAFSPJuS 2)
BIP,NAVOCEANMET (10) USE BLUE RIDGE )LCC 19) (1)
BI STAB 5/-IAR SIIALL S ( 5 )  USS C5)NSTF/3LLJSTION CV 64) (1

S’ ,”.”.Crst’.’PCHU (-I ) USS CO1it ,I . /3’.P.l. (CV 43) (1)

4’ E SCAP ( 2 )  USS 1 N’O’I i5 1 R I S E  (CVN 6 5 )  ( 1 )
FAA (GUAM ) (5) USS KITTY lANK (CV 63) (1)
FLENOJMWEACT N (1) SJSS LONG REACH (CGN 9) (1)
FLEWEACEN NU (37”ULR (1) USS NIBW A\’  (CV 41) (1)
FI,EWI.ACEN PEARL HARBOR )2) USE NESs’ ORLEANS )LPH 11) (1)
F’LL’WI-.ACEN ROTA (I) U SS O K O / 3 d ’ s Is ’.’, )LPH 3) (1)
F’LEWEAFAC /3SUITLAND (1) U SS ’, )3 ’,1.A IRJ M’.’, CITY (CO 5) (1)
F LORIDA STATE UNIV (1) USS RANGER (CV 61) (1)
OlI N MET DEPT THAILAND (2) CR0 TAMAWA (LIlA 1) (1)
GOVENOR OF GUAM (I) CBS TRIPOLI (LPH 10) 1)
GUAM PUBLIC LIBRARY (1) VQ-1 12)
HEDSUPPACT (1) WEA SERV MET 055 (1)
INDIA MET DEPT (2) 1MW (6)

JAPAN /3’C- T AGENCY (3) 3AB (1)

LIBR OF CONGRESS (1) 3W’,’l (1)

LIBR OF’ CONGRESS EXCISANDE & GIFT DIV ) (4) 5MW (1

LOS ANGELES PUBLIC LIBR (1) 3OWSQ (11)

OT ’A/3’ FT ’I’EMA (1) 41RWRW 12)

MCAS IWAKUNI 2 )  S3WRS (1)

MCAS KANEO HE R A Y  (2 )  54W5,: 10)

MET DEPT SANGEOK (2) 33 .1 5Th TECh-I SCHOOL 1

— 
~~~~~~~~~~~~ —



Fp~w —AO38 ;84 FLEET WEATHER CENTRALIJOINT TYPHOON WAR NING CENTER PP—ETC FIG IêIZ 
I

ANMJAL TYPHOON REPORT. 1976.(U) I1976
UNCLASSIFIED

END20F 2
DATE

FIL MED

5—77

it
I’

a



r~
. 

“ ~~~~~~~~~~~~~~~~~~~~~~~~ . . .

Unclassified
S E C U R I T Y  C L A S S I F I C A T I O N  OF Til lS PAG E (l+~t.n 0.1. EOIO,ed1

DE
~~~~

’. “s’ E ‘~“~~ ‘ D A r E  READ INSTRUCTIONS
l~ rui ~ I J6 UBI III ~~ I IIJI~ raw BEFORE COMPLETING FORM

I. REPORT NUMBER 2 . GOVT ACCESSION NO. 3. RECIPIENT S C A T A L O G  NUM8ER

Annual Typhoon Repor t 1976
4. T I T L E  (and Subtttte) 

- 5 TY P~~~~ P *? &  PERIOD COVERED

ANNUAL TYPHOON R~POR3 1976 Annua1

’

~~~AN-DEC 
~~~~~

~~
- ,-trt r ~~~ 6. ~~~~~~~ NIJ11ER

7. AUT H OR(e) B. C O N T R A C T  OR G R A N T  NUMBE R(S)

9. PERFORMING O R GA N I Z A T I O N  NAM E AND ADDRESS 10 PROGRAM ELEMENT. PROJECT . TASK

FLEET WEATHER CENTRAL/JOINT TYPHOON ;~ 
A R E A S  WORIC UN5~~NUMBERS ,_

WARNIN G CENTER (FLEWEACEN/ JTWC) , GUAM / I

FPO SAN FRANCISCO 96 630 -... ~ 
II .  C O N T R O L L I N G  OFFICE NAME AND ADDRESS “ i~~~ flWI T V A T E

FLEET WEATHER CENTRAL/JOINT TYPHOON L ~~~~~~~~~~~~~~~
WARNING CENTER ( FLEWEACEN/JTWC ) , GU 13. NUMBER OF PAGES

FPO SAN FRANCISCO 96 630 87
IA MONITORING AGENCY NAME S ADD RESS(I I  differen t from Controlling Offfre) IS. SECURITY CLASS.  (of iS le repoel)

UNCLASSIFIED

IS. . D E C L A S S I F I C A T I O N  D OW N G R A D I N G
SCHEDULE

16. D ISTRIBUTION S T A T E M E N T  (of tI,Io Repor t )

Approved for public release; distribution unlimited.

17. DISTRIBUTION S T A T E M E N T  (of the •b,It.rI ~nte,~ d in RIork 20 , if dIf ferent from Report)

IS. SUPPLEMENTARY NOTES

19. KEY WORDS (ConIInoe on rerer.. oIde If ner....,y .,d I de n t I f y  by blor.b ntm.b.,)

Trop ical cyclones Analog forecasting
Tropica l cyclone forecas t ing  Trop ical  cyclone research
Typhoons Trop ical storms
Typhoon forecasting Tropical depressions
~Meteorological sa tel l ite Ai rc ra f t reconnaissance

2O~ ABSTRACT 
(Conllntte on rarer.. d d e  If neo....ey and Identify by Stor k n~,mb.r)

‘ Annual publication summarizing the tropical cyclone season in
the western North Pac i f i c , the Nor th Indian  Ocean , and the
central North Pacific. A brief narrative is given on each typhoon
in the western North Pacific including the best track. Forecast
verification data and statistics for JTWC are summarized.
Research efforts at JTWC are discussed briefly.

DD ~~~ 1473 EDITION OF I NOV 69 IS OBSOLETE Unclass  i f i e~~
SECURITY CLASSIFICAT ION OF TH\S PAGE ~~~~~~~~~~~~~~~~~~~

- -~~~~—-~~~~ -. ~, .~~. ~~~~~~~~~~~~~ 



T T IT~1T T T ~~~~~~I~i

• I 
_ _ _

I •

~~~~~~~~~~~~~~~~~~

_ _  = 

I

• ~O~(t-w 4 2 ~ L ~. : .~~~~~~ ;

• . .



-‘
I’

~~~~~~~~~~~~~~ Wind s Gut IsIan~.~~~
ess o,JaIflUfl,b~ ~~~~ 

I N ‘~ ‘~::
Ik. 1a.m .. pbo,sgmdpIIn

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

.nb; I~

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

—
~
.

• 
GOVERNMENT Of GUAM

- ~ ~~DISA5TER VICTIMS OF TYPHOON PAMEL4

~~~~~~ - - —

. 
INDIVIDUAL AND FAMILY GRANT PROGRAM

L~~
. 

~~ 

• •

~~ 

_ _  ~ 0gniwde” TYPhoon Aid .~~.. ..
i M 

~~~~~~~ ~~ ‘On The Wa

s~ 
i,500 

Ø~j$% eo~
t i g i~’HOON . H

Nightmarel0cçQ 
~
‘ -LV~~ ’4~. In Sout h ØgO II~~~~~~~~~~~ N

00 
_ _ _ _uep 

_• __

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~J.,~ ~J ~~~~ 0ttereatnela: An Eerie ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ 
)C


