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IB!!RODUCTION

This report is published annually, and summarizes
Western North Pacific and Central North Pacific tropical
cyclones. During 1960, no tropical cyclones were reported
in the Central North Pacific.

Effective on 1 May 1959, CINCPAC, through CINCPACFLT,
redesignated Fleet Weather Central, Guam as Fleet Weather
Central/Joint Typhoon Warning Center (FWC/JTWC), Guam with
the following additional responsibilities:

1. To provide warnings to U.S. Government agencies
for all tropical cyclones west of 180 degrees longitude.

2. To determine tropical cyclone reconnaissance re-
quirements and priorities.

3. To conduct investigative and post analysis pro-
grams including the preparation of annual typhoon summaries.

4. To conduct forecasting and detection research as
practicable.

Fuchu Air Force Weather Central, assisted as necessary
by Fleet Weather Facility YokosukaE was designated as al-
ternate JTWC in case of failure of FWC/JTWC, Guam. Re-
sponsible for the issuance of tropical warnings for the
Central North Pacific, east of 180 degrees and west of 140
degrees, is 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.

The JTWC, which is an integral section of FWC\JTWC,
Guam, is staffed by two Air Force and two Navy meteorolo-
gists, and three enlisted men from each service. The
senior Air Force Officer has been designated as the Direc-
tor, JTWC.

The background for the cover of this report is the
12002 surface chart on 22 August 1960.
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A. GENERAL

Duri~g 1960, in that area of the Pacific west of 140~ W
and N of the equator, 56 tropical disturbances were number-
ed as cyclones. Of this number, 3 had warnings issued as
tropical depressions only, 8 had warnings issued as tropi-
cal storms, and 19 achieved full ty hoon intensity.

1’
The

term .!%ropicalcycloneflor ticyclone~,as used herein, is
defined as a suspected tropical cyclonic circulation which
appears capable of intensification. A cyclone is assigned
a number for.purposes of reconnaissance and to assure that
records regarding it are not confused with those of another
circulation. A tropical depression is a tropical cyclone
with a confirmed cyclonic circulation, usually small -in
area, for which warnings are being issued, and whose sur-
face wind speeds do not exceed 33 kts. The numbering of ‘
cyclones is not related to the numbering of tropical de-
pressions.

The typhoons were KAREN, MARY, OLIVE, POLLY, SHIRLEY,
TRIX, VIRGINIA, WENDY, BESS, CARMEN, DELLA, ELAINE, FAYE,
KIT, LOLA, MAMIE; NINA, OPHELIA and PHYLLIS. The tropical
storms were LUCILLE, NADINE, ROSE, AGNES, GLORIA, HESTER,
IRMA and JUDY.

Warnings were issued on 157 calendar days, and a total
of 776.warnings were issued which compares with a total of
583 warnings issued during 1959. After the Season began
with Typhoon KAREN, the greatest interval between tropical
disturbances was 30 days (between KAREN and T.S. LUCILLE).

Perhaps one of the most interesting features of the
1960 Season was the unusual monthly distribution of typhoons.
During August there were 8 typhoons, while in September
there were none. Long period climatological records re-
veal that only during two other years since 1884 were there
8 or more typhoons reported in August (1940, 1942). The
same records also show that only in two other years were
there no typhoons reported in September (1885, 1904).

The ~a~.all typhoons and those of Tropical Storms
~L”~~~”””and NADINE?are contained in this chapter. The two
t~p”ical st”?mrn%-areincluded because of reference to them
in the press as typhoons. Typhoon tracks for months having
one or more typhoons are also included in this chapter.
Individual best tracks of all typhoons will be found in
Chapter V.

B. AREAS OF FORMATION AND DEVELOPMENT

During 1960, in the area of responsibility of the Joint

2



H-urrichneWarning Center, Hawaii, there were no tropical -
disturbances for which namess tropical depression numbers
or cyclone numbers were assigned.

The typhoons of 1960 occurring within the FWC/JTWC
area of responsibility developed south of 25 N, west of
161 E and north of 6 N. Typhoons KAREN, MARY and ELAINE
became typhoons in the South China Sea, however KAREN
originated in the Pacific and moved across the southern
Philippines before becoming a typhoon. While at tropical
storm intensity, Typhoons VIRGINIA, DELLA, OPHELIA and
PHYLLIS passed within 500 mi of Guam, and Typhoon MAMIE,
the largest of the Season, became a typhoon within 250 mi
of Guam.

The majority of typhoons were initially detected by
surface analyses, and before reaching typhoon strength a
period of intensification took place which lasted from
one to seven days. It is generally accepted that an ini-
tially developed cyclonic circulation must exist under an
area of substantial divergence aloft before the circula-
tion can intensify to typhoon strength. During 1960 this
statement was substantiated except for the formation of
Typhoon WENDY, which appeared to have formed and reached
typhoon intensity during a period when its surface posi-
tion was near an upper level cyclone.

c. SIZE AND INTENSITY

The typhoons of 1960 were definitely less intense than
those of 1959. The Table, “1960 Typhoon Data Summary” is
provided in this chapter for comparison of typhoons. Data
contained in the Table and other information clearly show
that the typhoons of 1960 were of weak to moderate inten-
sity. Certainly there were no typhoons during 1960 which
compared in intensity to Typhoons JOAN and VERA of 1959.
Typhoon MAMIE was the largest of the 1960 Season with the
radius of 50 kt surface winds extending 350 mi. Typhoons
DELLA, NINA and OPHELIA all had a radius of 50 kt surface
winds of 250 mi. Typhoon KAREN, the smallest, had a radius
of 50 kt surface winds of only 30 mi. The lowest central
surface pressure reported by reconnaissance was 918 mb,
reported on both Typhoons TRIX and DELLA. This contrasts
with the 1959 season when 6 typhoons had central surface
pressures of less than 915 mb, and Typhoons JOAN and VERA
had central pressures of 891 and 896 mb, respectively.

When the western Pacific high at the 200-300 mb level
is primarily one large cell, it appears that typhoons are

3



more intense and that there is a greater frequency of large
typhoons. The reverse appears to be true when the western
Pacific high consists of several small cells at the 200-300
mb levels, i.e., the typl}oonsare of weak or moderate in-
tensity, and fcw large typhoons occur. The ideas expressed
in the foregoing statements are considered worthy of further
investigation and research.

D. MOVEhlENT /

The 1960 Typhoon Season was one of unusual tracks, From
a perusal of the chart showing all tracks of 1960, it is
easy to understand why the chart is called a “p~ate of
worms”. Typhoons BESS, DELLA and POLLY looped, and the
tracks of BESS, ELAINE, and LOLA were such as to give ulcers
to any Typhoon Duty Off$cer. Although unusual, the track
of ELJIINEwas not unique,,and was found to be quite similar
to that of a typhoon of July 1924 (see chart this chapter).
Few ty boons approach Luzon in the Philippines from the NE
as LOJ did. Examination of the track chart reveals that
typhoons of 1960 initially moved along a track between W
and N with the exceptions of ELAINE and FAYE.

The speed of movement of typhoons varied considerably
from typhoon to typhoon, as did the speed of movement with-
in the life cycle of individual typhoons. For exainple:
POLLY moved at an average speed of 6 kts while NINA,moved
at an average speed of 19 kts; POLLY moved at a speed of
only 2 to 3 kts for 4 days before accelerating to 17 kts
north of 30 N; and, during the early stages of development,
OPHELIA,,moved at less than 10 kts, but as she passed to
the east of Japan, she moved at an average speed of 53 kts
for a 24 hour period.
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TROPICAL CYCLONES OF 1960

01.
02.
03.

:;:

06.

%:
09.
10.

11.

%
14.
15●

26.
2?.
28,
29●

30.

31.
32.
33.
34●

35,

36.
37.
38.
39 ●

40.

CYCLONE “xpERIOD

Investigation 03 Jan - 06 Jan
Tropical Depression IVY (T.D. 1) 30 Jan - 01 Feb
Tropical Depression JEAN (~.D. 2) 06 Mar - 08 Mar
Investigation 30 Mar - 01 Apr
Investigation 12 Apr - 18 Apr

Typhoon KAREN 22 Apr - 25 Apr
Tropical Storm LUCILLE 25 May - 01 Jun
Typhoon MARY 03 Jun - 12 Jun
Tropical Storm NADINE 03 Jun - 10 Jun
Investigation ,17Jun - 18 Jun

Investigation 20 Jdn - 21 Jun
Typhoon OLIVE 23 Jun - 30 Jun
Investigation 28 Jun - 29 Jun
Investigation 30 Jun - 01 Jul
Investigation 01 Jul - 02 Jul

Investigation 07 Jul - 08 Jul
Investigation 12 Jul - 13 Jul
Investigation 14 Jul - 16 Jul
Typhoon POLLY 17 Jul - 29 Jul
Investigation 23 Jul - 24 Jul

Tropical Storm ROSE
Typhoon SHIRLEY
Investigation
Typhoon TRIX
Investigation

Investigation
Typhoon VIRGINIA
Typhoon WENDY
Tropical Storm AGNES
Typhoon BESS

Typhoon CARMEN
Typhoon DELLA
Typhoon ELAINE
Typhoon FAYE
Tropical Storm GLORIA

25 Jul - 28 Jul
28 Jul - 06 Aug
31 Jul - 01 Aug
01 Aug - 10 Aug
04 Aug - 05 Aug

06 Aug - 08 Aug
07 Aug - 12 Aug
10 Aug .-13 Aug
11 Aug - 16 Aug
13 Aug - 25 Aug

15 Aug - 24 Aug
16 Aug - 31 Aug
19 Aug - 25 Aug
22 Aug - 01 Sep
30 Aug - 04 Sep

Tropical Storm HESTER 04 Sep - 10 Sep
Investigation 08 Sep - 09 Sep
Tropical Storm IRMA 10 Sep - 19 Sep-
Investigation 11 Sep - 13 Sep
Investigation 13 Sep - 14 Sep

14



TROPICAL CYCLONES OF’1960 - (CONT*D)
.

CYCLONE , *pERIoD

Investigation 17 Sep - 18 Sep
%: Investigation 20 Sep - 22 Sep ,
43. Investigation 22 Sep - 23 Sep
44. Tropical Storm JUDY 24 Sep - 29 Sep
45. Investigation 29 Sep - 30 Sep

46. Tropical Depression 19 30 Sep - 01 Ott
Typhoon KIT 01 Ott - 13 Ott

::: Typhoon LOLA 08 Ott - 17 Ott
~49. Investigation 11 Ott - 13 Ott
50. Typhoon MAMIE 12 Ott - 21 Ott

Typhoon NINA 16 Ott - 27 Ott
% Investigation 31 Ott - 04 Nov
53. Typhoon OPHELIA 21 Nov - 06 Dec
54. Investigation 30 Nov - 02 Dec
55 ● Investigation O? Dec.= 09 Dec

56. Typhoon PHYLLIS 09 Dec - 20Dec

~ 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,
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1960 TYPHOON DATA SUMMARY

FROM RECON FROM WARNINGS FROM RECON
MIN MIN

0% SFC RADIUS, R&JS TEMP 700MB SLP
TYPHOON SFC WND WND 100KT WND 50KT WND (c) HGT (MBS~

KAREN 75 7s .- 30 18 9940 988
KLUCILLE .-. 45 -- --- -- ----
MARY

---
65 75 -- 75 16 9590 988

*NADINE 75 60 ;: 21 -“-- 967
OLIVE 100 125 ii 19 8800 950
FOLLY 125 115 -- 75 18 8630 950

SHIRLEY 130 125 30 100 21 751C’ ---
TRIX 130 135 50 24 813(? 918
VIRGINIA 110 90 -- w 16 9590 971

+
6

WENDY “ 65 -- 50 16 9960 986
BESS :: 70 -- 100 18 9500 942
CARMEN 75 75 -- 150 1,8 9420 970

DELLA 100 105 -- 250 18 9170 918
ELAINE 80 80 -- 75 “ 17 9610 976
FAYE 135 135 40 125 18 8570 940

KIT 100 90 -- 100 18 9200 966
LOLA 80 80 -- 50 22 9600 978
MAMIE 150 115 40 350 23 8420 940

NINA 120 110 ,40 250 19 8810 954
OPHELIA 175 140 40 250 28 7960 928
PHYLLIS 110 115 30 150 21 9110 962

$#T’R(’)p~cAL STORM



1960TYPHOONFORECASTERRORS
(INm)

24 HR FORECASTS 48 HR FORECASTS
NO. OF MEAN NO. OF MEAN

TYPHOON CASES ERROR CASES ERROR

KAREN
++LucIJj~

MARY
*~1~

OLIVE
POLLY

SHIRLEY
TRIX

VIRGINIA
WENDY

BESS
CARMEN

DELLA
EL41NE

FAYE
KIT

LOIA
MAMIE

NINA
OPHELIA

PHYLLIS

5
6

31
16

20
37

u
21

:

u
21

37
16

30
32

32
19

;0

28

31TR(j~cAL fjTo~

AVERAGEERROR-24
AVERAGEERROR-48

148 27
104 12

127 16
85 33

103 10
173 17

308 3
240 0

205 10
154 ‘ 17

173 29
148 12

246 ‘ 26
102 28

148 28
165 15

210 5
14.7 26

157 24

284
594

349
196

218
184.

185
436

500
.9

361
323

505
174.

284
327

247
323

3;6 .

RR FORECASTS(429CASES).. . . .154
HR FORECASTS(341CASES).. . . .311

17
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CHAPTER II

OPERATIONAL PROCEDURES
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A. ‘ DETECTION OF TROPICAL CYCLONES

Surface and upper air analyses, supported by the
Stidd Diagram and time cross-sections of winds aloft for
the Trust Territory Islands, were the primary means by
which tropical cyclones were initially detected. Norm-
ally, when reconnaissance aircraft are routinely avail-
able for investigative flights and a doubt exists as to
whether a circulation is actually closed, the initial
warning is not issued until an investigation has been
made which confirms the existence of a vortex. Due to
the fact that reconnaissance aircraft were frequently not
available for investigative flights during 1960, it was
often necessary to issue an initial warning based on only
a few surface and/or upper air observations which indi-
cated the possible existence of a tropical cyclone. Of
the 19 typhoons and 2 tropical storms described in detail
in this Report, initial warnings were based primarily on
ship reports in 11 cases, on the Stidd Diagram and time
cross-sections of the winds aloft in 6 cases, aircraft re-
ports (other than reconnaissance) in 2 cases, land reports
in 1 case, and observations from a scheduled reconnaissance
flight in’1 case. Because of the”increased availability
of reconnaissance aircraft during 1961, the detection of
tropical cyclones should take place earlier in the form-
ative stages of their development, and initial warnings
will, in most cases, be based on reconnaissance,

B. WARNINGS

“Warnings are filed and transmitted every 6 hours
at synoptic times (OOOOZ, 06002, etc.), the present pos-
ition of the “tropicalcyclone, as contained in the warn-
ing, being valid for the scheduled transmission time.
Therefore, the “present position” of a tropical cyclone
is actually a short range forecast position. The posit-
ion may be based on a reconnaissance fix 30 minutes to
perhaps 6 hours old, on surface observations as much as 6
hours old, etc. It is for this reason that the 0600Z
warning, for example, may not, on occasions, agree with
the position of the tropical cyclone as indicated by the
06002 analysis. Amendments are issued when the differ-
ence is significant. The numbers of tropical warnings
run consecutively when the cyclone is upgraded or down-
graded, and if warnings are discontinued and the circ-
ulation regenerates, the new series of warnings are num-
bered consecutively from the number of the last warning
of the previous series. When necessary, amendments and
corrections are issued, and these are numbered the same

20



as the

c.

warning which they amend or correct.

COORDINATION WITH OTHER AGENCIES

Coordination with other agencies is on a sche-
duled and unscheduled basis. When a circulation, for
which warnings are being issued, is N of approximately
20N, Fuchu Air Force Weather Central transmits sche-
duled coordination forecasts twice daily to FWC/JTWC.
These forecasts are based on the 500 mb space mean tech-
nique. Coordination with other Air Force and Navy ac-
tivities is on an unscheduled basis depending upon the
existing situation.

D. VERIFICATION OF 24 AND 48 HOUR FORECASTS

All 24 and 48 hour forecasts, made when a tropi-
cal cyclone is of tropical storm or typhoon intensity,
are verified when the verifying position, based on the
best track, is at or S of 35N.

A table is included in Chapter I of this Report
showing the average error for each 1960 typhoon and for
Tropical Storms LUCILLE AND NADINE. In addition, Chap-
ter V,Contains a Table of “Position and Forecast Verif-
ication Data”, in each individual typhoon summary. In
each of these Tables the 24 and 48 hour forecast errors
are the errors of the forecasts which were made 24 and
48 hours previous to the date-time group. For example,
the 24 and 48 hour forecast errors shown for 211200Z.are
the errors of the forecasts made at 2012002 and 1912002,
respectively. Also included in each individual typhoon
summary is a chart showing the 24 hour forecast position
in relation to the best track position.
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AIRCRAFT WEATHER RECONNAISSANCE

Typhoon forecasting and tropical weather reconnais-
sance go hand in hand and, in the forseeable future, it
is believed unlikely that good forecasts will be made
without aircraft reconnaissance.

During 1960 the most significant change that took
place with respect to reconnaissance units in’the western
Pacific was the deactivation of the 54th WRS in March.
The 54th arrived at Andersen AFBB Guam in the summer of
1947, and flew tropical cyclonereconnaissance for a
period of 13 years. Upon the deactivation of the 54thm
the mission of tropical cyclone reconnaissance was as-
signed to the 56th WRS at Yokota AB, Japan. The 56th is
presently under the command of LT COL E.D. Wallace. Sire=
ultaneously with the deactivation of the 54th, Detachment
1 of the 56th was activated at Andersen AFBO

The only significant problem (and it was truly a major
problem), having to do with reconnaissance during 1960,
was the grounding in early May of all except one of the
WB-50 aircraft of the 56th. The grounding was ordered so
as to make a complete inspection of all fuel cells and to ;
effect necessary repairs and/or replacement. To provide
for tropical cyclone reconnaissance during the interim
the WB-50S were to be grounded, the Commander 1st Weather
Wing requested the assistance of PACAF. CINCPAC in turn
approved PACAFts request for 970 flying hours for tropi-
cal storm and typhoon reconnaissance. The aircraft se-
lected for use was the C-130, a cargo type aircraft adapt-
able to this task. The aircraft were provided by the
315th Air Division with Headquarters at Tachikawa .AB,.Jhpaq.,
The 56th WRS furnished a crew member with dual qualifica-
tions of navigator - weather ,observer,to supplement the
315th AD crews for each mission. During the period 11
June through 13 September the 315 AD flew a total of 38
tropical cyclone sorties. By mid-september the 56th WRS
had in-commission aircraft in a number sufficient to just-
ify the relief of the 315th AD from any further tropical
cyclone reconnaissance. The fine support provided by the
315th AD was commendable, particularly since few, if any,
of the crews had prior experience in tropical cyclone re-
connaissance,

Filling in the breech throughout the Typhoon Season,
and doing an outstanding job, was the W-1 Squadron, Agana
NAS, Guamt commanded by Captain CeG, Strum. In addition
to making many night radar fixes on typhoons, VW-1 also
flew a number of investigations on suspect areas which
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could not be flown by the 56th due to the shortage oilair-
craft (discussed in the foregoing paragraph), During the
year VW-l flew 57 sorties, while other Seventh Fleet units
flew an additional 10 sorties.

In spite of the critical shortage of in-commission
aircraft during the Typhoon Season, the reconnaissance
provided by the 56th WRS was considered excellent. This
is evidenced by the fact that for the 6 month period be-
ginning 1 Jul , the 56th (augmented by the 315th AD until
mid-SeptemberY met 90 percent of all tropical storm and
typhoon requirements leveled by the JTWC. In order to
satisfy these requirements, with the limited resources
available, the 56th was able to provide only limited re-
connaissance on suspect areas and tropical depressions.

The Table, “Sortie -.Fix/Investigation Data”, in this
chapter provides considerable information concerning re-
connaissance during the 1960 Season. It should bb noted
that, with but one exception, the data is for the period
1 July through 31 December. This is because “Requirements
versus Fulfillments”data for the period prior to 1 July
would have little meaning, since it was not until early
July that the 56th WRS had the capability of partially
meeting normal tropical cyclone reconnaissance require-
ments. VW-1 requirements were fulfiled in each case,
however no requests were made when aircraft were not avail-
able for weather reconnaissance, a situation that existed
on several occasions due to other commitments. For this
reason “Levied” and “Made/Levied” figures were not pre-
sented for USN aircraft.

The 56 WRS normally performed all tropical cyclone
reconnaissance at the 700 mb level. The C-130 aircraft
usually flew to the tropical cyclone at best cruising al-
titude (18,000 to 25,000 ft), descended to the 700 mb
level, made the fix, and then returned to best cruising
altitude. VW-1 aircraft flew most investigations at 500
to 1,500 ft and made most radar fixes on typhoons at 6,000
ft. It is planned that most flights and fixes during 1961
will be made at the 700 mb level.

During 1960, as in the past, the WB-50 aircraft were
instrumented with sensitive altimeters, thermometers, ra-
dar wind measuring equipment and other meteorological de-
vices. This same equipment will continue to be used in
1961. The C-130 aircraft were not specifically instru-
mented for weather reconnaissance. Although radio a~ti-
meters and radar were available aboard the aircraft, accu-
rate radar wind measuring equipment was not available.
The WV-2 aircraft flown by W-1 were especially well adapted
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for fi~ing typhoons by radar. These aircraft are being
e uipped for the 1961 Season with the Aer’ographSet,
!A /AMQ-8, containing temperature, relative humiditys and
pressure measuring instruments, the Aircraft Reconnais-
sance Aneroid Barometer, ML-401/U, and the Aircraft Psy-
chrometer, ML-313/AM.

The TIROS Project promises many advances in the field
of tropical meteorology in coming years. The satellite
is now capable of initially detecting tropical cyclones,
and also of positioning such circulations with sufficient
accuracy.so that reconnaissance aircraft can be sent di-
rectly to the cyclone. At this time, however, it does
not appear that the intensity of tropical cyclones can be
determined from TIROS photographs with the degree of ac-
curacy required to meet existing operational requirements.
Since meteorological satellites will cover areas of the
‘western Pacific which are at present often void of weather
observations, earlier detection of tropical cyclones can
be expected in the future.

r

The outlook with regard to tropical cyclone reconnais-
sance during the 1961 Typhoon Season is bright. All air-
craft of the 56th WRS are again flyable, and the crews are
“standing by” for the first typhoon of the year. The W-1
Squadron will provide considerably more reconnaissance than
during the past several years. In addition to’making night
radar fixes on all fully developed typhoons, VW-1 will also
make tropical cyclone investigative flights in the area
west of Guam and south of 20N.
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SORTIE - FIx~INVESTIGATION DATA

1. TROPICAL CYCLONE SORTIES BY SERVICE%

1959 1960

USAF 320
USN
TOTAL 3d

2, TROPICAL CYCLONE SORTIES BY
1960)

56TH WEARON
(~)315~ AIR DIV

VW-1
OTHER USN

‘(98%) 241 (78%)‘
(-2%) ~ (22%)

308

UNIT (01 JULY - 31 DEC

2 i 1%)
TOTAL ~

3. FIX/INVESTIGATION REQUIREMENTS VS FULFILLMENT(01 JULY-
31 DEC 1960)

a* ‘ALLCYCLONES

b. TYPHOONS

USA~
LEVIED 328
MADE 262 49
MADE/LEVIED 80%

& TROPICAL STORMS ONLY *

USAF USN
LEVIED ~7. —
MADE 239 35
MADE/LEVIED 90%

c. INVESTIGATIONS & TROPICAL DEPRESSIONS ONLY

USAF &N
LEVIED
MADE :: 14
MADE/LEVIED 38%

(q) LAST CYCLONE MISSION BY 315TH AIR DIV FLOWN ON 13
SEPT 1960
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A. GENERAL

The question, Wow do you forecast typhoons?”, is
frequently asked by personnel who make operational de-
cisions based on our warnings, as well as by meteorol-
ogists who have had little or no experience in tropical
cyclone forecasting. The simplest answer is that all
pertinent data, including that gleaned from current and
prognostic surface and upper air charts and differential
analyses, is combined subjectively to produce each warn-
ing. This would indicate that the art of tropical fore-
casting is perhaps less advanced than the art of for-
ecastingin temperate or northern latitudes.

After the initial detection of a tropical cyclone,
the forecast problems are: direction of movement, speed
of movement, intensification and weakening. In the
case of weakening, the problem usually relates to whether
the cyclone will weaken and become extratropical, or
weaken and dissipate.

AS a tool in preparing our forecasts, a basic chart
(from the pacific Airways plotting Chart series) plus 3
acetate overlays are used. All fixes are plotted on the
basic chart. Twenty-four hour forecast positions are
plotted on the bottom overlay, warning positions (later
modified when necessary) are plotted on the second over-
lay, and the top overlay is utilized as a work sheet.

B. FORECASTING h?OVEMENT

Once a tropical cyclone has been detected, the first
step in preparing to issue the initial warning is to lay
out a track based on climatology. This track is laid out
on the top acetate so as to extend 4 or 5 days at the
speed indicated by climatology. Next, the track is modi-
fied in accordance with the existing and forecast upper
air pattern, after which the initial warning is prepared
and issued. The forecast track is extended and modified
with time, as reconnaissance fixes are received and the
upper air pattern changes.

Once a typhoon has reached typhoon intensity, reconnais-
sance fixes are the primary data used in preparing fore-
casts for the subsequent 24 hours. At this stage of
development, prior reconnaissance fixes have usually estab-
lished a fairly well-defined track, and acceleration or
deceleration trends can be determined from an evaluation
of the fixes received during the previous 24 hours.
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Used as supplementary tools in preparing the 12 and 24
hour forecasts are the Miller-Moore bbjective method,
surface and upper air analyses and prognosesfldifferen-,
tial analysest and height and pressure change charts,

Forecasts for the second 24 hour period (the 48 hour
forecast], for which we admittedly have a low level of
skillf are based to a large degree on upper air prognoses
and differential a’n.alyse~,

The large triangle formed by Guam, Manila andTokyo
describes the preferred area for tropical c-yclonerecur-
vature. The sparsity of upper air datd in this area
frequently precludes accurate analyses. This of course
makes it extremely difficult to determine, within desir-
able limits of accuracy, the latitude of recurvature, or
the shape of the recurvature pattern. The single and
double 500 rnbspace mean charts are sometimes an aid in
determining the forecast direction of movement of a typ-
hoon during the critical period of recurvature.

After recurvature, a typhoon or tropical storm behaves
in a manner similar to an extratropical cyclone regarding
movement, and it is therefore necessary to carefully con-
sider the movement, slope and change in shape of the major
upper air systems during this period. After recurvaturet
reconnaissance fixes continue to be the most important
forecasting tool. In addition, the 500 mb double space
mean plus M2 field has been found to be very useful.

As typhoons approach land masses, direction of move-
ment is frequently modified. At times, rid~ing develops
between the typhoon and terrain and, in the case of
Japan, this causes a typhoon S of Japan and moving to the
NE, to move slightly more easterly. Typhoons approaching
and passing over Taiwan undergo complex changes in move-
ment, configuration and intensity.

co INTENSIFICATION AND WEAKENING

Those tropical cyclones which subsequently reach typ-
hoon intensity, usually intensify from a tropical depres-
sion, with surface winds of 20 to 25 kts, to typhoon
strength in a period of about 3 days. The development
of wall clouds appears to be the critical factor involved.
A tropical cyclone frequently develops to storm intensity
with a fairly haphazard cloud pattern, i.e., no well
developed spiral bands exist, and unstable clouds are
frequently found near the centerbut are not organized. ,
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The key to intensification to typhoon strength appears to
be the organization of a wall cloud system along with
spiral bands. Once this occurs, the cyclone.appears to
be an energy generator, and is limited in intensity only
by the raw material source (warm moist air from over an
extensive warm water surface) and by the ability of the
external environment to dispose of this energy.

Forecasting changes in intensity is accomplished by
use of reconnaissance observations to determine existing
conditions, followed by an evaluation of the high level
pattern to determine whether intensification or weakening
is indicated. Needless to say, the passage of a typhoon
over a-large land mass or cold Watert or the transport of
‘coldair in the lower levels into a typhoon circulation,
will cause the system to weaken. The typical sequence
of intensification - weakening is essentially as follows:
intensification to typhoon strength, continued inten-
sification until recurvature is completed, then slow
weakening as the system passes through a less favorable
environment until it becomes extratropical.
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A. TYPIIOONK/lltEN(220000Z-”251.800ZAPRIL 1960)

On 1.3April, 9 days beiore the first warning was issued,
TIROS I indictitedan area of cloudiness in the vicinity of
5N 14W. Subsequent surface chartsconfirmed the existence
of a cyclonic circulation in this area. This cyclone moved
slowly }V,passed S of Kororf and approached the Philippines.
Insufficient data made accurate analysis difficult, but cen-
ter pressures were believed to be no lower than 1005MB and
maximum winds not greater than 20 kts. By 211200Z the cy-
clone was moving over the Philippinest and reports indicated
that it was intensifying. Warning number 1 was issued at
2200002 on T. D. WREN, at which time the cyclone was locat-
ed slightly east of Cebu in the Southern Philippines.

KAREN intensified,moved NW, and passed 120 miles SW
of Manila. The diameter of the storm remained very small,
and sparse surface reports did not indicate that KAREN was
of typhoon intensity. I-loweverton the basis of reconnais-
sance, KAREN was upgraded to a typhoon at 24180020 The ty-
phoon then weakened as it rccurvecl;and at 2512002 it was
downgraded to a tropical storm and 6 hours later the final
warning was issued.

Typhoon KAREN will probably be known in meteorological
history as a “baby” typhoon since it had an eye diameter
averaging only 10 mi. The radius of 50 kt surface winds
never exceeded 30 mi, and the radius of 30 kt winds did not
exceed 75 mi. This fact probably accounts for the rapid
demise in spite of the large area of warm air surrounding
the typhoon. This type of typhoon is characteristic bf
those intensifying off the W coast of the Philippinesq but
seldom are they tracked for such a distance to the E be-
fore intensifying into a typhoon. Without reconnaissance
it is quite probable that KAREN would never have been iden-
tified as a tropical circulation of typhoon intensity,
Available surface reports show maximum surface winds of
only 35 kts.

Sixteen warnings were issued covering a period of 3
days and 18 hours. KAREN traveled 800 mi at an average
speed of 9 kts or 211 mi per day, The minimum speed was
7 kts on 24 April, and the maximum speed of 16 kts was
achieved on 25 April.

Based on the winds aloft at Clark ABt the typhoon
extended through the 300 mb level as a closed circulation
when NW of that station at 241200Za
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RECONNAISSANCEAIRCRAFTFIXES- TYPHOONKAREN .

UNIT MINMAXMIN MAX 700MB
FIX METHOD SLP SFC 700MD 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MBS WND HCT WND (OC) EYECHARACTERISTICS

w?,
1 2401OOZ 14.2N 118.7E 56-P-05 996 45 10080 45 15/08 CIRCDIA 10MI
2 242300Z 16.7N 118.8E 56-P-05 991 75 9980WS 60 18/10 CIRCDIA08 MI

qq3
2503002 17*3N 119.OE 56-P-05 988 75 9940 70 16/09 ‘CXRCDIA08 MI

: 25101OZ 18.5N l1907E 56-P-U ~ 998 60 10140 50, 17/11 SEM1-CIRCDIA 18MI OPENS
,,



STORN POSITION 2f+HR. ERROR
DTG LAT. LONG. DiG% DISTANCE

DATA

48 HR. ERROR
DEG.DISTANCE

220000Z 09.t3N123.8E ---- ----

220600Z 10.IX 1.23.2E ---- ----

22u?ooz 10.5N I-22.4X “--- ----

221800z” 11.ON 121.8E ---- ----

230000Z IJ..5N121.lE
230600Z 12.lN 120.4E
231200Z 12.7N 119.7-E
231800Z 13.@ 119.2E

~ooooz L!+.111118*8E
240600Z L4.7N l1806E
24120a~ 15.4N l1805E
241800z 16.~ 118.6E

250000Z 16.9N 118.8E
2506002 17.7N 119.2E
251200Z 18.8N 119.9E
251800Z 20.ON 121.OE

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

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

250-77

253-65
252-105
250-157
245-168

----
----
----
-.”-

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

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

242-284

AVERAGE~ HOUR ERROR 11.4WI
AVERAGE4ElHOUR ERROR 284MI
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B. TI1OPICAL STORM LUCILLE (250600Z IJAY-O1O6OOZJUNE 1.960)

Th’e2f10600d surface cl~:]rtindicated the possible
existcncc of a cyclonic circulation W of Koror. Twcnty-
four hours l~ltcrthe first warnin!~W~S issu~~ on T~D~ Lu-.
CILLE. illso, at this time “anclongatecl,unnarncdlow de-
veloped W of Manila. LUCILLE moved W at 7 kts ior the
first 12 hours, but then turned N~Yand began to accelerate.
At 2700002 the final warning was issued because the maxi-
mum winds around this depression had decreased to only 15
ICts.‘During this time the low over W Luzon had remained
quasistationary.

The unnamed low began to move NE at 2800002, and the
Clark AB rawin indicated that this system was a closed
cyclonic circulation at 500 mb. As this low crossed the
Philippines the highest reported surface winds were 34 kts,
reported in the Manila area. This unnamed low merged with
the circulation that had been T.D. LUCILLE! and the merged
system moved NE. At 300000Z, warnings on LUCILLE were re-
newed, this time as a tropical storm. LUCILLE, with center
wind speeds of 45 kts, accelerated as it moved NE and pass-
ed 40 mi W of Iwo Jima at 311700Z. The strongest surface
winds at.Iwo Jima were 30 kts with gusts to 45 kts. The
storm then passed within 10 mi of Peel Islanclat 3123302.
This island experienced a minimum SLP of 992 mb ancl winds
of 50 kts with gusts to 70 kts, which caused the USS Cayu-
ga County (LST) to broach in the harbor. The high wind
speeds experienced at Peel Island are not considered rep-
resentative, and are believed to be 30 to 40 percent high-
er than representative winds due to the “funneling” effect
of the terrain to the SW of the harbor. The winds abrupt-
ly decreased once LUCILLE passed the island. As the storm
continued to move NE it accelerated and rapidly became
extratropical. The f.~~;altropical warning was issued at -
0106002.

Eighteen warnings were issued on LUCILLE covering two
periods. During the first period [250600Z-27C:f~DZ) LUCILLE
traveled 350 mi in 1 day and 18 hours, averag~tlg8 kts or
199 mi per day. During the second period (XXN3OOZ-O1O6OOZ)
LUCILLE traveled 1,050 mi in 2 days and 6 hours, averaginq
19 kts or 459 mi per day. The minimum speed was 7 kts on
25 lMay,anclthe maximum speed was 25 kts on 1 JLUIe.
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TROPICliLSTORM
POSITIONAND

STORM POSITION

LUCILLE25 MAY-01JUNE 1960
FORECASTVERIFICATIONDATA

24 HR. ERROR 48 HR. ERROR
DTG LAT. LONG. DEG, DISTANCE DEG. DISTANCE——

2506002
251200Z
251$OOZ

2600002
2606002
261200Z
261800z

270000Z

270000Z

300000Z
300600z
301200Z
3018002

31OOQOZ
3106OOZ
311200z
311800z

0100002
O1O6OOZ

AVERAGE
AVERAGE

TO

24
4$

08.4N
08.7N
Og.lri

09.5N
10.ON
10.5N
11.m

11.9N

131.3E
130.7E
130.IE

129.4E
1.28.8E
128.lE
127.@

3.26.7E

3000002NO WARNINGS

18.7N
19.2N
19.8N
20*7N

21.9N
23.ON
2&ON
25.3N

27.2N
29.SN

129.5E
130.7E
132.OE
133.5E

135.2E
137.lE
139.13?l
140.9E

11+2.131
143.3E

HOUR ERROR 206MI
HOURERROR 594 MI

ISSUED

---
---
---

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

---

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

----
“---

----

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

----

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

225-2& ----
‘ 221-295 ----
223-319 ----
218-268 -10’--

162-1160 221-!%2
067-077 211-606

.
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MARY, better

(031awis120600z

known as “~lol)dy

JUNE 1960)

Mary”, performed in a
typically fcmi.ni.nemanner; llowcver,not as a typical ty-
phbona A trourjhof low pressure, Dricnted NE tb SW, lay
off the E coast of Taiwan for several days, and slowly
extended into the South China Sea. By 0200002 a weak cir-
culation was evident at the extreme SW portion of this
trough in the South China Sea, about 200 mi W of northern
Luzon. During this time a wind maximum of 30 kts had
formed at 3000 ft at 9N, from a point W of 100E, to 115E.
By 0312002 this wind maximum had moved to a position such
that it appeared to be feeding into knllyfrom the S and 140
The maximum winds then appeared to be 150 to 200 tnito the
S amd W of the low center, The first warning was issued
on MARY as a storm at 0318002. Its position was near 15N
114E, with maximum winds of 35 kts from the E through the
SW, 150 to 250 mi from the center, and with an observed
low pressure of 996 mb. MARY appeared to be moving W at
6 kts. The low continued to intensify and turn slowly to
the NW, and then N after 041800Z. From 0418002 to 0618002
the average speed was only 2 or 3 kts and the wind speeds
increased to 60 kts. After 0618002 the low moved N toward
Hong Kong at an average speed of 7 kts with surface winds
of 60 kts or more. It probably became a typhoon between
0700002 and 0712002. Typhoon MARY passed less than 20 mi
to the W of Hong Kong between 0812002 and 081800Z. It was
at this time that the appellation “Bloody” was attached
(see damage report in Chapter 6). Over land this typhoon
rapidly decreased in intensity to 50 kts, increased in
speed from an average of 7 to 26 kts by 1006002, and mbved
in a NE direction from 090600Z to 1018oOZ. Between 1012OOZ
and 1018OOZ the low intensified Into a typhoon again with
winds of 70 kts -ormore. Now moving E, MARY passed 170 mi
N of Okinawa, 70 mi S of Kyushu and continued Et increasing
to a speed of 36 kts by 111800z. The typhoon decreased to
tropical storm intensity by 1118002 and it became extra-
tropical by 1206002 when the final warning was issued.

MARY traveled 2400 mi during the 8 and one half days
that warnings were issued, at an average speed of 12 kts
or 284 mi per day. The minimum speed was 2 kts 5-6 June,
and the maximum speed was 36 kts on 12 June. The typhoon
extended through the 200 mb level while in the vicinity of
HoneyKong, and moved through the 200 mb ridge from the S
to N in that area.

41



Only
of the 3

3 reconnaissance fixes were made on MARY, none
being made in the South China Sea. Therefor~.

in the interest of a more accurate and complete post- “
analysis, the following parameters, normally obtained by
means of reconnaissance fixesl were computed: minimum sea
level pressure, maximum surface wind, minimum 700 mb height,
and in some instances, maximum 700 mb wind. The computed

“Reconnaissance Aircraftvalues, which are contained in the
Fixes” table, were computed for 18002, 3 through 11 June.
and for 0600Z, 12 June. Surface pressures for MARY as a
storm were secured by graphing pressure against distance
through two or more stations or ship reports near the low
center. At least two such graphs were made for each pres-
sure presented. This presumes a linear pressure decrease
toward the center of the storm. Tests of this system on
storms with known center values indicated an accuracy of
m This procedure cannot be used for typhoons. The 700
mb height values during the life of h~Ry as .astorm were
computed by the use of tables and WJ3AN-31A,using the esti-
mated surface temperature and dew point” and the calculated
center pressure. Data for that period MARY was a typhoon
was secured from the Wachholz graph, discussed in Chapter
VII.
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RECONNAISSANCEAIRCRAFTF~S - ~PHooNWY

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MBS ~ HGT WND (OC) EYE CHARACTERISTICS-

*

*

*

*

*

a
Cn

*

*

1
*
2

*
3

*

*

031800Z 15.2N 114.OE CALC 994 35 9928 -- ---- ----- ----- . .

041800Z 16.2N 112.3E CALC 990 40 ‘ 9859 -. ---- ---- ---- ----

---- ----- ----p --0518002 16.9N 112.4E CALC 992 50 9957 .-

061800Z 17.7N 112.9E CALC 993 60 9964 55 ---- -“*-- --.-- --

.

071800Z 20.3N 113.9E CALC 981 75 9650 70 ---- ----- ----- -.

081800Z 22.5N 114.OE CALC 975 80 9500 70 ..”- ----- ----- --

091800Z 25.6N 117.2E CALC 991 50 9879 ---- ---- ---- ----. .

. . . . ----- ----- .-101416Z
1018OOZ
102103Z

28*3N 126*3E USN----
29.3N 126.lECALC
30e2N 127*1E56-P-OS

-- 60 ---
985 70 9525
988 65 9590

--

65
78

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

16/10 CIRCNO WALLCLDS

111800Z
112330Z

29.8N 138.7E CALC
29.9N 142.5E 56-P-05

992 55 9787
995 35 - - -

55
-“

---- - -“---- ---- ---

--- NO WALLCLDS

1206002 29.9N 146.9E CALC 996 45 9829 -- ---- -“-.. --.-- --

VARIOUSPARAMETERSCALCWIATEDDUE TO LACK OF RECONNAISSANCE.



TYFHOOIJMARY 03-12JUN1;1960
POSITIONAND lTELECfiSTVERIFICATIONDATA

STORN P(ISITION 24 ‘HR.ERROR 4$ HR. ERROR
DTG LAT. LCI?G. DEG. DISTANCE DEG. DISTANCE

031800Z 15.2N ll&OE

15”3N 113.4E
15.5N 113.OE
15.8N 112.6E
16.lN 112.3E

---- ---*

O“jooooz
040600z
0412002
041800z

----
----

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

233-109 ----

050000Z
050600Z
05x200z
051800Z

16.4N
16.6N
16*8N
16.9N

112.2E
112.2E
212.3E
11.2.3E

257-96
251-9$
308-134
299-~3

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

25$-280

0600002
0606002
06x200z
061800Z

17.lN
17.3N
17*5N
17.7N

112.3E
112.5E
112.7E
1X2.9E

261-~9
262-157
264-118
260-165

262-240
257-22$
292-265
281-274

070000Z
0706002
0732002
071800Z

113.lE
113.4E
113.7E
113.9E

17.9N
18.51J
19.3N
20.3N

23$-72
199-68
218-222
216-176

260-315
257-334
256-302
244-382

080000Z 20.9N
21.4J
21.9N
22.4(

113.9E
113.9E
113.9E
113.9E

21.2-21$
127-93
127-94
252-126

208-394
210-280
221-305
2U-330 ,

080600z
081200Z
0818002

090000Z
0906002
091200Z
091800Z

22.9N
23.6N
24..6N
25.6N

l.hj.la
13.4.6E
115.6E
117.2E

273-68
.265-93
240-93
232-133

205-333
137-167
134-118
24-347

1000OOZ
1006ooz
10I2OOZ
1018OOZ

26.5N
27.6N
28.6N
29*3N

119*4E
122.OE
124.2E
X26.IE

253-228
257-292
22$+283
236-179

251-377
252-515
250-535
251-505

11OOOOZ
1106ooz
111200Z
nMooz

29.7N
29.8N
29.8N
29.8N

12$.5E
131.4X
134.8E
138.7E

225-35
058-I.20
048-100
340-321

259-475
267-/!+68
265-525
268-4.?3

120000z 29.9N 142.8E 336-231 292-345
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TYPHOONMARY 03-12JUNE 1960
Posmor? m FoRECASTWFUITICM1ONDATA‘(CONT~D)

STORM POSITION ~ HR. ERROR 4$ HR. ERRoR
DTG IJIT. LONG. DEG. DISTANCE DEG. DISTANCE

120600z 29.9N 1.46.9E 327-290 002-315

AVERAGE24 HOUR ERROR 348 m
AVERAGE48 HOURERROR 349MI
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D. TROPICAL STORM NADINE (031800Z-1000OOZ‘JUNE1960)..“---.._,__
On 2 June at 1800Z a definite tropical cyclonic cir-

culation was evident on the surface chart in the vicinity
of 15N 131EG This low remained quasi-stationary for the
next 18 hours while successive ship weather reports indi-
cated a gradual decrease in pressure. At 031800Z the
first warning was issued.on TeD. 5fiwhich later became
T.S. NADINE.

For the first 30 hours NADINE moved N at an average
speed of 5 kts. By 040600z the central pressure of the
depression appeared to be 1000 mb; one ship reported 25
kt surface winds, and two other ships reported 20 kts.
The depression was then 400 mi E of northern Luzon, mov-
ing toward Okinawa. NADINE appeared to be intensifying
at this time~ although the first tropical storm warning
was not issued until 0506002. At 050000Z a ship very
close to the center of the storm had a pressure of 992.3
mb. The central pressure was probably 990 mb, and NADINE
was undoubtedly of tropical storm intensity at this time.
The 050430Z fix indicated the maximum surface winds to be
55 kts, and the 050606Z fix indicated maximum winds of 45
kts. A ship on the050600Z chart reported 45 kt surface
winds as did another.ship at 060000Z. After 051200Z the
storm ap eared to be moving slightly E of due N.

!
A P2V

(Neptune reconnaissance aircraft reported maximum surface
winds of 63 kts and 76 kts at 060220Z and O6O31OZ respec-
tively. This plane also reported heavy weather in the NE
quadrant of the storm. These two fixes definitely indi-
cated that NADINE was moving NE at 0606002 and not towards
Okinawa. The three fixes that were made on 7 June reported
winds of 60,,60 and 65 kts, respectively. These fixes fur-
ther confirmed that the storm was moving NE, and it may
well have been of typhoon intensity at that time. As NADINE
approached 30N, it began to accelerate. By 0912002 the
storm showed signs of weakening and of becominu extratrop-
ical. The finai warning was issued at 1000OOZ~

NADINEts existence aloft was first indicated by a
cyclonic circulation at the 700 mb level between Koror
and Guam at O1OOOOZ. Successive maps indicated that t
system was becoming more intense as the 700 mb heights
decreased. At the 500 mb level the heiqhts were below
normal at 0112002 but it was not until 050000Z that it
could be definitely established that NADINE was closed
through the 500 mb level. NADINE followed the 300 mb
flow as it moved around the western side of a hi.qhe By
1000OOZ when the final warning was issued NADINESS height
extended to less than 10,000 ft.

49



A tot’alof 26 warnings were issued coverings period
of 6 days 6 hours. During this periodt NADINE traveled
.1450 mi at an average speed of 10 kts or 232 mi per day;
its slowest speed was 4 kts on 4 June and its maximum
speed was 26 kts on 9 June.
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RECONNAISSANCEAIRCRAFTFIXES- TROPICALSTORMNADINE

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT~$d
NO. TIME LAT. U)NG, & AC(X MBS WND HOT WND EYE CHARACTERISTICS

1“ 050430Z 18.4N 129.lEVW-R--- - - - - - -
2 050606Z 19.4N 128.?E USN-P--- 989 45 - -

3 060220Z 21.7N 130.OEUSN-P--- 1000 .63 - -
4 O6O31OZ 22.lN 130.6EUSN-P--- 1000 76 - -

5 0700452 23.5N 131.OE USN-P-1O 967 60 - -

6 0709152 24.7N 131.8E VW1-P-05 - - 60 - -
m
N 7 O71OOOZ 24.7N 131.8E USN-P-1O 996 65 - -

8 080459Z 26.7N 132.8EUSN-R-20 - - - - - -
9 0821182 28.9N 136.3E 56-P-03 994 40 “ -

---- . WEAKCIRC BANDS,OPEN NW
---- . DIA 18 MI FAIRLYWELL

DEFINED

---- . CIRC DIA 140 MI
---- -“-e. ----- -----

---- * DIA 60MI WALL CLDS EAST
SEMI-(XR

*2(3 - - m m - -- . . . .9- ..- . -
--.- ---a ----- . . . . .

* MAX 850MB WND



TROPICfiLSTORllNADINE03-10JUNE 1960
POSITIONAND FORECliSTVERIFICATIONDATA

STORM POSITION 24 m ERRoR 48 HR. ERROR
DTG LONG.LAT. ,. DEG. DISTANCE DEG. DISTANCE—.. —. ——

03MOOZ

040000Z
0406002
041200Z
041800z

0500002
0506002
051200Z
051i300z

0600002
0606002
0612002
0618002

070000z
0706002
Cm200z
0718002

0800002
0$06002
081200Z
0818002

@ooooz
090600z
c’$m?ooz
0918002

1000OOZ

17.ON 129.6E

17.5N 129.~
17.8N 129.3E
18.2N 129.2E
18.6N 1.29.m

19.ON 129.OE
19.4N 1.29.OE
19.9!?129*lE
20.4N 129.3E

21.lIJI-29*6E
21.7N 129.9E
22.3N 130.4E
22.9N 130.7E

23.5N 131.lE
24.2N 131.5E
25.ON 132.OE
25.6N 132.5E

26.3N 133*OE
26.9N 133.5E
27.7N 134.4.E
28.4.N135.@

29.3N 136.9E
30.3N 138.9E
31.2N 141.3E
31.9N 244.2X

32.6N 1.47.lX

---- ----

---- ----

---- ----

----- ----

---- ----

---- ----

---- ----

---- “---

---- ----

----

112-78
072-75
087-88

063-78
075-134
095-1.23
095-56

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

.-

;O~-223
087-256
095-246

lJb5-71 075-195
072-41 074-275
076-58 087-210
090-$4 094-260

219-I.30 133.::3
236-154
237-223 183-48
320-97 250-39

320-178 243-390

AVERAGEu HOUR ERROR 104MI
AVERAGE48 HOUR ERROR 196MI
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E, TYPHOON OLIVE (231800Z=300000ZJUNE 1960)

A weak circulation that was later to be named
smeared on 16 June between’WoleaiAtoll and Ya~.

OLIVE
It

m~~ed slowly W to the vicinity of Yap; then seebed to
stagnate in-that area from .18-to21 Jtine: again commen-
cing a slow but steady movement WNW toward Manilat and
intensifyingenroute. At 2318002 the first warning was
issued on T.D. OLIVE with surface winds of 30 kts. OLIVE
reached storm intensity by 2400002 and typhoon intensity
by 241200Z. Surface winds increased to 125 kts by 2506002,
but the typhoon rapidly weakened at the surface and later
at u per levels as it passed inland over the Republic of

Fthe hilip ities.
B

It passed only 25 mi NE of Manila at
261800Z. pon return to water surface. it intensified
again into a typhoon, only to weaken as it moved inland
near Fort Bayardi 228 mi WSW of Hong Kong at 2921OOZ.

OLIVE developed and intensified in a well developed
band of surface easterliesSW of a large Pacific high
centered near 32N 168E, which was extensivelyelorigated
E-W. This belt of easterlies extended through 30 to 35
degrees of latitude. h relation to the 40,000 ft stream-
line chart, OLIVE appeared to have originated beneath the
SW end of the mid-Pacific trough, and then to have moved
from beneath this trough into an area of divergence. The
Clark AB upper winds indicate that OLIVE extended through
the 40,000 ft level.

As OLIVE approached the Philippinesfrom the E, a low
commenced forming to the leeward side of the Phili pines

l-iin the South China Sea. This position was near 16 and
114E at 2600002. This low intensifiedas OLIVE passed
over the Philippinestand by the time that OLIVE was also
in the South China Sea (2718002), surface analysis indi-
cated that the low had an intensity comparable to that of
OLIVE. Reconnaissanceinto this low revealed that it
lacked the structure or wind speeds associatedwith typhoons,
and by 2806002 the low existed only as a trough associated
with OLIVE.

In view of some of the other tracks of the seasont the
most unusual feature of OLIVE is its excellent conformity
to climatology for storms commencing near Yap and Koror
during the month of June. The speeds varied from 8 kts
on 26 June to 13 kts on 27 June and the average direction
of movement was 295 degrees. O~IVE traveled 1500 mi from
first to last warning at an average speed of 10 kts or 240
mi each day over a period of 6 days and 6 hours.

I
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RECONNAISSANCEAIRCRAFTFIXES - TYPHOONOLIVE

UNIT MINMAXMIN MAX 700M8
FIX METHOD SLP SFC 700ME 700ME TT/Td
NO. TIME LAT. LONG. & ACCY MBS WND HGT WND (QC) EYECHARACTERISTICS

1 2500152 13*3N 127.8E 56-P-1O 9s0 100 8800 110 16/-- DIA 05 MI WALL CLDSALL
QUADS
CIRC DIA 20 MI
C131CD14 25 MX OPEN SE

2
3

2508302 13.lN
2523382 14.2N

125.6EUSN-R---
122.4E 315-P-18

----- -----
“---- 110 laj--

80 --- 100 07/--

--
--

NO VIS13LE EYE4 261057Z 13.7N 121.3E 315-P-20 --

CIRC”DIA35 MI OPEN NE2712472 16.lN 118*8E315-P-OS 30 10090 40 11/--5 ----

ELLIP 20X12HI
OPEN N & NE
CIRC DIA 20MI OPEN E
CIRC DZA 35?U OPENW

-. 35 09/09
60 #& 45 16/12

----- ---
;5- --- 60 ---

ml
50 9640 50 19/14

en
6

-a 7
280000z 17.3N
2805002 19.2N
2820002 19.7N
2822242 20.ON

Z17.3E 56-P-OS
116.8E 56-P-08
114.OEUSN-R---
114.9E315-P-OS

1000
989
-.
-.

8
9

113.5E 56-P-12 976 OPEN N THRU SE10 2904002 20.2N



TYPHOONOLIVE23-30JUNE 1960
FWITION AND FORECASTVERIFICATIONDATA

STORMPOSITION UHR. ERROR 48 HR. ERROR
DTG LAT. LONG, DEG.DISTANCE DEG. DISTANCE

1L5N 133c3E231800Z ---- ----

2400002 11*8N 132.2E
240600z 1.2*ON1.31elE
2/+1200z 1.2.3N13000E
241800z 1205N 1.28.8E

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

----
. ..-
--”-

----

2500002 1.2.7N1.27.6E
2506002 13.ON u?6.4E
2522?002 13.3N 125.3E
2518002 13.5N 1.24.3E

;16.;0:
062-86
045-108

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

2600002 13*7N 1.23.5E
260600Z UJIJ 1.22.8E
261.200Z U*.4N I-22*I.E
2618002 U+*8N X21*4E

335-88
260-163
258-165
223-75

;02;5;
032-65
013-83

270000Z 15.3N 1.20.7E
2706002 15.8N 119.9E
271200Z 16.5N 119.lE
2718002 17.4N 118.2E

248-198
226-150
22&203
142-77

295-1?9
g-$22

21:285

280000Z
2806002
283.200Z
281800Z

18e3N
19,0N
19,5N
19e9N

117*4E
l1605E
115.6E
11407E

163-83
177-88
208-75
193-73

236-430
212-348
215-403
158-167

2900002
2906002
29xooz
2918002

20.2N
20.4N
20.7N
2009N

113,7E
112..7E
111.8E
1.10.9E

021-108
013-168
019-180
020-I.38

153-102
168-58
194-31
284-42

3000002’ 21*2N 11O,OE

AVERAGE2!4HOURERROR 1.27MI
AVEMGE48 HOURERROR 218MI

049-116 00$-275
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F. TYPIi@3NPOLLY (1712002-2900002 JULY 1960)

It is difficult to accurately determine the origin of
POLLY; however, the depression that ultimately became POLLY
appeared to have been quasi-stationary in the Yap-Koror
area until 14 July, and then it moved NNW. This same de-
pression appears to have passed several hundred mi S of
Guam on 3 July. A warning was issued on this low (T.D. 7)
at 171200Za indicating maximum surface winds of 25 kts.
Post-analysis indicates that pOLLY became a storm at 1718002
and a typhoon at 181200Z with maximum winds of 70 kts near
the center. The track of this typhoon until 2118002 was
that of an inverted US~~with an average speed of 4 kts.
POLLY then moved at.an average speed of 2 kts until it
reached a point 130 mi S of Naha, Okinawa at 2300002. “
During this time POLLY continued to intensify until the
surface winds reached 115 kts. The typhoon then became
quasi-stationary until 241200Z, and actually completed a
counterclockwise track through 360 degrees with an average
movement of 2 kts between 2300002 and 2406002. During
this circuit the surface winds slowly decreased to 75 kts.
The typhoon was 115 mi W of Naha, Okinawa a$ 2602002 becom-
ing less intense and accelerating as it moved up the Yellow
Sea toward Port Arthur. POLLY was moving at 17 kts by
2712002 and was downgraded to a storm at 2812002 when it “
was 270 mi W of Seoult Korea.

When POLLY became a tropical storm the 1800002 surface
chart indicated that easterlies extended from 30N to 10S
latitude, with only a few troughs or vortices imbedded
therein near the equator. This placed POLLY at the W or
the downwind end of the easterlies. There was a large
thermal low of 992 mh centered near 37N 103E on the Asiatic
mainland. Such a synoptic pattern would suggest that the
airflow over the W Pacific would be E-W to near the Asiatic
mainland and the Philippines; then flow N or NNE along the
E coast of the Asiatic mainland. This indicated a general
track to the north for Typhoon POLLY to near 30-35N, and
then a recurvature to the NE.

The average track of POLLY from first to last warning
was 344 degrees. POLLY traveled 1550 mi from first to
last warning over a period of 11 and one half days, at an
average speed of 6 kts or 135 mi per day. The minimum
speed was 2 kts on 22-23 July? and the maximum speed was
17 kts on 27-28 July.

The fact that POLLY llloopedi~is the only unusual fea-
ture associated with this typhoon. The eye diameter varied
from 10 to 60 mi, and was reported most frequently as 25
m~ in diameter.
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-25’% t
A31

&29
24% i

24mu

A24

.

....–...23m)z

E 12.

.

BEST TRACK

TYPHOON P(LLY

8LOwuP
2V1800Z17)25/00002JUL 1960

,.

SP!SED

21/18002TO 23/0600Z 2 KTs
23/O&IOZTO 25/00002 3 KTS

INTENSITY

21/18002TO 22/0600Z115KTS
22/0600ZTO 23/00002110KTS
23/OOOOZT023/1200z 100 KTS
23/1200ZT024/O@OOZ 95 KTS
24/oooozTO 24/0600Z 90 KTS
24/06002TO 24/1200Z 85 KTS
24/12002TO 24/1800Z 80 KTS
24/l$OOZTO 25/OOOOZ 75 KTS

‘E



RECONNAISSANCEAIRCRAFTFIXES- TYPHOONPOLLY

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB rT#d
NO. TIME LAT. LONG. & ACCY M8S WND HGT WND EYE CHARACTER

1

2
3
4
5
6
7

m 8
w 9

10

11
12
13
14
15

16
17
18
19

20
21
22

180725Z 18.8N 126.8E 56-P-5
If)b 5

990 75 10260 55 1318 ELLIP 15X1OMI

-/- 22 MI WIDEWALLCL
17/- DIFFUSE20 MI WIDE
-/- CIRC DIA 25 MI
18/- DIFFUSE20 MI WIDE
16/10 DIFFUSEOPEN S & W
17/11 DIFFUSEELLIP
.-. CIRCi)IA35 MI

190112Z
190300Z
1904002
190700Z
190800Z
190911z
191430Z
191500Z
192245Z

20.lN
19.8N
19.9N
20.lN
20.2N
20.2N
20.2N
20.3N
20.7N

126.4E
126.5E
126.2E
126.4E
126.4E
126.3E
126.lE
126.3E
126.7E

315-P-20
315-P-5
VW1-R-5
315-P-5
56-P-5
56-P-5
VW1-R-1O
VW1-R-05
‘56-P-04

-- 50 .- -.

9320 - -. . 85
--- . -: --

9280 - -
--,- -
9410’fi’”- -

-- 90
----
-- 70
---- -. --
----

962 90

200330Z
200400Z
200930Z
201522Z
202245Z

20.9N
20.9N
21.2N
21.3N
22.ON

126.9E
126.9E
127.2E
127.5E
127.8E

315-P-05
56-P-l/4
56-P-03
VW1-R-03
56-P-04

-- 100
957 95
955 90
----
954 125

-- -.

9470 - -
8830~<fl,80

:,((’..-. --
i9120’“ 115

-.. CIRC DIA 30 MI
15/13 CIRC DIA 10 MI
17/12 CIRC DIA 25 MI
--- CIRC DIA 26 MS
16/15 CIRC DIA 25”MI

21033OZ
210930Z
211511Z
212141Z

22.4N
22.8N
23.lN
23.3N

127.8E
127.7E
127.8E
,127.5E

315-P-05
56-P-02
VW1-R-05
56-P-05

.- 125
952 90
----
953 90

18/-- CIRCDIA 20MI
~“17/15CIRCDIA 20MI
.-. ELONGATED35 MI DI
14/12 CIRC DIA 40 MI

.- -.

8860 85

-. 110 8830 - -
950 75 9370 70
952 65 8980 80

220400Z
220926Z
2221OOZ

23.5N
23.7N
24.ON

127.5E
127.2E
127.8E

315-P-05
56-P-05
56-P-05

181-- CIRC DIA 30 MI
13/11 CIRC DIA 18 MI OPE
14/14 DIFFUSE



RECONNAISSANCEAIRCRAFTFIXES- TYPHOONPOLLY (CONTCD)

UNIT MM MAX MIN MAX - 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. LONG; & ACCY MBS WND HGT WND (Oc) EYE CHARACTERIS

23
24
25
26

27
28
29
30

$ 31
32

33
34
35
36
37

38
39

40

2306002 24.IN 127.2E 315-P--- - - - - 9430 - - 17/--
230904Z 23.2N 126.9E 56-P-05 966 60 9130 90 15/13
231456Z 23.ON 127.lE VW1-R-05 - - - - - -.:;71- - - .--

---- ---- .

CIRC DIA 10 MI DIFFU
CIRC MA 40 MI
DSFFUSE

CIRC DIA 60 MI OPEN
DIFFUSE
EYE NOT DEFINED
DIFFUSENO WALL CLDS

232121Z 23.6N 127.2E 56-P-O? 970 - - 9320” 50 ,.18/18--”

240415Z
240921Z
241558Z
242100Z

24.lN 127.2E 315-P-05 - - - - 9550
24.lN 127.lE 56-P-05 979 “ - 9440
24.ON 126.5E VW1-R-15. - - - - - -
24.5N 126.6E 56-P-03---984 - - 9680

14/-”
13/12
---.-
12/07

--

60
-.
63

250330Z
250931Z

24.9N 126.6E .315-P-05 - - 75 9580
25.ON 126.OE 56-P-02 - - 75 9550

15/--
13/13

EYE NOT DEFINED
NO VISIBLEEYE

50MI DIA OPEN S
----- -----
CIRC DIA 20 MI
HVY SPIRALE4NDS
CIRC DIA 30 MI

NO EYE FOUND
. . ..-. ------

CIRC DIA 18 MI DIFFU

.-

60

260002Z
260455Z
260945Z
261525Z
262200Z

26.ON 125.6E 56-P-03 - - 65 - -
26.7N 125.5E 315----- - - 75 - -
26.8N 126.5E 56-P-05 990 80 9?40
28.lN 125.lE VW1-R-20 - - - - - - -
28.2N 125.OE 56-P-1O 992 65 9470

.“.

---

65 13/13
.- ..-

83 15/12

270545Z
271132Z

29.3N 125.4E 315-P--- - - 60 9690
30.6N 124.OE 56-R--- - - - - - -

--
--

---
---

280020Z 34.2N 122.lE 315-P-OS - - 45 9640 .-



TYPHOON
POSITIONAND

STORM POSITION

POLLY17-29JULY 1960
FORECASTVERIFICATIONDATA

24 HR.ERROR Lg HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANiE

171.200Z
171800Z

180000z ‘
1806002‘
M1200Z
181800z

1900002
190600Z
191200Z
191800Z

200000Z
200600Z
20X200Z
20MOOZ

21OOOOZ
220600z
211200Z
211$OOZ

220000Z
220600Z
221200Z
2218002

230000Z
2306002
231.200Z
231800Z

2400002
240600z
24x200z
241800z

250000z
250600z
251ZOOZ
2518002

--------17*7N 1.27*6E
18.lN 127.4E ----

----

----

18*4.N127*lE
18.8N 126.9E
19eII 12606E
19*5N 126e5E

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

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

19.7N 1.26.4E
20*ON 1.26.3E
20c3N 126.4E
20.6N lZ605E

301-278
244-46
248-72
261-93

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

3@-372263-12220.8N u6.7E
21.ON 1.27.JJI
2103N 127.3E
21.7N X27*6E

22.lN 127.8E
22.5N 127.8E
23.ON127.7E
23.2N 1.27.6E

23.4N 127.4E
23.6N 127.3E
23.8N 127.2E
23.9N 3Z7.3E

24.lN 1.27.3E
24.lN 127.2E
23.8N 127.lE
23.5N 127.IE

23.7N 127.2E
24..ON127.lE
24.2N 1.27.OE
24.4N 126.7E

24.6N 126.5E
24.9N 1.26.2E
25.2N 1.25.9E
25.6N 1.25.8E

003-165
31+67
3m-75

259-170
259-210
264-224

31644 263-256
338-85
028-92
Ou-lla

22%20
108-70

I 129-96

066-155
084-194
090-296
W7-255

, 100-155
302-70
004-74
358-83

~027-64
010-67
351-98
259-U

090-392
336432
353-211
352-242

005-16
162-17
159-32
160-77

007-223
001-217
005-210
172-61

041-65
039-86
060+
089-78

132-55
143-88
U6-105
150-165
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TYPHOONPOLLY
POSITIONAND FCRXCAST

STORM POSITION

17-29JULY 1960
VERIFICATIONDATA

24 HR. ERROR

(CONT~D)

48 HRo ERROR
DTG LAT. LONG. DEG.DISTANCE DEG. DISTANCE

2600002 26*ON X25.6E
2606002 26.6N 125.5E
261.200Z 27*2N 1254E
2628002 27*7N 12502E

2700002 28*5N 1.25.OE
2706002 29.@ 3.24*5E
271200Z 3007N 123.9E
2718002 32.3N 123.lE

2800002 3309N 122.3E
2806002 35.5N 12106E
281200Z 37.lN 121*2E
2818002 38.6N 12101.E

2900002 40.I.NMl.@

AVERAGE24 HOURERROR 85 MI
A~GE 48 HOURERROR 184MI

IQ-24 053-103
%3-35 032-163
168-52 078-106
173-69 119-122

119-48 165-100
112-87 158-137
120-156 162-209
115-199 162-294

132-240 IJ.8-305
/---- ----

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

---- ----
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Central Mountain Range. An excellent discussion entitled
“The Problem of Typhoon Forecasting Over Taiwan and Its
Vicinity” was presented at the 1960 U.S. - Asian Military
Weather Symposium, 9-12 February 1960, by Lt. Colonel
Hsu Ying-Chin, Chieft Weather Central, Chinese Air Force,
and is available in the official summary published by
1st Weather Wing, USAF.
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—

TYPHOONSHIR.LEY29JULY-06AUGUST1960
POSITIONAND FORECASTVERIFICATIONDATA

STORMFOSITION 2$HR. ERROR 48HR. ERROR
DTG LAT. LONG. DEG.DISTANCE DEG.DISTANCE

291200Z
291800Z

300000Z
300600z
301200Z
301800Z

31OOOOZ
3106OOZ
311.200Z
311800Z

19.6N 1.26.9E
20.2N 126.2E

20.8N 125.6E
21.6N 125.OE
22.2N 124.3E
22.8N 123.8E

23.6N 123.4E
24.2N 1.22.8E
24.7N 1.22.2E
25.I.N1.21.4E

Olooooz 25.5N 120.7E
O1O6OOZ 26.oN 120.lE
Olmooz 26.6N l1907E
011800z 27.6N 119.3E

020000z 28.9N 119.3E
020600Z 30.4N 118.9E
02nQoz 31.4? 1.I.8.2E
021800Z 32.3N U7.9E

0218002TO 041200ZNOWARNINGS

01+1200z 35.6N 120.9E
041800z 36.3N 121.OE

050000Z 37.lN 120*7E
050600Z 37*7N IZO.2E
051200Z 38.2N 119.7E
051800Z 38.5N 1.I.9.2E

060000z 38.6N 119.OE

AVERAGE24 HOURERROR 103MI
AVERAGE48 HOURERROR 185MI

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

---- ----
---- ----
292-188 ---”.
291-186 ---.

271-195 ----
308-138 ----
354-68 334-425
315-36 325-300

3-33 310-289
037-28 332-315
330-65 o1.1-166
268-60 350-65

206-96 222-52
356-78 197-82
‘ii@-18 1’+9.43
180-248 213-u.6

ISSUED

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

---- ----
---- “---

---- ----

---- -----

---- ----
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H. TYPHOON TRIX (o4o3OOZ-1OOOOOZ AUGUST 1960)

Typhoon TRIX was the third of a series of typhoons
that developed in succession near the Yap-Koror area and
intensified after departure from that area. At 3000002
a cyclonic vortex existed in the Yap-Koror area and appear-
ed to have formed not more than 12 to 18 hours prior to
that time. This low moved N and then NW toward Okinawa
at 5 to 6 kts. A MATS transport aircraft observed the
circulation as it flew the Manila-Guam flight track and
reported the position to FWC/JTWC. The first warning was
issued at 040300Z with 40 kt surface winds near the center
and with intensification expected. The first typhoon warn-
ing was issued at 051800Z, although post analysis indicated
typhoon winds at 0506002. Surface winds about TRIX in-
tensified to 125 kts by 061200Z and commenced weakening
at 0706002. The speed of movement increased from 6 kts
at 0403002 to a maximum of 20 kts at 070600Z when Typhoon
TRIX was 85 mi SSW of Naha, Okinawa. The typhoon turned
Wt passed over the N tip of Taiwan at 080200Z, and then
moved toward the WSW. The last warning was issued at
1000OOZ when the last vestiges of TRIX was 105 mi N of
Hong Kong.

As Typhoon TRIX approached Taiwan, a trough commenced
developing at the S tip of the island at 071200Z. By
0800002 a closed circulation existed 150 mi S of the Typhoon
just off the E coast of Taiwan. The surface winds appear
to have reached a’maximum speed of 40 kts about this secon-
dary low associated with Typhoon SHIRLEY; this low per-
sisted as a closed circulation until TRIX was near the
coast line of the Asiatic mainland at approximately 081800Z0

The eye of TRIX was well defined throughout its life
as a typhoon with a minimum reported eye diameter of 10
mi and a maximum diameter of 60 mi. The most frequently
reported diameter was 10 mit although the average diameter
was probably 25 to 30 mi in relation to time.

Typhoon TRIX traveled 1500 mi in 5 days and 21 hours
at an average speed of 1’1kts or 254 mi each day. On 4
August the typhoon moved at a minimum speed of 6 kts, and
on 7 August it moved at a maximum speed of 20 kts.
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RECONNAISSANCE’AIRCRAFTFIXES - TYPHOONTRIX

UNIT MINMAIMINM4X 700MB
FIX METHOD SLP SFC 700MB 700ME,!T/’rd
NO. TIME LAT. LONG. &AcCY ~ w HGT. WND (Oc) EYECHARACTERISTICS

1 ‘“”0404142 13.7N138.3E MATS--- - - 30 - - ~1 - - - - - CIRCDIA40 MI
2
3

4
5

6
7

4
8

m 9

10
11
12
13

.

M

040746Z 15.3N 135.5E 56-P-02
042115Z 16.3N 134.7E 56-P-05

1000 50 9950;; 25
985 50 9780 ‘ 45

10/09
19/09

0509002 17m4N“134.lE56-P-1O
O5211OZ 19a4N 133.lE 56-P-03

060300Z 2003??13207E 315-P-02
060815Z 21.lN 132.lE 56-P-05
061556Z 22.5N 130.6E VW1-R-03
062050Z 23.4N L29,8E 56-P-OS

0703002 24.5N 127.9E 315-P-02
O7O91OZ 25.2N 126.OE 56-P-03
071645Z 25.3N 123.6E VWl-R---
072345Z 25.2N 122.lE 56-P-05

0807302 25.ON 120eOE 56-R-1O

975” 50 9700qg560
9751 100 9290q: 75.

I-- j 100 9080;;;- -
935! 125 8310- 120
--- --- ---
;9~8~

120 8130T3”100
~: 2#

-- 130 8210 70
-- 120 8440’’”110
---- ---- -
958 -- ---*65

.- .”- ----

16/10
15/09

13/--
20/14
---

21/09

23/--
19/14
---
---

..-

(ZRC DIA 60 MI OPEN W
CIRC DIA 25 MI 2?0WALL CLDS

SC SPIRAL8ANDSIN EYE
CIRC DIA 33 MI

ELLIPiW-SEDIA 16 MI
CIRC DIA 20 MI
SLIGHTLYELLIP
CIRC DIA 10 MI

CIRC DIA 12 MI
CIRC DIA 10 MI
POORLYDEFINED
CIRC DIA 30 ML

EYE WELL DEFINED

* MAX500MBWND



TYPHOONTRIXO4-1OAUGUST 1960
POSITIONAND FORECASTVERIFICATION

STORM POSITION 2.$HR.ERROR
DTG ‘ LAT. LONG. DEG. DISTANCE

040300Z 15.ON 135.8E
040600z 15.2N 135.6E
o&L200z 15.6N 135.2E
04.I.$OOZ 16.IN .134.8E

050000Z 16.6N 134*5E
050600Z 17*2N 134.2E
051200z 1709N 133.8E
051800z M3.8N 133*4E

060000z 19.8N 132.911
060600Z 20.8N 132.3E
061.200z 21.7N 131.6E
061800Z 22.9~~3300@

070000Z 23.9N IZ8.9E
070600Z 24.8N 127.lE
073.2002 25,2N 1..24.9E
0718002 25.3N 123.2E

0800002 25.2N 121.9E
080600Z 25.lN 120.6E
081200Z 24.7N 119.5E
0818002 24.3N 118.5E

090000Z 24.lN u7.5E
0906002 24.oN 116.7E
091200z 24cON 115.9E
091800z 24.oN 115.2E

1000OOZ 2400N 114.5E

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

190-89
176-103
218-156
217-210

203-203
202-247
133-185
126-263

085-183
097-200
086-247
077-320

055-273
342-168
323-180

I 268-133

272-93
352-54
282-109
242-78

226-132

DATA

48 HR. ERROR
DEG. DISTANCE

----
----
----
.--”

-“--

----

----

----

199-190
206-303
203-349
209-388

181-357
174-432
105-645
100-793

071-717
M9-489
058-509
051-601

037-521
304-337
&O&

.

257-162

AVERAGE24 HOUR ERROR 173MI
MZERAGE48HOURERROR 436MI
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I. TYPHOON VIRGINIA (0800002-1206002

The birth of VIRGINIA appeatiedto

AUGUST 1960).

be on schedule, for
cyclones were developing intensifying and becoming ty-
phoons at the rate of one eve~y 4 to 6 days. This was to
increase to a rate of generation of.one every 2 to 3 days,
but this was unknown to us at the time. The circulation
first appeared near 17N 142E, 300 mi NW of Guam on 7
August. It appeared to be forming in the SE sector of
Typhoon TRIX, which was about 20 degrees of latitude to
the WNW at that time. The first warning indicating 35 kt
surface winds was issued at O~oOOZ~ and VIRGINIA ‘became
a typhoon 24 hours later. The typhoon passed 20 mi to the
W of Iwo Jima at O911OOZ with 75 kt surface winds near the
center, and 30 hours later it was 10 mi from the island of
Shikoku, Japan. VIRGINIA passed over southern’Japan into
the Sea of Japan and then returned over northern Honshu 18
hours later. VIRGINIA weakened as it passed over Japan the
first time, then rapidly intensified to typhoon strength
again at the surface. The second passage over Japan’effec-
tively destroyed the circulation as a typhoon. VIRGINIA
became extratropical by 120600Z, and the last warning was
issued at this time.

This circulation was characterized by rapid intensi-
fication and a high speed of movement, for the average
speed throughout its life was 18 kts or 432 mi per day.
VIRGINIA traveled 1850 mi in 4 days and 6 hours. The min-
imum speed was 7 kts on 8 August, and the maximum speed
was 46 kts on 12 August.

Except for its speed of movement and intensification,
Typhoon VIRGINIA had no unusual features. The 200 mb wind
circulation did not indicate a closed system while VIRGINIA
was in the proximity of Japan, but a low may have been
closed while VIRGINIA was near Iwo Jima. The 300 mb chart
indicated that there was a closed cyclonic circulation
through that level while VIRGINIA was near Iwo Jima and
as it initially approached Japan,
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RECONNAISSANCEAIRCMT FmS - mmooN” VIRGINU

UNIT MM MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700ME TT/Td
NO. TIME LAT. LONG. & ACCY MES WND Ha WND (Oc) EYE CHARACTERISTICS

1
2

3
4

5

080345Z
082345Z

090940Z
091535Z

10003OZ
1003OOZ
1008OOZ

112100Z

19.3N 140.OE 56-P--- - - 25
21.5N 141.7E 56-P-05 998 110

24.3N 141.3E 56-P-01 987 70
26.4N 140.3E lW1-R-05 - - - -

29.ON 137.9E-56-P-05 984 75
29.9N 137.2E 56-P-03 :-981 100
31.4N 136.3E 56-P-05 -971 75

39.ON 137.6E“56-P-01 999 65

---- e

9680q1’~55

‘y{r!
10030 60
---- -

~{,d

96901F,),50
9650 “- 85
95903’””70

m,.1

10040 ‘ 70

-.-

16/10

14/09
.-”

14/10
14/10
13/10

16/08

ELUP 10X19MI
U SXAPED40-50FfIDIA WELL
DEFINED

CIRCDIA 100MI
OPEN S

CIRC DIA 20 MI OPEN N
INDEFINITE,35 MI DIA
ILL-DEFINED$OPEN S

NOT CLEARLYDEFINED



TYPHOONVIRGINIA08-12AUGUST1960
POSITIONAND FORECASTVERIFICATIONDATA

.,..
STORM POSITION 24 HR. ERROR 48 HR. ERROR,

DTG LAT. LONG. DEG.DISTANCE DEG. DISTANCE

0800002
080600z
081.200z
081800Z

090000z
0906002
Ow?ooz
091800Z

1000OOZ
1006ooz
10I2OOZ
1018ooz

Uooooz
1106OOZ
UI.200Z
111800Z

1809N ~o.~
1905N 140elE
20*lN 140.6E
20.7N LQ*2.E

21-6NUQ.7E
23.lN IJ+1*7E
24*9N lJpOa9E
26.9N 139.7E

28.9N 138.IE
30.6N 1.36.5E
32.2N 135.OE
3393N 133.9E.

34.3N 133*5E
35*4N 133*6E
36.9N 134.5E
3ga3N 136.4E

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

----
----

250-304
233-334

154.-347
138-367
17&206
066-326

051-274
----

----

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

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

----
-“--

215-518
199-536

126-&7
----
----
----

1.2ooooz 3909N 139*3E ---- ----
1.20600z 4.I.,4N145eOE ---- ----

,,

AVERAGE24 HOUR ERROR 308 MI
AVERAGE48 HOUR ERROR 500MI

,.
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J. TYPHOON WENDY (1018002-1306002
B

AUGUST 1960)

Typhoon WENDY might be considered as an offspring of
Typhoon VIRGINIA? for at IC)06C)OZthe winds near the edge
of VIllGINIAWscirculation about 500 mi S of VIRGINIA,
did not correspond to the circulation that is expected
with a typhoon. The area became suspect and 12 hours
later the first warning was issued on T~S. WENDY* located
205 mi W of Iwo Jima? with surface winds of 50 kts. Based
on.reconnaissance, the 1300002 warning was issued with 65
kt surface winds. Thus WENDY became a typhoon at that
time; however, post analysis indicates that WENDY did not
have typhoon winds until I106OOZ. Typhoon WENQY intensi-
fied to 75 kts and moved rapidly to the island of Shikoku,
Japan. This typhoon moved inland at 120800Z~ just 20 mi
E of the pqint along the coast of Shikoku that VIRGINIA
had passed 39 hours before. WENDY remained over land for
10.hours, weakening from 70 to 35 kts at the surface. It
again intensified to 45 kts while in the Sea of Japan and
then moved inland over northern Honshu at 1303002. The
last warning was issued at 130600Z when it became apparent
that WENDY was no longer a hazard.

Examination of the I1OOOOZ charts from the surface
through the 200 mb level suggests that Typhoon WENDY was
almost under a low circulation at time of development in-
to a typhoon. This implies that divergence was slight or
non-existent in the levels near 300 and 200 mb. This cy-
clonic circulation at 300 and 200 mb did not progress along
with WENDY but remained near Iwo Jimae Based on available
data, the cyclonic circulation of the typhoon never reached
the 300 mb level.

WENDY traveled 1050 mi in 2 and one half days at an
average speed of 18 kts or 426 mi per day. The typhoon
moved at a minimum speed of 12 kts on 10 August, and a
maximum speed of 30 kts on 13 Auguste WENDY was a typhoon
for only 30 hours.

The apparent formation of Typhoon WENDY within the cir-
culation of Typhoon VIRGINIA, under what appeared to be an
area of non-divergence, represents an unusual feature of
typhoon development@
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RECONNAISSANCEAIRCRAFTFIXES- TWHOON WENDY

UNIT MINMAXHIN MAX 700MB
FIX METNOD SLP SFC 700ME 700M.BTT/Td
NO. TIME LAT. LONG. & ACCY MBS WND HGT WND (°C) EYE CHARACTERIST

1 11OO3OZ
?7%

25.8??137.lE 56-P-08 1000 75 10060 55 15/07 CIRC DIA 40 MI OPEN
2 1104OOZ 26.4N 136.5E 56-P-08 986 65 loo30m’50 14/09 CIRC DIA 30 MI
3 111OO8Z 28.lN 135.3E 315-P-02 - - 70 9960’_fiL~- - 16/-- CIRC DIA 40 MI POORL

DEFINED

4 12031OZ 32.3N134.3E VW1-R--- -- -- --- ----- -------------
5 1208002 40.ON 140.OE 315-R--- - - - -“ - - - - - - - - NO CLOSEDCIRCULATI

0)
co



TYPHOONWENDY10-33AUGUST1960
POSITIONAND FORECASTVERIFICATIONDATA

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

1018oOZ 24.6N 137.6E ---- ----

11OOOOZ 25.7N 137.2E “.. - 90--
1106OOZ 26.8N 136.2E ---- ----
113,200Z 28.4.N13501E ----
lllmoz 30=3N 134.5E . ~;.;6; ----

120000z 31.7N 134.4E 175-228 ---”
120600Z 32.8N 134.2E 21O-2I.4 ----
1.2x?ooz 34.lN 134*D 2+253 ----
1.21800z 35.7N 134.9E ---- ----

lyloooz 37.6N 137.7E ---- ,----
130600Z 38.9N lQ.1.E ---- 0 ---

AVERAGE24 HOUR ERROR 24.OMI
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K: TYPHOON BESS (1609002-2512002 AUGUST 1960)

The ‘first indication of Typhoon BESS was a small cir-
culation on the 1306002 surface chart about 750 mi to the
ESE of T.S. AGNES and about 375 mi NW of Guam. A second
cyclone, later to becoma Typhoon CARMEN, developed simul-
taneously with BESS even closer to AGNES. As these two
cyclones developed, the trough extending to’the SE from
AGNES gradually assumed an E-W orientation and by 141200Z
extended 3,000 mi to the E (from 100E to 146E) along lati-
tude 22N. Upon becoming parallel latitudinally the trough
began to intensify, and on the 1412002 surface chart the
pressure in the trough averaged 1002 mb (an average of all
isobars crossing the trough line from 100E to 146E). By
151200Z the trough’s pressure averaged 999 mb. During the’
period 1306002 to 1606002 the depression that was to be-
come BESS moved slowly, intensified with the trough, and
increased to tropical storm intensity at 160900Z when the
first warning was issued. BESS then moved on a track of
310 degrees to a point 115 mi NNE of Iwo Jima at 1806002,
and at 181200Z to a point 30 mi SW of Peel Island. It
then curved to the NNW and passed 40 mi WSW of Tori Shims
at 1909002. BESS was upgraded to a typhoon at 2000002,
although post analysis indicates that it reached typhoon
intensity at approximately 1918002. As a typhoon it pass-
ed 25 mi E of Miyake Jima, an island 100 mi S of Tokyo, at
200900Z, and within 25 mi of the main island of Honshu
while moving to the NE. At 37N 145E BESS commenced moving
on a track of 100 degrees. The typhoon continued along
this track until 2218002 when it began reversing direction,
moving clockwise and forming a loop. The N-S axis of the
loop was 50 mi and the E-W axis 175 mi. BESS intersected
the original track at 35.8N 152.OE while moving WNW. Ty-
phoon BESS was downgraded to a tropical storm at 240600Z,
and the final warning was issued at 2512002. Post analy-
sis indicates that BESS should have been downgraded to a
tropical storm at approximately 2306002. Typhoon BESS
moved 22oO mi in 9 days and 3 hours at an average speed
of 10 kts or 243 mi per day.

By 1612002, the large surface trough, previously
discussed,extended between 20 and 25 degrees N and
from approximately 100 to 152E. The ridge line at this
time was N of 40N from Japan to Hawaii, and the pressure
along the equator averaged approximately 1010 mb - the
contribution of a series of small highs just N of the
equator. The easterlies, disturbed more than usual,
lacked the normally smooth pattern. From 20S to 30N

~ easterlies existed from E of Hawaii to 155E. From 100E
to 150E westerlies of substantial strength existed from
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near the equator to 20N. During the period that warnings
were issued on BESS the following typhoons and tropical
storms existed: T.S. AGNES, Typhoon CARMEN, Typhoon ELAINE,
Typhoon DELLA, and T.S. FAYE (later to become a typhoon).

There are two features about Typhoon BESS that appear
unusual. The first is the loop that occurred. A loop was

not uncommon during the 1960 Typhoon Season$ however, no
typhoons looped in 1959, and only one tropical storm and
one typhoon looped during the,,1958 season. Coincidental
with the arrival of BESS off the E coast of Japan, an
upper air trough, best pictured on the 300 mb chart, de-
veloped between a high centered over southern Japan and
one at 28N 150E. The easternmost high moved further SE
and the trough deepened rapidly at a point almost over
Typhoon BESS. Between 2212002 and 2312002 a closed cir-
culation formed in this trough at a point S of the surface
position of BESS. This circulation then caused BESS to
commence moving in a westerly direction. BESS was then
influenced by the circulation around a deep low near 45N
128E which caused it to move to the N after 2506002. The
other feature is the continued life of BESS after 201200Z.
It is believed that BESS would have become extratropical
after 2012002 had it not been for the circulation about
T.S. DELLA and later around T.S. FAYE transporting warm
air into the vicinity of Typhoon BESS, prolonging its life
about 4 days. During this period, there was warm air at
the center from the surface through the 500 mb level. In-
cluded are 4 surface charts with pressure and temperature
analyses portraying the conditions at that time. Limited
data precludes a more detailed examination.
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RECONNAISSANCEAIRCRAFTFIXES- TYPHOONIX=

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT{:d
NO. TIME LAT. LONG, &ACCJ! MBS WND Ha WND EYE CHARACTERISTICS

1
2
3

4
5

6
7

a 8
a

9
10
11

12

13

*

17OO1OZ 24.lN 145.9E 56-P-20 - 980 45 9830qq040 12/10 CIRC DIA 05 MI WELL DEFINED

170600Z 24.3N 145.8E 56-P-05 990 55 9810’19150 13/10 CIRC DIA 05 MI OPEN W
171948Z 25.7N 144.OE 56-P-08 958 - - 9780(’%$30 10/08 CIRC DIA 12 MI

180800Z 26.9N 141.6E 56-P-OS 990 35 9850qq”35 10/07 ELLIPOIVIENN-S DIFFUSE

182015Z 27.4N 141.lE 56-P-OS 984 45 9640<’X335 13/10 CIRO DIA IQMI OPEN S

190350Z 29.ON 140.3E VW1-R-1O - - - - - - ~.,J,- - - - - CIRC DIA 12 MI

190935Z 30.4N 139.6E 56-P-01 942 55 9670 51 16/12 CIRC DIA 16 MI OPEN S

192155Z 32.4N 139.lE 56-P-02 980 55 9650’%’60 18/-- CIRC DIA 15 MI

200203Z 33.4N 140.3E USN-R-01 - - - - - - ;F,,- - - - - HORSESHOE EYE 70 MI DXA

200515Z 33.3N 139.9E 56-P-02 978 55 9720 18/13 CIRC DIA 20 Ml OPEN SE

200820Z 34.ON 140.OE 315----- - - 60
g~~o’ixz ~ lfj/_ .--,-- --------

2105OOZ
w(

36.9N 144.4E 56------ - - 60 9500 40 15/-- NO EYE

220600Z 35.8N 152.3E 315-P-08 - - 60 - - - *66 14/-- “----- -------

250509Z 37.7N 146.4E 56-P-04 986 20 --- ‘- ‘-- EXTRATROPICAL

MAX 500MBWND ,/’

./



TYPHOONEESS 16-25’AUGUST1960
POSITIONAND FORECASTVERIFICATION

STORN POSITION ~HR. ERROR
DTG LAT. LONG. DEG. DISTANCE

160900z
161200z
161800Z

170000Z
170600Z.
171200z
1718002

180000Z
180600z
1832002
181800Z

190000Z
190600Z
191200z
19MOOZ

200000Z
200600Z
20X?OOZ
2018002

21OOOOZ
2106OOZ
21.I.200Z
211800z

2200002
220600Z
22UOOZ
221fi)ooz

230000Z
230600z
231200Z
2318002

240000z
2406002
241200Z
241800z

23.5N 146.5E
23.6N 146.4E
23.8N u6.2E

24.ni u6.oE
24.3N u5.8E
24.8N 145.3E
25.5N 144.3E

26.I.Nu3.2E
26.@ “342.5E
26.7N 141.9E
27.I.N141.3E

28.I.N~0.6E
29.4N J.39.9E
30.9N 139.4E
31.8N 139.2E

32.7N 139.2E
33.6N 139.7E
34.6N 140.5E
35.9N 14109E

36m.6N343.4
36.91?1.4.4.6E
36.9N 146.3E
36.6N ~8.5E

36.I.N150.5E
35”.8N152.3E
35.8N 153.8E
35.7N 155.OE

35*IN 155.4E
34.9N 154.5E
35.2N 153.6E
35.5N 152.7E

35.9N 15106E
36dN 150.6E
36.4N 1.4905E
36.7N 148.4E

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

DATA ‘

----

079-246
082-3&j
078-403

48 HR.ERROR
DEG. DISTANCE

102-257 r
097-342
142-220
L@=lol

30LI.2
IJ$8-132
173-135
190-157

m7-2~
196-254
065-51
-“--

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

----,.
----
----
--”-

----
--”-
----
----

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

----
--”-

----

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

----

081-688
079-’767
075-807

092-520
105-6u
161-340 ~
181-3M ~~

198-181
186-273
234498
----

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

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

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

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

.
100



TYPHOONBESS 16-25AUGUST1960
POSITIONAND FORECASTVERIFICATIONDATA

STORM POSITION 2L HR. ERRoR

(CONT’D)

M! HR. ERROR
“DTG LAT. LONG. ‘ DEG. DISTANCE DEG. DISTANCE

2500002 37.lN U?.@ ---- -----
2506002 37.8N 1.46.3E -“-- ----
251200Z 39.ON 1.45.7E ---- ----

AVERAGE24 HOUR moR 205Mi
AVERAGE48 HOUR ERROR 480 MI

.
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L. TYPHOON CARMEN ‘(160000Z-240000Z
!

AUGUST 1960)

A sharp trough was evident to the SE of T.S. AGNES.
and when it became apparent that the winds were strong~r
500 mi SE of AGNES than near its center, the development
of another tropical storm or typhoon was indicated. At
160000Z the first T.D. warning was issued, and 12 hours
later the T.D. was upgraded to T.S. CARMEN. CARMEN be-

.came a typhoon at 171200Z when it was about 125 mi SSW
of Okinawa. The typhoon moved at an average speed of
3 kts along an inverted ‘tS*’track until it approached
the S end of Okinawa from the SE. When it was 50 mi SE
of Okinawat CARMEN was downgraded to a T.S. The storm
then moved NW until reaching 30N where it recurved, ac-
celerated, and moved NNE, passing 140 mi E of Shanghai
at 2206002 and 20 mi W of Seoul, Korea at 2302002.

At the time it passed over Korea, CARMEN was moving
at 36 kts and carried maximum winds of 45 kts. Typhoon
CARMEN was large, about 800 mi in diameter, covering an
area of more than 500,000 square mi, and it extended
through 45,000 ft on 19 August. Another feature quite
unusual about this typhoon was the diameter of its eye.
Reconnaissance aircraft frequently reported eye diame-”
ters of 100 mit using as the basis of measurement, sur-
face winds and pressure gradient. However, with respect
to wall clouds surrounding the eye, radar photographs
taken from the CPS-9 at Kadena AB show quite clearly,
that on 20 August, the eye had a diameter of approximate-
ly 200 mi(see photograph this chapter).. The eye diame-
ter of CARMEN was probably one of the largest ever re-
ported. When the center of the eye approached the S tip
of Okinawa, fog occurred at Naha and Kadena from 2016002
to 2022002.

For a brief discussion of the surface “synopticsitua-
tion at the time CARh!ENformed, see narrative, Typhoon
BESS. While warnings were being issued on CARhlEN,warn-
ings were also being issued on Typhoons BESS, DELLA and
ELAINE. Also, the final warning on T.S. AGNES was issued
at the time the first warning was issued on CARMEN.

The final warning on CARMEN was issued at 2400002,
when the storm was near 50N0 CARMEN traveled a distance
of 1,900 mi in 8 days, an average of 240 mi a day or a
speed of 10 kts. During the first 5 days it traveled
only 360 mi, but on the last day, it traveled 840 mi.
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RECONNAISSANCEAIRCRAFTFIXES - TYPHOONCARMEN

UNIT MIN MAX MN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MBS WND HGT WND (Oc) EYE CHARACTERISTI

1 1708002 24*5N 127.lE 315-P-20 . . 60 97407%160 EYE ILL-DEFINED

9650ci:”
9590qy’
~9590°t’

ELLIPN/S 130X80WALL
ELLIPN/S IOOX60
CIRC DIA 100MI

1800002
1808002
1822152

.

1903302
1908302

24.5N 127.lE 315-P-02
24.5N 127.2E 56-P---
23.9N 127.8E 56-P-03

--” 70
*. 75
970 50

45
. .
60

16/--
18/--
18/--

~9540qx:
‘9420Y7’>

CIRC DIA 100MI
CIRC DIA 100MI

5
6

24.2N 128.OE 56-P-03
24.lN 127.9E 315-P-05

972 60
-. 65

50
. .

18/%2
18/--

7
8
9

2000302
2003002
201O35Z

24.8N 127.9E 315-P-IO
25.ON 128.6E 56-T-1O
25.6N 128.6E 56-P-02

-- 65
. . 55
978 60

9490
.-.
9630

-“ -

60
40

18/--
.-.
15/13

EYE OPEN 100MI DIA
CENTERNOT DEFINED
CIRC DIA 100MIWALL CL
NE&E
----- ----- --25.3N 127.5E 315-P-02 .- 50 9600 18/--10 2022002 --

CIRC DIA 80 MI
HORSESHOE SHAPE 70X50

2104OOZ
2109O6Z

26.3N 127.lE 56-P-02
26.9N 126.2E 56-P-02

980 50
980 60

9710
9650

50
80

15/13
15/14

11
12

2201412 29.3N 124.5E 56-P-04 975 45 9700 36 15/-- UNABLETO DETERMINE13



TYPHOONCARMENl= AUGUST1960
POSITIONAND FORECASTVERIFICATIONDATA

STORMPOSITION 24 HR.ERROR 48 HR. ERROR
DTG LAT. LONG. DEG.DISTANCE DEG. DISTANCE

160000Z
160600Z
161200z
161800Z

1700002
170600Z
171.200Z
17MOOZ

180000z
180600z
181200Z
181800Z

190000Z
190600Z
191200Z
191800Z

200000Z
200600Z
2o1200z
2018002

21COOOZ
2106OOZ
211200Z
211800Z

220000Z
220600Z
221200z
221800Z

230000Z
230600Z
231200Z
231800Z

2400002

22.9N 127.5E
23.ON K!7.2E
23.2N 326.9E
23.4X 126.8E

23.mi 126.8E
24.oN 126.8E
24.3N 126.9E
24.4N 12?.oE

24.5N 127.lE
24.5N 127.2E ‘
24.5N 1.27.3E
24.3N U7.5E

23.9N X27.9E
24.lN 1.28.2E
24.3N I=%@
24.6N 1.28.5E

24.8N 128.6E
25.2N 1.28.6E
25.6N 128.4E
25.8N 128.lE

26.mT 127.5E
26.5N 126.7E
2?.4N 125.7E
28.5N 1.24.9E

29.8N 124.3E
31.2N 124.lE
32.6N 124.2E
34.3N 124.9E

36.7N IZ6.I..E
40*lN 128.OE
43.6N 130.5E
46.6N 132.9E

49.4N 134.7’E

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

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

274.-163

274-191
255-297
275-U.
278-202

313-u
303-95
28L74
269-79

2/$0-76
213-67
202-93
190-113

100-78
101-131
088-204
117-230

157-260
157-256
210-229
216-293

----
&B----

----

-“--

“..-

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

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

“-..

284-342
262-537
278-70
276w399

306-167
29$-152
230-97
212-95

MO-11O
154-155
1.49-224
150-309

123-31.2
131-364
3.22-376
153-503

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

----

AVERAGE24 HOURERROR 154W
AVERAGE48 HOUR ERROR 265 MI
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M. TYPHOON DELLA (1709OOZ-31OOOOZ AUGUST 1960)
#

The first indication of Typhoon DELLA was a weak cy-
clonic circulation, between Kwajalein and Eniwetok, on the
1200002 surface chart. The circulation had moved quite
close to Eniwetok by 1406002, and by 1706002 it appeared
to be embedded in the strong trough SE of T.S. BESS. A
brief description of the general features of the 1612002
surface chart is contained in the narrative of Typhoon BESS.

The initial warning (as.a tropical storm) was issued at
170900Z, and it appeared that DEL~ would intensify to full
typhoon strength. However, subsequent reconnaissance, on
18 August, indicated that DELLA was no longer a closed cir-
culation, and a final warning was issued at 1900002. An
investigation by an aircraft of w-l on 20 August disclosed
that DELLA had regenerated, and the issuance of warnings,
as a tropical storm, was resumed at 2006002. DELLA moved
on a track to the WNW at 11 kts~ becoming a typhoon at
2212002. Shortly after reaching typhoon intensity, DELLA,
moving in a countercloclcwisedirection, followed a path
which gradually described an ellipse. The ellipse was ten-
tered near 22N 137E, and the major axis was oriented ENE.
DELLA moved along the 175 mi circumference of the ellipse
at an initial speed of 6 .kts,slowly decelerating to 2 kts.
After completing the ellipse, DELLA moved to the NNW and
then to the N, gradually accelerating to 16 kts at 290500ZQ
when it reached the Japanese island of Shikoku. At that
time, the maximum winds had decreased from 95 to 75 kts,
and passage over the island of Honshu further reduced the
maximum wind speed to 45 kts. Miho (743), a city on the N
coast of Honshu, was less than 20 mi W of DELtAts position
between 291OOOZ and 2911002, and reported maximum sustained
winds of only 18 kts with gusts to 27 kts. DELLA accelerat-
ed to 30 kts after entering the Sea of Japan where the maxi-
mum winds, associated with the storm, reached only 55 kts.
The final warning was issuedat 31OOOOZ, at which time DELLA
was in the Gulf of Tatary, just E of Sakhalin Island.

DELLA traveled 3150 mi during the 13 days and 15 hours
(first to last warning) that warnings were issued. The
average speed of this system was 10 kts or 233 mi a day;
the minimum’speed was 2 kts while moving along the ellip-
tical track, and the maximum speed was 30 kts during the
last day of warnings. During the life of DELLA, w’arnings
were also issued on Typhoons BESS, CARMEN, ELAINE, FAYE,
and T.S. GLORIA.

TWO unusual features marked DELLA as different: The
elliptical track, roughly half way between Guam and Okinawa,

’111



on 22, 23 and 24 August, and a double eye reported at
2809142, the position of which was 29.7N 133.OE. The
inner eye was oval shaped, 10 by 3 mi, and was oriented
such that the longer axis was NE. The outer eye was 50
mi in diameter.

112



:
—

~
—

....

—

~
...=

..
...

II$Q

.-

..-
.—

—
I

,,
—

—
—

.
..

-----....—
.

-.
.

..

--------
..._

b
-.-—

...—

I

I
,
,
.

T
,

“
,
1
.

—
.
.
=
.

[

‘1.
.

I

---
i

1 ..-
.0

..
I1

!–=-l-
‘

‘“
“-–”-+

––
+
E

-
-.

—
.

0:

—

I

w
*

*
.**

III
--%

+
.--.--+

–.—
.-—

.+
––.——

–--+

t
0.

..0,
\

,
I

--
x

’
1“K“{-

.,>
.,.

.,0$:

Ii

._+
:.,.\%

“
<
.
.,

-
)

IJIrw
.,.

.-
.-.—

—
—

..
“
M

(U

)1
e

\
I :

8“ ..----
,,,

.,
.,.

.

,*.8

1
1
3



22”N

23/OOZ

lo~

I
21*N 4

BEST TRACK
TYPHOON DELLA

8LOWUP
22KWOZ TO 25A800Z AUG 1980

22/0600z
23/OOOOZ
23/?2C?OZ
25/0600Z

22/0600z
22/1200z

\

22/1800Z
23/ooooz

‘E

Sl%ED

To 23/ccooz6 KTS
To 23~1200z 4 KTs
TO 25/0600Z 2 KTS
TO 25/1800Z 4 KTS

INTENSITY

TO 22/1200Z 60 KTS
TO 22/1800Z65 KTS
TO 23/OOCOZ75 KTS
TO 25/l$OOZ$0 KTS



RECONNAISSANCEAIRCRAFTFIXES - TYPHOONDELLA

UNIT MIN MAX Mm MAX 700MB
FIX METHOD SLP SFC 700MB 700ME TT/Td
NO. TIME LAT. LONG. & ACCY MDS WND HGT WND (Oc) EYE CHARACTERIS

1
2

:
5

6
7

w 8+J
m

9

10

11

12
13
14

15
16

17
18

1704302 130m 154.3E VW1-P-1O
1722002 13.6N 154.4E 56-P-1O

1803002 14.7N 154.8E USAF----
1807282 14.3N 151.lE VW1-P-1O
1808302 13.7N 153.6E 56-P-05

2004402 17.2N 145.OE VW1-P-1O
2021OOZ 19.4N 143.lE 56-P----

2122002 20.3N 139.3E 56-P-1O

2208202 21.4N 138.OE 56-P-05

2309202 21.8N 136.2E 56-P-OS

2323482 22.ON 135.3E 315-P-04

2403152 21.7N 136.7E 56-P-05
2408302 21.8N 136.8E 56-P-OS
2423202 21.2N 137.OE 315-P-1O

2507452 22.IN 137.2E 56-P-25
2521402 23.lN 137.OE 56-P-05

2603002 23.7N 136.4E 56-P-1O
2608002 23.7N 136.3E 56-P-03

.- 45 --- -- --”
-. 40 --- -- ---

---- ---- . . . .
-- 35 ---,003-- ---

1012’- - 10210 30 09/09

-- 38 --- -- ---
---- ---- “---

1000 40 10080h7840 13/10
/,,~

994 60 9920 50 14/09

972 75 9530q’’0”60;17/14

-- 85 9680q~’q80 15/--

962 55 9460qqL55 15/--
966 75 943(j’17~’78 16/10
-- 70 9260qLq55 - - -

969 65 9360T”+- - - - -
966 75 9360’”580 14/12

970 100 9330 14/12
918 85 9320 ;5- 15/11

30 KT SFC WND 40MI
EYE ILL-DEFINED

“---” -----

CIRC DIA 42 MI
UNDEFINED25 MI DIA

CIRC DIA 35 MI
INDEFCLOSEDCIR

DEFINEDONLY BY SPI

ILL-DEFINED

CIRC DIA 15 MI WALL
NE-NW
CIRC DIA 40 MI

EYE NOT DEFINED
ELLIPNE/SSW30X45
WALL CLD N QUAD ONLY

ELLIPNW/SE 40X20
IRREGULAR30 MI DIA

ELLIPN/S 50X30
EYE FILLEDWITH CLD



RECONNAISSANCEAIRCRAFTFIXES- TYPHOONDELLA (CONT$D)

.

UNIT MIN Mum MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TRIE LAT. LONG. &ACCY MBS WND HGT WND (OC} EYE CHARACTERISTICS

19
20

21
22
23
24
25
26

w
F 27
0 28

29
30
31

32
33

261600Z
262135Z

270230Z
2708002
270630Z
270830Z
271425Z
2723302

280330Z
2809142
281315Z
282315Z
282355Z

290325Z
292230Z

25.2N 136.3E VW1-R-05 - - --
25.4N 135.7E 56-P-1O 976 60

25.8N 135.OE 56-P-15 980 85
26.9N 134.6E 56-P-05 970 95
26.6N 134,8E W1---O1 - - - -
27.ON 134.7E WJ1---Ol - - - -
27.3N 134.lE VW1-R-05”-“-=–= A-
28.4N 134.OE 56-P-06 970 80

29.lN 133.3E”56-P-15 968 80
29.7N 133.OE 56-P-OS 970 75
29.5N 134.lE VW1-R-20 - - - -
31,7N 134.OE 56-P-05 974 75
31.8N 133.lE 56-P-02 971 75

32.4N 133.8E 56-P-01 - - 90
40.lN 135.3E 315-P-02 - - 50

.-.. ----

9210”1’2- - 13/13
q(<~

9210 78 14/12
9290 70 14/09
---- ----
---- ----
“.-. -*..

9240 70 (,16;16’)

9290 80 15/14
9250 80 16/15
---- .-..
9580 85 , 17/17
9170” 80 16/16

9240 65 17’)17
9530 - - 18/--

19X4ORIENTED325° OPEN SE
EYE VERY DIFFUSED

EYE 75% FILLEDWITH CLDS
EYE NOT WELL DEFINED
CIRC DIA 20 MI
----- . . . . . ---
CIRC DIA 50 MI
CIRC DIA 40 MI OPEN N

NO WALL CLDS ON RADAR
EYE DOUBLE& ELLIP
CIRC DIA 58 MI
ELLIP 10X25MI
CIRC DIA 12 MI

CIRC DIA 10MI
EYE NOT DEFINED



TYPHOONDELLA 17-31AUGUST1960
POSITION~ FORECASTVERIFICATIONDATA

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

1’70900Z
171.200Z
11W300Z

13.4N 153.8E
13.5N 153.4E
1.3.7N1!52.7E

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

----
----

l&OI? 152.I.E
14.2N 151.3E
34.6N 150.5E
14.9N 1.4.9.7E

Mooooz
M30600z
181.200z
181800Z

&;-;7-
2@67
234-72

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

15.3N W3.9E 108-335190000Z ----

190000ZTO 200600zNO WARNINGSISSUED

17.3N 344.8E
17.7N 143*7E
18.lN 142.6E

----200600Z
201200Z
201800Z

21OOOOZ
2106OOZ
21J.200Z
211800Z

220000Z
220600Z
221200z
2218002

230000Z
230600Z
231.200Z
231800Z

~ooooz
240600z
241200z
241800Z

250000Z
250600Z
251200Z
25MOOZ

260000Z

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

----
----

18.4N 1.41.6E
18.8N 1.40.5E
19.3N 139.4X
19.8N 138.7E

----

087-150
087-184
090-211

----
----
---”

r-.D-

20.6N 138.2E
21.2N 138.lE
21,7N 137.8E
22*lN 137.4E

034-223
055-187
031-218
030-255

0-..
095-195
C95-193
097-206

22.lN v6.7E
136.3E
136.3E
136.4X

290-66
317-108
321-168
332-390

022-384
040-293
024-400
019-495

22.ON
21.6N
21.5N

333-486
329-572
292-180
282-225

307-340
321-405
331-528
34+=720

21.5N
21.6N
21.6N
21.7N

136.7E
136.9E
137.lE
137.3E

279-262
250-49
248-48
203-?3

341-819
335”934
2/31-313
271-375

13704E
137.5E
137.4E
137.IE

21.$N
22.ON
22*4N
22.8N

188-90 267-345
...-.

23.2N 136.9E
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..

TYPHOONDELIA
POSITIONAND FORECAST

STORM POSITION

17-31AUGUST1960
VERIFICATIONDATA(coNTID)

24 HR.ERROR 4$ HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

260600Z 23.7N 136.5E
261200z 24.211136.IX
261800Z 2409N 135*6E

270000Z 25.7N 135.2E
270600Z 26.6N 134.7E
271.200Z 27.5N 134.3E
271fiOOZ 28-IX 133.9E

280000Z
280600z
2m200z
2131gooz

290000Z
2906002
291200Z
291800Z

2g.’gN133.6E
29.4N 133.3E
30.lN 133.OE
30.9N 132.8E

32.2N 133.OE
33.8N 133.3E
36.2N 133.5E
38.4N -134.4E

300000Z 40.7N 135.7E
300600Z 43.3N 137.5E
3o1200z 46.oN 139.5E
301800Z 48.8N 141.2E

3m300z 51.3N 1.42.OE

AVERAGE24 HOUR ERROR 173 MI
AVERAGE4g HOUR ERROR 361MI

161-M1
154-W
145-203

I.&;:

132-94
066-200

093-83
088-55
043-173
140-66

1.23-82
190-81

----
----
-99.-

----

----

174-X22
168-150
163-195

160+7
153-395
153-364
150417

150-458
095-190
087-182

Om-xll
10WO1
----
-...

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

----
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N-e TYPHOON ELAINE (1922002-2506002AUGUST 1960)

At 2000002, 2 hours after the first warning was issued
on T.D. 13, later to become Typhoon ELAINE, the surface
chart indicated that the trough (1612002 chart discussed
in BESS narrative) had become oriented NEf from W of 18N
100E to 34N 143E. An average of the isobars through this
trough equalled 995 mb. This represented an area of more
than 1,000,000 square mi of poor weathers for embedded in
it were Typhoons BESS and CARMEN as well as T.D. 13. At
the time of the first warning the tropical depression, lo-
cated 210 mi SE of Hong Kong, was moving ENE at 6 kts along
the trough. A tropical storm warning was issued at 2012002
and ELAINE was classified as a typhoon at 2118002, 110 mi W
of Batan Island, although post analysis indicates that
ELAINE was of tropical storm intensity at the time of the
first warning and of typhoon intensity at 2106OOZ. ELAINE
then moved NE to NNE, roughly parallel to and about 50 mi
off the E coast of ‘1’aiwanto 24N before reversing direction.
The typhoon was downgraded to a tropical storm at 2218002,
and by 2306002 had reversed direction and moved onto Taiwan.
ELAINE “jumped” across the island between 2306002 and
2314002. The speed of ELAINE was 10 kts when it touched
landt 12 kts over land and then 4 kts after moving over the
water area of Taiwan Strait. The storm moved WNW after
departing Taiwan, passing the coastline of the Asiatic main-
land at 2S00002. The final warning was issued at 25060020

It appears that ELAINEwas “steered” by the circulation
associated with Typhoon CARMEN until 2218002, and then by
the circulation, above the\700 mb levelg of the high over
the Asiatic mainland. Windwi,se, ELAINE had a closed cir-
culation through the 300 mb level for part of the period
that it was a typhoon, but[was never closed at the 200 mb
level.

During its “warning life”, ELAINE traveled 850 mi over
a period of 5 days and 8 hours, at an average speed of 7
kts or 158 mi a day. The minimum speed was 4 kts on 20, 21,
23 and 24 August, and the maximum speed was 12 kts on 23
August, Warnings were also issued on Typhoons BESS, CARMEN,
DELiA and FAYE during this period.

121

ELAINE~s track was quite unusual, but Very similar to
that of a typhoon that occurred during 1924 between 31 July
and 6 August. The 1924 typhoon track was extracted from
“Tropical Cyclones in the Western Pacific”and China Sea
area, 1884 to 1953’1
Hong Kong.

1 published by the R~ya~ observatory-
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RECONNAISSANCEAIRCRAFTFIXES- TYPHOONELAIm

UNIT MIN MAX mN ‘MAX
FIX

700MB
METHOD SLP SFC 700MB 700MB TT/Td

NO. TIME IAT. LONG. & ACCY MBS WND HGT WND (O(’J) EYE CHARACTERISTICS

1 2201302
,~~,1.

21.2N 121.OE 315-P-05 - - !60 9610 - - 17/-- XLL DEFINED,OPEN N & NE
2 2205152 21.7N 121.3E 56-P-02 976 - - 970098550 15/-- ORIENNE-SW
3 2208202 22.lN L21.7E 56-P-02 988 80 9690@ 60 15/-- ORIENNE-SW
4 2215312 22.6N 121.6E VW1-R-05 - - = - - - - - - - . - CIRC DIA 10MI ILL DEFINED
5 221653Z 22.9N 121.5E W1-R-lo - - - - - - : - . - - . CUU2 DIA 06MI ILL DEFINED ,,

6 2301OOZ 24.ON 122.3E 56-P-01 994 45 9980qqG39 17/-- POORLYDEFINEDOPEN SE-N

/

/’,,
./

,/”’

# /’



HmN ELAINE19-25AUGUST1960
POSITIONANDFOREOASTVERIFICATIONDATA

STORMPOSITION 24 HR. ERROR 48 HR.ERROR
DTG LAT. LONG. DEG.DISTANCE DEG.DISTANCE

1922002 19.3N 116.5E ---- ----

2000002 19.4N H6.6E ---- ----
2006002 19.7N 117.2E ---- ----
2032002 19.9N 117.8E ---- ----
2018002 20.M! 118.I.E ---- ----

21OOOOZ 20.2N u8.6E ---- ----
2106OOZ 20.3N 119.OE ---- ----
21UOOZ 20.3N 119.5E 34&44 ----
2118002 20.4N 1.20.I.E 015-75 ----

220000Z 21.ON 120.9E , 262-33 --.--
220600Z 21.7N 1.21.5E 229-91 --.-
221200Z 22.6N 122.I.E 222-132 238-94
221800Z 23.5N 122.5E 206-203 192-53

2300002 24.oN 122.4E 139-98 198-160
230600Z 23.5N 121.@ 1uu38 180-146
231200Z 22.8N 320.3E 041-316 138-11o
2318002 22.9N 320.OE 0&&352 3.35-180

2400002 23.2N 119.6E 052-308 076-388
2406002 23.4N 119.2E 030-380 080-384
2422002 23.5N 118.8E 233-15 033-633
241800Z 23.5N 11.8.lE 222-82 041-604

2!500002 23.5N 117.2E 175-64 0S2-!566
250600Z 23.8N 116.5E 130-38 037-562

AVERAGE24 HOURERROR 148MI
AVERAGE48 HOURERROR 323 MI
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0...fiPHOON FAYE “C221200ZAUGUST-O1O6OOZ

At 220300Z’an “aircraft, enroute from

SEPTEMBER 1960)

Guam to Wake,
found wh6t was tistimated’tbbe a tropical cyclone of storm
-intensity at 16.ON 158.OE. This information was not re-
ceived by JTWC until some 4 or 5 hours later. Other than
a weak circulation analyzed on the surface charts, this was
our first indication of FAYE. As a result of the report, ‘
the initial warning, as a tropical storm, was issued on
FAYE at 2212002.

The storm moved N at 9 kts for the first 54 hours,
steered by the elongated western portion Of a high at 300
mb. During this period, warnings were being issued on four
additional tropical disturbances (BESS, CARMEN, DELLA and
ELAINE), greatly limiting the availability of reconnaissance
aircraft to investigate FAYE. When %FAYE reached 25N 160E,
it became quasi-stationary and intensified to typhoon stren-
gth. It then began to move with the 200 mb flow, causing
it to discontinue its movement to the N and to begin moving
Sw● The first typhoon warning was issued at 251800Z, al-
though post-analysis indicates FAYE was of typhoon inten-
sity at 2512002. FAYE passed about 75 mi S of Marcus Is-
land at 2700002 as it began to move W. However, the maxi-
mum sustained surface winds at Marcus were only 45 kts.
At 280600Z a ship 150mi SW of FAYE reported only 20 kt
surface winds, while the reconnaissance fix reported maxi-
mum surface winds of 135 kts. This confirmed the fact that
FAYE was a small but intense typhoon. An E-W elongated
high at 200 mb, centered to the N of the typhoon, caused
it to move W and then NW, and FAYE passed midway between
Iwo Jima and Peel Island at approximately 290600Z. The
maximum winds reported at Iwo Jima were 30 kts with gusts
to 40 kts, and at Peel Island, 42 kts with gusts to 62 kts.
It was here that FAYEcommenced recurving N.

As FAYE recurved around the western edge of the anti-
cyclone at 200 mbt it passed 35 mi to the WSW of Peel Is-
land at 2911OOZ and 20 mi E of Tori Shims at 3003302s The
maximum surface winds at Tori Shims were 45 kts with a
minimum sea level pressure of 991 mb. By 300000Z FAYE had
begun to weaken, and 300 mbs appeared to become the dominant ,
steering level, causing the storm to move NNE instead of N,
thus eliminating any threat to Japan. FAYE was downgraded
to a tropical storm at 31OOOOZ, although post-analysis
indicates FAYE weakened to tropical storm intensity at
3018002. By O1OOOOZ it was evident that the storm had
weakened and filled, and the final tropical warning was
issued at O1O6OOZ, by which time FAYE had become extratropi-
cal.

126



A total of 40 warnings were issued, covering a period
of 9 days and 18 hours. FAYE traveled 2800 mi,and moved
at an avbrage speed of 12 kts or 286 mi per day during its
“life”. The range of its speed was from 1 to 22 kts.
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RECONNAISSANCEAIRCRAFTFIXES- TXPEOONFATE

UNIT MINMAXMIN MAX 700ME
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME WT. LONG. & ACCY MES WND HGT WND (Oc) EYE”CHARACTERISTICS

1
2

2A
3

4
5

+ 6

“8 7

8
8A
9
10

11
12
13
14

15
16
17

2203002
2215002

2301152
2306122

24101OZ
2420002

2520002

2606402

2618202
262015Z
270645Z
2721OOZ

2802302
2807302
2809452
2821252

2902302
2902352
2908002

16.0N158.0E USN-R--- ----- --- -- --- -------------
16.IN156*OE USN------- -- --- -- --- -------------

18.5N158.0E USAF---- -- -- --- -- --- ‘ ------------
21.5N 158.lE VW1-P--- - - 50 - - - - - - - - CIRC DIA 25 MI

24.1N’159.4E 56---O5 -- -- --~q,l-~ --- -------------
25.3N 159.8E 56-Po1O 994 45 /9950 60 11/09 CIRC DIA 08 MI

25.7N 159.2E 56=P=O~” 975-‘--““’115“‘-9720q~’fi60 14/10 CIRC DIA 20 MI
,+t~:,

25.ON 157.2E 56-P-OS 968~ 65 ~ 9470 70 16/11 CIRC DIA 20 MI WALL
I CLDS SOLID

23.8N155.5E PANAM -- --j-- ~i,,-- --- -------------
23.3N 154.9E 56-P-01 960 120 I -9080 80 15/12 cXRC D14 08 MI
22.9N 152.3E .56-P-1O“;”’953’ 110 - - :0170 16/12 CIRC DIA 0$ MI
22.6N 149.OE 56-P-05 $i50 125 9020 90 15/10 CIRC DIA 12 MI WELL

$“ DEFINEDWALL CLDS

23:1N 147;6E 56-P=05 ’941 135 8760:5 100 16)11 CIRC DIA 17 MI
22.8N 146.4E 56-P-OS 940 - - 8570 85 17/12 CIRC DIA 30MI
23.3N 145.7E VW1-R-1O - - - - - - - - - - - - CIRC DIA 26MI
24.5N 143.4E 56-P-OS 952 120 8920 80 14/11 CIRC DIA 12MI

25.6N 142.5E 56-P-02 948 120 8930 70 14/12 ,CIRCDIA 20 MI
25.8N 143.OE 315-R-OS - - - - - - - - - - - - CIRC DIA 25MI
26.4N 141.9E 56-P-01 962 120 8920 90 12/12 CIRC DIA 20MI
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RECONNAISSANCEAIRCRAFTFIXES- TYPHOONFAYE (CONTCD)

UNIT MINMAXMIN MAX 700MB
FIX METHOD SLP SFC‘ 700MB 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MDS WND HGT ,NND (OC) EYE CHARACTERISTICS‘

18 291500Z 27.5N 141.3E VW1-R-1O - - - - - - - - -’ - - - CIRC DIA 26 MI ‘
19 292205Z 29.ON 140.lE 56-P-08 . 968 100 9180 60 14/08 ELLIPNW 30X25MI

- 20 300215Z 30.2N 140.8E 56-P-02 958 80 9240 60 18/11 ELLIPNW 35X25MX
21 3008252 31.8N 141.OE 56-P-05 979 - - 9590 75 17/12 HORSESHOE20X70MI

OPEN N
22 3016202 34.7N 141.5E VW1OR-2O - - - - - - - - - - - - CIRC DIA 25MX
23 302330Z 36.5N 143.22 56-P-05 1005 65 10030 40 12/12 Sol’lzDIA OPEN Nw

24 3103OOZ 37.4N 144.6E 56-P-05 993 - - 9790 32
G

17/17 501JlIDti OPENNW

o .



1960
DATA

TYPHOONFAYE22 AUGUST-01SEPTEMBER
POSITIONAND FORECASTVERIFICATION

STORMPOSITION 24 HR. ERROR /$/3HR. ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

17.5N 157.9E ---- ----
418.5N 15g.OE “--- *---

221ZOOZ
221SOOZ

230000Z
230600Z
231200Z
231800Z

19.5N
20.6N
21*4N
22.3N

15&3E
158.7E
159.OE
159.2E

----
----

237-450
242-550

----

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

239-588
247-401
120-137
200-225

2400002
240600z
241.200Z
2@300z

23.ON
23.6N
24.4N
25.lN

159.5E
159● 7E
159.8E
159.8E

----

155-111159.ti 245-795
257-603
110-31.3
192-250

2500002
2506002
251,200Z
2518002

25.@
25.5N
25.6N
25.7N

159.6E~
159.5E
159.4.E

140-94
06$)-130
“013-170

25.6N 158.6E 030-229 095-165
25.lN 157.4E 036-336 079-252
24.3N 156.4E 037-457 030-440
23.5N 155.3E 051-286 031-547

2600002
2606002
261200z
2618002

2700002
2706002
271200Z
271800Z

23.ON 154.OE ()).;$ 041-687
22.9N 152.5E 044-798
22.8N 151.lE 070:4g5 048-91.3
22.8N 1.4.9.8E W9-255 063-594

280000Z
280600z
281.200Z
281800Z

22.9N
23.ON
23.5N
24.2N

148.3E
L46.8E
345.3E
L&OE

065-665
068-737
081-775
110-449

2$03002
290600Z
291.200Z
291gooz
-.

3000002
300600Z
301.200Z
301800Z

25.2N
26.I.N
27.ON
2g.1.N

1.42.8E
l&.lE
141.5E
140.9E

lgO-185
210-153
216-175
219-212

146-260
143-70
143-175
163-340

29.5N 140.5E 229-133 196-467
31.2N 1.40.gE 268-1.10 230-292
33.lN 1.41.@ 22&160 223-f+5g
35.ON 142.3E 218-191 =4-543-

131
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TYPHOONFAYE 22 AUGUST-01SEPTEMBER1960
POSITIONAND FORECASTVERIFICATIONDATA (CONTID)

STORM POSITION 24 HR. ERROR 4!3HR. ERROR
DTG LAT. LONG. DEG.DISTANCE DEG. DISTANCE

31OOOOZ 36.6N 1.43.5E ---- ----
3106ooz 37.9N U5.8E ---- ----
3U200Z 38.5N lJJL3Jl “--- ----
311800Z 3tL8N 150.3E - ---- ----

Olooooz 39.2N 152.3E ---- ----
O1O6OOZ 39.5N 154.~ ---- ----

‘AVERAGE24HOURERROR 246MI
AVERAGE48 HOUR ERROR 505 Ml

132
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P. TYP~OON KIT (0212002-1300002 0CT6BER 1960)

The birth of KIT as T.D. 20 was not a surprising
event. The,circulation had,gradually increased in size
over a period of several days to an immense cyclone,
whose E-W length was.more than 1500 mi, extending from
the Philippines to E of Guam, and whose N-S length was
more than 600 ml. The surface winds were no more than
25 kts, and the cehtral pressure was no lower than 1001
mb at 02120028 the time of the first warning. The cy-
clone grew smaller in area and more intense as it de-
veloped into a typhoon. Storm intensity winds were
reached by 0312002 and KIT achieved typhoon strength .by
0418002. From the first warning KIT followed a course
to the W moving 7 to 12 kts, roughly along 13N, passed
between Samar and Catanduanes Islands and moved onto - .
Legaspi Island, 200 miSE of Manila at C)60900Z. It be-
came somewhat weaker while over land~ but accelerated
slightly. The typhoon entered the South China Sea at
O71OOOZ and commenced intensifying again as it moved NW,
finally achieving a speed of 12 kts. KIT was 200 mi SSW
of Hong Kong at 1012OOZ* at which time it began turning -
W again. The wind speeds about KIT steadily decreased
from 90 kts at 1012OOZ to 60 kts at 1112002, the same
time that it passed the coast line of Hainan Island.
The last warning was issued on T.S. KIT at 130000z, 140
mi SSE of Hanoit North Vietnam.

Typhoon KIT followed the track of climatology very
well, and is one of the few of the season that did. Warn-
ings were issued for 10 and one half days over a distance
of 1900 mi. The cyclone traveled at the average rate of
7 to 8 kts or 181 mi per day. Circulationwise,Typhoon
KIT appears to have extended through the 300 mb level,
but did not extend to the 200 mb level as a closed cir=
culation.

Warnings were also issued on Typhoon LOLA during the
warning life of KIT.

There were no unusual features associated with
Typhoon KIT.
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iU3CONNAISSANCEAIRCRAFTFIXES- TYPHOONKIT

UNIT MINMAXMIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MBS WND HGT WND (°C) EYE CHARACTERISTICS

.

56-P-05 980 75 ,,9910$W Go 15/09 35 MI MA1 042316Z 12.7N 127.5E

56-P-OS 976 75 9940v~ 58 CIRCDIA 08 MI050925Z 13.ON 126.6E 14/082
Q~2

56-P-02 972 80 9200 70
56-P-02 966 100 - - - *6O
56-P-02 968 -- ---- *72
56-P-02 ‘-- -- ---*8O

0600302 12.8N 125.3E
060400Z 12.8N 124.6E
060820Z 12.9N 124.OE
062250Z 13.ON 122.OE

CIRC DIA 15 MI
CIRC DIA 18 MI
POORLYDEFINEDDIA 12 MI
CIRC DIA 40 MI

3
4
5
6

15f--
*-3/-6
*-2/.2
*-2/-2

..——— .
56-P-oo -,- - - - - . *55
56-P-00 - - 45 - - - *5O
56-P-OS 992 35 9930 30

070730Z 13.3N 120.8E
070920Z 13.4N 120.6E
072255Z 13.8N 119.2E

*.4/..
*-2/”-
07/05

CIRC
CIRCWALL CLDS DIFFUSE
NO DEFINEDEYE

$7 <

56-P:05 [996 -- 9910 45
56-P-01 :987 75 9980WS’I50
VP40-R-- -- -- ---’--

10
11
12

0803452 14.lN 118.7E
080830Z 14.8N 118.6E
081500Z 15.4N 118.3E

07/--
10/08
.-e

POORLYDEFINEDEYE
CIRC DIA 40MI OPEN N
----- . . . . . ---

%’/.

56-P-05 976 85 9630 60
‘56-P-05 978 75 9480:: 65
56-P-05 -975 90 9380 85

090440Z 17.4N 115.9E
090900Z 17.5N 115.5E
0923332 18.lN 113.9E

18/--
16/--
15/07

CIRC D14 40 MI OPEN E-S
CIRC DIA 40 MI
OPENALL QUAD8

13
14
15

56-P-15 978 65 9520 70
56-B-1O 970 80 947097(087

14/10
14/08

CIRC DIA 60MI
CIRC DZA 60MI WALL CLDS
ALL QUADS

16
17

100435Z 18.6N 113.9E
1008OOZ 19.lN 113.4E

*



TYPHOONKIT 02-13
POSITIONAND FORECAST

STORMI?6SITION 2A

OCTOBER1960
VERIFIOATIONDA2!A \,

RR*ERROR L8HR. ERROR
DTG L&T. LONG. DEG. DISTANCE’ DEG; DISTANCE

021200z
021800Z

030000Z
0306002
031.200Z
031800z

040000Z
040600Z
041200z
04M300Z

050000Z
050600z
051200Z
051800Z

0600002
060600Z
061200z
061800Z

070000Z
0706002
071.200Z
071800Z

o130000z
0g0600z
081.200z
0818002

0900002
090600z
091-200Z
091800Z

.1OOOOOZ
1006OOZ
10I2OOZ

, 1018ooz

11OOOOZ

13*7N 1.37.OE
13.8N 136.3E

13*7N 135.6E
13.6N 134.7E
13.5N 133.9E
1.3.3N133.OE

13.2N 132.1.E
13.lN 130.8E
12.9N 129.6E
32.t3N128.5E

1.2.8NU?7.6E
12.8N 126.8E
12*8N J26.3E
12.8N 125.8E

1.2.8N125.3E
12.8N 124.5E
1.2.9N123.7E
13.ON 122.8E

D.lN 121.9E
13.2N 1.21.OE
U.3N 120.2E
13.6N 119.7E

13.9i U9.2E
14.5N 118.7E
15.2N 118.4E
16.IN 117.8E

16*8N U6.9E
17.3N 1.I.5.9E
17.6N 115.2E
18.ON l_l&6E

18.4N ll&OE
18*8N 11.3*4.E
19.lN 112.9E
19.3N D2.3E

19.4N 111.8E

----
----

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

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

----

102-152
274-15~
285-155

264.-70
263-73
046-29
321-53

058-93
100-65
1.27-38
209-40

219-76
209-112
213-149
21.3-184

201-173
187-1,37
094-98
102-I.42

166-78
273-99
272-u7
286425

225-60

----
----

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

,----..

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

----
----
----
“---

----

087-147
270-3.&
28S-120

251-69
24~i@;

278-91

114-136
151-110
190-150
212-248

201-284
195-309
196-310
205-297

199-271
196-204
078-247
095-I.48

188-150
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TYPHOONKIT02-1300T0BER1960
‘POSITIONAND FORECASTVERIFICATIONDATA

STORMPOSITION aHR~ ERROR
DTG LAT. LONG. DEG. DISTANCE

llo600z
1.n200z
1.U800Z

120000z
120600z
121200z
121800z

3.300002

AVERAGE
AVERAGE

19dll”I
19.4X
19.3N

19aN
19.ON
18.9N
18.$N

1807N

111.2E
110.6E
SLO.3X

1C9 .5E
109.OE
108.4x
107.6E

lo6.7E

24 HOURERROR 102 MI
@ HOUR ERROR 174 MI

283-29
360-98
m5-113

023-116
04.2-173
035-100
025-65

049-64

(coNTtD)

DEG. DISTANCE

.’

2mlA204
27&2~
289-176

258-36
33YY=83
003-U7
202-245

200-195

138
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Q. TYPHOON LOLA (0812002-1706002OCTOBER 1960)

After Typhoon KIT moved over the SouthChina Sea, a
small circulation began to develop in the trough behind
and about 700 mi NE of iti near 20N 130E. It was first
noted at 080000Z, and by 0812002 the circulationwas in-
tense enough to be classifiedas T.S. LOLA.

LOLA initiallymoved toward Taiwan, but abruptly
turned S during the 12 hours subsequentto 0906002 and
acceleratedfrom 4 to 15 kts. The storm was upgraded to
a typhoon at 1106OOZ,about 34o mi ENE of Manila. Short-
ly thereafter, LOLA turned W, and it appeared to be head-
ed toward Manila. The typhoon moved onto the coast of
Luzon Island 80 mi NNE of Manila at 1308002. LOLA passed
about 20 mi N of Clark AB just before 1312002. It appears,
that the typhoon circulation within the lower few thousand
feet, was weakened by the terraint and after passing be-
yond Luzon Island over the South China Sea, reformed as a
result of the sustained upper air circulation. This creat-
ed the appearance of the typhoon “jumping” across the is-
land of Luzon. The reader is referred to “The problem of
Typhoon ForecastingOver Taiwan and its Vicinity”, by Lt.
Colonel Hsu Ying-Chin, published in the Record of Proceed-
ings, U.S.-Asian Military Weather Symposium, 9-12 February
1960, for further discussion of this phenomena. LOLA moved
over the South China Sea after 1318002 and the surfacewinds
intensified to 70 kts by 141200Z. The typhoon decreased to
tropical storm intensity by 1512002, and passed 20 mi S of
Hainan Island at 161200Z,!then onto the North Vietnam coast-
line, 20 mi SE of Vinh at 1703002. The last warning was
issued at 170600Z.

Thirty-six warnings were issued on LOLA during 8 days
and 18 hours over a distance of 1800 mi. The tropical
circulationmoved at an average speed of 9 kts or 208 mi
per day. The minimum speed of movement was 4 kts and the
maximum was 15 kts. The typhoon extended through the 500
mb level as a closed circulationwhile in the vic$nity of
Clark AB, and certainly influencedthe circulation through
35000 ft. Lack of data again precludes a more definitive
measurement of intensity at higher levels.

LOLA moved toward Typhoon KIT throughout its life, ex-
cept for the first 24 hours. This track appears to have
been along the southern side of the upper air anticyclone
that was over the Asiatic continent. Tracks from N to S
seldom appear to the E of the Philippines,and for this
reason the trackmay be considered the most unusual feature
of ~yphoon LOLA.
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RECONNAISSANCEAIRCRfU?J!FIXES- TYPHOONLOLA

UNiT MIN MAX MIN MAX 700MB
FIX ‘METHOD SLP SFC 700MB 700MB ZT~#
NO. TINE LAT. LONG. & ACCY MBS WND HGT WND ‘EYECHARACTERISTICS

1

2
3
4

5

6
w
@
N 7

8
9
19

11
12

13

14
15
16

090300Z 23.lN 128.8EVW1-P-05 100145 --- -- ---

-- 40 10090 30 13/09
. . . . ---- ----
1006 15 10050 30 11/09

CLEARS AND W-NW QUADS

100115Z
1003OOZ
100723Z

21.lN 128.8E 56-P-05
22.2N 128.8E USN-----
20.7N 128.lE 56-P-05

CIRC DIA 50MI OPEN W&NW
--”-- “---- m.-
CIRC DIA 20 MI WALL CLDS
ALL QUADS
EYE POORLYDEFINED999--20 , lolltlfc’35

1 ~ ‘ ~zq
12/*-

1OO2170 9760 55 18/11

1022OOZ 17.7N 130.7E 56-PwO7

1108OOZ 16.2N 126.3E 56-P-95 CIRC DIA 10 MI OPEN E

~78.~ To
q~ \

9600 55 22/15
--- .-. --- ---
---- ---- ----
986 45 9830‘““50 16/13

120030Z
120820Z
121430Z
122300Z

15.4N 125.2E 56-P-04
15.3N 124.6E VWl-R---
15.3N 125.OE VW1-R-1O
15.7N 123.4E 56-P-04

CALMWNDS 30 MI DIA
CIRC DIA 22MI
POORLYDEFINEDOPEN NW-NE
CIRC DIA 10MI

979 80 9890v” 35 18/13
---- ---- ----

1303002
131530Z

15.8N 123.OE 56-P-02
14.8N 119.9E VWl-R---

CIRC DXA 10MI OPEN NE
WEAK CIRCAREA

1000 65 9960q’$55 ‘ lo/09 DIA35MIOPENN140731Z 16.2N 117.7E 56-P-03

990 60 gggo”’’![+o 11/08
996 75 9930 09/08
.“-- 98~o~~?:: 11/11

150030Z
1504002
1509082

16.2N 114.2E 56-P-1O
16.7N 113.5E 56-P-1O
16.4N 112.9E 56-P-04

POORLYDEFINEDOPENW-N
CIRC DIA 25 MI OPEN N
DIA 20MI



TYPHOONLOL&08-17OCTORER1960
POSITIONANDFORECASTVERIFICATIONDATA

STORMPOSITION 24 m. moR 48 HR.-ERROR
DTG LATe LONG. DEG.DISTANCE DEG.DISTANCE

081200z ‘ 21*8N 130e8E
081800z 22*I.N130*OE

090000z 22.2N 129.5E
090600z 22.2N 1.29.OE
0$U200z 22.ON 128.6E
091800Z 21.7N 1.28.4E

3.0000OZ 21.2N 1.28.6E
1006OOZ 20.6N 128.8E
IO1200Z 19.9N 12S.8E
10Z8OOZ 18.9N 128.3E

I.looooz 18.ON 127.OE
1106ooz 16.6N 1.26.4E
1.I.1200Z. 15.8N 125.9E
11.1800Z 15.6N 125.6E

320000Z
120600z
1.21200z
121800Z

130000z
130600Z
131200z
JJmooz

140000zo
140600z
1.41200z
J4.800z

150000Z
150600z
151200z
151800Z

160000z
160600z
161200z
161800Z

170000Z

15.4N 1.25.2E
15.3N 124.8E
15.3N x24.2E
15.5N 123.8E

15.7N 123.3E
15.8N 122.lE
15.5N 120.4.E
15.5N 120.OE

15●8N l19*4x
16.2N l1805E
16.7N 117.3E
16.7N 115.9E

1.6.4N‘lU+.@
16.4N U3.3E
16.6N 112.6E
16.8N 1.I.1.9E

17.lN 111.OE
17.5N 11O.OE
17.8N 109.OE
18.2N 107.7E

18.4N 106.5E

-0--

----

----

----

010-109
008-291

003-259
359-373
302-198
334”243

02&212
021-293
358-321
009-329

333-113
259-90
261-115
257422

279-17
138-64
110-116
113-108

~lo2-n3
1o4-131
088-167
134-126

088-150
090-194
292-18
193-24

2U-45
250-110
193-67
159-132

111+-153

143

m---

----

----
----
----
9..0

----

;O;.E.
009-542

020-743
023-890
338-396
336-423

3169”157
257-1.30
270-83
270-67

265-95
300-156
301-195
294-240

276-278
272-283
273-300
283-188

281-205
284-245
338-88
336-107

338-120



TYPHOONLoIJk08-17OGTORER2960
POSITIONAND FORECASTVERIFICATIONDATA

STORM POSITION Um. ERROR
DTG LAT. LONG. DEG. DISTANCE

(CONT’D)

48 HR.ERROR
DEG. DISTANCE

170600Z 18*6N 105.2E 103-53 226-100

AVERAGE~ HOURERROR I@ MI
AVER&GE&i HOW ERROR 284MI

144





R. TYPHOON MAMIE (132200Z-21060tiZ
9

OCTOBER 1960)

The first closed isobar was transcribed around the
depression, that wps to become the largest typhoon of the
season, at 1018OOZ near Kwajalein. By the time the first
warning was issued on T.D. 211 it was more than 1300 ❑i in
diameter, encompassing an area of more than 1,300,000
square mi.j At 1718002 the approximate area within the
greatest closed isobar of this fully developed typhoon
was 1,200,000 square mi, and the area of cyclonic circu-
lation was twice that total. When the last warning was
issued at 2106OOZ, Typhoon MAMIE enclosed an area of only
324,000 square mi.

The first warning was issued on MAMIE 370 mi E of Guam
at 1322002, when the maximum wind circulation about the de-
pression was 25 kts. MAMIE moved along a WNW track at 11
kts, passing 175 mi NE of Guam at 150000z with surface
winds of 50 kts near the center. It became a typhoon at
1S12002, about 220 mi NNE of Guam. The typhoon continued
to a point near 20N 141E, slowed to 3 kts, turned just E
of N, and then accelerated rapidly to 24 kts over a dis-
tance.of 370 mi in a period of 36 hours. MAMIE was 70 mi
E of Iwo Jima at 1900002 and about 50 mi E of Peel Island
at 190700Z. The typhoon passed nearest Japan at 2006002,
275 mi ESEof Tokyo. The last warning was issued 24 hours
later, after which MAMIE became extratropical. The surface
winds were 60 kts at that time. /

&MIE traveled about 1950 mi from the first to last
warning, and lasted 8 hours longer than one week. The mini-
mum speed was 3 kts on 17 October; the maximum speed was 24
kts on 19 October; the average speed was 11 kts or 267 mi
per day. Warnings were being issued simultaneously on Ty-
phoons LOLA .andMAMIE.

MAMIE was probably intense enough to be a closed circu-
lation at the 200 mb level. The Iwo Jima 200 mb winds
turned with the approach of MAMIE; however~ the last re-
port was received dt 180600Z~ due to equipment failure when
the typhoon was 180 mi to the S. Consequently, reports
with W wind components are not available. This was the
only station along the track of MAMIE that could have pro-
vided this information.

MAMIE was the largest typhoon of the 1960 season, com-
parable in size to the largeones of other years. To pic-
ture the area influenced by this typhoon, consider that
the surface circulation was cycl,onictcovering an area
bounded by Japan, the Philippines, Truk, Marcus, and thed
Japan.
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RECONNAISSANCEAIRCRAPTFIXES- TYPHOONMAMIE

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME UT. LONG. &ACCY MBS WND HGT WND (OC) EYE CHARACTERISTICS-

150.OE
147.lE

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

09/05 CIRC D~ 40 MI
1
2

“3
4
5

6
7

z
m 8

9
10
11

1406302
1422042

14.ON
15.3N

vwl-----
56-P-08

--

996
---- -.- f\’~1
50 10150 54
j.
---- ---
35 ,.+9980‘?<.40
70 9740W’ 60

q,”
75” 9540 65
60 9490”%‘55

7,\

6!5,,9410 57
-*--”- -
55 18940‘“;”’70
80 8860’1:0 85

..- ELONG“EYEDIA 40 MI
11/07 NOT DEFINEDON RADAR
12/09 NOT DEFINED

17/11 CIRC DIA 40 MI 0W3N W
12/10 CIRC DIA 20 MI

14.8N
16.4N
18.4N

VW1-R-051501OOZ
1507152
1521302

145.SE
146.2E
144.5E

--

985
980

56-P-02
56-P-OS

1608002
162250Z

19.3N
20.lN

142.8E
141.2E

56-P-20
56-P-OS

~79.

976 ‘

12/10 CIRC 61A 35 MI
--- J)IA50 MI
15/06 CIRC DIA 40 MI
16/10 CIRC DIA 20 MI WELL

DEFINED

1702582
1704392
1708152
1721302

20.ON
29.5N
20.4N
21.lN

140.8E
141.5E
140.8E
140.9E

56-P-08
VW1-R-10
56-P-1O
56-P-OS

962
.-
950
948

1802302
1807202
1805222
1821202

21.lN
21.9N
21.7N
24.7N

141.lE
141.4E
141.4E
142.4E

56-P-1O
56-P-1O
VW1-R-05
56-P-15

946
940
--
946

80 8630 90
80 8420q’”95

17/11 CIRC DIA 15 MI
17/10 CIRC DIA 40 MI
..- CIRC DIA 30 MI
16/12 DIFFUSEDIA 40 MI

12
13
14
15

16
17
18

19
20

-“--- .-
40 8650 85

16/i6, CIRC DIA 35 MI
.17/17 SEMICIRCDIA 30 MI
20/02 NOT DEFINED

1902152
1906152
1922002

25.3N
26.9N
32.4N

143.OE
143.lE
143.8E

56-P-OS
56-P-OS
56-P-05

960
958
966

-- 8630 90
150 8720 90
90 9340 60

56-P-11
56-P-20

972
.-

85 9530 80
70 9530 30

23/03 NOT DEFINED
21/03 NOT DEFINED

2OO1OOZ
2002452

33.7N
33.7N

143.7E
144.2E



RECONNAISSANCE AIRCRAFTFIXES- TrEwooNWE (CONT$D)

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME IAT. LONG. &ACCY MBS WND HGT WNll (Oc) EYEICHARACTERISTICS

21 200545Z 33.9N 144.8E 56-P-OS 980 50 9550 40 20/06 FILLEDWITH SC NO WALL CLDS
22 2023002 37.4N 146.9E 56-P-03 993 70 --- -- ---” CIRCOPENS



TYPHOONM4MIE 13-21OCTOBER1960
POSITIONAND FORECASTVERIFICATIONDATA

STORMFOSITION UHR. ERROR 48 HR.ERROR
DTG LAT. LONG. DEG.DISTANCE DEG.DISTANCE

132200z

1.4ooooz
1.40600z
l@200z
141800z

150000Z
150600Z
151200z
1518002

1600002
160600z
Kt200z
161800Z

170000Z
170600Z
171200z
171800Z

180000z
180600Z
181.200z
181800Z

190000Z
1906002
191200z
191800Z

200000Z
200600z
201200Z
201800Z

21OOOOZ
2106OOZ

AVE.RAGE
AVERAGE

13.3N

13.5N
13.8N
U*I.N
34*6N

15.3N
16.2N
I?.m
18.ON

18.7N
19.lN
19.5N
19*7N

20.ON
20.2N
20.6N
20.9N

21.3N
21.8N
22.5N
23.5N

24.8N
26.8N
29.2N
31.3N

32.8N
34*lN
35●4N
36.5N

37.6N
38.8N

151.2E

150.9E
150.OE
1.48.9E
147.9E

147.IE
L$6.3E
1.45.7E
1.45.OE

Ueu

143.11
142.2E
141.5E

l&lE
1.4008E
140.8E
140.9E

L!+l.I.E
1.41.3E
141.7E
142.2E

1.42.7E
143.1-E
143.3E
L$3.5E

143●9E
1.44.5E
245.3E
146.lE

L47.lE
148.6E

HOUR ERROR 165 MI
HOUR ERROR 327 MI

----

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

----
----
---”

204-205

21s.2&

093~46
055-86

m9-145
001-179
336-185
326-200

. 271-lL$
252-U
237-151
232-220

223-183
191-151
185-261
179-307

153==122
3+$3”253
----
----

----
----

----

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

----
----
----
----,

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

205-226

221-366
007-70
3UA7
351-151

351-275
353-295
32?-311
312-325

240-326
220-422
210-S25
208-631

200+1.2
178-383
----
----

----
----

150
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s. TYPHOON NINA (2300002-271800Z OCTOBER 1960)

In ihe wake of Typhoon MAMIE there was a collection of
debris in the form of small vortices between the’Philippine
Islands and Guam. Before 200000Z these vortices appeared
to form and dissipate frequently; however, at this time a
low appeared and ultimately became Typhoon NINA.

The first warning on T.D. 23 was issued at 2300002
after the depression had moved slowly to the W and NW for
several days. The low had just entered into recurvature
and was about 600 mi E of Clark AB, phili~pines at the
time of the first warning. Recurvature was completed 24
hours later; at that time NINA reached typhoon intensity.
After 240000Z NINA traveled in an almost straight line,
along a track of about 030’degrees. The surface winds near
the eye of NINA continued to steadily increase in speed at
the rate of 5 to 10 kts each 6 hours, until a maximum of
110 kts was reached at 260000Z when the typhoon was 320 xni
W of Minami Io Jima, an island just S of Iwo Jima. NINA
passed to the W and within 20 mi of Tori Shims between
261700Z and 2618002, moving at 30 kts. The surface winds
reached 40 kts and the pressure dropped to 954 mb or less
at that station. The Tori Shims weather~station is well
protected against high winds from a southerly direction;
hence no higher winds were reported. The typhoon passed
200 mi SE of Tokyo at 270000Z and continued parallel to the
Japanese Archipelago until 2718002 when the last warning
was issued.. NINA was moving at 56 kts and had 70 kt”sur-
face winds at this time. :

The Ilwarninglife:’of!NINA was 4 days and 18 hours,
during which time the typhoon”traveled 2200 mi at an aver-
age speed of 19 kts or 460 mi per day. The minimum speed
was 5 kts on 24.and 2S October, and the maximum speed was
56 kts on 27 October.

The winds aloft at Tori Shima(47963) and Hachijo Jima
(47678) are interesting because of the effect of Typhoon
NINA on them. Hachijo Jimats 2618002 winds at 25,000 ft
strongly suggest a,closed circulation: however, the 30,000
ft winds, which were 230 degrees 54 kts.at:260600Z, became
220 degrees 17.kts at 2618002, and thenbecame 2!50degrees
68 kts at 270000Z when the influence of.NINA no longer exist-
ed. The winds at Tori Shims were modified ’from 251800Z un-
til after the passage of the typhoon there. Prior to that
time the 30,000 ft wind was 260 degrees with speeds ranging
from 60 to 75 kts; by 2606002 the winds Mere only 220 degrees, 25 kts. The speed increased to 64 kts just before the ty-
phoon passed and the direction changed to 200 degrees.
Shortly after passage the winds returned to the prevailing
flow (260 degrees 49 kts) at the 300 mb level. The typhoon

152



irieffect decreased the prevailing westerly wind speed
at 30,000 ft as it approached that area from the S. NINA
appeared’to be a closed cyclonic circulation at 20-25,000
ft when in the vicinity of Tori Shims and Hachijo Jimae

The typhoon was not unusual in behavior. Typhoon NINA
was the second ‘I-fastest’ttyphoon of the season, averaging
56 kts for the last 6 hours of its “warning life!.
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RECONNAISSANCEAIRCRAFT FIXES- TYPHOONNINA

UNIT MIN MAX MIN MAX 700MB
- FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. IONG. &ACCY MES WND HCT WND (Oc) EYE CHARACTERISTICS-

1 240815Z ‘19.ON 132.lE,56-P-05 962 65
qc~ ‘j

9480 60 17/10 CIRC DIA’05MINO WALL CLDS

NOT DEFINEDWALL CLDS E&N
CIRC DIA 40 MI
CIRC DIA 50 MIWALL CLDS
SOLIDEXCEPT~:
CIRC DIA 50MX
POORLYDEFINED
CIRC NO WALL CLDS

20.8N
20.8N
23;4ti

2
3
4

250545Z
2508002
2521OOZ

133Q4E 56-P-05
133.5E 56-P-05
135.lE 56-P-05

954 70
962 90
957 70

9030 70
9olo’L’105
8860’””90

q<d
8810 90
8900$~?,~~o

.9050~’”260

15/13
15/13
16/11

260145Z
2607502
2623002

5
6
7

24*5N
26.6N
32.9N

135.7E 56-P-15
137.3E.56-P-OS
142.7~ 56-P-10_

958 95
968 120

’960 100

19/10
17/13
18/10

r-l 8
cn 9

963 75
972 100

90409’;;85~200”!/4.loo144.3E 56-P-1O
148.OE 56-P-1O

CIRO DIA 30MI OPEN S&8W
VERY FOORLYDEFINED
DIA 50-70MI

270300Z
270800Z

35.lN
38.4N

17/09
13/07



TY2HOONNINA23-27OCTOBER1960
POSITIONAND FORECASTVERIFICATIONDATA

STORM F’GSITION ~HR. ERROR
DTG LAT. LONG. DEG. DISTANCE

230000Z 15.@
230600Z 16.ON
231200Z 16.6N
231800Z 17.2N

~ooooz 17.9N
240600z 18.8N
2@200z .1995N
241800Z 29.9N

250000Z
250600z
251200Z
2518002

260000Z
260600Z
261200z
261800z

270000Z
270600Z
271200Z
271800z

AVERAGE
AVERAGE

20.3N
20.7N
21*4N
22*4N

24.IN
26.lN
28.4Y
30.8N

33*4.N
36.8N
40.8N
45.ON

131.OE ‘
130.8E
130*7E
130.9E

131.2E
132.8E
132.3E
132.6E

133.OE-
133JJ
133.9E
134.6E

135.5E
136.7E
U18.2E
1.40.2E

1.42.9E
146.3E
150.2E
155.3E

24 HOUR ERROR 210 MI
4g HOUR ERROR 247 MI

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

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

266-257
331-74
300-81
292-82

225-80
196-348
202-318
205~58

196-392
----
---.-
----

DEG. DISTANCE

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

----
--”-

----

----

----
----
--*-
----

251-358
232-77
210-184
203-153

20&$63
----
----

----
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T. TYPHOON OPHELIA (211200Z NOVEMBER-060600Z DECEMBER 1960)

A shift of the surface wind at Kwajalein and the de-
velopment of a small low just S of that station presaged
Typhoon OPHELIA. The depression intensified as it moved
W to a point 165 mi SW of Eniwetok, the position of the
first warning at 2112002 on T.D. 24. As is often the case,
quirks of nature confuse the situation. Shortly after the
first warning was issued the system began to weaken and it
appeared that the low would lose its identity. Warnings
were discontinuedat 240600Z, by which time the depression
had reversed direction twice and was moving W in the vi-
cinity of Ponape. Although warnings were not being issued,
this circulationwas carefully surveyed as it moved W, pass-
ed Truk, then turned NW and intensifiedagain. At 270000Z,
when the depressionwas 290 mi SE of Guam, the issuance of
warnings was resumed. The depression increased to tropi-
cal storm intensity at 271800Z and to typhoon intensity at
2900002. The speed of movement increasedfrom 2 kts at
270000Z to 17 kts at 290600Zt at which time it was 240 mi
S of Guam. The track followed a semi-sinusoidalpattern,
creating a difficult forecast problem. Typhoon OPHELIA
passed directly over Ulithi Atoll at 3003002. The pres-
sure was reported to be a minimum of 939.4 mb, and the
winds were on the order of 125 kts. A facsimile of the
barograph trace is shown here, and a photographof damage
is reproduced in another section. Ulithi Atoll was the
only island or land mass over which the eye passed while
warnings were being issued. Typhoon OPHELIA moved WNW to
a point about 500 mi E of Catanduanes Island, Philippines
at 0112002, and then began to turn N. The change in direc-
tion was completed within 12 hours. The typhoon continued
on this N track for about 2 days and traveled approximately
400 mi before completing the final turn of recurvature.
OPHELIA moved NE and accelerated rapidly as it was influ-
enced by very strong SW winds above the 500 mb level. On
5 December Typhoon OPHELIA moved about 1,275 mi at an aver-
age speed of 53 kts. The typhoon turned to the ENE at
051200Z, about 500 mi E of Tokyo. OPHELIA was classified
as extratropicalat 060600Z near 41N 169E, and the last
warning was issued at this time.

Typhoon OPHELIA traveled 5,000 mi at an average speed
of 13 kts or 318 mi per day. The minimum speed was 2 kts
on 22t 27 and 28 November, and the maximum speed was 65
kts on 5 December. Warnings were issued over a period of
15 days and 18 hours; however, no warnings were issued
from 240600Z to 270000Z, which is included in this overall
period of time.

Between 0506002 and 0512002 OPHELIA*S average speed of
movement was 65 kts, which is faster than any other typhoon
of the Season.
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RECONNAISSANCEAIRCRAFTFIXES- TYPHOONOP~LM

UNIT MINMAXMIN MAX 700MB
FIX METHOD SLP SFC 700MB~ 700MB TT/Td
NO. TIME LAT. LONG. &AcCY MBS WND HGT WND (Oc) EYECHARACTERISTICS

1

2

3
4

5
6

8

9
10
11

12
13
14
15
16

17
18

2708002

2722152

2808052
28221OZ

2907152
2913252

292145Z
u

3002002

300652Z
3015002
3021O8Z

O1O155Z
O1O7OOZ
0U+49Z
011608Z
012315Z

020120Z
0203002

09.9N

09.7N

09.3N
09.2N

09.9N
10.4N

10.2N

10.ON

10.5N
11.2N
11.7N

12.2N
12.6N
13.2N
13.7N
14.IN

14.5N
14.7N

148.OE 56-P-OS

147.9E 56-P-1O

147.5E 56-P-OS
146.7E 56-P-05

145.3E 56-P-02
143.5E VW1-R-03

141.2E 56-P-08

140.2E 56-P-05

139.2E
136.7E
135.2E

134.SE
133.7E
132.3E
132.2E
132.5E

132.4E
132.4E

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

56-P-1O
56-P-1O
VW1-R-1O
VW1-R-20
56-P-05

56-P-OS
56-P-OS

982

993

995
974

--
.-

950

946

936
--
938

934
942
.-
--
945

.-
938

25

35

40
50

50
.-

125

125

100
.-
100

175
140
.-
.-
110

110
110

10070<5830

9940q7’45

9900’’”12.50

9520q7q- -
.q,lfc

9270 72
. ..- -

87107<[115

8570$’1<105

8430q’l\112
..-. -
83707’38~lo

8460qL1’”110
8330~3r1- -
---- .

- - % = -
8570 80

qti 1

8430 90
8430q+190

11/05

11/08

10/10
15/12

16/12
---

18/10

18/--

17/--
---
19/18

28/17.’
18/15
---
---
18/i5

15/14
18/16

CIRCDIA 15MIWALL CLDS
ALLQUADS
POORLYDEFINED

DIFFUSE
EIJJPN-S14X1OMI

ILL-DEFINEDCIRCDIA30MI
CXRCDXA36MI WELL
DEFINED
CIRCDIA35 MI

ELLIPN-S25MI
E-W17MI
CIRCDIA40MI
CIRCDIA35MI
WALLCLDSWELLDEFINED

DIA15MI
CIRCOPENE
OPENNESEMICIRCLE
OPENNESEMICIRCLE
--.-- ----- . . .

FILLEDWITH6/8 SC
CIRCDIA 30MI



RECONNAISSANCEAIRCRAFTFIXES- TTPHOONOPHELZA(CONT~D)

UkIT HINMAXMIN
FIX METHOD SLP

MAx’7(xlME
SFC 700MB 700MB TT/Td

NO. ~ L4T. “LONG. &ACCY MEs WND H~ ~ (OC) EYE CHARACTERISTICS-

19
20
21

0208002 14.8N
0213562 16*ON
0215002 16*ON

132.8E
132.7E
132.7E

56-P-1O
VW1-RO1O
VW1-R-05

936 80
----
-.. .

80
.-
-.

17/17
0..
*m.

CIRC DIA 25 MI OPEN NE
OPEN NE
CIRC DIA 25 MI

-.-
.0.

qz.8
0303002 17.7N
0306252 18.lN

CIRCDIA 25 MS
CIRC DIA 25 MI WELL
DEFINED
ELLIPE-W 30 MI

22
23

133.lE
132.8E

56-P-1O
56-P-03

929 90
928 90

8080qzq
7960

100
100

17/14
17/14

8220’,:,~
24 0322302 20.6N 132.4E 56-P-07

——..
56-P-1O
VW1-R-1O
56-P-05
56-P-03

930 130
.—

931 150
----
944 110
963 85

150 17/14

g260m’:25
26
27
28

0402302 21.9N
0404332 22.5N
0407002 22.7N
0422362 28.4N

133.2E
133.6E
133.8E
140.OE

CIRC DIA 20MI OPEN SW
CIRC DIA 16MI
CIRC DIA 25MI
OPEN NE-SE

120
-.-
115
60

18115
*-.
20/17
16/12

---
8280’335

90707(”3

29
30

q.,b
9270
9420’3s

0502422 30.5N
0506302 32.5N

142.2E
145.3E

56-P-01
56-P-05

974 120
980 115

45
115

16/11
17/06

POORLYDEFINED
POORLYDEFINED



TYPHOONOPHELIA
POSITIONAND

21 NOVEMBER-06DECEMBER1960
FORECASTVERIFICATIONDATA ~

STORM POSITION
DTG LAT. LONG.

24,HR. ERROR L8 HR. ERROR
DEG. DISTANCE DEG. DISTANCE

211200Z 09.2N 160.5E .- --
211800Z 09.4N 159.5E .“-.

----
“---

2200002 09.5N 158.7E ----
2206002 09*4N 158*lE ----
221.200Z 09.2N 158~2E ----
2218002 08.9N 158.7E ----

----
a-.--

----

----

230000Z 08.6N 159.6E ---”
2306002 08.2N 160.6E ----
231.200Z 07.5N 161.m ----
2318002 07*lN 160.6E ----

----
----

.----
----

240000z 07.ON 15905E ----
2406002 07.ON 157.9E ----

----
----

2406002TO 2700002NO WARNINGSISSUED

10.ON
09.9N
09.8N
09.7N

2700002
2706002
271200Z
2718002

2800002
2806002
281200Z
281800Z

2900002
2906002
2$K1200Z
2918002

3000002
3006002

$ 3o1200z
3018002

0100002
O1O6OOZ
ol1200z
0118002

0200002

1.48.3E
3@o~E
J_48.oE
1..47.8E

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

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

147.6E
3.47.5E
14.7.2E
1.47.OE

09.5N
09.4N
09.3N
09.2N

317-71
3I.2-107
316-150
323-345

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

09.lN
09.6N
10.4.N
10.4N

1.46.5E
I-45.4-E
l&.OE
1.42.2E

010-67
036-65
115-131 .
105-226

31.4.-191
315-165
325-119
031-101

10.I.N
10.3N
11.111
11.6N

140.5E
139.OE
137.41
136.oE

099-251
078-157
331-66
320-75

074-245
077-298
103-440
105-517

32.ON
1.2.3N
1.2.8N
13.5N

134. 8E
133.6E
132.9E
132.4-E

234-47
222-116
200-97
202-103

105-450
096-235
292-188
284-270

259-2681.4.3N132.lJ 254-213
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TYPHOONOPHELll21 NOVEMBER-06DECEMJ3ER1960
‘~ITIoN AND FORECASTVERIFICATIONDATA {coNTtD)

STORMPOSITION UHR. ERROR 48 HR.ERROR
DTG IAT. LONG. DEG.DISTANCE DEG.DISTANCE

020600Z
021200Z
0218002

030000Z
0306002
031200z
0318002

040000Z
040(WOZ
041.200Z
041800z

0500002
050600z
051.200Z
051800z

060000z
060600Z

‘15.lN
1.5.7N
16.2N

17.I.N
1$.lli
,19.ON
20.ON

20.9N
22.6N
24.3N
26.5N

29.lN
32.6N
37.ON
39.4.N

4Sh3N
Q.m

132.5E
132.7E
132.9E

133.OE
132.9E
132.6E
132.5E

132.5E
133●7E
135.5E
137.8E,

140.7E ~
145*OE :
150.9E !
156.2E i

162.3E
169.3E ,

AVERAGE24 HOUR ERROR 147MI
AVERAGE48 HOURERROR 323 MI

262-285
263-287
261-327

‘016-67
182-152
174-I.28
112-93

091-129
118-109
146-71
2I3-103

2/$9-366
235-218
----
----

----
----

245-327
246-326
230-347

254-540
258-582
257-535
255-570

075-356
183-237
:;:-;$

198-173
215-377
----
--.-

----
----
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u. TYPHOON PHYLLIS (11OOOOZ-2OOOOOZ DECEMBER 1960)

A cyclonic circulation was evident about 100 mi W of
Truk on the 0906002 surface chart. This system moved
W, and at 1100002 the initial warning was issued on T.D.
25 in the vicinity of 7N 148E. This cyclone moved WNW to
W for the first 60 hours that warnings were issued; the
depression was upgraded to T.S. PHYLLIS at 1200002 near
10N 142E0 The average speed of movement of PHYLLIS for
the first 60 hours that warnings were issued was 15 kts.
This is a relatively fast speed for a tropical distur-
bance in low latitudes, but the 300 mb charts from 1012ooZ
to 1312002 indicated a stronger than normal gradient
throughout this region, which undoubtedly had an effect
on the speed.

The storm passed 40 mi N of Ulithi at 1207302. The
maximum reported surface wind speed at this atoll was 20
kts, and the minimum sea level pressure was 998.3 mb. The
sea level pressure at Yap and Koror did not fall below
1,000 mb, which indicated that PHYLLIS was still a small
storm, After it passed Ulithi it rapidly intensified,
reaching typhoon strength by 1300002 near 12N 136E, At
this time the 200 mb chart showed an elongated high just
N of PHYLLIS, extending from S of Marcus to the Philippinese
This high split into two separate cells, and the typhoon
began to move N around the western edge of the anticyclone
which was E of PHYLLIS. It then moved into a CO1 area be-
tween the two highs; this slowed its speed of movement to
3 kts. The 200 mb high, which was E of PHYLLIS, began to
spread its influence over PHYLLIS again. This resulted in
PHYLLIS turning to the W and accelerating to 11 kts by
1600002. After 1612002 PHYLLIS began to turn slowly to-
ward the NW and its speed of movement decreased. From
1712002 to 1818002 the typhoon changed its direction of
movement from 300 to 080 degrees as it rapidly recurved.
Its speed during recurvature slowed to 4 kts, and the maxi-
mum surface wind speed increased to 105 kts by 18060020

A cold front was located about 300 mi N of PHYLLIS at
1812002, and it moved S as the typhoon moved E. This front
brought cold air into the typhoon, causing it to rapidly
weaken and to become extratropical. At 1823302 a recon-
naissance fix indicated maximum sustained surface winds of
110 kts, and at 1923252 a reconnaissance fix indicated
winds of only 15 kts and a poorly defined center. The
final warning was issued at 20000020

A total of 37 warnings were issued, covering a period
of 9 days, PHYLLIS traveled 1850 mi averaging 9 kts or
207 mi per day. The minimum speed o~ movement was 2 kts
on 14 Dec., and the maximum speed was 23 kts on 11 Dec.
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.

RECONNAISSANCEAIRCRAFTFmES - mPHOON P~LL1s

UNIT MIN MAX MIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/7d
NO. TIME IAT. LONG. & ACCY MBS’ WND HGT WND (Oc) EYECHARACTERISTICS

1

2
3
4
5

6
7

9 8
4
0 9

10
11
12

13
14
15

16

17
18
19
20

.. -”-. ------ *1215172 11.1N138.4E USAF-R-- -- -- --- -- ---

1300302
1306302
131455Z
1323002

11.8N
11.7N
12.2N
13.ON

135.5E
134.4E
133.2E
133.3E

56-P-03
56-P-03
VW1-R-08
56-P-05

[995 65
982 75
~----
’977 60

9980qc”-’
9680‘%<{

;5;.:,0

40
55
--
55

15/09
15/10
..-
14/--

ELLIPN-S 10MIE-W25MI
CIRCDIA 20MI OPENN
CIRCDIA40 MI
DIFFUSE

,
DIFFUSE>DIA40 MI
CXR6 DIA 40 MI OPENN & NE
OPENDIA 25 MI

1403002
140730Z
141500Z

13.3N
13.5N
14.lN

132.9E
132.9E
132.5E

56-P-05
56-P-10
VW1-R-20

984 60
—980- 70
----

70
70
-.

13/--
16/15
---..*

1500302
1503152
1507002
152315Z

14.ON
14.6N
14.7N
14.8N

132.6E
132.3E
132.9E
130.7E

56-P-05
56-P-15
56-P-05
56-P-05

979 50
990 60
982 65
984 55

50
50
60
60

20/16
19/16
16/12
16/13

DIFFUSE,WALLCLDSE & S
POORLYDEFINED& DIFFUSE
POORLYDEFINED& DIFFUSE
CIRCPOORLYDEFINED

1603082
160330Z
1607002

15.9N
15.lN
15.3N

129.7E
129.7E
129.2E

W1-R-15
56-FD07
56-P-05

----

973 55
964 70 ~

..-. *

9650q)360
9530T’lq65

---

17/16
16/15

CIRC DIA 33MI
CIRC DIA 50MI OPEN S &W
CIRC DIA 40 MI WALL CLDS
s&w
----- ----- ---9350q7375162145Z 985’ --15.5N 126.5E 56-P-04 15/--

9400q-”475
9360q7360
.-.. -

,---- -

1702302
171015Z
1711262
171457Z

15.7N
16.3N
16.2N
16.6N

125.9E
125.2E
124.7E
124.6E

56-P-02
56-P-OS
VW1-R-1O
W1-R-1O

971 60
----
----

15/--
14/11
.-.
..-

CIRC DIA 20MI
CIRC DIA 15MI
----- ----- ---
CIRC D14 20 MI----



RECONNAISSANCEAIRCRAFTFIXES- TYPHOONPHYLLIS(CONTID)

UNIT MINMAXMIN MAX 700MB
FIX METHOD SLP SFC 700MB 700MB TT/Td
NO. TIME LAT. LONG. & ACCY MM WND HGT WND (OC} EYE CHARACTERISTICS

21 172230Z 17.4N 124.2E 56-P-08 93309” 70 14/11 CIRC DIA 50 MI

u

CIRC DIA 50 MI
CIRC DIA 25 MI
CIRC DIA 20 MI
WALL CLDS NW

124.3E 56-P-OS
124.2E 56-P-02
124.3E VW1-R-02
125.3E 56-P-OS

180330Z 17.2N
180900Z 17.6N
1814302 17.7N
182330Z 17.8N

962 65
967 110
. . . .
979 110

20/--
19/--
.-.
21/14

22
23
24
25

.,,

OPENS SEMICIRCLE
ELLIPCTRTO W 12
CTR TO N 20 MI
NOT WELL DEFINED

q’11
9880 - -
10000’’7(”- -

26
27

190500Z 17.7N
190800Z 17.7N

125.5E 56-P-02
125.7E 56-P-03

987 65
994 75

19/09
18/10 MI

28
29

191607Z 17.8N
192325Z 18.3N

127.4E VW1-R-1O
129.2E”56------

---- -
.-.. -

---
. . .

. ..-

1011 15
w

-“.*.” . . . -“””

30 200345Z 18.9N 128.OE 56------ - - C - - - - - - - - NO CLOSEDCIRCULATION
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TYPHOONPHYLLIS
POSITIONAND FORECAST

11-20DECEMBER1960
VERIFICATIONDATA (COI!?TIII)

STORMPOSTTION ~HR. ERROR 48 H& ERROR
DTG LAT. LONG. DEG. DISTANCE DEG. DISTANCE

2000002 M,lll XW.4E 334-92 .

AVERAGE~ HOURERROR 157MI
AVERAGE48 HOURERROR 346MI

345-305

,
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DESTRUCTIVE EFFECTS OF TYPHOONS
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A. General
*

Of the 19 typhoons and 2 severe tropical storms of
1960, 12 hit heavily populated areas leaving a trail of
death and destruction behind them. Reports from the
Philippine Islands, the Trust Territory Islands of the
Us. , Hong Kong, Ryukyu Islands, Japan, and the Republic
of Korea place the total known fatalities at 926. Thou-
sands more were reported missing or injured, and hundreds
of thousands of persons were left homeless.

The five typhoons which caused the greatest destruction
were: MARY, which struck Hong Kong; SHIRLEY, which struck
Taiwan; OLIVE, KIT and LOLA, which struck the Philippines,
Information regarding the damage and loss of life caused
by each destructive”typhoon is presented in the following
paragraphs; however, detailed records of the destructive
effects of typhoons are not maintained by JTWC. Most of
the data regarding damage was obtained from newspaper
articles which ap eared in the “PACIFIC STARS AND STRIPES’t

tand the “GUAM DAI Y NEWSt’e
.

In available data, there were no reports of damage by
Tropical Storm NADINE or Typhoons FAYE, NINA and PHYLLIS,”
These cyclones remained over ppen water and could have
caused damage only to shipping and/or isolatedrislands.

B, KAREN. Area Affected; Philippine Islands.,.

AS KAREN moved across the Philippines, it left at least
56 persons dead and many others missing. Several fishing
boats were reported sunk by the typhoon and i! was feared
that all the fishermen drowned. In one of the hardest hit
regions, the central Philippines,”all the crops were dest-
royed and the people, temporarily, faced starvation. At
least 7~000 persons were homeless, and the damage to crops
and property was estimated at two million dollars.

c. TROPICAL STORM LUCILLE. Areas Affected’: Philippine
Islands, Peel Island,

Philippine Islands: LUCILLE caused flash floods that
killed nearly 300 Filipinos in the Manila area.

Peel Island: Peel Island experienced winds of 50 kts
with gusts to 70 kts as T.S. LUCILLE passed the island.
At this time the USS Cayuga County was anchored in the
harbor which is open to the SW. The harbor possesses a
bottle-necked shape, and winds from the SW quadrant under-
go an increase in speed due to the “channeling effect” of
the terrain, Thust the harbor area will experience stronger,
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but unrepresentative, winds. The Cayuga County experi-
enced winds of 75 kts which caused the ship to broach.

D. MARY. Areas Affected: Hong Kong, Communist China,
Taiwan.

Hong Kong: Typhoon MARY, or “Bloody MARY” as it is
sometimes called, was the worst typhoon to hit Hong Kong
in 23 years. MARY passed through the colony on 8-9 June,
and maximum gusts of 105 kts were reported. During one
24 hour period 14.12 inches of rain fell, and damage to
roads, homes, public and private facilities, and communi-
cation systems was extensive. Two ocean freighters went
aground on the Kai Tak airstripl and another was.driven
aground on a reef 160 mi SE of Hong Kong.

The strong winds and heavy rains caused hundreds of
refugee shacks-to collaspe and roads and streets were
blocked with fallen trees and debris. Stores and shops
were closed, and all public transportation was at a comp-
lete standstill. Numerous landslides took the lives.of
many people. MARY left 18,200 homeless and more than 100
dead, missing, or injured in the refugee crowded colony
of Hong Kong. Worst hit were the 300,000 refugees who
live in the tin and tarpaper shacks that cling to the
rocky hillsides of Hong Kong. Harbor police said that
more than 50 fishing vessels capsized and sank in anchor-
ages around Hong Kong at the height of the storm. The
only compensation that this typhoon disaster brought to I
the colony was that LwRy% rains brought relief to the
local water situation. The reservoirs gained 3 billion
gallons of water during !thetyphoon, which put them at
about 2/3 capacity. ,

Communist China: A !dispatch”from CommunistChina
stated that the typhoon brought heavy rains and strong
winds to the provinces of Fuklein and Kwantung. Dikes
and dams were damaged, causigg severe flooding, but no
figures pertaining to the ntimberof casualties were given.
Thousands of people worked night and day reinforcing the
dikes against crests of rising waters caused by the typ-
hoon rains. Manpower was also mobilized to gather.in the
already ripened early rice and other crops.

Taiwan: MARY brought heavy rains to Taiwan, flooding
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some o; the downtown Taipei areas and damaging some of
the rice crops on the S part of the island. The typ-
hoon took the lives of 4 fishermen off the coast of Tai-
wan, but no fatalities were reported on the island.

E. OLIVE. Areas Affected: Philippine Islands, Hong
Kong, Communist China.

Philippine Islands: Passing within 12 miles of
Manila, Typhoon OLIVE dumped torrential rains on the city
and its suburbsi and partially paralyzed the metropolis
of Manila. Many power and telephone lines and advertising
signs weie blown down in this area, and huge trees were
uprooted. However, ample warning gave many residents time
to flee to higher ground thus preventing more fatalities.
Low-1ying areas were flooded by raging rivers and streams
that gushed over their banks. During the typhoon virtually
all of Manilass roads were impassable and intercostal ship-
ping was at a standstill. Rainfall at Cubi Point for one 24
hour period during Typhoon OLIVE was 14.96 inches.

OLIVE brought death to 104 persons in the Philippines,
and over 500 persons, mostly fishermen, were reported ~~
missing. The typhoon left some 60,000 persons homeless
in SE Luzon. Reports from the Philippine Government said
that over 80 percent of the southern and central Luzon
crops, which included coconut trees, rice.crops, fishponds,
and abaca plantations, were destroyed. Property damage
rose to millions of dollars as wide spread destruction of
roads, bridges, railroad tracks, and communication lines
was reported. The water rose 6 to 8 ft in the low-lying
areas of Manila, and a Panamanian freighter and an Italian
steamer were reported sunk off the coast of the Bicol
Region of southern Luzon.

Hong Kong: No deaths were caused as OLIVE passed S of
Hong Kong, but heavy rains flooded the street and did mil-
lions of dollars of damage to farmlands.

Communist China: Peiping radio said that Communist
Authorities mobilized coastal inhabitants to build dikes
and dams against rising waters and to harvest as much rice
as possible before the floods and winds destroyed it.
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F. POLLY. Areas Affected: Ryukyu Islandst Communist
Ch$na,

Ryukyu Islands: Okinawa experienced winds of 50 kts
and’torrential rains as POLLY passed l!of the island. The
typhoon brought no damage to military installations, and
only minor damage was reported to private homes in Okinawan
communities. Farmers praised the rain which POLLY brought,
because it virtually guaranteed a good rice crop.

Communist China: Peiping radio said that the typhoon
brought strong gale to typhoon force winds and torrential
rain to parts of the coast. Reports said that a few houses
collasped, a quantity of high stalk crops were flattened,
and fruit trees suffered some damage.

G. SHIRLEY. Areas”Affected: Ryukyu Islandst Taiwan.

Ryukyu Islands: The typhoon took two lives on the
island of Miyako Jima.

Taiwan: Typhoon SHIRLEY passed over Taiwan with max-
imum sustained winds of 125 kts. It passed almost directly
over Taipei, but the mountain ranges which encircle the
city shielded it from the fulr force of the typhoon. Tor-
rential rains sent flood waters raging down Taiwan’s rivers,
forcing thousands of persons to abandon their homes. People
in some communities were isolated by the floods.

The typhoon killed 104 people! destroyed or damaged
9,890 houses and left 50,194 homeless in Taiwan. Rail and
highway communications were disrupted and 132 fishing boats
were damaged. The islands two main hy.dro-electricpower
plants at Sun-Moon Lake were put out of commission by land-
slides. In the Taichung area, 11.8 inches of rain fell dur-
ing one 12 hour period. The only bright spot in the situa-
tion was the fact that the damage to crops was .~egligible,
because almost all of the year~s first crop had been har-
vested before SHIRLEY struck,

H. TRIX. Areas Affected: Ryukyu Islands, Taiwan,
Communist China.

Ryukyu Islands: The crew of the U.S. Coast Guard cut-
ter Ironwood will long remember typhoon TRIX as will the

d crew of the Army seagoing tug which was sent to the cutterfs
aid. The abrupt and radical shift in TRIX?,Scourse out-
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witted the Ironwood as well as the weathermen. The ship
had sailed SW from Okinawa in an attempt to escape the
typhoon, but the abrupt change in TRIXfs track placed the
ship in the direct path of the typhoon. The weary 50-
mqn,crew of the Ironwood battled the 40 ft seas and 140
kt winds without rest or food ”for 48 hours. TRIX hit the
ship with its strongest winds, and the typhoon’s eye pas-
sed within a few miles of the Ironwood. A mountainous
wave crashed over the vessel, flooded the engine room,
and shortcircuited the electrical system. Working in
total darkness, the crew was able to restore enough power
to enable them to start the engines, bring the rudder
under control and radio the Army at Naha, Okinawa for help.
An Army tug, which was sent to the cutter’s rescue, battled
heavy seas for 12 hours before reaching the Ironwood. As
the two ships headed back for Naha, the tug’s overtrained
steering system failed. Hasty repairs were madet and the
battered ships crept into port together.

TRIX passed within 120 mi of Okinawa. Kadena ABre-
ported heavy rains and winds of 45 kts, but there was no
damage to U.S. military installations on the island, how-
ever, four Okinawan fishermen were reported missing.

Taiwan: As it moved across northern Taiwan, typhoon
TRIX took the lives of 4 persons and left thousands home-
less. The typhoon passed about 30 mi N of Taipei and
brought heavy rains to the already flooded island of Tai-
wan. Reports said that~400 homes were destroyed or damaged
by flood waters. One hundred and five small trawlers and
6 larger fishing vessels were sunk, and a 1600-ton steamer
ran aground. The mountain ranges again sheltered the
heavily populated cities of Taiwan, but winds of 55 kts
were recorded. Tidal waves whipped up by TRIX swept over
several low-lying villages on Taiwan; however, the villages
had been evacuated and no casualties were reported. Many
breakwaters were washed out by the waves, and thousands
of acres of farmland were flooded.

Communist China: Peiping Radio reported heavy dam-
age in Communist China.

1. VIRGINIA. Area Affected: Japan.

As VIRGINIA moved across the island of Shikoku in S
Japan, strong winds and ,heavyrain affected Nagoya, Kobe,
and Osakae Winds of 80 kts were reported on the island
of Shikoku, and 2 persons were killed and 1 was injured.
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Nearly 4 inches of rain fell tinmany parts of S Japan.
Reports from the National Police Agency of Japan said
that the typhoon caused little property damagtialthough
some homes were partially destroyed. Instead, farmers
welcomed the heavy rains for their scorched fields. By
the time VIRGINIA passed over Honshu, it had weakened
considerably thereby causing little damage.

J. WENDY. Area Affected: Japan.

Before it reached Japan; Typhoon WENDY had weakened
to tropical storm intensity, and thus caused no signi-
ficant damage.

K. BESS . Area Affected: Japan.

An abrupt recurvature prevented Typhoon J3ESSfrom hit-
ting Tokyo. Veering to the NE just before it got to Tokyo
Bay, the typhoon passed to the SE of the city and brought
almost continuous rain for 24 hours. During a 21 hour
period more than 8.5 inches of rain fell at Choshi* on the
southeast coast of Japans but no serious flooding was re-
ported. Wind damage was negligible.

L. CARMEN. Areas Affected: Ryukyu Islands, Korea. ,

Ryukyu Islands: CARMEN brought winds of gale strength
and heavy rains to Okinawa, disruptingcommunications be-
tween Tokyo and Okinawa.! Okinawa wasin the eye of CARMEN
for over 24 hours, and a’sthe storm moved away~ heavy
rains and strong windswept the island. Winds of 50 kts
were reported, but wind damage was negligible.

Korea: Along the Korean coast CARh@N, created 50 foot
waves which submerged 1,”5!30houses’in Pusan, sank one ship,
and.caused floods which stranded 2,000 persons. The death
toll ros,eto 24~ and the prqpert.ydamage caused by the
storm was estimated,’atmore,than “twomillion dollars.

M. DELM”..’AreiAff.ected: .Japan.

The typhoon took the lives qf 55 persons, the greatest
single disaster taking place a~Nish’inorniya,where a huge

landslide trapped .78’workmenwho had been constructing a
toll road. Of these, only 40 were rescued.

No damage was reported at U.S, military installations
in Japan. Most of the damage done by the typhoon was re-
ported on Honshu and Shikoku Islands, where about 350
houses were damaged or destroyed and another 26,000 flooded.
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The evacuation of thousands of persons from coastal areas
befor’ethe storm hit southern Japan kept casualty figures
down. Seventeen inches of rain was reported in one town
on Shikoku Islandt and damage to fields and crops was ‘
heavy. Several fishing boats were sunk or washed away,
and several sea walls were breached.

N. ELAINE. Area Affected”: Taiwanc

ELAINE left at least 5 dead and 3 missing as.it roared
past and then across Taiwan. A record of 8 inches of rain
was dumped on parts of Taiwan, causing floods which knock-
ed out communications wrecked or damaged at least 280
homes,f and isolated whole villages. At the heightof these
floods some 11,591 persons were driven from their homes
or stranded in them.

0. KIT. Areas Affected: Philippine Islands, Communist
China.

PhilippineIslands: The 80 kt winds of Typhoon KIT.,
brought death and destruction to the Philippines. The
greatest damage occurred S o’fManila in the Bicol Province.
The heavy rains associated with KIT knocked out railroad
lines, roads and bridges, and the storm~s winds cut off
communications and caused two boats to capsize, taking
the lives-of all 10 persons on board. At least 8 addit$ona”l
small boats and a 240-ton ship capsized in southern Philip-
pine waters, and two other Philippine ships ran aground.

KIT took a tot’alof 149 lives in the Philippines, and
an equal number of persons, mostly fishermen whose boats
sank in the turbulent seas, were reported missing. Seventy
five thousand families were rendered homeless in the cent-
ral and southern regions of Luzon. The damage to crops,
public works, communications, and public and private pro-
perty was estimated at three million dollars. Damage to
crops was particularly heavy because the typhoon struck at
the height of the rice harvesting season.

Communist China: A Communist Chinese news broadcast
reported that the typhoon caused widespread loss of rice
crops on the Chinese mainland. Radio Peiping also report-
ed that two thirds of the 250,000 acres of rice on Hainan
Island and 25,000 acres of rice on Luichow Peninsula were
flattened.
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P. LOLA. .Area Affected: Philippine Islands.
,-,

A; LOLAapproached tl~ePhilippines, the associated
strong winds and heavy seas caused a fishing vessel to
sink, and 19 of its “20-mancrew were lost, LOLA was the
second typhoon to hit central Luzon in a week. Much of
Manila was under 3 ft of water, and rising flood waters
threatened to break a dike N of Manila and bring about more
destruction. Fifty-eight persons were reported killed dur-
ing the typhoon, and heavy damage was r~ported to highways,
rail lines, and.communications and utillties systems. Be-
cause of the breakdowns in the transp~.rtation sYstems~ manY’
villages and towns would have faced starvation had they not
received food supplies quickly. Fortunately, government
and volunteer relief workers rushed food supplies to these
stricken communities. The rice crops, already heavily dama-
ged by Typhoon KIT~suffered additional severe losses, Dam-
age to property and crops was estimated at 15 million dol-
lars.

Q. MAMIE. Areas Affected: Iwo Jima, Japan.

IWO Jima: MAMIE brought wind gusts of 90 kts to the
island of Iwo Jima, but the amount of damage, if any, is
not known.

..

Japan: AS it passed SE of Tokyo, winds of 70 kts were
recorded at the’island”of Hachijo Jima. Powerful gusts
whipped tiles off roofs on the island of Oshima in the
mouth of,Tokyo Bay, and churned up waves 18 to 20 ft high.

R. OPHELIA. Area Affected: Caroline Islands.

As it passed over Ulithi, Typhoon OPHELIA killed 2
children, injured 4 other persons? and severely damaged
all buildings except the concrete U.S. Coast Guard Loran
Station and a church.’ Winds in excess of 125 kts were
experienced, and the atoll was covered by two ft of water.
The airfield at Falalop was flooded and covered with debris,
as was the rest of the island. Two ships were immediately
sent to Ulithi with emergency rations and medical supplies
for all of the islandts inhabitants.

This typhoon is the second named OPHELIA to cause dev-
astation and suffering on Ulithi. Typhoon OPHELIA of 16
January 1958 was even more destructive.

For damage caused by OPHELIA (1960) on Ulithi, see
following page.
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CHAPTER VII

RESEARCH
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A. GENERAL

Research related to tropical cyclones is limited due
to lack of personnel and time. Once the typhoon season
is over, usually in December, the “Annual Typhoon Report”
is written and published. This is completed by 1 April,
and parts of April, May, and June are devoted to research.
Problems encounteredduring the typhoon season are always
greater in number than those solved during the research
period. Research may be divided into two types: that
leading to simplificationof the forecast problem, and
that research designed to improve”the forecast. “Projects
are listed and discussed in this chapter.
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‘B. A TEST OF THE MILLER-MOOREMETHOD
RICANE MOVEMENT AS APPLIED TO PACIFIC

While it is generally agreed that

OF FORECASTINGHUR-
TYPHOONS OF 1960

the motion of a tv-
phoon or hurricane is no~ determined by the characteris~
tics of the circulationat any one level, a number of ob-
jective forecastingmethods have used this approach for
sake of simplicityand useability.

One of the more recent studies of this type was made
by B.I.Miller and P.L. Moore of the U.S. Weather Bureau
and published in the February 1960 issue of the “Bulletin
of the American MeteorologicalSociety”.

Briefly, the method consisted of correlatingthe storm
movement with a mean geostrophicwind and the past 12 hour
storm movement. Somewhat surprisinglythis method, based
upon 18 hurricanes and 127 forecast cases, showed better
results using 700 mb data than either 500 or 300 mb data.

The method involves separate determinationof meri-
dional and zonal forecasts of storm ❑ovement. The equa-
tions developed by Miller-Mooreare:

Initial latitude equal to or less than 27.5°

~= 0.23v7 + 0.65Py + 2.3
(1)

v= 0.42u7 *0.54px - 2.4

Initial latitudemore than 27.5°

v= 0.71V7 + o.4oPy+ 3.0
(2)

~= 0061u7 + O.48PX - 3.8

u = ~;;~;ast mean 24 hour zonal speed of center movement

v = forecast mean 24 hour meridional speed of center move-
ment (kts)

V7 = first approximation: mean 700 mb geostrophicwind be-
tween five pairs of points 7.5 degrees E and 7.5 de-
grees W of the storm center and extending from 5 de-
grees S to 5 degrees N of the center. If southward
movement results - no further computation,

second approximation: add points 7.5 degrees,N of
center to first calculation. If both of the first
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‘twoapproximations are.less than 6.5 kts, use the
largest ,-.no further computation,,.

third approximation: same as ,second but addin~ points
10 degrees N of center to second approximation. Use
the largest of the three approximations.,

U7-= rne’an 700 mb geo’strophi.c wind between seven pairs of,
points 5 degrees S of the initial position of th~

storm center and 5 degrees N of,the latitude the V
‘computation indicates the. center will reach 12 hours

after chart time. ... ..,. ,,”
Py = mean nieridional speed of movement of center for ‘the ‘

12 hours prior to chart time (kts).. -

Px = mean zonal. speed, of movement bf center for the 12 :
hours prior to chart time (kts)..

‘u,7 and V7 are, computed from the latest700 mb’char~
on the Miller-Moore Grid shown herein. Heights are tabu-
lated for every 2% degrees. In the case of’ the meridional
component, the average height difference is computed be-
tween 5 degrees N and S of the center; however, depending

upon the resulting” northward speed of the stormf ,this grid.
may be extended to 714 or 10 degrees N of the center in ac-
cordance with the specified criteria. In the case of the
zonal component, the average height difference between the
two horizontal rows is ‘computed;the bottom row being 5
degrees S of the initial surface position of the storm and
the top row beincj-5degrees N of the 12 hour meridional
forecast position of the center. The average meridiona$
and zonal height differences are then reduced to.meters
per degree and converted to geostrophic wind for the cen-
tral latitude.using the graph shown herein. ~ and ~ are
then solved for, using the equations (1) or (2).

The above method was tested at the conclusion of the
1960 Typhoon Season, and the 24 hour forecast errors are
shown on two scatter diagrams in this Section. Forecasts
were made on Typhoons OLIVE through PHYLLIS. There were 29
cases N of 27.5 degrees N and 173 cases at or S Of 27.5
degrees N. The cases used were based on forecasts made
whenever the circulation was of tropical storm or typhoon
intensity. The best tracks (shown in Chapter V) were used
to obtain the data for PX and PyO The meridional and zonal
24 hour forecasts were applied to the best track position,
and the error thus obtained is the difference between the
24 hour forecast position and the corresponding best track
position.
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The scatter diagram for cases N of 27.5 degrees N
has little significance because the errors appear to be
fairly well distributed; probably due to the limited
number of cases available. In the scatter diagram for
cases at Dr S of 27.5 degrees N, the majority of the cases
are in the northeast quadrant. This indicates that the
Miller-Moore method can be corrected to better distribute
the forecast’error; however, this assumption is based on
data for one year, which includes many unusual tracks. The
Miller-Moore metht)dwill be further evaluated on the data
available for 1959, which was a season with more normal
typhoon tracks and on the data that becomes available dur-
ing 1961.

Tables in this Section show the 24 hour Miller-Moore
forecast errors for TyphoorIsOLIVE .through PHYLLISO The
distance, and meridional and zonal forecast errors are in
nautical miles. The distance error is the difference be-
tween the forecast position and the actual position of the
circulation. The meridional and zonal forecast error is
the distance the forecast position is N,E,S, or W of the
actual position of the circulation. The average distance
error of all forecasts was 138 mi.

It should be emphasized that the Miller-Moore fore-
casts, as presented herein, cannot be compared with the
operational forecasts made by the JTWC for the following
reasons:

(1) JTWC forecasts are issued every 6 hours. Seven
hundred millibar data,,the bases for the Miller-Moore
forecasts, are available in the Pacific only every 12
hours.

(2) The .JTWC24 hour forecasts are valid for a full
24 hours from the time they are transmitted. These fore-
casts are therefore often based on surface data as much
as 6 hours oldt and upper air data as much as 12 hours
old. Due to the time required to process ,andanalyze the
700 mb data, Miller-Moore forecasts are valid for a period
of less than 20 hours from the time of preparation.

(3) In this evaluation the Miller-Moore Px and Py
(past 12 hour movement factors) were obtained from best
tracks. The JTWC forecasts were of course prepared from
the best known positions of the typhoon or tropical storm
at the time the forecasts (warnings) were prepared.
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MILLER-MoORE24 HOURFORECASTERRORS

OLIVE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

2500Z
25322
2600Z
2612Z
2700Z
2’712Z
2WOZ
2!3122
2900Z
2912Z
3000Z
Average

8$
103
124
@

z
g

133
146

*.

z
100
104

.

.

POLLY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s“ E w

1900Z
1912Z
2000Z
2012Z
2100Z
2112Z
2200Z
2212Z
2300Z
2312Z
2400z
2412z
2500Z
2512Z

:

.39
$;.

&
79
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‘3
21

‘6

0’

.
-.

.

10
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41
61
32
29
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99

.
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MHJJ3R-NOORE24.HOURFORECASTERRORS

POLLY (COhW’D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

2600Z
2612Z
2700Z
2712Z
2800Z
2812Z
2900Z
Average

28
15
16
71
140
111

-&

.

1-

5“-
%$
19
67
76

;8 -

28 -
14

‘Et -
66 -
119 -
74

%.

DISTANCE
MERIDIONAL

ERROR
ZONAL
ERROR

~lW’YING TIME ERROR N.S E w

3012z
83

#- 6-
31Ooz 36 - 29. -
3112Z 40
01Ooz 126

;; :
9; :

01122 87 .62 58 -
0200Z 149 ;6 139
0212Z 102 ;2 -
0512Z 373 3% 192 -
0600Z * - 113 - 152
Average

TRIX

MERID1ONAL ZONAL
DISTANCE ERROR ERROR

WWH?Y3NGTIME ERROR I? s E w——.

0512Z 74 36 - - - 63

1.95



MILLER-MOORE2.4 HOURFORECASTERRORS

mx (CONT’D)

VERIFYINGTIME ERROR N s E w

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

0600Z
06122’
0700Z

‘ 0712Z
0800z
0812Z
O’900z
0912Z
1Oooz
Average

26
72
122
162
192
248
192
76

;3
185
205
140
58
.

20
65.
2

.

.

2 :7
122 -
152 > -

IE
1;4
47

& -

VIRGINIA

MERIDIONAL ZONAL
DISTANCE ERRoR ERROR

VERIFYINGTIME ERROR N s E w

0972Z 47. - 45 15. -
1Oooz 251 - 192 217 -
1012Z 178 56 171 -
11002? 103 ;6 - 46
1112Z 148 103 I&
1200Z * b io’ -D
Average

WENDY

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

1200Z 200 - 97 168 -
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MILLER-MOORE2A HOURFORECASTERRORS

WENDY (CONT’D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

7212Z 59 47 - - 37
1300Z * ’37- 112 -
Average

BESS

MERIDIONAL Z’ONAL
DISTANCE ERROR ERROR

VERIFYINGTIME! ERROR N s E w

t 800Z
1812Z
1900Z
1912Z
2000Z
2012Z
2100Z
2112Z
2300Z
2312Z
2400z
2412Z
Jhmrage

162
190
91
105
60

226
264
205

3%
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210
197
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16
68

;1
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59
93
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72

“

.
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.

.

.

12
.

t59
190

.

.
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400
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m

;1

34
40
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258
183
76
-

CARMEN

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

1800z 102 74 - 73 -
1812Z 108 4.7 -
1900Z 105 & : ’14
1912Z 65 58 --- ;0
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.MILLER-MOOR.E24 HOURFORECASTERRORS

MERIDIONAL ZONAII
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

2000Z
2012Z
2100Z
2112Z
2200Z
22-12Z
2300Z
23q2Z
Average

75
88
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137
192
201

*

62
20 -
34 “
35

;3
14.9
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323

;6
111
200
97
126
3Q
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DELIA

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR . N s E w

1900Z
2200Z
2212Z
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2600Z”
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2700Z
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2900Z
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Average
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44
22
110
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;;
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;;

22
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.

.

-

2
15

“

12
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54
100
106

‘6
4$
?25
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55

‘5
42

.

2
.
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MILLER-MOORE 2A,HOURFORECASTERRORS-

ELAINE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

2112Z
2200Z
2212Z
2300Z
2312Z
W+ooz
2412Z
2500Z
Average

138
117
137
252
421
294

+

27
4
30

.

66
.

67

132 -’
11!6 -
133 -

240
3i’ -
180 -
28 -
138 -

FAZE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

2400z
2412z
2500Z
2512Z
2600Z
26?2Z
2700Z
2712Z
2800Z
2812Z
2900Z
29I2z
3000Z
3012Z
31Ooz
3112Z
Average

40
197
133 .
180
222
310
273
25$
193
100
154
97

%
36

-9&

33 “
83
50
133
190
183
202
153

.

“

41

.

.

183
122
118
119
256
183
206
193
98
140
56

25

25
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MILLER-MOORE24 HOURFORECASTERRORS

grJ

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

0512Z
0600Z
0612z
0700z
07122
0800z
0812Z
0900z
0912Z
1Oooz
1012Z
11Ooz
1112Z
1200Z
1212Z
1300Z
Average

86
38

171

1:
110
76

176
245
120
33
94

117
150
92

DISTANCE

17-
38
15
10
5

73

;8
115
$’

118
122
95
80

Lcu

.

“

‘4

76

MERIDIONAL
ERROR

82
‘3 -

170
. 67
9 ’156

110
;5 -

?61 -
237 -
30

;8
~-

76 :
52
81 ~

ZONAL
ERROR

VERIFYINGTIME ERROR N s E w

1Oooz 197 186 - .
I012Z 205 181 - :
1100Z 180 163 ;5 -
1112Z 284 220”” : ‘ 180 -
1200Z 114 77 88 -
12122 149 . 1;5 80 -
1300Z 270 . 15 270 -
1312Z 255 10 255 -
1400Z 183 G. 145 -
1412Z 22 22 .
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MILLER-MOORE2,4 HOURFORECASTERRORS

~ (CONT’D)

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

15002 252 54’- “245-
1512Z 188 .136 - 127 -
1600Z 7- 9
16122 % 28’:
1700Z ;:; 5;. : 117 -
Average

MAMIE

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME ERROR N s E w

1512Z
16002<
1612Z
1700Z
1712Z
1800Z
1812Z
19002
1912Z
20002
20122
21Ooz
Average

60
17
107
84
110
112
25
83
97
221
58

-J!&

100

z
79
5

.-

29
23

35
7

.

.

;3
193
178

MERIDIONAL
DISTANCE ERROR

45

54
140

ZONAL
ERROR

.

15
.

“52
76
25

;4
80

VERIFYINGTIME ERROR N S“E w

2500Z $5 G“ 70 -
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MILLER-MOORE24 HOURFORECASTERRORS

,,

MERIDIONAL ZONAL
DISTANCE ERROR ERROR

VERIFYINGTIME IRROR N s E w

2512Z 65
2600Z 90
2612Z 297
27002 282
2?12Z
Average

*

DISTANCE

54 - 42-
$1$ - 41 -

243 - 179 -
263 113 -
262 212 -

OPHELIA

MERIDIONAL ZONAL
ERROR ERROR

VERIFYINGTIME ERROR N s E W

2800Z
2812Z
29002
2912Z
3000Z
01Ooz
0112Z
0200z
02122
0300Z
0312Z
0400Z
04122
0500Z
05~2Z
06002
Average

137
343

%
137
89

198
107
151
18J

422
500

68
65
75

.

;3
78

.

- 9

. 100
n,

50 341
5 427

81
z-
29 -

-; -15’I
184

256 :
395 -
50 -

97
0
110

13

85
196
76

&
349
“320
335
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MILLER-MOORE24 HOURFORECASTERRORS

PHYLLIS

MERIDIONAL ZONAL
DISTANCE ~OR ERROR

VERIFYINGTIME ERROR N s E w

1400Z
1412Z
1500Z
1512Z
1600Z
1612Z
7700Z
1712Z
1800Z
1900Z
1912Z
2000Z
Average

AVER&GE24 HOUR

126
131
74
88
147
216

DISTANCEERROR

9
40
74
87
77
70
71

~

95
83

138 MI

0

“ 2

12;.
203

“ 238
10 13
. -

.
.

75

(OLIWE4HYLLIS)

128
123

.

4’2
125

3
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c. WACHH0L2!GRAPHS
*

These graphs Were compiled by Captain Edward R.
Wachholz, USAF, in April and May of 1960 after a season
of forecasting typhoons in 1959 at FWC/JTWC. The graphs
are compiled from reconnaissance data for 1957, 1958,
and 1959, and were tested on 1956 data. The three years
used provided more complete information “thanany other
period due to the availability of flight level winds
determined by the APN-82, Doppler wind measuring equip-
ment.

The first chart, called a coordination chart, is based
on the theory that all typhoons develop in homogeneous
air over areas of similar characteristics, and that ty-
phoons are similar thermodynamically except for differen-
ces in intensity. These variations of intensity are due
to seasonal heat differences, differences in spawning
areas, and geography.

The graphs are a’sfollows:

(1) The first graph (see this chapter) relates
minimum 700 mb height (ft), maximum 700 mb temperature
(oC), and minimum surface pressure (rob),as modified by
latitude, to maximum 700 mb wind speed (kts) and maximum
surface wind (kts). The graph is based on the following
formulas:

‘fcm ) (Sfcm - 501 (2)700 mb wind max = 50 + ( .5 +=

e represents the latitude of the typhoon eye
7hm is the 700 mb minimum height of the eye in ft
Sfcm is the surface wind max around the eye in kts

The basis of these formulas is the original formula
by Dr. Robert Fletcher who is presently Director of
Scientific Services, Air Weather Service. This formula
is shown below:

Sfc wind max = 16 (3)

1010 represents the pressure in mb at the “bar” of
the typhoon, and may be adjusted if the “bar” pres-
sure differs.
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Pc is the center pressure of the typhoon or hurricane
inmb.

Note on the coordination chart that the,700 rob-surface
wind relationship is direct (they are the same at 50 and
250 kts only), and that the surface pressure-700 mb height
is also ‘directlyrelated. When the surface pressure is “’
known, find it on the graph then fallow horizontally to
the correct ‘latitude;from there extend vertically to the
surface wind or to the 700 mb wind.

This chart was used through the 1960 season and found
to be quite reliable. Information most frequently used
to determine the surface wind was the 700 mb height and
the 700 mb wind which are accurately measured by the air-
craft. The surface pressure was most frequently obtained
from dropsonde,equipment and available as raw uncorrected
data at time of chart use. Its value varied at times
from the corrected pressure available later. The 700 mb
temperature parameter was found to be least useful due to
the fact that it is reported in whole degrees, and a small
variation in temperature represents a large variationof
other features in the graph. This graph works only for
circulations thermodynamically classified as typhoons.
The coordination graph is also used as an overlay for the
climatological graphs discussed below.

(2) Three graphslof typhoon track climatology, using
time and the 700 mb height as ordinates are shown herein.
The charts are for the periods June-15”August, 15 August-
December, and November-May, for the western North Pacific
and the South China Sea only. These graphs are scaled to
the height values of the coordination graph. The time
varies horizontally and the space between two vertical
lines represents 6 hours. These graphs are “folded” at
A and A*. There is ah upper, lower and median line for
each graph. Heavy hatching is placed between the upper
and lower limits. Behavior of typhoons of various source
regions is indicated on the graphs. The upper limit line
on the June-15 August graph for the folded part beginning
with A’ starts 18-24 hours after At. This is because
those circulations that are weak(have height values that
are near 10000 ft) usually do not re-intensify. For this
reason, no upper limit is drawn in for the second inten-
sification part of the graph.

The June-15 August trace is 7 days in length and the
other traces are 9% to 10 days long, The double minimums
on the June-15 Auqust, November-May charts represent
weakening and re-intensification as a result of passage
over land, or through the ridge linee The midseason 15
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Ahqust-December
tween the 12-18

trace reflects some of’this variation be-
hour period after A*.

These charts’are,uiefulaids in forecaktingtyphoon
intensity trends, but,inqynot be used to ,forecast.recur-’
vature, minimum height/pressure,lifetime of the typhoon,
or other implied,features. To clarify the climatological
aspect, the typhoons (includingT.S. LUCILLE and NADINE)
of this season averaged 7 days 17 hours, from first tti
last warning~compar~hg favo;ablywith the climatologyof
the 3charts. The life of two typhoons were2~ and 1S 3/4
days respectively;neither th6 2% day nor the 15 3/4 day
typhbon would fit these charts due to the time difference,
even though the curves would be similar; however~ variation
of intensity could be forecast reasonably for each.

In summation,these graphs were used during the 1960
typhoon season and found to be very successfuloperational
tools.
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APPENDIX A

DEFINITIONS AND ABBREVIATIONS

1. Certain words that appear frequently in this report
are abbreviated as follows:

feet .-ft

knot(s) - kt(s)

millibar or millibars - mb

nautical miles - mi

Weather Reconnaissance Squadron - WRS

2. Points of the compass are abbreviated: N, SE, WNW,
etc.

3. Latitude and longitude are abbreviated: 30N 140E, etc.

4.. An investigation is the traverse of a reconnaissance
aircraft over an area containing a suspected circulation
that has been assigned a cyclone number.

I
5. A fix is the determination of the position of a tropical
cyclone at a precise time. Generally, the term “fix” is
used when the position of the cyclone has been determined
by a reconnaissance aircraft penetration or by airborne,
land or ship radar. In:the case of a reconnaissance air-
craft penetration, the ~ctual fix,may be based on one or
all of the following: visual observation, radar, surface
pressure, surface or upper level winds, constant pressure
height, and temperature{dew point.

I

6. A sortie is defined as a“flight by one aircraft with
one or more objectives, i.e., it may make one or more
fixes and/or one or more investigations on one or more
tropical cyclones.

,’

7. The term “tropical cyclone’!or “cyclone” as used in
this publication has two definitions dependent upon usage.

a. “Tropical cyclone” qr “cyclone” is used to des-
cribe a suspected tropical cyclonic circulation which
appears capable of intensification, and to which has been.
assigned a “cyclone number” for the purposes of reconnais-
sance and to assure that records regarding it are not con-
fused with those of another circulation.
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b.. “Tropical cyclone” or “cycl~ne” is used in the
general sense, e.g. , “TyphO~n JOAN was the most intense
tropical cyclone of 1959”, or, “Tropical Cyclones most
frequently develop during August and September”.

8. A tropical depression is a tropical cyclone with a
confirmed cyclonic circulation, for which warnings are
being issued and whose surface wind speeds do not exceed
33 kts. The numbering of tropic-aldepressions is not
related to the numbering of tropical cyclones.

9. Peel Island, located at 27.lN, 142.2E, is also known
as Chichi Shims or Chichi Jima. In this report, only
the name “Peel Island” is used.

10. The following define and clarify certain words and
phrases that appear in the Tables, “Reconnaissance Air-
craft Fixes”, Chapter V.

a. FIX NO. - This number corresponds to the number
of the fix plotted on the “Best Track Chart”.

bO 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 Reconnaissance Squadron; 315 - 315th Air Division;
Vwl - VW-1 Early Warning Squadron.

(2) METHOD - The method used to make the fix: P -
penetration; R - radar; T - triangulation.

(3) ACCY - The estimated accuracy of the fix in
nautical miles.

f. MIN SLP MBS - The minimum sea level pressure in
millibars.

g. MAX SFC WND - The maximum observed surface wind in
kts.

h. MIN 700MB HGT - The minimum

i. MAX 700MB WND - The maximum
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j~ 700Mt3TT/I’d(°C) - The maximum 700 mb temperature
and dewpoint in degrees centi~rade..

.
k. EYE CHARACTERISTICS - Selected remarks on the

characteristics of the eye.

Sc - strato-cumulus INDEF - indefinite

CIRC - circular ORIEN - oriented

CLD(S) - cloud(s) QUAD(S) - quadrant(s)

;TR - center RAD - radius

DIA -“diameter S’FC- surface

ELLIP - elliptical WND - wind

ELONG - elongated ,.

11. A “Stidd Diagram” is a chart on which a continuous
plot of surface observations is maintained for a series

‘of stations. The observations’for each individual station
are plotted in either a horizontal or vertical line.

12. The “M2 Field” ~referred to in Chapter IV, Section B)
is the correction for the coriolis parameter applied to .
the 500 mb double space mean.

13’.- The “Bar” (referred to in Chapter VII, Section C) is
the heavy bank of clouds that appears on the horizon with
the approach of an intense tropical cyclone.

,.
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NAME OR SUBJECT

KAREN

LUCILLE

MiRY

NADINE

OLIVE

POLLY

SHIRLEY
I

,

APPENDIX B
‘LISTOF ILLUSTRATIONS

TITLE

Best Track
Reconnaissance Aircraft Fixes -
Position and Forecast
Verification Data
24 Hr Forecast Posits

Best Track
Position and Forecast”
Verification Data
24 Hr Forecast Posits

Best Track
Reconnaissance Aircraft Fixes’-
Position and Forecast
Verification Data -
24 Hr Forecast Posits

Best Track
Reconnaissance Aircraft Fixes -
Position and Forecast
Verification Data ,-
24 Hr Forecast Posits . -

Best Track
Reconnaissance Aircraft Fixes -
Position and Forecast
Verification Data

PAGE

33
34

38

43-44
45

46-47
48

53
54

24 Hr Forecast Posits

Best Track
Reconnaissance Aircraft Fixes -
Position and Forecast
Verification Data
24 Hr Forecast Posits .

Best Track
Reconnaissance Aircraft Fixes -
Position and Forecast “
Verification Data
24 Hr Forecast Posits
Surface Chart 3112002 July 1960~

61-62
63-64

6s-66
67-68
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APPENDIX B
LIST OF ILLUSTRATIONS (CONTiD)

NAME OR SUBJECT

VD TV I

VIRGINIA

WENDY

BESS

CARMEN

DELLA

TITLE PAGE

Best’Track 77
Reconnaissance Aircraft Fixes - 78
Position and Forecast
Verification Data
24 Hr Forecast Posits %

BestTrack 82
Reconnaissance Aircraft Fixes - 83
Position and Forecast
Verification Data 84
24 Hr Forecast Posits 85

Best ,Track ., 87
Reconnaissance Aircraft Fixes - . 88
Position and Forecast
Verification Data
24 Hr Forecast posits ‘ - %

Best Track 97-98
Reconnaissance Aircraft Fixes - 99
Position and Forecast
Verification Data - 100-101
24 Hr Foyecast Posits 102
Surface Ghart 200600ZAtig 1960 - 93
Surface Chart 211200ZAug 1960 - 94
Surface Chart 2206002 Aug 1960 - 95
Surface Chart 2418002 Aug 1960 - 96

Best Track - 105-106
Reconnaissance Aircraft Fixes - 107
Position and Forecast
Verification Data 108
24 Hr Forecast Posits - 109-110
Photograph, Radar Scope
Kadena, Okinawa 104

Best Track - 113-114
Reconnaissance Aircraft Fixes - 115-116
Position and Forecast
Verification Data - 117-118
24 Hr Forecast Posits - 119-120
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APPENDIX B
LIST OF ILLUSTRATIONS (CONTCD)

NAME OR SUBJECT

ELAINE

FAYE

KIT

LOLA

MAMIE

NINA =

OPHELIA

TITLE PAGE

Best Track 122
Reconnaissance Aircraft Fixes - 123
Position and Forecast
Verification Data
24 Hr Forecast,Posits

124
125

Best Track and
Track of 1924 Typhoon 18

Best Track 128
Reconnaissance Aircraft Fixes - 129-130
Position and Forecast
Verification Data - 131-132
24 Hr Forecast Posits 133

Best Track’ 135
Reconnaissance Aircraft Fixes - 136 ‘
Position and Forecast
Verification Data - 137-138
24 Hr Forecast Posits - 139

Best Track
Reconnaissance Aircraft Fixes
Position and Forecast
Verification Data
24 Hr Forecast Posits

Best Track
Reconnaissance Aircraft Fixes
Position and Forecast
Verification Data
24 Hr Forecast Po#its

Best Track
Reconnaissance Aircraft Fixes
Position and Forecast
Verification Data
24 Hr Forecast Posits

Best Track
Reconnaissance Aircraft Fixes
Position and Forecast .
Verification Data
24 Hr Forecast Posits

141
142

-“143-144
145

147
-148-149

150
151

154
155

156
157

- 161-162
- 163-164

- 165-166
167
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LIST OF ILLUSTRATIONS (CONTtD)

NAME OR SUBJECT

OPHELIA ~ -

PHYLLIS

Miller-Moore -

Reconnaissance -

Typhoon Best
Tracks

Tropical
Cyclone Data

Wachholz
Graphs

TITLE ~ PAGE

Pressure Trace
USCGLORSTA, Ulithi,’ 159
Pressure Trace
USCGLORSTA, Uli.thi 160
Photograph of Damage at Ulithi - ,184

Best Track ‘A 169
Reconnaissance Aircraft Fixes - 170-171
Position and Forecast
Verification Data - 172-173
24 Hr Forecast Posits - 174

Scatter Diagram North of 27.5N - 192
Scatter Diagram At or South
of 27.5N 193
Grid Worksheet 190
Conversion Graph 191
Distance, and Meridional and
Zonal Forecast Errors - 194-203

Sortie - Fix/Investigation llata-

April 1960
May 1960
June 1960
July 1960
August 1960
October 1960
November 1960
December 1960

Tropical Cyclones of 1960
1960 Typhoon Data Summary
1960 Typhoon Forecast Errors

Coordination
Typical Typhoon
Typical Typhoon
December

June-15 August -
15 August--

26

5
6

-;

1:
11
12
13

14-15
16
17
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Wachholz
Graphs

TITLE

Typical Typhoon November-May -
Coordination and Ty ical

JTyphoons 15 August ecember -
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