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FRONT COVER: In the foreground gray cyclonic
spirals of stratocumulus,as seenfrom the 54th Weather
Reconnaissance Squadron WC-130 aircrafi, d@ne the
eye of TyphoonCarmen(lSW). The brighterpatches in
the mid-ground of thepicture are more reflective water
droplet clouds in the eye wall, which contrast with the
otherdarker clouddebrisand cirrusalofi. Theprevious
day Carmen (lSW) passed just 50 nm (93 km) north of
the island of Guam. At picture time, 042355Z October
1986, the aircrajl reconnaissancenu”ssion(AF9660715
CARMEN) located the eye over the Philippine Sea 375
nm (695 km) northwest of Guam (Photo courtesy of
Detachment 3, 1st Weather Wing and photographer
Susan K. Watters, Captain, USAF).
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FOREWORD

The AnnualTropicalCycloneReportis ~
by the staff’of the Joint Typhoon~ Center
(J’IWC),a =H o~~X+N organizationoperating
under the Ca5&md@ officer, Us.
Naval Ocesmgraphy Cmnand Center/Jo5.nt~om
VhrningCenter,Guam. JIW was establishedin April
1959whenUSCINCPACdirectedUSCIXPACFLTto provide
a singletropicalcyclonewarningcenterfcr t~
wsstem NorthPacificregion.Theopemtiongof J!tWC
areguidedby CINCPACINST3140.1(series).

‘lhemissionof theJoint“l?j@omWarningCenter
isrcclti-faceted@ includes:

1. Continuouscmitoring of all tropical
weatheractivityin th? northernand southernhmi-
~, f- 180 degrees longitudewestwardto
the eastcoastof Africa,ad theprmpt iaeuan03of
appropriateadvisoriesand alerts when tropical
cyclonedeveloprcentisanticipated.

2. Issuingwaminga on all significant
tropicalcyclonesin the above area of respmsi-
bility.

3. Detenuinationof recomaisaence
reqti~ts for tropicalcycloneeurveillen~and
aesigmrmtof appropriateprloritiea.

4. Peat-stemanalysisof allsignificant
tropicalcyclonesoccurringwithinthe wea~ North
Pacificand NorthIndianOceans,which includesan
in+epth analysisof trcpicalcyclonesof note and
allty@oms.

5. Cooperationwith the Naval Bmircn-
mental predictionReaeemh Facility, Monterey,
California,on theoperationalevaluationof tropical
cyclonemdels andforecastaids,arxlthedevelopment
of new techniquesto supportoperationalforecast
scenarios.

Satellite~ery used throughoutthis report
repreamts data obtainedby the tropicalcyclom
aatellite surveillancenetwork. The peraomel of
Detachment1, lWW, collocatedwith JIW at Nimitz
Nill,Guam.coordinatethesatelliteacquisitionsand
tropicalcyclom suweillanm with the followirg
units:

Det4, 20WS*Hickamm, Nawaii

Det 5, 20WS,

Det8, 20WS,

ClarkAB,RP

Ka&na AB,Japan

D& 15,30ws,fkanm Korea

AirForceGlobalWeatherCetm’al,
OffuttAPB,Nebraalm

In addltton,the NavalOmmogr@y CumlandDatach-
mant,Mego Garcia,arulH equippedU.S.Navy0
Creftcarriershave becslinetmamltalinpmvi~
vitalsatellitePOait%onfixesof tropicalcyclcma
tithe IndianOcean.

ShouldJ’lM2becxxmincapacitated,the Alternate
JointTyphom Wemlng Center(AJTWC)locatedat the
U.S.Navallketern@eanogra@y C2snt~.PearlNarbor,
Newaii,Ssalmeawlming responsibilities.Assistance
~ m~ =tellite~is== ~.
Sndinobtalnlngthereaultantdata,ia providedby
Det4, aws NickamAFB,Naweii.

Changesta thisyear’sPublicatimIncli@e:raw
fix datafilesusuallyprintedIn AnnexA, plusthe
raw warnirg,forecaatand best trackdata,ulll be
available,uponnequest(therequeat~ datawillbe
ccpiedonto5.25inch“floppyhdiskettesprovidedby
the nqueator); statisticalverificationfor
individualwarn@a for the NorthIndianOcean ard
all warningsin the aouthem kuiaphem are not
provided; and, Wltb refemslm to beat track
Phibaophy, a comcioue effort has bem mde to
exta thepeat-wlmingbeettracksto providahtter
verificationfor the 48-and 72-hourforecaata(this
has pm@#edd a-l= slightlyM@$g.

Aapeclal thatica iaextendehtotkmmarxl
WcEn of: 27th Infonmtion Systam Squadrm,
OperatingLaation C, fortheircontirnthgs~port by
providinghigh qualitymal-tim satellite~ery;
thePacificFleetAudio-VMualCenter,Gum for thel.r
aaelstanceIn the reproductionof satelliteand
graphics data fm thla report; to the Navy
Publicationsand PrintingServiceBranch Office,
Guam;the Royal ObaarvatoryNmg Kong aml @ntral
Weather%u, Taiwanformolarscope~otographsof
tropicalcyclones; Mr. Rtm Millerof -, for his
ableassistancein datareduction,andCaptainS. K.
Wattera(USAF)fcrthecoverphotograph.

Note: @@x N CCntaha infonoationon how b obtain
paat issuesof the AnnualTropical
(titledAnnual
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CHAPTER 1- OPERATIONAL PROCEDURES

1. GENERAL

‘I&JointTyphom~&nter (J’l%E)provides
a varietyof matins aerviceato tbe orgmizatiom
Nitbinits~ Of responsibility,Incluting:

S@nificant ‘li’opicalWeatherAdvisories:
iada” daily*thesepmducte &scribe all tropical
disturbameaard Sassestheirpotentialfor further
*velcXamntm * aWiaorYPel’iod;

b. ‘lhPicd ~~Ck&u?XXlk~SI%S:~~
synoptic,

recmnaissanca data indicate davelqxmnt of a
significanttropicalcyclcm in a .qwcifiedareais
likely;

IiWpical Cyclme Waminga: iaamd
&oallY thm@lout each day fm significant
tropicalCyclome,givinghrecaete of PitIon and
Intemsityof theaysten;and

d. Prognostic=ning 14ssaages: issuedtwice
dailyfortropicalstoma d typhmnsin thewestern
NorthFacific;thesemsssagaediscussthe ratiomle
betlirrithellC@.recentJTWCwarnir@.

‘me recipientsor the services of J’IW
essentially detemim the contentof J“lMYsproducts
accordingto their ever dia@ng re@mmts.
‘I&z’efore,the spectmn or routine servicesis
Subjecttochal?gefranyearto year. suchCbangea
are usuallytheresultof deliberationheld at the
Anmal TropicalQclone (krlfe.lenca.

2. DATA SOURCES

a. COIPUERFXKXXXS:

A standard array of synoptic-scaleomputer
analysesandprcgnoaticchartsam availablefromthe
Fleet~Cd b?SnOgrS@y -t= (~)
at Mmterey,Calit’omia.‘lheaeproductsareprovided
to J’IWCvia the Naval Wimmmtal Data Network
(Nm.U).

b. OMVE?l!lONALDATA:

‘nlia&ta set is ccll@aed of land-basedm
shipboardsurfacemd uppez=airobaerwationatalc=
at, ~ -, synoptictil=a, Cloud-mtim winds
derivedtwicedailyfmm satellitedata,md Enmuta
meteorol~cal Obaervatiom fxmu ccxmercial@
militaryaircraft (AIREPS)within Six boura of
synoptictlmas.Conventionaldatachartsareprapmed
daily at 0000Z and 1200Z using conputer-and
hind-plotteddatafor the surface/gmdient and 200ob
(upper-tropospheric)levels. In additionto these
analyses,chartsat the925,850,700,500and400mb
levels are ccaputer-plottadfran rewinaonde/pibal
observationsat the12-hoursynoptictines.

c.AIIUXWT~:

Dataprovidedby aircraftweatherxeomnaissance
are invaluablefor locatingthe positionof tbe
canterof develophg system zuv3emential for the
accurate&terminationof:

- mximsn surfaceand flight-levelwind
- mininm sea-levelpre9sure
- horizontalsurface and flight-levelwind

distribution
- eye/centertenperstureanddewpoint

In addition,wiml arxlpresswe-heightdata at
tbe 500 and/or 400 ub levels,providedby the
aircmft ~ile enrouteto, or fmn fix misaims, ca-
_ ~=~ synmti~e flights,providea
valuable~plem.nt 02 thealltzmsparsedatafields
o&y;c at-$ of respomibility. A mm detaild

aimraft weatherrecmnaissanceis
P“’==1= ~ QMPter II.

d. SMMLITS ~:

CM,eOrologicalsatellitedataobtaimd frunthe
Defense~Mgical satelliteProgram(IESF)ad
NStiOIEil~C and AbIDS@WIC Adldnistraticm
(m) spamcraftplayeda majorrole in tbe early
detectimand trackingof tropicalcyclonesin 1986.
A discuseim of the role of these program is
~ted ~ Cl@=’ II.

e. RADARRBXNNAI~

- 19%* = ~ Pr’’evicuaYears,lmd+leed
@ar coverage was utilized axt,tmaivelynhm
available.Clw2ea tropicalcyclme movedwithinthe
- of 1=~ ~~ site% theirrspcrtsm
essentialfor determinationof small-scalemvemnt.
useofradar ~sduring1986is dmmasedin
(hapterII.

3. COMMUNICATIONS

a. JTWC Currentlyhas accessto K prilmq
camlMicationacircuits.

(1) me Autamted DigitalNsM (A1.?IOMN)IS
usedfordiaeminatialof Wamirga, alerts Sml other
related lmlletins to ~ of Def-
Inatallatima. ‘mesa Heeleageaam relayed for
furthertransmissionoverU.S.NavyFleetBroadcasts,
andU.S.CoastQaard~ (continucuawaveMorseCede)
and VOiCe broadcasts.Inboundmsaege trafficfor
J’IWC IS received via AUIODIN addressed to
NA~@ or DEl!llWWNIMITZHILLGQ.

(2) The Air Force Autmsted WeatherNetwork
(AWN) Providea weathar data to JIWC through a
dedicatedcimuit fxwnthe AutauatedDigitalWeather
Switch (AIXiS)at Hickam AFBs Hawaii. ‘he ADWS

selectsarxlmutes the largevolme meteorological
reportsnecessaryto satisfyJIWC mquhwmmts for
tbe rightdataat the righttime. Weathertulletim
pr-m~ar’e~~titi the AWN circuit
via the NsvalFXWIXWmantalMsplay Staticn(=)
throughme Nimitz Nill Naval l?eleccmmnicationa
Center(WltX)of theNavalCcmnmlcatimeAreaFlsatar
StationWesternPacific.

(3)‘l’heNavalWimrmental DataNetwork(NIIN)
is the cauuunicatiomlink with the caqmters at
~. J’l?WGia able to receive
environnantaldata fruu ~ and provide
datadirectlyto the carputerato executenunerical
techniques.

b. NEDShaa bem the backboneof UIe J’l%C
cmmnicatiom systemfor severalyears. currently,
J’IwCis -011-IS an upgradethatwillmake use of
:yt= teCmOlCV4Y=@ aut-te HI@ of tha

that goe9 into Esaage preparationad
transmission.‘Ihiawilldecreasetheworkloadm the
NEDSand allowJ’IWCto interfacedirectlywith NIXX
forAWNandAUKKXN m?seagea.

1



4. ANALYSES 6. FORECAST PROCEDURES

A cmposite surface/gradientlevel (3000 ft
(914 m)) manual analysisof the Jlwc area of
responsibilityis acccnpliahedm the0000Zand1200Z
conventionaldata. Analysisof the wiml field
using streamlinesis stressedfor tropicaland
subtropicalregions. Analysisof thepressurefield
mtside thetropicsis accmpliahedroutinelyby the
Naval OceanographyCcmnandCenteroperatiomwatch
teamand is used by JIWC in conjunctionwith their
analysisof thetropicalwindfields.

A ccxupositeupper-tropospheric manualstreamline
analysisis acccnplisheddailyutilizingrawinamde
datafrm 300b through100mb,windaobtainedfran
satellite-derivedcloudmticm analysis,and AIREPS
(takenplusor minussix houraof chartvalidtire)
at or above29,000feet (8,839m).Wirxland height
data are used to generatea representativeanalysis
of tropicalcycloneoutflowpatterna,mid-latitude
Steeringcurrents, end featureathat my influence
tropical cyclone intensity. All charts am
hand-plottedin the tropicsto provideall available
dataaa eom aa possibleto theTyphconEutyOfficer
(’fDo). These charts are a-ted by
cauputer-plottedchartsforthefinalanalysis.

Cuuputer-plottedchartsfor the 925. 85o, 700,
500 and 400 * levelsare availablefor streamline
and/orheight-changeanalysisfrcm the COOOZ and
1200Z data base. Additionalsectionalchartsat
intenmdiatesyncptictimes and auxiliarycharts,
such aa station-tim plot diagram aml
preasure-changecharts,are also analyzedduring
periodsof’Significanttropicalcycloneactivity.

5. FORECAST AIDS

The followingobjectiveteclmiqueswem eaployed
in tropicalcyclone forecastingduring 1986 (a
&scription of these techniquesis presentedin
CnepterV):

a. KWIMENT

(1) 12-HCUREXImmLATIC1’1

(2) CLIMA’IYXAXY

(3) UXM3S (M@el OutputStatistics)

(4) NlT?4(NestedGridDynamicModel)

(5) OICBl(EYnamicModel)

(6) TAFT(Eb@rical)

(7) TPAC (~a~lation andClimatology

(8) TYAN78(AMIOS)

b. I-ITY

(1) CLmA’I’CKMY

(2) DIKFIAK (Rrpirical)

(3) ‘IliEI?AE (E@irical)

c. WINDRADIUS

a. INITIALFOSITICNING

Thewarningpositim is thebeateatimteof the
centerof the surfacecirculationat synoptictime.
It is estimatedfrom an analysisof all fix
informationreceivedup to one and ~half houra
aftersynoptictime. ‘Ihiaanalysis~ baaedm a
semi-objectiveweightingof fix informationbasedon
the historicalaccuracyof the fix platfom and the
meteorologicalfeature9used for the fix. !!31s
interpolatedwarningpositim reducesthe weighti~
of any singlefix and resultsin a mre comistcnt
mvemmt and a warning paitim that is ml-e
representativeof the la~er%cale circulation.If
thefix dataare not availabledue to mcmnaiasance
platform malfunctionor ccmmnication problem,
synopticdata or extrapolaticmfrm previousfixea
areused.

b. TRACKFONEASTING

A preliminaryforecasttrackis developedbaaed
cm an evaluationof therationalebehindtheprevious
warningand the guidancegivenby the most recent
set of objectivetechniquesandnunericalprcgnoaea.
l’hispreliminarytrackis thensubjectivelymcdifled
baaedm thefollowingconsiderations:

0) ~ prospectsforrecurvaturew -tic
nmwmant areevaluated.!Ihisdetexmi.mtialla based
primarilym the presentand forecastpoaitiomand
auplitudeaof the middle-tropospheric,mid-latitu&
tI’’o@s and I’Msea ss dePictedm the latest
upper-airanalysisEUXInwnericalforecasts.

(2) Deterndnationof the beatsteeringlevel
is partlyinfluencedby the maturityand vertical
extentof the tropicalcyclone.For naturetropical
cycloneslocatedsouthof thesubtropicalridgeaxis,
forecastchangesin speed of nxxwmentare closely
correlatedwithanticipatedchangesin the intensity
ar relativepositionof the ridge. when Steering
currentsare relativelyweak, the tendencyfor
tropicalcyclonesto mcve mrthwam3 due to internal
forcesis an @ortant consideration.

(3)Overthe12-to 72-hour(I& to 48-hour
in thesouthernhelnis@lEs’e)fOrecaat period,SpeedOf
mvefamt duringthe earlyforecaat periodb usually
biasedtowardapersistence,whilethe laterforecast
periods are biased towardaobjectivetechniques.
When a tropicalcyclonemovespoleward,and toward
themid-latitudesteeringcurrents, apeeaof movalent
becanesIncreasinglymore biasedtowarda selective
grOUPof objective techniques capableof eatlmating
acceleration.

(4) The pmxhulty of the tropicalcyclone
to othertropicalcyclonesis closelyevaluatedto
detemine if there is a possibilityof binary
interaction.

A finalcheck is m& a@nat cl~tilogy to
determinewhetherthe fomcast trackla reaamable.
If the forecast&viatea greatlyfran one of the
Climatologicaltracks,the forecaatratimale may
be reappraised.

c. INl!RtSITYFQRECMMNG

For this parameter,heavy relianceis placed
m intensitytrmda fmxn aircraftrecormaiaaance
rel=t%ti -w’easur’edataf run Ship sandlam
stationain the vicinityof the tropicalcyclom,

2



theDvoraksatelliteespiricalmdel an3climatol~.
An evaluationof the entiresyncpticsituationis
made, Includingthe locationof major troughaE@
ridges,the positionand intaaity of any marby
tropical~r-tropospheric troughs (TUIT9), tha
verticaland horizontal$dxmt of the tropical
cyclone*s circulatim and the extent of the
associatedup-level outflowpattern.An essential
elementaffectingeach intensityf’oracaatis the
accompanyingforacasthack and the environmental
influencesalong that track, such as terrain,
verticalwind shear’,and the existenceof an
extratropicalenvironment.

Cncetieforecastintmeitieahavebeenderived,
the horizontaldistributionof surfacewinds (Mmla
~eater than30-,50-,and100-knots)is determined.
Themostrecentwirdradiicurlaascciatedasymetrics
are deduced fran all available surface wind
observationsati recmnaiseanceaircraftreports.
Based cm the currantsurfacewind distribution,
preliminaryestimatesof future wird radfi are
p“ovided by an eqirically derived objective
teehnique. These estimatesmay be subjectively
mdified baaedupon me anticipateinteractionof
the tropicalcyclone~scirculationwith forecast
locationsof larg+scalewindmgima andsignificant
land lmsaee. Otherfactorsincludingthe tropical
cyclone’s speed of mveuent and possible
extratropicaltransitimarealsoccnaidered.

7. WARNINGS

Tropicalcyclonewarningsare issuedwhen a
closedcimulatim is evidentand maximumsustaimxi
winds are forecastto increaseto 34 knots (18
inters per second)within 48 hours, or if the
tropicalcyclme is in such a positionthatlifeor
propertymsYbe endmWred within72 hours. Warnin&
my also be issuedin other situatiom if it is
determinedthatthereis a needto alertmilitaryor
civil intere9t9to threateningtropicalweather
conditions.

Each tropical cyclone‘warningis numbered
sequentially and includestheifollowinginformation:
the positionof the surfacecknter;estimte of the
positim accuracyand the supportingreconnaissance
(fix)platforms;the directionand speedof mveinmt
duringtM past SiX hours (past12-hoursh the
Muthe.mhemisphere);theintensityandradialextent
of over 30-, 50-, and 100-knotsurfacewinds,when
applicable.At forecastintervalsof I.&,24-,48-,
and 72-hours(12-,24-,and 48-hoursin thesouthern
hemisphere), informationon the tropicalcyclone’s
anticipatedposition,intensityand wind radiiare
alsoprovided.Vectorsindicatingthemeandtiection
and man speedbetweenforecastpositionsare also
includedin allwarninga.

Warningsin thewesternNorth’Pacificand North
IndianOceam am issuedeverysix hoursvalid at
standardtime; 0000Z,0600z,1200Zand 1800z(every
12-houre; 0000Z, 12QOZ or 0600Z, 1800Z in the
aouthem heUliSphere). All warningaare mleaaed to
the Canuunicationanetworkm earlierthansynoptic
tinksand no laterthe?)synoptictimeplus two and
cm-half hours ao that recipientswill have a
reasonableexpectationof havingall waminga ‘in
hand” by synoptictime plUS three hours (03f10Z.
0900Z,1500Zand21OOZ).

Wsming far@S9t poaitiom era later verified
agalnatthe correqmding =t track” ~itiom
(obtainedduring detailedPeat-atornlanalysisto
detemine the actual path m intemity of the
cyclore).A aummry of theverificationresultsfor
1986for the NorthIndianW westernNorthpSCifiC
mean is presentin Qlapterv.

8. PROGNOSTIC REASONING
MESSAGES

For tropicalstoma and typhcom in the western
North PacificOcean,prognosticreasoningmessages
m transmittedfollowingthe Oooozand 12TIOZ
waminge,or wheneverthepreviousforecastxeasord.ng
iS no longervalid. ‘Ibisplalnlarguagemessageis
intxmkdto pmvlde meteomlogistawiththereasoning
behindthelatestforecast.

In addition to this msaage, prognostic
reasoningWfonuatim applicableto all custcm3rais
providedin the nemarkasectionof waminge when
significantfOrecaatchangeaaremadaorwhendeemad
SPProwiateby the‘IZO.

9. TROPICAL CYCLONE

FORMATION ALERT

TropicalCyclom FornntionAlerts (1’CFAa)are
issuedwheneverinterpretationof satelliteimagery
and other meteorologicaldata indicatethat the
fonmtion of a significanttropicalcyclona is
likely.‘Iheseformationalertswillspecifya valid
periodnot to exceed twenty-fourhours SIX3mat
eitherbe cancelled,reissued,or supersededby a
tropicalcyclonewarningpriorto the expirationof
thevalidtime.

10. SIGNIFICANT TROPICAL
WEATHER ADVISORY

This productcontainsa general,non-tOAmical
deacriptimof all tropicaldisturbancesin J’llK’s
area of responsibility(AOR)and an essesemmt of
their potentialfcr further (tropicalcyclcme)
develqxnant. In addition,all tropicalcyclonesin
wamins statusam brieflydiscussed.Two separate
msssges areissueddailyandarevalidfora 2%hour
period. The SignificantTropicalWeatherAdvisory
for the westernPacificOcean(ABPWP(31W)coversthe
area east of 100 degreesEast Longitudeto the
datelineand is issuedby 0600Z. ‘l’heSignificant
TropicalWeatherAdvisoryfcr the Indian&ean (ABIO
PGIW) covers the area west of 100 degreesEast
- to the coaatof Africaand is issuadby

. It is misaued whenever the situation
warrants. For each suspectarea,the worda‘Poorw,
‘faim. and ‘goodmareusedto describethepotential
forfurtherdevelc$ment.‘Poornis usedto describe
a tropicaldisturbancethat i9 mt expectedto
requirea ‘IU?Aduringtheadvisoryperiod;‘fair”is
used to describea tropicaldisturbancethat is
currentlynot coveredby a ‘lCFA,but forwhichit is
likelythata TCFAwillbe issuedduringtheadvisory
period; & ‘gcodn is used when the tropical
disturbanceis coveredby a ‘fCFA.
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CHAPTER tl - RECONNAISSANCE AND FIXES

t. GENERAL

l!haJolnt’&phom~cmter dspendsm
~topr#lde mcesamy, accurate,and
timely~lcgical lnfoxn3atiu3in Sqport of sad
~. = =Ji- ~Y ~ -
~- platfomx3:aimrsft, satellite.and
Iadar. In data rich areas,Synopticdataare also
usedto stppl~t t~ atxwe. Cptlnu63utlllzatifnof
all available~ maoumes is obtaMad
throughthe Selative ~ Prosrsm(sHP);
varicma factors are comidemd in selectinga
specific mcmnaissane platfom inoludlrg
Capabilitiesmd limltatiom, and the tropical
cyclone’sthreatto lifeandpropertybothafloataM
Sahom. A ammuy Of rec0maiaaar6csfixesreceived
-1985 is IncludadIn Section6OfthiSOhSpter.

2. RECONNAISSANCE
AVAILABILITY

a. Aircmft

Aircmft-mar mcom=L3aance fortha J’IWis
parfoIn3adby the54thUeatmr RecmmlassnceSquadrm
(54thhE?S)locatedat AnderaenAirForceBase,Guam
‘he 54U3 URS only averaged three @ four
sto~ble eimraft (sixassigned)throu@outWe
-h y-. W April8th,fiveOf the 54th=’S
SIXiR2-130aimraft - groundedfor crackedUlnga
(the Stith was PIwviouslygromded fcr major
3mlntEslan&repairs). ‘Ihlsleft the unit with no
s~~e -~ fa a ~rt -od of t-
mtil replacementsbsganarrivingfmnthe53rduRss
KSSSkr Air Force ~, ~SiSSi@. - the
period 1 August-50c-, -533’d m-w
aircraftand crewswereIn placeto augment54thliRS
msmrcea. But duringthisperiod,JointUIie!’sof
StafftaskingtookawaytwoW-130 aircraftfranthe
~th WRS, re@tmmti y#s&Wmdt as-t$tion
fm the season. recalnaisaance
re@rmants areprovideddailyto Me Reconnaissance
COordimtor (!NMRC.). The mm the-lmarriesthe
taskingfrm J’IIKwith the availableairfrareafrm
th 54thWM.

AS in previousyearn,aircmft lWconmissmce
p3widea direct -~ts of Stamard
Pre9sur+level height, temperature.flight-level
K, sea-levelpressure,estimatedsurfacewinds

observable),
parameters.‘me lm?oroP&cal%@-m ~d=-~
the AerialReconmisaanceWeatherOfficer(ARhO)and
drops033&operatoraof Detachmnt3, latWea~ Iiirg
who fly with the 54thW& Thesedataprovidethe
l’yphom Duty officer (m) with indicationsof
tropicalcyclom positionend intemsity. Another
inqm%antaspectis the availabilityof thedatafor
techniquedevelcqmentandtropicalcycloneresearch.

b. Sstelllte

Satellitefixesfrm USAF/USNgrcundsitesand
USN shlpaprovideday and night coveragein J’lW’s
ares or respomibility. Interpretationor this
satelliteimgery providestrcpicalcyclonepositions
and estimatesof currentand forecastIntmsities
throughtheDvcmk technique.

c. Radsr

Ian&based radar providespositioning&ta on
well-developd tropical cyclones Uhm in the
proximity(usuallywithin175 m (324Ion))of the
radarsites in the Philippines,Taiwan,Hong Kong,
Japan,SouthKoraa,Kwajalein,and Q6am.

d. synoptic

J’lWalso detemllwstropicalCYC1O?3Spositions
Ma@ aI the analysisof the surfacd~dlent-level
synopticdata. ‘131esepoaitiom We& helpfulin
situationswhere tb vertical stmtum or ti
tropical cyclme ma weak or acmrate surface
positionsfrml airomft m aatelMte were not
available.

3. AIRCRAFT
RECONNAISSANCE
SUMMARY

- 1986.J’IW levied~ts for 250
vortexfIxesand73 investigativemissionsof which9
Wm flcnmIntodisturbmcesthatdidnotdevelcp.In
additirnto the leviedfixea,206 in~ te fixesl
m also obtaimd. !lhirty-aixsynopticndsalone
= r$fl=t$d ~ fl~ to PX’Ovidamid-level
steeringinfonuation.Theaveragedistanceerrorfor
all airmaft fixesreceivedat ~ during1986was
13ml=.

mcomaiseanceeffectiver3easis
smmrized In Table 2-1. The mannerin Uhlchthe
aerial mcomsissance mission la graded changed
@r@ 1986. A new MissionEffectivenessGmd@
(m) systm -s testedoperationally.Ho loI&r is
t~ early,lateor on-tirecriteriabeingused. The
H syste33gradedthe perfonBsnoeof the missionas
aatiafactoxy, @md$d ~ aatisfacto3y,
maatlsfactorycr missed. A mission could be
degradedif certaincriticalw?atherparameterswere
mt obtainedsuchas te@amture, dew point,mdnimm
sea-levelpressure,flight-levelheightin meters,
etc. Also if too 332Icht~ or too littletime
elapsedbetweenthe prbsry and intermediatef Loss,
the mission could be dalg?adedend yet be
sstiw%ctory.

?m,3 2.1. —~--
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4. SATELLITE
RECONNAISSANCE
SUMMARY

The Air Forceprovidessatelliterecomaissance
sqpmt to J’IWCthrougha tropicalcyclonesatellite
surveillancenetworkconsistingof bothtacticaland
centralized facilities. Tactical DMsP sitea
mnitoring DMSP, NOAA and geostationarysatellite
data are locatedat NimitzHill, Guam;ClarkAB,
Republicof the Philippines:Kadem AB, Okinawa,
Japan;Osan AB, Republicof Korea;and ?lickamAFB,
Hawaii.l’heaesitesprovidea conMnedcoveragethat
includesmst of J’IWC~sareaof responsibilityin the
westernNorthPacificfrannearthedatelinewestward
to the MalayPeninsula. For the rmainder of its
AOR, JIWC relieson the Air Force GlobalWeather
Central(AFGWC)to providecoverageusing stored
%tellite &ta. The Naval OceanographyCumuati
Oetaxllent, Diego Garcia, providea NOAA polar
orbitingcovemge in the centralIndianOceanaa a
s~pl~t to thiss~port. U.S.Navyshipsequippad
for direct readout also provide supplementary
sqport.

AFGK, locatedat OffuttAPB, Nebraska,is the
centralizedomiberof the tropicalcyclonesatellite
surveillancenetwork. In supportof J’Iwc,AFGW
processes Storad -rYmmPti NoM
spacecraft.Imageryrscordedcnkoardthe spacecraft
as theypass overthe earthis laterdownlinkedto
AFGkC via a mtwork of ccmmnd readoutsites and
camunication satellites. ‘IhiaenablesAFGWC to
obtainthe coveragen?cessaryto fix all tropical
Systenaof interestto J’IWC.AFGWChaa the pl’iDl@
responsibility to provide tropical cyclone
surveillanceoverthe entireIndianocean.southwest
Pacific, and the area near the dateline.
Additionally,AFGWCCan be taskedto pmVi& tropical
cyclonepositionsin theentirewesternNorthPacific
aa backtpto coverageroutinelyavailablein that
region.

‘lhehub of the networkis Lk?tachmmt1, First
WeatherWinS (Det1, Ml), colocatedwith JTWC on
NindtzHill, Guam. 13aaedon availablesatellite
coverage,Det 1, NW Is responsibleforCcordiMting
aatellitemconnaisaancereqdmments with JTWC and
taak@ the individualnetwork site9 for the
necesumrytropical cyclone fixes and intmsity

esttites. Whm a particularfix is importantto the
developnmtof J’IWC’snext tropicalcyclom warning,
tm sitesSIWtaskedto fix thetropicalcyclonefrun
the samesatellitepass. ‘11’Iis“dual-site”concept
providea the nec&ary redmdancY to w-twiy
guaranteeJ’IWCan accuratesatellitefix on the
tropicalcyclone.

‘he IN?tworkprovideaJ’IWCwithseveralproducts
ard services.The mainserviceis one of mnitoring
its AOR for indicationsof tropical cyclone
develcgnant.If an areaexhibitsthe potentialfor
development, J’IWCis notified. Chce J’1’WCissues
eithera TropicalCycloneFomationAlertor warning,
the mtwork is tasked to providethree products:
tropicalcyclonepositions,intensityestimatesm
foracastintensities. Each satellitetropical
cyclonepositionis assigneda PositionCodeNumber
(~) to indicatethe accuracyof the fix position.
This is determinedby the availabilityof visible
lanckmrksin the imageforprecisegridding,and the
degree of organizationof the tropicalCyclonets
cloudsystem(Table2-2).

TABLE 2-2. POSITIONCODE NUMSERS

I

I PCN WllNXl OF CENTER DETERMINATION/GRIDDING

I

1 EYE/GEOGRAPRY
2 EYE/SPHEMSRIS

3 NELL-DEFINEDCIRCULATIONCENTER/CEOGRAPHY
4 ~L-DEFINEDCIRCULATIONCRNTER/EP_IS

5 PMRLYDEFINEDCIRCULATIONCENTER/OEOORAPNY
6 POORLYDEFINEDCIRCULATIONCENTXtiZPHMERIS

- 19860the networkprovidedJIWC with a
totalof 2693satellitefixeson tropicalsystem in
thewesternNorthPacific. l?hisis amcordnumber
of fixesfor the year. Another57 fixeswre loads
for tropicalsyst~ in the NorthIndianOcean. A
ccupariscnof those fixea of nmber@ tropical
cyclonesIn the westernNorth Pacificwith their
comespondingJIWC besttrackpoaitiom is shownin
!bble 2-3a (q- Of fixes with the
correspondingbeat trackfor the SouthPacificand
Indian oceans are presented in Table 2-3b).

TABLE2-3A. MEANDEVIATION(NN)OF ALLSATELLITEDERIVSDTROPICAL
CYCLONEPOSITIONSFROMTHEJTUCBEST TRACKPOSITIONS
IN THEHESTERNNORTHPACIFICANDNORTHINDIANOCEANS.

NUHSEROF CASESIN PARENTHESES.

NESTERNNORTHPACIFICOCEAN NORTHRiDIANOCEAN

1976-1985AVERAGE 1986 1980-1985AVERAGE 1986

PCN (ALLSITES) (AILSITES) (ALL SITES) (Au SITES)

1 13.6 (1632) 17.7 (188) 16.7 (40) --—— (0)
2 16.6 (1792) 16.0 (450) 18.9 (7) —--- (0)

20.9 (2367) 26.6 (204) 17.6 (21 ) 161.6 (1)
: 22.9 (1300) 29.4 (398) 58.3 (lo) —–— (0)
5 37.4 (4381 ) 45.1 ( 322) 33.5 (220) 87.4 (12)
6 39.5 (3250) 40.8 (1125) 37.5 (203 ) 106.1 (22)

1&2 15.2 (3424) 16.5 (638) 17.2 (47) ----— (0)

3h4 21.6 (3667) 28.5 (602) 33.0 (31) 161.6 (1)

5h6 38.3 (7631) 41.8 (1447) 34.7 (423) 99.5 (34)

TOTALS (14722) (2687) (501) (35)
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TAMS 2-3B. H2AN DEVIATION(Hll)OP ALL SATSLLITSDSSIV~
TSOPICALCYCLOSISPOSITIONSIN TNE BOUTS

PACIFICMD MVTS DIOIANCCSAUS.
NuHsssOF c- IN PAssmass.

19s6

PCN (Au SYTSS)
1 18.3 (W)
2 15.6 (t44)
3 39.5 (55)
4 23.9 (111)
5 46.7 (158)
6 36.1 (1012)

l&2 16.3 (192)

3&4 29.1 (166)

566 37.5 (1170)

TOTMS (1528)

Eatlmatesof thetrmical cvclone’scurrentintenaitv
and 24-hourintensityfork!ceatare made everY Ii
Imllraby SDDIYinl?the ovcrsk techniaue (NoAA
TeohnicaiFe&m- NliSDISIll to visualand anhmced
InfraredIsmgery(Figure2-1 and !&Me 2-4).

Figure 2-1. fiord co& for co~“cating esdmata
of current and forecast intensity &rivedfiom satellite
data. In the example, the cwrent T-munber is 35, but
thecwrentintsmityestimateis45 (eq”valentto77kt
(40nt.lsec)).The cloud system has weakened by 15
T-numberssincetheprevious evaluation conducted 24
hoursearlier. Theplus (+) synbol Micates an expected
reversal of the weakening trend or very little further
weakem”ng of tAe tropicai cyche dwing tlte next
24-howpeJW.

-2-2 sh- the statusOf Operationalpolar
orbiting Spacecraft. Four were available, on the

xn;es ~~t * year.
metwomP

17540 (F6 ) and 18541 (m’), cparated
reliably tk’ou@I the year with -y occasionaltier
~Y’Y 10SSdueto SeSSOMlrepositioningof a glare
obstructor(GIL@ al the F6 Spacecraft. lkMA
~ did not fsm es well. ~ J~ lat.,

mwu 2-2. ?cu?. amlus tsss
Jmmnslmnwmm m8wmmm

=:=::-
“’“ ‘10’0”’‘~

o 0m2A722u4L
19’r>tmlt.smnns

t~
: ,~

W 6 waa retur#edto&vi~ franstandbymds m
replace an . my partially
operatioml,MM 6 aezwed se the prlnwy mzznlrg
Spacecraft rcr nnat of 1986. Its mnat seriou9
limitation(for Det 1, lWU’S opemtiona)was the

7

appearanceof nraihad track-likenlinesthrwgh the
centerof its NighResolutionPicture‘lkanmisslons
(m) imgary. ~t by 17 NOV~, it had e
been placedon standby (with HRPT end Autcuatic
pictureTranemissicm(AFT) turned off), and was
replacedby thenewly-launchedN3AA10. ~ 10 and
NOAA 9 have had no majcw ~lma providi~
~+litY Xery throughthe remainderof the

.

5. RADAR
RECONNAISSANCE
SUMMARY

Eighteenof the27 significanttropicalcycloms
in the westernNorth pSCifiCduriilK1986 passed
withinrange of lmd+aaed molar with sufficient
cloud pattern o~anizaticm to be ftied. ‘he
land-baaedradar fixes that wre obtained and
trenmittedto J’IWCtotaled899. my 0SV3radarfix
wssobtainedby reconnaissanceaircraft.

The W?Klradarcodedefinesthreecategoriesof
accuracy: good (within10 km (5 ml)),fair (within
10-30km (5-16m)), andpoor (within30-50km (16-27
ml)). Of the 900 radarfixescoded@ thismmer;
243 were gcod, 257 were fair, and 400 were poor.
~ to ~’s beat track, @e mean vector
deviationfor land-baa~radarsiteswas 16 m (@
km). Excellentsupportthroughtimelyand accurate
radar fiX poaitio~ allowedJ’IW to track atxt
forecasttropicalcyclonemvauxlt throu@ even *
mst clifficulterratictracks.

As in previousyearn,no radar Yqorts were
receivedon NorthIndianoceantropicalcyclones.

6. TROPICAL CYCLONE
FIX DATA

A total of 3868 fixes on 27 wstem North
Pacifictropicalcyclonesand 59 fixeson 3 North
IndianOceantropicalcyclomswerereceivedat JTW.
Table 2-5A, Fix Platfom Smmary. dellneateathe
tznnberof fixes per platfom for each individual
tropicalcyclone. seasontotalsandpercentagesam
also indicated. (l%ble 2-5B providesthe same
inforntaticusfor the SazthPacificend South Indian
Q3eana.)

TABLE2-4. NAXINUNSUSTAINEDWINDSPEED(KT)
AS A FUNCTIONOF DVORAKCI & FI
(CURRSNTMO FORECASTINTENSITY)
NUNBSRANDMININtNlSEA-LEVEL
PRESSURE (NSLP)

TROPICALCYCLONE
INTENSITYNUMBER

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0
4.5
5.0
5.5

::!
7.0
7.5
8.o

WIND
SPEED

<25
25
25
25

z
45
55
65
77
90
102
115
127
140
155
170

(NW%!FIC)

.—
---
-—
---
1000
997
991
984
976
%6
953
941
927
914
898
879
858
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CHAPTER Ill - SUMMARY OF WESTERN NORTH PACIFIC
AND NORTH INDIAN OCEAN TROPICAL CYCLONES

1. GENERAL

Ewing 1986, J!IIJC issued =- for
twenty-seventropicalcyclonesin the westernNorth
Pacific.Thisincludedthreesuperty@mcna,sixteen
typhoona,eight tropicalstems @ no tropical
dapressiom. ThiS alSO includedOne t@OCVI,
Oeorgette(llE),which initiallydevelopedin the
easternNorthPacific.For thesecondyearin a mw
the totalnumberof westernNorthPacifictropical
cycloneswas fourlowerthanthe climatologicalmean
of thirty-one.The totalfor theNorthIndianOcean
was three tropicalcyclones (of tropicalstem
intensity), which is also lees than the
climatologicalmean of 4.5 and threeleesthen the
P~ Y=. In sutumry,warningswereissuedon
a t&al of thirtytropicalcyclonesin the northern
hmisphere.

In WlE31’PACtherewe= 163 ‘warming daysn. (A
‘warningday” is definedas a day duringwhichJ’lVC
was issuingwaminga on at least ons tropical
cyclone. A %wo-cyclonewday referato a day when
two diffenmt tropicalcycloneswere warned on
sirailtaneoualy,a ‘three-cyclone”day - three
tropicalcyclonesat one time, and so on...). In
WES1’PAC,them wszwthirty-twotwo-cyclonedays,four
three-cyclonedaysandm four-or five-cyclonedeys.
When North Indian Ocean tropical cyclonesare
included, there Were 168 WSXlli~ days, thirty-two
two-cyclonedays, aeven three-cyclonedays and no
four-or five-cyclom&ys.

Jlwc issued743 waminga on theW~~nt;-aev~
western North Pacific tropical
twenty-ninewaminga m the threeNorthIndianCcesn
tropicalcyclones,for a total of 772 northern
hemispherewarnings.‘Iherewem thirty-eightinitial
TropicalCycloneFomstionAlerts(’ICFAS) issuedfor
the westernNorthPacificand sevenfor the North
IndianOcean,fora totalof forty-five.AllWESTPAC
end North Indian Ocean tropical cyclones (lrXl
percent) developedafterthe issuanceof a TCFA. For
the westernNorthPacific,the falsealarmratewas
twenty-sixpercent(a ten percenthqmmsaent over
lastyear)and the iuaanlead tim (to issuanceof
firatwarning) was twenty-fivehoura. For the North
Indianmean, the falasalanuratewas 57.0percent;
themeanlesdtimewas 5.7 hours.

2. WESTERN NORTH PACIFIC
TROPICAL CYCLONES

Several factorsmede 1986 an unusual,and
thereforedifficult,tropicalcycloneseason for
J’lwc. ‘lWre wem only fcur classic %traight
mnnaran (whichnormallyhave the lowestforecast
errors)in 1986, aa ccqared ta the aevanof 1985.
The nmber of ‘recurversnwas the sane,but them
were three more tropicalcyclonesin the ‘otMrW
categoryin 1986 than in 1985. ~herw tropical
cyclonesare thosewhose tracksdo not easilyfit
into the straightrunner or racurvercategories,
i.e.,the erraticsystem. The tropicalcyclonesin
this last categorywere the most difficultto
fOrecaat. ‘he major forecastproblemsarose with
those tropicalcyclonesthat formedin the active
nrmaom troughandduringtheextremelyactivewinter
Period.For discussionpurposesthetropicalcyclone
yearis dividedintothreeperiods.

JANUARY THROUGH AUGUST

The seasonbeganin lateJanuarywith Typhom
Judy(OIW),a “classic”recurvingsyst= whichpassed
betweenOuam and the PhilippineIslands. Although
JTWC did a god job forecastingtie track,
difficultieswith the speed of mvenent caused
forecasterrorsto be largerthanaverage. Typhom
Ken (02w)was a short-livedtropicalcyclonewhich
form?dsouthwestof Guamand diSSiF+3td over inter.

super ‘b@mn ~la (03h’) developed very S1OW1YM the
vicinityof Pohnpeiin the CarolinaIslands. The
enhancedsouthwestmonsoon flow associatedwith
Lola’sfomation was significant,as indicated by

@CW@ 60 kt 31 (tiaec)windswhichwere reported
m Pohnpei. At the sam tire,and of particular
meteorologicalinterest,was the develqxnentof a
WwinN tropicalcyclone,Narnu(33P),in the western
SouthPacific.‘IhiaSituatimoccursperiodicallyin
the westernPacificand IndianCheanawhen strong
low-latitudewesterliesenhancet~ develo~nt of
tropicalcyclonesin both hemispheres. lhis is
usually observed during the spring aM fall
transitionperiods. TropicalCycloneNam (33P).
incidentally, was the umt intensetropicalcyclone
to striketheSolomn Islandsthiscentury.Tropical
StormNac (04W)developadnear the islandof Hainan
in the SouthChinaSea and passedbetwem Luzonand
Taiwanat the end of My. As a mnsom depression,
it struggledagainststrongverticalwindahearmst
of its life. TyphoonNancy(05W)developedin June
in the centralPhilippineSea,stmck ths mt coast
Taiwanand recurvedinto the Korea Strait. J’XW
forecastNancy’smcurvatum trackquitewell until
neartheend,whenit beganto acceleratetowax@the
northeastand central convection
Tropicalstorm(hven(06w)was another~=ely%%
systenwhichhad difficultydevelopingdue to strong
verticalshear. The secondsuper typhoonof the
year, Peggy (07W), developedeast of Guam and
followeda west-northwesttrackintonortham Lumn,
where93 deatharesulted.It continuedcmwamiuntil
it made a second langfallon the CMna coast
northeastof Hong Kong. Ty@om Roger (08W)was
anotherona of the severalearly aeasm recurvi~
tropicalcyclones.The recurvaturenear the island
of Okinawa was accuratelyforecaat 48-hoursin
advance.‘IYopicalStormSamh (09W)was thefirstof
a seriesof tropicalcycloneswhich causedseriou9
forecastproblem forJTWC. Sarah(09W)developedin
an activenmsocn trougheastof Luzcnard appeared,
frausatelliteimagery,to trackwest-ncrthweatwan3
acrcssLuzcnIntotheSouth~ina Sea. Post-analysis
of aircraftreconnaissance&ta, however,indicated
that the low-levelcenternever rmde landfallon
I.uzon,but recurvednortheastwaNinstead. T@oon
Tip (1OW)and TyphoonOeO~ette (n)?.)engagedin a
classicbinaryinteraction(Fujxwhara.1921and 1923;
Erand,1970; Eong and Neumann,1983) northeastof
Guamwhichresultedin largerthan averageforecast
erl”oK’SfOr both SyStSIM. Typhom Oeorgette(lM),
incidentallyhad me of thelongesttracksm record.
It initiallydevelopedin the easternNorthPacific,
dissipatedaa a significanttropicalcyclom in the
centralNorthPacific,and thenregeneratedfrunthe
PS-exiSt@ disturbancein the we9tem North
Pacific. TyphoonVera (llW)causedmre forecast
problemsthan any tropicalcycloneIn 1986. It
generatedin theactivemonaom troughas a “classic”
nunaoon depression- difficultto positionand
forecast.TyphoonWayne (1.2W)was probablythemst
interestingtropicalcyclom in 1986. Duringita
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exceptionally long life (twentydays),it struck
Iuzon(once)and‘Ihiwan(twice),threatenedHongKong
(twice),dissipatedti reformed (once),before
fimlly dissipatingover NorthVietnamnear Hanoi.
Many mltiple-stormdays occurredduringthe later
PSlt Of thiS first period. Aa a result,
reconnaissance(bothsatellitearxlaircraft)assets
em working overtime to keep up with the
requirementsforthelatestdata.

SEPTEMBER THROUGH OCTOBER
The tropicsquieteddown sanewhatduringthis

secondperiod.l’yphocnAbby (13W)developedjustto
the southeastof Guamand RX3vednorthwestwardbefore
racurvingnearTaiwan. TyphoonBen (14W)developed
rapidly southeastof Ouem md drift-alnorthward
beforenscurvingthrougha breakin the subtropical
ridge. TyphoonCarmen(15W)was the thirdtropical
cyclonein a row to developsoutheastof GUSIU.It
fOlloweda recurvaturetrack,passingnorthof Guam
and east of Japan. The forecaststatisticsfor
Careen(15W)wereexcellent.

During the rest of Octoberand into early
Novenber.themjor tropicalcyclonegenerationarea
ahiftei,f’or themst part,fransoutheastof Ouamto
the PhilippineIslands.AlthoughTropicalStormEm
(16w)didmt becc.aEa “significant”tropicalcyclone
until it was approachingthe coastof Vietnam,the
Republic of the Philippinessuffered extensive
flocwlingwhen w (16w), at t~ical depreasicn
intensity,passed by. TYphom Ellen (17W)
intensifiedeast of the centralPhilippineIslands
and peasedabout90 m (167km) southof SubicBay.
Initially,it appearedthatrecurvaturetowardTaiwan
muld take place, but a surge in the low-level
northeasterlieefromthe(%inamd.nlardresultedin a
more westerlytrack towardsthe islandof Hainan.
Furtherto the east,TyphoonFomkst (18W).which
attained100 kt (185 III/sac)intmaity, developed
northeastof GUSIUand recurved. TropicalStorm
Oeorgia (19W) spawned just east of the central
PhilippineIalanda,passedsouthof Subic Bay and
made landfalloverVietnamafterfollowinga nearly
straighttrack.

NOVEMBER AND DECEMBER
The ccmbinednrmtha of Novemberand Decaber

19% provedto be me of the mat activewintersin
WESI?PAChistory with aeVSKItropical cyclones
(conparedto en averageof four). me m= tmhoona
in DeceJBba’is an all-timerecord. Tropicalstorm
Herbert(20W)developedin thewakeof TropicalStorm
Oecu@a (19W)end follow~an almst identicaltrack

westward acrossthe SouthChinaSeawithlendfal1 on
tne coastof centralVietnam. TropicalStormIda
(21W)was hinderedby the frictionaleffectsduring
its passagethroughthe centralPhilippineIslands
and strongverticalwindshearover the southChine
sea. TyphconJoe (22W)formedeast of Luaonend
rwurved to the northeastwithoutmakinglandfal1.
Its S.SSOCiated cxmvectivebmda, however,prmiuced
sigydficantrainfal1 over the northernIuzon. The
tropicalcycloneactivitythen shiftedeastward.
SuperTypnoonKim (23w)was the firstin a seriesof
four clifficultlate seasontropicalcyclones. It
formed to the southeastof Guam and initially
followeda northwestwardtrack. Althou@ Kim (23W)
appaarwl to changeto a recurvaturetrack before
reachingGuam,it abruptlyturnedtowardthewestend
passed15 nm (28ion)northof theislandof Seipanin
theNarianasat nearSUP= typhoonintensity,causing
extensivedamage.TropicalStormLex (24W)developed
in thewakeof Kim (23W)butwasunabletomaturedue
to tinestrongupper-levelshearcausedby theintense
outflcwfrom Kim (23W). TyphoonMarge (25W)alsc
developedsoutheastof Guam,but very slowly. It
turnedwestward,passadsouthof Guam,thencrcesed
thecentralPhilippineIslandsand dissipatedin the
SouthMina Sea. l’yphmnNorris(26w)continuedthe
lateseasontrendby developingto the southeastof
Ouam. It oscillatedabout a westwardtrack and
crossed the central PhilippineIsland9 befom
dissipatingovertheSouth(MM Sea.

‘Ihebat threetymocnaof theyear- Kim (23w),
Marge (25W)and Norris(26w)wan? similarin that
theyf01loweda ‘step-like”track. It appeared~t
the bSSiC St43e@lS flm south Of the SUbtI’’OpiCSl
ridge axis changed the tracks frana westwardto owe
northwestward,as mid-latitude troughs moved off
~. Cme thesetmu@a had passedto the mrth,
the tracks reverted back to westward. The
mid-latitudetroughsneverpenetratedfar enou@ to
thesouthb breakthroughthe subtropicalridgeend
allowthe tropicalcyclcm2sto recurve. Later,es——
the tropical@clones approachedthe Fhilipphe
Islands,aouthweatwamlmwroent was observeddue to
surgesin the northeastnxmamn, which had fully
establisheditselfacrossthe PhilippineIslandsand
SouthCMna Sea. Duringwintertimesynopticregimes,
forecastclifficultieswere also CC@Oundedby the
instabilityof the Che+ay Interactive‘l?mpical
QVC1O=Mo*1 (OTCM),JIW’s primarydynamicforecast
aid,dueto kineticenergyconversicmproblems.

~bles 3-1 thin@ 3-6 provideinfonmtionon
the monthly and annual distributionof tropical
CYC1OIEJ,warningsand tropicalCYclork?formation
alerts.

TABU 34. mslvJ m rxmIc
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‘IAEO.S 3-2
M22TERN2iORlMPACIFIC TSOPICAL CYCLOUS DISTRIBVTIOH

Year JAN FEB MR AM MAX .YUN .ILIL AUG SSP CCT MOV DSC TOTALS
—___ _____ ___ ___ --- --- -. --— ----

1959 0 1 8
000 0;0 010 1;0 ;0 C& 1;1 512 0;3 2:0 ;0 ~0 17 3; 7

1960101II3 ~g 4
OX 000 WI 100 010 210 21O 810 o;, 400 ,;(I ,;o ,9 3~ 3

19611111@b ~~~~~, e2
010 010 100 010 2}1 Ilk Y20 313 510 3U +01 IW 20II,1

196201 OI3O 88 a
000 010 000 100 201 000 512 701 3;3 3?1 301 &O 24 3: 9

1963 OO11O4 544~o 28
000 000 0+31 100 2020 310 311 3oI 22o 510 000 Z~O 19 6 3

196b.00003z 8,9.5762 M
WO 000 000 000 201 200 611 350 521 331 820 101 26 13 5

196221124 6’f93z, *O
110 020 010 100 101 310 411 322 531 201 110 010 21 13 6

196+.000121 89,045~ 38
WO ~0 000 100 200 100 330 531 532 ,,2 ,22 IO, ~ ,0 *

1967102111 8,08 q@, 41
010 000 110 ?00 010 100 332 343 530 211 400 010 2Q 15 6

19 MO1O1O4 384640 31
MO 00% 000 100 COO 202 120 34? WO 510 400 dOCI 20 7 4

1969101100 33652
100 000 010 100 WO WO 210 210 2Q4 410 110 0;0 ~32; 4

197001000 237464o 27
WO 100 WO WO dOO 110 02) 421 220 321 130 000 12 12 3

1971101252 8574zo 31
010 000 010 200 230 200 62o 311 511 310 110 wo 24 II 2

1972101oo4 556523 32
lWI S40 Wt 000 240 220 410 320 411 410 200 210 22 8 2

1973000000 76343o 23
wo wo wo 000 wo 000 430 231 201 400 030 000 12 9 2

1974
0;0 ;0 0;0 0;0 1;0 1;1 2;0 22 ;0 4;0 GO ;0 15 ;; 3

19751 @0100 165632 25
100 WO 000 C@l 000 000 010 411 410 321 210 W2 14 6 5

19 T6110222 445022 25
100 010 OfJO 110 200 200 22o 13o 41o wo 110 02o 14 11 0

1977001011 42542, 21
WO WO 010 WO 001 010 301 WO 230 310 200 100 11 8 2

1978 3484 4
0;0 0% 0% IL JO 030 310 3*1 310 4!2 121 ;0 15 : 4

1979 1 0 20 46 28
100 WO dd 1;0 011 WO 2!1 202 330 2?0 1;0 1?1 14 9 5

1960001141 5374, , 28
000 WO 001 010 220 010 311 201 511 22Q lW 010 15 9 4

1981001112. 584232 29
000 000 100 010 010 200 230 251 404 110 210 ~ 16 12 1

1982003013 4564, , 28
odd wo 210 cm tw ILV 22.3 5od 321 301 100 100 19 7 2

19 B30000013 63552 25
cm 000 004 000 000 oto 3W 231 III 320 320 020 12 II 2

1964 8
dOS&&d&&30k4;0 2!21~5213~1i016;!3

1925200013 175512 27
020 CQO WO Wd 100 201 100 520 32u 410 010 110 17 9 1

1986010122 252543 27
WO 100 OW lW 110 110 200 410 2W 320 2XI 210 19 8 0

( 1959-1 986)
AVG 0.5 0.3 0.6 0.8 1.3 2.1 4.6 6.3 5.6 4.6 2.8 1.5 30.9

CA2S2 15 9 18 21 36 % t28 115 157 730 78 41 866

LWend: Total YIYr the month

k%~~
zTrOploalCmpmssimd

MOT2: miO m“ cmpilatim OY 1959 throush 1986 data ma dorm after
eatabliahinga ntmdard for tha times when .stropical CYO1OM axiatad in two
separatemonth. lYW criterionusad followd:

1. If a tropksl CYO1OIMw first vsrned on during the laat two daya
of a Plrtlcular❑onth and c-mtinuedover into the next .Cilth top lcmger
than two days, thenthatSyc.ten.8sattributatm the smc+”d month.

2. If a tropical oyclme was warned m prior to the lsat two dsys & a
month, it was .sY,tributtito the flint month - m Mtter how 10IISthe ayc.tm
lanted.

3. If a tropiti Orolcme basin m the Mat &y of the month and ended
m the first day cl the next Bmith, that trc@@al OYO1OM was attrlbuteO
ti tAe fimt aonth. However, H a troplcdCYO1aI~bbgm m the last &y
of the Mth and .Xmtinued into the next math for two d2&a only, thm it
ms attributedto UYe second month.
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TABLE 3-3
WESTSNNNORTH PACIFICSU3MARY

TYPNOONS
(1945-1958)

JAN FEB NAN APR MAY JUN JUL AUG 22P OCT NOV DEC TOTALS

AVG 0.4 G.1 0.3 0.4 0.7 1.1 2.0 2.9 3.2 2.4 2.0 0.9 16.3

CASES 514510152841 45342812228

(1959-1986)

JAN FSB MAN APR MAY JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.2 0.1 0.2 0.5 0.7 1.G 2.7 3.3 3.3 3.0 1.7 0.7 17.4

CASH 6261519297691 91 85 47 19 486

TROPICALSTORMS AND TYPIA)ONS
(1945-1958)

JAN FEE NAN APR HAY JGN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.4 0.1 0.4 0.5 0.8 1.6 3.0 3.9 4.1 3.3 2.8 1.1 22.G

C3MSS 616711224254 5S46 39 16 308

(1959-1986)

JAN FEB 33ANAPR MAX JUN JUL AUG SEP OCT NOV DEC TOTALS

AVG 0.5 0.3 0.5 0.7 1.1 1.8 4.1 5.3 4.9 4.1 2.6 1.3 27.1

CASES 14 8 14 20 30 49 116 147 136 116 73 36 759

(1986)

FORNATIONALSRTS: 27 of 38FormationAlertsdevelopedlnt.oaignificent
tropioaloyclonee. TropicalCycloneForwationAlerte were issued
for all of the aignificenttropicaloyclcneathat develcpedin 1986.

WARNINGS:
Number of calendarwarning days: 163

Number of oalendarwarningdays
with two trcpicalcyclmes: 32

Number cf eelendarwarning days
with threetropioalcyolcme.w 4

#

TA2LK3-6. FOmunm mm?sn2un1
— mm mcmc

A33R s33rme mu
- 12ual - U1.s
c?21.m’r Wmlw2m ?m+Icu ALAal

33A3 meme ISOPICALcxcIa2m c— R21x

1975 38 25 25 36f

1976 * 25 25 ‘2+s

1W7 26 a 21 33s

1278 32 31 32 16S

1979 21 23 a 15S

1930 37 22 28 28s

1981 29 28 22 33

19a? 36 26 22 28s

19B3 31 35 25 191

196! n 30 30 !23

*983 39 26 27 33s

W66 33 37 31 32s

(W754963)
1- 3.3 Z5.a 27.1 .%.93

- 400 31o 3Z5
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maxi JUDY (Olw)

‘Iheformationof Tj@oon Judymarkedthe start
of the westernNorthPacifictropicalcyclonesf.cx
1986. Judy ori@MX?d Mar two Ck&’fi!SS North
Latitudein thenear-equatorialtrough.Itwasaided
in its initialdavelopm?ntby brisk northeasterly
tradeflowassociatedwith a shearlinesituatedto
the northand the low latitudemonaoonalwesterlies
in the aouthem hemisphere. Judy was also the
season’s first tropical cyclone to crker the
mid-latitudewesterliesandrecurve.

Duringmostof January,a winterweatherpattern
datdnatedthe tropicalwesternNorthPacificarea.
Convectiveactivitywas confinedto lowlatitudeaon
the peripheryof the near-equatorialtrough(NKT).
In the lastweek of January,the ~ extmded from
the southern Philippineseast-southeastti the
equator420m (778 km) south-southeastof theisland
of Pohnpei.

The cloud systm first ameamd late on 25
Januaryas an areaof disorganizaiconv-tion300 m
(556Ion)in diameter.Withunreatfictedupper-level
outflcw to the north and west, the convection
persistedthroughthe diurnalmirdmumperiod(emund
0400z)on the 26th and was firet noted on the
Si~ificentTropicalWeatherAdvisory(ABFWPOIW)at
2606002.

Wing the next three daYs, the convection
continueda gradualIncreasein -1 extent,but

remdned poorly organized. Early on 29 January,an
aircraftrecmnaissanceinvestigativemissionflown
intothedisturbancewas unableto locatea low-level
circulatim center. However, the Aerial
RecomaiseanceWeatherOfficer(ARM))estimateda
minimumsea-levelpre3sure(MSLP)in theareaat 1001
Mb. Sincethispressure was approximately 6 ti below
tk Surmunding envircxmsntalMSLP to the northand
the disturbancewas expectedto trackwestwardinto
an uppe~levelenvironmentwith less verticalwind
shear,a TropicalCycloneFomationAlert(TWA) was
issuedat 290630z.

A secondinvestigativemissionflownearlyon
the 30thalso failedto locatea definitelow-level
circulation. The ARWJ estimatedmximm surface
windsOf 25 kt (13M/SeC)to 35 kt (18M/’SeC)to the
northin the easterlyflow. Satelliteimgery and
synopticdata indicatedthis enhancedflow was a
resultof a shearlineto themrth of thedisturbed
area. Becauseof a decreasein both conv~ticn
(diurnal) and low-levelinflow,the ‘ICFAfor the
disturbancewas cancelladat 300600z.

Post analysisindicatesthis cancellationwas
premature. Satelliteimgery, over the next
forty-eighthoura,detecteda drauaticincreasein
convactim associatedwith this slcwly,westwani
lIKWiWdisturbance.Analysisof satellitehmgery
(F@w’s 3-01-1)pxu@xd the issuanceof a second

Figure 3-01-1.Judy just prwr to issuance of second
TCFA (302349Z January DMSP visual imagery).
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TWA at 31013OZ. ‘Mmty-fourhourslater,infrared
satellitehnageryindicateda upper-levelanticyclom
was developingover the disturbanceand (Dvorak)
satelliteintensityanalysisestimatedsurfacewinds
of 30 kt (15 m/see). This prcmptalthe initial
warningat O1OOOOZon Judy,as a 30 kt (15tisec)
tropicaldepression.Withintwenty-fourhours,Jwiy
wasupgradedto tropicalstormintensitybaaedon tbe
aircraftmcomaissancedata.

The initialforecastscalledfor Judy to track
west-northwestward.Due to the uncertaintyof the
positionof theridgeaxisand itsstrengthoverthe
data spame PhilippineSea, 4~ mb synoptictracks
were flownon the 2nd and 3rd of February@ help
definethemid-levelflownorthof Judy. Datafrcm
theseflightsconfirmedthepresenceof theeast-west
orientationof the ridge axis and indicateda
weakness in the ridge along 130 degrees East
Lorgitudewith strongwesterlymid-levelflownorth
of 16 degreesNorth Latitude. With the above
informationandmindfulof a similarsynopticpattern
associatedwith TyphconHope in Oec@er 198!5,J’IW

alteredthe forecastto reflectinitialnorthward
movement followed by recurvaturetoward the
northeast. AS with ‘&@lOC?l HOP3 (1985), Judy WaS

=fPf=@d to undergo a rapid extratropicaltransition
with a drastic decrease in intensityand no
significanteastwardmovement.The dynamicforecast
guidanceproved of no assistancein this regard
apparentlydue h the stronglysheared/baroclinic
envircwm?nt.

Judyslowedslightlyas it approachedthe ridge
near131 degreesEastLongitudeearlyon 3 February.
Continuingto intensify,the systentrackednorth
brieflybeforeturningnortheast.Judyreachedits
mximm intensityof 85 kt (44tis)witha FLSLPof
974 @ at 0500002 (see Figure 3-01-2). As it
reachadmaximm intensity,Judy alsocam underthe
influenceof strongnid-latitudewesterlies.
06~OOZ, Judy’sconvectionhad beenshearedawayz%
extratmpicaltransitionwas cmplete. The nearly
convectivefr~ low-levelcirculationdriftedslowly
east-northeastand dissipated.No deaths,injuries
or propertydamge wereattributedto T@oon Judy.

Figure 3-01-2. Typhoon Judy near maximum intensity
(050120Z Febraary DMSP visual irnage~).
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mm m (02W)

Typhoon Ken, the Secorvl tropicalcyclone of
1986,was alsothe firsttropicalcycloneto develop
in thewesternNorthPacificin Aprilduringthepast
fiveyeara. Aftertheformationof Ken,twotropical
System quicklyfollowedin My.

Luringlate April,the near-equatorialtrough
~ q~te active.tith enhancedconvectiveactivity
fran the southernPhilippineIslandsto the region
southOf !l’rukneartheequator.Ehbeddedwithinthis
troughwas the tropicaldisturbancethateventual1y
intenaifiad into ‘1’yphocmKen. At 200600Z, it WSS
mentioned on the SignificantTropical Weather
Advisory(ABPWPGIW)forthe firsttiue. No surface
circulationwas present,onlyconvergmtflowat the
low levels. Synopticdataon“21Aprilindicateda
weak surfacecirculation540 m (1000km) couthof
Ouam. The aasociate3convectimincreasedh amount
and organizationthroughthe 23rd. Analysisof
satelliteimageryshowedcontinueddevelopmentand
windswere estimatedat 2ilkt (10 m/aec). As a
result,J’lW issuad a TropicalCycloneFomatim
Alert(TCFA)at 240730Z.

The firstaircraftrecomaissanceinvestigative
misaim was conductedthe followingday. It located
a w?akcirculationcenterat 5000ft (1524m) 250m
(463km) southeastof Yap. @timgtadsurfacetindg
were10 to 25 kt (5 to 13 tisec). Thesedata,plus
satelliteimagery,pranptedJ’IWto retisuetheTCFA
at 250730Z.

A secondaircraftreconnaissanceinvestigative
missicnwas conductedm themorningof the26UYti
was againunableb locatea surfacecirculation.
Inst~d, a broadarea of troughingwas observedat
#e surfacewithtiennxinm low-levelwindsof 25 to
30 kt (13to 15 M/sac)withinthe convectionbandi~
in the northeastquadrantof the distmce.
Satellitedata indicatedthe ~pa~level cumulation
centerexistad90 m (167km) to the=st-southeast
Of YSP (Fig~ 3-02-1). Baaedw thatinformation,
thethird‘ICFAwas issuedat 260730z.

The firstwarmingm Kan was issuedat 261900Z
aftersatelliteimgery showeda significantincrease
in the centralconv~tim and the develqmmt of a
COtUtE1-Shapedcloud pattern. Surface winds were

Figure 3-02-1. Typhoon Ken at the time the third
TCFA was issued. The aircraft reconnaissance
invesn”gafi”vemission into the disturbance two hours
earlier was unable tajind a s@ace circulation (2605WZ
AprilNOAA vi.nudimagery).
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estimatedat 35 kt (18IU/see).Ken reachedtyphoon
intensityon the 27th. Aircraftreconnaissance
penetrationof thesystemrevealeda ccmpactsurface
circulation,a minimm sea-levelpressure(KSLP)of
98o mb, arxtan ellipticaleye (orientedeast-west).
Peripheralaircraftdatashowedthe strongersurface
windsof 30 to 50 kt (15to 26 III/sac)in thenorthern
semicirclein contrastto 15 to 20 kt (8to 10IU/see)
in the southernsemicircle.Thisresultedfromthe
higherpressuregradientbetweenKents low pressure
center and the subtropicalridge. Aa gradual
intensificationtook place,the forecasttrackfor
Ken became mm northerlybased m th? expected
influenceof themid-latitudetrou@ on themid-level
subtropicalridge and the general tendencyor
intensifyingtropicalcyclonesto nxwe intohigher
latitudes. BY 2818002,after the troughpassed
eastward frcan Japan, the subtropicalridge
reintensifiedacross the northernPhilippineSea,
forcingKento mve westward.

Ken’sintensitypeakedat 90 kt (46M/see)on
the 28th. Satelliteimageryshowed the systm
n?mined conpactwith a slighteast-westelongation
of the centraldenseovercastand an eye whichwas
CbSCUrSd by high Cill’US . On the 29th,Kenbeganto

weaken significantly. Aircraft reconnaissance
reports indicatedthat the 700 b center was
displaced20 m (37 km) northeastof the surface
centerdue to increasedshearingflowaloftfranthe
southwest.Throughoutthe next day, both aircraft
and satellite reconnaissancefound an exposed
low-levelcirculationcenter. Sincethe ~par-level
circulationcenterwas mw displaced170m (315km)
to thenortheastof thelow-levelcumulation(Figure
3-02-2),the last warning,valid at 03002on the
firat of May, was issuad. .%rippcdof its c%ep
centralconvection,the residuallow-levelcyclonic
vorticitydriftedwestwardand dissipatedoverwater
by the3rd.

No rqxmts of damageor injurieswexwattributed
to Ken. Of interest,Ken’sproximityto Guamand
slowrmvementcausedofficialconcernbecauseof the
scheduledrefuelingstopof M Forceoneat Andersen
AFB. Once the tropicalcyclone’strackchangedto
westlateon 28 April,seriousworrieswereremved.
In summry, forecastingdiractionchangesfor slow
movingtropicalcyclonesis usuallydifficult- Ken
was no exception. JTWC’s ability to correctly
forecastslownnvment alongthetrackresultedin a
goodproductandexcellentstatistics.

Figure 3-02-2. Typhoon Ken during its jinal stage.
Note the large (170 nm (315 bn)) displacement benveen
the exposed Iow-level circulation and the upper-level
circwtuion (3021332 April DMSP visual imagery).
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SuPm TYPHaN ULn (03W)

SuperTyphoonLolawas thefirstof threesuper
ty@ms (tropicalcycloneswith130kt (67ID/sac)or
greaterintensity)to occur during1996. Ida’s
aPPZUX+UIWcoincidedwitha verydestructivetropical
cyclonein the southernhemisphere,Tropical@clone
33P (Namu)(seeFigure3-03-1). Nam, an unusual
~ftw~ncyclonewith Lola, was the WOI’sttroPic~
cyclorn?to strikethe Solcmm Islandsthiscentury.
Over 90,000 peoplewere lefthmelesa on the island
of Guadalcanalandnearly100peopledied as a result

of thefuryof Nalml.Fzmna histcmlcalperspective,
ida WSS Of particular interest to residentsOf -
since its appearancecoincidedwith the tm year
annivemaryof Super Typhom Pauela’sdevastating
visitto the isla?xim My 21, 1976. Su@r ‘1’yphom
Pamela(19?’6)destroyed40 percentof the banes m
OuaaIand caused extmsive damagewith torrential
rainsand maxiuxunsustainedwinds of 120 kt (63
tieec)andguststo 145kt (70In/see).

Figure 343-1. Super Typhoon Lola and Tropical
Cyclone 33P (Nomu). This is an unumal cae of %vi”n”
tropical cyclones occurring in opposite hemispheres
(192%%? MayDMSP ViSlid inlO&@.
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Lola beganas a tropicaldisturbancein a very
active monsoontroughextendingfromsoutnof Guam
eastwardto the NarshallIslands. ‘fnisarea of
disturbedweatherwas enhancedby two opposingwind
flows - moss+quatorial winds providedstrong
southwesterlyy f1ow am the tradewinosprovided
,northeasterlyflow. Forseveraldayspriorto Lola’s
inception,destructivewinds and torrentialrains
batteredthe CarolineIslands. The islandatollof
Nukuoro285 run (528 km) southeastof Truk, for

example,experiencedamagefranwindsof 40 kt (21
m/aec)with gusts to 60 kt (31 tisec)on 1~ I@
associatedwithseverethunderstorms.

At that time Lola was just a tropical
disturbance50 run (93 km) northwestof Truk and
receivedrnentionon the SignificantTropicalWeather
Advisory (ABPW PGIW) because of its persistent
cloudiness. Within 20-hours, sea-levelpressures
dropped throughoutthe mnsoon trough aa Lola
increasedin organization(seeFigure3-03-2).!L_hese
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eventspranptedthe issuanceof a TropicalCyclone
FormationAlert (TCFA)valid at 1523302. Aircraft
reconnaissancescheduled to investigate the
disturbanceat thattim turnedbackto Guamdue to
the loss of hydraulicfluid. A secondlTXA was
issuedat 161530zwhen Lola moved outsideof the
alertarea. l%efirstwarningon TropicalDepression
03W f01lowed at 1700002 based on analysisof
satel1ite imagery(Figure3-03-3)and synoDticdata
that clearlyindicat&la closedcirculation.~

aerial reconnaissanceinvestigativemission later
thatdaydiscoveredwindsof 40 kt (21m/see)at tie
surfaceand an estimatedminimumsea-levelpressure
(MSLP)Of 981mb. Lolawas subsequentlyupgradedto
a tropicalstormwith the secondwarning,validat
1706002. Due to its proximityto Pohnpei,Lola
causedextensivedamageto the island;mostlydue to
flocdingand high winds. Authoritiesthereclaimed
it was the worstbatteringPohnpeihad sufferedin
thepast28 yearssinceTy@oon Gphelia(1958).

Figure 3-03-3. Lola a day iater showing more
convective activity and curvature (1623092MayDMSP
visual imagery).
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Figure 3-03-5. Data from the second syrioptic track
(1723002 through 1807002) shows no obvious break in
the subtropical ridge. (Upon closer inspection the
streamlines imply a neutral point intheflow slightly
north of the track and along 150 degrees East
Longitude.)

Figure 3-03-4. Lola near maximum intensity of 150 kt
(77 rnlsec) {1904142 May NOAA viwal imagery).
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Lolabecamea supertyphoonat 130kt (67tisec)
and was forecastto intensifyevenmoreas it neared
Guam. A fourthsynoptictrackmissionwas sentout
on 20 ltsyto locateany weaknessin the subtropical
ridge. The datashowedtheridgeat 400ti displaced
southandwestacrossthepathof Ida witha strong
zone of mid-leveldivergencestretchingfran (luarn

25”N

20°

15°

10*N
140°E

throughthe northernMarianas(Figure3-03-7). The
forecastphilosophychangedto a recurvaturetrack
rather than keeping the track toward the
wast-ncrthwest.‘he intensityestimatesindicated
Lolahad peakedat 1918002at 150 kt (77m/see)and
was now decreasing(seeFigure 3-03-8). Aircraft
reconnaissancethat night (20 Nay) confirmedthis

145° 150° 155° 160*E

Figure 3-03-7. Data from the fourth synoptic track
(192200Z through 200400Z May) shows lhe mid-level
ridging displaced south and west across Guam.
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fact aa the 700 @ heights also irmreased
dramatically. Figures3-03-9 and 3-03-10showLcla
weakeningand &caning extratropical.E@xatropical
tranaitimwas cmpletadon 23 May.

In retrospect,the ~ly forecastsfollowedthe
NestedTropicalCycloneMcdel(NlY31)tco lo= during
Lola’sdevelopmentand took the systemtowardthe
Marianas.Fortunatey, JTWCmadethe rightdecision

later to followthe One-wayInteractiveTropical
CycloneMdel (U.lYll)and curvedLola towatithe
mrtMxistbeforeanymjor effortshad to be madeto
acx’tieshipsad evacuateaircraftfrm themilitary
&sea m Guam(closestpointof approachto Gum was
405 m (750 km) to the northeast). However,the
statisticaldamagehad alreadybeen done and the
overallforecastperformancewasmly fair.
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Figure 3-03-10. Lola transitioning to an extratropical
system (2123092 May DMSP visual image~).
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‘IIKF’ICALS’IOFMMAC (04W)

l?ac,frun Inception,was a “claaaicmmomumn
~~~ - slow to develop,difficultto position
and foxw?aat. Aa Super Ty@mon Lola (03W) was
developingeastof OuaIn,theprecursorof kc spawned
inthemmom troughin~e southChinaSea.

(M May 20th,the Significant‘It’opicalWeather
Advisory(ABFWFilIW)mentioneda pocrlydefinedarea
of convectionin the mcnaoon tro@, which waa
locatedoverwaterand paralleledthe aouthemcoaat

of lminlaIrlulina. Eatimted mxiuJ.mlSustained
surfacewinds of 20 Ict(10 m/see)and a mlnimm
sea-levelpressure(~) of 998 nb were present.
Afterseveralfalaestarts,theorganizingconvection
separatedfrm the maximm cloudineaazone and a
!&opicalCycloreFonmtion Alertwas issuedfor We
disturbance,at 2304002,as it passed southof HOng
Koq. ‘he firstwarningwaa iaauedm ‘1’mpicalStcm
Mac (Figure 3-04-1) at 2500002 aa developnant
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continued. MC mVed south Of ~iwan and Char&d depreaaicnm the28th.
coursetowardthe north-northeaataa its intensity By May 29th,Mac’slow-levelcirculationcenter
peakedat 45 kt (23m/see).At 270900Z,kc appeared
to becane almoat

was partiallY exposed(Figure3-04-2). ‘Thelast
quaai-stationary. However, warning was issued at 291200Z ae MC began

accelemtionand an eastwardmvmant cotunencedby dkipating over water ti redevelopmentappeared
280@oz. Mac alaoweakeneddueto increeeedvertical less likelydue to the persistentstrongvertical
ehearand was,as a result,downgrackdto a tropical witis-r.

Figure 3-04-2. Mac’s partially exposed low-leveI
circtdation center as seen six hours bejore the last
warningwas issued (2905502 May NOAA visual
imagery).
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TxPma NANCY(05W)

For the firstfive monthsof 1986,the western
NorthPacificaveragedlessthanme tropicalcyclone
~ month. Nancywas the fifthtropicalcyclonein
thewesternNorthPacific,but thefiratof thewhat
Is gen~l ly consideredthe sumnertyphom season.
After‘l?yphomNancy,the sunuerseasonwas in full
awing.

The SignificantTropicalWeatherAdvisory(ABPW
PGI’W)on 170@OZ June mentionedan area of broad,
disorganizedconvectionwhichwas developing120 m
(222 km) southeastof Pohnpei. ‘Ibisarea lmved
rapidlywestwardfor the nexttwo daYs,thenslowed
andbeganto consolidate.Ey 191200Z,an established
cirrusoutflowpattern,restrictedto the northwest
by an qxx=level coldlow 540 mn (10~ km)northwest
of Gum, was detectedm satelliteimagery. rnitial
Dvorak intensityanalysisof the cloud pattern
estimatedsurfacewinds of leas than 25 kt (13
In/sac). At 21033OZ,a TropicalCycloneFormation
Alert (’ICFA)was issuedfor the area. Withinhours
the convmtive curvatureimprovedand the 21.1600Z

Dvorakintensityestimateindicatedwindsof 30 kt
(15m/aec). Basedon thesedata,the firatwami~
forTropicalDepressionOw was issuadat 211800Z.

AircraftreconnaissanceintoTropicalDepression
05W at 2200912repurtedmximzn surfacewindsof 60
kt (31tiaec)displaced21 run(39km) east-southeast
of thecenterof thesystem.Aircraftreconnaissance
alsoobserveda developingeyewallthatwas openon
thewestthroughnorthquadrants.Aa a result,the
2200002warningupgradedTropicalDepression05W to
Tr@cal StormNancy. Less than24-hoursafterthe
upgradingto tropicalstorm intensity,Nancy wag
upgradedto ty@mcn intensity. In retmapact,
analyses of aircraft reccmnaisaancedata and
intmeity trende indicate Mat tropical Storm
intensitywas mostprebablyattainedat 211500Z,not
2200002.

Throughoutthis period of developnant,Nancy
(Figure3-05-1) mV~ towSn3 thenorthwestunderthe
steeringinflucrceof the subtropicalridgeto the
north. Nearingthe subtropicalridge axis on 23

Figure 3-05-1. Typhoon Nancy approaching the island
of Taiwan. The mauntainaus spine of the island is
visible to the north of the tropical cyclane (222115Z June
DiUSP visual imagery).
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June,the tropicalcycloneaasmad a mre mrtherly
Course. For the next 24-hours aircraft
raconnaiaaancedatawas unavailabledue to the close
proximityof latiaml airapacereatrictiona.Radar
(mgur’e3-05-2) andsatellite(Figure3-05-3)raports
wereparticularlyvaluableduringthistime. !lheae
twofigures,whichweretakenwithinme halfhourof
each other,providestrikinglydifferentr~tely
aeneedpreaentatiomof the eye. The radardetects
the encirclingrainbande,that am embeddedin the
clouds, and satellitesees the cold top of the
centraldenseovercastaa concentricpatternsof gray
shade. Justpriorto makingcontactwiththeisland

of Taiwan,Nancy’sintemity peakedat 80 kt (41
m/eec). ‘Me maxinm surfacewind reportedfran
TaiwanWaS63 kt (32tiaae).

Continuingto mve northwanlacroasthe Eaat
ChinaSea,Nancybeganinteractingwitha troughin
the polarwestarliea. The ahape of the tropical
cyclonebecameelongatedaa the low-levelcirculatim
centerseparatedfrantheupper-levelandthecentral
convectiondecreaaed.At that time,TyphconNancy
wasdmngradedto a tropicalstem.

Later,aircraftreconnaissanceat 2421412wee
unableto locatea low-levelcirculationcenterdue
to airapacarestrictions;howevertheperipheraldata

Figure 3-05-2. The eye of Typhoon Nancy as seen by
rdarfrom Mdien, Taiwan (WMO 46699) at 2314iWZ ~
June (Phowgraph courtesy of Ce?ural Weather Bureau,
Taipei, Taiwan).
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provedmat valuableand indlcetedthe low-level
center was displacedat least 60 m (ill km)
tirt-t of the 2418002warningposition. ~s
~ POaitim had been extrapolatedfrau the
previcuswarning.Unfortunately,the241200Zwarning
wasbaaedm a lowconfidencen.igltt~positim frau
infraredsatelliteimagerythat w3s suspect,since
Nancywas undergoingextratropicaltransition.‘ma
amended2418002warning,whichfollowedimmediately
arriwaa baaed cn aircraftmcmnatioanm data,
correctlyforecast Nancy’smwanant throughthe
KoreaStraitainsteadof OVerthe isla31.3Of Kyu9hu,
Japan. By that tire increasedverticalwind ahear

and entrai,mscl cooler. drier air had taken theirtoll
m the tropicalcyclom. Nancycontinuedto mve
rapidlymrt&aatwaml throughthe KoreaStraitS@
maintainedthe strongeatlow-levelwinds in the
southeastamicircle. southernKorea received
torrentialmine, Whichinundated22,477acres(9100
hectares)Of farmland.Twelvepeoplewere reported
deador missing,aa a resultof theflooding.

Satelliteanalysisearlym 25 June indicated
extratm@cal transitionhad occurredin the Sea of
Japan. ~ system Was finallexlm the 2506002
WaIninsaamereeiduall owpresaure Sreaawapt
eastwardacroaanorthernHonshu12-hmralater.

Figure 3-05-3. Specially enhanced i@hred image ~
7)@oonNancy’s eye. The gray shading, which is used
in conjunction wi”th the Dvorak enhanced i@ared
technique, can provid? an esdmate Oftheintendlyofthe
tropical cyclone (2314282 June DMSP iqfkared
-w).
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SuPm TrPHcnd PEGGY (07W

Pag&v was the SSCOti sqx?r typhocn Of the 1986
WiM1’PAC season. With the helP of’the ‘M?ta-E
tita71sity f Orecasttechnique,intensityerrvrawere
kept to a ndniumn. In contrast,forecast track
problms arosedue to erroneousguidancefran the
One-wayInteractiveTropicalCycloneModel (CfK24)
whichhada consistentnorthwardbiasat 72-hours.

_ t~ latterPSrt of June,the low-level,
low-latitude tropicaleasterliesbetweentheeastern
CarolineIslandsand the InternationalDatelinewere
weakerthanmtmal. In thisareabetweentheequator
and 10 NorthLatitude,the lightand variablewinds,
in conjunctionwith the tropicaleasterliesto tie
north,formeda vortex600 m (11.1.lkm) east of
KwajaleinAtoll in the krahall Islands. It WaS
first uentionedon tk 270600ZJune Significant
TropicalWeatherAdvisory(ABPWPGIW)aftarsatellite
imageryshowedpersistentconvectionhad developed.
!IhecirculationrovedWest-northmstwaniforsixdays
beforereachingtropicalstormintensity(35kt (18
tiaec)) 350 ml (648km) east of Guam. ‘lllroUgbout
this Psricdthe cloud s@natum causedhei@tened

concernfor Guam, howeveraircraftracomaisaance
fli@ts did not locateany swportlngstrongwinds.
At 030000ZJuly,J’IWCissuedits firstwarningon
~ical Depression07Wbasedon mximnn wlnd9of 25
kt (13tisec)fransyncpticreportsandthepotential
for intensificationnear Guam. %elve hours later
Peggywasupgradedto a tropicalstonu,whenaircraft
memnaissance found a band of 35 kt (18 IIVaec)
surfacewindsdisplaced20-40run(37-74km)ncrthwest
of thevortexcenter.

CXmtinuingto move west-northwestw~,Peggy
passed58 m (107km)northof @am at 040700z.Peak
windsexperiencedon Guamwere28 kt (14tisec)with
guststo 48 kt (25m/eec). ~em wag Ijmita d-

to GUSDI, restricted primarily to power pales and
crops. The islandsof Rota, HMSII and Sgipgn

ex~enced more extensive damage - primarily to
crops.

Wing the period042352Zto 062040z,Peggy’s
meansea-levelpressure(MSLP)droppedfran973mb to
900mb-adecreaae of 73 mb. Thiscorrespondsto a
dropof approximately1.6rab/howwhichis ciassi.fied

Figure 3-07-1. Plot of Peggy’s central minimum
sea-level pressure and the Theta-E Line with the
intersection at05WXZ Rapid deeptvu”ngoccurred with
a 1.6 mblkwu &op in central pressurefkom 973 mb to
m mb.
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Figure 3-07-2. A graph of the difference between the
actual best track intensities and the 24-hour forecast
intensities b~ore and after JTWC knew the sea-level
pressure and Theta-E line intersected (referenceFigure
3-07-1).

as rapid deepening(Hollidayand ‘ihOmpson,1979).
The rateof deepeningdoes not meet the 2.5rob/hour
criterionused to clefins explosivedeepening. AS
mentione5earlier,J’IWCwas able to significantly
decreaseforacastintensityerrors,withtheguidance
providedby ‘Ihata-Eintensityforecasttechnique
(_Vm, 1981). The techniqueuses equivalent
potentialtenperatm (Theta-E).calculatedfrm
aircraftrecon 700 nb temperatureand dew point
reports, as a masure of the tropicalcyclone’s
thenmdynamicenergy. Whenthe plotsof Theta-Eand
FISLPintersectnearthecriticalvaluesof %0 @ and
36odegreesKelvin,centralpressurecanbe expected
to &0p to below925 mb. Figure3-07-1showsthe
plot of Peggy’s‘Iheta-Eand MSLP valuesduringthe
~riod 0420502to 0808562.Tne intersectionpointis
at 050800z. The graph of the 24-hourforecast
intensity(Figure3-07-2) demonstratesthedifference
tx?fom and after the krmledge of the ‘lheta-E
Crcosing. Tba ava’age24-hourforecastintensity
error before050600z (the first foreknowhedgeof
increasedpotentialforexplosivew rapiddeepening)
WaS 16 kt (8 111/SSC).Tne average24-hourforecast
intensityerrorafter0506002was 5 kt (3 M/sac).
Withregatito 48-hourforecastintensities,onlyone
warningbenefit~ becausetwo days aftar 0506002,
SuperTy@umn Peggy’sintensitypeakedat 140kt (72
ID/sac).

Figure3-07-3showssuper13@xxm Peggyat its
intensity. Pa1311VI’anlainwon the

west-northwes~ track and slanmd 5nto northern
LUZCnat 0822002with95 kt (49IQ/sac)surfacewinds.
Newspaper accounts of P%KY’s fury Peported
ninety-threepeople died, 16 were missiw, over
U6 ,000 familieswere haneless,and damage was
estimatedat 2.5 millicndollars. Most of this
damWe. PrimrilY to crops and villages,was the
resultof torrentialrain. Also, two peoplelost
theirlivesin aouthemTaiwan.

Figure 3-07-3. Super Typhoon Peggy at maximum
intensity of 140 kt (72 tnisec) (0621202 July DIUSP
visual imagery courtesy of H and HS Weather, MCAS
Faaenma).
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Figure 3-07-4. Plot of OTCM guidance through
72-hours for each twelve hour period. Note the
conn”nuousnorthward biasfrom the loci of itulialpoints.

30”N

20”N

Figure 3-0%5. The 400 nib Numerical Variational
AnaIysis (NVA) for 071200Z July with Peggy’s
position. The effect of the subtropical ridge can be
impliedfiom the plot of thejinal best track.

After CFOeSillgnorthernLu?.m Sl?dBIOVinginto
the South China Sea, Peggy continuedto slowly
weaken. It made landfalloversouthernChina80 m
(148 Ian)east of How Kong at l10200Zwith an
intensityof 55 kt (28tisec) Widespreadfl-
resultedacrosssouthernChinaand over Z130people
werereporteddead.

The track forecastsfrau the first mming
throughthe 21st warning (at 080000Z) repeatedly
calledfora nme northerlytrackthanwas observed.
Guidancefrcxnthe 01U4hintedat IW2UI’VatUre(Figure
3-07-4) . Initiallythe NOGAPSpmgnoaee,0212GGZto
060COOZ,indicatedslowweakeningof the subtropical
ridge pdewerd of Peggy. However,fruu G61200Z
through120000Zthe NOGAPSprcgmses l’eVerS@this
trendendbeganslowridgebuilding.Althou@ NOMPS
suggeste5a strongersubtropicalridge,guidancefrau
UTCMperaistmtly calledfora morenortherlytrack.
The 400 mb NVA analysisat 07MWOZ (F@re 3-07-5)
showsthe locationof theridgeand Peggy’sultl.uete
track.
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‘rm-Iam 17xEFt 038w)

‘1’y@en Roger was initiallyenhancedby a
TropicalUpp3&’troposphericTrough (TUl?l?)cell as
describadby Sadler (1976). ~ 4 July 1986,as
TyphoonPeggywas movingtowardthe west,awayfran
Ouam,

f%l lal=tion ‘Zm;d (14FZ
east of Wake Island. The well-developedTVI’l?cell
and itsassociatedconvectioncontinuedthistnovment
for the next five days. By 8 July, a tropical
disturbancehad developed frm this area of
convectionabout30 m (56lan)southwestof Ehewetak
Atol1. It persist- into the nextday when it was
includedin theSignificantTropicalWeatherAdvisory
(ABEWPOT%’)for the firattire. Initially, Roger
showed little potentialfor davelopmt into a
tropicaldisturbance. Over the next tm days,

however,theconvectiveareabaoamamoreorgmlmd aa
crcos-equatorialwe9t.erlieaconverged with the
tradawindeasterliesat low-levelsandan anticycl~
formedaloft.

‘lhedivergentupper-levelflowsoutheastof the
ToTr cell continued to provide a favorable
envirwmnt for the tropicaldisturbanceto develop
slowlyduringthe next threeard a half days. A
TropicalCycloneFormationAlert (’IUFA)was issued
forthesystemat 110717Z.Satellitehagery (Figure
3-08-1) at 3.200242July shows the tropical
depression.me firatwarningwas issuedat 1300002,
because the systetncontinued to i.noreaaain
convectiveorganizationaM a nd.nhm sea-level
pressure of 999 mb was otserved by aircraft
recmnaisaanosat 122245z.

Figure 3-08-1. Roger as a tropical dkpresswn. Note
the @ect of the TUT cell northwest of the depression
which causes a &formation and enhancement of the
cirrus outflow pattern to the southeast (1200242 July
DIUSP visual itnqety).
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Buringall stagesof developumt.T’y@mcnRoger R u - I
Iwnain@ Slush in Si?ie. Aerial Recixlnaistice
Weather Officem flying into Roger conaistmtly
reportedthe diameterof the light and variable
surfacewindcenteras 1 m (2 km) to 4 m (7 I@.
Flgura3+8-2 showsRcger’small eye and central
convectivemass.

J’lWaccuratelyforecastRoger’strackandpoint
of reourvature.Rogertmvedwest-northwestwardwhile
south Of the 700 mb subtropicalridge; then
northvm%, and later northeast- aa it recurved
aroundthewesternend of the ridge. Figure3-00-3
showsthelocaticnat@orientationof thesubtropical
ridge as reflectedin the 700 mb data on 131200Z
July. The guidancefxwn the tie-wayInteractive
pPical cyclone M*1 (m), J’rwc’sprixmry
orecaataid,was generallygccd althoughthe mdel
mpeatedly suggesteda tighterrecurvaturetrackat
the 24-hourpoint (approximately180 m (333 km)
fartherto the east) than was actuallyobserved.
Figure3-08-4is a plot of the initialand 24-hour
pointsfrtxnthe UIWl showingthis bias towardthe
east.

12 O*E 1300 1400 liw 160*E

Figure 3-08-3. The 700 mb Wind Analysis on
1312002 July showing location and orientation of the
subtropical ridge that influenced Roger’s movement.
The tilted line shows Typhoon Roger’s eventual track.

Figure 3-08-2. Typhoon Roger near maximum
intensity. A small eye h present in the central convective
mass (1501042 July DiUSP vistwlimageqy).
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Aft= recurvaturetowardthe northeast,T@om
Roger began extratropicaltraneitim as it
encounteredthe shearingenvironmentthatcausedits
convectionto be displacedto the southwestof the
low-levelcirculationcenter(Figure3-08-5). !ihis
shearingawayof the centralconvectioncausedRoger
to weakenfurther. The stratifiedmture of the
low-levelcloud(inFigure3-08-5) is indicativeof
extratropicaltransition.

AlthoughTy@cen Rogerpassedjust45 m (83km)
east of the islandof Ckinawaand KadeneAir Ease,
the effeetwas minimaldue to its smal1 size. Peak
gusts of 43 kt (22 m/eee)were reportedand the
northernpart of the islandn?ceivedabout1 inch
(254m) of rainfall. ~tu.s.tili~ installations
on Okinawaspent most of Wednesday(16 July) in
typhoonconditicnona .... (and)Japaneseschcels
were closed during the day. Approximately4000
touristswerestrandedbrieflyat NahaAirportduring
the day as 21 flightswere cancelledbecauseof the
storm. Airlineofficialssaidall thosemasengers

3’”+:?$$-’
30+

iii

i /
17100Z (

● 14
●

16/00 ●m 0

!.Iooz OTCM
24- HOUR

25+ 151XWO:DANCE
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●
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20”+ MO :
125E 1%0 135

+
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:01

wereon theirway by lateafternoon.!!‘Ihekwere-no Figure 3-08-4. Plot of OTCM (One-way Interactive
reportsof injuriesor significantdamageon Okinawa Tropical Cyclone Model) forecast tracks for period
or to shipping. 140000Zto1618#ZJu/y.

Figure3-08-5.Satellite imagery of Roger showing the
exposed low-levei circulation center and central
convection displaced ta the southwem. Note the strati~d
nature of the low-level ciouds associatedwith
extratropical transition (170527Z July NOAA visual
imagery).
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‘If33PICAL.SlllFMSARAH(09W)

The sunmsrmonaom was wellestablishedendhad
strongerthan nomal low-levelwe9terlieafrau the
Carolineto the MarshallIslandsby mM-July. Fran
the21stof Julyonward,the conditionsmm ripafor
Cyclogenesis. Afterdailymntion in theSignificant
‘TrapicalWeatherAdvisory(AEPWPGIW) and several
false alarm, a TropicalCycloneFomation Alert
(’lWA)was issuedfor a rapidlydevelopingarea of
convectionin the PhilippineSea 42o m (778 M)
northof Belau.

‘heaircraftreconnaissanceflightinvestigating
this disturb~ area at 3001522 locateda weak,
low-levelcirculationcenterwith maxiuumsurface
winds of18kt(9m/aec)am3 ard.rdmm sea-level
pressure(MSLP)of 1001b. The firstwarningfor
TropicalDepression09W followedat 3012WOZ aa
convectionand windaincreasedon the southsideof
thevortex.

subsequentintensificationof this systm was
masked fnm satelliteimage~ by the heightened
convectiveactivityin the monsomal we9terlles.

Aircraftrecmnaissanceintothe trcplcalcyclom at
311525Zfound40 kt (21mhec) surfacewinds.which

L%* ‘&’y* ~mw~ St- **. -tropical Cyclcne’s
west-northwestward mvemnt slowedand the system,
which appared to be followingan under--ridge
scenario,continuedto consolidate.

later aircraftreconnaissanceat 3112138Zand
01CX309Zconfirmedthe slowingtrendand the Aerial
ReconnaissanceWeatherOfficer(H) reportedthat
multiple circulationcenters might be present.
Additionally,theARMlestinietedthe ringof maxinum
surfacewinda aa nearlysymu2tricalwith slightly
weakerwindsin the northernSemicircledisplaced20
to 60 m (32to % km) frauthe center.

As Sarah moved closerto the islandof Luzon, it
becam increasingly Iwr’e difficult to locatethe
circulationcenter. The major convectivearea
shift~ to the northwestquadrant (see Figure
3-09-1). Aircraftreconnaissanceat 011300Z(Figure
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Figure 3-09-2. A plot of the 0113(MZ August aircr@t
reconnaissance mission around northern Luwn. These
@a imply that the low-level circuhion inthemonsoon
trough(i.e., Sarah) may have remained in the Philippine
Sea.

3-09-2) flewarcsmlnorthernLUZm anddetectedonly tatnowms rovingnortheastward(Figure3-09-3).
tmadacalemrtheaeterly flow without a trace of a After0306002August, SarahStartedaccelerating
low-levelcirculationcenter. ‘lWse northeasterly toward the mrtheast in nesponse to increasing
windsshouldhaveprovideda valuableclueaa to the
lmtim of Sarah. (Inmtmspect, it tookmom than

westerlyWind flW aloft. By 050000Z , the system
wed to a oosltioneastof the islandof Honshuand

2khouI’a im get the forecastback on the right
track. ) In the inter%n,the persistentdeep
cloudines across northern Luson aa viewed by the
mateomloglcalsatelliteimageryimpliedthat 3erah
was continuingintothe 3outhUIInaSea and towanls
mlnland QIIna. The dynamicguidanceprovidedby
NestsdTropicalCyclom.Mxiel (lIfCM)and tie-liay
InteractiveTropicalCycloneModel (UlK14)endorsed
thismvement intotheSmth China3.ea.

Again,aircraftrecc4maissancebetwem Olaooz
and0200002was unableto locatea Samh. ‘lIristw
the flightwas west of Luzcm In the South~hm Sea.
An a~t mlsslon previously Sckduled to
inve.atigatia ‘TWA areanortheastof’Luzon,however,
did flti 3arah In the Philippine3ea. Satellite
-V afterOumOZ alsoshoweda raomzatlcn of
Ckepconvectioneast of Luzon. ‘ibisresultedin a
rSICCStlm d an abntpt change in forecast
philosophy. No longer w Sarah followingthe
tir-~ridge acemarloInto the SouthW Sea,

tmnaition~ to an extratropical cyclone.
Reanalyses of aircraft, satellite. radar and

conventional data after-the-fact revealed the
following. AS 3arah approached northern Luzon, the
upper-level clrculatica center became displaced fran
the low-level center and moved across the muntainoua
terrain of the island and dissipated in the South
C211.M Sea. The residual low-level vortex, which was
weak and difficult to locate, remained aast of Luzcm
ti the active umaocm trough. The mnaocn trough
changed its Orlentatiml gradually frclll-St-west to
lW’thMSt-SOUthwaSt , ss 2.9r’9hreinteflaified and llbXed
northeastward. The aircraft mlasicm at OllYOZ
(Figure +09-2) was a key piece of data in
reconstructingwhat happened in this difficult
situation. The broad mrtheaaterly flow across
mXHlern Luzon illpliedthat Sarah retmlnedin the
PhilippineSss and was maskedby the mmom trough
andvlgorouaconvectiaicloeeby.
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Figure 3-09-3. Plots of the forecast tracks for Sarah.
Note the abrupt change between warnings 11 and 15.
The d@mhy in iocan”ngthe low-level circuhion center
and unakrstanding the changing.synoptic situation
prolonged the time (~”ngs 9 through 14) it took w get

the forecasts back on the right wack.
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TYPHXNS GEIRGE!l’FE

TyphconsGeorgetteand Tip providedone of the
unreintriguingforecastingopportunitiesof the1986
westernNorth PacificTropicalSeasonfor J’IW aa
they circled one another in a complex binary
interaction.Oeorgettewas a rare tropicalcyclone
whichtraveledfrailthe easternNorthPacificregion
acrossthecentralregicnandbecamea typhoonin the
westernregion (see Figure 3-10-1). During its
two-weeklifespanGeorgettetravelednearly5,600m
(10,371km).

T’@Ioon Georgettehad an interestingemly
history. It beganaa a trof~$l di.#rbancein the
eastern North Pacific (2,963 km)
south-southwestof Los Ange~eaon August2nd and
initial1y moved westwafi. ‘l’heNaval Western
OceanographyCenterlocatedin PearlHarbor,Hawaii
issueda TropicalCycloneFormationAlert(’ICFA)on
the system at 0207002 after observingconvective
bandson eatelliteimagery.LaterthatsamedaY,at
0220002,theEasternPacificHurricaneCenter(EPHC),
locatedin San ~ancisco,issuedthe firatadvisory
on TropicalDepression11.E.The systenwas upgraded
to TropicalStorm Georgette(llE)on the fourth

:11.E)andTIP (1OW)

advisoryat 0315002,thm dcwngmdedto a tropical
depr-sion again on the fifth through seventh
advisorieswhm a decreasewasnoticedin theamunt
of convectiveorganization.It was upgradedonce
mom to a tropicalstormon the eighthadvisoryarid
then finally downgradedfor the last time and
forecastto dissipateover water on the ninth
advisoryaa it passedsouthof Hawaii. The Central
PacificHurricaneCenter (CPHC) issued tho sixth
throu@ ninthadvisoriesaftar Georgettehad moved
into the centralNorth Pacific. A totalof nine
advisorieswereissuedon Georgetteby EPHCand CPHC
Cmbined. All nine correspondingtropicalcyclone
warningsfortheDepartmentof Defensecustcmerawere
issuedby theNavalWesternOceanographyCenter.

Georgettemaintainedits identityaa a tropical
disturbanceafterthefinaldmngrade@ wastracked
by JIW beforeit crossedthedateline.Itwag first
mntionad at 0715002on the SigJIificant Tropical
WeatherAdvisory(ABPWPOTW)aa a 20 kt (10m/see)
disturbance42o m (778 km) southwestof Johnston
Island. It crossedthe datelineon 8 Augustwhile
movingm a northwestwaNtrajectory.

— —

.**~

,. . . . . . . .
,. ..’ ... ., . ., .,,

— -1

VA. .

Figure 3-10-1. A composite plot of Tip’s and
Georgette’s best track shows how closely linked the
two were at tk endof Georgette’s long journey.
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J’IWCissuala !lUFAon regenerated Tropical StQnn
~ette (1.ll?)at 090130Zbaaed on analysisof
satelliteimagerywhichshowedimprovedmgenization.
A few hours later,JTW followedwith its first
warning(#10on the systen),validat 090600Z,when
Oeorgettere-developeda centraldenseovemast.

The aircraft reconnaissanceinvestigative
missim into Ceorgetteon 10 August at 0@+4Z
discoveredwindsof 45 kt (23mhac) and a rd.nimnn
sea-levelpre9sure(MSLP)of 990 mb. Oeorgette
continuedto developover the next18-hoursreaching

minbml typhom statue by 1016OOZ. AircxWt
moormaissmce confi.tmadthis at 102I.35Z,reporting
estimaa mognam surfacewindsof 65 kt (33dsec)
anda XSLPof 973mb.

Georgettemmined a typhom for 36-hourao
slowedin forwafispeed,arxlremrted to a tropical
stOm ~ after120000z(s6s2m.gure3-10-2).zhis
was apparentlydue to the proximityof a ‘Ii’opical
~-mpheric ‘lk’ou@cell to the north and
increasedvertioalshear.

Figure 3-10-2. Georgette (to the east) nws weakening
as Tip was developing rapidly to its west (1210592
AugustDMSP i&rared imagery).
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Georgettecontinuedrovingtows@ thenorthwest,
paSsingalmostdirectlyoverWakeIslandearlyon the
13th (seeFigure3-10-3). ‘Rseyreceivedmaxinnsm
sustainedwindsof 43 kt (22m/see)at 1301O1Zoutof
thenorth. No damagewas reportedby the sevenAir
Force p-scmnel statiomd there. Despitestrong
shearat upper-levels,it retainedminiml tropical
stormintensityuntilafterit had circle5cmpletely
aroundTy@30n Tip. Georgetteweakenedto tropical
depressionintensityfor the lasttimeon 15 August
(see Figure 3-1o-4). Georgette remained
distinguishablefrcinTip for onlya day longer(see
Figure3-10-5), then was absorbedintoTip’sm jor
convectiveinflowband.

Tip began early on 9 August as a tropical

disturbancelocated250m (463km)southwestof Wake
Island.The disturbancewas placedon theABPWPGTN
by J’IWCafter it persist~ for a day on satellite
imsgery.‘he first‘ICl?Awas issuedat 11043OZon Tip
based on en aircraftreconnaissanceinvestigative
ndssionthat found a low-levelcirculationcenter
withUISXinruinwindsof 20 to 40 kt (10to 21 tiseC).
Ihe strongestwinds were on the northsideof the
circulationaesociate$with the nuxitwmpressure
gradient.ThetvLSLPwas1001mb.

The secondTWA was issuedthe next day (I.2
August) when aircraftreconnaissancedid not finda
closedcirculationcenterbut only a broadsurface
pressuretrough with a 14SLPof 998 mb. No
substantialwindswem noted and the system appeared

Figure 3-10-5. Tropical Depression IIE (Georgette)
retains only in low-levelcirculation.All the heavy
convective activity has become concentrated around
Tropical Storm Tip (J50336Z August DMSP visual
“imagery).
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t

Figure 3-10-6. The binary interaction between
Georgette and Tip. The plot of their respeti”ve best
tracks and midpoints are shown between 130000Z and
160600ZAugust 1986.
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I

.-.TY Tlp
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Figure3-10-7. When the translatioml motion is
removedji-om both Gwrgette and Tip, their distinctive
center-rekztivecounterclockwisemovementabout the
centroid of their mi@oints becomes qpparent.
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TYPHCCNVERA

‘T’yFhOUI Vera was another classic ‘kuonaoon
depression” (see Tropical StormSarah (09w)) which
fomad in the mst intenseand extensivemmoon
trough in the westernNorth Pacificsince 1974.
Iacatingand forecastingthe initialphasesof Vera
(f- 14 to 18 A@st 1986)withinthis extensive
troughp~ented uniqueproblem forJ’IWC.Vera was

relocatedseveraltioi?swithinthemnsom troughas
the low-levelflowatteuptadto stabilizearoundme
circulationcenter. In post analysis,it was
determinedthatVera was actuallytwo system: the
firat (Vera #1) stabilizedonly briefly,reached
tropicalstorm intensitythen dissipatedin the
centralPhilippineSea;the second(Vera#2) forued
at the northeastperipheryof the mnsocn trough,
over 360 m (667 km) frm Vera#l, developdslowly
andreachedtyphoonjntenaitybeforecrossingOkinawa
and the Koreanpeninsula.The problemsin locating

(llW)

and forecastingVem !s low-levelcirculationoenter
wexw exacerbatedby limitedaircraftavailability
(due to other high prioritymissionsfor WC-130
aircraftandmltiple taskingproblemswith‘1’yphccm
Tip (1OW)and Oeorgette(llE)),sparaesynopticdata
andinconclusivesatelliteimagery.

Vera#l developedcm the heelsof twotyphoma,
Tip (1OW) and Georgette(IJ.E). ~ 12 August,
Gaorgette(llE)wasmovingwest-northwestwardandwas
locatedto the southeast of WakeIsland. The onset
of the intense and extensivemonsoon trough
associatedwith Oeorgette’sinflm regicnwas first
noticedat thattime,aa southwesterlygradientwinds
of near 30 kt (15M/sac)were observedat Yap (WMl
91413), Truk (Whi291334)and PohnPsi(WMO 91348).
Gaorgette(llE)was positionedat theeasternerd of
thistrough(Ngure 3-M.-1),whichextendedfrm the
PhilippineIslandsto thedateline.Theonsetof t~

t
,s0.
+

‘I .o.>b~. .{i~J.J... .1 . . ..’ 1...1 i. 01 l.. I . . ..l. .s. l.. ..l

Figure 3-11-1. The s@.celgradietu analysis at 120iXWZ
August showed the onset of the intense monsoon trough
extending from the Philippine Island to the &teiine.
Noti the strong gradient wind reports at Yap (WMO
91413), Truk (WMO 91334), and Pohnpei (WMO
91348).

70



ntmxen troughwas ac~ed by m extensiveclmd
n@xinnmIn the PhilippineSea (Figure3-11-2)where
Vera#l formed.An interestingfeatureof thetrough
was the unusually low pressurea,whichwereevident
along the axis of the troughbetween12 and 15
August. Thesep~sures rangedfran996to 1006mb.

By the end of’the secondweek of Augustgale
forcewesterlywinda were presentin the southern
PhilippineSea and transitorylight and variable
circulationcentersformadalong the troughaxis.
Satelliteimageryprovidedlittlehelp in locating
any of thesecumulationcentersin the windfield
due to tie transitorynature of the central
convection. consequently,the circulatim that

eventual1y bexmm Vera#1 was nevermentionedm the
SignificantTropicalWeatherAdvisory(ABFWPOIW)as
a suspectarea,althoughseveralotherareasin the
mnsocn troughwerebeingreportedon.

l’he first Tropical CycloneFomation Alert
(TWA) was issuadon 14 Augustat 00002. ‘Ibiswas
basedon convectionthathad persistedfor 12-hours
andwas colocatedwithan analyzedcirculationcenter
h the surface/gradientwind field. ‘lheTCFA was
reissuedat 150CX30Z,as satel1iteimageryindicateda
slightincreasein convectivecurvature.It appeared
that the low-levelflow was beginningto stabilize
emund an arealocatedappmximtely420m (778km)
south-southeastof Okinawa,Japan.

Figure3-11-2. The area of intense convection that
prompted thejirst TCFA on Vera #1. Note the extensive
area of convection in the southwest monsoonaiflow in
the southern Philippine Sea (1321192 August DMSP
visual lklagt??y).
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Figure 3-11-3. The 1512002 August ship reports
which prompted first warning on Vera #1 at 1518002
August.

#k-
\

130% 132%

Figure 3-11-4. The August 16th daylight aircraft
reconnaissance investigative miwion into Vera #l fued
the Anv-level circuktion center.

1350 1400E

At 1512002, thefirstwarningwas issuedm Vem
#1 (thefirstsystem).‘Ihiawarningwas prcqted by
threeshipreports(Figure3-11-3) thatdefinedthree
quadrantsof the 30 kt (15 m/aec) tropical
depression. ‘lWelvehours later, the aircraft
investigativeflightintoVera #1 foundwindsof 35
kt (18m/see)anda mininm sea-levelpressure(IiSLF)
of 991mb (Figure3-n-4),confimdngtheshipreport
and justifyingan upgrade to tropical storm
intensity.

The forecastreasoningfran 15 Augustto 17
August,priorto the fonoaticnof Vera#2 (thesecond
system)to the northeast,was for Vera #1 to mve
slowlytom thewest-northwest.‘MS wasbasedon
the anticipationof the strengtheningof the
subtropicalridge to the north. However,Vera #1
remainedconfinedto the lower tro~sphere and
embedded in the monsoon trough. Aircraft
mconnaisaanceat 85o mb (5000ft (1524m)) was
unable to locatethe circulationcenterduringa
ni.ghttimfix missionon 16 August. At 162333z,a
daylight1500 ft (457m) fix missionindicatedVera
#1 hadmovedabout60 m (111Ion)south-southeastof
thethe lastfixmission.At thatpointVera#1 was
elongatedeast-westand relativelyill-clefined. ‘lhe
surface/gmdientanalysisat 1700302(Figure3-n-5)
indicatedthat the mnsocn trough had elongated
considerablywith a large area of extremelylcw
pre9sures(about993 ti). At 171200Zthe surface
analysisindicatedthat Vera #1 was no longer
evident.

Satelliteimageryat 1712402 (Figure3-11-6)
indicatedan apparentcumulationcenter(Vera#2)
southwestof Tip (1OW),which WSS mV@ S1OW1Y
northwatiand had beccxEthe dcminantsystemin the
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XmE.ecm trough. The analysis(Figure3-IL-5) was
U?- prior to the fonmtim of Vera#2 thatwas
(perhaps~stakenly)maintainedas Vera afterbeing
relocatedIIIOEthan 360 m (667 km) to tha
-t-northeast. The satellitedata promptexlthe
firatwarningon Vera #2 at 1712UOZ. ‘Illsdramatic
relocationwas verifiedat 180716z,when the firat
aircraftrecmnaisaencefixpoaitim in over30-houre
(Fi8ure3-IL-7)confimad the Presenceof the 50 kt
(26UI/see)systemembeddedin themonsoontrough.

The sud&n and &amatic fomation of Vera #2
causedmanyproblemsforthe fleetcustaneraas well
as fortheforecasters.In essence,Vera#1 hadbeen
forecastto mve S1OW1y towardthewest-northwestfor
threedayswhenthe”relocationoccurred,placingthe
system36om (667km) to theeast-northeastin a six
hwr period. Confusingand conflictingsatellite
~ providedlittleinsightintothe locatim of
the systxmduringthesestages.At 17E200Z,Vera#2
was at tropicaldepressionintensityand moving
slowlylm’’thward. For the nextthree&ys, Vera #2
intensifiedslowly,movingerraticallyat first,and
thenslowlyeastwaxlwithinthemotxiomtrough. The
intensetroughwas againassertingits influencem
the systentstrack,as the rwmants of Tip (low)
providedthe ‘amhorn at the eastern end of the
lumaoonalflow. Vera #2 continuedto mve eastward
Witithemmsom west-aouthwesterlieauntilthe22nd,
whenIt slowedandbeganto tracknorthward.

‘Iha synopticsituatim governingVera #2’s
~tbagantocMagem the 21st,when amall
surfaceridgeappcemd to be buildingto thenorthof
Vera #2. ~S ridge continued to tuild,helped
-s by increasingupper-levelconvergenceto the
eeat+ortbeastof Vera #2, enhancing eukidmce in
theuppa troposphereardridgirgat the surface.

Wtlmm 220WOZ and 221200z, Vera #2 turned
northward. am tml westward, as the low- to
add-levelridge became firmly established to the
north. l’be ehift In the steering flewis evidentin
the change in me 700 * Nurerical variational

300N

250

200

15.

*00

5“N

J 11

Anaiysis(NVA)streamlineanalysisbetween220moz
and 221200Z (F@xes 3-11-8and3-11-9).@xm?ntlY ,
themid-leveltroughassociatedwiththermnants of
Tip (1OW)had completelydisappearedby 221.200Zand
was replacedby ridgingnortheastof Vera#2. ‘l’his
ridge providedthe steeringflow until Vera #2’s
recurvatum on 27 August. Vera #2 reachedits
maximumintensityof 110 kt (57m/see)and MSLP of
923 nb on 21 August,justpriorto turningwestwati
towardOkinawa.

Vera #2 continuedto move west-northwestward
fromthe22ndthroughthe26th,passingdirectlyovw
the island of Okinawa late on the 25th (Figure
3-1.1-1o). The forecasthadprovidedthoseon Clcimwa
with66-hoursof warningbeforetheclosestpointof
approach(CPA)occurred.All aircraftand shipshad
be= evacuated,aortied,or securedlongbeforeVera
#2 hit withmaximumsustainedwinds (overwater)of
85 kt (44L1l/SeC).

The recurvatureand extratropicaltransition
phaseof Vera #2’strackbeganon 26 August. Upm
reachingthe westernperipheryof the subtropical
ridge,Vera #2’s mvemnt had slowedto 9 kt (17
Ian/hr)and turned northwestwardat approximately
260600Z. Vera #2 turnednorthwamlat about270000Z
andpassed16om (296km) eastOf Shanghai12-hours
later. Afterpassingeastof Shanghai,Vera#2 began
to acceleratenorth-northeaatwami.BY the28th,the
tropicalcyclonehad lost its cmnat?tionwith the
low-levelnvmaomalwesterliesandweakenedw 60 kt
(31m/aec). Figure3-11-11ahcwsVera#2 .juatprim
@ landfallnearKunsanA6,Republicof Korea,witha
l-e cirms shieldto the north of the exposed
low-levelcirculation,indicativeof a tropical
cyclonetraneitioninginto an extratropicalsystem
Vera#2 cl@re3 the Koreanpeninsulaat 281800zwith
an intensityof only45 kt (23nhec) and continued
accelerating mrtheast- . It coupleted
extratropicaltransitim at 290600Zin the Sea of
Japan.

. > “ ,“. m ■ ■ m

50E
r

120” 124i”4 130” 135” 140° 1450 1500 155” 1 600E

Figure 3-11-5. The surfucelgradient analysis at
170000Z (X2-hours prior m the formation of Vera #2).
Note the elongated trough to the east and west of Vera
#I.
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26*N

24”

22” N

Figure 3-114, Typhoon Tip and the early stages of
Vera K2 (1712402 August DMSP visuai imagery).

3&N

tl&E E&Y &r & &- W&E

Figure 3-II-8. The 2200002 August 700 mb NVA
analysis showing thetrough (associated with the
remnants of ~hoon Tip (1OW)) to the northeast of
Vera#2.

13d’E 140*E

Figure 3-11-7. First aircriql reconnaissancefi mission
@er rel&n to Vera#2 (1807162).
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100N

120° E 1300 1400 1500 160° 1700 1800E

Figure 3-11-9. The 2212002 August 700 mb NVA
anaiysis showing a ridge (in place of the trough 12-hours
earlier) north and northeast of Vera #2.

Figure 3-11-10. Vera #2 at typhoon intensity a tt
approached Okinawa (2500392 August DMSP visual
hnage?y).
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In additionto the problem of findingand
forecastingthe initiallow-levelcenter,Vera #2

causedconsiderabledamge and loss of life. It
severely@acted civilianahippingand military
operatiomat sea. Okimwa, in contrast,becauseof
the earlywarningprovided,experiencedonlyslight
me; mstlY to PowerlineSfOr privatehcues. One
fisheman was killed. KadenaAB recordedpeakwird
~StS Of 84 kt (43 Ifl/SeC) . High seas. however.
placed several ships at sea in distress. In
Shanghai,sevenpeoplewere killedand 28 injured
whenVera#2 passed160m (296km)eastof thecity.
The New ChinaNewsAgency(NCNA)reportedmore than
500 homesweredestroyedand 3,000emergencyworkers
were recalledto restoreelectricalsuppliesand to
ensuredikesalongthe Huangpuriverand the coast
weresecure.NCNAalsoreportedtiatmre tian3,OIXI

vesselssoughtshelteras Vera#2 approached.On the
Islandof Cheju,28 housesweredestroyed,leaving50
peoplehomeless. In SouthKorea,six peoplewere
killed and overone milliondollarsworthof daxmge
was reported. The most extensivedamageto U.S.
militaryfacilitieswas reportedat TaeguAB, where
morethan75 treeswere felledandPOW- 1tieswere
downed. The roofsof severalbuildingswere blown
away.

In mtmspect, Vera underscoresthe difficulty
of positioningandforecastingtropicalcyclonesthat
formin strongmmomal troughs. In addition,the
eastwardmverientof Vera #2 for threedayswas an
interestingancu!alythat was perhapsinfluencedby
the intensemonsoontroughthatextmded throughout
theentirewesternNorthPacificformostof August.
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TYPHCCNWAYNE(12W)

l@hoon Wayne was one of the longest-lived
tropicalcyclonesin the28-yearhistoryof theJoint
TyphoonWarning Center (J’IW). Wayne had more
wsm@s (67)issuedon it than any othertropical
CyCIOtleOf 1986. Anotherunusualfact concerning
TyphoonWaynewas that it neverfullyemrged frm
the mnsoon trough. Due to its highlyatypical
track,Waynecausedsignificantforecastingproblems
forJ’IWC.

Waynewas a smallsystm that remainedin the
northernSouthCninaSea arxlthe westernPhilippine
Sea throughoutits entire life. Its best track
includesthreeloopsarda figure eight. To further
complicatematters,Wayne also dissipatedand then
regeneratedwhilestillovertropicalwatera.

Luringthemiddleof Au@st, themnaocn trough
waswellestablishedin thewesternNorthPacificand
theSouthChinaSea. Between15 and20 demees North

characteristicof the monsoontrou@ throughoutthe
mnth of Augustand intoearlySepteaber.Northof
the mnaocn trough,the subtropicalridgewas also
wellestablished.

h August 15th, a mal 1 area of persistent
convectionrovedwestwafiacrossthe islamlof Luzon
intothe SouthChinaSea. Synopticdataat 150000Z
and 151200Zindicateda surfacecireulatimwith 20
kt (10m/see)windsand a minimumsea-levelpressure
(MSLP)of 1002 mb. These data pranptedJ’IWCto
reissuethe SignificantTropicalWeatherAdvisory
(ABPWPGIW)at 1521OOZ.Overthe nexttwo to three
days, the disturbancemoved southwestwardand
increasedin organization.ThreeTropicalCyclone
FormationAlerts(’ICFAS)wereissuedat 04002on the
16th,17thand 18thof Augustto advisecustcmmsof
the goodpotentialfor developmentof a significant
troDicalcvclonein thearea.

Latitude,it extendedfmn centralVietn= eastwarxl After-receivingaircraftreconnaissanceRports
to Wake Island. Strongerthan normallow-level of40kt(21tiaec) andakt%P of985mb
westerliesequatorwatiof tk trough axis were (Figure3-12-1),the firstwarningwas

at 180i’24z
issuedon

170~

16°

150

140~

1160E 117° 118° 1 19” E

Figure 3-12-1. Aircraji reconnaissance investigative
missian located num”mum su@ace winakof 40 kt (21
~~~~ a m“tu”mumsea-level pressure of 985 mb aI
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~il StQrm Wayne (Figure
.

Over the next two daYs,

Figure 3-12-2. Wayne shortly before the aircraft
reconnaissance mission (Figure 3-12-1) and first
warm”ng(180628Z Augurt NOAA viwal imagery).

3-12-2) valid at mid-latitudetroughbeganto &epen andmve eastward
acmes minland Cnim towardthe EaatChinaSea. At

the svnooticscale 20C000Z.thistmuah. md a...mciat~front,extmded
mmaom trough shiftedto-t-henorti &ut five

—.- —-
acmss ‘therei-l;~-~ southward to the southeast

-s . Wayne respaxied by riming northwestward Coaat of china. Also, at 200000Z, Wayne aesumed a
also. ‘ltlroUghout this period of position northeaatwani track towaMa Hcng Kong and the south
readjustment,gradualdevelopmentbroughtWayne to coaat of mainlandCnina. Hong Kong’sradar,at
typhoonintensityat 190600Z. Meanwhile,a weak 2021O4Z(2105O4HHong Kong local t-) digitally
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digitally depicted the rainbanda aurromd@ the eye
(Fmure 3-12-3) Se Wayne passed to the South and
east. Another view shows the eye of the typbom as
it was X’etnotelySmaed, f Ive—lwum later, %0 m {833
km) fratl space (Figm 3-12-4). m 22 August,
TYPhocmWayne omved nmtheastwam scroaa nortbem
Taiwan and Wa&ned to tropical Stcmu intensity after
interacting with ‘l!a.iuan’s ~ed momtdna. In the
mantlme, Ty#mm Vera (llW)had beccme the cbainant
systemin thePhilippine8esandbegan_ rapidly
towardthe west-nmthweat. CkIthe 24th,Waynehad
roved rapidlywest-aouthweatwadad thnxgh tk
LuzonS4xait(forthe firsttire)in mspmse to the

nwt.heasterly stearirg rla associated with the
Subtropical ridge. As Vem (Ilw) SppxcWd, Wayne
&cmaaad Slgnlflcantly In Intemity ad central
conveotlon. ~ vertical Shear and Subaidmoe
asaooisted with Vexa (llW) tttr@@ Wayim of its
Supporting central convection. As a re9ult, only a
amsll low-level exposed circulation centxr rwdnad.
Afinalmming onwaymwaalssued at250600Z, but
JTw continued to Imnitm the diaturbanm for
possible mdevelcqmnt.

As Vera (llw) roved ml?tlllml’a (261200z) , the
remsimof Waynebecame mtrdned In vm~s extmaive
l-level inflow and ~ to move east-ncz’t&aStuaN

Figure 3-12-3. Digitized radarprtxe~”on of ~hoon
Woyne at 2021O4Z (Photograph courtesy of the Hong
Kong Royal Observatmy).
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for the secondtire. The 271200Zsurfaceenalysia
(l?Lgure3-12-5)showeda MSLP of 99S @. 30 kt (15
M/SE?C)ship repOrtS, and 40 kt (21 tieeC) ShiP
reports- indicationthat Wayne had regenerated.
‘llleeesynoptic data, coupled with s~porting
satellitereconnaissanceinputs,prcnptcdJTWC to
beginissuingwarningsagainm TropicalstormWayne
at 280000Z. Wayneheadednortheastwardthroughthe
LuzonStraitfortheaecotdtire.

~ 31 A~t, 1OW-to mid-levelridgingbuilt
backacrosathe EaetChinaSea in Vera’s(llW)Wake.
Wayne’smovemnt toward the northeastslowedand
@U_@ed towardthesouthwest- backthroughtheLuzon
Straitm the 2nd of Septeaberfor the thirdtime!
After 301200Z,ati until051800Z,Waynemaintained
ty~oon intmsity (Figure3-12-6).On@ throughthe
strait,the typhoonacceleratedweetward. Aa it
roved away fran Luzon, Wayne reached its peak
intmsityof 90 kt (46M/eec)at 040COOZ.Waynethen
roved couth of How Kong,north of me islandof
Hainanard acrossthe northernGulfof Tonkinbefore
dissipatingover land over southernC21ina. JTWC
issu6ditsfiml warningat 060600z.

Ae a resultof ‘&@mon Wayne,52 peoplewere
reportedkilledand 97 peOPlewererePOrtedinjured
in Taiwan. On Luzon,19 peoplewerereportedkilled
@ hundredsof peoplewere reportedinjured. In
Vietnam,dozeneof peoplewere reportadkilledin
addlticnto thehundredsreportedinjured.In total,
teneof thousandeof peoplewere lefthaneleasand
mllliom of dollarsworthof damges weresustained
to cropsandpropertydue to torrentialraininduced
floodingW high tide. In sumary, Waynewas an
extret@y long-lived,c~lex, difficultto forecast
bidget” typhoonthatstmck TaiwantWiCe,tranaited
theLuzonStraitthreetime, cauaedexteneivedamage
ad lossof life,andprovedto be onerm therecofi
hocks.

Figure 3-12-5. The 2712002 August 1986 Swface
Synoptic Chart. Note the 30 kt (15 mlsec) and 40 kt (21
mlsec) ship reporm awociated w“thWayne.
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‘rrPHcaMar (13U)

l’yphcon At@ developed in laII latituka frau a
tx’oad area Of COXIVeCtiOn,lnCvedmrth~twaml and 09 SEPTEMBER 12002

eventually racutwed arouml tha subtropical ridge.
khile in its fonmtive stage, Abty gave Indications 15“04
that it might developrapidly, however, it caused
little, if any, damage when it passed within 30 mu
(% km) acuth-sunt-t 01’ Qan. Later as a typhcon,
it inflicted heavy damage and loss of life cm the *& A /-’ P

Islaml of ‘Iaiwan.
. ., -. l— ~—

mQ=mdof Au@tsndbe@ming of
w’ )

Septaber, the mnaom - =~ eastward frun
Its normal position along 20 degrees North Latitude L L ,/+ 1 c
bet- 140 and I&l degreesEat Lmgitude. ‘n-AS

& ..% -1 - 3—
displacement,

)
coupled with mean ~ tm

ud.lM.bara belcw nonual in the numsocm -- ;
higher than normal pressure stothesouth (in the

sea), resulted in Strorger surface &
J -

— L --l
mar-equtorisl westerlies fzun New Guinea eaatward

J - -1 J >

into the Gilbsrt Islands. ‘IhI.aincreasedlow-level
westerlyflow,al- withmhsncadconvection,raised
thepotentialfm tropicalcyclme gassis withinthe s%
luonaccfltrough. k factom, plus low vertical 140”E 14P
wind shear (IHgure 3-13-1) sssccistm with an m of

16& *s& lse 1●5”E

paxzllatemt convection Smlmwest of ‘liuk, pracpted
msnticsl m the 091930Z Slgnlficant ‘wopical weather 250mb WA WINDS ‘--1

Advisory(ABPwFQIw) . Forthraedaysthis area of
Clmdlmss Caltlnued to develop Slouly as it drifted

S2Smb NVA WINDS ~

~ale Im-tbwat. Dsyligllt SlrcIWt Fii3-13-I. D#krences between tk 923 mb and
mccmna19sanw m the loth, lltb and 12th of 230ntb NVAwin40n09MU?Sep -~m
Septcmmer found @y tread surface Iz’oughti, udnhm Ora Qf&nv vertical m-d shear f9vorab& fw W@cai
aea-leveI preaamss of10061nb and 20to~kt(10to C@J@?msis.sclfidEneskficate92f nlbwinds;&shed
13 CI/see) surface winds. finesill&me230nlbl&Itt.

135*E 14W 145° 15(Y 155”E

0- lSIAND STATIONS

Fignm3-13-2. 130(XWZ September 198d surfacel
gradient-level streamline analysis shcw.ng synoptic
reports which prompted thejirst warning on Typhocn
m.
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lhe 130000Zsurface/~adient-levelStreamline
analysisinclude5one 35 kt (18M/sac)shipreport,
- 30 kt (15 ID/sac).ship report,me 33 kt (17
tisec)gradient-levelwitireportand indicatedthat
a minimun sea-levelpressure or 1002 ntb vas
associatedwiththesystem(Figure3-13-2). Baaedon
this information,the firstwarningwas imued at
130600Z,whichlccatedTropicalDepression13W120m
(222 m) southeastof Guanl. mring mis early
period,Abbywas a largedisturbance,whichlackeda
pemistmt central dense overca9t (CEO) (Figure
3-13-3). Eeginningat 140600Z,however,AbbyEegan
to developitsCCCL ‘IWelveto eighteenhourslater,
whentheCEO featurebecsmefimly eatablishad,Abby
slowedits forward.motionand intensified.As a
pointof interest,the bandof mximzu flight-level
windswas displaced70 to I-20nm (130to 222km)frun
the700ub centeron 16 Septmber (F@ma 3-13-4).

Abbyreacheditsniaximnnintansityof 95 kt (49
tisec)at 181~oz. Twelvehouralater,it sweptpast

the east centralportionof Taiwan(Figure3-13-5)
with 90 kt (46 tiaec) surfacewindsand torrential
rains. As a result,13 peoplewerekilled;cropand
P-Y dmge wereestimtedat 81millicndollars.

Typhoon Abby &creasad significantlyin
intensityfollowingits collisimwithTaiwan. The
upper-levelcirculationtraveleaacrossthe island
whilethe low-levelcirculationmovedup theisland’s
eastcoast. Withoutthe ~per-levelcirculationand
supportingconvection,the low-levelvortexweakened
and acceleratedtoward the north-northeast.At
201200Z, the finalwarningwas issuedon Abby as it
dissipatedovertheEastChim Sea.

In retros~t, as Abby approachedTaiwanand
recurvedtherewere aoue data collectionproblem.
Aircraftreconnaissancedata to supportwarningswas
limiteddue to reducedaircraftavailability,the
proximityof the no-flyline and the ruggedisland
topography.Dew - g theinitialpositionof Abby
wasccnplicatedas a result.
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L.4!!Ll
Figwe 3-134. In-flight 700 mb windsfrom aircraft
reconnaissance on 16 September 1986. Note the
stronger windr are displi.acedoutwardfiom the center in
a band by approximately 70 to 120 nm (130 to 222 km).
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TYPmcNm

Typhoon Ben was the aecoml of two tropical
cyclones that reached warning statue in the western
North Pacific in Septenber. Ben nsaulted in the loss
at see of thirteen fishexman fran Saipan, who had
Sought shelter, as it passed by the island of Pagan
in the northern Marianas. (The tragedy or the lost
fiahenuen at Paganwas that.althmgh the advanced
warningwas accurate,the captainapparentlydecided
to leaveSaipanforthemrthern islandsanyway.) It
was a long-livedtyphoonwith 46 warnings issued
tetwem the 19thand30thof .%ptmber.

TyphconBen developedfran an areeof enhanced
convectionon the 16thor Septerber165 m (306Ian)
southeastof KwajaleinAtollin theMarshallIslands.
It was mntiomd for the first time on the
SignificantTropicalWeatherAdvisory(ABPWPO1’W)
laterthat day. A TropicalCycloneForecastAlert
was issued two days later, at 181830z,after
aatellite hagery (lltgurea3-14-1 and 3-14-2)
indicateda rapid increasein the amount and
organizationof convection. Tne Ovorakintensity
estimatewas 35 kt (I8m/aec).

‘Ihefirstwarningon Ban,as TropicalDepression
14W,was issuedon the lgth,validat 00002. Ben’s

(14W)

initial warning position,which was baaed on
satellitedata,was 180 m (333 km) north of the
islandOf Pchnwi. Later,aircraftreconnaissance
data at 1907302resultedin a 160 m (2% km)
mlccationof Ben to the northeastand tqgradefran
tropicaldepressionto tropicalstormintensityon
thesecotiwarning.

~1~ initial forecast track was
west-northwestwaxxlwitha gradualintensityincrease.
lhe early forecasttrackswere in closeagreemnt
with dynamicaland statisticalguidance. lhisImde
Ben an immediatethreatto the islandof Guam
However,Ben did not trackaa forecast,but instead
rovednorth-northwestwarduntilthe 20th at 0600Z;
after which it began a west-northwesterlytrack
towE@s themrthem Marianas.

Ben was forecastto reach typhoonintensity
between200600Zand 2106OOZSeptmbar. However,its
forwardmovementslowedand its intensitydecreased
tO 45 k~~3detiaec) Of mti suata~ s~fam
winds. creasewas due to increasedvertical
shearfrxmthenorth-northeast.At 212124Z, thedeep
centralconvectionbecamedisplacedsouthwestwatiand
exposedthe low-levelcirculation(Figure3-14-3).

Figure 3-14-1. Typhoon Ben as a tropica[ disturbance
(182255Z SeptetnberDMSP visual bnagety).
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The central dense overoast had reestablished
itsel-f by 221600z . By the 23th,Ben had increased
its forwardspeed towalxlthe west-northwestand
intensified.It reached typhocn intensity at 230900Z
just rivehoursbeforepassing20 nm (37 km) south of
Fagan Island (located270m (5(XIkm)northof Ouam).
BSIIcontinuedto intensifythrough250000Z, when its
maximm sustained winds peaked at 120 kt (62 In/see).
At that time, its minimm sea-level pre9sure (ItSLF)
was 917 I&). Ben had a circular eye 40 m (74 km) in
diameter (Figure3-14-4 ).

Forecasts through 250000Z indicated a gradual
turn from northwestwardto northward,however,Ben
slcwedto 2 kt (4 lmhr) by earlyon the 26thand
driftedslowlynorthwardintoa regim of increasing
uppe~levelaouthwesterliea..ticeEm movedta the
northof the mid-levelsubtropicalridgeaxis,the
forecasts, based on a combination of dynamic and

statisticalaidsfor the track,weremm accurate.
Acceleration,afterremrvature,was handledwellby

mplrical Typhom AccelerationPrediction
h~hnique(Weir,19f!Q).

As interactionwith the southweaterliesaloft
increased,~’s centralcloudinessbecameelongated
north-northeast/south-southweat.At 261451z,
aircraftrecmnaissanceindicatedthat the eyewall
had bacouEraggedand open to the southw-t. The
MSLPhadrism to 946nb.

8y 280000z,8en’sforwardspeedhad increasedto
13 kt (24 km/hr)and its intensityhad gradually
dSCI’eSSSdto 85 kt (44 ICI/sac).The central
convectionsheami away and was displacedto the
mrtheast as the intensitydecreasedto 50 kt (26
In/see). By tk timethe finalwarningwas issuedat
N0600Z, transitionto an extratropicalsystemwas
ccutplete.
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TYPmcN CARFm (15W)

Ty@IoCnCarmen (15W) was the first of five

SlgnifiCSnt tropical cyclones that occurred in
October. Carmenfolloweda recurvaturetrackthat
tookthe systembetwaenGum andSaipan. C&men was
slow developing,but deepenedrapidlyprior to
recurvature.The pointof recurvaturewas 935 m
(1730km)eastof Taiwan.JTW2’sforecaststatistics
wereexcellent.

Cermn spawmd in an area of convergentflow
associatedwith the near-equatorialtrougheast of
the dateline. On 270600z September,the disturbed
area that becam Carmenwas firstmentionedon the
SignificantTropicalWeatherAdvisory(ABPWPGIW)350
m (648 km) east of k!ajuroAtoll. The poorly
organizedconvectionwas enhancedby divergentflow
aloft. At 270030Z,whenthesurfacevorticitycenter
was firstnoted on satelliteimagery,the minimum
sea-levelpressure(MSLP) was estimatedto be IO@
mb, andthemaximnnsurfacewinds10 to 15 kt (5 to 8
m/see). The tropicaldisturbance’sorganizatim
remainedpoorforthenextfourdays. –

A TropicalCycloneFormationAlertwas issuedm
011230ZOctoberbased on a flare-upof cloudiness Figure 3-15-2. Winds and heavy rainshowers affect

detectedon the satelliteimgery. Becauseof the travelers on Guam on 3 October (Photo courtesy of

systea’srapiddeveloparmtand location330 m (611 GuamPublicatwns, Inc.).

km) east-southeastof Guam,it presentedan ~diate
threatto theisland.The firatwarningforTropical
Depression15Wfollowedn-hourslaterwhm satellite
imageryshowedcontinuedgrowth. Later,aircraft
reconnaissanceat 020326Z fixed a low-level
circulationcenter48o m (889 km) east of GUSUI,
whichwae a significantdisplacementfromtheearlier
satellitederived position. mese data, which
includeda MSLP of 1001 nb, maximum1500 ft (457
inters)winds of 45 kt (23 tisec),and maximm
surfacewinds of 40 kt (21 m/see),led JIWC to
relocate and upgrade Carmen to tropical storm
intensity. Initially Carom was forecastto pass
southof Guam. It soonbecamewident thata track
bstweenthe islandsof GuamandSaipanwaspreferred.

Carmenintensifiedat a slowerratethanmmal.
This‘slowintensificationwas advantageousfor the
MarianaIslands. The maxim.unintensityat the tim
of passagethroughthe Marianaswas only 55 kt (28
m/see) insteadof an expected77 kt (40m/see). Tne
synopticdata (seeFigure3-15-1) reflectsCarments
presencebetweenthe islandsof Rota,whichis 60 m
(illkm)southwestof Saipan,and SaiPan (WM.)91232)
at 031200z. Automatedweatherreportingstations
providedthe timsly observation frcm Rota and
Saipan. Maxiunmwindreportsfrm Saipanwere31 kt
(16tisec)withguststo 41 kt (21m/aec)at 031200z;
for Rota,35 kt (18m/aec)withguststo 53 kt (27
tisec) at 031500Z;and for Guam (Figure3-15-2),30
kt (15 m/see)with gusts to 40 kt (21 m/see)at
031155Z. Cannm did bring heavy rain, 10 to 11
inchss(254to 279IUD)forGuam,and floodingto the
southern hlarianaIslands, but caused little
structuraldamageandm lossof life.

llZ 12Z 13Z
Aircraft reconnaissanceat 032350Z, which

reported a MSLPof 993 nb and estimtedthe maxiuum
surfacewindto be 65 to 70 kt (33 to 36 m/see),led

SAlPAN
‘2 ““q: ““q

JIWC to upgrade Carmen fran tropicalstem to
typhmn. Aircraftrecmnaissanceat 042355Zrepx’ted

PGSN a drop in MSLP of 26 nb to 967 ttb and at O5M1OZ

WM091232 reported anotherdropof 28 ti to a MSLPof 939 mb.
Thiswas a totaldecreaseof 54 ti or an averageof
16.4mb/hr for 3!3-hours(seeFigures3-15-3,3-15-4

ROTA
‘b ‘c p

PK WND 45 and3-15-5 ) .

60NM SW OF
me f oreeasts for the recurvature of Cam were

ISAlPAN
excellent. me 72-hour fOre.2s9t errors covering

‘K “ND 23 P’ “ND 10 eightwaminga (thethirdwarningthroughthe tenth)
, werelessthan80 m (148km). oneof thepiecesof

ANDERSEN ‘3:44 “:55 “’
&ta thathelpedwas a synoptictrackrequestedand

.@ .@ .0

flown on 03 octcberfrm ooooz to ,1500z. mia
PGUA synoptic track (see Figure 3-15-6) revealed a
WMO 91218

‘K WND 39
weakness at 500 h in the subtropicalridge48o m
(889km)northwestof Ousm.

AGA~A
’41 G32 TyphoonCasmenreacheditsmaxi.mmintensityof

~, < 071 100kt (51tisec)withguststo 125kt (64m/see)at

PGUM 051800Z. Afterward,cooler,drier air associated

WMO 91212
with a mid-latitudetrough east of Japan, was

‘K WND45 entrained into the system. The aircraftmissicnat
r 052306Zmpcm’’tedthat the eyewallhad becomeragged

Figure 3-15-1. Synoptic data showing Carmen’s in the souththroughnorthwestsegment. Satellite

passagebetweenSaipan (WMO 91232) and the island of
imagery at 06EQOZ confirmedtinnenwaa being sheared

Rota, which isdllnm (111 km} southwest of Saipan. from the west by strong upper-level southwesterly
flow, which caused the tropicalCYC1OE to beccm
elongatedsouthwestto northeast. By that tire?,
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Figure 3-15-3. Typhoon Carmen before rapid
&epening and just ajter it passed Guam (0404442
OcwberiVOAA visual imagery).

Figure 3-15-4. A mature ~phoon Carmen 19-hours
t@er Figure 3-15-3 and rapid deepening (0500132
OctoberDMSP ViStd imagery).
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Carmenhad alreadypaaaedita pointof recurvature.
At 07(XM5Z, the aircraftreoamaiasancereported
mciwate to severe turtwleme in * northwest
qua&ant of the syawn and indicatedthe eye ma m
longer present. ‘mea eWere indicator of’
extratropicaltransition.

Subsequently,Ty@Iom Careen accelemted in
forwmt speed to about 25 kt (13 mbec ), while
nw.ntainingan intensityof 80 kt (41III/awl.mar
recurvaturem October 7th, the mLF’ steadily
dmmaaed andthewinderwminednearlyconstant.At
0716002, satelliteimgery indicatedCarmen had
acquiredsubtropicalcharacteristicand the mximnn
windsuere65 kt (34M/aec). A wind~ m the
eaatern portionof the tm@I caused Carmen to
acceleratetowardthenortheaatfaaterthanforecaat.

Jlw continuedUaming on CarnHluntil081.zooz
wham the system cmpleted extratropicalWanaition.
At that time, extratrcq)icalCanwn had 60 kt (31
In/aec)Imxilrunwindswithguatato 75 kt (39U1/aec)
anduaswellmrth of thetropics.

25%

x$

1$

Figure3-15-5. Inside Typhoon Carmen> eye. This
scene isjklnl lhc aircrqft rt?wnna&amx mission (A.F%6
0715CARMEN) at iM2355Z. Compare tke low ckxtd
spiral in this figure with the remotety sensed eye in
Figure 3-154 (Photo courtesy of Captain Susan K.
Waters, USAF).

WN
130”E

AJAM

o
CARMEN

13!? w 145° 150”

~igum 3-15-6. TAe synoptic wack j?om 03tXltMZ to
031500Z Ocwber 1986 identifies a break in the
Sublropidtidgt
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TYPHocNELLEN

~hcon Ellenwas thethirdcyclonaof fivethat
developadin themonthof &tober. It followedclose
on the heelsof TyphoonCarmen (15W)and Tropical
storm - (16w). Ellen provedto be a difficult
systemto forecast, particularlywhenit encountEr’ad
weak steeringin the SouthChinaSea. ‘Ihesysten
traveledover4000m (7408km)frwnitsinceptimon
tie3rdof October250m (463km)eastof thel@juro
Atollin the MarshallIsbndS to diasipaticnsix-
days lateralongthe borckmof southern(Xinaand
Vietnam.

As Ellenmovedwestwardthrou@ the Marahalls,
theSignificant‘Iko@calWeatherAdvisory(ABEWFG’IW)
was reissuedlatecn the 3rd of Cctober,at 1800z.
~ disturbance in the nkXISOCrI trO@ had shornSi@S

of improvedconvectiveorganizationm theaatellite
-w.

Ellen finally &veloped into a tropical
depressimSS it pSSSed1.20m (222km)southof the
island of Ulithl in the CarolineIslandsm 9
October. Twenty-fourhoura later,JTK issueda
TPo@al CycloneFomationAlertwhenthedisturbance

(l’/w)

@ *o@ an increasein organization. The
initialaircraftmconnaisaanceinvestigativemission
fcnmionlya weakcirculationin a brad low-pressure
_ andest~td s~face W* of 10 to 20 kt (5
to 10 ID/sac).

By the followingnmning, Ellen had changed
significantly.The secondaircraftPecUlnaissanm
missionat l10122Zreprted a ndnimm sea-level
pressureof 992ti uitiestimatedsurfacewindsof 45
kt (23mdsec). JTW immediatelyissuedits first
~ on TroPicalStormEllen,validat 11OCKJOZ
(seeFigLR’e3-17-1).

Shortlyafterits develofanentinto a tropical
storm,EllenBY/d thrOu@ the the central ~ilippine

Islands. Onlya nmkst weakeningto 40 kt (21m/see)
resultedduringthe 24-hoursit took b make the
r==43e.

Uponentering* SouthChinaSeam themrning
of the12th,Ellenturnednorthwardintoa regim of
Weak steeringCurrentand slowedin fOr’’WSrdS-.
At thatpoint,moat of the statisticaland dynamic
forecastguidanceprelicti the tropicalcyclone

Figure 3-17-1. Tropical Storm Ellen at the time ~the
second ai”rcrqrlreconnaissance m“sswn thatfound45 kt
(23 mlsec) swface windsanda m“nimum sea-level
pressure of 992 mb (1101342 October DMSP visual
imagery).
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later,the south coast of ulira pressuredEllen
rm’thweat- .

Afterreachinga peak intensityof W kt (41
111/SeC) on the 14th (F&me 3-17-2),the vertical
shearfrm thewesterliesremainedtooweakto shear
away the centralconvectionand Ellen maintained
tropicalstorm intensityalxmst until landfall
northeastof the islandof Hainan. Figure3-11-3
provideaa radarviewof the reinbandeas thesystm
paas& southof HongKongm the 18th. ‘.Rwmswe= no
reportsreceivedof heavy damageor loss of life
attributedto Ellen.
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TmtoCN mFiRm’r (law)

~ ~o~~ was - -nd tropicalcyclone
to begineastof thedateline@ mve westwardinto
the wastem NorthPacific. Forrestwas a classic
recurverF@ a small,caupactsystem. Thetrackand
intenaitieawerewell forecastwiththeexceptionof
the intensitiesbeinga littlelowthroughthefirst
halt’of Forrest’sli~e. An interestingpointto mte
about this system is that the ~par-levelvortex
appearedto developfiratand thenbuiltdowmar@to
the surface. Post-analysisof synoptic@ aircraft
xwmmaisaancedataindicatesthestrongerupper-and
mid-levelwindsdid not beginto reachthe surface
mtil afterthe14thor October.

CM 9 October,paramnel at Detactnm_t1, 1st
WeatherWing, SatelliteOpsmtiona first detected
Fomest on satelliteimgery aa an area of poorly
organizedconvectionin the tradewind&o@ 600m
(1111km) east of the MarshallIslands. Over the
next1$-hourstheconvectionbeganto slowlyincraase
in organization.~ce acrossthe dateline,it was
firstdiscussedon the SignificantTropicalWeather
Advisory(ABPWPGIW)at 1.00600Z.At thatstage,the
mount of convectionbeganto decrease,but a small
cyclonicvorticitycentermsmined. Overths next
48-hours,Forrestrau@ned in a regionwhere the
upper-level envimmn?nt wea unfavmable for

development. Aa a result, It mmd.ned mly

ors=I@@ and conthud mom west-northwemmd.

_ synoptic data indicated the uhkun sea-level

pressure (MSLP) was approximately1008mb and the
mxinun sustainedsurfacewindaware10 to 20 kt (5
to 10 U1/see).

‘Ihaorientationor low-levelclouds on the
visualsatelliteimageryat 1200002revealeda broad
circulationcenterin the weatem quadrantof deep
convectionlocated320m (593km)eastof theBikini
Atollin the MarshallIslandGroup. me intensity
was estimat~ to be 25 kt (13 tiaec). Iater,at
IZ1800Z,Forrestdamnstratedcontinuedgrowth. ‘lhis
pmmptad reissuanceof the ABPW PG!?Wat 1.22000Zto
upgradeForrest’spotentialfor &velcqxrentto fair.
‘Ibistram toward9increasedOrganizatim (Figure
3-18-1)continuedand resultedin a TropicalCyclone
FormationAlert (TWA) at 13ZOOOZ. The rirst
aircraftreconmiseame investigativemissionflown
into the disturbanceon the 14th of CMober found
mltiple low-levelcirculationcenters,a M!iLpOr
1008rob,maximumwindsOf 10 to 25 kt (5to 13 tiSeC)
nearthe vorticesmd 30 kt (15HL/aec)displacdto
thenorth. The ‘KFAwas reissuedat 142000Z,since
SUppOrtingdata did not, as yet, mceasitate a
~.

Figure 3-18-1.Typhoon Forrest organizing over tAe
Marsltal[ Islands (1223112 October DMSP visual
image~}.
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Aircraftreconnaieeanceon the 15th found a
singlecirculationcenter;the K5LP had droppedto
1002W andmaximn windswere25 kt (13tisec).The
(Dvmak) satelliteintensityesthnateat 151600Zof
45 kt (23 mhec) prarptedthe firstwarning. The
warning at 1518002 for TropicalDepression18W,
however,onlymentiomdmaximumsustainedtinde or 30
kt (15UI/SeC). The lowerintengitym the Warning
was causedby the Typhom D&y Offleerplacingmore
weight on the earlier aircraft reconnaisx3ance
informationthan the Dvorak analysisof infrared
satellite imagery. subsequent aircraft
reconnaieaanceat 152u6z,however,provedothtiee.
Tneyreportedmaxinnmvdndsto be 55 kt (28m/eec)
with a MSLP of 988 h and a cloeed,but thin,
eyewall.At 1600092,theaircraftobservedM kt (41
m/see). Figure3-18-2showsthe strongerwindain
the north semicircleof Forrestindicativeof the
tightexpree9uregradlentketweenthe 1. p~~
center and the subtropicalridge.
wamins upgradedFomest frantropicaldepressionto

typhcon intensitywith mxinm suataind surface
winds of 65 kt (33 111/eec). In retrospect,the
initial warning was too conservative ad the

forecastershad waite5 too long for the aircraft
reconnaissanceto confim the strong develcfmmt
indicatedby thesatellitedata.

Wile rovingnorthwestwardat 16 to 18 kt (30ta
3&fm&) over the next 24-hours, Forrestmpidly

. Nighttimeaircraftrecmnaieeanceon the
16th indicatedForrest had continuedto deepen
rapidlyas the 700nb heightsfell70 mtera in less
than three houra. Dvorak intensityest-te on
satelliteimagery at 1616ooz imtkatad Forrest
containedwindaof 102kt (53H/eec). By 1621.05zthe

~

700 rabheightshad droppedby 219 metersfran 2840
UISterato 2621 Mstem. ‘l’heKSLP was 946 mb.
Satelliteimageryard aircraftintenaitieawere in
agrement,thatForresthad deepemd rapidlyovera
very short time period. Forrestpeaked at its
mximnn intensityof 100 kt (51 tieec)at 170000Z
(Figure3-18-3). ‘I’mhoura before this peak
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w“nds and “MSW” represents the nminuun obsewed
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Figure 3-184. The thin cirrus C1OUA in thewest
semicirckindicimthebe@nningqfthecndforFormst m
it was $econdng i@umced by the stronger mid- to
upper-level weswrtyjlow. A short time Later, Forrest
begon to move rapidly northea$twurd(180S36Z October
NOAA wed imogq.),
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intensity,the islandof Agriban(locatedin the
northernMarianas270m (500km)northof Quun)bore
the bruntOf Typbom Forrestaa it passed10 m (19
km) to tk acutb. Fortunately,the island’s25
residentsreceivedno injurieseven thou@ ml y one
buildingWSS leftStan- andtWO-WSyCaUUXliOatioriS
Uam &stroyad. Gn the21stof October,theNavyand
CoastGuardjoinedfomes and airlifted1000pgunda
of canmd food,mdioal suppliesand a tuw$ay radio
to tbe islanders.

At maximrn intmsity and just prior to
mcurvature, Forrest startedelongatingsouthwestto
mrtbaaat andslowadto5kt(9 km/br). JIWC bad
beenexpectingForrestto racurveduetotbe breakin
the ridgesincethe firstuamings m the systen.
T?ledynamicfOrecaataidamaleoingocd agmavlent

in this regard. ‘I& We-Way InteractiveTropical
Cyclme Ibdel (UIW4)providedthe be9tguidancefor
sped and the NestedTmpIcal CycloneMJ&l (N’lUl)
badthebeathandlem direction.

over the next 30-hours,Forrw!stbegan to very
gradually Uaaka aa it moved slowly SmuM the
wastem and of the subtropicalridge and started
- nortbe=t-. F@re 3-184 abcuaFoxre9t’S
Cutf%w restrictedto the W3at due to the increasing
westerliesaloft. By 1912QOZ, the system use
beghmhg to accalemtenortbaastwarxlat 23 kt (43
Ion/br). Forrest cmpleted tranaitim to an
extratropical cyclma and the tinal warning,
indicating55 kt (28 M/sac) intmaity,was issuedat
2tN%OOz.
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TROPICALSIMM GEDRGIA(19W)

~cmna Ellen (17W) and Forrest (18W)WR
alreadyin pr9gre9s,when TropicalStorm Oeorgia
formedin themnsmn trougheast of the Philippine
Islands. Theconvectiveactivityin thetroughbegan
to increaseon the 14th of Cctobar,howeverit did
mt coqaolidateuntilthe18th.

First tnenticnof Georgia as a tropical
disturbancewas on the Si@ficant TropicalWeather
Advisory(ABPWPGIW)of 1406002. For the nextfour
days, the large area of convectionremained
diso~anized. By 17 October.satelliteimgery (at
03002) indicatedincreasedconvectivecurvatureand
the (Dvcmk) intensityestimateincreasedto 25 kt
(13~aec). Aircraftreconnaissancelaterin theday
closedoff a mak, breadcirculationcenterin the
milippineSea 345m (639km)northwestof Belauat

1706552. A TropicalCycloneFormationAlert ma
issuedat 170821Zbaaedm thesedata.

lM (Dvorak)analysisof satelliteimageryat
1800522estimateda maximnuwindof 30 kt (15Lu/sec)
(Figure 3-19-1).Aircraftreconnaissancein thearM
at 1805432estimatedsurfacewinds of 45 kt (23
m/see) with a mlnintm sea-levelpressureof 991 mb.
Basedon the informationprovidedby the aircraft
reconnaissancecrew,the firstwarningfollowedfor
TropicalS~~mnrgia, validat 1806002.

mili~ine Island M%?RMT%%s :Y 55‘R%
111/see). me tropicalcycloneweakenedto 35 kt (18
tisec) duringthe 16-hoursit took to traversethe
ruggedcentralmilippineIslands.Duringthistime,
Oeorgiawas forecast to renninsouth of the ridge and

Figure 3-19-1. Georgia with (Dvorok) estimated winds
of 30 kt (15 tnlsec). Georgia was part of a multiple
tropical cyclone outbreak that ocwed in tni&October.
Typhoon Forrest (18W) is located to the northeast of
Tropical Storm Gwr@a on this satellite image. Typhoon
Ellen (VW) was in thenorthern South China Seaand
notvisibleon this pass (I LXX)52ZOctober DIUSP vistud
imagcty).
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then mve mrthuaatwam towlra the islardof Hainan.
me fmecastma in closeagreemmtwiththefixmcaat
aidsfOP180000Zthrou@ 181800zvd’IWIparalleledtb
low- to mid-levelsteeringflow to the ~t.
Howewer,mid-levelpreastmsaurfam heightsrose
acroaathe northem20uth ChinaSeainmeuakeof
TyphoonEllen(17W),whichhad movedueatwamal-
the aouthem coastof mainlandUrina. me 2%10000z
~ refleoteda changein fcrecastphiloacphyand
the track becamsmore ~terly with landfallin
centralVietnam.

t@on enteringthe South CtIinaSea, Gecu@a began
to slowly reintensify. The final aircraft fix
nrksion flew into -a on the 21st. m that
flight, the mconnaiaaanceairoraft reported severe

turbulence in the convection surroundingGeorgia’s
center (Fi@r’e3-19-2). For the 12-hourspriorto
_ landfallsG3X8ia’S wLnds IWChed 50 kt (26
R1/%ac). ‘I& finalWamlng was issuedfor Tropical
Smm Oeorgiaat 2118002 aa the systemmck landfall
and interactedwith the ~ed Annamitiquemuntains
of centralVietnam.

*
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TROPICAL

‘lhc@cal storm Ida uss the accordof four
trcpicalcyclmea to developduringthe mnth of
Hovenber. ‘It&atropicalcyclonepresentedunique
forecastprobleusfor J1’W aa it interact~ with
strongnmtheasterlylow-levelflownearthecoastof
china.

Idawas firstcMectedas a tropicaldisturbance
in the mm-equatorial trough on 6 Noverber.
Satelliteand synopticdataindicatedan upper-level
anticyclonewas present,but onlya weakcirculation
existednear the surface. It was mentionedon the
060600ZSignificantTropicalWeatherAdvisory(ABFW
Pf31w). ~ 9 No’f_, the upper-levelcirculation
was locatednearan areaof broad-scalewesterlyfl-
SPprOXim@lY 500 m (926 km) SOUth of GuaHI.
‘1’rcpicalStormHerbert(20W)aM TyphconJoe (22W)
alsodevelopedin thissamegene9isareaduringthe
first half of the mnth. The excess cyclonic
vorticitycreatedby easterlywinds south of the

SKUM IDA (21W)

subtropicaltidgeandwesterlywindsneartheequator
enhanced&welopmnt of the low-levelcirculation
overthenext24-hours.Satelliteimageryat 100X29Z
revealeda partiallyexposedlow-levelcirculation
center(Figure3-21-1), prmpting the issuanceof a
Ti’opicalCyclorb?Fomation Alert, valid at 1006OOZ.
Intense convectiondeveloped in the northeast
quadrantduringthe eveninghouraof the 10th. The
firstuarningon Ida,validat 1018OOZ,was baaedm
a satelliteanalysisof 35 kt (18III/sac)windsusing
the Dvm* teChniCIUe.Synopticdata indicatedthat
TropicalStormIda lostitsupper-levelanticyclone,
therainsynopticfeatureof itsdevelopment,shortly
after the first warning has issued. A5.rcraft
reccslnaiaaanceflownml theUmning of thellthmum
a minimnnsea-levelpre9sure(MSLP)of 1004*, or
the equivalentof 21 kt (~ 111/aec)m the
Atkinson-Hollidaywind/pressurerelatiomhip.

In mtroapect,the firstwarningmay havebem



issuedprematurelywithoutenou@ datafransynoptic
and ‘aircraftreconnaissancedata to support an
upgradeto tropicalstorm intensity. The initial
warningwas basadon satelliteanalysisof a rapidly
developingcloud systm, which laterprovedto be
inaccurate.

‘fropicalStormIda graduallyintmeifiedaa It
approached the Philippine Islands. Aircraft
reconnaissanceat 120223zfounda NSLPof 993mb, or
a dropof 14 mb in 24-hours.Ida acceleratedaa it
traversedthe Philippinesand weakenedS1ightlydue
to orographiceffects. It followednearly the
identicaltrackthroughtheislandsaa ‘lYopicalStorm
Herbert(20W)justsix days earlier. Ida regained
tropicalstormintensityshortlyafterenteringthe
SouthChinaSea andreacheditspeakintensityof 55
w (28 tisec ) earlyon the15th(seeFigure3-21-2).

At this point Ida was influencedby the
northeastmonsoonwindsoff of mainlandChina. The
One-WayInteractiveTropicalCycloneModel (UT@
indicatadthe cyclonewouldcontinueits northward

track for epproxhately24-hours. J’IWCforecaste
followedthis prognosticreasoning. Post-storm
analysisindicatadthat Ida attmpted to recurve
around the subtropicalridge as the upper-level
circulationshearedoff to the northeast.However,
the low-level circulationdriftad eastward in
apparentoppositionto the surfacewind flow. The
coldair feedingintoIdacausedit to undergorapid
extratropicaltransition.Also,the coldairbehind
themid-leveltroughjustnorthof TropicalStormIda
mergedwith the warm air advectednorthwardby the
tropicalcyclone,leadingto thestrengtheningof the
frontalboundaryoff the Chinacoast. Ida bSCSIE

enbeddedin thisfrontaltmmdary. The finalwarning
was issued at 160217z. No loss of life or
si@f icantpropertydamagewas attributedto Ida.

The low-leveleddy,which was the remnantof
Ida, separatedfrcanthe frontalboundaryon 17
Noveiuberand&ifte5southwestwardin theSouthCnina
Seawiththegradient-levelflow. It persistedas a
vortexon visualsatelliteimageryuntil19 November.
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TYPfkxN m (22W)

lY@oon Joe w the thlfi of four tropical
cyclonsato reaoh warningstattw in the mnth of
~. Aa s tropicaldisturbance,Joe tecam
evidmt on satellitehagery on the 12th. J’lW
nlmtiomd it for W llrsttlm m the significant
‘TI’OPICS1Weather Advisory (ARPW PGPW) when it
~-m==of@=lced convectiveactivity
425m (787lan)southof @aM at 120600Z.Theamunt
of convectim ml _atim (Figure 3-22-1)
Immaaed veryaloulyas It LOCVedue9t-northwestumi.
Synopticdata _ this period Indicateda weak
low-lavelcycloniccirculation. l@per--~ld:
IndicateddiveqientflcM aloft.
convectionbegan to consolidateand a ‘hopical
Cyclme FormatIonAlert(lWA) was issuedat 172251Z.
Satelliteintensityanalysisshortlyaftarthe KYA
isauanoeindicatedsurfacs winds Or 35 kt (18rhec).

‘me initial aircraft vortex rix missionat 0213z
cm the 18tb located a 30 kt (M mhec) low-level
circulation. The extrapolated ndnhxn sea-level
pressure(#NP) was 1a35 mb, which normallysqJports
leas than 30 kt (15 HI/sac)uinds (Atkinsonand
HollMay, 1978). By 181800z,however,satellite
hmgery indicatedimmaeed developmentandthefirst
Wuni.nSwas issuelm l’rcpicalDepression22W. A
circulareye 15 m (28 km) in diameterwas first
observedby aircraft.rcsmnaisaanceat 19cK146z.2.mE
elongation mrth-n&Meast/salth-saltlm?at
apparentm satellite~ by 1918002as Joe=
to Interactwitha mid-latitudetroughpassingto the
north. ‘Ihrse* la-, aircraftmcctmalsaance
reported-t Joe’seyehadtecme ellipticalandthe
KsLPhaddecreasedto 976m. ‘ryphomintensitywas
reachedbem 191800Z@xl 200000Zas Joe - to

Figure 3-22-I. ~hoon Joe as an area of enhanced
convection south of Guam (1400082 November DMSP
Vkal imagery).

121



nrwe northwati arourd the periphery of the
subtropicalridgeto itsast (Figure3-22-2).

‘me f@t warning(18Mooz) forecastJoetomove
mrthwestward,justoverthe mrtheastcornerof the
islandof Lmm in the Republicof the I%ilippines.

‘he second throughfifthwaminga (frau 1900002to
1918002) forecasta mare westwatitrackfor Joe.
These forecastsnslied heavily on the d-c
guidanceof the (he-wayInteractiveTropicalCyclone
kim3A (UI’CM)which indicatedweat-northwestward

Figure 3-22-2. Typhoon Joe brushes by eastern Lalwn
(2001282 NovemberDMSP visual imagery).
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m TYmCxlNKIM (23W)

SuPer -m Kim was a %idgetn tropical
cyclonethatproducedsustainedwindsof 135 kt (69
nmec) with guststo 165 kt (85 mh?c) end attained a
miti sea-levelpressure (MsLP)of 905I&. It was
the fourthsignificanttropicalcyclom thatbeganin
Novaclker,am was the fmat of’four significant
tropicalcyclonesin themnth of’Decmber. Kimwas
the thitisupertyphOtXIof the year and the first
Oeceobersuper typhcxnin twenty-twoyears since
Supex ‘Qphom opal (CecEd3er1%4). Fifty-two
~==ti~m~-mre then any other
tropical cyclone in 1986 excqt fm ‘1’yphomsVem
(llW) and Wayne (12w). ‘II&ty aircraft
raccmnaisaancemissionsm flownm Kim,the mst
forany tropicalcyclonein 1986. Includedin UIese
fnissionawere five synoptictracksend 45 center
fixes. ‘lheinfo-tion providedby the aerial
mcmnaisaance platfom was quiteessentiales Kim
Weaanti J’IWCwithtrackforecastproblem at three
differenttimes.

Kim began,inmcentlyenough,se a broadpomly
organizedar- of cmvectim nearthedatelinem the
26th of November. When convectionpersistedfor
24-hcurs,J’IWCfiratmntionedit cm the Significant
‘I&@cel Weatherlidviaory(ABPWPGIW)at 270600Z.
Maximxnsustainedwindswereestimatedat 10 to 20 kt
(5 to 10 mhec) and the MSLPwas estimatedat 1006
m. over the next15-hcura,outflowam convection
ticreaaedsignificantly.Um=-level outflowwas
unrestrictedin all quadrantsend an upper-level
enticyclonebecae well-eateblishedovertie surface
clrculatimcmbsr. The BISLlwas e9timtedat 1005
b. For thesereasonsJ’IWCissueda lYopicalCyclone
Fonmtion Alert (lYFA)et 272130z, when the Systen
WSS locatedabout36o m (667km) east Of Pohnpei.
Just nine hourslater,at 280600Z,J’IW issuedthe
firatwarningm TropicalDepression23W basedm a
(Dvorak)intensityeatimiteof 35 kt (18tie=). At
281200Z,J’IWCupgmded mopicel Depression23W to
Tropical Stonu KiIO based cm Conthlud
intmaification.

At 290126Z . the firstaimreft racomaiaaance
*icm closedoffthe surfaceciroulatim center145
m (269km) north-ncrtheaatOr Pohnpai. me Aerial
ecunaisaan~ Wather officer reportedthat enR
ellipticaleyewas ~ to fore,whichwas open
to the northwest. ‘mia firat penatratml fcnmd
maxinm700* windsof65kt(33mbec) enda700mb
m of 2921maters,*i&l Comeapmda toanmx’
of about980Ill&‘me Seccmdpletratml, 90 minutes
later,reportedmaximm surfacewindsof 80 to 85 kt
(41to 44 HI/sac).The 290600ZwarningupgradedKim
to typhocnstatus.

- 261800Zthmugb 291200Z(warningmaker 6),
Kim trackedtoblardtks?wat—nmmwst foll~ a
basic Un5er-theridgescmario. At 2918002,the
eastwardmvment of a mid-latitudetm@ weakened
the subtropicalridge. lths causedKim to mve
northwestmrd. ‘lheweakmaa inther’i@auaa
udsinterpretedby J’iWlaeaWreek” in theridge. At
OMYIOOZ, J’lW al- Kim’s fcrecasttreckfrcalan
m@r=t&ridge scenario to a through-the-ridge
Scenariobasedm this break. Kiln’strackchanged
franenticyclmicta cyclcnic,as Kim continuedto
track towardthe northwest. Aa Kim reached the
inflectionpuint,it beganto intensifyat a rate
slightlygreaterthan expectedfmYn the normalDvcXak

—nlmtx@ pas’day.curve ofme~ Kiln’sintelaity
increasedfran 85 kt (44IO/sac)at O1OOOOZto 135 kt
(69~aec) by 022100z.

The firat,of three,ue.jortrack forecasting
problems Slmae when aircmft rammbsmce at
021105Zverifiedpriorsatelliteimageryindications
thatKiDI was cx)v@s westward. ‘lhe WI-levelridgeto
the north strangthmedas the low- to mid-level
m Mcv* off to tm east. Becauseof the
Signlficentforecast track change m Kim, en
abbreviated~ massagewas sentout at 022100Z,
sinceKimimmiiately@cam a t&reatto Selpen.

At about0@k30Z, SuperTy@om I(IIu,with ita
paakwindeof135kt (69m&ec),paeaed about18m
(33 km) to the north of Saipan. Kim inflicted

Figttre3-23-I. One of the many downed telephose
pcles leans agaittst a slwe store in Garapan, the major
city of Saipan, in the t@tmnath ~KiIs (Photo provided
COWt.?Sy of Guam Publications, Inc.).
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substantialdamage to Seipen, leavingthe OM,re
islamlwithoutelectricityaxxiwater. An estimated
m-third of all powerpoleswem down (seeFigure
3-23-1),hundredaof peoplewere left haneless,14
peoplewere injured,mainlydue to flyingglass,end
one (heartattack)fatalitywas reported. Dam@
(Figure3-23-2) were estimatedat about15 million
dollarsby the Governorof Saipan. A teamof U.S.
Navy Cor6tructionBattalionpersonnel(Seabeee),
~~ frm the U.S. Navy PublicWorks Center
(Guam)and electricalgeneratorsweresentto Saipan
to get the island’sessentialpower systesnback
m-line.

Kim continuedtrackingwestwarduntil 0400002
(F@= 3-23-3). Afterward, it begen roving
mrthwestward. This presentedthe secondmajor
forecastingproblemwithKim. JTWChad followedthe
One-WayInteractiveTropicalCycloneMo&l (UIYM)
guidanceati repeatedlyforecastrecurvature.
synoptictrack flown between0405002and 041200~
indicateda ‘break” in the subtropicalridge
SPProx-tely 135nrn(250km) southwestof IwoJim.
The forecastlookedgood, but forthesecondtimean
unforecaatedm jor directiomlchangein the track

Ixcurmd. QICSagain,thiswas not a Wmakn in the
ridge,but merelya weaknesstiat muld causethe
tropicalcyclone to take a “step” towafi the
northwestandthenreturnto a thewest- track;aa
themid-latitudetroughmovednorthemlthm eastof
thesysten.

At 071200Z,Kimabruptlydxmged trackandbagan
rovingtowardthe southalongthe leadingedgeof a
mdifying polar air mass moving off the Asian
landmass.At the ssmetire,theentrainmentof cold
air end increasedverticalsheerstartedto weaken
the tropicalcyclone. Aircraftrecomaissanceat
0815422,082130zand 090CX30Zdocmentedthis trend
arxiKimwassubsequentlydowngradedto tropicalstorm
.intmaityat 0900002. BY 090600zs ~’s intensity
WSS down tO 55 kt (28 D1/SeC), - forty-t~ hOLU’S
later.at 110000Z,to 30 kt (15m/see). Aftertiree
daysof erraticreverent,Kim was furtherdmngraded
to a tropicaldepression. me finalwarningwas
issucxlat 11OOOOZas the system disipatei over
water. The remainsof Kimtrackedwest-ncrthwestwa@
ati dissipatedover the PhilippineSea 300 m (556
km)eastof theislandof Luzon.

Figure 3-23-2. Many structures were extensively
akzrnagedby wind and water (Photo courte$y of Guam
PuMicatiom, Inc.).
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was downgraded to TropicalDepression24w,and the
finalwarning(~ 8) was issuedat 051200z.

J’IW continuedto nxmitorthe rennantsof I&x.
Beoauseof the suddenflare-upof centralcoldcover
(Dvorak,1984) cloudviewedm thesatelliteinfrared
~ery (F- 3-24-2),Lex againwasthesubjectof
a TCFA (062300Z) about80 m (148km)eaat-scutheaat
of Guam. Due to theproximityto Guam,theprospect
of’sudcim&epaning and the uncertainy concerning
what was reallyout th-e, J’IW diverteda 1$2-130
aircraftfrcfna fixmission,thatwas in progressm
Kim (23w),to fly an investigativeprofileon Lex.

The resultswere that Lex’s low-levelcirculation
could not be closed off ad warningswere not
Es-d. Theweakdisturbancerovedrapidlytyat 28
kt (52klllihr)andpsSseddirectlyOVerthe islarxlOf
Rotalocated40 m (74 km) north-ncrtheastof Guam.
Mid-to ~per-levelshearoverthesystemwas strong
and the uppe~leveloutflowremainedrestrictedby
S -m Kti (23W). JIWCcancelledthe‘ICFAat
071500Z.l’neremainsof Lexthenmovedmrthwestwad
until 080000Z. then curvti northeaatwatiand
transitiomdto an extratropicalsystem
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TrFiiOcN MARGE (2!30

l’yphocrlMarge was a mid-Decisr@ertropical
cyclonethatoriginatedin themm-equatorialtrough
at low latitudesjusteastof the MarshallIslands.
Slowto develop,TyphoonMargepresenteda coupleof
unique foracastingproblemswhich includedsome
unexpectedmvment in theFhilippineSea.

Referencedforthefirsttim on theSignificant
TropicalWeatkerAdvisory(ABFWPG1’W)on 9 t)ec~r,
the first warning w-am’t issued until 1406002
mar. Duringtheinterveningtime,Nargedrifted
slowly towaml the northwestas a lame area of
disorganizedconvection.The firstTropicalCyclone
Fonwtion Alert valid at 1303302was baaed on

satellite(Dvorak) intensityestimatesof 20 to 3C kt
(10 to 15 tisec) winds and &creasing sea-level
pressure.The firstwarningfollowadon the14thand
was basedon satelliteimagexywhich indicatedan
increasein convectimand upper-levelorganization.
Fran the 15th throughthe 16th,Marge’smean track
was waat-northwestwarxlas the forecastsf01lowedthe
under-the-ridgescenario.

Eased on the Dvorak analysisof satellite
imageryat 1503002,indicatinga maxinnnnwindof 35
kt (18m/eec), TropicalDepression25W was upgraded
to tropicalstormintensity(seeFigure3-25-1).T’&
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Fi~ 3-23-2. Marge sixhoursprior to reaching
maximum intensity(1922362December NOAA visual
imagq). -

first aircraftreconnaissancendssionon the 15th
foumandniman sea-level pmsure (MSLP) of only
IO(B3rob,30 kt (15III/sac)windsanddidmt C1OS3 off
a circulation. ‘Xtx311extaircmftndssion early al
the 16th locateda vortex with a MSLP of 9% rb and
maxlman aurfaoa wlnda of 60 kt (31 IO/sac). ‘Iha
161ZOOZwarningupgmded the systcsuto a typhocn.

The f’irstfa’ecaat prcblem with Mar%e arose at
170000Z, when satellite fiXe9 and aircraft
recmnalssanceobservationsbegan indicatingthat
Mrge was no longerrovingaa forecastt- the
west-northwest,but In a more westerlydirection.
The caoputerprognosticguidancepersistedwith the
nav incorrectwest-northweetmovenant.Fran170000Z
to 18MOOZ Margemovedduewestwardalongtheaigeof
the mdifying polarair and passed160 m (2% km)
southof Ouanl.No evacuationscr significantdamage
to the I.slarxloccurred.

The rmt forecastproblem arose at 200000Zaa
Marge began slippingtowzud the west-southwest.
J’IiK’sInitialresponsewasto comi&r theSouthward
mvment as a short-termevent ad the forecaati
Perlectedthis philosophy. !mispmvedto bein
erroraa Mergewas forcedfurthersouthwestwardby a
strongsurgeof polarair frcxn the Asian landmass.
-e’s unfOrecastmov~t in the PhilippineSee
caused considerableconcern for shipping. For
e=mle, theUS PI’OteUS(AS19)m titMn 60 IDI
(Ill km) of the centerof Ty@mm mm, circled
aroundits southwestquadrantand experiencedwin&
of 50 kt (26ID/sac)at 21043oZ. Therewas minimal
-e to theshipSn3no peremnel~ injured.At
thattimePlaqgetsmaximm windsnearthe centerwere
80kt(411n/sec)andhaddecreaeedfranamaxmanof
~25k:) (49 Maec) earlierat 200600Z(see Figure
--.
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After mtering the PhilippineIslanda,the
system weakened@ changed colmae towardathe
northwest.It thentrackedintothe3outhChina3ea
and dissipatedoverwater.

_ Plsrge’slifetime,aviationhistorywas
beingmade. The Voyager,a light-weight,graphite
fiber-bodiedaircraft,pilotedby Burt Rutan and
Jeana Wager, departedEiwarda Air Force Ease,
California,on 15 Decemberat 1402z(14Decemberat
11:02A.M.E91’)in a record-settingattmpt to circle
the globeon a singletsnk of fuel. Initially,the
flightplan routedVoyagersouth of the equator,
passing just north of Australiaon the Pacific
portionof the journey. However,a very active

nmaoon troughpresentin the westernNorthPacific
at this time forceda changein plane. Follm
oocrdlnationwithJIWC,Voyagerwasreroutedmrth of
the Marhna Islands.Whileit wingadits way weat,
Maxgecontinuato intmaif’y. Although,at me point
it appearadthe Voyagermighthaveto terminateits
mission,the low-levelinflowwinds into Marge’s
centeractually aidedin the flight. Despiteaaoa
nmkrate turbulence,as a cxmwquence of flying
betwam tm of Marge’sspiralbands to pick up
tic~ tailwmda of 35 kt (65 W), voYager wss

ableto reducefuelconauuptionad sped CRIwardto
ccapletea successfulmission.

135



‘

1
%

=,’
I

1
I

1
.,

xl
!’

6

t- ..-

.
.

4
L

/’
:.

-
1t

“
t

t“:’!’:i:
::

’.i!!!
’i!::!

i7+
?%

W
.~.i

,1
1

‘
“
t
”

“+”
(.:
.

\
-

.“
-’

.>
.>’.

‘4’
“(

+
~.

1::
,,

b
~

“~
’’’,””%

i’
fl

-&
2
.-::”-: ““

“’
‘

“
I

1~,,::,,:,:,,,,::,:::-:,::
“:!.

””::
J

K
:J

J
y:::;

:.:;!!
;:::::

:.::: ;
:,’

-:,
:

~

\
+

+
~~

+
>-

f? Ll’-.2A
’-

r-
~

~
T

~
~

-
-

-

L
.

.4.
.

.4
..

.
-r.

I
1

I
f

[
,

+
-4

I
$.

+
+

+
-p+

.-:
.;.+

-------
I

.
,

.-
1
b1.—

.!
.

.
.

.
+

.
...+.....

{

l.:<~i.,
...~...;....~..i.t...l

....t....l...l
.4,

.
.;

+.+.+
,:::

“:::
‘:::

::::
::::

::.::

hT
:

m
~

~
al

b
b

$

1
3
6



TYPHOCN NORRIS (26W)

The fiml typhocnof 1986,‘1’y@mmNorris,bagan WeatherAdvisory(AWW PGIW)on 19 Decenberat 0600Z.
as Typhoon Marge (25W) was moving throughthe the disturbancedrifted northweat~ while its
CarolineIslandaandsouthof Guam. Norriswas first Organlzaticnandconvection~ti minimal. & m
detectedas a weak low-levelcirculationin the Eeca@er, the organizationbeganto improveand at
near-equatorialtroughsouthof the MarshallIslands 2103OOZ,a TropicalCycloneFomation Alert was
on 17 December. Initially,an anticyclomaloftat issued.
lowlatitudesnearthedatelineaidadthe&velonm?nt lhe firstwamim was lamed m 21 Deceuberat
of
mv i

Narris by providinga favcmble low-shear lZQOZm ‘i’ropicaltision 26wwh& Dvorak
ronment. of satellitemconnaisaanceindicated30
First carried on the Significant‘ik’opical mbec) winda were present (see Figure

analysis
kt (15

3-26-1) .

Figure 3-26-1: This enhanced infrared (EIR) image of
the tropical disturbance, which ultimately became
Typhoon Norris, shows it embedded in the
near-equatorial trough (2107562 December DiUSP
bfraredbnagery).

137



Satel Mte hnagery on 22 Decenkerrevealedan exposed
low-levelcirculationcenter with the convection
displacedapproximately60 MI (111km) to the west
(Figure3-26-2). Aircraftreconnaissanceon the
nmning of 23 Deceuberlocatedthe low-levelvortex.
The Aerial ReconnaissanceWeather Officer (ARWO)
reportedwinds of 35 kt (18 m/see)and a minimum
sea-levelpre9sure(MSLP)of 999 mb, whichresultad
in theupgradeto TropicalStormNorris(26w)on the
230000z~.

Fran the time Norris began formingin the
near-equatorial trough, the system movd steadily

tcward tie northwest following the forecast
unckr-the-ridgescemrio. The movementtowardthe
northwestwas also influencedby the passageof a
mid-latitude-. On 23 Deceuber, the
tid-latitudetroughhad roved to the east of the
systemand the subtropicalridgebeganto rebuild.
NOrriSre9Porldedand mVed WE@,-. In addition,
thelow-levelcirculationcenterhad juststartedto
mve undertheconvection(seeFigure3-26-3).

Figwe3-26-2: Vem”cal shear conthues to force the
comection towara3 the west of the low-level o-rctin
center (2204&JZDecember NOAA visual imagery).
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As the ridge continued to build, Ncrris began ~ ad~t=nt of the subtropical ridge, and an
awing. away fran the forecast track and. tow?ds the anticipated track change. officials in the aouthem
west-southwest on ChrMma9 Day (Figure .3-2641. The Marianas braced for #e WJrat.
forecast ‘

“However, aircraft
guidance fran the dynaraic

.’Interactive “-TrcpIcal’ Cyclone Nc&l (CJ1’#?%
recmnaisaance at .appmxixmtely 261200z fcurd the
rev-t mre westward than west-north=twax@ . Over

pemistmce was for .westwaxxl mvement.’ Within the next .12-hours residents of the muthem Mariana9
12-hcur9 the aouthwestwcmj drift stepped aml Norris Islands continued to wait and hope that Norris Wuld
mce again began .mving .towamj. the west-na-thwest. :.. .. mia9 them ~,-.Nomis slipped by. to the acuth, PCK+SIW
Ahcraft recmndsance m 25 ‘Demrber found the within 100 m (185 km) of Ouam. @un experienced 50

first indicatio~ of. a &veloping elliptical-shaped ~ ~~M (26 uAw=) winds ad localized flcoding, but
eye. .. . . ,-.

AS No* mv6d towards the west-ncrthwesi, the .
damage was ndnirml. -

After by-paS.3i~ b and mm @ LKWiu
aystm continued to intensify. .Wind9 of typhom west-northwestward, Nmris continued to develop (see
intensity were forecast. Cue to a mid-latitude “l?igure 3-26-5) . Ba9ed m Dvorak inten9ity analysis
fsontal systen moving’ off the “Asian mainland, Of 65 kt (34 mhec), !bplcal SUmn N~i9 W=

. . . . . ..” .’. ,” ,.. . . . . . . . . . .
., .,’ .,, . . .. . . . . . . . . ..-, :... :,. .

.

.

1
,:
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.,!
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Figure 3-264: Norris matures ond tnoves toward the
wst-southwest on Christmos Dqy (2505092 December
NOAA visual imagery).
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Figure 3-26-6. TyphoonNorris at mztimum intem”ty.
Theforecast track, until this time, indicated that Norris
would recurve and become extratropical (2900002
December DMSP visual imagery).

UPt3r’aded to l’yphocn Norris at 270600Z. Aircraft winds and a MSLpof 953 mb. Nomia, which nas ca@t
recmnaiaaanca at HI.I.OU reported an eye @ a MSLP along the edge of the modifying polar alr and
of 984 Mb. northwesterly flew in the Philippine Sea, abruptly

Norris continued roving northwestwanl towaml the changed course a moved southward for 36-hours.
weakness in the ridge induced by the ~aage of a tice again the southwesterly course was mt forecast
mid-latitude trough moving off the Asian mainland. or addressed beforehand by the CYKllguidance.
Previous forecasts had indicated continued movenant At 301200Z, NOrTiS’ track chawed to due west as
toward the west-northwest ; howaver, aa me it headed towards the central Fhilippina Islands (see
ani&latitu& trough moved further south and east,
Norris ‘ forecast track,

mgura 3-26-7). After being dwngraded to tropical
starting with the 280600z

warning, was altered to indicate
storm intmaity at 301800Z, Na’ris moved into the

recurvatura and Wth China Sea and continued to weaken. 6Y O1O3OOZ
extratropical transition. Janwwy, Norris was further dmngraded to a tropical

By 290000Z, the trough moved east and Norris depression. By that time, strong appsr-level
reached maximm intensity (see F@re 3-26-6). ‘Iha southeaaterl y flw had eqmwd the low-level
ARW on the reconnaissance fix mission earlier, at circulation ~nter.
2821.03z, observed 89 kt (46 M/sac) maxinm surface

NOITiS dissipated OVer Water in
the South China Sea on January 2nd.
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3. NORTH INDIAN OCEAN TROPICAL CYCLONES

Tropicalcycloneactivity in the North Indian
ocean ms slightlybelow nomal . w Signiricmt
tropicalcyclone9,all or tropicalstem intensity,
developedas cmpared to the climatologicalmean of
four. Thesesystem occurredin the springandfall
transitionseasons,which normallyencompassesthe
peakof the activity.‘lktdea3-5 and 3-6providea
~ Of infom!ationfor 19@6 and coupariaonwith
earlieryeara.

TABLE 3-5.
NORTH INDIANOCEAN

1986 SIGNIFICANTTROPICALCYCLONES

CALENDAR NUMBER OF MAKINUM
DAYS OF WARNINGS SURFACE ESTIMATED

TROPICAL CYCLONE PERIOD OF WARNING WARNING ISSUED i?INDS-KT (M/S) NSLP - MB

TC OIB 07 JAN - 11 JAN 5 17 45 (23) 991

TC 02B 09 NOV 1 2 50 (26) 989

TC 03A 09 NOV - 11 NOV 3 9 45 (23) 990

1986 TOTALS: 8* 28

* OVERLAP PING DAYS INCLUDED ONLY ONCE IN SUM.

TABLE 3-6. FREQUBNCYOF NORTH INDIANOCEAN TROPICALCYCLONES

YEAR JAN FEB MAR APR NAY JIJNJUL AUG SEP OCT NOV DEC TOTAL

1971* --- -- 0000 1 1 02
1972* 0001 0000201 04
1973* 0000000 001 21 4
19744 0000000 0001 01

—---- .—— ---- -------—- --—------ --- —-- ———-— -------
1975 1 0002000 01 206
1976 0001 01 001 1 0 1 5
1977 0001 1 000 1 205
1978 ~ooo Ioo 001204
1979 00001 1 0 02 1 207
1980 0000000 0001 1 2
1981 0000000 00 1 1 1 3
1982 00001 1 0 0021 05
1983 0 0000001 0 1 1 0 3
1984 0 0001 0 0 0 0 1 2 0 4

1985 000 0200002 116
1986 1 0000000 oo 203

975-1986)
AVERAGE 0.2 0.0 0.0 0.1 0.8 0.3 0.0 0.1 0.3 1.0 1.4 0.3 4.4

CASE3 200 1 940131217 453

JIUC WARNINGRESPONSIBILITYBEGAN ON 4 JUN ’71 FOR THE BAY OF BENGAL,EAST OF 90 DEGRE=
EAfl LONGITUDE. AS DIRECTEDBY CINCPAC, JTUC ISSUSOWARNINGSONLY FOR THOSE TROPICAL
CYCLONBSTHAT DEVELOPEDCR TRACKEDTHROUGRTHAT PORTIONOF THE BAY OF BENGAL. CGMSNCING
WITH THE 1975 TROPICALCYCLONESSASON, JTWC‘S AREA OF RESPONSIBILITYWK3 EXTENDSDWESTWARD
TO INCLUDE THE WESTBRN PORTIONOF THE BAY OF BENGALAND THE ENTIRE ARABIANSEA.

FORNATIONALERTS: 3 OF 9 FORNATIONALERTS DEVELOPEDINTO SIGNIFICANTTROPICALCYCLONES.
TROPICALCYCLONEFORNATIONALERTSWBRE ISSUiID FOR ALL OF THE SIGNIFICANTTROPICALCYCLONES
THAT DEVELOPEDIN 1986.

HARNINGS: NUMBEROF CALENDARWARNING DAYS: 8

NUMBER OF CALENDARMANNING DAYS
WITH TWO TROPICALCYCLONES: 1

NUMBER OF CALBNDARWARNING DAYS
WITH THREE TROPICALCYCLONES: 0
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CHAPTER IV - SUMMARY
SOUTH INDIAN OCEAN

1. GENERAL

Last year (1985)was the first year that
southernheMiSphemtropicalcycloneswan? included
in the Annual Tropical Cyclone Report. In
mtmspact, theJ’IWCareaof responsibility(AOR)uae
expandedm 1 October1980-- to includethesouthern
htllllkpherefrm 18odqgea Ian@tudewestwardto the
eastcoastof Africa. LMails (Xltropicalcyclones
in this region for July 1980 to Jurr?1982 are
containedin Memka et al, (1982). Por the July
1982 through June 1984 period, referene the
NXC/J’IWCTECH NU1’E86-1. Aa h earlierreports,
dataon tropicalcyclonesformingin,or rovinginto,
the south pacific CCean east of 180 degrees
Longitude,which is the NavalWestern@emcgraphy
Center (NAWmTWWUW) AOR, are included for
ccupleteness.

J’IWCprovideathe sequentialnmberingfor all
South Pacificand South IndianOcean significant
tropicalcyclones.The currentconvention(asstated

OF SOUTH PACIFIC AND
TROPICAL CYCLONES

in USCINCPACINST3140.1 (aeries)) fm labell~
tropicalcyclonesthat developin the SouthIndian
Ocean(westof 135 degreeaEastLongitude)is to add
the sMfix ww to the assigned tropicalCyclone
number,whilethoseoriginatingin the SouthPacific
Ocean(eastof 135 d-s EeatLongitude)receivea
mPn Suffix. The “Pw suffix also applies to
s~ficmt troPic~ cYC10ne9tich formeastOf 18o
degmea Lor43itudein theSouthPacificocean. AMO,
it shouldbe noted that to encmpass the southern
henis- tropicalcycloneseaoon,whichoccursfrun
Januarythrou@ April,the limitsof each tropical
cycloneyeararedefinedaa 1 Julyto 30 June. Thus,
the1986southernhemispheretropicalcycloneyearis
frun 1 July 1985 to 30 June 1986. (This is in
contrastta the conventionof labelling northern
hemispheretropicalcycloneswhich is basedon the
calendaryear- 1 Januaryto 31 December- to include
theseasonalactivityfrunMay throughDecenbar.)

TABLB 4-1. SOUTH PACIFIC AND SOUTH lNDIAH OCEANS
1986 SIGNIFICANT TROPICAL CYCLONES

CALSNDAR NUMBER OF MAXIHIM BEST TRACK
DAYS OF WARNINGS SURFACE ESTINATED DI~ANCE

TROPICAL CYCLONE PERIOD OF WARNING WARNING IMIED WINDS-NT (~.$) NSLP - ?4S TRAVSLED HN (KM)

01s ---—— 23 SEP - 29 SEP 7 14 40 (21) 994 1470 (2722)
02S NICHOLAS 27 NOV - 07 DEC 11 21 75 (39) %7 1436 (2659)
03P —--—— 15 DEC - 16 DEC 2 3 35 (18) 1093 (2024)
04S DELIFININA G7JAN-16 JAN 10 19 110 (57) !; 1399 (2591 )
05S COSTA 07 JAN - 16 JAN 10 18 70 (36) 972 1684 (3119)
06s —---—-- O8JAH-1OJAN 3 5 50 (26) 987
07S OPHELIA 11 JAN- 13 JAN 3 5 35 (18)

553 (1 024)
997 317 ( 587)

08s ——-—-- 11 JAN - 14 JAN 4 7 35 (18) 997 900 (1667)
09S HECTOR 19 JAN - 24 JAN 5 10 45 (23) 991 447 ( 828)
10S PANCHO 21 JAN - 22 JAN 2 3 35 (18) 990
11P VBRNON 23 JAN

352 ( 652)
- 25 JAN 2 4 50 (26) 987 901 (1669)

12P UINIFRED 29 JAN - 01 FBB 4 ‘t 90 (46) 953 526 ( 974)
13S ERINESTA 31 JAN -10 FEE 11 21 1:: [;:; 927 2282 (4226)
145 FILGMENA C6FEB-1OFEB 5 9 984 1020 (1889)
15P IMA 06 FEE - 14 FEE 9 18 75 (39) 967 2161 (4002)
16P JuNE 07 FEB - 09 FEB 2 5 55 (28) 984 825 (1528)
17P KELI -08 FEB - 10 FSB 3 5 45 (23) 991 1551 (2872)
18S RHONDA 19 FEB - 20 PBS 2 4 55 (28) 984 855 (1583)
19S GISTA 19 FEB - 25 FEB 6 12 85 (44) 958 1558 (2885)
20S SELNYH 23 FEB - 25 FEB 3 6 55 (28) 984
21S TIFFANY 27 FEB - 01 NAN

707 (1309)
2 4 35 (18) 997 628 (1163)

22S VICTOR 03 MAR -09UAR 7 13 105 (54) 938 1715 (3176)
23P LUSI 03 NAR-08HAR 6 12 45 (23) 991 1527 (2828)
24P ALFRED 03 A4AR-04MR 2 2 w (15) 10DG
24P ALFRED*

1781 (3298)
06 MS -09NAR 3 7 h5 (23) 991 -— —-

25S HONORININA 09 MAR- 16 MAR 8 16 110 (57) 933 2741 (5076)
25S HONORININA* 19 MAR - 20 NAR 2 3 ;; [;:~ 997 -—- ----
26s IARIMA 1314AR-15 MAR 3 4 997 317 ( 587)
27S JEFOTRA 26 NAR - 01 APR 7 14 105 (54) 938 2114 (3915)
28s XRISGSTONA” 08 APR - 13 APR 5 10 75 (39) 967 1363(2524)
29P NARTIN 10 APR - 14 APR 5 11 75 (39) 967 1401 (2595)
30P --—-—- 16 APR’- 16 APR 2 30 (15) 1000
31s MAHG

760 ( 1408)
23 APR - 26 APR : 7 ;; p] 972

32S BILLY#
546 (1011)

05 NAr-12!!Ax 8 14 948 1534 (2841 )
33P NAHU 17 UAY - 23 HAY 6 85 (44) 958 1444 (2674)

1986 TOTALS: 173 ;:

● RSOENERATED
- TROPICAL CYCLONE 28S (K81SOSTUNA) WAS ALSO NANED ALISON.
# TROPICAL CYCLONE 32s (BILLY) WAS ALSO NAHSD LILA.

Nom : NANSS OF CYCLONES GIVSN BY REGIONAL WARNING CENTERS (NANDI, BRISBANE, DAWN, mm
AND MAURITIUS) AND APPENDED TO JTWC IMRNINGS, WHEN AVAILABLE.
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2. SOUTH PACIFIC AND SOUTH INDIAN OCEAN TROPICAL CYCLONES

‘he1986year(1July1985 through 30 June 1986)
was unusually active, with 33 tropicalcyclones(see
Table4-1) reachingwarningstatus. ‘lhisdid not
exceedthetotalof 35 tropicalcyclonesfor1985 (1
July1984-30 June1985)whichwas the~siest year
to datefor J’I’WC.‘RlreetropicalCyclmeaCccurrad
in the South Pacific,east Of 165 degreesEast
Longitude,which is only half the long-termman.
The Australianarea (105 ta 165 degreeaEast
Longitude)accountad for 16 tropical cyclones
q- to the climatologicalman Or 10.3- five
more than nomal. Fourteen tropicalCYClme9
developedin theSouthIndianOcean,whichis marly
Sixmorethanthelong-tammeanof 8.4cyclones(see
Tables4-2and4-3).

Me@orological satellite surveillance of
tropicalcycloneshas been u@ating cllmatologies
sincethe early1960s. (ThisIIu?teomlogicalwatch
fmn spacedetectstr@cal cyclonesthatmighthave
previouslygom undetectedoverme conventional&ta
sparse oceanic areas.) mue , tropicalcyclone
clhuatologiesshould benefit frail Increased

aurveilknce frm space in sane areaa, for exsn@e,
theSciIthIndianOcean.

caveat: Intmaity estimtea for southern
hemispheretropicalcyclonesare ckriv~ prlimrily
fransatelliteimageryevaluation(Dvorak,1984)and
frcsnint-ity estimatesreportedby Otherregional
centers. Only, In ve~ rare instancesare the
intensityestimatesbaaedon surfaceobservational
data. Estimatesof the mkdnnnnsea-levelpressure
are usually&rived fkxnthe Atkinsonand Holliday
(1977)relationshipbetweenthe mximsn sustained
m-ute surfacewind and the mininuusea-level
pressure (Table 4-4). ‘lMis relationshiphas been
shown to be representativefor tropicalcyclonesIn
the western North Pacific and is also used by the
Australian regional warning centers to provide
intensityeatimtes. Nowever,since these prmsure
estimatesam usuallyba9ed ml wind Intemitiea that
Ware derived frau interpretation of satellite
imagery, coneidmable caution shculd be exercised
when using tieae xesultantpre9surevalue9 in future
tropicalcyclonework.

TABLE 4-2.

YEAR JAN

(1 959 - 1978)
AVERAGE* ----

1981 0
1982 1
1983 1
1984 1
1985 0
1986 0

( 1981 - 1986)
AVERAGE 0.5

CA.!WS 3

● (GRAY, 1979)

FREQUENCY OF CYCLONESBY MONTH AND YEAR

FEB

o
0
0
0

0
0

0.0

0

MAR

—.-

0
0
0
0
0
1

0.2

1

APR

0.4

1
1
1
1
0
0

0.7

4

MAY

1.5

3
1
1
2
1
1

1.5

9

JUN

3.6

2

;
5
7
1

3.5

21

JUL

6.1

6
9
5

:
9

7.2

43

AUG

5.8

5
4
6

10
9
9

7.2

43

SEP

4.7

3
2
3

:
8

4.3

26

OCT

2.1

3
3
5
2

3
4

3.3

20

NOV

0.5

1
1
0
0
0
2

0.7

4

DEC

—--

0
0
0
0
0
0

0.0

0

TOTAL

24.7

24
25
25
30

z

28.7

172

TABLE 4-3.

YEAR

(1959 - 1978)
AVERAGE*
----
1981
1982
1983
1984
1985
1986

(1981 - 1986)
AVERAOS

CASES

● (GRAY,1979)

YEARLYVARIATIONOF TROPICALCYCLONESBY OCEANBASIN

(105EHESTUARD) (105E-165E) (165E EASTWARD)
SOUTH INDIAN AUSTRALIAN SOUTH PACIFIC

8.4
---
13
12
7
14
14
14

10.3 5.9
--- ---

8 3
11 2

6 12
14
15 :
16 3

12.3 11.7 4.7

74 70 28

TOTAL

172
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● ● ● ● ● ● ● ● ● ● ● ● ● ✎ ● ● ● ● b ● . . ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● B 9 ● ● ● b # ●

● ● ● 9 9 4 ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● 9 ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● 9 9 ● ● ● ● ● ● 8 b ● .

● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● c ● ● ● ● 9 ● ● ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●
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. ● ● ● ● ● 9 ● ● ● ● ● . ● ● ● ● ● ● ● ● 9 ● P ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 9 ● ● ● ●

● b ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● * ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ● b ● ● ● ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● . ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

* v ● ● ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● b ● ● ● ● ● . ● ● ● ● ● ● ● .
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● ✚ ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● 9 ● ● 9 . ● ● ● ● ● . ● ● ● 9 ● . ● ● ● ● ● ● ● ●

● ● ● ● ● ● 9 ● ● . ● ● ● ● ● ● ● ● . . ● ● ● ● ● ● ● ● ● ● ● 9 9 ● ● ● ● ● ● 9 ● ● ● ● ● ● ● ● ● ●

● ● ● ● ● ✃ ● ● ● ● ✎ ● ● ● ● ● ● 9 ● ● ● ● . ● ● . ● ● ● ● ● ● ● ● ● ● ● ● ● ● . ● 9 ● ● ● ● ● ● 9

● ● ● ● ● ● ● ● ● ● ● ● ● 9 ● 9 ● ● ● ● ● 9 ● ● ● ● c ● b ● 9 ● ● ● . ● ● ● ● ● ● ● ● ● ● ● ● ● ● ●

8 ● ● ✘ ✃ ● ● ● ● ● ● ● ● ● ● ● ● ✎ ● ● ● ● ● ● ● ● ● ● ● ● ● ✎ ● ● ● ● ● ● ● ● ● ● ● 9 ● ● ● ● ● .

● 9 ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● b ● ● ● ● ● ● ● ● ● . ● . ● . ● ● ● . ● . ● ● ● ● ● ● ● ●

● ● ● ● ● ● ✚ ● ✎ ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ● ✎ ● ✎ ● ● ● ● ✎ ● ● ✎ ● ✎ ● ✎ ● ● ● ✎ ✎ ● b ●
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CHAPTER V - SUMMARY OF FORECAST VERIFICATION

1. ANNUAL FORECAST VERIFICATION

a. WesternNorth PacificCkwan

The positiongivm for warning times and those
at the 24-, 48- and 72-hout- f0rec2m tm were

verified against the final best track poaitiom at
the sank?valid times. The (scalar)forecast,cross
track and along track errom (illustratedin Figure
5-1) wera then calculatedFor each tropicalcyclone
and are presentedin Tables 5-IA, 5-I.B, 5-lC and
H-D. Figure 5-2 provides the frequency
distributionsOf fOX’eCaSt errem in 30 m irl~t.2

for 24-, 46-, and 72-hour forecasts or all 1986
trcpical cyclonesin the westernNorthPacif’ic. A
aumationof thetneanforecasterrora,as calculated
for all tropicalcyclonesin eachyear,is shownin
Bble 5-2A. Table 5-2B includes cross track and
along track errora for 1986. A CCX@ariSOtlOf the
annualmean forecasterrorsfor al1 tropicalcyclones
= ~ to those tMPiCSl cyclones that reached
ty@Cxl intensitycan be sam in Table 5-3. The mm
and mdian forecast errors for 1986 aa ccqarad to
the ten previousyeara are graphedin Figure5-3.

Best Track

Forecast
Tangentto Position
BestTrack

ATE

Figure 5-1. Definition of cross track error (flE),
along track error (ATE) andforecast track error (FTE).
In this example, the CTE is positive (to the rigAt of the
Best Track) and the ATE is negative (beAind or slower
th.n the Best Track).

TABLE 5-1A. INITIALPOSITIONERROR SGWIANYFORTNE W2STENNNORTNPACIFIC
SIGNIFICANTTROPICALCYCLONSSOF 1986(ERRORSIN NN)

TROPICALCYCLONE NttNBER
OF

SNRDR HARNINGS

(Olu) TY JGDY 16 21

(02W) TY KEN 17 18

(03H) STY LOLA 26

(04W) m WAc u 15

(05W) TX NA)lCY 23

(06u) TB OWSN 16 :;

(07W) STY PSGCN 11 35
(GSU) TX ROGER 12 19

(09W) 7S SARAN 55
(llE) TY GEORGETTE 16 :

( 10H) TY TIP 24 25
(Ilu) TSVERA#l 54 7
(llW) TY VSRA #2 17
(12W) TY UAYNE 14 $

(13W) TY ABBY 19

(14it) TX BEN 22 i:

(15W) TY CANNSN 15 27

(16H) TS O@! 25 11

(17il) TY WLSN 14 33
(181i) TX FORREST 18 19

(191t) TS GSDRGIA 10 15

(20N) 7S NERBERT 26 16

(21H) TS IDA 32 22

(22W) TY JOE 12 24

(23H) STY KIM 52
(241i)TE LEX E 8
(25M) TY NABGE 29 38
(26H) TY NORRIS 17 41

NEAN 21 ToTAL m
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24 Hour Error (rim)

610639

460479

sm’41a:L
FORECAST ERRORS (NM)

24-HR

MEAN: 121

MEDIAN: 121

STANDARD
DEVIATION: 89

CA SESS 646

48-HR

261

255

183

531

72-HR

394

383

254

409

48 Hwr Enw (rim)

Figure 5-2. Frequency distribution of the 24-,48-, and
72-hourforecat errors in 30 nm (56 km) increments for
all sign@ant tropical cyclones in the western North
Paci#icduring 1986.

72 Hour Error (rim)
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!7ASLS 5-lB. 24-S00S P02BXSY 2WQR W2MARY PDS TS2 U227SRS 20s’7s PACIY2C
SI02221CAU7 7SOPICAL CYCWl&3 DP WS6 (S2S0SS Ill 2H)

TROPICAL OYCWIS ~RMsss ALOKGTRACK
SsRal

CROSS TsA!x
or UISOR E21Rca

4YAS23HOS am I16G ● BIAS ~ ASS SAG* BIAS ●*

(OIM) 72 JUOY 13s 17 -36 93
:

-78
(02W) TY Km ?8 15
(03U) m LoLa 130

31 -16
22 loa -u

(OW) Ts nkc
63

123
-43

11 %
(03u) 72 NASCI

-56
104 11

55 11
-92 32

(06w) Ts OUm 70
20

18 % -15 22
(on) STY PSGOX 68 31 36

-9
-1

(D8H) TX ROOSR 73
29

15
( 09ii)

-19
Ts SARAS 273

: -18
18 2 -177 153 -104

(11s) n G20WSIT2 134 19 9* ~;: 87
(low) TX TIP 124 23

-72
}14 107

(1141) 7s VssA ●1 150
-107

(llW) TX Vm t2
76 123

131 a: %
122

-:;
(12U) TX WAY28 124 53

29
101 -s9 $

(13U) TX 688X 104 26
(l*M) TX Ssll

79 -37
112 42 61

;
: -42

(151f) TX CAlwm 23 57 -;
~

54
(l&r) Ts m 9 56 -12 74 &a
(lTM) 7’2 M.Aml 78 29 42 -4
(NH)

-2
TX msssm 1% 16 171 -138 z -17

(19W) TS GSOROIA 14 67 -6I
%

46
(2(W) 7S SS8SSRT 11
(21U) ?S IDA

31 77
139 19 -u

$
84 -24

(22N) TX JOE 169 22 2 142 62
(23H) STY KIM 116 51 82 -V6 76
(24W) Ts Lsx 78
(all) TX NARo2

41 62
;,:

x
3; 92 -5: 6s

(261f) TX 20SS2S 39 84 -75 13 :

G 3 G T = T T

S APSIUc = Abmlute tlagnitude (dletmae)
S* BI~ ~ t~ ~~1~ (.id~e v~w) @ t~ _Ple.

Sote: TO maeum fomdeet Omt.4at with mletlm to e tmpioal ayclme txeok
refamnoa f rme umsa Week end 82dns tmdk emdm ~enta have baa
pierated in additica to the mud @-t errors.Speclfioarollow:

1. cc0s3tmak errordapment is a -m Or how rm a wamins positionin
displaced left w rip,ht C# tha bat timk poaltlm. The MDPle.Y mnslat & two
parts: the aiwoluto Msnituda (distande) and the biaa (negative vnluee (*1ow
slsn) were left @ track and positive values (plus. e.isu) UDM right dr t?aek).

2. AhIS tmdk mmp ~~nt 20 a W-W Or hdw r= th -iq pOdtim
w displmed ebead or behind tbe teat traok pdaitian. It●lsodonelnta& tw
PW.S: the abmluta ~itUOe (dietaaee) and the blaa (negativevuuea (Binua
elm) we?a Mhind/eldn snd pwitiwe Tsluea(plusaim) worn ahead/fact).

TML2 5-lC. 48-S04JR PORStAS72RSGR SlSWARYYOR TSSNSSTSRN HOSTS PACIFIC
SIWIFIC6XT 7ROPICAL CICWMSS OF 1966 (SYUU)RSIll HH)

TROPICAL CYCK61S PoRscAsr 2UmsR 6L02G TS6CK CRWS TRAC2
SRRm SRRolr

webs
Sss08

ASS HAG BIAS ASS HAG MM

(Olw) TX JUDY T’ 11 310 -316 85 -75
(02N) TX 2SII 178 14 125 86
(0310 STY LOLA 326 18 292 -iz 103 -’/0
{04U) Ts IIAc 1ss 7 147 -22
(owl TX NA2sY

103
199 7

-79
1s0

(D6u) 7s 041m
-173 60

140 114
(m) STY PsGG2

-64 72
172 :

-;
100 a 117 110

(D8W TX RbGSR 105 9 83
(D9w Ts SAS6S

-14 3s
671 14

-3s
SW -497 -394

(11,2) TX ososGmTs %3 17 1s7 2% -269
(1OU) TX TIP 447 18 362 -$: 194 -191
(llU) Ts V2s6 ● 226 1 2Q7 --
(llM) T2 vk26 #2 269

9? —
-137

(12H) 72 MA22S
169

274 % 22 -215 109 U
(13M) 72 622X 160 9 107
(14W) TX m 204 z 124 26 131 -:
(15W) TX cAM2Gl 140 19 104 -70 6s
(lAN) ?s m 60 4 18 -4 -;:
(17N) 72 m2.#2 159 25 17 1: al
(lsll) TX PoRRssY 345 12 3% -257 124 -57
(19w) TS GSORGIA 226 12 192 -198 101
(2W) 7s SmlsmT 130 8 106 103 33 z
(21W) Ts IM 236 15 147 -123 147
(22N) TX J08 508 18 227 -22 424 ::
(2341) STY 222! 2& 51 167 -62 210 -54
(24w) TS 2,S2 1s9
(25U) TY nAsGS

131 -117 112 -24
233 3! 16s -97 139 89

(26M) TX IKISS2S 254 35 171 -151 168 108

G Z& g G G % m

I

162



n
,

*

!i
ww
ww
wi
ii
$i
:

Ik
!

!i R 1! ii 5



TABLE 5-2B. 1986MEAN FORECAST, CROSSTRACKAND ALONG TRACK ERRORS
FOR THE liESTERNNORTH PACIFIC. (ERRORSIN NM)

FORECASTERROR: CROSSTRACK ALONG TRACK
FORECAST ilBSMAC BIAS ABS HAG BIAS

24-HOUR 121 70 (-4) 85 (-50)

48-HOUR 261 151 (-12) 183 (-115)

72-HOUR 394 227 (-12) 276 (-170)

TABLE 5-3, A2110JAL)P2A8 POR2CA2T 2RWM2 POR THE UE27ERM NORTH PACIFIC
(2RRORS ARE W NAUTICAL W&2)

XBAR
—
1930-1932
1939

1960
1961
1962
1963
196h

117 ,, 354 ●*
136 274
1m 287
127 246
133 284

1965 151
1966 136
t 967 125
$968 105
t 969 1*1

1970 104 98
1971 111 99
1972 117 116
t973 ~08 102
1978 Im 114

303
220
276
229
231

190 181

212 203
245 245
197 193
226 218

476
378
429

418
432
414
337
349

212
308
362
245
357

1975 t38 129 288 279 450 462
1976 117 117 230 332 336
197’8 148 140 283 2? ko7 390
1978 121 120 271 2b1 410 459
1979 128 113 226 219 316 319

1980 126 1*6 243 221 389
1981 123 117 220 215 334 ;E
1982 113 114 229 341
1983 117 110 L? 2*1 *O5 ;Nq
1964 117 110 233 22a 363

1983 1*7 112 231 228 *7 335
1926 121 117 263 261 39h 403

. 8inwcM2s wm vmified8AM the TrGvica2 C2alma inzaisitieawm over 35
(18 dseo).

● p~-t ~slt,im mm & 35 ,jggj.bea ZOrth Lstituoe Mare mt v*rlflOo.

Western NorthPacific Errors

“~

..

B

Figwe 5-3. Annual mean forecast errors (in mm)forall
r.r@col cylones in the nestem Nonh Pa@ic.
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b. NOtit2IndianOcean ~ is the fbrecaatalongtrackandcrosstrackerror
,. aummy for the North‘Indi& Ocean. Table 5-5A

‘Ihepositionsgivenfor warningtima and lizoee conteima su5ary of theannualmeanforecasterrors
at the24-,48-,and72-hourvalidtimeswem verified fOr each y-. Table5-5B includescrossand along
for tropical cyclomain theNorthIndianOceanby the trackerrorfor1986. Fcmsce9terrorsareplottedin
samemethodsusedfor the westernNorthPacific. It = ~ (Seventy-twoh- forecastermra wem
ehculdbe mted thatdueto lowmrsberof NorthIndian
Oceantmpicel cyclones,theseerrorstatisticsshould

evaluatedforthe firsttimein 1979). Therewereno
verifying72-hourforecastin 1983and1985.

not be takenas rqreaentativeof any trend. Table

TA8LE 5-4. FORSCASI BSKUR SGWURX mn ‘7s2 Noms INDIAN WEAN
SIONIFICAN7IROFICAL CYCU2NSSDF 1986 (ERRORS 2S NM)

INITIALPOSITION

TROPICAL NLMBEROP
CYCLJ2NE SIWJR MARN2SOS

Tc OIB 36 17
Tc 02B 70 2
m 03A 78 9

I!2AN z 70TAL ~

24.s008 Fos2asTs

TROPICAL FORSCASI ALONG7AACK CROSS TRACK
CYCLONE same SRROR ERROR

AM )!s0 BIAS AM Km BIA8

Tc OIB 78 59 -% 86 -41
7C 02B -- -. -- --
TC 03A 259 2W7 -2W 69 -&

c z iii T 53 -7

WMS2GR msswms

TROPICAL FOR242A27 ALONGTRACK
CYCLCWE

CR08S TRACK
ERROR SRRCR SRRC9

AB8 HAG BIAS AB8 MAC B2A8

TC OIB 129 89 -89 74
m 02B

-75
— -.

7s 03A 401 384 ;; , ;; ;; ●

= = G x z =

72-SOUR FOlImT8

7ROPICAL FWISCAS7 ALC410TRACK
CXC2.0N2

CRD9S TRACK
SRROR Ssmsi SsRlm

ABs NAG BItS SSS MAG BIAS

72 016 269 189 -190 1s0 -1 S2
7C 02B -- -- -- -- --
m 03A -- -- -. .— --

? % m x 1s0 -182

● SAHPLS7008P!A2L 70 CXMPVTSMBOIANPORB2AS.

TSSLS 5-5A. ASSVALM2AS FoMcAsT 2SM)R2FOR TSSSW17S31101AS 0C2A2

24-wc41E “ 48-SOUR 72-SOUR
Y2AR mRw.xsr R2m7-AnoLs FORPXXS7 R20S7-SNOLS
—

FOR2CAS7 S20S7-A2GLS

1971 ● 232 “- 410 -- — --

1972 ● 224 101 292 112 -- —

7973 ● 982 299 160 — --

1974 ● 137 8? 238 1~6 -- -.

1975 345 99 228 144 — .-

1976 138 108 204 159 -- --

1977 122 9* 292 214 — .-

1978 133 86 202 128 —

1979 151 99 270 202 437 G
1960 115 73 93 m 167 126
1981 - 109 65 176 103 19?
1982 ● * 138 66 368 175 762 4X
1983 - 117 t 53 67
1984 ● * t54 7? 274 127
1385 - 123 51

z YG
242 109 -—

19s6 134 -* 16s ● *W z -*

● IWSUSS7KRN BAY OF SMPOSLASD ARABIAN SSA_~2HXJ3D2D32TSB
J7ucssssoF s2SF02SIBIL2TY S3172L 7SS 1975 7ROPICAL CYCL02S SSASCN.

● - 7SS 7s4SSIIQVS FOR CALCSLA71H0 RIOST-SMOLS =Rm MS RSYISm III 1981.:
7SSSS208S, A DIRSCT cORRms71m Ill R2GN7-ASOL8 STA72BT2C8 Cs2m7 BE ICAOE
mR7ss22isoRs cwFllTm B2F08S 1981 MD 7SS ~ CC4PPSIBD S2X8 1981.

-a ~ 19~ ~~-~ mm MM ~~~ By ~ mm -R (~ m-

5-1 FOR 7SS D2FIIIITIOSOF CRO= T8ACK EIROR).
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TABLE 5-5B. ANNUALMEAN FORECASTERRORSFOR THE NORTH INDIANOCEAN
(ERRORS IN NAImCAL MILEs)

FORECASTERROR:

YSAR 24-HOUR 48-HOuR 72-HOUR

1986 134 168 269

CROSSTRACK ERROR:

24-HOUR 48-HOUR 72-HOUR
YEAR ABS MAG BIAS ABS 14AG BIAS ABS MAG BIAS

1986 53 -7 80 -49 180 -182

ALONG TRACKERROR:

24-HOUR 48-HOUR
YEAR ASS MAC BIAS

72-HOUR
ABS MAG BIAS ABS HAG BIAS

1986 118 -118 131 -134 189 -190

North Indian Ocaan Foracaat Errors

Amual MR8na

SW

0
1

nz 24 HoIJrMenn

+ 4a HourMMul

* 72 Holn MEan

\

; 1978 1900 19S2 19s4 1986 1!

Yaara

Figure 5-4. Annual nuanforecast errors (innm)for d
Wopkal Lyclonl?sin tkNorthIdian Oaan.

98

c. SouthPacificandSouthIndianbeans

Verificationstatisticsfor t%recaatain the
aouthem hcsnispherecanbe obtainedfrcmtharaw data
aetaaidressedin Anmx A.
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2. COMPARISON OF OBJECTIVE TECHNIQUES

a. Oeneral

Cbjective techn.iquea

into five main categoriei3:

used by J’lW am divided

(1) extrapolation;

(2) Clmatologicalandanalogtechnique;

(3) -1 outputstatistics;

(4) @nauliemodels;and

(5) El@ricsl=v3analYtMaltechniques;

In Septmher 1981,J’lW beganto initializeita
array of objectiveforecasttechniques(deacribd
below)m the six-hcwrold preliminarybeat track
Positicn(an interydativeprocess)ratherthan the
fomcaat (partiallyextrapolated)warningposition,
e.g.the 0600Zuarnlngis nim stK@rtedby objective
techniquesdevel* franthe 0000Zprel~ beat
trackposition.‘Ibisoperationalchangehas yielded
severaladvantagea:

~hniquee canw be mqueatednuchmrlier in
thawarningdevelopmenttimeline,i.e.es eom as the
trackcfulbe SpprOXilB3tSdby CSISCS’HOI’SfiXpOSitiOm
afterthevalidtimeof theprevious~;

%eceiptof theaatechniquesis virtuallyassured
prlcrto thedevelqxnentof thenext~; arxl

%lproved(man) forecaataccuracy.‘Ihlslatter
aspect arleee becauseJIW non has more reliable
appoximtion of the short-termtropicalcyclone
rev-t . Further,since moat of tlE objective
t@htliqUSSare biasedtOWS1’dSper’SiStSnCS,thiS MU
~ optimizestheir peI’fOlllWl@- provides
mre Consistmt guidanceon short-tam mov@E5nt,
indirectlyyieldinga more accurateinitialpoaitim
estimatees wellse lowering24-hourfomeaat errors.

b. Descrlptimof ObjectiveTechniques

(1). XTRP— Forecastpositionsfor 24- and
M-hours are derivedfrwnthe exteneimof a straight
Mm uhlch COmSCtS the mst ~t and 12-hcnu’old
preliminarybesttrackpositions.

(2). CZIIBl- A climatolcgicalaidpmvidirqf
24-, ~, and 72-hcur tropicalCYC1OM forecast
positions(andintensity~ in theweatem North
Pacific)baaed upm the poeitim of the tropical
cyclone. ‘Iheoutputiabaaed upondatarecon39fruil
1945to 1981 for the westernNorthpSCifiC Ocean ad
1900to 1981fortheNorthfidianOcean.

(3). ‘mW – Forecast ~itiona era
generatedfmn a blendof climatologyandperaletence.
‘I?Is24- and M-hour positionsam equallywei@t.ed
betweenclimtol~ endpereiatm&!endthree@era
climatologyandperai.atmce,respectively;the72-hour
positionis me quarter~iatence endthreequartera
climatol~. PeralatanceIs a straight1* extenaim
of a line comecting the currentend 1.2-hourold
positions.Climatologyis baaedcn datafrun1945to
1981for theweetem NorthPacificOceanand 1900 to
1981fortheNorthImlienOcean.

(4). ‘NAN— An updatedanalogprogramwhich
c-w the earlier VWSiO~ m 75 md INJAN74.
‘Ihep~ scam a 30-yearclimatologywitha similar
history(withina specifiedacceptanceenvelope)to
the currenttropicalcyclme. For We westernNorth

Pacific Ocean, three forecaat9 of poeiti(xl and

intensity are pI’OVidSd for 24-, ~. and 72-hours:
FUWi- a weightedmeanof all tropicalcyclmeswhich
were categmimd se Wecur@@ _ their beet
trackperiod;SIRA- a weightedmeanof all accepted
tropicalCYclmaa which wane cat~orir.edas mov~
‘straightR(westward)duriq theirbesttrackperiod:
.lurL- a weightedmean of all acceptedtropical
CyCIOMS, iIIChd@ thOSeUS* ill= ~ and ~
forecast. For the North Indian Ccean, a single
(total) forecaat track @ providedfor the 12-hour
intervalsto 72-hours.

(5). amm — A mdel outputstatistics
(IHIS)routinebaaedon tbegeoatrophicsteeringat the
85o-, 700-, and 5= levels. The Steermlgis
derivedfrantheHATIWX pointadvectimmdel runcm
Olobalprognosticfieldsfrm the FmmmmmN’ s
NooAPspredictionsystem mamsforecaatiathm
blendedwiththe6+our paat mvemmt to generatethe
forecaattrack.

(6). One-way Interactive‘Tr@cal Cyclone
Model (CYl@ — A ~, t-layer in the
vertical,primitiveequationmodelulth a 205kmgrid
spacingover a ~00 x 4700 km danain. ‘Itlamodel$s
fields are cmqwed around a ~, digitimd
cyclone vortex using ~’s Nmarical
VariationalAnalysis(NVA)or NCGMS prcgnoaticfields
forthe specifiedvalidtime. ‘he pastmticn of t~
tropicalcycloneis capered to Initialsteering
fieldsand a biascmreetim Is cmputed atxlapplied
to Me model. ~’s MX3APS global
prcgnoaticfieldsare used at 12-hourintervalsto
updatetliemodel’sbomdariea. ‘Itlamaultantfora?aat
positionsam derivedby locatingthe850mb vortexat
SiX~ intervals to 72-hours.

(7). Nested‘li’oPIcalcyclonew (Nlcm)—
A primitiveequationmodelwithpropertiessimilarto
the UTtx. ‘lheNIU ldifferabycontainingafiner
scale ~ted ‘grid,initializingcm WA analysis
fiel&i cmly, not contaidng a (paraieteme)bias
correction,emd being a charnelIIXNM nhich runs
T of ~’s pmgnoatic f ield9

it @es mt mqllre @atlng of ma
-es) . The WESted grldncowersa 1200x 12CKl
km areawitha 41 Iangridapaclngwhichmoveswithin
the~dcxnainto~ en850*vcmexat ita
enter.

(8). TAPT— An al@rical techniquewhich
Utm.zea lpper—tropx@wi c wind fieldsto eatiuwte
accalemtionassociatedwith the tropicalcyclone~s
Interacticmtith the mld-latitu& mterliea. It
Includesguldelineafor the durationof acceleration,
~llmita, endprobablepathof thecyckme.

(9). cum — A statistical~cm
techniqw W on climatology,currentIntensity,
pcaitionmd paatmovement.lhi.atechniqueis usedas

Omcaet SkillUhm Verifyirugacrudemeaeureofrealf
fomcaataccuracy.

(10). TliEl?A-E— An e@rically derived
relationshipbetween a tropicalcyclone’sminimsn
sea-levelpressure (FISIP)and 700 * equivalent
potentialte!parature(’lheta-E) was developedby
Sikom (1976)and -Van (1981).By mmitor@ WI&
SMtrenda, thefomcaatercan evaluatithepotential
forsudden,rapiddeepeningof a tropicalcyclone.

(u). WINDRADms — Follouiman analytical
uxxklof the radialprofilesof sea-levelpressures
andwindsin matum trO@CSlCyChXSS (Holland,1980),
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a set of radiifor30-,50-,and 100-knotwindsbaaed
on the tropicalcycloneis mxium winds have been
producedto aid theforecasterin dateminingforecast
Witiradii.

(12). DVORAK— An estimationof tropical
cyclone’scurrentand 24-hourfOrecaatintensityis
madefrm interpolationof satelliteimagery(DVORAK,
1984) andprovidedto theforecaster.Theseintensity
estimates are used in conjunctionwith other
intensity-relateddab andtrendato fcrecast tropical
cycloneintensity.

JIWC USeS TPAC,TAFT,TXAN78,~, m ~d
NJIMoperationallyto developtrackforecasts.

c. Teat= andResults

A ccqarison of selectedtechniquesis included
In Table 5-6 for al1 westernNorthPacifictropical
cyclones,Table 5-7 for all North Indian Ocean
tropicalcyclones. In these tables,“ x-axis “
refersto techniqueslistedvertical1y. For example
(mble 5-6) in the 470 cases availablefor a
(hanogeneous)ccwarism, the averageforecasterror
at 24-hourswas 124 m (230km) forRECRand 110m
(204 km) for C@S31.The clifferenceof 14 m (26lan)
is shownin the lowerright. (Mfferencesare not
alwaysexact,due to -tational round-offwhich
mmra for each of the cases availablefor
ccupariaon).
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TAELE5-6. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NRSTEIiN NORTH PACIFIC OCEAN

..-——

24-XOUR2T2342AUBRROA6~. MI)
J7!wC 141K22 CLIP 0Ti24 Csw RSCR TOTL Cosn TPAC CLIH XTRP

JTuc

2JTcn

CLIP

643 122
122 0

129
0

Yvunxm X-AXIS
or ~2CEMXQUE

C!xs3s Xllslox

X-AXIS ZRROR
Z3CMIXQUXnxrrxaxmc~

Emmon m - x)

12s
o

125 505 111
-15 111 0

589 128
1 128 0

125 483 110 588 128 603 129
0 125 15 130 2 129 0

124 492 110 555 120 566 121
-4

593
122 12

121
122 2 122 1 121 0

126 489 111 571 126 585 128
-1

572 121 so-l 129
126 15 129 3 128 0 121 0 129 0

126 489 111 571 126 585 128 572 121
42

607
173 62 168 42 168 40

129 607 171
163 42 171 42 171 0

529 121
127 6

544
129

502
126

514
126

431
112

490 .121
126 5

127
-1

126
0

125
-13

127
3

127
4

123
0

502
126

475
125

407
113

126
0

123
2

127
-14

589 120
125 5

498 122
111 -11

576 121
126 s

603
126

501
110

CS034

2S2CR

TOTL

COS34

TPAC

CL2M

XTAP

499
130

510
131

505
123

463
127

472
128

480
123

125
2

561
124

575
125

567
120

589 121
128 7

124
4

124
-1

583 119
121 2

593 121
128 7

512
130

125
5

125
46

475
128

123
5

578
125

578
168

593 121 512
171 50 171

475 123
171 4a

597 120 516 126 477 123 S82 126
129

492 111
9

571
134

126 585 128
8 131 8

575 121
128 2

607
129 18 134 8 132 4

129 607
125

171
4

611
133 4

133
133 -38 133 0

JTuc NTcn CLIP 0Tc2s CSW R2CR Tom CiX24 TPAC CLIH XTRP

.7TwC 528 260
260 0

430 258
269 13.

402 254
261 7 I

J7!llC
Wmal
CLx?
Orcn
cam
REcs

rpxc

—
orncxm, mwc romcxm IMTcll

CL3P

OTcu

CS02S

R2CR

TOTL

COSM

TPAC

CL2S6

466
276

432
2S9

432
228

362
223

432
263

276
0 Ixsrxn TROnlcaL Cxcrau Immr.

cLIPrR (CImatdpy d Ru.i se. ...)
OIU-WAX Zmol?IcAl Cxsrsmx MODEL
C.s. o. mDcL (Symptie-mati .* k.1)
mcoRvn aakx#4 (Yxax ’70)
mz4L — (lTam 78)
co- (Ms.&l OrJtput St.ti.ti..]
Czmammox am mss1sr3Mcx nL3m

271
-2

432 269
269 0

402 261
225 -36

345 269
220 -49

469 256
224 -32

398 261
225 -36

476 259
262 3

27o
-42

505
231

414
224

475
260

484
260

472
243

231
0

224
0

270
-47

424 227
227 0

CUM - CLX~—
- - lz-mill! —Luzm

271
-8

402 264
257 -7

226
34

399 221
268 47

407 223
268 45

412 227
244 17

510 265
265 0

485 259
262 3

475 256
248 -8

485 258
247 -11

439
259

433
247

439
248

271
-12

407 264
251 -13

415 266
244 -22

409 263
240 -23

229
31

226
17

508 266 519 265
267 1 265 0

263
-16

480 259 486 257 507 249
250 -9 251 -6 249 0

268
-20

483
247

483
314

23o
17

230
84

411 227
255 28

411 227
32a 101

492 263 501 262 489 250 520 255
251 -12 250 -12 245 -5 255 0

485 25B
306 48

439
311

26%
43

409 263
308 45

492 263 501 262 489 250 520 255 520
308 45

316
308 46 307 57 316 61 316 0

XTRP 486 258 440 268 409 263 484 230 411
292 34

227 492 263
2E9 21 270 15

501 262 489
290 60

250 520 255 520 316 521
299 72 298 35 297 35

299
288 38 299 44 299 -17 299 0

72-EooR ETE M2A3i ERRORS (B. M3)

JTwc RTc24 CLIP 0Tc61 CSUM R2CR TOTL Cosn TPAC CLIM XTRP

406
392

392
0

396
42

397
17

JTiic

M’rest

CLIP

332
438

386
457

457
0

312
414

363
430

460
-30

363
430

430
0

315
348

OTCM

Cson

RSCR

404
-56

401
-55

397
17

218
356

449
-93

300
354

414
-6o

369
355

355
0

283
346

288
346

458
-110

279
346

429
-83

301
346

347
-1

335
349

349
0

360
414

355
426

455
-29

336
425

426
-1

349
74

341
423

314
439

320
418

324
406

342
97

345
73

351
55

416
423

423
0

TOTL

COS61

TPAC

367
387

398
-11

398
31

397
-56

363
399

455
-56

341
393

427
-34

349
409

351
58

414
408

422 424 406
-14 406 0

359
429

358
428

450
-22

34’8
430

428
2

343
399

352
47

3e9
435

423 398 402 414 431
12 435 33 431 0

368
341

361
376

448
-72

341
375

425
-50

349
380

355
25

322
388

322
437

350
38

350
87

39a
369

421 407 404 396 437 423 376
-52 371 -33 377 -60 376 0

cm 368
371

397
-26

361
421

448
-27

341
421

425
-4

349
428

355
73

398
407

421 407 404 396 437 423 376
-14

423
410

417
6 419 -18 417 41 417 0

XTAP 364 395 355 447 335
468 73

422 344 357 318 35o 394 419 401
463 16 461 39

402 392
470 113 498 14B

440 417 374 417 414 418 478
476 57 477 75 472 32 477 103 477 63 478 0
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Tm.E 5-7. 1986 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES IN THE
NORTHERNINDIAN OCEAN

24-VIWS m“ m ~ tn. M2)

.73wC UrQl OTa4 ItXcn ToTX. T9AC CL224 XTRv

J2w 134
Ii: o

Svm#xa
Yra4 13 13B

X-AXX9
15 137 or TscmxIoos

137 -1 137 0 CA8V8 -n

mm 11 160 9 178 11 277 X-AXX9 XRaon

277 117 271 93 277 0
m9m1wx DXVYX8XUCI

-n 4X-XI

R6C61 12 141 150 9 270 14
i’:5 -5

143
140 -1 150 -120 143 0

Tom. 8 189 8 191 6 303
182 -7

177 10 177
190 -1 199 -104 1-H o 177 0

mm 15 140 14 146 11 277
164 24 163 17 1B8 -m

1~~ ‘$; =1:: 1’:

U231 15 140 14 146 11 217 14 143
1s3 43 179 33 211

10 177
-66 177 34

17 162 17 176
233 S6 176 15 136 0

XT91 15 140 14 146 11 277 14 143
153 13

10 177
1s5

17 161
9

17 176 153
173 -104 140 -3 174 -3 153 -8 153 -23 1:3’ 0

48-men VT2 N2An Z3ROS3 (u. MI)

JTwc 2vrQ6 Oral R2c3 ToxL T9AC CL2M XzUQ

Jmc

2r2a

0?u4

93CR

m

T9AC

CL31v

168
lm7 o

6 129
208 79

2 134
528 394

4 200
232 32

1 401
4S9 S8

6 179
162 -17

6 179
170 -1

a 199
199 0

2 2S4
328 274’

3 247
1s7 -90

00
00

7 209
118 -91

7 209
102 -107

2 s2a
328 0

2 328
98 -430

2 528
68 -44o

S 249
249 0

- Wrzcxax, .lxwc —

2 387 2 227
397 0 387 0

5 249 2 357 9 174
211 -39 370 -17 174 0

S 249 2 327
207

s 1?4 9 170
-42 408 21 170 -4 170 0

XTRQ 6 1’79 7 209 2 528 5 249
172 -7 1s3 -S6

2 397
135 -393.

9 174
220 -29 34s

9 170 9 196
-42 196 22 196 26 196 0

JTw R2u6 mm T9AC CL261 XTs3

JYwc 269
26; o

16TC26* S 269 5 438
438 169 439 0

0xc3v 254 1 400
102?5

1 1015
761 1015 61S 1015 0

T9Ac 4 296 4 451 1 1015 4 142
142 -144 142 -209 1B2 -832 142 0

CL234 4 28C 4 4s1 1 1015
1s2 -134

4 142 4 lti
152 -299 166 -049 152 10 152 0

XTR9 4 286 4 451 1 1015
196 -90

4 142
196 -255

4 1s2
229 -78S

4 196
196 54 196 44 196 0

.
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CHAPTER VI - NAVE NVPREDRSCHFAC TROPICAL
CYCLONE SUPPORT SUMMARY

TheAdvancedTropicalCyclom MO&l (AICM)

(Hodur,R.M..NA~AC)

‘he Advanced !hopical Cyclom W*1 (A’lCM)is
being developedto @mme forecastsof tropical
CYC1OIE paths to 724KXES. ‘IheAICMls reallythe
Navy operationalRegionalAQmapheric Predictim
Syst.m (NtEMPS)redesignedto run optionallyas a
tropicalcyclonemdel . tiVetlthisredesign,~
canproduceforecastseachwatchfora givenregion,
sum as thetrwpicalmtem Pacific,am if theA1-Ql
cptionis included,my and all, txcPicalstoma
present‘inthe fomcaat damin willbe ~ into
the initialfi~da. The forscaststormpositions)
will be canputedin the mdel at saoe selected
Intervaland sent to JTW upon ccupletionof the
fmaet . Forecastfields(e.g.,sea-levelpressure,
iman PlanetaryBoundaryIayer (Pm) winds)can be
sentalso,aa is currentlydoneforallIKRAPSareas.

Althoughthe redesignof IWiAPSto function
as theAm is ccaplete,theexactmethcdof --
the tropicalstem has not yet bem &&mnined.
Currently,four methodsof boguaingthe tropical
stormare beingevaluated. othertestaare being
cmducted to evaluate the Significance or
interactionsbetweenstorm wblchoccurIn mltiple
stem situations.Upm ccupletionof theseteats,
the bcgusingmethod which producesthe smallest
forecasterrorstill be ticorporatedintothe A’Itll
and the system will ba ready for operational
evaluation.

‘lk@csl CyclonaPredictionReseamh

(ElaberrY,R.L.andJ.E.Peak.NA~)

In vie of high pemonnel turnoverof the
J’lW forecasters,more objectiveapproachesto the
tropicalCyclon? fbrecaatingproceaeeaare being
developed. The Psrfonusnceof dlffermt t~ical
cyclonet’orax?aataids (Im31,UICM,m, ‘lUm,CY50)
for variouscyclonecharacteristicsam different
mvimmsntal Cotiitionshs bem evaluated. ‘me
factorsaffectingthe sccuracyof objectiveforecast
aidsare beingincorporatedintoa decisiontreeto
aasl.stthe f~ in follouinga logicaland
reasonablepathin selectingtheappropriateaidIn a
givsn situation. A post-proceas~ ~ fa’
sdjuatlngthe CYICMpredictima,whichachieveda 30$
mdmtion in 72* fOrSCSSterror cmthedqmdent
sauple is prcpmed for operatioml testing. An
objectivemethod for ~ the wining poaitim
k a variety of flxe9 has heel given b NEPRF for
teatq.
would beun warrantedat lower risk levels. A rule
for deciding such sctions can be derivd on an
expected outccme basis (e.g. cost/benefitsratio).
The CHAFM mdel is now being adaptedforsevenWorth
Pacificsites:FearlHarbor,Gum, SubicBay,Bwkner
Bay,Yokosuka,Sasebooandmsan.

Evaluationof Jlw objectiveAida

(Tsui,T.L.,andR.J.Miller,NA~ AC)

TtE objectiveaid fmecastsusedat theJoint

‘ry@mcnwarningCenter (JTWC)duringthe 1978-85
periodareevaluated.Forecastaccuracyis judgadm
errormamma of forecasterror,cross-trackerror,
and along-trackerror. The evaluationincludesthe
Consistmcy, = well as the accuracy,of the
objectiveaid forecaata. In addition,the data am
stratified according to Season, mxinlxn Stoxm
intensity,and storm path type for a more detailed
error analysis. - the first eight-yearperiod
(1978-85), HPAC, the cl-tol~/persistence mdel,
and CYI131,a dynamicalm&l, merged ss the best md
mat consistentaids.

Results also show that the forecastersat
J’TkCcan Ssshuila@ the wealth of objectiveaids and
WOvide reliableforecast@dance. When stcmm mve
erraticallyor fail to attain typhocnstrength.~
forecastsaresuperiorthantheobjectiveaids.

AutmatedTI’oPlcalCyclone Forecasting Systao

(Miller,R.J., andT.L.~ui. NA~Ac)

me Autcmated ‘rrcpicalcyclone Fcrecast*
(HCF) systcm is an IJM PC Ccxqatibleaofttwe
packagecurrentlybeing developedfor the Joint
~ W- -W (-). Am is designedto
allow Jlwc forecastam to display graphically
tropicalcycloneforecastInfoxmatbn,mrge arvi
analyzesynopticwind flelda,provideobjectivefix
@dancs, Selectoptimauobjectiveforscastaid,~
exPeditethe issuanceof tropicalcycloneWmd.nga.
Ona great advantage of ualng AlCl? is the
standardizationof the tropicalcycloneforecasting
pmmdurea, so thatduringtheCourseof thetropical
cyclonewarning~tion, !’Omcastm till mt
ns@ect cmaideratirnOf any
&clsional Stepe m availableoptions. AICF
autumticallysavea all tropicalcyclonedata,
@=put=sthemeal-timead Post-stormstatistics,and
allousforecaatersto randmly accessanypaatstorm
&ta. A ccnuunicstionpackage includedin A’lW
Simpllfieathe data transferpmcedum betuaenJ’IhC
andFleetNmerical&emogr@y centerin Mmterey,
Callfoqnia.

When the Al12Fis fullydeveloped,it can be
used aa a tminlng aid to simlate the actual
‘M@2a.l cyclone Inner Regional Circulation
Claasiflcatial

(Oray,W.M,Colorado StateUniversity)

The goalsor the projectare 1) to analyze
the detailsof I.nrk?r270 m (500 km) radialand
verticalstructureof tropicalcyclonesof the
westernNorth Pacific,and2)to&temine the
variousclassesof Inner region circulations.Ttve
resultsare expectedto assistin determiningthe
P- * core Circulation’I boguaing methodin the
Initializationpmcedum of thenewAdvancedTropical
cycloneModel.

Mrcraft mcmmissance datauil1 be usedfor
knowledgeof theinner150 MI (278IOU)radiusCYclOna
circulationat lowertroposphericlevels.Rawinaonde
and JapaneseGamtatiomry MeteorologicalSatellite
(Q&) satellitedatawillbe usedfor informationon
the circulation characteristics (Ulth
overlapping)betwem 150-270m (278-5oolan);~
and foreatlmateaof the verticalreaolutimof tk
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cyclonecirculationat all radii. It is anticipated
thattherearefouror fivedistinctiveinnercyclone
circulationpatternswhichIEW4to be dx?umantedfor
analyticincorporatimintothenmericalmdel.

NavyTacticalApplicationsGuide(lWAG),Vol.6

(Fett,R.w.,NA~AC)

An effortisnowunderwayto developa series
of examplesCemnstrating the use of high quality
satellitedata for analysisand forecastingin the
tropics. Eoth polar orbiter and geostationary
satellitedata are used to studythe evolutionof
certainweathereffectsor of a particularweather
phcmxnenmat a giventire.

‘fheseexamplesareintendedformblishim in
the !71’AGvolme 6; Part 1, Tm@cal Weatkr Analjsia

and ForecastApplications,and Volme fJ,Part II,
Tropical Cyclone Weather Analysis and Forecast
APPl~cations.NfAGV 1 b PartIi s presentlyin
the Dubliahim DrOCeS~.-Disiributionis SntiCiDated
in &rly 1987.- Part II iS stillIn the &h
process.Publicationis anticipatedin 1988/89.

TropicalCycloneCmriitionSettingAid

(Jarrell,J.D.. Sci.Appl.InternationalCorporation)

‘Ihe tropical cyclom wind probabilities
formedthe basisfor the developmentof a modelto
aid in threatanalysisand decisionmaking. The
Cyclone HurricaneAcceptableRisk Mdel (CHARM)
dsvelopedby Jarrellaasuueathatat SOHEhighrisk
or high probability level, decision makers would

ordar tropicalcycloreconditionevasionxtions that
tropicalcycloneWarningprocedure.New fOrecaaters
can gather valuablehands-m experienceof the
~ P~ duringtheirtrainingperiod.

NorthPacificTropicalcycloneClimatology

(Miller,R.J.andT.L.‘ISui,WAWNWRURZHFAC )

A trqical CYC1OIE climatologyfor the North
Pacifichas beendevelopedand ncw is beingxwiewed
by EGPACZM. Data used for the westernbasinwem
takenfxvnthe JTNC tropicalcyclonedatabase and
covereda periodof 40 years,1945-84.Easternbasin
data spannedthe 34 yearsperiod1949-82and wem
obtainedfmm the consolidatedworld-widetropical
cyclonedatabase at NationalClimaticDataCenter,
Asheville,N.C.

storm for bothbasinsweresortedaccording
to month/dayof the year into twentyfour 31-day
overlappingperiods. For each period,fourcharts
are s~plied: 1) actualstormpatha;2) man storm
paths3) averagestormspeed;and4) stormconstancy
andfrequency.

EvaluationOf CSLIMObjectiveAid

(Taui,T.L.andR.J.Miller,NA~AC)

CS~ is a statisticaltropical cyclons
~ctim mdel developed by Natsuwto and &SY
(ColoradoStateUniversity),andwas implementedinto
the J’IWCcmbined ARQ pI’CCSdUrSin SePtaber 1985.
Preliminary resulta of all 35 stoma since
implementaticrlindicate that CsuM givea good
objectiveguidance.me man 72-hourforecastmmr
forCSUMwas 303m (561km) cmpared to 315m (583
kn0and330m (61,1km) for CDSMXSand UICM
respectivelyfor the sameperiod. In a head-to-bead
cmpmiam, CSUM had a lowermean arror than all
otherobjmtiveaids. Themdian 72-hourcress-track
and along-trackerrorsindicatethat CSUMposaemea
no trackbiasbut is oneof theslowertechniquesin
termsof predictedStonuspetxl.
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ANNEX A

1. GENERAL

Eueto therapidgrowthof personalccmputersin
the Ineteol-olcgicalccmmnity, and savedpublishing
costs, raw tropicalcyclone track (best track,
initialwarning,24-hourI&ecast,48-hourforecast,
and 72-hourforecast) and fix (eatellite,aircraft,
radar axxl synoptic) data will be available
separately,uponrequest,to be copiedon 5.25inch
‘floppyndiskettes.‘Iheaedatasetsinclude:one (1
January- 31 December1986) for the uesternNorth
Pacificand NorthIndianOceans, and the other (1
July 1985- 30 June 1986)for the ScuthPacificand
South Indianoceans. The firstdata set requires
fourand the secondrequirestwo 5.25inch ‘floppyn
diskettes. Agencies or individualsdesiring these
data sets should forwml the appropriatenmbar of’
diskettes (four,two or six for both data sets) to
NAVOCEMXMCEN/~, Guam tith tieir requestfor me
of tm Cauputer Systms - Z-ins (zenith Canputer
comatible) or MS-DCIS(Zenith m 1PM ccquter
canpatlble).Cnceyourrequesthaskeenreceivedthe
mque9ted data will be praptly cop@d onto your
diskettea and return~ with an explanationof’the
recordeddata formats. The use of ‘flcppyndiskettes
should facilitatethe transfer of these bulky raw
data filesto your ccquter.

2. WESTERN NORTH PACIFIC

VERIFICATION STATISTICS

‘n&3 section includes only verification
statistics for each warning in the weatem North
Pacific!.* and ~st-wamihg beat track positions
are not printed,but are availablein the raw data
set that can be mqueatei (see paragraph1. above).
(Smlar’ Vertiicatim statisticsfor the North and
south IndianOcean and western south psCifiC are ?Wt
included in this publication,but can be generated
from the raw track end fix data files mntiomd in
the section1. above.)
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lyphoon Judy (OIW)

m w# m Lat

86020100 1 4.6N
86020106 2 5.1N
86020112 3 5.5N
86020118 4 5.9N
86020200 5 6.5N
86020206 6 7.8N
86020212 7 8.8N
86020218 8 9.7N
86020300 9 10.5N
86020306 10 11.3N
86020312 11 12.4N
86020318 12 13.6N
86020400 13 14.9N
86020406 14 16.lN
86020412 15 17.lN
86020418 16 18.ON
86020500 17 18.6N
86020506 18 18.6N
86020512 19 18.7N
86020518 20 18.8N
86020600 21 18.8N

A~
#a=cA8E8

Typhoon Ken (02W)
OTG w# 8T M

86042618 1 7.4N
86042700 2 7.7N
86042706 3 8.ON
86042712 4 8.6N
86042718 5 9.1 N
86042800 6 9.6N
86042808 7 9.8N
86042812 8 10.IN
86042818 9 I02N
86042900 10 10.3N
86042906 11 10.3N
86042912 12 10.3N
86042918 13 10.3N
86043000 *4 10.3N
86043006 15 10.2N
86043012 ~6 10.IN
86043018 17 9.8N
86050100 18 9.6N

A~
#ffcA3ES

BTLon Pos Er24Er 48Er 72Er BTWn WWEr24WE 48 WE72WE

143.6E
142.1E
140.5E
138.9E
137.4E
136.2E
134.8E
133.6E
132.4E
131.7E
131.3E
131.3E
131.6E
132.3E
133.6E
135.2E.
136.5E
137.9E
138.2E
140.5E
t41.8E

24
13
35
9
13
18
18
“24
6
12
12
30
6
0
17
25
28
6

11
24

6

110
8

251
114
109

57
125
243
240
296
126
184

98
80
94
56

165

51 276 30 0
54 359 30 0

216 523 30 0
265 682 35 -5
300 701 45 -5
353 732 50 0
471 790 50 0
560 746 55 0
501 585 55 5
542 60 0
324 60 0

60 -5
65” 0
70 -5
75 5
80 -5
85 -10

10 10 10
-5 -5 -5
10 0 -5
-5 0 -lo

50 -75 “
505

10 -70 10
10 -15 15

-10 -40 5
-15 -15
-35 -.15
-40
-40
-15

5
10
10

80 0
45 0
35 0
30 0

331 599
11 9.

16
21

138
17

BTLon Poe Er24Er 48Er 72Er fiTWn WWEr24WE 48 WE72WE

1S7E 48
24

0
25
22

6
8

18
30

6
0
8
6

13
12
30
46

8

121
98
43
51
24

139
118
125
156

30
48
37
57
72
59

273
236
92
97
84
264
294
299
354
126
133
70
80
88

444
402
222
210
194
346
608
539
565
156
149

43
59
88

25
60
65
65
70
75
55
60
45
35
40

0
25
30

45 -lo
50 0
60 0
70 -5
75 -5
80: -5
90 -5
85
80 1:
70 5
60 5
55 5
50 5
45 5

-20
-5
-5

0
10
25
35
40
40

5
5
0
0
5

-15
20
35
40
50
55
60
60
45
30
30

5
15
20

138.6E
138.4E
133.3E
138.3E
138.3E
138.3E
138.1 E
138.9E
138.7E
W8.4E
138.lE
137.6E
137.4E
137.IE
138.7E
1382E
135.7E

40 5
40 0
35 0
30 0

0

288
14

17
18

78
15

178
14

6uDer TYDhOOn Lole (03W)
-ol-G-’w# BTLai BfLon PosEr24Er 48Er 72Er BTWnWWEr24WE 48WE72WE

10
0
0
0
0
0
0
0
0
0

-5
0

10
-5

5
0
0
0
0

10
0
0
0
0

-20
-lo
-lo
-15
-35
.40
-40
-35

5
15
20
35

-:
-5
10
25
20
15
25
5

10

-75
-50
-40
-30
-20

-5
5

30
65
65
65
70
15
15

86051700 1
86051706 2
86051712 3
86051718 4
86051800 5
86051806 6
86051812 7
86051818 8
86051900 9
86051906 10
86051912 11
86051918 12
86052000 13
88052006 14
86052012 15
86052018 16
86052100 17
86052106 18
86052112 19
86052118 20
86052200 21
86052206 22
86052212 23
86052216 24

7.8N
8.ON
8.ON
8.lN
8.2N
8.6N
9.3N
9.6N
10.3N
11.ON
11.6N
12.3N
13.4N
14.4N
15.2N
16.3N
17.5N
18.9N
20.4N
22.lN
23.8N
25.8N
27.8N
302N

159.7E
158.6E
158.4E
158.2E
158.OE
152.OE
158.9E
158.5E
158.OE
157.1 E
156.3E
155.4E
154.2E
163.2E
152.3E
151 .5E
150.9E
150.5E
150.3E
150.5E
151 .OE
152.lE
153.9E
156.3E

48
12
25
38
12

8
8

13
6
0
8
6
8
8
6
8
6
6
6

17
6
6
6

12

166
78
53
34
86
90
68
98

140
118

68
100
104

68
120
138
159
178
176
244
239
338

157 274
165 335
142 293

76 248
259 4 ?7
264 461
275 486
285 541
303 642
340 785
285 828
383 1028
406 947
204 792
414
510
628
776

40
50
55
60
65
75
80
90

115
130
140
150
140
135
130
125
120
115
110

95
80
80
75
65

-60
-55
-60
-65
-50
-35
-25
5
25
35
40
55
15
5
15
30
35
35
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86052300 25 32.8N 159.9E 6 55 0
86052306 26 36.3N 164.4E 10 50 0

AVMWE 11 130 326 581
#ot=cAsE8 26 22 18 14

Tronlcal Storm Mac (04W)
“MG w# BT Lai

86052600 1 20.8N
86052606 2 21.3N
86052612 3 22.ON
86052618 4 22.6N
86052700 5 23.2N
86052706 6 23.3N
86052712 7 23.5N
86052718 8 23.5N
86052800 9 23.5N
86052806 10 23.4N
86052812 11 23.4N
86052818 12 23.7N
86052900 13 24.ON
86052906 14 24.4N
86052912 15 24.9N

AV6VGE
#ci=cAsEs

Typhoon Nancy {05W)
DTG w# ST Lat

86062118 1 14.~
86062200 2 15.6N
86062206 3 16.6N
86062212 4 17.8N
86062218 5 18.9N
86062300 6 20.ON
86062306 7 21.3N
86062312 8 22.6N
86062318 9 23.7N
66062400 10 25.6N
86062406 11 28.lN
86062412 12 28.8N
86062418 13 32.lN
86062500 14 34.6N
86062506 15 36.3N

A~
#oFcA6EB

BTLon Pos Er 24 Er 4S Er 72 Er BTWn WWEr24WE 46 WE72WE

19
42

6
29
13
12
11
12
16

6
13
13

0
0
6

110
109
123
168
118

29
70
86

166
196
180

104 33 35
142 65 45
265 169 45
255 45
139 45
203 40
209 40

35
30
30
30

-5 15 10
15 30 25
15 25 20
15 15
20 15
15 20
*O 25
10
to
-5
-5

121 2E
121.7E
122.OE
122.lE
122.6E
122.8E
123.OE
123.3E
123.6E
124.1 E
125.lE
126.3E
127.7E
128.3E
130.9E

o
0
5
0
0
0

-5
0
5
5
0

30
30
30
25

188 89
7 3

0
0
0
0

13
15

123

11

BTLon Pos Er24 Er 48 Er 72 Er BTWn WWEr24WE 48 WE72WE

128.IE
127.8E
126.4E
125.3E
124.lE
123.OE
1222E
m .8E
121.7E
121 .7E
121.9E
123.7E
127.5E
128.6E
132.5E

13
18

0
21
12

6
0
6
6

17
20
28

107
51
34

74
59
31

198
128
104
~ol
244
300
310

707
508
347

30 0
50 0
55 0

-15 -20 -5
-10 -lo 5

5 15 20
60 65 0

70 0
75 0
75 -5
80 0
70 0
65 0
55 0
50 0
50 0
45 0
30 10

-lo 10
-5 5

5 15
0 15

20
10

0
5

42
24
88

152
341
131
145

23
15

104
11

198
7

521
3

Tropkal Storm Owen (06W)
m W* STLat STLon Pos Er24Er 48Er 72Er BTWn WWEr24WE 4BWE72WE

86062800
66062806
86062812
86062818
86062900
86062906
86062912
86062918
86063000
86063006
86063012
86063018
86070100
86070106
86070112
86070118
86070200

1 15.3N
2 15.3N
3 15.6N
4 16.ON

5 16.3N
6 16.5N
7 16.7N
8 17.ON
9 17.6N

10 18.lN
11 16.7N
12 19.3N
13 202N
14 21.SN
15 23.lN
16 24.4N
17 25.7N

135.3E
134.3E
1332E
132.4E
131.5E
130.6E
128.9E
1282E
12S.6E
12S.OE
127.6E
127.2E
126.8E
127.OE
127.3E
127.6E
12S.OE

24
35
24
59
13
6
6
6

27
6
0

30
8
6
0
13
13

16
17

106
49
68
129
52
42
38
38
85
70
66
36
142
60

70
14

165
69

111
147

54
109
132
172
242
197

140
10

203
17
74
86
157
229

128
6

30
3s
35
35
35
40

0
0
0
5
0
0
5
0

-10
-5

0
0
0
0
0
0
0

10 10 30
10 20 35
10 30 55

35 55
:: 15 35
5 25 35

15 30
20 30
10 15
05
0

-5
0
0

45
50
50
45
45
40
40
40
35
35
30

#ffcAsEs

super Typhoon Peggy {07W)
W# BTt.at BTLon Pos Er24Er 46 Er 72Er BTWn WWEr24WE 48 WE72WE

86070300 1 13.9N 151.8E 35 77 117 164 30 0 -5 -30 -30
86070306 2 14.ON 150.6E 8 68 87 +46 35 -5 -15 -35 -35

975



86070312 3 14.1?4
86070318 4 14.3N
86070400 5 j4.4N
86070406 6 14.6)4
86070412 7 14.7N
86070418 8 14.8ti
86070500 9 15.ON
86070506 10 *5.ON
86070512 11 15.lN
86070516 12 15.3N
86070600 13 15.5N
86070606 14 15.7N
86070612 15 16.ON
86070618 16 16.4N
86070700 17 16.7N
86070706 18 16.9N
86070712 19 17.IN
86070718 20 17.3N
86070800 21 17.3N
86070806 22 17.4N
86070612 23 17.6N
86070818 24 17.8N
86070900 25 17.9N
86070906 26 18.lN
86070912 27 18.6N
86070918 28 19.lN
86071000 29 19.5N
86071006 30 19.9N
86071012 31 20.7N
86071016 32 21.4N
86071100 33 22.3N
86071106 34 22.9N
86071112 35 23.5N

AkRl@E
#oFcAsEs

*49.2E
147.8E
148.4E
145.2E
144.OE
142.7E
141.3E
140.OE
138.7E
137.3E
138.OE
134.5E
133.2E
131 .8E
130.4E
129.OE
127.7E
126.5E
125.6E
124.6E
123.6E
122.7E
122.OE
i 21 .4E
120.8E
120.2E
119.4E
118.8E
118.2E
117.4E
116.6E
115.7E
114.8E

23
12

6
8

12
17

0
6
0
6
6

12
0
6
8
6

13
25

8
6
0

17
0
6
6

21
8
6

21
17

6
41
16

74
18
*2
27
55
61
54
62
79

100
25
21
60

136
155
146
132
151

18
38
79

t16
17
34
41
59
49
58
69

189
71
90

212
298
198
177
371
484
524
345
462
520
573
608
602
503
525
183
210
175

$16
54
49
78

154
125
105
170
269
293
109
213
292
377
386
374
309
309
103
114
156
198

41
22
13

40
45
55
60
70
65
95
100
105
115
120
125
135
135
140
135
130
125
120
115
110

-5
-lo

0
0
0

-15
-5

0
0
5
0
0

-5
0
0
5
0
0

-5
5
0

-20
-30
-20
-20
-15
-25
-lo

-5
0
5

-lo
5

15
15
20
15

0
5
5

10
5

-35 -40
-40 -40
-30 -35
-30 -25
-35 -15
-30 -lo
-20 10

-5 5
15 25
20 35
10 45
20 45
25 45
30 45
40 50
35 55
20 1s
15 10
10 -15
25 -15
25 -5

100
90
85
80
75
70
65
65
65
60
50
40

0
0
0
0
0
0
5
5
0
0
5
0

15
10
10
10

:
5

15

0
5

20
10

11
35

68
31

172
27

332
23

Typhoon Roger (08W)
D1-G w# ST Lat STLon Pos Er 24 Er 48 Er 72 Er STWn WWEr24WE 48 WE72WE

86071300
86071306
86071312
86071318
86071400
86071406
86071412
86071418
86071500
86071506
86071512
86071518
86071600
86071606
86071612
86071616
86071700
86071706
86071712

1 16.7N
2 17.6N
3 18.6N
4 19.6N
5 20.6N
6 21.4N
7 22.3N
8 23.ON
9 23.9N

10 24.6N
11 25.2N
12 25.8N
13 26.4N
14 27.2N
15 26.2N
16 29.3N
17 30.6N
18 31.9N
19 32.8N

139.4E
138.lE
137.OE
lX.IE
135.lE
134.lE
133.OE
132.OE
131.IE
130.5E
123.9E
129.4E
129.1 E
128.9E
128.2E
12S.6E
130.7E
132.4E
134.8E

o
50
18
23

8
6
6
0

55
12

6
6
6
0

12
0
8
8
8

108
128

51
66
22
49
48
40
79
91
20
65
94

109
157

174
177
117
136

71
130

81
39
18

211 40
218 45
232 55
311 60

16 65
65
65
70
75

0
0
0

-5
5
0

-5
10

0

-30 -5 5
0 -To 5
0 -10 25
0 0 35
5 5 15

-25 -25
-35 -25
-30 -15
-15 -20

-5
-5

-lo
0
0
0
0
0
0
0

-15
-lo

-5
0
0
0

80
85
80
75
70
65
55
55
45
45

198
5

AVHWE
#oFcAsEs

12
19

75
15

105
9

TroDlcaI Storm Sarah (09W)
“DTG w# STLat “STLon Pos Er 24 Er 48 Er 72 Er BTWn WWEr24WE 48 WE72WE

86073012
86073018
86073100
86073106
86073112
86073118
86080100
86080106
86080112
86080118
86080200
86080206
86080212

1
2
3
4
5
6
7
8
9

10
11
12
13

15.2N
15.5N
15.9N
16.3N
16.6N
16.7N
16.9N
17.lN
17.4N
18.ON
18.5N
19.oN
19.8N

130.5E
129.3E
128.lE
126.9E
125.6E
125.OE
124.2E
124.2E
124.OE
124.lE
124.8E
125.3E
128.2E

24 139 190 147 30 0 5 20 30
6 85 257 564 30 0 10 15 0

18 96 341 693 30 0 0 15 -5

35 172 453 806 35 -5 5 20 -lo

13 183 495 831 40 -lo -5 0 -20

6 182 562 971 40 0 0 5 -20

18 171 562 1092 45 0 0 10 0

52 324 706 1294 45 5 5 25 -lo

123 447 776 45 0 10 -5
160 506 893 45 0 10 -10
288 621 1067 45 -5 -5 5

29 68 912 45 0 5 40

6 183 1002 50 -5 -5 10

176



86080216 14
86080300 15
86080306 16
86080312 17
86080318 18
86080400 19
86080406 20
86080412 21
86080418 22

20.5N
21 .3N
22.ON
23.3N
25.3N
27.8N
30.3N
33.3N
36.2N

A~
#OFOASES

126.9E
127.8E
128.5E
128.6E
131 .6E
133.8E
136.7E
138.9E
143.OE

Typhoon Georgette (11 E)
DTG w# BT Lat 87 Lon

86080906 1
86080912 2
86080918 3
86081000 4
86081006 5
86081012 6
86081018 7
86081100 8
86081106 9
66081112 10
86081118 11
86081200 12
86081206 13
86081212 14
86081218 15
86081300 18
86061306 17
86081312 18
86081318 19
86081400 20
86081406 21
86081412 22

14.6N
14.9N
15.lN
15.3N
15.4N
15.6N
15.7N
15.9N
16.ON
16.2N
16.5N
16.7N
17.lN
17.6N
18.2N
19.ON
19.7N
20.5N
20.8N
21 .2N
22.ON
22.4N

176.3E
175.lE
173.9E
172.7E
171.7E
170.9E
170.4E
170.OE
169.7E
169.5E
169.4E
168.4E
169.1E
166.5E
167.9E
167.3E
166.3E
164.3E
162.lE
159.9E
157.4E
154.8E

8608’
8608’
8608’
8608’

418 23 21.7N 151 .8E
500 24 20.ON 162.OE
506 25 19.lN 153.2E
512 26 19.2N 155.6E

AVEFVV3E
#oFcAsEs

Typhoon Tlp (IOW)

11 306 1186
6 245

13 414
39 332
42 439
24
71
51

173

55 273 671
22 18 14

PosEr 24 Er 48 Er

8
6
6

13
13
17
30

6
18
12
37
27
24

6
24
12

8
0

29
6

25
24
16

6
17
13

16
26

44 214
58 294
92 346

144 391
101 327
179 456
184 358
127 251
134 228

91 198
113 217
138 366
174 472
162 491
217 596
272 548
306 421
244
151

154 363
19 17

50 -5 -5 5
55 -5 0
50 0 5
50 -5 10

40 0
35 5
30 5
30 0

800
8

72 Er BTWn WWEr24WE 48WE 72WE

472
574
583
578
432
521
366
208
262
366
430
530
397
170

66
36

374
16

40

45

45

50

55

60

65

65

65

65

65

65

60

60

60

60

50

45

40

35

35

35

35

35

30

30

-5
0
5

-5
0
0
0
0
0
0
0
0

10
5
0
0
0
0
0
0
0

-5
0
0
0

-5

0
10

5
0

10
15
10

0
5
5
5
5

25
30
15
15

5
-lo
-lo

0
25
20
10
30
35
30

0
20
25
30
35
40
45
15

5
0

10
40
40
25
50
60
65
40
45
45
45
45
55
55
20
5

DTG w# BT Lat BT Lon POS Er 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 46 WE 72 WE

86081306 1 18.7N
86081312 2 18.8N
86081318 3 18.8N
86081400 4 18.6N
86081406 5 19.ON
86081412 6 19.5N
86081418 7 19.9N
86081500 8 20.5N
86081506 9 21.3N
86081512 10 22.7N
86081518 11 23.7N
86081600 12 24.4N
86081606 13 24.9N
66081612 14 25.2N
66081616 15 25.4N
66081700 16 25.7N
66081706 17 26.2N
66081712 18 26.5N
66081718 19 26.6N
86081800 20 27.ON
86081806 21 27.ON
86081812 22 27.ON
86081818 23 27.ON
86081900 24 27.lN
86081906 25 27.5N

NmmE
#oFoAsEs

166.9E
156.4E
155.9E
156.lE
156.4E
156.4E
156.4E
156.3E
156.2E
155.9E
1!M.8E
154.OE
163.5E
153.2E
153.OE
152.9E
153.3E
164.4E
155.4E
166.7E
157.7E
156.7E
168.8E
161 .2E
162.5E

6
11

6
18
53

0
6

25
24
24
13
16
16
17
28
11
47
29
22
32
37
17
34
63
41

24
25

128
176
176
144
168
148
135
165
145

41
208
208
156
231
290
310
353
113
151
236
108
166
189

180
23

279 387
393 541
392 558
326 436
329 444
284 490
256 534
296 710
262 726
371 917
562 980
695 1274
636 1065
654 1126
715 1121
739 1071
676
161

447 774
18 16

50 0 55 -15
55 0 15 30 20
55 5 20 35 35
60 0 20 15 30
60 0 20 10 30
60 0 15 10 40
60 0 5 15 45
60 0 -5 20 45
60 0 -15 15 40
60 0 -lo 15 35
65 -5 -20 20
75 -lo 10 30 50
80 -15 10 30 50
80 -5 20 40 50
75 0 25 40 55
70 0 20 35 55
70 0 -5 -25
65 0 -lo -20
60 0 -15
60 0 -lo
60 0 -lo
55 0 0
55 0 0
50
50

177



Tropical Storm V.r#l (11 W)

UrG w# 8Tbt STLon Pos Er 24 Er

86081518 1 ?9.ON T28.4E 13 177
86081600 2 18.8N 128.6E 167
86081606 3 18.8N 128.8E : 227
86081612 4 18.6N 12S.9E 80 100
86081618 5 18.4N 128.9E 105 81
86081700 6 182N 128.8E 17
86081706 7 17.9N 128.OE 65

AVHWE 54 150
#0FcA3Es 7 5

TYDhoon V.ra#2 [llW). .
m w# Bilat”

860817+2 1 21.3N
86081718 2 22.lN
86081800 3 22.6N
86081806 4 Z2.9N
66081812 5 23.5N
86081818 6 23.6N
86081900 7 Z?.7N
86081908 8 22.6N
86081912 9 22.7N
86081918 10 22.4N
86082000 11 21.4N
86082006 32 21.3N
86062012 %3 21.3N
86082018 f4 21.3N
86082100 15 21.4N
86082106 16 21.6N
86082132 17 21.SN
86082118 18 21.7N
86082200 19 21.SN
86082206 20 22.;N
86082212 23 22.2N
86082218 22 22.2N
86082300 23 22.2N
66082306 24 ZLltd
86082312 25 22.2N
86082316 26 Z?2N
86062400 27 22.3N
86082406 28 22.SN
86082412 28 23.ON
86082418 30 23.4N
88082500 31 23.8N
86082586 32 24.5N
86082512 33 25.ON
86082518 34 25.5N
86082600 35 28.*N
86082606 36 =.7N
86082612 37 27S4
86082618 38 27.SN
86082700 39 ~.SN
86082706 40 2S.SN
86082712 4t 31.lN
86082716 42 ~
8606280043 33.7N
8608280844 352N
8S082812 45 38.7N
660828%8 46 W.!M
8608280047 W.8N
6608290648 42.8N

A~
#oF-

lyPmlDO& W:(I

S6081806 1 *5.8N
86061812 2 16.lN
86081818 3 16.4N
86081800 4 17.lN
86081908 5 17.8N
86081812 6 18.4N
86081s18 7 19.ON
86082000 8 lS.7N

48Er 72Er ST WnWWEr24WE 43 WE72WE

226 30 0 15 35
35 0 15
35 0 30
35 0 15
40 -5 15
40 0
30 10

226 ####
1 0

STLon PosEr24Er 48Er 72Er BTWnWWEr24WE 4SWE72WE

137.OE
137.4E
337.6E
137.7E
137.SE
137.4E
137.8E
138.8E
140.lE
141.OE
141.5E
142.OE
342.5E
143,0E
143.4E
144.lE
144.7E
145.2E
145.6E
145.7E
145.4E
145.OE
144.4E
143.4E
142.4E
141.OE
140.OE
138.7E
137.2E
135.3E
133.6E
132.OE
130.3E
120.8E
127.5E
126.3E
125.5E
125.OE
124.6E
t24.2E
124.3E
124.7E
lS.3E
126.lE
127.lE
125.8E
1~.4E
132.5E

sTLorr

1f7.1 E
116.6E
115.8E
115.4E
114.s2
11422
113.5E
113.3E

69
45
72

8
12
37

5:
‘8

8

2
6

12
6
6
8

13
6

11
$?
t8

6
17

0

3:
18

6
17
13
18

0
12

6
13
21
16
12
22
24

8
S6
12

6
11

5:

17
48

151
?40
295
232
236
306

27
297
179
t51

so
64
62
42
33

E
83

147
222
192
21s
126
162

45
3s
67

105
114
104

92
40
52

$00
87
72
58
86
93

138
169

75
405
247

t 31
44

215
312
686
576
554
604
434
484
272
194

62
134
+43
201
166
271
352
376
455
537
469
480
401
451
226
212
243
253
164
tot

61
*I4

40
63
51

128
133
*66
396
967

26S
40

563
699

1021
859
876
918
706
734
450
353
251
3S8
481
592
52o
628
719
726
852
953
825
787
666
690
322
289
272
286
180
t 67
214
479
169
186
392
311

543
36

30
35
40
40
45
45
50
50
50
55
65
70
75
80
85
95

100
105
*$O
110
105
105
100

95
85
95
so
90
90
90
so
90
90
85
85
65

::
80
75
70
65
65
80
so
45
40
30

10
5
0
0
0
5
0
0
0
0
5
5
5

-:
-!5

o
0
0
5

15
0
0
0
0
0
0
0
5
0
0

-10
0
0
0
0
0
0
0
0
0

-:
-6

0
0
0
0

0

-:
5
5
5

-10
-20
-20
-15

5
-5

.10

-15
-20

-5
15
20

40
35

-15
-5

-lo
0

-5
0
0

10
-5

-lo
-lo
-15
-lo

-5
0
5
5
5

20
10
-5

0
10

0
-5

-25
-25
-30
-30
-30
-40
-50
-50
-lo
-lo

-5
-5

0
30
35
35
40
40

- x
-15
-20
-10
-+0

10
10

5
-15
-X5
-10

5
5
6

to
20
20
20
25

-20
-25
-50
-60
-65
-70
-65
-60
-60
-55

0
5

;
10
35
35
35
35
35

- :;
-lo
-20
-20
-20

E
10
-5

-lo
-5
15
16
20
30

Pos Er24Er 48Er 72Er STWn WWEr24WE4SWE72WE

12 115 212 374 35 0 -20 -15 -10
29 73 f70 422 45 -~o -20 -5 -15
77 46 148 407 55 -lo -15 -5 -30
13 53 227 472 60 055 -30

42 273 ,65 0 t5 -20
: 95 361 65 5 10 -50

24 172 410 70 0 -20 -60
0 218 70 0 -5

17a



86062006 9
86062012 10
86082018 11
86082100 12
66062106 13
66082112 14
86082~18 15
86082200 16
86062206 17
66062212 18
86082218 19
86082300 20
86082306 21
86082312 22
86082316 23
86082400 24
86062406 25
86082412 26
86082416 27
86082500 28
86082506 29
86062800 30
86062806 31
86062812 32
88082816 33
86082900 34
86082906 35
86082812 36
86082818 37
86083000 38
86063006 39
66083012 40
66083018 41
86083100 42
66083106 43
86063112 44
86083118 45
86090100 46
86090106 47
86090112 48
86090118 49
86090200 50
86090206 51
86090212 52
86090216 53
86090300 54
86090306 55
860903+2 56
86090318 57
66090400 56
86090406 59
86090412 60
86090418 61
66090500 62
86090506 63
86090512 64
86090516 65
86080600 66
88090606 67

20.4N
21.1 N
21 .3N
22.3N
22.6N
23.2N
23.7N
24.lN
24.7N
25.ON
24.9N
24.4N
24.5N
24.2N
23.7N
23.2N
22.6N
21 .7N
21 .4N
21.ON
a.6N
19.7N
20.lN
20.3N
20.5N
20.6N
20.7N

20.3N
21.lN
21 .5N
21 .7N
21 .8N
21 .9N
21 .8N
21 .6N
21 .6N
21 .4N
21.1#1
a.6N
20.3N
19.8N
19.5N
1%2N
19.lN
1MN
19.0!
18.5N
18.4N
18.4N
18.8N
19.4N
19.6N
19.6N
199N
20.3N
20.6N
20.3N
19.6N
19.7N

Typhoon Abby (13W)
MG w# 8T M

86091306 1
86091312 2
86091318 3
86091400 4
86091406 5
86091412 6
86091416 7
86091500 6
86091506 9
66091512 10
86091518 11
66091600 12
86091606 13
66091612 14

12.ON
12.6N
13.4N
14.3?4
15.lN
15.2N
15.6N
16.7N
17.7N
16.ON
18.3N
18.8N
19.3N
19.5N

113.6E
114.3E
115.lE
116.3E
117.3E
J18.4E
119.3E
120.4E
121.7E
123.OE
124.lE
124.7E
125.2E
124.6E
123.9E
123.5E
122.5E
121 .4E
119.9E
116.7E
117.5E
120.2E
120.6E
120.9E
121 .OE
121.IE
121 .2E

121 .3E
121 .4E
121.6E
1Z2.lE
lZ?.4E
122.8E
1Z?.8E
123.lE
123.2E
123.2E
123.lE
lZ?.7E
lZ?.5E
1222E
121.9E
121.7E
121 .3E
120.7E
120.OE
119.3E
118.5E
117.7E
116.8E
115.4E
113.7E
112.4E
111.2E
108.6E
103.4E
lW.7E
104.9E
103.2E

6
13
13
17
13
11
11
20
22

6
30
21
12
16
13
11
32
16
30
51

3:
11
8
16
6
33
0
0
25
6
6
6
6
6
6
6
13
13
6
25
12
18
12
30
6
24

;
6
8
8
0
6
8
8
25
34
21

14
67

161
149
168

65
65
77

127
141
156
256
336
318
360
275

60
239
208
139

160
160
131

70
6

99
30
29
36

919
126
108
119
138
116
145
119
109

92
25
21
47
53
72
62

121
138,

68
107
111
139

91
170

124

59

1S9
1w
210
193
243
420
672
783
837

354
252
211
102

40
193

115
169
192
287
331
3f4
340
337
310
319
267
150
431
132

46
168
235
273
270
323
269
187
304
411

274
46

322
443
554
501
608
816

1069
1158

597
379
365
254
168
374

362
390
414
445
497
450
477
504
497
539
482
165
242
331
254
400
440
504
531
593

468
38

70
65
65
70
75
85
80
70
50
50
50
55
55
55
60

R
45
35
30
30
35
35
40
40
40
40

45
50
55
60
65
70
70
75
75
70
70
75
85
85
85
85
80
75
70
70
75
85

z
60
75
70
70
65
60
45
30

0
0

-:
-5

-15
5
0

15
20
20

-lo
-lo
-15
-20
-20
-15
-lo

-5
0
0
0
5
5
5
0
0

0
-5
-5
-5
-5
-5

5
5
5
5
5

-:
-5

0
0
0
5
0

-:
-15

0
0
5
5
5
0
0
5
5

10

-50
-60
-55
-20

40
-5

5

::
25

5
-30
-20
-15

0
0
5
0

5
20
15

-:
-5

0
-15

-5
-5

5
20
30
25

5

-:
-10

-5
0

15
15

5
-5

-30
-25

-5
0
5

-10
-35
-30
-15

-lo
-5
-5

0

;;
40
25

0

-5
15
5

-lo
-25
-lo

-70
.5
5
5
5
15
25
25
20
20
15

-:
-15
-lo
-5
-5
0

-15
-15
10
10
20
0

-lo
0

10
35
55
55
65
30

-15
10
10

0

-:
-15
-20
-10

5
35
30
30
35
20

0
-25
-15
-10

:
5

10
5

20

ETLon Pos Er24Er 46Er 72Er BTWn WWEr24WE 46 WE72WE

1462E
144.8E
142.5E
140.4E
136.2E
135.OE
135.OE
134.2E
133.4E
132.2E
131.2E
130.3E
128.5E
128.6E

21
12
65
13
48
12
24
12
33
17
17
13
41
16

292
271
346

42
6

153
126

25
29
90
78

120
133

39

363 381
267 202
134 51

36 153
79 207

223 307
214 295

46 157
94 187

192 330
180 310
264 432
224 313
123 197

179

25
30
30
35
35
40
45
50
55
55
60
60
65
65

0 0
0 0

-lo
-: 10
-5 5

0 10
-5 10

0 5
-5 0

0 5
-5 5
-5 0
-5 -5

0 -lo

10
15

u
15
20
20

0
-5
-5

0
-5
-5

-lo

35
35
30

20
20
20
10

5
-5
-5

5
10

5



86091618 15 19.6N 127.8E 34 57 156 167 70 -5 -lo -5 15
86091700 16 19.8N 127.2E 8 74 140 74 75 -5 0 40
86091706 17 20.3N 126.6E 8 89 175 143 80 -: -5 5 45
86091712
86091718
a6091800
86091806
86091812
86091818
86091900
86091906
86091912
66091918
86092000
86092006
86092012

18
19
20
21
22
23
24
25
26
27
28
29
30

20.6N
21 .ON
21 .3N
21 .9N
22.3N
22.6N
23.2N
23.9N
24.6N
25.4N
26.4N
27.6N
28.2N

AWFW3E
#oFcA8E3

125.8E 6 +14 198 147 85 0 0 20 60
125.lE 21 115 143 85 0 5 30
124.3E
123.6E
122.9E
122.lE
121.5E
121.2E
121.3E
121 .4E
121 .8E
122.5E
123.7E

18 94 79
13 104 169

0 38 29
0 45
8 12

19 61
0 156

12
16
36
20

90 0 15 50
90 5 15 45
95 0 15 55
90 0 20
90 5 25
85 5 45
80 10 45
70 10
55 0
45 0
35 5

Typhoon Ben (14W)
DTG W$ BT Lat 87 Lon

86091900 1
86091906 2
86091912 3
86091918 4
86092000 5
86092006 6
86092012 7
86092018 8
86092100 8
86092106 10
86092112 11
86092118 12
86092200 13
86092206 14
86092212 15
86092218 16
86092300 17
86092306 18
86092312 19
86092318 20
86092400 21
86092406 22
86092412 23
86092418 24
86092500 25
86092506 26
86092512 27
86092518 28
86092600 29
86092606 30
66092612 31
86092618 32
86092700 33
86092706 34
86092712 35
86092718 36
86092800 37
88092806 38
86092812 39
86092818 40
86092900 41
86092906 42
86092912 43
86092918 44
86093000 45
86093006 46

10.5N
11.ON
11.8N
12.8N
13.8N
15.lN
15.6N
16.IN
16.3N
16.4N
16,5N
16.6N
16.7N
16.7N
16.8N
16.9N
17.2N
17.5N
17.8N
18.ON
18.4N
18.7N
19.2N
19.4N
19.7N
20.ON
20.5N
20.8N
?1 .2N
21 .4N
21 .6N
21 .9N
22.2N
22.6N
23.2N
23.9N
24.8N
26.1 N
27.4N
28.ON
30.8N
32.7N
34.5N
36.ON
37.4N
36.9N

AVHVGE
#oFcA8E8

160.4E
158.8E
158.4E
159.lE
156.7E
167.9E
158.6E
155.3E
154.lE
153.2E
152.7E
152.2E
151 .7E
151 .3E
150.7E
149.9E
146.7E
147.3E
146.OE
144.8E
143.7E
142.7E
141 .7E
140.8E
140.OE
138.4E
138.lE
136.8E
136.7E
136.7E
136.7E
138.9E
138.2E
138.4E
138.8E
140.2E
140.7E
141 .4E
142.lE
142.7E
143.5E
144.8E
148.6E
148.7E
151.IE
154.lE

19 104 160 225
30 26 22 18

Pos Er 24 Er 48 Er 72 Er BT Wn WW Er 24 WE 48 WE 72 WE

139
12
49
57
17
31

0
39
13
29
50
66

8
12

6
13
13
26
13
11
13
~8
18
18

6
6

12
18

6
8
8
6

11
13
16
13
13
12
13
13
24
16
24
49
20

9

22
46

380
246
234
174

18
91

108
197
150
167
156
154

64
121
153
173

30
67
51
57
21
62

102
102

51
84
89
84
62
69

115
90
93
54

128
163

62
115
163

95
60
4j

112
42

469
307
222
156

80
59

294
355
213
167
109
100
116
162
183
191

50
119
125
154
127
200
227
253
191
230
245
243
105

98
295
257
300
280
371
346
138
214

204
38

590
411
242
197
142

19
311
345
161
130

86
95
91

108
87

714
174
291
267
291
268
336
364
386
317
447
339
369
122
239
547
451

261
32

30
35
35
35
40
45
45
50
55
55
60
55
50
45
45
50
65
60
70
80
85
95

105
115
120
115
110
110
105
100

95
95
95
95
90
90
85
85
85
80
75
70
65
65
55
50

0
0
0
0
0
0
5
5
5

10
10
15
10
10

5
5

10
10

5
0
5
0
0
0
5
5
0

-5
0
0
5
5
0

-5
-5
-5

0
-5

0
0
0
0
5
0
5
0

10
10
10

5
5

15
15
25
35
40
45
35

5
5

-5
-lo

5
0

-lo
-15
-lo

0
20
25
20
10

5
0

-5
-5

-5
-lo
-lo
-15
-20
-15
-15
-lo
-lo
-15

-5
0

15
20
15
20
25
35
50
50
50
45
40
20

-lo
-15
-25
-30
-20

5
-5
-5
15
25
40
45
20

5
0

-5
-lo
-lo

-20
-20
-20
-20
-15
-15
.10
.10

40
50
50
45
40
35
45
40
40
30
25

0
-20
-15
-lo
-lo

10
10
20
20
35
40
35
40
20
10
-5
-5

-10
-5

-30
-35

Typhoon Carmen (15W)
M-G w# 8TLat 8TLon PosEr24Er 48Er 72Er 8TWnWWEr24WE 46WE72WE

86100200 1 10.9N 152.9E 85 139 173 254 35 -5 0 55
86100206 2 11.4N 151.3E 49 126 208 264 40 -5 10 5 5
86100212 3 12.ON 160.7E 31 102 145 193 40 -5 15 15 5
86100218 4 12.7N 148.5E 42 99 109 125 45 -5 15 10 5

180



86100300 5 13.3N 146.2E
86100306 6 13.6N 148.8E
86100312 7 14.3N 145.5E
86100318 8 14.8N 144.2E
86100400 9 15.5N 143.2E
86100406 10 16.IN 142.3E
88100412 11 16.7N 141 .7E
86100418 12 17.3N 140.9E
86100500 13 17.9N 140.2E
86100506 14 16.6N 138.5E
86100512 15 19.2N 136.8E
86100518 16 19.7N 136.3E
86100600 17 20.4N 136.oE
86100606 18 21.3N 137.6E
86100612 19 22.4N 137.8E
66100618 20 23.5N 138.OE
86100700 21 24.5N 138.5E
86100706 22 26.5N 136.5E
86100712 23 28.7N 140.8E

86100718 24 31.ON 142.OE
86100800 25 33.3N 143.2E

66100606 26 35.4N 144.8E
86100812 27 37.4N ~48.8E

A~
#oFcA8Es

Troolcd Storm DOm (16W)

8
6
8
6
6

18
6

13
6
0
0
8
6

25
6

16
6

18
12

0
12

0
15

15
27

8
21
13
19
48

102
72
70
51
37

6
47
85

129
21
74

192
171
308

84
23

29
48
54
83

115
146

71
34
16
55

165
294
315
361
246

140
19

21
45
81
63
47
43

152
266
300
324
417

173
15

45
45
50
55
60
65
65
75
85
90
95

100
95
90
85
85
80
80
80
80
80
70
60

5 15 15 20
10 15 10 25
10 20 5 25

5 10 0 25
5 5 10 35
0 -5 5 25
5 -5 15 25
0 -5 20 20

-lo 5 10 -5
-5 10 0 -5
-5 15 0 5
-5 15 0

0 5 -lo
50 -lo
5 -15 -15
0 -20
0 -20
0 -20
0 -15

-lo
-5
-5

0

h W# BTLst 8TLon Pos Er24Er 48 Er 72Er BTWn WWer24WE48WE72wrE

88100900
86100906
86100912
86100918
86103000
86101006
86101012
86101018
86101100
86101106
66101112

1
2
3
4
5
6
7
8
9

10
11

15.4N
16.ON
16.3N
16.6N
16.8N
17.ON
17.IN
17.2N
17.3N
17.3N
17.4N

Typhoon Elten (17W)
Cm3 w# ST tat

86101100 1
86101106 2
86101112 3
86101118 4
86101200 5
86101206 6
8610*212 7
86101218 8
86101300 9
86103306 10
86103312 11
66101318 12
8610+400 13
86101406 14
86101472 15
86101418 16
86101500 T7
86101506 18
86101512 19
86101518 20
86101600 21
86107606 22
86101612 23
86107678 24
8610T700 25
66101706 26
06101712 27
86101718 28
86301800 29
86301806 30
867018~2 31

10.8N
11.2N
11.8N
12.ON
12.6N
13.2N
13.9N
14.5N
15.lN
15.5N
15.9N
16.4N
16.9N
17.4N
17.SN
17.9N
16.ON
16.3N
18.8N
18.6N
19.ON
19.2N
19.4N
19.7N
20.lN

2:
20.9N
21 .lN
21.lN
21.lN

114.9E
114.OE
113.3E
112.6E
111.7E
110.9E
11O.1E
108.3E
108.5E
107.7E
lW.9E

BTLon

126.6E
125.lE
123.7E
lZ?.3E
121.lE
1~.OE
119.3E
118.7E
118.2E
118.OE
118.OE
118.OE
118.OE
118.OE
117.3E
117.6E
117.4E
117.3E
117.2E
117.IE
116.8E
f16.5E
116.OE
115.4E
114.9E
114.6E
1142E
113.8E
113.5E
113.lE
112.6E

6 25 12 29 40 5 25 30 25
12 24 34 40 Jo 30 15
27 32 50 45 0
79

55
137 144 45 -5 -5 -lo

76 104 40 0 -5
42 42 40 so
12 17 35 5 5

6 160 35 0 0
6 54 35 0 -5
8 35 0
0 30 0

25 66 60 29
11 9 4 1

Pos Er24Er 48 Er 72Er BTWn WWER24WE4BWE72WE

8
22
13
19
23
17
32
60

8
19
13

8
6
0

35
25

6
6
6
6

17
6

:
0
6

19
6
0
8
0

132
119

49
42
48
73

156
199

84
95
29

6
49
83
107

95
18
36
97
99

120
101

25
40

109
52
34
41

123

185
139

80
121
125
182
225
264
118
124

61
59

106
202
272
287
130
147
235
226
225
237

25
22

187

217
213
144
194
166
228
302
320
170
161
140
165
299
425
516
520
253
286
447
469
466

45
45
45
40
40
40
45
50
55
60
60
65
70
75
80
80
75
75
70
70
75
70
65
65
65
65
80
55
50
45
40

0
5
0
0
0
5

-5
-5
-5

0
0
0
0
0
0

-5
0
0
0

-5
0
5
0
0
0
0
0
0
0
5
5

5
5
0
0
0
0
0
5
0
5
0
5

10
5

10
-5

-lo
-5

0
-lo

0
0

:;
-5

0
0
5

10

-lo -lo
-lo -10

-5
-: -5
.5 5

10
-: 15
5 10
15 10
15 10
20 15
20 15
55
50
50

-lo -lo
-5
-5 1:

10
-: 5
5 10
10
5
10
5

181



86101818 32 21.lN 112.OE 6 35 5
86101900 33 20.1 N 111.IE 66 30 5

A~ 14 78 159 291
#Cx=cA6Es 33 29 25 21

TYDhoon Forrest {lBWI. .
M-G w# fiLat ‘STLon Pos Er 24 Er 4S Er 72 Er BTWn WWER24WE 46WE 72WE

86101518 1
86101600 2
86101606 3
86101612 4
86101618 5
86101700 6
66101706 7
86101712 8
86101716 9
86101800 10
86101606 11
86101812 12
86101818 13
86101900 14
86101906 15
86101912 16
86101918 17
86102000 16
86102006 19

15.6N
16.3N
16.SN
17.5N
16.2N
16.7N
19.4N
20.lN
20.6N
212N
21 .7N
222N
22.7N
23.5N
24.4N
25.8N
27.SN
31.lN
34.3N

AVBV&
#a=cAsEs

153.8E 52
151 .9E 8
150.2E 24
146.3E 6
146.8E 18
145.3E o
144.3E o
143.3E 6
142.7E 6
142.2E 6
142.2E 8
142.3E 6
142.5E 17
143.3E 13
144.7E 8
146.7E 37
14S.3E 40
152.9E 62
15S.7E 16

18
19

151 138 57
91 34 141
79 38 164
80 169 226

135 251 247
67 223 657
64 290 669
84 352 1060
76 426
83 557

135 738
196 927
356
444
512
580

196 345 427
16 12 8

55 -25
60 5
65 5
70 5
90 -5

100 -5
110 -10

95 0
90 5
90
90 -:
90 -5
90 -5
85 -5
80 0
75 0
70 -lo
65 -lo
55 -5

-35 -15 0
-15 10 25
-25 10 30

0 10 25
10 20 30
25 25 35
20 25 40
-5 0 25

-15 -10
-15 -lo
-15 0
-lo 15

-5
0
0

15

Troplcel Storm GOorgta (19W)
m W# STL@ BTLon Pos Er24Er 4S Er 72Er BTWn WWER24WE4SWE72WE

86101808 1
86101812 2
86101818 3
86101900 4

-86101906 5
86101912 6
66101918 7
86102000 8
86102006 9
86102012 10
86102018 11
86102100 12
86102106 13
86102112 14
86102118 15

11.5N
12.ON
12.3N
12.5N
12.8N
13.lN
13.2N
13.4N
13.7N
14.ON
14.lN
14.3N
14.5N
14.9N
152N

W7.3E
126,2E
1252E
1242E
123.OE
121 .OE
119.4E
118.IE
117.lE
115.9E
114.6E
113.2E
111.4E
110.OE
106.8E

6
6

19
23

6
12
26
19

0
0

17
6
6
6
6

A~ 10
#oFMsEs 15

106
111
175
158
713

89
102

18
47
87

104
so
59
64

92
14

264
227
297
288
286
271
387

72
71

155
174
207

226
12

366
381
442
49*
454
410
433
214

402
8

45 -lo
50 -5
55 -lo
50 0
40 0
35 0
40 0
45 0
45 0
45 0
45 0
45 0
50 0
50 0
50 0

10 -15 -5
-5 -15

-10 -15 :;
-70 70 30

-5 5 45
5 15 40

10 15 25
10 25 30

5 35
5 40
5 45

15 30
25
20

Tropical Storm Herbert (20W)
W# STbt STLon PoeEr24Er 4S 13 72Er STWnWWER24WE46WE72WE

86110800
86110806
86110812
68110818
86110900
86~10906
86110912
86110918
86111000
86111006
661j1012
66111018
86111100
88111106
86TIII12,
86131118

:
3
4
5
6
7
8
9

10
11
12
13
14
15
16

13.lN
13.4N
13.SN
142N
142N
14.ON
13.SN
13.7N
13.SN
13.6N
13.6N
13.7N
13.6N
13.SN
142N
14.4N

119.9E
119.OE
118.2E
117.SE
116.9E
1162E
115.5E
114.BE
114.OE
113.lE
112.2E
111.7E
1112E
110.6E
11O.1E
103.4E

13
12
35
42

6
38
24
18
13

0
13

107
59
13
13

6

26
16

48
46

155
180
135
106

72
44
25
37

126

89
11

26
63

226

182
182

84
57

130
8

101 35 -5 -10 0 11
158 40 -5 -10 5 15
299 45 -lo -5 15 25
311 50 -lo -5 20 30

55 0 70 15
60 20
80 -: 1: 30
60 -5 15 30
55 5 20
55 5 25
50 0 -5
45 -5
45 -5
40 0
35 0
30 0

217
4

182



“m w# ‘- ‘-87 Lat til.on Pos Er24Er 46 Er 72Er 87 WnWWER24WE48WE72WE

133.5E
132.SE
731 .6E
130.5E
122.4E
126,2E
127.lE
126.1 E
124.9E
123.7E
1222E
120.6E
119,2E
118.OE
116.8E
115.9E
~15.lE
114.2E
?13.8E
114.2E
115.OE
116.OE

78
67
37
18

6
8

30
6

17
48
32

6
21

6
13
32
66
13
11
68

t 02
23

99
32
80
72

102
88

118
157
155
127

18
87

107
134
173
230
248
288
346

77
128
201
237
232
165
186
244
246
223
120
278
385

166 30
263 30
259 25
322 30
373 35
341 40
384 45
366 45
373 40
331 35
395 30

30
35
40
45

5
5

10
5
5
5
5
5
5
5
5
5
5
5
0

20
15
10

5
5
0
5

10
5
0
5
5

15
0

10

55
10 -5
15 0
15 5
10 15
105

5
5 :

t5 30
0 40

10 45
20
30
35
45

86111018 1 6.ON
86111100 2 6.4N
86111106 3 6.8N
86111112 4 7.4N
86111118 5 8.ON
86111200 6 8.6N
86111206 7 92N
86111212 8 8.6N
86111218 9 10.7N
86111300 10 11.6N
86111306 11 12.8N
86111312 12 13.4N
86111318 13 13.8N
86111400 14 14.oN
86111406 15 14.7N
86111412 16 15.7N
86111418 77 16.7N
86111500 *8 17.6N
86111506 19 t8.5N
86111512 20 19.5N
86111518 21 20.2N
86111800 22 20.ON

AV6WE
#oFCwE8

l~hoom Jua (22W)
UTG we 87 la

861*1818 1 Y3.6N
86111900 2 13.7N
86111906 3 13.6N
86111912 4 14.3N
86113918 5 14.6N
86112000 6 35.4N
86112006 7 18.lN
86112012 8 t6.7N
86112018 9 17.4N
86312100 10 18.lN
861T2106 11 18.8N
86112112 t2 18.8N
Ej6112318 f3 202N
66112200 t4 20.7N
86$12206 15 2t2N
86112212 16 21.6N
86112218 17 Z!.lN
86112300 18 22SN
86112306 ?9 22.8N
86112312 20 23.3N
86112318 21 23.7?4
86112400 22 24.ON
8611= 23 24.S4
8Sll~ 24 24.5N

*OF-

436
45
40
55
50
45
35
30

325
11

5
10

0
5
0
5

10

15
15
20
15

32
22

139
19

236
<5

67Lrrn PosEr24Er 46 Er 72Er 67MWWEF124WE46WE72WE

67 56
242
307
291
351
107

25
474
476
545
623
668
7s1
737

1025
773
824
866

128.OE
127.1 E
W6.?E
t25.4E
t24.8E
124.4E
124.2E
124.lE
123.SE
1239E
123.8E
123.8E
124.OE
124.lE
1242E
W4.4E
124.6E
124.9E
125.1 E
126.5E
126.8E
126.3E
U!6.8E
327.3E

T2
?2
13

8
21

6
18

8
%8

6
6
8
0
6

*8
6
8

13
24
13

8
18

6
30

177
508
579
424
453

95
271
940

40
45

.10
-5

0
0
0
0

to
o
0
0 -25 -30
0 -25 -30
0 0
0
0 -; -25
e -’1o -lo
0 -5 -5
0 -5 0
0 -10 0
0 15

-5 5
-5 *O

00
5

59
109
?34
+64

80
59

137
137
f 32
$77

50
55
60
65
60
75
80
90

100
100
100

90
85
75
70
70
65
60
55
55
40

200
203
177
440
221
244
281
222
122
197
128

12
24

169
22

506
18

433
a

~ Ty@ooa KMa (23W)
m W# BTlat 87Lon PosEr24Er46Ef72EfBTWnWWER 24WE48WE72WE

86112806
86112812
86? 12818
86112900
86112906
86112812
887129+8
86173000
861t3006
86153012
86113018
66~20100
86120106
86120112
86120118
86120200
86120206

:
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

7.9N
8.4N
8.6N
9.lN
9.3N
9.4?4
9.7N

10.1N
10.7N
11.4N
12.?N
13.lN
14.ON
14.7N
15.2N
15.6N
15.6N

t82.8E
*61 .6E
160.6E
lS.4E
158.4E
167.5E
t56$E
156.02
1552E
154.32
1S3.6E
152.8E
152.2E
151 .4E
750.6E
149.62
W9.OE

19
6
6
6
6

18
43
35
21
*S
25

6
6
8

f7
13
2$

60 148 274
47 182 378
92 234 423
40 246 423
69 249 393

109 301 475
t 53 318 438
148 2S3 374
162 249 322
142 214 258
153 199 252

48 240 403
109 287 475
145 305 414
170 378 502
136 323 384
14* 287 374

40
45

-?0
-5
-5
0
5
10
10
5
*O
10
10
0
-5

:!
-5
-5

-*O -5
-5 5
-5 5
10 25

15
x 5

5
Zo
20 0

0 -5
0 -5

-35 -60
-35 -50
-25 -35
-2s -20
-lo

-5 -:

5
0
0

10
5

-;
-5

-:
-5
-50
-45
-45
-25
0
5

50
80
65
70
75
80
80
80
85
85
95

110
115
120
125

182



86120212 18 15.5N 1482E
86120218 19 15.5N 147.4E
86120300 20 15.5N 148.5E
86120306 21 15.5N 145.4E
86120312 22 15.5N 144.2E
86120318 23 15.7N 143.OE
86120400 24 15.9N 141 .9E
86120406 25 16.5N 141.lE
86120412 26 17.4N 140.8E
86120418 27 17.6N 140.4E
86120500 28 17.5N 140.lE
86120506 29 17.5N 138.9E
86120512 30 17.5N 138.6E
86120518 31 17.4N 138.9E
86120600 32 17.2N 138.lE
86120606 33 17.2N 137.lE
86120612 34 17.IN 136.lE
86120618 35 17.2N 135.lE
86120700 36 17.3N 134.2E
86120706 37 17.3N 133.4E
86120712 38 17.2N 132.9E
86120718 39 16.9N 132.7E
86120800 40 16.6N 132.6E
88120806 41 16.2N 132.5E
86120812 42 15.9N 132.4E
86120818 43 15.9N 132.8E
86120900 44 16.lN 132.6E
86120906 45 16.lN 132.3E
86120912 46 16.2N 132.lE
86120918 47 16.3N 132.OE
88121000 48 16.3N 131.9E
86121006 49 16.5N 131 .8E
86121012 50 16.7N 131.6E
86121018 51 17.3N 131 .3E
88121100 52 17.8N 131.lE

AVEFWGE
#oFcAsEs

TroDlcal Storm Lex (24W)

12
12

0
0
0
0
8
8

42
31
25
11
25
27
12
34

6
8

12
12
12
32
18

6
6

24
0

12
6

13
6

17
8

30
12

15
52

133

%
44
84
63

124
108

61
99

193
248
286
248
115
130

97
76
89

107
174
166

81
91

109
115

80
102

54
109

83
118
135
121

116
51

264
70

100
185
140
115
221
217
299
368
640
719
700
642

70
322
388
347
263
233
305
303
160
235
235
254
282
252
199
233
219
285
295
288

280
51

420
213
141
207
204
255
393
414
703
788

1182
1216
1260
1162

488
31

130
135
135
130
125
120
120
120
120
115
110
100
90
85
80
85
90
95
100
95
90
80
75
70
65
65
60
55
55
50
50
45
40
35

0

:
5
0
0
0
0
0
0

-5
0
0
0

-5
-15
-15
-15
-lo
-lo
-lo

0
-5
-5
-5
-5

0
5
0
5
0
5
5
5

-5
10
15

0
-15
-15

-5
5

20
15

5
0

-lo
-20
-45
-45
-45
-25
-15
-lo
-lo
-10
-lo
-lo
-15
-15

0
5
0
5

10
10
10

5

-lo

:
0
5
5

10
5
5

-lo
-35
-30
-30
-25

-35
-30
-25
-20
-20
-15
-15
-lo

-5
-5

5
5

10
10
10
10

5
5

10
25
10
-5

-lo
-15
-25
-20
-30
-25
-20
-15
-15
-20

-DTG w# BTLat BfLon Pos Er 24 Er 48 Er 72 Er BTWn WWER24WE 4BWE72WE

86120318 1 8.1 N 163.OE 25 106 150 199 30 0
86120400 2

-5 40 65
8.1 N 162.lE 48 133 119 251 35 0 20 45 60

86120406 3 8.3N 161.3E 18 90 133 509 40 0 30 45 60
86120412 4 8.7N 160.5E 35 108 124 451 40 5 35 55 70
86120418 5 9.4N 158.6E 32 30 166 496 35 10 30 50 65
86120500 6 9.8N 16B.7E 13 40 199 465 35 10 30 45 65

86120506 7 10.2N 157.5E 8 42 432 543 30 10 20 30 40
86120512 8 10.6N 156.4E 95 30 -5

A~ 34 78 189 416
#ofcAsEs 8 7 7 7

Typhoon Marge (25W)
D-m Wfl BTLat BTLon Pos Er 24 Er 48 Er 72 Er BTWn WWER24WE 48 WE72WE

86121406 1
86121412 2
86121418 3
86121500 4
86121506 5
86121512 6
86121518 7
86121600 8
86121606 9
86121612 10
86121618 11
86121700 12
86121706 13
86121712 14
86121718 15
86121800 16
86121806 17
86121812 18
86121818 19
86121900 20
86121906 21
86121912 22
86121918 23

7.3N
7.ON
72N
7.3N
7.7N
62N
8.5N
8.9N
9.3N
9.7N

10.2 N
10.4 N
10.5 N
10.6N
10.6N
10.6N
10.5N
10.5N
10.5N
i 0.8N
11.lN
11 .6N
12.ON

160.OE
158.6E
157.3E
155.9E
154.6E
153.3E
152.OE
150.7E
149.5E
148.4E
147.2E
146.2E
145.3E
144.7E
144.OE
1432E
142.OE
140.9E
140.OE
138.2E
136.OE
136.8E
135.4E

48
0

36
185
223

42
64
13
42
21
24
12
12
24
19

0
17
12
17

6
6

13
36

156 215
125 163
112 152
346 427
404 449

90 112
110 161

24 165
173 303
140 243
155 214

89 104
67 95
60 53
96 122
59 162
50 210
49 233
72 304
55 337

104 352
193 396
282 443

184

119
136
101
337
379
102
131
207
303
249
159

64
90

192
297
453
462
449
453
427
431
485
486

30
30
30
30
35
40
45
50
55
65
70
75
70
70
70
70
70
70
70
70
75
80
90

0 15 15
0 10 5
0 -5 -15
0 0 -15
0 -15 -20
0 -25 -20
0 -15 -5
0 -10 5
0 5 15
0 5 15
0 5 15
0 5 15
0 10 15
0 10 10
0 10 0
0 5 -5
0 5 -lo
0 0 -5
0 -lo -5
0 -lo -5

-5 -15 5
-5 -lo 10
15 -5 25

20
40
5
0
0
0
5

10
10
10
0
0
5

10
0
0

10
15
25
35
45
45
50



86122000 24
86122006 25
86122012 26
86122018 27
86122100 28
86122106 29
86122112 30
86122116 31
86122200 32
86122206 33
86122212 34
86122218 35
86122300 36
86122306 37
86122312 38

11.6N
10.9N
10.1N

9.8N
9.2N
9.3N
9.7N

10.ON
10.IN
10.3N
10.7N
11.lN
11.6N
12.lN
12.3N

AVHWE
#cx=cA3E8

134.3E
133.1E
132.7E
130.lE
128.52
128.9E
125.4E
123.8E
122.OE
121.lE
120.3E
119.5E
118.9E
118.2E
117.4E

40
22
22
6
6
6

19
13
6
0
6

25
40
31
6

29
38

284
263
199

98
62
61
24
40

114
121

130
33

399
377
344
184

49
114
123

233
30

326 90
274 95
370 90

90
90
80
75
60
50
40
40
40
35
35
30

288
26

-15 -5 35 55

-10 15 55 SO

o 20 50 50

0 25 35

0 20 25

10 30 25

5 25 25

10 20

0 5
50
0
0
0
0

TYDhoon Norrla (26W)
--M’G W# ~Tht- 8TLon Pos Er24 Er 46 Er 72Er BTWn14AV ER24WE48WE72WE

86122118 1
66122200 2
86122206 3
86122212 4
86122218 5
86122300 6
86122306 7
86122312 8
86122318 9
86122400 10
86122406 11
86122412 12
66122416 73
86122500 14
86122506 15
86122512 16
86122518 17
86122600 18
86122606 19
86122612 20
86122618 21
86122700 22
86122706 23
86122712 24
86122718 25
86122800 26
86122806 27
86122812 28
86122816 29
86122800 30
86122906 31
86122912 32
86122918 33
86123000 34
86723006 35
86123012 36
86123018 37
86123100 38
86123106 39
86123112 40
86123116 41

8.6N
8.9N
8.2N
9.7N

10.1N
10.6N
11 .ON
11 .4N
11 .5N
11 .5N
11 .6N
11 .5N
11.3N
10.8N
10.3N
10.1N
10.2N
10.5N
10.9N
11 .4N
11 .7N
11 .7N
11 .8N
12.2N
12.5N
13.lN
13.8N
13.9N
13.6N
13.7N
13.2N
12.7N
11.8N
11.2N
10.5N
10.ON
10.ON
10.ON
10.ON
10.2N
10.4N

186.9E
186.2E
165.5E
184.5E
163.5E
162.5E
161 .5E
180.2E
159.3E
158.3E
156.8E
155.lE
153.9E
152.8E
151 .6E
150.2E
149.2E
148.4E
147.3E
148.2E
144.8E
143.5E
142.2E
140.8E
138.6E
138.9E
138.3E
137.8E
137.5E
137.3E
138.9E
136.4E
135.6E
134.5E
133.2E
131 .8E
130.lE
128.3E
126.7E
125.1 E
123.3E

84
35
22
31
24
18
19
47

0
12
26
13
19
19
53
13
36
12

6
6
6
6
6
8
6
0

19
6

12
0

13

:
0

25
13

6
0
6
0
0

17
41

202
102
78
107
82
30

109
174
86
90
114
107
88
25
65

145
168
76
76
54
13
53
88

123
135
159
162
164
217
161
207
210
227
155
176
79
127
102
65

118
39

307
178
115
181
138
124
242
314
189
128
151

91
88

118
153
158
182
148
141

89
140
135
220
300
339
401
457
498

.578
397
449
449
469
367
431

345
74
55

231
168
169
244
282
188
168
244
217
203
213
218
183
156
106
117
265
343
358
384
470
447
470
748
636

1002
679
741

30
30
30
30
30
30
30
35
40
40
40
40
40
40
45
45
45
50
50
55
55
60
65
65
65
70
75
80
85
90
90
85
80
80
75
70

254
35

55
50
40
35

334
37

0 10 10
0 10 10
0 10 10
005
0 0 10

5
; 5 1:

10
-: 1; 15

0 10 10
000
0 0 -5
0 50
0 -5 -10
0 0 -+5
o -5 -15
0 -5 -10
0 -5
0 -: -10
0 0 -10
0 0 -15
0 0 -15
0 5 -~o
o 0
5 -: 5
0 -15 0
0 -20 -10
0 5 15
0 5 15
0 5 25
0 10 30
0 15 40
0 20 35
0 10 25
0 10 25
0 20
0 5
0 5
0 10
0
0

20
25
20
10
15

;:
10
15
10

-lo
-lo
-lo
-15
-20
-25
-30
-20
-20
-lo

-5

5
10
20
20
10
35
30
40
45

185



APPENDIX I

DEFINITIONS

PErf TRACK - A subjectivelysmoothedpath,
versusa preciseand very erraticfix-to-fixpath,
usedto representtropicalcyclonemvenent.

CIN1’H?- The verticalaxisor coneof a tropical
cyclone. Uaually deteminedby wind,teqfx’ature,

and/or presmre distribution.

CmJ2NE - A closed atmosphericcirculation
rotat~-atmut an ar~ of 1-
(counter-clockwisein the

pre9sure
northernhemisphem).

EPHRtWIIS - Positionof a body (satellite)in
space as a ktim of time; usa fm gridding
satellitebagery. Sinceephemerisgriddingis based
solelycm thepredictedpositim of thesatellite,it
is susceptibleto errorsfranvehiclepit~, orbital
eccentricity,@ theoblatenesaof theearth.

EKPIQ31VED-ING - A decreasein the minlnum
sea-levelpressureof a tropicalcycloneof 2.5mbhr
for12 hoursor 5.0nbhr forsixhours(Al”R1971).

mllwm3PIcAL - Atennuaed inwarnin@an5
tropical ~es to indicatethat a cyclonehas
lost its ‘tropicalW characteristics. The tam
impliesbothpolewa~ diaplaceaentfran the tropics
and the conversionof the cyclone~s@nary energy
sourcesfromreleaseof latentheat of condmaatim
to bamclinic processes. ‘Ihetenucarrimno
Inplicationaaa to strengthor size.

EfE - A term used to describe the central area
of aTF@ical cyclonewhenit is more thanhalfthe
SUt’~ded by -11 cloud.

FUJIWHARAM’FECl’- An interactionin which
tmoical cyclones thin Shout700 101(1.2%km) of
each other-beginto rutateabmt one another. Mhen
intensetrvpicalcyclonesm withinabout400 m
(741km) of eachother,theymay alsobeginto mve
closerto eachother.

MAXIMUM Su.mum mm - Highestsurfacewind
mead averauedover a ~te mriod of time.
ti gusts o;er watm average 20 to 25 pemant higher
thansustainedwinds.

RAPID D.EWHiING- A decreaseIn tie tinioun
sea-levelpressureof a trcpicalcycloneof 1.25
nWhr for24-hours(A’IR1971).

REUIRVATURE- The turningof a tropicalcyclone
frau an initialpathtowardtheweatm northwestto
a path towardthe northeast.

SIGNIFICANT‘IROPICALCYCU3NE - A tropical
cyclonebecam?snsigniflcantwwith the iSSUSnCSof
thefirstnuuberedtaning ~ theresponsiblewarning
-Y.

SUPERTYPI$XU/HURRICANE- A typhomfhurricane in
whim the Inaxilmnnsustainedsurfacewind (~nute
mean)is 130 kt (67 tis) or greater.

TROPICALCYCLmE - A mn-fmntal low-pressure
systemof usually synopticscale developingover
tropicalor subtropicalWst=s andhavinga definite
o_@ circulation.

‘IlillPICALCYCUltE AIRCRAFT ~SSANCE
~d A

~ evy tropma.1 cyclone aircraft wather
reconnaissanceunitswithina &s@ated areaof the
Pm m to functilxlas Coordimtcr between
USCIWPACAF and the appropriate typbomhurricane
~ ---

~PICAL DEPRESSI(M- A tropicalCYCIIXS in
Whml the maximmi sustainedsurfacewind (one+nlmte
man) is 33 kt (17m/s)or leas.

TROPICAL DISPUI@KZ - A diSWSte Syat= Of
apparentlym13@r.ed convection- uenerallY 100 to
360 m (185 t% 556 km) h diiimter ~ o-ting in
the tropics cr subtropics,having a inn-frontal
migratorycharacter,and hs~ maintainedits
identityfor12- to 24-hours.It my or my not be
associatedwitha detectableperturbationof thewind
field. Aa S@, it is tk basicgenericdeaignatial
which,in successivestagesof intansification.may
be classifiedas a tropicaldqraasion, tropical
stormor typhocn(hurricane).

lROPICALSIMM - A tmplcalcyclonewithmaxinm
Suetaina surfacewinds (~ute man) in tk
~ Of 34 to 63 kt (17 to 32 m/s)inclusive.

TROPICALUPPER-=ISPHBUC ‘IRCUGH(lJJI1’)- A
dmimant ClilnatOlcgicalsystem(~per-leveltrough)
and a dailysynopticfeature,of the swmr season
OV= the trcpicalNorthAtlantic,North Pacific and
SouthPacificOceana.

‘nFwocNniuRiucANE- A tt’w@2alCyCkE? in which
the Imximau sustainedsurface Wind wind (~te
mean) is 64 kt (33 Ilvs) or greater. Wet Of 180
des=ee they are Calla hum’i.canea. Frxelgn

enmenta use these a’ Ottsr tenm for tropicalgov
cyclonesaridUISyapplycliff~ intellaityCriteI%S.

wALLaaJD - An a’gan.ized band of Cuaulifom
clouds~ately ~ thecentralareaof a
tropicalcyclone. ‘IheWll Clmd may Csltirely
encloseor partiallyaurxmmdtk center.



column 1

ANDY
BRENDA
CECIL

=1S
FAYE
GORDON
HOPE
IRVING
JUDY
KEN
LOLA
MAc
NANCY
OWEN
PEGGY
ROGER
SARAH
TIP
VERA
WAYNE

APPENDIX II
NAMES FOR TROPICAL CYCLONES

column 2

ABBY
BEN
CARMEN
DOM
ELLEN
FORREST
GEORGIA
HERBERT
IDA
JOE
KIM
LEX
MARGE
NORRIS
ORCHID
PERCY
RUTH
SPERRY
THELMA
VERNON

NOTE :

column 3

ALEX
BETTY
CARY
DINAS
ED
FREDA
GERALD
HOLLY
IAN
JUNE
KELLY
LYNN
MAURY
NINA
OGDEN
PHYLLIS
ROY
SUSAN
THAD
VANESSA
WARREN

column 4

AGNES
BILL
CLARA
DOYLE
ELSIE
FABIAN
GAY
HAL
IRMA
JEFF
KIT
LEE
MAMIE
NELSON
ODESSA
PAT
RUBY
SKIP
TESS
VAL
WINONA

Names are assigned h rotation, alphabetically. When the last

name (WINONA) has been used, the sequence will begin again with ‘ANDY=.

Source: C13K!?ACINST 3140.1 (series)
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APPENDIX IV
PAST ANNUAL TROPICAL CYCLONE REPORTS

C.cpies of thepsstAnnualTropical Qclme@I’ypbxI Raports
can be dtained through:

Natimal TechnicalInfonmticm Service
5285 Port I@@ lbad

Springfield,Virginia 22161

Referto thefollowingacquisitionnmbers when

YmR

1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
19B4
1985

ACQUISITION~

AD 786147
AD 786148
AD 786149
AD 786128
AD 786208
AD 786209
AD 786210
AD 785891
m 785344
AD 785251
m 785178
AD 785252
AD 768333
AD 768334
AD 777093
AD 010271
AD A023601
AD A038484
AD A055512
AD A070904
AD A082071
AD A094668
AD Al12002
AD A124860
AD A237836
AD A153395
AD AI.68284

=dering:
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1986 ANNUAL TROPICALCYCLONEREPORTERRATASHEET

CHANGESFOLLOW.

1. Page iii - Add ‘Special thanks to Mr. Charles Mauck
assistance with data reduction.”

2. Page iv - TROPICALCYCLONE- “(13) TY A8BEY” should
“(13) TY ABBY”. ..

for his

read,

3. Page vi - *CPA Closest Point to Approachg. should read, ‘CPA

Closest Point of Approach-.
..

4. Page vi - “HATRACK”should read ‘HATTRACK”....

5. Page vi - definition’for ‘INJAH” should read, “North Indian
Ocean Component of TYAN”.

6. Page 2, under Section 4. ANALYSES, paragraph 2, in line 5 -
delete “six” and replace with “three”. On the next line delete “29,000

feet (8,839 m)” and replace with’ -31,000 feet (9,448m)”.

7. Page 5, paragraph under ”Section 1. GENERAL,last line -
“1985” should read, “1986*. ,.

3. Page 7, Figure 2-2 - arrow is missing that indicates NOAA9
operations extended through December.

?

9.-Page 10, last pa~agraph -’0 Tables 3-1 th;ough 3-6° should
>.

read, ‘Tables 3-1 through 3-4”. ..... . . . ... .,.~.. . ,..’ . . .

10. Page 26, expanded section of best track - the missing DT(3
should be 180000Z. t

11. Page 52, Figure 3-08-2 - text of caption should be switched
with caption under Figure 3-08-5 on page 53 and visa versa.

12. Page 81, first line - delete “digitally”.

13. Page 106, Figure 3-18-2 - surface pressure report “09- at
‘ position 17.lN 154.3E should read, ‘009”. Pressure report “08” at

positi’on.14.5N 154.5E should read, “008”, and “8” at 17.8N 150.8E should
read .’OO8~.

. .
,. 14. $age 117, Figure 3-21-1 - on the image the labelling “IDA”

should read “HERBERT”and “JOEmshould read, “IDA”.

15. Pa~e 133, Figure 3-25-1 - in first line of caption delete
“passed south* and insert “was approximately 500 n-m (926 km) southeast”.

..

16. Page 146 - Best track for TC03A should appear on page 150.

17. Page 147, Figure 3J01B-1 - on the image the labelling “TC06S-
should read “TC04S”.



, ‘. ‘: 18( page 150 - Best track of TCOIB should appear on page 146.l?-~f: r
~; 19. Page 15~s Figure 3-03Jbl - in line 2 of the caption delete

●Cyclone”. ;

:,
‘, 20. Page 151$ Figure 3-03A-1 - image should be rotated clockwise...,

ninety degree# for proper orientation.

21. page 171* in SeCtiOn titled
“Research - Delete llne8 19 through 24.

22. Page 171, in Section titled
Forecasting SyStem, second paragraph -
text:

Tropical Cyclone Prediction

Automated Tropical Cyclone
after line 2 insert the following...

“tropical Cylone warning?procedure. New forecasters
can gather valuable hands-on experience of the
warning procedure during their training period. ”

Then add three additional blank lines before the start of the next
Section titled, Tropical CycloneInner Regional Circulation
Classification.

23. Page 172, Section titled Tropical Cyclone Condition Setting
Aid - after line 7, which ends with “evasion action that”, delete the
next 3 lines and add the following:

“would be unmrranted at””lowerFisk”-’level;”: A rule” ‘“”’
.:.,..

for deciding such actiona can be derived on an
expected,ou$come basis le,g~..costfbenefits ratio). :

The CHARMmodel is now being adapted for seven North ‘“’”‘“”
,-.

Pacific sites: Pearl Harbor, Guam, Subic Bay, Buckner ---- ,.-. s-.:.,
Bay, Yokosuka, Sasebo, and Pusan.”

24. Page 186, definition of TYPHOON/HURRICANE- in line 3 delete t

‘Westg and ingert “East”.
. .

25. Page 189 - in.Sadler, J. C. reference ‘NAVENVPREDRSCHFACO=
should read, ●NAVENVPREDRSCHFAC‘.

26. Page 191 - ‘NOCD, DIEGO
GARCIA (2)-.

GARCIA(20. should read, ‘NOCD, DIE(3O

.6,

z.,
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