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U. 8. FLEET WEATHER CENTRAL/
JOINT TYPHOON WARNING CENTER

COMNAVMARIANAS BOX 12
SAN.- FRANCISCO, CALIFORNIA

FHC/JTWC :HJIK:Gu
3140

SER: 92

11 ApriL 1962

FROM: COMMANDING OFFI1CER, U,S. FLEET WEATHER CENTRAL/
JOINT TyYPHOON WARNING CENTER, Guam, M, I,

To: CHIEF OF NAVAL OPERATIONS

Via; ComMANDER IN CHIEF, U,S, PaciFic FLEET

Susy: ANNUAL TYPHOON REPORT, 19613 SUBMISSION OF
ReF:  (A) OPNAV INSTRUCTION 3140.17¢

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/JTWC, GuaM N
"TYPHOON WARNING STATUS" FOR 165 CALENDAR DAYS.

3. THE COMMANDING OFFICER, FWC/JTHC, GUAM 1S PLEASED AND PROUD TO
INDICATE THAT DESPITE SEVERE AER!AL RECONNAISSANCE CURTAILMENT SUB-
SEQUENT 70 1 SEPTEMBER 1961, 24 HOUR TYPHOON FORECASTS WERE )IMPROVED
13.2 PERCENT OVER THE PREVIOUS YEAR, AND 48 HOUR FORECASTS WERE {M=-
PROVED BY 13.5 PERCENT.,” ALSO, THAT AS THE DIRECT RESULT OF JUDICIOUS
AND EFFICACIOUS UTILIZATION OF LAND=-BASED RADAR REPORTS FROM THE
PHILIPPINES, OKINAWA, TAIWAN, AND JAPAN, A TOTAL OF THIRTY=-SEVEN
AERIAL RECONNAISSANCE MISSIONS WERE "POCKETED," THEREBY SAVING THE
DEPARTMENT OF DEFENSE AND THE U,S. TAXPAYER A MOST CONSERVATIVELY
ESTIMATED $370,000.00,

WILLIAM J, KOTSCH
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FOREWORD

THS REPORT 1S PUDLISHED ANNUALLY AND SUMMARIZES WESTERN AND
CENTRAL NORTH PACIFIC TyPioons, DURING 1961, NO TYPHOONS WERE RE=
PORTED IN THE CENTrRAL NORTH PACIFIC,

THE JOINT METEOROLOGICAL GROUP, PACIFIC COMMAND, THROUGH CINCPACFLT,
AS EXECUTIVE AGENT, REDESIGNATED FLEET WEATHER CENTRAL, GUAM AS FLEET
WEATHER CENTRAL/JOINT TyPHoON WARNING CENTER (FWC/JTWC), Guam, EFFEC~
TIVE 1T MAY 1959, WITH THE FOLLOWING ADDITIONAL RESPONSIBILITIESS

1. TOo PROVIDE WARNINGS TO U, S, GOVERNMENT AGENCIES FOR ALL
TROPICAL CYCLONES WEST OF 180 DEGREES LONGITUDE NORTH OF THE EQUATO
TO THE ASIATIC COAST AND MALAYAN PENINSULA,

2. TO DETERMINE TROPICAL CYCLONE RECONNAISSANCE REQUIREMENTS
AND ASSIGN PRIORITIES,

3, TO CONDUCT INVESTIGATIVE AND POST ANALYSIS PROGRAMS INCLUDING
PREPARATION OF THE ANNUAL TyPHOON REPORT,

4, TO CONDUCT TROPICAL CYCLONE FORECASTING AND DETECTION RESEARCH
AS PRACTICABLE.

FucHu AIR FORCE WEATHER CENTRAL, ASSISTED AS NECESSARY BY FLEET
WEATHER FACILITY, YOKOSUKA, WAS DESIGNATED AS ALTERNATE JTHWC inN CASE
OF FAILURE OF FWC/JTWC, Guawm,

THE JTHC, WHICH IS AN INTEGRAL SECTION OF FWC/JTHC, Guam, 1s
STAFFED BY TWO AIR FORCE AND TWO NAVY METEOROLOGISTS AND THREE ENe-
LISTED MEN FROM EACH SERVICE. THE SENJOR AIR FORCE OFFICER HAS BEEN
DESIGNATED AS THE DIRECTOR, JTHC,

THE JOINT HURRICANE WARNING CENTER 1IN HAWAII, A COORDINATED AGENCY
coMposeD oF THE U, §, WEATHER Bureau, HonowLuLyu, THE AIR FORCE KuNnfA
WeATHER CENTER, AND FLEET WEATHER CENTRAL, PEARL HARBOR, 1S RESPONSIBLE
FOR SURVEILANCE AND 1SSUANCE OF WARNINGS IN THE CENTRAL NORTH PACIFIC
AREA NORTH OF THE EQUATOR BETWEEN 180 DEGREES AND WEST of 140 DEGREES
WEST, THERE WAS ONE TROPICAL STORM, PAULINE, 1N OcToseEr 1961, aAnD
THERE WERE NO TROPICAL DEPRESSIONS WITHIN THIS AREA,
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‘A,  GENERAL

OPERAT | ONAL PROCEDURES TAKE TWO STEPS, THAT OF ANALYSIS AND FORE=~
CAST AIDS; IN THE PREPARATION SEQUENCE PRIOR TO ISSUING THE WARNING,
WITHIN THE FLEET WEATHER CENTRAL/JOINT TyPHOON WARNING CENTER (FHWC/
JTHC), THE 'BASIC ANALYSIS 1S THE RESPONSIBILITY OF THE FLEET WEATHER
CENTRAL (FWC). MiCRO-ANALYS1S, FORECAST A1D EVALUATION, AND THE WARN=-
_ INGS AS DESCRIBED BELOW, ARE THE FUNCTIONS OF THE JOINT TYPHOON WARN-
1nG CENTER (JTHWC), ' :

B, ANALYSIS - FWC/JTHWC:
1. TYPES OF CONTOUR AND/OR STREAMLINE CHARTS:

A. Surrace (Fia. 1)

B, - 700 MB
Ce 500 M
p. 300 mB
E. 200 MB
F. . 100 MB

2. CROsSS SECTIONS:

A, CHECKERBOARD OR STi10D D1aGrAM (FiG. 2)
8. TiME CROSS SECTIONS ANALYZED FoR Ot (FiG. 3)
c. Space Cross Section (Fig. 4)

3. MICRO-ANALYSIS!

A. SECTIONAL CHARTS, HOURLY AND 3 HOURLY, AS REQUIRED
B. REcCONNAISSANCE REPORTS (F1a. 5)

4, SPACE MEAN CHART AT 500 MB WiITH THE M-1 AND M=2 FIELDS,
5. EAsTERLY WAVE ConTinUITY GrRAPH (FiG, 6)
c. FORECAST AIDS

_ THESE ARE LISTED JN ALPHABETICAL ORDER SO AS NOT TO (INFER ;I'HAT
ANY OTHER ORDER HOULD) ESTABLISH A PRIORITY OF IMPORTANCE,

1. CLIMATOLOGY

ONCE A TROPICAL CYCLONE HAS BEEN DETECTED, THE FIRST STEP
IN PREPARING TO I1SSUE THE INITIAL WARNING IS TO LAY OUT A TRACK BASED
ON CLIMATOLOGY. THIS TRACK 1S LAID OUT ON THE TOP ACETATE OF THE
WORK CHART DESCRIBED BELOW SO AS TO EXTEND IT 4 OR D DAYS AT THE
SPEED INDICATED BY CLIMATOLOGY. NEXT, THE TRACK IS MODIFIED IN
ACCORDANCE WITH THE EXISTING AND FORECAST UPPER AIR PATTERN, AFTER
WHICH THE INITIAL WARNING IS PREPARED AND ISSUED, THE FORECAST TRACK

2



1S EXTENDED AND MODIFIED WITH TIME, AS RECONNAJSSANCE FIXES ARE RE~-
CEIVED AND THE SYNOPTIC UPPER AIR PATYTERN CHANGES.

: THE FINEST COMPILATION OF TYPHOON CLIMATOLOGICAL DATA FOR
THE PAST 78 YEARS IS CONTAINED IN THE PUBLICATION OF THE RoYAL OBSER~-
vATORY HonNG KoNG, "TROPICAL CYCLONES IN THE WESTERN PACIFIC AND CHINA
SEA AREA,"

2. CoMPUTER PRODUCTS

, In 1961, THE PrRoGNOS1S FUPA 53 anp 56, PrRoDUCTS OF JNWP
WERE USED EXTENSIVELY. LONG WAVE POSITIONS AND PROGNOSES (F1G. 7
WERE RECEIVED IN NovEMBER 1961 FROM THE FLEET NUMERICAL WEATHER
FAciLITY, MONTEREY, CALIFORNIA (FNWF). ALSO, ZONAL INDEX COMPUTATIONS
ARE EXPECTED FROM FNWF AND WiLL BE EVALUATED DURING THE 1962 season,

IT 15 UNDERSTOOD THAT IN ADDITION TO JNWP, now NMC, THAT
FNWF anp KuNitA AtrR FORCE WEATHER CENTRAL WILL PROVIDE TYPHOON COM=-
PUTER POSITION FORECASTS IN 1962. DURING 1961, THOUGH IRREGULARLY
RECEIVED, JNWP POSITIONS WERE CONSIDERED FOR TRACK HEADING AND SPIRAL
OF 'MOVEMENT BUT NOT THE COORDINATES FOR WARNINGS, o

3. COORDINATION

, COORD INATION WITH OTHER AGENCIES 1S ROUTINE TO OBTAIN THEIR
CONSIDERATIONS PRIOR TO ISSUANCE OF A WARNING, WHEN A CIRCULATION,
FOR WHICH WARNINGS ARE BEING ISSUED, IS N OF APPROXIMATELY 20N, FucHu
AtR FORCE WEATHER CENTRAL TRANSMITS COORDINATION FORECASTS TWICE
DAILY TO JTWC. COORDINATION WITH OTHER AtR FORCE AND NAVY ACTIVITIES
1S 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 MILLER-MOORE AND
ARAKAWA EQUATIONS.

5. STEERING
SEE CHAPTER |V ON THE INDIVIDUAL TYPHOON WRITE~UPS.

THE SPACE MEAN CHART, AS DISCUSSED HEREIN, 15 A BRIEF ON
HOW 1T 1S USED AT FHC/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 M=2 FIELD THEREON, DURING THE TYPHOON SEASON THE
CHART 1S PRODUCED, AS NEEDED, EXCEPT THAT BETWEEN JuLY AND NOVEMBER
IT IS CONSTRUCTED TWICE DAILY. ONE GREAT ADVANTAGE OF THE CHART 1§
THAT 1T MORE NEARLY PORTRAYS THAT PORTION OF THE ATMOSPHERE UNDER
CONSIDERATION ON ONE CHART, THAN DOES ANY OTHER ANALYSIS OR SYSTEM
OF PRESENTATION.



THE CHART 1S USEFUL FOR STEERING $ OF THE RIDGE LINE UNDER
THE FOLLOWING CONDITIONS:

A, WHEN THE TYPHOON 1S MOVING ALONG THE § PERIPHERY
OF A LARGE QUASI=STATIONARY ANTICYCLONE, THE SINGLE SPACE MEAN MAY
ACT AS A STEERING TOOL AS FAR AS 8 70 10N 70 THE RIDGE LINE, A TYPi=~
CAL EXAMPLE OF THIS SITUATION IS THE TRACK oF NANCY.

S Be WHEN THE SYNOPTIC FEATURES ARE PERFORMING CONS|S=
TENTLY, A PROGNOSTIC CHART CAN BE CONSTRUCTED FROM THE SINGLE ‘SPACE
MEAN TO BE USED AS A STEERING TooL FRoM 10N TO THE RIDGE LINE, SEV-
ERAL TYPHOONS FULFILLED THIS CATEGORY,

€. 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 INVERTED ‘TROUGH®6AX1S. AT THIS
TIME, THE CYCLONE USUALLY "DRIFTS," FREQUENTLY TO THE W, BUT THE
CHART 1S NOT RELIABLE AS A STEERING TOOL. THE CIRCULATION MAY ALSO
"L 0OP" UNDER THESE CONDITIONS. ANALYS!S 1S SELDOM SUFFICIENTLY PRE=
CISE TO INTERPRET THESE CIRCUMSTANCES., TILDA 1S AN EXAMPLE OF THIS
SITUATION, AND THE TYPHOON DRIFTED WESTWARD. LORNA LOOPED WHILE NEAR
YHE AX1S 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 TYPHOONS
THIS POINT MAY BE A DEGREE OR TWO N OF THAT INDICATED BY THE SPACE
MEAN CHART,

AFTER RECURVING, THE CHART 1S USED TO FORECAST THE MOVEMENT
OF THE TYPHOON SOMEWHAT SIMILAR TO THAT OF FORECASTING THE MOVEMENT
OF EXTRATROPICAL SYSTEMS,.

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 CONDITIONS OF THE MAJOR ATMOSPHERIC FEATURES I[N
THE NORTHERN HEMISPHERE AND 1S 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, SURVEILANCE SYSTEMS

SEE CHAPTER || FOR EVALUATJIONS OF AERIAL RECONNAISSANCE,
LAND RADAR, AND SATILLITES,



To WacHHOLZ GRAPH

REFER TO REPORT OF VALIDITY OF THIS GRAPHICAL CORRELATION
OF MEASURED AND OBSERVED EYE METEOROLOGICAL PARAMETERS TO MAXIMUM
SURFACE WIND IN CHAPTER Y.

8. WorRK CHART

As AN OPERATIONAL AND RECORDING TOOL IN PREPARING TROPICAL
CYCLONE WARNINGS, A BASIC CHART FROM THE FACIFIC AIRWAYS PLOTTING
CHART SERIES, PLUS 3 ACETATE OVERLAYS @S USED. ALL AIRCRAFT AND
RADAR FI1XES ARE PLOTTED ON THE BASIC CHART. TWENTY-FOUR HOUR FORE=
CAST POSITIONS ARE PLOTTED ON THE BOTTOM OVERLAY, WARNING POSITIONS
ARE PLOTTED ON THE SECOND OVERLAY, AND THE TOP OVERLAY 1S UTIL1ZED
AS A WORK SHEET, ’

D.  WARNINGS

WARNINGS ARE FILED AND TRANSMITTED EVERY © HOURS AT SYNOPTIC
TIMES oF 0000Z, 0600Z, 1200Z, amp 1800Z. IN ACCORDANCE wiTH CINCPAC
IMST 3140.1 C.,, THE MESSAGE CONTAINS THE PRESENT POSITION OF THE TROP=

. JCAL CYCLONE BEING VALID FOR THE SCHEDULED TRANSMISSION TIME. THERE=
FORE, THE "PRESENT POSITION" OF A TROPICAL CYCLGNE !S ACTUALLY A
SHORT RANGE FORECAST POS!ITION, THIS POSITION MAY BE BASED ON A RE=
CONNAISSANCE F1X 30 MINUTES TO PERHAPS 6 HOURS OLD, ON SURFACE OBSER=
VATIONS AS MUCH AS 6 HOURS OLD, ETC.; AS CONFIRMED IN THE WARNING,

IT IS FOR THIS REASON THAT THE 0B00Z WARNING, FOR EXAMPLE, MAY NOT
AGREE WITH THE POSITION OF THE TROPICAL CYCLONE AS IND{CATED BY THE
0600Z ANALYSIS., AMENDMENTS ARE !SSUED WHEN THE DIFFERENCE IS SIGN)=
FICANT, THE NUMBERS OF TROPICAL WARNINGS RUN CONSECUTIVELY WHEN THE
CYCLONE 1S UPGRADED OR DOWNGRADED. [F WARNINGS ARE DISCONTINUED AND
THE CIRCULATION REGENERATES, THE NEW SERIES OF WARNINGS ARE NUMBERED
CONSECUTIVELY FROM THE NUMBER OF THE LAST WARNING OF THE PREV{OUS
'SERIES, WHEN NECESSARY, AMENDMENTS AND CORRECTIOMS ARE ISSUED, AND
THESE ARE NUMBERED THE SAME AS THE WARNING WHICH THEY AMEND OR CORRECT,

THE 1961 VERIFICATION SUMMARY 1S CONTAINED IN CHAPTER 111,

ALt 24 anp 48 HOUR FORECASTS, MADE WHEN A TROPICAL CYCLONE (S OF
TROPICAL STORM OR TYPHOON INTENSITY, ARE VERIFIED AGAINST THE BEST
1967 TRACKS AT ALL LATITUDES THROUGH THE LAST WARNING ISSUED, N
1959 anp 1960 VERIFICATION WAS LiMITED TO BEING AT OoR S of 35N,
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CHAPTER 1

SURVE ILANCE SYSTEMS
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SURVE ILANCE SYSTEMS

A, GENERAL

SURVEILANCE QUALITY IS THE KEY TO THE ACCURACY OF EACH WARNING
POSITION AT TIME OF ISSUANCE. TYPE, TIMELINESS, CAPABILITIES, AND
 ACCOMPL I SHMENTS OF EACH SYSTEM WILL BE THE SUBJECT MATTER OF THIS
CHAPTER.

B.  AERIAL WEATHER RECONNAISSANCE

U. S. AIR FORCE, WB=-50 AIRCRAFT
56TH WEATHER RECONNAISSANCE SQUADRON, YOKOTO AIR BASE, JAPAN
Lt. CoL, E. D. WALLACE, COMMANDER
MAJ. Ra. H. Yaw, WEATHER OFFICER
DET., 1 - 56TH WEATHER RECONNAISSANCE SQUADRON, ANDERSEN AIR
Force BASE, Guam, M, I,
MAaJ. T. J. MAHER, COMMANDER

U, S. Navy, WV-2 AircrarT (EFFECTIVE 1 JuLy 1961)
AI1RBORNE EARLY WARNING SQUADRON ONE, NAS, AGANA, Guam, M, I,
Cor. H. B. KENTON, COMMANDER
Lt. M. J. MORAN, WEATHER OFF1CER

‘DUE TO THE EXTREME PAUCITY OF SURFACE AND UPPER AIR METEOROLOG!=
CAL DATA AND INFORMATION IN THE WESTERN PAcIFic ARea (WESTPAC), THE
VITALNESS OF AERIAL RECONNAISSANCE TO METEOROLOGICAL ANALYSIS AND
FORECAST EFFORT CANNOT BE OVEREMPHASIZED.

THE AVAILABILITY OF ACCURATE AND COMPLETE AERIAL WEATHER RECONe
NAISSANCE DATA AND INFORMATION 1S 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
CHARACTERISTICS.

ATTENTION 1S INVITED TO THE FACT THAT THE LOCATION AND TRACKING
OF TROPICAL DEPRESSlONS/STORMS/TYPHOONS 1S 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:

A. REQUISITE METEOROLOGICAL PARAMETERS FOR MEASUREMENT ON
EYE~-PENETRATION M1SS1ONS

14



1e  TEMPERATURE, DEW-POINT, WIND SPEED AND HEIGHT OF
THE 70O MB SURFACE BY ATRCRAFT INSTRUMENTATION.

2. LAPSE RATE FROM THE 700 MB LEVEL OR ABOVE TO
EARTH'S SURFACE WITH SURFACE TEMPERATURE AND PRESSURE BY DROPSONDE,.

3. LOCATION OF THE PRESSURE CENTER WITHIN THE EYE
BY USE OF THE RADIO ALTIMETER. : '
: 4., WIND VELOCITY PATTERN WITHIN THE EYE, WALL-CLOUD
CONFIGURATION, TURBULENCE, AND WIND SHEAR BY OBSERVER.

‘ B. REQUiISITE METEOROLOGICAL PARAMETERS FOR MEASUREMENT ON
CIRCUMNAVIGATION MISSI0ONS

1« SAME As A1, ABOVE

2. SAME As A2, ABOVE, AT PRE-~SELECTED POINTS

3. 700 MB WIND VELOCITY PATTERN FROM DopPLER (OR
EQUIVALENT) MAVIGATIONAL SYSTEM. .

4, SURFACE WIND VELOCITY PATTERN BY oaszaven.

5., CLOUD DISTRIBUTION BY OBSERVER AND/OR AIRBORNE
RADAR,

6. - SPOT OBSERVATIONS IN ACCORDANCE WITH ESTABLISHED
STANDARD PROCEDURES, '

C. INFORMATION PrROVIDED BY FWC/JTWC, GuaM, WarNings (BASED
UPON REQUISITE METEOROLOGICAL PARAMETERS DELINEATED IN THE PRECEDING
PARAGRAPHS A AND B

1. EXiISTENT CYCLONE INTENSITY AND PREDICTED INTENSITY
CHANGES, '
2. DIRECTION AND SPEED OF MOVEMENT IN TERMS OF |IN=
TENSITY AND PAST POSITIONS OF THE CYCLONE,

3. DATA FOR CERTAIN STATISTICAL PREDICTIVE FORMULAE
iN THE DETERMINATION OF DIRECTION AND SPEED OF MOVEMENT.

4, DISTRIBUTION OF WIND SPEEDS IN THE VARIOUS CYCLONE
QUADRANTS, STRONG AND WEAK WINDS, RADIUS OF WINDS AND 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 REZQUIRE~
MENTS 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 U, S§., AND ALLIED FORCES IN
THE WESTERN PACIFIC AREA,

THE DATA OBTAINED BY EYE~PENETRATION AND DROPSONDE TECHNIQUES
ARE "KEYS"™ IN INTENSITY ANALYSES AND THE PREDICTION OF FUTURE INTEN=
SITY CHANGES FOR WARNING PURPOSES, SINCE THE EYES OF TYPHOONS VARY
FROM A FEW M1 TO 200 MI IN DIAMETER, T 1S EXTREMELY IMPORTANT THAT
THE ACTUAL PRESSURE CENTER BE PRECISELY DETERMINED AND THAT THE
DROPSONDE BE RELEASED AT THIS POSITION, REPORTS OF THE EYE WIND
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PATTERN AND THE VISUAL VELOCITY DISTRIBUTION ALSO SERVE TO CONF{RM THE
MEASURED PARAMETERS OF TEMPERATURE AND PRESSURE. FROM A SCIENTIFIC
STANDPOINT, THERE 1S NO SUBSTITUTE FOR A COMPLETELY METEOROLOGICALLY
EQUIPPED AIRCRAFT.

{T CANNOT BE STRESSED SUFFICIENTLY THAT COMPLETE METEOROLOGICAL
DATA AND INFORMATION OBTAINED BY AERIAL RECONNAISSANCE TECHNIQUES ARE
 MANDATORY FOR ACCURATE AND EFFICIENT ANALYSES AND PREDICTIONS RELATING
' TO TROPICAL AREAS, DEPRESSI1ONS, STORMS, AND TYPHOONS, "Fixes" sy
 THEATER AIRCRAFT SUPPLY ‘ONLY AN EXTREMELY LIMITED AND UNACCEPTABLE
PARTIAL ANSWER TO A HIGHLY COMPLEX PROBLEM. LOCATION IS BUT ONE AS-
PECT OF THIS PROBLEM. ANALYSES OF CYCLONE CHARACTERISTICS AND INTEN-
SITY, AND PREDICTIONS OF INTENSITY CHANGES AND MOVEMENT ARE EQUALLY,
"1F NOT MORE, IMPORTANT TO OPERATIONAL FORCES.

THE CAPABILITIES OF THE -JOINT TYPHOON WARNING SERVICE IN THE
'WESTPAC AREA SUFFERED DURING THE 1961 TYPHOON SEASON AS THE DIRECT
RESULT OF DRASTICALLY REDUCED USAF PARTICIPATION IN AERIAL WEATHER/

" TYPHOON RECONNAJSSANCE, PARTICULARLY FROM THE STANDPOINT OF EARLY _
DETECTION OF POTENTIAL OR NASCENT TROPICAL STORMS AND TYPHOONS. Loss$

" OF THIS RECONNAISSANCE SUPPORT RESULTED IN THE GENERATION OF TWO TRO=
PICAL STORMS, [DA AND KATHY, WITHOUT KNOWLEDGE AND ADEQUATE PRIOR
WARNINGS BEING 1SSUED 8Y JTHWC. §N ADDITION, THE DETERIORATION OF
ANALYS1S AND FORECAST CAPABILITY DUE TO THE PAUCITY OF RECONNAISSANCE -
CAUSED A DECREASE IN POSITIONAL FORECAST ACCURACY OF AS MUCH AS 30 MI
FOR 24 HOUR PREDICTIONS AND 120 M1 FOR THE 48 HOUR OUTLOOKS.

VITAL AND INTEGRAL PARTS OF ANY TROPICAL OCEANIC ANALYSI!S ARE
SYNOPTIC AND INVESTIGATIVE FLIGHTS., SYNOPTIC RECONNAISSANCE OVER THE
TROPICAL OCEAN AREAS OF MICRONESIA MEASUREABLY SUPPLEMENT THE SPARSE
ISLAND OBSERVING STATIONS TO THE SE AnD SW oF GuAaM., THESE FLIGHTS
PRODUCE SYNOPTIC AND DROPSONDE DATA ENABLING A BETTER METEOROLOGICAL
ANALYSIS OF AN AREA 1.5 TIMES THAT OF THE CONTINENTAL UNITED STATES.
THIS WAS NOT ACCOMPLISHED DURING THE 1967 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 |S OBVIOUSLY MANDATORY AND REQUIRES LITTLE
DISCUSSION, ANY COMPROMISE, IN THIS REGARD, LESSENS THE QUALITY OF
‘THE OBSERVATIONS MADE AND TRANSMITTED, POSES A SERIOUS THREAT TO THE
ACCURACY OF THE WARNINGS JSSUED, AND, CONSEQUENTLY, IMPEDES SOUND DE-
CISIONS ON THE PART OF ALL OPERATIONAL CONSUMERS IN THE WESTPAC AREA,

 THE PRECEDING DISCUSSION 1S EXTRACTED FROM A FWC/JTHC STAFF STupY
WHICH HAS PRODUCED THE FOLLOWING RESULTS:: ’

A, THE 54TH WEATHER RECONNAISSANCE SQUADRON, WITH SIX

WB=-50 AIRCRAFT, 1S BEING REACTIVATED AS OF 18 APRIL 1962 AT ANDERSEN
AFB, GUAM, IN L1EU OF DET 1 = 56TH WEATHER RECONNAISSANCE SQUADRON,

16



. B. AIRBORNE EARLY WARNING SQUADRON ONE HAS AUTHORITY TO
EQUIP 1TSS WV-2 AIRCRAFT WITH DROPSONDE CHAMBERS AND DOPPLER TYPE
NAVIGATION EQUIPMENT FOR THE 1962 SEASON,

THE WV=2 IS A UNIQUE WEATHER RECONNA$SSANCE AIRCRAFT IN THAT ITS
APS=20E AND APS=45 RADARS CAN PROVIDE ACCURATE DATA SHOWING THE HORI=
ZONTAL STRUCTURE OF A STORM AREA uUp TO 250 MI DISTANCE FROM THE AlR-
CRAFT. RADAR IS EMPLOYED WHENEVER POSSIBLE ON ALL WEATHER RECON=
NAJSSANCE MISSIONS .PERFORMED BY AEWRON ONE. FiIXES BY RADAR ARE USED
EXTENSIVELY DURING HOURS OF DARKNESS AND AT OTHER TIMES WHEN CLOUD
PRESENTATION POSITIVELY DEFINES THE CENTER.

AI1RBORNE RADAR LIKE LAND RADAR FURNISHES ONLY A GEOGRAPHICAL
POSIT1ON. TO LOCATE THE CENTER OF A CYCLONE., DURING DAYLIGHT HOURS,
WHEN 1T 3S CONSIDERED OPERATIONALLY SAFE BY THE WV~2 PLANE COMMANDER,
OPTIONAL PENETRATION BY THE WV=2 AIRCRAFT 1S ACCOMPLISHED THROUGH THE -
QUADRANT WHICH CIRCUMNAVIGATION AND RADAR PRESENTATION HAS SHOWN TO
BE THE WEAKEST.

, THE FOLLOWING SET OF PHOTOGRAPHS DEPICT THE SECOND OF TWO PENE=-
TRATIONS OF TyPHOON TILDA PERFORMED BY AN AEWRON ONE AIRCRAFT ON 29
SEPTEMBER 1961. THE FIRST 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, AND
THE EYE 1S CLEARLY DEFINED, THE WALL CLOUDS NEAR THE AIRCRAFT APPEAR
TO BE LESS INTENSE, INDICATING THAT THE AIRCRAFT IS PENETRATING
THROUGH THE WEAKEST QUADRANT., PHOTO NUMBER TWO SHOWS THE AIRCRAFT
ENTERING THE WALL CLOUD, ENCOUNTERING 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, THE CLOCK
INDICATES THAT ONLY TWO MINUTES HAD ELAPSED DURING THE TRANSIT
THROUGH THE WALL CLOUD, IN PHOTO NUMBER FOUR, THE AIRCRAFT §S 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?
“EYE PERFECTLY CIRCULAR 14 MI IN DIAMETER. EXTENSIVE WALL CLOUDS
ABOVE 40,000 FT, 6 MI THICK., CONSIDERABLE STRATAFORM CLOUDS IN EYE,.
UNABLE TO SEE SURFACE, MAX SURFACE WiNDS 100 KTS WITHIN 20 Mi OF EYE,’
TEMPERATURE ROSE 1092 C ON PENETRATION. LIGHT TO MODERATE TURBULENCE
AND TORRENTIAL RAIN ENCOUNTERED IN 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 JUN FOR YEAR BONUS.

56TH 79 229 e
YH-1 2 119 13
VAP-61 1
315TH AIR DIVISION . 1
OTHER USAF ' o 6
OTHER USH 4
CIVILIAN o ‘ 2
TOTAL FIXES MADE AHD USED 317

FLYING HOURS PER TYPHOON .

TYPHOON 56 WRS - AENWRON 1
TESS ‘ .. 155 . 6
ALICE 60 5
BETTY 142 N/R
CORA t 36 ' N/R
ELSIE 80 27
HELEN 130 : 51
IDA 50 20
JUNE - 112 ' 33
KATHY 39 10
LORNA » : 80 : 11
" NANCY 121 30
OLGA ‘ N/R ' N/R-
PAMELA 35 , 31

SALLY 29 : 22
TILDA 28 30
VIOLET 80 74
BILLIE - 10 79
CLARA .0 65
Dot - 49 68
ELLEN _86 82
TOTAL 1322 ' 644

TOTAL TROPICAL CYCLONE FLYING
HOURS 2701* ’ 1947 - 854

N/R - Missions NoT REQUESTED 8y JTWC

# < INCLUDES PRECEDING TOTALS BUT NOT THE 56 WRS TROPICAL FIXED
TRACKS WHICH WOULD MORE THAN DOUBLE THEIR 1947 HOURS LOGGED
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A SERIES OF DROPSONDE PATTERNS WILL BE TESTED IN 1962, EACH OF
THESE PATTERNS WILL 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 WITHIN THE EYE,

€. LAND RADAR

As TypHooN JUNE APPROACHED TAIWAN ON 6 AuGust, JTWC ACCEPTED
LAND RADAR FIXES ON AN OPERATIONAL BASIS, AS A SURVEILANCE AlD, WITH
THE FULL KNOWLEDGE OF THEIR INHERENT LIMITATION OF PROVIDING ONLY A
GEOGRAPHICAL POSITION., THIS LINEAR DIMENSION HAS RESTRICTED OPERA-
TIONAL VALUE; THEREFORE, JTWC REQUIRES A COMBINATION OF BOTH SYSTEMS,
LAND RADAR AND AERIAL RECONNAISSANCE,

SPECIFICALLY, JTWC REQUIRES ONE DAILY AERIAL RECONNAISSANCE PENE=-
TRATION WITH DROPSONDE IN CONJUNCTION WITH CONTINUOUS LAND RADAR
COVERAGE WHEN THE MISSION CAN BE CONDUCTED SAFELY AS PERMITTED BY
TERRAIN FEATURES, THE PRESSURE CENTER AND METEOROLOGICAL INTENSITY
PARAMETERS, THUS PROVIDED, COMPLIMENT THE RADAR POS!TION WHICH ALONE
DOES NOT FURNISH THE NECESSARY DATA TO SUPPORT A COMPLETE 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 LAND RADAR COVERAGE RATHER THAN THE NORMAL
FOUR FIX A DAY REQUIREMENT FOR TYPHOONS BY RECONNA!SSANCE AIRCRAFT,

D.  SATELLITES

THE TIROS SERIES PROVIDED FWC/JTHC WITH RANDOM NEPHANALYSES OVER
THE WESTERN NORTH PACIFIC, SUCH REPORTS HAVE IDENTIFIED THE POSITION
OF SIGNIFICANT VORTICES DURING THE PERIOD THAT JTHC 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
BUREAU TO CONFIRM OUR POSITION OF THE TROPJCAL CYCLONE AT THE TIROS
OBSERVATION TIME WHEN JTHC WAS ISSUING WARNINGS AND/OR TO COORD INATE
ON TIROS OBSERVAT!ONS 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 INFORMATION WHEN AVAILABLE, NiMBUS® AN-
TICIPATED REGULARITY WILL ELIMINATE TIROS? 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 CONTRIBUTION TO RESEARCH IS POSSIBLE, SHOULD THE TIMING BE IN
PHASE FOR AN ACTUAL FORMATION PERIOD, IN THAT THE NEPHANALYSIS WOULD
ADD MEASURABLY TO THI!S UNKNOWN SEQUENCE OF EVENTS, FURTHER IN THE
EXCHANGE OF INFORMATION, FWC/JTWC 1S SENDING A DAILY MESSAGE COVERING
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THE ANALYZED POSITIONS OF EASTERLY WAVES AND INTERTROPICAL ZONE OF
CONVERGENCE IN WESTPAC.
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CHAPTER 111

SUMMARY OF TROPICAL CYCLONES
OF 1961

24



A,  GENERAL

Sixry NINE (69) TROPICAL DISTURBANCES WERE ANALYZED AND SNVES=-
TIGATED AS POTENTIAL CYCLONES DURING THE CALENDAR YEAR 1961 IN THE
NorTH PActiFiIc OcEAN AREa W oF 180 DEGREES, OF THIS NUMBER, 11 HAD
WARNINGS 1SSUED AS TROPICAL DEPRESSIONS, AN ADDITIONAL 11 REACHED
TROPICAL STORM WARNING STAGE, AND ANOTHER 20 ACHIEVED TYPHOON WARN-
ING STATUS, HWARNINGS WERE #1SSUED ON 42 TROPICAL CYCLONES,

THE FOLLOWING DATA 1S PROVIDED CONCERNING THE 1961 SEASON AND
THE TWO PREVIOUS YEARS FOR COMPARISON PURPOSES: '

1959 1960 1961

ToTAL CYCLONES o 65 _ 56 69
A. SUSPECT AREAS 32 26 27
Bs. TROPICAL DEPRESSIONS 7 3 . 11
C. TROPICAL STORMS 9 8 1
D. TYPHOONS : 17 19 20
E. TOTAL NUMBER OF WARNINGS 583 776 737
F. CALENDAR DAYS OF WARNINGS 137 157 : 165

THE 11 TROPICAL STORMS WERE RITA, SUSAN, VIOLA, WINNIE, DORIS,
FLOSSIE, GRACE, MARIE, RUBY, WILDA, ano ANITA.

THE 20 TYPHOONS IN ORDER OF OCCURRENCE WERE TESS, ALICE, BETTY,
CORA, ELS(E, HELEN, DA, JUNE, KATHY, LORNA, NANCY, OLGA, PAMELA,
SALLY, TILDA, VIOLET, BiLLIE, CLARA, DOT, ano ELLEK, For coMPARrRISON
PURPOSES, THE CHART ON THE FOLLOWING PAGE PROVIDES |NFORMATION CON-
CERNING ANNUAL TOTALS AND THE MONTHLY FREQUENCY FOR 1952 THrROUGH 1961,

THE SEASONAL DISTRIBUTION OF .TYPHOONS CONFORMS TO CLIMATOLOGY
FAIRLY WELL; EXCEPT THAT THE TOTAL FOR THE YEAR EXCEEDED THE AVERAGE
BY ABOUT TWO. THE AVERAGE TYPHOON FOR 1961 HAD A LIFE oF 5 pAys, 17
HOURS AND TRAVELED 1497 M1 AT AN AVERAGE SPEED OF 11 KTS FROM FIRST
TO LAST WARNING, THE 1960 TYPHOONS TRAVELED AT ABOUT THE SAME SPEED,
LASTED TWO DAYS LONGER AND TRAVELED AN AVERAGE DISTANCE ofF 1930 M1,
NANCY, ‘A SEPTEMBER TYPHOON, HOLDS THE 1961 RECORDS FOR LONGEST LIFE,

9 pAYS, 18 HOURS; DISTANCE, 4266 MI; AVERAGE SPEED, 18,2 KTS; FASTEST,
55 KTs BETWEEN 1612002 anp 170000Z; AND MOST INTENSE, 185 KTS BETWEEN
1112002 ano 1206002, ’

B, AREAS OF FORMATION AND DEVELOPMENT

A CHART 1S PROVIDED SHOWING THE POINTS OF ORIGIN OF ALL.TYPHOONS,
1952 THRougH 1961, THE DATA IS BASED ON ANNUAL REPORTS FOR EACH YEAR,
AND OTHER DATA SOURCES MAY VARY SLIGHTLY. AN ADDITIONAL CHART, DES-
CRIBING POINTS OF FIRST TYPHOON INTENSITY. FOR THE SAME PERIOD 15 IN~
CLUDED, EACH TRIANGLE §S NUMBERED TO INDICATE A TYPHOON AS FOLLOWS:
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FEB - MAR APR MAY JUN JUL AUG  SEP ocT NOV = DEC TOT

JAN

21

1952

17

1953

15

1954

19

1

1955

18

1956

18

1957

1

1958

26

17

1959

19

1960

1961

1.1 2.2 4.0 3.1 3.0 1.9 1.1 18.4

6

AVE,



0161 wouLd BE THE FIRST TYPHOON OF 1961, 1352 1S THE THIRTEENTH TYPHOON
ofF 1952, ETC,

THE CYCLONES INTENSIFIED TO TYPHOON .STRENGTH IN THE SOUTH CHINA
SEA, ALICE, CORA, 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 MI) BUT CREATED HAVOC IN OTHER PARTS OF THE WORLD, THE TwoO
THAT WERE A POTENTIAL HAZARD To Guam WERE NANCY ano VIOLET, THE Two
MOST INTENSE CYCLONES OF THE SEASON. TypHoOoN 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 INTENSITY

TYPHOONS VARIED IN SIZE FROM THE SMALL SUCH As CORA, OLGA, KATHY
AND IDA TO THE GIANT, BILLIE, THERE WERE NO "MIDGET" TYPHOONS DE-
TECTED DURING THE YEAR, BUT SEVERAL WERE SMALL ENOUGH TO HAVE ES=-
CAPED DETECTION HAD THEY NOT DRIFTED INTO SHIPPING OR AIR LANES,
KATHY WAS DIFFICULT TO FIND ON THE SYNOPTIC CHART, AND POSED SOME
PROBLEMS TO RECONNAISSANCE AIRCRAFT SEARCHING FOR 1T, TypHoonN 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 ABOUT
750 Mi1. THE CIRCULATION WAS SIMILAR TO THAT ofF CARMEN ofF 1960 N
BEHAVIOR AND APPEARANCE. ALTHOUGH CLASSIFIED AS A TYPHOON BECAUSE OF
THE SURFACE WIND SPEED; 1T 1S DOUBTFUL THAT IT WOULD QUALIFY THERMO~
DYNAMICALLY FOR IT LACKED THE CLASSICAL WALL CLOUD AND OTHER FEATURES
COMMONLY ASSOCIATED WiITH TYPHOONS, TypHoonNs VIOLET anp NANCY HAD MINI-
MUM SEA LEVEL PRESSURES oF 882 MB REPORTED BY AIRCRAFT RECONNAISSANCE,
DROPSONDE EQUIPMENT PROVIDED THIS INFORMATION IN EACH CASE. THE MAXI=-
MUM SURFACE WIND SPEED FROM THE BEST TRACK FOR NANCY was 185 KTs ANnD
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 1950 COMPARE FAVORABLY IN MANY
RESPECTS, EXCEPT THAT THERE WERE onLY 13 TypHoons 1n 1950.

THE 1961 COMPOSITE TYPHOON TRACK CHART REVEALS THAT 9 TYPHOONS
DID NOT RECURVE, 3 LOOPED, AND THE TRACKS OF 2 OF THESE, CLARA AnD
VIOLET, cAN BE CONSIDERED UNUSUAL, CLARA LOOPED IN A CLOCKWISE MANNER,
AND VIOLET movep SW For 300 MI BEFORE TURNING TO THE NW TO COMMENCE BE=-
HAVING IN A RESPECTABLE MANNER., THE FAILURE OF A LARGE NUMBER 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
COULD TAKE PLACE., AN ANTICYCLONE MOVED WESTWARD DURING THE LIFE OF

27



KATHY AnD DA CAUSING A CONTINUED WESTWARD MOVEMENT UNTIL THE TYPHOONS
STRUCK LAND, [IDA AND HELEN, known AS THE "Twins" DEVELOPED A Fudi-
‘WHARA EFFECT, AND IDA EVENTUALLY MOVED ACROSS THE NORTHERN PERIPHERY
OF THE CIRCULATION oF HELEN,

NO FULL FLEDGED TYPHOONS TRAVELED ACROSS THE PHILIPPINES DURING
THE 1961 SEASON. SIX TYPHOONS CROSSED OR STRUCK LAND ON TAIWAN, AND
‘'ONLY 5 TYPHOONS TRAVELED OVER JAPANESE MAINLAND, IF HELEN 1S CONSI~
DERED.

28
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DTG
2500002
2506002
2512002
251800
2600007
2606002

2612007
2618002

DTG
0206002
‘0212002
0218002
0300002
0306002
0312002
0318002

0400002

DTG
0612002
061800Z

DTG
2400002
2406002

DTG
2600002
2606002

2612002

2618007

LAT
15.8N

15.6N

15.2N
15.1N
149N
15 .2N
15.4N
15.6N

LAT
13.5N
14.2N
14.5N
15.4N
16.5N
17.5N
18.0N
18.2N

LAT
18.3N
18.9N

LAT
19.0N
18.9N

LAT
28,0N
28,5N
29,1N
29.8K

TROP ICAL

DEPRESSIONS 1961

POSITION DATA

TROPICAL DEPRESSION SEVEN
25 MAY~28 MAY
LONG DTG
114,8E 2700002
114.9€ 2706002
114.8E 2712002
114,7E 2718002
114.4E 2800007
114.2E 2806002
114.0F 2812002
113.9E
TROPICAL DEPRESSION EIGHT
02 JUN-06 JUN
LONG DTG
133.8E 0406002
132,4E 0412002
130, 9€ 0418002
129.4E 0500002
128.8E 0506002
128,3E 0512002
127.9E 0518002
126.9E 0600002
TROPICAL DEPRESSION NINE
06 JUN-O7 JUN
LONG DTG
111,8E 0700002
110,3E 0706002
TROPICAL DEPRESSION ONE THWO
24 JUN
LONG - DTG
127.9E 2412002
128, 3E 2418002
TROPICAL DEPRESSI1ON ONE THREE
26 JUN-27 JUN
LONG DTG
133.2E 2700007
132,6E 2706002
132,2E 2712002
132,2E 2718002

LAT
16.0N
16.3N
16.5N

16.9N
17.3%

17.70
18.4N

LAT

18.6N

19,60
20.5N

20.8N

21.08
21,60
22.3N
23.0N

LAT
19.3N
20.0N

LAT
18.8N
18.7N

LAT
30.5N

31.4N
31.7N

LONG
113.8E
113.7€
113.5E
113.7E
113.9E
114,3E
114,2E

LONG
125.8E
125.3E
124 ,9E
124.3E
123.5E
123.2E
123.0E
123.0E

LONG
108.7E
107.9€

LONG
128,.6E
128.9E

LONG
132.3E
132.7E
133.2E
133.8E



TROPICAL DEPRESSION ONE NINE
07 AUG-11 AUG

DTG LAT LORG DTG LAT LONG

0718002 14,.3N 133.8E 0906002 17.1N 125.8€
0800002 14,90 132.6E 090600Z TO 101200Z NC WARNINGS
0806002 15.3N 131.3E ISSUED : '

0812002 15.4N 129.8E 1012002 22.6N 121, 9E
0818002 15.7N 128.4E 101800z 24.6N 120.5E

0900002 16.3N 127.1E 110000Z-~110600Z DISSIPATED

TROPICAL DEPRESSION TWO ZERO
14 AUG-16 AUG

DTG LAT LONG DTG LAT LONG
1406002 17.6N 141.1E " 1506002 19.78  140.3E
1412002 18.2N 140.8E 1512002 20.1N 140,0E
1418002 18.8N 140.7E 1518002 20.4N° 138.7E
1500002 19.2% 140,.5E 160000Z-160600Z DISSIPATED

TROPICAL DEPRESSION TWO THREE
24 AUG-29 AUG

DTG LAT LONG DTG LAT LONG

2412002 15.5N 151.2¢ 2700002 - 18,3N 140,1E
2418002 15.2N 150.6E 270600Z 19.6N 139.3E
250000z 14,9N 149,9E 2712002 21.0N 138,9E
2506007 148N 149.2E 2718002 22.5N 138,8E
2512002 15.7N 148,2E 2800002 24 0N 138,.9E
2518002 16.8N 147.0E 2806002 25.2N 139.3E
2600002 17,0N 145, 6E- 281200z 25.90 139,8E
2606002 16.7M 144 ,1E , 2818007 26,.6N 140.2E
2612002 16.9N 142.7E 2900002 27,00 140.9E
12618002 17.4N 141,3E 2906002 DISSIPATED

TROPICAL DEPRESSION THREE TWO
20 0CT-23 OCT

DTG LAT LONG DTG ' LAT "~ LONG
2006002 08.8M 147,5E 2118002 08.4N 142.9E
2012002 08,7N 146,8E - 2200002 08,3N 142,4E
2018002 08.5N 145,9E 2206002 08.1N 141.SE
210000z 08.5N 145,2E 2212002 07.8N 141.5E
2106002 08.6N 144 .,4E 2218002 07.6N 141.3E
2112002 08,.5N 143.6E 2300002~230600Z DISSIPATED
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TROPICAL DEPRESSION THREE FOUR
~ 31 0CT=-01 NOV

- DTG LAT LONG " DTG LAT LONG

3106002 16.2N 150.4E 010000z .  18.5N 148.4E
3112002 16.8N 149.7E 0106002 19.3N 148.2E
3118002 17.6N . 148,9E

TROPICAL DEPRESSION THREE SIX
06 NOV :
DTG LAT LONG . DTG LAT LONG
0606002 16.3N 152.8E 0612002 17.1N 152.4E



DTG

- 1412002
1418002
1500002
1506002

1512002 -

1518002
1600002
1606002
1612002
1618002
1700002
1706002

DTG
2706002
2712002
2718002
2800002
2806002

DTG
~0918002
1000002

DTG
0618002

0700002 -

0706002
0712002
0718002
080000z

LAT
08.3N
08. 8N
09.1N
09.3N

09.58

09.9N
10.1N
10.5N
10.9¥
11.3N
11.7N
12.1N

LAT
07.3N
07.6\
07.9N
08.3N

08.7N

LAT
09.3N
09.7N

LAT
13.8N
14.1N
14 50
15.1N
16.0N
16.9N

TROPICAL STORMS 1961
POSITIONR DATA

TROPICAL STORM RITA
14 JAN-20 JAN

LONG - DTG
134,7E 1712002
133.4E 1718002
132.5E 1800002
132.2E 1806002
132.0E 1812002
131.8E 1818002
131.8E 1900002
131.9E 1906002
132.2E 1912002
132, 7€ - 1918002
133.3E 2000002
133,9€ 2006002

TROPICAL STORM SUSAN
27 FEB-O1 MAR

LONG DTG
131.2E 2812002
131.0E 2818002
130.8E 0100002
130.6E 0106002
130.5E 0112002

TROPICAL STORM VIOLA
09 APR-10 APR

LONG DTG
109.6E 1006002
108,3E 1012002

TROPICAL STORM WINNIE
06 MAY-09 MAY

LONG DTG

93, 7€ 0806002
93.1E 0812002
92.3E 0818002
91,7E 0900007 .
91.1E 0906002
90.5E 0912002

35

LAT
12.3N
12.6N
12.8N
12.9N
13.0N

"13.1N

13.1N
13.20
13.4N
13.8K
14.3N
14.9N

" LAT

09.0N

"09.5N

09.8N
10.2N
10.6N

LAT
og. g"
09.9N

LAT
18.0N
19.1N
20.3N
21.5N
22,5N
23.5N

LONG
134.6E
135.3€
136.1€
137.0F
137.9€
138.8E
139.7E
140.5E
141 4E
142,1€
142.9€
143,4E

LONG
130.3E
130.3€
130.2E
130.2E
130.1E

LONG
107.5E
106.8E

LONG
90,0E
89.5E
89.4E
89.5E
90.0E
90.8E



DTG
2306002
2312002
2318002
2400002
2406002
2412002
2418002
2500002
2506002
2512002
2518002

2600002
2606002

DTG
1600002
1606002
1612002
1618002
1700002

1706002 -

1712002
1718002

DTG

2100002

2106002
2112002

2118002

2200002
2206002
2212002
2218007
2300002

. LAT

14.0M
15.2N
16.4N
17.6N
18.6N

- 19,58
- 20.1N

20.2N
20.0N
20.0N
20.4N
21.3N
22.3N

LAT
17.9%
17.6N
17.3\
16.8N
16.4N
16.0N
15.8N
16.6N

LAT
27.3N
27.4N
27.6N
27.5M
27.2N
27.1N
27.2N
27.6N
28.1N

TROPICAL STORM DORIS
23 JUN-0Z JuL

LONG

137.6E
137.2E
136.6E
136.0E,
135.2E
134.4E
133.4E
132.2E
131.3E
130.6E
130.3E
130.7E
J131,5E

DTG
2612002
2612002
ISSUED
3000002
3006002
3012002

- 3018002

0100002
010600Z
0112002
0118002

0200002

0206002

TROPICAL STORM FLOSSIE
16 JUL-19 JUL

LONG
129.0E
127.8E
126.4E
125.1E
123.9E
122.8E
121.5E
120,5E

DTG
1800002
1806002
1812002
1818002
1900002
1906002
1912002
1918002

TROPICAL STORM GRACE
21 JuL-25 JuL

LONG
127.9€
127.6E
127.2E
126, 7E
126.9E
127.6E

. 128.2E
128.5€
128.5E

36

DTG
2306002
2312002
2318002
2400002
2406002
2412002
2418002
2500002
2506002

LAT
23.1N
T0 3000002

21.7N

21.6N
21.7N
21.6N
21.4M
21.9N
22.3N
22.6N

23.5N

LAT
18.2N
19.0N

19.5N -

20.3N
219N
“21.8N
22.5N
23.4N

LAY
28,.6N
29.0N
29.6N
30.2N

30.8N

31.8N
32,9N
34,2N
35.8N

23.2¢

LONG
132.1E
NO WARNINGS

125.1E
124 .4E
123.5E
122.3E
120.8E
118.0E
117.3E
116.7E
116.0E
114,.6E

LONG
120,0E
119.4E
118.5E
117.6E
116.8E

. 115.5E
114.2E
112.9€

LONG
128.3E
128.1E
127.8E
127.4E
126,9E
126.5E
126,3E
126.9€
128,.6E



DTG
2918002
3000002
3006002
3012002
3018002
3100002
3106002
3112002
3118002
0100002

DTG
2106002
2112002
2118002
2200002
2206002
2212002
2218002

0TG
1106002
1112002
1118002
1200002
1206002

DTG
1900002
1906002
1912002

LAT
23.8N
24,9\
26.1N
26.98
27.3N
27.3N
27.2N
27.1N
26.9N
26.8N

LAT
13.6N
14 .0N
14.3N
14.5N
15.0M
15.5M
15.5N

LAT
13.2N
13.4N
13.8N
14.0N
13.5N

LAT
14.5N
14 .8N
15.3N

TROPICAL STORM MARIE

29 AUG-03 SEP

LONG
153.0¢E
153.2E
153.1E
152,4E
151..1E
149,5¢
148.3E
147.3E
146.4E
145, 5€

TROPICAL STORM R
21 SEP-24 SEP

LONG
126, 7E
125.2¢E
123.7E
122.2E
119.6E
117.6E
115,8E

DTG
0106002
0112002
0118002
0200002
0206002
0212002
0218002
0300002
0306002

usy

DTG
2300002
2306002
2312002
2318002
2400002
2406002
2412002

TROPICAL STORM WILDA

11 0CT-13 OCT

LONG DTG
116.4E 1212002
115.9E 121800Z
115.4E - 1300002
114.4E 1306002
112,8E

TROPICAL STORM ANITA

19 0CT-20 OCT

LONG 0TG
113.0E. 1918002
111.2E 2000002
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

LAY
13.5N
13.8N
14.3N

“13.9N

LAT
15.7N
15,.8N

LONG
144 ,6E
143.8E
142.8E
142,1E
141.3E
140.1E
138,6E
137.2E
135.8E

LONG
114.3E
112.9E
111.4E
109, 8E
108.6E
107.3E
106.0E

LONG
111.5E
110.2€E
108.1E
107.6E

LONG
108.3E
106, 7E
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TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
TYPHOON
TYPHOON

TYPHOON
TYPHOON
TYPHOON
TYPHOON

1961 TYPHOON TRACKS

TESS
ALICE
BETTY
CORA

ELSIE
HELEN
1DA
JUNE

KATHY
LORNA
NANCY
OLGA

PAMELA
SALLY
TILDA
VIOLET

BILLIE
CLARA
DoT
ELLEN

24
17
22
22

12
27
28
01

15
20
07

. 08

08
21
27
04

23
26
09
05

MAR
MAY
MAY
JUN

JUL
JuL
JUL
AUG

AUG
AUG
SEP
SEP

SEP
SEP
SEP
ocT

ocT
ocT
NOV
DEC

| S I B |

31 MAR
21 MAY
28 MAY
25 JUN

15 JuL
03 AUG
31 JuL
08 AUG

18 AUG
26 AUG
17 SEP
10 SEP

12 SEP
29 SEP
05 oCT
10 OCT

28 0OCT
01 NOV
15 NOV
13 DEC
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01.
0z2.

03.
05.
06.

07.
08.

09.

10.

11.
12,
13.
14.

16.
17.
18.
19.
20,

21,
2z.
23.
24.
25.

26.
27.
28.
29.
30.

31.
32.
33.

35.

36.
37.
38.
39.
40,

TROPICAL CYCLONES OF 1961

CYCLONE

TroPiCAL STORM RITA
INVESTIGATION
INVESTIGATION
TroPiCAL STORM SUSAN
TypuooN TESS

TroricaL STOorRM YIOLA
INVESTIGATION
JNVESTIGATION

TroricaL STOrRM WINNIE

TypHoon ALICE

TyeHoon BETTY
TrorPicaL DEPRESSION 7

"INVESTIGATION

TrROPICAL DEPRESSION 8
INVESTIGATION

TroricaL DEPRESSION 9
INVESTIGATION
INVESTIGATION .
TroPicAL STorM DORIS
TyeHoon CORA

TrorPicaL DePrESSION 12
TrorPicAL DePRESSION 13
INVESTIGATION
INVESTIGATION
INVESTIGATION

TvypHooN ELSIE
{NVESTIGATION :
TroricaL STorMm FLOSSI
INVESTIGATION
TrorPicAL STORM GRACE

TypHoon HELEN.

TypHooN DA

Typroon JUNE

TroPICAL DEPRESSION 19
INVESTIGATION

INVESTIGATION
INVESTIGATION
TrorPicaL DEPRESSION 20
TypHoon KATHY
INVESTIGATION
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*PER 10D

12
19
01
27
22

09
04
05
06
16

21

25

30
31
03

06
17
19
20
22

24
25
26
02

04

07
1
13
18
20

26
28
31
01
10

1
12
14
15
16

JaN
JAN

FEB =

FEB

MAR -

Aer
May
May
May
May

May
May
May
May
Jun

Jun

Jun

JUN
JUN
JUN

Jun

JUN =«

Jun
JuL
Jur

JuL -
JuL -

JuL

JuL -

JuL

JuL
JuL
Jut
AuG
AuG

AugG
Auc
Aua

AUG =

Aua

20
20
02
o1
31

10
05
06
09
21

28
28
31
06
05

o7
18
22
02

25
27
29
06
08

15
12
19
22
25

03
31
08
1
"

13
16
16
18
17

JAN
Jan
FeEs
Mar
Mar

Apr
Mavy
May
MAY
May

Mavy
May
May
Jun
Jun

Jun
Jun
Jun
Jut
Jun

Jun
Jun
JUun
JuL
JuL

JuL
JuL
Jur
Jur
Jur

Auc
Jut
Auc
Aug
Ave

Aug
Auag
Auc
Auc
AvG



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 1961 (CONT'D)

CYCLONE

INVESTIGATION
TypHoon LORNA
INVESTIGATION
INVESTIGATION
TroPICAL DEPRESSION 23

INVESTIGATION
INVESTIGATION
INVESTIGATION
TrOPICAL STORM MARIE
TyrPHOON PAMELA

TypHoON OLGA
TypHOoON NANCY
TropiCcAL STORM RUBY
TypHOON SALLY
TypnooN TILDA

TyeHoon VIOLET
INVESTIGATION
TropP1CAL STORM WILDA
INVESTIGATION
TrROPICAL STORM ANITA

TrROPICAL DEPRESSION 32
TypHoon BILLIE

‘TypHoON CLARA

TroricaL DEpPRESSION 34
Tror1CcAL DEPRESSION 36

TypHooN DOT

INVESTIGATION
INVESTIGATION
TypHoon ELLEN

*PERIOD

18 Aug - 20
19 Auec - 2B
20 Auc - 22
23 Aus - 24
24 Auvg - 29
27 Aug - 29
27 Aug - 28
28 Auc - 29
29 Auc - 03
02 Sep - 12
03 Sep - 10
07 sep - 17
17 Sep - 24
20 Sep - 29
27 Sep - 05
03 OcT - 10
09 Oct - 10
10 Ocr - 13
12 Oct. - 13
19 OcT - 20
19 OcT - 23
22 0cr - 28
26 O0ct - 01
30 ocT - O1
04 Nov - 06
08 Hov -~ 15
15 Nov -~ 16
24 Nov - 25
04 Dec -~ 13

* THE PERIOD SHOWN COVERS THE PERIOD FROM THE DATE' THE CYCLONE WAS
FIRST ASSIGNED A CYCLONE NUMBER, UNTIL THE FINAL WARNING WAS ISSUED,
OR IF NO WARNINGS WERE 'ISSUED, THE DATE THE CYCLONE DISSIPATED,

Auc
Aug
Aug
Aug
Avc

Aua
Aug
Auc
SEP
SeEp

SEP
SEP
Sep
SEP
OcTr

Ocr
Ocr
Ocr
Ocr
Oct

Oct
Ocr
Nov
Nov
Nov

Nov
Nov
Nov
Dec



1961 TYPHOON DATA SUMMARY

s

FROM_RECON EROM WARNINGS
MAX MIN MiN WAX VAX WAK VAX
0BSYD sLP 700MB 700MB RAD US RADIUS RAD1US

TYPHOON SFC WND (MBS) HGT TEMP (C) 100KT WD S0KT WND 30KT HND
TESS 125 937 8420 21 40 ' 125 ‘ 250
ALICE 65 985 9730 14 — | 100 200

© BETTY 100 946 8610 21 "

CORA 80 987 9800 15 i 125 250
ELSIE 100 974 9420 % - 175 250
HELEN 100 971 9370 19 - 100 200 -
IDA 95 990 9560 18 ——- 150 250
JURE 110 961 9120 17 ——- 150 200
KATHY 110 980 9890 20 ——- 25 150
LORNA 150 . 947 8880 o2 50 175 480
NANCY 200 882 6801 21 100 250 450
OLGA ——- -—- ——— - -—- 75 200
PAMELA 170 914 7440 18 50 125 250
SALLY 80 983 —— - am- 100 300
TILDA 120 97 7980 19 50 150 . 400
VIOLET 190 882 13 29 .80 175 350
BILLIE 65 961 9290 17 mm 250 750
CLARA 75 984 10290 - R 75 150

poT 150 922 7960 21 B0 100 300
ELLEN. 175 945 8520 23 30 100 1000




1961 TYPHO

24 HR FO

ON FORECAST ERRORS
(1IN MI)

48 HR FORECASTS

RECASTS

NO, OF MEAN NO, OF MEAN

TYPHOON CASES ERROR CASES ERROR
TESS 26 117 22 297
ALICE 14 159 10 378
BETTY 22 142 18 229
CORA 5 113 1 278
ELSIE 8 84 4 173
HELEN 27 119 23 214
1DA 11 250 7 397
JUNE 26 74 22 138
KATHY 8 180 4 164
LORNA 18 120 14 196
NANCY 34 133 30 228
OLGA 5 155 1 353
PAMELA 1 120 7 315
SALLY 11 211 7 574
TILDA 27 137 23 312
VIOLET 24 146 20 312
BILLIE 16 144 12 0
. CLARA 20 178 16 361
poT 24 138 20 304
ELLEN 23 105 19 235

*AVERAGE ERROR-24 ‘HR FORECASTS (360 CASES) . o« o o ¢ o o » 136
AVERAGE ERROR-48 HR FORECASTS (280 CASES) + o ¢ « o o« + » 274
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CHAPTER 1V

INDIVIDUAL TYPHOONS

OF 1961



A, TYPHOON TESS (240000253106002 MARCH 1961)

ON 21 AND 22 MARCH, THE WINDS ALOFT AND SURFACE. OBSERVATIONS AT
TRUK INDICATED THAT A WEAK TROPICAL CYCLONE, WHICH ORIGINATED ABOUT
160 M1 SE oF PoNAPE ON 18 MARCH, HAD PASSED JUST § OF TRUK AT ABOUT
211200Z AND WAS INTENSIFYING, A RECONNAISSANCE AJIRCRAFT INVESTIGATED
THE CYCLONE ON 23 MARCH AND REPORTED THAT A WEAK CIRCULATION EX1STED
WITH MAXIMUM SURFACE WINDS OF 15 kTS, THE CIRCULATION WAS CLOSELY
OBSERVED AND ON 24 MARCH A RECONNAISSANCE AIRCRAFT INDICATED THAT THE
SYSTEM WAS INTENSIFYING, FOR THE MAXIMUM OBSERVED SURFACE WINDS HAD
INCREASED TO 45 KTS. BASED ON THIS DATA, THE FIRST WARNING WAS 1SSUED
AT 240000Z on TropicaL STOrRM TESS,

AT 240000Z TESS was asout 300 M1 S oF GUAM, MOVING TOWARDS YApP
AND INTENSIFYING, TESS WAS UPGRADED TO TYPHOON INTENSITY AT 25000027
AND BY 2512007 was JUST S OF YAP WITH MAXIMUM SURFACE WINDS OF 75 KTS.
TESS pASSED WiTHIN 30 M1 OF YAP, AND REPORTS FROM YAP INDICATED A
MINIMUM SEA LEVEL PRESSURE OF 989.0 MBS WITH PEAK SURFACE GUSTS OfF
50 krs. AFTER PASSING Yar, TESS BEGAN TO RECURVE, AND BY 2712002
WAS MOVING JusT E oF N AT 4 kTs. By THIS TIME TESS HAD MAXIMUM SUR=-
FACE WINDS OF 125 KTS AND NO FURTHER INTENSIFICATION WAS ANTICIPATED
AS TESS APPEARED TO BE IN A TROUGH THAT WAS MOVING THROUGH THE WESTER=
‘L1IES; HOWEVER, THE TROUGH PASSED QUICKLY TO THE E AND AT 280600Z TESS
BEGAN TO INTENSIFY AGAIN AND TURN TOWARDS THE NNW., SURFACE wiINDS
REACHED 135 KTs BY 281800Z AND THEREAFTER TESS BEGAN TO WEAKEN SLOWLY.
ArTER 3006007 TESS BEGAN TO RECURVE AND RAPIDLY WEAKEN, By 310600Z
TESS wAs MovING ENE AT 23 KTS WITH MAXIMUM SURFACE WINDS OF LESS THAN
30 KTS, THEREFORE THE FINAL WARNING WAS ISSUED AT THIS TIME,

. THE CYCLONIC CIRCULATION OF TESS EXTENDED TO ABOUT THE 300 MB
LEVEL DURING THE PERIOD IT WAS A TYPHOON AND AT THE TIME OF THE FINAL
WARNING EXTENDED TO LESS THAN 10,000 rv, TESS FOLLOWED THE TRACK OF
CLIMATOLOGY QUITE WELL, AND IN A PERIOD OF 7 DAYS AND 6 HOURS TRAVELED
1,450 M1, AVERAGING 8 KTS OR 200 M1 PER DAY, THE MINIMUM SPEED OF
MOVEMENT WAS 4 KTS ON 27 AND 28 MARCH AND THE MAXIMUM SPEED OF MOVE~
MENT WAS 23 KTs oN 31 MarcH,

AN UNUSUAL FEATURE OF TESS WAS THAT ON 28 MARCH IT APPEARED THAT
TESS WAS CAUGHT IN A TROUGH MOVING THROUGH THE WESTERLIES. WEAKENING
WAS INDICATED AND TESS HAD BEGUN TO MOVE E OF N3 HOWEVER, WITH PASSAGE
OF THE TROUGH TO THE E, TESS BEGAN TO INTENSIFY 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 OBSERVED BY WEATHER RECONNAISSANCE AT
2707402 At 12,6N 135,2E, THE SLP was 940 ms; 700 mB WIND, 120 KTS;
HEIGHT, 8500 FT; AND TEMPERATURE 21° C,

TESS, BEATING THE SEASON BY ABOUT FOUR MONTHS BEGAN HER LIFE

54



CHURNING HARMLESSLY IN THE OPEN SEA OF THE CAROLINE ISLANDS, SHE MAIN=
TAINED A RELATIVE WESTERLY MOVEMENT PASSING 24 MILES SOUTH OF Yar Is-
LAND ON THE 25TH OF MARCH AT 1200Z, MaxiMUM PEAK GUSTS -OF 50 KTs

WERE RECORDED .AT 2255Z., A TOTAL OF 3.6 INCHES OF RAIN FELL DURING THE
PASSAGE, WITH NO RISE IN TIDES. PRELIMINARY REPORTS INDICATED CON=-
SIDERABLE DAMAGE TO TREES AND HOUSING WITH NO CASUALTIES REPORTED,

TESS BEGAN RECURVING TO THE NORTH SHORTLY AFTER PASSAGE OF YaP. SHE
REMAINED ON THIS NORTHERLY COURSE BLOWING INNOXIOUSLY OVER OPEN SEA

FOR THE DURATION OF HER LIFE, BUT MAY HAVE CAUSED DAMAGE TO SEAGOING
VESSELS.
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LS

LAND RADAR AND AIRCRAFT FIXES - TYPHOOM TESS -

UNIT MAX  MAX MIN MIN  7O0MB

F1X METHOD SFC 700MB 700MB SLP T/To
NO,  TIME LAT, LONG, _& ACCY HWND _ WND HGT MBs _ (°c) EYE CHARACTERISTICS
1 2223002 O7.6M 145.5€ 56-P=10 15 «-- 10240 1009 09/09 SEMICIRC WALL CLDS W THRU N-E

DIA APPROX 40 MI

2 2323002 09.0 ~ 144,3t  56-P-10 45 30 10220 1005 12/11  SEMICIRC DIA 30 M1 WALL CLDS
N & W OPEN E &.S

2406362 08.7N -  143,6E 56-P=02 30 35 10121 1003 13/03 ~ NOT WELL DEFINED ON RADAR
24222717  08.8N 140.2¢€ 56-P-05 65 40 9870 994 17/13  NOT WELL DEFINED 10 MI DIA

2507152 09.1N 138,7E 56-pP=01 75 70 9850 984 16/11  CIRC DIA 40 Ml WALL CLDS E-HW.

2521451 09.7N 136.6E 56-pP-05 80 60 9500 988 15/08  NO WELL DEFINED EYE PATTERN |

2602302 10.ON - 136.2E 56-P=05 80 60 9410 980 17/11  NO WELL DEFINED EYE PATTERN

2607452  10.6N 135.9E 56-p-02 80 60 9430 974 17/10 CIRC NOT TOO WELL DEFINED DIA
: _ 70 M1 WALL CLDS N-NE

9 2622002 11.8M 135,5E 56-P-05 50 90 8930 966 17/13 CIRC DIA 20 MI WELL DEFINED

o~ o Pdw

10 2703002 12.2N 135.3E 56-P-02 110 110 8760 968 21/14 CIRC DIA 20 Ml WELL DEFINED
11 2707402 12.6M 135.2E 56-P-02 110 120 8510 940 21/07 CIRC DIA 20 MI

12 2715002 13.1N 135.3E VH1=R=05 === === LR T L DIA 12 Ml HVY WALL CLDS ALL
QUADS : ‘
13 272145 13.5N 135.7E 56-pP-05 ~==- 105 8680 974 17/17 ELLIP DJA 12 BY 25 M1 NE-SH

EYE NOT WELL DEFINED

14 2802452 13.9N 135.5E 56-P-05 80 120 8610 972 16/16 EYE NOT DEFINED BY RADAR OR
VISUAL
15 2809207 14.1N 135.6E 56-pP-02 100 120 8510 946 18/17 30 Mi DIA WELL DEFINED WALL
CLDS ALL QUADS
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON TESS (CONT'D)

UNIT MAX MAX  MIN  MIN  TOOMB
FIX METHOD  SFC 7OOMB 700MB SLP T/To
NO. _TIME __ LAT, LONG, & ACCY _ WND__WND __ HGT MBS _ (°c) EYE CHARACTERISTICS
16 2822152  15.0M 135.1F  56-P=05 === 122 8420 937 20/16 CIRC DIA 15MI WALL CLDS ALL
: QUADS
17 2902452 15.4N 134.8 56-P-05 100 105 8610 946 19/15 CIRC DIA 20MI WALL CLDS ALL
- . QUADS
18 2907457 15,9 134.6E 56-P-05 110 120 8780 951 21/17 CIRC DIA 15MI WALL CLDS ALL
' | QUADS
19 29221027  17.4M 134.6E  56-P-05 125 110 9020 953 19/14 30X20MI LONG AXIS NW OPEN SE
20 3003567 18.2N 134.6E  56-P-05 120 100 9140 975 21/15 NOT DEFINED WALL CLDS NE ALL
- | , OTHER QUADS OPEN
21 3005352 18.6N 134.3E  VWI1=R-05 === =e=  =mee w=oa e=-e= CIRC DIA 18M1 OPEN SW
22 3007557 18.8N 134.38  56-P-10 80 60 9930 987 21/16 EYE NOT DEFINED
23 3022302 21.8N 135.9E  56-P-10 --- 40 10380 1009 10/08 CIRC DIA 40MI OPEN SH-N



tTYPHOON 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 08.6N 144.3E e — -
2406002 08 Y 9" 143. BE ------- LI T T Y Y ¥
2412002 09.1N 142.6E 2 ewasecee comcea-
2418002 09.18 141.3E S — ————
2500002 09.08 140.1E 065-146 = ca=ee- -
2506002 09.0N 139.1E 065~-185 cecenae
2512002 09.08 138.1E 070-210 cmmaeee
2518002 09.2N 137.2E 070-235 P -
2600002 09.7N 136.5E 246-74 072-265
2606002 10.4N 135.9E 251-140 078-272
2612002 11.0N 135.7E 238-162 086-247
2618002 11.58 135.5E 212-140 086-230
2700002 12.0N 135.4E - 246-148 250-303 .
2706002 12.5N 135.4E 243-177 249-350
2712002 12,98 135.3E 256-141 250-391
2718002 13.38 135.4E 260-174 © 238-352
2800002 13.70 135.5E 275-84 252-389
2806002 14.18 135.5E 325-26 250-355
2812002 14.50 135.4F 360-55 263-240
2818002 14.8N 135.2E 018-63 : 268-252
2900002 15.28 135.0E 058-105 030-118
2906002 15.780 134.7E 073-117 042-188
2912002 16.30 134.5E - 096-116 050-292

..2918002 17.08 134.5E 104-127 058360
3000002 17.78 134.6E 118-71 062-435
3006002 18.5N 134.4E 159-61 068-430
3012002 19.5N 134.1E 153-23 078-407
3018002 20.8N 134.6E 186-59 087-382
3100002 22.18 136.4E - 188-88 139-118
3106002 23.0N 138.8E 221-110 228-162

AVERAGE 24 HOUR ERROR 117 MI
AVERAGE 48 HOUR ERROR 297 Mi
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B, TYPHOON ALICE (1700002-211200Z MAY 1961)

A VERY WEAK EASTERLY WAVE APPEARED TO HAVE PASSED GUAM AT
:081200Z, PROVIDING A SLIGHT WIND SHIFT AND SHOWERS ALONG |TSTTRACK.
IT WAS ONE OF MANY TO TRAVEL THIS ROUTE AND HAD LITTLE APPARENT SIG=
NIFICANCE, BY THE TIME IT WAS 110 M1 S oF MANILA AT 150600Z A cLOSED
CIRCULATION EXISTED, THOUGH SOMEWHAT CONFUSED IN FORM, AND STILL
AROUSED NO SUSPICION, By 1700002, HOWEVER, THE ASSOCIATED WIND PATTERN
WAS SUFFICIENT TO WARRANT 1SSUE OF A DEPRESSION WARNING., RECONNAISSANCE
AT 1703457 INDICATED WINDS OF 35 KTS AT THE SURFACE, AND AN INDICATED
SURFACE PRESSURE OF 988.0 MB., INTENSIFICATION OF TROPICAL DEPRESSION
SIX TO TYPHOON STRENGTH WAS RAPID, OCCURRING BETWEEN 1700002 ano

1718002.

ALICE MOVED NORTHWARD TOWARD HONG KONG, AND INTENSIFIED TO A
CIRCULATION WITH 75 KT SFc WiINDS BY 180600Z. THE TYPHOON PASSED WITH-
IN 10 or 15 MI TO THE W OoF THE ROYAL OBSERVATORY AT HONG KONG AT
1905002, 'AN UPPER WIND OBSERVATION MADE BY THE OBSERVATORY AT 190400Z,
WHEN THE TYPHOON WAS A FEW MILES SH OF THE STATION, INDICATES THE
CYCLONE TO HAVE EXTENDED THROUGH 40000 FT AS A CLOSED CIRCULATION,

ALICE DEPARTED THE ASIATIC MAINLAND AT 200800Z, ano was 105 w1 §
oF KAGOSHIMA, KyusHu, JAPAN AT 210600Z. THE FINAL WARNING WAS 1SSUED
AT 211200Z wHEN ALICE was MOVING E AT 2B KTS. IT WAS IN ITS FINAL
STAGES AS A TROPICAL CIRCULATION, RAPIDLY BECOMING EXTRATROPICAL,

WHILE 1N THE SouTH CHINA SEa, ALICE FOLLOWED A SMOOTH TRACK OF
RECURVATURE AROUND THE WESTERN SIDE OF THE PACIFIC HIGH, THEN IT MOVED
INTO THE WESTERLIES WHILE OVER THE ASIATIC MAINLAND,

ALICE TYRAVELED 1660 MI IN 4 AND ONE HALF DAYS AT AN AVERAGE SPEED
oF 15.4 KTs OrR 368 M1 PER DAY, THE CYCLONE MOVED AT A MINIMUM SPEED
oF 6 KTs FrRoM 170000Z 1O 1718007 AND AT A MAXIMUM SPEED OF 28 KTS FROM
210600Z To 211200Z, TyrHOON ALICE WAS AT 1TS GREATEST INTENSITY (75
kTs) FroM 1806002 To 190000Z.

_ THE AREAS AFFECTED BY ALICE WERE THE SoUTH CHINA SEA, Honc KoNg,
AND THE ASIATIC MAINLAND, WHILE ALICE wAs IN THE SOUTH CHINA SEA, A _
PHILIPPINE FISHING VESSEL, DE LA PAZ, WAS SUNK AS A RESULT OF THE HIGH
WINDS AND SEAS CREATED BY THE TROPICAL CYCLONE, HoNnG KONG SUFFERED 4
DEAD AND 20 INJURED; HEAVY RAINS AND STRONG WINDS DESTROYED CROPS ON
321,000 ACRES OF LAND OF THE CHEKIANG PROVINCE ON THE ASIATIC MAINLAND,
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LAND RADAR_AND AIRCRAFT FIXES - TYPHOON ALICE

UNIT MAX MAX  MIN  MIN TOOMB

FIX METHOD  SFC 700MB 700MB SLP T/To

NO, TIME _ LAT, LONG, & ACCY  WND _WND___ HGT MBS  (°c) EYE CHARACTERISTICS

1 1703452 15.5N 114.8E  56-P-02 35 25 9920 988 14/09 CIRC DIA 50 MI WALL CLDS E & N
2 1721302 16.8N 114,26 VW1-U-U  =cc  <ac  coce  eme  cmeem  ecceecceccceeesccecnecsese-——-
3 1722307 17.2N 114.0E = 56-P-02 65 60 9730 985 13/09 CIRC DIA 30 MI WALL CLDS OPEN W
4 1810002 19.1N 113.7E  VWI-R=10 =-=  ==m  ==== ==c  -owe= EYE WELL DEFINED DIA 38 MI

5 2022302 29.8N 126.9E  56-P-05 --- 50 9860 997 08/08 EYE NOT DEFINED

6 2103002 29.6M 128.6E  56=P=02 =~c 45  ceen’ mee mceea EYE NOT DEFINED NO WALL CLDS

7 2109102 29,7N 133.0E  56-P-05 35 60 9930 10/09 ~

998

DIFFUSE OPEN S & W



TYPHOON ALICE 17-21 MAY 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR 487HB. _ERROR-

DTG LAT, _ LONG, DEG, DISTANCE DEG, DISTANCE
1700002 15.28 115.0€ —————— mcee- -
1706&2 15 07" 114.7E S T A Gk an Ty rry
171 2mz '6 52“ 1]4 045 ------- - o A a» o oy
1718002 16.78 114.2E S c——————
1800002 17.30 114.0E o c—a————
1806002 18.38 113.8E 195-23 ———
1812002 19.58 113.7E 209-94 ———
1818002 20.50 113.8E 200-140 ca—m——
1900002 21 .6“ ,]3095 200-151 - e -
11906002 22.5N 114.1E 201-200 186-157
1912002 23.6N 114.8E 244-38 213-286
1918002 24.78 115.8E 070-27 213:385
2000002 25.9N 117.5E . 212-103 219-440
"2006002 27.38 119.9E 232-165 226-576
2012002 28.3N 122.5E 233-267 . 233-258
2018002 29.28 125.2¢ 235-288 229-218
2100002 29.6N 128.0F 247-330 242-443
2106002 29.8N 130.8E 253-237 250-463
2112002 29.8N 134.1E 277-168 256-557

AVERAGE 24 HOUR ERROR 159 MI
AVERAGE 48 HOUR ERROR 378 M|
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C. TYPHOON BETTY (220600Z-281200Z MAY 1961)

_ THE ORIGIN OF TYPHOON BETTY, UNLIKE MANY OTHER TROPICAL CYCLONES,
CANNOT BE TRACED EASTWARD IN TERMS OF STATION PASSAGE TO ITS INCEPTION
AS A CLOSED VORTEX. AVAILABLE DATA INDICATES THAT BETTY BECAME A
CLOSED VORTEX BEFORE 201200Z S ofF KOROR, THE 24 HOUR PRESSURE TEN-
DENCY FALLS FROM MAJURO TO KOROR THAT FREQUENTLY PRECEDE THE DEVELOP=
MENT OF STRONG TROPICAL CYCLONES COMMENCED AT A8OUT 180600Z. THESE
FALLS CEASED AT MAJURO AFTER 190600Z, AFTER 210900Z AT GUAM AND AFTER
211200Z AT KorOorR. THE 201200Z SURFACE STREAMLINE CHART INDICATED A
VORTEX BETWEEN KOROR AND THE EQUATOR WHICH MOVED SLOWLY NW AND PASSED
Koror AFTER 201200Z. PRrRIOR TO 201200Z oNLY AN E-W ELONGATED PRESSURE
TROUGH EXISTED N OF THE EQUATOR FROM W OF KOorROrR TO Kusal,

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 I1SSUED AT 221200Z.

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 INTENSITY OF 130 KTS WAS REACHED
AT 251200Z. THE TYPHOON PASSED LESS THAN 10 Mi WSW oF BATAN ISLAND,
AsouT 120 M1 N oF Luzon, JusT AFTER 252100Z. 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 251900Z. THE ANEMOMETER
WAS CARRIED AWAY SHORTLY THEREAFTER. THE MINIMUM PRESSURE BY OBSER=-
VATION wAS 957.5 mB AT 2521002, JUST BEFORE THE CENTER OF THE EYE
PASSED BATAN, AIRCRAFT RECONNAISSANCE AT 2523207 INDICATED THE MINf=
MUM PRESSURE TO BE 950 MB IN THE CENTER OF BETTY, WHICH WAS LESS THAN
20 M1 FROM BATAN AT THAT TIME, THE TYPHOON "LANDED"™ ABOUT MIDWAY OF
THE E COAST OF TAIWAN AT 261600Z wWiTH WIND SPEEDS OF 90 KTs. IT MOVED
ACROSS THE 1SLAND IN A NNW DIRECTION AT AN AVERAGE SPEED ofF 18 KTS,.
THE LAND MASS EFFECTIVELY DESTROYED THE EYE OF THE TYPHOON AS SUCH,
AND REDUCED THE MAXIMUM SURFACE WINDS AROUND BETTY T0 60 KTs. BETTY
MOVED IN AN EASTERLY DIRECTION FOR THE FIRST TIME JUST AFTER 2700002,
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 1S FAIRLY TYPICAL OF THE
TRACK CREATED AS A RESULT OF THE RIDGE LINE MOVING N DURING THE LIFE
CYCLE OF A TYPHOON, THE 500 M8 RIDGE MOVED FROM 20N AT 221200Z to
24N AT 2412002, A TRANSIENT ANTICYCLONE FORMED JUST WNW OF SHANGHAL
ON 25 MAY, CREATING THE EFFECT OF FURTHER NORTHWARD MOVEMENT OF THE
RIDGE LINE, THESE FACTORS TENDED, 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 ANT{|CYCLONE
MOVED EASTWARD OVER JAPAN, BETTY CURVED SHARPLY BEHIND IT AND MOVED
T0 THE NE.
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Tvpuoon BETTY zxr:no:o THOUGH THE 200 MB LEVEL AT 2612002 WHILE
NEAR TAIWAN, _ y

EACH YEAR ONE OR TWO UNUSUAL REPORTS OF CONCENTRIC EYES ARE MADE
BY THE RECONNAISSANCE OBSERVERS, ONE REPORT WAS MADE ON Typuoon BETTY
AT 2305002, THE TIME OF THE THIRD RECONNAISSANCE FIX AND 1S QUOTED
HERE: "VULTURE 0311 BETTY SIX EYE DATA REPORT PSN ONE TWO PT SIX NORTH
AT ONE THREE ONE PT ONE EAST AT ZERO FIVE ZERO ZERO ZULU BASIS FOR FIX
WIND CENTER FIX BY PENETRATION PSN BY LORAN ACCY 8 MI MAX OBSVD WNDS
SFC 75K EAST QUAD MAX FLT LVL WND 55K EAST QUAD 7O00MB HT 9B8BOFT XMTD
SLP 984 MBS FLT LVL 673MB TEMP 11.5 DEGC DEW PT 2 DEGC TURB LIGHT ALL .
QUAD EYE WITHIN AN EYE DIA CIRCULAR DIA OF OUTER EYE 60 MILES DIA OF
INNER EYE 20 MILES SC CLDS IN INNER EYE MOD RAIN ALL QUAD."

THERE ARE SOME INDICATIONS THAT THE WALL CLOUD SURROUNDING THE
EYE OF A WELL DEVELOPED TYPHOON 1S DETACHED FROM THE SPIRAL BANDS ASSO-
CIATED WITH THE TYPHOON, IF RADAR PICTURES MAY BE CONSIDERED EVIDENCE,
THE POSSIBILITY THEN EXISTS THAT A SPIRAL BAND MAY COMPLETELY SURROUND
THE WALL CLOUD FOR SHORT PERIODS OF TIME, THUS FORMING WHAT APPEARS TO
BE THE OUTER CIRCULAR CLOUD PATTERN ASSOCIATED WITH THE PHENOMENA
KNOWN_ AS A CONCENTRIC EYE,

TypHooN BETTY TRAVELED 2025 M1 IN THE 6 DAYS 6 HOURS THAT WARN~
INGS WERE ISSUED, AT AN AVERAGE SPEED OF 13.5 KTS., THE MINIMUM SPEED
OF MOVEMENT, 6 KTS OCCURRED BETWEEN 2206002 AND 221800Z. THE MAX1MUM
SPEED OF MOVEMENT, 33 KTS, OCCURRED BETWEEN 2806002 anp 281200Z. THE
MAXIMUM SURFACE WIND SPEED OF 130 KTS OCCURRED BETWEEN 251200Z aAND
2518002,

THE AREAS AFFECTED BY BETTY WERE BATAN ISLAND, TAIWAN, THE ASIATIC

MAINLAND JUST S OF SHANGHAI, AND KOREA., THE ONLY REPORTS AVAILABLE
INDICATE EXTENSIVE CROP DAMAGE ‘ON TAIWAN DUE TO FLOODING,
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'LAND RADAR AND AIRCRAFT FIXES - TYPHOON BETTY

UNIT  MAX  MAX MIN MIN  700MB

Od W -

o~

FIX : 'METHOD  SFC 700MB 700MB SLP T/To

NO, TIME _ LAT,  LONG, & ACCY  WND WND  HeT MBS (°c) EYE CHARACTER(STICS
2204512  10.6N 133.4E  56-P-05 70 45 9990 990 18/07 CIRC 20Mi DIA
2221062 12.1M 132,6E  56-P-15 50 52 9820 982 16/01 CIRC DIA 50MI FILLED WITH SC
2305002 12.6M 131.1E  56-P-08 75 55 9880 984 13/04 DOUBLE EYE DIA INNER EYE 20MI

_ g " OUTER EYE 60MI '

2308002 12.9N 130.4E  56-P-10 70 55 9890 990 0B8/-- CIRC DIA 20MI =~
2322402 14.6M 127.6E  56-P-02 60 70 9390 970 16/08 CIRC DIA 50MI OPEN SW-HVY WALL

.« CLDS SE

2403452 15.1N 126.8E 56-P=-05 100 70 9240 971  15/06 CIRC DIA 60MI .

2408102 15.4N 126.5E 56-P=07 100 90 9190 968 17/13 CIRC DIK 25MI ‘

2422122 17.0M 124 ,6E 56-P-02 60 95 8780 954 17/07 CIRC DIA 40MI WELL. DEFINED WALL
' ' CLDS ALL QUADS

9 '2503152 17.8M 124 ,0E 56-P-01 100 95 8610 946 17/06 CIRC DIA 30MI WALL CLDS ALL
_ QUADS WELL DEFINED

100 2509072 18.4M 123.6E 56-pP=-02 == 120 8630 947 21/10- CIRC DIA 20M1

11 2523202 20.5N 121.8E 56-P-02 == 112 8730 950 20/09 CIRC DIA 45MI

12 2603102 21.2N 121.3F  C=130%R=U === ===  ccce  =a=  =ae=e  DIA 20M]

13 2604432  21.2N 121.5E  56-P-01° =-=- 105 8760 956 18/16 CIRC DIA 4OM|
14 2605452 21.2N 121,56 VH1=R=10 == =o=  =oce  coa  ascec  oe-

15 2608452 21.9N 121.56  56-P-01 =--- 90 8830 956 . 16/12 CIRC BIA 40MI

16 2614002 - 23.0N - 121.3E  LND/RDR  <=c =o= ‘ecce  ecc  cec-m-
17 2614152 23.ON 122,1E  LND/RDR  =ee  =ne  cece  eem -




TYPHOON BETTY 22-28 MAY 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR 48 HR. ERROR
BTG __LAT,  LONG, DEG, DISTANCE DEG, DISTANCE
2206002 10,78 133.5E = ecocemm=e e ——
2212002 11.28 133.2E = commmm=e mcem——
2218002 11.84 132.8E  cemmmmee  aeee———
2300002 12.28 132.2F = e«;ecce-- ———
2306002 12.7% 131.0E 03144 = ceee———
2312002 13.20 129.6E 06360 @ cocoae-
2318002 13.98 128.3E 09682 = eecee—-
2400002 14.78 127.5E 113-140 ceemae-
2406002 15.28 126.8E 093-160 156-63
2412002 15,78 126.0F 221-90 193-70
2418002 16.48 125.1E 208-75 191-98
2500002 17.20 124.3€ 026-136 133-130
© 2506002 18.18 123.6F . 033-96 090-170
2512002 19.10 122.9E 121-75 127-82
2518002 19.98 122.2F - 124-101 \ 123-114
2600002 20.78 121.8E 123-62 _ 063-334
2606002 21.30 121.5E 089-62 060-277
2612002 22.58 121.5E 114-80 121-154
2618002 23.5N 121.4F 105-106 120-179
2700002 25.30 120.9E 090-97 110-190
2706002 26.6N 121.0E 112-122 097-256
2712002 28.2N 121.3E 106-208 096-325
2718002 30.4N 121.8E 113-326 105-400
2800002 32.50 122.9¢ 225-270 112-441
2806002 33.88 125.5E 228-358 123-415
2812002 35,48 129.0E 236-382 131-421

AVERAGE 24 HOUR ERROR 142 MIF
AVERAGE 48 HOUR ERROR 229 MI
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D.  TYPHOON CORA (220600Z-250600Z JUNE 1961)

CORA DEVELOPED FROM THE WESTERNMOST OF A SERIES OF 1006 MB Lows
THAT FORMED A TROUGH FROM ABOUT 300 M1 E OF SA1GON TO THE ISLAND OF
MAJURO ON THE 1906007 SURFACE CHART, AT THIS TIME THE SURFACE PRES-
SURES ALONG THIS TROUGH BEGAN A SLOW DECREASE THAT RESULTED IN AN
AVERAGE PRESSURE OF 1003 M BY 220600Z, TIME OF THE FIRST WARNING AS
A TROPICAL DEPRESSION TO BE LATER KNOWN AS TYyPHOON CORA. THE CENTER
PRESSURE OF CORA WAS APPROXIMATELY 995 M8 AND THE SURFACE WINDS WERE
25 KTS AT THAT TIME,

THE 500 MB PATTERN AT TIME OF THE FIRST WARNING INDICATED THAT
CORA EXISTED BETWEEN A WESTERLY FLOW NEAR THE EQUATOR AND AN ANT!=
CYCLONE CENTERED NEAR 30N THAT SLOWLY MOVED $ TO 27N DURING 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 TOWARD NORTH VIETNAM,

CORA WAS A WEAK TYPHOON WITH AN EYE VARYING FROM 40 T10o 80 M1 IN
DIAMETER, AND HAD POORLY DEFINED WALL CLOUDS, THE FINAL WARNING WAS
1SSUED WHEN CORA was 45 MI FROM THE POINT AT WHICH IT MOVED INLAND,

75 M1 S OF VINH ALONG THE COAST OF VIETNAM,

CORA TRAVELED 500 M! DURING THE 3 DAYS THAT WARNINGS WERE 1SSUED
AT AN AVERAGE SPEED OF 6,9 KTS OR AT AN AVERAGE MOVEMENT OF 167 ™1
PER DAY, THE CYCLONE MOVED AT A MINIMUM SPEED OF 3 KTS BETWEEN
220600Z anp 221800Z; AT A MAXIMUM SPEED OF 12 KTS BETWEEN 241200Z
AND 250000Z, AND HAD MAXIMUM SURFACE WIND SPEEDS OF 70 KTS BETWEEN
230600Z anp 240600Z. DAMAGE REPORTS WERE NOT RECEIVED BY JTWC, HOw-
EVER POSSIBLE DAMAGE COULD HAVE OCCURRED TO SHIPPING OR SMALL ISLANDS,
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172

LAND RADAR AND AIRCRAFT FIXES - TYPHOON CORA

UNIT MAX MAX  MIN  MIN  7O00MB

FiX . METHOD  SFC 700MB 700MB SLP T/To

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

1 2307052 16.3N 114.1 56-P-05 80 42 9910 991 13/09 POORLY DEFINED WALL CLD W QUAD
: - CIRC DIA 4OMI

2 2323552 16.9M 112.4€  56-P-01 65 30 9830 989 14/09 CIRC DIA 8OMI POORLY DEFINED

3 2403152 17.1N 111.56 56-P-1/2 75 45 9800 987 15/08 ~'CIRC DIA S8OMI WALL CLDS §$ & W

QUADS OPEN E & N



TYPHOON CORA 22-25 JUNE 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR 48 HR, ERROR
DTG LAT, _ LONG, DEG, DISTANCE DEG, DISTANCE
2206001 1502“ 1 15-1E hadadendeldendnd - e oo
2212002 15.58 114.9E cmmemee caceses
221 8002 15-8" 114.8E ------- LU L T Ly g
2300002 1 6 00“ 1 14 . GE 0 o o e had ) - o s o= o o
2305002 . 16-3" 1 14025 "*"-“ ------'-
231 2002 1 6 04N 1 1 3. 8E f'--'f--. ------ -
231 8002 1 6.7“ 1 1 3.2E --,‘---;‘Q - - e o aw o
240moz 1 6 . 9“ 1 12 Q3E S o - ’ - o 0
2406002 17.280 111.6E 065-115 —————
2412002 17.38  110.6E 062-153 | e
241 8002 1 7 02“ 109 - 3E 048-131 o e on an oy o
2500(”2‘ 1 70 1 “ 108 .OE 042-14‘ T T T "
2506002 17.4N 107.1E 122-26 054-278

AVERAGE 24 HOUR ERROR 113 MI
AVERAGE 48 HOUR ERROR 278 MI
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E. TYPHOON ELSIE (121200Z-150600Z JULY 1961)

ELSIE BECAME A CLOSED VORTEX ABouT 360 MI NE oF TRUK ON THE .
0312007 SURFACE CHART WITH A CENTER PRESSURE NOT LOWER THAN 1009 ms,
A RATHER HIGH MINIMUM PRESSURE VALUE IN THE TROPICS., THIS WEAK CY=
CLONE MEANDERED 2300 MI AT AN AVERAGE SPEED OF 10 KTS IN THE EASTER=~
LIES BEFORE A WARNING WAS 1SSUED,

THE FIRST WARNING WAS ISSUED AFTER RECONNAISSANCE HAD DETERMINED
THE POSITION OF THE CIRCULATION, AND THE FACT THAT IT HAD WALL CLOUDS,
THE SURFACE WIND SPEEDS OF THE TYPHOON INTENSIFIED TO A MAXIMUM OF
80 KTS AND IT CONTINUED TO MOVE TOWARD THE S TIP OF TAIWAN, STRIKING
LAND THERE AT 132000Z WITH SUSTAINED SURFACE WINDS OF 70 KTs. THE
TRACK AND CONTINUED WESTERLY MOVEMENT OF ELSIE CONFIRMED THE RULE OF
THUMB INDICATED BY LT, COLONEL HSU YING-CHIN, IN "THE PROBLEM OF
TYPHOON FORECASTING OVER TAIWAN AND ITS VICINITY," THAT IF A STATION=
. ARY LEEWARD INDUCED LOW FORMS NEAR TAICHUNG (46751) AND INTENSIFIES,
THE TYPHOON WILL NOT RECURVE, THE INDUCED LOW BEGAN FORMING AS EARLY
AS 1300002 AND WAS WELL ESTABLISHED BY TIME OF LAND STRIKE ON TAIWAN,
THE TYPHOON DID NOT RECURVE,

ELSIE GRADUALLY WEAKENED AFTER PASSING TAIWAN, MOVED ACROSS THE
SOUTHERN APPROACH TO TAIWAN STRAIT AND ENTERED THE ASIATIC MAJINLAND
125 M1 ENE oF HonGg KonG, THE 35 KT SURFACE WINDS THAT EXISTED AT
TIME OF LAND STRIKE RAPIDLY WEAKENED TO0 15 KTS. THE LAST WARNING
WAS 1SSUED AT 1506007 WHEN THE CYCLONE wAS SO M1 INLAND, AND 105 M1
NE of Hong Kong.

THE - USE OF EXTRAPOLATION, CLIMATOLOGY AND THE 500 MB CHART PRO=
VIDED THE BEST GUIDE FOR FORECASTING THE VvELOC!TY oF ELSIE, THE 500
MB SPACE MEAN CHART WAS OF LITTLE USE UNTIL 14 JuLy, AND THE 200 M8
CHART SUGGESTED A MORE SOUTHERLY MOVEMENT THAN THAT WHICH OCCURRED,

A TROPICAL CYCLONE OF 23-24 JuLy 1944 wAS USED AS A CLIMATOLOGY MODEL,

LIMITED DATA INDICATED THAT ELSIE EXTENDED UPWARD THROUGH THE
40,000 FT LEVEL A FEW HOURS BEFORE PASSING ACROSS THE S TIP OF
TAatwAN, THE TYPHOON MOVED 495 MI DURING THE 2 DAYS AND 18 HOURS
THAT WARNINGS WERE ISSUED AT AN AVERAGE SPEED OF 7,5 KTS or 180 Mmi
PER DAY. ELSIE MOVED AT A MINIMUM SPEED OF 4 KTS BETWEEN 1218002
AND 131200Z; AT A MAXIMUM SPEED OF 15 KTs BETWEEN 141800Z ano
150600Z, AND HAD A MAXIMUM SURFACE WIND SPEED OF 8O KTS BETWEEN
1218002 anp 1312002,

ELSIE cAUSED DAMAGE ON TAIWAN AND THE ASIATIC MAINLAND,  STRONG
WINDS AND HEAVY RAINS CAUSED SOME CROP DAMAGE, LOSS OF SEVERAL POWER
LINES, AND LEFT 345 PERSONS HOMELESS, THE PINGTUNG AREA WAS HARDEST
HIT AND ONE MAN WAS. REPORTED DROWNED THERE, ONE TAIWANESE MAN WAS
ALSO REPORTED DROWNED WHEN HE ATTEMPTED TO CROSS A SWOLLEN STREAM
AND FELL INTO THE WATER NEAR HIS HOME IN JUALIEN. [INFORMATION IS
NOT AVAILABLE CONCERNING DAMAGE ON THE ASIATIC MAINLAND,
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LAND RADAR AND AIRCRAFT FIXES -~ TYPHOON ELSIE

UNIT MAX MAX  MIN  MIN  700MB
FiX METHOD  SFC 700MB 7OOMB SLP T/To ,
NO, TIME  LAT,  LONG, & ACCY _WND _WND _ HGT MBS  (°c) EYE CHARACTERISTICS
1 1208102 20.7M 123.2E  VW1=R=10 «== ece  cece  eee  wwe--  DIA TOMI
2 1222451 213N 122,7E  56-P-04 100 75 9680 986 13/13  NOT DEFINED ON RADAR
3 130330z 21.5N 122.1F  56-P-03 7 40 9420 974 16/11  CIRC 35MI DIA POORLY DEFINED
4 1309302 21.6N 121.6E 56-P-03 100 60 9430 975 16/16 ELLIP DIA 18MI SSW-NNE & 10MI
4 , WNW-ESE WALL CLDS ALL QUADS
5 1315302 21.7N 121.1E  VM1-R-02 === === =oce  =oc —ceee  DIA 45M1 SPIRAL BANDS 160MI
| < ‘ DIA ALL QUADS EXCEPT NE
6 1322002 22.1M 120.7€  56-P-01 90 *60 *18500 --- *01/01 DIA 30Mi
7 140400Z° 22.0K 119.2F  56-P~05 ~-- %60 9840 986 12/11 DIA 40MI f
8 1409372 22.0M 119.56 56-P-15° 25 35 9860 990 11/11  NOT WELL DEFINED NO WALL CLDS
9 1416102 22.0N°  119.5E  WWI-R-U === cmc  ccon  con  ccme- NO EYE VISIBLE NORTH SEMICIRC

#500MB DATA,

APPEARS CLEAR,




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

STORM POSITION

24 HR. ERROR

48 HR. ERROR

DTG LAT, _LONG, DEG, DISTANCE DEG, DISTANCE
1212002 20.8“ 123.1E --------- - S o @n
1218002 21.28 122, 7TE 2 = s;c;ece=e 0 ecceee-
1300002 21.4N 122,3E = w=ewceea- ———————
1%6002 21 06" 121 OBE ------- ) - e . - -
1312002 21.78 121.4E 290-164 0 ceceee-
1318002 21.80 120.9E 286-196 === acmeaa -
1406002 22.28 119,.8E 339-44 —————
1412002 21.9% 119.1E 348-34 288-265
1418002 22.4N 118.0E 119-31 283-260 .
1500002 22.9N 116.4E 121-62 076-89

- 1506002 23.98 115.1E 124-118 105-79
AVERAGE 24 HOUR ERROR 84 Ml
AVERAGE 48 HOUR ERROR 173 MI
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F. TYPHOON HELEN (270600Z JULY - 0318002 AUGUST 1961)

A SMALL LOw BOUNDED BY A 1006 MB 1S08AR WAS NOTED AT 8.0N 150.0F
ON THE 2106007 SURFACE CHART, THIS CIRCULATION MOVED W AND PASSED
150 M1 S oF GUAM JUST AFTER 221800Z, AND THEN PASSED INTO THE LARGE
TROUGH THAT EXTENDED FROM THE ASIATIC MAINLAND INTO THE PACIFIC OCEAN
TOWARD GUAM, THE TROUGH THEN INTENSIFIED AND A CLOSED CIRCULATION
FORMED THAT WAS FIRST OBSERVED ON THE 2512007 SURFACE CHART. THIS
CIRCULATION DEEPENED AND FINALLY BECAME TyrPHooN HELEN, THE FimrsT
WARNING WAS 1SSUED AT 270600Z cLASSIFYING HELEN AS A STORM BASED ON
WEATHER RECONNAISSANCE. HELEN BECAME A TypHOON AT 280000Z, CONTINUED
MOVING SLOWLY NNW To NEAR 28.0N AnND 129.8E WHERE IT LOOPED AND THE
SURFACE WIND SPEEDS DECREASED FROM 80 KTs TO 45 KTs, THE rLoop
OCCURRED AROUND AMAMI=0-SHIMA (47909), THUS WITH RECONNAISSANCE AND
THE LAND STATION, SUFFICIENT DATA WAS AVAILABLE TO RECORD THE DIREC-
TION AND SPEED OF MOVEMENT, THE CYCLONIC LOOP was 20 sy 40 wmi,
ORIENTED WNW, AND REQUIRED ABOUT 24 HOURS TO COMPLETE, UPON COM-
PLETION OF THE LOOP, HELEN CONTINUED ALONG A NNW TRACK MISsiING KyusHu
8Y MOVING 35 M1 TO THE W, THE TROPICAL STORM PASSED ONTO KOREA AT
021600Z asour 60 M1 WSW oF PusAN, MOVED UP THE PENINSULA, TURNED TO
"THE NE AND DEPARTED THE COAST 45 M1 SE oF WONSAN AT ABOUT THE TIME
OF THE LAST WARNING, 031800Z, HELEN DiDp NOT REGAIN ITS INTENSITY
AFTER LOOPING, BUT CONTINUED TO SLOWLY. WEAKEN AND BECAME A TROPICAL
DEPRESSION AT 030000Z.

THE SYNOPTIC SITUATION RELATING TO TypHoON HELEN cAN BEST BE
INDICATED BY DESCRIBING THE 500 MB SPACE MEAN CHART AND THE MOVEMENT
OF THE ASSOCIATED ANTICYCLONE NE oF HELEN DURING ITS LIFE CYCLE, A
SIMILAR SITUATION OCCURRED WITH SEVERAL OTHER CYCLONES AND WILL BE
REFERRED TO IN THE NARRATIVE Of OTHER TYPHOONS, THIS DESCRIPTION
ALSO SATISFIES THE ACTIVITY THAT TRANSPIRED AT THE 200 MB LEVEL DUR-
ING THIS TIME INTERVAL, AT THE TIME OF ISSUE OF THE FIRST WARNING
oN HELEN, AN ANTICYCLONE EXISTED NEAR 35N 150E WITH A TROUGH OVER
THE ASIATIC MAINLAND ROUGHLY ALONG 110E, By 280000Z THE ANTICYCLONE
HAD MOVED SLIGHTLY E 1O 32N 157E., TWENTY-FOUR HOURS LATER A WESTERLY
MOVEMENT COMMENCED AND CONTINUED UNTIL THE ANTICYCLONE REACHED 30N
134E AT 040000Z, A SMALL RIDGE OF VARYING INTENSITY EXISTED IN THE
SoutH CHINA SEA DURING THIS PERI1OD OF TiME, HELEN MOVED SLIGHTLY W
OF N AS IT PASSED AROUND THE WESTERN SIDE OF THE PACIFIC ANTICYCLONE
E oF Japan. -

WiTH THE EXCEPTION OF THE toop, HELEN CREATED NO FORECAST PROB-
LEMS OF AN UNUSUAL NATURE, THE Two TypHoons, HELEN anp IDA, BETTER
KNOWN AS THE TWINS, CREATED FORECAST DIFFICULTIES THAT WILL BE DiS-
CUSSED IN THE [DA NARRATIVE.

TypHoON HELEN TRAVELED 1195 MI InN 7 AND ONE HALF DAYS AT AN
AVERAGE SPEED OF 6,6 kTS OR 159 M1 ‘PER DAY, FROM FIRST TO LAST WARN=
ING, THE MINIMUM SPEED WAS 2 KTS BETWEEN 301200Z anp 301800Z; THE
MAXIMUM SPEED WAS 12 KTS S8ETWEEN 020000Z anp 021200Z. THE MAXIMUM

82



SURFACE WIND WAS 90 KTS BETWEEN 2906002 ano 2912002,

AMAMI=0-SHIMA AND OTHER 1SLANDS 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 HAYE )NUNDATED
ABOUT 2,000 HOUSES, CAUSED TWO DEATHS AND SEVERAL INJURIES ON THESE
ISLANDS JusT $ ofF KYusHu, )
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BEST TRACK
TYPHOON HELEN
sLOWULP

30/0000Z TO 3118002 JULY 1961 fis

-28°N—— i

SPEED

30/0000Z TO 30/0600Z 10 KTS
30/0600Z TO 30/1200Z 3 KTS
30/1200Z T0 30/1800Z 2 KTS
30/1800Z TO 31/0000Z 4 KT$
31/0000Z TO 31/06002 5 KTS
~  31/0600Z TO 31/1800Z ;4 KTS

INTENS ITY
30/0000Z TO 30/06002 70 KT$S

30/0600Z TO 30/18002 50 KTS
30/1800Z T0.31/1800Z 45 KTS

129°E

L27°N 1
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON HELEN

988

UNIT MAX MAX  MIN  MIN  TOOMB

FIX : METHOD  SFC T700MB T00MB SLP T/TpD

NO,- TIME _ LAT, LONG, & ACCY  WND _ WND  HGT MBS (°c) EYE_CHARACTERISTICS

1 2706327 21.1M 131.5E VWI=P=02 45 «caw  cmee 990 ~mew- DIA 15 MI

2 2722002 22.7M 131.5E  56=P-07 70 50 9880 992 16/11 CIRC DIA 50MI

3 2805002 23.50  131.5E  VWI-Re02 w=w= =me = =mme  =e=  =m=m=  ELLIP 8X12 MI

4 2806572 23.3M 131.4F VWI=R03 ==e  mce  coce  mee  ecee- CIRC DIA 18MI

5 280900z 23.4M 131.38  56-P-04 75 45 9700 987 16/13 CIRC DIA 40MI OPEN NE

6 2815307 .24.1N 131.3E VHI=R=05 =ec woe  ccce ~ee —eo-- DIA 27M1 OPEN S

7 2822007 24.4N 131,26 56-P-00 70 60 9480 978 17/14 OPEN W DIA 25MI

8 2903302 25.0N 131.3f  56-P-01 75 60 9570 979 16/14 CIRC 20M! DIA ,
9 2909002 25.3N 131,06  56-P=05 80 65 9370 971 17/12 CIRC 20MI DIA OPEN SE TO S
10 2913352 26.3M 130.8E  VW1=R-04 === cce  coce  ewe  ecee- DIA 27MI

11 29183027 26.8N 130.5€ LND/RDR m—- ma- ———— - -
12 2922007 . 27.3N 130.38  56-P=01 100 65 9510 976 19/15 CIRC WELL DEFINED WALL CLDS
13 3001452 27.8N 130.0E 56-P=03 100 70 9490 =--- 19/14 CIRC 40MI DIA WELL DEFINED
14 3004002 28.0N 129.86  56-P-01 100 75 9490 976 18/14 CIRC 30MI DIA

15 3016007 28.4N 129.0E  VWI~R=05 === === ;e;e  ece ooma- WELL DEFINED EYE

16 3022302 28.1N 129,4E 56-P=1/2 40 30 9890 986 .12/10 CIRC 50MI DIA OPEN E-S

17 3103302 27.9M 129,9E  56-P-1/2 =--- .30 9890 982 15/13 CIRC DIA SOM|

18 3106002 28.0M 130.4E 56-P-1/2 65 40 9910 987 17/13 CIRC DIA 50M|

19 3114452 29.0N 129.5E VWI=P=20 === =ee  =wma === «===-  40M| DIA NO WALL CLDS

20 3121552 29,1M 130.0E  56-P=02 40 30 9890 986 13/12 POORLY DEFINED

21 0108547 29.20  130.5E  USN=R=01 w=me wme = cdee  mae ccaee 3 MI DIA WALL CLDS ALL QUADS
22 0109302 29.8N 128,5E  56«P~05 30 40 9920 14/13  POORLY DEFINED
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~ LAND RADAR AND AIRCRAFT FIXES - TYPHOON HELEN (CONT'D)

EYE CHARACTERISTICS

VERY DIFFUSE

UNIT MAX MAX  MIN  MIN TOOMB
FIX METHOD  SFC 700MB 700MB SLP T/To
NO, TIME __ LAT, LONG, & ACCY _ WND _WND  HGT MBS _ (°c)
23 -011200Z 30.1N 130,4E  USN=R=02 === ===  ccce ;o= e DIA 4 MI
24 0121302 31.4N 129.1E  56=-P-02 25 --- 9810 983 15/11
25 0209307 33.2N 56-P=-05 3 3 9770 985 14/12

127.9E

CIRC 10 M| DIA



TYPHOON HELEN 27 JUL-03 AUG 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR 48 HR. ERROR

DTG _LAT, _LONG, DEG, DISTANCE DEG, DISTANCE
2706002 2] . 5" . 131 caE o 208 00 4 LD D ] .
2712002 22,18 131.4E R A

- 2718002 22.58 131.6E - o e P——
2800002 22.8N 131.TE ————— P —
2806002 23.3N 131.6E 254-127 ——————
2812002 23.780 131.5E 269-133 ‘ ———————
2818002 24 .28 131.4E , 260-52 : ——————
2900002 24,.6N 131.3E 125-46 | emenma-
2906002 25.38 131.1E 115-41 268-212
2912002 25.9N 130.8E 350-70 - 270-210
2918002 26,70 130.5E 345-110 ] 218-75
3000002 27.6N 130.1E 335-100 206-54
3006002 28.3N 129.4E - 125-78 . 0 194-67
.3012002 28.3N 129.2E 080-83 o 148-170
3018002 28.1N 129.2¢ 170-130 144-138
- 3100002 27.9N 129.6E © 165-210 ) . 295-56
3106002 28.28 130.1E 154-230 164-156
3112002 28.60 130.2E 150-300 164-185
~-3118002 29.0N 130.3E 112-110 155-~462
0100002 29.4N 130.2E 068-127 158-481
0106002 29.8N 130.1E 210-50 146-358
0112002 30.28 130.0E 348-68 148-467

- 0118002 30.9N -129.7E 257-145 109-257
0200002 31.8N 129.2E 251-178 234-200
0206002 32.9N 128.7E 215-78 221+169
0212002 . 34.1N 128B.1E 230-153 210-175
0218002 35.18 127.8E 118-70 224-280
‘0300002 36.0N 127.4F "128-88 236-335
0306002 36.98 127.2E - 088-130 256-130
0312002 37.9N 127.6E 067-108 260-167

0318002 38,7N 128,.3E 053-185 066~123

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

TyrHOON IDA ORIGINATED TO THE E oF HELEN IN THE TROUGH THAT
EXTENDED FROM THE ASIATIC MAINLAND, THE LOW FIRST APPEARED ON THE
SURFACE CHART NEAR 21N 144E, asout 850 m1 E oF HELEN AT 260600Z. THE
CIRCULATION SLOWLY DRIFTED TOWARD {WO JIMA AND GAVE LITTLE INDICATION
OF SIGNIFICANT INTENSITY. THE FEW WINDS AVAILABLE HAD A STRENGTH .
VARYING FROM 5 10 20 kTS, AT ABout 280500Z, FucHu AtR FORCE WEATHER
CENTRAL ADVISED JTHC OF A SHIP REPORT AND AIRCRAFT REPORT THAT IND)=
CATED SURFACE WINDS IN EXCESS. OF 40 KTS., THE FIRST WARNING WAS
1SSUED ON IDA AS A TROPICAL STORM BASED ON THIS DATA, THE LIFE OF
THE "Twins" (HELEN-IDA) COMMENCED WITH THIS WARNING; IDA BECAME A
TYPHOON AT 280000Z, asout 125 M1 SE oF Iwo JIMA AND PASSED WITHIN 20
M1 OF THAT ISLAND TO THE NE, THE LOWEST SLP WAS RECORDED BY IWO JIMA
AS 985.5 M8 AT 291030Z. 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 WINDS WERE OF LEAST INTENSI|TY AROUND
THE TYPHOON IN THE LEFT SEMICIRCLE AND STRONGEST IN THE RIGHT FRONT
QUADRANT, INDICATED BY SURFACE AND RECONNA!ISSANCE REPORTS, THEREFORE
fwo JIMA HAD COMPARATIVELY LIGHT WINDS WITH THE TYPHOON PASSAGE,

IDA CONTINUED TO INTENSIFY UNTIL 3000002 AND THEN BEGAN TO DI1SSl-
PATE, PROBABLY DO TO ITS PROXIMITY To HELEN, THE TYPHOON MOVED ON A
TRACK GENERALLY NW unTiL AFTER 301800Z, THEN TURNED WESTWARD THEN WSHW
to THE N oF HELEN, AT 311800Z, THE TIME OF THE LAST WARNING, IDA was
IMBEDDED IN THE CIRCULATION OF HELEN AND APPEARED TO BE NO LONGER A
SEPARATE CLOSED CIRCULATION, OF THE TWwINS, IDA WAS THE WEAKER ONE
WHOSE MOVEMENT APPEARED TO BE PARTIALLY CONTROLLED BY HELEN, As IDA
APPROACHED HELEN THE €FFECT UPON |DA BECAME MORE SIGNIFICANT, AT
2900002, IDA anp HELEN WERE ABOUT 670 M1 APART AND IDA WAS INTENS!I-
FYING, By 3000007 THE TWO TYPHOONS WERE 455 MI FROM EACH OTHER AND
IDA WAS WEAKENING EVEN THOUGH GENERAL ATMOSPHERIC CONDITIONS WERE
SUITABLE FOR FURTHER INTENSIFICATION WITH THE EXCEPTION OF THE
PRESENCE oF HELEN, By 3100002 IDA was 230 Mt rroM HELEN AnD was
{MBEDDED IN THE CIRCULATION OF HELEN, T SHOULD BE NOTED THAT BOTH
CIRCULATIONS ACHIEVED MAXIMUM INTENSITY WHILE ABOUT 570 MI APART AT
aBouT THE samE Time (HELEN, 90 krts 2906002-291200Z, (DA, 80 KkTs
291200Z-300000Z), THEN COMMENCED DISSIPATING AS THE TWO APPROACHED
EACH OTHER,

IDA WAS INFLUENCED BY THE HIGH PRESSURE CELL MOVING WESTWARD AS
pESCRIBED IN THE HELEN NARRATIVE, THE FUJIWHARA EFFECT WAS CLASSICAL,
RESULTING IN THE DISSIPATION AND PARTIAL CONTROL OF THE MOVEMENT OF
IDA, '

THE FORECAST PROBLEMS AND FORECAST ERRORS (250 M1 FOR 11 FORE=
casTs oF 24 HOURS, 397 MI FOR 7 OUTLOOKS OF 48 HOURS) WERE GREATER
ON THIS TYPHOON THAN ANY OTHER OF THE SEASON, THE FUJIWHARA EFFECT
WAS IGNORED, EVEN THOUGH IT WAS SUGGESTED BY FAFHC, AND A CONTINUOUS
ATTEMPT TO FORECAST THE TYPHOON TO THE RIGHT OF ITS TRACK WAS MADE,
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WITH RECURVATURE OR WITH. THE EXPECTATION THAT HELEN ano DA woutp
MOVE FURTHER APART, WITH THE LATTER STRIKING JAPAN,

IDA TRAVELED 1090 MI AT AN AVERAGE SPEED OF 13 KTS IN THE
THREE AND ONE HALF DAYS THAT WARNINGS WERE )1SSUED, THE MINIMUM
SPEED WAS 6 KTS BETWEEN 260600Z AnD 281200Z. THE MAXIMUM SPEED
WAS 20 KTS BETWEEN 3018002 AnD 310000Z, THE MAXIMUM SURFACE WIND
SPEED WAS 80 KTs BETWEEN 291200Z ano 300000Z.

IDA CREATED GREAT;RrIHAN NORMAL RAINFALL AS [T APPROACHED
KYUSHU, AND NO EXTENSIVE DAMAGE REPORTS TO POPULATED AREAS WERE
RECEIVED., THE POSSIBILITY OF SHIPPING DAMAGE EXISTS BUT IS UNKNOWN,
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON 1DA

UNIT MAX  MAX MIN MIN  TOOMB

F1X METHOD = SFC TOOMB T700MB SLP  T/To ‘
NO, TIME __ LAT, LONG, & ACCY _ WND _WND _ HWGT MBS  (©c) EYE CHARACTERISTICS
1 2823407 23.8N 143.4E  56-P-03 90 45  aeew == 18/12  40MI DIA WALL CLDS WELL DVLPD
2 2908007 24.4N 142,.2E  56-P=00 70 70 9560 990 17/12 CIRC 25MI DIA OPEN NE

3 2916202 25.5M 140,0E  VWI=R=10 === =ee  =-ee == =ee=e DIA 30MI

4 2921352 26.1N . 139.3E  56-P-05 80 70 9850 997 16/16  NOT DEFINED OPEN N

5 3002512 27.5M 138.3  56-P-07 95 -== 9900 990 17/17  NOT DEFINED

6 3008307 28.7N 136,8E  56-P=02 80 45 9950 992 17/09  NOT WELL DEFINED

7 3014457 29.7N 135.5E  VHI1=R=20 === <cca  coox  ese  me=e- POORLY DEF INED

8 3021302 30.8M 133.3F  56-P-01 50 35 9960 993 15/09 POORLY DEFINED

9 3103002 31.0M 131.6E  56-P-02 45 37 9940 992 14/09  POORLY DEFINED



TYPHOON 1DA 28-31 JULY 1961

POSITION AND FORECAST VERIFICATION DATA

STORM POSITION

24 HR, ERROR

48 HR, ERROR

DTG LAT, _ LONG, DEG, DISTANCE DEG, DISTANC
2806002 21.9N  144.5E  memeemm ecemem- ,
2812002 22.5N 144,28  cmmemee e;eeee-
2818002  23.1N 143,88 = e;mme== - ————
2900002  23.7N 143.2F e c—————
2906002  24.3N  142.4E 1571-718 cemeee-
2912002  25.3N  141.3E 143-120 = eeee—--
2918002  25.9N 139.9E 112-135 ceeme--
3000002  26.8N 138.7E 093-180 —————-
3006002  28.0N 137.4E 101-232 128-297
3012002  29.3N 136.3E 117-247 128-358
3018002  30.4K 134.TE 130-103 110-317
3100002  30.9N 132.4E 089-195 092-390
3106002  30.78  130.4E 060-420 093-470
3112002  30.3M 128.7E 031-485 081-530
3118002  30.0N 128.0E 031-560 059-415

AVERAGE 24 HOUR ERROR 250 MI
AVERAGE 48 HOUR ERROR 397 MI
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H. TYPHOON JUNE (010600z-081200Z AUGUST 1961)

AFTER THE DEPARTURE OF |DA FROM THE STAGE, WHILE HELEN WAS PERFORMe
ING A LAST SCENE BY THE WINGS, JUNE APPEARED ON THE CENTER OF THE STAGE
AS IF FROM MID AIR ON THE 3012007 SURFACE STREAMLINE CHART AS A CLOSED
VORTEX NEAR TON 141E. COMPARATIVELY LIGHT WINDS AROUND THE CYCLONE AND
pPREOCCUPATION WITH HELEN AND 1DA CAUSED RECONNAISSANCE T0 ARRIVE AFTER
INTENSIFICATION COMMENCED, FOR THE RECONNAJSSANCE AIRCRAFT REPORTED 50
KT WINDS AT 0304307 AND THE FIRST STORM WARNING ON JUNE WAS ISSUED AT
010600Z wiTH 50 KT SURFACE WINDS NEAR THE CENTER,

JUNE PROGRESSED TO THE NW AT SPEEDS OF 6 TO 9 KTS AND INTENSIFIED
0 TYPHOON STRENGTH AT 020000Z, HAD SURFACE WINDS OF 75 Krs sy 021800Z,
THEN THE SURFACE WIND SPEEDS DECREASED BY 5 KTS 12 HOURS LATER. AT
0412002 THE SURFACE WIND SPEEDS DECREASED TO MINIMUM TYPHOON STRENGTH,
REMAINED THERE FOR 12 HOURS THEN THE TYPHOON BEGAN A SLOW INTENSIF{CATION
OF SURFACE WIND SPEEDS T0 100 KTs BY 060600Z. THIS WEAKENING, THEN RE= _
INTENSIFICATION CORRESPONDS TO THE PARTIAL DiSSIPATION OF THE WALL CLOUDS,
THE RI1SE IN SURFACE PRESSURE AND 700 MB HEIGHT, AND THE DECREASE OF 700
MB TEMPERATURE ON 4 AuGUST. THE LAPSE RATE BETWEEN THE TOO MB LEVEL AND
THE SURFACE INDICATED A SUBSTANTIAL COOLING AT ALL LEVELS WITH A MAXIMUM
of 7° To 89 ¢ FROM THE 860 To THE 800 MB LEVEL BETWEEN 040900Z anp 042300Z,
AN AVERAGE OF THE TEMPERATURE FOR EVERY 50 MB FROM THE SURFACE THRouGH 700
MB AT 0409007 INDICATED A TEMPERATURE OF 23,20 C AND A DEW POINT or 16.6°
C. AT 0423007 THE TEMPERATURE AVERAGE BY THE SAME METHOD WAS 19, 0° ¢ anp
THE DEW POINT wASs 18.50 C. THE SOUNDING WARMED UP AGAIN AFTER 050400Z,
THERE APPEARED TO BE SUBSTANTIAL SUBSIDENCE RESULTING IN A DRY LAPSE RATE
FROM 763 10 70O MB AT 0404002, No SUBSIDENCE AT 042300Z, THEN THE 0604002
SOUNDING INDICATED SUBSIDENCE TO BE WELL ESTABLISHED AND SUFFICIENT TO
PRODUCE A DRY LAPSE RATE FroOM 745 To 700 ms,

JUNE passeD 35 M1 To THE NE ofF BATAN IsLanD AT 052200Z.  THE U, S,
CoAasT GUARD LORAN STATION AT BATAN PROVIDED SPECIAL OBSERVATIONS DURING
THiIS PERIOD; AND REPORTED A MINIMUM SEA LEVEL PRESSURE oF 996,7 MB, AND
A SURFACE WIND OF ONLY 12 KTS WITH NO GUSTS, REVEALING THAT THE LEFT
QUADRANT AND MOST OF THE LEFT SEMICIRCLE OF JUNE wAS VERY WEAK,

A WEAK SECONDARY LOW APPEARED IN THE TAIWAN STRAITS JUST W OF
THE B Ti1P OF TAIWAN ON THE 060600Z SURFACE CHART, THIS CIRCULATION
WAS NEVER WELL DEFINED NOR DID 1T APPEAR TO HAVE PRESSURES BELOW 1000
MB OR SURFACE WINDS IN EXCESS OF 30 KTS WHILE A SECONDARY LOW, THE
TYPHOON BEGAN WEAKENING AT 0612007 wnite 40 M1 FROM LAND AND ABOUT
65 M1 FROM POINT OF PASSAGE OVER THE TAIWAN COAST, THE RUGGED
TERRAIN OF THE ISLAND EFFECTIVELY DESTROYED THE WIND CIRCULATION.
LEAVING ONLY A WEAK SKELETON OF JUNE BY THE TIME IT PASSED OVER THE
COAST AT 0703007 WITH SURFACE WIND SPEEDS OF 50 KTS THAT QUICKLY
REDUCED TO 25 KTS. JUNE MOVED INTO THE SECONDARY LOW ON THE W SIDE
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oF TAIWAN BETWEEN O71200Z ano 0718002, THE CYCLONE DEVELOPED 35 KT
SURFACE WINDS WHILE OVER THE STRAITS OF TAIWAN, PASSED OVER THE
COAST OF THE ASIATIC MAINLAND AT 080000Z, AND HAD WINDS OF ONLY 10
To 15 KTS WITH A SURFACE PRESSURE OF SLIGHTLY LESS THAN 1000 M8 IN
THE CENTER WHEN THE LAST WARNING WAS ISSUED AT 0812002,

JUNE FORMED TO THE S OF THE RIDGE LINE WHICH WAS NEAR 30N AT
THE 200 MB LEVEL. AN ANTICYCLONE AT THAT LEVEL WAS AT 10N 173E,
JusT N oF MAJURO, WHICH EXTENDED AS FAR W AS GuaM, JUNE ALSO TRAVELED
AROUND THE S AND SW SIDE OF A SURFACE ANTICYCLONE AS IT APPROACHED
TAIWAN, THERE WAS EVIDENCE OF A CLOSED CYCLONIC CIRCULATION OVER
JUNE on 7-8 AucusT TO AT LEAST 45,000 FT, BUT IT IS DIFFICULT TO SAY
WITH ANY ASSURANCE THAT THIS CYCLONE WAS A DIRECT RESULT ofF JUNE, or
WHETHER OTHER GENERAL CIRCULATION FACTORS WERE INVOLVED,

TWELVE LAND RADAR FIXES ON JUNE PROVIDED EXTREMELY ACCURATE
POSITIONING OF THE TYPHOON DURING THE FEW HOURS PRIOR TO PASSING OVER
THE COASTLINE OF TAIWAN,

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 AUuGUST. THE TRACK MADE BY JUNE SATIS-
FIES CLIMATOLOGY QUITE WELL, AND WITH THE EXCEPTION OF THE SHORT
PERIOD OF WEAKENING ON 4 AUGUST VERY LITTLE OF AN UNUSUAL NATURE
TRANSPIRED WORTHY OF EXCEPTIONAL NOTICE,

JUNE TRAVELED 1255 M1 DURING THE 7 DAYS 6 HOURS THAT WARNINGS
WERE )1SSUED AT AN AVERAGE SPEED OF 173 M1 PER DAY OR 7.2 KTS. THE
SLOWEST SPEED OF TRAVEL WAS 3 KTs BETWEEN 061800Z ano 070000Z. THE
FASTEST RATE OF TRAVEL WAS 11 KTs BETweeN 071200Z anp 071800Z. THE
H1GHEST SURFACE WINDS, 100 XTS, EXISTED BETWEEN 060600Z ano 061200Z.

THE TYPHOON DELIVERED THE FULL BRUNT OF ITS FORCE TO TAIWAN AND
ORCHID [sLAaND, JuUST E OF THE S TiP OF TAIwAN, DAMAGE 1S UNKNOWN ON
ORCHID [SLAND, HOWEVER THE TYPHOON PASSED DIRECTLY OVER 1T, JUNE
DUMPED 21.6 INCHES OF RAIN ON SOUTHERN TAIWAN, TWENTY PERSONS WERE
REPORTED DEAD IN THE KAOHSIUNG~TAITUNG AREA, AND ABOUT 15,000 PEOPLE
WERE LEFT HOMELESS, ABouT 5,000 ACRES OF LAND WERE FLOODED ALONG
THE Love RIVER WHICH OVERFLOWED ITS BANKS., LANDSLIDES BLOCKED H}GH=
WAYS BETWEEN TAITUNG AND HUALIEN, ABOUT 30 PERCENT OF THE TELEPHONES
AT KAOHSIUNG WERE OUT OF ORDER AND TWO SMALL FACTORIES COLLAPSED
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 NATIONAL)IST CHINESE TROOPS PERFORMED RESCUE WORK THERE,
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LAND RADAR AND AIRCRAFT FIXES < TYPHOON JUNE

UNIT MAX MAX  MIN  MIN TOOMB

FIX METHOD  SFC 700MB TOOMB SLP T/To ,
NO, TIME __ LAT, LONG, & ACCY  WND _WND __ HGT MBS (°c) EYE CHARACTERISTICS

1 0104302 11.7N 133.8E VHI-P-05 50 ««=  =cee 990 ==w-= DIA 45MI OPEN N-E

2 0122002 12.9M 132,3E - 56-P-10 60 50 10000 992 12/09 - '

3 0209002 14.3N 131.4E  56-P-05 80 55 9960 987 15/07 CIRC 20MI DIA

4 0215307 15.3N 130.1E  VH1=P=-10 50 ===  =~=== 988 15/09 DIA 35M| OPEN N-E

5 0222002 15.3N 129.6E  56-P-10 110 60 10090 988 15/09

6 0301302 15.4N 129.1€ 56-P-10 110 60 9980 984 15/11 -

7 0308302 16.4N 128,4E 56-P-05 100 60 10060 998 14/03 CIRC 20MI DIA WALL CLD SW
8 031630Z 17.0K 127.3E VWI=R-U  =ee  wee  ‘ecee  coe cewee NO DEFINITE EYE DIA SOMI

9 0322002 17.6M 126,86  56~P-05 70 50 10030 995 14/09 75MI DIA OPEN N & NE

10 0403302 17.5N 125.8E  56-P-02 85 50 9980 990 15/00 OPEN N & NE

11 0408452 17.9N 125.6 56-P-02 100 35 10030 993 14/10 CIRC DIA 65MI OPEN N

12 0415402 18.1N 125,2E VW1=R=10 <oc eee  eecee  —cc coom- ELLIP NW-SE AXIS 35MI LONG
13 0422302 18.5N 124,5€  56-P-02 90 50 9900 993 12/11 CIRC 35MI DIA WALL CLDS ALL

QUADS

14 050400Z 19.0N 123.9E  56-P=02 95 65 9800 988 13/11 CIRC DIA 35M|

15 0509302 19.4N 123.5  56-P=06 80 70 9610 981 15/05 CIRC DIA 25MI

16 0515302 20.2N 123,2F VW1=R-05 ~ee «ee  =cee == eeees DIA J0MI

17 0523002 21.2N 122,38  56-P-03 656 50 9420 973 16/08 CIRC 20M! DIA WELL DEFINED

' - WALL CLDS

18 0601502 21.3N 121.9€  56=P-01 100 70 9250 === 12/12 CIRC 20MI DIA

19 0604002 . 21.5N 121.9E 56-P-03 100 75 9230 964 17/07 CIRC 10MI DIA ~
20 0608457 22,0M 121.8E 56-P-05 100 100 9120 961 16/06 MWELL DEFINED CIRC 25M1 DIA
21 0612002 22.2M 121.6E  LND/RDR === wee  mcosw  o-a
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LAND RADAR _AND AIRCRAFT FIXES - TYPHOON JUNE (CONT'D)

UNIT MAX MAX  MIN  MIN TOOMB
FIX METHOD  SFC 700MB TOOMB  SLP TéTo
NO, _TIME  LAT, LONG, & ACCY  WND WND _ HGT MBS  (°c) EYE CHARACTERISTICS
22 0618002 22.7N 121.5E  LND/RDR ===  coe  mece  coe cmmes -
23 0700002 23.0N 121,56 LND/RDR === =os | cocme coe amee-
24 070600 23.4N 121.4E  LND/RDR === e ccme  cem




TYPHOON JUNE 01-08 AUG 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR 48 HR, ERROR
DTG LAT, LONG, DEG, DISTANCE DEG, DISTANCE
0106002 11.8N 133.6E = wcccn-- ——m————
0112002 12.18 133.1E = escccee 0 cccecees
0118002 12.5N 132.6E = =  emaccae 000 ececceess
0200002 13.1N 132.2E «ccemena  aa -
"~ 0206002 13.9N 131.7E 238-73 ———————
0212002 14.6N 131.0E 224-89 == eeemeea.
0218002 15.0N 130.2E 189-87 === eseee=-
0300002 15.48 129.3E 158-76 -
0306002 15.8N 128.5E 159-.72 232-120
0312002 16.6N 128.0E 049-33 231-148
0318002 17.30 127.5E 327-93 226-167
0400002 17.6N 126.5E - 047-31 168-128
0406002 17.78 125.7¢t 215-91 189-107
0412002 18.0N 125.3¢ 300-69 214-84
0418002 18.30 124.8E 325-90 341-205 .
0500002 18.6N 124.4E 003-53 005-133
0506002 19.28 123.9E 281-43 089-56
0512002 19.8N 123.4E 211-37 096-103
0518002 20.5N 122.9E 330-63 111-96
0600002 21.1N 122.3E 157-50 055-54-
0606002 21.7TN 121.8E 187-35 209-120
- 0612002 22.20 121.6E . - . 193-98 189-145
0618002 22.7N 121.5E . 255-75 206-78
0700002 23.0N 121.5E 333-25" 229-T4
0706002 23.5N 121.4¢t 340-129 085-126
0712002 24.2N 121.2E 338-151 - 072-125
0718002 24.80 120.0E 015-58 288-150
0800002 25.18 119.2E . 049-76 - 033-159
0806002 25.4N 118.6E 048-108 015-310
0812002 25.6N 118.4E 045-130 015-337

AVERAGE 24 HOUR ERROR 74 MI
AVERAGE 48 HOUR ERROR 138 MI
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l. TYPHOON KATHY (151000Z-180600Z AUGUST 1961)

THE FIRST KNOWN OBSERVATVON OF KATHY was MADE BY A USAF WEATHER
OFFICER, ANDERSEN AFB, WHO WAS FLYING AS NAVIGATOR ON A C=54 ENROUTE
T0 JAPAN FROM GUAM, HE SENT THE FOLLOWING REPORT TO JTWC: "SPECIAL
WX REPORT X 2340N 14240E VERY LARGE TSTMS X 50 NM IN DJAMETER SFC
WIND EST 40 KTS L/V TURBULENCE."™ THE REPORT ARRIVED AT 150320Z; THE
SITUATION WAS EXAMINED AND THE INFORMAT{ON WAS INTERPRETED TO BE
WEATHER CONDITIONS ASSOCIATED WITH TROPICAL DEPRESSION 20, THEN
CENTERED NEAR 18.5N 139.5E, THE S1GNIFICANCE OF THE REPORT WAS
REALIZED WHEN Iw0o JIMA REPORTED STRONG WINDS AND A PRESSURE oF 998.6
MB AT 150600Z. THIS REPORT WAS VERY LATE IN ARRIVING, ALLOWING
KATHY 1o PASS Iwo JiMa BEFORE JTWC BECAME AWARE OF THE CONDITIONS
THERE. KATHY WAS ACTUALLY TRAVELING AROUND TROPICAL DEPRESSION 20,

THE MINIMUM PRESSURE REPORTED AT Jwo JIMA wAas 997,0 M8 AT
150730Z, WITH MAXIMUM SUSTAINED WINDS OF 42 KTS AND MAXIMUM RECORDED
GUSTS OF 61 KTS, HOWEVER THE GUSTS EXCEEDED THIS VALUE AT A LATER
TIME BUT POWER FAILURE PRECLUDED RECORDING THE VALUE,

"THE FIRST WARNING WAS 1SSUED oN KATHY AT 151000Z AS A STORM.
THE CIRCULATION CONTINUED TO INTENSIFY UNTIL WINDS OF TYPHOON STRENGTH
WERE AROUND 1T AFTER 151800Z., AS 1T 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
KATHY wAs OVER THE ISLAND OF KYUSHU,

KATHY REMAINED VERY SMALL IN S!ZE THROUGHOUT ITS LIFE, THE LAST
CLOSED 1SOBAR PROBABLY DID NOT EXCEED 450 MI IN DIAMETER AT ANY TIME
NOR DID THE RADIUS OF 30 KT WINDS EXTEND BEYOND A 150 Mi RADIUS, THE
SMALL S1ZE CREATED ANALYSIS DIFFICULTIES, EVEN AS IT APPROACHED LAND,

THE TRACK OF KATHY APPROXIMATELY PARALLELED THE TOO 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 LINES WERE BETWEEN 33N Anp 35N AT THiIS TIME. THE WIND
FLOW AT THE 200 M8 LEVEL COULD NOT BE USED FOR MORE THAN A GENERAL
GUIDE TO THE DIRECTION OF MOVEMENT OF THE TYPHOON, A FORECAST USING
THESE WINDS WOULD HAVE PREDICTED THE TYPHOON TO MOVE N, THE SINGLE
SPACE MEAN CHART WAS AN EXCELLENT TOOL TO FORECAST THE DIRECTION OF
TYPHOON MOVEMENT, THE TRACK OF KATHY WAS SIMILAR TO THAT ofF IDA oF
ONLY A FEW DAYS BEFORE, GEORGIA oF 1955, auso FLOSSIE ano HELENE orf
1950 IN BOTH POSITION AND DIRECTION OF MOVEMENT. THIS TYPE OF TRACK
1S NOT UNUSUAL BUT IS RELATIVELY RARE,

KATHY MOVED FASTER THAN WAS FORECAST ON THE FIRST FEW WARNINGS,
THE TYPHOON CONTINUED ON A NW TRACK AND SLOWED DOWN, BUT THE WARNINGS
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ON THE 17TH AND 18TH FORECAST 1T TO MOVE MORE NNW AT A FASTER RATE
OF MOVEMENT, THE 48 HOUR OUTLOOK WAS ON AN AVERAGE ONLY 164 M1 IN
ERROR WHILE THE 24 HOUR FORECAST WAS 180 Mt IN ERROR. THE MILLER-
MOORE 24 HOUR FORECASTS WERE MORE ACCURATE THAN THE WARNING FORE-
CASTS. :

KATHY TRAVELED 740 M1 DURING THE 2 DAYS AND 20 HOURS THAT WARN=
INGS WERE ISSUED AT THE RATE OF 261 MI PER DAY,. OR AT AN AVERAGE
SPEED OF 10.9 KTS. THE TYPHOON MOVED AT A MINIMUM SPEED OF 6 KTS
BETWEEN 1706002 AnD 180600Z AND AT A MAXIMUM RATE OF SPEED OF 16 KTS
BETWEEN 1518002 ano 160600Z. KATHY HAD A MAXiIMuM OF 80 KT SURFACE
WINDS BETWEEN 1618002 anp 170600Z.

DAMAGE REPORTS WERE NOT RECEIVED 8Y JTHC, HOWEVER ROSSIBLE DAM=
AGE COULD HAVE OCCURRED TO SHIPPING., THE HIGH WINDS ASSOCIATED WITH
KATHY DID CREATE A POWER OUTAGE ON IWO JIMA AS IT PASSED THAT ISLAND,
AND OTHER DAMAGE MAY HAVE OCCURRED. - '
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON KATHY

UNIT MAX MAX  MIN  MIN  TOOMB
FIX METHOD  SFC T00MB TOOMB SLP T/To
NO, TIME __LAT, LONG, & ACCY _ WND WND  HGT MBS _ {°c) EYE CHARACTERISTICS
1 1503002 23.7N 142,7E  USAF=P<lU 40 <o wmce  wee  cewes  50M| DIA
2 1519382 25.3N 139.,2E VN1=-P-30 === 30 10544 ~e= 13/=- NO WALL CLDS
3 1522307 26.6N 138.2E  56-P-05 15 14 10190 986 11/10 DIFFUSED NO WALL CLDS
4 1608302 28,9N -  136.4E  56-P-03 80 40 9940 986 18/-- OPEN S WELL DEFINED
5 1621302 30.8M 133.86 56-P=04 110 60 9930 980 17/11 CIRC DIA 20MI OPEN S
6 1700202 31.1N 133.6E  56~P-04 100 60  =~=~= 1000 18/-= CIRC 40M! DIA
7 1702002 31.4NM 133.3E  56-P=-10 85 55 9890 988 20/14 CIRC 40MI DIA
8 1706007 31.5N 132.8E LND/RDR. wem =ece  wmee === .
9 1709002 31.7N 132,3E LND/ROR  =ee «ee  wome  ~me - =



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
1510002 24.6N 140.7E = = =  meeeee- ————————
1512002 24,80 140,2E 2 = = ewece- - ———————
1518002 25,98 139.1E ——————— ee= -
1600002 27.20 138.1E ~ecoee- .
1606002 28,48 136.9E =  eccce- - ———————
1612002 29.4N 135.6E 160-17 ———————
1618002 30.28 134.3t 160-184 ———————
1700002 31 . 1 N 1 330 7E 1 64-1 54 - o -
1706002 31.5N 132.8E 155-78 = cemaee-
1712002 31.8N 132.2€ 013-167 180-263
1718002 32.28 131.7¢ 005-176 180-244
1800002 32.4N 131.0E 005-232 163-109
1806002 32,70 130.3E 010-275 017-40

AVERAGE 24 HOUR ERROR 180 MI
AVERAGE 48 HOUR ERROR 164 MI
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J.  TYPHOON LORNA (2012002-261200Z AUGUST 1961)

SEVERAL DAYS BEFORE THE FIRST WARNING WAS ISSUED ON LORNA
(201200Z) A coNFUSION OF WEAK VORTICES EXISTED OVER THE SOUTH CHINA
SEA 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 INDO-
CHINA AND THE PHILIPPINES TOWARD GUAM FROM THE EQUATOR TO 15N. THiS
CONDITION BEGAN TO MODIFY RAPIDLY ON 19 AUGUST AND THE 2000007 SuUR=
FACE CHART DEPICTED THREE SI1ZEABLE 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 INDICATE 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 1SSUED ON LORNA AS A TROPICAL OEPRESSION WITH 30 KT SURFACE WINDS.
THE CYCLONE INTENSIFIED AT THE RATE OF 10 KTS PER 6 HOURS, BECAME A
TYPHOON AT 210600Z, CHANGED DIRECTION FROM NW TO W THEN SW, AND LOOPED
WITHIN 48 HOURS-OF THE FIRST WARNING. THE LOOP WAS ABOUT 25 MI IN
DIAMETER, OCCURRING BETWEEN 212100Z Anp 2212002 AT AN AVERAGE SPEED
OF 4 KTS. THE SURFACE WINDS AROUND THE TYPHOON INCREASED IN SPEED
FROM 75 TO 90 KTS DURING THE LOOP AND CONTINUED TO INTENSIFY TO A
MAXIMUM OF 120 KTS AS IT MOVED NW TowarRD TAIwAN. LORNA PASSED 45 M1
. NE oF BATAN IsLAND AT 241030Z, CAUSED THE PRESSURE TO FALL TO A MIN|=
‘MUM OF 981.9 MB AND CREATED WINDS 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 2422002 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
TAtwan AT 2503002, THE SURFACE WINDS INCREASED TO 50 KTS. THE TYPHOON
MOVED INLAND THIS TIME.OVER THE ASIATIC MAINLAND AT 2521007 WITH SUR=
FACE WINDS OF ONLY 35 KTS. THE CIRCULATION QUICKLY DISSIPATED, PRO=
DUCING SURFACE WlN.DS OF ONLY 20 KTS B8Y 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 Asout 31N, THAT OF THE 200 MB wAS ABOUT 1 DEGREE FURTHER N,
WITH THE 700 MB RIDGE LINE FALLING UNDER THAT OF THE 500 MB CHART.
LORNA FORMED UNDER THE MIDDLE OF THREE CYCLONES EXISTING IN THE E=W
TROUGH ON THE 500 MB CHART; THE DESCRIPTION OF WHICH IS SATISFIED'BY
THE DISCUSSION OF THE 2000007 SURFACE CHART IN THE INITIAL PARAGRAPH,
AN ANTICYCLONE THAT WAS NEAR SHANGHAI ON THE 500 mMB AND 200 mB
CHARTS, WHEN WARNINGS WERE FIRST I1SSUED ON LORNA, MOVED TO THE Vi=
CINITY OF TOKYO BY THE TIME OF THE LAST WARNING, THE UPPER AIR
CIRCULATION WAS AFFECTED AT LEAST THROUGH THE 40,000 FT LEVEL BETWEEN

m



2412002 anp 2512002.

THE 1002 MB 150BAR (LAST CLOSED ONE AT THE PEAK OF LORNA'S si1zg)
'ENCLOSED ABOUT 950,000 sQ MI. LORNA wAS .A LARGE TYPHOON, BUT NOT THE
LARGEST OF THE YEAR.

LORNA TRAVELED 1100.MI DURING THE 6 DAYS THAT WARNINGS WERE .
I1SSUED AT AN AVERAGE SPEED OF 7.6 KTS OR 183 M1 PER DAY; §T TRAVELED
AT A MINIMUM SPEED OF 4 KTS BETWEEN 220000Z anp 2212007 AnD AT A
MAXIMUM SPEED ofF 11 KTS BETWEEN 240000Z anp 250000Z., THE TYPHOON
WAS AT ITS MAXIMUM INTENSITY, PRODUCING SURFACE WINDS OF 120 KTS
BETWEEN 2406002 anp 2412002,

WITH THE EXCEPTION OF THE -LooP, LORNA DID NOT CREATE ANY UNUS=
UAL FORECAST PROBLEMS,

LIMITED INFORMATION INDICATES THAT MAJOR FLOOD DAMAGE OCCURRED

TO VILLAGES AND CROPS WITH THREE PERSONS KNOWN DEAD ON TAIwAN. RE=~
PORTS WERE NOT AVAILABLE FOR THE ASIATIC MAINLAND. :
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1
SPEED

21/06002 T0 21/18002
'21/1800Z TO 22/00002
22/0000Z TO 22/12002
22/1200Z TO 23/0000Z

KTS
KTS
KTS
KTS

APNO

T INTENSITY

21/0600Z TO 21/12002 70 KTS
21/1200Z TO 21/18002Z 75 KTS
21/1800Z TO 22/0000Z 80 KTS
22/0000Z TO 22/0600Z 85 KTS
22/06002 TO 22/12002 90 KTS
22/1200Z T0 22/1800Z 95 KTS
22/1800Z TO 23/0000Z 100 KTS
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LAND RADAR AND AIRCRAFT FIXES ~ TYPHOON LORNA

UNIT MAX  MAX MIN MIN  TOOMB
FIX METHOD SFC 700MB TOOMB SLP T/To
NO, TIME _ LAT, LONG, & ACCY  WND  WND HGT MBs  (©°¢) EYE CHARACTERISTICS

-

190610Z 12.8N 132.7E 56-P-08 25 22 10150 --- 08/08 CIRC 20M! DIA
2004502 15.3M 130.0E VW1-R-05

2 cee mee amee omm mmm—- CIRC OPEN N

3 2107002 17.1M 128.7E  56-P-04 70 25 9910 993 15/14 CIRC 40M! DIA OPEN NeE
4 2121452 16.6N 127.1E  56-P-05 80 40 9820 980 17/15 ILL DEFINED OPEN N & E
5 2209002 16.8M 127.5€ 56-P-07 150 60 9530 974 18/14 CIRC DIA 30M! OPEN NE

€ 2215302 16.9N 127.1€E  VN1=R=10 =me =ee  cece  =a=  =ome-  25M] DIA OPEN N

7 222300z 17.3%  126.6E  56-P-05 110 55 9490 976 18/18  ILL DEFINED OPEN N

8 230900Z 17.8N 126.1E  56-P-07- 100 70 9380 970 19/07 CIRC DIA 26MI

9 231600 18.8N 125.0E  VN1=R=05 ==ec ===  =coe  cce  ecce-- CIRC DIA 28M| OPEN SE

10 2322152 19.4N 124.2E 56-P=02 130 70 .9000 947 18/12 DIA 35MI OPEN SE

11 2406002 20.7N 123.1E  LND/RDR === ===  =;e=  =ccc  wceme oo ——-

12 2409002 20.8N 122,86 56-P-07 150 90 8880 950 22/13 CIRC DIA 15M)

13 2412002 21.2M 122.1E LND/RDR ——— —e- cmee wea -

14 241800z 21.9K 121.56 LND/RDR  eoe =ce  ceem  aa- -

15 zmz 22.6" ’20.6E LND/RDR - - - un an - - - - - - 3 ’ -
16 2&1&2 - 2209“ 120.1E L"D/RDR - oo - - - e a - s - am -——-e -




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 ——— - p—
2018002 16.3N 129.6E mmmmme= eewee -
2100002 16.7N 129.3E SR S
2106002 . 17.2N 128.8E c——— ————
2112002 17.30 128.3F  mmmmmem ea ——
2118002 17.0N 127.6E  =;meee=m cceeee-
2200002 16.6N 127.3F cmee-- - ecmm—-
2206002 16.58 127.6E 358119 emeema -
2212002 16.88 127.4E 340-133 ——————
2218002 17.1N 126.9E 337-124 ————
2300002 17.4N 126.5E 247-140 ——————
2306002 17.9N 125.9E 241-157 338-149
2312002 18.4N 125.4E 135-117 333-143
2318002 19.0N 124.7E 152-105 325-136
2400002 19.7N 124.0E 165-109 272-159
2406002 20.4N 123.2E 167-135 206-182
2412002 21.28 122.4E 146-166 149-234
2418002 21.88 121.6E 243-36 165-210
2500002 22.70 120.T€E 072-51 169-230
2506002 23.18 119.7E 062-114 167-234
2512002 23.88 119.3E 039-141 156~259
2518002 24.28 118.9E 054-139 037-142
2600002 24.9N 117.8E 062-110 152-169
2606002 25.38 116.8E 019-140 053-240
2612002  25.5N 116.1E 056-120 048-252

AVERAGE 24 HOUR ERROR 120 MI
AVERAGE 48 HOUR ERROR 196 Ml
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K. TYPHOON NANCY (0712002-170600Z SEPTEMBER 1961)

AT O70000Z A LOW APPEARED ON THE SURFACE MAP W OF KWAJALESIN
ATOLL MARKING THE BEGINNING OF WHAT WAS TO BECOME THE MOST PROLONGED
TYPHOON OF THE SEASON, THE FIRST TROPICAL DEPRESSION WARNING WAS
1SSUED AT 0712002 AND THE SYSTEM WAS UPGRADED TO A TROPICAL STORM AT
080000Z WHEN 1T BECAME OBVIOUS THAT INTENSIFICATION WAS TAKING PLACE.,
BY THE TIME A RECONNAISSANCE F1X coulLb BE MADE, NANCY HAD SURFACE
WINDS OF 125 KTS REVEALING THAT SHE WAS AN "EXPLOSIVE DEEPENER" AND
HAD PROBABLY REACHED TYPHOON INTENSITY AT 071800Z.

FROM THE TIME OF THE FIRST WARNING NANCY FOLLOWED A SMOOTH WES=-
TERLY TRACK CURVING SLIGHTLY TOWARD THE N. SHE CONTINUED TO INTENSIFY,
PASSING 85 M1 SSW oF GUAM AT 1018002 WiITH MAXIMUM SURFACE WINDS OF
180 KTS. AFTER REACHING THE PEAK INTENSITY OF 185 kTs NANCY STARTED
WEAKENING AND BEGAN A MORE PRONOUNCED RECURVATURE, PASSING 40 Mt E
OF OKINAWA AT 1415002 AnD oveR NAzE AT 150000Z. AT THIS TIME MOST
FORECASTING RULES INDICATED THAT NANCY wouLD SWING WIDE AROUND JAPAN
AND RECURVE INTO THE JAPAN SEA. HOWEVER, BY 151200Z 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 QUASISTATIONARY NEAR 30N 145E sHifTED 10
DEGREES To THE E. NANCY THEN ACCELERATED AND RECURVED MORE SHARPLY,
BUT UPON ENCOUNTERING THE JAPANESE LAND MASS SHE DEFLECTED BACK TO-
WARD THE N, PASSING DIRECTLY OVER MUROTO ZAKI AT APPROXIMATELY
160100Z. THE TYPHOON ENTERED HONSHU NEAR 0SAKA AT 160430Z, AnD 8Y
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 1SSUED AT 170600Z wHEN NANCY HAD CROSSED
INTO THE SEA OF OKHOTSK AND HAD OBVIOUSLY LOST HER TROPICAL CHARACTER~
1STICS. THE MAXIMUM SURFACE WINDS WERE 55 KTS AT THAT TIME,

A TOTAL OF 40 WARNINGS 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 160000Z. SHE TRAVELED 4275 MI AT AN AVERAGE SPEED OF
18 KTs. THE MINIMUM SPEED WAS 11 KTS ON 15 SEPTEMBER AND THE MAXI=
MUM SPEED WAS 55 KTS WHEN NANCY WAS OVER NORTHERN JAPAN, WARNINGS
WERE ISSUED ON TYPHOONS OLGA AnND PAMELA DURING THE LIFE oF NANCY,

THE DAMAGE CREATED 8Y TYPHOON NANCY wAS PHENOMENAL. 1T TRAVELED
ACROSS SOME OF THE MOST DENSELY POPULATED AREAS THAT EXIST, YET THE
DEATH TOLL PROBABLY DID NOT EXCEED 225, AND THE DAMAGE WAS SMALL COM=
PARED TO THAT CREATED BY TYPHOONS OF EARLIER YEARS. EXAMINATION OF
AVAILABLE INFORMATION INDICATES THAT PROPARATIONS 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

119



SOME DEGREE,
A SUMMARY OF DAMAGE 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 DESTROYED DUE TO STRONG WINDS
AND HEAVY RAIN. THE NORTHERN END OF THE ISLAND SUFFERED LITTLE DAM-
AGE.

OKINAWA: EXTENSIVE CROP AND STRUCTURAL DAMAGE AND FLOODING OF
LOW LYING AREAS OCCURRED BUT NO LOSS OF LIFE,

AMAM]=0-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 AND CROPS ALSO OCCURRED.

JAPAN: THERE WERE 172 PERSONS REPORTED DEAD, 18 MISSING, AND
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
WERE. o:srnovso, 32,604 HOMES WERE PARTIALLY DESTROYED, AND 280,078
HOMES WERE FLOODED. MORE THAN 300 SHIPS WERE SUNK, AND MANY DAMAGED.
THE FLOODS CAUSED A LOSS OF 566 BRIDGES, CAUSED 1,146 LANDSLIDES AND
CUT ROADS AT 2,053 PLACES.  JAPANESE OFFICIALS SA1D NANCY wAS RATED
SIXTH IN THE NUMBER OF PERSONS KILLED BY AN INDIVIDUAL TYPHOON, Tvy=-
PHOON VERA KkiLLED 4,464 PERSONS IN Nacova on 26 SEPTEMBER 1959, THE
WORST IN JAPANESE HISTORY.
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON NANCY

UNIT  MAX  MAX  MIN  MIN  TOOMB
FIX METHOD  SFC T7OOMB 700MB SLP T/To :
NO,  TIME _ LAT, LONG, & ACCY  WND WND  HeT MBS (°c) EYE CHARACTERISTICS
1 080230z 08.8N 160.8E  LND/RDR = === =cx  c;ce  ccm cmeee ———-
2 0806257 08.9M 160.0E  56-P-06 125 60 9580 978 13/09 WALL CLDS ALL QUADS ELLIP 30MI
~ N-S & 20M| E-W
3 0821302 09.1F 155.5€ 56-P-05 130 90 9220 .-~ 16/06 CIRC DIA 10MI
4 0901002 09.1M 154.86  56-P-10. 150 100 9080 956 18/11  WELL DEFINED CIRC 25M! DIA
5 0907062 09.5N 153.0e  56-P-05 165 110 8410 928 16/13 CIRC 10M! DIA NO CLDS IN EYE
6 0913302 09.7% 151.2E VW1=R-03 =eec coc  come  cee  cee-- DIA 8MI
7 0921302 10.1N 149.2E  56-P-03 180 120 8240 --- 17/12 CIRC 8M!I DIA WALL CLDS ALL
: : : QUADS
8 1002302 10.8N 147.7€  56-P-02 200 130 7890 925 16/15 CIRC 8MI DIA
9 1007052 11.2N 146,4E  56-P-02 200 160 7770 916 20/08 CIRC DIA 25MI
10 1013452  11.7N 144.8E  LND/RDR === ===  =cee  =ee  cceem  ccccecceeea- -
11 1019502 12.2N 143.3E LND/RDR  =e= =ce  e;ee  cce mecee ecacew
12 110700z 13.3M 141.2E 56-P-02 200 130 7190 901 20/15 17MI bJA, WELL DEFINED
13 1113302  14.3N 139.9E VWP=R~03 =o= ~ec  come  mme  eoae- CIRC 16Ml DIA
14 1200457 15.7N 137.2E * 56-P-02 200 150 6801 888 20/17 CIRC 6MI DIA
15 1206302 16.3N 136.0E  56-P-02 200 130 6990 890 20/18 ELLIP N-S 18MI E-W 12MI
16 1214002 17.5N 134.1E  YH1=R=03 ~we =ce  =cee  com eeea- CIRC 25M! DIA
17 1221452 18.2N 132.8 56-P-08 180 140" 6900 889 18/14 . CIRC DIA 10MI
18 1304152 19.2N 131,56 56-P-01 150 140 6885 889 21/16 CIRC 25MI DIA
19 1308302 19.9M 131.0E  564P-01 120 130 6990 882 18/15 CIRC 15MI DIA
20 131453z 21.2N 130.3E VN1=R=05 === ;e  cc;e  cce cmo-- INNER EYE 27MI DIA OUTER EYE

52M1 DIA
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON NANCY (CONT'D)

2

UNIT  MAX MAX  MIN  MIN  TOOMB
F1X METHOD  SFC 700MB 700MB SLP T/To
NO, TIME  LAT, LONG, & ACCY  WND _ WND HGT MBS (°c) EYE CHARACTERISTICS
1322002 22.7N 129.7E  56-P-05 160 125 7380 902 17/17 4OMI DIA
22 1400007 23.4N 129.4E LND/RDR S ceme  see  emmse  ecmmcccscccmcccasccmcmomeesas
23 1402457 23.7N 128.8E  56-P-05 150 135 7490 903 19/17 CIRC 50Mi DIA
24 1405257 24.6N 129.0E  LND/RDR —— == T
25 1411152 25.9N 129.0E LND/RDR —— e-- B
26 1415002 26.7M 128.9E  LND/RODR ——— mee T e ——
27 1417452  27.1N 129.1E LND/RDR ——— ee- ceme  mme semes meemecemeecmemeemeesecesasmac
28 1423207 28.1N 129.5E LND/RDR _—— - S, DIA 33MI
29 1503562 28.7M 129.6E  56-P-01 120 87 7830 920 18/18 CIRC 6OMI DIA WALL CLDS ALL
WUADS
30 1506007 29.O0N 130.0E LND/RDR —— aae ceme  eme eeeme cmeccemccccecessmeesaocoeo—o-
31 1510002 29.6N 130.6E  LND/RDR  ~e;=  =-- S S
32 1513002 30.1N 131,26 LND/RDR cen  mma mmme  mms  eeece semcemeccccccessescececesacmae
33 1515002 30.5M 131.6E  LND/RDR === === eceec  ece  c;eee  ceccccccccccccccemecee——————
34 1518007 31.4N 132.2E  LND/RDR === ===  e;ee  cce  eceen ceccce;ccescescesccececese—ee-
35 1521552 32.2N 133.1€  LND/RDR c—. ee- R
36 160000 33.1N 133.9¢ LND/RDR _— - mmem mmm mmmee mmmmmeceemcemccemeec—emea———
37 1603002 34.1N 134.7E  LND/RDR =~ === e;e  mece m;e c;cee cccceccccsesecemeeceeeaeeeeo
38 1605302 35.2N 136.1E  LND/RDR === ===  co;ece  cee  cmcce cecmcmcmeeccceccccecccesaa———
39 1607002 36.3N 136.2E  LND/RDR === ===  =;cc  =cc  c;cec ccccececcessacscssececcmea—eo
40 1611002 38.5N 138,56  LND/RDR === ===  wc;e  cee ;ecee ceece;csccceccececceececeeeas



TYPHOON NANCY O7-17 SEP 1961

POSITION AND FORECAST VERIFICATION DATA

STORM POSITION

24 HR, ERROR

48 HR, ERROR

126

DTG LAT, LONG, DEG, DISTANCE DEG, DISTANCE
0712002 08.8N 164.3F = emm;meam ecscaee
071800Z 08.8N 163.2E  smmeee=  esecces
080000z 08.8N 161.8E @  cem;me;ce = ececce-
0806007 08.9N 160,1E = =c;me;e;ee  eecaee-
0812002 08.9N 158.4E @ emmmeee eeeece-
0818002 09.0N 156.88 ee;m;cam eeeeee-
0900002 09.1N 155.1E 067-167 = eemeeee-
0906002 09.3N 153.3E 076-119 = eeccee-
0912002 09.6N 151.7E 074-126 = =mecee-
0818002 10.0N 149.9E 066-116 =  mecccea
1000002 10.5N 148.3E 357-90 078-281
1006002 11.0N 146.7E 079-31 086-184
1012002 11.5N0 145.2E 069-27 076-159
1018002 12.0N 144.0E 360-48 077-154

- .110000Z 12.6N 142.8E 046-21 324-205
1106002 13.2N 141.4¢E 344-23 336-25
1112002 14.0N 140.1E 313-67 108-37
1118002 14.8N 138.8t 263-35 112~95
1200002 15.5N 137.5E 211-23 103-71
1206002 16.2N 136.1E 213-19 078-70
1212002 17.08 134.9E 131-44 031-81
1218002 17.78 133.7E 045-121 115-37
1300002 18.4N 132.3E 048-139 - 101-56
1306002 19.4N 131.3E 356-64 118-41
1312002 20.6N - 130.6E 015-31 137-85
1318002 21.9N 129.9¢ 297-54 063-120
1400002 23.2N 129.4E 242-90 068-93
1406002 24.6N 129.1E 236-167 261-84
1412002 25.9N 128.9E 238-222 229-123
1418002 27.2N 129.1E 245-93 243-226
1500002 28.28 129.3E 211-25 242-309
1506002 29.1N 130.0E 283-130 248-316
1512002 29.9N0 131.1E 302-155 255-468
1518002 31.20 132.3E 277-200 262-287
1600002 33.1N 134.0E 271-201 246-294
1606002 35.58 136.1E 231-104 251-373



TYPHOON NANCY O7-17 SEP 1961.
POSITION AND FORECAST MERIFICATION DATA (CONT'D)

STORM POSITION

D16 LAT
1612002 39, 3N
1618002 44 6N
1700002 485N
1706002 50.7N

- AYERAGE 24 HOUR ERROR 133 M
AVERAGE 48 HOUR ERROR 228 MI

24 HR, ERROR 48 HR. ERROR
LONG, DEG, DISTANCE DEG, DISTANCE
139.2E 202-194 246-466
141.8E 177-465 227-660
144 4E 174-618 208-707
146, 9E 154-494 192-747
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SHIP DAMAGED ON OKINAWA AS A RESULT OF WINDS AND SEAS ASSOCIATED

WITH NANCY, SEPTEMBER 1961. (PACIFIC STARS AND STRIPES)

. SN
0 N

STRUCTURAL DAMAGE, NAHA, OKINAWA, NOTE INVERTED ROOF, CEILING AND
SUPPORTS RESTING ON ROOF OF SHOP, SEPTEMBER 1961. (PACIFIC STARS
AND STRIPES)
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TS

" > 4l * - % -
FLOODING CREATED IN TOKYO BY NANCY, EVEN THOUGH THE EYE OF
THE TYPHOON WAS MORE THAN 160 M| AWAY, SEPTEMBER 1961.
(PACIFIC STARS AND STRIPES)

STEEL FIRE OBSERVATION TOWER BROKEN IN HALF BY NANCY, OSAKA, JAPAN,
16 SEPTEMBER 1961. (AP WIRE PHOTO)
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L. TYPHOON OLGA (080000Z-100600Z SEPTEMBER 1961)

THE FORMATION OF THE LOW WHICH ULTIMATELY BECAME OLGA OCGURRED
ALONG THE INTERTROPICAL CONVERGENCE 20ONE E OF THE PHILIPPINE [SLANDS,
FROM ITS ORIGIN §T DRIFTED SLOWLY WESTWARD WITH NO NOTICEABLE INTEN=-
SIFICATION UNTIL 1T CROSSED INTO THE SOUTH CHINA SEA, On 7 SEPTEMBER
SHIP REPORTS INDICATED THAT THE SLP WAS BEGINNING TO DROP AND THE
PERIPHERAL WINDS WERE INCREASING., THUS AT 08B0000Z JTHWC 1SSUED THE
FIRST WARNING ON TROPICAL DEPRESSION 27,

THE AREA OF CYCLON1C CIRCULATION CONTINUED TO INCREASE AND BEe
COME MORE WELL DEFINED. AT 0806007 THE SYSTEM WAS UPGRADED TO A
TROPICAL STORM AND ASSIGNED THE NAME OLGA, THE 081200Z 200 MB ANA-
LYS!S INDICATED A MARKED TRANSITION TAKING PLACE IN THE SUBTROPICAL
RIDGE. THE ANTICYCLONIC OUTDRAFT WHICH WAS LOCATED NE of OLGA BROKE
DOWN CAUSING THE RIDGE AXIS TO SHIFT TO THE S. [T WAS AT THIS TIME
THAT OLGA MADE AN ABRUPT CHANGE FROM HER WESTERLY TRACK AND TURNED
TOWARD THE N. THIS TURN WAS FORECAST PERFECTLY BY THE JOINT NUMERf=~
cAL WEATHER PREDICTION UNIT, SuiTLAND, Mp. OF ALL JNWP FORECASTS
RECE{VED, THE ONE FOR OLGA VERIFIED CLOSEST TO THE BEST TRACK.

‘' OLGA CONTINUED TO INTENSIFY AND WAS UPGRADED TO A TYPHOON AT
090000Z. AFTER REACHING THE MAXIMUM STRENGTH OF 70 KTS SHORTLY
AFTER 090600Z OLGA STARTED TO WEAKEN SLIGHTLY BECAUSE OF HER PROX}e
MITY TO LAND. SHE ENTERED THE ASIATIC MAINLAND APPROXIMATELY 30 M1t
NE or HonGg Kone AT 091800Z. AT THE TIME OF HER PASSAGE OVER THE
‘COASTLINE OLGA wAS STILL OF TYPHOON STRENGTH, BUT SHE WEAKENED
 RAPIDLY, AND THE FINAL WARNING WAS 1SSUED AT 100600Z.

ONLY TEN WARNINGS WERE 1SSUED oN OLGA, COVERING A PERIOD OF 2
DAYS AND 6 HOURS. SHE TRAVELED 325 Mi AT AN AVERAGE SPEED OF 6 KTS,
ALTHOUGH SHOWING AN ABRUPT CHANGE OF DIRECTION, OLGA'S TRACK IS NOT
MARKEDLY O{FFERENT FROM OTHER TYPHOONS WHICH HAVE OCCURRED NEAR HonG
KONG DURING PREVIOUS SEPTEMBERS.

STRONG WINDS AND HEAVY RAIN AFFECTED HONG KONG AND THE ASIATIC
MAINLAND DURING THE LIFE OF OLGA AND 5 DEATHMS WERE REPORTED AS A
RESULT OF LANDSLIDES., A 300 TON FISHING TRAWLER BROKE LOOSE,
DRIFTED AWAY AND CAPS12ED, RESCUE PARTIES SAVED ALL ABOARD, AIR-
LINE AND FERRY SERVICES WERE DISRUPTED, SOME TREES UPROOTED AND THE
STREETS OF HoNG KONG WERE LITTERED WITH DEBRIS., SOME CROP DAMAGE
WAS REPORTED ON THE ASIATIC MAINLAND AND ABOUT 70 PEOPLE TOOK AD=-
VANTAGE OF THE TYPHOON AND SOUGHT REFUGE IN HoNGg Kong,
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LAND RADAR AND_AIRCRAFT FIXES - TYPHOON OLGA

CHARACTER IS

UNIT ~ MAX MAX  MIN _MIN  700MB
FIX METHOD  SFC TOOMB 700MB ~ SLP  T/To
NO, TIME AT, LONG, & ACCY  WND_ WND. _ HGT MBS  (°c)

1 090930z 22.0N 114.8E USN-EST ——

-




TYPHOON OLGA 08-10 SEP 1961

POSITION AND FORECAST VERIFICATION DATA

STORM POSITION

24 HR, ERROR

48 HR. ERROR
DEG, DISTANCE

DTG LAT, _ LONG, DEG, DISTANCE
0800002 20.20 117.0E  ~eceem-
0806002 20.0N 116.2E —————
0812002 20.1N 115.5E ————
0818002 20.4N 115.3F me--m -~
0900002 20.9N 15.2E  =ecemaw
0906002 21.58 115.2E 245-188
0912002 22,20 - 114.9E 271-150
0918002 22,70 114.TE 262-200
1000002 23.28 114.3E 239-116
1006002 23.6N 113.7E 169-122

AVERAGE 24 HOUR ERROR 155 MI
AVERAGE 48 HOUR ERROR 353 MI
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M.  TYPHOON PAMELA (081200Z-121800Z SEPTEMBER 1961)

A WEAK CIRCULATION THAT WAS LATER TO BECOME TYPHOON PAMELA
FIRST APPEARED ON 4 SEPTEMBER APPROXIMATELY 400 M1 NE of Guam, [T
MOVED SLOWLY W UNTIL 8 SEPTEMBER WHEN IT TURNED TOWARD THE NW AND
BEGAN TO INTENSIFY, A TROPICAL DEPRESSION WARNING WAS 1SSUED AT
0B1200Z AND A RECONNAISSANCE AIRCRAFT WAS DISPATCHED TO INVESTIGATE.
BASED ON THE INFORMATION CONTAINED IN THE EYE MESSAGE REPORT, THE
DEPRESSION WAS UPGRADED TO TROPICAL STORM INTENSITY ON THE 090600Z
WARNING,

STARTING A GRADUAL TURN BACK TOWARD THE W, PAMELA CONTINUED TO
INTENSIFY. THE FIRST TYPHOON WARNING WAS 1SSUED AT 100000Z, HOWEVER,
POST ANALYSIS INDICATES THAT PAMELA HAD ACTUALLY REACHED TYPHOON
INTENSITY BY 091200Z. PROGRESSING ON A HEADING OF Wy PAMELA PAsseED
140 M1 S OF OKINAWA AND CONTINUED STRAIGHT TOWARD CENTRAL TAIWAN.

SHE REACHED HER MAXIMUM INTENSITY OF 160 KTS AT APPROXIMATELY 1109002
WHILE PASSING 65 M1 S oF MIYAKO JIMA, THEN WEAKENED SLIGHTLY AND
STARTED A SLIGHT DEFLECTION To THE N, As PAMELA APPROACHED TAIWAN, A
TROUGH DEVELOPED S OF HER AND AT ABOUT 1116007 A LOW APPEARED IN THE
TROUGH E OF THE ISLAND'S SOUTHERN TIP, THIS LOW REMAINED QUAS|~
STATIONARY AND PERSISTED UNTIL APPROXIMATELY 1112002 wHEN PAMELA
ENTERED TAJIWAN NEAR THE CITY OF KARENKO. THE TRANSIT ACROSS THE 1S=
LAND's 12,000 FT MOUNTAINS WEAKENED PAMELA To SLIGHTLY LESS THAN 100
KTS INTENSITY AS SHE CROSSED INTO THE TAIWAN STRAITS. SHE ENTERED
THE ASIATIC MAINLAND NEAR T'UNG=A AND CONTINUED STRAIGHT INLAND wEAKEN-
ING RAPIDLY. THE FINAL WARNING WAS :ssuzo AT 12180012,

E{GHTEEN WARNINGS WERE I1SSUED ON PAMELA COVERING A PERJOD 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 MAXIMUM
SPEED WAS 18 KTs WHEN PAMELA wAs crRossING TAIWAN,

TypHoon PAMELA wAS THE 5TH TYPHOON TO STRIKE TAIWAN DURING THE
YEAR; 1T ALSO CREATED MORE DAMAGE THAN THE OTHERS. NINETY-EIGHT
DEATHS, 27 PERSONS MISSING, AND 964 INJURED WERE REPORTED. FIFTY=-
TWO OF THE DEAD PERISHED AT YILAN, A FISHING PORT IN NORTHEAST TAIWAN,
IT WAS ESTIMATED BY POLICE THAT 5,992 HOUSES COLLAPSED anp 12,995
WERE DAMAGED. AN ESTIMATED 50,000 PEOPLE WERE LEFT HOMELESS., DAMAGE
WAS ESTIMATED TO BE IN EXCESS OF $4, 000,000 TO CROPS, LAND AND HOMES,
-DAMAGE TO THE ASIATIC MAINLAND WAS NOT AVAILABLE,
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8l

LAND RADAR AND AIRCRAFT FIXES - TYPHOON PAMELA

uNIT MAX MAX  MIN  MIN 700MB
FIX METHOD  SFC 700MB 7OOMB SLP. T/To
NO, TIME _ LAT, LONG, & ACCY WND _WND _ HGT MBS (o) EYE CHARACTERISTICS
1 090430z 20.8M 135.2E VW1=P-05 45 ~ee  ceae 982  aece- DIA 23 MI SPIRAL BANDS ALL QUADS
2 091440z 21.5M 134.6E  VWI=R=10 ~==  ~ee  caoce e ceeee CIRC WELL DEFINED 7 MI DIA
3 091903z 21.7N 1344 VW1-R-15 =ee  coe coee cee aeeaa DIA 14 MI
4 092200z 22.2N 133.7€  56-P-04 75 60 9340 970 15/13 DIA 10 Ml
5 1003302 23.1N 132.5E  56-P-03 55 51 9290 --- 14/12 POORLY DEFINED CIRC 12 MI DIA
6 1007002 . 23.4N 131.6  56-P-04 %0 80 9150 952 17/14 CIRC 18 MI DIA
7 1012502 23.8N 130,88  VW1-R=05 === oo e;ee  con ccmee DIA 17 MI OPEN W
8 1016052 23.6M 129.7E  VW1-R=-04  «em  mee  coee coe ccee- DIA 13 MI WALL CLD 3 MI WIDE
9 1016462 23.7N 129.3E  LND/ROR === ===  cc;e  coc moan 12 MI DIA
10 1019302 23.6N 128.4E  LND/RDR  -== =cc  coce cee ccece eeecceceecccccccccccec—c———
11 1022002 23.7N 127,86 56-P-05 100 80 8040 --- 18/12 CIRC 8 MI DIA WALL CLDS ALL QUADS
12 1101302  23.7N 127.0E  56-P-01 130 100 7550 ~-- 17/11 CIRC 6 MI DIA
13 1107002 23.7N 125.7€  56-P-02 170 140 7440 914 16/16 SEVERE TURBULENCE NE QUAD
14 1111002 23.8N 124,38 LND/RDR  =m= w;e  cocae  coe cccoli cocccecmesmee——- - -
15 1113002 23.8N 123.7E LND/RDR S —— meee  ete  mmees ceeeecccmmcccccccceccececeeseen.



~ TYPHOON PAMELA 0B-12 SEP 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR, ERROR - 48 HR, ERROR

DTG LAT,  LONG, DEG, DISTANCE DEG, DISTANCE

0812002 19.6N 135.7€E  =eemee- ‘ ———— :
0818002 20,18 1354 2 cacese- , © amm————
0900002 20.6N 135.2€,  mmm—— . —————
0906002 21.0N 135.0F - JE— o ceamm——
0912002 21.3N 134.TE ———— ———————
0918002 21,78 134.3E —————— ————
1000002 22.58N 133,3E —nmanan ————
1006002 23.380 131,9€ 133-181 —————
1012002 23.70 130.4€ © 127-246 ———
1018002 23.80 128.9E 109-180 ——————
1100002 23,78 127.4E 065-164 —m—————
1106002 23.6N 125,9E _ 020-198 108-359
1112002 23.7N 124.1E ; 011-190 - 103-376
1118002 24.1N 122.2€ . 118-27 090-360
1200002 24,48 120.3E ’ 169-31 . ' 067-360
1206002 24.6N 119.0E _ 137-23  043-444°
1212002 25.34 117.5E 218-33 - 029-247

1218002 26.18 116.1E 203-52 172<59

AVERAGE 24 HOUR ERROR 120 Ml
AVERAGE 48 HOUR ERROR 315 Mi
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THIS RUBBLE WAS A BUILDING BEFORE PAMELA STRUCK TAIWAN.
SEPTEMBER 1961. (PACIFIC STARS AND STRIPES)

T AR et
o] l;";,,‘.‘_""l':

S 3 A, Y ST AN e
-

ADVERTISING TOWER SNAPPED OFF IN TAIPER, TAIWAN, BY TYPHOON PAMELA,
SEPTEMBER 1961. (PACIFIC STARS AND STRIPES)
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N. TYPHOON SALLY (211200Z-291800Z SEPTEMBER 1961)

THE 1918002 SURFACE -CHART WAS THE FIRST TO SHOW THE EXISTENCE OF
AN AREA OF LOW PRESSURE SITUATED TO THE E OF ENIWETOK ATOLL. AS THIS
LOW MOVED TOWARD THE W, 1TS FALLING PRESSURES AND INCREASING RADIUS
OF CYCLONIC WINDS GAVE INDICATIONS OF INTENSIFICATION. THE FIRST
TROPICAL DEPRESSION WARNING WAS 1SSUED AT 212200Z, HOWEVER, SUBSE=-
QUENT RECONNAISSANCE INVESTIGATIONS SHOWED LIGHT WINDS AND NO ORGAN=
1ZED CENTER; AND A FINAL WARNING WAS ISSUED AT 221200Z.

AERIAL SURVEILLANCE CONTINUED, BUT NO APPARENT CHANGE WAS NOTED,
A PHOTOGRAPH OF THIS SYSTEM SHOWING A WELL DEFINED VORTEX WAS TAKEN
AT 2400472 BY TIROS THREE DURING 1TS 1056TH ORBIT. THE RECONNAISSANCE
FIX OF 2504557 CONFIRMED THIS AND REPORTED 25 KT WINDS AND A 993 mB
StP. THE ISSUANCE OF TROPICAL DEPRESSION WARNINGS WAS RESUMED AT
P50600Z. AT THIS TIME THE CENTER WAS MOVING TOWARD THE WNW AT 11 KTS
AND INTENSJFYING SLOWLY. THE FIRST TROPICAL STORM WARNING WAS [SSUED
AT 2606007 ALTHOUGH POST ANALYSIS SHOWS THAT SALLY ACTUALLY BECAME A
TROPICAL STORM AT 251800Z., SHE STARTED A GRADUAL TURN TOWARD THE W
AND CONTINUED INTENSIFYING, REACHING TYPHOON STRENGTH AT 2706002,
SALLY REACHED HER MAXIMUM INTENSITY (70 KkTS) AT 271200Z AND AT THiIS
TIME WAS HEADED W TOWARD SOUTHERN TAIWAN. SHE CROSSED THE 1SLAND AT
APPROXIMATELY 280600Z AND AFTER WEAKENING SLIGHTLY, AGAIN REACHED 70
KTS INTENSITY AS SHE ENTERED THE TAIWAN STRAITS. SALLY CONTINUED
MOVING TO THE W UNTIL SHE ENTERED THE ASIATIC MAINLAND PASSING 15 Mi
N of HonG KONG. SHE HAD WEAKENED TO ABOUT 40 KTS AT THIS TIME AND
CONTINUED TO WEAKEN AS SHE TURNED TOWARD THE WSW. SALLY REMAINED
APPROXIMATELY 30 MI INLAND AND MOVED PARALLEL TO THE COASTLINE UNTIL
2918007 WHEN THE FINAL WARNING WAS |SSUED,

SALLY TRAVELLED 2,775 M1 FROM THE FIRST TO LAST WARNING, 1,850
MI OF THIS DISTANCE COVERED BY WARNINGS WHILE THE REMAINING 925 M)
OCCURRED DURING THE PERIOD THAT WARNINGS WERE NOT |SSUED. SALLY's
MINIMUM SPEED WAS 9 KTS ON 206 SEPTEMBER AND THE MAXIMUM SPEED OF 20
KTS OCCURRED WHILE CROSSING THE [SLAND OF TAIWAN.

JNFORMATION CONCERNING DAMAGE BY SALLY WAS EXTREMELY LIMITED,
DAMAGE TO CROPS ON TAIWAN AND THE ASIATIC MAINLAND 1S KNOWN TO HAVE
OCCURRED, HOWEVER THERE 1S NO INFORMATION REGARDING LOSS OF LIFE OR
SHIPPING AVAILABLE, '
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON SALLY

UNIT MAX MAX  MIN MIN  700MB

FIX METHOD SFC 700MB 700MB SLP T/To

NO, TIME: LAT, __ LONG, & ACCY _WND _ WND  HGT MBS  (°c) _EYE_CHARACTERISTICS

1 2504552 18.0N  135.1E  VHI-P-05 25  ~==  =--= 993  -eoe- R , —

2 2605457 20.3N 131.36  VH1=P= U 40 === === 984 a=e--  EYE 150 MI E-W

3 2700202 21.5M 128.5E  VH1=P<10 60 ===  =ee= 983  =mce- "EYE 100 MI' HW-SE 60 MI NE-SW
4 271130 22.3N  125.7E  LND/ROR == === ==== === oo DIA 40 MI

5 2801002 22.38  122.1E  LND/RDR o= ===  =-es === m=oe- WELL DEF INED

6 2803002 22.3N 121.4E LND/RDR === o= come wen . weee- ILL DEFINED

7 2808002 22.30  120.2E  LND/RDR === === ooo= e -



TYPHOON SALLY 21-29 SEP 1961
POSITION AND FORECAST VERIFICATION DATA:

éTORN POSITION 24 HR, ERROR 48 HR, ERROR

DTG LAT, _LONG, DEG, DISTANCE DEG, DISTANCE
2112002 11.08 156,2E ——————— JpS—
2118002 11.6N 154.7E ———ene— JER——
2200002 12.30 153.1E et J,

. 2206002 12,78 151.3E 2 =cesc-- C—
2212002 12.6N 149.7E ————— ———————

NO WARNINGS ISSUED 221200Z TO 250600Z.

2506002 18.1N 134.9E = = cwece-- ——m————
2512002 18.6N 133.8E ——————— ——————
2518002 19.20 132.9E ———————— -
2600002 19.80 132.1E ——————— : [E—
2506002 20-3“ 131 .2E hatadad e dodoind 9 o 08 e e
261 2002 20. 7“ 130.4E hndenbadendend atond e ey an 0o
261 8002 21 51 N 1 29 e 6E - 0 80 an w - . - -
2700002 21.5N 128.6E ———m——— S
2706002 21,98 127.2E ‘ 355-15 ———————
2712002 22.1N 125.7€ 017-168 J——
2718002 22.38 124.1E 039-204 S
2800002 22. 3N 1 22. 6E 080-289 - -
2806002 22.6N 120.9E - 064-303 030-404
2812002 22,50 118.8E 065-198 044-510
2818002 22,58 117.0E 051-249 050-592
" 2900002 22.6N 115.2E 076-192 077-627
2906002 22.5N " 113.6E 039-244 062-736
2912002 22.3N 112.0E 063-136 055-530
2918002 21.78 110.8E 029-181 - 046-621

AVERAGE 24 HOUR ERROR 211 Mi
AVERAGE 48 HOUR ERROR 574 M)
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0. TYPHOON TILDA (270600Z SEPTEMBER - 050600Z OCTOBER 1961)

AT 2606002 A sHip 300 Mt . E oF GuaM REPORTED NW SURFACE WINDS
AND A 1003.5 MB SLP PROVIDING THE FIRST INDICATION OF THE CIRCU=
LATION THAT WAS TO BECOME TypPHooN TILDA, THE CENTER BECAME MORE
WELL DEFINED AND MOVED TOWARD THE WNW. THE FIRST TROPICAL DEPRESSION
WARNING WAS ISSUED AT 270600Z AND THE SYSTEM WAS UPGRADED TO A TROP|=
CAL STORM AT 271800Z., PoST ANALYSIS SHOWS THAT TILDA wAS ALREADY A
TROPICAL STORM AT 270600Z AND REACHED TYPHOON INTENSITY AT 271200Z.

TILDA STARTED A SHARP TURN TOWARD THE N AT 290000Z AND HEADED
DIRECTLY TOWARDS CENTRAL JAPAN AND AN AREA OF HIGH PRESSURE WHICH
EXTENDED FROM THE SURFACE UP THROUGH 100 MB. [T WAS MANEUVERS SUCH
AS THIS THAT CAUSED THE "PACIFIC STARS AND STRIPES" TO HEADLINE
TILDA As "FICKLE"™ AND STATE THAT SHE "Z1G-ZAGGED" HER WAY THROUGH
THE PACIFIC. AS THE HIGH OVER JAPAN STARTED TO WEAKEN AND A BREAK
DEVELOPED IN THE RIDGE LINE, TILDA STARTED A TURN BACK TOWARDS THE
W, SHE ATTAINED HER MAXIMUM INTENSITY AT THIS TIME, REACHING 140
KTS BETWEEN 300000Z AnD 301200Z. A FAST MOVING TROUGH IN THE WESTER=
LIES PASSED N oF TILDA AT APPROXIMATELY 3012002, BUT APPARENTLY HAD
NO EFFECT ON HER TRACK AS SHE CONTINUED TURNING TOWARD THE W. TILDA
COMPLETED HER TURN AT ABouT 010600Z AND MOVING SLIGHTLY N oF W, PASSED
WITHIN 15 M1 OF THE SOUTHERN TIP OF OKINAWA AT APPROXIMATELY 021400Z,
KADENA WAS DIRECTLY UNDER THE WALL CLOUD AT THE TIME OF TYPHOON PASS=
AGE AND RECEIVED THE BRUNT OF THE TYPHOON WINDS, THE WINDS WERE TO
KTS SUSTAINED WITH PEAK GUSTS To 108 KTS, THE SLP REACHED A MINIMUM
oF 947.0 MB. NOHA, JUST INSIDE THE WALL CLOUD, HAD SUSTAINED WINDS
OF 75 KTS WITH PEAK GUSTS OF 103 KTS AND A MINIMUM SLP OF 942.7 wms.
SHE HAD WEAKENED SLIGHTLY, BUT STILL HMAD 120 KT SURFACE WINDS AT THIS
TIME. AFTER PASSING OKINAWA, TILDA STARTED A GRADUAL TURN TOWARD THE
N AND CONTINUED TO SLOWLY DECREASE IN INTENSITY. SHE ENTERED THE
ASIATIC MAINLAND APPROXIMATELY 100 M1 $§ OF SHANGHAI AND STARTED TO
WEAKEN RAPIDLY., SHE FINALLY CROSSED N OF THE SUBTROPICAL RIDGE LINE
AND CAME UNDER THE INFLUENCE OF THE WESTERLIES, SHE THEN RECURVED
SHARPLY AND EMERGED FROM THE MAINLAND JUST N OF SHANGHA| AFTER HAVING
WEAKENED TO ONLY 25 KTS. THE FINAL WARNING WAS 1SSUED AT 050600Z.

TILDA WAS CONSIDERED UNUSUAL BECAUSE OF HER FAILURE TO CONFORM
TO CLIMATOLOGY AND HER RELUCTANCE TO FOLLOW NORMAL FORECASTING RULES,
SHE TRAVELED 1775 MI IN 8 DAYS AT AN AVERAGE SPEED OF 9.2 KTs. HER
MAXIMUM SPEED WAS 13 KTS FroMm 270600Z To 271800Z AND THE MINIMUM
SPEED OF 4 KTS OCCURRED DURING THE ERRATIC TURN ON 29 SEpTEMBER 1961,

TILDA cAUSED DAMAGE TO OKINAWA AND POSSIBLY TO THE ASIATIC MAIN=
LAND § OF SHANGHAY, THE TYPHOON WAS RESPONSIBLE FOR THE DEATH OF AT
LEAST 11 PEOPLE, MANY INJURED AND DAMAGE IN EXCESS OF 6 MILLION
DOLLARS TO CROPS, HOUSING AND EQUIPMENT, BOTH MILITARY AND CIVILIAN
ON DKINAWA, A HOUSE IN NAHA WAS BLOWN FROM ITS FOUNDATIONS TO A
POINT 300 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, MANNED BY A GREEK CREW WENT AGROUND ON KITA
DAa1TO SHIMA, 200 M1 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 HMEAVY SEAS AFTER BEING DRIVEN AGROUND.
THIS SHIP WAS JOINED A FEW DAYS LATER BY THE PIONEER MUSE, AS A RE=-
suLT ofF VIOLET, : -
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ISt

LAND RADAR

AND AIRCRAFT FIXES - TYPHOON TILDA

UNIT  MAX  MAX  MIN  MIN T7O0OMB

FIX METHOD SFC 7OOMB 700MB SLP T/To

NO,  TIME  LAT,  LONG, & ACCY WND _WND _ HGT __ MBS (°C) EYE CHARACTERISTICS

1 270603z 19.0N 145.0E  VAPB1-P=lU =—cc  oec  ccoe  cea

2 2808452 19.5N  140.2E  VWI-R-03 ===  =ce  ecee  ace  e-—<e  CIRC 12 MI DIA -

3 281333z 19.7N 139.5E  USOA-R-U ~m=  coc  ccee  coc  meeee 15 M1 DIA

4  290041Z 19.58  138.3F  VWI-P=10 == o= =coe e ccoa- _CIRC 14 MI DIA

5 290420z 19.8N 138,28  VWI=P=10 =cec  «coc 9055 wee ecea- CIRC ‘14 M1: DIA

6 2914127 20.7N 138.0E  VWI=R=10 =ee  cec  cooe  cee  ccees DIA 13 MI

7 2921207 ~21.6N 137.3k  56-P-01 100 === 7980 917 19/17 40 MI DIA
'8 3008002 23.4N 136,9E  VHI=R=05 <==  cox  cace  cee  meen- 40 M1 DIA

9 3021352 24.5M 135.0E  VWI-R=-05 ===  w=e  coee mee emeee CIRC 37 M1 DIA

10 0108002 24.9M 133,5  VKI<R=05 ew=  =ee - cowe  cee eeeee 30 MI DIA

11 0122102 25.3N 130.7€  56-P-03 120 105 8240 935 16/16 CIRC 20 M} DIA

12 0203002 25.5N 129.8E  LND/ROR ===  =;a  coce  mee ccee- -
13 0206002 25.6M 129.1E . LND/RDR  ==r  =ec  ceee  coe ccee- ~—— -
14 0209002 25.7N 128.7E LND/RDR  ==e  awa R - -
15 0213302 25.9N 127.6E  LND/RDR =ce  =mc  ceme we=  emeee  DIA-TO -MI -

16 0217002 26.0M 127.0E  LND/RDR ===  cee  coce  coe  ceede -
17 0222307 26.4N 126.1E  56-P-05 70 120 8470 944 17/17 CIRC 85 MI DIA

18 0303002 27.1N 125,0E LND/RDR ===  =em  ccom oo - -
19 0305552 27.0N 124,56 LND/RDR ===  wec  cocm  eee - ~—-
20 0315102 '28.4N 123.2E  VWI=R=10 =ee  ccc  weem  coe  eemee 40 MI DIA



TYPHOON TILDA 27 SEP-05 OCT 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR
__DTG LAT, _LONG, DEG, DISTANCE DEG, DISTANCE
2706002 18.00  145.4E ———— e
2712002 18.6N 144.2E cmmmee cceeee-
2718002 19.1N 142.9E ——— S
2800002 19.4N0 141.7E ———— ——— |
2806002 19.6N 140.TE R ———
2812002 19,68 139,88 me-cmam S
2818002 19.78 139.1E © B45474- | c————
2900002 19.88 138.6E 327-98 Q-
2906002 20.0N 138.3E 210-129  aceeee-
- 2912002 20.4N 138.0F 273-169 ——cm
2918002 21.1N 137.7E 267-215 . 287-224
3000002 22,0 137.3E 223-165 276-254
3006002 22,9N 136.8E 207-196 269-296
3012002 23,7N 136.2F 203-239 242-295
3018002 24.30 135.4E 140-192 243-378
0100002 24 6N 134.7E . 222-89 217-311
0106002 24.8N 133.8E . 219-101 | 211-306
0112002 25,18 132.8E 058256 208-309
0118002  25.2N 131.7E 052-358 113-292
0200002 25.4N 130.3E 037-127 236-134
0206002  25.6N 129.1E 033-139 203-94
0212002 25.8N 128.1E " 050-170 053-720
0218002 26.1N 126.9E 049-179 057-855
0300002 26.5N 125.8E 063-27 056-505
0306002 27.1N 124.7E 343-36 059-633
0312002  27.8N 123.7E 35135 068-520
031800 - 28.7N 122.6E 271-35 033-356
~ 0400002 29,3N 121.9E 245-96 112-41
0406002 29.8N 121.5E 305-73 343-47
0412002 30.3N 121.1E 306-97  332-62
0418002 30.9N 120.9E 302-86 307-104
0500002 31.6N 121.26 301-111 260-213
0506002 32,30 122.2E 290-195 - 301-226

AVERAGE 24 HOUR ERROR 137 MI
AVERAGE 48 HOUR ERROR 312 Ml
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CHILDREN LOOK AT OLD SHIP THAT BATTLED TILDA AND LOST. OCTOBER 1961.
(PACIFIC STARS AND STRIPES)

VIOLENT WIND AND HEAVY RAINS BATTER OKINAWA AS TILDA PASSES OKINAMWA,
OCTOBER 1961. (PACIFIC STARS AND STRIPES)
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P. TYPHOON VIOLET (040000Z-101800Z OCTOBER 1961)

WaiLe TyPHoON TILDA WAS MOVING TOWARD OKINAWA, A SMALL CIRCU-
LATION BEGAN TO APPEAR SW OF MARCUS ISLAND, AND BY 021800Z 17T wAs
WELL ENOUGH DEFINED TO MERIT A REQUEST FOR AN INVESTIGATION, BASED
ON A REPORTED SURFACE WIND OF 45 KTS, THE FIRST TROPICAL STORM VIOLET
WARNING WAS ISSUED AT 0400002.

AT THIS TIME A RIDGE WITH A N-S ORIENTATION WAS LOCATED W of
VIOLET, MIDWAY BETWEEN THE TWO TYPHOONS, VIOLET Ano TILDA, AT FIRST
_ VIOLET WAS UNABLE TO TRAVERSE THIS RIDGE WHICH EXTENDED FROM THE SUR-
FACE THROUGH 500 MB. INSTEAD SHE MOVED TOWARD THE SW AND INTENSIFIED,
REACHING TYPHOON STRENGTH AT APPROXIMATELY 0412002, DURING HER IN-
TENSIFICATION PROCESS VIOLET ALSO EXTENDED VERTICALLY, BECOMING
DEFINITELY CLOSED AT THE 300 MB LEVEL AT 051200Z. AT THE SAME TIME,
A SMALL OUTDRAFT APPEARED ON THE 200 M8 MAP IMMEDIATELY SE oF VIOLET
AND RESULTED IN THE FORMATION OF A NEUTRAL POINT AT THE SAME LEVEL
DIRECTLY OVER THE TYPHOON'S CENTER. VIOLET THEN DECELERATED SLIGHTLY
AND STARTED AN ABRUPT TURN TOWARD THE NW AS THE SUBTROPICAL RIDGE
SHIFTED TO THE E. VIOLET CONTINUED TO INTENSIFY, REACHING HER MAX1-
MUM STRENGTH OF 180 KTS FROM 0700002 To 071200Z., SHE THEN STARTED TO
" WEAKEN SLIGHTLY AND CONTINUED TO THE NNW, RECURVING THROUGH THE RIDGE
LINE AT ABOUT 28N, SHE CONTINUED TO FOLLOW A SMOOTH PARABOLIC TRACK.
AND CROSSED THE Boso PENiINsuLA 30 M1 E oF Tokvo AT asout 0922002.

SHE WAS MOVING AT A SPEED OF 27 KTS AT THIS TIME AND STILL HAD MAXI=

MUM SUSTAINED SURFACE WINDS OF 70 KTS, AFTER HER BRUSH WITH LAND,

VIOLET RAPIDLY COMMENCED TO ASSUME EXTRATROPICAL CHARACTERISTICS.

THE FINAL WARNING WAS 1SSUED AT 101800Z WHEN SHE HAD WEAKENED TO 40
KTS.

VIOLET WAS UNUSUAL IN THAT SHE MOVED STEADILY TOWARD THE SW FOR
AT LEAST ONE AND ONE HALF DAYS, BUT OTHER THAN THAT, SHE WAS QUITE
NORMAL. SHE TRAVELED 2050 MI IN THE 6 DAYS AND 18 HOURS THAT WARN-
INGS WERE BEING I1SSUED, HER MINIMUM SPEED WAS 4 KTS WHEN SHE MADE
THE TURN FROM A HEADING OF SW TOo THE NW AND HER MAXIMUM SPEED OF 31
KTS OCCURRED AFTER SHE PASSED TOKYO, ’

AS VIOLET APPROACHED GuUAM FROM THE NE, LITTLE DAMAGE OCCURRED
EXCEPT. FOR SLIGHT CROP DAMAGE AND SOME NERVOUSNESS AMONG THE OCCU-
PANTS OF THE ISLAND, AFTER IT COMMENCED MOVING TO THE NW A MER-
CHANT VESSEL, THE PIONEER MUSE, WAS GROUNDED ON KITA DAITO SHIMA,
ONLY A FEW MILES FROM THE SHEIK, AND BROKE IN TWO THE FOLLOWING DAY
DUE TO HEAVY SEAS, THE CREW OF THE PIONEER MUSE WAS RESCUED BY THE
AMPHIBIOUS ASSAULT SHIP PRINCETON VIA HELICOPTER. ONLY MINOR DAM-
AGE OCCURRED TO JAPAN IN THE TOKYO AREA, DUE TO GUSTY WINDS., Two
DEATHS WERE ATTRIBUTED TO THE TYPHOON IN JAPAN,
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ISt

LAND RADAR AND AIRCRAFT FIXES.~ TYPHOON VIOLET

-

UNIT  MAX  MAX  MIN  MIN TOOMB.

FIX METHOD SFC  7OOMB 7OOMB SLP T/To

NO, TIME _ LAT, _LONG, & ACCY  WND WND HeT MBS (°cC) EYE_CHARACTERISTICS
0321302 19.5W 147.2E  VW1=P=10 45 ==  ccec 997 =ee-- POORLY DEF I NED

2 0408457 18.6N 146.1E  VW1=P=10 45  cme  ccce  coe  —mee- DEF INED BY SPIRAL BANDS

3 0421002 17.3N - 145.1E 56-P-01 85 70 9860 975 15/08 CIRC DIA 25M1 WALL CLDS ALL GUADS

4 0502002 16.9N  144.9 56-P-03 110 70 9740 972 16/11 DIA 29Mi

5 0507002 16.7N 144.5€  56-P-03 110 62 9560 970 16/11 CIRC DIA 20 Ml

6 0512457 16.2N 143.9E  VNI-R=03 =m= === =eoe == —-eee DIA 15M1

7 060300 16.7N 1434  56-P-03 65 65 9000 946 15/10 CIRC 16MI DIA

8 . 0606302 17.2N 143.26  56-P-02 100 75 8670 946 17/12 DIA 5 Ml

9 0613302 18.2N 142.6E  VHI=R-05 =ee  =mc  mcoe  =ee  =ee==  DIA 11 MI

10 0621302 19.1N  -141.8E  56-P-02 190 170 7340 898 25/19 WALL CLDS ALL QUADS

11 0702002 19.6M 141.2E  56-P-02 190 160 7260 894 27/21 CIRC SMI DIA WELL DEFINED

12 0707002 20.2N 140.8F  56-P-02 190 160 7130 882 29/23 RADAR EYE DIA 10MI

13 0713582 21.5N 139.4E  VH1-R=10 ===  ==e  e=e= === ===-=  CIRC DIA 9 MI

14 0722002 22.5N - 138.9E  56-P-05 125 115 7350 908 21/15 CIRC DIA. 9 Ml

15 0804002 23.4N 138.3F  56-p-02 125 110 7580 916 17/15 WELL DEFINED CIRC DIA 12 M

16 0813302 25.9M 137.1E  VH1=R=05 =m=  =e= - =cee === =ee=== CIRC DIA 10 MI

17 0815152 26.2N 136.9F  VW1=R=05 =m= ===  ==== cee ==ce= CIRC DIA 8 MI

18 0821452 27.2M 13.76  56-P-03 125 115 8010 930 17/16 CIRC DIA 10 M)

19 090300Z 28.5N 136.8E  56-P-02 130 90 8250 940 19/15 CIRC DIA 10 Mi OPEN S & W

20 0911502 -31.2M 137.9E  VW1=R=10 =m= ===  me;e  =ee  =ee-- INDEFINITE 28 M1 DIA

21 0915002 32.7N 138.3F  VW1=R=10 =-=  =o=  cce= === ==e== CIRC 20 MI DIA



8st

LAND RADAR AND AIRCRAFT FIXES - TYPHOON VIOLET (CONT'D)

UNIT  MAX  MAX  MIN  MIN  700MB
FIX METHOD SFC  700MB T700MB SLP  T/To ,
NO,  TIME _ LAT, LONG, & ACCY _WND  WND __ HGT MBS  (°C) EYE CHARACTERISTICS
22 0921302 34.3M 139.5¢  56-P-01 80 40 9380 973 18/08 NO WALL CLDS
23 100700Z 39.0N 142,3t  56-P-02 100 80 9850 =-- POORLY DEF INED

16/12



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
0300002 19.4N  141.0E  eeememm  ccmeeee
040600Z  18.8N 146.4E  =mmm;mm eeceees
0412002  18.3N 145.8E  wmmemee  eeee———
0418002  17.6N 145.4F =—cemem- —
0500002  17.1N  144.9E 025-175 = «emeee-
0506002  16.6N  144.7TE 019-204 ——
0512002  16.3N  144.1E 333-172 ————
0518002  16.3N 143.TE 329-180 = eeeemee
0600002  16.5N  143.5E 210-117 015-235
0606002  17.1N  143.2E 187-170 359-210
0612002  17.88 142.8E 172-195 302-145
0618002  18.6N  142.2E 207-207 294-186
0700002  19.4N  141.4E 190-235 205-315
0706002  20.1N  140.9E 157-275 185-365
0712002  20.9N  140.1E 227-35 171-415
0718002  21.8N 139.4E 218-65 198-375
0800002  22.7N 138.7E 210-112 194-442
0806002  23.8N 137.9E 197-55 171-510
0812002  25.0N . 137.4E 172-110 150-220
081800Z  26.4N 136.8E 223-55 205-290
0900002  27.8N 136.7E 142-142 200-~325
0906002  29.6N 137.1E 136-120 190-180
0912002  31.5M 137.8E . . 078-137 192-325
0918002  33.6N 138.9E 057-160 194-255
1000002  35.8N  140.8E 219-112 173-335
1006002  38.2N  143.3E 049-120 169~340
1012002 39.7N  145.8E 290-22 050-330
1018002  41.0N  147.3E 057-335 060-435

AVERAGE 24 HOUR ERROR 146 Ml
AVERAGE 48 HOUR ERROR 312 MJ
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SHIPPING DAMAGE: THE PIONEER MUSE RAN AGROUND OF KITA DIATO SHIMA AS
A RESULT OF TYPHOON VIOLET, OCTOBER, 1961. (RELEASED BY PACIFIC STARS

AND STRIPES, 14 OCT 61)

SHEIK 1S BROKEN IN TWO AFTER RUNNING AGROUND ON KITA DIATO SHIMA
OCTOBER 1961. (RELEASED BY PACIFIC STARS AND STRIPES, 14 .0CT 813
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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 DEFJNED VORTICES. ONE CENTER FINALLY BECAME PRE=~
DOMINANT AND THE ENTIRE SYSTEM STARTED TO INTENSIFY. WHEN THE FIRST
TROPICAL DEPRESSION WARNING WAS ISSUED AT 2300002 THE RADIUS OF
CYCLONIC WINDS ABOUT THE CENTER EXCEEDED 1000 M1,

AT 231200Z THE SYSTEM WAS UPGRADED TO TROPICAL STORM INTENSITY
AND THE NAME BILLIE wAS ASSIGNED. INTENSIFICATION CONTINUED UNTIL
2412002 WHEN THE MAXIMUM SURFACE WIND SPEED OF 70 KTS WAS REACHED.
BILLIE®'S TRACK UP TO THIS TIME SHOWED THAT SHE HAD TURNED TO THE N
FROM A HEADING OF W AND WAS DESCRIBING AN.ARC ABOUT GUAM WITH A
RADIUS OF ABOUT 200 M). FOR THE NEXYT THREE DAYS BILL{E MOVED IN A
NORTHERLY DIRECTION WHILE MAINTAINING THE SAME INTENSITY. HER RADIUS
OF CYCLONIC WINDS HAD DECREASED TO APPROXIMATELY 750 M| AND THEN
REMAINED NEARLY CONSTANT THROUGHOUT THE REST OF HER TROPICAL LIFE.
THE EXTENSIVE AREA ENCOMPASSED BY BILLIE'S CIRCULATION WAS MATCHED
BY THE S1ZE OF HER EYE WHICH WAS ALSO OF KING StZE PROPORTIONS. No
OTHER TYPHOON OF 1961 WAS ABLE TO EQUAL HER EYE DIAMETER WHICH AT ONF
TIME MEASURED 120 X 180 M1, IN THIS RESPECT AND MANY OTHERS BILLIE
WAS VERY SIMILAR TO TrpHooN CARMEN ofF AucusT 1960,

BILLIE passep 50 Mt E oF CHicHl JIMA AT APPROXIMATELY 270900Z,
AND SHORTLY AFTERWARDS WEAKENED TO TROPICAL STORM INTENSITY. SHE
ENCOUNTERED THE POLAR FRONT NEAR 32N AT APPROXIMATELY 2800007 AnoD
MERGED WITH A LOW PRESSURE AREA ASSOCIATED WITH IT. THE FINAL TRO-
PICAL WARNING WAS 1SSUED AT 2806007 WHEN THE SYSTEM WAS DEFINITELY
EXTRATROPICAL BUT STILL HAD 50 KT SURFACE WINDS,

BILLIE TRAVELED 1500 MI OVER A PERIOD OF 5 DAYS AND 6 HOURS, AT
AN AVERAGE SPEED OF 12 KT5. THE MINIMUM SPEED WAS 8 KTS ON 23 0CTO=
BER AND THE MAXIMUM SPEED WAS 24 KTS ON THE 28 OCTOBER.

BILLIE DID NOT PASS OVER ANY LARGE LAND MASSES DURING ITS LIFE,
THEREFORE CREATED LESS DAMAGE THAN MIGHT OTHERWISE HAVE BEEN EX-
PECTED, AS THE TYPHOON NEARED GUAM, A JAPANESE FREIGHTER, THE
FukAzAaN MARU, A 7000 TON FREIGHTER LADEN WITH COPPER ORE FROM TOWNS=~
VILLE, AUSTRALIA ENROUTE TO JAPAN, DEVELOPED A LEAK IN ONE OF THE
HOLDS AND COMMENCED .TO SINK RATHER SLOWLY, THE CREW OF 47 WERE
RESCUED BY THE DoLLY TURMAN WITHOUT INCIDENT, WERE TRANSFERRED TO
THE USS BRISTER, AND TRANSPORTED TO GUAM, THE TYPHOON CREATED STRONG
WINDS AND CONSIDERABLE RAINFALL AT [wO JIMA AND OTHER ISLANDS BUT
DAMAGE WAS NOT REPORTED,
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LAND RADAR AND AIRCRAFY FIXES - TYPHOON BILLIE

UNIT  MAX  MAX  MIN  MIN  TOOMB
FIX METHOD SFC  7OOMB TOOMS SLP T/To
NO,  TIME _ LAT, LONG, & ACCY WND _ WND _ HGT MBS (°C) EYE CHARACTERISTICS
1 2223472 10.0N  144,0E  VWI«P=15 25  ~e=  ==ec  =o=  =e—--  LARGE AREA OF LIGHT AND VARI-
' ABLE WINDS
2 232240z 12.58  142,0E  VNI-P-10 - 50 === 9980 990 12/-- 40 MI DIA
3 2412302  14.1N 181,26 VWI-R~15 ===  =me  =eew  =e=  cceme  INDEFINITE
4 2508072 17.9NM 142.1E  VW1-P=10 ===  =ea.  =cee 98]  «=-a=  WALL CLDS S QUAD
5. 2515302 18.9N 142,38 VHI-P=15 «ec  cce  ccce 974 ceee- CIRC 100 M1 DIA
6 2523162 20.20 . 142,5E  VW1-P-10 65 ===  ==e= 972 --a-- 152 X 86 MI, ORIENTED 023 DEG
7 2603447 20.9W 142,4E VW1-P-05 o-= -== . 9425 961 17/-- 180 X 120MI, ORIENTED NNE-SSW
8 2615277  23.1M 143.2E VMW1<P-05 === === 9290 --- 16/-- " RADAR EYE 155 X 105 M|
9 2622507 24.7M 142,76 . 315-P-0 35 20 9530 ~== 16/-- : :
10 2716152 29.0N 145.1F VW1=P-20 --- 40 9545 <= 16/--
11 2722007 31.1N 144 .3 315-P-02 40 20 9500 13/~-  NO DEFINITE EYE, DIA 50 NI
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, TYPHOON BILLIE 23-28 OCT 1961
POSITION AND FORECAST VERIFICATION DATA

: STORM POSIT1ON 24 HR. ERROR .48 HR. ERROR
DTG LAT,  LONG, BEG, DISTANCE DEG, DISTANCE
230000 10.28  144.1E T mmmmmme | e
2306002  10.7N 1434 cemeeee -

2312002 11.208 142.B8E @ s;ccmeme 0 cemecee-
2318002 11.88 142.3E = commcem eccese-

2400002 12.6N 141.8E ceceme= J—
2406002 13.5N 141.4E = cmee- - ——m——
2412002 14,58 141.3E 208-277 = ecemmm—-
2418007 = 15.6N 141.4EF 250=174 = sweee—-
2500002  16.6N 141.7E 241-241 e —
2506002  17.6N  141,9E 243<197 = cemmea-
2512002  18.4M 142,2E 240-236 221-594
2518002  19.3N 142.4F 241-280 252-416
ek -
2600002 ° - 20.4N 142.4E 252-157 243-332
2606002  21.38 142.6E 252-170 256356
2612007 = 22.5M 142.6E 278-37 238-405
2618002  23.8M  142.8E 263-61 236-480
2700002  24.BN 142.9F 183-90 244291
2706002 - 26.3N 143.0f 198-67 - 242-317
2712002  27.9% 143.1E 185-62 213-135
2718002  29.7N  143.4F 109-80 215-152
280000Z .31.8N  143.9E 128-115 093-306
280600Z  33.98 145.1F 208-64 140-295

AVERAGE 24 HOUR ERROR 144 Mi
AVERAGE 48 HOUR ERROR 340 Mi
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R.  TYPHOON CLARA (2612002 OCTOBER - 010600Z NOVEMBER)

THE OR1GIN OF TyPHOON CLARA CAN BE TRACED BACK TO A VORTEX WHICH
ORIGINALLY FORMED ALONG THE ITCZ NEAR ENIVETOK ATOLL AND WAS DRIVEN TO
THE N BY THE VAST CIRCULATION OF TyrHOON BILLIE, THE FIRST WARNING
WAS ISSUED AT 261200Z WHEN SURFACE REPORTS INDICATED THAT THE SYSTEM
HAD INTENSIFIED TO TROPICAL STORM STRENGTH AND WAS APPROXIMATELY 100
Ml S oF WAKE ISLAND MoviING ENE AT 10 kTs. THIS EASTERLY MOVEMENT WAS
PROBABLY CAUSED BY THE COMBINED FORCES OF AN ANTICYCLONE LYING TO THE
SW oF CLARA AND AN EXTRATROPICAL CYCLONE SITUATED TO HER NE,

THE ENE MOVEMENT OF CLARA CONTINUED FOR ANOTHER 18 HOURS DURING
WHICH TIME SHE INTENSIFIED TO TYPHOON STRENGTH. BETWEEN 2700007 anD
2800002 TtHE 700 mB LEVEL OVER CLARA UNDERWENT A SIGNIFICANT CHANGE,

- THE ANTICYCLONE TO THE SW WEAKENED AND QUICKLY DISAPPEAREDR, WHILE
ANOTHER OUTDRAFT WHICH HAD BEEN LOCATED FAR TO THE NW oF CLARA SHIFTED
EASTWARD AND REPOSITIONED I1TSELF N oF CLARA, BETWEeN 270600Z Anp
271200Z CLARA EXECUTED A CLOCKWISE TURN OF 180 DEGREES AND STARTED
BACK TOWARDS THE W. SHE RECROSSED HER TRACK AT 280000Z AND PASSED

50 M1 $ oF WAKE Istanp AT 2806007 wHILE ON A HEADING OF 270 DEGREES,
SHE WEAKENED TO SLIGHTLY LESS THAN TYPHOON STRENGTH AT 281800Z anD

. STARTED FOLLOWING A LOW AMPLITUDE SINUSOIDAL TRACK TOWARDS THE WNW.
CLARA CONTINUED TO GRADUALLY WEAKEN AND DROPPED BELOW TROPICAL STORM
INTENSITY WHILE PASSING S OF MArcus IsLanp AT 301800Z. SHE CONTINUED
TO THE W FOR ANOTHER 12 HOURS, THEN STARTED ‘A SWEEPING TURN TO THE

N. SHE RAPIDLY BECAME EXTRATROPICAL AFTER ENCOUNTERING THE POLAR
FRONT, AND THE FINAL WARNING WAS 1SSuep AT 010600Z.

CLARA TRAVELED 1650 MI IN THE 5 DAYS AND 1B HOURS THAT WARNINGS
WERE BEING ISSUED, HER MINIMUM SPEED 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 1967 SEASON, AND THE ONLY .ONE TO
PERFORM THE MANEUVER IN A CLOCKWISE DIRECTION., DAMAGE REPORTS WERE
NOT RECEIVED BY JTHWC, HOWEVER POSSIBLE DAMAGE COULD HAVE OCCURRED
TO SHIPPING OR SMALL ISLANDS,
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON CLARA

UNIT  MAX  MAX  MIN  MIN  TOOMB

FIX METHOD SFC  7O0MB 700MB SLP  T/To

NO,  TIME _ LAT, LONG, & ACCY WND __ WND  HGT MBS  (°C) EYE CHARACTERISTICS

1 2702407 19.0N 169.2E  VWI=P-U 60 ===  ~oce  wee  wwea== 15 Mi DIA OPEN SW & NW

2° 2719307 18.6N 168.6E  VW1-P=05 75  cee  =ece 984  mwee- 15 M1 DIA OPEN W

3 290230z 20.1N 163.4E  VW1-P-05 65  wcee  ~mee 994  cceee CIRC 15 MI DiA

4 2917207 21.9N 159.5E  VW1=R=15 =ee  coc  eece e - - ——--
5 3000392 21.1N 158.2E  VW1-P-15 40  cee  cecce 1003 wecee 70 M1 DIA OPEN E & N

6 3022002 23.4M 152.8E  VW1-P=15 30 ==  w==e= 999 «wee= 20 Ml DIA, NO RADAR PRESENTATION
7 3105302 23.5N 150.5E  VW1-P=U 25 cee 10290 === ==ee- SCATTERED CB



TYPHOON CLARA 26-0CT-O1-NOV 1961
POSITION AND FORECAST VERIFIGATION DATA

STORM POSITION 24 HR, ERROR 48 HR, ERROR
DTG LAT, LONG, DEG, DISTANCE DEG. DISTANCE
2612002 17.9N 167,1E =~ <eccacew e
2618002 18.5N 167.9E memsene 0 eecces-

2700002  18.9N 168.8E 2 =emm=ee  commce-
2706002 i 1 9 . 1 N 1 69 . 3E ------ L T L Ty g

2712002 18.8N 169.5E. 241-165 ———m——
2718002 18.7N 168.8E 234-102 ———————
2800002 18.5N 167.9€ 062-197 0 o acecee.
2806002 18.4N 166.7E 069-317 = ecccea.
2812002 18.68  165,.6E 080-325 082-165
2818002 19,18 164.7E 097-282 091-245
2900002 19.8% 163.8E 141-180 085-585
2906002 20.4N 162.7E 148-239 083-710
2912002 20.88 161.4E 173-284 080-325
2918002 20.98 159.9E . 171-262 108-201
3000002 21.3N 158.4E 167-277 o 156-355
3006002 22.0N 157.0E 054-147 155-428
3012002 22.9N 155.6E x 054-155 165-492
3018002 23.4N 153.9E 057-207 159-405
3100002 23.4N 152.2E 337-63 153-410
3106002 23.68 150.3E 148-92 050-367
3112002 24.0N 148.8E - 14495 052-430
3118002 24.8N 147.8E 149-112 053-462
0100002 25.88  147.3E 222-12 353-65
0106002 26.8N  147.3E 240-53 189-127

AVERAGE 24 HOUR ERROR .178 MI
AVERAGE 48 HOUR ERROR 361 MI
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S. TYPHOON DOT {090000Z-151800Z NOVEMBER 1961)

ON 8 NOVEMBER A SERIES OF PILOT REFORTS ALONG THE GUAM-WAKE
ISLAND TRACK DISCLOSED THE EXISTENCE OF AN AREA OF SEVERE WEATHER.,
A SUBSEQUENT RECONNAISSANCE INVESTIGATION SUBSTANTIATED THIS AND
FOUND THE SOURCE OF POOR WEATHER TO BE A FULLY DEVELOPED TYPHOON.,
THE NAME DOT WAS ASSIGNED AND THE FIRST WARNING WAS (SSUED ‘AT
090000Z. IT 1S 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 FIRST WARNING WAS iSSUED,
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 MOGVING IN THIS
DIRECTION, THE SUBTROPICAL RIDGE LINE STARTED TO SLOPE PROGRESSIVELY
MORE TOWARD THE S. By 110000Z THE SLOPE HAD BECOME QUITE PRONOUNCED,
WITH THE RIDGE AX1S LOCATED 10 DEGREES N OF DOT AT THE SURFACE AND 5
DEGREES § OF HER AT 200 MB. AT THIS TIME DOT REACHED HER MAXIMUM
INTENSITY OF 140 KTS AND STARTED A GRADUAL TURN TOWARD THE N. SHE
WEAKENED SLIGHTLY, AND AT 1200002 SHOWED A SUDDEN INCREASE IN CUR-
VATURE, 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, DOT CONTINUED IN ANOTHER NEAR
STRAIGHT LINE THIS TIME TOWARDS THE ENE. SHE FOLLOWED THIS TRACK
FOR THREE DAYS WHILE SLOWLY ACCELERATING., DOT WEAKENED TO STORM
INTENSITY AT 1418007 AND CONTINUED WEAKENING SLOWLY UNTIL 1518002
WHEN THE FINAL WARNING WAS ISSUED,

DOT wAS CHARACTERIZED BY HER UNUSUALLY SMALL SIZ2E DURING THE
FORMATIVE STAGES WHICH ENABLED HER TO REACH TYPHOON INTENSITY BEFORE
BEING DETECTED, HER TRACK OF TWO NEARLY STRAIGHT LINES MEETING AT
AN ANGLE OF APPROXIMATELY 150 DEGREES WAS ALSO FAR FROM NORMAL. SHE
TRAVELED 2425 M1 AT AN AVERAGE SPEED 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 1010002 CAUSING DAMAGE TO ALAMAGAN |SLAND THAT WAS CLASSED
AS SUBSTANTIAL,
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LAND RADAR AND AIRCRAFT FIXES - TYPHOON DOT

VH1-R=-03

UNIT  MAX  MAX  MIN  MIN TOOMB
FIX METHOp SFC 700MB 700MB SLP T/To
NO,  TIME _ LAT, LONG, & ACCY _WND __ WND _ HGT MBS (°c) EYE CHARACTERISTICS
1 0821002 17.2N 154.0E VW1=Re10 wee  ecc sece  cee  cmee- " CIRC 16MI DIA WELL DEVELOPED
: : ' SPIRAL BANDS ALL QUADS
2 082&72 1 6.8" 152.85 USAF-U-U - - - m -—as ey
3  090530Z 17.5N 151.7E  VH1-P=10 125 =ae  a=ee 982 wea=- OVAL 17 X 5MI PERFECT EYE
4 0906282 17.8M 151.4E  USAF=U-l «ce  =ee  ccee  eee  aeceae  20M] DIA
5  090810Z - 17.6N 150,2E  USAF=R=U ===  ese  wcem  «ce  ee-ee  20MI DA
6 1000102 17.9M 147,98 VNI=R-03 wce  wee <235 cee  =eeee - CIRC 19MI DIA
7 1004302 17.9N 146.9E  VWI~R=02 ~uo=  =me  ccse  oos  ecme=  OVAL 19 X 15M}
8 1006302 17.7N  146,6E  VWI=RelU aee  wee  ccce  coe  comee ———————
9 1013452 17.9NM 145,0E VW1=R=01 =c-  wom . =me=  wwe  e-eae  CIRC 13M] DIA ,
10 1022002 18.0N 143.6E  56-P-04 80 117 7960 930 19/13 CIRC 10MI DIA WALL CLDS ALL QUADS
11 1105452 18.5N 142,1E  UN1=Re05 eoe  coe  cced  eon  ecce= CIRC 22M1 DIA, WELL DEF|NED
12 1106552 18.2N 142,0E  56-P-10 100 --- 7980 922 16/16 24MI DIA, NOT WELL DEFINED
13 1113352 18,98  141.3E  VHi=R-02 w«ee  cie  =cee  cec  cmme- OVAL NNE=SSW 20X18MI
14 1122002 19.5M 1405 56-P-04 135 100 8270 932 . 18/15 CIRC 20MI DIA WALL CLDS ALL QUADS
15 1200352 19.5N 140,56  VH1=R=02 ‘===  ecc = wnce  =we  eaee=  OPEN § SEMICIRC 22MI DIA
16 1204002  19.9N 140.3E 56-P-04 150 115 8490 931 15/15 CIRC 25MI DIA
17 1214002 20.6M 140, 7€ VH1eRe03 wme  cce  =cee  =e=  eeeee  CIRC 12M] DIA
18 1222002 21.2N 141,88  56-P-02 100 --- - 8930 958 16/16  NOT DEFINED
19 1304452 22.3M 142,6E  56-P=05 100 85 9000 960 17/13  NOT DEFINED
20 1312002 22.8N - 144.8E cm=  =ea’  ames  mee  eee==  CIRC 64MI DIA OPEN E & W




TYPKOON DOT 09-15 NOV 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION 24 HR. ERROR 48 HR. ERROR

DTG LAY,  LONG, DEG, DISTANCE DEG, DISTANCE
0800007 17,38 152.8E — emwemn- T
0906002 17,68 151.6E —mm———— —————
0912002 17.7N  150.3E c———  ———
0918002 17.84  149.1E e ———
1000002  17.8N /147.9¢ 062-210 ———
100600Z 17.8N { 146.7E  076-93 °  ememee-

. 1012002 17.9N 1145.5E 079-110 ————
1018002 18.0N '144.2E 077-105 ———
1100002  18.28  143.2E 078-155 058-465 -
1106002 18.38  142.3E 193-41 260-129
1112002  18.8N  141.4E 221-102 260165
1118002 19.3N  140.8E 239-118 264191
1200002  19.6N  140.4E 247-112 223-143
1206002 20.0M  140.4E 259161 233-206
1212002  20.4N  140.6E 281-210 | 267-266
1218002 20.98 141.2F 270-183 275-353
1300002 21.58 142.0E 287-204 265-396
1306007 22.2N 143.2E 283-203 . 272-455
1312002 22.9N  144.7E 286-261 285.448
1318002 23.7M  146.3E 290-222 265-501
1400002 24.5N  148.0F 341-203 204-416
1406007 25.4N  150.1E 284-110 302-367
1412007 26.4N  152.6E 291-89 308-395
1418007 27.4N  155.3E 28565 313-314
1500002 28.7N 158.5E 275-102 295-216
150800 30.1N  162.2E 248-100 250190
1512002 31.3N 165.4E 227-41 280-245
1518002 32.4N 168.1E 225103 275-225

AVERAGE 24 HOUR ERROR 138 MI
AVERAGE 48 HOUR ERROR 304 Ml
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T.  TYPHOON ELLEN (050600Z-131800Z DECEMBER 1961)

TyeHoon ELLEN'S ORIGIN WAS THE SAME AS THAT OF SEVERAL LATE
SEASON CYCLONES WHICH DID NOT DEVELOP TO STORM INTENSITY., |IT CAN
BE TRACED BACK TO THE VICINITY OF TRUK ISLAND, WHERE THERE WAS
SUFFICIENT DATA TO SUPPORT THE EX1STENCE OF A CLOSED CIRCULATION,
AS IT MOVED WESTWARD INTO THE "NO DATA" AREA § OF GUAM, ITS PRESENCE
COULD ONLY BE SUBSTANTIATED BY PERSISTENCY. MANY SIMILAR CYCLONES
HAVE FAILED TO REAPPEAR IN THE YAP=-KOROR AREA, BUT THIS WAS. NOT THE
CASE Wi1TH ELLEN, SHE ARRIVED IN THE WESTERN CAROLINES "ON SCHEDULE"
WITH A WELL DEFINED CIRCULATION OF SLIGHT INTENSITY., THE FIRST
TROPJCAL DEPRESSION WARNING WAS I1SSUED AT 050600Z WHEN THE SYSTEM
SHOWED SIGNS OF POSSIBLE DEVELOPMENT,

TROPICAL DEPRESSION WARNINGS WERE CONTINUED FOR TWO, .DAYS WHILE
THE SYSTEM BECAME PROGRESSIVELY MORE WELL DEFINED, FINALLY AT
0706002 THE FIRST TROPICAL STORM ELLEN WARNING WAS ISSUED BASED ON
A RECONNAISSANCE FIX WHICH REPORTED 45 KT SURFACE winDs, ELLEN
THEN INTENSIFIED RAPIDLY REACHING TYPHOON STRENGTH AT 071200Z anD
ATTAINED HER MAXIMUM INTENSITY OF 130 KTS AT 081200Z. SHE HAD BEEN
MOVING IN A NEARLY STRAIGHT LINE TOWARD THE WNW UNTIL THIS TIME.
SHE PASSED NEAR CATANDUANES ISLAND SHORTLY AFTER 090000Z ARD 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 IS 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 INTENSITY AT 1212002 ano
DISSIPATING ENTIRELY SHORTLY AFTER 131800Z, '

A TOTAL OF 35 WARNINGS WERE ISSUED COVERING A PERIOD OF 8 DAYS
AND 12 HOURS. DURING THIS PERIOD, ELLEN TRAVELED 1400 MI AT AN
AVERAGE SPEED OF 7 KTS, HER MAXIMUM SPEED WAS 12 KTS ON 5 DECEMBER
AND THE MINIMUM SPEED OF 3 KTS OCCURRED DURING RECURVATURE ot 9
DEceMBER.

ELLEN pPASSED WiTHIN 10 M oF THE N TIP OF CATANDUANES ISLAND,
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 ASSOCIATED WITH THE WALL CLOUD TWICE,
NEwS RELEASES INDICATED THE PROPERTY DAMAGE TO BE AsouT $500,000,
THE LORAN STATION MADE PREPARATIONS FOR THE PASSAGE ON 7 AND 8
DECEMBER, AND BECAUSE OF THIS, INJURIES TO PERSONNEL WERE MINIMIZED,
ONE ENTRY, IN THE LETTER DESCRIBING THE TYPHOON PASSAGE, MADE AT
1800, INDICATES THE FINAL PREPARATIONS PRIOR TO TYPHOON WINDS:
"1800, 8 Decemser 1961 (N, 33 kvs, 29.58") ALL HANDS MOVED TO
SIGNAL-POWER BUILDING, SECURED LOWER STATION EXCEPT FOR POWER {HOT:
LOCKERS, FUEL AND WATER PUMPS), FRESH WATER, AND FUEL OIL CONNEC=
TIONS, TRUCK PARKED BETWEEN WATER TANKS AND SIGNAL-POWER BuiLDING,"
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A DESCRIPTION OF THE PASSAGE OF THE TYPHOON 1S AS FOLLOWS:

A, 2400, 8 DecemBErR 1961 (NE, 45-65 Kvs, 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
SHELVES,

8. 0100, 9 Decemser 1961 (N, 45<65 krs, 29,40") SECurRED oOUT-
SIDE TEMPERATURE READINGS DUE TO HIGH WINDS. WATER BEING DRIVEN
THROUGH COMMUNICATIONS TRANSMITTING ANTENNA LEAD=IN TERMINAL BOARD
AND THROUGH LORAN TRANSMITTER VENT DUCTING INTO THE NORTH END OF
BUILDING. ESTABLISHED BUCKET BRIGADE. WATER IS RUNNING ONTO POWER
DISTRIBUTION AND SWITCH BOXES BELOW THESE ENTRY POINTS.

c. 0303, 9 Decemser 1961 (NNE, 62-85 kTs, 29.22") OBSERVED NO
PULSE ON PEDESTAL, USWR AT 70:1 AND TRANSMITTER LINE CURRENT AT 1.9
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, )

p. 0335, 9 Decemser 1961 {up To 100 kTS, 23.11") ANEMOMETER
IMPELLER GONE. RAIN AND SPRAY DRIVING HORIZONTALLY. NORTH WALL
CONTINUES TO LEAK, SIDE DOOR TO SIGNAL ROOM BEGAN POUNDING TO
EQUALIZE PRESSURE, ATTEMPTED TO SECURE WITH NAILS AND LINE FROM
INSIDE,

€. 0558, 9 Decemser 1961 (N, 120 To 140 KTs EsT., 28.80")
HOUSEHOLD GENERATOR LOAD VERY ERRATIC. 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 Decemser 1961 (N, 120 To 150 kTs EsT., 28.51")
LARGE GENERATOR ROOM DOORS BURST OPEN, CLOSED, BARRED, AND NAJLED
THEM SHUT. ADDED NAILS AND LINE TO SIDE DOOR. STILL SECURE.

* @, 0735, 9 Decemser 1961 (N, 120 To 150 KTs EsT., 28.17")
LIGHT SWITCH IN PASSAGEWAY SHORTED BY WATER FROM ROOF, CAUGHT FIRE
AND BURNED ITSELF oUT BEFORE C02 WAS BROUGHT ON IT. [SOLATED SWITCH
AND REPAIRED 17T,

H, 0800, 9 becemser 1961 (N, 120 To 150 kTs EsT., 28.15") ALL
COMMUNICATIONS ANTENNA DOWN, CONNECTED LORAN RECEIVING ANTENNA TO
COMMUNICATIONS RECEIVER, UNABLE TO TRANSMIT,

1. 0915, 9 DecemBer 1961 (VAR1ABLE, 30 KTS EST., 28.07") Ligut
WINDS AND RAIN, SKY SLIGHTLY OVERCAST, DISPATCHED TWO TEAMS TO
ROUND UP NATIVES WHO DID NOT COME UP TO Si1GNAL-POWER BUILDING BE~
FORE STORM, TEAMS BROUGHT BACK APPROXIMATELY 40 PEOPLE, OBSERVED
DAMAGE TO LOWER STATION,
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J. 1000, 9 Decemser 1961 (LiGHT winos, 28.01") LOWEST BAROME=-
TRIC PRESSURE OBSERVED, SEAS ARE BREAKING OVER ENTIRE ANTENNA FIELD,

K. 1130, 9 Decemser 1961 (W, 50 To 70 KTs EsT., 28.38") Eve
PASSED AND WINDS INCREASED DRIVING RAIN AND SPRAY, OPENED EAST WIN~-
DOW TO OBSERVE WAVE ACTION ON ANTENNA FIELD., WAVES ROLLING IN AS
FAR AS LORAN RECEIVING HILL. CAN SEE THAT LORAN TRANSMITTING ANTENNA
IS STILL UP.

L. 1430, 9 Decemser 1961 (W, 130 To 160 KTS EST.) WIND MuCH
STRONGER SECOND HALF. GENERATOR ROOM WEST DOOR BURST OPEN AND TORE
OFF., PRESSURE NOW EQUALIZED. DOOR TO GENERATOR EXHAUST HOT ROOM
ALSO GONE.

M. 1800, 9 Decemser 1961 (W, 30 To 50 KT5 EST., 29.18") BeLiEvE
TYPHOON PASSED, DUE TO DARKNESS AND GUSTING WINDS, NOT ATTEMPTING
OUTSIDE REPAIRS UNTIL DAYBREAK. REMAINING IN S1GNAL=-POWER BUILDING
OVERNIGHT . :

N. 0600, 10 Decemser 1961 (W, 8 To 30 KTs, 29.50") OBSERVED
DAMAGE. BEGAN REPAIRING LORAN COUPLERS AND RESTRINGING TRANSMITTING
ANTENNAS,

0. -0653, 10 Decemser 1961 (W, 10 To 30 xTs, 29,51") Resumeo
COMMUNICATIONS WITH SANGLEY POINT,

P. 1230, 10 Decemser 1961 (SW, 10 kTs, 29.62") RESUMED LORAN
TRANSMISSIONS,

DAMAGE WAS EXTENSIVE, INCLUDING THE ELECTRICAL, WATER AND SEWAGLE
SYSTEMS, AND NEARLY ALL BUILDINGS AND VEHICLES, THE DAMAGE WAS DUE
TO HIGH WINDS, FLYING OBJECTS, FLOODING AND RAIN, IN MANY CASES
SEVERAL FEET OF SAND REMAINED BEHIND TO BE REMOVED LATER, ‘
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€8l

IME
0501002
0604002

0703162
0722452

0800561
0804002
0812002

0903002
0914452

1001202
101400Z
1022302

1103002
1114002

1122352
1204302
1213302

1302007
1313122

AND RAFT = 0
UNIT. MAX  MIN  MIN  MIN  TOOMSB
METHOD SFC 7O0MB T700MB - SLP T/To '

LAT, LONG, & AcCCY WND WD HGT MBS {°C) __EYE CHARACTERISTICS
07.5N 137.8€ VW1-P-10 22  cmm aeem cme ccae. 80M} DIA WELL DEVELOPED FEEDER BANDS
09.8N 133.1E  VH1=P~05 30 «== 9970 995 12/11 CIRC 15M] DIA POORLY DEF INED
11.4N 129,9E  VW1-P-05 45  -—= 9980 988 12/12 CIRC. 24M! DIA OPEN N & S
12,48 127.5E 56-P-05 100 90 9280 ~-- 19/11 CIRC 25MI DIA
12,78 127.1E VHI=R=05  ecc  cee  ccce com mmee- CIRC 23MI DIA
12,98 126.86 56-P-05 100 70 9120 --- 19/14 NOT WELL DEFINED
13.58 125,9E VW1=R=02  «==  coe  =cce === =eam=  CIRC 33MI DIA WALL CLDS ALL UADS
14,28 124,26 56-P=02 85 90 8520 945 23/23 CIRC 36M! DIA OPEN SE
14,78 123.8E VW1=R=05 =ox  cce  ccce ;e coca- CIRC 28M! DIA
15.7N 124,0E 56-P-03 60 70 8930 956 15/02 CIRC 20MI DIA WELL DEFINED
16,0N 124,3E VW1=R=03  —=n  coe scca  cme ccea- ELLIP NW-SE 35 X 29 MI
16.9N 124,5E 56-P-02 150 105 8740 == 19/12 ELLIP E-W 25 X 35 Mi
17.2N 124.6E 56-P-01 150 95 8760 ~=- 19/14 CIRC 40MI DIA
18.1N 125,26 VW1=R=01  =ox  com  mccm emm meae- EYE SPLIT INTO HALF SEMICIRCLES

: N HALF CLOSING, S HALF DSPTG
18.7N 125.8E 56-P-02 140 90 9390 --- 16/09 OPEN W & S ORIENTED E-W 25 X 20 MI
19.2N 126.3E 56~P-02 175 70 9530 980 13/12 NOT DEFINED ON RADAR, SOFT HAIL

IN EYE

20,2N 126,0E VW1=R=05 ===  woe  =eme =em acoae  JOMI DIA OPEN S
20.4N 127.1€ 56-P-~02 30 20 10300 1009 12/07 WOT DEFINED
20,0N 126.8E wme  mee 10290  «e=  a=e== CENTER 25M! E-N 30MI N-S, NO WALL

YH1-P-05

CLDS



TYPHOON ELLEN 05-13 DEC 1961
POSITION AND FORECAST VERIFICATION DATA

STORM POSITION

24 HR, ERROR

48 HR. ERROR

AVERAGE 24 HOUR ERROR 105 MI
- AVERAGE 48 HOUR ERROR 235 MI
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DTG LAT, _LONG, DEG, DJSTANCE DEG, DISTANCE :
050600Z 08.0M 136.8E  mememee cedeee-
0512002 08.5N 135.7€ = eccmeee cmemee-
0518002 09.0N 1B8.7TE = cecmcee ceceees
0600002 09,.5N 133.TE = wsscccan 7 cmceee-
0606002 10.0N 132.8E  weswcee ceeeas
0612002 10.4N 132.0E  cwmcene | coceee-
061800Z 10.8NM 131.2E.  emmsmse cemeee-
0700002 11.2M 130.3E = meeee o= eeeece.
070600Z 11.6N 129.5E mememes ccneea-
0712002 11.9N 128,7E = ceccacaa c—————
0718002 12.2N 128.0E = cecmmane ;eccee-
080000Z 12.6NM 127.3E eseccee cemacee-
080600Z  13.0M 126.6E 294-37 === eeeaee
0812002 13.5N 125.9E 270-15 == eeemee-

- 081800Z 13.8N 125.2E 310-11 0 eecaea-
090000Z 14.0N 124 .5E 132-28 @ eceew- -
0S0600Z 14.3N 124.0E 030-7 287-33
091200Z 14.6N  123.8E 312-20 299-51
0918002 14.9W 123.7E 298-74 285-68
1000002 15.2M 123.8E 286-121 24181
1006002  15.6M 124 .0E 278-176 268-123
1012002  15.9M 124 ,3E 274-241 277-155
1018002 16.3N 124 .5 302-107 284-247
1100002  16.9M 124 .5E 074-192 267-320
110600Z 17.5K 124.7E 076-246 262-411
1112002 18.0M 125.1E 077-278 269-444
1118002 18.4N 125.5E - 155-96 002-215
1200002  18.9N 125.9E 272-42 071~-498
1206002 19.3M 126.3E 267-48 072-546
1212002 19.9N 126 .5 269-46 072-624
1218002 20.4N 126.8E 339-24 155-162
1300002 20.8N 127.3E 070-126 051-81
1306002 21.1N 127.9E 064-158 052-103
1312002 21.3N 128.5E 060-198 053-145
1318002 21.5M 129.1E 017-119 051-153
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AERIAL PHOTO SHOWING PART OF DAMAGE CAUSED BY ELLEN TO CGLORSTA,
CATANDUANES ISLAND, 9 DECEMBER 1961. (OFFICIAL NAVY PHOTO)

“@“‘:’3‘_‘7:5.
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DAMAGE TO LOWER AREA OF CGLORSTA. NOTE DAMAGE TO CONCRETE SLABS,
(OFFICIAL NAVY PHOTO) A
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DAMAGE TO INTERIOR, SAND ON FLOOR WAS BLOWN AND WASHED INTO
BUILDING, (OFFICIAL NAVY PHOTO)

SNV ey

DAMAGE TO BUILDING AND BOAT CAUSED BY ELLEN, 9 DECEMBER 1961.°
(OFFICIAL NAVY PHOTO)
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CHAPTER V

RESEARCH
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A, GENERAL

RESEARCH AS RELATED TO TROPICAL CYCLONES WAS LIMITED DUE TO THE
LACK OF AUTHORIZED PERSONNEL FOR THE 1959, 1960 aAnD 1961 SEAsONS,
A TOTAL OF SIX OFFICERS ARE NOW APPROVED FOR 1962; HOWEVER, THE TWO
VACANCIES HAVE NOT AS YET BEEN MANNED,

THE "ANNUAL TYPHOON REPORT" 1S 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 15 APRIL. THE
REMAINDER OF THE TIME THROUGH JUNE 1S DEVOTED TO RESEARCH -PROJECTS,
LEAVE AND TRAINING, HWITH THE ANTICIPATED INCREASE OF PERSONNEL, IT
1S 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 1S NOT ANTICIPATED; HOWEVER, THE PER10OD BE=
TWEEN DECEMBER AND PUBLICATION DATE WILL BE DEVOTED TO PROVIDING A
MORE COMPLETE REPORT,

THE PROBLEMS ENCOUNTERED BY JTWC IN THE PAST THREE YEARS HAVE
BEEN GREATER IN NUMBER THAN THOSE SOLVED DURING THE RESEARCH PER10D,
THE INCREASE IN MANNING OFFERS AN OPPORTUNITY TO MINIMIZE THESE
PROBLEMS, '

RESEARCH WILL BE DIVIDED INTO THREE TYPES FOR THE COMING SEASON:Z

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 TO 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 WESTERN PACIFIC
3. MNacHHOLZ COORDINATION CHART
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A TEST OF THE ARAKAWA METHOD OF FORECASTING
TYPHOON MOVEMENT 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 VEI1GAS=-MILLER
SCREENING PROCEDURE USED TO DEVELOP A SIMILAR METHOD OF FORECASTING
ATLANTIC HURRICANE MOVEMENT. THREE SETS OF REGRESSION EQUATIONS
WERE DEVELOPED, ONE USED SURFACE DATA EXCLUSIVELY, ANOTHER USED 700
MB DATA, AND THE THIRD USED BOTH, DUE TO THE LIMITED TIME AND PER~
SONNEL AVAILABLE, ONLY ONE METHOD COULD BE TESTED FOR THIS STUDY,
THE SET OF EQUATIONS USING SURFACE DATA EXCLUSIVELY WAS CHOSEN BEw
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 1S USED, [N ADDITION, THE RELIABILITY OF A FORECASTING TECHNI[=-
QUE DEPENDS DIRECTLY ON THE QUALITY AND QUANTITY OF THE REPORTS USED
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 EXCEPTJON,

THE REGRESSION EQUATIONS FOR THE ARAKAWA METHOD WERE DERIVED
FROM FIVE 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
(Fic. 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 THE 12 AND 24 HOUR PREVIOUS POSITIONS WERE
TAKEN FROM THE TYPHOON BEST TRACK CHARTS. THE PRESSURES WERE OB=
_TAINED FROM 1/15,000,000 MERCATOR PROJECTION CHARTS USING A GRID
THAT WAS TRUE AT 15N, THE CHARTS USED WERE ONES WHICH HAD BEEN ANA=-
LYZED DURING THE SEASON, THE CENTRAL PRESSURES AND 12 HOUR PREVIOUS
PRESSURES WERE OBTAINED BY CONVERTING BEST TRACK SURFACE WIND SPEEDS
USING THE WACHHOLZ GRAPH, THE VERIFYING PRESSURES WERE OBTAINED
BY THE SAME METHOD, THE FORECASTS WERE MADE ONLY FROM THE O000Z aND
1200Z 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 POSITIONS RE-
QUIRED 8Y ARAKAWA, NO OBJECTIVE 48 HOUR FORECAST TECHNIQUE WAS AVAIlLw
ABLE FOR COMPARISON, A TOTAL OF ONE HUNDRED AND FOURTEEN 48 HOUR
FORECASTS AND ONE HUNDRED "AND FIFTY THREE 24 HOUR FORECASTS WERE MADE,
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ARAKAWA 24-48 HOUR EQUATIONS

Latgy = -112.5 + 2.279TkAT, + 0.1284Pgq + 0.1821P26 - 1.254I.AT_12 - 0.0692P52 -— 0.1293!’39
Lone.24 = .589.,6 + 1.6812L0N<;o + 0'7209'-”0 + O.2443P89 + O.:?ABS)P21 - O.7516l.ou~:c=_24 — 0.6155!."_12
P24 = -1581.9 + 0.8613p, + 0.9063P6 + 1.0163P46 + 1.1259?2, - 0.3225!’_.24 — 0.3547Lom;__24

—0,9921 P63

+ 0.2132p,. + 0.2034P

Lat,, = -106.6 -+ 2,8977LaT, + 0.2914P 1.8073LAT_,, — 0.5396P,

48 40 90 25 ~

- 0;0613?50
Longyg = --1037.6 + 1.8948L0N(;o + 2,1311La7, + 0.6461?13 + 0.6245P89 - 1.0458L0NG_24 - 1.7983LAT_12

P,n = -1790.4 + 0,6493P, + 2.6177pg + 1.4297P46 - O.5141P_12 - 0.6288Lcmc_;_24 — 1.,3597¢

48 63

P, = PRESSURE AT GRID POSITION X

LAT, = LATITUDE OF TYPHOON CENTER AT CHART TIME

LONG, = LONGITUDE OF TYPHOON CENTER AT CHART TIME

Lat_, = LATITUDE OF CENTER AT X HOURS PRIOR TO CHART TIME
LoNG_, =  LONGITUDE OF CENTER AT X HOURS PRIOR TO CHART TIME
P.x- = CENTRAL PRESSURE AT X HOURS PRIOR TO CHART TIME



IN BOTH THE 24 HOUR AND 48 HOUR FORECASTS, THE LONGITUDINAL
ERROR WAS GREATER THAN THE LATITUDINAL ERROR, THE SCATTER DIAGRAM
(F1G. 2) OF THE 24 HOUR FORECASTS SHOWED THAT ONE=THIRD OF THE
ERRORS FALL WITHIN THE NE QUADRANT, BUT 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 D1AGRAM {F1G. 3) ALSO INDICATES THAT MORE THAN ONE-
THIRD OF THE ERRORS ARE IN THE NE QUADRANT. THE POSSIBILITY EXISTS
THAT A CORRECTION COULD BE DETERMINED TO PROVIDE A MORE COMPACT
PATTERN; HOVEVER, SINCE ONLY ONE YEAR OF INDEPENDENT DATA WAS TESTED
AGAINST THE FIVE PREVIOUS YEARS, FURTHER EVALUATION IS INDICATED BE=-
FORE SUCH A CORRECTION 15 MADE,

THE ERRORS FOR THE 24 HOUR AND 48 HOUR CENTRAL PRESSURE FORE=-
CASTS SHOWED A BIMODAL DISTRIBUTION {FiG. 4 AND 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 HISTOGRAM'S PEAKS WERE OF EQUAL
HEIGHT., ONE WAS CENTERED AT ZERO MB ERROR AND THE OTHER AT -30 Ms.
THE VERIFICATION OF THE PRESSURE FORECASTS 1S TO BE CONSIDERED LESS
RELIABLE THAN THE POSITION FORECAST SINCE THE FORMER CANNOT BE OB~
TAINED DIRECTLY. IN ADDITION, THE BEST TRACK POSITION IS USUALLY
MORE RELIABLE THAN THE SURFACE WIND SPEED OBTAINED FROM THE SAME
SOURCE. ‘ :

ERRORS OF FORECASTS USING THE ARAKAMWA
METHOD WITH 1961 BEST TRACK DATA.

24 HOUR 24 HOUR 48 HOUR 48 HOUR
POSITION PRESSURE POSITION PRESSURE
FORECAST - (M1) (MB) (M1) (M8)
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 DATA, IT CANNOT BE
COMPARED WITH THE OPERATIONAL FORECAST MADE BY JTWC, NOR CAN IT BE
COMPARED TO THE OPERATIONAL MILLER-MOORE ERROR OF 113 MILES,  THE
MILLER-MOORE METHOD YIELDED AN ERROR OF 96 MILES USING THE BEST 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 AND HAS THE ADDED ADVANTAGE OF BEING AVAILABLE
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EVERY SIX HOURS., THIS METHOD, WHICH PROVIDES 48 HOUR FORECASTS, 1S
THE FIRST TO BE EVALUATED BY JTHC AND WiILL BE A WELCOME ADDITION TO
“THE LIMITED NUMBER OF LONG=RANGE FORECASTING TECHNIQUES PRESENTLY

IN USE.
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ARAKAWA GRID
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24 HOUR MOVEMENT FORECAST ERRORS
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"_ARAKAWA 24 HOUR FORECAST ERRORS.

199

IESS
MER D 1ONAL  ZONAL
| : DISTANCE ERROR ERROR
- MERIFYING TIME ERROR N S E - R
26002 68 14 - - 67
26122 245 - 80 - 23
27002 168 - 2. - 168
27122 186 69 - - 172
28002 72 29 - - - 67
28122 52 15 - - 49
29002 120 20 - 116 -
29122 113 - 25 113 -
30002 153 - 33 148 -
30122 153 - 43 141 -
31002 91 - 58 67 -
AVERAGE 129
ALICE
MERID 1ONAL ZONAL
DISTANCE ERROR ERROR
" YERIFYING TIME ERROR N S E W
19002 96 - 90 27 -
19122 76 31 - 68 -
20002 90 - 53 - 72
20122 370 - 149 335
21002 306 - 61 - 294
21122 167 75 - - 144
~ AVERAGE 184
BETTY
_ ‘ 'MERID JONAL ZONAL
: DISTANCE ERROR . ERROR
JERIFYING TIME ERROR . N $ E W
24122 17 - 17 - -



ARAKAWA 24 HOUR FORECAST ERRORS
BETTY (CONT'D) -

MER 1D 1 ONAL ZONAL
DISTANCE ERROR ERROR
VERIEYING TIME ERROR N s E_ W
25002 26 24 - 8 -
25122 75 - 4 19
26002 55 - 51 - 24
26122 96 95 . - 19
27002 234 - 212 - 91
27122 148 - 141 - 40
28002 208 - 206 - 26
28127 261 - 126 - 225
AVERAGE 124
CORA
MER 1D 10NAL ZONAL
| DISTANCE ERROR 'ERROR
YERIFYING TIME _ ERROR N s E W
24122 72 3 - T -
25002 48 17 - 4 -
AVERAGE 50
ELSIE
MER 1D 1ONAL ZONAL
o DISTANCE ERROR _ ERROR
VERIFYING TIME __ERROR N $ E W
14122 144 130 - - 63
15002 89 85 - 2 -
AVERAGE 11




ARAKAWA 24 HOUR FORECAST ERRORS

HELEN
MER 1D 1ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N s E W
29122 77 - 75 19 -
30002 120 - 120 15 -
30122 71 - 5 7 -
31002 184 165 - 85 -
3112z 115 102 - - 50
01002 39 1 - - 36
01122 78 56 - 5 -
02002 107 3 - 107 -
02122 116 - 61 96 -
03002 98 5 - 98 -
03122 131 126 - - 46
AVERAGE 10 |
DA
MER 1D 1ONAL ZORAL
D ISTANCE ERROR ERROR
VERIFY ING TIME ERROR N s E H
30122 184 - 98 153 -
31002 234 - 97 208 -
31122 339 182 - 288 -
AVERAGE 252
JUNE
MERID 1 ONAL ZONAL
DISTANCE ERROR 'ERROR
VERIFY ING TIME ERROR N S _E W
03122 110 64 - 9 -
04002 45 28 - 36 -
04122 76 73 - 19 -
05002 94 92 - - 10
05122 78 - 11 - 74
06002 57 - <7 I 44
06122 46 15 - - 43
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ARAKAWA 24 HOUR FORECAST ERRORS

JUNE  (CONT*D)

MER 1D 10NAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
07002 92 28 - - 87
07122 138 8 - - 136
08002 16 - 15 - 3
08122 _86 57 - 63 -
AVERAGE 76
KATHY
MER1D 1 ONAL ZONAL
D ISTANCE " ERROR ERROR
VERIFYING TIME ERROR N s E N
17122 75 75 - n -
18002 122 104 - 7N -
AVERAGE 99
LORNA
MER 1D 1ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR _ N s E ]
22122 124 105 - - 68
23002 128 - - 47 119
23122 80 15 78 - -
24002 123 70 10 - -
24122 110 66 - - 97
25002 116 83 - - 85
25122 130 66 11 - -
26002 53 - 46 21 -
26122 87 67 - - 12
AVERAGE 1
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ARAKAWA 24 HOUR FORECAST ERRORS

NANCY
MER 1D 1 ONAL ZONAL
DISTANCE ERROR ERROR
NERIFYING TIME __ERROR N S E W
09122 40 31 - - 26
10002 24 22 - - 11
10122 94 - - - 94
11002 81 45 - - 67
11122 55 - - 55 -
12002 8 - 8 - - -
12122 34 8 - A -
13002 51 41 - 4 -
13122 31 - 25 - 20
14002 66 - 61 19 -
14122 69 - 21 - 66
15002 49 49 - - -
15122 152 75 - - 128
16002 134 47 - - 124
16122 327 - 276 - 186
17002 427 - 420 - 76
AVERAGE 703
OLGA
. MER 1D LONAL ZONAL
DISTANCE - ERROR ERROR
YERIFYING TIME ___ERROR N $ E W
10002 58 51 - 7 -
AVERAGE 58
_PAMELA
MER IDIONAL ZONAL
DISTANCE ERROR' ERROR
YERIFY ING TIME ERROR N s E W
10122 44 - 29 31 -
11002 205 87 - 19 -
11122 128 91 - 85 -
12002 44 - 34 28 -
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ARAKAWA 24 HOUR FORECAST ERRORS
~ PAMELA. (CONT'D)

MER 1D | ONAL ZONAL
D ISTANCE ERROR © ERROR
VERIFYING TIME ERROR N $ E W
12122 193 - 160 - 115
AVERAGE 123 ‘
SALLY
MER 1D 1ONAL ZONAL
. DISTANCE ERROR ERROR
"VERIFYING TIME ERROR N $ E W
27122 14 6 - 12 -
28007 139 49 - 129 -
28122 147 22 - 146 -
29002 40 - 29 27 -
29122 _40 - 8 - 39
AVERAGE 76 |
TILDA
MER 1D 1ONAL ZONAL
- DISTANCE ERROR ERROR
_VERIFYING TIME - __ERROR N s E W
2912z 224 8 - - 224
30002 ' 197 - 75 - 183
30122 196 - 107 - 167
01002 47 39 - 26 -
01122 175 100 - 148 -
02002 214 107 - 189 -
02122 118 57 - 106 -
03002 97 20 - % -
0312z 222 - 64 212 -
04002 120 - 69 100 -
o412z 68 - 31 59 -
05002 35 17 - - 29
AVERAGE 143




_ .
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VIOLET
MER ID IONAL ZONAL
DISTANCE  ERROR ERROR
- NERIFYING TIME ERROR N S E_ W
06002 150 3 - - 150
06122 166 - 98 - 130
0700z 96 - 94 - 18
omneaz 52 - 25 45 -
0800Z 106 21 - 105 -
0812z 88 - - 88 -
0900z 101 16 - 98 -
0912z 123 - 116 . - 41
1000Z 201 - 138 - 141
10122 1% - 100 - 169
AVERAGE 128
BILLIE
: . MERIDIONAL - ZONAL
: DISTANCE ERROR .ERROR-
VERIFYING TIME ERROR N S E W
25002 91 - 29 - 84
25122 102 40 - - 92
26002 - 50 47 - - 11
26122 50 8 - 49 -
2700z 136 45 - 127 -
27122 84 45 - 73 -
28002 . 120 - 22 15 -
AVERAGE 90 ‘
CLARA
MER ID IONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E N
2812z 100 62 - 78 -
29002 92 67 - 40 -
29122 96 60 - 81 -
30002 67 52 - 34 -




. _ARAKAWA 24 HOUR FORECAST ERRORS
CLARA (CONT*D)

09122

206

MER 1D 1ONAL . ZONAL
DISTANCE ERROR ERROR
_VERIFYING TIME ERROR N S _E W
30122 140 6 - 13 -
31002 177 - - 177 -
31122 396 145 - 345 -
01002 175 - - 175 -
AVERAGE 154
DOT
| MER D 1 ONAL ZONAL
_ DISTANCE ERROR ERROR
_VERIFYING TIME ERROR N s E W
11002 130 65 - - 110 -
11122 90 30 - 88 -
12002 50 33 - 3 -
12122 66 15 - - 65
13002 77 28 - - 70
13122 176 12 - - 174
14002 132 - 12 - 127 -
14122 65 - 7 - 60
15002 162 - 24 - 98
15122 _75 - 27 - 72
AVERAGE 96
ELLEN
| MER 10 [ONAL ZONAL
DISTANCE ERROR ERROR
YERIFYING TIME ERROR N S E W
06122 20 12 - - 16
07002 55 5. 53 -
07122 37 - 16 34 -
0800Z 120 - 118 32 -
08122 68 26 - 65 -
09002 12 - 10 2 -
85 - - - 85



ARAKAWA 24 HOUR FORECAST ERRORS
ELLEN (CONT®D)

MER 1D 1 ONAL ZONAL
DISTANCE ERROR
_VERIFYING TIME ERROR N s _E W

10002 50 - 5 7 -
10122 60 - 54 7 -
11002 86 64 - 24 -
11122 45 6 - 43 -
12002 110 17 - 105 -
12122 _86 37 - 15 -
AVERAGE 64
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ARAKAWA 48 HOUR FORECAST ERRORS

TESS
MER 1D 10NAL ZONAL
D ISTANCE ERROR ERROR
_VERIFYING TIME ERROR N s E R
27002 320 - 36 - 328
21122 580 - 38 - 579
2800Z 347 36 - - 344
28122 316 120 - - 291
29002 156 80 - - 131
29122 137 52 - - 126
30002 256 - 43 253 -
30122 - 206 - 97 184 -
31002 215 - 146 164 -
AVERAGE 281 |
AL ICE
MER 10 10NAL ZONAL
- DISTANCE ERROR ERROR
ERIFYING TIME ERROR N s E W
20002 225 - 201 - 104
20122 94 71 - - 50
21002 354 - 42 - 350
21122 768 - 75 - 768
AVERAGE 360
BETTY
MER 10 1ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N $ E W
25122 163 - 108 116 -
2600Z 93 44 - 83 -
26122 70 - 55 - 45
27002 146 - 131 - 70
27122 69 - 67 9 -
28002 550 - 480 - 285
28122 576 - 358 - 464
AVERAGE 238




ARAKAWA 48 HOUR FORECAST ERRO
HELEN
MER 1D 1 ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N s E W
30122 04 29 - g8 -
31002 88 58 - 64 -
3112z 161 161 - - -
01002 331 286 - 172 -
o112z e 67 - 16 -
02002 80 59 - 2 -
02122 218 23 - 217 -
03002 252 49 - 243 -
03122 o4 8 - o4 -
AVERAGE 152
1DA
MER 1D 1ONAL ZONAL
) DISTANCE ERROR ERROR
VERIFYING TIME ERROR N s E W
3112z 568 126 - 555 -
AVERAGE 568
JUNE
MER 1D 1ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N s E W
041212 294 221 - 195 -
05002 224 212 - 7 -
05122 258 252 - 48 -
06002 246 211 - 13 -
06122 74 63 - - 20
07002 35 31 - 20 -
07122 132 120 - 5 -
08002 184 127 - 134 -
0812z 98 82 - 51 -
AVERAGE 172
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LORNA

| MER 10 10NAL ZONAL

v DISTANCE ERROR ~ ERROR
VERIFYING TIME ERROR N s E W
23122 134 - - 123 43
24002 185 - - 44 176
24122 183 32 181 - -
25002 253 71 231 - -
25122 328 190 250 - -
26002 223 200 e 118
26122 323 195. - - 250

AVERAGE ‘ 233
NRANCY

MERIDIONAL ZONAL

DISTANCE ERROR ERROR
VERIFYING TIME ERROR ..M s _E W
10122 312 - 11 312 -
11002 145 - 34 141 -
11122 91 - 85 - 39
12002 48 34 - - 31
12122 79 - 31 74 -
13002 34 - 30 12 -
13122 60 - 19 59 -
14002 128 126 - 16 -
14122 208 - 181 - 126
15002 154 - 140 - 66
15122 188 60 - - 176
16002 226 148 - - 172
16122 454 24 - - 453
17002 448 367 - - 267

AVERAGE 184
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ARAKAWA 48 HOUR FORECAST ERRORS

21

PAMELA
MER 10 10NAL ZONAL
: DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
11122 408 201 - 350 -
12002 781 295 - 715 -
12122 456 168 - 43 -
AVERAGE 548
SALLY
MER 1D 10NAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
28122 280 182 - a7 -
290012 467 279 - 380 -
29122 505 222 - 457 -
AVERAGE a7
TILDA
MER 1D 10NAL ZONAL
DISTANCE ERROR ERROR
_ YERIFYING TIME ERROR N s E W
30122 442 - 33 - 441
01002 272 - 25 - 267
01122 267 58 - - 262
02002 415 347 - 23 -
02122 684 445 - 525 -
0300Z 642 279 - 566 -
03122 388 170 - 360 -
04002 346 45 - 344 -
04122 104 55 - 87 -
05002 133 - 79 103 -
AVERAGE 370



ARAKAWA 48 HOUR FORECAST ERRORS

VIOLET
MER 1D 10NAL ZONAL
DISTANCE ERROR ERROR
VERIFY ING TIME ERROR N s E W_
- 07002 278 9 - - 227
07122 153 - 65 - 140
- 08002 120 - 120 - 3
08122 191 26 - 187 -
09002 260 16 - 260 -
09122 165 93 - 137 -
10002 80 7 - 14 -
10122 398 - 191 - 351
AVERAGE 206
BILLIE
' MER 1D 1ONAL ZONAL
DISTANCE ERROR ERROR
VERIFYING TIME ERROR X s E 'R
26001 330 - 7 - 324
26121 109 % - - 61
27002 151 34 - 149 -
27121 169 - 44 164 -
28002 242 - 94 216 -
'AVERAGE 200 |
CLARA
MER 1D | ONAL ZONAL
'DISTANCE ERROR ERROR
VERIFY ING TIME ERROR N s E W
29127 54 - 3\ 42 -
30002 85 80 - 20 -
30122 65 - 32 58 -
31002 270 82 - 256 -
31122 425 156 - 400 -
01002 236 40 - 228 -
AVERAGE 189
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DOT

MER 10 1 ONAL ZONAL

DISTANCE ERROR ERROR
VERIFYING TIME ERROR N S E W
12002 267 120 - 2% -
12122 70 8 - 65 -
13002 - 87 60 - . 64
13122 370 - < SR 362
14002 308 29 - - 300
14127 430 - 60 - 427
15002 347 - 165 = 330
15122 192 - 63 = 180
AVERAGE 259 ‘ |

ELLER

| MER 1D JONAL ZONAL

DISTANCE ERROR ERROR
VERIFYING TIME _ ERROR N s E N
06122 286 95 - - 263
07002 206 - 26 205 -
07122 62 23 - 80 -
08002 163 - 78 120 -
08122 137 75 - 7 -
09002 83 18 - - 60
09122 150 - 45 - 144
10002 54 - 5 6 -
10122 e - 52 - 60
11002 | 100 95 - 7 -
11122 130 107 - 55 -

AVERAGE 130
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MILLER~-MOORE METHOD TESTED AND APPLIED IN THE WESTERN PACIFIC

By EuMer A. ErpEl, LT {uc), USN

THE MILLER-MOORE METHOD WAS D1SCUSSED IN CHAPTER V11 (RESEARCH)
OF THE 1960 ANNUAL TYPHOON REPORT. AT THAT TIME THE 1959 DATA HAD
NOT BEEN COMPLETELY EVALUATED. THIS SERIES OF INVESTIGATIONS HAS
PROVIDED RESULTS THAT ARE TWOFOLD. FIRST, 1T APPRISES THE ORIGINAL
AUTHORS OF RESULTS BASED ON ITS USE IN THE WESTERN NORTH PACIFIC.
SECONDLY, IT PROVIDES JTHC WITH A MATHEMATICAL TOOL THAT MAY BE
CONTINUOUSLY USED AS A GUIDE TO MORE ACCURATE FORECASTING,

THiIS METHOD IS BASED ON ATLANTIC HURRICANE DATA AND WAS PRE=
PARED BY B. |. MILLER AND B, L. MOORE. BRIEFLY, THE METHOD CONSISTS
OF CORRELATING THE STORM MOVEMENT WITH A MEAN GEOSTROPHIC WIND AND
THE PAST 12 HOUR STORM MOVEMENT. USING 700 MB DATA, THE METHOD fN=
VOLVES SEPARATE DETERMINATION OF MERIDIONAL AND ZONAL FORECASTS OF
STORM MOVEMENT., THE EQUATIONS AS DEVELOPED BY MILLER AND MOORE ARES

INITIAL LATITUDE EQUAL TO OR LESS THAN 27.5°

vV = 0.23v, + 0.65PY + 2.3
: (1)
T = 0.4207 + 0.54Px — 2.4
INITIAL LATITUDE MORE THAN 27.5°
v = 0.71v; + 0.40Py 4 3.0
(2)
v =

U = FORECAST MEAN 24 HOUR ZONAL SPEED OF CENTER MOVEMENT (KTS)

<]
H

FORECAST MEAN 24 HOUR MERIDIONAL SPEED OF CENTER MOVEMENT (KTS)

V., = FIRST APPROXIMATION: MEAN 700 MB GEOSTROPIC WIND BETWEEN FIVE
PZIRS oF POINTS 7.5 DEGREES E AND 7.5 DEGREES W OF THE STORM CENTER
AND EXTENDING FROM 5 DEGREES $ TO 5 DEGREES N OF THE CENTER. IF
SOUTHWARD MOVEMENT RESULTS = NO FURTHER COMPUTATION NECESSARY FOR Vire

SECOND APPROXIMATION: ADD POINTS AT 7.5 DEGREES N OF CENTER TO
FIRST CALCULATION, |IF BOTH OF THE FIRST TWO APPROXIMAT!ONS ARE LESS
THAN 6,5 KTS, USE THE LARGER = NO FURTHER COMPUTATION NECESSARY FOR

V7.
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THIRD APPROXIMATION: SAME AS SECOND BUT ADDING POINTS AT 10
DEGREES N OF CENTER TO SECOND APPROXIMATION, USE THE LARGEST OF THE
THREE APPROXIMATIONS,

J» = MEAN 700 MB GEOSTROPIC WIND BETWEEN SEVEN PAIRS OF POINTS 5
DEGREES S OF THE INITIAL POSITION OF THE STORM CENTER AND.5 DEGREES
N OF THE LATITUDE THAT THE V COMPUTATION INDICATES THE CENTER WILL
REACH 12 HOURS AFTER CHART TIME,

PY = MEAN MERIDJONAL 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
TO CHART TIME (KTS).

U7 AND Vo ARE COMPUTED FROM THE LATEST 700 MB CHART ON THE
MILLER-MOORE GRID SHOWN HEREIN. HEIGHTS ARE TABULATED: FOR EVERY
2% DEGREES., IN THE CASE OF THE MER{D I ONAL- COMPONENT, .-THE AVERAGE
HE1GHT DIFFERENCE IS COMPUTED BETWEEN 5 DEGREES N AND $ OF THE CEN=-
TER; HOWEVER, DEPENDING UPON THE RESULTING NORTHWARD .SPEED OF THE
STORM, THIS GRID MAY BE EXTENDED T0 7.5 OR 10 DEGREES N OF THE CEN=
TER IN ACCORDANCE WITH THE SPECIFIED CRITERIA, [N -THE CASE OF THE
ZONAL COMPONENT, THE AVERAGE HEIGHT DIFFERENCE BETWEEN THE TWO
HORIZONTAL ROWS 1S COMPUTED; THE BOTTOM ROW BEING 5 DEGREES $ OF THE
INITIAL SURFACE POSITION OF THE STORM AND THE TOP ROW BEING 5 DE=-
GREES N OF THE 12 HOUR MERIDIONAL FORECAST POSITION OF THE CENTER,
THE AVERAGE MERIDIONAL AND ZONAL HEIGHT DIFFERENCES ARE THEN REDUCED
TO METERS PER DEGREE AND CONVERTED TO GEOSTROPIC_WIND (KTS) FOR THE
CENTRAL LATITUDE USING THE GRAPH SHOWN HEREIN, U AND V ARE THEN
SOLVED FOR, USING THE EQuUATIons (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 DATA FrROM THE 1959 ano 1960 SEASONS PROVIDED
A TOTAL OF THREE HUNDRED CASES FROM WHICH TO OBTAIN DATA FOR 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, AND 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 1S CONSIDERED TO BE THE AVERAGE LATITUDE OF THE
SUBTROPICAL RIDGE LINE., THIS WOULD ALSO APPROXIMATE THE DIVIDING
LINE BETWEEN THE INITIAL MOVEMENT BY THE CYCLONE TO THE W AND MOVE=-
MENT TO THE E AFTER RECURVATURE. [N 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 FOR WESTERLY MOVEMENT, ONE
FOR NORTHERLY MOVEMENT, AND ANOTHER FOR EASTERLY MOVEMENT, THIS IDEAL
1S IMPOSSIBLE BECAUSE OF THE PROBLEM OF DECIDING WHICH OF THE FOR=-
MULAS TO USE. SOME SUCCESS HAS BEEN ACHIEVED 1IN FORECASTING THE
POSITION OF THE RIDGE LINE, THEREFORE THE FIXED FIGURE OF 27.5 AS THE
POINT TO CHANGE FORMULAS 1S NOT ABSOLUTELY NECESSARY, ALTHOUGH IT IS
AN EXCELLENT GUIDE. THUS, THE SECOND FORMULA 1S NOW USED JUST AFTER
POINT OF RECURVATURE., RECURVATURE IS DEFINED HERE AS THAT POINT AT
WHICH THE CYCLONE CEASES MOVEMENT TO THE W OF N AND COMMENCES MOVING
TO THE £ OF N.

FROM 258 CASES $ OF THIS DEFINITION OF POINT OF RECURVATURE, T
WAS DETERMINED THAT THE MERIDIONAL FORECAST ERRORS AVERAGED 1.1 KTS
70 THE N, AND THE ZONAL FORECAST ERRORS AVERAGED 2.0 KTS To THE E.
NORTH OF THE POSITION OF RECURVATURE THERE WERE A TOTAL OF 50 cAsEs.
"THESE SHOWED THE MERIDIONAL FORECAST ERRORS AVERAGED 0.2 KTS.TO THE
§, AND THE ZONAL FORECAST ERRORS AVERAGED 1.6 KTS To THE W.

USING THE ABOVE CORRECTIONS THE FOLLOWING MODIFIED EQUATIONS OF
(1) ano {2) WERE DEVELOPED:

AT OR SOUTH OF THE POINT OF RECURVATURE

V = 0.28vy + 0.65Pv 4 1.2

(3)
U = 0.42u; + 0.54Px — 0.4
NORTH OF THE POINT OF RECURVATURE -
V = 0.7lvy 4 0.40Py 4 3.2

(4)

v = 0.61u7 4 0.48Px — 5.4

purinG 1961 eauaTions (1), (2), (3) ano (4) were usep on AN
OPERATIONAL BASIS TO FORECAST THE MOVEMENT OF TROPICAL LOWS. THE
AVERAGE FORECAST ERROR FOR EACH TYPHOON AND FOR THE YEAR IS SHOWN
IN THE FOLLOWING TABLE. NOTE THAT THE INFORMATION HERE 1S BASED ON
OPERATIONAL POSITIONS, NOT ON BEST TRACK DATA, THE AVERAGE ERROR
using £quaTions (1) anp (2) FOR BEST TRACK POSITIONS WAS 96 M1,
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MEAN FORECAST ERROR  MEAN FORECAST ERROR
TYPHOON NO. oF CASES EQUATIONS (1) & (2) EQUATIONS (3) & (4)

TESS 12 95 93
ALICE 7 , 104 116
BETTY 1 94 - 87
CORA 3 142 ' 89
ELSIE 3 158 14
HELEN 13 92 | 94
1A » 5 217 156
JUNE 14 133 | 93
KATHY 4 163 | 100
LORNA 10 141 | 108
NANCY 17 : 120 109
OLGA -3 70 ' 53
PAMELA 7 161 131
SALLY 6 137 9
TILDA 14 - 138 124
VIOLET 1 149 147
BILLIE 8 | 104 140
CLARA 9 222 181
DoOT 12 144 102
ELLEN 1 1 =
AVERAGE ERROR 129 mi 113 M

e



IN VIEW OF THE ABOVE, IT WAS DECIDED TO INCLUDE THE 1961 FORE=-
CASTING ERRORS WITH THE DATA FOR 1959 anD 1960, THE EQUATIONS WHICH
RESULTED FROM A TOTAL -OF THREE YEARS DATA ARE SHOWN BELOW, IT IS5
PLANNED TO USE THESE ON AN OPERATJONAL BASIS DURING THE 1962 SEASON.

AT OR SOUTH OF THE POINT OF RECURVATURE

0.23v, + 0.65Py 4+ 1.1

L (5)
0.4207 + 0.54Px - 0.2

v

u
NORTH OF THE POINT OF RECURVATURE

Vv = 0.71v., 4+ 0.40PYy 4+ 3.6
7 (6)

U = 0.61u; 4 0.48Px — 5.7
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JESS
MER 1D 10NAL ZONAL
DISTANCE ERROR ERROR
NVERIFYING TIME ERROR N S E N
25122 217 158 - 155 -
26002 5 - 2 - 3
26122 78 - 37 - n
27002 65 - - - 65
27122 65 62 - Bl -
28002 121 93 - 60 -
28122 113 62 - 97 -
29002 9% 9% - - -
29127 135 65 - 120 -
30002 64 - - 64 -
30122 97 25 - 95 -
31002 100 - 17 - 98
AVERAGE "9 »
ALICE
MER 10 10NAL ZONAL
D ISTANCE ERROR ERROR
VERIFYING TIME ERROR N ) E W
18122 -30 - 30 3 -
19002 57 - 47 20 -
19122 23 - 2 - 23
20002 73 - 5 - 73
20122 % 74 - - 56
21002 203 65 - - 192
21122 s 172 - - 47
AVERAGE 93
BETTY
MER 1D IONAL ZONAL
DISTANCE ~ ERROR ~ ERROR
YERIFYING TIME ERROR N s E W
23122 123 60 - 107 .
24002 150 - 16 150 -
24127 75 5 - 75 -
25002 74 48 62 -



MILLER-MOORE 24 -HOUR FORECAST ERRORS
| BETTY  (CONT'D)

 MERIDIONAL ZONAL
DISTANCE ERROR . ERROR
" VERIFYING TIME ERROR N s E W_
25122 : 70 - 14 70 -
26002 35 30 - 19 -
26122 65 64 - - 15
27002 87 - 55 - 75
27122 , 93 . - 85 - 43
28002 138 - 125 - 52
28127 o2 - 93 - 173 -
AVERAGE 102
LORA
MER 1D 1 ONAL ZONAL -
DISTANCE ERROR ERROR
VERIEYING TIME ERROR N s E W
24002 108 45 - 98 -
24122 : 107 37 - 102 -
" 25002 197 112 - 161 -
AVERAGE 137
ELS IE
_ MER{DIONAL - ZONAL
, DISTANCE ERROR ERROR
VERIFYING TIME ERROR N s E W
14002 128 97 - 80 -
14122 89 17 - 43 -
15002 208 75 - 188 -
.AVERAGE . 142 ' '
HELEN
MER 1D 1 ONAL ZONAL
_ DISTANCE 3 ERROR ERROR
YERIFYING TIME ERROR N S E N
28122 7% 63 - - 52



=MOORE 24 HO

HELEN (cCONT*D)
' MERIDI1ONAL ZONAL
: DISTANCE ERROR ~ ERROR
VERIFYING TIME ERROR I S E W
© 29002 29 28 - 16 -
29122 <! - 10 33 -
30002 38 - 18 33 -
30122 59 39 - 43 -
31002 - 170 161 - - 48
31122 122 80 - - 91
01002 69 15 - 66 -
o112z 45 37 - - 32
02002 . 58 54 - 20 -
02122 73 - 63 41 -
03002 55 54 - 10 -
AVERAGE 69 ’
DA
MER 1D 1ONAL ZONAL
_ DISTANCE ERROR ERROR
_YERIFYING TIME ERROR N S E W
29122 144 24 - 138 -
30002 182 - 21 174 -
30122 146 - 13 142 -
31002 163 - 3 163 -
31122 3714 309 - 216 -
AVERAGE 202
IUNE
MER 1D 1ONAL ZONAL
: . DISTANCE " ERROR _ ERROR
_VERIFYING TIME ERROR _ N ) E W
02122 60 - 46 36 -
03002 86 23 - 86 -
03122 160 79 - 1M -
04002 128 43 - 124 -
04122 166 431 - 101 -
05002 117 115 - 15 -
05122 64 27 - 62 -

223



=M 24 W

" JUNE (CONT'D)

it

MER 1D 10NAL ZONAL
. -DISTANCE ERROR ERROR
VERIFY ING TIME ERROR N $ E N
96002 160 7 - 159 -
06122 84 56 - 61 -
07002 7 76 - n -
07122 104 72 - 75 -
08002 172 38 - 166 -
08122 167 77 - 153" -
AVERAGE 119 ’
KATHY
MER 1D | ONAL ZONAL
"DISTANCE -~ '~ ERROR ' ERROR
_VERIFYING TIME ERROR N $ E W
16122 155 - 115 102 -
17002 97 56 - 83 -
17122 183 163 - 68 -
18002 202 192 62 -
_AVERAGE 159
LORNA
, ‘ MER IDIONAL - ZONAL
o * DISTANCE ERROR ERROR
VERIFY ING TIME ERROR N s E N
22002 155 148 - 44 -
22122 141 135 - 39 -
23002 56 - 53 23 -
23122 61 - 21 54 -
24002 145 - 35 140 -
24122 149 - 19 148 -
25002 115 - 15 115 -
25122 66 56 - 34 -
26002 59 54 - 24 -
26127 _9%0 48 - 63 -
104

AVERAGE
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_MILLER-MOORE 24 HOUR FORECAST ERRORS

NANCY
MERID IONAL ZONAL
DISTANCE ERROR ERROR
JERIFYING TIME ERROR N . S ~E W
09002 103 40 - 97 -
09122 270 23 - 265 -
10002 37 - 7 34 -
10122 17 - 17 - 3
11002 120 7 - 119 -
11122 35 10 - - 35
12002 45 45 - 5 ‘-
12122 107 65 - - 84 -
13002 158 55 - 145 -
13122 100 - 2 100 -
14002 133 - 68 - 122
14122 88 - 73 .35 -
- 15002 93 .70 - - - 70
15122 142 73 - - 103
16002 75 - 27 - 69
16122 382 - 315 - 202
17002 469 - 469 - -
AVERAGE 140
OLGA
MERIDIONAL ZONAL
. DISTANCE ERROR ERROR
-VERIFYING TIME ERROR N - $ E W
09122 7 - 59 - 38
10002 57 15 - 50 -
AVERAGE 64
PAMELA
MER IDIONAL ZONAL
DISTANCE " ERROR K ERROR
VERIFYING TIME ERROR N .S E W
- 10002 72 . 3 - 70 -
10122 224 - 8 ' 220 -
11002 300 87 - 287 -
11122 202 . 150 - 134 -
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-MOORE ‘24 FO
PAMELA  (CONT'D)
, MERIDIONAL ZONAL
DISTANCE ERROR ERROR
_VERIFYING TIME ERROR N s E N_
12002 135 54 - 120 -
12122 34 - 17 17 -
AVERAGE 161
SALLY
MER 1D 1 ONAL ZONAL
DISTANCE ERROR ERROR '
_VERIFYING TIME ERROR N s E W
27002 63 61 - 21 -
27122 113 - - 77 -
28002 166 73 - 150 -
28122 153 T - 128 -
29002 141 63 - 123 -
29122 123 105 - 69 -
AVERAGE 127
T1LDA
MER 1D | ONAL ZONAL
_ DISTANCE ERROR ERROR
VER{FYING TIME ERROR N $ E W
28122 114 95 - 66 -
29002 110 108 - - 5
29122 72 50 - - 52
30002 70 - 62 - 32
30122 132 - ‘78 102 -
01002 193 50 - 182 -
01122 202 120 - 159 -
02002 172 95 - 123 -
02122 165 73 - 142 -
03002 100 43 - - 93
03122 72 - 26 87 -
04002 77 - 32 - 66
04122 68 52 - - 47
05002 197 153 - - 133
AVERAGE 125
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MILLER-MOORE 24 HOUR FORECAST E'RRORSI

OLET
| MER 1D 1ONAL ZONAL
DISTANCE . ERROR ERROR
VERIFYING TIME ERROR. N s _E o
05122 97 78 - 69 -
06002 15 - 12 12 -
06122 99 - 97 - 13
07002 - 102 - 92 38 .
07122 87 - 28 84 -
08007 118 23 - 115 -
08122 77 - 14 75 -
© 09007 67 - 53 - 38
09122 172 - 107 - 127.
10002 327 - 245 - 210
10122 319 123 - 283 -
AVERAGE 135 :
BILLIE
MER 1D 1 ONAL ZONAL
DISTANCE ERROR ERROR
_VERIFYING TIME 'ERROR N $ E__ W
‘24122 75 - 43 - 62
25002 56 - 13 - 52
25122 98 22 - - 95
26007 55 s - - 55
26127 55 - - 55 -
27002 58 - 50 22 -
27127 97 - 58 - 77 -
28007 97 - 88 43 -
AVERAGE 74
CLARA
MER 10 1 ONAL ZONAL
| DISTANCE ERROR "ERROR
VERIFY ING TIME ERROR N $ E M
28007 257 162 - - 162 -
28127 350 40 - 330 -
29002 278 - 35 273 -
29122 207 - 34 203 -
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MILLER-MOORE 24 HOUR FORECAST ERRORS

CLARA  (CONT*D)
) MER 10 1ONAL ZONAL
. DISTANCE ERROR _ERROR
VERIFYING TIME =~ ERROR v N s - E- - W.
30002 182 45 - 172 -
30122 1T 26 - 70 -
31002 107 - 25 102 -
3112z 195 190 - 32 -
01002 _80 - 30 - 70 -
AVERAGE 193 ' '
DOT
_ MER ID IONAL ZONAL
, : DISTANCE ERROR ~ ERROR
_VERIFYING TIME ERROR N S _E W
10122 178 114 - 142 -
11002 97 63 - 76 -
11122 45 44 - - 1
12002 43 12 - - 42
s 12122 69 - 8 - 67
13007 186 32 - - 182
13122 152 - 29 - 148
14002 164 - 42 - 158
14122 82 - 28 - 75
15002 241 - 54 - 236
15122 183 - 68 - 168
AVERAGE 131 : -
ELLEN
_ MER 1D 1ONAL ZONAL
DISTANCE ERROR ERROR
_VERIFYING TIME ERROR N ) E W
08122 116 67 - 90 -
09002 52 47 - 22 -
09122 55 54 - - 1
10002 42 40 - - 13
10122 a2 32 - ‘- 88
11002 37 35 - 12 -
11122 102 - 13 - 97
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_MILLER-MOORE 24 HOUR FORECAST ERRORS,

ELLEN (CONT'D)

MER 1D FONAL ZONAL

DISTANCE 'ERROR ERROR
_VERIFYING TIME ERROR N s E W
12002 83 72 - 40 -
12122 83 63 - 44 -
13002 92 60 - 60 -
13122 16 65 - 28 -

- AVERAGE 75

AVERAGE D ISTANCE

ERROR-24 HR FORECASTS (175 CASES) . . . . . 119.Ml
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WACHHOLZ COORDINATION CHART

THIS CHART, WHICH IS INCLUDED AND DISCUSSED IN THIS BOOK, WAS
USED IN THE 1960 AND 1961 SEASONS AS A TOOL TO EVALUATE THE EYE DATA
REPORTS MADE BY THE AJRBORNE OBSERVER. [T IS AN AID TO DETERMINE
THE RELJIABILITY 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. WacuHoLz, USAF, N APRIL AND MAY of 1960
AFTER A SEASON OF FORECASTING TYPHOONS iN 1959 AT FWC/JTWC, THE
GRAPHS WERE COMPILED FROM RECONNAISSANCE DATA FOR 1957, 1958 Anp
1959 AND WERE INITIALLY TESTED ON 1956 DATA., THESE THREE YEARS PRO=
VIDED THE MOST ACCURATE FLIGHT LEVEL WINDS AS DETERMINED BY THE APN-
B2 DOPPLER WiND MEASURiING EQUIPMENT.

- THE WACHHOLZ CHART 1S BASED ON THE THEORY THAT ALL TYPHOONS
DEVELOP IN HOMOGENEOUS AlR OVER AREAS OF SIMILAR CHARACTERISTICS AND
THAT TYPHOONS ARE SiMILAR THERMODYNAMICALLY EXCEPT FOR DIFFERENCES
IN INTENSITY. THESE VARIATIONS OF ENTENSITY ARE DUE TO THERMAL,
LATITUDINAL AND LONGITUDINAL CONSIDERATIONS,

THE cHART (F1G, 1) RELATES MINiMuM TOO MB HEIGHT (FT), MAXIMUM
700 MB TEMPERATURE {OC), AND MiINIMUM SURFACE PRESSURE (M8 s AS MODI[=-
FIED BY LATITUDE, TO MAXIMUM 700 MB wiIND SPEED (KTS) AND MAXIMUM
SURFACE WIND {KTS). IT 1S BASED ON THE FOLLOWING FORMULAES

= e - 15 M\ /312 - Inm
SFC WIND MAX [17 -(_g___j 312 - S5 (1)

700 MB WIND MAX == 50 +(,5+-§£58—’6* ) (SFrew  50) (2)

© REPRESENTS THE LATITUDE OF THE TYPHOON EYE
THM 1S THE TOO MB MENIMUM HEIGHT OF THE EYE N FT
SFCM 1S THE SURFACE WiND MAX AROUND THE EYE IN KTS

THE BAS1S OF THESE FORMULAE IS THE ORIGINAL FORMULA .BY DR. ROBERT
FLETCHER WHO 1S PRESENTLY DIRECTOR OF SCIENTEFIC SERVICES, AIR NEA-
THER SERVICE, THIS FORMULA iS5 SHOWN BELOW:

Src wino Max = 16 \/ 1010 — Pe (3)

1010 REPRESENTS THE PRESSURE IN MB AT THE "BAR™ OF THE TYPHOON AND
MAY BE ADJUSTED IF THE "BAR" PRESSURE DIFFERS.
Pe 1S THE CENTER PRESSURE OF THE TYPHOON OR HURRICANE IN MB.
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NOTE ON THE COORDINATION CHART THAT THE TOO MB=SURFACE WIND REe
LATIONSHIP 16 DIRECT (THEY ARE THE SAME AT 50 AnND 250 KTS ONLY) AND
THAT THE SURFACE PRESSURE~700 MB HEIGHT IS ALSO DIRECTLY RELATED,.
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.

INFORMATION MOST FREQUENTLY USED TO DETERMINE THE SURFACE WIND
1S THE 700 MB HEIGHT AND THE 700 MB WIND WHICH ARE ACCURATELY MEA-
SURED BY THE AIRCRAFT. THE SURFACE PRESSURE 15 MOST FREQUENTLY OB-
TAINED FROM DROPSONDE EQUIPMENT AND AVAILABLE AS RAW UNCORRECTED DATA
AT TIME OF CHMART USE, [ITS VALUE VARIED AT TIMES FROM THE CORRECTED
PRESSURE AVAILABLE LATER., THE TO0 MB TEMPERATURE PARAMETER HAS BEEN
FOUND TO BE LEAST USEFUL DUE TO THE FACT THAT IT IS REPORTED 1N WHOLE
DEGREES, AND A SMALL VARIATION IN TEMPERATURE REPRESENTS A LARGE
VARIATION OF OTHER FEATURES IN THE GRAPH, TH!S 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 SERVICE, USAF, AN
EVALUATION OF THE GRAPH HAS BEEN MADE, BASED ON INFORMATION AVAIL-
ABLE TO JTHC 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 WACHHOLZ CHART. THE COMPARISONS ARE NOT SIGNIFJCANT BECAUSE
OF DISTANCE OR TIME VARIATIONS AND LIMITED DATA., THE SECOND EVALU-
ATION CONCERNS THE COMPAR!ISON OF THE OBSERVED PARAMETERS TRANSLATED
INTO SURFACE WIND SPEED VALUES WITHIN THE WACHHOLZ CHART ITSELF, I[N
ADDITION, THE CHART 1S EVALUATED AGAINST OBSERVED WINDS OF EACH EYE
DATA REPORT,

THE SECOND EVALUATION WAS ACCOMPLISHED IN THE FOLLOWING MANNERS

, 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.

B EACH CONVERTED PARAMETER AND THE OBSERVED SURFACE WIND WAS
COMPARED WITH THE TOO MB WIND CONVERTED TO A SURFACE WIND VALUE ON
SCATTER DJIAGRAMS, :

c. THE DATA WAS SCREENED TO REMOVE EYE DATA REPORTS THAT WERE
tN ERROR WHEN COMPARED CHRONOLOGICALLY., FOR EXAMPLE, ASSUME THAT IN
ONE REPORT ALL PARAMETERS APPEARED REASONABLE AND [N THE FOLLOWING
REPORT THE 700 MB HEIGHT INCREASED IN VALUE, THE SURFACE PRESSURE
DECREASED, AND THE REMAINDER OF THE INFORMATION WAS UNCHANGED. THE
LATTER REPORT WOULD BE REMOVED FROM THE SAMPLE TO BE EXAMINED, I[N
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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STATION/WIND KTS

ULITHI/29

1IN0 JIMA/G 57
BATANNES/12
BATANNES /40,6 65
NPRE (smie)/70

TACHIKAWA/25,6 41
YOKOSUKA /48,6 -74
YAP ATOLL/G 35

INO JIMA/30,6 51
INO JIMA/29,6 37

NOTE:

G -~ GusTs

LAND/SHIP OBSERVATIONS COMPARED WITH WACHHOLZ CHART

DATE/T IME

2523552
2911122
0600002
2411002
1109002

0923302
0922302
2401302

2700522

1321382

WACHHOLZ CHART

783, H82, W68, P68
T100, H78, N8O, P60
158, H94, N8O

T154, 1108, W105,P110
T90, H144, W160, P138

T104, H70, W95, PTO
T104, HTO0, W95, PTO
162, H62, P68
187, 185, W20
188, H87, W120, P87

ACFT SFC WND

80 KTS
70 KTS
100 KTS
150 KT$

80 KTS

50 KTS

35 KTS
140 KTS

T - TEMPERATURE, 700 MB CONVERTED TO A SURFACE WIND VALUE, KTS
H - HEIGHT, TOO MB CONVERTED TO A SURFACE WIND VALUE, KTS

W ~ WiND, TOO MB CONVERTED TO A SURFACE WIND VALUE, KT$
P -~ REPORTED SEA LEVEL PRESSURE CONVERTED TO A SURFACE WIND VALUE, KTS

FIX FROM STATION/REMARKS

TESS, 2521457 MAR, 180 MI W
IDA, 290800Z JULY, 48 MI SE
JUNE, oeo1soz'nuc, 30 M1 NNE
LORNA, 2409007 AUG, 54 MI E

PAMELA, 110808Z SEPT, 206 Mi
ENE, 22.4N 124.3E

VIOLET, 0921302 ocf, 100 MI-'S
VIOLET, 092130Z OCT, 62 MI §
BILLIE, 232240Z OCT, 295 M! NE
BILLIE, 2622502 OCT, 77 MI €
DOT, 1322002 NOV, 320 Ml ESE



D. THE CONVERTED 700 MB OBSERVED WIND WAS SUBTRACTED FROM THE
CONVERTED VALUES OF THE 70O MB HEIGHT, SEA LEVEL PRESSURE, 700 MB
TEMPERATURE, AND FROM THE REPORTED SURFACE WIND. THIS 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;
FIGURE 4, 90 CASES AND FIGURE 5 REPRESENTS 99 CASES. THE VARIATION
IN CASES REPRESENTS FAILURE TO REPORT A PARTICULAR PARAMETER BY THE
AIRBORNE OBSERVER. FROM THE ORLGINAL UNCORRECTED SAMPLE OF 119 CASES,
THE MAXIMUM POSSIBLE NUMBER OF CASES wouLp BE 103,

THE 700 MB WIND, DERIVED FROM THE DOPPLER WIND REPORTING SYSTEM
IS THE MOST ACCURATE INFORMATION PROVIDED BY THE OBSERVER AND WAS
USED AS THE CONTROL FROM WHICH OTHER REPORTED DATA WOULD VARY. THERE
1S A HUMAN ELEMENT INVOLVED IN COLLECTING THE OPTIMUM 700 MB WIND
SINCE EYE PENETRATIONS BY SKILLED CREWS ARE USUALLY SAFE ONES, FOR
THE AIRCRAFT COMMANDER IN COORDINATION WITH OTHER CREW MEMBERS WILL
SELECT THE WEAKEST ZONE OF THE WALL CLOUD TO PENETRATE. THIS 1S LIKE=
LY TO BE THE AREA OF LEAST VERTICAL MOTION AS WELL AS LEAST HORIZON=
TAL MOTION WITHIN THE WALL CLOUD; THUS, THE MAXIMUM OBSERVED 700 M8
WIND 1S NOT TRULY REPRESENTATIVE OF THE OVERALL CONDITION OF THE WIND
AT THAT LEVEL, BECAUSE OF THIS, THE 700 MB HEIGHT IS CONSIDERED TO
BE MORE REPRESENTATIVE. [T IS MEASURED WITHIN THE TYPHOON EYE AND
THERE ARE FEW PROBLEMS TO SECURING A REASONABLY ACCURATE VALUE THAT
REPRESENTS THE OVERALL CONDITION OF THE TYPHOON, A COMPARISON BEw
TWEEN THE 700 MB HEIGHT AND THE 700 MB WIND, BOTH REDUCED TO A SUR~
FACE WIND VALUE, REVEALS 23 CASES BETWEEN PLUS 5 KTS AND MINUS 5§ KTS,
25 CASES BETWEEN PLUS 6 AND PLUS 15 KTS INCLUSIVE, THIS DATA PRO-
DUCES A CURVE THAT INCLUDES 65 PERCENT OF CASES BETWEEN MINUS 15 AND
PLUS 15 KTS. THE SCATTER DIAGRAM INDICATES THAT 60 PERCENT OF THE
DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXIS FOR ALL SPEEDS.
THIS 1S PROBABLY WITHIN THE LIMITS OF CONSISTENT OBSERVING AND FORE=
CASTING OF TYPHOON INTENSITIES,

A COMPARISON BETWEEN THE REPORTED SURFACE WIND AND THE 700 M8
WIND REDUCED TO A SURFACE WIND VALUE INDICATES THAT THE REPORTED
WIND WAS FASTER THAN THE COMPUTED WIND, AND THE CURVE IS SKEWED SiM=
ILARLY TO THAT OF THE 700 MB HEIGHT CURVE, THE BOUNDARY OF MINUS 15
T0 PLUS 15 KTS INCLUDES 40 PERCENT OF THE DATA, AND 31 PERCENT OF THE
DATA WAS WITHIN 10 PERCENT OF THE SPEED VALUE AXIS FOR ALL SPEEDS ON
THE SCATTER DiAGRAM,

THE MINIMUM SEA LEVEL PRESSURE CURVE INDICATES THAT THIS PRESSURE
PROVIDES A SURFACE WIND SPEED VALUE HIGHER THAN THE 700 mMB 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 AXIS FOR
ALL SPEEDS ON THE SCATTER DIAGRAM,

THE 700 MB TEMPERATURE CURVE PROVIDES AN INTERESTING VARIATION

FROM THE OTHER CURVES, ONLY 37 PERCENT OF THE DATA RANGES BETWEEN
PLUS AND MINUS 15 KTS, 40 PERCENT OF THE DATA IS WITHIN 10 PERCENT
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OF THE SPEED AX1S, AND EXPERIENCE INDICATES THE TEMPERATURE TO BE
LEAST RELIABLE OF ALL DATA TO PROVIDE ‘A SURFACE WIND VALUE, EXAM=
INATION OF THE DATA REVEALS THAT WHEN THE TEMPERATURE 1S WARMER THAN
NORMAL ACCORDING TO THE WACHHOLZ CHART, THE SURFACE WINDS FREQUENTLY
INCREASE IN SPEED; THAT IS, THE TYPHOON INTENSIFIES, WHEN THE
TEMPERATURE 1S COOLER THAN WOULD NORMALLY BE EXPECTED, THE WIND
SPEED DECREASES. THIS RELATIONSHIP WILL BECOME A RESEARCH PROJECT
OF THE COMING YEAR TO DETERMINE THE SIGNIFICANCE OF THIS INDICATION,

THE QUESTION OF BIAS OF REPORTED DATA HAS AR!ISEN SEVERAL TIMES
. CONCERNING THE USE OF THE WACHHOLZ CHART BY JTWC, THIS POSSIBILITY
CERTAINLY EX1STS AND CANNOT BE DISCOUNTED, THERE IS SOME SIMILARITY
TO THE VARIATION CURVES PRESENTED., THE SCATTER DIAGRAMS AND THE DS~
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 WIND ON A DAY TO DAY BASIS THROUGHOUT THE YEAR.

EXAMINATION OF AVAILABLE DATA PRODUCES TWO CONCLUSIONS., FIRST,
AN AVERAGE OF THE 700 MB WIND, MINIMUM SEA LEVEL PRESSURE AND TOO MB
HEIGHT WILL PRODUCE A SURFACE WIND VALUE SLIGHTLY LESS THAN THAT RE=~
PORTED BY THE AIRBORNE OBSERVER ON A SEASONAL BASIS., SECOND, THE
WACHHOLZ CHART, THE FIRST TO CORRELATE ALL SIGNIFICANT MEASURED PARA=
METERS WITHIN THE TYPHOON EYE, 1S AN EXCELLENT TOOL FOR USE BY THE
TYPHOON DUTY OFFICER AS INDICATED IN THE FIRST PARAGRAPH,

SUFFICIENT DATA 1S NOW AVAILABLE FROM THE 1960 AND 1961 SEASONS
TO EFFECT SEVERAL MINOR CHANGES TO THE CHART, A PROJECT WHICH CAPTAIN
WACHHOLZ INDICATED TO BE DESIRABLE WHEN THIS SUPPORTING DATA BECAME
AVAILABLE.
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gee

SFC WIND = 700 ‘MB WIND

‘ CASES
20— |

ABSCISSA, KTS

ORD INATE

10

| | l l
~75. -55 —35 —15 0 +15 +35 455 1715

SFC WIND - AS REPORTED BY AIRBORNE OBSERVER
700 MB WIND - CONVERTED TO SURFACE WIND VALUE

FlG, 2

+95




T00 MB HElGHT - TOO MB WIND == ABSCISSA, KTS
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APPENDIX A
DEFINITIONS AND ABBREVIATIONS

1. CERTAIN WORDS THAT APPEAR FREQUENTLY IN THIS REPORT ARE ABBRE-.
VIATED AS FOLLOWS:

. FEET =« FT
kNoT(s) - kT(s)
MILLIBAR OR MILLIBARS -~ MB
NAUTICAL MILES = MI
HEATHER RECONNAISSANCE SQUADRON - WRS
2., PoINTS OF THE COMPASS ARE ABBREVIATED: N, SE, WNW, ETc.
éc-i.LATITUDE AND LONGITUDE ARE ABBREVIATED: 30N 140E, €Tvc.

4, AN INVESTIGATION 1S THE TRAVERSE OF A RECONNAISSANCE AJIRCRAFT
OVER AN AREA CONTAINING A SUSPECTED 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" 1S USED WHEN THE POSI=
TION OF THE CYCLONE HAS BEEN DETERMINED BY A RECONNAISSANCE AIRCRAFT
PENETRATION OR BY AIRBORNE, LAND OR SHIP RADAR. IN THE CASE OF A
RECONNAISSANCE AIRCRAFT PENETRATION, THE ACTUAL FIX MAY BE BASED ON
ONE OR ALL OF THE FOLLOWING: VISUAL OBSERVATION, RADAR, SURFACE
PRESSURE, SURFACE OR UPPER LEVEL VINDS, CONSTANT PRESSURE HEJGHT,

AND TEMPERATURE/DEW POINT, :

6, A SORTIE IS DEFINED AS A FLIGHT BY ONE AIRCRAFT WITH ONE OR
MORE OBJECTIVES, l.E., IT MAY MAKE ONE OR MORE FIXES AND/OR ONE OR
- MORE INVESTIGATIONS ON ONE OR MORE TROPICAL CYCLONES,

7. THE TERM "TROPICAL CYCLONE" OR "CYCLONE" AS USED IN THIS PUBLI=~
CATION HAS TWO DEFINITIONS DEPENDENT UPON USAGE.

A, "TrROPICAL CYCLONE" OR "CYCLONE" IS USED TO DESCRIBE A SUS-
PECTED 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 RECORDS' REGARD ING IT
ARE NOT CONFUSED WITH THOSE OF ANOTHER CIRCULATION,

B. "TROPICAL CYCLONE" OR "CYCLONE" IS USED IN THE GENERAL
SENSE, E.G.,, "TYPHOON JOAN WAS THE MOST INTENSE TROPICAL CYCLONE OF
1959," or, "TROPICAL CYCLONES MOST FREQUENTLY DEVELOP DURING AUGUST
AND SEPTEMBER."
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8. A TROPICAL DEPRESSION 1S A TROPICAL CYCLONE WITH A CONFIRMED
CYCLONIC CIRCULATION, FOR WHICH WARNINGS ARC BEING IS55UED AND WHOSE
SURFACE WIND SPEEDS DO NOT EXCEED 33 KTS. THE NUMBERING OF TROPICAL
DEPRESSIONS 1S NOT RELATED TO THE NUMBERING OF TROPICAL CYCLONES.

9, THE FOLLOWING DEFINE AND CLARIFY CERTAIN WORDS AND PHRASES
THAT APPEAR IN THE TABLES, "LAND RADAR AND AIRCRAFT FIXES," CHAPTER IV,

A, FIX NO, - THi1S NUMBER CORRESPONDS TO THE NUMBER OF THE FIX
PLOTTED ON THE "BEST TRACK CHART."

B. TIME - THE DATE~TIME GROUP OF 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
RECONNA1SSANCE SQUADRON; 315 = 315TH AtR Division; VH] - VW-1 Earty

HARNING SQUADRON.

(2) METHOD = THE METHOD USED TO MAKE THE FiIX: P = PENE~
TRATION; R = RADAR; T = TRIANGULATION.

(3) ACCY - THE ESTIMATED ACCURACY OF THE FIX IN NAUTICAL
MILES,

Fo MIN SLP MB = THE MINIMUM SEA LEVEL»PRESSURE IN MILLIBARS,
G; MAX SFC WND - THE MAXIMUM OBSERVED SURFACE VIND-IN KTS,
He MIN 700 MB HGT.- THE MIN;MUM 700 MB HEIGHT IN FT,

te MAX 700 MB WND - THE Maximum TOO MB WIND IN KTS.

J. 700 MB TT/To (°C) - THE Maximum 70O MB TEMPERATURE AND DEW=-
POINT IN DEGREES CENT|GRADE,

, K. EYE CHARACTERISTICS - SELECTED REMARKS ON THE CHARACTER= -
ISTICS OF THE EYE.

SC = STRATO=CUMULUS DIA - DIAMETER
CIRC = CIRCULAR _ - ELLIP = ELLIPTICAL
CLD(S) - croun(s) ELONG - ELONGATED

CTR = CENTER ,- ’ - INDEF = INDEFINITE
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ORIEN -~ ORIENTED SFC - SURFACE

QUAD(S) - quaoranT(s) WND - winD

RAD - RADtUS
10. A "STIDD DIAGRAM™ 1S A CHART ON WHICH A CONTINUOUS PLOT OF SUR=
FACE OBSERVATIONS 1S MAINTAINED FOR A SERIES OF STATIONS. THE OBSER=
VATIONS FOR EACH INDIVIDUAL STATION ARE PLOTTED IN EITHER A HORIZONTAL
OR VERTICAL LINE,

11. THE M2 F1ELD" IS THE CORRECTION FOR THE CORIOLIS PARAMETER
APPLIED TO THE 500 MB DOUBLE SPACE MEAN,

12. THE "BAR" 1S THE HEAVY BANK OF CLOUDS THAT APPEARS.ON THE HOR|~
ZON WITH THE APPROACH OF AN [NTENSE TROPICAL CYCLONE,

13. RECURVATURE =~ THAT POINT AT WHICH THE CYCLONE CEASES MOVEMENT
T0 THE W oF N AND COMMENCES MOVING TO THE E of N.

14. SEVERAL COMMANDS, ORGANIZATIONS, AND AREAS THAT APPEAR FREQUENTLY
IN THIS REPORT ARE ABBREVIATED AS FOLLOWS:

JMG PACOM ~ JoinT METEOROLOGICAL GRouP, PACIFIC COMMAND

NMC - NAT1ONAL METEOROLOGICAL CENTER (FORMERLY JNWP, JoiINnT
NUMERICAL WEATHER PREDICTION)

~ FWC/JTWC - FLEET WEATHER CENTRAL/JOINT TYPHOON WARNING CENTER,
Guam, M, I, ‘

FAFHC - FucHu AIR ForcE WEATHER CENTRAL, FUCHU AIR STATION, JAPAN
FNWF = FLEET NUMERICAL WEATHER FACILITY, MONTEREY, CALIFORNIA

WESTPAC - HESTERN NORTH PACIFiIC AREA
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APPENDIX B

LIST OF ILLUSTRATIONS, CHARTS AND GRAPHS

SURFACE STREAMLINE CHART =~ NANCY wwemcmaea -———— —————— e ————
CHECKERBOARD OR STIDD DIAGRAM = NANCY mmccccccccoccanmaan -
TIME CROSS SECTION = NANCY ~ua- - o e 0 20 20 o im0 e S
SPACE CROSS SECTION = NANCY m=ecrmrccncmananaa

RECONNAISSANCE DATA ~ VJOLET -

EASTERLY WAVE CONTINUITY GRAPH =emmcmana - 0t o

LoNG WAVE ANALYSIS AND 48 HOUR PROGNOSIS =wmeemmma ———meecnnam———
Fixes MapE, Hours Frown BY 56 HRS anp AEWRON One -
RADAR FIXES = TILDA mecccnnm e - - -
MONTHLY AND ANNUAL FREQUENCY OF TYPHOONS, 1952-1961 “emccwan ————

POINTS OF ORIGIN OF TYpHOONS, 1952~1961 ==~
PotnTs oF FIrsT TYPHOON INTENSITY, 1952~1961 wew-
COMPOSITE CHART OF TROPICAL DEPRESSIONS AND STORMS, 1961 ~ecmme-
S1x HourLY POSITIONS, TROPICAL DEPRESSIONS, 1961 meccacamen= -
S1x HourLy PosiTioNs TRoPICAL STORMS, 1961 - —— ——
CoMPOSITE CHART OF TYPHOON TRACKS, 196] wmcmmccacacoccccmacncnans
TYPHOON TRACKS, MARCH 19671 wmccccccccmcmannccnean —
TYPHOON TRACKS, MAY 1961 —mcemcececcacacucna = e o v o -
TYPHOON TRACKS, JUNE 1967 wecccccmmmcmacnennna-
TYPHOON TRACKS, JULY 1961 mmmcccccacaa -

TYPHOON TRACKS, AUGUST 1961 meccwmccaca ————-
TYPHOON TRACKS, SEPTEMBER 1961 mmeccoman- P —. ———————————
TYPHOON TRACKS, 0CTOBER 1961 wevemcccccccacnaaa —
TYPHOON TRACKS, NOVEMBER 1961 wmmcewccocamcaaa —————————————— -
TYPHOON TRACKS, DECEMBER 1961 =wcccaccanan -
TyPHOON DATA SumMarYy, 1961 - - - -
SUMMARY OF TYPHOON FORECAST ERRORS, 1961

TESS BEST TRACK meweacmcccmucncaccennnn= .
RADAR AND RECONNAI1SSANCE FIXES -—
POSITION AND FORECAST VERIFICATION DATA wmcmcacm=
24 Hour FORECAST PosITs

ALICE BEST TRACK mecmrcceccncana= ————
RADAR AND RECONNAISSANCE FIXES we= - ———
PosiTion AND FORECAST VERIFICATION DATA
24 HoUR FORECAST POSITS == -

BETTY BEST TRACK mwmamcccccacan -
RADAR AND RECONNAISSANCE FIXES wmccwcaccwrccmacccencan=
PosiTION AND FORECAST VERIFICATION DATA wwecwcemcacmwes
24 Hour FORECAST POSITS
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CORA

ELSIE

HELEN

IDA

-JUNE

KATHY

LORNA

NANCY

OLGA

BEST TRACK wececwecnmeanecnmaneneeeeen
RADAR AND RECONNAISSANCE FIXES ewemccccccvccanmcaceea

POSITION AND FORECAST VERIFICATION DATA wecccmcacccns
24 Hour FORECAST PosiTs - -

BEST TRACK mmccmcrumana - - ———
RADAR AND RECONNAISSANCE FIXES sccccccccacnnes -——————

PosiTION AND FORECAST VERIFICATION DATA emewccccmmmcn
24 Hour FORECAST POSITS ===

BEST TRACK === ———— — ——— -

RADAR AND RECONNAISSANCE FIXES mwecmwccwman ————————— -
POoSITION AND FORECAST VERIFICATION DATA mecccana ——
24 Hour FORECAST POSITS o~ o o ot o o 0 e e —
BEST TRACK mecmccccmcrcnm e mmccnanne cnmm . -———————— -
RADAR AND RECONNAISSANCE FIXES =-emnw= - —————
POSITION AND FORECAST VERIFICATION DATA mmeccmcecaas -
24 HOUR FORECAST POSITS =emrmcmmccancnnnccnerecamene -
SKEW=T DIAGRAMS mmcmcaccamac e e renacnanacnnan e ———
BEST TRACK mecmmemrmcecccmccn v ccancnnane P
RADAR AND RECONNA)SSANCE FIXES mwmenmoe —— -
POSITION AND FORECAST VERIFICATION DATA ewcccmcecana -
24 HOUR FORECAST POSITS wmmececmcccccrccccnonncnnmee -
BEST TRACK wemecmcmcmcammcccnarccmrarnmerarne = ——— -
RADAR AND RECONNAISSANCE FIXES m==ccncnmn= ot S
-POSITION AND FORECAST VERIFICATION DATA wewaaa ————— -
24 HOUR FORECAST POSITS =wmeccmrucccmcccccnccnnnacnns
BEST TRACK wmcccmcarmc e mcccccmm e oo —o————————————————— -
RADAR AND RECONNAISSANCE FIXES wemcenmcccmnccccncamcana
POSITION AND FORECAST VERIFICATION DATA wcecacmcammane
24 Hour FORECAST PosiTs = -

RADAR PHOTO mmmcemcvccanmecan

BEST TRACK wemmmemcmcccm i mow o o o 0 o e n o e o e n R
RADAR AND RECONNAISSANCE FiIXES —————
POSITION AND FORECAST VERIFICATION DATA ————

24 Hour FORECAST POSITS == -
DAMAGE PHOTOS .

BEST TRACK == - - - A

RADAR AND RECONNAISSANCE FIXES wemcwcnecwnneacamnoanes
PoSITION AND FORECAST VERIFICATION DATA -

24 Hour FORECAST POSITS ~= -
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103
104

107
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109
110

113
115
116
117

121
123
124
126
128
129

132
133
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PAMELA

SALLY

TILDA

~ VIOLET

BILLIE

CLARA

poT

ELLEN

ARAKAWA

BEST TRACK wwmw= ———
RADAR AND RECONNAISSANCE FIXES mmccccwcccaes -
POSI1TION AND FORECAST VERIFICATION DATA wacccccvccaas
24 Hour FORECAST PosiITS

DAMAGE PHOTOS === - - -
BEST TRACK wwwecmcnea - ——

RADAR AND RECONNAISSANCE FIXES wmecaems
PostTion AND FORECAST VERIFICATION DATA

24 Hour FORECAST PosSITS - ——————— ———
RADAR PHOTO www= - ——— -
BEST TRACK wweameccemamnae PO ——omm -
RADAR AND RECONNAISSANCE FIXES mmecccrmcmccacmccas ————
POSITION AND FORECAST VERIFICATION DATA mecccnacwmwans
24 HOUR FORECAST POSITS o o mimonm o m oo s ot s om om om0 o om0 om i
DAMAGE PHOTOS meeccccccccaces - - e ——

BEST TRACK - - - T T T
RADAR AND RECONNAISSANCE FIXES mwacacew - ——

PosiITION AND FORECAST VERIFICATION DATA mccrcccccypuns

24 Hour FORECAST PosiITs -
DAMAGE PHOTOS w=emecmanee - ——
BEST TRACK weccccncccuncccna ————— = 20 20 0 0 o 0 o o
RADAR AND RECONNAISSANCE FIXES wmcmccmccccwcncnanene -
POSITION AND FORECAST VERIFICATION DATA mememcacca -
24 Hour FORECAST POSITS wewa- -
BEST TRACK =wwmaa - ——

RADAR AND RECONNAISSANCE FIXES =ecowee= - o e
POSITION AND FORECAST VERIFICATION DATA meccmmmacneus
24 HOUR FORECAST POSITS mmcwmcncecnan ———
BEST TRACK mrmacccmccccraccccvcccnane -

RADAR AND RECONNAISSANCE FIXES wacecwccccacaconee ———
POSITION AND FORECAST VERIFICATION DATA emavemacecmaweme
24 Hour FORECAST POSITS = ————————
BEST TRACK =wamew R
RADAR AND RECONNAISSANCE FIXES weermrmecccmcocamnmecme
POSITION AND FORECAST VERIFICATION DATA wweccmcrecmawan
24 HouUR FORECAST POSITS wewewenmew -

DAMAGE PHOTOS wemcamaccccwean - ——

GRID wemccnncncnnceas - - ————
24 Hour FORECAST ERROR SCATTER DIAGRAM awwcemcmanawas
48 Hour FORECAST ERROR SCATTER DIAGRAM -

24 Hour MOVEMENT AND PRESSURE FORECAST ERRORS wewewem=
48 HourR MOVEMENT AND PRESSURE FORECAST ERRORS mewewew
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MILLER-MOORE

WACHHOLZ GRAPH

GR|o
CONVERSION GRAPH = - o e

COORDINATION CHART
SURFACE AND 700 MB WIND VARIATION GRAPH mwwae-
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