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From: Commanding Officer, U., S. Fleet Weather Central/Joint Typhoon
Warning Center, Guam

To: Chief of Naval Operations

Via: Commander in Chief, U, S, Pacific Fleet

Subj: Annual Typhoon Report, 1966; submission of

Ref: (a) OPNAV Instruction 3140,17E of 29 Oct 65
(b) SECNAV Instruction 5600,16 of 2 Nov 60

1. The Annual Typhoon Report, 1966, is submitted herewith in accordance
with reference (a).

2, During calendar year 1966, a total of 20 typhoons, 10 tropical storms
and 8 tropical depressions were detected in the Western North Pacific

area between 180° longitude and the Malay Peninsula, north of the equator,
for which 752 warnings were issued. 1966 was an unusual year in that
tropical cyclone development occurred farther north than normal when
compared with previous years, Also, as a result of the relatively flat
pressure gradient throughout the Western North Pacific, storm tracks
were noticeably scattered and erratic during the 1966 season,

3. Reference (a) directed the Fleet Weather Centrals at Pearl Harbor
and Alameda to forward summaries of tropical cyclones in their areas

to the Fleet Weather Central/Joint Typhoon Warning Center, Guam, for
inclusion in the subject report, Fleet Weather Central Alameda issued
a total of 296 warnings on 7 hurricanes, 6 tropical storms and 5 tropical
depressions in their area of responsibility. Fleet Weather Central
Pearl Harbor issued a total of 46 warnings on two hurricanes, one
tropical storm and one tropical depression, A complete summary of
tropical cyclones east of 180 degrees longitude is included in Annex

A with the exception of Tropical Depression 22 which is included in the
FWC/JTWC Guam portion of the report,

4, This report has been reviewed and approved in accordance with

reference (b).
; / / 7_//
. 7 .. i - »:7' 'l
NI L gRL L

J. F. STEUCKERT
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FOREWARD

This report is published annually and summarizes Western North Pacific
Tropical Cyclones, Annex A is added to summarize Tropical Cyclones from
180 degrees eastward to the North American Coast,

When directed by CINCPAC in May 1959, CINCPACFLT redesignated Fleet
Weather Central Guam as Fleet Weather Central/Joint Typhoon Warning
Center (FWC/JTWC), Guam with the following responsibilities:

1. To provide warnings to U, S, Government agencies for all tropi-
cal cyclones west of 180 degrees longitude north of the equator 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, coordinating with Fleet Weather
Facility Yokosuka was designated as alternate JEWC in case of failure
of FWC/JTWC Guam,

The JTWC, which is an integral section of FWC/JTWC Guam, is staffed
by three Air Force and three Navy meteorologists and three enlisted
men from each service. The senior Air Force Officer has been designated
as the Director, JTWC,

The Joint Hurricane Warning Center in Hawaii, a coordinated agency
composed of the U, S. Weather Bureau, Honolulu, the Air Force Kunia
Weather Center, and Fleet Weather Central Pearl Harbor, is responsible
for surveillance and issuance of warnings in the Central North Pacific
area north of the equator between 180 degrees and 140 degrees west.

The Fleet Weather Central, Alameda, California, is responsible for
issuance of warnings between 140 degrees west and the North American
Coast.
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CHAPTER I

OPERATIONAL PROCEDURES



Ao GENERAL ~° 0 . i snin sdeguiosol

W1th1n Fleet: Weather Central/J01nt Typhoon Warn;ng Center (FWC/JTWC), the
respons1b111ty for the basic analyses. of. the various charts lies with Fleet
Weather Central {(FWC), .Surface. prognoses are also prepared by FWC,. Fleet
Numerical Weather Facility (FNWF), Monterey, California, furnishes Northern
Hemispheric computer. analyses, prognoses and tropical cyclone.steering :
trajectories, Joint Typhoon Warning Center (JIWC) is responsible for meso-
analysis, typhoon forecasts and warnings.

B. ANALYSES
1., FWC:

a. Types of contour (c) and/or steamline (s) charts with standard
times: S :

(1) Surface, 0000z, 06002 12002 and 18002 (c)

(2) Gradient level (2000 to 3000 ft. above ground) OOOOZ
0600Z, 1200Z and 1800Z (s).

(3) 850mb; 0000Z and 1200Z (s).

(4) 700mb; 0000Z and 1200Z (s) & (c).

(5) 500mb; 0000Z and 1200Z (s) & (c).

(6) 300mb; 0000Z and 1200Z (c).

(7) 200mb; 0000Z and 1200Z (s). :

(8) Sea Surface Temperature Chart; 5- day mean composite updated
once daily,

b, Other analyses:

(1) Checkerboards or Stidd Diagram,
(2) Time Cross-Sections,

(3) Selected Upper Air Soundings.
(4) Arowagram for Guam,

(5) Nephanalyses. .

2, JTIMC:
ae Meso-analyses:
(1) Sectional surface charts; hourly and 3-hourly as required,
(2) Reconnaissance reports,
(3) 700mb; 0000Z and 1200Z, 10-meter interval analysis (c).

(4) 500mb; 0000Z and 1200Z, 20-meter interval analysis (c).
(5) Stidd Diagram for selected stations as required.,

b. Satellite Data:



Facsimile cloud photographs were received by the FWC APT
ground equipment from ESSA II and NIMBUS weather satellites, Also,
nighttime infrared data was received from NIMBUS, These data were very
useful for initial identification of the tropical cyclone and in deter-
mining its location and stage of development, In addition, tropical
cyclone bulletins, which gave the location and coded discription of the
disturbance, were received from the National Weather Satellite Center
(NWSC) . :

c. Land Radar:
Land radar reports were used in conjunction with aircraft
reports whenever possible, These reports included range and bearing
of the eye from the reporting station, eye characteristics and occa-
sionally the direction, speed and movement of the eye, A combination
of attenuation, operator inexperience and the fact that the radar could
see only the tops of distant storms made land radar reports obtained

at long ranges often inaccurate. However, as the storms approached the
radar stations, the accuracy usually improved markedly.

C. FORECAST AIDS:
l, Climatology
The following climatological publications are utilized:

a, Climatological Aid to Forecasting Typhoon Movement (1st
Weather Wing).

b. Annual Typhoon Report, 1965 (covering years 1953-1965;
FWC/JTWC) .

c. Western Pacific Typhoon Tracks 1950-1959 (FWC/JTWC).
d. Far East Climatic Atlas (lst Weather Wing - February 1963).

e. Tropical Cyclones in the Western Pacific and China Sea Area
(Royal Observatory, Hong Kong). This comprehensive publication covers
78 vears of typhoon tracks.

2., Persistence
3, Computer Products:

During the 1966 typhoon season, the following computer products
were utilized:



a. From FNWF:
(1) :Steering trajectories or ‘forecast positions for 6,L12,
18, 24,36, 48 and 72 hours for. tropical cyclones ‘as requested by JTWC
for reconnaissance fixes at 0300Z and 1500Z,

(a). Three trajectories are provided: 1., 1000mb
steering, 2. 500mb steering and 3,  500mb modified steering. The 500mb
modified steering is furnished to account for empirically determined
weaknesses in the 500mb steering model,  The program. for the above is
presented in "Computer Products Manual, Technical Note No, 21" by LCDR
R. E. Hughes, at Fleet Numerical Weather Facility pages 3.26-1 through
3,26-3, dated July 1966, A steering trajectory for 700mb is expected
to be available during the 1967 season.

(2) The following listed products are utilized when applicable:

(a) Surface isobaric analyses; 00Z and 12Z.

(b) 700mb, 500mb, 300mb, and 200mb contour analyses;
00Z and 12Z,

(c) Surface, 700mb, 500mb, 300mb, and 200mb 24, 36
and 48 hour prognoses.,

(d) 500mb isotach analyses; 00Z and 12Z,
(e) 500mb 12 and 36 hour jisotach prognoses,
b. From NMC, Suitland:
(1) NWP Barotropic prog positions for typhoons for 12, 24,
36, 48, 60 and 72 hours were received when, in the opinion of NWP, the
Computer produced progs were reasonable,

4, Objective Methods:

During the 1966 typhoon season, the following individual objective
methods were used by JIWC:

a, WANG - Using 700mb data.
be AROWA - Using 700mb and/or 500mb data.
ce FAIRLESS - Using surface data.

de TSE - Using 700mb data.



(1) This new method was used near the end of the typhoon
season and the results compared favorably with other objective tech-
niques. The initial steps in the calculations are similar to that of
the AROWA method but the big factor in favor of the Tse method is the
addition of the "over-all synoptic pattern which makes allowance for
the stage of storm development, the size of the stofm, and the inter-
action between storm's circulation and the basic current as well as
the influence of the nearby storms or other significant disturbances,”
For further detail on the method the reader is referred to "A New
Method for the Prediction of Typhoon Movement Using the 700mb Chart",
by S.Y.W. Tse in the Quarterly Journal of the Royal Meteorological
Society, Vol, 92, No., 392, pages 239 through 253, dated April 1966,

5. Coordination:

When a tropical cyclone for which warnings are being issued is
north of 25N, Fuchu Air Force Weather Central transmits position fore-
casts twice daily to JTWC which are used for comparison and consider-
ation prior to issuance of the JIWC warning., Coordination with other
Air Force and Navy activities is on an "as required" basis depending
upon the location of a particular tropical cyclone,

D, WARNINGS:

Warnings are filed and transmitted every six hours at synoptic times
of 0000Z, 0600Z, 1200Z and 1800Z, In accordance with CINCPAC Instruction
3140,1G the message contains the present warning position of the tropical
cyclone which is valid for the scheduled transmission time, Therefore,
the 24 and 48 hour warning forecast positions are actually 30 and 54
hour forecasts from the last synoptic time,

The warning position of a tropical cyclone is actually a short
range forecast from the last "best! position, The last "best" position
is usually about 3 hours old based on land radar or reconnaissance
fixes, 3 to 6 hours old based on surface synoptic reports, or 6 to 12
hours old based on upper air synoptic reports, It is for this reason
that the 0600Z warnings, for example, may not agree with the position
of the tropical cyclone as indicated by the 0600Z analysis. Amendments
are issued when this difference is significant,

The numbering of tropical warnings run consecutively regardless of
whether the cyclone is upgraded or downgraded from tropical depression,
tropical storm or typhoon, If warnings are discontinued and the cir-
culation regenerates, the new series of warnings are numbered consecutive-
ly from the number of the last warning of the previous series. Amend-
ments and corrections which are issued as required are given the same
numbers as the warning which they amend or correct.



All 24, 48 and 72 hour forecasts made when a tropical cyclone is
of tropical storm or typhoon intensity are verified against the "best
track" as determined in post-cyclone analysis,

The 1966 verification summary is contained in Chapter IV,
E. FORECASTING PROCEDURE:

In preparation for issuance of the initial warning on a tropical
cyclone, a track based on climatology is developed, This track is
prepared for a time interval of 4 or 5 days at the speed indicated by
climatology. Next, the track is modified in accordance with the exist-
ing and forecast upper air pattern, after which the initial warning is
prepared and issued, .

The basic forecasting technique used throughout the 1966 season was
a subjective modification of the numerical steering prediction. Modi-
fications were based on climatology and subjective evaluations of meso-
analyzed 700mb and 500mb charts,

If the steering forecast looked reasonable, it was then checked for
consistency with climatology and past history. The upper air charts
were checked for areas of maximum divergence, areas offering the least
resistance to the forward motion of the storm and the 700mb height
criteria of Wang. An AROWA grid computation was made on the 700mb chart
for most forecasts, In addition, a FAIRLESS computation was made on
the surface chart for most forecasts, especially in the early stages,

A TSE computation was also made for the storms near the end of the
Season,

A subjective integration of all the factors listed above was then
used to establish or modify the forecast track of the storm. Speed of
movement was then forecast from history, climatology, and the steering
forecast,



CHAPTER II

RECONNAISSANCE



A. GENERAL

Land stations in the tropical Pacific are sparse, Although additional
observing units are expected to be installed at'strategic locations in the
future, the stations will continue to remain widely scattered, Ships
which transmit observations are usually concentrated along the shipping
lanes which generally do not pass through the areas of formation and
development of tropical systems. Also, ships which are near a system will
normally take evasive action as soon as the first warning is received,

The pictures received from the ESSA II and NIMBUS Satellites have proven

to be a tremendous aid, especially in first locating suspect areas., However,
the satellites cannot report the winds, pressures, and other important

data needed to properly analyze a tropical cyclone, Aerial reconnaissance
thus remains the only method available which provides sufficient surface

and upper air data for complete and proper analysis of a tropical cyclone,

Reconnaissance aircraft are able to remain in the area of a storm to .
provide an accurate position and to report the various storm characteristics
such as eye shape, intensity, etc. By taking dropsondes or making ascent
or descent soundings the aircraft is able to obtain the lapse rate profile
to the surface, heights of standard levels, sea level pressures, and temper-
ature and dew point at any. level,

The accuracy of tropical warnings is directly related to the quality
and quantity of reconnaissance data received from the aircraft, Con-
tinuous surveillance of tropical systems is of the utmost importance in
order to insure that warnings are issued in time to facilitate proper pre-
parations for safeguarding life and property.

B. RECONNAISSANCE RESPONSIBILITY

During 1966 two squadrons were assigned the responsibility of tropical
cyclone reconnaissance to meet the requirements of the Joint Typhoon Warn-
ing Center, Guam, These squadrons were the U, S, Navy Airborne Early
Warning Squadron One (VW-1), equipped with EC121K aircraft based at the
Naval Air Station, Agana, Guam and the U, S. Air Force 54th Weather
Reconnaissance Squadron (54WRS), equipped with WC-130 aircraft based at
Andersen Air Force Base, Guam.

C. EVALUATION OF DATA

During the 1966 season four fixes per day were normally scheduled on
typhoons and tropical storms, Tropical Depressions were scheduled for one
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or more fixes per day depending on location, potential, and feasibility
of radar coverage.

In general, low or intermediate (1500ft or 700mb) level fixes were
made by VW-1 at 0900Z and 1500Z and intermediate (700mb) level fixes
were made by the 54WRS at 2100Z and 0300Z, High level (500mb) fixes were
made on storms over high terrain., In addition to the fixes, both squadrons
flew synoptic and investigative flights throughout the year.

Aerial reconnaissance can be divided, according to data gathered,
into three categories: peripheral data, eye data from penetration, and
eye data from radar,

Peripheral data is all information reported enroute to and outside the
eye of the storm. It includes weather, sea level pressure if aircraft
is at low level or pressure-height if at mid or high level, a complete
description of clouds including types, amount and height of bases and tops
if feasible, flight altitude wind, temperature and dew point, and the
surface wind if the sea surface is visible., Dropsonde data were also
provided, This same type of data is provided on all synoptic tracks and
investigations. The WC-130 usually flew at 700mb but on occasion flew at
500mb, or 1500 ft. EC121K aircraft normally flew either at 1500 feet or
700mb, but at times mountainous terrain required the flight to be at 500mb,

Eye data from penetration includes all information reported in periph-
eral data plus eye size, shape, description, slope, cloudiness, maximum
flight level wind, surface wind and surge, if any, and other remarks which
might be of help to the forecaster such as feeder band description, direct-
ijon and speed of movement of the center, etc, If possible, a dropsonde
is also made in the eye,

Eye data from radar provide a description of the radar eye and its
locations, including description of spiral bands and height and width of
the wall clouds, Also included is the aircraft position at the time the
radar observation is taken and the maximum observed winds if possible,

On all eye messages a center selection evaluation of either "Positive",
"Fair" or "Poor" is given along with an estimate of the navigation accuracy
of the fix and a statement of the type of navigation fix used by the air-
craft, These were used by JIWC as a guide in evaluating fix accuracy.

With radar fixes from a considerable distance, attenuation can distort the
radar image; therefore, this must be considered when evaluating the fix,

During 1966, daylight penetrations were made on all but a few of the
most severe storms, When possible, EC121K aircraft also penetrated the
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storms for :the night fixes, These penetrations were normally made at 1500
ft or below.on the evening fix and 700mb at night.

ATRCRAFT RECONNAISSANCE DATA

(Number of Fixes and Investigations)
1961 1962 1963 1964 1965 1966

350 496 465 772 666 674

In addition there were 197 synoptic tracks flown by the two squadrons
during 1966,

The information received from the aircraft was continually checked
for consistency and accuracy. Where possible, JIWC graphs and other aids
were used to check and compare data with previous reports, Verification
was immediately requested from the observing aircraft on any apparent
discrepancy in the data,

D. COMMUNICATIONS

The primary means of communications between ground and reconnaissance
aircraft was voice single sideband for 54WRS, VW-1 commenced the year
using radiotelegraph (CW) and converted to voice single sideband early in
the season., Andersen Airways (AIE2), Guam was the primary air to ground
station for aircraft using single sideband., Naval Communications Station,
Guam was the primary station for aircraft using CW, Clark Airways, (AIC2),
Republic of the Philippines, Fuchu Airways (AIF2), Japan, and Kadena Air-
ways (AID2), Okinawa, were the secondary air to ground stations. Naval
Communications Station, Philippines, and Naval Communications Station,
Japan acted as secondary CW stations, Data received by AIE2 and NCS Guam
were relayed to JTWC by the local circuit 3L28, This circuit also
connects VW-1, 54WRS, and Naval Air Station, Agana, Guam. Data received
by AIC2, AIF2, and AID2were normally phoned to JIWC, followed by a message
transmitted through the Defense Communications System, Data received at
the Naval Communications Stations in the Philippines and Japan wererelayed
to JIWC by the NTIX system.

When aircraft were in contact with AIE2 or NCS Guam the eye reports
were normally received by JIWC in sufficient time to allow the forecaster
to make a comprehensive study of the information prior to warning time.
However, when the aircraft had to communicate through one of the secondary
stations there were many cases of excessive delay in receipt of the eye
data. In some instances,it was not received until after warning time.
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This problem was alleviated to a certain extent in the South China Sea
area by requesting the air to ground station to pass the eye data to Fleet
Weather Facility, Sangley Point immediately after receipt. Sangley would
then relay the data to JIWC over the teletype circuit connecting FWF,
Sangley Point and FWC/JIWC, Guam. The air to ground stations also aided
greatly by phoning the eye reports to JIWC via the Joint Overseas Switch-
board. If,however, the secondary ground stations relied solely on the
NTX system in transmitting eye data to JIWC, the excessive delay in most
cases made it impossible for a thorough analysis of the information before
warning time,

Late in the season a test was conducted jointly by VW-1, NCSsGuam,
and JTWC in which reconnaissance datawere transmitted directly from the
aircraft to JIWC utilizing receivers and transmitters at NCS Guam., This
method proved to be efficient and quite acceptable and more tests are
planned for the future, If the necessary equipment and frequencies to
be used exclusively for Tropical Cyclone Reconnaissance are approved by
CNO it is expected that practically all communication problems presently
encountered will be reduced to a minimum,

The following statistics show the delays between time of fix and time
of first receipt at JIWC. The methods used in getting the fix to JTWC

are shown for comparison.

DELAY IN RECEIPT OF RECONNAISSANCE FIX DATA FOR 1966

NUMBER MAX DELAY MIN DELAY AVG DELAY
METHOD OF CASES TIME TIME TIME
3L28 413 3 HRS 04 MIN 15 MIN 55 MIN’
NTX 24 4 HRS 22 MIN 1 HR 15 MIN 2 HRS 11 MIN
SANGLEY PT
POINT TO POINT 05 2 HRS &7 MIN 1 HR 25 MIN 2 HRS 03 MIN
TELEPHONE 123 4 HRS 33 MIN FEW MINUTES 1 HR 09 MIN

The following are some revealing statistics on communications delays
encountered in 1966 along with figures from previous years for comparison.
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A COMPARISON OF DELAY TIME WITH PREVIOUS YEARS

1964 1965 1966
MAX DELAY TIME 6 HRS 45 MIN 60 HRS 09 MIN 4 HRS 33 MIN
AVG DELAY TIME 1 HR 14 MIN 1 HR 05 MIN 1 HR 02 MIN
MIN DELAY TIME 8 Minutes " 9 Minutes "“Few Minutes"
% OF EYE MESSAGES
DELAYED MORE THAN 1 HOUR 59% 39% 38%
NUMBER OF FIXES RECEIVED
AFTER WARNING TIME 46 34 30
% RECEIVED AFTER .
WARNING TIME 8% 6% 5%

E. SUMMARY OF RECONNAISSANCE SUPPORT

In an effort to make the crediting of the reconnaissance effort more
objective and meaningful, a system was devised in 1965 to credit fixes
and investigations, The same system, with minor changes to group fix
and investigative flights together was used this past season. First of
all, the problems of why a fix was early, late or missed completely, al-
though of interest and concern to JIWC, belong to the Tropical Cyclone
Reconnaissance Coordinator (TCRC). The time of warning and inherent
communications delays were the determining factors used in the crediting
scheme, Obviously it would be desirable to have the fix made as near
warning time as possible, but,the communications delays have been such
that fixes must be made about 3 hours before warning time, This usually
allows ample time to digest the information after receipt of the data.
The crediting system is described below,

DEFINITIONS OF FIX CREDITS

CLASS DEFINITION
1 Full Credit From 1 hour before to % hour after

levied time, (Includes fixes made
on investigative flights,)

2 Full Credit No center or eye found, but other-
wise falls into Class 1 above,
(Includes investigative flights
on which no center was found.)

15



CLASS DEFINITION

3 Early/Late
&4 Very Early
or
Very Late
5 Attempted but

missed fix

6 Missed Fix

Greater than 1 hour but not more

than 1% hours before levied time

or greater than % hour but not

more than 2 hours after levied time,
Greater than 1% hours before or 2 hours
after levied time,

Recon provided some useful peripheral
data but no fix was made, Reasons
may include clearance problems,
mechanical trouble, low fuel, etc.,
etc,

Due to complete abort, aircraft

was airborne but provided no useful
data, aircraft never got airborne,
squadron unable to provide fix for
unspecified reasons,

This system, although as objective as possible, requires subjective
For example, a plane could be in the area
assigned on time when the storm had accelerated unexpectedly and could
not be reached within the normal time limits by the reconnaissance air-
craft. In this case, full credit would be given with no penalty for

evaluation of some fixes,

being late,

Applying the above criteria for the 1966 season, the following statistics

are obtained:

EVALUATION OF TIMELINESS OF RECONNAISSANCE FOR 1966

FIXES INVESTIGATIONS FIXES & INVESTIGATIONS
Class Number Class Number TOTALS
1 513 1 40 553
2 14 2 80 94
3 20 20
4 7 7
5 0 0
6 10 10

16



CHAPTER III

JTIWC STUDIES



This Chapter is a collection of studies conducted during the 1966
typhoon season. Some topics appear in their entirety. Other topics are
of a continuing nature and will be completed when data becomes available,

The following is a list of the topics discussed in this Chapter:

USE OF COMPUTER PRODUCTS AT JTWC.
STATISTICAL VERIFICATION PROGRAM,

TROPICAL CYCLONE INTENSIFICATION RATE VERSUS SEA SURFACE TEMPERATURE
AND LATITUDE.

TYPHOON FORMATION WITHIN THE ZONE OF THE ITC.

VERIFICATION OF WEATHER SATELLITE DATA.

19



A. USE OF COMPUTER PRODUCTS AT JTWC

With the arrival of the CDC 3100 computer at FWC/JTWC Guam, it has
become possible to partially automate the writing of the Annual Typhoon
Report, The reasons for using the computer are twofold, First, to simplify
the preparation of the typhoon report; and second, to build up a climato-
logical record of past storms which can be referred to rapidly through the
use of the computer. Much of the research efforts this past year were
devoted to automating a large portion of the annual report.

The first step, which is being used in the present edition, is the auto-
mation of four sets of logs and the machine printing of the fix, the statistics
and the verification pages for the report. The logs, which are kept on all
storms, have been written to facilitate using numbered codes for all entries,
The logs are double checked for accuracy and the data arecut on Hollerith
machine cards. The computer programs are such that one or multiple storms
may be run at any one time. The data card information is read into the
computer, processed and printed for inclusion in the Typhoon report. As
a by-product, a machine printout is also obtained of the delay between fix
time versus its first receipt at JIWC and a fix classification of all
reconnaissance flown,

It is expected that after several years of data have been compiled,
these logs along with the computer print-outs will furnish the raw material
for development of additional aids in forecasting typhoon formation and
movement, For this reason, additional information that would prove useful
in typing storms is being included on the 0000Z and 1200Z logs. This
information includes the height and latitude of the 700mb trough west of
the storm, the vertical extent of the storm, etc. .

Plans for the future include automating existing objective techniques
and the development of a grid type objective forecast which can be rapidly

calculated by the computer,

Simplified flow diagrams for the three computer programs now being used
in JIWC are depicted in figures (III-1, III-2, and III-3),
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B. STATISTICAL VERIFICATION PROGRAM

The study of R.M.S. (Root Mean Square) forecast errors initiated last
year was continued this year using 1966 data.

The study provides a breakdown of forecasting errors by latitude for
the 24, 48 and 72 hour forecasts (see table III-1). Two measures of
dispersion were computed,

1. The R.M.S, of the Vector Error, Assuming a circular normal distri-
bution of errors, 63% of the forecasts made should verify within one R.M,S.
of the actual position and 98% within two R.M.S. (see AWS Technical Report
#164, dated August 1962),

2. The R.M.S, of the right angle error (equivalent in this case to the
standard deviation). Assuming a normal distribution, 68% of the forecasts
should be within one R.M.S. right or left of track and 95% within two R.M.S.
Since the R.M.S., of the vector error is theoretically 1.4 times greater
than the R.M.S. of the right angle error for a normal circular distribution,
these two figures can be used to determine the approximate shape of the
Yerror"” envelope. However, analysis of the data for the past two seasons
indicate that the speed error is about 20% greater than the course error
(see last column of Table III-1), The actual error envelope is therefore
eliptical and oriented with the long axis coincident with the forecasted
track,

- A continued study of forecasting errors is planned in order to provide
a better basis for command decisions involving areas threatened by tropical
storms.

As a result of this study JIWC is concentrating its research efforts

towards developing techniques which will reduce the error in forecasting
a storm's speed of movement,
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1. 2. 3.
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TABLE III-1

R.M.S., OF «707 x R.M.S. OF STANDARD DEVIATION OF PERCENT VARIATION
VECTOR ERROR (MI) VECTOR ERROR (MI) RIGHT ANGLE ERROR (MI) (2-3)

2

24 HOUR
TOTAL 165 117 71 19
UNDER 20N 131 93 58 11
20N-30N 166 117 75 13
ABOVE 30N 240 170 79 41
UNDER 35N 159 112 70 16
ABOVE 35N 281 199 106 39

48 HOUR
TOTAL 332 235 160 12
UNDER 20N 197 139 98 9
20N- 30N 354 250 191 4
ABOVE 30N 433 306 163 38
UNDER 35N 320 226 163 8
ABOVE 35N 505 357 113 59

72 HOUR
TOTAL 513 363 229 21
UNDER 20N 260 184 108 30
20N-30N 521 368 258 16
ABOVE 30N 695 491 299 27
UNDER 35N 495 349 224 18
ABOVE 35N 694 491 297 39



INITIAL DETECTION LATITUDE (N)

12
30T
25
20}
12
15}
24
10F 3¢
48
o5 — *°
72

00

C. TROPICAL CYCLONE INTENSIFICATION RATE VERSUS SEA SURFACE TEMPERATURE
AND LATITUDE :

A study was made this past year to determine the effect, if any, the
sea surface temperature and latitude have on the time required for a
tropical depression to attain tropical storm intensity, Data for 56 typhoons
and tropical storms from 1965 and 1966 were processed ard a fair correlation
was shown to exist which indicates a more rapid rate of intensification
occurs as both latitude and sea surface temperature increase, The relation-
ships are by no means perfect because other meteorclogical considerations
such as the amount of low level feed of moist warm air into the cyclone,
the degree of high level divergence over the cyclone, etc., also have a
direct influence on intensification rates, Figure III-4 is a smooth
graph, summarizing the results of the study.

Further evaluation concerning the validity of the graph as a fore-
casting tool will be made during the 1967 typhoon season,

Figure II1I-4 Smooth Analysis of the Intensification Time in Hours

72 60 48 36 24

1IOURS

79 80 81 82 83 84 8 86 87
SFEA SURFACE TEMPERATURE (OF)
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D. TYPHOON FORMATION WITHIN THE ZONE OF THE ITC

Major Robert W, Fett, USAF
54th Weather Reconnaissance Sq,
Guam, Mariana Islands

A study of the early development of typhoon MARIE, which was generated
during the latter portion of October 1966, revealed that this storm formed
within the zone of the ITC without any easterly wave inter-action.
Satellite pictures of the storm area including infra-red read-out during
the night-time hours were compared with conventional and reconnaissance
data, This comparison suggested a model of typhoon formation distinct
from those storms originating as a result of the intensification of easter-
1y waves, The model is shown in figure III-5, Four separate stages of
development are defined in relationship .to 700mb streamlines,

Stage I In Stage I outflowing air from anticyclones of the northern
and southern hemisphere converge near the equator along
an asymptote conventionally referred to as the Inter-
tropical Convergence Zone (ITC). Cloudiness forms pri-
marily on the southern side of the convergence asymptote,

Stage II In Stage II an elongated trough is formed between the
northern and southern hemispheric anticyclones., Forma-
tion of the trough is attributed to the reduction of
pressure through the release of latent heat of condensa-
tion which occurred as a result of forced convection
necessitated by the Stage I configuration, Cloudiness
as in Stage I and in the typical easterly wave pattern
remains dominantly south and east of the trough axis,
The trough area may contain occasional embedded closed
circulations, However, maximum sustained surface wind
speeds will normally not exceed 30 knots,

Stage 111 In Stage III vortices generated within the trough area
of maximum relative vorticity have further developed.
The trough has moved northwestward around the northern
hemispheric anticyclone where super-position of the ITC
trough with the polar trough has been achieved, At
this time a transfer of energy from the westerlies to
the easterlies is possible, increasing wind speeds (and
hence cyclonic vorticity) northwest of the storm center,
Rapid intensification follows as tropical storm intensi-
ties are attained,
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Stage IV As the storm reaches typhoon intensity it continues its
generally northwesterly movement around the northern
hemispheric anticyclone and the ITC is reformed at lower
latitudes, With the re-establishment of the ITC in the |
wake of the original storm the cycle of formation has
been completed. The stage is now set for the establish-
ment of a new ITC trough and the generation of vortices
in a manner similar to the development of the original
storm, :

It should be noted that this model is similar in many respects to the
model of typhoon development from an easterly wave configuration (figure
I11-6). Both models depend upon the generation of vortices within a
trough. Intensification of an easterly wave, as in the ITC model, is
commonly attributed to polar trough interactions. Vortices developing
within the ITC trough, when viewed by satellite, frequently assume an
appearance similar to the stages of development of an easterly wave,

Such similarities undoubtedly account for the many confused analyses and
mistaken inferences which have led to opposing interpretations of the same
phenomena, However, the over-all pattern of each type of development
when viewed by satellite is quite different, Wave-like disturbances have
a notable absence of peripheral cloudiness in their immediate vicinity
(see figure III-7, which shows an easterly wave in the Gulf of Mexico);
whereas ITC cloudiness is connective and elongated over long distances
more or less parallel to the equator (see figure III-8, which shows a
polar front and ITC near 10 N). Disturbances developing on the ITC pro-
trude perpendicular to the main band as shown in the schematic model in
Stage IV (figure III-5), Surveillance satellites such as the ATC (Ad-
vanced Technology Satellite) hovering great distances above the earth
provide integrated pictures over large areas so that it should be an easy
matter to differentiate between the separate types of development,

Further research and accumulation of additional examples will be
necessary to verify the general applicability of this model, Of
particular interest is the question regarding the percentage of cases
that result from either ITC or easterly wave development in comparison
to the total. The typical upper-air pattern over the ITC in each of the
various stages is also an item of interest that may be crucial with re-
spect to the development problem, Recognition and documentation of these
major characteristics will be an important step toward improved analyses
and forecasts of the future,
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Figure III-7
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E. VERIFICATION OF WEATHER SATELLITE DATA

With the launching of the operational weather satellite, it has been
anticipated that this new meteorological observation tool would be able
to locate and identify tropical cyclones in data-sparse regions of the Pacific
Ocean and thus aid in the prediction of typhoon movement and intensity,
To a large extent this has been realized, There is no doubt that satellite
cloud pictures have aided in the locating of tropical cyclones and have
also given an estimate of the maximum wind speed of the storms.

FWC/JTWC, through the APT ground station equipment, has begun to
utilize the information received from ESSA II and NIMBUS weather satellites
launched in 1966 to locate tropical cyclones and estimate their maximum
wind speeds, The question of whether or not the satellite data could
locate the center of the storms with sufficient accuracy to satisfy
certain recon requirements was investigated. A verification program was
started in 1965 and continued throughout this past season using National
Environmental Satellite Center (NESC) data. It was noted that there was
an elapsed time of about 11 hours between picture time and time of receipt
of the NESC bulletin at FWC/JTIWC, so that in most cases, the information
did not have nearly as much value as that received from the local APT
equipment. The following is a comparison of position and wind errors for
1965 and 1966 of the NESC bulletins:

POSITION ERROR

1965 1966

NUMBER OF CASES 75 ' 71
AVERAGE POSITION ERROR 81 nm 49 nm
MEDIAN POSITION ERROR 55 nm 39 nm
RANGE OF POSITION ERROR 0-425 nm 5-219 nm

WIND SPEED ERROR

1965 1966
NUMBER OF CASES 61 59
AVERAGE WIND ERROR 17 kts 18 kts
MEDIAN WIND ERROR 11 kts 13 kts
RANGE OF WIND ERROR 0-60 kts 0-83 kts

In comparing the two years, there was an improvement in accuracy of
the storm location while the accuracy of the estimated wind speeds re-
mained the same, The improvement in the location of the storms can
probably be attributed to the direct view of the earth by the satellites
in 1966 as compared to the angled view of the previous TIROS satellites.
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The satellite locations of the storms were verified against the "best
track” plots of the individual storms.

ESSA II and NIMBUS transmit daytime cloud pictures while only
NIMBUS transmits nighttime infrared data. Graphs of the frequency of
position errors of the satellite data are shown in figures III- 9 through
II1-12, A summary of the position errors of data taken from weather
satellite pictures received at FWC/JIWC follows:

POSITION ERRORS OF WEATHER SATELLITE DATA

ESSA II & ;

NIMBUS NIMBUS COMBINED

DAY NIGHT DAY & NIGHT
NUMBER OF CASES 104 65 169
AVG POSIT ERROR 65 nm 96 nm 78 nm
MEDIAN POSIT ERROR 55 nm 82 nm 65 nm
RANGE POSIT ERROR 5-255 nm 10-398 nm 5-398 nm

It is interesting to note that location errors are not much greater
than the average grid error.
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TYPHOON TRACKS

1965-1966

Storm tracks from 1953 through 1964 have
been discontinued this year due to the
extreme crowding that has occurred. Tracks
for the 1965-1966 seasons are included in
this report, For all tracks, by month,
prior to 1965 see prior Typhoon Reports,
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TYPHOON FREQUENCY
10 YEAR PERIOD

YEAR JAN |FEB | MAR | APR | MAY | JUN | JUL |AUG | SEP | OCT | NOV | DEC| ANNUAL TOTAL
1957 1 1 1 1 1l 2 5 3 3 18
1958 1 1 2 5 3 3 3 1 1 20
1959 1 1 5 3 3 2 2 17
1960 2 2 8 4 1 1 19
1961 1 2 1 3 3 5 3 1 1 20
1962 1 2 5 7 2 4 3 24
1963 1 1 2 3 3 3 4 2 19
1964 2 2 6 3 5 3 4 1 26
1965 1 2 2 4 3 5 2 1 21
1966 1 2 1 3 6 4 5 0 1 20
AVE .3 .0 1.1 .7 1.3 |1.3 .3 4.3 3.5 3.1 |1.6 .9 20.4




CHAPTER IV

SUMMARY OF TROPICAL CYCLONES 1966



During 1966 the Joint Typhoon Warning Center issued a total of 752
tropical warnings on 20 typhoons, 10 tropical storms and 8 tropical de-
pressions., Warnings were issued on two or more tropical - -cyclones simul-
taneously on a total of 46 calendar days; on 17 of the 46 days three
tropical cyclones were in existance,

The following data for the JIWC area of responsibility is presented
for comparison:

COMPARATIVE WESTERN PACIFIC TROPICAL CYCLONE DATA

1959 1960 1961 1962 1963 1964 1965 1966

TOTAL NUMBER OF WARNINGS 583 776 738 815 663 730 805 752
CALENDAR DAYS OF WARNING 137 157 165 154 146 153 167 155
TROPICAL DEPRESSIONS 7 3 11 9 3 5 6 8*
TROPICAL STORMS 9 8 11 6 6 14 13 10
TYPHOONS | 17 19 20 24 19 26 21 20
TOTAL TROPICAL CYCLONES 65 56 69 56 33 52 40 38%

*Cyclone number 22 was used by JHWC in Hawaii., This accounts for the
difference between the cyclone numbers used versus the total tropical
cyclones for the Western Pacific.

In the area of the North Pacific Ocean east of 180 degrees 342 warn-
ings were issued on a total of 19 tropical cyclones (See Annex A). 1966
was an unusual year in that a tropical cyclone developed in the area between
140 degrees and 180 degrees west necessitating the transfer of a cyclone
number (22) from FWC/JTWC to JHWC in Hawaii,

There were only 3 "Super Typhoons" (maximum sustained surface winds of
130 knots or greater) compared with a record 11 during 1965. The most
intense storm of 1966 was Typhoon KIT (22-28 June) with a maximum sustain-
ed surface wind of 170 knots. The minimum 700mb height of 2095 meters
was observed at 260227Z, The minimum sea level pressure was not observed
at this time but was believed to have been less than the 914mb observed
at 252100Z. The reconnaissance aircraft encountered severe hail and tur-
bulance at 700mb during the 260227Z fix.

No example of the Fujiwhara Effect occurred during 1966, Typhoon

SUSAN was absorbed in the circulation of Typhoon TESS on the 16th of
August,
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A study of rapid movement of some typhoons prior to becoming extra-
tropical was made. There were only two good examples of this phenomenon
this year -- Typhoon IDA (22-25 Sept) and Typhoon JUNE (22-29 Sept).

Another significant feature of a typhoon that occurred during the 1966
season was the development of a secondary vortex within the same general
circulation of a storm system. This occurred first with Typhoon HESTER
(03-14 April), The original vortex dissipated south of Guam and a second
vortex formed within the same circulation further to the south, This
situation is a duplication of what happened to Typhoon FAYE in the same
geographical area during November 1965,

The second example of this phenomenon occurred as Typhoon JUDY (25-31
May) approached Taiwan on 30 May. An eddy effect occurred in the northern
portion of the Formosa Straits creating a secondary center in that area,
As the original center moved across southern Taiwan at 10 knots the new
center moved across northern Taiwan at 15 knots and appeared to join the
500mb system and rapidly increase in forward speed to 25 knots by 310000Z.
This was verified by a three hourly surface meso-analysls of the Taiwan
reporting stations during this period, The existence of two centers was
also evident on the APT readout of the ESSA II satellite,

An abnormal number of tropical cyclones developed in the South China
Sea during the 1966 season, Another interesting feature was the develop-
ment of 12 tropical cyclones within a 450 mile radius of Guam.

As in other years, the 24, 48 and 72-hour mean forecast error for each
typhoon was computed by two methods. In addition to the standard mean
forecast error (Tables IV-1 and IV-2), a computation of closest-distance
(right angle) error from best track (Table IV-3) has been included for
comparison, This error computation is based on the closest right angle
distance of the forecast position to the best track without regard to
time.
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The following tabulation of the average forecast error for the past
17 years is given for comparison:

FORECAST VERIFICATION
AVERAGE ERROR NAUTICAL MILES

24 HR 48 HR 72 R
1950-58 170 - ---
1959 117 267 ---
1960 177 354 ---
1961 - 136 274 -
1962 144 287 476
1963 _ 127 246 374
1964 . 133 284 429
1965 151 303 418
1966 136 280 432
TABLE IV-1
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1966 AVERAGE FORECAST ERRORS*

24 HR 'FORECASTS -+ 48 HR FORECASTS .72 HR FORECASTS
NO. OF MEAN NO. OF MEAN NO. OF MEAN

TYPHOON CASES ERROR{(MI) CASES ERROR (MI) CASES ERROR (MI)
HESTOR 30 76 18 123 9 171
IRMA 39 93 “32 203 12 402
JuDY 23 114 16 261 5 344
KIT 23 142 15 449 6 846
MAMIE 7 194 - -- - -
NINA 7 105 - - - -
ORA 9 131 1 366 - -
RITA 22 155 8 284 4 645
SUSAN 13 97 5 301 - -
TESS 14 90 5 260 - -
VIOLA 9 218 5 476 - -
ALICE 35 170 21 434 5 596
CORA 33 103 27 198 7 385
ELSIE 22 99 15 240 4 484
FLOSSIE 16 135 8 269 2 507
IDA 10 315 3 658 .- --
JUNE 25 211 19 412 7 435
KATHY 38 134 24 247 11 391
MARIE 18 254 12 343 4 478
PAMELA 17 61 12 119 3 164

AVERAGE ERROR - 24 HR FORECASTS (410 CASES)... 136 MI
AVERAGE ERROR - 48 HR FORECASTS (246 CASES)... 280 MI
AVERAGE ERROR - 72 HR FORECASTS ( 79 CASES)... 432 MI

*Includes Forecast Errors during tropical storm intensity

TABLE IV-2
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24 HR FORECASTS.

1966 FORECAST ERRORS*
(IN TERMS OF CLOSEST DISTANCE TO BEST TRACK)

48 HR FORECASTS

72 HR FORECASTS

NO. OF MEAN NO. OF MEAN NO. OF - MEAN
TYPHOON CASES ERROR (MI) CASES ERROR (MI) CASES "~ ERROR (MI)
HESTER 25 36 18 74 9 70
IRMA 37 60 32 135 12 236
JUDY 21 54 15 103 - 5 127
KIT 19 114 15 262 6 466
MAMIE 4 58 - - -- -
NINA 8 94 1 163 - -
ORA 4 32 - -- -- -
RITA 19 54 8 126 4 455
SUSAN 12 55 5 187 - -
TESS 10 48 5 200 - -
VIOLA 12 81 8 151 2 314
ALICE 35 103 21 339 5 454
CORA 31 58 29 134 8 199
ELSIE 22 65 15 149 4 298
FLOSSIE 12 72 8 161 2 143
IDA 10 64 3 68 - -
JUNE 24 142 19 263 7 193
KRATHY 26 48 19 . 89 11 186
MARIE 17 129 12 158 A 108
PAMELA 17 21 12 39 3 63
AVERAGE ERROR - 24 HR FORECASTS (365 CASES),.. 71 MI

AVERAGE ERROR - 48 HR FORECASTS (245 CASES)... 160 MI
AVERAGE ERROR - 72 HR FORECASTS ( 81 CASES)... 229 MI

*Includes Forecast Errors during tropical storm intensity

TABLE IV-3

To better understand the areas in which larger or smaller errors occur,
the mean and right angle errors are tabulated with respect to latitude
Also dis-

tances from positions given in the bulletins versus the best track
Possibly this information will

for the 24, 48 and 72 hour forecast positions (table Iv-4).

positions is summarized (table IV-5).
give the user a better understanding of the ability of JTWC to fore-

cast the effects of a typhoon in a particular area.
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79

24

Hour

48

12

Total

Below 20N
20N- 30N
Above 30N

Below 35N
Above 35N

Hour

Total

Below 20N
20N-30N
Above 30N

Below 35N
Above 35N

Hour

Total

Below 20N
20N- 30N
Above 30N

Below 35N
Above 35N

NUMBER
OF CASES

365
131
191
43
351
14
245
70
136
39
232
13
81
20

45
16

ERROR

MEAN

136

104
142
207

132
241
283
170
310
389
272
478
439
214
466
646

422
653

TABLE 1V-4

FORECAST ERROR TABULATION (MI) - 1966

R.M.S.

165

131
166
240

159
281
332
197
354
433
320
505
513
260
521
695

495
694

RIGHT ANGLE

MEAN

71

58
75
79

70
106
160

98
191
163
163
113
229
108
258
299

224
297

R.M.S.

95

83
102
100

94
122
206
127
240
190
209
146
287
129
309
358

286
298



DISTANCE BETWEEN OPERATIONAL WARNING
POSITS AND BEST TRACK POSITS

CYCLONE
CYCLONE CASES AVERAGE (MI) MAX (MI) MIN (MI)
1. HESTER 47 25 105 03
2. IRMA 44 22 132 05
3. JUDY 28 20 58 00
4, KIT 28 26 94 00
5., LOLA 10 42 102 05
6. MAMIE 11 44 113 07
7. NINA 13 25 54 05
8. ORA 13 35 77 00
9, PHYLLIS 9 26 57 08
10. RITA 28 30 92 05
11. SUSAN 17 22 83 02
12, TESS 19 20 75 05
13. T.D. 4 47 93 15
14, VIOLA 16 19 49 04
15. WINNIE 15 20 59 04
16. ALICE 39 16 47 00
17. BETTY 6 17 57 00
18, CORA 40 29 133 05
19. T.D. 5 42 65 06
20. T.D. 17 94 256 07
21, DORIS 16 24 54 04
22, T.D. 10 31 118 00
23, ELSIE 26 22 69 01
24, FLOSSIE 20 42 131 06
25, GRACE 11 61 119 06
26, HELEN 21 28 46 04
27. IDA 14 37 83 04
28, JUNE 30 38 200 00
29, KATHY 49 41 260 04
30, T.D. 12 46 250 13
31, T.D. .5 101 67 00
32, LORNA 26 23 81 00
33, MARIE 22 72 146 06
34, T.D. 8 38 91 12
35, T.D. 5 48 125 05
36. NANCY 32 29 164 02
37. OLGA 13 32 138 01
38. T.D. 6 78 202 15
39, PAMELA 23 18 48 02
OVERALL AVERAGE 31.5
TABLE IV-5
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1966 TROPICAL CYCLONES

*CALENDAR *MAX  MIN MAX TOTAL NO. NO. WARNINGS

DAYS OF SFC OBS RADIUS  WARNINGS ISSUED AS *DISTANCE
CYCLONE TYPE NAME *DATE WARNING WNDS SLP SFC CIRC  ISSUED TYPHOON TRAVELED
01 T HESTER 03 APR-14 APR 12 85 979 360 47 15 2676
02 T IRMA 11 MAY-22 MAY 12 120 970 350 44 28 2150
03 T JUDY 25 MAY-31 MAY 7 85 970 350 28 14 1536
04 T KIT 22 JUN-28 JUN 7 170 914 600 28 19 2286
05 TS 1OLA 11 JUL-14 JUL 4 60 992 290 10 - 552
06 T MAMIE 15 JUL-17 JUL 3 85 987 225 11 3 882
07 T NINA 17 JUL-20 JUL 4 65 995 200 13 1 702
08 - T ORA 23 JUL-26 JUL 4 85 977 450 13 8 516
09 TS  PHYLLIS 31 JUL-02 AUG 3 45 991 160 9 - 456
10 T RITA 02 AUG-09 AUG 8 80 977 500 28 4 1332
11 T SUSAN 12 AUG-16 AUG 5 80 978 275 17 3 606
12 T TESS 12 AUG-17 AUG 6 90 972 400 19 4 522
13 D 17 AUG-18 AUG 1 30 994 155 4 - 108
14 T VIOLA 19 AUG-22 AUG 4 90 975 275 16 9 1404 .
15 TS .. WINNIE 20 AUG-24 AUG 4 60 971 310 15 - 750
16 T ALICE 25 AUG-03 SEP 10 130 937 350 39 18 2238
17 TS  BETTY 29 AUG-30 AUG 2 60 --- 170 6 - 240
18 T CORA 30 AUG-09 SEP 11 150 917 600 39 24 2358
19 ~ TD 01 SEP-02 SEP 2 30 1001 180 5 - 202
20 D 05 SEP-09 SEP 5 30 998 165 17 - 660
21 TS  DORIS 06 SEP-10 SEP 5 50 979 160 16 - 1494
22 D 10 SEP-12 SEP 3 30 1004 240 10 - 540
23 T ELSIE 11 SEP-18 SEP 8 115 - 943 400 26 16 1134
24 T FLOSSIE 12 SEP-18 SEP 7 75 963 350 21 4 1122
25 TS  GRACE 14 SEP-17 SEP 4 60 972 270 11 - 1212
26 TS  HELEN 19 SEP-24 SEP 6 60 982 630 21 - 936
27 T IDA 22 SEP-25 SEP 4 100 961 225 14 8 2112
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1966 TROPICAL CYCLONES (Cont'd)

*CALENDAR  *MAX MIN MAX TOTAL NO, NO. WARNINGS
DAYS OF SFC OBS RADIUS  WARNINGS ISSUED AS *DISTANCE
CYCLONE TYPE NAME *DATE WARNING WNDS SLP SFC CIRC _ ISSUED TYPHOON TRAVELED
28 T JUNE 22 SEP-29 SEP 8 95 962 475 30 8 2898
29 T KATHY 08 0CT-20 OCT 13 100 947 300 49 41 2466
30 D 09 0CT-12 OCT 4 30 998 245 13 - 462
31 D 21 0CT-25 OCT 5 25 1001 230 5 - 168
32 TS  LORNA 27 0OCT-02 NOV 7 60 952 375 26 - 1320
33 T MARIE 29 OCT-04 NOV 7 100 946 550 23 17 2196
34 D 31 0CT-02 NOV 3 30 995 210 9 - 540
35 TD 11 NOV-12 NOV 2 25 1005 150 5 - 216
36 TS  NANCY 18 NOV-26 NOV 9 60 976 370 32 - 1326
37 TS  OLGA 22 NOV-25 NOV 4 45 993 245 14 - 1942
38 TD 18 DEC-19 DEC 2 30 999 150 6 - 282
39 T PAMELA 25 DEC-31 DEC 7 90 967 275 23 10 1224
TOTALS 222 762 254

*DATA TAKEN FROM BEST TRACK
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TROPICAL STORMS 1966
POSITION DATA

TROPICAL STORM LOLA
11 JUL-14 JUL

DTG LAT LONG DIG LAT LONG
1118002 17,.6N 119,5E 1300002 20,9N 115.6E
1200002 18,.2N 118.7E 1306002 21,5N 114.8E
1206002 18,8N 117.8E 1312002 22,2N 113.9E
1212007 19,6N 117.2E 1318002 22,8N 113.1E
1218002 20,3N 116,4E 1400002 23,7N 112,2E

TROPICAL STORM PHYLLIS
31 JUL-02 AUG

DTG LAT LONG DTG LAT LONG
311800Z 15,3N 112,0E 0200007 18,7N 108,.2E
010000Z 16,1N 111.2E 010600Z 19,0N 107.2E
0106002 16.8N 110.5E 0212002 19.3N 106,7E
011200Z 17,6N 109.9E 0218002 20,2N 106,.1E
011800z 18,4N 109,.2E

TROPICAL STORM WINNIE
20 AUG-24 AUG

DTG LAT LONG DTG LAT LONG
2012002 26,9N 131.2E 220600Z 29,3N 132.4E
2018002 27.,3N 130,9E 2212002 30,3N 132.3E
210000Z 27.7N 130,6E 2218002 31.2N 131.6E
2106002 2841N 130.3E 230000z 31,.8N 130,.7E
2112002 27.8N 129,7E 2306002 32,5N 129,8E
2118002 27.6N 130.8E 2312002 33,3N 129,0E
220000Z 28 ,4N 131,9E 2318002 34,0N 128,2E

2400002 34,7N 127.,4E

TROPICAL STORM BETTY
29 AUG-30 AUG

DTG LAT LONG DTG LAT LONG
291200Z 32,0N 126,2E 300600Z 34 45N 126,5E
2918007 32,8N 126,2E 301200Z 35,2N 126,.8E
300000Z 33,7N 126,3E 3018002 35.8N 127.5E
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TROPICAL STORM DORIS
06 SEP-10 SEP

DTG LAT LONG DIG LAT LONG
0606002 18.7N 139,7E 0806002 27.2N 132,9E
0612002 19,2N 139,.5E 081200Z 28,8N 131.9E
0618007 19.9N 139,2E 0818002 30.6N 131.7E
0700002 21.3N 139,0E 0900002 31.8N 131.7E
0706002 2343N 138,.8E 0906002 33.5N 132,3E
0712002 25,1N 137.,8E 0912002 35.3N 133,.5E
0718002 25,3N 136.,2E 091800Z 37,.0N 135.2E
080000Z 26,1N 134 4K 100000Z 38,7N 137.5E

'TROPICAL STORM GRACE
14 SEP-17 SEP

DTG LAT LONG DTG LAT LONG
141200Z 25,7N 150,5E 1600002 34,1N 156.9E
141800Z 26,7N 150,7E 160600Z 35.5N 159 ,4E
1500002 27.9N - 151,1E 1612002 36,9N 161,9E
150600Z 29,0N 151.6E -161800Z 384.2N 164 ,5E
1512002 30.7N 152,8E 170000Z 39,1N 167,.3E
1518002 32,5N 154,7E

TROPICAL STORM HELEN
19 SEP-24 SEP

DTG LAT LONG DTG LAT LONG

1500002 19.4N 131.3E 211800Z 21.6N 126,3E
190600Z 19,.4N 130,.8E 2200007 22,3N 126,8E
1912002 19,4N 130.3E 220600Z 23.1N 126,9E
1918002 19.3N 129,6E 22120072 24 ,0N 126,9E
2000002 19,3N 129,0E 221800Z 24 ,7N 127,.2E
200600Z 194N 128,3E 2300002 25,3N 127.8E
2012002 19,5N 127,7E 230600Z 26.1N 128,5E
201800Z 19,6N 127,1E 231200Z 27.,0N 128,.8E
2100002 19.6N 126,5E 23180072 28,2N 129,.1E
210600Z 20,1N 125.,8E 24000027 29 ,6N 129,.3E
2112002 20.,9N 125,9E
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TROPICAL STORM LORNA
27 OCT-02 NOV

DTG LAT LONG DTG LAT LONG
2706002 11,6N 137,.7E 301200Z 16,.6N 125,5E
271200Z 12,0N 136,6E 3018002 16.6N 124 ,4E
2718002 124N 137.5E 310000Z 16,9N 123,3E
2800002 12,9N 137.2E 310600Z 17.4N 122,3E
2806002 13.6N 136,8E 3112002 18.0N 121,3E
2812002 14,3N 136,0E 3118002 18.3N 120,7E
281800Z 15,1N 134,7E 0100002 18,6N 120.6E
2900002 15.6N 133,3E 0106002 19.0N 120,8E
290600Z 15.7N 131.8E 0112002 19.1N 121.0E
2912002 15.5N 130,.2E 011800z 18.7N 121,2E
2918002 15.,3N 128,7E 0200002 18.4N 121.4E
3000002 15,8N 127.5E 020600Z 18.,2N 121.7E
300600Z 16,5N 126,5E 0212002 18.1N 122,2E

TROPICAL STORM NANCY
18 NOV-26 NOV

DTG LAT LONG DTG LAT LONG
180600Z 11,5N 132,5E 220600Z 13,9N 118,1E
18120072 11.7N 130,8E 2212007 13,7N 117.5E
1818002 11.9N 129,.1E 221800Z 13.6N 116,8E
190000Z 12,3N 127,5E 2300002 13.5N 116,3E
1906007 12,7N 126,1E 2306002 13.5N 115.8E
1912002 13,2N 125,0E 231200Z 13.5N 115.1E
1918002 13,7N 123,9E 231800Z 13.7N 114 ,4E
200000Z 14,1N 123,0E 240000Z 13.8N 114,1E
200600Z 14,6N 122.1E 240600Z 13,9N 113.9E
2012002 15.1N 121,4E 2412002 14 ,0N 113.7E
2018007 15.5N 120,8E 24180072 14.1N 113,3E
2100002 15,6N 120,2E 250000Z ’ 13,9N 112,9E
2106002 15.4N 119,8E 2506002 13.8N 112.4E
21120072 14,9N 119.4E 2512002 13.6N 111.9E
2118007 14.,4N 119.0E 2518002 13.5N 111.4E
220000Z 14,1N 118,6E 2600002 13.3N 110,9E
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TROPICAL STORM OLGA
22 NOV-25 NOV

DTG LAT LONG DTG LAT LONG
2206002 11.6N 132,7E 2400002 17.2N 123.5E
2212002 12,8N 131.8E 2406002 18,6N 122,7E
2218002 13.9N 130.5E 2412002 19.4N 121.3E
2300002 14,6N 128,9E 2418002 19.5N 120,0E
230600Z 15.4N 127.5E 2500002 19.5N 119,.7E
2312002 164,1N 126,2E 2506002 19.4N 119,4E
231800Z 16,6N 124,8E
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TROPICAL DEPRESSIONS 1966
"POSITION DATA

TROPICAL DEPRESSION ONE THREE
17 AUG-18 AUG

DTG LAT LONG - DTG LAT LONG
1712002 29,4N 125,2E 1800002 29 ,9N 126,6E
171800Z 29,7N 125,9E 180600Z 30.2N 127.4E

TROPICAL DEPRESSION ONE NINE
01 SEP-02 SEP

DIG LAT LONG DTG LAT LONG
010000Z 14 ,0N 114,0E 0118002 15.0N 112,0E
0106002 14 ,6N 113,6E 0200002 15.2N 110,9E
011200Z 14 .9N 113,0E

TROPICAL DEPRESSION TWO ZERO
05 SEP-09 SEP

DIG 1AT LONG DTG LAT LONG
0506002 27,9N 155.5E 071200Z 31.5N 151,6E
0512002 28,43N 154,9E 0718002 31,2N 152,2E
0518002 28,7N 154,3E 080000Z 30,7N 152,7E
0600002 29,1N 153.4E 080600Z 30.2N 152,9E
0606002 294N 152,5E 0812002 29.5N 153.0E
0612007 29,.7N 151.7E 081800Z 28 ,9N 152,8E
0618002 30.1N 150,9E 090000Z 28,.5N 152,3E
0700002 30,8N 150.5E 0906002 28.0N 151.5E
0706002 31.3N 150,9E

TROPICAL DEPRESSION TWO TWO
10 SEP-12 SEP

DTG IAT LONG DTG LAT LONG
101800Z 15,3N 149,.0W 1200002 ~ 15,2N 153,2W
110000Z 15.,2N 149 ,5W 1206002 15,2N 154,6W
1106002 15.2N 150,0W 1212007 . 15.1N 15642W
1112007 15,2N 151,0W 1218007 14.9N 157.6W
1118002 15.,2N 152.0W 122100Z 14 .8N 158.4W

TROPICAL DEPRESSION THREE ZERO
09 0CT-12 OCT

DTG LAT LONG DTG LAT LONG
090600Z 11.5N 132,4E 1018002 13,9N 129.,4E
0912002 11.5N 131,7E 1100002 14 ,6N 129,2E
091800Z 11.6N 131.0E 1106002 15.2N 129,0E
10060002 12.1N 130.,4E 111200Z 15,9N 128,.8E
1006007 12,7N 130,0E 111800Z 16,6N 128.7E
101200Z 13.3N 129,7E 120000z 17.2N 128,6E
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DTG
211200Z
211800Z
2200002

DTG
3106002
3112002
3118007
0100002

DTG
110600Z
111200Z
1118002

DTG
1800002
180600Z
1812007

LAT
11,5N
12,1N
12,6N

LAT
10.9N
09.,7N
10.7N
11.9N

LAT
15.4N
1545N
15.7N

LAT
07.7N
07 46N
07.6N

TROPICAL DEPRESSION THREE ONE
21 SEP-22 SEP

LONG DTG LAT
111.0E 2206002 13,0N
110,8E 2212002 13.2N
110.4E

TROPICAL DEPRESSION THREE FOUR
31 OCT-02 NOV

LONG DTG LAT
151.6E 0106002 13,0N
150,8E 0112002 14,1N
149,8E 0118002 15,2N
150.4E 020000Z 164,3N

TROPICAL DEPRESSION THREE FIVE
11 NOV-12 NOV

LONG DTG LAT
111.1E 120000Z 16,0N
110.0E 120600Z 16.2N
109,2E

TROPICAL DEPRESSION THREE EIGHT
18 DEC-19 DEC

LONG DIG LAT
129,5E 1818002 07.7N
128.5E 1900002 07.8N
127.5E 1906002 07.9N

75

LONG
109.9E
108,9E

LONG
150,9E
151.4E
152,0E
152,3E

LONG
108.3E
107.4E

LONG
126,6E
125,7E
124,.8E



CHAPTER V

INDIVIDUAL TYPHOONS OF 1966



The statistics,vfix data and verification pages for each typhoon have
been automated, The typhoons are identified by cyclone number rather than
by name throughout Chapter 5.

For convenience a list of cyclone numbers versus typhoon names follows:

CYCLONE : NAME
01 HESTER
02 IRMA
03 JUDY
04 KIT
06 MAMIE
07 NINA
08 ’ ORA
10 : RITA
11 SUSAN
12 TESS
14 VIOLA
16 ALICE
18 CORA
23 ELSIE
24 FLOSSIE
27 IDA
28 JUNE
29 KATHY
33 MARIE
39 ‘ PAMELA

See Appendix A for definitions or clarification of certain words and
phrases that appear in this chapter.,
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Il

I,

DATA

Ae

TROFICAL CYCLONE 01 - 04/03/0600Z TO 04/14/18002

STATISTICS

le NUMBER OF WARNINGS ISSUED - 47

2+ NUMBEK OF WARNINGS WITH TYPHOON INTENSITY - 15

3. TOTAL DISTANCE TRAVELED DURING TROPICAL WARNING PERIOD - 2676 MI

B8s CRARACTERISTICS AS A TYPHUON
te MINIMUM OBSERVED SLP - 979MBS AT 1208427
2. MINIMUM OBSERVED 700M8 HEIGHT - 2983M, AT 121152
3, MAXIMUM SURFACE WIND ~ 085 KIS (FROM BEST TRACK)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION - 360 MI
DEVELOPMENT
Ae INITIAL IMPETUS - LOUW LEVEL SURGE INTO CYCLONIC CIRCULATION FROM THE

SGUTH WITH SUBSEWUENT DIVERGENCE aT 200MB LEVEL

Be

Ce

INITIAL SUKFACE VORIEX
s JUNCTION VORTEX AT 0100002
2+« SURFACE PRESSURE LESS THAN 1006MB

200MB FLOW ABOVE SUKRFACE VORIEX
te INIVIAL - SUUTHEAST
2o VUPUN REACHING TYPHOON INTENSITY. = SOUTH

FINAL DISPUSITION - DISSIPATED OVER WATEK




Z8

& |3/d

et

1"'.‘;’ . ‘ |g;}' ’ l 1;.0' ’ [
L . 1 oot
: : = : } : 1 1 1 I\A A il b 1 i} A . I L ::‘!l 1. 1 1 I T
CKE=10) B E M‘(_‘g
BEST TRACK
i TYPHOON HESTER i T
! 03--14 APRIL 1966 I ' % '
X L oL
y — —190——t — 4304 ——
e
+ STATIONARY . 4. ﬁgm *
03/0600Z TO 03/18002 HLL 6 HR BEST TRACK POSITS EERE -
12/0000 TO 12/0600Z = -, 4 - AIRCRAFT, SATELLITE OR [ |
13/1800Z TO 14/00002 - - §? ) ‘%9', ] * ;éEgDRADAR FIXES E
DTG . erENsITY . o DL i %% INTENSITY R
e 62 e ) + 2 1YPHOON OR TROPICAL STORM ¢ -« - - -
03127 030 b+ ! b} TR - --— TROPICAL DEPRESSION S T T B
oi/182 030 s Wo o o | OO FORMATIVE STAGE T o
T 3 s T
12/00z 070 + . £+ ... 4
12/062 080 1 ] T
13/182 055 . - .. L I . . [ R 1
14/002 o 8204|204t 20—
J_....Tcxooz gwaxe )
. . Tt s T
[0 e C e T TS e 0800z | o i
T . 3034 X
. -+ . . . -+ . . . $e B . . !\- . . v -, -4+ . - .
1 } ¢ + 4 } 1 1 ) é""l‘ 1 1l I Il Il 1 1 ) 30’\36 3 '
——t . - At T ge<—t— bt ———t
. .. '5.\.)-:'5\‘.\'. L .. :\ls' 1 1l ..
. l_ PeooMegt - ot NG /ouooz. o
-+ oo DN et 0 o 120, < - STATIONARY -
. J-~4& J LTRSS o ot logsiez.
bt 0"’34 r 1 BT l HOY—t . 9\( ./’ ! 03/12Z
T T T R LIS T T T lm' ‘17x T T
ST \J#ﬁ L S / EE-NOTE -
«:sonzwwm?éx K ED 160* y R
TWITMIN SA R 1 T
4 CIRCULATl 4 L . R
ey ; ottt
g T
- oF L ) L Lo
1 L 1 1.&
F 1eo L&



£8

EYE FIXES CYCLOUNE 0t

UNIT~ FLY 08s uBsS MIN FL1 THKNS
Flx METHOD FLT Lve SFC MIN 700M LvL EYE ORTEN~ EYE WALL
NO. TIME PUSIT -ACCY LvL WND WND SLp HGT TT/1D FORM TATION O1A cLouD
T 0305452 0648 186,08 S4-P-P1O OWSOM 023 025 001  -ov  oojen CIRG  cemm 50 NeFeme
2 0321002 06.8N 166+.1E 54-P-Pjo 700MB - 030 002 3100 b i/=-- CIRC - 30 NeFoBo
3 Quga00z 07.3N I65.9E LND ROR .- .- -——- -—— il Skl - Fo.B,
4 0402452 07.6N |I65.4E S4-P=-P1O 0460M 030 030 001 .-~ /== CIRC ——— 30 N.F 4B,
5 0403402 08.5N 161.0E TIROS STG A DIA 03 BNDS -
6 ououQoz 07.4N 165.,6E LNO RDR ——- - === - ——f== ——-- FeBo
7 ouo6252 07.8N 165.,0E 54~P-LOS 0460M 0t7 01s (eLo]] - b A CIRC - 40 FeBo
8 0421002 08.0N 161,88 S4-P-POS 0460M 020 020 001 - ——f== CIRC me-- 00 NeFo.B.
9 05024527 08.6N 160.2E Su4~P-PpS 0460M 030 035 000 - me)=- CIRC - 50 FeB,
10 0503052 09.0N 159.,5E TIROS ST6 A DIA -- BNDS =~
i 0522002 I0.7N 155,06 54-P~P0OS 0460M 0I5 030 002 - ——f == CIRC e 10 FeBs
12 0603102 108N {53.5€ S4-P-FO05 0460M 020 030 004 -—- -—f == ———- FeBe
13 060410Z 09.0N [50.0E VIROS ST6 B DIA -- BNDS -
4 0610502 FieIN 15143E VW-P=LIS 0460M o40 030 003 —-- =)= -‘-; FeBe
15 06211862 08,5N |47.5E su-P-POS 0460M -—- 025 004 - )= CIRC ———e 08 NeFoBe
16 0708372 09.4N |44.1E VW-P-PiO O440M 040 040 +J0]] - /=" CIRC cm——- 30 FeBs
17 0721152 08.7N 140,1E 5Su4-P~PO3 O4s0M 035 020 998 —— wefm- CIRC =~ 40 NoFoB,
18 0802452 10.IN 139.2E 54~P-PQI 0460M 035 035 996 ——- --/;- [ m——— FeBe
19 0804292 11.0N 139,06 TIROS ST6 X DIA 02 BNDS 2
20 08084s2Z 109N 138.0E VW-P-POS 0250M 025 035 99s .- —-——f=- CIRC e 10 07
21 0814302 143N 136,56 VHW-R=FPID 700m8 0S0 - - —— )= CIRC ——— 10 .-
22 0821002 I1eIN 134.8E SU4-P=-PO2 700MB 030 - 000 3079’ 10/~ CIRC ee——e 08 10
23 0905002 12.SN 133.4E 54-P~POS 700M8 040 . 045 987 3008 12/== CIRC - 20 -

24 0909202 13.2N 13268 VW-R-FOS 0380M 060 ouQ w-- - =)= CIRC e 20 -~
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28
239
30
31
32
33
34
35
36
37
38
39
40
4y
42
43
44
4s
4s
47

48

0910052
0914502
0921002
1003002
1005092
1008542
1015112
1016102
1021002
1103002
1109032
1r1aosz
1atisz
1203002
1208422
1215002
1220502
1302182
1305062
1309032
1316082
1321002
1322002

1403002

13.9N
13.8N
tl4e3N
1S5.0N
147N
1Se2N
1SeUN
1S.5N
1S«8N
16.6N
1649N
177N
17.8N
17.9N
18e2N
18.6N
19.2N
195N
19.9N
20.0N
20.3N
2042N

2044N

131.5E
131.7€
130.3E
129.7E
129.0E
129.3E
128,0t
128.0E
127.4E
126.9E
126 . 4E
1264 2E
125.5€
125.4E
125.4E
1253
12545E
125.4E
126.0E
1254 4E
125.2E
12643E
125.6E
125.5E

EYE FIXES CYCLUNE

UNIT=-
METHOD
~ACCY

S4-P=-POS
S54-P~POS
VW-P-PO2
VW-P=~PQ2
S4-P-PO3
S4~-P~-PO3
VH=P=PQS5
VW-P=PQ3
S4~-P=-POS
S4-P=-FOs
TIROS

VH=-P=-P02
VH-P=F |0
S4-P-POS
S4~PePme

54-P-P05

700M8
700MB
STG X
0390M
3280M
700M8
700MB
700MB
0310M
2950M
700M8
700MB
0240M
700MB
700M8B
700MB
ST6 X
0260M
700M8B
700MB
700mMB
700MB

FLT
LvL
WND

o4s
OIA
050

058

050

060
(13-
0S0
065
050
080
060
047
D1A
038§
0s8

039

040

04
0BS  08S
SFC MIN
WND  SLP
--~ 988
0s0 987
065 993
04 BNDS 2
065 991
--- 985
085 992
050 990
=== 99|
--- 986
070 990
085 979
--- 989
- 987
080 996
04 BNDS 3
o4s 997
--- 99|
040 ===
045 000

MIN
700M8B
HGY

2996
3036

2954

2963

2984

2987

2963

3027

3100

3063

30863

FLT
Lvi

——f -
c—fme
—ye-
12/--
15/--
4/=-
16712
13/--
14/--
Ry
17/08
14/~

13/=~

- fo-

14704

13/=-

wnfa=

14/~~

EYE

CIRC
CIRC
CIRC
CIRC
ELIP
CIRC
CIRC
ELIP

CIRC

CIRC -

CIRC

CIRC
CIRC

- -

CIRC

ORIEN-
TATION

-
-

-

NW=SE

NW-SE

—me-

EYE
DIA

40

40

30
60
30X20
40
40
40X20
19

08

as

30
10

60

THKNS
WALL
CLOUD

07
F.B.

FeBo
FeBoe
FeBe
FeBe

10

10

FeBe

FeBe

FeBo
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EVE FIXES CYCLONE

UN]t= FLTY
METHUD FLY LvL
PUSIT ~ACCY Lvi WND

21+0N 125.4E VW-P=-PQS 0)80M 029

MIN
700M8
HGT

FLT

Lve EYE

TT/70 FORM

—-——f - CIRC

ORI1EN-
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WALL
cLouD



98

TROFICAL CYCLUNE 01 - 04/03/0600Z
POSITIUN AND FURECAST VERIFICATION DATA

STORM
LAI,

POSITION 24 HR, ERKOR

48 Hh, ERRUR
DEG. ULIST,

TC 04/1tu4r718002

72 Kk, ERROR
LEG. DIST,

0506002
0706002
071200¢
0718002

0800002
0806204
0812004
0818004

0800002
0306002
0912002
0918002

1000004
1006004
1012002
1618004

1100002
1106004
1i1200s
111800«

1200002
1206004
1212002
1218002

1300002
1306002
1312004
1316002

140030Z
1406002

AVEKAGE 24 HOUK
AVEKAGE 48 HOUR
AVERAGE 72 HOUK

LUNG, UEG, DIST,
1594 4E 103-U180
14l 8E 0240132
142.9E 050-0192
140,.9E 055-0228
139.6E 270-0006
138,6E 270-0048
137.2E 256-0072
135,5E 282~0078
134,2€ 250~0120
13343€ 207-0078
131.9E 180~0042
130.7E 202-0060
130.0E 236-0114
12945E 257-0102
128, 7E 2771-0174
12748E 316=-0078
127.2E 234~0072
126..6E 000-0006
12642E {46~-00)8
125.7€ 270-0006
125.5¢E 270-0024
125.5E 255-00u2
12544E 336-0054
125,3E 355-0072
125, 3E 351-06078
12544E 211~0030
125.5E 204-0054
125,58 234~0030
125.5E 034-0018
12545E 025-0084

EKKROR = 0076 M1,
ERKOUK -~ 0123 ml,

ERKOK = 0171

Ml

- -
- .-

- - ——

- -

- - -
- - o - -

251-0)92
224-0144
231-0120
237-0108

274-0150
268-0162
289-01480
334-0096

3210114
344-0084
333-0048
34s=-0090

334~0072
306~0078
003-0150
013-0162

017-0204
360-0072

- - - -

-

- -

e

- -
- -

282-0162
24G=-01 1y

277-0096

332-0138
293-0162

——— -

0i9-0186
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TRUPICAL CYCLONE 02 - 05/11/0600Z Tu 05/22/0000Z

DATA
A. SIATISTICS
le NUMBEFR OF WARNINGS [SSUED - 44
2e NUMBER OF WAKNINGS WITH TYPHOON INTENSITY - 23
3. TOTAL DISTANCE TRAVELED DURING TROPICAL WARNING PERIOUD - 2150 MI

Be CHARACTERISTICS AS A TYPHOON .
le MINIMUM OBSERVED SLP - 970MBS AT 1703002
2. MINIMUM OBSERVED 700MB8 REIGHT - 2858M, AT 1503002
3e¢  MAXIMUM SURFACE WIND - 20 KIS (FROM BEST TRACK)
4. MAXIMUM RADIUS OF SURFACE CIRCULATION ~ 350 M1

" DEVELGPMENT

Ae INITIAL IMPETUS - LOw LEVEL SURGE INTO CYCLONIC CIRCULATION FROM THE
SUUTH WITH SURSEQUENT DIVERGENCE AT 2Q0MB8 LEVEL

Be - INITIAL SUKRFACE VOKTEX
le JUNCTION VUKIEX AT 000002
2. SUKRFACLEL PRESSURE LESS THAN 1007MB

Ce 200MB FLOW ABOVE SURFACE VORTEX
le INIEIAL -~ EAST
2¢ UPON KEACHING TYPHOOUN INTENSITY = SUUTHWEST

FINAL DISPOSITIUN = BECAME EXTRATROPICAL
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BEST TRACK -
TYPHOON IRMA -
11--22 MAY 1966

LEGEND

S HR BEST TRACK POSITS
AIRCRAFT, SATELLITE OR
LAND RADAR FIXES

INTENSITY
TYPHOON OR TROPICAL STORM .
TROPICAL DEPRESSION R

OCO FORMATIVE. STAGE




06

EYE FIXES CYCLOUNE 02

UNT T~ FLT 0BS o8s MIN FLT THKNS
FIx METHOU FLT LvL SFC MIN 700M8B Lve EYE ORTEN- EYE WALL
NO. TIME PUsS1T -ACCY Lvi WND WND sLP HGY TT/1D FORM TATION OIA CLOUD ,
T 103507 07.8N 137.3t Su-por20  0WBUM | 025 025 004 | --m  cejesmeem T

2 11052142 09.0n 13u4.08 TIROS STG A OIA 05 BRUS -

3 121302 0B.8N [34.7t S4-F~FOS o470M 040 050 998 -— ——f - CIRC - 10 --

4 1202302 09.3N 133.9E Su4-P-FQS 700”6 660 075 988 3027 16/-- CIRC ——— 10 -~

S 12044627 049,0N 132.5E TIKrUS $T6 X OlA 04 BNUS 2

6 1209002 09¢3N 133.5E Vvw-P~-PO2 0230M 060 055 983 3042 15/=~~- CIRC - 02 10

7 l214082Z 09.8N 132.4E VW-P=PO2 700MB 035 ——- 983 3042 16713 CIKC ———— 06 10
8 1221002 09.6N 132.,3E 5Su-P-FO3 700M8 040 070 991 3008 15/ =~ C}RC ——— t8 o

9 13024582 09.8N |31.SE S4-P-P03 700M8 040 050 002 3094 1S5/~ CIRC - 30 NeF oBe
10 130930Z 097N 130.5E Vw-k-FI0 0430M —— 040 -—— -—— === CIRC .- 30 08
I 1312002 100N 130.3E VW=UNK== 0320M - - - - =y ——— --
12 1314152 09.8N 130.,3E VW~-R=-POS 700M8 - - .- - i CIRC Reladaded 18 o7
13 1321172 U9.5N 129,88 S4-P-P0O2 700MB - 045 996 3036 13/=- ELIP NE=-SW 45X386 -~
14 1402302 09.7N 129.3E S4-P-FQ2 700MB 050 060 990 3033 13/ =~ CIRC - 20 -
15 14051862 10,58 123.0E TIKOS STG X DIA 03 BNDS 3

16 1409152 101N 128,6E VW-P-PO3 0240M 040 060 989 - ——f - CIRC o 26 08
17 IuI2OOZ‘. 09.9N (2842 VW=UNK~-= 0960HM —— - - - =)= ——— -
18 1414452 10.0N [27.9E VW-R-POS 700My 070 - —— - =)= CIRC ——— 12 10
19 t421002 102N 127,7TE  S4-P=-Py3 700MB 070 07% 976 2883 I5/== CIRC —-——— 20 10
20 150100Z 106N 12743E SU~UNK-~ T00Mb - -—— - - bl el —— 10
21 150300z 10.8N 27,0 Su-P~PQJ 700MB 085 100 873 2856 15/ =- ELIP N=S 40%30 10
22 1504412 11,0N 126,56 TI1ROS $T6 X DIA 04 BNDS &4
23 1509002 10.8N 126,2E VW=-R=Fi5 0370M —— 065 - e =-=/== CIRC - 20 ts

24 15148452 1leliv 125438 VW-R=-P0O2 - == - - el Aokl CIRC c-—— 25 10
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EYE FIXES CYCLUNE 02

UNIT- FL