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U, S. FLEET WEATHER CENTRAL/
JOINT TYPHOON WARNING CENTER

COMNAVMARIANAS BOX 12
SAN FRANCISCO, CALIFORNIA

FROM: COmmanding OFFICER, U.S. FLEET NEATHER
JOINT TYPHOON k@RNING CENTER, GUAM, M.

To: CHIEF OF NAVAL OPERATIONS

VIA: COMMANDER IN CHIEF, U.S. PACIFiC FLEET

FWC/JTWC:WJK:GU

3140
SER: 92
11 APRIL 1962

cENTRAL/

1.

SUBJ: .ANNUAL l’YPHOON REPORT, 1961; SUBMISSION OF

REF: (A) OPNAV lNSTRUCT1Oti 3140.17C

1. THE ANNUAL TYPHOON REPORT, 1961 IS SUBMITTED HEREWITH IN ACCOR-
DANCE WITH PARAGRAPH 3.A. OF REFERENCE (A).

2. DURING CALENDAR YEAR 1961, A TOTAL OF TWENTY DESTRUCTIVE TYPHOONS

THREATENED THE WESTERN PACIFIC AREA, NECESSITATING THE ISSUANCE OF

737 INDIVIDUAL WARNINGS AND THE PLACEMENT OF THE FWC/JTUC, GUAM tN

‘TYPHOON WARNltIJG STATUS” FOR 165 CALENDAR DAYS.

3. THE COMMANDING OFFtcER, FtIIC/JTMC, GUAM 1s ●LEASED AND PROUD TO

INDICATE THAT DESPITE SEVERE AERIAL RECONNAISSANCE CURTAILMENT SUB-
SEQUENT TO 1 SEPTEMBER 1961, 24 HOUR TYPHOON FORECASTS WERE IMPROVED

13.2 PERCENT OVER THE PREVIOUS YEAR, AND 48 HOUR FORECASTS WERE IM-
PROVED BY 13.5 PERCENT.” flLSO, THAT”AS THE DIRECT RESULT OF JUDtCIOUS
AND EFFICACIOUS UTILIZATtON OF LAND-BASED RADAR REPORTS FROM THE

PHtLIPptNEs, OKtNAwA, lA;wAN, AND JAPAN, A TOTAL OF THIRTY-SEVEN
AERIAL RECONNAISSANCE MISSIONS WERE ‘POCKETED,” THEREBY SAVfNG THE

DEPARTMENT OF DEFENSE AND THE U.S. TAXPAYER A MOST CONSERVATIVELY
ESTIMATED $370,000000.

IIIILLIAM J. KOTSCH
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FOREWORD

~HIS REpoRT is puDLISfi~D ANNuALLY A~:~ SUMMARIZES kkSTERN AND

CENTRAL NORTH PACIFIC TYPIIWN=. DURING 1961, NO TYPHOONS WERE RE-

PORTED IN THE CENTRAL NORTH PACIFIC.

THE JOINT METEOROLOGICAL GROUP, PACIFIC COMMAND, THROUGH CINCPACFI.T,

AS EXECUTIVE AGENT> REDESIGNATED FLEET WEATHER CENTRALY GUAM AS FLEET

WEATHER CENTRAL/JOINT TYPHOON HARNING CENTER (FWC/JTWC), GUAM, EFFEC-

TIVE 1 MAY 1959> wlTH THE FoLLowlNG ADDITloNAL REspoNSIBILITIES:

1. To PROVIDE WARNINGS TO U. S. GovERNMENT AGENcIEs FOR ALL

TROPICAL cYcLoNEs wEsT o~ 180 DEGREFs LoNGITuDE NoRTH oF THE EQUATOR
TO THE AsfATlc COAST AND MALAYAN PENINSULA.

2. To DETERNINE TRoPlcAL cYcLONE REcoNNAl$SANCE REQUIREMENTS

AND A$SIGN PRIORITIES.

3* To CONDUcT lNVESTIGATlvE ANP p~sT ANALYSIS pROGRAMS INCLUDING
PREPARiiTION OF THE ANNUAL TYPHOON llEPORT.

4. TO CONDUCT TROPICAL CYCLONE FORECASTING AND DETECTION RESEARCH

AS PRACTICAtl~E.

FUCHU AIR FORCE MEATHER CENTRAL, ASSISTED AS NECESSARY BY FLEET

WEATHER FACILITY, YOKOSUKA, WAS DESIGNATED AS ALTERNATE JTWC IN CASE
OF FAILURE OF FWC/JTWCj GUAM.

THE JTWC, WHICH IS AN INTEGRAL SECTION OF FWC/JTWC, GUAM, IS
STAFFED BY TWO AIR FORCE AND TWO NAVY METEOROLOGISTS AND THREE EN-
LISTED MEN FROM EACH SERVICE. THE SENIOR AIR FORCE OFFICER HAS SEEN

DESIGNATED AS THE DIRECTOR, JTWC.

THE JOINT HURRICANE WARNING CENTER iN HAWAII} A COORDINATED AGENCY

COMPOSED OF THE U. S. WEATHER BUREAU, tiONOLULU, THE AIR FORCE KUNIA

WEATHER CENTER, AND FLEET WEATHER CENTRAL, PEARL HARBOR, IS RESPONSIBLE
FOR SURVEILLANCE AND ISSUANCE OF WARNINGS IN THE CENTRAL NORTH PACIFIC

AREA NORTH OF THF EQUATOR BETWEEN 180 DEGREES AND WEST OF 140 DEGREES

WEST. THERE WAS ONE TROPICAL STORM, PAULINE, IN OCTOBER 1961, AND

THERE WERE NO TROPICAL DEPRESSIONS WITHIN THIS AREA.

1’
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A. GENERAL

OPERATIONAL PROCEOUREs TAKE TWO sTEPs, THAT OF ANALYsIs AND foRE-

CAST AIDS~ IN THE PREPARATION SEQUENCE PRloR To lSsulNG THE WARNING.

MITHIN THE FLEET WEATHER CENTRAL/JOINT TYPHOON WARNING CENTER (FWC/

J7MC), THE ’6Astc ANALYSIS IS THE REsp0N3if3iLITY OF THE FLEET WEATHER

CENTRAL (FWC~. ~lcRO-ANALYSIS, FORECAST AIO EVALUATION, ANO THE WARN-

iNGs AS DESCRIBED BELOW, ARE THE FUNCTIONS OF THE JOINT TYPHOON MARN-

ING CENTER (’tITWC).

B. ANALYSIS - FWC/JTWC:

1.

2.

3.

4.

5.

TYPES OF CONTOUR AND/OR STREAMLINE CHARTS:

A. SURFACE (FIG. 1)

0. 7~ MB

c. = MB

D. 300 MB

E. 200 MB

F- 1~ MB

CROSS SECTiONS:

A. CHECKERBOARD OR STIDD DIAGRAM (FIG. 2)
B. TIME CROSS SECTIONS ANALYZEO FOR QE (FIG. 3)

c. SPACE CROSS SECTION (FIG. 4)

MICRO-ANALYSIs:

A. SECTIONAL CHARTS, HOURLY ANO 3 HOURLY, AS REQUIRED

B. RECONNAISSANCE REPORTS (FIG. 5)

SPACE MEAN CHART AT 500 MB WITH THE M-1 AND M-2 FIELDS.

EASTERLY NAVE CONTINUITY GRAPH (FIG. 6)

c. FORECAST AIDS

THESE ARE LISTCO IN ALPHABETICAL ORDER so AS NOT TO (INFER THAT
ANY OTHER OROER WOULO) ESTABLISH A PRloRITY oF importance.

1. CLIMATOLOGY

ONCE A TROPICAL CYCLONE HAS BEEN DETECTED, THE FIRST STEP

IN PREPARING TO ISSUE THE INITIAL WARNING IS TO LAY OUT A TRACK BASED
ON CLIMATOLOGY. THIS TRACK IS LAID OUT ON THE TOP ACETATE OF THE

WORK CHART OESCRIBED BELOW SO AS TO EXTEND IT 4 OR 5 OAYS AT THE

SPEEO INDICATED BY,CLIMATOLOGY. NExT, THE TRACK IS MODIFIEO IN

ACCORDANCE WITH THE EXISTING AND F~RECAST UPPER AIR PATTERN, AFTER

WHICH THE INITIAL WARNING 1S PREPARED AND ISSUED. THE FORECAST TRACK

2
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IS EXTENDED AND MODIFIED WITH TIME, AS RECONNAISSANCE FIXES ARE RE-

CEIVED AND THE SYNOPTIC UPPER AIR PATTERN cHANGEs.

TtiE FiNEST COMPILATION OF TYPHoON CLIMATOLOGICAL DATA FOR
TttE PAST 78 YEARS IS CONTAINED IN THE PUBLICATION OF THE ROYAL OBSER-

VATORY HONG KONG, “T,ROPIkAL CYCLONES IN THE WESTERN PACIFIC AND CiiINA

SEA AREA.”

2* COMPUTER PRODUCTS

IN 1961, THE pROGf’J@ls FUPA 53 AND 56, PRODUCTS OF JNMP

WERE USED EXTENSIVELY* LONG NAVE POSITIONS AND PROGNOSES (FIG. 7 )
WERE RECEIVED JN ttOVEMBER 1961 FROM THE FLEET NUMERICAL WEATHER

FACILITY, MONTEREY, CALIFoRNIA [FNWF). ALSO, ZONAL INDEX COMPUTATIONS

ARE EXPECTED FROM FNWF AND wlLL BE EvALuATED DuRING THE 1962 SEASON.

IT IS UNDERSTOOD THAT IN ADDITION TO JNWP, NOW NMC, THAT

FNUF AND KUNIA AiR FORCE WEATHER CENTRAL WILL PROVIDE TYPHOON COM-

PUTER POSITION FORECASTS IN 1962. OURt,NG 1961, THOUGH IRREGULARLY

RECEIVED, JNWP POSITIONS WERE CONslOERED FOR TRACK HEAD!NG AND SPIRAL
Of’MOVCMENT BUT NOT THE COORDINATES FOR WARNINGS.

3. COORDINATION

COORDINATION WITH OTHER AGENCIES IS ROUTINE TO OBTAIN THEIR

CONSIDERATIONS PRIOR TO ISSUANCE OF A WARNING. WHFN A CIRCULAT.tON,

FOR wHICH WARNtNGS ARE BEING ISSUED, 1“S N OF APPROXIMATELY 20N, FUCHU

AIR FORCE WEATHER CENTRAL TRANSMtTS COORDtNATION FORECASTS TWICE

DAILY TO JTWC. COORDINATION WITH OTHER AIR FORCE AND NAVY ACTIVITIES

IS ON AN “AS REQUIRED” BASIS DEPENDING UPON,THE LOCATION OF A Parti-

cular TROPICAL CYCLONE.

4. STATISTICAL METHODS

SEE CHAPTER V FOR RESEARCH PAPERS ON THE t41LLER-MOORE AND

ARAKAWA EqUatiOnS.”

5. STEERING

SEE CHAPTER IV ON THE lNotvlouAL 7ypH00N wRtTE-ups.

THE SPACE MEAN CHART, AS DISCUSSED HEREIN, IS A BRIEF ON

HOW ET IS USED AT FWC/JTWC. THE CHART IS CONSTRUCTED FROM THE.500 MB

CHART AND HAS THE SINGLE SPACE MEAN, DOUBLE SPACE MEAN, AND DOUBLE :“
SPACE MEAN PLUS THE ~~ FIELD THEREON. DURING THE TYPHOON SEASON THE

CHART IS PRoPucED7 As NEEDED> ExCEpT THAT BETw,EEN JULY AND NOvEMBER
IT IS CONSTRUCTED TWICE DAILY. (tNE GREAT ADVANTAGE OF THE CHART IS

THAT IT MORE NEARLY PORTRAYS THAT PORTION OF THE ATMOSPHERE UNDER

CONSIDERATloN oN oNE cHART> THAN DoEs ANy OTHER ANALysls oR sysTEM
OF PRESENTATION.

3



THE CHART IS USEFUL FOR STEERING S OF THE ’RIDGE LINE UNDER

THE ‘FOLLOWING CONDITIONS:

A. WHEN THE TYPHOON IS MOVING ALONG THE S PERIPHERY

OF A LARGE QUASI-STATIONARY ANTICYCLONE, THE SINGLE SPACE MEAN MAY

ACT AS A STEERING TOOL AS FAR AS 8 TO ION TO THE RIDGE LINE. ~ TYPl-

CAL EXAMPLE OF THIS SITUATloN IS THE TRACK OF NANCY.

B. WHEN THE SYNOPTIC FEATURES ARE. PERFORMING CONSIS-

TENTLY, A Prognostic CHART”cAN BE constructed FRoM THE slNGLE spAcE

MEAN TO BE USED AS A STEERING TooL FROM 10N To THE RIDGE LINE* $EV-

ERAL TYPHOONS FULFILLED TH!S CATEGORY.

c. THE SINGLE SPACE MEAN MAY BE USED WITH A LESSER

DEGREE OF RELIABILITY FROM 15N TO THE RIDGE LINE AT ANY TIME EXCEPT

WHEN THE CYCLONE 1S UNDER OR NEAR AN lNvERTED TRoUGH”AxlS. AT THIS

TIME, THE CYCLONE USUALLY “DRIFTS> “ FREQUENTLY TO THE W, BUT THE

CHART IS NOT RELIABLE AS A STEERING TOOL. THE CIRCULATION MAY ALSO

“LOOP” UNDER THESE CONDITIONS- ANALYSIS IS SELDOM SUFFICIENTLY PRE-

CISE TO INTERPRET THESE CIRCUMSTANCES. TILDA IS AN EXAMPLE oF THIS

SITUATION, AND THE TYPHOON DRIFTED WESTWARD* LORNA LOOPED WHILE NEAR

7HE AXIS OF THE INVERTED TROUGH JUST E’OF THE PHILIPPINES, 2212002

AUGUST..

THE SPACE MEAN CHART WILL AID IN FORECASTING THE POINT OF

RECURVATURE BUT SHOULD BE USED WITH CAUTION FOR ON LARGE TYPH”OONS
THIS POINT MAY BE A DEGREE OR TWO N OF THAT INDICATED BY THE SPACE

MEAN CHART.

AFTER RECURVING, THE CHART IS USED TO FORECAST THE MOVEMENT
OF THE TYPHOON SOMEWHAT SIMILAR TO THAT OF FORECASTING THE MOVEMENT

OF EXTRATROPICAL SYSTEMSO

IT 1S EMPHASIZED THAT THE SPACE MEAN CHART IS ANOTHER TOOL,

ONE OF MANY, AND CANNOT BE SUCCESSFULLY USED AS THE SOLE DEVICE FOR
MAKING TYPHOON TRAJECTORY Forecasts

AN IMPORTANT DERIVATIVE OF THE SPACE MEAN CHART, THE LONG

WAVE PATTERNS THAT ARE PRODUCED AND PROVIDED BY FNWF, MONTEREY, AIDS

IN DETERMINING THE CoNDITloNS OF THE MAJOR ATMOSPHERIC FEATURES IN
THE NORTHERN HEMISPHERE AND IS A GUIDE TO THE CHANGES THAT MAY BE

EXPECTED THROUGHOUT THE HEMISPHERE. THESE PATTERNS, WHEN USED WITH

THE SPACE MEAN CHART THAT COVERS THE WESTERN NORTH PACIFIC, PROVIDE
A sUBSTANTIAL Background uPoN wHICH To BASE TYpHoON FoRECASTS.

6; SURVEILLANCE SYSTEMS

SEE CHAPTER II FOR EVALUATIONS OF AERIAL RECONNAISSANCE>

LAND RADAR> AND SATELLITES.

4



70 WACIiHOL2 GRAPH

REFER TO REPORT OF’ VAL$D!TY OF THIS GRAPHiCAL’ CORRELATION

OF MEASURED AND OBSERVED EYE METSORoLOGICAL PARAMETERS TO MAXIMUM

SURFACE WIND iN CHAPTER V.

8. WoR~ CHART

As AN o~ERAT[(JN~& ~~~ ~E~oRf)ING T(Jo~ IN pREpARtN~ TR(_)f3#c.A~

CYCLONE WARNINGS, A BASiC CHART FROM THE PACIF~C ~.IRWAYS PL,0TT8NG

CHART SERiES: PLu5 3 ACETATE OVERLAYS is LI.sED. ALL AIRCRAFT AND
RADAR FIXES ARE PLOTTED oN THE BAsiC CHART. TWENTyuFouR HOUR FORE-

CAST POSITIONS ARE pLoTTCQ oN THE BoTTOM ovCRLAY, WARNING POSiT!ONS
ARE PLOTTED ON THE SECOND OVERLAY> AND THE TOP OVERLAY tS UTIL8ZE0

AS A WORK SHEET.

D. WARNINGS

WARNINGS ARE FILED AND TRANSMITTED EVERY 6 HOURS AT SYNOPTIC

TIMES OF 00002> 06002, 1200Z, ANU 1800Z. !N ACCORDANCE WITH CIKPAC

lMS~ 3140.1 C., THE MESSAGC CONTAiNS THE pRESENT’ POSITiON OF THE TROP-
lCAL-CYCLONE BEING VALiD FOR THE SCHED~JLED TRANSMISSION TiME. THERE-
FORE, THE ltPRESCNT F’O.SiTIONtt OF A TROP!CAL CYCLONE !S ACTUALLY A

SHORT RANGE FOR&CAST FOS~TiON. ~H!S POStTION MAY BE BASED ON A RE-

CONNAISSANCE FiX 30 MiNUTES TO PERHAPS 6 HOURS OLD, ON SURFACE OBSER-
VATIONS AS MUCH AS 6 HOURS 0LD2 ETC.> AS CONFiRMED IN THE WAR?diNG.

IT }S FOR TkiiS REA!3CJN THAT THE 0600Z ‘dARNiNG9 FOR EXAMPLE, MAY NOT
AGREE WiTH THE POSITION OF THE TROPICAL CYCLONE AS \NDICATED BY THE

06002 ANALYS;S. AMENDMENTS ARE tssuim WHEN THE DiffidenCe IS SIGNI-

FICANT. THE NUMBERS OF TROP!CAL WARNINGS RUN CONSECUTIVELY WHEN THE

CYCLONE IS UPGRADED OR DOWNGi?ADEO. ,~F WARN!NGS ARE DISCONTINUED AND
THE CIRCULATION RiZGENERATES2 ~HC NEW SERIES OF WARNINGS ARE NUMBERED

CONSECUTIVELY FROM THE NUMBER OF THE LAST WARNING OF THE PREV$OUS
sERIEs. I%IEN NECESSARY~ AMENDMEF!TS AND CORRECTIONS ARE !SSUED, AND

THESE ARE NUMBERED THE SAME AS THE WARNING wHiCH THEY AMEND oR CoRRECT.

THE 1961 VIZR!F!CATION SUMMARY IS CONTAiNED IN CHAPTER Ill.

ALL 24 AND 48 HOUR faREcAsTs, MAD& WHEN A TROPICAL CYCLONE IS OF

TROPICAL STORM OR TYPHOON iNTENSiTY$ ARE VERiFiED AGA!NST THE BEST

1961 TRACKS AT ALL LATITUDES THROUGH THE LAST WARN!NG ISSUED. iN
1959 AND 1960 Verification WAS LiMiTED TO BEING AT OR S OF 35N.

5
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SURVEILLANCE SYSTEMS

A. GENERAL

SUrVeillanCe QUALITY IS THE KEY TO THE ACCURACY OF EACH UARNING.

POSITION AT TIME OF lssuANcE. TYPE, TIMELINESS, CAPABILITIES, AND

ACCOMPLISHMENTS OF EACH SYSTEM WILL BE THE SUBJECT MATTER OF THIS

CHAPTER.

B. AERIAL WEATHER RECONNAISSANCE

U. S. AIR
56Tki

DET.

FORCE, WB-50 AJRCRAFT

WEATH;R RECONNAISSANCE SQUADRON, YOKOTO AIR BASE, JAPAN

LT. COL. E. Il. WALLACE, COMMANDER
14AJ. R. H. YAW, WEATHER OFFICER

1 - 56TH WEATHER RECONNAISSANCE $QUADRON, ANDERSEN AiR

FORCE BASE, GUAM, M. 1.

MAJ. T. J. MAHER, COMMANDER

U. $. NAVY, WV-2 AIRCRAFT (EFFECTIVE 1 JULY 1961)
AIRBORNE EARLY .WARNING SQUADRON ONE> NASS AGANA, GUAM, M. 1.

COR. H. B. KENTON, COMMANDER

LT. M. J. MORAN, WEATHER OFFICER

‘DUE TO THE EXTREME PAUCITY OF SuRFACE Am UPPER AIR METEOROLOGI-

CAL DATA ANo.lNfoRMA~~oN IN THE WESTERN PACIFIC ”AREA, (WESTPAC), THE

V“~TALNESS OF AERIAL RECONNAISSANCE TO METEOROLOGICAL ANALYSIS AND

FORECAST EFFORT CANNOT BE OVEREMPHASIZED.

THE AVAILABILITY OF ACCURATE AND COMPLETE AERIAL wEATHER RECON-

NAISSANCE DATA AND INFORMATION IS PARTICULARLY CRITICAL IN CONNECTION

WITH THE LIFE CYCLE OF ONE’OF NATURE’S MOST Destructive pHENOMENA$
THE TYPHOON. THIS IS TRUE FROM THE MOST PRELIMINARY FORMATIVE STAGE

TO FINAL DECAY OR TRANSFORMATION TO A SYSTEM EXHIBITING EXTRA-TROPICAL

CHARACTERtST lCSO

ATTENTION IS INVITED TO.THE FACT. THAT THE LOCATION AND TRACKING

OF TROPICAL DEPRESSIONS/STORMS/TYPHOoNS 1,S MERELY ONE SMALL’ PHASE OF
THE OVERALL REQUIREMENT. THE ABILITY TO DETECT AND ANALYZE VORTEX

STRUCTURE> PREDICT FuTURE INTENSITY CHANGES, FoRECAST WITH REASONABLE
ACCURACY. THE VELOCITY AND CHANGES THERETO AND DETERMINE THE PROBABLE

AREA OF RECURVATURE DEMANDS” ACCURATE AND TIMELY EYE AND PERIPHERAL
METEOROLOGICAL DATA.

AERIAL RECONNAISSANCE REQUIREMENTS AND CAPABILITIES FOLLOW: ~,L

A. REQUISITE METEOROLOGICAL PARAMETERS FOR $IEASUREMENT ON

EYE-PENETRATION MISSIONS



le TEMPERATURE, DEW-POINT, WiND SPEED AND HEIGHT. OF

THE 700. MB SURFACE BY AIRCRAFT INSTRUMENTATION.
2. LAPSE RATE FROM THE 700 MB LEVEL OR’AEiOVE TO

EARTH’S SURFACE WITH SURFACE TEMPERATURE AND PRESSURE BY DRopSONOE.
3. LocATfON oF THE pREsSURE CENTER w17HiN THE crE’

BY USE OF THE RADiO ALT!METER.
4* WIND VELOCITY PATTERN WiTHIN THE EYE, wALL-cLOuD

CONF1GURATION9 TURBULENCE, AND WIND SHEAR BY OBSERVER.

B. REQWiSITE METEOROLOGICAL PARAMETERS FOR MEASUREMENT ON

CIRCUMNAVIGATION MISSIONS

1. SAME AS Al, ABOVE

2. SAME AS A2, ABOVE, AT PRE-SELECTED POINTS

3. 700 MB WINO” VELOCITY PATTERN FROM DOPPLER (OR

EQUIVALENT) MAVIGATiONAL SYSTEM.
4. SURFACE WIND VELOCITY PATTERN BY OBSERVCR.’

5* CLOUD DISTRIBUTION BY OBSERVER AND/OR AIRBORNE

RADARo
6. SPOT OBSERVATIONS IN ACCORDANCE WITH ESTABLISHED

STANDARD PROCEDURES.

c. INFORMATION PROVIDED BY FWC/JTWC. GUAM, WARNINGS (BASED

UPON REQUISITE METEOROLOGICAL PARAMETERS DELINEATED IN THE PRECEDING

PARAGRAPHS A AND B

1. EXISTENT CYCLONE INTENSITY AND PREDICTED INTENSITY

CHANGES.
2. DIRECTION AND SPEED OF MOVEMENT IN TERMS OF. IN-

TENSITY AND PAST POSITIONS OF THE CYCLoNE.
3. C)ATA FOR CERTAIN STATISTICAL PREDICTIVE FORMULAE

lN THE DETERMINATION OF DIRECTloN AND .SPEED oF MOVEMENT.
4. DISTRIBUTION OF WIND SPEEDS IN THE VARIOUS CYCLONE

QUADRANTS, STRONG AND WEAK WINDs, RADluS OF WINDS ANo CHANGE oF RADII.
5. RESEARCH DATA FOR TYPHOON STRUCTURE AND BEHAVIOR.
6. METEOROLOGICAL DATA FOR THE DEVELOPMENT OF SYNOP-

TIC FORECAST SYSTEMS.

.THE DELETION OF ANY PORTION OF THE METEOROLOGICAL DATA RZQUIRE-

MENT’S CONTAINED IN PARAGRAPHS A AND B ABOVE RESULTS ONLY IN A DE-

CREASE IN THE TYPHOON WARNING ACCURACY AND THE RESULTANT SERIOUS
METEOROLOGICAL THREAT TO THE SECURITY OF ~. S. AND ALLIED FORCES IN

THE HESTERN PACIFIC AREA.

THE DATA OBTAINED BY EYE-PENETRATION AND OROPSONOE TECHNIQUES

ARE ‘KEYSn IN INTENSITY ANALYSES AND THE PREDICTION Of FUTURE lNTEN-

SITY CHANGES FoR WARNING PURPoSES. SINCE THE EYES OF TYPHOONS VARY

FROM A FEW Ml TO 200 Ml IN OIAMETER, >IT IS EXTREMELY IMPORTANT THAT

THE ACTUAL PRESSURE CENTER BE PRECISELY OETERMINEO AND THAT THE

DROPSONDE BE RELEASEO AT THIS POSITION. REPORTS OF THE EYE WINO
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PATTERN ANO THE V!SUAL VELOCITY OISTI?IBUTION ALSO SERVE TO CONFSRM THE
MEASURED PARAMETERS OF TEMPERATURE AND PRESSURE. FROM A SCientifiC
STANDPOfNTa THERE 1s NO su13sTiYuTE FOR A COMPLETELY METEOROLOGICALLY
EQUIPPED AIRCRAFT.

i~ CANNOT BE STRESSED SUFFtCIENTLY THAT COMPLETE ME~EOROLOGICAL
OATA AND INFORMATION OBTAINED BY AERIAL Reconnaissance Techniques ARG

MANDATORY FOR ACCURATE AND EFFICIENT ANACYsES AND Predictions RELATING
“’ TO TROPICAL AREAS, “DEPRESS1ONS, ‘STORMS, AND TYPHOONS. “FIXES’* BY

THEATER AIRCRAFT SUPPLY ‘oNLY AN EXTREMELY LIMITED ANO UNACCEPTABLE

PARTIAL ANSWER TO A HiGHLY COMPLEX PROBLEM. LOCATION IS BUT ONE AS-

PECT OF THIS PROBLEM. ANALYSES OF CYCLONE CHARACTERISTICS ANO .INTEN-

SITY, AND PREDlcTloNs o~ lNTENslTy cHANGEs AND MovEMENT ARE EQUALLY>
IF NOT MORE, IMPORTANT TO OPERATIONAL FORCES.

THE CAPABILITIES OF THE JOINT TYPHOON WARNING SERVrCE IN THE

MESTPAC AREA SuFFEREo DuRING THE 1961 ~ypHooN SEASoN AS THE DIRECT
RESULT OF DRASTICALLY REDUCED USAF PARTICIPATION IN AERIAL WEATHER/
TyPHOON RECONNAISSANCE, PARTICULARLY FROM THE STANDPOINT OF EARLY

DETECTION OF POTENTIAL OR NASCENT TRoPICAL sTORMS AND TYPHOONS. Loss
“oF THls RECONNAISSANCE SUPPORT RESULTED lN THE GENERATION OF TWO TRO-

PrCAL STORMS, i~A AND KATHY, WITHOUT KNOWLEDGE AND ADEQUATE PRIOR
WARNINGS BEING lSSUED BY JTWC. !N ADDITION, THE DETERIORATION OF

ANALYSIS AND FORECAsT Capability DuE To THE pAuclTy oF Reconnaissance

CAUSED A DECREASE IN PoSiT~oNAL FoREcAST AcCuRACY OF AS MuCH AS ~ Ml

FOR 24 HOUR pREDICTloNS AND 120 Ml FoR THE 48 HouR O~LooKS.

lliTAL AND INTEGRAL PARTS OF ANY TROPlCAL OCEANIC ANALYSIS ARE
SYNOPTIC AND INVESTIGATIVE FLIGHTS. SYNOPTiC RECONNAISSANCE OVER THE

TROPICAL OcEAN AREAS OF hllcRONCslA MEASUREABLY supplement THE SPARSE
ISLAND OBSERV;NG STATIONS TO THE SE AND Sli OF GuAM. THESE FLIGHTS

PRODUCE SYNOPTIC AND DROPSONDE DATA ENABLtNG A BETTER METEOROLOGICAL
-ANALYSIS OF AN AREA 1.5 TIMES THAT OF THE CONTINENTAL UNITED STATES.
THIS WAS NOT ACCOMPLISHED DURING THE 1961 SEASON BECAUSE OF THE RE-

STRICTED INVESTIGATIVE AND SYNOPTIC RECONNAISSANCE. THE NORMAL

CAPABILITY OF ADEQUATE ANALYSIS FROM THE STAGES OF CYCLONE TO DEPRES-
SION TO STORM WAS COMPLETELY LOST.

PRECISION NAVIGATION is OBVIOUSLY MANDATORY AND REQUIRES LITTLE
DISCUSSION. ANY COMPROMISE, IN THIS, REGARDs LEssENs THE QuALITy oF
THE OBSERVATIONS MADE AND TRANSMITTED, POSES A SERIOUS THREAT TO THE
ACCURACY OF THE WARNINGS ISSUED, AND, CONS~QUENTLY, IMPEDES SOUND DE-

CISioNS ON THE pART oF ALL operational coNSuMERs tN THE WESTPAC Af?EA.

THE PRECEDING

WHICH HAS PRODUCED

A. THE

U8-= A,tRCRAFT, tS

AFB, GUAM, IN LIEU

DiSCUSSiOn IS ~XTRACTED FROM A FWC/JTIIIC STAFF STUDY
THE FOLLOWING RESULTS:

54TH wEATHER ;RECONNAtSSANCE SQUADRON, WtTH StX
BEING Reactivated AS OF 13 APRIL 1962 AT ANDERSEN
OF DETl - 56Tti WEATHER Reconnaissance SQUADRON.
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B. AIRBORNE EARLY 11/ARNING SQUADRON ONE HAS AUTHORITY TO

EQUIP IT’S ~v-2 AIRCRAFT WITH DROPSONDE CHAMBERS AND DOPPLER TYPE

NAVIGATION EQUIPMENT FOR THE 1962 SEASoN.

THE WV-2 !S A UNIQUE WEATHER RECONNAISSANCE AIRCRAFT ?N THAT !TS
APS-20E AND )+PS-J% RADARS CAN PROVIDE ACCURATE CIATA SHOWING THE HORl-

zONT’AL STRUCTURE OF A STORM ARCA UP TO 250 Ml DISTANCE FROM THE AIR-

CRAFT. RADAR ts EMPLOYED WHENEVER POSSIBLE ON ALL WEATHER RECON-

NAISSANCE MI SSIONS.PE~FoRMED BY AEMRON ONE. FiXES BY RADAR ARE USED

EXTENSIVELY DuRING HOuRs oF oARKNESS ANQ AT oTHER TIMES WHEN CLOUD

Presentation poSITIVELY DEFINES THE CENTER.

AIRBORNE RADAR LIKE LAND RADAR FuRNISHES ONLY A GEOGRAPHICAL

POSITION- TO LOCATZ THE cENTER oF A CyCLONE. DURING DAYLIGHT HOURS,

wHEN IT IS CONSIDERED OPERATIONALLY SAFE BY THE WV-2 PLANE COMMANDER,

OPTIONAL Penetration BY THE WV-2 AIRcRAFT IS ACCOMPLISHED THROUGH THE

QUADRANT WHICH clRcuMNAvlGATloN AND RADAR pRESENTATION HAS SHOWN TO
BE THE WEAKEST.

THE FOLLOWING SET OF PHOTOGRAPHS OEPICT THE SECOND OF TWO PENE-

TRATIONS OF TYPHOON T1l-DA PERFORMED BY AN AEWRON ONE AIRCRAFT ON 29

SEPTEMBER 1961. THE F!RST PHOTOGRAPH SHOWS THE AIRCRAFT, REPRESENTED
BY THE DOT IN THE CENTER oF THE RADARSCOPE, APPROACHING THE WALL

CLOUD. THE spiRAL BANDS NEAR THE AIRCRAFT ARE EASILY RECOGNIZED, ANO
THE EYE IS CLEARLY DEFiNED. THE WALL CLOUDS NEAR THE AIRCRAFT APPEAR

TO BE LESS lNTENSEj INDICATING THAT THE AIRCRAFT IS PENETRATING

THROuGH THE WEAKEST QuADRANT. PHOTO NUMBER TWO SHOWS THE AIRCRAFT

ENTERING THE WALL CLOuD, CNCouNTERING THE ASSOCIATED TURBULENCE AND
TORRENTIAL RAIN- FINALLY, IN PHOTO NUMBER THREE, THE AIRCRAFT HAS

ENTERED THE EYE AND IS NOW IN AN AREA OF RELATIVE CALM. THC CLOCK

INDICATES THAT oNLY TWO MINuTES HAD ELAPSED DURING THE TRANSIT
THROUGH THE WALL CLouDa IN pHoTo NuMB~~ FouR, THE AIRcRAFT ls AT
THE CENTER OF THE EYE OBTAINING THE DATA WHICH WILL AID IN FORECAST-

ING THE FUTURE INTENSITY OF THE TYPHOON. PHOTOS FIVE AND SIX SHOW

THE AIRCRAFT LEAVING THE EYE BY APPROXIMATELY THE SAME ROUTE IT
FOLLOWED IN THE PENETRATION.

IN THE POST FLIGHT SUMMARY> THE TYPHOON WAS DESCRIBED AS FOLLOWS:
$IEYE pERFEcTLy cIRCULAR 14 Ml IN DiAMETER* EXTENSIVE WALL CLOUDS

ABOVE 40,000 FT, 6 Ml THICK. CONSIDERABLE STRATAFORM CLOUDS IN EYE.

UNABLE TO SEE SURFACE. MAX SURFACE WINDS 100 KTS WITHIN 20 ?di OF EYE.”

TEMPERATURE ROSE 10° c ON PENETRATION. LIGHT TO MODERATE TURBULENCE
AND TORRENTIAL RAIN ENCOUNTERED JN wALL CLouDS.”

AERIAL WEATHER RECONNAISSANCE EFFORTS OF 1961 ARE PRESENTED IN

THE FOLLOWING THREE STATISTICAL SUMMARIES-
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FIXES MADE IN 1961

TO 30 JL!N

56TH 79
VW-I 2
vAP-6l-
315TH AIR DIVISION
OTHER USAF
OTHER USN
CIVILIAN
TOTAL FIXES MADE ANI) USED

FLYING HOURS PER TYPHOON

TYPHOON 56 WRS

TESS
ALICE
BETTY
CORA
ELSIE
HELEN
IDA
JUNE
KATHY
LORNA
NANCY
OLGA
PAMELA
SALLY
T I LDA
VIOLET
BILLIE
CLARA
DOT
ELLEN

TOTAL
HOURS

n/R -

*-

TOTAL

155
60

142
36
80

130
50

112
39
80

121
N/R

35
29
28
80
10
0

‘; 49

TROPICAL CYCLONE FLYING
2701 * 1947

FOR YEAR BONUS

229 2
119 13

1
1

6
4
2

377

AEWRON 1

6

M/:
N/R

27
51

“20
33
10

&
N/R

31

.:
74
79
65
68

s
854

MISSIONS NOT REQUESTED SY’JTWC

INCLUDES PRECEDING TOTALS BUT NOT THE 56 WRS TROPICAL FIXED

TRACKS WHICH WOULD MORE THAN DoUBLE THEIR 1947 HOURS LOGGED



A SERIES OF DROPSONDE PATTERNS WILL BE TESTED IN 1962. EACH OF’
7H~SE PATTERNS W\LL INCLUDE THE EYE DROP AND WILL LEAD TO A STANDARD-

IZED PATTERN THAT WILL AuGMENT THE RoUTINE peripheral DATA AS WELL AS
THAT INFORMATION AVAILABLE FROM WITH!N THE EYE.

z. LAND RADAR

As TYPHOON JUNE APPROACHED TAIWAN ON 6 AUGUST, JTWC ACCEPTED

LAND RADAR F!XES oN AN OPERATIONAL BASISj AS A SURVEILLANCE AID> WITH

THE” FULL KNoWLEDGE oF THEIR !NHCRENT LIMITATION OF PROVIDING ONLY A
GEOGRAPHICAL POSITION. THIS LINEAR DIMENSION HAS RESTRICTED OPERA-

TIONAL VALUE; THEREFoRE> JTWC I?EQUIRES A CoMBINATloN oF BOTH sy=~M,S>
LAND RADAR AND AERIAL RECONNAISSANCEe

SPECIFICALLY, JTWC REQUIRES ONE DAILY AERIAL RECONNAISSANCE PENE-
TRATION WITH DRopSOND~ IN CoNJuNCTlON WITH coNTINuOus LANO RAOAR
COVERAGE WHEN THE MlsslON CAN BE CO~ouCTEO SAFELY AS PERMITTED BY
TERRAIN FEATURES. THE PRESSURE CENTER ANO METEOROLOGICAL INTENSITY

PARAMETERS, THUS PROVIDED> COMPLIMENT THE RADAR POSITION WHICH ALONE

DOES NOT FURNISH THE NECESSARY DATA To SuPPoRT A CoMpLETS FORECAST.

FOR THE REMAINDER OF THE SEASON, A TOTAL OF 37 MISSIONS WERE
NOT REQUIRED, THUS “SAVED” AS A RESULT OF USING THE CRITERIA OF ONE

FIX PER DAY PLUS ADEQUATE LANO

FOUR FIX A DAY REQU~REMENT FOR

D. SATELLITES

THE TIROS SERIES PROVIDED

RADAR COV&RAGC RATHER THAN THE NORMAL
TYPHOONS BY RECONNAISSANCE AIRCRAFT.

FWC/JTWC WITH RANOOM NEPHANALYSES OVER
THE WESTERN NORTH PACIFIC. SUCH R&PORTS HAVE IDENTIFIED THE POS~T.ION’

OF SIGNIFICANT VORTICES DURING THE PERIOD THAT JTIIIC WAS ISSUING WARN-
INGS ON THESE SAME VORTICES. IN 1961,, TELEPHONE LIAISON WAS MAIN-
TAINED BY THE METEOROLOGICAL SATELLITE LABORATORY OF THE U. S. WEATHER
EUREAU TO CONFIRM OUR POSITION OF THE TROPICAL CYCLONE AT THE TIROS

OBSERVATION TIME WHEN JTWC WAS ISSUING WARNINGS ANO/OR TO COORDINATE
ON TIROS OBSERVATIONS OF DISTAL SYSTEMS WHICH MAY HAVE BEEN NEW OR

ADDITIONAL TROPICAL CYCLONES.

THE RANDOM TRACKS OF TIROS DOES NOT PERMIT ITS USE AS A ROUTINE

TOOL EXCEPT TO COLLATE THE INFORMAT#ON wHEN AvAILABLE. NIMBUSt AN-

TICIPATED REGULARITY WILL ELiMINATE TIROS3 IRREGULARITY AND IN EFFECT

EXTEND THE LAND RADAR FIX COVERAGE. THESE SYSTEMS ARE LIMITED TO FIX

COORDINATES AND NEPHANALYSIS AND DOES NOT POSSESS THE VITAL COLLECTION
CAPABILITIES FOR THE iNTENSIFICATION PARAMETERS THAT ARE AVAILABLE

FROM METEOROLOGICALLY EQUIPPED RECONNAISSANCE AIRCRAFT.

A CONTRIBUT\ON TO RESEARCH IS POSSIBLE, SHOULD THE TIMING BE IN

PHASE FOR AN ACTUAL FORMATION PERIOD, IN THAT THE NEPHANALYSIS WOULD

ADD MEASURABLY TO THIS UNKNOWN SEQUENCE oF EVENTS, FURTHER IN THE

EXCHANGE OF INFORMATION> FWC/JTWC #S SENDING A DAILY MESSAGE COVERING
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THE ANALYZED POSITIONS of EASTERLY UAVES AND

CONVERGENCE IN WE$TPAC.

INTERTROPICAL ZONE OF
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FIG. 1

FIG. 2
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FIG. 3

FIG. 4
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FIG. 5

FIG. 6
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CHAPTER Ill

SUMMARY OF TROPICAL CYCLONES

OF 1961



Am GENERAL

stxn’ NINE (69) TROPICAL DISTURBANCES WERE ANAI.Y2ED AND INVES-

TIGATED AS POTENTIAL CYCLONES DURING THE CALENDAR YEAR 1961 IN THE
NORTH PACIFIC OCEAN AREA N OF 180 DEGREES. OF THIS NUMBER, 11 HAD

WARNINGS ISSUED AS TROPICAL DEPRESSIONS, AN ADDfTIONAL 11 REACHED

TROPICAL STORM WARNING STAGE, AND ANOTHER 20 ACHIEVED TYPHOON WARN-
iNG STATUS. WARNINGS WERE \SSUED ON 42 TROPICAL CYCLONES.

THE FOLLOWING DATA is PROVIDED CONCERNING THE 1961 SEASON ANO

THE TWO PRiZViOUS YEARS FOR COMPARISON PURPOSES:

1959 1960 1961

TOTAL CYCLONES

A. SUSPECT AREAS

B. TROPICAL DEPRESSIONS

c. TROPICAL STORMS

D. TYPHOONS

E. TOTAL NUMBER OF WARNINGS

F. CALENDAR DAYS OF WARNINGS

THE 11 TROPICAL STORMS WERE RITA,

65
32

7
9

17
583
137

SUSAN,

56
26

3
8

7;;
157

VIOLA, WINNIE,
FLOSSIE$ GRACE, MARIE, RUBY, WILDA, ANO ANITA. -

THE 20 TYPHOONS IN ORDER OF OCCUrrenCe WERE 7ESS$ AL
CORA, ELSIE, HELEN, ~DAj JUNE, KATHY, LORNA, NANCY$ OLGA,
SALLY, TILDA, VIOLET$ BILLIES CLARA, DOT, AND ELLEN. FOR
PURPOSES. THE CHART ON THE FOLLOWING PAGE PROVIDES iNFORMi

69
27

;;.
20

737
165

DORIS,

CE, BETTY,
PAMELA, -
CONPARISOld
TION CON-

CERNING ;NNUAL TOTALS AND THE MONTHLY FREQUENCY FOR 1952 THROUGH 1961.

THE SEASONAL DISTR!BU~lON OF.TYPHOONS CONFORMS TO CLiMATOI.OGY
FAIRLY WELL3 EXCEPT THAT THE TOTAL FOR THE YEAR EXCEEDED THE AVERAGE
BY ABOUT TWO* THE AVERAGE TYPHOON FOR 1961 HAD A LIFE OF 5 DAYS, 17
HOURS AND TRAVELED 1497 Ml AT AN AVERAGE SPEED OF 11 KTS FROM FtRST

TO LAST WARNING. THE 1960 TYPHOONS TRAVELEO AT ABOUT THE SAME SPEEO,

LASTEO TWO OAYS LONGER AND TRAVELED AN AvERAGE DISTANcf oF ?930 Ml.

NANCY9 -A SEPTEMBER TYPHOON, HOLDS THE 1961 RECORDS FOR LONGEST LIFE,
9 DAYS, 18 liOURS; DISTANCES 4266 Ml; AVCRAGS SPEED, 18.2 KTS; FASTEST,
55 KTS BETWEEN 1612002 AND 170000Z;, AND MOST-INTENSE, 185 KTS BETWEEN
ll~~z AtJO 1206002.

B. AREAS OF FORMATION AND DEVELOPMENT

A CHART ~S PROVIOEll SHOWtNG THF. polNTs or oI?~GIN OF AL1..TypHoo~s$
1952 THRouGH 1961. THE DATA Is BAsEO oN ANNuAI- REpoRTs FoR EACH y~AR,
AND OTHER DATA SOURCES MAY VARY SLIGHTLY. AN AOOITIONAL CHART$ DES-

CRIBING POINTS OF.FIRST TYPHOON I$TENslTY. FOR THE SAME PERIOO #S lN-
CLUDED. EACH TR!ANGLE IS NUMBERED-TO INDICATE A TYPHOON AS FOLLOWS:
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1952

1953

1954

1955

1“%6

1957

1958

1959

1960

JAN

1

1

1

FE8 MAR

1

1

1

APR

1

1

1

1

1

1961 1

MAY

1

1

1

1

2

JUN

3

1

1

1

2

2

1

JUL

1

,

1

5

2

1

5

1

2

3

AUG

3

5

4

3

4

2

3

5

8

3

SEP OCT

3 5

2 4

4“2

3 2

5 1

5 3

3 3

3 3

4

5’3

NOV

3

1

3

1

3

3

1

2

1

1

OEC

3

1

1

1

1

2

1

1

,,

TOT

21

17

15

19

18

18

20

17

19

20

AVE. .3 .1 .3 .S .6 l-l 2s2 4c0 3“1 3*O 109 1*1 18.4



0161 WOULD BE THE FIRST TYPHOON OF 1961, 1352 IS THE THIRTEENTH 7YPHOON
OF 1952, ETC.

THE CYCLONES INTENSIFIED TO TYPHOON STRENGTH IN THE SOUTH CHINA
$EA, ALICE~ CORA9 AND OLGA$ ONE OF WHICH, CORA, ORIGINATED THERE.

THE REMAINING CIRCULATIONS DEVELOPED AND INTENSIFIED S OF 25N. As
USUAL, MANY OF THE CYCLONES COMMENCED INTENSIFYING NEAR GUAM (7 WITH-

IN 500 Ml) BUT CREATED HAVOC IN OTHER PARTS OF THE WORLD. THE TWO

THAT WERE A POTENTiAL HAZARD TO GUAM WERE NANCY AND VIOLET3 THE TWO
MOST INTENSE CYCLONES OF THE SEASON. TYPHOON CLARA BECAME A TYPHOON

NEAR WAKE ISLAND AND CAN BE CONSIDERED THE ONLY CYCLONE TO DEVELOP

IN AN UNUSUAL POSITION FOR THE SEASON.

c. SIZE AND lNTENSiTY

TYPHOONS VARSED lN SIZE FRoM THE SMALL sucH AS CORA, OLGA, KATHY
AND IDA TO THE GIANT, BILLIE. THERE WERE NO “MIDGET” TYPHOONS DtZ-
TECTED DURING THE YEAR, BUT SEVERAL WERE SMALL ENOUGH TO HAVE ES-
CAPECJ DETECTlON HAD THEY NOT DRIFTED INTO SHIPPING OR AIR LANE.SO
KATHY WAS CIIFFICULT To FIND ON THE syNOpTIC Ct+ART$ AND POSED SOME
PROBLEMS TO RECONNAISSANCE AIRCRAFT SEARCHING FoR !T. TYPHOON BILLIE

WAS so LARGE THAT IT CREATED SEVERE WEATHER COnditiOnS FROM GUAM TO

JAPAN, TAiWAN, THE PHiLiPPiNES AND BACK TO GUAM ViA THE EQUATOR. THE
EYE WAS 120 BY 180 Mi, AND THE OUTER RADiUS OF 30 KT WiNDS WAS ABOIJT

750 Mi. THE CIRCULATION WAS SiMiLAR TO THAT OF CARMEN OF 1960 !N ~
BEHAViOR AND APPEARANCE. ALTHOUGH ClaSSified AS A TYPHOON BECAUSE OF

THE SURFACE WiND SPEED~ iT iS DOUBTFUL THAT iT WOULD QUALiFY Thermo-

dynamically FOR iT LACKED THE CLASSICAL WALL CLOUD AND OTHER FEATURES

COMMONLY Associated WiTH TYPHOONS. TYPHOONS VIOLET AND NANCY HAD MiNi-
MUM SEA LEVEL PRESSURES OF 882 MB REPORTED BY AiRCRAFT RECONNAiSSAt’JCE.

DROPSONDE EQUiPMENT PROViDfD THiS iNFORMATiON iN EACH CASE. THE MAXi-

MUM SURFACE WiND SPEED FROM THE BEST TRACK FOR NANCY WAS 185 KTS AND
ONLY 5 KTS LESS FOR VIOLET. TYPHOON OLGA HAD THE SHORTEST LIFE, 2
DAYS 6 HOURS, AND TRAVELED ABOUT 325 Mi.

D. MOVEMENT

THE SEASONAL TRACKS FOR 1961 AND
RESPECTS, EXCEPT THAT THERE WERE ONLY

THE 1961 COMPOSiTE TYPHOON TRACK

1950 COMPARE FAVORABLY iN MANY

la TYPHOONS iN 1950.

CHART REVEALS THAT 9 TYPHOONS

DiD NOT RECURVE, 3 LOOPED, ANO THE TRACKS OF 2 OF TtiESE, CLARA ,AND
VIOLET, CAN BE Considered uNusuAL. CLARA LOOPED iN A CLoCKUi= MANNEJ?,
AND VIOLET MOVED SW FOR 300 Mi BEFORE TURNiNG TO THE NW TO COMMENCE BE-

HAViNG iN A RESPECTABLE MANNER. THE FAiLURE OF A LARGE NUMBqR OF

TYPHOONS TO RECURVE SUGGESTS THAT SOME Particular CIRCULATION FEATURE

EXiSTED OR CONTINUALLY RECuRRED. IN SEVERAL CASES THE ANTiCYCLONE

AROUND WHiCH THE TYPHOON WAS APPARENTLY TRAVELiNG EXTENDED OVER THE

ASiATiC MAiNLAND, CAUSING THE TYPHOON TO STRiKE LAND BEFORE RECURVATURE
COULO TAKE PLACE. AN ANTiCYCLONE MOVED WESTWARD DURiNG THE LiFE OF
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KATHY AND IDA CAUSING A COMTINUEO WESTWARD MOVEMENT UNT

STRUCK LAND. IDA AND HELEN, KNOWN AS THE “TWINS”

WHARA EFFECT, ANO lDA EVENTUALLY MOVED
OF THE CIRCULATION OF HELEN.

No FULL FLEDGED TYPHOONS TRAVELED

THE 1961 SEASON. SIX TYPHOONS CROSSEt)
ONLY 5 TYPHOONS TRAVELED OVER JAPANESE

DERED ●

ACROSS THE

ACROSS THE

L THE TYPHOONS
DEVELOPED A FUJI-

NORTHERN PERIPHERY

PHILIPPINES DURING
OR STRUCK LAND ON TA~WAN, AND

MAINLAND, IF tiELEN tS CONSl-
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TROPICAL DEPRESSIONS 1961
POSITION DATA

DTG
250000Z
2506002
2512002
251 800Z
2600002
2606002
2612002
2618002

DTG
0206002

’021 200Z
0218002
030000Z
0306002
0312002
0318002
040000Z

DTG
061200Z
0618002

DTG
2400002
2406002

DTG
2600002
2606002
2612002
2618002

LAT
15.8N
15.6N
15.2N
15.lN
14.9N
15 .2N
15.4N
15.6N

LAT
13.5N
14.2N
14.5N
15.4N
16.5N
17.5N
18.ON
18.2N

LAT
18.3N
18.9N

LAT
19:ON
18.9N

TROPICAL DEPRESSION SEVEN
25 MAY-28 MAY

LONG DTG
114.8E 2700002
114.9E 270600Z
114:8E 271200Z
114.7E 2718002
114.4E 2800002
114.2E 280600Z
114.OE 2812002
113.9E

TROPICAL DEPRESSION EIGHT
02 JUN-06 JUN

LONG DTG
133.8E 0406002
132.4E 0412002
130.9E 0418002
129.4E 0500002
128.8E 0506002
128.3E 0512002
127.9E 0518002
1-26. 9E 0600002

TROPICAL DEPRESSION NINE
06 JUN-07 JUN

LONG DTG
111*8E 070000Z
11O.3E 0706002

TROPICAL DEPRESSION ONE TWO
24 JUN

LONG “ DTG
12709E 2412002
128.3E 2418002

TROPICAL DEPRESSION ONE THREE
26 JUN-27 JUN

LAT
28.ON
28.5N
29.lN
29.8N

Q&

LONG DTG

,133.2E 2700002

132.6E 2706002

132,2E 2712002
132.2E 2718002

%

LAT
16*ON
16*3N
16.5N
16.9N
17.3N.
17.7N
18.4N

LAT
1896N
19.6N
20;5N
20.8N
21 .ON
21 .6N
22.3N
23.ON

LAT
19*3N
20.ON

LAT
18W8N
18.7N

LAT
30;5N
31 .ON
31 .4N

31 .7N

LONG
113.8E
113.7E
113.5E
l13i7E
113.9E
114;3E
114.2E

LONG
125.8E
125i3E
124*9E
124.3E
123i5E
123.2E
123.OE
123.OE

LOiiG
108;7E
107.9E

LONG
128i6E
128.9E

LONG
132.3E
132.7E
133.2E
133.8E



DTG
0718002
0800002
080600Z
081200Z
081 800Z
090000Z

DTG
1406002
1412002
141800Z
150000Z

DTG
2412002
241 800Z
250000Z
250600Z
2512002
251 800Z
260000Z
260600Z
2612002

-261 800Z

DTG
200600Z
201 200Z
2018002
21 Ooooz
210600Z
2112002

TROPfCAL DEPRESSION ONE NINE
07 AUG-11 AUG

LAT LO!Mi DTG I.AT LONG
4.3N 133.8E 0906002 17.IN 125.8E
4,9N 132*6E 090600Z TO ?O1200Z NO WARNINGS
5.3N 131 .3E ISSUED
5.4N 129.8E 1012OOZ 2206N 121.9E

15,7N ?28.4E 101 800Z 24.6N 120.5E
16.3N 127.IE 1IOOOOZ-I1O6OOZ DISSIPATED

TROPICAL DEPRESSION TWO ZERO
14 AUG-16 AUG

LAT LONG DTG FLAT LONG
17.6N 141.IE 150600Z 19.7N 140.3E
18.2N 140.8E 151 200Z 20.lN 140;OE
18*8N 140.7E 151 800Z 20.4ti”’ 139.7E
19.2N 140.5E 160000Z-160600Z DISSIPATED

LAT
15.5N
15.2N
14.9N
14.8N
15.7N
16*8N
17.ON
16.7N
16.9N
17.4N

LAT
08.8N
08.7N
08.5N
08.5N

TROPICAL DEPRESSION TWO THREE
24 AUG-29 AUG

LONG
151 .2E
150.6E
149.9E
149.2E
148.2E
147.OE
145.6E-
144.lE
142.7E
141.3E

DTG
270000Z
270600Z
271200Z
271 800Z
2800002
280600Z
281 200Z
2818002
2900002
290600Z

TROPICAL DEPRESSION THREE TWO
20 OCT-23 OCT

LONG DTG
147.5E 21 18(Y3Z
146.8E 220000Z
145.9E 2206002
145.f?E 221 200Z

LAT LONG
18.3N 140.lE
19.6N 139.3E
21 .ON 138.9E
22.5N 138.8E
24.ON 138.9E
25.2N 139.3E
25.9N 139.8E
26.6N 140.2E
27.ON 140.9E
DISSIPATED

LAT LONG
08.4N 142.9E
08.3N 142.4E
08.lN 141 .9E
07.8N 141.5E

08:6N 14444E 2218002 07.6N 141.3E
08.5N 143.6E 230000Z-230600Z DISSIPATED
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DTG
3106002
3112002
3118002

DTG
0606002

TROPICAL DEPRESSION THREE FOUR
31 OCT-01 NOV

LAT LONG DTG
16:2N 150;4E OIOOOOZ

16W8N 149*7E 0?06002

17.6N .148.9E

TROPICAL DEPRESSION THREE SIX
06 NOV

LAT LONG DTG

16.3N 152.8E 0612002

LAT
18i5N
19.3N

LAT
17;1N

LONG
148.4E
148.2E

LONG
152.4E
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TROPICAL STORMS 1961

DTG
147!200Z
1418002
150000Z
150600Z
151 200Z
151 800Z
160000z
160600Z
161200Z
161 800Z
170000Z
170600Z

DTG
270600Z
271 200Z
271 800Z
280000Z
280600Z

DTG
“091800Z

10000OZ

DTG
061 800Z
070000Z
070600Z
071 200Z
0718002
080000Z

LAT
08.3N
0808N
09.lN
09.3N
09i5N
09.9N
10;1N
10.5N
10.9N
1.1.3N
1197N
12.lN

LAT
07. 3N
07.6N
07.9N
08.3N
08.7N

LAT
09.3N
09.7N

LAT
13;8N
14.lN
14*5N
15.lN
16*ON
16.9N

POSITION DATA

TROPICAt. STORM RITA
14 JAN-20 JAN

LONG
134.7E
133.4E
13205E
132.2E
132.OE
131.8E
131.8E
131.9E
132.2E
132.?E
133.3E
133.9E

DTG
171 200Z
171800Z
1800002
180600Z
181200Z
181800Z
190000Z
?906002
191 200Z
191 800Z
200000z
200600Z

TROPICAL ST~RM SUSAN
27 FE8-01 MAR

LONG DTG
131.2E 28?200Z
131 .OE 281 800Z
130.8E 01 Ooooz
130.6E O1O6OOZ
130.5E O11200Z

TROPICAL STORM VIOLA
09 APR-10 APR

LONG DTG
109.6E 100600Z
108.3E 101 200Z

TROPICAL STORM WINNIE’
06 MAY-09 MAY

LONG DTG
93.7E 080600Z
93.lE 081 200Z
92.3E 081800Z
91 .7E 090000Z
91.lE 090600Z
90. 5E 091 200Z

LAT
12i3N
12.6N
12.8N
12.9N
13.ON
13.IN
13.lN
13.2N
I’3.4N
13.8N
14.3N
14.9N

LAT
09.ON
09.5N
09.8N
10.2N
10.6N

LAT
09.9N
09.9N

LAT
18*ON
19.lN
20.3N
21 .5N
22.5N
23.5N

LONG
134*6E
135.3E
136.lE
137.OE
137.9E
138;8E
139.7E
14005E
141 .4E
142.lE
142*9E
143.4E

LONG
13003E
130.3E
130i2E
130;2E
130.IE

LONG
107.5E
106*8E

LONG
90.OE
89.5E
89.4E
89.5E
90. OE
90.8E
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— .

DTG
230600Z
2312002
2318002
2400002
240600Z
2412002
241 800Z
250000Z
2506002
2512002
2518002
2600002
2606002

1600002
1606002
161200Z
1618002
170000Z
170600Z
171 200Z
171 800Z

DTG
21 OOOOZ
2106002
2112002
2118002,
220000Z
2206002
221 200Z
2218002
230000Z

TROPICAL STORM DORIS
23 JUN-02 JUL

LAT LONG DTG LAT LONG
14.ON 137:6E” 261200Z 23.lN 132.lE
15.2N 137.2E 261200Z TO 300000Z NO HARNINGS
16.4N
17.6N
18.6N
19.5N
20.lN
20.2N
20.ON
20.ON
20.4N
21 .3N
22.3N

136.6E
136.OE,
135.2E
134.4E
133*4E
132.2E
131.3E
130.6E
130.3E
130.7E

.131.5E

ISSUEO
300000Z
300600Z
301 200Z
301800Z
Olooooz
010600Z
0112002
0118002
020000Z
0206002

TROPICAL STORM FLOSSIE
16 JUL-19 JUL

LAT
17.9N
1.7.6N
17.3N
16*8N
16.4N
16.ON
15.8N
16*6N

LAT
27.3N
27.4N
27.6N
27.5N
27.2N
27.lN
27.2N
27.6N
28.IN

LONG
129.OE
127.8E
126.4E
125.?E
123.9E
122.8E
121.5E
120.5E

DTG
1800002

1806002
181 200Z
181 800Z
190000Z
1906002
191 200Z
191800Z

.
TROPICAL STORM GRACE

21 JUL-25 JUL

LONG
127.9E
127.6E
127.2E
126.7E
126.9E

127.6E
~ 128.2E

128.5E
128.5E

DTG
230600Z
231 200Z
231 800Z
2400002
2406002
2412002
2418002
254)OOOZ
2506002

21 .7N
21 .6N
21 .7N
21 ●6N
-21 .4N
21 .9N
22.3N
22.6N
23.21V
23.5N

LAT
18.2N
19.ON
19.5N
20.3N
21.IN
21 ●8N
22.5N
23.4N

LAT
28.6N
29. ON
29.6N
30;2N
30.8N
31 .8N
32*9N
34.2N
35.8N

125.lE
124*4E
123.5E
122.3E
120.8E
118*OE
117.3E
116*7E
116*OE
114.6E

LONG
120.OE
119.4E
118.5E
117.6E ‘
116.8E
115.5E
114.2E
112.9E

LONG
128.3E
128.lE
127.8E
127.4E
126.9E

126.5E
126.3E
126.9E
128.6E

36



DTti
291 800Z
300000Z
3006002
3012002
3018002
31 OOOOZ
3106OOZ
3112002
3118002
Olooooz

DTG
2106OOZ
2112002
2118002
2200002
2206002
221 2(X)Z
2218002

DTG
1106002
1112002
1118002
120000Z
1206002

DTG
190000Z
1906002
1912002

tAT
23.8N
24.9N
26.1 N
26.9N
27. 3N
27. 3N
27.2N
27. IN
26.9N
26.8N

LAT
13.6N
14.ON
14.3N
14.5N
15.ON
15.5N
15.5N

I-AT
13.2N
13.4N
13.8N
14. ON
13.5N

LAT
14.5N
14.8N
15.3N

TROPICAL STORM MARIE

29 AUG-03 SEP

LONG
153.OE
153.2E
153.lE
152.4E
151.lE
149.5E
148.3E
147.3E
146.4E
145.5E

DTG
010600Z
011 200Z
0118002
020000Z
0206002
021 200Z
0218002
0300002
0306002

TROPICAL STORM RUBY
21 SEP-24 SEP

LONG
126.7E
125.2E
123.7E
122.2E
119.6E
117.6E
115,8E

DTG
2300002
2306002
2312002
2318002
2400002
2406002
2412002

TROPICAL STORM WILDA
11 OCT-13 OCT

LONG DTG
116.4E 1212002
115.9E 1218002
115.4E 1300002
114.4E 1306002
112.8E

TROPICAL STORM ANITA
19 OCT-20 OCT

LONG DTG
113.OE 1918002
111.2E 200000Z
109.5E

37

LAT
26.5N
26.4N
26.3N
26.4N
26.5N
26.8N
27. 2N
27.7N
28.4N

LAT
15.5N
15.6N
15.8N
16.2N
16.5N
16.9N
17.4N

LAT
13.5N
13.8N
14.3N
13.9N

LAT
15;7N
15,8N

LONG
144.6E
143.8E
142;8E
142.?E
141 .3E
140.lE
138.6E
137.2E
135.8E

LONG
114.3E
112.9E
?II.4E
109.8E
108.6E
107.3E
106.OE

LONG
111.5E
11O.2E
109.1E
107.6E

LONG
08.3E
06.7E
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1961 TYPHOON TRACKS

TYPHOON TESS
TYPHOON ALICE
TYPHOON BETTY
TYPHOON CORA

TYPHOON ELSIE
TYPHOON HELEN
TYPHOON IDA
TYPHOON JUNE

TYPHOON KATHY
TYPHOON LORNA
TYPHOON NANCY
TYPHOON OLGA

24 MAR - 31 MAR
17 MAY - 21 MAY
22 MAY - 28 MAY
22 JUN - 25 JUN

12 JUL - 15 JUL
27 JUL - 03 AUG
28 JUL - 31 JUL
01 AUG - 08 AUG

15AUG- 18 AUG
20 AUG - 26 AUG
07 SEP - 17 SEP
08 SEP - 10 SEP

TYPHOON PAMELA 08 SEP - 12SEP

TYPHOON SALLY 21 SEP - 29SEP

TYPHOON TILDA 27 SEP - 05 OCT

TYPHOON VIOLET 04 OCT - 10 OCT

TYPHOON BILLIE 23 OCT - 28 OCT
TYPHOON CLARA 26 OCT - 01 NOV

TYPHOON. DOT 09 NOV - 15 NOV

TYPHOON ELLEN 05DEC- 13 DEC
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TROPICAL CYCLONES OF 1961

01.
02.
03 ●

04.
05.

06.
07 ●

08.
09*
10.

11.

12:
13.
14.
15.

16.
17.
18.
19.
200

21.
22.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.
34.
35.

%:
38.
39.
40 ●

CYCLONE

TROPICAL STORM
iNVESTIGATION

lNv~s7tGATIoN

TROPICAL STORM

TYPHOON TESS

TROPICAL STORM

INVESTIGATION

INVESTIGATION

TROPICAL STSIRM

TYPHOON ALICE

TYPHOON BETTY

RITA

SUSAN

VIOLA

WINNIE

TROPICAL DEPRESSION 7
investigation

TROPICAL OPPRESSION 8
INVESTIGATION

TROPICAL DEPRESSION 9
lNvZsTtGATION

lNvE$TIGATIoN

TROPICAL STORM DORIS’
TYPHOON CORA

TROPICAL DEPRESSION 12
TROPICAL DEPt?csstotJ 13
iNVESTIGATION
!NVCSTIGATtON

lNVESTlGA7tON

TYPHOON ELSIE
lNV~STIGATION

TROPICAL STORM

iNVESTIGATION

TROPICAL STORM

TYPHOON HELEN
TYPHOON IDA

TYPHOON JUNE

FLOSSIE

GRACE

TROPICAL DEPRESSION 19
INVESTIGATION

lNVEsTtGATION
iNVESTIGATtON

TROPICAL DEPRESSION 20
TYPHOON KATHY
lNV~sTtGATiON

.,
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12 JAN - 20 JAN

19 JAN - 20 JAN
01 FEB - 02 FEB

27 ~EB - 01 MAR
22 MAR - 31 MAR

09 APR - 10 APR

04 MAY - 05 MAY

05 MAY - 06 MAY
06 MAY - 09 MAY
1.6 MAY - 21 MAY

21 t4AY - 28 MAY
25 MAY - 28 MAY
30 MAY - 31 MAY
31 MAY - 06 JUN
03 JUN - 05 JUN

06 JUN - 07 JUN

17 JUN - 18 JUN

19 JUN - 22 JUN

20 JUN - 02 JIA
22 JUN - 25 JUN

24 JUN - 25 JUN
25 JUN - 27 JUN

26 JUN - 29 JUN
02 JUL - 06 JUL

04 JUL - 08 JUL

07 JUL - 15 JUL
11 JUL - 12 JUL
13 JUL - 19 JUL
18 JUL - 22 JUL
20 JUL - 25 JUL

26 JUL - 03 AUG

28 JUL - 31 JUL
31 JUL - 08 AUG

01 AUG - 11 AUG

10 AUG - 11 AUG

11 AUG- 13AuG
12 AUG - 16AuG
14 AUG - 16 AUG
15 AUG - 18 AUG
16 AUG- 17 AUG



41.
42.
43.
44 ●

45.

46.
47.
48.
49.
50.

51 ●

52.
53.
54.
55.

56.
57.
58.
59.
60.

61.
62.
63.
64.
65.

66.
67.
68.
69.

TROPIcAL CYCLONES”OF ?961 (CONT~Dj

CYCLONE %pERIOD

lNvEsTtGATION 18 AUG - 20 AUG
TYPHOON LORNA 19 AUG - 26 AUG
lNvCsTiGA710N 20 AUG - 22 AUG
lNvE51iGAT10N 23 AUG - 24 AUG

TROPICAL OPPRESSION 23 24 AUG - 29 AUG

lNv~sllGATION

lNvEsTIGATIoN

lNvEsllGATION

TROPICAL STORM

TYPfiOON PAMELA

TYPHOON OLGA
TYPHOON NANCY

TROPICAL STORM

TYPHOON SALLY
TYPHOON TILDA

TYPHOON VIOLET

lNv~sTIGATION

TROPICAL STORM
lNV~STIGATION

TROPICAL STORM

27 AUG - 29 AUG
27 AUG - 28 AUG

28 AUG - 29 AUG
MAR IE 29 AUG - 03 SEP

02 SCP - 12 SEP

03 SEP - lo SEP

07 SicP,- 17 SEP
RUBY 17 SEP - .24 SEP

20 SEP - 29 sEP
27 SEP - 05 OCT

03 oCT - 10 OCT
09 oCT - 10 OCT

WILDA 10 OCT - 13 OCT
12 oCT.-, 13 OCT ‘

ANITA 19 OCT - 20 OCT

TROPICAL DEPRESSION 32
TYPHOON BILLIE
TYPHOON CLARA

TROPICAL DEPRESSION 34

TROPICAL DEPRESSION 36

TYPHOON DOT
lNVEsTiGATION
lNvEsTiGATION

TYPHOON ELLEN

19 oCT - 23 oCT
22 OCT - 28 (ICT
26 OCT - 01 Nov
30 OCT - 01 Nov
04 Nov - 06 NOV

08 Nov - 15 Nov
15 Nov - 16 NOV
24 NOV - 25 NOV
04 OEC - 13 t)EC

* THE PERIOD SHOWN COVERS THE PERIOD FROM THE .DATE<’”THE CYCLONE WAS

FIRST ASSIGNED A CYCLONE NUMBE%, UNTIL TH.E ftNAL WARNING WAS )SSUED$
OR IF NO WARNINGS WERE “ISSUED, THE DATE THE CYCLONE DISSIPATED*
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1961 TYPHOON .FORECAST
(IN Ml)

24 liR FORECASTS
NO. OF MEAN

ERRORS

48 HR FORECASTS
NO. OF MEAN

TYPHOON CASES ERROR CASES ERROR

TESS
ALICE

BETTY
CORA

ELSIE
HELEti

IDA
JUNE.

KATHY
LQR NA

NANCY
OLGA

PAMELA
SALLY

TILDA
V 10LET

BILLIE
- CLARA

DOT
ELLEN

26
14

22
5

8
27

Q

8
18

34
5

11
11

27
24

16
20

24
23

117 22
159 10

142 18
113 1

84 4
119 23

2s) 7
74 22

180 4.
120 14

133 30
155 1

120 7
“21 1 7

i 37 23
146 20

144 12
178 16

138 20
105 19

297
378

229
278

173
214

397
138

164
196

228
353

315
574

3?2
312

3fH

235

‘AVERAGE ERROR-24 HR” FORECASTS 360 CASES . . . . . . . . 136
[ 1AVERAGE ERROR-48 liR FORECASTS 280 CASES ‘. , , . . . . . 274
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CHAPTER IV

INDIVIDUAL TYPHOONS

OF 1961
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A. TYPHOON TESS (240000Z:310600Z MARCH 1961)

ON 21 AND .22 MARCH, THE WINDS ALOFT ANO SURFACE.• BSERV.ATIONS AT

T’RuK INo~cATEo THAT A wEAK TROPICAL cycLONz, WHICH ORIGINATED ABOUT

160 MI SE OF PONAPE ON 18 MARCH, HAD PASSED JUST S OF TRUK AT ABOUT

2112002 AND WAS INTENSIFYING* A RECONNAISSANCE AtRCRAFT INVESTIGATED

THE CYCLONE ON 23 MARCH AND REPORTED THAT A WEAK CIRCULATION EXISTED

WITH MAXIMUM SURFACE WINDS OF ?5 KTS. THE CIRCULATION WAS CLOSELY
OBSERVED AND ON 24 MARCH A RECONNAISSANCE AIRCRAFT INDICATEO THAT THE

SYSTEM WAS” INTENSIFYING, FOR THE MAXIMUM OBSERVEO SURFACE WINOS HAO

iNCREASEO TO 45 KT$. BASED ON THIS DATA, THE FIRST WARNING WAS ISSUEO

AT 2400002 ON TROPICAL STORM TESS.

AT 2400002 TESS WAS ABOUT 300 MI S OF GUAM, MOVING TOWAROS YAP
ANO INTENSIFYING. TESS WAS UPGRAOEO TO TYPHoON INTENSITY AT 2500002
ANO BY 2512002 WAS JUST S OF YAp wlT~ MAxtMu~ suRrAc~ wlNos OF 75 KTS.
TESS PASSED WITHIN 30 Ml oF YAP, ANO REPORTS FROM YAP INOICATED A
MINIMUM SEA LEVEL PRESSURE OF 989.0 MBS WITH PEAK SURFACE GUSTS OF

50 KTS. AFTER PASS!NG YAP, TESS BEGAN TO RECURVE, ANO BY 2712002
WAS MOVING JUST E OF N AT 4 KTS. BY THIS TIME TESS HAO MAXIMUM SUR-

FACE WINDS OF 125 KTS AND NO FURTHER INTENSIFICATION WAS ANTICIPATE

A+ TESS APPEAR~D To BE IN A TROIJGti THAT WAS MOVING THROUGH THE WESTER-
LIES; HOWEVER, THE TROWCiH PASSED QulCKLy To THE E AND AT 2806002 TESS
BEGAN TO INTENSIFY AGAIN AND TURN TOWAROS THE NNW. SURFACE WiNOS
REACHED 135 KTS BY 2818002 ANO THEREAFTER TESS BEGAN TO WEAKEN SLOWLY.
AFTER 3006002 TESS BEGAN TO RECURVE ANO RAPIOLY WEAKEN. BY 3106002
TESS WAS MOVING ENE AT 23 KTS WITH hfAXtMtJM SURFACE WINOS OF LESS THAN

30 KTS, THEREFORE THE FINAL WARNING WAS ISSUEO AT THIS TIME.

THE CYCLONIC clRcuLATION OF TESS EXTCNDEO TO ABOuT THE 300 MB9
LEVEL OURING THE PERIOD IT WAS A TYPHOON AND AT THE TIME OF THE FINAL

WARNING EXTENDEO TO LESS THAN 10,000 FT. TESS FOLLOWED THE TRACK OF

CLIMATOLOGY QUITE WELL, ANO IN A PERIOD OF 7 OAYS ANO 6 HOURS TRAVELEO

1,450 MI, AVERAGING 8 KTS OR 200 MI PER OAY. THE MINIMUM SPEED OF
MOVEMENT WAS 4 KTS ON 27 ANO 28 MARCH ANO THE MAXIMUM SPEED OF MOVE-
MENT WAS 23 KTS ON 31 MARCH.

AN UNUSUAL FEATURE OF T’ESS WAS THAT ON 28 MARCH IT APPEARCO THAT

TESS WAS CAUGHT IN A TROUGH MOVING THROUGH THE WESTERLIES. WEAKENING

WAS INOICATEO AND TESS HAD BEGUN TO MOVE E OF N; HOWEVER, WITH PASSAGE

OF THE TROUGH TO THE E$ TESS BEGAN TO JNTENSIFY AGAIN AND TURNED TO
THE NNW. ANOTHER RARITY, TESS WAS ONE OF 3 TYPHOONS TO OCCUR DURING

MARCH IN THE PAST 14 YEARS.

A CONCENTRIC EYE WAS OBSERVEO BY WEATHER RECONNAISSANCE AT

2707402 AT 12.6N 135.2E. THE SLP WAS 940 MB; 700 MB WIND, 120KTs;
HEIGHT, 8500 FT; ANO TEMPERATURE 21° C.

TESS,’ BEATING’ THE SEASON BY ABOUT FOUR MONTHS BEGAN HER LIFE
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CHURNING HARMLESSLY IN THE OPEN SEA OF THE CAROLINE ISLANDS. $HE MAIN-

TAINED A RELATIVE WESTERLY MOVEMENT PASSING 24 MILES SOUTH OF YAP lS-

LANO ON TtiE 25TH OF MARCH AT. 12002. MAXIMUM PEAK GUSTSOF 50 KTS
WERE RECORDEO.AT 22552. A.TOTAL OF 3.6 INCHES OF RAIN FELL DURING THE

PASSAGE$ WITH NO RISE IN TIO,ES. PRELIMINARY REPORTS INOICATED CON-

SIDERABLE DAMAGE TO TREES AND HOUSING WITH NO CASUALTIES REPORTED.

lESS BEGAN RECuRvING TO THE NORTH sHoRTLy AFTER pAssAGE OF YAP. SHE
REMAINEO ON THIS NORTHERLy COuRSE BLowING INNoXIOuSLY OVER OPEN SEA
FOR THE OURATION OF HER LIFEs BuT MAY HAVE CAUSED OAMAGE TO SEAGOING

VESSELS.

55



. . .

. .

/

.

. . .

.- ,.. ,

!
.,. .

--”?~’-+ ‘ 30”}-- -! —t -–l-—t--+

{

,..

‘“/
..

do” ‘.

I
.@

&t ,,MA
,,

--- --+++--””}-”------~----+-”‘ :

1
115 IWO JIMA

,..

,.. .

,..

T
. .:. . .—.

.___+ .. ..3(y. !. ! ! ! 4. + : ~ !30”’

t
+,

150’
,.

].

1‘-l-
{.. I

,,...

+-

“+””
I-.-\--&–”+--

:It”

,..

~,, ..
160”

,,—.

I
,+

I
.L.. t.. \ . ..+ .-. { ._.}.._.

i.. .

1’

—

-. . .

—

._. ,.

t ------+ *-- -~
.-

,-.
_

.—.

“L~gen~’’ l~. ’”””-’”

k
,,, ,

6 H I BEST ‘tl?AC~ POSiTS’ ‘ ~

AIR~RAFi iIx” ‘“ < ‘ ~

‘. I
!- +–-+ --i--t i } ~--&-#--~-++--

SPE D,.. L.. . . . . .
lNTdNSITY ~

L
-{....~,,

T:YP “OON: ok +RU~ICW STO,RM
ENIWETOK

TRO~PIGAL QEF?RESS1.0Fl,220. “?1 – . ;

I... . . . . ... . .

“t
I. . .+.

,

..— .. 5%
KWAJAIEIN $6

..—

..— ,,.

,.. - . .

--3%K-U;A:-:--+- ! ‘--
.,T . .

. + . . . .+...*...



woomsals
llVMcJ3NJd3a1134vlaINo&

lVllSIA
NouvavuAaaaNld3a10N3Aa

L1/81

91/91

021001

OZL08

ZO-d‘9S

GO-d‘9S

39”G&L

35”!X1

3L”s&l

3s”ss1
32”SEI
3E”!X1

3S*SS1

36”’3S1
3z”9&l

39”9&l
3L”8C1

3i?*otit
39*&t71

3&*t7til

3G”sit71

Nl”til

N6*C1

ZOZ608Z51

ZSit7Z08Ztil

9$6

ZL6

01G8

0198

03Nld30113M10N3A3
MS-3NlMSZAf’I21Vladil13

Savnb
mfsawTw4AAHIki?1vla

11’’loqvlu3M13
a3Nld3a7KIM1!4ozviaOtila

Ll/LttiL60898SOL

---
021
011

---SO-d’92N!2”&l

Nl”121
N9”Z1
N?*Z1

zocEitLz21
zot’LoL211
ZOOEOLZ01

!20-11-lMA
ZO-d-9S
ZO-d‘9Si

-----

Lo/i?
til/lz

---

0t76
896

----

01S8
09.L8

---

011
011

03Nld3ammlwozvla3tI13
3N-NSG13llVMlHOL

vla03Nld3a113MOO11ONOtil!l
NU311Vd3A3a3Nld30WIMON

9960s6806QGGO-d-9!2N8”1LZO02Z9Z6

ol/Ll
1l/L1

09
09

08
08

ZO-d-9S
SiO-d‘9!2

N9”01
NO*O1

ZGt7L09Z8
zo&zo9zL

i7L6
086

06t76
Olt76

f
NU311Vd3A3(13N1430113MON

‘M-N-3sa13llVMJwOt’viaOulo
80/S1
11/91

886
t786

00S6
0G86

09
OL

08
Q.

SO-d-9G
iO-d-9!3

NL”60
N1”60

viaINOLa3Ntd3a113M40N
lJV(lVllNOailNld3(l713M10N

i766
coo1

OL86
1Z101

Oti
sic

S9
0s

N8”80
Ni”80

z,LzzztJzV
z9!290t7zs

S:93N3d0MYN
sawllvMtw0svia2tii31w3s11/zt900102201o&w01‘d-9SNO*6OZcnxzszz

IWOtiXOllddVV10
3-NflltHiMSa13llVll3111311US60/606001Owol---9101‘d‘9GN9”l.Ozoo&zzz“t

S311SIM31OVMVHO3A3(3Jsaw19HaNMaNMAoclvq●9N01“lV13W11“ON
O&/ldlSawool.8WOOL04saoH13NX14

awooLNIWNIWXvwXvwllNn

*SS31NOOHdAl-saxlduvtmlvaNvtivavuaNvl



LAND RADAR AND AIRCRAFT FIXES - TYPHOON TESS (coNT!D~

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP TLTD
NO. TIME LAT. LONG. & ACCY WND IIND HGT MBS ( c) EYE CHARACTERISTICS

16 282215Z

17 2902452

18 2907452

19 2922102

a
Cv 20 3003562

21 3005352
22 3007552
23 302230Z

15.ON

15.4N

15.9N

17.4N

18.2N

18.6N
18.8N
21 ● 8N

135.lE

134.8E

134.6E

134.6E

134.6E

134.3E
134.3E
135.9E

56-P-05 --- 122 842o 937 20/16

56-PQ05 100 105 8610 946 19/15

56-P-05 110 120 8780 951 ‘21/17

56-P-05 125 110 9020 953 19/14

56-P-05 120 100 9140 975 21/15

VW1-R-05 --- --- ---- --- -----
56-P-1O 80 60 993Q 987 21/16
56-P-1O --- 40 10380 1009 10/08

CIRC DIA 15MI WALL CLDS ALL
QUADS

CIRC DIA 20MI WALL CLDS ALL
QUADS
CIRC DIA 15MI WALL CLDS ALL
QUADS
30X20MI LONG AXIS NW OPEN SE

NOT DEFINED WALL CLDS NE ALL
OTHER QUADS OPEN
CIRC DIA 18MI OPEN SW
EYE NOT DEFINED
CIRC DIA40MI OPEN SW-N



‘TYPHOON TESS 24-31 MARCH 1961
POSITION AND FORECAST VERIFICATION DATA.,

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2400002
2406002
2412002
241800Z

2500002
2506002
2512002
2518002

2600002
2606002
2612002
2618002

2700002
2706002
2712002
2718002

2800002
2806002
2812002
2818002

2900002
2906002
2912002

..2918002

300000z
3006002
3012002
3018002

310000Z
3106002

08.6N
08 .9N
09.1 N
09.1 N

144.3E
143.6E
142.6E
141.3E

.--.--- -------
-------
--.----
-----.-

“------

-------

09.ON
09.ON
09.ON
09.2N

140.1E
139.1E
138.1E
137.2E

065-146
065-185
070-210
070-235

----.--
--.-.--
-------
0------

09.7N
10.4N
11.ON
11.5N

136.5E
135*9E
135.7E
135.5E

246-74
251-140
238-162
212-140

072-265
078-272
q86-247
086-2X)

12.ON
12.5N
12.9N
13.3N

135.4E
135.4E
135.3E
135.4E

246-148
243-177
256-141
260-174

250-303.
249-350
250-391
238-352

275-84
325-26
360-55
018-63

252-389
250-355
263-240
268-252

13.7N
14.IN
14.5N
14.8N

135.5E
135.5E
135.4E
135.2E

15.2N
15.7N
16.3N
17.ON

135.OE
134.7E
134.5E
134*5E

058-105
073-117
096-116
104-127

030-118
042-188
050-292
058-360

17.7N
18.5N
19.5N
20.8N

134*6E
134.4E
134.1E
134.6E

118-71
159-61
153-23
186-59

062-435
068-430
078-407
087-382

139-118
228-162

22.1 N
23.ON

136.4E
138.8E

188-88
221-110

AVERAGE 24 HOUR ERROR 117 Ml
AVERAGE 48 HOUR ERROR 297 Ml
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B. TYPHOON ALICE (1700002-2112002 MAY 1961)

A VERY WEAK EASTERLY WAVE” APPEARED TO HAVE PASSEO GUAM AT
0812002, pROvlol~G A sLIG~T VIND s~iFT MD ‘HOwERs ‘LONG 1TS7TRACKO_..

IT WAS ONE OF MANY TO TRAVEL THIS ROUTC ANO HAD LITTLE APPARENT SIG- .;
N;FICANCE. BY THE TIME IT’ WAS 110 Ml S OF MANILA AT 1506002 A CLOSEO

Circulation ExlsTED> THouGH soMEwHAT coNFusfD IN FORMS ANo srILL
ARousED No sUSPICION. BY 1700002, HOWEVER, THE ASSOCIATED WINO PATTERN

WAS SUFFICIENT TO WARRANT ISSUE OF A OPPRESSION WARNING. RECONNAISSANCE

AT 1703452 INDICATEO wlNDs oF 35 KTs AT THE suRFAcE, ANO AN iNDICATEO

SURFACE PRESSURE OF 988.0 MB. INTENSIFICATION OF TROPICAL llEPRESSION

SIX TO TYP~OON STRENGTH wAS RAplo> oCcuRRING BETwEEN 1700002 ANO
1718002.

ALICE MOVED NoRTHWARD TowARo HoNG KoNGj ANo INTENSIFIED TO A
CIRCULATION WITH 75 KT SFC WINDS BY 1806002. THE TYPtiOON PASSEO WITH-

IN 10 OR 15 MI TO THE ~ oF THE RoyAL OBSERVATORY AT HONG KONG AT
1905002. ‘AN UPPER WINO observation MAoE By THE Observatory AT 1904002,

WHEN THE TYPHOON WAS A FEw MILCs SM oF THE sTATIoNs INOICATES THE
cYCLONE TO HAVE EXTENDED THRoUGH 40000 FT AS A CLOSED CIRCULATION.

ALICE DEPARTED THE AsIATIc MAINLAND A’f~08Mz, ANO WAS 105 Ml S
OF KAGOSHIMA, KYUSHU, JAPAN AT 2106OOZ. THE FINAL WARNING WAS )SSUEO

AT 2112002 WHEN ALICE WAS MOVING E AT 28 KTS. IT WAS lN ITS FINAL
STAGES As A TROplcAl clRcuLA’flON> RApIoLy BEcOMING EXTRATROplcAL.

WHILE IN THE SOUTH CHINA SEA, ALICE FOLLOWED A SMOOTH TRACK OF

RECURVATURE AROuNO THE wEsTERN SIDE oF THE t’ACIFIC HIGH, THEN IT MOVED
INTO THE WESTERLIES WHILE OVER THE ASIATIC MAINLAND.

ALICE TRAVELEO 1660 MI IN 4 AND”ONE HALF OAYS AT AN AVERAGE SPEED
OF 15.4 KTS OR 368 MI PER OAyO THE CYCLONE MOVED AT A MINIMUM SPEEO
OF 6 KTS FROM 17_2 TO 1718002 ANO A’TA MAXl$fuM SPEED Of’28 IWS FROM
210600Z 702112002. TYPHOON ALICE WAS AT !7s GREATEST tNTENSITY (75
KTs) FROM 1806002 To 19~z0

l’HE AREAS AFFECTED BY ALICE WERE THE SOUTH CHINA SEA, IIONG KONG,

AND THE ASIATIC MAINLAND. WHILE ALICE WAS IN THE SOUTH CHINA SIEA,A

PHILIPPINE FISHING VESSELS DE LA PAZ,WAS SUNK AS A RESULT OF THE H~GH
WINDS ANO SEAS CREATED BY THE TROPICAL CYCLONE. HONG KONG SUFFERED 4

DEAD AND 20 lNJuRED; HEAVY RAINS ANo STRoNG WINDS oESTROYED CROPS ON

321$000 ACRES OF LANO OF THE CHEKIANG PROVINCE ON THE ASIATIC MAINLAND.
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TYPHOONALICE 17-21 MAY 1961
POSITION ANO FORECAST VERIFICATION DATA

STORM POSITtON 24 HR. ERROR ‘38:.~Bo:ERR.M-
DTG LAT. LOttG. DEG. DISTANCE DEG. DISTANCE

170000Z 15.2N 115.OE ------- -------
170600Z 15.7N l14i7E ------- -------
171200Z 16.2N 114.4E -s---.. 0------
171800Z 16.7N 114.2E ------- --.-.--

160000z 17.3N 114.OE -------
1606(X)Z 18.3N 113.8E 195-23 -------
181200Z 19.5N 113.7E 209-94 -------
181800Z 20.5N 113.8E 200-140 -------

190000Z 21.6N 113*9E 200-151 -------
190600Z 22,5N 114.lE 201-200 186-157
1912(IOZ 23.6N 114.8E 244-38 213-286
191800Z 24.7N l1508E 070-27 213s385

25.9N 117.5E 212-103 219-440
‘%%% 27.3N 119.9E 232-165 226-576
2012002 28.3N 122.5E 233-267 233-258
201800Z 29.2N 125.2E 235-288 229-218

21OOOOZ 29.6N 128.OE 247-330 242-443
2106OOZ 29.8N 130.8E 253-237 250-463
211200Z 29.8N 134.lE 277-168 256-557

AVERAGE 24 HOUR ERROR 159 Mt
AVERAGE 48 HOUR ERROR 378 t41
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c. TYPHOON BETTY (2206002-2812002 MAY 1961)

THE ORIGIN OF TYPHOON BETTY, UNt.IKEMANY OTHER TROPICAL CYCLONES,

CANNOT 6E TRACED EASTWARD IN TERMS OF STATION PASSAGE TO ITS INCEPTION

AS A CLOSED VORTEX. AVAILABLE DATA INDICATES THAT BETTY 9ECAME A

CLOSED VORTEX BEFORE 2012002 S OF KOROR-. THE 24 HOUR PRESSURE TEN-
DENCY FALLS FROM MAJURO TO KOROR THAT FREQUENTLY PRECEDE THE DEVELOP.

MENT OF STRONG TROPICAL CYCLONES COMMENCED AT ABOUT l@600Z. THESE

FALLS CEASED AT MAJURO AFTER 1806002, AFTER 2108OOZ AT GUAM AND ’AFTER

2112002 AT KOROR. THE 2012002 SURFACE STREAMLINE CHART INDICATED A
VORTEX BETWEEN KOROR AND THE EQUATOR WHICH MOVED SLOWLY NW AND PASSED

KOROR AFTER 2012002. PRIOR TO 2012002 ONLY AN E=W ELONGATED PRESSURE

TROUGH EXISTED N OF THE EQUATOR FROM W OF KOROR TO KUSAI.

RECONNAISSANCE INTO THE CIRCULATION PROVIDED DATA TO ISSUE A

TROPICAL STORM WARNING AT 220600Z, INDICATING 60 KT SURFACE WINDS

NEAR THE CENTER. THE FIRST TYPHOON WARNING WAS ISSUED AT 2212002.

AFTER THE FIRST WARNING BETTY MOVED NW TOWARD TAIWAN AT AN AVER-

AGE SPEED OF 10 KTS WITH THE RATE’OF INTENSIFICATION OF SURFACE WINDS

AvERAGING 5 KTS pER 6 HOURS. PEAK INTENslTY oF 130 KTs WAS REACHED
AT 251200Z. THE TYPHOON PASSED LESS THAN 10 MI WSW OF BATAN ISLAND,

ABOUT 120 MI N OF LUZON, JUST AFTER 2521OOZ. AT THIS TIME THE SURFACE

WIND SPEEDS OF THE CIRCULATION WERE 125 KTS. THE HIGHEST REPORTED

WINDS BY OBSERVATION AT BATAN WERE 100 KTS AT 2519002. THE ANEMOMETER
WAS CARRIED AWAY SHORTLY THEREAFTER. THE MINIMUM PRESSURE By” OBSER-
VATION WAS 957.5 MB AT 2521OOZ, JUST BEFORE THE CENTER OF THE EYE

PASSED BATAN. AIRCRAFT RECONNAISSANCE AT 2523202 INDICATED THE MINI- ~
MUM PRESSURE TO BE 950 MB IN THE CENTER OF BETTY, WHICH WAS LESS THAN

20 MI FROM BATAN AT THAT TIME. THE TYPHOON “LANDED” ABOUT MIDWAY OF

THE E COAST OF TAIWAN A.T 2616002 WITH WIND SPEEDS OF 90 KTS. IT MOVED
ACROSS THE ISLAND IN A NNW DIRECTION AT AN AVERAGE SPEED oF 18 KTSO

THE LAND MASS EFFECTIVELY DESTROYED THE EYE OF THE TYPHOON AS SUCH,
AND REDUCED THE MAXIMUM SURFACE WINDS AROUND BETTY TO 60 KTs* BETTY
MOVED IN AN EASTERLY DIRECTION FOR THE FIRST TIME JUST AFTER 270000Zo

THE STORM SKIRTED THE ASIATIC MAINLAND UNTIL IT REACHED 32N THEN VEERED
SHARPLY NE AND MOVED INTO KOREA JUST N OF CHEJU-DO AT 2808002. THE

LAST WARNING WAS ISSUED AT 2812002 AS IT WAS RAPIDLY BECOMING EXTRA-
TROPICAL- SHORTLY THEREAFTER IT BECAME IMBEDDED AT THE SURFACE IN A

RAPIDLY INTENSIFYING EXTRATROPICAL CYCLONE AND LoST ITS IDENTITY.

THE PATH FORMED BY THE MOVEMENT OF BETTY IS FAIRLY TYPICAL OF THE

TR~CK CREATED AS A RESULT OF THE RIDGE LINE MOVING N DURING THE LIFE
CYCLE OF A TYPHOON. THE 500 MB RIDGE MOVED FROM 20N AT 2212002 TO
24N AT 241200Z. A TRANSIENT ANTICYCLONE FORMED JUST WNW OF SHANGHAI

ON 25 MAY, CREATING THE EFFECT OF FURTHER NORTHWARD MOVEMENT OF THE

RIDGE LINE. THESE FACTORS TENDE~TO CAUSE THE CONTINUED NORTHERLY

MOVEMENT OF BETTY RATHER THAN RECuRVATURE AT 18 TO 20 DEGREES N AS

MIGHT HAVE BEEN EXPECTED OTHERWISE. AFTER THE TRANSIENT ANTICYCLONE

MOVED EASTWARD OVER JAPAN, BETTY CURVED SHARPLY BEHIND IT AND MOVED

TO THE NE.
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TYPHOON BETTY EXTENDED THOUGH THE 200 MS LEVEL AT 261200Z WHILE
NEAR TAIWAN., 1

EACH YEAR ONE OR TWO UNUSUAL REPORTS OF COnCentriC EYES ARE MADE

BY THE RECONNAISSANCE OBSERVERS* ONE REPORT WAS MADE ON TYPHOON BETTY

AT 2305002, THE TIME W ‘WE THIRD Reconnaissance FIX AND IS QUOTED
HERE: “VULTURE 0311 BETTY SIX EYE DATA REPORT PSN ONE TWO PT SIX NORTH
ATONE THREE ONE PT ONE EAST AT ZERo FIVE zERo ZERO ZULU BASIS FOR FIX
MIND CENTER FIX BY PENETRATION PSN BY LORAN ACCY 8 Ml MAX OBSVD WNDS
SFC 75K EAST QUAD Wx FLT LVL WND 55K EAST QUAD 700MB HT 9880FT X~D
$LP 984 MBS FLT LVL 673MB TEMP 1105 DEGC DEW PT 2 DEGC TURB LIGHT ALL
QUAD EYE WITHINAN EYE DIA clRcuL.AR DIA oF OuTER.EYE 60 MILES DIA OF
INNER EYE 20 MILES SC CLDS IN INNER EYE MOD RAIN ALL QUAD.’t

THERE ARE SOME INDICATIONS THAT THE WA1-t. cI.OuO Suf?l?OUNDING THE
EYE OF A WELL DEVELoPED TyPHooN IS DETAcHED FRoM THE SPIRAL BANDS ASSO-
CIATED WITH THE TYPHOON, IF RADAR P~CTURES MAY BE CoNSID.ERED EVIOENCEO

THE POSSIBILITy THEN ExlsTs THAT AsplRAL BAND MAy completely SURROUND
THE WALL CLoUD FOR SHoRT PERloDS oF TIMEs THuS FoRMING WHAT APPEARS TO
SE THE OUTER CIRCULAR CLouD pATTERN Associated wlTH THE PHENOMENA

KNOWH. AS A CONCENTRIC EYEo

TYPHOON BETTY TRAVELED 2025 MI IN THE 6 DAYS 6 HOURS THAT WARN-

lNGS WERE ISSUEDS AT AN AvERAGE SpEED OF 13.5 KTSO THE MINtMUM SPEED

OF MOVEMENT, 6 I(TS OCCURRED BETWEEN 220600Z AND 2218002. THE MAXIMUM
SPEED OF MOVEMENT, 33 KTS, OCCURRED BETWEEN 280600Z AND 2812002. THE ‘

MAXtMUM SURFACE WIND SPEEo OF 130 KTS OCCURRED BETWEEN 2512002 AND

2518002.

THE

MAINLAND
INDICATE

AREAS-AFFECTED BY BETTY WERE BATAN ISLAND, TAIWAN, THE ASIAT$C
JUST S OF SHANGHAI$ AND KOREA. THE ONLY REPORTS AVAtLABLE
EXTENSIVE CROP DAMAGE.• N TAIWAN DUE TO FLOODING.
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TYPHOON BETTY 22-28 MAY ?961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2206002 10.7N 133.5E ------- --mnO---
221200Z 11.211 133.2E --.---- --.--.-
221800Z 11.8ti 132.8E -----.- --.----

230000Z 12.2N
230600Z 12.7N
231200Z 13.2N
2318002 13.9N

32.2E ------- -------
31 .OE 031-44 -.-----
29.6E 063-60 -------
!28.3E 096-82 -------

2400002 14.7N 127.5E 113-140 -------

2406002 15.2N 126.8E 093-160 156-63
2412002 15.7H 126.OE 221-90 193-70
2418002 16.4N 125.?E 208-75 191-98

250000Z 17.2N
‘ 2506002 18.IN

2512002 19.lN
251 800Z 19.9N

2600002 20.7N
260600Z 21 .3N
2612002 22.5N

24 .3E 026-136 133-130
23. 6E 033-96 090-170
22.9E 121-75 ?27-82
22.2E 124-101 123-114

21 .8E 123-62 063-334
21 .5E 089-62 060-277
21 .5E 114-80 121-?54

261 800Z 23.5N 121.4E 105-106 120-179

2700002 25.3N 120.9E 090-97 110-190
2706002 26.6N 121.OE 112-122 097-256
2712002 28.2N 121.3E 106-208 096-325
2718002 30.4N 121.8E 113-326 105-400

2800002 32.5N
2806002 33.8N
2812002 35.4N

AVERAGE 24 HOUR ERROR
AVERAGE 48 HOUR ERROR

22 .9E 225-270 112-441
25.5E 228-358 123-415
29.OE 236-382 131-421

142 Ml
229 MI
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D.

THAT

TYPHOON CORA (2206002-2506002 JUNE 1961) ,

CORA DEVELOPED FROM THE WESTERNMOST OF A SERIES OF 1006 MB LOWS
FORMED A TROUGH FROM ABOUT 300 MI E OF SAIGON TO THE ISLAND OF

NAJURO ON THE 1906002 SURFACE CHART, AT THIS TIME THE SURFACE PRES-

SURES ALONG THIS TROUGH BEGAN A SLOW OECREASE THAT RESULTED IN AN

AVERAGE PRESSURE OF 1@3 MB BY 2206002s TIME OF THE FIRST wARNING AS

A TROPICAL DEPRESSION TO BE LATER KNOWN AS TYPHOON CORA. THE CENTER
PRESSURf OF CORA WAS APPROXIMATELY 995 MB AND THE SURFACE WINDS WERE

25 KTS AT THAT TIME.

THE 500 MtJ PATTERN AT TIME OF THE FIRST WARNING INDICATED THAT
CORA EXISTED BETWEEN A WESTERLY FLOW NEAR THE EQUATOR AND AN ANTI-

CYCLONE CENTERED NEAR 30N THAT SLoWLY MovED S TO 27N’DURIN6 THE LIFE
CYCLE OF CORA. MOVEMENT OF CORA NORTHWARD ACROSS THIS TROUGH ADDED

AN EASTWARD COMPONENT TO THE NORTHERLY MOVEMENT OF THE LOW AT FIRST,

AND LATER A WESTERLY COMPONENT THAT FINALLY BECAME THE PREDOMINANT

DIRECTION OF MOVEMENT OF CORA As IT INTENSIFIED TO TYPHOON STRENGTH

AND MOVED TOWARO NORTH VIETNAM.

CORA WAS A WEAK TYPHOON WITH AN EYE VARYING FROM 40 TO 80 Ml IN

DIAMETER, AND HAD POORLY DEFINED WALL CLOUDS. THE FINAL WARNING WAS

ISSUED WHEN CORA WAS 45 Ml FROM THE POINT AT WHICH IT MOVED INLANDJ
75 MI S OF VINH ALONG THE COAST OF VIETNAM.

CORA 7RAVELED 500 MI DURING THE 3 DAYS THAT WARNINGS WERE ISSUED
A+ AN AVERAGE SPEED OF 6.9 KTS CN7 AT AN AVERAGE MOVEMENT OF 167 Ml
PER DAY. THE CYCLONE MOVED AT A MINIMUM #PECD OF 3 KTS BETWEEN
2206002 AND 2218002; AT A MAXIMUM SPEED OF 12 KTS BETWEEN 2412002
ANO 2500002, AND HAD MAXIMUM SuflFACE WIND SPEEDS OF 70 KTS BETWEEN
2306002 AND 2406002. DAMAGE REPORTS WCRE NOT RECEIVED BY JTWC$ How-

EVER POSSIBLE DAMAGE COULD HAvE oCCuRRED To SHIPPING oR SMALL ISLANDS*
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TYPHOON CORA 22-25 JUNE 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 tlR.ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2206002 15.2N 115.lE . . ----- -------
2212002 15.5N 114.9E ----.-- -------
2218002 15.8N 114.8E -..-.-- -.-----

230000Z 16.ON 114.6E -.----- ..-----

230600Z 16.3N 114.2E ------ -------

231 200Z 16.,4N 173.8E O---*--’ -------

2318002 16:7N 113.2E --.--.= -------

240000Z 16.9N 112.3E ------- -------
2406002 17.2N 111.6E 065-115 -------
241200Z 17.3N 11O.6E 062-153 ------.
241800Z 17.2N 109.3E 048-131 --..---

2500002 17.lN 108.OE 042-141
250600Z

-------
17.4N 107.IE 122-26 054-278

AVERAGE24 HOUR ERROR 113HI
AVERAGE48 HOUR ERROR 278 MI
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E. TYPHOON ELSIE (1212002-1506002 JULY 1961 )

ELSIE BECAME A C!.OSEDVORTEX ABOUT 360 MI NE OF TRUK ON THE

0312002 SuRFAcE cHART WITH A CENTER pREssuRE NoT LowER THAN 1009 MB;
A RATHER HIGH MINIMUM PRESSURE VALUE IN THE TRoplCSe THIS WEAK cY-

CLONE MEANDERED 2300 Ml AT AN AVERAGE SPEED OF 10 KTS IN THE EASTER-

LIES BEFORE A WARNING WAS ISSUED-

THE FIRST WARNING WAS ISSUED AFTER RECONNAISSANCE HN? DETERMINED

THE POSITION OF THE CIRCULATION AND THE FACT THAT IT HAD WALL CLouDS*
THE SURFACE WIND SPEEOS OF THE TYPHOON INTENSIFIED TO A MAXIMUM OF

80 KTS ANO IT CONTINUEO TO MOVE TOWARD THE S TIP OF TAIWAN, STRIKING

LAND THERE AT 1320002 WITH susTAINED suRFAcE WINOS OF 70 KTS. THE
TRACK ANO CoNTINuEo WESTERLY MoVEMENT oF ELSIE cONFtRMeO THE RULE OF
THUMB INOICATED BY LT. COLONEL Hsu YING-CHIN$ IN “THE PROBLEM OF
TYPHooN FORECASTING OVER TAlwAN AND lTs VJclNITY,” THAT IF A STATION-
ARY LEEWARo lNoucED LOW FoRMs NEAR TAlcHuNG (46751) ANo INTENSIFIES,
THE TYPHOON WILL NoT RECuRvEO THE INDUCEO LOW BEGAN FORMING AS EARLY
AS 1300002 AND WAS WELL ESTABLISHED BY TIME OF LANO STRIKE ON TAIWAN.
TH.E TYPHOON OID NOT RECURVE.

ELSIE GRADUALLY WEAKENEo AFTER PAsslNG TAIWAN, MoVEo ACROSS THE

SOUTHERN APPROACH TO TAIWAN STRAIT ANO ENTEREO THE ASIATIC MAINLAND
125 MI ENE OF HONG KONG. THE 35 KT SURFACE WINDS THAT EXISTEO~AT

TJME OF LAND STRIKE RAploLY WEAKENED To 15 KTs. ‘!’HE LAST WARNING

WAS,, ISSUED AT 150600Z WHEN THE cycLONe WAS m Ml INLAND, AND 105 Ml

NE OF HONG KONG.

THEUSE OF EXTRAPOLATION, CLIMATOLOGY AND THE 500 MB CHART PR@’

VIDEO THE BEST GUIDE FOR FORECASTING THE VELOCITY OF ELSIE. THE 500
MB SPACE MEAN CHART WAS OF LITTLE USE UNTIL 14 JULY, ANO THE 200 MB

CHART SUGGESTEO A MORE SouTHERLY MoVEMENT THAN THAT WHICH OCCURREOO
A TROPICAL CYCLONE OF 23-24 JULY 1944 WAS USEO AS A CLIMATOLOGY MOOEL.

LIMITED DATA INOICATEO THAT ELSIE EXTENOED UPWARO THROUGH THE
40,000 FT LEVEL A FEW HOuRS SEFORE PASSING ACROSS THE S TIP OF
lAIWAN. THE TYPHOON MOVED 495 MI OURING THE 2 OAYS ANO 18 HOURS

THAT WARNINGs WERE lSSUEo AT AN AvERAGE SPEED OF 7.5 KTS Oft180 Ml
PER 0A% ELSIE MOVEO AT A MINIMUM SP~EO OF 4 KTS BETWEEN 1218002

ANO 1312002; AT A MAXIMUM SPEEO OF 15 KTS BETWEEN 1418002 ANO

150600Z, AND HAD A MAXIMuM SuRFACE WINO SPEEO OF 80 KTS BETWEEN

1218002 ANo 131200Zo

ELSIE CAUSED OAMAGE ON TAIWAN AND THE ASIATIC MAINLANO. STRONG

WINOS ANO HEAVY RAINs CAusED soME CRop oAMAGE$ l.oSS oF sEVERAL POWER

LINESS AND LEFT 345 pERSoNS HoMEL?sSW THE PINGTUNG AREA WAS HARDEST

HIT ANO ONE MAN WASREPoRTEo oROWNEo THERE* ONE TAIWANESE MAN WAS

ALSO REPORTED

ANO FELL INTO

NOT AVAILABLE

OROWNEO WHEN HE ATTEMPTEO TO CROSS A SWOLLEN STREAM

THE WATER NEAR tiIs HOME IN JUALIEN. INFoRMATIoN IS

CONCERNING DAMAGE ON THE ASIATIC MAINLANO.
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LAND RADAR AND AIRCRAFT FIXES -,-TYPHOON ELSIE

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP T/To
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS (oc~ EYE CHARACTERISflCS

1208102 20.7N 123.2E VU1-R-1O --- --- ---- --- ----- DIA 70MI
i 1222452 21 .3N 122.7E 56-P-04 100 75 9680 986 13/13 NOT DEFINED ON RADAR

3 130=”2
4 1=9302

5 1315302

-4 6 1322mz
@

7 ‘14cYiobz”
8 1409372
9 14161OZ

21 .5N 122*1E 56-P-03 75 40 9420
21 .6N 121.6E 56-P-03 100 60 9430

21 .7N 121.lE VW1-R-02 --- --- ----

22.lN 120.7E 56-P-01 %) *W *183jo

22.ON 119.2E 56-P-05 --- *6O 9840
22.ON 119.5E 56-P-15” 25 35 9860
22.ON 119.5E VW1-R-U” --- --- ----

974 16/11 CIRC 35MI OIA POORLY DEFINED
975 16/16 ELLIP DIA 18MI SSW-NNE& 10MI

WNW-ESE WALL CLDS ALL QUADS
--- ----- DIA45MI SPIRAL BANDS 160MI

DIA ALL QUADS EXCEPT NE
-.. wl/ol DIA 30MI

986 12/11 DIA 40MI
990 11/11 NOT WELL DEFINED NO WALL kLDS
--- ----- NO EYE VISIBLE NORTH SEMICIRC

APPEARS CLEAR.
%OOMB DATA.



TYPHOON ELSIE 12-15 JULY 1961
POSITION AND FORECAST VERIFICATION OATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

121200Z 20.8N 123.lE ------- -------
121800Z 21.2N 122.7E -.-s--- -------

130000Z 21.4N 122.3E ------- -------
130600Z 21.6N 121.8E ------- -..--.-
131200Z 21.7N 121.4E 290-164 -------
131800Z 21.8N 120.9E 286-196 -------

140000Z 22.2N 120.5E 042-23 -------
140600Z 22.2N 119.8E 339-44 -------
141200Z 21.9N 119.lE 348-34 288-265
141800Z 22.4N 118.OE 119-31 283-260

150000Z 22.9N 116.4E 121-62 076-89
150600Z 23.9N 115.lE 124-118 105-79

AVERAGE 24 HOUR ERROR 84 Ml
AvERAGE48 HOUR ERROR 173 Ml
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F. TYPHOON HELEN (270600Z JULY- 031800Z AUGUST 1961)

A
ON THE

150 Ml
TROUGH

TOWARD
FORMED

SMALL LOW BOUNDED BY A 1006.MB iSOBAR WAS NOTED AT 8.ON 150.OE
210600Z SURFACE CHART. THIS CIRCULATION MOVED W AND PASSED

S OF GUAM JUST AFTER 2218002, AND THEN PASSED INTO THE LARGE
THAT EXTENDED FROM THE ASIATIC MAINLAND INTO THE PACIFIC OCEAN

GUAM. THE TROUGH THEN lNTENslFIED AND A cLOsEO CIRCULATION

THAT WAS FIRST OBSERVED ON THE 251200Z SURFACE CHART. THIS

CIRCULATION DEEPENED ANO FINALLY BECAME TYPHOON HELEN. THE FIRST

WARNING WAS lSSuED AT 270600Z cLAsslFylNG HELEN As A SToRM BASED ON

WEATHER RECONNAISSANCE. HELEN BECAME A TYPHOON AT 2800002, CONTINUED

MOVING SLOWLY NNW TO NEAR 28.ON AND 129*8E wHERE IT LOOPED AND THE
sURFACE WIND SPEEDS DECREASED FROM 80 KTS TO 45 KT-Se THE LOOP

OCCURRED AROUND AMAMI-O-SHIMA (47909)~ THUS WJTH RECONNAISSANCE AND -

TkIE LAND STATION, SUFFICIENT DATA WAS AvAILABLE TO RECORD THE DIREC-
TION AND SPEED OF MOVEMENT. THE CYCLONIC LOOP WAS 20 BY 40 MJ,

ORIENTED WNW, AND REQUIRED ABOuT 24 HOURS TO CoMPLKTEc UPON COM-

PLETION OF THE LOOP$ HELEN CONTINUED ALONG A NNW TRACK MISSING KYUSHU
BY MOVJNG 35 MI TO THE W. THE TROPICAL STORM PASSED ONTO KOREA AT
021600Z ABOUT 60 MJ WSW OF PUSAN, MOVEO UP THE PENINSULA, TURNED TO

“THE NE AND DEPARTEd THE COAST 45 MJ SE OF WONSAN AT ABOUT THE TIME
OF THE LAST WARNING, 031800Z. HELEN DID NOT REGAIN ITS INTENSITY

AFTER LOOPING, BUT CONTJ$JUED To SLowLY.WEAKEN AND BECAME A TROPICAL
DEPRESSION AT 0300002.

THE SYNOPTIC SITUATION RELATING TO TYPHOON HELEN CAN BEST BE
iNDIcAT~D t3yDescribing THE 500 MB spJicEMEAN ctiART AND THE MOVEMENT
OF THE ASSOCIATE ANTJCYCLoNE NE OF HELEN DuRING ITS LIFE CYCLE. A

SIMILAR SITUATION OCCURRED WITH SEVERAL OTHER CYCLONES ANO WILL BE
REFERREO TO IN THE NARRATIVE OF OTHER TYPHoONSe THIS DESCRIPTION

ALSO SATISFIES THE ACTIVITY THAT TRANSPIRED AT THE 200 MB LEVEL DUR-
JNG THIS TIME INTERVAL. AT THE TIME OF ISSUE OF THE FIRST WARNING

ON HELEN, AN ANTI CYCLONE EXISTEO NEAR 35N 150E WITH A TROUGH OVER
THE AStATIC MAINLAND ROUGHLY ALONG lIOE. 8Y 2800002 THE ANTICYCLONE

HAD MOVEO SLIGHTLY E TO 32N 157E. TWENTY-FOUR HOURS LATER A WESTERLY
MOVEMENT COMMENC~O AND CONTINUED UNTIL THE ANTICYCLONE REACHED 30N
134E AT 0400002. A SMALL RIOGE OF VARYING INTENSITY EXISTEO IN THE
SOUTH CHINA SEA OURING THIS PERIOD OF TtME. HELEN MOVEO SLIGHTLY W
of N AS IT PASSED AROUNO THE WESTERN SIDE of THE PACIFIC ANTICYCLONE
E OF JAPAN.

wlTH THE EXCEPTION OF THE LOOP, HELEN CREATED NO FORECAST PROB-

LEMS OF AN UNUSUAL NATURE. THE TWO TYPHOONS, HELEN AND IDA, BETTER

KNOWN AS THE TWINS, CREATED FoRCCAST DIFF!CuLTiCS THAT WILL BE DIS-

CUSSED JN THE IDA NARRATIVE*

TYPHOON HELEN TRAVELED 1195 MI IN 7 AND ONE HALF OAYS AT AN

AVERAGE SPEED oF 6.6 KTS OR 159 Ml 4pER oAY~ FRoM FIRST TO LAST WARN-

ING. THE MINIMUM SPEED WAS 2 KTS BETWEEN 301200Z AND 301800Z; THE

MAXIMUM SPEEQ WAS. 12 KTS QETWEEN 0200002 AND 021200Z. THE MAXIMUM
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SURFACE WIND WAS ~ I(TS BETWEEN 2906002 ANO 291200Zo

AMAMI-O-SHIMA AND OTHER ISLANDS NEARBY WERE THE ONLY AREAS
AFFECTED BY HELEN, EVEN THOUGH THE TYPHOON WAS NEAR KYUSHU AND EVEN-
TUALLY PASSED ONTO KOREA. THE TYPHOON IS REPORTED TO HAVE tNUNOATEO

ABOUT 2,000 HOuSES, CAUSED TWo oCATHS AND SEVERAL INJURIES ON THESE

ISLANOS JUST S of KYUSIiUo
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29’N

BEST TRACK

TYPHOON HELEN
.

BLOWUP

3MX)OOZ TO 3W1800Z JULY 1961 ~~,~

%!8*N . 1 A 1m
la

i

SPEED
3VOOZ

30/OOdOZ TO 30/06002 10 KTS ,.

30/06002 TO 30/1 2002 3 “KTS
I

30/1 2002 TO 30/1 8002 2 KTS
30/1 8002 TO 31 /00002 4 KTS
31 /00002 TO 31 /06002 5 KTS.
31 /06002 TO 31/1 8002 ‘ 4 KTS

1NTENSIT%

3Q/OOOOZ TO 30/06002 70 KTS
30/06002 TO 30/1 800250 KTS
30[1 8002 TO.31/18002 45 KTS



LAND RADAR AND AIRCRAFT FIXES - TYPHOON HELEN

UNIT MAX MAX MIN HIM 700MB
FIX METHOD SFC 700MB 700MB SLP

4
T TD

NO.” TIME LAT. LONG. & ACCY WND WND HGT MBS ( c) EYE CHARACTERISTICS

270632Z
272200Z

21.lN
22.7N

131.5E
131.5E

131.5E
131.4E
131.3E
131.3E
131.2E

131.3E
131.OE
130*8E
130.5E
130.3E

130.OE
129.8E
129.oE
129.4E

129.9E
130.4E
129.5E
130.OE

130.5E
128.5E

VW1-P-02
56-P-07

45 ---
70 50

---- 990 ----. DIA 15MI
9880 992 16/11 CIRC DIA 50MI

-0-- .-. ---0- ELLIP 8X12 Ml
---- --- ----- CIRC DIA 18MI
9700 987 16/13 CIRC DIA40MI OPEN NE
---- --- ----- DIA27MI OPEN S
8480 978 17/14 OPEN W DIA25MI

VW1-R-02
VW1-R-03
56-P-04
VW1-R-05
56-P-00

280500Z
2806572
280900Z
281 530Z
282200Z

23.5N
23.3N
23.4N
.24.lN
24.4N

--- ---
--- ---

75 45
--- ---
70 60

979 16/14
971 17/12
--- -----
--- --”-.
976 19/1,5

CIRC 20Ml DIA
CIRC 20MI DIA OPEN SETO S
DIA 27MI
.“----------- ------.-------.-0
CIRC WELL DEFINED WALL CLDS

25.ON
25.3N
26.3N
26 .8N
27.3N

56-P-01
56-P-05
VW1-R-04
LND/RDR
56-P-01

75 60
80 65

--- ---
--- ---
100 65

9570
9370
----
----
9510

290330Z
2909002
291335Z
291833Z
292200Z

9
10
11
12

--- 19/14
976 18/14
--- -----

986 . 12/\O

CIRC 40MI DIA WELL DEFINED
CIRC 30MI DIA
WELL DEFINED EYE
CIRC 50MI DIA OPEN E-S

27.8N
28.ON
28.4N
28.lN

56-P-03
56-P-01
VW1-R-05
56-P-1/2

100 70
100 75
--- ---
40 30

9490
9490
----
9890

13
14
15
16

300145Z
300400Z
301 600Z
3022302

982 15/13
987 17/13
... -----
986 13/12

56-P-l/2
56-P-1/2
VW1-P-20
56-P-02

CIRC DIA 5QMI
CIRC DIA 50MI
40MI DIA NO WALL CLbS
POORLY DEFINED

31033OZ
3106OOZ
311445Z
3121552

27.9N
28.ON
29.ON
29.lN

--- .30
65 40

... ---
4033

9890
9910
----
9890

3 Ml DIA WALL CLDS ALL QUADS,
POORLY DEFINED

O1O854Z
0109332

29.2N
29.8N

USN-R-01
56-P-05

----

9920
21
22

--- ---

a) 40
..- --.-”

988 14/13



LANO RADAR AND AIRCRAFT FIXES - WPHOON HELEN (CONTtD)

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP T/TD
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS (Oc) EYE CHARACTERISTICS

23 ,011200Z 30.lN 130.4E USN-R-02 --- --- ---- --- ----- DIA4 Ml
24 0121302 31.4N 129.lE 56-P-02 25 --- 9810 983 15/11 VERY DIFFUSE

25 020930Z 33*2N 12709E 56-%05 30 30 9770 985 14/12 CIRC 10MI DIA



TYPHOON HELEM27 JUL-03AUG 1961
POSITIOH AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
OTG LAT. LONG. OEG. DISTANCE DEG. OISTANCE

270600Z 21.5N 131.3E ------- .0.0---
271200Z 22.lN 131.4E ---.-0. -------
271800Z 22.5N 131.6E ------- -m---..

280000Z 22.8N 131.7E
280600Z 23.3N 131.6E
281200Z 23.7N 131.5E
281 800Z 24.2N 131.4E

------m

254-127
269-133
260-52

-------
-------
. ...-”-

-------

290000Z
290600Z
291200Z
2918002

24.6N
25.3N
25.9N
26.7N

131.3E
131.lE
130.8E
130.5E

125-46
115-41
350-70
345-110

mO-n---

268-212
270-210
218-75

300000Z
300600Z

.301200Z
301 800Z

27.6N
28.3N
20.3N
28.lN

130.lE
129.4E
129.2E
129.2E

335-100
125-78
080-83
170-130

206-54
194-67
148-170
144-138

295-56
164-156
164-185
155-462

31OOOOZ
3106OOZ
311200Z
311800Z

27.9N
28.2N
28.6N
29.ON

129.6E
130.lE
130.2E
130.3E

165-210
154-230
150-300
112-110

O1OOOOZ
010600Z
0112002
01 1800Z

29.4N
29.8N
30.2N
30.9N

130.2E
130.lE
130.OE
‘129.7E

068-127
210-50
348-68
257-145

158-481
146-358
148-467
109-257

31 .8N
32.9N
34.lN
35.lN

129.2E
128.7E
128.lE
127.8E

251-178
215-78
230-153
118-70

234-200
221+169
210-175
224-280

020000Z
020600Z
021 200Z
021800Z

‘030000Z
030600Z
031 200Z
031 800Z

36.ON
36.9N
37.9N
38.7N

127.4E
127.2E ‘
127.6E
128.3E

“128-88
088-130
067-108
053-185

236-335
256-130
2609167
066-I 23

AVERAGE 24 HOUR ERROR 119 Ml
AVERAGE 48 HOUR ERROR 214 Ml
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G. TYPHOON IDA (2806002-3118002 JULY 1961)

TYPHOON IDA oRtG”lNATEo TO THf E of liELEN IN THE TROUGH THAT

EXTENQED FROM THE ASIATIC MAINLAND. THE LOW FIRST APPEARED ON THE
SURFACE CHART NEAR 21N 144E, ABOUT 850 MI E OF HELEN AT 2606002. THE

CIRCULATION SLOWLY ORIFTED TOWARD Iwo JIMA ANO GAVE LITTLE INDICATION
OF SIGNIFICANT INTENSITY. THE FEW WINDS AVAILABLE HAO A STRENGTH.

VARYING FROM 5 TO 20 KTS. AT ABOUT 280~,0Z, FUCHU AIR FORCE WEATHER

CENTRAL ADVISED JTWC OF A SHIP REPORT AND AIRCRAFT REPORT THAT tNOl-

CATED SURFACE WINDS IN EXCESS. OF 40 KTS. THE FIRST WARNING WAS

ISSUED ON IDA AS A TROPICAL STORM BASkD ON THIS DATA. THE LIFE OF

THE “TWINS” (HELEN- IDA) COYMENCEO WITH THIS WARNING; IDA BECAME A
TYPHOON AT 2900002, ABoUT 125 Ml SE OF two JIMA AND PASSED WITHIN 20
Ml OF THAT ISLAND TO THE NE. THE LOWEST SLP WAS RECORDED BY Iwo JIMA

AS 985.5 MB AT 29103OZ. SURFACE WINDS REACHED 35 KTS WITH GUSTS TO

57 KTS AT 11122. THESE WINDS OCCURRED AFTER THE CENTER PASSED AND
WERE FROM THE WNW. THE SURFACE WfNDS WERE OF LEAST INTENSITY AROUND

THE TYPHOON IN THE LEFT SEMlclRcLE AND sTRoNGEsT IN THE RIGHT FRONT

QUADRANTj INDICATED BY SuRFACE AND Reconnaissance REPORTS, THEREFORE
Iwo JIMA HAD COMPARATIVELY LIGHT WINDS WITH THE TYPHOON PASSAGE.

IDA CONTINUED TO INTENSIFY uNTIL tiOOOZ AND THEN BEGAN TO DISSl-
PATE, PROBABLY DO TO ITS pRoxlMITy To HELEN. THE TypHooN MovED oN A

TRACK GENERALLY NW UNTIL AFTER 3018002, THEN TURNED WESTWARO THEN WSW

TO THE N OF HELEN. AT 311800Z, THE TIME OF THE LAST WARNING, IDA WAS

IMBEDDED IN THE CIRCULAT~oN oF HELEN MO APPEARED To BE NO LONGER A
SEPARATE CLOSED CIRCULATION. OF THE TWINS, IDA WAS THE WEAKER ONE

WHOSE MOVEMENT APPEARED TO BE PARTIALLY CONTROLLED BY HELEN. As IDA

APPROACHED HELEN THE EFFECT UPON IDA BECAME MORE SIGNIFICANT. AT
2900002, IDA AND HELEN WERE ABOUT 670 Ml APART AND IDA WAS lNTENSl-

FYING. BY 3000002 THE TWO TYPHOONS WERE 455 Ml FROM EACH OTHER AND

IDA WAS WEAKENING EVEN THOUGH GENERAL ATMOSPHERIC CONDITIONS WERE
SUITABLE FOR FURTHER INTENSIFICATION WITH THE EXCEPTION OF THE

PRESENCE OF HE1.EN. BY 3100002 IDA WAS 230 Ml FROM HELEN AND WAS
IMBEDDED IN THE CIRCULATION OF HELEN. IT SHOULD BE NOTED THAT BOTH

CIRCULATIONS ACHIEVED MAXIMUM INTENSITY WHILE ABOUT 570 Ml APART AT
ABOUT THE SAME TIME (HELEN, 90 KTS 2906002-2912002, IDA, 80 KTS

2912002-3000002), THEN COMMENCED DI.SSIPATING,AS THE TWO APPROACHED

EACH OTHER.

IDA WAS INFLUENCED BY THE HIGH PRESSURE CELL MOVING WESTWARD AS
DESCRIBED IN THE HELEN NARRATIVE. THE FUJIWHARA EFFECT WAS CLASSICAL,

RESULTING IN THE OiSSIPATION ANO PARTIAL CONTROL OF THE MOVEMENT OF

IDA.

THE FORECAST PROBLEMS AND FORECAST ERRORS (250 MI FOR 11 FORE-

CASTS OF 24 HOURS, 397 Ml FOR 7 OUTLOOKS OF 48 HOURS) WERE GREATER

ON THIS TYPHOON THAN ANY OTHER OF THE $EASON. THE FUJIWHARA EFFECT

wAs IGNORED, EVEN THOUGH IT WAS SUGGESTED BY FAFWC, AND A CONTINUOUS

ATTEMPT TO FORECAST ?HE TYPHOON TO THE RIGHT OF lTS TRACK WAS MADE,
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WITH RECURVATURC OR WITHTHE EXPECTATION THAT HELEN ANO IDA WOULD
MOVE FURTHER APART) WITH THE LATTER STRIKING JAPAN.

10A TRAVELED 1090 Ml AT AN AVERAGE SPEED OF 13 KTS IN THE
THREE AND ONE HALF DAYS THAT WARNtNGS WERE’ tSSUED. THE MINIMUM

SPEED WAS 6 KTS BETWEEN 260600Z AND 281200Z. THE MAxlMuM spEED

WAS 20 KTS BETwEEN 301800Z AND 3100002. THE kiAxthwr4SURFACE wlND

SPEED WAS 80 KTS BETWEEN 2912002 “ANO -Z.

IDA CREAT~D GRtAT~R’THAN NoRMAL RAINFALL AS IT APPROACHED

KYUSHU, AND NO EXTENSIvE DAMAGE REpoRTs To poPuLATED AREAS WERE
RECEIVED. THE POSSIBILITY OF SHIPPING DAMAGE EXISTS BUT tS UNKNOWN.
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TYPHOON IDA 28-31 JULY 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
D7’G LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2806002 21 .9N 144.5E ------- -------

2812002 22.5N 144.2E ------- -------

2818002 23.IN 143.8E ------- --*----

290000Z 23.7N 143.2E ----..- -.....-

2906002 24.3N 142.4E 157-78 -------

2912002 25. 3N 141.3E 143-120 -------

2918002 25.9N 139.9E 112-135 ---..--

3000002 26.8N 138.7E 093-180 ------.

300600Z 28.ON 137.4E 101-232 128-297

3012002 29.3N 136.3E 117-247 128-358

301800Z 30.4N 134.7E 130-103 110-317

3100002 30.9N 132.4E 089-195 092-390
3106002 30.7N 130.4E 060-420 093-470
3112002 30.3N 128.7E 031-485 081-530
3i 18002 30.ON 128.OE 031-560 059-415

AVERAGE 24 HOUR ERROR 250 Ml
AVERAGE 48 HOUR ERROR 397 Ml
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H. TYPHOON JUNE ?O1O6OOZ-O812OOZ AUGUST 1961)

‘ AFTER-THE DEPARTURE OF IDA FROM THE STAGE, WHILE HELEN WAS PERFORM-

ING A LAST SCENE BY THE WINGSS JUNE APPEARED oN THE CENTER oF THE STAGE
AS IF FROM MID AIR ON THE 3012002 SURFACE STREAMLINE CHART AS A CLOSED
VORTEX NEAR ION 141E. COMPARATIVELY LIGHT WINDS AROUND THE CYCLONE AND

PREOCCUPATION WITH HELEN AND IDA CAUSED RECONNAISSANCE TO ARRIVE AFTER

INTENSIFICATION CoMMENCED> FoR THE RECONNAISSANCE AIRCRAFT REPORTED 50
KT WINDS AT 010430Z AND THE FIRST SToRM WARNING ON JUNE WAS ISSUED AT

O1O6OOZ WITH 50 KT SURFACE WINDS NEAR THE CENTER.

JUNE PROGRESSED TO-THE NW AT SPE’EDS OF 6 TO 9 KTS AND INTENSIFIED
‘;0 TYPHOON STRENGTH AT 0200002, HAD SURFACE WINOS OF 75 KTS BY 0218002,

THEN THE SURFACE WIND SPEEDS OECREASED BY 5 KTS 12 HOURS LATER. AT
0412002 TI-IE SURFACE wlNO Sp~cOS OECREAsEO TO MINfMuM TypHOO~ STRENGTH,
REMAINED THERE FOR 12 HoURS THEN THE TYPHooN BEGAN A SLOW INTENSIFgCATION

OF suRfAcE WiNO SPEEDS TO 100 KTs f3v 0606002. THIS WEAK~N\NG, THEN RE-

lNTENSIFiCATloN Corresponds To THE pARTIAL DISsIPATION oF THE WALL CLOUDS>

THE RfSE IN SURFACE PRESSuRE AND 700 MB HEl@fT$ ANO THE DECREASE OF ~~
MB,TEMPERATURE ON 4 AUGUST. THE LAPSE RATE BETWEEN THE 700 MB LEVEL AND

THE-SURFACE INDICATED A SUBSTANTIAL CooLING AT ALL LEvELS WITH A MAXIMUM “
OF 7° TO 80 C FROM +HE 860 TO THE 800 MB LEVEL BETWEEtJ 0409002 AND 0423002.
AN AVERAGE OF THE TEMPERATURE FOR EVERY 50 MB FROM THE SURFACE THROUGH 700
MB AT 0409002 INOICATED t+ TEMPERATURE OF 23.2° C JINO A DEW P01N7 OF 16.6°
c. AT 042300Z THE TEMPERATURE AVERAGE BY THq SAME METHOD WAS 1900° C AND

THE DEW POINT WAS 18.50 C, THC SOUIUDING WARMCil UP AGA!N AF’TER 0504002.
THERE APPEARED TO BE SUBSTANTIAL SUBSIDENCE RESULTING IN A DF?Y LAPSE RATE
FROM 763 TO 700 MB AT 0404002, No SUBSIDENCE AT 042300?, THEN THE 0604002
SOuNDING INDICATED SuBSlOENCE TO BE WELL ESTABLISHED AND SUFFICIENT TO
PRODUCE A DRY LAPSE RATE ,FROM 745 TO 700 MB.

. .
JUNE PASSCO 35 MI TO THE NE OF BATAN ISLANO AT 0522002. THE U. S.

COAST GUARD LORAN STATION AT BATAN PROViOED SPECIAL OBSERVATIONS OURING
TH\S PERIOD9 AND REPORTEO A M!NIMUM SEA LEVEL PRESSURE OF’ 996.7 MB, AND

A SURFACE WEND OF ONLY 12 KTS WIT’H No GUSTS, REVEALING THAT THE LEFT
QUAORANT AND MOST OF THE LEFT Semicircle OF JUNE WAS VERY WEAK.

A WEAK SECONOARY LOW APPEARED IN THE TAIWAN STRAITS JUST M OF

THC N T~P OF TAIWAN ON THE 060600z SURFACE CHART. THIS CIRCULATION
WAS NEVER WELL DEFINED NOR DID IT APPEAR TO HAVE PRESSURES BELOW 1000
MB OR SURFACE WINDS IN EXCESS OF 80 KTS WHILE A SECONDARY LOW. Ti+E
TYPHOON BEGAN WEAKENING AT 061200z WHILE 40 Ml FROM LANo AND ABouT
65 Ml FROM PDINT OF pASSAGS ovER THE TAIWAN CoAsTO THE RuGGCD

TERRAIN OF THE ISLAND EFFECTIVELY DESTROYED THE WIND CIRCULATION.

LEAVING oNLY A WEAK sKELETQN oF JUNE BY THE TIME IT PASSED OVER THE
COAST AT 070~2 WiTH SuRFAcc wlND Sf%EDS OF = KTS THAT Qu.lCKLY
REDUCEO TO 25 KTS. JUNE MOVED INTO THE SECONDARY LOW ON THE ~ SIDE
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OF TAIWAN BETWEEN 071200Z AND 071800Z. THE CYCLONE oEvfLopEo 35 KT

SURFACE WINDS WHILE OVER THE STRAITS OF TAIWAN, PASSED OVER THE

COAST OF THE ASIATIC MAINLAND AT 0800002, AND HAD WINDS OF ONLY 10
TO 15 KTS WITH A SURFACE PRESSURE OF SLIGHTLY LESS THAN 1000 MB IN

THE CENTER WHEN THE LAST WARNING WAS ISSUED AT 081200Z.

JUNE FORMED TO THE S OF THE RIDGE LINE WHICH WAS NEAR 30N AT
THE 200 MB LEVEL. /iN ANTICYCLONE AT THAT LEVEL WAS AT 10N 173E,
JUST N OF MAJURO, WHICH EXTENDED AS fAI? W AS GUAM. JUNE ALSO TRAVELED
AROUtJD THE S ANO $W SIDE or A suRFACf ANTICycLONC AS IT APPROACHED
TAIWAN. THERE WAS EVIDENCE OF A CLOSED CYCLONIC CIRCULATION OVER

JUNE ON 7-8 AUGUST TO AT LEAST 45,000 FT, Bm IT IS DIFFICULT TO SAY
WITH ANY ASSuRAfIJcE THAT THIS cyCLONE wAS A DIRECT RESULT OF JUNE, OR
WHETI+CR OTHEf? GCNERAL clRcuLATION FAcTO!M wcRE lNvOLVEO.

TwELVE LAND RADAR FIXES ON JUNE PROvlDED EXTREMELY ACCURATE

POSITIONING OF THE TyPHooN DuRING THE FEw HouRs pRloR To PASSING OVER
THE COASTLINE OF 7AlWANo

No GREAT DIFFICULTIES WERE INVOLVED IN FORECASTING. THE TYPHOON

“FOLLOWED THE SINGLE SPACE MEAN CHART REASONABLE WELL, BUT DID NOT
FOLLOW THE 200 MB FLOW AFTER 3 AUGUST. THE TRACK MADE BY JUNE SATIS-

FIES CLIMATOLOGY QUITE WELL, AND WITH THE EXCEpTloN OF THE SHORT

PERIOD OF WEAKENING oN 4 AUGUST VERY LITTLE OF AN UNUSUAL NATURE

TRANSPIRED WORTHY OF EXCEPTIONAL NoTICE.

JUNE TRAVELED 1255 MI DURING THE 7 DAYS 6 HOURS THAT WARNINGS
WERE ISSUED AT AN AVERAGE SPE~O OF 173 Ml PER DAY OR 7.2 KTS. THE
SLOWEST SPEED OF TRAVEL WAS 3 KTS SETWEEN 0618002 AND 070000Z. THE

FASTEST RATE OF TRAVEL WAS 11 KTS BETWEEN 071200Z AND 0718002. THE
HIGHEST SURFACE WINDS, 100 KTS, EXISTED BETWEEN 0606002 AND 0612002.

THE TYPHOON DELIVERED THE FULL BRUNT OF ITS FORCE TO TAIWAN AND
,,. ORCHID ISLAND, JUST E OF THE S TIP OF TAIWAN. DAMAGE IS UNKNOWN ON

,/” ORCHID ISLAND, HOWEVER THE TYPHOON PASSED DIRECTLY OVER IT. JUNE
DUMPED 21.6 INCHES OF RAIN ON SOUTHERN TAIWAN, TWENTY PERSONS WERE

REPORTED OEAD IN THE KAOHSIUNG-TAITUNG AREA, AND ABOUT 15,000 PEOPLE

WERE LEFT HOMELESS. ABOUT 5,000 ACRES OF LAND WERE FLOODED ALONG

TiiE LOVE RIVER WHICH OVERFLOWED ITS BANKS. LANDSLIDES BLOCKED HIGH-

WAYS BETWEEN TAITUNG AND HUALIEN. ABOUT 30 PERCENT OF THE TELEPHONES

AT KAOHSIUNG wERE ouT oF ORDER AND Two SMALL FACTORIES COLLAPSEO
UNDER THE FORCE OF WINDS AND RAIN. THE CITY OF KAOHSIUNG, HEAVIEST

HIT ON TAIWAN WHEN THE LOVE RIVER OVERFLOWED, WAS DECLARED AN EMER-

GENCY AREA AND NATIONALIST CHINESE TROOPS PERFORMED RESCUE WORK THERE.
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LAND RADAR AND AIRCRAFT FIXES-.= TYPHOON JUNE

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP Tglo
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS ( C) EYE CHARACTERISTICS

1 O1O43OZ
2 0122002

11 .7N
12.9N

133.8E
132,3E

’131 .4E
130.lE
129.6E

129.lE
128.4E
127.3E
126.8E

125.8E
125.6E
125.2E
124.5E

123.9E
123.5E
123.2E
122.3E

121.9E
121 .9E
121.8E
121.6E

VW1-P-05
56-P-1O

50 .“.

60%
990
992

DIA 45MI OPEN N-E
. . . . . . . . . . --------------------

CIRC 20MI DIA
DIA 35MI OPEN N-E
.------.0--.----.------------0

------------- -“---------------

CIRC 20MI DIA WALL CLD SW
NO DEF!NITE EYE DIA 50MI
75MI IJIA OPEN N & NE

OPEN N&NE
CIRC DIA 65MI OPEN N
ELLIP NH-SE AXIS 35MI LONG
CIRC 35MI DIA WALL CLDS ALL
QUADS

CII?C DIA 35MI
CIRC DIA 25tIfl
DIA ~Ml
CIRC 20MI DIA WELL DEFINED
WALL CLDS

CIRC 20MI DIA
CIRC 10MI DIA
HELL DEFINED CIRC 25MI DIA

----

100CQ

-.-”-

12/09

987
988
988

1 5/07
1 5/09
1 5/09

3 0209cx)z
4 0215~Z
5 0222002 .

14.3N
15.3N
15.3N

56-P=05
VW1-P-1O
56-P- 10

9960
---.

10090

1 5/11
14/03
“-.--

14/09

6 0301302

z
7 030833Z
8 0316302
9 032200Z

984
998
..-

995

15.4N
16.4N
17.ON
17.6N

56- P-1 O
56-P-05
VW1-R-U
56-P-05

110 60
100 60
--- ---

70 50

9980
10060

----

10030

9980
.10030

----

9900

1 5/00
14/10
-----

1 2/11

10 0403302
11 0408452
12 0415402
13 0422302

17.5N
17.9N
18.lN
18.5N

56-P-02
56-P-02
VW1-R-1O
56-P-02

50
1: 35
--- . . .

W50

990
993
..-

993

988 1 3/11
981 1 5/05
--- -----”

973 1 6/08

9800
9610
----

9420

19.ON
19,4N
20.2N
21 .2N

56-P-02
56-P-06
VW1-R-05
56-P”03

95 65
80 70

a-. . . .

65 50

14 0504002
15 0509302
16 0515302
17 052300Z

9250
9230
9120

..- 1 2/12
964 17/07
961 1 6/06
--- .--.-

100 70
100 75
100 100

f? 0601502
19 0604002
20 060845Z
21 06120QL

21 .3N
21 .5N
22.ON
22.2N

56-P-01
56-P-03
56-P-05

LND/RDR



LAND RADAR AND AIRCRAFT FIXES - TYPHOON JUNE (CONTtD~

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP

6
T TO

NO. TIME LAT. LONG. & ACCY WND WND HGT MBS ( c) EYE CHARACTERISTICS

22 0618002 22,7N 121 .5E LNO/RDR --- --- ---- --- ----- ------------------------------

23 0700002 23.ON 121 .5E LND/RDR --- --- ---- --- ----. .-z---”.-. -...-”--..---”-----”

24 0706002 23.4N 121 .4E LND/RDR --- --- ---- --- ----- .--.-.-------.-.--------”-----



TYPHOON JUNE O1-08 AUG 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

O1O6OOZ 11.8N 133.6E ---.--- ------.

0112002
01 1800Z

12.lN 133.lE
12.5N 132.6E

-------
-------

-.-----
-------

13.lN 132.2E
13.9N 131.7E
14.6N 131.OE
15.ON 130.2E

020000Z
“ 0206002

0212002
0218002

-------

238-73
224-89
189-87

-------
--.----
-------
-------

158-76
159-72
049-33
327-93

0300002
0306002
0312002
031 800Z

15.4N 129.3E
15.8N 128.5E
16.6N 128.OE
17.3N 127.5E

-------

232-120
231-148
226-167

17.6N 126.5E
17.7N 125.7E
18.ON 125.3E
18.3N 124.8E

047-31
215-91
300-69
325-90

168-128
189-107
214-&4
341-205

040000Z
~0600Z
0412002
0418002

003-53
281-43
211-37
330-63

005-133

089-56
096-103
111-96

0500002
050600Z
0512002
0518002

18.6N 124.4E
19.2N 123.9E
19.8N 123.4E
20.5N 122.9E

0600002
0606002
0612002
0618002

21.lN 122.3E
21.7N 121.8E
22.2N 121..6E.
22.7N 121.5E

157-50
187-35

.193-98
255-75

055-54
209-120
189-145
m6-78

229-74
085-126
072-125
288-150

070000Z
0706002
071 200Z
0718002

23.ON 121.5E
23.5N 121.4E
24.2N 121.2E
24.8N 120.OE

333-25
340-129
338-151
015+8

25.lN 119.2E
25.4N’ 118.6E
25.6N 118.4E

049-76
048-108
045-lW

033-159
015-310
015-337

0800@Z
0806002
081 200Z

AVERAGE 24 HOUR ERROR 74 Ml
AVERAGE48 HOUR ERROR 138 Ml
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1. TYPHOON KATHY (151 OOOZ-1 80600Z AUGUST 1961)

THE FIRST KNOWN OBSERVATION OF KATllY WAS MADE BY A USAF WEATHER

OFFICER, ANDERSEN AFB, WHO WAS FLYING AS NAVIGATOR ON A C-54 ENROUTE

TO JAPAN FROM GUAM. HE SENT THE FOLLOWING REPORT TO JTHC: “SPECIAL

WX REPORT X 2340N 14240E VERY LARGE l$TMS x 50 NM IN DIAMETER SFC

WIND EST 40 KTS L/V TURBULENCE.” T’HE RE~oRT ARRIVED AT 1503202; THE

SITUATION WAs ExAMINfo AND THE /lNFoRMATfoN wAS INTERPRETED TO BE ~

WEATHER CONDITIONS ASSOCIATED W~TH TROPICAL DEPRESSION 20, THEN
CENTERED NEAR 18.5N 139.5E. THE SIGNIFICANCE OF THE REPORT WAS

REALIZED WHEN Iwo JIMA REpoRTED sTRoNG wlND”s AND A pRESSuRE OF 998.6
MB AT 150600Z. TtiIs REPORT. WAS VERY LATE lN ARRIVING, ALLOWING

KATHY TO PASS Iwo JIMA BEFoRE J’WC BECAME AWARE OF THE Conditions
THERE. KATHY WAS ACTUALLY TRAvELING ARouND TROPICAL DEPRESSION 20.

THE MINIMUM PRESSURE REPORTED AT IWO JIMA WAS 997.0 MB AT

1!50?302, WITH MAXIMUM SUSTAINED WINDS OF 42 KTS AND MAXIMUM RECORDED
GUSTS OF 61 NTS, HowEvER THE GusTS EXCEEDED THIS vALuE AT A LATER
TIME BUT POWER FAILURE PRECLUDED RECORDING THE VALUE.

“THE FIRST WARNING WAS ISSUED ON KATHY AT 151OOOZ AS A STORM.

THE CIRCULATION CONTtNuED To lNTENsIfy uNTIL WINDS OF TYPHOON STRENGTH
WERE AROUND IT AFTER 1518002. As IT APPROACHED KYUSHU, THE LAND
EFFECT DISRUPTED THE ASSOCIATED WIND FIELD AFTER 170600Z. THE SURFACE

WIND SPEEDS THEN DECREASED IN INTENSITY FRoM 80 KTS To 60 KTS AND WERE
ONLY 25 KTS NEAR THE CENTER AS KATHY PASSED OVER THE KYUSHU COAST LINE

SHORTLY AFTER 171800Z. THE LAST WARNING WAS ISSUED AT 1806002 WHILE

KATflY WAS OVER THE ISLAND OF KYUSHU.

KATHY REMAINED vEI?y SMALI- IN SIZE Throughout lTs LIFE. THE I-AST
CLOSED lSOBAR FROSABI-Y DID ~07 EXCEED ~= Ml IN OIAMCTCR AT ANY TIME
NOR 010 THE RADiUS OF 30 KT WINDS EXTEND BEYOND A 150 MI RADIUS. THE

SMALL sIZE CREATED ANALYSIS DIFFICULTIES, EVEN AS IT APPROACHED LAND.

THE TRACK OF KATHY APPROXIMATELY PARALLELED THE 700 MB FLOW, AND
WAS ALSO TO THE S THEN SW OF A 500 MB ANTI-CYCLONE THAT MOVED WEST-

WARD SLIGHTLY DURING THE LIFE CYCLE OF THE TYPHOON. THE 500 MB AND

200 MB RIDGE LtNES WERE BETWEEN 33N AND 35N AT THIS TIME. THE WIND
fLOW AT THE 200 MB LEVEL COULD NOT BE USED FOR MORE THAN A GENERAL

GUIDE TO THE DIRECTloN OF MOVEMENT OF THE TYPHOON. A FORECAST USING

THESE WINDS WOULD HAVt PREDICTED THE TYpHooN To MovE No THE SINGLE

SPACE MEAN CHART WAS AN EXCELLENT TOOL TO FORECAST THE DIRECTION OF

TYPHOON MOVEMENT. THE TRACK OF KATHY WAS SIMILAR TO THAT OF IIIA OF
ONLY A FEW DAYS BEFORE, GEORGIA OF 1955, ALSO FLOSSIE AND HELENE OF

1950 IN BOTH POSITioN AND DIRECTloN oF MOvEMENT. THIS TYPE oF TRACK

IS NoT uNUSuAL BuT IS RELATIVELY RARE.

KATHY MOVEO FASTER THAN WAs FORECAST ON THE FIRST FEw WARNINGS.

THE TYPHOON CONTINUED ON A NW TRACK AND SLOWED DOWN, BUT THEWARNINGS
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ON THE 17TH AND 18TH FORECAST IT TO MOVE MORE NNW AT A FASTER RATE

of MOVEMENT. THE 48 HOUR OUTLOOK WAS ON AN AVERAGE ONLY 164 MI IN

ERROR WHILE THE 24 HOUR FORECAST WAS 180 Ml IN ERROR* THE MILLER-

MOORE 24 HOUR FORECASTS WERE MORE ACCURATE THAN THE WARNING FORE-

CASTS.

KATHY TRAVELED 740 Mi DURING THE 2 OAYS AND 20 HOURS THAT WARN-
INGS WERE ISSUED AT THE RATE OF 261 Ml PER OAY,IOR AT AN AVERAGE

SPEEO Of 10.9 KTS. THE TYPHOON MOVEO AT A MINIMUM SPEEO OF 6 KTS

BETWEEN 1706002 AND 1806002 AND AT A MAXIMUM RATE OF SPEEO OF 16 KTS

BETWEEN 1518002 ANO 1606002. KATHY HAO A MAXIMUM OF 80 KT SURFACE
WINDS 8ETWEEN 1618002 ANO 1706002.

.

DAMAGE REPORTS WERE NOT RECEIVED BY JTMC, HOWEVER POSSIBLE OAM-

AGE COULO HAVE OCCURREO TO SHIPPING. THE HIGH WINOS ASSOCIATE WITH

KATHY 010 CREATE A powER OUTAGE oN Iwo JIMA AS IT pASsEo THAT ISLANO,
AND OTHER OAMAGE MAY HAVE OCCURREO.
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON KATHY

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 70W8 SLP T{;o
NO. TIME LAT. LONG. &. ACCY WND WND HGT MBS EYE CHARACTERISTICS

1 1503002 23.7N 142.7E USAF-P-U 40 --- ---- --- --”.0 5(3MI OIA
2 1519382 25.3N 139.2E vtfl”P-30 --- 30 10544 --- 1 3/-- NO WALL CLOS
3 1522302 26.6N 138.2E 56-P-05 15 14 10190 986 11/10 DIFFUSED NO WALL CLOS

4 1608302 28.9N 136.4E 56-P-03 80 40 9940 986 18/-- OPEN S WELL DEFINED
5 1621302 30.8N 133*8E 56-P-04 110 60 9930 980 1?/11 CIRC DIA 20MI OPEN S

6 170020Z 31*1H 133*6E 56-P-04 100 ---- 1000 18/-- CIRC40MI OIA
7 1702002 31 .4N 133.3E 56-P-1O 85 : 9890 988 20/14 CIRC40MI OIA

z
a 8 170~z 31 .5N 132*8E LNO/RDR --- --- ---- --- ----- .-.*-.---.-..-------*--------”

9 1709002 31 .7N 132.3E LNO/RDR --- --- ---- --- ----- --w------m-.--” -------------



TYPHOON KATHY 15-18 AUG 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

151000Z 24.6N 140.7E ------- -------

151 200Z 24.8N 140.2E --.---- -------

151 800Z 25.9N 139.IE ------- -----.-

1600002 27.2N 138.lE -------

160600Z

--.----

28.4N 136.9E -“---.- .-.----

161200Z 29.4N 135.6E 160-175 -.-----

161800Z 30.2N 134.3E 160-184 --.-.--

170000Z 31.lN 133.7E 164-154 -------

170600Z 31.5N 132.8E 155-78 -------

171 200Z 31.8N 132.2E 013-167 180-263

171 800Z 32.2N 131.7E 005-176 180-244

180000Z 32.4N 131.OE 005-232 163-109

180600Z 32.7N 130.3E 010-275 017-40

AVERAGE 24 HOUR ERROR 180 Ml
AVERAGE 48 HOUR ERROR 164 Ml
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J. TYPHOON LORNA (2012002-2612002 AUGUST 1961)

SEVERAL DAYS BEFORE THE FIRST WARNING WAS ISSUED ON LORNA
(2012002) A CONFUSION OF WEAK VORTICES EXi STED OVER THE SOUTH CHINA

$EA AND THE PHILIPPINE SEA. THE SURFACE PRESSURE GRADIENT WAS RELA-

TIVELY FLAT THROUGHOUT THE AREA. EASTERLIES PERSISTED OVER THE EN-
TIRE PHILIPPINE SEA AND EQUATORIAL WESTERLIES EXTENDED ACROSS lNDO-

CHINA AND THE PHILIPPINES TOwARD GUAM FROM THE EQUATOR TO 15N. THIS
CONDITION BEGAN TO MODIFY RAPIDLY ON 19 AUGUST AND THE 200000Z SUR-

FACE CHART DEPICTED THREE StZEABLE CYCLONES, ONE IN THE SOUTH CHINA

SEA, ANOTHER JUST E OF THE PHILIPPINES NEAR 15N 131E THAT BECAME

LORNA, WITH A THIRD CYCLONE SITUATED QUITE CLOSE TO GUAM.

WEATHER RECONNAISSANCE AIRCRAFT THAT INVESTIGATED THE CENTER
DID NOT lNDlcATE A WELL ORGANIZED SYSTEM ON THE 19TH, HOWEVER THE

FIX MADE ON 20 AUGUST REPORTED 30 KT SURFACE WINDS NEAR THE CENTER
\WITH AN ORGANIZED CLOUD AND PRESSURE SYSTEM, THUS THE FIRST WARNING

WAS ISSUED ON LORNA AS A TROPICAL DEPRESSION WETH 30 KT SURFACE W~NDs.”

THE CYCLONE INTENSIFIED AT THE RATE OF 10 KTS PER 6 HOURS, BECAME A
TYPHOON AT 2106OOZ, CHANGED DIRECTION FROM NW TO W THEN SW, AND LOOPED

WITHI.N 48 HOURS-OF THE FIRST WARNING. THE LOOP WAS ABOUT 25 MI IN
DIAMETER, OCCURRING BETWEEN 212100Z AND 221200Z AT AN AVERAGE SPEED

OF 4 KTS. THE SURFACE WINDS AROUND THE TYPHOON INCREASED IN SPEED
FROM 75 TO 80 KTS DURING THE LOOP AND CONTINUED TO INTENSIFY TO A

MAXIMUM OF 120 KTS AS IT MOVED NW TOWARD TAIWAN. LORNA PASSED 45 Ml
NE OF BATAN ISLAND AT 24103OZ, CAUSED THE PRESSURE TO FALL TO A MINI-
“MUM OF 981.9 MB AND CREATED WtN,DS OF 40 KTS WITH GUSTS TO 65 KTS.

LORNA BEGAN WEAKENiNG AFTER 241200Z AND BY THE TIME IT PASSED

OVER THE COASTLiNE OF TAIWAN AT 242200Z THE SURFACE WINDS HAD REDUCED

TO 90 KTS. THE TERRAIN EFFECT FURTHER REDUCED THE SURFACE WINDS TO

40 KTS WHILE OVER LAND. AFTER-THE TYPHOON PASSED INTO THE STRAITS OF

lAtWAN AT 250300Z, THE SURFACE WINDS INCREASED TO 50 KTS. THE TYPHOON
MOVED INLAND THIS TIME.• VER THE ASIATIC MAINLAND AT 2521OOZ WITH SUR-
FACE WINDS OF ONLY 35 KTS. THE CIRCULATION QUICKLY DISSIPATED, PRO-
OUCING SURFACE WINOS OF ONLY 20 KTS BY THE TIME OF THE FINAL WARNING

AT 2612002.

LORNA DID NOT FOLLOW ANY FLOW PATTERN THAT WAS DEPICTED BY THE

STANDARD LEVEL CHARTS, NOR DID THE SPACE MEAN FLOW PATTERN SATISFY

THE COMMON DEFINITION”OF A ‘STEERING” CHART; THE 500 MB RIDGE LINE
WAS AT ABOUT 31N, ‘THAT OF THE 200 MB WAS ABOUT 1 DEGREE FURTHER N,
WITH THE 700 MB RIDGE LINE FALLING UNDER THAT OF THE ~ MB CHART.

LORNA FORMED UNDER THE MIDDLE OF THREE CYCLONES EXISTING IN THE E-M

TROUGH ON THE 500 MB CHART; THE DESCRIPTION OF WHICH IS SATISFIED”BY

THE DISCUSSION OF THE 200000Z SURFACE CHART IN THE INITIAL PARAGRAPH.
AN ANTICYCLONE THAT WAS NEAR SHANGHAI ON THE ~ MB AND 200 MB

CHARTSj WHEN WARNINGS’WERE FIRST ISSUED ON LORNA, MOVED TO THE VC-

CINITY OF TOKYO BY THE TIME OF THE LASf WARNING. THE UPPER AIR

CIRCULATION WAS AFFECTED AT.LEAST THROUGH THE 40,000 FT LEVEL BETWEEN
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241200Z AND 251200Z.

THE 1002 MB ISOBAR (LAST CLOSED ONE AT TIM PEAK OF LORllASs SIZE)
ENCLOSED ABOUT 950,000 SQ Ml. LORNA WAS.A LARGE TYPHOON, BUT NOT THE

LARGEST Of THE YEAR.

LORNA TRAVELED 1100 Ml DURING THE 6 DAYS THAT WARNINGS WERE

tSSUED AT AN AVERAGE SPEED oF 7.6 KTs.OR 183 Mt PER DAY; IT TRAVELED

AT A MINIMUM SPEEO OF 4 KTS BETwEEN 220000Z AND 221200z ANB AT A

MAXIMUM SPEED OF 11 KTS BETWEEN 240000Z AND 250000Z. THE TYPHOON

WAS AT ITS MAXIMUM !NTENSITY, PRoDuclNG suRFACE WINDS OF la KTS
BETWEEN 240600Z AND 2412002.

lIllTH THE EXCEPTION oF THEcLoo?j LORNA DID NOT.CREATE ANY UNUS-

UAL FORECAST PROBLEMS.

LIMITED INFORMATION iNDiCATES THAT MAJOR FLOOD DAMAGE OCCURREO

TO VILLAGES AND CROPS WITH THREE PERSONS KNOWN DEAD ON TAIWAN. RE-
PORTS WERE NOT AVAILABLE FOR THE ASIATIC MA#NLAND.
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3X)OZ .--

.

~

7%4 1 \ 1 I

~ SPEED

21 /06002 TO 21/1800Z 6 KTS
‘21/1 800Z TO 22/OOOOZ 5 KTS
22/OOOOZ TO 22/1200Z 4 KTS

BEST TRACK ~4 22/1 200Z TO 23@CXMZ 5 KTS

TYPHOON LORNA 22A)OZ INTENSITY

BLOWUP

2W600Z TO 23/00002 AIJG t$$l
21/0600Z TO 21/1200Z 70 KTS
21 /1200Z TO 21/1800Z 75 KTS
21/1800Z TO 22/OOOOZ 80 KTS
22@000Z TO 22/0600Z 85 KTS
22/0600Z TO 22/1200Z 90 KTS
22/1 200Z TO 22/1800Z 95 KTS
22/1 800Z TO 23@OOOZ 100 KTS

1 1Z7.E 1 l~6°Ec ●m 1



LAND RADAR AND AIRCRAFT FIXES - TYPHOON thRHA

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP T&
No. TIME LAT , LONG. & ACCY klND WND H GT MBS EYE CHARACTERISTICS

1 1W61OZ 12.8N 132.7E

130.OE

128.7E
127.lE

127.5E
127.lE
126.6E

126.lE
125.OE
124.2E

123.lE
122.8E
122.lE
121.5E

120.6E
120.lE

56-P-08 25 22 10150 --- 08/08 CIRC 20MI DIA

2 200450Z 15.3N

3 210700Z 17.IN
4 212145Z 16*6N

5 2209002 16*8N
d 6 221530Z }6.9N
d
(n 7 222300Z 17.3N

VW1-R-05 ---- -.” .---- CIRC OPEN N.

CIRC 40MI DIA OPEN N*E
ILL DEFINED OPEN N&E

.“. ---

993 1 5/14
980 1 7/15

56-P-04
56-P-05

70 25
80 40

9910
9820

974 18/14
--- -----

976 18/1 8

56-P-07
VW1-R-1O
56-P-05

150 60
--- ---

110 55

9630
----.

9490

CIRC DIA 3)MI OPEN NE
25Ml DIA OPEN N
ILL DEFINED OPEN N

8 230900Z
9 231600Z
10 232215Z

17.8N
18.8N
19.4N

56-P-07
vw-f?-05
56-P-02

100 70
--- ---

130 70

9380
----

.’9000

970 1 9/07
--- -----

947 18/12

CIRC DIA 26MI
CIRC DIA 28MI OPEN SE
DIA 35MI OPEN SE

LND/RDR
56-P-07
LND/RDR
LND/RDR

20.7N
20.8N
21 .2N
21 .9N

It 2406002
12 2409002
13 241200Z
14 241800Z

--- --- ----

8880
. ..-
----

--- -----

950 22/13
--- . . . . .
--- ..---

. -------------- .....Q--.-.----

CIRC DIA 15MI
------------------------------
. . . ---------------------------

150 90
-.. ---
--- . . .

LNl)/RDR
LND/RDR

15 250000Z
16 250130Z

22.6N
22.9N

--- ---
.-. --- -0-- --- ----- ------------------------------



TYPHOON LORNA 20-26 AUG 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2012002 15.7N 129.9E ------- -------

2018002 ------- -------16.3N 129.6E

21 Ooooz
2106002
2112002
2118002

2200002
2206002
2212002
2218002

2300002
2306002
2312002
2318002

2400302
2406002
2412002
2418002

250000Z
2506002
2512002
2518002

26CIO(X)Z
2606002
2612002

16.7N
17.2N
17.3N
17.ON

16.6N
16.5N
16*8N
17.lN

17.4N
17.9N
18.4N
19.ON

19.7N
20.4N
21 .2N
21 .8N

22.7N
23.lN
23.8N
24.2N

24.9N
25.3N
25.5N

129.3E
128.8E
128.3E
127.6E

127.3E
127.6E
127.4E
126.9E

126.5E
125.9E
125.4E
124.7E

124.OE
123.2E
122.4E
121.6E

120.7E
119.7E
119.3E
l18i9E

117.8E
116.8E
116.lE

--.”-.- -------

------- -------

-“----- -------

------- -----.-

-------

358-119
340-133
337-124

247-140
241-157
135-117
152-105

165-109
167-135
146-166
243-36

072-51
062-114
039-141
054-139

-------
-.---.-
---.---
----.--

-------

338-149
333-143
325-136

272-159
206-182
149-234
165-210

169-230
167-234
156-259
037-142

062-110 152-169
019-140 053-240
056-120 048-252

AVERAGE 24 HOUR ERROR 120 Ml
AVERAGE 48 HOUR ERROR 196 Ml
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K. TYPHOON NANCY ’(071200Z-170600Z SEPTEMBER 1961)

AT 0700002 A LOW APPEARED ON THE SURFACE MAP M OF KWAJALEIN

ATOLL MARKING THE BEGINNING OF WHAT WAS TO BECOME THE MOST PROLONGED

TYPHOON OF THE SEASON. THE FIRST TROPICAL DEPRESSION WARNING WAS

ISSuED AT 071200Z AND THE sysT~M wAs UPGRADED TO A TRoplCAL STORM AT’
0800002 WHEN IT BECAME OBV~Ous THAT INTENslFlcATION WAS TAKING pLACE.

BY THE TIME A Reconnaissance Flx CouLD BE MADE, NANCY HAD SURFACE
WINDS OF 125 KTS REVEALING THAT SHE WAS AN “EXPLOSIVE DEEPENER” AND

HAD PROBABLY REACHED TYPHOON INTENSITY AT 0718002.

FROM THE TIME OF THE FIRST WARNING NANCY FOLLOWED A SMOOTH WES-

TERLY TRACK CURvlNG SLIGHTLy TOWARD THE N. SHE CONTiNUED TO INTENSIFY,

PASSING 85 MI SSW OF GUAM AT 1018002 WITH MAXIMUM SURFACE WINDS OF

180 KTS. AFTER REACHING THE PEAK INTENSITY OF 185 KTS NANCY STARTED

WEAKENING ANO BEGAN A MoRE pronounced REcuRvATuREy pAsslNG 40 Ml E

OF OKINAWA AT 1415410Z AND OVER NAZE AT 1500002. AT THIS TIME MOST

FORECASTING RULES INDICATED THAT NANCY WOULD SWING WIDE AROUND JAPAN
AND RECURVE INTO THE JAPAN SEA. HOWEVER, BY 1512002 A MARKED CHANGE

HAD TAKEN PLACE IN THE UPPER AIR PATTERN AROUND THE TYPHOON. NANCY*S
DIAMETER DIMINISHED SIGNIFICANTLY AT THE 500 MB LEVEL AND THE SUB-

TROPICAL HIGH wHICH HAD BEEN QuAslsTATIoNARy NEAR 30N 145E sHiFTED 10
DEGREES TO THE E. NANCY THEN ACCELERATED ANO REcuRvED MORE SHARpLY,
BUT UPON ENCOUNTERING THE JAPANESE LAND MASS SHE DEFLECTED BACK TO-
WARD THE N, PASSING DIRECTLY OVER MUROTO ZAKI AT APPROXIMATELY
1601002. THE TYPHOON ENTERED HONSHU NEAR OSAKA AT 1604302$ AND BY
THIS TIME HAD WEAKENED TO 75 KTS. SHE MADE A RAPID TRANSIT ACROSS

HONSHU EMERGING INTO THE JAPAN SEA NEAR NANAO AND CONTINUED NNE TO

HOKKAIDO.

THE FINAL WARNING WAS ISSUED AT 1706002 WHEN NANCY HAD CROSSED
INTO THE SEA OF OKHOTSK AND iiAD’ OBVIOUSLY LOST HER TROPICAL CHARACTER-

ISTICS* THE MAXIMUM SURFACE WINDS WERE 55 KTS AT THAT TIME.

A TOTAL OF 40 WARN~NGS WERE ISSUED, COVERING A PERIOD OF 9 DAYS
AND 18 HOURS. NANCY*S SURFACE WINDS REMAINED OVER 100 KTS FOR 8 DAYS,
FROM 0800002 TO 1600002. SHE TRAVELED 4275 MI AT AN AVERAGE SPEED OF
18 KTS. THE MIN~MUM SPEED WAS 11 KTS ON 15 SEPTEMBER AND THE MAXI-
MUM SPEED WAS 55 KTS WHEN NANCY WAS OVER NORTHERN JApAN. MARNINGs

WERE ISSUED ON TYPHOONS OLGA AND PAMELA DURtNG THE LIFE OF NANCY.

7HE DAMAGE CREATED BY TYPHOON NANCY WAS PHENOMENAL. IT TRAVELED
ACROSS SOME OF THE MOST DENSELY POPULATED AREAS THAT EXIST, YET THE
DEATH TOLL PROBABLY DID NOT EXCEED225, AND THE DAMAGE WAS,SMALL CO*

PARED TO THAT CREATED BY TYPHOONS’ OF EARLIER YEARS. EXAMINATION OF

AVAILABLE INFORMATION tNDICATES THAT PREPARATIONS WERE MADE WELL IN
ADVANCE OF THE ARRIVAL-OF NANCY FOR PROTECTION AGAINST STRONG WINDS>

FLOODING, AND HIGH SEAS. THIS IS PARTICULARLY NOTABLE IN JAPAN> FOR
THE PATH OF NANCY WAS ‘SUCH THAT IT AFFECTED ALL OF THAT NATION TO
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SOME DEGREE,

A SUMMARY OF DAMA6E IS PRESENTED HERE:

GUAM: ROADS ’WERE DAMAGED TO’THE EXTENT THAT REPAIRS WERE” ESTI-
MATED TO COST APPROXIMATELY $40,000. ABOUT 50 PERcENT ’OF CROPS ON

THE SOUTHERN END OF THE ISLAND, SUCH AS BEANS, BANANAS~ TOMATOES,

BREADFRUIT, MELONS, AND CUCUMBERS WERE DCSTROYED DUE TO STRONG ‘WINOS

ANO HEAVY RAIN. THE NORTHCRN END OF THE lSLANO suFfERcD LITTLE 0AM-
AGE .

OKINAWA: EXTENSIVE CROP AND STRUCTURAL OAMAGE AND FLOODING OF

LOW LYING AREAS OCCuRRED BUT No LoSS oF LIFE.

AMAMI-O-SHIMA: ONE PERSON MISSING, ONE SERIOUSLY HURT, AND 152

PEOPLE WERE LEFT HOMELESS. ONE SHIP WAS SUNK, COMMUNICATIONS WERE

LOST AND EXTENSIVE FLoODING oF HoMEs ANo cRoPs ALSO oCCuRREO.

JAPAN: THERE WERE 172 PERSONS REPORTEO DEAO, 18 M~SSING, ANO
3,184 INJURED. THE JAPAN NATIONAL POLICE REPORTED THAT AS A RESULT
Of NANCY, MORE THAN 650,000 PERSONS WERE LEFT HOMELESS, 11,539 HOMES

WEREOOESTROYED, 32,604 HOMES WERE PARTIALLY OESTROYEO, ANO 280,078

HOMES WERE ‘FLOODED. MORE THAN” 300 SHlp,S wERE SuNK, AND MANY oAMAGED.

THE FLOODS CAUSED A LOSS OF 566 BRIDGES, CAUSEO 1,146 LANOSLIOES ANO

CUT ROADS AT 2,053 PLACES. JAPANESE ofFlciALs SAID NANCY WAS RATED
SIXTH IN THE NUMBER OF PERSoNS KILLED BY AN tNDlvlDuAL TYPHooN. TY-

PHOON VERA KILLED 4,464 PERSONS IN NAGOYA ON 26 SEPTEMBER 1959, THE
WORST IN JAPANESE HISTORY.
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N&”Sl

c1
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106

--0-
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002
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON NANCY (CONT’D)

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP T/TD
NO. TIME LAT. LONG. & ACCY WND WND H GT MBS (Oc) EYE CHARACTERISTICS

21 132200Z

22
23
24
25
26
27
28

G
(n

29

30
31
32
33
34
35

36
37
38
39
40

140000Z
140245Z
140525Z
1411152
141500Z
141 745Z
142320Z

150356Z

150600Z
151OOOZ
1513QOZ
151500Z
151 800Z
1521 55Z

1600COZ
160300Z
160530Z
160700Z
1611OOZ

22.7N

23.4N
23.7N
24.6N
25.9N
26.7N
27.lN
28.lN

28.7N

29.ON
29.6N
30.lN
30.5N
31 .4N
32.2N

33.lN
34.lN
35.2N
36.3N
38.5N

129.7E

129.4E
128.8E
129.OE
129.OE
128.9E
129.IE
129.5E

129.6E

130.OE
130.6E
131 .2E
131 ●6E
132.2E
133.lE

133.9E
134.7E
136.lE
136.2E
138.5E

56-P-05

LND/RDR
56- P-05
LND/RDR
LND/RDR
LND/RDR
LND/RDR
LND/RDR

56-P-01

LND/RDR
LND/RDR
LND/RDR
LND/RDR
LND/RDR
LND/RDR

LND/RDR
LNO/RDR
LND/RDR
LND/ROR
LND/RDR

160

---

150
---
---
---
---
---

120

---
---
-..
---
---
..-

---
---
---
---
---

125

-..

135
---
---
---
---
---

!37

---
---
---
---
---
---

---
---
---
---

7380

----

7490
----
----
----
----
----

7830

----
.-..
----
----
----
----

----
----
----
----
----

902

---

903
---
---
---
---
---

920

---
---
---
---
---
---

---
---
..-
---
---

17/17

..---
19//17
-----
-----
-----
-----
-----

18/18

-----
-----
.--”.
-.---
---.-
-----

-----
-----
---.-
-----
--.--

40MI DIA

CIRC 50MI DIA
--------------- --------------
------------------------ -----
------------------------ -----

DIA 33MI

CIRC 60MI DIA HALL CLDS ALL
QUADS
------------------------ -----
-------- ---------------------
.-”--------------------- -----

-------- -------------- -------

-------------- ------- ------- -

------- ------------------”-- -

--.---” ------- ------- ------- -

------------------------ -----

------------------------ -----



TYPHOON NANCY 07-17 SEP 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG, DEG. DISTANCE DEG. DISTANCE

071200Z 08.8N 164.3E
071 800Z

080000Z
080600Z
081200Z
081800Z

090000Z
090600Z
091200Z
091 800Z

1000ooz
100600Z
101 200Z
I01800Z

..11OOOOZ
1106OOZ
111200Z
111800Z

120000Z
120600Z
121200Z
121800Z

130003Z
130600Z
131 200Z
131 800Z

140000Z
140600Z
141 200Z
141800Z

150000Z
150600Z
151 200Z
1518002

160000Z
160600Z

08.8N 163.2E

08.8N 161.8E
08.9N 160.lE
08.9N 158.4E
09.ON 156.8E

09.lN 155.lE
09.3N 153.3E
09.6N 151.7E
10.ON 149.9E

10.5N 148.3E
11.ON 146.7E
11.5N 145.2E
12.ON 144.OE

12.6N 142.8E
13.2N 141.4E
14.ON 140.lE
14.8N 138.8E

15.5N 137.5E
16.2N 136.lE
17.ON 134.9E
17.7N 133.7E

18.4N 132.3E
19.4N 131.3E
20.6N 130.6E
21.9N 129.9E

23.2N 129.4E
24.6N 129.lE
25.9N 128.9E
27.2N 129.lE

28.2N 129.3E
29.lN 130.OE
29.9N 131.lE
31.2N 132.3E

33.lN 134.OE
35.5N 136.lE

.------
-------

067-167
076-119
074-126
066-116

357-93
079-31
069-27
360-48

046-21
344-23
313-67
263-35

211-23
213-19
131-44
045-121

048-139
356-64
015-31
297-54

242-90
236-167
238-222
245-93

211-25
283-130
302-155
277-200

271-201
231-104

----.--
-------

-----”-

e------

-------

-------

-------
-------
-------
-------

078-281
086-184
076-159
077-154

324-205
336-25
108-37
112-95

103-71
078-70
031-81
115-37

101-56
118-41
137-85
063-120

068-93
261-84
229-123
243-226

242-309
248-316
255-468
262-287

246-294
251-373

126



TYPHOON NANCY 07-17 SEP 1961
POSITION AND FORECAST IwRIFICATION OATA (CONTtD)

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE’ DEG. DISTANCE

161 200Z 39.3N 139.2E 202-194 246-466
161800Z 44.6N 141.8E 177-465 227-660

170000Z 48.5N 144.4E 174-618 208-707

170600Z 50.7N 146.9E 154”494 192-747

AVERAGE 24 HOUR ERROR 133 Ml
AVERAGE 48 HOUR ERROR 228 Ml

127



Pp”’]’’--’-T’’’ j&’012 &
. 0?6 &

~-r”””’””------’-+:

Jd+71..l Jr. + i..

J-

;% “ ~~’ “,:,” tiz~>’e++l””t””!”””i””
2?6

$,
. -.. . Jy&j

Q. . .

z
00

.-

+’”
1

. . . .

. -..

.- -..

. . . .

. ‘.-..

. .

,- -..

.-,

.- -..

,.

. ... .

----

. . . . .

.-, .

----

.-.

! .-. .

.,

----

----

. . . . .

. .-. .

. .,.

I





FLOODING CREATED IN TOKYO BY NANCY, EVEN THOUGH THE EYE OF
THE TYPHOON WAS MORE THAN 160 Ml AWAY. SEPTEMBER 1961.
(pACiFIC STARS AND STRIPES)

..- .

STEEL FtRE OBSERVATION TOWER BROKEN IN HALF BY NANCY, OSAKA, JAPANj
16 SEPTEMBER 1961. (AP WIRE PHOTO)
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i.. TYPHOON OLGA (0800002-1006002 SEPTEMBER 1961)

THE FORMATION OF THE LoW WHICH ULTIMATELY BECAME OLGA OCCURREO
ALONG THE INTERTROPICAL CONVERGENCE ZONE E OF THE PHILIPPINE ISLANDS.
FROM ITS ORIGIN tT ORIFTED SLOWLY WESTWARO WITH NO NOTICEABLE INTEN-

SIFtCATi.ON, .UNTIL IT CROSSEO INTO THE SOUTH CHINA SEA. ON 7 SEPTEMBER

SH~P REPORTS lNoICATED THAT THE SLp WAS BEGINNING TO DROP ANO THE
PERIPHERAL WINDS WERE INCREASING. THuS AT 080000Z JTWC ISSUEO THE

FIRST WARNING ON TROPICAL DEPRESSION 27.

THE AREA OF CYCLONIC CIRCULATION CONTINUEO TO INCREASE AND BE-

COME MORE WELL DEFINED. AT 080600Z THE SYSTEM WAS UPGRADED TO A

TROPICAL STORM AND ASSIGNEO THE NAME OLGA. THE 081200Z 200 MB ANA-

LYSIS INDICATED A MARKED TRANslTIO$J TAKING PLACE IN TJ+C subtropical
RlbGE. THE ANTICYCLONIC OUToRAfT wHICH wAS LoCATED NE OF OLGA 6ROKC
DOWN CAUSING THE RIDGE AXIS TO sHIFT TO THE S. [T WAS AT THIS TIME

THAT 01.GA MAOE AN ABRUPT CHANGE FRoM HER WESTERLY TRACU ANO TURNEO
TOWARO THE N. THJS TURN WAS FORECAST PERFECTLY BY THE JOINT NUMERI-

CAL WEATHER PREDICTION UNIT, SUITLANO, ~. OF ALL JNMP FORECASTS .“

RECEivCO, THE oNE FoR OLGA vERfrl~O ct-OsEsT TO THE E~sT TRACK*

“ OLGA CONTINUEO TO INTENSIFY ANO WAS UPGRAOEO TO A TYPHOON AT

0900002. AFTER REACHING THE MAXIMUM STRENGTH OF 70 KTS SHORTLY
AFTER 0906002 OLGA STARTED TO WEAKEN SLIGHTLY BECAUSE OF HER PROX)-

MITY TO LAND. SHE ENTEREO THE ASIATIC MAINLANO APPROXIMATELY 30 MI

NE OF HONG KONG AT091800Z. AT THE TIME OF HER PASSAGE OVER THE

“cOASTLINE OLGA WAS STILL OF TYPHOON STRENGTH, BUT SHE WEAKENED

RAPIDLy, AND THE FINAL wARNING wAs lssuEo AT ~O0600Z.

ONLY TEN WARNINGS WERE lSSUEO ON OLGA, COVERING A PERIOO OF Z
DAYS ANO 6 HOURS. SHE TRAVELED 325 MI AT AN AVERAGE SPEEO OF 6 KTS.

ALTHOUGH SHOWING AN ABRUPT CHANGE OF DIRECTION, OLGASS TRACK IS NOT
MARKEOLY OIFFERENT FROM OTHER TYPHOONS WHICH HAVE OCCURRED NEAR HONG

KbNG OURING PREVIOUS $EPTEMBERS.

STRONG WfiNDS AND HEAVY RA#N AFFECTEO iiONG KONG ANO THE ASIATIC
MAINLANO DURING THE LIFE OF OLGA ANO ~ OEATHS WERE REPORTEO AS A

RESULT OF LANOSLIDESS A 300 TON FISHING TRAWLER BROKE LOOSE,

ORIFTEO””AWAY ANO CAPSIZED. RESCUE PARTIES SAVED ALL ABOARO. A#R-
LINE ANO FERRY SERVICES WERE OISRUPTEO, SOME”TREES UPROOTEO ANO THE
STREETS OF HONq KONG WERE LITTEREO WtTH’OEBRIS. SOME CROP DAMAGE
WAS REPORTEO ON THE /iSIATJC MAINLANO ANO ABOuT 70 PEOPLE TOOK AD-

VANTAGE OF TIiE TYPHOON ANO SOUGHT REFuGE (N tloNG KONG.
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LAND’ Rl@AR AND AIRtJRAF’1 FIXES. - fY!!HOON bLGh

UNIT MAX MAX MIN _MIN 700MB
FIX METHOO SFC 70CNB 700MB SLP T&D
NO. TIME LAT. LONG. & ACCY WNO WND\ HGT MBS EY E CHARACTERISTICS

1 090930Z 22.ON 114.8E USN-EST --- --- ---- --- ----- ------.-- . . ..-.-0-.-.----0----



7VpHOON 0L6A 08-10 SEP 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. OlsTANCE

0800002 20.2N 117.OE ..---.- -“---.-

0806002 20.ON 116.2E -------

0812002

--.-0-.

20.lN 115.5E ------- -------

0818002 20.4N 115.3E ------- -------

090000Z 20.9N 115.k?E ------- -------

0906002 21.5N 115.2E 245-188 -------

0912002 22.2H114.9E 271-150 -------

0918002 22.7fl .114.7E 262-200 -------
..

1000002 23.2N 114.3E 239-116 -------

1006002 23.6N 113.7E 169-122 239-353

AVERAGE 24 HOUR ERROR 155 Ml
AVERAGE 48 HOUR ERROR 353 Ml
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M. TYPHOON PAMELA (0812002-1218002 SEPTEMBER 1961)

A WEAK CIRCULATION THAT WAS LATER TO BECOME TYPHOON PAMELA

FIRST APPEARED ON 4 SEPTEMBER APPROXIMATELY 400 MI NE OF GUAM. IT

MOVED SLOWLY W UNTIL 8 SEPTEMBER WHEN IT TURNED TOWARD THE NW AND
BEGAN TO INTENSIFY. A TROPICAL DEPRESSION WARNING WAS ISSUED AT

0812002 AND A Reconnaissance AiRcRAFT wAs DlspATCHEo To INVESTIGATE.
6ASE0 ON THE lNFoRMATlof’J CoNTAINED IN THE EYE MESSAGE REPORT, THE
DEPRESSION WAS UPGRADED TO TRoplcAL STORM INTQNSITY ON THE 0906002
WARNING*

STARTING A GRADuAL TURN BACK ToWARo THS ~, PAMELA CONTINUED TO
lNTENSIFYc lHE FIRST TYpHOON WARNING WAS lssuEo AT 1000OOZ, HOWEVER,

POST ANALySIS INDIcATEs THAT PAMELA HAO AcTuALLy REA”CHEO tyPHoON
INTENSITY BY 0912002. PROGRESSING ON A HEADING OF Wj PAMELA PASSED

140 M~ S OF OKINAWA AND CONTINUED STRAIGHT TOWARO CENTRAL TAtWAN.
SHE REACHED HER MAXIMUM INTENSITY OF 160 KTS AT APPROXIMATELY 1109OOZ
WHILE PASSING 65 MI S OF MIYAKO JIMA, THEN WEAKENEO SLIGHTLY AND

STARTED A SLiGHT DEFLECTION TO THE N. As PAMELA APPROACHED TAIWAN, A

TROUGH DEVELOPED S OF HER Af@ AT ABOUT 1116002 A I-OU APPEARED IN THE
TROUGH E OF THE lSLANDtS SOUTHERN TIP* THIS LOW REMAINED QUAsl_

STATIONARY AND PERSISTED UNTIL Approximately 1112002 WHEN PAMELA
ENTEREO TAtWAN NEAR THE CITY OF KARENKOi THE TRANSIT ACROSS TtiE i%”
LANL)~S 12,000 FT MOUNTAINS WEAKENED PAMELA TO SLIGHTLY LESS THAN 100

KTS INTENSITY AS SHE CROSSED lNTo THE TAIWAN STRAITS’. $HE ENTERED
THE ASIATIC MAINLANO NEAR T*UNG-A AND CONTINUED STRAIGHT INLAND WEAKEN-
ING RAPIDLY. THE FINAL WARNiNG WAS ISSUED AT 1218002.

EfGHTEfN WARNINGS WERE ISSUED ON PAMELA COVERING A PERIOD OF 4
DAYS AND 6 HOURS. SHE TRAVELED 1225 MI AT AN AVERAGE SPEED OF 12 KTS.

THE MINIMUM SPEED WAS 5 KTS ON 8 AND 9 SEPTEMBER AND THE MAXJMUM
SPEED WAS 18 KTS.WHEN PAMELA WAS CROSSING TAIWAN.. .

TYPHOON PAMELA WAS THE 5TH TYPHOON TO STRiKE TAIWAN DURING THE
YEAR; IT ALSO CREATED MoRE DAMAGE THAN THE oTHERSO NINETY-EIGHT

OEATHS, 27 PERSONS MISSING, AND 964 INJURED WERE REPORTEDe FIFTY-
TWO OF THE OEAD PERISHED AT YILAN, A FISHING PORT (N NORTHEAST TAIWAN.
IT WAS ESTIMATED BY POLICE THAT 5,992 HOUSES COLLAPSED AND 12,995

WERE DAMAGED* AN ESTIMATED 50,000 PEOPLE, WERE LEFT,HOMELESS. OAMAGE

WAS ESTIMATED TO BE IN EXCESS OF $4>000>000 TO cROPs> I.ANO AND HOMEsO
DAMAGE TO THE ASIATIC MAINLAND WAS NOT AVAILABLE.
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON PAMELA

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP T/TD
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS (OC) EYE CHARACTERISTICS

1 0904302
2’ 091440Z
3 0919032
4 0922002

20.8N
21.5N “
21 .7N
22.2N

135.2E
134*6E
134.4E
133.7E

VW1-P-05 45 --- 982 DIA 23 Ml SPIRAL BANDS ALL QUADS
CIRC WELL DEFINED 7MI DIA
DIA 14 Ml
DIA 10MI ~

---- -----

VWI-R-1O
VW1-R-15
56-P-04

--- --- ---- --- -----
--- --- ---- --- -----

15/1375 60 9340 970

14/12
17/14
-----
--.--
..---
-----

18/12

5 1003302
6 1007OOZ
v 10125OZ
8 1016052
9 101 646Z
10 10193OZ
11 1022OOZ

23.lN
23.4N
23.8N
23.6N
23.7N
23.6N
23.7H

132.5E
131.6E
130.8E
129.7E
129.3E
128.4E
127.8E

56-P:03
56- P-04
VW1-R-05
VW1-R-04
LND/ROR
LND/RDR
56- P-05

55 51 9290 POORLY DEFINED CIRC 12 Ml DIA
CIRC l@Ml DIA
DIA 17 Ml OPEN W
DIA 13 MI WALL CLD 3 Ml HiOE
12MI DIA

---

90 80 9529150
--- ---
--- -..
--- ---
-.. ---

----
----
----
----

---
---
---
--- ------------------------ --------

CIRC 8 Ml DIA WALL CLDS ALL QUADS100 80 8040 .-.

i27.OE
125.7E
124.3E
123.7E

12 11013OZ
13 1107OOZ
14 1111002
15 1113002

23.7N
23.7N
23.8N
23.8N

56-P-01
56- P-02
LND/RDR
LND/RDR

130 100 7550 17/11
16/16

CIRC 6MI DIA
SEVERE TURBULENCE NE QUAO
--------------------- -----------

---

170 140 7440 914
--- --- ---- --- -----

-.--------- --- ---- ------------------------ ---..---



.

TYPHOON PAMELA 08=+2 SEP 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DMTANCE DEG. ~ISTAtiCE

081 200Z 19.6N 135.7E
081 800Z 20.lN 135.4E

------- .---”..

. ------ ..”.---

090000Z 20.6H 135.2E,
090600Z 21.ON 135.OE

“ 0912002 21.3N 134.7E
0918002 21.7N 134.3E

1OOoooz
100600z
1012OOZ
1018OOZ

11000OZ

1106OOZ
111 200Z
111800Z

22.5N
23.3N
23.7N
23.8N

23.7N
23.6N
23.7N
24.lN

133.3E
131 .9E
130.4E
128.9E

127.4E
125.9E
124.lE
122.2E

120000Z 24.4N 120.3E
120600Z 24.6N 119.OE
121200Z 25.3N 117.5E
121800Z 26.lN 116.IE

----..- -------
..---0. -O-D.O--

---.-.- 0.-.---

“0--9-- -a.--.-

---.”-. -------

133-181 -------

127-246 -------

109-180 -------

065-164 -,D-’----

020-198 108-359
011-190 103-376
118=D27 090-360

169-31 067-360
137-23 043444 ‘
218-33 029-247
~3-52 172=59

AVERAGE 24 HOUR ERROR 120 Ml
AVERAGE 48 HOUR ERROR 315 Ml

I
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THIS RUBBLE HAS A BUILDING BEFORE PAMELA STRUCK TAIMAN.
SEPTEMBER 1961. (PACIFIC sTARs ANO sTRlpEs)

,.

. .
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., ... .
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I

ADVERTISING TOWER SNAPPEO OFF IN TAIPER, TAIWAN, BY TYPHOON PAMELA.
sEpTEMBER 1961. (PACIFIC STARS AND sTRIPEs)
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N. TYPHOON SALLY (2112002-2918002 SEPTEMBER 1961)

THE 1918002 SURFACE CHART WAS THE FIRST TO SHOW’THC EXISTCFJCC OF
AN AREA OF LOW PRCSSURE SITUATED TO THE E or ENIWETOK ATOLL. As THIS
LOW MOVED TOWARD THE W, lT’s FALLING pRESSuRES ANO INCREASING RADIUS
OF CYCLONIC WINDS GAVE INDICATIONS OF INTENslFICATlON. THE FIRST
TROPICAI. DEpi?~sSlON WARNING wAs lsSu~D AT 2122002, HowEVER, SUBSE-
QUENT RECONNAISSANCE INVESTIGATIONS SHOWED LIGHT WINDS AND NO ORGAN-

IZED CENTER; AND A FINAL wARNING wAS lsSuED AT 221200Z.

AERIAL SURVEILLANCE CONTINUED, BUT NO APPARENT CHANGE WAS NOTED.

A PHOTOGRAPH oF THls sYSTEM sHowlNG A wELL DEFINED VORTEX WAS TAKEN
AT 2400472 BY TIROS THREE DURING ITS 1056TH ORBIT. THE RECONNAISSANCE

FIX OF 2504552 CONFIRMED ’THls ‘AND REPORTED 25 KT WIND’S AND A 993 MB
SLP. THE ISSUANCE OF TROPICAL DEPRESSION WARNINGS WAS RESUMED AT

2506.!)02. AT THIS TIME THE CENTER WAS MOVING TOWARD THE WNW AT 11 KTS
AND INTENSIFYING SLOWLY. THE FIRST TROPICAL STORM WARNING WAS ISSUED

AT 2606002 ALTHOuGH POsT ANALYSIS sHOws THAT SALLY ACTUALLY BECAME A
TROPICAL STORM AT 2518002. SHE STARTED A GRADUAL TURN TOWARD THE W
AND CONTINUED INTENSIFYING, REACHING TYPHOON STRENGTH AT 2706002.
SALLY REACHED HER MAxlMuM lNTENslTy (70 RTs) AT 271200Z AND AT THIS
irME WAS HEADED W TOWARD SOUTHERN TAIWAN. $HE cRossEo THE iSLAND AT

APPROXIMATELY 2806002 AND AFTER WEAKENING SLIGHTLY, AGAIN REACHED 70

KTS INTENSITY AS SHE ENTERED THE TAIWAN., STRAITS. SALLY CONTINUED

MOVING TO THE ~ UNTIL SHE ENTERED THE.ASlaTIC MAINLAND PASSING 15 MJ
N OF HONG KONG. SHE HAD WEAKENED TO ABOUT 40 KTS AT THIS TIME ANO
CONTINuEO TO wcAKC~ As SHE T’uRNcO TOWARD THE WSW. SALLY REMAINEO
APPROXIMATELY 30 Ml INLAND AND MOVED PARALLEL To THE COASTLJNC UNTIL
2918002 WHEN THE FINAL WARNING WAs lSsuEO.

SALLY TRAVELLEO 2,775 Ml FROM THE FIRST TO LAST WARNING, 1,850
Ml OF THIS O)STANCE COVERED BY WARNINGS WHILE THE REMAINING 925 Ml

OCCURREO DURING THE PERI-oD “THAT WARNINGS WERE NOT iSSUED* SALLYi S

MINIMUM SPEED WAS 9 KTS ON 26 SEPTEMBER AND THE MAXIMUM SPECO OF 20
KTS OCCURRED WHILE CROSSING THE lsLANO OF TAIWAN.

INFoRMATION Concerning DAMAGE By SALLY wAs ExTR~MEI-y LIMITEO.
ttAMAGE TO CROPS ON TAIWAN ANO THE ASIATIC MAINLANO IS KNOWN TO HAVE
OCCURRED, HOWEVER THERE IS NO lNFoRMATION REGARDING LOSS OF LIFE OR

SHIPPING AVAILABLE.
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TYPHOON SALLY 21-29 SEP 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTti LAT. LONG. DEG. DISTANCE DEG. DISTANCE

211 200Z 11.f3N 156,2E ------- ---..--

211800Z 11.6N 154.7E ---”--- -0---.”.

220000Z 12.3N 153.lE ---”--” ----0--

. 220600Z 12.7N 151.3E ------- 00.”---

2212002 12.6N 149.7E ------- 0------

NO WARNINGS ISSUED 2212002 TO 2506002.

2506002
2512002
2518002

260000z
260600Z
2612002
261 800Z

270000Z
270600Z
271 200Z
271800Z

18*1N
18*6N
19.2N

19.8N
20.3N
20.7N
21.lN

21 .5N
21 .9N
22.lN
22.3N

134.9E
133.9E
132.9E

132.lE
131 .2E
130.4E
129.6E

128.6E
127.2E
125.7E
124.lE

280000Z 22e3N 122.6E
280600Z 22.6N 120.9E
281 200Z 22.5N 118.8E
281 800Z 22.5N 117.OE

“ 290000Z 22.6N 115.2E
2906002 22.5N 113.6E
291200Z 22.3N 112.OE
291 800Z 21.7N 11O.8E

-------
-------
---.---

-.-.-m-

--..-”-

-------

-.-.---

--0----

355i-158
017-168
039-204

080-289
064-303
065-198
051-249

076-192
039-244
063-136
029-181

-------
-------
m09-.m-

.---.--
“--.---

-------

------”

-------
-------
-..--.0

-.-.-.-

--..--”

030-404
044-510
050-592

077-627
062=736
055-530
046-621

AVERAGE 24 HOUR ERROR 211 Ml
AVERAGE 48 HOUR ERROR 574 Ml
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o. TYPHOON TILDA (2706002 SEPTEMBER -

AT 2606002 A SHIP 300 MI E OF GUAM
AND A 1003.5 MB SLP PROVIDING 7HE FIRS7

0506002 OCTOBER 1961)

REPORTED NW SURFACE WINDS
INDICATION OF THE CIRCU-

LATION THAT WAS TO BECOME TYPHOON 71LDA. THE CENTER BECAME MORE
WELL DEFINED AND MOVED TOWARD THS WN#lo ?’HE FIRST TROPICAL DEPRESSION

WARNING WAS lSSUCo AT 270600Z AND THE sYsTEM wAs upGRADED To A TROPl-

CAL STORM AT 2?18002. POST ANALYSIS SHOWS THAT TILDA WAS ALREADY A
TROPlCf4L STORM AT 2706002 AND REAcHco 7ypHOON IN7ENS1TY AT 271200Z.

TILDA STARTED A sHARp TuRN TOwARo THE N AT 2900002 AND HEADED
DIRECTLY TOWARDS CENTRAL JAPAN AND AN AREA OF HIGH PRESSURE WHICH
EXTENDED FROM TI-IC SURFACE Up THROuGH 100 Me. IT WAS MANEUVERS SUCH
AS THIS THAT CAUSED THE “PACIFIC STARS AND STRIPES” TO HEADLINE

TILDA AS “FICKLE” AND sTATE THAT sHE “ZIG-ZAGGEO” HER “WA? THROUGH

THE PACIFIC. As THE HIGH OVER JAPAN STARTED TO WEAKEN AND A BREAK

DEVELOPED tN THE RIDGE LINES T1l-DA STARTED A TuRN BACK TOWARDS THE

w. SHE ATTAINED HER MAXIMUM INTENSITY AT THIS TIME, REACHING 140
KTS BETWEEN 3000002 AND 3012002. A FAST MOVING TROUGI+ IN THE WESTER=
LIES PASSED N OF TILDA AT APpRO%lMAIELy 3012002, BUT APPARENTLY HAD
NO EFFECT ON HER TRACK AS SHE cON71Nuco 7uRNlNG T,OwARo THE U. T ILDA
COMPLZICD HER TuRN AT ABOuT o10600Z ANO MOVING sl-lGHTLY N OF M, PASSCO
WITHIN 15 MI OF THE SOUTHERN TIP OF OKINAWA AT APPROXIMATELY 021400Z.
KADENA WAS DIRECTLY UNDER THE WALL CLOUD AT THE TIME OF TYPHOON PASS-

AGE ANO RECEIVED THE BRuNT OF THE TYPHoON wlNDSe THE WINDS WERE 70
KTS SUSTAINED WITH PEAK GuSTS TO 108 K7s. THE SLP REACHED A MINIMUM
OF 947.0 MB. NOHA, JUST INSIDE THE WALL CLOUD, HAD SUSTAINED WINDS
OF 75KTS WITH PEAK GUSTS OF 103 KTS AND A MINIMUM SLP OF 942.7 MB.

SHE HAD WEAKENED SLIGHTLY, BUT STJLL HAD 120 KT SURFACE WINDS AT THIS

TIME. AFTER PASSING QKINAWA, TILDA STARTED A GRADUAL TURN TOWARD THE
N AND CONTINUED TO SLOWLY DECREASE IN INTENSITY. SHE ENTERED THE
ASIATIC MAINLAND APPROXIMATELY 100 MI $ OF SHANGHAI AND STARTED TO
WEAKEN RAPIDLY* SHE FINALLY CROSSEO N OF THE SUBTROPICAL RIDGE LINE

AND CAME UNDER THE INFLUENCE OF THE WESTERLIESe SHE THEN RECURVED

SHARPLY AND EMERGED FROM THE MAINLAND JUST N OF SHANGHAI AFTER HAVING
WEAKENED TO ONLY 25 KTS. THE FINAL WARNING WAS ISSUED AT 0506002.

TILDA WAS CONSIDERED UNUSUAL BECAUSE OF HER FAILURE TO CONFORM
TO CLIMATOLOGY AND HER REI-UCTANCE TO FOI-I-OWNORMAI. FORECASTING I?ULI=.
SHE TRAVELED 1775 MI IN 8 DAYS AT AN AVERAGE SPEED OF 9.2 KTS. tlER

MAXIMUM SPEED WAS 13 KTS FROM 2706002 TO 2718002 AND THE MINIMUM
SPEED OF 4 KTS OCCURRED DURING THE ERRATIC TURN ON 29 SEPTEMBER 1961.

TILOA CAUSfD DAMAGE TO OKINAWA AND POSSIBLY TO THE ASIATIC MAtN-
LAND S OF SHANGHAI. THE TYPHOON WAS RESPONSIBLE FOR THE DEATH OF CAT

LEAST 11 PEOPLE, MANY INJURED AND DAMAGE IN EXCESS OF 6 MILLION
DOLLARS TO CROPS, HOUSrNG AND EQUIPMENT, BOTH MILITARY AND CIVILIAN

ON OKINAWA. A HOUSE IN NAHA WAS BLOWN FROM ITS FOUNDATIONS TO A

POINT ~0 FEET AWAY, KILLING THE FOUR OCCUPANTS, CERTAINLY AN

EXAMPLE OF THE FURY OF TILDA. OPERATION TIEN BING (SKY SOLDIER)
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WAS CALLED OFF ON TAIWAN BECAUSE OF THE TYPHOON. THE LEBANESE MER-
CHANT VESSEL, SHEIK, MANNEO BY A GREEK CREW WENT AGROUND ON KITA
DAITO.SHIMA, 200 MI E OF OKINAWA AS A RESULT OF THE TYPHOON, CAUSING
THE LOSS OF LIFE OF THE CAPTAIN AND ENGINEERING OFFICER, THE SHIP
BROKE IN TWO ’BECAUSE OF THE HEAVY SEAS AFTER BEING DRIVEN AGROUND.

THIS SHIP WAS JOINED A FEW DAYS LATER BY THE P!ONEER UUSE, AS A RE-
SULT OF YIOLET.
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON TILDA

UNIT MAX MAX MIN MIN 700MB
FIX METHOD SFC 700MB 700MB SLP q:o
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS EYE CHARACTERISTICS

VAP61-P-U ---

VW1-R-03 ---
USOA-R-U ---

VW1-P;1O ---
VW1-P-1O ---
VW1-R-1O ---
56-P-01 100

VW1-R-05 ---
VW1-R-05 ---

1 270603Z 19.ON 145.OE

140.2E
139.5E

138.3E
138.2E
138.OE
137.3E

136.9E
135.OE

133.5E
130.7E

129.8E
129.lE
128.7E
127.6E
127.OE
126.lE

125.OE
124.5E
123.2E

--- ---- -.. . . . . . -------------------------------

CIRC 12MI OIA
15M! OIA

2 280845Z 19.5N
3 281333Z 19.7N

--- *--- --- -----
--- ---- --- -----

4
5
6

2900412
230420Z
231412Z
292120Z

19.5N
19.8N
20.7N

“21.6N

CIRC 14 Ml OIA
CIRC”14. MID.IA
DIA 13,MI
40MI DIA

40 Ml DIA
CIRC37MI DIA

30MI OIA
CIRC20MI DIA

--- ---- --- -----
--- 3055 --- -----
--- . ..- . . . .-.--
--- 7980 917 1 9/17G 7

8
9

300800Z
3021352

23.4N
24.5N

--- ---- --- -----
--- ---- --- . . . . .

.

O1O8OOZ
O1221OZ

24.9N
25.3N

VWI-R-05 ---
56-P-03 120

LND/RDR ---
.LND/RDR ---

LNO/ROR ---
LNO/RDR ---
LND/RDR ---
56-P-05 70

LND/RDR ---
LND/RDR ---
VW1-R-1O ---

10
11

--- .. ---- --- -----

105 8240 935 16/1 6

12
13
14
15
16
17

020300Z
0206002
020900Z
0213302
021700Z
0222302

25.5N
25.6N
25.7N
25.9N
26.ON
26.4N

--- ---- .-. . . . . .
--- ---- --- -----
--- ---- --- -----
-.. -.”0 .-. .--.-

--- .-.. --- -B-.&-

.Q- . . . ..--.--.--o --------------

-------------------------------
-------------------------------

OIA.70-?41
-.--” --------------------------

120 8470 944 1 7/17 CIRC85MI DIA

Oanooz
030555Z
031 !510z

27.lN
27.ON

“28.4N

18
19“
20

.-. ..-. --- ----- . . . ..”-------------------------

“-. ---- . . . ..---

--- ..0- --- -----

a-----------------------------

40t41 OIA



TYPHOON TILDA 27 SEP-05 OCT 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITIO)i 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

270600Z 18.ON 145.4E -------
-------
---.---

----”-.

-------

-.---”.

----.--

-.”----

-“-----

-....--

“.---.-

-------

..--”-.

287-224

276-254
269-296
242-295
243-378

217-311
211-306
208-309
113-292

236-134
203-94
053-720
057-855

056-505
059-633
068-520
033-356

112-41
343-47
332-62
307-104

260-213
301-226

271200Z
271 800Z

18.6N
19.lN

144.2E
142.9E

280000z
2806002
2812(IOZ
2818002

19.4N
19.6N
19,6N
19.7N

141.7E
140.7E
139.8E
139.lE

--*----
------
-------

290000Z
290600Z
29fl 200Z
2918002

19.8N
2000N
20.4N
21.IN

138*6E
138.3E
138.OE
137.7E

327-98
210-129
273-169
267-215

3oOoooz
300600Z
301 200Z
301 800Z

22.ON
22.9N
23.7N
24.3N

137.3E
136.8E
136.2E
135.4E

223-165
207-196
203-239
140-192

Olmz
O1O6OOZ
011200Z
0118002

24.6N
24.8N
25.lN
25.2N

134.7E
133.8E
132.8E
131.7E

.222-89
219-101
058-256
052-358

25.4N
25.6N
25.8N
26.lN

130.3E
129.lE
128.lE
1.26.,9E

037-127
033-138
050-170
049-179

020000Z
020600Z
021 200Z
0218002

030000Z
030600Z
0312002
031 800Z

26.5N
27.IN
27.8N
28.7N

125.8E
124.7E
123.7E
122.6E

063-27
343-36
351.35
271-35

040000z
0406002
041200Z
0418002

29.3N
29.8N
30.3N
30.9N

121.9E
121.5E
121.lE
120.9E

245-96
305-73
306-97
302-86

050000Z
050600Z

31 ● 6N
32.3N

121 .2E
122.2E

301-111

290-195

AVERAGE 24 HOUR ERROR 137 Ml
AVERAGE 48 HOUR ERROR 312 Mll
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CHILDREN LOOK AT OLD SHIP THAT BATTLED TILDA AND LOST. OCTOBER 1961.
(PACIFIC STARS AND STRIPES)

VIOLENT WIND AND HEAVY R41NS BATTER OKiNAhJA AS TILDA PASSES OKINAWA,
OCTOBER 1961. (PACIFIC sTARs AND sTRlpEs)
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P. TYPHOON VIOLET (O4OOOOZ-1O18OOZ OCTOBER 1961)

WHILE TYPHOON 71LDA WAS MOVING TOWARD OKINAWA, A SMALL CIRCU-

LATION BEGAN TO APPEAR SW OF MARCUS ISLAND, AND BY 0218002 IT WAS
WF.LL ENOUGH DEFINEO TO MERIT A REQUEST FOR AN INVESTIGATION. BASED
ON A REPORTED SURFACE WIND OF 45 KTS$ THE FIRST TROPICAL STORM VIO1.E7

WARNING WAS ISSUED AT 0400002.

AT THtS TtME A RIDGE WITH A N-S ORIENTATION WAS LOCATED W OF
YIOLET~ MIOMAY 6~?U~~N T~~ TWO TypHOONs, VIOLET AND TILDA. AT FIRST
VIOLET WAS UNABLE TO TRAVERSE THIS RIDGE WHICH EXTENDCO FROM THE SUR-
FACE THROUGH ~o ME. INSTEAD sH~ MOvEo TOwARo THE SW AND !NTcNslFIEo,
REACHING TYPHOON STRENGTH AT APPROXIMATELY 041200Z. DURI,NG HER iN-
TENSIFICATION PROCESS VIOLET A1.SO CXTENDED VERTICALLY, BECOMING

.DEFINITEL~ CLOSED AT THE 300 MB LEVSL AT 0512002. AT THr’SAME TIME,
A SMALL OUTORAFT APp~AREO ON THE 2~ MB MAp IMMEDIATELY SE OF VIOLET
ANO RESULTED IN THE FORMATION”OF A NEuT’RAL pOINT AT THE SAME LEVEL
OIRECILY OVER THE 7YpH00N*S CENTER. VIOLET THEN OECELERATEO SLIGHTLY
AND STARTED AN ABRUPT TURN TOUARD THE NW AS l’HE sUBTROplCAl= RIDGE
SHIFTED TO THE E. VIOLET CONTINUEO TO INTENSIFY, REACHING HER MAXl-

MUM STRENGTH OF 180 KTS FROM 0700002 TO 071200Z. SHE THEN STARTED TO
‘ WEAK~N” SLIGHTLY ANO CONTINUED TO THE NNW> RECURVlfIJG THRoUGH THE RIDGE

LINE AT ABOUT 28N. SHE CONTiNuED To FOLLOw A SMOOTH PARABOLIc TRAcK.

AND CROSSEO THE Boso PENINSULA 30 MI E OF TQKYO AT ABOUT 0922002.
SHE WAS MOVING AT A SPEED OF 27 KTS AT THIS TIME ANO STILL HAD MAXI-

MUM SUSTAINED SURFACE WINOS oF 70 KTSC AFTER HER BRUSH WITH LAND,

VIOLET RAPloLY COMMENCED To AsSuME ExTRATRoplCAL cHARACTERiSTICSo
THE FiNAL wARNING wAS lssuEtI AT 1018OOZ wHEN sHE HAD WEAKENED TO 40
KTSa

VIOLET WAS UNUSUAL IN THAT SHE MOvEO STEADILY TOUARO THE SU FOR
AT LEAST ONE AtJO ONE HALF OAYSS.BUT OTIiCR THAN THAT, SHE WAS QUITE
NORMAL. SHE TRAVELED 2050 MI IN THE 6 DAYS ANO 18 HOURS THAT WARN-
INGS WERE BEING ISSUED. HER MINIMUM SPEED WAS 4 f(TS UHEN SHE MAIIE
THE TURN FROM A HEADIIIJG OF SW TO THE NW AND HER MAXIMUM SPCEO OF 31
KTS OCCURREO AFTER SHE PASSED TOKYO.

As VIOLET APPROACHED GUAM FROM THE NE, LITTLE DAMAGE OCCURRED
EXCEPT. FOR SLIGtiT CROP DAMAGE ANO SOME NERVOUSNESS AMO”NG THE OCCU-
PANTS OF THE ISLAND. AFTER IT COMMENCEO.MOVING TO THE NW A MER-
CHANT VESSEL, THE PIONEER MUSEZ WAS GROUNOEO ON KITA DAtTO SHtMA~
ONLY A FEW MILES FROM THE SHEIK,’ AND BROKE IN TWO THE FOLLOWtNG DAY
DUE TO HEAVY SEAS. THE CREW OF THE PiONEER MUSE WAS RESCUED BY THE
AMpH~t3ious ASSAULT SHIP PRINCETON VIA HELICOPTER. ONLY MINORO AM-

AGE OC.CURREO TO JAPAN IN THE TOKYO AREA3 DUE TO GUSTY WINDS. Two

DEATHS WERE ATTRIBUTED TO THE TYPHOON IN JAPAN.
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON VIOLET (CONT’0~

UNIT MAX MAX MIN MIW 700MB
FIX METHOD SFC 700MB 700MB SLP T@
NO. TIME LAT. LONG. & ACCY WND WND HGT MBS EYE CHARACTERISTICS

22 092130Z 34.3N 139.5E 56-P-01 80 40 9380 973 18/08 NO WALL CLDS

23 1007OOZ 39.ON 142.3E 56-P-02 100 80 98!50 D-- 16/12 POORLY DEFINED

4
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TYPHOON VIOLET 04-10 OCT 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR “48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

040000Z 19.4N 147.OE
0406002
0412002
0418002

-.-----
-------
-..-.--
---.---

-------

18.8N
18.3N
17.6N

146.4E
145.8E
145.4E

-------
-.-----

05WOOZ
0506002
0512002
051 800Z

17.lN
16*6N
16.3N
16.3N

144.9E
144.7E
144.lE
143.7E

025-175
019-204
333-172
329-180

-------
-*-----

-----.-

0600002
0606002
061 200Z
0618002

16.5N
17.lN
17.8N
18.6N

143.5E
143.2E
142.8E
142.2E

210-117
187-170
172-195
207-207

015-235
359-210
302-145
294-186

190-235
157-275
227-35
218-65

0700002
9706002
071200Z
071 800Z

19.4N’
20.lN
20.9N
21 ●8N

141 .4E
140.9E
140.lE
139.4E

205-315
185-365
171-415
198-375

0800002
0806002
0812002
081 800Z

22.7N
23.8N
25.ON
26.4N

138.7E
137.9E
137.4E
136.8E

210-112
197-55
172-110
223-55

194-442
171-510
150-220
205-290

142-142
136-120
078-137
057-160

0900002
0906002
0912002
0918002

27.8N
29.6N
31. 5N
33.6N

136.7E
137.lE
137.!3E
138.9E

200-325
180-180
192-325
194-255

219-112
049-120
290-22
057-335

173-335
169-340
050-330
060-435

1000OOZ
1006002
1012002
1018OOZ

35.8N
38.2N
39.7N
41 .ON

140.8E
143.3E
145.8E
147.3E

AVERAGE 24 HOUR ERROR 146 Ml
AvERAGE48 HOUR ERROR 312 Ml
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SHIPPING DAMAGE: ‘THEPIONEER MUSE RAN AGROUND OF KITA DIATO SHIMA AS
A RESULT OF TYPHOON VIOLET, OCTOBER, 1961. ,(RELEASED BY PACIFIC STARS

AND STRIPES, 14 ocT 67)
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SHEIK IS BROKEN IN TWO AFTER RUNNING AGROUND ON KITA DIATO SHIMA
OCTOBER 1961. (RELEASED BY PACIFIC STARS AND STRiPES, 14 .OCT 611
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Q. TYPHOON BILLIE (230000Z-280600Z OCTOBER 1961)

FOR SEVERAL DAYS PRIOR TO 23 OCTOBER AN EXTENSIVE AREA OF LOW
PRESSURE HAD BEEN PRESENT SOUTH OF GUAM. AT TIMES IT CONTAINED AS
MANY AS THREE WELL DEFINED VORTICES* ONE cENTER FINALLY BECAME PRE-
DOMINANT AND THE ENTIRE SYSTEM STARTED TO INTENSIFY* WHEN THE FIRST
TROPICAL DEPRESSION WARNING WAS ISSUEO AT 230000Z THE RAD~US OF

CYCLONIC WINDS ABOUT THE CENTER EXCEEDED 1000 Ml.

AT 2312002 THE SYSTEM WAS UPGRADED TO TROPICAL STORM INTENSITY
AND THE NAME BILLIE WAS ASSIGNED. lNTENsiFlcATIoN corJTINuEO utfTIL
241200Z WHEN THE MAxlMuM suRFAcE wlNo spE~D OF 70 RTS WAS REACHED.
BILLIE~s TRACK UP TO THIS TIME SHOWED THAT SHE HAD TURNED TO THE N
FROM A HEADING OF W AND WAS DESCR181NG AN.ARC ABOUT GUAM WITH A
RADIUS OF ABOUT 200 Ml. FOR THE NEXT THREE DAYS BILLIE MOVED IN A
NORTHERLY DIRECTION WHILE MAINTAINING THE SAME INTENSITY. HER RADIUS
OF CYCLONIC WII’JOS HAD OECR~AsEO To AppROXIMATELY 750 Ml ANO THEN
REMAINEO NEARLY CONSTANT THROuGHOuT THE f?EST OF HER TROPICAL LIFE.
THE EXTENSIVE AREA ENCOMPASSED BY BILLIEIS CIRCULATION WAS MATCHEO
BY THE SIZE OF HER EYE Wt-IICIi WAS ALSO OF KING SIZE PROPORTIONS. NO
OTHER TYPHOON OF 1961 WAS ABLE TO EQUAL HER EYE OIAMETER WHICH AT ONt
TIME MEASURED 120 X 180 Ml. IN THIS RESPECT ANO MANY OTHERS BILLIE
WAS VERY SIM}LAR TO TYPHOON CARMEN OF AUGUST 1960.

BILLIE PASSED 50 Mt E OF CHICHI J?MA AT APPROXIMATELY 270900Z,
AND SHORTLY AFTERWARDS WEAKENEO TO TROPICAL STORM INTENSITY. SHE
ENCOUNTERED THE POLAR FRONT NEAR 32N AT APPROXIMATELY 280000Z ANO
MERGEO WITH A LOW PRESSURE AREA ASSOCIATE WITH IT, THE FINAL TRO-
PICAL WARNING WAS ISSUED AT 2806002 WHEN THE SYSTEM WAS DEFINITELY
EXTRATROPICAL BUT STILL HAD 50 KT SURFACE WINOS-

BILLIE TRAVELEO 1500 Ml OVER A ,PERIOD OF 5 OAYS AND 6 HOURS, AT
AN AVERAGE SPEEO OF 12 KTS. “THE MINIMUM SPEEO WAS 8 KTS ON 23 OCTO-
BER ANO THE MAXIMUM SPEED WAS 24 KTS ON THE 28 OCTOBER.

BILLIE DID NOT PASS OVER ANY LARGE LANO MASSES DURING ITS LIFE,

THEREFORE CREATEO LESS OAMAGE THAN MIGHT OTHERWISE HAVE BEEN EX-
PECTED ● As THE TYPHOON NEARED GUAM, A JAPANESE FREIGHTER, THE

FUKAZAN MARU, A 7000 TON FREIGHTqR LADEN WITH COPPER ORE FROM TOWNS-
VILLE, AUSTRALIA ENROUTE TO JAPAN, OEVELOPED A LEAK IN ONE OF THE

HOLDS AND COMMENCED.TO SINK RATHER SLOWLY* THE CREW OF 47 WERE
RESCUED BY THE DOLLY TURMAN WITHOUT INCIOENT, WERE TRANSFERRED TO

THE USS BRISTER, AND TRANSPORTE~ TO GUAM. THE TYPHOON CREATEO STRONG

WINOS AND CONslOERABLE RAINFALL AT Iwo JIMA AND OTHER ISLANDS BUT

OAMAGE WAS NOT REPORTED,
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LANORAOAI! AWD AIRCRAFT FIXES - TYPHOON BILLIE

UNIT MAx MA% UIN MIN 700MB
FIX METHOD SFC 7(XIMB 700MB SLP t~~
NO. TIME LAT. LONG. & ACCY WWD WND HGT MBS EY6 CHARACTERISTICS

2223472 10.ON ---- --- ----- LARGE AREA OF LIGHT AND VARI:
ABLE MINDS

9980 990 12/-- .40 MIOIA

---- --- ----- INDEFINITE

144.OE

142.OE

141.2E

142.lE
142.3E
142.5E

142.4E
143.2E
142.7E

145.lE
144.3E

VW1-P-15 25 ---

---

-..

----
---
---

---
-..

20

40
20

1

VW1-P-1O 502 2322402 12.5N

3 2412302 14.lN VW1-R-15 ---

2508072
25153)2
2523162 “

17.9N
18.91i
20.2N

VW1-P-1O
VW1-P-15
VW1-P-1O

---- 981 .--.- WALL CLDS S QUAD
---- 974 --.-- CIRC 100MI DIA
---- 972 ----- 152 X 86 Ml, ORIENTED 023 DEG

9425 961 17/-- 180 X 120MI, ORIENTED NNE-SSW
9290 --- 16/-- ‘RADAR EYE 155 X 105M1
9530 --- 16/-- --..----..--...--.-..---.-e----

---
---

65

7
8
9

2603442
261527Z
2622502

20.9N
23.lN
24.7N

VW1-P-05
VH1-P-05
315-P-U

---
---

35

9545 -o- 16/-- -------------------------------
9500 965 13/-- NO DEFINITE EYE, OIA 50MI

29.ON
31.lN

VW1-P-20
315-P-02

10
11

2716152
2722002

---

40



,“

TYPHOON BILLIE 23-28 OCT 1961
.POSITIOIIAND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR ,48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

230000Z loom 144.lE -.----- -.-.---
233600Z 10.7N 143.4E -----.- -------
231200Z 11.2N 142.8E ------- ----.--

231.mZ 11.8ti 142.3E ------- “------

24~Z 12.6N 141 ●8E ------. -------

240600Z 13.5H 141 .4E ------- -.-----

241200Z 1405U 141 .3E 208-277 --.----

241800Z 15.6W 141 .4E 250-174 -------

250000Z 16.6H 141.7E 241-241 -------
2506002 17.611 141●9E 243+197

.
-------

2512002 18.4H 142.2E 240-236 221-594
251800Z 19.3ti 142.4E 241-280 252-416

r
..’.

2600(iz *
260600Z
261200Z”
261BOOZ

27-Z
2706002
2712002
271800Z

20.4N
21 .3a
22.5s
2a##

......4.$.

24.%Ji
26 .3?(
27.94
29.7H

142.4E
142.6E
142.6E
142.8E

142.9E
143.OE
143.1E
143.4E

252-157
252-170
278-37
263-61

183-90
198-67
185-62
109-80

243-332
258-356
238-405
236-480

244-291
242-317
213-135
215-152

280000Z ,31.8N 143.9E 128-115 093-306
280600Z 33*9H 145.1E 208-64 140-295

AVERAGE 24 HOUR ERROR 144 Ml
AVERAGE48 HOUR ERROR 340 Mf
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R. TYPHOON CLARA (2612002 OCTOBER - O1O6OOZ NOVEMBER)
.
>

THIZORIGIN OF l’YPHOON CLARA C~N BE TRACED BACK TO AVORTEX WHICH
ORIGINALLY FORMED ALONG THE lTCZ NEAR ENiWETOK ATOLL AND WAS ORfVEN TO
THE N BY THE VAST CIRCULATION OF TYPHOON BILLIE. THE FIRST ’WARNING

WAS ISSUEO AT 2612002 WHEN SURFACE REPORTS INDICATEO THAT THE SYSTEM
HAD INTENSIFIED TO TROPICAL STORM STRENGTH AND WAS APPROXIMATELY loo

MI S of WAKE ISLAND MOV.ING ENE AT 10 KTS. THIS EASTERLY MOVEMENT WAS

PROBABLY CAUSED BY”THE COMBIN~o”FORCES OF AN ANTICYCLONE LYING TO THE

SW OF CLARA AND AN EXTRATRoplCAL CYCLONE SITUATEO TO HER NE.

THE ENE MOVEMENT OF CLARA CONT#NUED FOR ANOTHER 18 HOURS OURING

WHICH TIME SHE INTENSIFIED TO TYPHoON STRENGTH- BETWtiEN 2700002 AND
2800002 THE 700 MB LEVEL OVER CLARA UNDERWENT A sIGNIFlcANT CHANGE.
THE ANTICYCLONE TO THE SW WEAKENED ANO QUICKLY OISAPPEARER} WHiLK
ANOTHER OUTDRAFT WHICH HAD SEEN l-OCATEo FAR TO THE NW OF CLARA SHIFTED
EASTWARD AND REPOSITIONED ITSELF N OF CLARA. BETWEEN 2706002 AND
2712002 CLARA EXECUTED A CLOCKWISE TURN OF 180 DEGREES ANO STJ$RTIZO
BACK TOWARDS THE W. SHE RECROSSED HER TRACK AT 2800002 ANO PASSED

50 MI S OF WAKE ISLANO AT 2806002 WHILE ON A HEADING OF 270 OEGREES.

SHE WEAKENED TO SLIGHTLY LESS THAN TYPHOON STRENGTH AT 2818002 ANO
STARTED FOLLOWING A LOW AMPLITUOE SINUSOIDAL TRACK TOWARDS THE WNW.
CLARA CONTINUEO TO GRADUALLY WEAKEN AND DROPPEO BELOW TROPICAL STORM
INTENSITY WHILE PASSING,S OF MARCUS ISLAND AT 3018002. SHE CONTINUED

TO THE W FOR ANOTHER 12 HOURS, THEN STARTEO”’A SWEEPING TURN TO THE
N. SHE RAPIOLY BECAME EXTRATROPICAL AFTER ENCOUNTERING THE POLAR
FRONT, ANO THE FINAL WARNING WAS ISSUED AT 01060020

CLARA TRAVELED 1650 Ml IN THE 5 DAYS AND 18 HOURS THAT WARNINGS
WERE BEING ISSUED. HER MINIMUM SPEEO WAS 5 KTS ON 27 OCTOBER AND

HER MAXIMUM SPEED WAS 17 KTS ON 31 OCTOBER. SHE WAS ONE OF THREE

TYPHOONs THAT LooPED DURING THE 1963 SEASON, ANO THE ONLY .ONE TO
PERFORM THE MANEUVER IN A CLOCKwlSE DIR~CtloNC DAMAGE REPORTS WERE
NOT RECEIVED BY JTWC, HOWEVER POSSiBLE DAMAGE COULD HAVE OCCURRED
TO SHIPPING OR SMALL ISL$NPS.
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4BEST TRACK
TYPNOO CLARA

P

~7028 0~ OC7 1961

2VOOZ ~
—

r v-w I 1“

i 8*N I I

lq7@E lq8’E I

xl 1 ‘
SPE D

27/OOOOZ TO 27 0600Z 7 KTS

!
27)06002 TO 2 1200Z 5 KTS
27/12002 TO 27 1800Z 7 KTS
27/1800Z TO 28 OOOOZ 9 KTS
28/00002 TO 28 0600Z 11 KTS

!
‘27/OOOOZ TO 2 06002 60”KTS
27/06002 T02 1200Z 65 KTS
27/12002 702 1800Z 70 i(TS
27/1800Z TO 2 0600Z 75 KTS

9-E 1700E l’pE
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TYPHOON CLARA 26”OCT-OT:;NOV.:1.961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

26j 2002 17.9N 167.lE .----.- -------

2616002 18*5N i6709E ------- -------

2moooz
2706002
2712002
2718002

18.9N
19.lN
18*8N
18.7N

168*8E
169.3E
169.5E
168.8E

--.---- -------
.--..---------

241-165
234-to2

.-.----
--.----

062-197
069-317
080-325
097-282

2800002
2806002
2812002
2818002

18.5N
18.4N
18.6N
19.lN

167.9E
166.7E
165.6E
164.7E

----..-
-------

082-165
091-245

19.8N
20.4N
20.8N
20.9N

163.8E
162.7E
161.4E
159.9E

141-180
148-239
173-284
171-262

085-585
083-710
080-325
109-201

290000Z
2906002
2912002
2918002

300000z
3006002
3012002
3018002

21.3N
22.ON
22.9N
23.4N

158.4E
157.OE
155.6E
153.9E

167-277
054-147
054-155
057-207

156-355
155-428
165-492
159-405

31OOOOZ
3106OOZ
3112002
3118002

23.4N
23.6N
24.ON
24.8N

152.2E
150.3E
148.8E
147.8E

337-63
148-92
144-95
149-112

153-410
050-367
052-430
053-462

147.3E
147.3E

O1OOOOZ
O1O6OOZ

25.8N
26.8N

222-12
240-53

353-65
189-1.27

AVERAGE 24 HOUR ERROR 178 MI
AVERAGE 48 HOUR ERROR 361 Ml
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s. TYPHOON DOT (0900002-1518002 NOVEMBER 1961)

ON 8 NOVEMBER A SERIES OF PILOT RC#ORTS ALONG THE GUAM-WAKE

ISLAND TRACK DISCLOSED THE EXISTENCE OF AN AREA OF SEVERE WEATHER.
A SUBSEQUENT RECONNAISSANCE INVESTIGATION SUBSTANTtATEt) THIS AND
FOUND THE SOURCE Of POOR WEATHER TO BE A FULLY DEV&LOPED TYPHOON.

THE NAME DOT WAS ASSIGNED AND THE FIRST WARNING WAS ISSUED AT
0900002. IT IS DOUBTFUL THAT DOT WOULD HAVE BEEN DETECTED EVEN AT
THIS ADVANCED STAGE, HAD SHE NOT FORMED NEAR A ROUTE USED BY TRANS-

PACIFIC AIRCRAFT. EVEN AT THE TIME THE FtRST WARNING WAS ISSUED3

THERE WAS LITTLE EVIDENCE ON ANY SYNOPTIC CHART THAT WOULD SUPPORT

A SYSTEM OF THIS INTENSITY*

DOT*S TRACK FOR THE FIRST TWO DAYS OF HER WARNING LIFE WAS A

NEARLY STRAIGHT LINE TOWARDS THE W. WHILE SHE WAS MOVING IN THIS

DIRECTIONj THE SUBTROPICAL RIDGE LINE STARTED TO SLOPE PROGRESSIVELY

MORE TOWARD THE S. BY 11OOOOZ THE SLOPE HAD BECOME QUITE PRONOUNCED

WITH THE RIDGE AXIS LOCATED 10 DEGREES N OF DOT AT THE SURFACE AND 5
DEGREES S OF HER AT 200 MB. AT nits TIME DOT REACHED HER MAXIMUM

INTENSITY OF 140 KTS AND STARTED A GRAOUAL TURN TOWARD THE N. SHE
WEAKENED SLIGHTLY, AND AT 1200002 SHOWED A SUDDEN INCREASE IN CUR-

VATURf$ COmpleting A TURN OF 90 DEGREES IN THE NEXT 12 HOuRs. THIS

WAS APPARENTLY CAUSED BY A TROUGH PASSING N OF THE TYPHOON AND THE

SUBSEQUENT SOUTHERLY MOVEMENT OF THE WESTERN PORTION OF THE RIDGE

LINE, AFTER THIS SHARP RECURVATURE} 00T CONTINUED IN ANOTHER NEAR

STRAIGHT LINE THIS TIME TOWARDS THE E14E. SHE FOLLOWED THIS TRAcK

FOR THREE DAYS WHILE SLOWLY ACCELERATING. DO? WEAKENED TO STORM

INTENSITY AT 1418002 AND CONTINUED WEAKENING SLOWLY UNTIL 151800z
WHEN THE FINAL WARNING WAS ISSUED-

DOT WAS CHARACTERIZED BY HER UNUSUALLY SMALL SIZE DURING THE

FORMATIVE STAGES WHICH ENABLED HER 10 REACH TYPHOON INTENSITY BEFORE

BEING DETECTED. HER TRACK OF TWO NEARLY STRAIGHT LINES MEETING AT
AN ANGLE OF APPROXIMATELY l= DEGREES WAS ALSO FAR FROM NoRMALt SHE
TRAVELED 2425 MI AT AN AVERAGE SPEEO OF 15 KTS DURING THE 6 DAYS AND

18 HOURS OF HER WARNING LIFE- THE SPEEDS VARIED FROM 4 KTS ON 12
NOVEMBER TO 35 KTS ON 15 NOVEMBER. DOT DID NOT PASS OVER ANY LARGE

LAND MASS WHILE A TYPHOON* SHE PASSED BETWEEN PAGAN AND ALAMAGAN
ISLANDS AT 101OOOZ CAUSING DAMAGE TO ALAMAGAN ISLAND THAT WAS CLASSED

AS SUBSTANTIAL*
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON DOT

UNIT MAX MAX MIN MIN 700MB
FIX METHOP SFC 700MB 700MB SLP

6
T TO

NO. TIME LAT ● LONG. & ACCY WND WND HGT MBS ( C) EYE CHARACTERISTICS

1 O821OOZ 17.2N 154.OE

152.8E

151.7E
151.4E
150.2E

147.9E
146.9E
146.6E
145.OE
143.6E

142.lE
142.OE
141.3E
140.5E

140.5E
140.3E
140.7E
141●8E

142.6E
144.8E

VH1-R-1O -.-”- CIRC 16Mf DIA HELL DEVELOPED
SPIRAL BANDS ALL QUADS

----- -0----------------------------

-“- --. ---- ---

2 082~7Z 16*8N USAF-U-U --- --- ---- ---

0905302 17.5N
0906282 17.8N
O9O81OZ 17.6N

VU1-P:1O
USAF-U-U
USAF-R-U

125
---

982
0-.
---

.--.- OVAL 17 X 5MI PERFECT EYE
-..-- 20MI OtA
--..- 20M! DIA

---
---
0.-

----
----
--a----

---1000IOZ 17.9W
10043OZ 17.9N
1006~Z 17.7N
101345Z 17.9N
1022OOZ 18.ON

VW1-R-03
VWIW=R-02
VW1-R=U
VW1-R-01
56-P-04

---.- CIRC 19MI DIA
*-.-- OVlll19 X 15MI
----- -.O--.-.--*.a-” ----------------

*0==

----

----

---
“.-

---

.-.
---
d-- . . ---- -0- ----- C IRC 13MI DIA

10MI OIA lfALLCLOS ALL QUADS

22MI OIA, HELL OEF INED
DIA, NOT NELL DEFINEO
NNE-SSW20X18MI
20MI OIA WALL CLOS ALL QUADS

S SEMICIRC 22MI DIA
25MI OIA
12MI OIA

---

80 117

---
---
-0.
100

...
115
---
-*.

85
---”

7960 930 19/13 CIRC

---- -** .--”. C IRC
7980 922 16/16 24M I
-... --- ----- OVAL
8270 932 18/15 CIRC

11

12
13
14

110545Z
110655Z
1113352
1122002

18.5N
18.2N
18.9N
19.5N

VW1-R-05
56-P-1O
vwi-R-02
56-P-04

---

100
---
135

1200352
120400Z
121400Z
1222002

---- .-A ---.. OPEN
8490 931 15/15 CIRC
.-.. . . . -.--- CIRC

15
16
17
18

19.5N
19.9N
20.6N
21.2N

VW1-R-02
56-?-04
VW1-R-03
56-P-02

---

150
.-.

100 ,8930 958 16/16 NOT OEFINEO

9000 960 17/13 NOT OEFINEO
-... ‘i--- .--.- CIRC 64MI OIA OPEN E&W

1W5Z
1312002....

22.3N
22.8N

56-P-05
VW1-R-03

19
20

100
---



/.
,/

-.

TVPliOONDOT 09-15 NOV 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
OTG LAT. LONG. DEG. OISTANCE DEG. DISTANCE

080000Z 17.3N “152.8E ...-
090600Z 17q6W 151.6E
0912002 17.7N 150.3E
0918002 17.8W 149.IE

------- -------
.-m---. .“.----

------- -“-----

,

---.-.- -------

1000OOZ 17.8N /147.%
100600Z 17.8N ~146.7E
1012OOZ 17.9N ~,,145.5E
1018OOZ 18.ON ‘144;2E

11OOOOZ 18.2N 143.2E
1106OOZ 18.3N 142.3E
111200Z 18*8N 141.4E
111800Z 19.3N 140.8E

120000Z 19.6N 140.4E
.120600Z 20.ON 140.4E
121200Z 20.4N 140.6E
121800Z 20.9N 141.2E

130000Z 21 .5N 142.OE
130600Z 22.2N 143.2E
“1312002 22.9N 144.7E
1318002 23.7N 146.3E

140000Z 24.5N 148.OE
1406002 25.4N 150.lE
141200Z 26.4N 152.6E
141800Z 27.4N 155.3E

150000Z 28.7N 158.5E
150600Z 30.lN 162.2E
151200Z 31.3N 165.4E
1518002 32.4N 168*1E

062-210 --”----
076-93 “------
079-110 “.”----
077-105 “------

078-155 058-465
193-41 260-129
221-102 260-165
239-118 264-191

247-112 223-143
259-161 233-206
281-210 267-266
270-183 275-353

287-204 265-396
283-203 272-455
286-261 285-448
290-222 265-501

341-203 294-416
284-110 302-367
291-89 308-395
285-65 313-314

275-102 295-216
248-100 250-190
227-41 280-245
225-103 275-225

AVERAGE 24 HOUR ERROR 138 Ml
AVERAGE 48 HOUR ERROR 304 Ml
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T. TYPHOON ELLEN (0506002-1318002

TYPHOON ELLEN*s ORIGIN WAS THE

DECEMBER 1961)

SAME AS THAT OF SEVt51?At.LATE
SEASON CYCLONES WHICH 010 NOT DEVELOP TO STORM INTENSITY. IT CAN

BE TRACED BACK TO THE VICINITY OF TRUK ISLAND, WHERE THERE WAS

SUFFICIENT DATA TO SUppORT THE EXtSTENCE oF A CLOSED CIRCULATION-
As IT MOVED WESTWARO INTO THE “NO OATAW AREA S OF GUAM, ITS PRESENCE

COULO ONLY BE SUBSTANTIATE BY PERSISTENCY- MANY SIMILAR CYCLONES

HAVE FAILED TO REAPPEAR IN THE YAP-K• ROR AREA, BUT THIS WAS.NOT THC

CASE WITH ELLEN. SHE ARRIVED IN THE WESTERN CAROLINES “ON SCHEDULE”

WITH A WELL OEFINEO CIRCULATION oF sLIGHT INTENSITY* THE FIRST

TROP~CAL DEPRESSION WARNING WAS lSSUEO AT 0506002 WHEN THE SYSTEM
SHOWED SIGNS OF POSS~BLE Development,

TROPICAL DEPRESSION WARNINGS WERE CONTINUED FOR TWO..DAYS WHILE
THE SYSTEM BECAME PROGRESSIVELY MORE WELL DEFINED. FINALLY AT

0706002 THE FIRST TROPtCAL STORM ELLEN WARNING WAS tSSUEO BASED ON
A RECONNAISSANCE FIX WHICH REPORTEO 45 KT SURFACE WINDS. ELLEN

THEN INTENSIFIED RAPIDLY REACHING TYPHOON STRENGTH AT 071200Z AND
ATTAINED HER MAXIMUM INTENSITY OF 130 KTS AT 0812002. SHE HAD BE=N
MOVING IN A NEARLY STRAIGHT LiNE TOWARD THE WNW UNTIL THIS TIME.

SHE PASSED NEAR CATANDUANES ISLANO SHORTLY AFTER 0900002 ANO THEN
TURNED TOWARDS THE NNE. AFTER THIS TURN, ELLEN’s TRACK BECAME’

IRREGULAR, SHOWING SEvERAL MINoR HEADING CHANGES WHILE MAINTAINING
A CONSTANT 6 KT SPEED OF MOVEMENT* THIS fs CONSIDERED TYPICAL OF

A TYPHOON WHICH RECURVES THROUGH THE SUBTROPICAL RIDGE LINE INTO AN
AREA OF WEAK ZONAL FLOW. AFTER REINTENSIFYING TO 125 KTS ELLEN
STARTED TO WEAKEN, DROPPING BELOW TYPHOON lNTENS~TY AT 1212002 ANO

DISSIPATING ENTIRELY SHORTLY AFTER 131800Z.

A TOTAL OF 35 WARNINGS WERE ISSUED COVERING A PERIOD OF 8 OAYS
AND 12 HOURS. DURING THIS PERIOD, ELLEN TRAVELED 1400 Ml AT AN

AVERAGE SPEEO OF 7 KTS. tiER MAXiMUM SPEED WAS 12 KTS ON 5 DECEMBER
AND THE MINIMUM SPEED OF 3 KTS OCCURRED DURING RECURVATURE ON 9
DECEMBER.

ELLEN PASSED WITHIN 10 MJ or THE N TIP OF CATANOUANES ISLANO.

THE EYE-OF THE TYPHOON WAS 36 MI tN DIAMETER AT THAT TIME, THERE-
FORE THE COAST GUARD LORAN STATION ON THE ISLAND RECEIVED THE IM-
PACT OF THE STRONG WINDS ASSOCIATEO WiTH THE “WALL CLOUD TWICE*

NEWS RELEASES INOICATEO THE PROPERTY OAMAGE TO BE ABOUT $500,000.
THE LORAN STATION MADE PREPARATIONS FOR THE PASSAGE ON 7 AND 8
DECEMBER, ANO BECAUSE OF THIS, INJURIES TO PERSONNEL WERE MINIMIZEO,

ONE ENTRY, IN THE LETTER DESCRIBING THE TYPHOON PASSAGE, MADE AT

1800, lNDICATEs THE FINAL preparations pRIOR TO TYPHOON WINDS:
“1800, 8 DECEMBER 1961 (N, 33 KTS, 29.58”) ALL HANDS MOVED TO
SIGNAL-POWER BUILDING. SECURED LOWER STATION EXCEPT FOR POWER (HOT

LOCKERS, FUEL AND WATER PUMPS)> FRESH WATERj AND FUEL OIL CONNEC-
TIONSO TRUCK PARKED BETWEEN WATER TANI$S AND SIGNAL-POWER BUILOINGOM
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A OESCRIPTQON OF THE PASSAGE OF THE TYPHOON IS AS FOLLOWS:

A. 2400, 8 DECEMBER 1961 (NE, 45-65 KTS, 29.43;’) CRACK BETWEEN

ROOF JOINT OF SIGNAL ROOM AND POWER ROOM OPENED. LEAKS NECESSITATE

MOVING ALL EEE GEAR ON BULKHEAD SHELF OF THE HOT LOCKER TO OTHER

SHELVESO

B. 0100, 9 DECEMBER 1961 (N, 4S65 KTS, 29.40”) SECURED OUT-

StOE TEMPERATURE READtNGS DUE TO HIGH WINDS* MATER t3EiNG DRIVEN
THROUGH COMMUNICATIONS TRANSMITTING ANTENNA LEAD-IN TERMINAL BOARD
AND THROUGH LORAN TRANSMITTER vENT OUCTING IN’ro THE 140RTH END OF

BUILDINGS ESTABLISHED BUCKET BRtGADE. WATER IS RUNNING ONTO POWER

DISTRIBUTION AND SWITCH.BOXES BELOW THESE ENTRY POINTS.

c. 0303, 9 DECEMBER 1961 (NNE, 62-85 KTS, 29.22”) OBSERVED NO
PULSE ON PEDESTAL, USWR AT 10:1 AND TRANSMITTER LINE CURRENT AT 109
AMPS. SECURED LORAN TRANSMISSION. REPORTED ANTENNA DOWN. (LATER
DISCOVERED THAT ANTENNA WAS NOT DOWN, BUT SEAS HAD WASHED OVER

COUPLERS AND SHORTED AND GROUNDED THEM*)

D, 0335, 9 DCCEMBER 1961 (uP TO 100 KTS, 29.11”) ANEMOMETER
iMpELLER GONE. RAIN ANO SpRAY DRIVING HOriZOntally. NORTH WALL
CONTINUES TO LEAK. SIDE DOOR TO SIGNAL ROOM BEGAN POUNDING TO

EQUALtZE PRESSURE. ATTEMPTED TO SECURE..WITH NAILS AND LINE FROM

INSIDE-

E. 0558, 9 DECEMBER 1961 (N, 120 TO 140 KTS EST., 28.80W)
HOUSEHOLD GENERATOR LOAO vERy ERRATlCe SECURED POWER TO LOWER
STATION* (LATER DETERMINED THAT THIS IS TIME WHEN OFFICE BUILDING
WAS DESTROYED*) SIDE DOOR CONTINUES TO POUND THOUGH SECURED.

F. 0715, 9 DECEMBER 1961 (N,,120 TO 150 KTS EST., 28.51W)
LARGE GENERATOR ROOM DOORS BURST OPEN. CLOSED, BARRED, AND NAILED
THEM SHUT. ADDED NAILS AND LINE TO SIDE DOOR. STILL SECURE.

●

G. 0735, 9 DECEMBER 1961 (N, 120 TO 150 KTS EST., 28.17”)

LIGHT SWITCH INPASSAGEWAY SHORTED BY WATER FROM ROOF, CAUGHT FIRE
AND BURNED lTSELF OUT BEFORE C02 WAS BROUGHT ON IT. lsOLATED swlTcH
AND REPAIRED IT.

H. 0800, 9 DECEMBER 1961 (N, 120 TO 150 KTS EST., 28.15”) ALL

COMMUNtCATIONS ANTENNA DOWN. CONNECTED LORAN RECEIVING ANTENNA TO
COMMUNICATIONS RECEIVER. UNABLE TO TRANSMIT.

I. 0915, 9 DECEMBER 1961 (VARIABLE, 30 KTS EST.~ 28.07”] .LIGHT
WINDS AND RAIN, SKY SLIGHTLY 6vERCAsT0 DISPATCHED TWO TEAMS TO

ROUND UP NATIVES WHO DID NOT COME UP TO SiGNAL-POWER BUILDING BE-

Fofw sTom4. TEAMS BROUGHT
DAMAGE TO LOWER STATION?

BACK APPROXIMATELY 40 PEOPLE, OBSERVED

180



J. 10002 9 DE~EMBER 1961 (LIGHT WINDS, 28.01”) LOWEST BAROME-
TRIC PRESSURE OBsEf?vED. Sms ARE BREAKiNG OVER ~NTIRE pNT~NNA FIELD.

K. 1130j 9 DECEM6eR 1961 (W, 50 TO 70 KTS EST.j 28.38”) EYE
PASSED AND wlNDs lNcREAsED DRlvING RAIN AND spRAY* OPENED EAST WIN-
DOW TO OBSERVE WAVE ACTION ON ANTENNA FIELD* WAVES ROLLING IN AS

FAR AS I.ORAN RECEIV#NG HILL. CAN SEE THAT LORAN TRANSMITTING ANTENNA

IS STILL UP.

L. 1430, 9 DECEMBER 1961 (W, 130 TO 160 KTS GST.) WIND MUCH
STRONGER SECOND HALF. GENERATOR ROOM WEST DOOR BURST OPEN AND TORE

OFF. PRESSURE NOw EQUALIZED. DOOR TO GENERATOR EXHAUST HOT ROOM

ALSO GONEO

M. 1800, 9 DECEMBER 1961 (If,30 TO 50 KTS EST., 29:18”) BELIEVE
TYPHOON PASSED. DUE TO DARKNESS AND GUSTING WINDS, NOT ATTEMPTING

oUTSIDE REPAIRS UNTIL DAYBREAKo REMAINING IN SIGNAL-POWER BUILDING

OVERNIGHT

N* 0600,

DAMAGE. BEGAN
ANTENNAS*

O. 0653,
COMMUNICATIONS

P. 12a,

TRANS”MISSloNso

10 DECEMBER 1961 (W, 8 TO 30 KTS, 29.50”) OBSERVED
REPAIRING LORAN COUPLERs ANO RESTRINGING TRANSMITTING

10 DECEMBER 1961 (W, 10 TO ?0 KTS, 29.51”) RESUMED
WITH SANGLEY POINT.

10 DECEMBER 1961 (SW, 10 KTS, 29.62”) RESUMED LORAN

DAMAGE wAS EXTENslVE, INCLUDING THE Electrical, WiiTER ANO sEwAGi:
SYSTEMS> AND NEARLY ALL BUILDINGS AND VEHICLES. THE DAMAGE WAS DUE

TO HIGH WINDSj FLYING oBJEC?s>. FLooDING.AND RAIN: IN MANY CASES

SEVERAL FEET oF SAND REMAINED BEHIND To BE REMoVED LATER.
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TYPHOON ELLEN 05-13 DEC 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

0506002 08.ON 136.8E
0512002 08.5N
0518002 09.ON

0600002 09.5N
0606002 10.ON
0612002 10.4N
0618002 10.8N

0700002 11.2N
0706002 11.6N
0712002 11.9N
0718002 12.2N

080000Z 12.6N
0806002 13.ON
0812002 13.5N
0818002 13.8N

090000Z 14.ON
0906002 14.3N
0912002 14.6N
0918002 14*9N

1000OOZ 15.2N
1006OOZ 15.6N
1012OOZ 15.9N
1018OOZ 16.3N

11000OZ 16.9N
1106002 17.5N
1112002 18.ON
1118002 18.4N

1200002 18.9N
1206002 19.3N
1212002 19.9N
1218002 20.4N

130000Z 20.8N
1306002 21.lN
1312002 21 .3N
1318002 21 .5N

135.7E
134.7E

133.7E
132.8E
132.OE
131.2E

130.3E
129.5E
128.7E
128.OE

127.3E
126.6E
125.9E
125.2E

124.5E
124.OE
123.8E
123.7E

123.8E
124.OE
124*3E
124.5E

124.5E
124.7E
125.lE
125.5E

125.9E
126.3E
126.5E
126.8E

127.3E
127.9E
128.5E
129.IE

------- -..----
------- -“-----

------- .------

-.---.- -----*-
.--”-.- -------

.-.-”-- -------

--.--.- -------

------- -------
-.----- -------
------. ---.---
-.----- -------

------- -------

294-37 -------
270-15 -------
310-11 -.-----

132-28 -------
030-7 287-33
312-20 299-51
298-74 285-68

286-121 241-81
278-176 268-123
274-241 277-155
302-107 284-247

074-192 267-320
076-246 262-411
077-278 269-444
155-96 002-215

272-42 Q71-498
267-48 072-!946
269-46 072-624
339-24 155-162

070-126 051-81
064-158 0!320t03
060-198 053-145
017-119 051-153

AVERAGE 24 HOUR ERROR 105 Ml
AVERAGE 48 HOUR ERROR 235 Ml
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AERIAL PHOTO SHOWING PART OF OAMAGE CAUSED BY ELLEN TO CGLORSTA,
CATANDUANES ISLAND, 9 OEcEMBER 1961. (Official”NAVY PHOTO)

DAMAGE To LOWER AREA OF CGLORSTA. NOTE DAMAGE TO CONCRETE SLABS.
(OFFICIAL NAvy PHOTO)
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DAMAGE TO” INTERIOR. SAND ON FLOOR WAS BLOWN AND WASHED INTO
BUILDING. (OFFICIAL NAvy PHOTO)

.1

DAMAGE TO BUILDING ANO BOAT CAUSED BY ELLEN, 9 DECEMBER 1961.”
(OFFICIAL NAVy PHOTO)
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A. GENERAL

RESEARCH AS RELATED TO TROPICAL CYCLONES WAS LIMITED DUE TO THi

LACK OF AUTHORIZED PERSoNNEL FOR THE 1959$ 1960 AND 1961 SEASONSO
A TOTAL OF SIX OFFICERS ARE NOW APPROVED FOR 1962; HOWEVER, THE TWO

VACANCIES HAVE NOT AS YET BEEN MANNEDo

THE “ANNUAL TYPHOON REPORT” IS PREPARED AND PUBLISHED” AS A

STATISTICAL AND DESCRIPTIVE RECORD AFTER THE SEASON IS OVER~IN DEC-
EMBER. THE PUBLICATION DATE VARIES FROM 15 MARCH TO 15APRIL. THE

REMAINDER OF THE TIME THRouGH JuNE Is DEvoTED To REsEARCHpRoJECTS$

LEAVE AND TRAINING. WITH THE ANTICIPATED INCREASE OF PERSONNEL, IT

IS HOPED THAT MUCH oF THE “REpoRT CAN BE WRITTEN DuRING THE 1962
TYPHOON SEASON, THAT THE METEOROLOGICAL DISCUSSIONS CAN BE EXPANDED
AND THAT FUNDS WILL BE AVAILABLE TO ENLARGE THIS REPORT”. AN EAR-

LIER PUBLICATION DATE IS NOT ANTICIPATED; HOWEVER, THE PERtOD BE-

TWEEN DECEMBER AND PUBLICATION DATE WILL BE DEVOTED TO PROVIDING A
MORE COMPLETE REPORTO

T’HE PROBLEMS ENCOUNTERED BY JTWC IN THE PAST THREE YEARS iiAVE

BEEN GREATER IN NUMBER THAN THoSE soLvED DuRING THE REsEARCH pERloD.

THE INCREASE IN MANNING OFFERS AN OPPORTUNITY TO MINIMIZE THESE

PROBLEMS.

RESEARCH WILL BE DIVIDED INTO THREE TYPES FOR THE COMING SEASON:

1. SIMPLIFICATION OF FORECAST PROCEDURES
2. IMPROVEMENT OF THE FoREcAsT TECHNIQUES
3. EXAMINATION OF THE TROPICAL CYCLONE, WHICH WILL INCLUDE A

DOCUMENTATION OF THE CYCLONE FRoM THE FORMATION To TYPHooN STAGE>
AND 7’0 OBTAIN MORE INFORMATION ABOUT THE STRUCTURE OF THE TYPHOON

EYE .

PROJECTS DISCUSSED IN THIS CHAPTER ARE AS FOLLOWS:

1. A TEST oF THE ARAKAWA METHOD oF FORECASTING TYPHOON MOVEMENT
AND SURFACE PRESSURE

2. MILLER-MOORE METHOD TESTED AND APPLIED IN THE tfESTERN PAC8FIC
3. WACHHOLZ COORDINATION CHART



A TEST OF THE ARAKAWA METHOD OF FORECASTING

TYPliOON HOVEMENT AND SURFACE PRESSURE

BY CHARLES G. WALDRON, LT, USNR

THE ARAKAWA METHOD OF TYPHOON FORECASTING WAS DEVELOPED BY DR.
H. ARAKAWA AND THE STAFF OF THE METEOROLOGICAL RESEARCH INSTITUTE,

TOKYO, JAPAN. IT IS A STATISTICAL STUDY BASED ON THE VEIGAS-blILLER

SCREENING PROCEDURE USED TO DEVELOP A SIMILAR METHOD OF FORECASTING
ATLANTIC HURRICANE MOVEMENT. THREE SETS OF REGRESSION EQUATIONS

WERE DEVELOPEO. ONE USED SURFACE DATA EXCLUSIVELY, ANOTHER USEO 700
MB OATA, AND THE THIRO USED BOTH. DUE TO THE LIMITED TfME AND PER-

SONNEL AVAILABLE, ONLY ONE METHOD COULD BE TESTED FOR THIS STUDY.

THE SET OF EQUATIONS USING SURFACE DATA EXCLUSIVELY WAS CHOSEN BE-
CAUSE IT WOULD BE THE MOST USEFuL AS AN OPERATIONAL FORECASTING TOOL.

THE MAIN ADVANTAGE IN USING SURFACE DATA ONLY IS THAT A FORECAST CAN
BE MADE EVERY SIX HOURS INSTEAD OF EVERY TWELVE HOURS IF UPPER AIR
DATA IS USED. IN ADDITION, THE RELIA81L1TY OF A FORECASTING TECHNl-

QUE DEPENDS DIRECTLY ON THE QUALITY AND QUANTITY OF THE REPORTS USEO

IN ITS. PREPARATION. THE PAUCITY OF UPPER AIR REPORTS IN THE WESTERN
NORTH PACIFIC LIMITS THE USEFULNESS OF AN OBJECTIVE FORECAST USING
THAT DATA. THE MILLER-MOORE METHOD HAS PROVEN A VALUABLE EXCEPTION.

THE REGRESSION EQUATIONS FOR THE ARAKAWA METHOD WERE DERIVED

FROM FtvE YEARS OF DATA COVERING THE PERIOD 1956-1960. THE PRESSURE
PATTERN WAS OBTAINED BY USING A GRID OF 91 POINTS AT INTERVALS OF 5
DEGREES OF LATITUDE AND OF LONGITUDE RELATIVE TO THE TYPHOON CENTER

(FIG. 1). THE SET OF EQUATIONS FOR 24 HOUR AND 48 HOUR FORECASTS

COMPUTED BY THE IBM 704 ARE ON THE FOLLOWING PAGE. EQUATIONS ARE

ALSO AVAILABLE FOR 12 HOUR FORECASTS, BUT THEY WERE NOT EVALUATED
DUE TO THEIR LIMITED USEFULNESS.

A TEST WAS MADE ON THE TWENTY TYPHOONS WHICH OCCURRED IN THE

WESTERN NORTH PACIFIC DURING THE 1961 SEASON. POSITIONS FOR LATI-
TUDE AND LONGITUDE AND THC 12 ANO 24 HOUR PREVIOUS POSITIONS WERE
TAKEN FROM THE TYPHOON BEST TRACK CHARTS. THE PRESSURES WERE oB-

TAINED FROM 1/15,0~,000 MERCATOR PROJECTION CHARTS USING A GRID

THAT WAS TRUE AT 15N. THE CHARTS USED WERE ONES WHICH HAD BEEN ANA-

LYZEO DURtNG THE SEASON. THE CENTRAL PRESSURES ANO 12 HOUR PREVIOUS
PRESSURES WERE OBTAINED BY CONVERTING BEST TRACK SURFACE WINO’ SPEEDS

USING THE WACHHOLZ GRApH. THE VERIFYING PRESSURES WERE OBTAINED

BY THE SAME METHOD. THE FORECASTS WERE MADE.• NLY FROM THE 00002 AND
12002 CHARTS so THAT THE BEST TRACK MILLER-MOORE FORECAST FOR THE
SAME PERIOD COULD BE USED AS A COMPARISON. MORE MILLER-MOORE 24
HOUR FORECASTS WERE MADE FROM THE SAME DATA BECAUSE THAT METHOD RE-

QUIRES ONLY 12 HOUR PREVIOUS POSITION VICE THE 24 HOUR POSIT~ONS RE-
QUIRED BY ARAKAWA. No OBJECTIVE 48 HOUR FORECAST TECHNIQUE WAS AVAIL-
ABLE FOR COMPARISON. A TOTAL OF ON~ HUNDRED AND FOURTEEN 48 HOUR
FORECASTS AND ONE HUNDRED AND “FIFTY THREE 24 HOuR FORECASTS WERE MADE.
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ARAKAIIfA24-48 HOUR EQUATIONS

LAT24 = -112.5 + 2.2797%ATO+ 0.1284P90+ 0.1821P26 – 1.254LAT-12 – 0.0692P52 —0.1293P39

LONG24 = -S89.6 + 1.6812LONG0 + 0.7209LAT0 + 0.2443P89 + 0.3469P21 - 0.7516LONG-24 - 0.6155LAT-12

P24 = -1581.9 + 0.8613P0 + 0.9063P6 + 1.0163P46 + 1.1259p21 – 0.3225P-24- 0.3547LONG-24

-“o.9921P(j3

‘AT48 =
-106.6 +2.8977LAT0 + 0.2914P@+ 0.2?32PW+ 0.2034P25 -- 1.8073LA7-12 - 0.5396P46

-0.0613Pm

LONG48 = -1037.6 + 1.8948LONG0 + 2.1311 LATO + 0.6461 P13 + 0.6245P89 - 1.0458LONG-24 - 1.7983LAr-12

-0.2289P17

’48 =
-1790.4 + 0.6493po+ 2.6177p6 + 1.4297p46 – 0.5141p-12 – 0.6288LONG-24 – 1.3597p63

Px = PRESSURE AT GRID POSITION x

LATO = LATITUDE OF TYPHOON CENTER AT CHART TIME

LONGO = LONGITUDE OF TYPHOON CENTER AT CHART TIM~

LAT-X = LATITUDE oF CENTER AT x HOuRS pRIOR TO CHART TIME

LONG-X = LONGITUDE OF CENTER AT x HOURS PRIOR TO CHART TIME

P-x ~ = CENTRAL PRESSURE AT x HOURS PRIOR TO CHART TIME



[N BOTH THE 24 HOUR AND 48 HOUR FORECASTS, THE LONGITUDINAL
ERROR WAS GREATER THAN THE LATITUDINAL ERROR. THE SCATTER DIAGRAM
(FIG. 2) OF THE 24 HOUR FORECASTS SHOWED THAT ONE-THIRD OF THE

ERRORS FALL WITHIN THE NE QUADRANT, Q(JT THE LARGEST ONES OCCUR IN

THE SW QUADRANT. FORECASTS WHICH FAIL TO PREDICT RECURVATURE OF

RECURVE TOO SLOWLY PRODUCE ERRORS THAT FALL IN THAT QUADRANT. THE
48 HOUR SCATTER D/AGRAM (FIG. 3) ALSO INDICATES THAT MORE THAN ONE-
THIRD OF THE ERRORS ARE IN THE NE QUADRANT. THE poss181LtTy EX{STS
THAT A CORRECTtON COULD BE DETERMINED TO PROVIDE A MORE COMPACT
PATTERN; HOVEVER, SINCE ONLY ONI? YEAR OF INDEPENDENT DATA WAS TESTED
AGAINST THE FIVE PREVIOUS YEARS, FURTHER Evaluation IS lNOtCATED BE-

FORE SUCH A CORRECTION tS MAOE.

THE ERRORS FOR THE 24 HOUR AND 48 HOUR CENTRAL PRESSURE FORE-

CASTS SHOWED A 6tMoDAL OlsTRIBuTtON (FIG. 4 ANO 5). THE-HIGHER PEAK
ON THE 24 HOUR PRESSURE HISTOGRAM WAS AT ZERO MB ERROR, AND THE
SMALLER WAS AT -20 MB. THE 48 HOUR HtSTOGRAM’S PEAKS WERE OF EQuAL

HEIGHT. ONE WAS CENTERED AT ZERO MB ERROR AND THE OTHER AT -30 MB.

THE VERIFICATION OF THE pRESSURE FORECASTS IS TO BE CONSIDEREO LESS

RELIABLE THAN THE POSITION ‘FORECAST SINCE THE FORMER CANNOT BE OB-
TAINED DIRECTLY. IN ADDITION, THE BEST TRACK POStTtON tS USUALLY

MORE-RELIABLE THAN THE SURFACE WIND SPEED OBTAINEO FROM THE SAME

SOURCE .

ERRORS OF FORECASTS USING THE ARAKAWA
METtiOD WITH 1961 BEST TRACK DATA.

24 HOUR 24 HOUR 48 HOUR 48 HOUR
POSITION PRESSURE POSITION PRESSURE

FORECAST (Ml) (MB) (Ml) (MB)

MEAN 113 -3 239 -3

STANDARD
DIVIATION 74 22 162 26

NUMBER CASES 153 153 114 114

SINCE THE TEST OF THIS METHOD USED BEST TRACK OATA, IT CANNOT BE
COMPARED WITH THE OPERATIONAL FORECAST MADE BY JTWC, NOR CAN tT 6E
COMPARED TO THE OPERATIONAL MILLER-MOORE ERROR OF 113 MILES. THE
MILLER-MOORE METHOD YtELDEo AN ERROR OF 96 MILES USING THE t3EsT TRACK
DATA.

THE ARAKAWA METHOD SHOWS PROMISE OF BECOMING A uSEFUL OPERATIONAL
FORECASTING TOOL. ITS 24 HOuR FORECAST COMPARES FAVORABLY WITH THE

MILLER-MOORE METHOD ANO HAS THE ADDED AOvANTAGE OF BEING AVAtLASLE
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EVERY SIX HOURS. ‘fHIS METHOD, WHICH PROVIDES 4b HOUR FoRECASTS, IS
THE FIRST TO BE EVALUATED BY JTWC AND WILL BE A WELCfJME ADDITION TO
‘THE LIMITED NUMBER OF LONG-RANGE FORECASTING TECHNIQUES PRESENTLY

IN USE.
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24 HOIJl MOVEMENT FORECAST ERRORS

40

30

20

10

40

30

20

10

40 80 120 160 200 240 280 320 360
MILES

FIG 4

24 HOUR PRESSURE FORECAST ERRORS

-35 -25 -15 -5 +5 +15 +25 +35 +45
MILLIBARS



.,. -
:.. .. ;.’ .-. .

30

20

10

30

20

10

48 HOUR MOVEMENT FORECAST ERRORS

I

80 160 240 320 ~;~& 480 560 640 720

FIG 5

48 HOUR PRESSURE FORECAST ERRORS
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KAUA 24 HOUR FORkiAST ERR oR&

IEss”

MERIDIONAL ZONAL
DIS7AMCE ERROR ERROR

2600Z
26122
2700Z
271 2Z
2800Z
281 2Z
2900Z
2912Z
3000Z
3072Z
31Ooz
AVERAGE

2::
168
186
72
52

120
713
153
153
J31_
129

14

69
29
15
20 lJi

25 113
33 148
43 141
58 67

2Z.
168’
172
67
49

-.

ALL!x

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

~ “

1900Z 96 90 27 .
19122 76 31 68
2000Z 90
201 2Z 370 Iz “: z
21OOZ 306 61 = 294
2112Z 167 75 - - 144
AVERAGE m

MERIDIONAL ZONA.t
DISTANCE ERROR ERitO~,

24122 17 17 - .
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ARAKAUA 24 HOUR F,ORECAST ERRORS

a (coNT’D) $

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

2500Z
251 2Z
2600Z
2612Z
2700Z
2712Z
2800Z
281 2Z
AVERAGE

26
75
55
96

234
148
208
261
m

24

95

8
,;. -

51 -

212 -
’141 -
206 -
126 -

1;

24
19
91
40
26

225

CORA

MERIDIONAL ZONAL

DISTANCE ERROR ERROR

VERIFYI NG TIME ERROR N SE N

2412Z 72 3- .

2500Z g 17 - z ,-

AVERAGE

ELSIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE N

141 2Z 144 130 .- - 63

1500Z 85 - 22 -.

AVERAGE ‘+?
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ARAXAWA 24 HOUR FORECAST ERRORS

HELEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2912Z
3000Z
301 2Z
31002
311 2Z
01 Ooz
011 2Z
0200Z
0212Z
0300Z
031 2Z
AVERAGE

165
102
11
56
3

5
126

19
1:: 15

5 71
85

51
107

61 96
98

.

.

50
36

-.

46

y)JJ

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

301 2Z 184
31OOZ 234 : ;::
311 2Z 339 18; - 288 “

AVERAGE 252

JUNE

MERIDIONAL ZONAL
D)STANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

031 2Z 11,0 64-
0400z 45 28 ;;’:
0412Z 76 .

0500Z
73” : Jg

94 92-- 10
051 2Z . .11 -
0600Z : 36- :
06122 46 1; - - 43

201



ARAKAWA 24 HOUR FORECAST ERROR$

JUNE (CONT*D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

0700Z 28 - -
07122 1% 8-- 1%
0800Z 16 . 15 3
081 2Z 86 57 - 6; -
AVERAGE T

KATHY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

,VERIFYING TIME ERROR N SE u

1712Z 11 -
1800Z lE lE : 74 0
AVERAGE m

LORNA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME EfiROR N SE w

2212Z
2300Z
2312Z
‘2400Z
2412Z
2500Z
25.12Z
26CXIZ
261 2Z
AVERAGE

’124
128

1=
110
116
130
53

i%

105

15
70
66
83
66
-

67

-

47
78 -
10 -

. .

111
46 2;
.

68
119

97
85

.

12

202



.ARAKAWA 24 HOUR FORECAST ERRORS

NANCY

MERIDIONAL ZONAL
DISTANCE ERROR

VERIFYING TIME
ERROR

ERROR N SE u

091 2Z
1000z
I012Z
11OOZ
1112Z
1200Z
1212Z
1300Z
1312Z
1400Z

, 1412Z
1500Z
1512Z
1600Z
1612Z
1700Z
AVERAGE

40
24
94
81
55

2
51
31
66
69
49

152
134
327
427
m

45 - :
55

..

8’ ; ~
4? 34

2;
61 1;
21 -

49 - -
75 - -
47

276 :
-’ 420 -

26
11
94
67

.

20

66

128
124
186
76

.QLui

MERID1ONAL ZONAL
D“ISTANCE ERROR

VER 1
ERROR

FYING TIME ERROR N s E M

1000Z 58 51 17
AVERAGE 58

PAMELA

MERIDIONAL ZONAL
DISTANCE ERROR

IFY
ERROR

ING TIME ERROR N s E w

1012Z 29
1100Z a? 8; - 12
1112Z 12a 91 85
1200Z 44 34 28
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ARAKAWA 24 HOUR FORECAST ~

JUMEIL (cONT*D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s “E w

1212Z 193 180 - 115
AVERAGE 123

SALLY

MERIDIONAL ZONAL”
DISTANCE ERROR ERROR

‘VERIFYING TIME ERROR N SE w

271 2Z 6 12 .
2800Z 1;: 49 129
2812Z 147 22- 146
2900Z 40 29 27
291 2Z 40 8. 39
AVERAGE x’-

T ILDA

MERIDIONAL ZOMAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

291 2Z
mooz
301 2Z
Olooz
O112Z
0200Z
0212Z
0300Z
031 2Z
0400z
0412z
0500Z
AVERAGE

224
197
196
’47
175
214
118
97

222
120
68

i%

8

17

75 -
107 -

26
148
189
106

64 2%
69 100
31 59

.

224
183
167

.

.

29



WA 24 HOUR FORECAST -

MERIDIONAL ZONAL
DISTANCE .ERROR ERROR

VERIFYING TIME ERROR N S E .“w

0600Z 150 3 ‘- -“ 150
0612Z 166 98 - la
0700Z 96 -, 94- 18
,0712Z 52 25 45.-
0800Z 106 .21 105
0812Z 88 88 9

0900Z 101 Ii : ,98
0912Z 123 116. -
1000Z 201 138 - 1:1
1012Z 196 100 - 169
AVERAGE m

BILilE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2500Z 91. 29 -
251 2Z 102 40 :
2600Z 50 47 11
2612Z 50 8 - 49
2700Z 136 45 - 127
271 2Z 84 45 -

73. :

2800Z . 120 22 115
AVERAGE x

CLARA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

2812Z 100 62 - 78
2900Z 92 67 - 40 .

2912Z . 60 - 81 w

3000Z % 52 - 34



ARAKAWA 24 HOUR FORECAST ERRORS”

-!U!W (coNT’D)

MERID1ONAL . ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

301 2Z 140 6 . 133
31OOZ 177 177
311 2Z 396 145 : 345 .
Olooz 175 175
AVERAGE 5

_ooJ

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E M

11OOZ
1112Z
1200Z
121 2Z
1300Z
1312Z
1400Z
1412Z
1500Z
1512Z
AVERAGE

130
90
50
66
77

176
132
65

102

65
30
33
75
28
72

.-

110
88
36

.

12 :
7-

24 -
27 -

ELLEN

MERIDIONAL ZONAL
DISTANCE ERROR ERR OR

YER IFYING TIME ERROR N s E w

0612Z 20
0700Z 55
071 2Z 37
0800Z 120
081 2Z 68
0900Z 12
091 2Z 85

12 16
5 53

16 34
118 32

26 - 65
10 2

85



ARAKAMA 24 iiOuR FORECAST ERRORs

ELLEN (CONTtD)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

1000Z 50 45 0
I012Z 60 54 ;
11OOZ & - 24 -
1112Z :: 6 43 .
1200Z 110 105 “
12122 86 2 : 75 -
AVERAGE -ix

207



ARAKAMA 48 HOUR FORECAST ERRORS

ZEs&

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

2700Z
2712Z
2800Z
2812Z
2900Z
291 2Z
3000Z
3012Z
31OOZ
AVERAGE

320
580
347
316
156
137
256
206
215
m

36
120
80
52

36 -
38 -

-’

43 253
97 184

146 164

328
579
344
291
131
126

ALICE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E H

2000Z 225 201 - 104
2012Z 94 7; - - 50
21OOZ 354 42 -
211 2Z 768 75 - ;:
AVERAGE E

BETTY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

251 2Z 163 108 116
2600Z 93 44 - 83
2612Z 70 45
2700Z 146 l% : 70
2712Z 69 . 67 9
2800Z 550 480 - 28;
2812Z 576 358 - 464
AVERAGE m

208



HELEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M

3012Z
31OOZ
311 Zz
Olooz
011 2Z
0200Z
021 2Z
0300Z
031 2Z
AVERAGE

94
88

161
331
71
60

218
252
94

E

29
58

161
286
67
59
23
49
8

172
16
2

217
243
94

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

‘VERIFYING TIME ERROR N SE u

311 2Z ~ 126 555
AVERAGE 568

JUNE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

0412Z
05002
051 2Z
0600Z
0612Z
0700Z
071 2Z
0800Z
0812Z
AVERAGE

294
224
258
246
74
35,

132
184
98

m

221 ‘
212
252
211
63
31

120
127
82

195
71
48
130

30
20
51
134
51

209



WA 48 HOUR FORECASI”ERRORS

LORNA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE H

231 2Z
2400Z
241 2Z
2500Z
251 2Z
2600Z
2612Z
AVERAGE

134 123
185 44 1%
183 32 18; -
253 71 231 - .

328 190 250 - .

223 2oo- 118
323 195 - :“ 250
m

Ju!!!u

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME , ERROR N SE u
●

’1012Z
11Ooz
1112Z
1200Z
1212Z
1300Z
1312Z
1400Z
1412Z
1500Z
1512Z
1600Z
1612Z
1700Z
AVERAGE

312
145
91
48
79
34
60

128
208
154
188
226
454

,-

126

11 312
34 141
85 -

31 74
30 12
19 59

16
161 -
140 -

“ -
“--

.

.

39
31

126
66

176
172
453
267

210



A 48 HOUR FOR CAST ERRORSE

m

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE u

II12Z 408 201 . 350 -

1200Z 781 295 - 715 .

1212Z 456 168 - 431 .

AVERAGE m

M.LLl

MERID1ONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TINE ERROR N SE M

28122 280 182 - 217 .

2900Z 467 279 380
291 2Z 505 222 - 457
AVERAGE m

IILDA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VER IFYING TIME ERROR N SE u

30122
Olooz
011 2Z
0200Z
02122
0300Z
03122
04002
0412Z
0500Z
AVERAGE

442
272
267
415
684
642
388
346
104
133
m

58
347
445
279
170
45
55

.

33-
25 -

232
525
566
360
344
87

79 103

441
267
262

.

.

211



ARAKAWA 48 HOUR FORECAST _

VIOLET

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR n SE H

0700Z 278 9--
0712Z 153 - 65 - “%

“ Omz 120 120 - 3

0812Z 191 26- 187
09002 260 260

0912Z 165 :- 137
1000Z 77 14

1012Z 3% 19; - 351
AVERAGE B

BILLIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR u s E u

2600Z 330 70 - 324
261 2Z 109 90-- 61

2700Z 151 34- 149

271 2Z 169 44 164
2800Z 242 94 216 .

AVERAGE =

MERIDIONAL ZONAL
OISTANCE ERROR ERROR

VERIFYING TIME ERROR H SE u

2912Z 54 34 42
3000Z 85 80 20 .

301 2Z 65 ; 58 -

31Ooz 270 82 - 256 .

311 2Z 425 156 - 400 .

01Ooz 236 40 - 228 .

AVERAGE w

212



Meridional ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME EI?ROR w SE M

1200Z
1212Z
1300Z
1312Z
MoOz
1412Z
1500Z
1512Z
AVERAGE

267
70
87

370
308
430
347

. 234
0 65

G:
. 0

1: :
63 -

.
.

%?
300
427

180

-ELLui

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE w

0612Z
0700Z
0712Z
0800Z
0812Z
0900Z
091 2Z
1000Z
1012Z
11OOZ
11’I.2Z
AVERAGE

286
206

1::
137
63

150
54
77

100

95

2;
.

75
18
-

9;
107

.

26 20;
78 1%
-

. 117
-

4; -
506
52 -

7
. 55

263

.

80
144

213



MILLER-MOORE METHOD TESTED AND APPLIED IN THE WESTERN PACIFIC

BY ELMER A. ERDEI, LT [JG), USN

T%E. klILLER-MOORE METHOD WAS DISCUSSfD IN CHAPTER Vll (RESEARCH)

OF THE 1960 ANNUAL TYPHOON REPORT. AT THAT TtME THE 1959 DATA HAD
NOT BEEN COMPLETELY EVALUATED. THIS SERIES OF iNVESTIGATIONS HAS

PROVIDED RESULTS THAT ARE TWOFOLD. FiRST, }T APPRISES THE ORJQiNAL
AUTHORS OF RESULTS BASED ON ITS USE iN THE WESTERN NORTH PACIFIC.

SECONDLY, IT PROVIDES JTtlC WITH A MATHEMATICAL TOOL THAT MAY BE
CONTINUOUSLY USED AS A GUIDE To MoRE ACCURATE Forecasting.

THIS METHOO IS BASED ON ATLANTtc liuRRlcANE 0ATA ANO WAS PRE-
PARED BY B. 1. MILLER AND B. L. MOORE. BRIEFLY, THE METMOD CONSISTS

OF CORRELATING THE STORM MOVEMENT WITH A MEAN GEOSTROPHiC WIND AND
THE PAST 12 HOUR STORM MOVEMENT. USING 700 MB OATA, THE METHOD IN-

VOLVES SEPARATE DETERMINATION OF MERIDIONAL ANO ZONAL FORECASTS OF
STORM MOVEMENT. THE EQUATIONS AS DEVELOPEO BY MiLLER ANO MOORE ARE:

INITIAL LATfTUDE EQUAL TO OR LESS THAN 27.5°

T = 0.23v7 + O.65PY+ 2.3

-ii= 0.42u7 + 0.54Px- 2.4

INITIAL LATITUDE MORE THAN 27.5°

7 = 0.71V7 + 0.40PY+ 3.0

(1)

(2)

t= 0.61u7 + 0.48Px - 3.8

5 = FORECAST MEAN 24 HOUR ZONAL SPEED OF CENTER MOVEMENT (KTS)

ii= FORECAST MEAN 24 HOUR MERIDIONAL SPEED OF CENTER MOVEMENT (KTS)

‘z= FIRST APPROXIMATION: MEAN 700 MB GEOSTROPIC WIND BETWEEN FIVE
P IRS OF POINTS 7.5 DEGREES E AND 7.5 DEGREES ~ OF THE STORM CENTER
AND EXTENDING FROM 5 DEGREES S TO 5 DEGREES N OF THE CENTER. IF
SOUTHWARD MOVEMENT RESULTS - NO FURTHER COMPUTATION NECESSARY FOR V@

SECOND APPROXIMATION: ADD POINTS AT 7.5 DEGREES N OF CENTER TO

FIRST CALCULATION. IF BOTH OF THE FIRST TWO APPROXtMATtONS ARE LESS

THAN 6.5 KTS, USE THE LARGER - NO FURTHER COMPUTATION NECESSARY FOR

V74
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THIRD APPROX$MAT1’ON: SAME As SECOND BUT ADDING POINTS AT 10

OEGREES N OF CENTER TO SECOND APPROXIMATION. USE THE LARGEST OF THE

THREE APPROXIMATIONS.

~ = MEAN 700 MB GEOSTROPIC WIND BETWEEN SEVEN PAIRS OF PO INY’S 5
DEGREES S OF THE INITIAL PO~lTtON.OF THE STORM CENTER AND.5 DEGREES
N OF THE LATiTUDE THAT THE V COMPUTATION lND~CATES THE CENTER WiLL

REACH 12 HOURS AFTER CHART TIME..

PY = MEAN MERIDIONAL SPEED OF MOVEMENT OF CENTER FOR’ THE 12 HOURS

PRIOR TO CHART TIME (KTS).

Px = MEAN ZONAL SPEED OF MOVEMENT OF CENTER FOR THE’ 12 HOURS PRIOR

70 CHART TIME (KTS).

U7 AND V, ARE COMPUTED FROM THE LATEST 700 MB CHART ON THE

MILLER-MOORE GRID SHOWN HEREIN. ~EIGHTS ARE,”TABUiATED. FOR EVERY

2~ DEGREES. IN THE CASE oF THE MERIDION:ALC OMP.ONENT;,.THE, AvERAGE
HEIGHT DIFFERENCE IS COMPUTED BETWEEN 5 DEGREES “N AND S OF THE C.EN-

TER; HOWEVER, DEPENDING UPON THE RESULTING NORTHWARD..SPEED OF THE

STORM, THIS GRID MAY BE EXTENDED TO 7.5 OR 10 DEGREES N OF THE CEN=
TER IN ACCORDANCE WITH THE SPECIFIED CRITERIA. IN.THE CASE OF THE

ZONAL COMPONENT, THE AVERAGE HEIGHT DIFFERENCE BETWEEN THE TWO
HORIZONTAL ROWS IS COMPUTED; THE BOTTOM ROW BEING 5 DEGREES S OF THE
INITIAL SURFACE POSITION OF THE STORM AND THE TOP ROW BEIFJG 5 DE-
GREES N OF THE 12 HOUR MERIDIONAL FORECAST POSITfON OF THE CENTEft.
THE AVERAGE MERIDIONAL AND ZONAL HEIGHT DIFFERENCES ARE THEN REDUCED
TO METERS pER DEGREE ANO CONVERTED TO GEOsTROPIc_wIND ~KTS) FOR THE
CENTRAL LATITUDE USING THE GRAPH SHOWN HEREIN. U AND V ARE THEN

SOLVED FOR, USING THE EQUATIONS (1) OR (2).

AFTER THE END OF THE 1960 TYPHOON SEASON IT WAS CONCLUDED THAT
THIS METHOD COULD BE CORRECTED TO WORK BETTER IN THE WESTERN PACIFIC
AREA. RECOMPUTING THE OATA FROM THE 1959 AND 1960 SEASONS PROVIDED
A TOTAL OF THREE HUNDRED CASES FROM WHICH TO OBTAIN DAT’A F’OR Px> PY
AND TO COMPUTE NEW CONSTANTS.

RESULTS OF TWO YEARS DATA INDICATED THAT TWO CHANGES COULD BE
MADE TO IMPROVE THE METHOD FOR THE WESTERN NORTH PACIFIC; FIRST,
ADJUST THE MERIDIONAL AND ZONAL CONSTANTS SLIGHTLY, ANO SECONDLY,
ESTABLISH A DIFFERENT PROCEDURE FOR ”DETERMINING THE MOST SUITABLE
POINT TO COMMENCE USE OF THE SECOND EQUATION.

APPARENTLY THE LATITUDE OF 27.5N, POINT OF CHANGE FROM THE FIRST

TO THE SECOND FORMULA IS CONSIDERED TO BE THE AVERAGE LATITUQE OF THE
SUBTROPICAL RIDGE LINE. THIS WOULD ALSO APPROXIMATE THE DIVID’ING

LINE BETWEEN THE INITIAL MOVEM’ENT BY THE CYCLONE TO THE U AND MOVE-
MENT ?0 THE E AFTER RECURVATURE. IN VIEW OF THE DIFFERENT PROBLEMS

OF MOVEMENT, TWO EQUATIONS ARE NEEDED. OF COURSE, A MORE IDEAL
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METHOD WOULD BE TO HAVE THREE FORMULAS, ONE SOR WESTERLY MOVEMENT, ONE
FOR NORTHERLY MOVEMENT, AND ANOTHER FOR EASTERLY MOVEMEN?. TH?S 10EAL

iS ~MpOsSIBLE BECAUSE of THE pRoBLEM Of DEC#DJNG WHICH OF 7’HE FOR-
MULAS TO U*. SOME SUCCESS HAS BEEN ACHIEVEO %N FORECASTING THE

POSITJON OF THE RIDGE LINE, THEREFORE THE FIXED FJGURE OF 27.5 AS +HE

POINT TO CHANGE FORMULAS IS NOT Absolutely NECESSARY, ALTHOUGH ?7 iS
AN EXCELLENT GUIDE. THUS, THE SECOND FORMULA 1S NOW USED JUST AFTER
POSNT OF RECURVATURE. RECURVATURE is DEFINED HERE AS THAT PO;NT A?

WHICH THE CYCLONE CEASES MQVEMENT To THE M oF N AND COMMENCES MOVJNG

TO THE ~ OF N.

FROM 258’ CASES S OF TH~S DefinitiOn OF POiNT OF RECURVATURE, IT
WAS DETERMINED THAT THE MERJDJoNAL FoREcA$T ERRoRS AVERAGED 1.1 KTS

TO THE M, AND THE zoNAL FoREcAsT ERRoRs AvERAGED 2.0 KTs To THE E.

NORTH OF THE POSITION oF REcuRvATuRE THERE WERE A TOTAL df 50 CASES.
‘1’HESE SHOWED THE MERIDJONA!. FORECAST ERRORS AVERAGED 0.2 KTS.TO THE
S, ANO THE 20NAL FORECAST ERRORs AvERAG~O 1.6 KTS TO THE W.

iktNG THE ABOVE CORRECTIONS THE FOLLOWING MoDtFiCD EQUAT$ONS OF

(1) AND (2) UERE DEVELOPED:

AT OR SOUTH OF THE POINT OF RECURVATURE

7 = ().23v7 +0.65PY+ 1.2
(3)

1 = ().42U7 +0.54Px - 0.4

NORTH OF THE POINT OF RECURVATURE

7 = 0.71v7 +0.40PY + 3;2
(4)

Y= o.61u7 +0.48Px - 5;4

DURING 1961 EQUATIONS (1), (2), (3) AND (4) WERE USEO ON AN
OPERATIONAL BASIS TO FoRECAsT THE MOvEMENT oF TROPICAL LowS. THE

AVERAGE FORECAST ERROR FOR EACH ?YPHOON .AND FOR THE YEAR IS SHOWN

IN THE FOLLoWING TABL~. NOTE THAT THE INFORMATION HERE IS BASED ON

OPERATIONAL POSITIONSj NOT ON BEST TRACK DATA. THE AVERAGE ERROR

USING EQUATIONS (1) AND (2) FoR sEsT ~~ACK pOsJTIONs wAs 96 MI.
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TYPHOON

TESS

ALICE

BETTY

CORA

ELSIE

HELEN

IDA

JLINE

KATHY

LOR NA

NANCY

OLGA

PAMELA

SALLY

T 1LDA

VIOLET

BILLIE

CLARA

DOT

ELLEN

NO. OF CASES

12

7

1?

3

3

13

5

14

4

10

17

3

7

6

14

11

8

9

12

11

MEAN FORECAST ERROR
EQUATIONS (1) & (21

95

104

94

142

158

92

217

133

163

141

120

70

161

137

138

149

104

222

144

74

129 MI

MEAN FORECAST ERROR
EQUATIONS (3) & (4I

93

116

87

89

114

94

156

93

100

108

109

53

131

96

124

147

140

181

102

121

AVERAGE ERROR 113 Ml

Z17



[N VIEW OF 7HE A130VE$ lT WAS DECIDED TO INCLUDE THE 1961 FORE-
CASTING ERRORS WITH THE DATA FOR 1959 AND 1960. THE EQUATIONS WHICH
RESULTED FROkf A TOTAL *OF THREE YEARS DATA ARE SHOWN BELOW. IT JS
PLANNED TO USE THESE ON AN OPERATIONAL BASIS DURING THE 1962 SEASON.

AT OR SOUTH OF THE POINT

ii= 0.23v7 + O.65PY+

T = 0.42u7 + 0.54Px-

OF RECURVATURE

1.1
(5)

0.2

NORTH OF THE POINT OF RECURVATURE

T = 0.71v7 + 0.40PY+ 3.6
(6)

i = 0.61u7 + 0.48Px - 5.7
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MILL ER-MOORE 24 HOUR FORECAST _

TES$

MERIDIONAL ZONAL
DISTAWCE ERROR ERROR

VERIFY ING TIME ERROR N s E u

2512Z
2600Z
2612Z
2700Z
2712Z
2800Z
281 2Z
2900Z
291 2Z
3000Z
30122
31OOZ
AVERAGE

217
5

78
65
65

121
113
96

135
64
97

158

62
93
62
96
65

25

i
37

17

155

ii:
97

120
64
95

3
71
65

.

.

.

.

98

ALK

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

1812Z
1900Z
1912Z
2000Z
201 2Z
21Ooz
2112Z
AVERAGE

30 30 3
57 47 20
23 2 23
73 5 Z3
90 74 56

65 192
~ 172 - 47

BETTY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

#~RIFYING TIME ERROR N s E u

2312Z 123 60 107 w
2400Z 150 1; 150

‘.
-

2412Z 7!5 5 75 w
2500Z 74 48 . 62
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MILLER -MOORE 24 HOUR FORECAST FRR~

~ (CONTt D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

25122
26002
2612Z
2700Z
27122
2800Z
2812Z
AYERAGE

70 .+ 14 ’70
35 30 . 19
6S 64 15
87 5;
93 - . :

138 - 1:: ,. 52
211 - 93 173
B

.QM

MERIDIONAL ZONAL ‘
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

2400Z ?08 45 . 98’-
2412Z 107 37 102
-25002 197 112 “ 161
AVERAGE m

&w.E

MERIDIONAL ZONAL
OISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

1400Z 128 97 - w“-
14122 89 .77 . 43
15002 208 75 188

.AVERAGE E

MERIDIONAL ZONAL
DISTANCE . ERROR ERROR

VERIFYING”TIME ERROR N s E u

2812Z 76 63 m . 52



“\
E&MOORE 24 HOUR FOR&AST WORS

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

;VERIFYING. TIME ERROR N s “E u

2900Z
2912Z
3000Z
3012Z
31Ooz
3112Z
01Ooz
0112Z
0200Z
02?2Z
0300Z
AVERAGE

.:
38
59

170
122
69
45
58
73

DISTANCE

.

39
161
80
15
37
54

10
18

.
-

63

MERIDIONAL
ERROR

3?
33
43

66

&
4“1
10

ZONAL
ERROR

.

4i
91

-.

VERIFY! NG TIME ERROR N s E u

2912Z 144 24 - 138 -

3000Z 182 21 174
3012Z 146 13 142 .

31OOZ 163 “= 3 163 -

3112Z 374 309 216
AVERAGE “m

MERIDIONAL ZONAL
DISTANCE ‘ ERROR ERROR

VERIFYING TIME ERROR I N s E’ u

021 2Z 60 ,- 46 36
0300Z w 23 - 86 .

031 2Z 160 79 . ,4,: 9

0400z 128 124 -

0412Z 166 t:! : 101 9

0500Z 117 i15 - -

f)512Z 6!! .27 :: .
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~ >i,

JUNE (CONT’D]

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

,VERIFYING TIME ERROR N s E
~

““D600Z 160 7 . “159 +

~612Z 84 56 61
0700Z 77 76 ‘II :
0712Z . 104 72 75 -.
0800Z 172 38 . 166 *

08122 167 77 . 153’ -
AVERAGE m

KATHY

MERIDIONAL ZONAL
DISTANCE “ ‘ “: ERROR ~ ERROR

VERIFYING TIME ERROR N s“ E w

1612Z 155 115 102
1700Z 97, 56 83 -.

1712Z 183 163 68 .

18002 202 192 62 .

.AVERAGE m

(.ORNA
. .

MERIDIONAL ZONAL
DISTANCE ERROR - ERROR

VERIFYING TIME ERROR N. s E “u

2200Z 155 148 44 -

22122 14? 135 ‘ 39 ‘-

2300Z 56 ‘G 23 .

2312Z ; 61 - ““ 21 54 .

2400Z 145 ,- 35 140 .

2412Z 149 -“ 19 148 0

“ 2500Z “115 . 15 115 .

25122 ~56 .

2600Z E z “:.

2612Z 90 .: 63 .

AVERAGE m
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MILLER-MOORE 24 HOUR FORECAST ERRORS

.Mu!u

MERIDIONAL ZONAL
DISTANCE ERROR

$~ERIFYING TIME
ERROR

ERROR N s E’ w

0900Z
091 2Z ‘
1000Z
10I2Z
1100Z
1112Z
1200Z
1212Z
1300Z
1312z
1400Z
1412Z

~ 1500Z
1512Z
1600Z
1612Z
1700Z
.AVERA&#

103
270
37
17

120
35
45

107
158
100
133
88
98

142
75

382
469
m

DISTANCE”

40
23

7
17

7
10 :
45 -

::
;

68
73

70 -’
73

27
- 315

469

OLGA

.MERIDIONAL
ERROR

97
265
34

119

5
84

145
100

ZONAf.
ERROR

-VERIFYING’ TIME ERROR N s E w

09122 71 . 59 38
1000z ~ 15 50
AVERAGE 64

PAMELA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR “N s“ E .W

1Oooz 72 3 . 0
1012Z 224 8 ‘2
11OOZ ‘8; -“ 287
1112Z

.
m. 150 - 134 0
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-o 4~

.U!&U (CONTtD)

MERIDIONAL ZONAL
DISTANCE’ ERROR ERR OR

VERIFYING TIME ERROR N. s E w

1200Z 135 54 120
1212Z

.
34 17 17

AVERAGE
.

m

SALLY.

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w“

2700Z 63 61 21
27-12Z

.-
113 71 77

2800Z 166 73 150
2812Z 153 71 128
2900Z 141 63 . 123 E
2912Z 123 105 -. 69
AVERAGE m

UL!2!L

MERIDIONAL ZONAL
DISTANCE GRROR ERROR

VER4FYING TIME ERROR N s E If

2812Z 114 95 66
2900Z 110 108 “ 5
2912Z 72 50 -
3000Z 70 %
3CM2Z 132 ‘% 102
.Olooz 193 50 - 182
O112Z 202 120 159
0200Z

.
172 95 123

021 2Z 165 73 142
0300Z 100 43 93
0312Z 72 26 67
0400z 77 32 . 6i
0412z 68 52 - 47
0500Z 197 1’53 -’ 133
AVERAGE B
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MILL ER-MOORE 24 HOUR FORECAST ERRORS

w

MERiOiONM. ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR. N s E “u

051 2Z
0600Z
0612Z
0700Z
0712Z
0800Z
0812Z
0900Z
0912Z
1000Z
10I2Z
AVERAGE

97
15
99

102
87

118
77
67

172
327

78
,-

23

123

69
12 ~ 12
97
92 38
28 84

115
14 75
53

107
245

28;

38
127
210

BILLIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s Elf

2412Z
2500Z
2512Z
2600z
2612Z
2700Z
271 2Z
2800Z
AVERAGE

75
56
98
55
55
58
97
97

T

.

43
13

55
22
77
43

62
52
95
55

.

CLARA

MERIDIONAL ZONAL :
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E u

2800z 257 162 162
2812Z

.
350 40

2900Z 278 3; 273
291 2Z 207 “ 34 203
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MiLLER-MOORE 24””HOUR FORECAST ERROiS

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

.VERIFYING TIME ERROR N s E kl-
..

3000Z,: 182. 45 172 -
30122 77’ 26 70 <

31002 107 25 102 ‘,-
31122 195 190 32 .-

01002 80
~.

70 -
AVERAGE m

~

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N s E w

10I2Z
1?002
11122
12002
12122

‘..13002
13122
1400Z
1412Z
15002
15122
AVERAGE.

178
97
45
43
69

186
152
164

2:
183
m

114
63
44
12

142
76

29
42
28”:
54
68 .

-

11

42
67

182
148
158

2::
168

ELLEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR ‘N s E. M

081 2Z 116 67. . “80
0900Z 52 47 22
091 2Z 55 54 i;
1000Z 42 40 . 13
10I2Z 92 32 . 88
Ilooz 37 ’35 12
1112Z 102 - 13 . 9i
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MILLER-MOORE 24 HOUR FORECAST ERRORS.

ELLEN (coNT?D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYING TIME ERROR N SE M
\

1200Z 83 72 - 40 -

1212Z 83 63”- 44 .
1300Z 92 60 . 60 .

1312Z 76 65 . 28 .
AVERAGE ‘ ‘%

AVERAGE DISTANCE ERROR-24, HR FORECASTS (175 CASES).. . . .+ _Il$MI

229



tiACHHOLZ COORDINATION CHART

~HIs cHARl, wH~CH IS lNCLUDEO AND DiSCUSSCD IN THIs BooK, wAs
USED IN THE 1960 AND 1961 SEASONS AS A TOOL TO EVALUATE THE EYE DATA

REPORTS MADE BY THE AtRBORNE OBSERVER. IT !S AN AID TO DETERMINE
THE RELIABILITY OF THE REPORT AND TO PROVIDE A CHECK ON THE OBSERVED
SURFACE WIND OR PROVIDE A SURFACE WIND VALUE WHEN NONE WAS OBSERVED.

THIS CHART, ALONG WITH THREE SEASONAL CLIMATOLOGY CHARTS, WAS COM-
PILED BY CAPTAIN EDWARD R. WACHHOLZ, USAF> !~ APRIL ANO $4AY OF 1960
AFTER A SEASON OF FORECASTING TYPHOONS IN 1959 AT FlfC/JTHC. THE

GRAPHS WERE COMP!LED FROM RECONNAISSANCE DATA FOR 1957, 1956 ANO

1959 AND WERE FNIT!At.LY TESTED ON 1956 DATA. THESE THREE YEARS PRO-
VIDED THE MOST ACCURATE FLIGHT LEVEL WINDS AS DETERMINED BY THE APN-
82 ~OPPLER WIND MEASUR~NG EQUIPMENT.

THE MACHHOLZ CHART 8s BASED ON THE THEORY THAT ALL TYPHOONS
DEVELOP tN HOMOGENEOUS AIR OVER AREAS OF SIMILAR CHARACTERISTICS AND

THAT TYPHOONS ARE SIMBLAR THERMODYNAMICALLY EXCEPT FOR DIFFERENCES

IN INTENSITY. THESE VARIATIONS OF #NTENSITY ARE DUE TO THERMAL,

LATITUDINAL ANO LONGITUDINAL CONSIDERATIONS.

“~HC CHART (FIG. ~

1 II

RELATES MIN8MUM 700 MB HEIGHT FT , MAXIMUM

700 MB TEMPERATURE (“~ , AND MINIMUM SURFACE PRESSURE MB ~ AS MOOl-

FIED BY LATITUDES TO MAXOMUM 700 MB WIND SPEED (KTS) AND MAXIMUM

SURFACE WIND (KTS). IT ?S BASED ON THE FOLLOWING FORMULAE:

Q REPRESENTS THE LATITUDE OF THE TYPHOON EYE

?HM IS THE ~~ MB MINiMUM HEIGHT OF THE EYE ilN FT
SFCM IS THE SURFACE wiNo MAX AROUND ~HE EYE IN KTS

(1)

THE BASIS OF THESE FORMULAE #s THE IDRBGINAL FORMULA BY DR. ROBERT

FLETCHER WHO ?s PRESENTLY DIRECTOR OF SCientifiC $ERVECES, AIR UEA-

THER SERVtC& THIS FORMULA is SHOWN BELOW:

SFC WIND MAX = 16 ~lolo - Pc’ (3)

1010 REPRESENTS THE PRESSURE tN MB Aif THE “BAR* OF THE TYPHOON AND
MAY BE ADJUSTED IF 7HE *BARn PRESSURE D#FFERS.

Pc 9S THE CENTER PRESSURE OF THE TYPtiOON OR HURRICANE IN MB.
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NOTE ON THE COORDINATION CHART THAT THE 700 MB-SURFACE WIND RC-

LAlloNsHlp Is OIRECT (THEY ARC THE SAME AT ~ AND 2!59 KTS ONLY) ANO
THAT THE SURFACE PRESSURE-700 MB HEIGHT IS ALSO DIRECT!.Y”RELATEDO

WHEN THE SURFACE PRESSURE OR 700 MB HEIGHT IS KNOWN, FIND IT ON THE
GRAPH THEN FOLLOW HORIZONTALLY TO THE CORRECT LATITUDE; FROM THERE,

EXTEND VERTICALLY TO THE SURFACE WIND OR TO THE 700 MB WIND.

~NfORMATION MOST FREQUENTLY USED TO DETERMINE THE SURFACE WIND

1S THE 700 MB HEIGHT AND T~~ 700 MB WIND WHICH ARE ACCURATELY MEA-

SURED BY THE AIRCRAFT. THE SURFACE PRESSURE IS MOST FREQUENTLY OB-
TAINED FROM DROPSONDE EQuiPMENT ANSI AVAILABLE AS RAW UNCORRECTED DATA
AT TIME OF CHART USE. ITS VALUE VARIED AT TIMES FROM THE CORRECTED
PRESSURE AVAILABLE LATER. THE 700 MB TEMPERATURE PARAMETER HAS BEEN
FOUND TO BE LEAST USEFUL DUE TO THE FACT THAT IT IS REPORTED” IN WHOLE
DEGREES, AND A SMALL VARIATION IN TEMPERATURE REPRESENTS A LARGE

VARIATION OF OTHER FEATURES IN THE GRAPH. THIS GRAPH WORKS ONLY FOR
CIRCULATIONS THERMODYNAMICALLY CLASSIFIED AS TYPHOONS FROM DATA DE-

RIVED FROM WITHIN THE EYE oF THE TYPHOON.

AT THE REQUEST OF HEADQUARTERS AIR WEATHER SERVIC~, U5AF, AN

EVALUATION OF THE GRAPH HAS BEEN MADE, BASED ON INFORMATION AVAIL-
ABLE 70 JTMC DURING THE 1961 SEASON. THE EVALUATIONS HAVE BEEN

DIVIDED INTO TWO SECTIONS. FIRST, RELATING OBSERVED INFORMATION AT
A NEARBY LAND OR SHIP STATION TO AN EYE DATA REPORT AND THE SURFACE

WIND THAT THE VARIOUS PARAMETERS OF THE EYE DATA REPORT WILL PRODUCE

ON THE IIIACHHOLZ CHART. THE COMPARISONS ARE NOT SIGNIFICANT BECAUSE
Or DISTANCE OR TIME VARIATIONS AND LIMITED DATA. THE SECOND EVALU-
ATION CONCERNS THE COMPARISON OF THE OBSERVED PARAMETERS TRANSLATE

INTO SURFACE WIND SPEED VALUES WITHIN THE WACHHOLZ CHART ITSELF. IN
ADDITION, THE CHART IS EVALUATED AGAINST OBSERVED WINDS OF EACH EYE
DATA REPORT.

THE SECOND EVALUATION WAS ACCOMPLISHED IN THE FOLLOWING MANNER:

A. THE REPORTED SEA LEVEL PRESSURE, 700 MB HEIGHT, 700 MB
TEMPERATURE AND 700 MB WIND WERE CONVERTED INTO A SURFACE WIND VALUE
FOR ALL TYPHOON EYE DATA.

Be EACH CONVERTED PARAMETER AND THE OBSERVED SURFACE WIND WAS
COMPARED WITH THE 700 MB WIND CONVERTED TO A SURFACE WIND VALUE ON
SCATTER DIAGRAMS.

c. THE DATA WAS SCREENED TO REMOVE EYE DATA REPORTS THAT WERE
IN ERROR WHEN COMPARED CHRONOLOGICALLY. FOR EXAMPLE, ASSUME THAT IN

ONE REPORT ALL PARAMETERS APPEARED REASONABLE AND IN THE FOLLOWING
REPORT THE 700 MB HEIGHT INCREASED IN VALUE, THE SURFACE PRESSURE
DECREASED, AND THE REMAINDER OF THE INFORMATION WAS UNCHANGEO. THE

LATTER REPORT WOULD BE REMOVED FROM THE SAMPLE TO BE EXAMINED. IN
THIS MANNER DATA THAT APPEARED TO CONFORM TO THE WACHHOLZ CHART AS

WELL AS SOME DATA THAT DID NOT CONFORM WERE REMOVED.
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Do THE CONVERTED 700 MB OBSERVED wlND wAs subtracted) FROM THE
CONVERTED VALUES OF THE 700 MB HEIGHT, SEA LEVEL PRESSURE, 700 ME
TEMPERATURE, AND FROM THE REPORTER SURFACE WIND. TH’JS DifferenCe WAS
PLOTTED AGAINST NUMBER OF CASES TO PRODUCE A GRAPH OF EACH PARAMETER

AS INDICATED. FIGURE 2 REPRESENTS 97 CASES; FIGURE 3, 103 CASES;

FtGURE 4, ~ CASES AND FIGURE 5 REPRESENTS 99 CASES. THE VARIATION
IN CASES REPRESENTS FAtLURE TO REPORT A PARTICULAR PARAMETER BY THE
AIRBORNE OBSERVER. FROM THE OR:.GINAL UNCORRECTED SAMPLE OF 119 CASES,

THE MAXIMUM POSSIBLE NUMBER OF CASES WOULD BE 103.

THE 700 MB W~ND, DERIVED FROM THE DOPPLER WIND REPORTING SYSTEM

IS THE MOST ACCURATE lNF,oRMATloN PROVIDED BY THE OBSERVER AND WAS
USED AS THE CONTROL FROM WHtCH OTHER REPORTED OATA WOULD VARY. THERE

IS A HUMAN ELEMENT INVOLVED lN COLLECTING THE OPTtMUM 700 MB WtND
SINCE EYE PENETRATIONS BY SKILLED CREWS ARE uSUALLY SAFE ONES, FOR
THE AtRCRAFT CoMMANDER IN CoORDINATtON WITH oTJiER CREW MEMBERS WILL

SELECf THE WEAKEST ZoNE OF THE WALL CLOUD TO PENETRATE. THIS IS LtKE-

LY 70 SE THE AREA OF J-~As7 VCRTICAL MoTtON AS WELL AS LEAST HORIZON-
TAL MOTtON WtTHIN THE WALL CLOUD; THUS~ THE MAXIMUM OBSERVED 700 MB

WIND tS NOT TRULY REPRESENTATIVE OF THE oVERALL CONDITtON OF THE WIND

AT THAT LEVEL. BECAUSE OF THIS, THE 700 M13 tiEIGHT ts cotutocREo TO
ti~MORE REpRESENTATtvEo IT IS MEASURECI WtTHtN THE TYPHOON EYE AND
THERE ARE FEW PROBLEMS To SECURING A REASONABLY ACCURAT’E VALUE THAT
REPRESENTS THE OVERALL CONDtTtON OF THE.TYPHOON. A COMPARISON BE-
TWEEN THE 700 MB HEIGHT AND THE 700 MB WtND, BOTH REDUCED TO A SUR-
FACE WtND VALUE, REVEALS 23 CASES BETWEEN PLUS 5 KTS AND MtNUS 5 KTS,

25 CASES BETWEEN PLUS 6 AND PLUS 15 KTS tNcLustvE. THIS DATA PRO-
DUCES A CURVE THAT INCLUDES 65 PERCENT OF CASES BETWEEN MINUS 15 A@JJ)
PLUS 15 KTS. THE ScATTER DIAGRAM tNDtcATfs THAT 60 PERCENT OF THE
DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXtS FOR ALL SPEEDS.

‘fHtS tS PROBABLY WtTHtN THE LIMITS OF CONSISTENT OBSERVtNG AND FORE-
CASTING OF TYPHOON INTENSITIES. ,.

A COMPARISON BETWEEN THE REPORTED SURFACE WtND AND THE 700 MB

WIND REDUCED TO A SURFACE WtND VALUE INDICATES THAT THE REPORTED
WJND WAS FASTER THAN THJ?. COMPUTED WIND, AND THE CURVE 1S SKEWED StM-
ILARLY TO THAT OF THE 700 MB HEIGHT CURVE. THE OOUNDARY OF MtNus 15
70 PLUS 15 KTS tNCJ.UDES 40 PERCENT OF THE DATA, AND 31 PERCENT OF THE
DATA WAS WITHtN 10 PERCENT OF THE SPEED VALUE AXJS FOR ALL SPEEDS ON

THE SCATTER DJAGRAM.

THE MINIMUM SEA LEVEL PRESSURE CURVE INDICATES THAT THtS PRESSURE

PROVtDES A SURFACE WJND SPEED VALUE HtGHER THAN THE 700 MB WIND, 58
PERCENT OF THE DATA BETWEEN MINUS 15 AND PLUS 15 KTS, AND THAT 49
PERCENT OF THE DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXtS FOR
ALL SPEEDS ON THE SCATTER DtAGRAM.

THE 700 MB TEMPERAWR~ CURVE PROVIDES AN }N7ERESTING VARIATiON
FROM THE OTJiER CURVESO ONLY 37 PERCENT OF THE DATA RANGES BETWEEN

PLUS AND MINUS 15 K73, 40 PERCENT OF THE OATA tS WJTHIN 10 PERCENT
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OF THE SPEED AXiS~ AND!EXPERIENCE JNDICATES THE TEMPERATLJRE TO BE.
LEAST RELtABLE OF ALL DATA TO PRoVt.DE A SURFACE WIND VALUE. EXAM-

INATION OF THE DATA REVEALS THAT WHEN THE TEMPERATURE IS WARMER THAN
NORMAL ACCORDING TO THE MACHHOLZ CHART$ THE SURFACE WI’NDS FREQUENTLY

INCREASE’ IN SPEED; THAT 1SS THE TYPHOON INTENSIFIES. WHEN THE

TEMPERATURE IS COOLER THAN WoULD NORMALLY BE EXPECTED, THE WIND
SPEED OECREASESO ‘t’HIS Relationship WILL BECOME A RESEARCH PROJECT
OF THE COMING YEAR To DETERMINE THE SIGNIFICANCE OF THIS lNDICATtON.

THE QUEST#ON OF BIAS OF REPORTED DATA HAS ARISEN SEVERAL TIMES

CONCERNING THE USE OF THE WACHHOLZ CHART BY JTWC. THtS POSSIBILITY
CERTAINLY EXISTS AND CANNOT BE DISCOUNTED. THERE IS SOME SIMILARITY

TO THE VARIATION CURVES PRESENTED. THE SCATTER DIAGRAMS AND THE DtS-

TRIBUTION OF THE DATA oN THE vARiATIoN cuRvES DO NoT SUPPORT THE USE
BY THE AIRBORNE OBSERVER OF THE WACHHOLZ CHART ITSELF OR’ANY OTHER

TOOL THAT CONSISTENTLY RELATES SoME oBSERVED PARAMETER TO THE REPORTED
SURFACE W:ND ON A DAY TO DAY BASIS Throughout THE YEAR.

EXAMINATION OF AVAILABLE DATA PRODUCES TWO CONCLUSIONS. FIRST,

AN AVERAGE OF THE 700 MB WIND, MINIM~JM SEA LEVEL PRESSURE ANO 700 MB
HEIGHT WILL PRODUCE A SURFACE WiND VALUE SLIGHTLY LESS THAN THAT RE-

PORTE-D BY THE AIRBORNE OBSERVER ON A SEASONAL 6AS1S. SECOND, THE
HACHHOLZ CHART, THE FtRST TO CORRELATE, ALL SIGNIFICANT MEASURED PARA-

METERS WITHIN THE TYPHOON EYE, IS AN EXCELLENT TOOL FOR USE BY THE

TYPHOON DUTY OFFICER AS INDICATED IN THE FIRST PARAGRAPH.

SUFFICIENT DATA IS NOW AVAfLABLE FROM THE 1960 AND 1961 SEASONS
10 EFFECT SEVERAL MINOR CHANGES TO THE CHART, A PROJECT WHtCH CAPTAIN
~ACHHOkZ INOICATED TO BE DESIRABLE WHEN THIS SUPPORTING DATA BECAME
AVAILABLE.
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,

SFC HIND- 700 ‘MB HIND = ABSCISSA,

CASES = ORDINATE

KTS

2(I

10

SFC MIND - AS REPORTED BY AIRBORNE OBSERVER

7@MB HIND- CONVERTED TO SURFACE WIND VALUE

FIG; 2



2(I

K)

700 MB HE I(NT -700 MB WIND = ABSCISSA, KTS

CASES = ORDINATE

I

– 35 – 25 –15 –5 +5 +15 +25 +35 +45

700MB HEIGHT- CONVERTED TO SURFACE WIND VALUE

7w” MBWlW0- CONVERTED TO SURFACE MIND VALUE

FIG. 3



20

10

141N SLP - 700MB HIND =-ABSCISSA, KTS

CASES =ORDINATE

I I
—

–35 – 25 –15 –5 +5 +15 +25 +’35 i-45

MIN SLPO CONVERTED TO SURFACE HIND VALUE

700 MBUlND- CONVERTED TO SURFACE MIND VALUE
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20

10

700 MB TEMP - 700 MB WIND = ABSCISSA, KTS

CASES = ORDINATE

Iv
cd
cc)

–75 –55 –35 –Is o +15 +35

700 MB TEMP - CONVERTED TO SURFACE WIND VALUE

700MB WIND - CONVERTED TO SURFACE WIND VALUE

+55 +75 +95

FIG. 5



APPENDIX A

DEFINITIONS AND ABBREVIATIONS

1. CERTAIN WORDS Tt-IATAPPEAR FREQUENTLY }N THtS RCPORT ARE ABBRE-
VIATED AS FOI.LOMS:

FEET - FT

KNOT(S) -,KT(S)

MILLIBAR OR MILLIBARS - MB

NAUTICAL MILES - Ml

WEATHER RECONNAISSANCE SQUADRON - MRS

2. POINTS OF THE COMPASS ARE ABBREVIATED: N, SE, HNw, ETc.
. . .

~. LATITUDE AND LONGITUDE ARE ABBREVIATED: 30N 140E, ETC.

40 AN INVESTIGATION IS THE TRAVERSE OF A RECONNAISSANCE AIRCRAFT

OVER AN AREA CONTAINING A SUSPECTEO CIRCULATION THAT HAS BEEN ASSIGNED
A CYCLONE NUMBER.

5. A FIX 1S THE DETERMINATION OF THE POSITION OF A TROPICAL CYCLONE
AT A PRECISE TIME. GENERALLY, THE TERM “FIX” IS USED WHEN THE POSl-
TION OF THE CYCLONE HAS BEEN OETERMINEO BY A RECONNAISSANCE AIRCRAFT

PENETRATION OR BY AIRBORNE> LANII OR SHIP RADAR. IN THE CASE OF A

RECONNAISSANCE AIRCRAFT PENETRATION, THE ACTUAL FIX MAY BE BASEO ON
ONE.OR ALL OF THE FOLLOWING: VISUAL OBSERVATION, RAOAR, SURfACE

PRESSURE, SURFACE OR UPPER LEVEL WINOS, CONSTANT PRESSURE HE\GHT,
ANO TEMPERATURE/OCW POINT;

6. A SORTIE IS DEFINEO AS A FLIGHT BY ONE AIRCRAFT WITH ONE OR
MORE OBJECTIVES, I.E., IT MAY MAKE ONE OR MORE FIXES AND/OR ONE OR

.MORE INVESTIGATIONS ON ONE OR MORE TROPICAL CYCLONES.

7* THE TERM ‘TROPICAL CYCLONEn OR “CYCLONE” AS USEO IN THIS PUBLI-

CATION HAS TWO DEFINITIONS OEPENDENT UPON USAGE.

A. “TROPICAL CYCLONE” OR “CYCLONE” IS USEO TO OESCRIBE A sus-

PECTEO TROPICAL CYCLONIC CIRCULATION WHICH APPEARS CAPABLE Of iNTEN-

SIFICATION, AND TO WHICH HAS BEEN ASSIGNED. A “CYCLONE NUMBER” FOR THE

PURPOSES OF RECONNAISSANCE AND TO ASSURE THAT RECOROS REGARDING IT

ARE NOT CONFUSEO WITH THOSE OF ANOTHER CIRCULATION.

B. “TROPICAL CYCLONE” OR ‘CYCLONE” IS USEO IN THE GENERAL

SENSE, E.G., “TYPHOON JOAN WAS THE
1959,” OR, “TROPICAL CYCLONES MOST

ANO SEPTEMBER.”
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8. A TflOf>lCAL DEPRESSION IS A TROPICAL CYCLONE WITH A CONFIRMED

CYCLONIC CIRCULATION, FOR W}IICH WARNINGS ARE OEING ISSUED AND WHOSE
SURFACE WIND SPEEDS DO NOT EXCEED 33 KTS. THE NUMBERING OF TROPICAL

OPPRESSIONS IS NOT RELATED TO TtlE NUMLIERING OF TROPICAL CYCLONES.

9. THE FOLLOWING OEFINE AND CLARIFY CERTAIN WORDS AND PHRASES
THAT APPEAR IN THE TABLES, “LAND RADAR AND AIRCRAFT FIXES,” CHAPTER !V.

A. FIX NO. - THIS NUMBER CORRESPONDS TO THE NUMBER OF THE FIX

PLOTTED ON THE “BEST TRACK CHART.”

0. TIME - THE DATE-TIME GROUP or THE FIX.

c. LAT. - LATITUDE OF THE FIX.

D. LONG. - LONGITUDE OF THE FIX.

E. UNIT METHOD & ACCY -

(1) UNIT - THE UNIT THAT MADE THE FIX: 56- 56TH WEATHER

RECONNAISSANCE SQUADRON; 315- 315TH AtR DIVISION; VW1 - VW-1 EARLY

MARNING SQUADRON.

(2) METHOD - THE METHOO USED TO MAKE THE FIX: P - PENE-

TRATION; R---RADAR; T - TRIANGULATION.

(3) ACCY - THE ESTIMATED ACCURACY

MILES.

F. NINSLP MB- THE MINIMUM SEA LEVEL

G. MAX SFC WND - THE MAXIMUM OBSERVED

OF THE FIX IN NAUTICAL

PRESSURE I’N MILLIBARS.

S’URFACE WINO IN KTS.

H. MIN700 MB HGT- THE MtNIMUM 700 M8 HEIGHT IN FT.

t. MAX 700 MB WND - THE MAXIMUM 700 MB WIND IN KTS.

4. 700 MB TT/TD (°C ) - THE MAXIMUM 700 MB

POINT IN DEGREES CENTIGRADE.

K. EYE CHARACTERISTICS - SELECTED REMARKS

ISTICS OF THE EYE.

TEMPERATURE ANO OEW-

ON THE Character-

s - STRATO-CUMULUS DIA - OIAMETER

CIRC - CIRCULAR ELLIP - ELLIPTICAL

CLD(S) - CLOUO(S) ELONG - ELONGATEO

CTR - CENTER - INDEF - INDEFINITE
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ORIEN - ORIENTED SFC - SURFACC

QUAD(S) - QUADRANT(S) WND - WIND

RAD - RADIUS

10. A “STIDII DIAGRAM” IS A CHART ON WHICH A CONTINUOUS PLOT OF SUR-
FACE OBSERVATIONS IS MAINTAINED FOR A SERIES OF STATIONS. THE 06SER-
VATIONS ~Of? EACH lNolvlDuAI. sTA710N ARC PLOTTED IN EITHER A HORIZONTAL
OR VERTICAL LINE.

11. THE ‘1142 FIELD” IS THE CORRECTION FOR THE CORIOLIS PARAMETER

APPLIED TO THE ~ MB DOUBLE SPACE MEAN.

12. THE “BAR” IS THE HEAVY BANK OF CLOUDS THAT APPEARS.• N THE HoRI_
ZON WITH THE APPROACH OF AN INTENSE TROP$CAL CYCLONE-

13. RECURVATURE - THAT POINT AT WHICH THE CYCLONE CEASES MOVEMENT

TO THE ~ oF N AND CoMMENCES MovlNG TO THE E OF N.

14. SEVERAL COMMANDS, ORGANIZATIONS, ANO ARCAS THAT
IN THIS REpORT ARE ABBREVIATED AS FOLLOWS:

JMG PACOM- JOINT METEOROLOGICAL GROUP, PACIFIC

APPEAR FREQUENTLY

COMMAND

NMC - NATIONAL METEOROLOGICAL CENTER (FORMERLY JNWP, JOINT
NUMERICAL HEATHER PREDICTION)

FWC~JTWC - FLEET NEATHZR CENTRAL/JOINT TYPHOON WARNiNG CENTER,
GUAM, M. 1.

FAFWC - FUCHU AIR FORCE WEATtiER CENTRAL, FUCHU AIR STATION, JAPAN

FNUF - FLEET NUMERICAL WEATHER FACtLiTY, MONTEREY, CALIFORNIA

WESTPAC - WESTERN NORTH PACIFIC AREA
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APPENDIX B

LIST OF ILLUSTRATIONS, CHARTS AND GRAPilS

SURFACE STREAMLINE CHART - NANCY -------------------------------

CHECKERBOARD OR STIDO DIAGRAM - NANCY ---------------------- ----

TIME CROSS SECTION - NANCY -------------------------- -----------

SPACE CROSS SECTION - NANCY --------------------------- ---------

RECONNAISSANCE DATA - VIOLET -----------------------------------

EASTERLY WAVE CONTINUITY GRAPH ----------------------- ----------

LONG WAVE ANALYSfS AND 48 Houi? PROGNOSIS -----------------------
FIXES MADE, HOURS FLOWN BY 56 WRS AND AENRON ONE ---------------

RADAR FIXES - TILDA -------------------- --------” ----------- --”-

MONTHLY AND ANNUAL FREQUENCY OF TYPHOONS, 1952-1961 -----------
POiNTS of ORIGIN OF TYPHOONS, 1952-1961 ------------------------

POINTS OF FIRST TYPHOON INTENSITY, 1952-1961 -------------------

COMPOSITE CHART OF TROPICAL DEPRESSIONS AND STORMS, 1961 -.-”---

SIX HOURLY POSITIONS, TROPICAL DEPRESSIONS, 1961 ---------------

SIX HOURLY POSITIONS TROPICAL STORMS, 1961 ---------------------

COMPOSITE CHART

TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
SUMMARY

TESS

ALICE

BETTY

TRAcKs,
TRACKS,
TRACKS,
TRACKS,

TRACKS,
TRACKS,
TRACKS,
TRACKS,

TRACKS,

OF TYPHOON TRACKS, ?961 ------------------------
MARCH 1961 -------------------- -----------------
MAY 1961 ---------------------------- -----.-”---
JUNE 1961 ------------------------- -------- -e---

JULY 1961 ---------------------------------- ----
AUGUST 1961 -----” ----- -----+--------- ----------

SEPTEMBER 1961 --.---”.-..-.-------”-- ----------

OCTOBER 1961 ------------------ ---”--c--- -------

NOVEMBER 1961 ------------------- -“------- ------

DECEMBER 1961 -------------------------- --------

;
8
9

10
11
12

;!
26
29
30
31
32
3!5
38
40
41
42
43 ‘
44
45
46
47
48

DATA SUMMARY. 1961 ------------------------- ------------ 51
OF TYPHOON F;RECAST ERRORS, 1961 --------------------=-- 52

BEST TRACK --------------------- .-.--*---- ----------- 56
RADAR AND R~CONNAISSANCE FIXES ---------------------- 57
POSITION AND FORECAST VERIFICATION OATA ------------- 59
24 HOUR FORECAST PosITs ----------------------------- ~

BEST TRACK ---.--.---------.--y ---------------------- 62
RADAR AND RECONNAISSANCE FIXES ------.-.-.--:------- 63
POSITION AND FORECAST VERIFICATION DATA ------------- 64
24 llOUR FORECAST POSITS ----------------------------- 65

BEST TRACK ------------------------------------------ 68

RADAR AND RECONNAISSANCE FIXES ---------------------- 69

POSITION AND FORECAST VERIFICATION DATA ------------- 70.
24 llOUR FORECAST Pos I TS ----------------------------- 71
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CORA

ELSIE

HELEN

BEST TRACK ------------------------------------------ 73
RADAR AND RECONNAISSANCE FIXES ---------------------- 74
POSITION AND FORECAST VERIFICATION DATA ------------- 75
24 HOUR FORECAST POSITS ---------------------- ------- 76

BEST TRACK ---------------------------------- -------- 70
RADAR AND RECONNAISSANCE FIXES ---------------------- 79
POSITION AND FORECAST VERIFICATION DATA ------------- 80
24 HOUR FORSCAST POSITS ----------------------------- 81

BEST TRACK --------------------------- --------””---”- 84
RADAR AND RECONNAISSANCE FIXES ---------------------- 86
POSITJON AND FORfCAST VERIFICATION DATA ------------- 88
24 HOUR FORECAST POSITS --------- ----e.--. ----------- 89. .

IDA BEST TRACK -------------------- ----------------------- 93
RADAR AND RECONNAISSANCE FIXES ---------------------- 94
POSITION JiND FORECAST VERIFICATION DATA ---=--------- 95
24 HOUR FORECAST POSITS ----.---” -------------------- 96

JUNE SKEW-T DiAGRA$IS -------------------- “--------e ------- 99
BEST TRACK --------------------- --------------------- 100
RADAR AND RECONNAISSANCE FIXES ---------------------- 101
POSITION AND FORECAST VERIFICATION DATA -------------- 103
24 HOUR FORECAST POSITS ---------------------- ------- 104

KATHY BEST TRACK ------------------------------------------ 107
RADAR AND RECONNAISSANCE FIXCS ---------------------- 108

-POSITION AND FORECAST VERIFICATION DATA ------------- 109

24 HOUR FORECAST POSITS ----------------------------- 110

LORNA BEST TRACK -------.----.----------” ------------------ 113
RADAR AND RECONNAISSANCE FIXES ---------------------- 115
POSITION AND FORECAST VERIFICATION DATA ------------- 116
24 HOUR FORECAST POSITS ----------------------------- 717

HANCY RADAR PHOTO ---.----.------” ------------------------- 121
BEST TRACK --------- ------s--- ---------- -“------- ---- 123
RADAR AND RECONNAISSANCE ”FIXES ---------------------- 124
POSITION AND FORECAST VERIFICATION DATA ------------- 126

24 HOUR FORECAST POSITS -----------. -.----e--- ------- 128
OAMAGE PHOTOS --------------------------------------- 129

OLGA BEST TRACK -------------------.---.----.---=--------- 132
RAOAR AND RECONNAISSANCE FIXES ---------------------- 133
POSITION ANO FORECAST VERIFICATION DATA ------------- 134
24 tlOUR FORECAST PosITs ---------------------------- 135



,-- PAMELA

SALLY

T ILDA

V 10LET

BILLIE

CLARA

DOT

ELLEN

ARAKAMA

BEST TRACK ------------------------------------------
RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION DATA -=-----------
24 HOUR FORECAST POSITS -----------------------------

DAMAGE PHOTOS ---------------------------------------

BEST TRACK -------------------- ----------------------

RADAR AND RECONNAISSANCE FIXES ----------------------

POS~TION ANO FORECAST VERIFICATION OATA -------------
24 HOUR FORECAST POSITS --------------------- -----.-”

RADAR PHOTO -----------------------------------------

BEST TRACIO --------------------- ---.--”---- ---a ------

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION DATA -------------
24 HOUR FORECAST PosITs -----------------------------
DAMAGE PHOTOS ---------------------------------------

BEST TRACK ---------------------- ----------- “--------

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION DATA -------------
24 HOUR FORECAST POSITS --------------------- -------.

DAMAGE PHOTOS ------------------------- .--*------- ---

BEST TRACK --------------------- ------”.. -“.------.”-

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION DATA -------------
24 HOUR FORECAST POSITS --------------------------- -.

BEST TRACK -------------------- ----------------------

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION OATA -------------

24 HOUR FORECAST”POSITS -----------------------------

BEST TRACK ----------------------------- -------------

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION AND FORECAST VERIFICATION OATA -------------
24 HOUR FORECAST POSITS -----------------------------

BEST TRACK --------.--.-------- ---------------------

RADAR AND RECONNAISSANCE FIXES ----------------------
POSITION ANO FORECAST VERIFICATION DATA -------------

24 HOUR FORECAST PosITs -----------------------------

DAMAGE PHOTOS ---------------------------------------

GRID “----------- ---------------------- ------” -------

24 HOUR FORECAST ERROR SCATTER DIAGRAM
48 HOUR FORECAST ERROR SCATTER DIAGRAM

24 HOUR MOVEMENT AND PRESSURE FORECAST
48 HOUR MOVEMENT AND PRESSURE FORECAST
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“----.-----”.-

ERRORS, -------

ERRORS -------

137
138
139
140
141

143
144
145
146

149
150
151
152
153
154

156
157
159
160
161

163
164
165
166

168
I 70
171
172

175
176
177
178

182
183
184
185
186

194
195
196 ~
197 ‘
198



MILLER-MOORE GRID ----------------------------------------- 219
CONVERSION GRAPH ----------------------------- 220

UACliHOLZ GRAPH COORDINATION CHART --------------------------- 235
SURFACE AND 700MB MIND VARIATION GRAPH ------ 236
700 MB HE I GI-IT AND H? ND VARIATION GRAPH -------237
MIN. SLP AND 700 MB I+lND VARIATION GRAPH ----- 238

700 MB TEMPERATURE AND liIND VARIATION GRAPH -- 239

246



:..-

%ssClacki

ScamsFloods

I

‘-wan Digging o? I+ “0 ‘-’-’ ““r’~,+”.._..!.* -. .*.
Ks@ei,Breaks , “- -.. ,“1.-r,.. m...,.*ME,7.....-* ,s”.,-
HeOt Wave :J:EY.2::.Y!”:

~~flIJapanese-Ship

‘Tilda’clobbersOkiti

I 1,21,&WAMELA’ bwms
~~:FoRMosA..I7DIE

Typhoon June’~ms at S. Taiwan~

Formosa,llard-tlitby‘Pamela’,
BracesAs‘ttancy’Approaches

“%
a.-,,..,.,.,.?

..Y .
. .#’

. .

.

I

‘*

L__ ._ ‘. -.. _ ‘..,
——. — . . . . . . . . . . . . . . . . , ----

.$
.

— . . ..- ._ ___ ._.. U-.


	TOC  ( page 1 )
	TOC  ( page 2 )

