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FORWARD

The body of this annual report summariz-
es western North Pacific tropical cyclones.
Annex A summarizes tropical cyclones from
180° eastward to the North American coast,
and Annex B summarizes tropical cyclones in
the Bay of Bengal east of 90”E.

Fleet Weather Central/Joint Typhoon
Warning Center (FWC/JTWC), Guam has the
responsibility to:

1. Provide warnings to U.S. Govern-
ment agencies for all tropical cyclones
north of the equator and west of 180° lon-
gitude to the coast of Asia and the Malay
Peninsula;

2. Provide warnings for the area
from the Malay Peninsula west to 90°E;

3. Determine tropical cyclone re-
connaissance requirements and assign pri-
orities;

4. Conduct investigative and post-
analysis programs including preparation of
the Annual Typhoon Report; and

5. Conduct tropical cyclone fore-
casting and detection research.

Asian Tactical Forecast Center, Fuchu
(formerly Air Force Asian Weather Central),
coordinating with the Naval Weather Service
Environmental Detachment, Yokosuka, is des-
ignated as the alternate JTWC in case of
the incapacitation of FWC/JTWC Guam.

The JTWC is an integral part of FLEWEA-
CEN Guam and is manned by four officers and
five enlisted men each from the Navy and
Air Force. The senior Air Force officer is
designated as Director, JTWC.

The Western Pacific Tropical Cyclone
Warning System consists of the Joint Ty-
phoon Warning Center and the U.S. Air Force
54th Weather Reconnaissance Squadron sta-
tioned at Andersen Air Force Base, Guam.

The Central Pacific Hurricane Center,
Honolulu, is responsible for the area from
180° eastward to 140”W and north of the
equator. Warnings are issued in coordina-
tion with FLEWEACEN Pearl Harbor and the
Air Force Central Pacific Forecast Center,
Hickam Air Force Base, Hawaii.

The Eastern Pacific Hurricane Center,
San Francisco, is responsible for the area
east of 140”w and north of the equator.
Warnings are issued in coordination with
FLEWEAFAC Alameda and the Air Force Hurri-
cane Liaison Officer, McClellan Air Force
Base, California. FLEWEACEN Pearl Harbor
replaced FLEWEAFAC Alameda in this coordi-
nating role on 1 November 1972.

The coordinating agencies under CINC-
PACFLT and CINCPACAF are responsible for
further dissemination and, if necessary,
local modification of tropical cyclone
warnings to U.S. military agencies.
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CHAPTER 1 - OPERATIONAL PROCEDURES

1. GENERAL

Services provided by the Joint Typhoon
Warning Center (JTWC) include forecasts of
tropical cyclone formation, intensity, di-
rection and speed of movement, and extent
of damaging winds. This information was
disseminated in 1972 by: (1) the Tropical
Cyclone Formation Alert issued when forma-
tion of a tropical cyclone was suspected;
(2) tropical cyclone warnings issued four
times daily whenever a significant tropical
cyclone was observed in the JTWC primary
area; and (3) tropical cyclone warnings is-
sued twice daily whenever a significant
tropical cyclone was observed in the JTWC
secondary area.

FLEWEACEN Guam provides computer and
meteorological/oceanographic analyses for
the JTWC. Communications support is fur-
nished by the Nimitz Hill Message Center of
the Naval Communications Station, Guam.

2. ANALYSES AND DATA SOURCES

a. FLEWEACEN GUAM ANALYSES:

(1) Surface mercator analysis,
Northern Hemisphere, Western Pacific area;
OOOOZ, 0600z, 1200Z, and 1800Z.

(2) Surface micro-analysis of South
China Sea region; 0000Z, 0600Z, 1200Z, and
1800Z.

(3) Surface mercator analysis,
Northern and Southern Hemispheres, Western
Pacific and Indian Ocean area; 0600Z and
1800Z.

(4) Sea surface temperature charts;
daily.

b. JTWC ANALYSES:

(1) Gradient level (3,000 feet)
streamline analysis (south of 20”N) and
isobaric analysis (north of 20”N); OOOOZ
and 1200Z.

(2) 700-mb, SOO-mb, and 200-mb con-
tour and streamline analysis; OOOOZ and
1200Z.

(3) Reconnaissance data. Observa-
tions from weather reconnaissance aircraft
are plotted on large-scale sectional
charts.

(4) Time cross ‘sections of selected
tropical stations.

(5) Time sections of surface re-
ports for selected tropical stations.

(6) Additional and more frequent
analyses similar to those above during pe-
riods of tropical cyclone activity.

c. SATELLITE DATA:

Satellite data played a major role
in the early detection of tropical cyclones
in 1972. This aspect, as well as applica-
tions of satellite data to tropical cyclone
tracking, is discussed in Chapter II,

Reconnaissance and Communications.

d. RALIAR:

Land radar reports, when available,
were used for tracking tropical cyclones
during the 1972 typhoon season. Once a
storm moved within range of a land radar
site, reports were usually received hourly.
Use of radar during 1972 is treated in
Chapter II, Reconnaissance and Communica-
tions.

e. COMPUTER PRODUCTS:

During 1971 the FLEWEACEN Guam com-
puter was equipped with a varian plotter.
This device eliminated a significant por-
tion of the former hand plotting effort.
Varian charts are produced routinely at
synoptic times for the surface, 700-mb, and
500-mb levels. Additionally , a chart which
approximates the 200-mb level is also prO-
duced. This chart uses rawinsonde data at
200 mb and aireps above 33,000 feet and
within six hours of the 0000Z and 1200Z
synoptic times. Data not in the proper
format for use by the computer aTe hand
plotted on the charts. These include pibal
gradient level winds, low cloud movement,
and missing or late synoptic reports neces-
sary for a detailed analysis.

In addition, the standard array of
synoptic-scale computer analyses and prog-
nostic charts is produced.

JTWC extensively utilizes the com-
puter center for objective typhoon fore-
casts and for statistical post analysis.

3. FORECAST AIDS

a. CLIMATOLOGY:

The following climatological publi-
cations were utilized:

(1) Tropical Cyclones in the
Western Pacific and China Sea Area (Royal
Observatory, Hong Kong), covering 70 years
of typhoon tracks.

(2) Intensity Changes of Tropi-
cal Storms and Typhoons o“fthe Western
North Pacific Ocean (Brand and Gaya, 1971)
NAVWEARSCHFAC Tech Paper No. 5-71.

(3) Climatological 24-Hour Ty-
phoon Movement (McCabe, J. T., 1961).

(4) Western Pacific Typhoon
Tracks, 1950-1959 and 1959-1968 (FWC/JTWC).

(5) Far East Climate Atlas (lst
Weather Wing, February 1963).

(6) Annual Typhoon Reports,
1959-1971 (FWC/JTWC).

(7) A Climatology of Tropical
Cyclones and Disturbances of the Western
Pacific with a Suggested Theory for Their
Genesis/Maintenance (Gray, Wm., 1970) NAV-
WEARSCHFAC Tech Paper No. 19-70.
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(8) Changes in the Character-
istics of Typhoons Crossing the Philippines
(Brand and Blelloch, 1972) ENVPREDRSCHFAC
Tech Paper No. 6-72.

(9) Speed of Tropical Storms
and Typhoons After Recurvature in the West-
ern North Pacific Ocean (Burroughs and
Brand, 1972) ENVPREDRSCHFAC Tech Paper No.
7-72.

(10) The Typhoon Analog Compu-
ter Program (TYFOON).

b. PERSISTENCE:

Extrapolation of storm movement
using 12-hour mean speed and direction was
the most reliable objective method for 24-
hour for-ecasts.

c. OBJECTIVE TECHNIQUES:

During 1972 the following objective
forecasting methods were employed:

(1) ARAKAWA - surface pressure
grid model.

(2) TYRACK - based on program-
selected best steering level from FLEWEACEN
Pearl tropical fields.

(3) TSGLOB - modification of
TYRACK using global band upper air fields
(GBUA) from FLENUMWEACEN Monterey. It re-
placed TYRACK on 23 September 1972 when
FLEWEACEN Pearl tropical fields were re-
placed by the GBUA’S from FLENUMWEACEN
Monterey.

(4) TYFOON - analog weighted
mean track.

(See Chapter V for technique
evaluation, )

4. FORECASTING PROCEDURES

a. TRACK FORECASTING:

h initial track based on persis-
tence blended subjectively with climatology
is developed for a 3-day period. This ini-
tial track is subjectively modified by the
following:

(1) Recent steering is evalu-
ated by considering the latest upper air
analyses as representative of the average
upper air flow over the past 24 hours.
(The latest upper air analyses are about 12
hours old, thus roughly representing the
mid-point of the last 24-hour time inter-
val.) By this technique actual past 24-
hour movement serves to indicate the best
steering level as well as the effectiveness
of steering.

(2) Objective techniques are
considered, with the techniques being
ranked according to their past performance
on similar storms.

(3) Twenty-four hour height-
change analyses are evaluated for forecast
track/speed changes (Hoover, Devices for
Forecasting Movement of Hurricanes, Manu-
script of the U*S. Weather Bureau, 1957).

(4) The prospects of recurva-
ture are evaluated for all westward moving
storms. The basic requisites for this
evaluation are accurate continuity on mid-

latitude troughs and numerical progs to
indicate changes in amplitude or movement.
Relative position and strength of the sub-
tropical ridge and northward tendency due
to internal forces are also important con-
siderations .

(5) Finally, a check is made
against climatology to ascertain the like-
lihood of the forecast. If the forecast
track is climatologically unusual, a reap-
praisal of the forecast rationale is con-
ducted and adjustments made if warranted.

b. INTENSITY FORECASTING:

Intensity forecasts are extrapo-
lated linearly and modified by climatology
where necessary. This modification is
made after considering upper tropospheric
evacuation, 8S0 mb-700 mb temperatures, sea
surface temperatures, and possible terrain
influence.

5. WARNINGS

Tropical cyclone warnings are numbered
sequentially. If warnings are discontinued
and the storm reintensifies, as Tropical
Storm Grace did this year, krarnings are
numbered consecutively from the last
warning issued. Amended or corrected
warnings are given the same number as the
warnings they modify. Forecast positions
are issued at 0000Z, 0600Z, 1200Z, and
1800Z as follows:

Tropical
Depressions 12 hr and 24 hr

Typhoons and 12 hr, 24 hr,
Tropical Storms 48 hr, and 72 hr

Forecast periods are stated with re-
spect to warning time. Thus a 24-hour
forecast verifies 26-1/2 hours after the
aircraft fix data, 30 hours after the
latest surface synoptic chart and 30 or 36
hours after the latest upper air charts.

Warning forecast positions are verified
against the corresponding post analysis
“best track” positions. A summary of re-
sults from 1972 is presented in Chapter V.

6. PROGNOSTIC REASONING MESSAGE

Whenever warnings on typhoons and trop-
ical storms are being issued, a prognostic
reasoning message is released at 0000Z and
1200Z. This message is intended to provide
the reasoning behind the latest JTWC fore-
casts.

7. TROPICAL WEATHER SUMMARY

This message is issued daily from 1 May
through 31 December and otherwise when
tropical cyclogenesis is forecast or ob-
served. It is issued at 0600Z and de-
scribes the location, intensity and likeli-
hood of development of all tropical low
pressure areas and significant cloud masses
detected by satellite.

8. TROPICAL CYCLONE FORMATION ALERT

Alerts are issued when the formation of
a tropical cyclone is considered possible
or probable. These messages are issued as
required and are valid for up to 24 hours
unless cancelled, superseded or extended.
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CHAPTER II - RECONNAISSANCE & COMMUNICATION

1. GENERAL

During the 1972 typhoon season there
were three primary methods--satellite, ra-
dar, and aircraft--utilized to accomplish
reconnaissance. Aircraft reconnaissance
remained the primary means for cyclone
reconnaissance; however, greater emphasis
was placed on the use of satellite-derived
information due to a reduction of recon-
naissance resources in November 1971.

2. RECONNAISSANCE RESPONSIBILITY AND
SCHEDULING

Aircraft weather reconnaissance is per-
formed in the JTWC area by the S4th Weather
Reconnaissance Squadron (54 WRS). The
squadron, composed of nine WC-130 aircraft,
is located at Andersen Air Force Base,
Guam.

The JTWC reconnaissance schedule is
sent daily to the Tropical Cyclone Recon-
naissance Coordinator. This schedule in-
cludes areas to be investigated, forecast
positions of cyclones to be fixed and
standard synoptic tracks to be flown.

Four fixes per day, at six-hour inter-
vals, are required on all significant trop-
ical cyclones in the JTWC primary area of
responsibility [see inside front cover).
Two fixes per day are required in the se-
condary area. Additional fixes and other
information may be requested by operation-
al commanders through the JTWC (CINCPAC-
INST 3140.lK, 1971).

3. AIRCRAFT RECONNAISSANCE SUMMARY

Beginning with Typhoon Lola in May, the
JTWC employed satellite and radar, on a
selective basis, to position tropical cy-
clones in order to conserve aircraft and
crews. Of 713 required fixes, 15% were
obtained by satellite or radar. By se-
lecting the mode of fixing, 109 fixes were
eliminated from the aircraft levy. Of the
127 investigative missions required, 38%
were performed by satellite, conserving 48
aircraft sorties. Whenever observing con-
ditions permitted, satellite and radar were
utilized, except in instances where air-
craft fixes were required by operational
commanders.

Table 2-1 summarizes aircraft recon-
naissance fixes. 624 fixes were levied of
which 538 or 86.2% were 6-hourly. The in-
termediate fixes (3-hourly) accounted for
12.5% and there were three l-hourly fixes
levied. Five fixes were levied for the Bay
of Bengal area representing 0.8% of the
total.

The aircraft missions for 1972 in-
cluded 17 synoptic tracks, 81 investiga-
tive and 624 fixes. The lower half of
Table 2-1 compares the total of 705 fixes
and investigatives levied with the annual
average of 706 compiled over a 10-year pe-
riod. The coverage provided by SRP re-
duced this total from 862 required fixes
and investigatives. This is a total
savings of 19% from May. Reconnaissance

TABLE 2-1. FIX SUMI+IARY

538 6-HRLYFIXES LEVIED (WESTPAC) 86, 2%

78 INTEIU!EDIATE (3-HRLY FIXES) 12,5%

3 1-HRLY FIXES 0.5%

5 FIXES IN SECONDARYAREA (BAY OF BENGAL) 0,8%

624

COMPARISONOF FIXES AND INV!3T1GATIVES

LEVIED IN 1972 TO LONG TERflAVERAGE

LEVIED FIXES 624

LEVIED INVESTIGATIVES 81

705

ANNUAL AVERAGE LEVIED FIXES/INVESTIGATIVES 706

(1962 - 1971)

TABLE 2-2. RECONNAISSANCE EFFECTIVENESS

ALL 6HRLY 3HRLY lHRLY

COMPLETEDON TIME 433 370 60 3

EARLY 13 10 3 0

LATE 52 46 6 0

MISSED 126 117 9 0

TOTAL & G X-3

LEVIEDVS. MISSEDFIXES

LEVIED MISSED PERCENT

AVERAGE 1965-1970 507

1971
802 (M 10 ~ (!! x!) ~J

1972 624~#[)U6(11~]~) 202%

effectiveness, the top of Table 2-2, sepa-
rates the fixes into 6-hourly, 3-hourly,
and l-hourly categories. Of a total of 624
fixes levied, 126 were missed. This repre-
sents a 20.2% missed rate as compared to
the 1971 average of 7.6%. These statistics
were developed by the same system of cred-
iting fixes as was used in 1971 (FWC/JTWC,
1971) .

In addition to the fixes missed, 2.1%
and 8.5% of the fixes were too early or too
late respectively. This is a 5% increase
from the previous year. Early and late
fixes are considered together as each de-
grades the quality of warnings.

The bottom half of Table 2-2 compares
fixes levied with fixes missed. During the

3



period from 196S-1970, when a different
crediting criteria was used, an average of
2% of all fixes were missed. In 1971 a
more rigid system of scoring reconnaissance
was adopted, resulting in an increase in
the missed-fix ratio. This season, contin-
uing with the 1971 criteria, a large in-
crease was noted, especially in the 6-
hourly rate. The combined 6-hourly and 3-
hourly missed-fix percentage rate was 2-1/2
times the 1971 rate.

Figure 2-1 compares fixes missed to the
monthly fix requirements and multiple-storm
days. The 174 fixes levied in July account
for about 28% of all fixes levied in 1972.
July also included 44% of the multiple-
storm days (20) and 40% of the fixes missed
(50) .

Figure 2-2 compares the percentage of
fixes and investigatives missed/late versus
the number of storms per day. Thirty-two
percent of the annual total of levied fixes
and investigatives were missed on four-
storm days. This illustrates the load that
is placed on the aircraft reconnaissance
assets during periods of multiple-storm
days. Despite the 48 sorties and 109 fixes
obtained by satellite and radar, the per-
centage of fixes-missed/late on single-
storm days was twice as large as the aver-
age for 1971.

LEVIEDFIXES -624
50 50

40 40
1

30
174 30

1

20 * 9,8 1Q9 ~

,0- ‘ 6 2 9

0
6

a o
0 Jan Feb Mar Apr btay J.” Jul Aug *P Cct No. Dec

MULTIPLE STORY DAYS -46
50

2!0
x)

40 ..- 40

30
!

■
30

20

10 3

0 P 0 0 0
0 Jan Feb Mar Apr h!ay J.n Ju! Aq SeP Cxt NW Oec

MISSED FIXES -126
50 I 50

40
5 0

30

20

10
4

0 A 0 0 R o D
.hn %b NW AIX Mdy Jun Jul Aug SeP Ott NW Oec

FIGURE 2-1. Mbhed ~.ixeh ~ofi1972 eom-
pahed .to monthly &Lx hequ.L&e-
mentb and mu.fX.ipLt A.team daqb.

Figure 2-3 relates levied requirements
to multiple-storm days and missed fixes/in-
vestigatives by month. The major peaks oc-
curred in July and September when four
tropical cyclones were active concurrently.
The peak in October was a result of almost
continuous storm activity. The peak in
December resulted from a period of two con-
current storms.

“t
41

40

3s

66

3P

8

25- -

46

20- -

P

E 50~15- ~

:

N
~ 10- -

10

FIGURE 2-2. Ptfieentage o~ &ix# and
inVc3bfi(JUfiVeb mibbedf~aak
VA . b.tohmb pea dag.

4. RADAR RECONNAISSANCE SUMMARY

Over 700 land and ship radar reports
were received during the 1972 season.
These reports are normally received hourly
whenever a storm is within the envelope of
radar coverage. The majority of the re-
ports from land stations were from Japan,
including the Ryukyus and Taiwan, Radar
reports from ships were received almost ex-
clusively from the South China Sea.
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Since the radar is normally remote from
the storm, ability to position a cyclone is
a function of signal attenuation, range,
organization of the cyclone and operator
skill (NAVAIR SO-1P-2, 1967). The mean de-
viation, from the best track, for all radar
reports on cyclones was 17 nm. The mean
deviation for radar reports on cyclones of
typhoon strength was 16 nm.

Positioning errors occurred when the
wall cloud was weak or open, creating false
impressions of the actual storm movement.
During Typhoon Betty, for example, land ra-
dars reported her stationary from 160800z
until 1611OOZ at which time they showed her
tracking southeast. During this time Betty
was actually moving north-northwest at 13
kt. Positioning errors also generate un-
realistic speed movements. Radar fix-to-
fix computations produced some speeds in
excess of 200 kt,

Another source of positioning error is
present when a storm is near the maximum
radar range. In these cases the radar
paints only the tops of clouds near the
wall and a complete presentation of the
eye, if defined, is not possible.

Despite these errors and limitations,
radar was used very effectively to track
cyclones. Typhoon Lorna provided an excel-
lent example of the efficacy of radar for
tracking a well-developed tropical cyclone.
Lorna was tracked solely by radar from
12402 on the 1st of October through 0540Z
on the 5th. Due to geographic flight
restrictions, aircraft were unable to pene-
trate during this period.

5. COMMUNICATIONS

a. AIR TO GROUND:

Current air-to-ground communica-
tions procedures were implemented five
years ago and functioned effectively in
1972. Reconnaissance information is nor-
mally received from the aircraft by JTWC
via voice phone patch through Andersen, and
occasionally from Clark aeronautical sta-
tion. If the transmission from the air-
craft is not of patch quality, data can be
relayed over the telephone by the weather
monitor in the aeronautical station. If
the weather monitor can not complete a di-
rect phone patch or relay, he places the
message on a teletype circuit but this
usually results in excessive delay.

Figure 2-4 compares the 33.8 minute
average delay in receipt of center data
messages in 1972 with recent years. Uncler
ideal circumstances the weather observer
transmits the complete message 20 to 25
minutes after fixing the center of the
storm. The small rise in delay times noted
in 1971 and 1972 is attributed to the num-
ber of multiple-cyclone situations in those
years and the system’s inability to handle
more than one voice report at a time.

Ll._u-
1966 2957 1968 1

YEI$R

/---

1970 1971 1972

FIGURE Z-4. Compatibon o~ 1972 auemagt
de.flay -t.imeh u!.i-th~kOAt o~ pfLe-

v.ioub geah.b.

The preliminary eye data message
was instituted in 1972 as a means of re-
ducing the delay in receipt of position and
intensity information. These preliminary
messages are much shorter than the complete
report and reduce the time required for
preparation and transmission. Figure 2-5
illustrates that the delay in receipt of
this information is nearly halved by the
use of the preliminary messages. The solid
bars represent the delay of the complete
center data message and hatched bars por-
tray preliminary message delays. The num-
ber of reports considered are in parenthe-
ses.

TABLE Z-3. 1972 AIR/GROUND DELAY
STATISTICS COMPARED WITH
PREVIOUS YEARS

1967 1968 1969 1970 1971 1972—— .— ——

% FIXMESSAGES
DELAYEDOVER 16% 4% 3% s% 6% 6%
ONE HOUR

% FIXMESSAGES
RECEIVEDAFTER 3.1% 0.7% 0.6% 0.9% 2.1% S.S%
WARNINGTIME

Figure 2-5 also illustrates the
difference in delay times between the vari-
ous means of delivery; phone patch and re-
lay being the most expeditious while the
infrequently-used teletype relay resulted
in delays of over 55 minutes. Most fix
reports from the Bay of Bengal had to be
relayed due to weak signal strength or in-
ability of the aircraft to raise Clark
Airways. This resulted in considerable
delay in receipt of the data,

Table 2-3 shows that the percent of
fix messages received over one hour after
fix time remained nearly constant in recent
years, but the percent of fix messages re-
ceived after warning time rose signifi-
cantly in 1971 and again in 1972.
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OUTGOING COMMUNICATIONS:

The uresent waminz handlin~ Dro -
was ifiitiated in Oc~ober 197~.’ By

agreement with the Nimitz Hill Message
Ciinter, a special content indicator ~auses
warnings to be placed in the communications
system before other IMMEDIATE but after
FLASH traffic awaiting transmission. Ty-
phoon and tropical storm warnings are
handled in this manner while tropical de-
pression warnings are treated as normal
IMMEDIATE messages.

Figure 2-6 shows a comparison of
the delays encountered in transmission of
warning messages in 1972 with the years
through 1969. In 1972, warnings were de-
livered to the Nimitz Hill Message Center
an average of 20 minutes before warning
time (represented by the left-hand limit
of the bar) and transmitted on AUTODIN an
average of 30.7 minutes later (represented
by the right-hand limit of the bar). This
closely parallels the delays realized in
1971 after the use of the special content
indicator was initiated. These statistics
represent the average time required to
enter the warnings into the communications
system. Actual time of receipt at a sta-
tion depends on factors beyond the control
of JTWC or its servicing communications
center.
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CHAPTER Ill - TECHNICAL NOTES

1. VERIFICATION OF THE 48-HOUR
FORECAST SECTOR OF 75 PERCENT
PROBABILITY

a. INTRODUCTION :

At the 1971 CINCPAC Tropical Cy-
clone Conference the COMSEVENTHFLT Staff
Meteorologist introduced an agenda item re-
questing that a statement of estimated er-
ror for the 48-hour outlook position be
included in warnings issued by the Joint
Typhoon Warning Center (JTWC). The Con-
ference agreed that an estimated error was
of value, however, it noted that no objec-
tive procedure had as yet been developed
that could adequately depict what the
estimated error would be for a particular
forecast. The JTWC was therefore tasked to
develop and test a means for estimating the
error associated with a particular 48-hour
outlook.

b. DEVELOPMENT AND TESTING:

During the 1971 tropical cyclone
season, two methods of assigning confidence
limits to 48-hour outlooks were developed
and tested.

The first method consisted of con-
structing a segment of an annulus with the
origin at the warning position and the seg-
ment centered about the 48-hour outlook
position. The mean width was determined by
striking a 240-mile arc (mean track error)
centered at the 48-hour outlook position.
The mean length was determined by moving
180 miles toward and away from the 48-hour
outlook position. The 362 cases evaluated
yielded a verification rate of 55%.

The second method .used the 48-hour
50% climatology ellipse (obtained from the
TYFOON analog computer program) as the
confidence limit. Of 102 cases tested
during 1971, 42% verified.

A combination of these two methods
was then tested. This method consisted of
a sector originating
tion, but limited by
tangent to:

at the warning posi-
the larger of lines

(1) The 50% climatological el-
lipse; or

(2) 120 miles across track and
180 miles along track from the 48-hour out-
look position.

In no case would the resulting sec-
tor be smalleT than either of the sectors
derived using the first or second methods.
Of the 94 cases tested using this third
method, 79% verified.

Shortcomings were known to be in-
herent in all three of the methods tested.
The first method failed in areas where
climatological tracks diverge and in cases
where recurvature occurred. The method
based on the SO% climatological ellipse
handled poorly those cases where there was
a well-established westward track or clim-
atologically unusual storms. The combina-
tion method demonstrated little skill when
an abrupt course change occurred or during
5h0Tt-teTm accelerations or decelerations.

Although all three methods exhi-
bited weaknesses, the combination method
was chosen for operational use based upon
its 79% verification during the 1971 test
period.

c. UTILIZATION:

The 48-hour forecast sector of 75%
probability was first issued on Typhoon Ora
in June 1972.

The actual procedure used in its
construction is depicted in Figure 3-1.
First, the 48-hour 50% probability ellipse
from the TYFOON analog program was plotted
as shown in la. Next, the forecast track
was constructed. In l,b. the forecast
track and 48-hour outlook position lie
within the 48-hour 50% TYFOON probability
ellipse, although this is not a require-
ment. Third, using the 48-hour outlook
position and track, 120-mile perpendiculars
were drawn across track and 180-mile points
were laid along track. Utilizing these
points, tangents and arcs were drawn from

A 72 HR

FCST POSITION

/ )::’:;’’’’’’”uA
40 FIR

FCST
POSIT

~ WARNING

POSITION

FIGURE 3-la. Foiaca&t pobitionh bticd on TYFOON ana.tog compu.tth
pfiogxam.

A 24 HR

FCST POSITION
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PROBABILITY SECTOR

WARNING

FIGURE 3-1.=,

. ..

A

;
POSITION

FIGURE 3-1.d. The 4g-hh ~OhtWL5t bCdOh 06 75% phobabi.t.ity.

the warning position, resulting in a wedge-
shaped sector centered on the 48-hour out-
look position as depicted in l.c. Finally,
taking the extreme positions of the 4x6
degree wedge-shaped sector and the 50%
probability ellipse, tangents and arcs were
drawn from the warning position resulting
in the 48-hour forecast sector of 75% prob-
ability as shown in l.d.

During the 1972 tropical cyclone
season 48-hour 75% probability forecast
sectors ‘were included in 307 warnings. An
individual storm and cumulative breakdown
is provided in Table 3-1. As can be seen
from Table 3-1, 27 of the forecasts were
not verified. This was due to the tropical

cyclone having dissipated or become extra-
tropical by verification time. Of the 280
48-hour sector of 75% probability forecasts
verified, only 153 or 54.6% of the actual
,48-hour positions fell within the sector.

d. VERIFICATION PROCEDURES:

To determine if a bias existed in
the method of constructing the sector, it
was divided into four internal and four ex-
ternal parts for verification purposes as
shown in Figure 3-2. All directions shown
in Figure 3-2 and subsequent figures are
relative to the storm tracks. The hypo-
thesis on which the verification sector was
based was that if no bias existed, then a
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TABLE 3-1. INDIVIDUAL AND CUMULATIVE VERIFICATION STATISTICS FOR THE 48-HOUR
FORECAST SECTOR OF 75% PROBABILITY

INDIVIDUAL STORM CUMULATIVE TOTAL
STORN FORECASTS WITHIN OUTSIDE NOT FORECASTS WITHIN OUTSIDE
NAJIE ISSUED SECTOR

NOT
SECTOR VERIFIED ISSUED SECTOR SECTOR VERIFIED

ORA 9 3 4 3
:

2
PHYLLIS 33 24 : 4; 8 27 7
RITA so 23 27 0 92 31 54 7
SUSAN 1 0 1 0 93 55 7
TESS 25 11 10 4 118 :: 65 11
ALICE 16 11 134 53 70 11
BETTY 24 20 : : 158 73 74 l.1
CORA 10 6 1 3 168 79 75 14
ELSIE 4 1 0 172 80 78 14
FLOSSIE 11 9 ; o 183 80 14
GRACE 5 0 s o 188 :; 85 14
HELEN 7 3 2 2 195 92 87 16
IDA 18 12 3 213 104 90
KATHY 12 7 ; 225 111 95 ::
MARIE 18 11 : 3 243 122 99 22
NANCY 14 11 0 257 125 110 22
OLGA 16 ; 4 273 134 114 25
PAMELA 12 6 4 ; 285 140 118 27
RUBY 1 1 0 0 286 141 118
THERESE 21 12 9 0 307 153 127 ;;

normal distribution should be present both If the new hypothesis of a westerly
in and out of the sector.

Figure 3-3 shows the breakdown of
the 280 forecasts verified. The distribu-
tion within the sector could be described
as fairly normal. However, of the 127
forecasts that fell outside the sector, 59
or 46.S% were outside to the east of the
storm tracks while only 15 or 11.8% were
outside to the west of the storm tracks.
Thus , the original hypothesis of no bias
in the construction of the sectors was in-
valid.

Based upon the results contained in
Figure 3-3, a new hypothesis was formu-
lated, i.e., that a westerly bias existed
in the construction of the sectors. To
determine if this hypothesis was valid it
was necessary to divide the storms for
which 48-hour sector forecasts were issued
into two categories:

(1) Northerly/recurving
storms - those storms whose primary direc-
tion of movement was either to the right of
315”(T) or which recurved; and

(2) Westerly moving storms
those storms whose primary direction of
movement was to the left of 315”(T).

In making this division, the dif-
ference in the number of storms was quite
small--ll classified as northerly/recurving
and 9 classified as westerly moving. A
major difference existed, however, in the
number of sector forecasts issued--l9O for
northerly/recurving versus 90 for the.west-
erly moving storms. This significant dif-
ference resulted from the climatologically
disproportionate number of northerly moving
systems experienced during the 1972 season
that originated to the east of Guam where
historical data was minimal.

bias was correct, then the majority of
cases verified for the northerly/recurving
storms should fall to the right of the sec-
tor center. Similarly, for the westerly
moving storms, the majority of cases should
fall to the left of the sector center.
Figures 3-4, northerly/recurving storms,
and 3-5, westerly moving storms, confirm
this hypothesis. In fact, a southwesterly
bias was actually present, i.e.,:

(1) For northerly/recurving
storms 63.7% of the predictions fell to the
right of center and 55.8% fell above the
center; and

(2) For westerly moving storms
60.6% of the forecasts fell to the left of
center and 57.8% fell below the center.

Thus , the center of the average 48-
hour forecast sector of 75% probability is-
sued during 1972 was to the left and behind
the actual average storm track.

e. RESULTS AND CONCLUSIONS:

A verification rate of only 54.6%,
plus the presence of a southwesterly bias,
indicated the need for a complete re-
analysis of the procedures used in con-
structing the 48-hour forecast sector of
75% probability.

The southwesterly bias was attrib-
uted to two factors:

(1) The regression and corre-
lation coefficients for TYFOON were recom-
puted after the 1971 season utilizing data
from that year. The 1971 season had a
preponderance of westerly moving storms.
The result was a limited biasing of TYFOON
toward westerly moving storms.
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(2) The JTWC has historically
been slow to forecast recurvature by an
average of one to two warnings.

These two factors contributed
markedly to the center of the 48-hour fore-
cast sector being to the left and behind
the actual storm tracks.

When the sector was originally de-
veloped, it was assumed that the 48-hour
50% TYFOON ellipse and the 4x6 degree
wedge-shaped sector were independent, thus
establishing a 75% degree of confidence.
Both subjective and mathematical investi-
gation indicated that the original assump-
tion was invalid. The 4x6 degree wedge-
shaped sector was dependent upon the 48-
hour outlook position and the forecast
track. The forecast track, in turn, was
derived from many inputs, one of which was
the 50% TYFOON ellipses for 24, 48, and
72 hours. Therefore, true independence
between the two did not exist. Utilizing
this fact, it was mathematically determined
that the optimum degree of confidence that
could be expected using the present method
would be about 65%. This equateswith the
actual verification statistics for westerly
moving systems in 1972 of 65.5%.

During the 1972 season the ~ver~ge
sector was approximately 270,000 nm .
insure that future sectors actually veri-
fied 75% of the time would require a mini-
mum increase of 37% in the average sector
size over the 1972 average, The result
would be a sector of such dimension as to
be of dubious value.

Although well received, on the av-
erage, by the users of Typhoon Warning
WestPac, the 48-hour forecast sector of 75%
probability has proven to be not only un-
reliable but even misleading. The JTWC
sees no means of readily improving the
present sector forecast system. An en-
tirely new method must be developed and
tested.

2. A RE-EVALUATION OF THREE-HOURLY

FIXES

a. INTRODUCTION :

A JTWC presentation made to the
1972 CINCPAC Tropical Cyclone Conference
contributed significantly to a recommenda-
tion for the deletion of mandatory 3-hourly
fixes whenever a tropical cyclone was with-
in 300 nm of a Department of Defense (DOD)
installation. However, operational com-
manders retained the authority to request
supplementary fixes if required for opera-
tional decisions or to safeguard DOD in-
terests and lives.

The rationale behind the JTWC pre-
sentation in 1972, reproduced in the 1971
Annual Typhoon Report, was:

(1) Increased Reconnaissance
fixes would improve the accuracy of the
warning position when based on interpola-
tion but not extrapolation. Extrapolation
would improve only until the distance

TABLE 3-2. THREE-HOURLY FIXES VERSUS
SEASON’S AVERAGE

THREE SEASON , s SE>\ SOS, S Ai’ERAGE
HOUKL} FIXES AVER,IGE LESS ‘T!12EE-UOUXLY krxcs

between fixes became so small that inac-
curacies in measurements were of the same
order of magnitude as likely changes in
the parameters measured; and

(2) The addition of 3-hourly
fixes would increase the reconnaissance
burden and be accompanied by a proportional
increase in the missed-fix frequency.

The statistics presented, based on
the evaluation of 1971 data, tended to sup-
port the rationale listed above.

b. RESULTS DURING 1972:

During the 1972 season the JTWC
levied 78 3-hourly fixes, primarily in the
South China Sea (SCS). These supplementary
fixes were levied at the request of opera-
tional commanders, in anticipation of such
requests, or to fulfill requirements for
warnings.

Aircraft on two-fix sorties can get
the intermediate fix as a bonus. Thus ,
during 1972, the 3-hourly fixes had a bet-
ter miss/late rate than the overall sta-
tistics for the year as depicted in Table
3-2. This enabled the JTWC to obtain a
more comprehensive evaluation of the tropi-
cal cycl~ne. More importantly, the aver;
age 24-hour forecast error for warnings
based on consecutive 3-hourJy fixes was
less than for any other fix interval. A
comparison of average 24-hour forecast
errors for three separate fix interval cat-
egories and all warnings issued is shown in
Table 3-3. This comparison shows that
warnings based on two or more consecutive
3-hourly fixes are superior, on the aver-
age, to all other categories.

I
WARNINGS BASED ON:

Consecutive three-hourly fixes
Consecutive six-hourly fixes
Missed aircraft I-eCCInflxe~

ALL WARNINGS ISSUED FOR:

SCS tropical cyclones
SCS tropical cyclones without

three-hourly fixes
All tropical cyclones

AVERAGE 24-HOUR
FORECAST ERROR

94 nm
111 nm
134 nm

10S nm

110 nm
117 nm



c. CONCLUSIONS:

Although 1972 found a reversal in
the results ob~ained in 1971, a two-year
sampling of data is considered to be in-
sufficient to arrive at valid conclusions.
The majority of 3-hourly fixes in 1971 were
levied as a system approached land. In
1972 most 3-hourly fixes were levied on
cyclones moving over the SCS and undergoing
reorganization and intensification. Also,
tropical cyclones over the SCS are normally
smaller than those in other parts of the
western North Pacific.

In general, continuous 6-hourly
fixes are sufficient for warning purposes
only so long as the tropical cyclones are
following a smooth path at nearly constant
speed. However, for erratically moving or
accelerating circulations, 3-hourly fixes
are essential to the issuance of competent
warnings .

3. AN AUTOMATED OBJECTIVE TECHNIQUE
FOR CONSTRUCTING TROPICAL CYCLONE
BEST TRACKS

a. INTRODUCTION:

The accuracy of tropical cyclone
best tracks depends heavily on the techni-
ques used in their construction (position/
intensity histories). Due to changes in
personnel, reconnaissance platforms, and
procedures, these techniques have varied
greatly over the years. Since reliable
data are essential for progress in tropical
cyclone research it is desirable that in-
consistency be eliminated. It was with
this goal that an objective analysis tech-
nique was developed.

b. GENERAL PROCEDURE:

The computer program takes cyclone
fix information from punched cards, weighs
and groups these data based on preassigned
weighting factors and calculates latitude,
longitude, intensity, and accuracy func-
tions using linear and second order
smoothing routines. The program incorpor-
ates both a position history routine to
develop the actual storm track and an in-
tensity history routine to derive the
storm’s maximum surface wind speed at each
synoptic time.

(1) THE POSITION HISTORY ROU-
TINE - The program initially divides the
time domain into 3-hourly intervals, or
integral multiples of 3 hours, so that each
interval contains at least one fix. To
eliminate unwanted short-term movements, a
group point is derived from a weighted com-
bination of the fixes contained in each
time interval. This group point is as-
signed a time, position, and accuracy values,
all weighted by the accuracies of the fixes
used to produce the group point. The set
of group points then undergoes four linear
smoothing/accuracy adjustments where each
group point is adjusted in relation to ad-
jacent group points. After linear smooth-
ing, five group points at a time (-i,i + 1,
~ + 2, i+ 3, and I + 4) are considered in
a second order smoothing routine. During
this process, points i + 1 and z + 3 are
adjusted in reference to a second order

polynomial drawn through points i, i + 2,
and.i + 4. After completion of two second
order smoothing, the position history, as
defined by the collection of group points,
is adjusted to correct any corner cutting
that may have been introduced during the
smoothing cycles. The program then calcu-
lates latitude, longitude, and position
accuracy values corresponding to the set
of desired best track times using second
order interpolation.

(2) THE INTENSITY HISTORY ROU-
TINE - This portion of the program closely
parallels the position history routine.
Differences exist in that? unlike position
information, much of the Intensity informa-
tion cannot be read directly from fix data
cards but must be constructed from other
measured parameters. In addition, some
fixes lack intensity estimates altogether.
In these cases intensity data from neigh-
boring group points are used.

c. FUTURE DEVELOPMENT:

All fixes used in the procedure
are assigned an accuracy weighting factor
which determines how much influence they
will have on the final best track posi-
tions of the storm. The merit of an ob-
jective best track routine depends on the
goodness of the weighting factors used.
The factors are assigned based on the pro-
bable errors of the fix method utilized and
modified if better information as to the
accuracy of the fix is available. The
values assigned to various fix methods are
based on limited data and will be refined
as the data base enlarges. Results gained
in testing the program with 1972 data are
very encouraging, indicating that the ob-
jective best track program represents a
significant advance in post-seasonal tropi-
cal cyclone track analysis.
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CHAPTER IV - SUMMARY OF TROPICAL CYCLONES

1. GENERAL RESUME

Thirty named tropical cyclones? of
which twenty-txo attained typhoon intensi-
ty, developed over western North Pacific
waters during 1972 (Table 4-l). Typhoons
Olga and Ruby had their origin in the cen-
tral Pacific. Elsie and Flossie retained
their identity while crossing the Indo-
China peninsula and regenerated into trop-
ical cyclones of typhoon strength over the
Bay of Bengal.

The 1972 typhoon frequency was higher
than the yearly average of 19 since the
beginning of the JTWC in 1959. During
this period, only 1962, 1964, and 1971 ex-
perienced more typhoons (Table 4-2).
Typhoon days numbered 121, which is 21 more Low-level mon~oon westerlies extended from
than average (Table 4-3). This figure sur- Southeast Asia across equatorial latitudes
passes all years since 1959, indicating the into the central Pacific. Sadlerl indi-
several multiple-storm situations and long- cated this anomalous circulation pattern
er track lifetimes of 1972. to be associated with large-scale ocean

Multiple-storm activity was quite pro-
nounced in July. Four tropical cyclones,
Phyllis, Rita, Susan, and Tess, signaled
the greatest simultaneous outbreak in JTWC
records in over a decade. The record for
multiple storms was August 1960, when five
appeared on synoptic charts during the same
day. However, in July 1972 four named
tropical cyclones co-existed for seven con-
secutive days, producing a longevity record
(Figure 4-l). Typhoon days for July ex-
ceeded the high for any month since 1959,
as a record 222 warnings were issued by the
JTWC . This compares with a total of 739
warnings is$ued during the year (Table 4-4).

The equatorial trough was quite.pro-
nounced during the summer and fall of 1972.

TABLE 4-1. FREQUENCY OF TROPICAL STORMS
(INCLUDING TYPHOONS) BY
MONTHS AND YEARS

~NlFEB MAR APR HAY JUN JUL .UJG SEP OCT NOV DEC TOTAL

194s 0 0 2S7613 026
1946 :1 : ; 3231

;0101
o 15

1947 : 356
1948

:1
0 022 ;s 432

1949
::

;0 ;001s3 ;13222

1950 0 0 0 0 1 2 3 2 3 s 1 18
19s1 0 0 1 111 ~ ;

:03
1?

1952 0 0 0 :5 :3 ; 28
19s3 o 1 0 0 1 ;6 43123
19S4 0 0 1 0 1 ;16~33 019

19ss 0 10163 41122
19S6 Ao ;20125 : 3
19S7 2 0 0 11 3s :3 : ;:
19s8 1 0 0 :1 : 1 22
1959 0 1 1 1 0 ;3 : : : ;226

1960 0 0 0 13310
1961

41127
1 ; 4

1962
i51131

:1 ;1 :; :73s z 30
1963 0 01 4
1964 0

:
;00 ; ;7; ; ;6 .: ::

196S 2 112 s
1966 0

22134
i 12 : ,.: : 2130

1967 1 0 !11 1 4; 7 :
1968 0 01 3 : : : ;;

:11
6

1969 1 : ;34 ;32119

1970 0 000226 454024
1971 1 i 4
1972 1 0 ;

4 42035
;1 : :5 ;52330

Totals 13
Av~ .46 .2; ,;;

4S 110 142 129 107 7S 33 721
.$; 1.;; 1,61 3.93 5.07 4.61 3.82 2.61 1.18 25,75

TABLE 4-3. TYPHOON DAYS 1959-1972

TOTAL
PER

YEAR JAN ~ ~~ W MWM ~ ~ ~ ~ g
1959 ..- --- --- 8 --- --- 18
1960 --- --- --- 10 1;

18. 10
36* f?- 23*

94
2. ;; 98

1961 --- --- 8 --- ZS* 17*
1962 --- -.. : .~- w :;, B 30. I:* -:- 1::
1963 --- --- --- 2s1s11 23* 14. 24. --- 11 107
1964 -;- --- . --- 7 S9 22- 18* 28* 14 11* 6 111
1965 --- -.. 2 12. 19* 23. 2S. 14 6
1966 --- --- --- 5 Ii 6

-;- 10R
7, 169 23* 11

1967 --- --- 2 7 --- 4 14* 10 32* 21* ::: ::: 1!;
1968 -.. --- --- 6 1 7 6 32* 19
1969. S -;- --- : 10 18 10* .-. :;
1970 -.. --- -:- ::: “i”

8
b

1971 .-. --- --- 4 13s 8 2:* % H* ::: 7 ::: 1;;
1972 2 . . . . . . . . . 6 39* 16 16* 21 9 11 121
TOTAL 9 10 so & 77 191 277 267 262 129 67 1S99
MEAN .6 .: .7 3,6 3.9 5.S 13,6 19.8 19.1 18,7 9.2 4.8 99.9

Two tyPh OO., . ..”.,, ”8 on the same day are counted as two tmhom day, .

TABLE 4-2. FREQUENCY OF TROPICAL STORMS
REACHING TYPHOON INTENSITY B>
MONTHS AND YEARS

JAN PEB MAR APR MY JUN .NL AUG SEP OCT NOV DEC TOTAL

194s : 0 0 012s3,
:11

0
2946 0 :0 ;;

;011
1 1

1947 ; ~ :
1948 0

:s 41,9
:02 :.12115

1949 1 0 0 :01333 11,,4

29s0 000111 ?1,2,12
19s1 :012 1122,1
19s2 00 :3

16
33

:
:

;1
3

1$53 ;42
:

:1 ;;
1954 0 :01 ;14423 &,5

19ss 1 0 1 1 0 321119
19S6 ; O 1 0: : $s1 18
1957 0 ; 11253 : :
1958 0 :0 : 43331L :;
1959 :0010 ilS332 217

1960 0 0 ~ o 2804
:2

19
1961 0 0 i 3s : ; 20
1962 ~ 0 0 ; 2 0 ;72 : 0 24
1963 00 12 334:219
1964 0 0 0 0 2 2 :3s341 26

1965 001224 3s2102,
1966 : 0 156420 120
1967 0 : i :13443

:1
20

196S ~ 0 43s :
1969 001 :

: 20
; :323101,

2970 ~ 00 04231012
1971 : : 1 ;63S31 024
1972 1 0 0 :11443 42222

Total, ,2! ,.$ .z~ ,;; 24 31 71 101 92 80 S2 22 50s
Avg. .86 1.11 ?.54 3.61 3.29 2,86 1,86 .79 18.04

TABLE 4-4. SUMMARY OF JTWC WARNINGS
1969-1972

1960-1971
[AVG) 1969 1970 1971 1972—— ._

TOTAL N12WBEROF WARNINGS 731 430 533 747 739

CALENDARDAYS OF WARNING 1s1 108 127 163 139

NUMBER OF WARNINGDAYS
WITH TWO.OR MORE CYCLONES S4 15 29 54 46

NUWBER OF WA8NING DAYS
W13’HTHRSE OR MORE CYCLONES 12 10613

lConsultant visit to JTWC in October 1972 by Prof. James C. Sadler, University of Hawaii.
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FIGURE 4-1. ESSA-9 z.ate.tL&e mohaic ~ofi13 Julg 1972 ~howlng mu.tt.iple
Thopical S-tohm Su4an (A], -tgphoonb RLta [B), Phg.Lli~ (Cl,
the noa.thweb~ Pac-i~ic Ocean.

warming and the early beginning of a
strong “El Nine.”

This anomalous circulation pattern
gave rise to an unusual number of tropical
cyclones (nine) forming east of 160”E. Of
these, Lola and Olga each developed as
members of a cyclone pair with southern
hemisphere tropical cyclones. The anoma-
lous monsoonal flow also acted to prolong
the typhoon season. This was evidenced by
Tropical Storm Violet’s presence in the
Marshall Island area during mid-December.

Atypically, only one tropical cyclone
(Tropical Storm Doris) developed in the
trade wind easterlies, during the summer and
fall,from disturbances created by upper tro-
pospheric cyclonic cells. However, on sev-
eral occasions, such cells, embedded in the
semi-permanent mid-Pacific trough, enhanced
the outflow from disturbances in the equa-
torial trough and aided their development.

Only Rita and Betty reached super ty-
phoon intensity (130 kt). This equals 1960
and 1969 for the lowest annual frequency of
super typhoons in JTWC history. The 14-
year (1959-1972) average for super typhoons
is six.

Rita established a
record (22 days) for a

fJLOpiCa~ CyC~OnQb--
ancfTebA (U)--in

new longevity
tropical cyclone in

the western North Pacific.z She dominated
the synoptic circulation features of the
East China and Philippine Seas for most of
the period. Typhoons Phyllis, Susan, and
Tess developed and dissipated during
Rita’s lifetime. Tess traveled over 3100
nm from the vicinity of the Marshall
Islands, engaged in a Fujiwhara interac-
tion with Rita, and dissipated over the
Sea of Japan. All of this occurred while
Rita maintained typhoon intensity.

Several typhoons dealt destruction to
the Far East during 1972. The Republic of
the Phillipines was especially hard hit as
Kit, Ora, Rita, and Therese brought a com-
bined cleath toll of approximately 640 to
the archipelago (Table 4-S). Rita, al-
though never crossing the coastline, had a
critical impact on the economy of the
country by enhancing the southwest mon-
soonal flow. This resulted in torrential
rains of record proportions that caused
widespread destruction and flooding
throughout Luzon.

‘Longest-1ived (31 days) tropical cyclone on record is Hurricane Ginger, September 1971,
in the North Atlantic.
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Helen inflicted the heaviest damage on
Japan in several years as she moved through
the Ise Bay area, grounding many ships,
causing numerous landslides inland, and
capsizing several fishin~ vessels.

Much of the pertinent meteorological
data and typhoon damage statistics in this
chapter were based on information received
from the following sources: Weather
Bureau of the Republic of China; Royal
Observatory of Hong Kong; Office of the
High Commissioner, Trust Territory of the
Pacific Islands; Casualty Returns, Liver-
pool Underwriters Association; Director of
Meteorology, Republic of Vietnam; Japan
Meteorological Agency; Weather Bureau of
the Republic of the Philippines; and the
Environmental Data Service, National
Oceanic and Atmospheric Administration.

TABLE 4-5. LIST OF ESTIMATED CASUALTIES
FOR THE.1972 SEASON

TYPHOON DEATHS IIISSING

KIT 204 --
LOL.4 2
ORA 134 .-
PHYLLIS 3 -.
RITA 229 --
SUS.AK 4 --
TESS 29 20
BETTY 25 4
ELSIE --- -.
FLOSSIE --- --
HELEN 72 ~
MARIE 19 ..
PAMELA 4 5
RUBY --- --
SALLY 11
THERESE 90 -~

—

824 36

rABLE 4-6. 1972 TROPICAL CYCLONES

CALENDAR MAX MIN WARNINGS ISSUED
DATE DAYS OF SFC OBS No DISTANCE

CYCLONE TYPE NAME (PRD OF WRNG) WARNING— — WIND SLP TOTAL TY;HOONS TRAVELED— .—

01 T KIT 05 JAN-09 J&? 4 120
02

933 15 5
TD TD 02

840
31 MAR-01 APR 2 30 1001 s

03 ‘T
--

LOLA
185

30 MAY-05 JUN 7
04

105
TS

956 26 13 1370
MM IE 02 JUN-03 JUN 2

05
50

TS
989 5 --

NINA
260

04 JUN-04 JUN 1
06

45 N/A --
ORA

120
23 JUN-27 JUN

07
971 1;

? PHYLLIS 06 JUL-15 JUL 1;
12 1450

1!: 944 38
08 T RITA

22 2325
07 JUL-26 JUL 20

09
145 911 79

T
72 3330

SUSAN 07 JUL-14 JUL
10 T

65
TESS 08 JUL-24 JUL 1;

980 29 800

11
125’ 940 66

TS
4:

VIOLA
3165

24 JUL-26 JUL 3 60
12

980 8 --
TS

890
WINNIE 31 JUL-02 AUG 3

13 T
60 971 7 -- 440

ALICE 01 AUG-08 AUG 90 964 30
14 T

20
BETTY

2040
09 AUG-17 AUG ;“ 135

16
910 35

T
27

CORA
2075

25 AUG-29 AUG 5
1s

65
TS

976 16 4 630
DORIS 25 AUG-29 AUG .5

17 T
55 986 17 --

ELSIE
1045

31 AUG-04 SEP .5
18

75
T

974 16 12 580
FLOSSIE 10 SEP-16 SEP 7 75 975 25

19
7

TS GRACE
795

*12 SEP-18 SEP 5 989 12
20 T HELEN

495
13 SEP-16 SEP 4 1:8 957 1s ‘-

TD
.13

TD 21
1325

13 SEP-15 SEP
:;

3
T

30 N/A 8 --
1DA

5s0
17 SEP-24 SEP

23 TS JUNE (TS JUNE PICKED UP8BY CEN;;;L PA:?:IC i;RRILkN;4CENTER,2&;0LULU
24 TS KATHY 01 OCT-05 OCT 5
25 T

60 976 19 --
LORNA

1560
01 OCT-03 OCT

26
75 990 8

T MARIE
47s

05 OCT-12 OCT i 115 936 29
T

2:
NPNCY

2545
16 OCT-21 OCT

;;
6 105 945

T OLGA
19 1200

22 OCT-29 OCT 8 105 939 ;:
29

24 2765
PAMELA 04 NOV-08 NOV 5 110

30 :
942 19 15

RUBY
1575

14 NOV-20 NOV 7
31 T

— ...—- 110 941 24 16
SALLY

1555
O~EC-05 DEC

32 T THERESE 01 DEC-10 DEC 1:
80 984 16 10 645

105
33 TS

944 36 20
VIOLET

1805
11 DEC-19 DEC 9 55 995 30 -- 960

1972 TOTALS 139** 739 413

*12/OOZ - 14/06Z and 17/06Z - 18/OOZ
*Overlapping days included only once in sum

DATA TAKEN FROM BEST TRACK
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2. INDIVIDUAL TYPHOONS

KIT

The season’s first typhoon developed
from a disturbance generated by an upper
tropospheric low in the mid-Pacific trough
in the eastern Carolines. The disturbance
moved west-northwest for the next four
days with a surface circulation becoming
apparent on 4 January in the western Caro-
lines. The depression passed just south
of Yap and Ulithi on the evening of the
4th with Ulithi reporting 35-kt winds for
a short period and surface pressure of
1001 mb.

On the 6th, reconnaissance aircraft
located Tropical Storm Kit with 50-kt
winds and a central pressure of 992 mb.
For a 14-hour period, from the night of
the 6th to mid-day on the 7th, Kit deepened
44 mb (3.1 mb/hr) to an unseasonably low
933 mb and winds of 120 kt (Figure 4-2).

January typhoons are unusual. Since
1945 only seven other tropical cyclones
reached typhoon intensity, the latest
being Phyllis in 1969.

As Kit moved toward the central Philip-
pines, she turned to the west-southwest as
heights began to build to the north over
eastern China. Subsequent to moving over
Leyte Gulf, Kit decelerated and weakened,

crossing the mountainous terrain of the
Visayan Island group on the 8th. Kit
further weakened to tropical storm strength
by the time she reached Panay Island on the
morning of the 9th. As westerlies eroded
the ridge over eastern China, Kit d;ifted
north. During the next several days, Kit
followed an unusual track, dissipating
back over the Philippine Sea.

In her wake, Kit left a death toll at
204 persons and property damage of ~~:~oxi-
mately 23 million dollars (U.S.).
rential rains caused rampaging floodwaters
which washed away bridges, devastated
crops, and heavily damaged property. News -
papers indicate floodwaters of up to nine
feet occurred in the towns. of Abuyog and
Baybay on Leyte.

Kit, being an unexpected event for
January, played havoc with shipping. Early
on the 7th a British vessel, HALCYON DAYS,
passed through the eye, experiencing winds
of force 11 and recording a minimum pres-
sure of 964 mb. A tug, the USS SIOUX, pul-
ling a large tow, was caught in the south-
ern part of the eye that night. She
encountered estimated winds in excess of
75 kt and recorded’s minimum pressure of
952 mb.

FIGURE 4-2. Typhoon Kit neak peak ~nfenb~iy 200 nm ttit o~ the Legte
Guf?d, 6 Janua&y 1972, 2324 GMT (VAPP data].
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LOLA

Lola developed as part of a cyclone
pair that formed on opposite sides of the
equator near 165°E (Figure 4-3). The ten-
dency for such development is greater
during late fall and early spring when
tropical cyclone activity is shifting into
the oncoming summer hemisphere.

The beginning of Lola appeared in
satellite pictures on the 28th. The sys-
tem, destined to become Lola, drifted
slowly westward through the eastern Caro-
lines , attaining tropical storm intensity
the next day, about 150 nm northeast of
Ponape. Shifting to a more northerly
track, Lola reached typhoon strength on
the afternoon of the 31st.

During Lola’s passage north of Ponape,
the maximum sustained wind was 30 kt with
gusts to SO kt (30/1600 GMT). Lola’s for-
ward motion brought high winds and seas to
Ponape and nearby atolls for a prolonged
period, and extensive damage resulted.
Two fishermen were reported missing and
estimates of damage. to public buildings
and crops exceeded 18,000 dollars (U.S.).
Wave action destroyed most of the water
system creating a serious fresh water
shortage. Reports from Pingelap and Mokil
atolls stated that high seas had inundated
inland areas destroying over 60 houses.

As Lola was developing to typhoon in-
tensity (Figure 4-4), a block formed in
the westerlies in the central North Pacific
with ridging extending northeastward to the
Aleutian chain. With this distortion of
the subtropical ridge, a trough developed
west-southwestward from a 500-mb low near
Midway. By the evening of the lst, Lola
responded to this weakness and shifted to
a north-northeast course at 10 kt.

Lola attained her peak intensity on the
2nd as reconnaissance aircraft reported a
central pressure of 956 mb and maximum sur-
face winds near 100 kt. The aircraft’s
radar detected little evidence of convec-
tive activity around the typhoon’s circu-
lar, 40 nm eye, Reports from the air-
craft’s observer indicated that the wall
cloud was comprised mainly of altostratus.

The USNS ASTERION, located 90 nm north-
northwest of Lola’s center (02/0000 GMT)
observed 65-kt winds and a pressure of
987.8 mb.

Lola continued on a north-northeast
heading for the next three days at an aver-
age speed of 14 kt, weakening to tropical
storm force on the afternoon of the 4th.
By the 5th Lola had swung to a more north-
easterly heading and become extratropical.

FIGURE 4-3. The twin .tkop.ica~ .3~Ohm4 o~
LoLa (120 nm noa~hcti.t o~
Ponapa] and Ida [in the
So~omon l~land ghOup], 30 Muy
1972, 021’2GMT [21APPda-ta).

FIGURE 4-4. Typhoon LoLa 270 nm weh.t o~
En.iwe.tok,1 June 1972, 0143
GMT [DAPP data).
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The beginning stages of
traced to a closed cyclonic
the equatorial trough south
June. During the next four
tem moved westward at 14-17

oRA

Ora can be veer to a more northerly track. She
circulation in crossed southern Luzon at speeds of 16-20
of Guam on 20 kt on the 25th, emerging over the South
days, the sys- China Sea that evening.
kt across the

Philippine Sea with Iittle development.

Reconnaissance aircraft, on the after-
noon of the 23rd, observed a 40 nm calm
area with a central pressure of 1006 mb,
330 nm east of Leyte Gulf. Ora was poorly
organized at this time, having maximum
winds of 35 kt in the northern periphery.

Ora slowed and intensified rapidly
during the next 18 hours, reaching typhoon
force before skirting the northerq coast
of Samar (Figure 4-5). She later ‘moved
ashore on the Bicol peninsula near Legaspi.

Prior to landfall, a mid-tropospheric
high cell had begun to build s~uth of the
Ryukyu chain causing Ora to accelerate and

Legaspi City observed a minimum pres-
sure of 970.7 mb in the eye of Ora and a
gust of 110 kt from the south (24/1703 GMT]
after passage of the center. A 24-hour
total of 9.3 in. of rain was measured at
Legaspi during Ora’s transit. Eye passage
was recorded near Clark Air Base that af-
ternoon (25/0510 GMT). Maximum winds at
Clark were estimated at 39 kt with a peak
gust of 56 kt and minimum sea level pres-
sure of 973.5 mb. As Ora passed north of
Manila, the Weather Bureau Office in Quezon
City measured gusts of 65 kt.

Manila was particularly hard hit by Ora
as torrential rains caused waist-deep
floodwaters in many parts of the city.
Electrical power to most parts of the city

FIGURE 4-5. Typhoon OJLa 120 nm eaAt 06 Samak lbland, 23 June 1972, 2355 GMT

(UAPP data).
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FIGURE 4-6. Adicamath o~ Typhoon Oxa---the Singapohc ~hip SHUN fflNG fiun aghound on Roxa~
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was interrupted and water service was cut.
Several ocean-going vessels anchored in
Manila Bay were blown ashore along Roxas
Boulevard. These vessels included the
Singapore freighter SHUN HING, the Philip-
pine flagship PHIL-ASIA ORANI, the ENCAN:
TADA ?fANILA, and the PMI COLLEGE (Figure
4-6).

Ora left a death toll of 131 persons
with an additional 385,000 people homeless.
Property damage was estimated near 15 mil-
lion dollars [U.S.). One maritime casual-
ty, occurring outside the Manila area, \ias
the capsizing of the MV VARTE, sailing
from Legaspi City to Rapu-Rapu Island in
the Bicol region. One passenger drowned,
three were reported missing, and eight
survived.

After leaving Luzon, Ora continued her
northwest track at 20 kt while crossing the
South China Sea. Climatologically, this is
an unusually high speed for June. As Ora

approached Hainan Island on the evening of
the 26th, she began to slow and turn to a
mo~e northerly course.

The West German ship HAVELSTEIN BOEL-
WERFT, located 55 miles south-southeast of
the center, experienced 65-kt winds and a
minimum sea level pressure of 995.8 mb (26/
1200 GMT). Early on the 27th, Ora weakened
to tropical storm force, and that afternoon,
crossed the South China coast east of the
Luichow peninsula. Ora degenerated rapidly
into an area of low pressure as she moved
inland.

During Ora’s transit of the South
China Sea, reconnaissance aircraft re-
ported sustained winds of typhoon force in
the southeast quadrant, although no wall
cloud was present (Figure 4-7). This unu-
sual feature has been noted in other years.
P~obably the ~est documentation was pro-
vided by Fett (1968) concerning observa-
tions in Typhoon Billie in 1967.

FIGURE 4-7. Tqphoon Oha in -thenoh-thefinSouth China Sea 330 nm weht-no?t-thwe~t
o~ Luzon. Sukdact cen~eh .tA deflinea-ted by Low-.LcvtL cloudinebh
on eti.tefinadge o~ C.i&hti canopy, 26 June 1972, 0410 GMT(VAPP data].

3Fett, R. F., “Some Unusual Aspects Concerning the Development and Structure of Typhoon
Billie,” Monthly Weather Review, Vol. 96, No. 9, September 1968, Vp 637-648.
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PHYLLIS

With her genesis in the
lines [Figure 4-8), phyllis

eastern Caro-
passed 30 nm

northeast-of F’ona~e on”a northwesterly
heading, strengthening to tropical storm
‘force on 6 July. During the next 72 hours,
Phyllis slowly intensified, reaching ty-
phoon force on the 9th. She then stalled
and drifted northward, 500 miles east of
the Marianas (Figure 4-9), as the sub-
tropical ridge receded to the north pTo-
clucing a weak steerin~ current.

By the llth the subtropical ridge began
to rebuild, causing Phyllis to accelerate
and shift to a northwesterly track. Recon-
naissance aircraft reported a central pres-
sure of 944 mb and 110-kt surface winds on
the afternoon of the llth as Phyllis
reached her maximum intensity.

Located in the convergent flow between
a strengthening ridge to the northeast and
the circulation of Typhoon Rita to the
west, Phyllis accelerated to 20 kt. She
passed 40 nm southeast of Chichi Jima on
the morning of the 14th with a recorded

minimum sea level pressuTe of 994.7 mb
(14/2100 GMT).

As Phyllis approached Japan, a mid-
tropospheric low developed in a stationary
trough over the Sea of Japan. Phyllis as-
sumed a more northeTly tTack when she was
approximately 300 nm south of Tokyo late
on the 14th. She struck the coastline just
east of Ise Bay. A minimum pressure of
985.5 mb was recorded at Irako (1S/1010
GMT) . blaximum sustained winds reported
during landfall were 57 kt with gusts to
71 kt at Irozaki. Phyllis then weakened
and accelerated toward central Honshu
where she merged with a low-pressure sys-
tem, becoming extratropical late on the
15th.

Inland, Phyllis caused heavy rains in
the Kanto, Chubu, and Kinki regions re-
sulting in flooded streams and oveT 300
landslides. Rainfall of 14.9 in. was re-
coTded at Oshima in the mountainous terrain
of the Chubu region. Three deaths were
attributed to Phyllis and over 6,600 homes
and 1,600 hectares of land were flooded.

FIGURE 4-9. Tgphoon Phq.LtlA [h-Lght]
qutii-btat.ionaag eo.b.t o~ the
b4akianti and Supek Tgpltoon

R-iia (.Le&t)in -tha Philippine
Sea, 10 ~u.tlj 1972, 0229 GMT

(OAPP data).
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RITA

Rita had her genesis southeast of Guam
in an equatorial trough that spawned a si-
multaneous set of four tropical cyclones.
Before Rita dissipated, she brought her
influence to bear on almost every country
of the Far East, with the exception of
Indo-China. She persisted for 22 days,
marking a record for tropical cyclone
longevity in the western North Pacific.
Typhoon Rita surpassed the previous record
holder, Typhoon Opal (1967), for total
warnings issued, In all, 79 warnings were
issued on Rita.

Tracking south of Guam on 6-7 July,
Rita attained typhoon strength about 120 nm
northeast of Ulithi Atoll on the afternoon
of the 8th. Earlier that day, an Air Force
B-52 crashed into the ocean southwest of

Guam, less than 150 nm in advance of Rita.
Of the six-man crew, five were rescued from
the typhoon’s heavy seas.

During the 24-hour period (08/1000 GMT-
09/1000 GMT), Rita’s winds steadily
strengthened and her central pressure plum-
meted 35 mb. Advancing northwestward on
the morning of the 10th, Rita reached super
typhoon force (Figure 4-10). By the llth
her central pressure had deepened to 911 mb
and the maximum winds concentrated around
her circular, 20-nm-diameter eye reached
145 kt.

Rita slowed and weakened as Phyllis
began to accelerate northwestward. From
12-16 July Rita described an erratic track,
marked with two stalls, as Phyllis swung
around her circulation and struck Japan.

FIGURE 4-10. sUp(2h Typhoon RLta 4S0 nm u.wb.t o~ the Ma&ianab. L’loud.LneAb ~hOM
-tha Aou-theab.tehn pekiphthy o~ Thopicakl Stofim SuAan COVL?M -the
flOh?kUUI Ph.iLLppint&. The voktcx cen.tet o~ Stian, Located 150
nm bou-theabk o~ Hong Kong, appeahb on the edge o~ photo, 9 JuLg
1972, 2322 GMT. (UAPP data]
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During this period Rita’s circulation
expanded to cover a large portion of the
Philippine Sea (Figure 4-11). By the 18th
gale-force winds stretched out approxi-
mately 350 nm, except in the western quad-
rant. The location of Rita and Tropical
Storm Susan’s presence in the northern
South China Sea, combined to intensify the
southwest monsoon flow over Luzon. This
resulted in a prolonged period of torren-
tial rains and the most disastrous
‘flooding in the history of the area. In
just one 24-hour period on 17 July, Baguio

City recorded 18.86 in. of rain. Damages
ran over 150 million dollars (U.S.) and
flooding left an estimated death toll of
214 persons in its aftermath.

Rita began to slowly track northward
late on the 16th. In response to a build-
ing high cell over the Sea of Japan, Rita
made a bend to the west, skirting just
north of Amami-o-Shims in the Ryukyuls on
the evening of the 20th. The lowest mini-
mum pressure recorded there was 968.9 mb
(20/1100 GMT). Gaja Shims, 80 nm north of

FIGURE 4-11. Tgphoon R.ita [Lt~tl centtted 400 nm hou.thwe~t 04 IWO Jima
dom.inateb the Phit.ippinc Sea. Tgphoon TeAa (tight] 400 nm
~ou.th o~ flUhCUb lbLand LA a.tpeak .&tenA-@i [7’25k.tl. The

fiema.inh04 Phylli.b am Locaahd OVLM wth~ean ffonhhu, 15 JULY
1972, 2219 GMT. (UAPF’data]
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FIGURE 4-12. Tuna boati Lie ~wamped in Naha Po~.t, V~C~h?Ib o~ Typhoon
R.i.ta’b tohktntiut fia.inh .--Cou/LZehU 04 the of?LnawaMOhnina

the center, reported sustained winds of 65
kt .

Dur”ing her passage south of Kyushu~
more than 23 in. of rain was recorded In
two days on Mt. Yabitsu, Kyushu, and 9.68
in. in 24 hours on Kumamoto Prefecture.

As Rita entered the East China Sea, the
prevailing mid-tropospheric flow weakened
due to the presence of a low situated in
central Manchuria. Rita was thus located
in a CO1 region and her forward progress
slowed on the afternoon of the 21st. Ty-
phoon Tess at that time had just passed
north of the Benin Islands and was located
some 800 nm east of Rita. A Fujiwhara
interaction took place, forcing Rita south-
westward, describing a loop in the vicinity
of the Ryukyu chain for the next three and
a half days. During this loop, Rita’s cen-
ter passed just north of Miyako Jima and
brushed the western coast of Okinawa.

The lowest pressure registered in the
islands during Rita’s 100D was at the
Futema 14CAS on Okinawa with 955.6 mb (24/
0730 GMT). A maximum sustained wind of 72
kt was recorded at Okinoerabu Shims and

gusts to 96 kt at Kume Shims.

Heavy rains of up to 9.6 in. in some
mountain stations fell on Taiwan. Several
villages were flooded, rendering over 700
persons homeless, while a train between
Kaohsiung and Fangliao was derailed due to
floods . Reports indicated three persons
dead or missing.

. . .4

Rita’s influence. Damage on Okinawa was
primarily to farm crops. Sugar cane and
pineapple crops averaged 30-35% destroyed,
while the vegetable crops were also hard
hit. In addition, many small boats were
sunk (Figure 4-12) and several highways
blocked by landslides. A total of three
persons were reported killed in the
Ryukyu’s.

Completing the loop, Rita moved north-
ward on the 25th. She began to accelerate
as she entered a confluent zone, created by
a trough over Manchuria and a building
ridge over the Sea of Japan. Rita passed
just west of Cheju Do on the morning of the
26th and then brushed southwestern Korea.
Minimum pressure of 975.5 mb was recorded
there (25/2100 GMT) with maximum sustained
winds of 50 kt. Eight persons were re-
ported killed in the southwestern tip of
Korea and more than 200 buildinps and 50
small boats were destroyed.

Rita accelerated to 30 kt in the
Yellow Sea. She then took a more westward
track, passing just south of Port Arthur on
the evening of the 26th, weakening to a
tropical storm. Entering the Gulf of
Chihli , Rita moved ashore near Tientsin,
China, and dissipated rapidly inland south
of Peking on the 27th.

Heaviest rains in the Ryukyu’s occurred
at Okinoerabu Shims, which recorded 31.87
in. in the five-day period it was under
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SUSAN

Susan led the procession of developing
tropical cyclones in the equatorial trough
during early July. She was detected in
the synoptic data on 4 July east of south-
ern Leyte. As a weak depression, she
crossed the Philippine archipelago on a
northwest track. Susan emerged west of

Luzon on the afternoon of the 7th in the
region G: the Lingayen Gulf.

Susan intensified into a tropical
storm as she moved over the South China
Sea. She slowed on the 8th and began to
move northward as a weak trough extended
southwestward from the Sea of Japan, in-
fluencing.her motion.

By the 9th, the trough filled partial-
ly and a CO1 region formed in the general
flow off the southeastern coast of China.
Due to the weak steering currents, Susan
moved erratically for the next four days.
During this time the British ship MEMNON
passed some 60 nm south of the center (10/
0000 GMT) reporting 55-kt winds and 16-
foot seas.

With Susan stalled in the South China
Sea and Rita meandering in the central
Philippine Sea, the circulations of these
tropical cyclones intensified the south-
west monsoon over the northern Philippines.
High seas were built up over the South
China Sea by the persistent, strong
southwesterly flow. Inundation from high
tides and large waves occurred along the
western coast of Luzon. In ~~anila some

by wave actio~ ‘ea ‘all ‘ere ripped .waY
sections of t

.

Heavy rains brought disastrous floods
in many provinces of central Luzon during
the several weeks that this strong flow
persisted. As Rita was largely responsi-
ble for these prolonged conditions, the
damage and death toll of the floods are
listed in the discussion of that typhoon.

Reconnaissance aircraft revealed that
Susan attained typhoon intensity for an
18-hour period on the llth. Minimum cen-
tral pressure during this time was 983
(Figure 4-13). Like Ora, Susan generated
typhoon winds during a period in which she
lacked a wall cloud. Satellite data at
this time depicted the surface center de-
lineated by low clouds as the cirrus over-
cast was sheared off to the Southwest.

During the 14th, Susan began to move

northward through the Taiwan Straits. She
crossed the east coast of China near Hui
An on the morning of the 15th and rapidly
degenerated into an area of low pressure
near Fooshow by evening.

The maximum rainfall recorded on Taiwan
during Susan’s meandering path in the South
China Sea was 10.4 in. Four people were
reported killed on the island due to direct
or indirect causes of torrential rains.
Also during this period, maximum winds of
39 kt occurred at the Hong Kong airport
and 37 kt at the Royal Observatory. Since
records began at the Royal Observatory, no
other tropical cyclone remained within 200
miles of Hong Kong for such a long dura-
tion as Susan.

FIGURE 4-13. Low ~c3v12~ c.toud.inebbbpihdb iVLOU)td ~kt

cen.tefi06 Suban [04 m.inima.t.tgphoon ~.tfienglh)
Loca.ttd 750 nm aouJ%ea6t o~ Hong Kong.
Tgphoon R.Lta,in the ctn.tzal Philippine Sea,
appeati on the tigh-t edge otj the photo,
71 Ju.ty 1972, 0357 GMT. [UAPP data]
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TESS

Tess was first observed in satellite
pictures on 6 July, west of the interna-
tional dateline near 9“N. She was posi-
tioned at the end of a chain of developing
tropical cyclones stretching to the Philip-
pines. She was tracked by satellite for
the next six days while passing north of
the Marshall Islands. Intensity estimates
based on satellite imagery indicated Tess
probably reached tropical storm force on
the 7th. Late on the 12th, reconnaissance
aircraft indicated Tess had reached typhoon
intensity.

Due to a building high cell north of
Wake Island, Tess began to move southwest
on the 13th. Steadily gaining strength
(Figure 4-14), Tess described a gradual
bend back to the northwest late on the
14th as she rounded the southern extension
of the ridge. Her central pressure reached
a minimum on the afternoon of the 15th as
dropsonde measurements recorded 940 mb.
Tess achieved her maximum intensity at this
time with winds of 125 kt occurring near
her center.

Continuing on a northwesterly course
for the next five days, Tess gradually les-
sened in intensity as she paralleled the
southwest side of a high cell 500 nm north-
east of Minami Tori Shims (Marcus Island).

.

By the 20th, the influence of a high
cell over northern Honshu caused Tess to
shift to a westerly course. Now a minimal
typhoon, Tess began to increase in forward
speed on the 21st as she approached the
Namp7S Shoto, south of Japan. With the
slowdown of Rita in the East China Sea, the
circulation of Tess began to interact with

FIGURE 4-14. Tgpkoon Tebb 90 nm noxth
En.LweXok, 13 JuLY 1972,
2133 GMT. (UAPP data)

Ofj

that of Rita, about 800 nm distant (Figure
4-15).

As a Fujiwhara effect began to take
place, the path of Tess was dictated by
both Rita’s circulation and a high cell
over Honshu. These two factors caused a
14-15 kt movement and landfall on north-
eastern Kyushu the evening of the 23rd.
Emerging into the Sea of Japan as a tropi-
cal storm, Tess moved rapidly northward
and weakened to a tropical depression.
She finally merged with a front south of
Vladivostok late on the 24th.

Torrential rains from Tess occurred
over much of Sh’ikoku (18.94 in. at
Tsurugisan Weather Station) and the Kanto,
Chubu and Kinki regions of Honshu. Re-
sultant flooding caused inundation of over
3,500 homes and over 1,600 hectares of
land. Newspaper reports indicated 29 per-
sons killed and 20 missing in the after-
math of Tess. The majority of these were
swimmers lost in the 6- to 12-foot surf
which battered the central Japanese coast-
line prior to Tess’s arrival.

The center passed over Oita, Kyushu,
which registered the minimum pressure in
the region of 979.4 mb. Maximum sustained
winds of 72 kt and peak gust of 96 kt were
recorded on Shikoku at Murotomisaki and
Sukumo, respectively.

Although not a record breaker, Tess
paralleled Rita in terms of longevity as
she narrowly missed matching Typhoon
Opal’s (1967) performance. A total of 66
warnings was issued on Tess, three less
than during Opal’s lifetime.

FIGURE 4-15. Typhoon TZAA (tight) 400 nm
dou$h O{ Tokyo Lb cen~eked
AO)W 700 nm eaA.t06 Typhoon
RL?% [LQ6Z) .Ln the Etit
China Saa, 22 Ju-tg 1972,
0259 GMT. (UApp data)
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ALICE

Except for a brush with Honshu of the
Japanese Islands, Alice spent her 12-day
existence at sea. Forming in the ea.uator-
ial trough, Alice was initially detected
by satellite on 29 July.

Moving northwaTd as a depression,
Alice reached trapical storm force 125 nm
west of Eniwetok. The synaptic situation
depicted a general weakness in the mid-
tropospheric subtropical ridge at the
longitude of the storm. This was due to a
traugh extending southward from the ,Kam-
chatka peninsula. Alice continued her
northerly movement but shifted to a more
westward track by the lst. The western
edge of a high cell, northeast of Minami
Tori Shims (Marcus Island), began to build
north of Alice during the next five days,
guiding her on a track towards Japan.

On the 4th, Alice passed 80 nm south-
west of Minami Tori Shims. The Japanese
meteorological station on the island
registered maximum winds of 53 kt (03/
2140 GMT) and peak gusts of 74 kt (03/
1930 and 03/2135 GMT). Minimum pressure

recorded was 990.0 mb (04/0000 GMT). A
Japanese ship, NIPPON MARU, passed close
to Alice’s center on the 5th, abserving
70-kt winds and a minimum pressure of 984.7
mb [05/0000 GMT),

With the long wave in the westerlies
positioned over Manchuria, Alice began ta
decelerate as she approached the Boso
peninsula of Honshu, Japan, (Figure 4-16)
recurving once she crossed the 35th paral-
lel. Accelerating to speeds of 19 kti
Alice passed south of Hokkaido on the 8th
and acquired extratropical characteristics
later that day.

The center of Alice passed 40 nm east
of the Boso peninsula during the afternaon
of the 7th. No winds in excess of 25 kt
were reported along the caast during the
passage of the weaker semicircle of Alice.
A minimum pressure of 988.7 mb was measured
at Choshi while rainfall amounts of 4.02
in. were totaled at Katsuura. In Iwaki,
Fukushima Prefecture, some 300 houses were
flooded when typhoon-generated waves caused
the river in the city’s Kunohama section to
overflow.

FIGURE 4-16. Tgpkoon ALLce 360 nm bouth-bou.thmbi oij Tokgo,
6 Augub.t 1972, 0246 GMT. [UApp du.ta)
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BETTY

Betty, destined to become the second
super typhoon of the season, was first de-
tected by satellite on 7 August north of
the eastern Carolines. After reaching
tropical storm intensity 200 nm southeast
of Guam, Betty passed 50 nm north of Sai-
pan. Westerly winds of 30 kt with gusts
to 50 kt and some local flooding were ex-
perienced there during the afternoon and
evening of the 10th.

Betty attained typhoon strength after
passing through the Marianas, and shifted
to a more westerly course as the subtropi-
cal ridge began to build northeast of Iwo
Jima. The central sea level pressure
dropped steadily during her five-day jour-
ney toward the southern Ryukyu’s. A mini-
mum pressure of 910 mb and maximum sus-
tained winds of 135 kt were observed by
reconnaissance aircraft on the 15th (Figure
4-17).

At that time, gale-force winds reached
450 nm from the center in the eastern semi-
circle, and 300 nm elsewhere. The extent
of typhoon-force winds was also exception-
ali A Japanese ship, TAKAMATSU MARU,
reported 65-kt winds 200 nm southeast of
the eye (16/0600 GMT).

Betty’s track during 15-16 August
appeared to be influenced by a CO1 over
the northern East China Sea. This weakness
in the ridge to the north resulted in a
more northerly track. The center thus
passed through the southern Ryukyu’s during

the morning and afternoon of the 16th. The
eye crossed the northern tip of Ishigaki
Shims (16/0612 GMT) when the barograph re-
corded 942.5 mb. Maximum sustained winds
on Miyako Shims, 60 nm from the center,
were 61 kt from the south-southeast (16/
1555 GMT). A maximum gust of 96 kt was
recorded at Kume Jima, located 165 nm
northeast of the center.

During her advance toward the southern
Ryukyu’s, Betty’s circulation intensified
the southwest monsoonal flow over-Luzon
bringing torrential rains. The resulting
floods caused seven deaths in the northern
province of Ilocos Sur. A light aircraft
with four persons aboard was also reported
missing.

Betty passed 40 nm north of Taiwan
during 16-17 August. A minimum sea level
pressure of 940.9 mb was registered at
Pengchia Hsu Island (16/1745 GMT) as the
eye passed overhead. Maximum sustained
winds of 101 kt (16/2045 GMT) and a gust
of 108 kt (16/2010 GMT) were also reported
at that station.

Heavy rains (32.42 in.) were recorded
at Alishan, resulting in considerable
flooding in Taiwan. An estimated 300,000
people were stranded by floodwaters in
Sanchung City (Figure 4-18) and the two
adjacent townships of Luichow and Wuku,
west of Taipei. Many highways were made
impassable and rail service was interrupted
by landslides in northern and central Tai-
wan. Eighteen storm-related deaths were
reported in Taiwan while over 220 homes
were totally destroyed and over 130 badly
damaged.

Betty made landfall the evening of the
17th on the China coast near 27°N and lost
strength rapidly as she moved inland.

.,. . .- ...

FIGURE 4-17. SUpeh Tgphoon Betty 420 nm
eat-houthetit o~ Ta.ipek,
Ta-i@an, 14 AuguA.t 1972, 2347
GMT. (PAPP data]

FIGURE 4-18. The &Looded Sanchung dib.ttid
o~ Taipei, Taiwan, due to
-toaaentid fitinh bt~ught by
Typhoon BeLty.--Coufiieby 06

China POAI
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CORA

First signs of a disturbance east of
Luzon were indicated by satellite and shiu
data on 21 August. The developing depres~
sion moved across the southern Luzon
Straits early on the 23rd and entered the
South China Sea as Tropical Storm Cora.
Cora was guided on a slow westerly course
by the flow from a high cell over eastern
China [Figure 4-19). She developed to a
minimal typhoon on the 27th, less than 24
hours from landfall.

Cora crossed Hainan Island on the
28th and transited the northern Tonkin
Gulf that evening. Making landfall as a
tropical storm near Haiphong, she quickly
dissipated.

Cora was only the fourth tropical
storm to reach typhoon intensity in
August in the South China Sea since 1945.
The most recent was Shirley in 1968.

FIGURE 4-19. Tfiop,icaL s~ofim Coxa in -the noa-themz South China Sea .?70 nm eat

0{ tia.inanIb.fland, 25 fiugub.t 1972, 2349 GMT. [UAPP data]
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ELSIE

The fourth typhoon of the month, Elsie,
was first spotted by satellite as a dis-
turbance east of Leyte Gulf on 29 August.
After crossing the central Philippines as
a depression, Elsie entered the South
China Sea west of Mindoro on the 31st.
Tropical-storm force was achieved later
that day. By 1 September Elsie began to
slow,, apparently due to a slow-moving
trough over China.

Elsie reached typhoon force near the
Paracel islands, then shifted to a south-
west track as heights began to build in
southern China. Moving slowly across the
South China Sea toward the Vietnam coast,
Elsie required two days to travel 160 nm

(Figure 4-20). As her center passed Quang
Ngai, a minimum sea level pressure of 991
mb xas registered and peak gusts of 60 kt
were reported.

Elsie weakened rapidly as she moved
into Thailand but maintained her identity
across the Indo-China peninsula, redevelop-
ing to typhoon strength in the Bay of Ben-
gal (see Annex B). Elsie was only the
second tropical cyclone in September to
reach severe storm intensity (>47 kt) in
the Bay of Bengal since 1943. During her
passage over Thailand, Elsie caused three
days of heavy rains, flooding many parts
of the country.

FIGURE 4-20. Radaabcope paehenta-t.ion[AN/SPS-30, -tange 150 nm] o~ ~.tbie taken abo~d
USS KITTY HAWK wki~c ~kc ~yphoon WU6 centeatd 130 nm bou~h o~ Ho..inan
1~.Land, 2 Sep-tkmbeh 1972, 1720 GMT. BLLp .in aye .iAkatumt dkom #ea.the&
tieconna.ihbance Oihezajjt.
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FLOSSIE

On 6 September? as Elsie was crossing
Thailand, a weak circulation was noted on
satellite pictures in the southern Mari-
anas. The ill-defined system crossed the
Philippine Sea and developed into Tropical
Storm Flossie prior to landfall in the
Lamon Bay region of Luzon.

A trough extending south-southwestward
from the Kuril Islands weakened the sub-
tropical ridge over southern China. The
resulting weak steering flow caused Flossie
to move slowly westward across the South
China Sea during 11-14 September (Figure
4-21). Reaching minimal typhoon strength
south of the Paracel Islands, Flossie
shifted to a more southerly track. She
moved ashore between Qui Nhon and Quang
Ngai, South Vietnam, in the early morning
of 16 September.

After weakening to a tropical depres-
sion, Flossie closely paralleled Elsie’s
track across Thailand, causing heavy rains
on 18-19 September. Three provinces north
of Bangkok were under floodwaters of up to
2-1/2 feet. Flossie, like Elsie, retained
her identity across the Indo-China penin-
sula and regenerated to typhoon force in
the Bay of Bengal (see Annex A). As
Tropical Cyclone 25-72, she became the
second tropical cyclone to achieve typhoon

Since 1884~~~~~~~ ~~i~~ver
intensity in the Bay o
September.
been more than one tropical cyclone reach-
ing severe storm force (>47 kt) in the Bay
of Bengal during September.

FIGURE 4-21. T&op.ical .Stoh.m FLo~Aie (lt~.t] .in the South China Sea 300 nm eab.t
Od Danang, Vietnam+ A hecond ~fiopkeal b.totm, Ghac&, Lb Cen.teacd
jub-t UZbt o~ Luzon, 13 Sep,tembeh 7972, 0002 GMT. (UAPP data]

4Tracks of storms and depressions in the Bay of Bengal and the Arabian Sea 1877-1960,
India Meteorological Department, 1964.
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While Flossie moved slowly across the
South China Sea and Tropical Storm Grace

HELEN

Helen attained typhoon intensity on the
afternoon of the 14th. She then veered to

stalled east of Luzon, a third circulation
:w::red in the equatorial trough west of

This tropical cyclone would be the
most destructive to strike Japan in 1972.

Reconnaissance aircraft, the afternoon
of 13 September, indicated the presence of
a tropical storm near 16”N and 136°E. MO d-
crate feeder band activity was detected
and flight level winds (700 mb) of 58 kt
were measured in the eastern quadrant.
Minimum central pressure, as determined by
extrapolation from 700 mb, was 987 mb.

Taking a northwesterly course around a
high cell centered between Minami Tori
Shims (Marcus Island) and Chichi Jima,

a more northerly course due to a deepening
trough in the East China Sea. This trough
and an intense high pressure cell east of
Chichi Jima combined to produce strong
south-southwesterly flow south of Japan.
Helen reacted by accelerating to 20 kt
late on the 15th {Figure 4-22) and to 29
kt the following afternoon. Reconnaissance
aircraft observed flight level winds of
100 kt in the right semicircle during this
period.

Helen moved ashore near Cape Kushimoto
during the evening of the 16th, crossing
Honshu just west of Ise Bay. She passed
between Osaka and Nagoya and moved into
the Sea of Japan near Toyama 12 hours
later.

FIGURE 4-22. Tgphoon Helen 300 nm ~ou.theti,to~ Okinawa, IS Se,p,tembea197L’,
fJ31~GMT. (DAPP data)
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FIGURE 4-24. FZ~h&zg vebhc~ and cafigo ~hip MARIA ROSELLO ~mtihed aga.in~Z cauaewaq due -to
Helen. Debtib &om uwecked caub~wag .LLEA on the Na.t.ionaZHighway, Katiagoe

Town, M~e P&e~ecZuae, Japan.--Coutehghg o{ Kgodo ThuAhin

The lowest recorded pressure of 956,9
nb (16/0940 GMT) and maximum sustained
winds of 70 kt (16/0900 GMT) from the
north were observed \at Shionomisaki, west
of Helen’s track. A peak gust of 98 kt
(16/0850 GMT) was registered at Sumoto
located near Osaka Bay, 60 nm west of the
track.

Heavy rains disrupted land, sea, and
air transportation in central and eastern
Japan. There were 38 deaths and 158 in-
juries reported, most of which were at-
tributed to landslides and flooding. Over
360 houses were destroyed or badly damaged
by landslides and over 77,000 homes were
inundated by floodwaters. Losses from
damage to roads and river embankments were
estimated near 102 million dollars (U.S.).
Helen also generated a tornado near Higa-
shi Matsuyama north of Tokyo, destroying
eight homes.

Philippine freighter, MARIA ROSELLO (Fig-
ures 4-23, 4-24). Two fishing boats were
sunk near Hachijo Jima. Of a combined
crew of 30, only six fishermen were
rescued.

After weakening to tropical storm
force in the Sea of Japan, Helen slowed
near Hokkaido late on the 17th and merged
with an upper level low the following day.
Rains up to 31 in. fell on Hokkaido with
flash floods and landslides accounting for
eight dead and two missing. High tides
generated by Helen, while west of Hokkaido,
accounted for at least two deaths along
the east coast of Korea.

Nine cargo ships ran aground in Ise
Bay, including the 6,244-ton Indian ship,
STATE OF TRAJAN COCHIN, and the 9,031-ton
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IDA

On 14-15 September, surface and upper
air reports in the eastern Carolines de-
picted a weak circulation in the equatorial
trough north of Truk. Satellite pictures
for the next few days showed this distur-
bance drifting northward and gaining a
more organized appearance.

On the 18th, reconnaissance aircraft
indicated the disturbance had become a
tropical storm (Figure 4-25), midway be-
tween the Marianas and Iiake.

Ida tracked to the southeast, apparent-
ly under the influence of a mid-tropospher-
ic trough extending from the Kamchatka
peninsula to the vicinity of Wake Island.
As heights began to build west of the
trough, Ida reversed course, moved west-
ward and intensified. She reached typhoon
intensity the afternoon of 20 September.

Approaching the northern Marianas at
16-18 kt, Ida took a more northerly track
on 21 September due to the deepening of a
short wave trough over Japan. Pagan Island
reported northwesterly winds of 30 kt with
gusts to 5(3 kt and a minimum sea level
pressure of 988.6 mb as the center passed
60 nm to the northeast.

FIGURE 4-25. Tfiopicat S.tofim Ida 400 nm
no~.thwti-t06 Eniwe-totz,17
SepZembeh 1972, 2145 GMT.
(UApp da-tal

Ida’s central pressure dropped to 932
mb prior to passing 35 nm east of Iwo Jima
early on the 23rd. Iwo Jima experienced
maximum sustained winds of 56 kt with
gusts to 83 kt (23/1140 GMT) before equip-
ment failure. Later that afternoon, Ida
passed 25 nm west of Chichi Jima where a
minimum sea level pressure of 972 mb was
recorded (Figure 4-26).

By the 23rd, a strong southwesterly
flow was established over Japan due to the
increased pressure gradient between a low
over Manchuria and a ridge north of Marcus
Island. In response, Ida began to recurve
and accelerated to 20 kt north of the
Benin Islands.

Moving at 24 kt east of Honshu on the
24th, Ida brought typhoon-force winds to
several ships including the Norwegian ship
NEGO ANNE, which experienced 80-kt winds
50 nm east of the center.

The next day Ida became an extratropi-
cal system as she merged with a frontal
zone east of Hokkaido.

FIGURE 4-26. Tgphoon Ida 725 nm notiheti~
o~ IWO Jima, 22 Stp.ttmbet
1972, 2250 GMT. (DAPP data]
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LORNA

Lorna, like Cora and Elsie, developed
from a depression in the Philippine Sea
and crossed the Philippine archipelago
(Figure 4-27).

After transiting Luzon, Loma moved
across the South China Sea at 12-15 kt as
ridging dominated southern China.

Satellite pictures on the 30th indi-
cated the disturbance was rather small
but of tropical storm intensity. The
United Kingdom ship MARON, 70 nm north
of the center, reported 45-kt winds from
the southeast (01/0000 GMT). Reconnais-
sance aircraft found winds of 60 kt just
northeast of the center a few hours later.

Lorna transited south of Hainan Island
on the 2nd as her 15-nm-diameter eye was
tracked closely by aircraft and ship radar.
Although the radar presentations depicted
Loma as a well-developed cyclone, her
circulation was quite small. Gale-force
winds were limited to a radius of 7S nm
from the center in the northern semicircle.

Early on the 3rd, Lorna moved ashore
on the North Vietnam coast north of Dong
Hoi and degenerated into a low pressure
system after crossing central Laos. She
dissipated in Thailand late that night.

FIGURE 4-27. Lohna OA a .tfcop.icaldeptebb.ion etit o~ Luzon, 27 -Septembaz 1972,
0348 GMT. (17APP data)
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MARIE

Marie began as a broad circulation in
the equatorial trough north of the Marshall

Islands on 3 October (Figure 4-28) while
Tropical Storm Kathy was passing north of
the Marianas. On the 5th, she achieved
tropical storm intensity, becoming a ty-
phoon two days later as she passed 200 nm
north of Eniwetok.

Marie’s circulation was quite exten-
sive , covering an area over 700 nm in dia-
meter. Strong westerlies up to 20 kt were
experienced in the eastern Caroline and
Marshall Islands. Eniwetok, about 180 nm
south of the center, recorded 40 kt sus-
tained winds from the west with gusts to
52 kt the evening of 6 October. Squalls
with gusts of up to 50 kt occurred in the
Ponape district felling coconut trees, one
of which killed one person on Kusaie.

14arie moved along the southern extent
of the subtropical ridge centered north of
Minami Tori Shims (Marcus Island) at 15-19
kt during 6-8 October. As she approached
the northern Marianas, Marie began to slow.
Her maximum winds reached 115 kt and cen-
tral pressure dropped to 936 mb. Marie
began a northwesterly track on the 9th,
passing through the northern Marianas late
in the day.

FIGURE 4-28. Fonma.t.iveA.tageb 04 Matie
centeatd bOme 350 nm nofith-
Lcut o~ Kwajdein, 3 Oc-tobeh,
7972, 2112 GMT. [OAPP cfa-ta)

On Pagan, Agrihan and Alamagan islands,
food crops were nearly 100% destroyed.
Buildings were 80-95% destroyed; however,
property damage was less severe on Agrihan
due to sturdier construction.

Although 200 nm south of Marie’s cen-
ter, Saipan experienced gusts of 45-!35 kt.
High seas in the southern Marianas were
responsible for capsizing at least five
motorboats and caused two drownings. By
the 10th reconnaissance aircraft reported
100-kt winds extended 75-100 nm east of
the center (Figure 4-29).

Passing east of the Volcano Islands on
the llth, Marie accelerated to 21 kt. The
Japanese ship, YAEKAWA MARU, about 170 nm
east-southeast of the center, reported 60
kt (11/0000 GNiT).

Marie weakened as she transited the
North Pacific east of Honshu at up to 34
kt, merging with a frontal system east
of Hokkaido on the 12th. Winds of up to
40 kt and gusts to S9 kt were experienced
at Urakawa along the southeastern coast
of Hokkaido. Sixteen of eighteen crew-
members were lost when a 77-ton Japanese
fishing boat capsized off Miyagi Prefec-
ture.

FIGURE 4-29. Typhoon Matie 35o nm no&.th-
notithwtit o~ S&pan, 10
Oc.tobeh 1972, 0221 GMT.
(UAPP data)
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NAN CY

Nancy was the third tropical cyclone
to develop north of the Marshalls m less
than a month. Initially detected by
satellite on 15 October, Nancy reached ty-
phoon intensity 48 hours later, 200 nm
south of Wake Island.

Tracking south of the subtropical
ridge, Nancy took a more northerly course
late on the 17th as the trough in the
westerlies eroded the ridge near 155”E.
On the 18th, reconnaissance aircraft re-
ported a central pressure of 945 mb as
Nancy’s maximum winds of 105 kt were re-
corded.

Nancy began to recurve late on the
19th as she moved under upper tropospheric

westerlies of 4S-50 kt. Early on the
21st, strong vertical shear weakened
Nancy to a tropical storm and satellite
data showed much of her cirrus canopy
removed. Within 48 hours she degenerated
into a tropical depression.

On the 22nd, Nancy stalled as she
failed to recurve tow’ard a trough in the
westerlies. An intensifying ridge behind
the trough caused Nancy, now a tropical
depression, to track west-southwest for
the next several days, Low-level cloud
features were readily identifiable on
satellite pictures as she moved into the
Philippine Sea where the circulation
finally lost its identity.

FIGURE 4-30. Typhoon Nancy 270 nm ~ou.thwti.to~ (dab-eIbkand, 17 Octobek 1972,
2132 GMT. (UAPP data]
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OLGA

A twin cyclone system,
in the northern hemisphere

one developing
and another in

the southern hemisphere, became apparent in
satellite photographs on 17 October near
175°w. The northerm system, destined to
be Olga, crossed the dateline on a westerly
track and attained tropical storm intensity
on the 21st. Bebe, in the southern hemi-
sphere, developed to hurricane force and
passed over Funafuti Atoll of the Ellice
Islands during the night of the 21st.

Reconnaissance aircraft on the morning
of the 22nd indicated that Olga was a
strong tropical storm, 170 nm northeast of
Majuro Atoll (Figure 4-31). During 23-24
October, Olga showed little change in in-
tensity as she tracked through the northern
Marshall Islands. Since the strongest
winds were in the northern semicircle, the
maximum sustained winds reported in the
islands were only 25 kt.

Olga intensified to typhoon force early
on the 26th. Continuing to gain strength,
Olga accelerated to 20-22 kt late on the
26th and headed for the northern Marianas.

During the night of 27-28
became the second typhoon

October, Olga
in three weeks

to sweep through that area. The following
morning her central pressure dropped to
939 mb, generating maximum winds of 105 kt
(Figure 4-32).

Since Typhoon Marie had destroyed most
of the agricultural crops and coconut
trees in the islands a few weeks earlier,
Olga’s effect was less noticeable than it
might normally have been.

As a trough deepened over the East
China Sea on the 28th, Olga headed north-
ward, rounding the subtropical ridge east
of the Volcano Islands late that day.
Gale-force winds extended a considerable
distance as the United Kingdom ship CAPE
YORK, 200 nm east of the center, observed
winds of 50-55 kt that night and the fol-
lowing morning.

Accelerating to 30 kt in the strong
southwesterly flow southeast of Japan,
Olga tracked northeastward and merged with
a front east of Honshu late on the 29th.

FIGURE 4-32. Typhoon OLga 300 nm Aoutk-
boutheti.t ad IWO ]kma, 27
Oc.tobea 1972, 2201 GMT.
(DAPP data)
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PAMELA

It was nearly a week after detection by
satellite that Pamela reached typhoon in-
tensity, just east of Samar Island, Repub-
lic of the Philippines.

The formative stage of Pamela appeared
in the eastern Carolines, on 30 October,
as an area of enhanced convection. The
system was poorly organized for the next
several days until it entered the Philip-
pine Sea. Satellite data indicated that
tropical-storm intensity was acquired on
the afternoon of 3 November as Pamela
passed 250 nm north of Yap.

Reconnaissance aircraft, in the after-
noon of the following day, located pamela
near 15°N and 130.5”E. The storm was
poorly organized with a calm area 40 nm in
diameter, a central pressure of 1004 mb,
and 700-mb-level winds of 48 kt in the
eastern semicircle.

Pamela traversed the Philippine Sea at
15-18 kt as she moved under the influence
of a strong subtropical ridge. Satellite
pictures and military aircraft radar re-
ports indicate Pamela developed to typhoon
intensity prior to her landfall on Samar.

Making landfall on northern Samar the
morning of the Sth,Pamela crossed the
center of the Republic of the Philippines
and emerged 24 hours later west of Mindoro
Island. Four fatalities and estimated
damage to property and crops of over
700,000 dollars (U.S.) were reported.

Upon entering the South China Sea on the
6th, Pamela’s forward speed decreased to
10 kt. Her circulation began to expand as
a ship 90 nm east of the center reported
winds of 60 kt from the south (06/0000 GMT).
Pamela headed west-northwest for the first
18 hours, then northwest on the 7th as a
trough in the mid-troposphere moved across
the Indo-China peninsula.

Passing near the Paracel Islands on the
evening of the 7th, reconnaissance aircraft
reported a central pressure of 942 mb as
Pamela reached her peak intensity of 110
kt (Figure 4-33). As she approached Hainan
Island in advance of the trough, Pamela
began to recurve and skirted the eastern
end of the island on the 8th.

Pamela crossed the South China coast in
Kwangtun Province about 180 nm west-south-
west of Hong Kong. She mbved inland during
the evening and degenerated into an area of
low pressure by the 9th.

Pamela brought strong winds to Hong Kong
as gusts of 60 kt were recorded at the
International Airport and 59 kt at the
Royal Observatory.

As Pamela approached the southern China
coast during high tide, flooding occurred
in many low-lying, areas of Hong Kong. One
person was killed and eight were injured?
but only minor property damage occurred n
the colony. A freighter, SS VAN MINT, ran
aground on the southern shore of Lei Yue
Mun.

FIGURE 4-33. Typhoon Pamela -in Zha South China Sea, 7 Novembe~ 1972, 0300 GMT,
ESSA-g Aate-Uitt. --Coufi,taAq o~ Regal? ObAemvatozy, Hong Kong
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RUBY

Ruby was the first tropical storm to
form in the central Pacific and cross the
international dateline since Typhoon Sarah
in September 1967.

An area of enhanced convection was
first evidenced in satellite pictures on
7 November south of the Hawaiian Islands
near 4“N and 167°W. No organized circula-
tion appeared until the llth, at which
time the system began to drift northward.
Indication that winds had reached tropical
storm strength was evidenced in satellite
data by the 13th. Reconnaissance aircraft
observed Ruby to have typhoon-strength
winds just west of the international date-
line on the 14th.

With a mid-tropospheric anticyclone
located between Midway and Wake Island,
Ruby moved on a west-northwesterly course
at 9-12 kt for the next three days. She
reached her peak intensity east of Taongi
Atoll on the 16th as reconnaissance air-
craft observed a central pressure of 944
mb and maximum winds of 110 kt.

Although the central pressure in Ruby
had rapidly risen 20 mb to 983 mb during
the morning of the l?th, reconnaissance
aircraft observed 100-kt winds in a small
band north of the center (Figure 4-34).
This observed wind was relatively high for
the standard pressure-wind relationship
used at JTWC (Takahashi~ 1939). By that
afternoon the maximum winds had weakened
considerably.

Passing south of Wake Island late on
the l?th, Ruby was of minimal typhoon force
as she shifted to a west-southwest heading.
Like Nancy, Ruby moved beneath upper tropo-
spheric westerlies while in the tropics
and began to weaken significantly. On the
18th satellite pictures showed the cirrus
canopy removed from over the center, re-
vealing the low-level cloud structure of
the storm (Figure 4-35). By late on the
19th, Ruby had been reduced to a tropical
depression and finally dissipated east of
the northern Marianas on the 21st.
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SALLY

Sally was the first tropical cyclone
to develop to typhoon intensity in the
mo~th of December since Pamela in 1966.
She was also the first tropical cyclone
of typhoon intensity, since before 1945,
to transit the Gulf of Thailand.

Sally crossed the Sulu Sea on 29 Novem-
ber as a depression in the equatorial
trough. Satellite pictures indicated in-
creased organization as she ente~ed the
southern portion of the South China Sea.
Continuing her low-latitude track, Sally
came under the influence of an anticyclone
centered south of Hainan Island and was
forced equatorward late on the 30th.

Reconnaissance aircraft arrived in the
area on the morning of 1 December. A small
circular eye of 5 nm in diameter with a
partially-formed wall cloud was located.
The central pressure was 989 mb and flight
level (700 mb) winds were 55 kt in the
northeast quadrant. The Japanese ship,
TAGAMARU, passed 50 nm northeast of the
center (01/1200 GMT). She observed 60-kt
winds from the south and a minimum pressure
of 992.5 mb.

Attaining typhoon strength, Sally
tracked westward, passing the southern tip

FIGURE 4-36. Tgphoon SaLLq odd the Aou.th-
etn coab.to~ V.ie.tnam,2
Vecembek 1972, 0316 GMT,
ESSA-g hate.ttde. --couh.tehy
06 Roya~ Obbeava.totiy, Hong
Kong

of Vietnam on the evening of the 2nd (Fig-
ure 3-36) and reaching her peak intensity
of 80 kt. Sally’s track across the Gulf
of Thailand on 3-4 December followed the
periphery of an irregularly-shaped mid-
tropospheric ridge which dominated the
synoptic pattern over the Indo-China
peninsula.

Late on the 3rd, Sally fell below
typhoon strength, continuing to weaken
slowly before striking the coast of Thai-
land on the morning of the 5th. She moved
ashore south of Chumphon and crossed the
Malaya peninsula at 10”N. Moving over the
Andaman Sea that evening, Sally never re-
gained her former intensity and slowly
dissipated during the next two days.

Sally brought heavy rains to Thailand,
flooding Chumphon and several surrounding
provinces (Figure 4-36). Agricultural
crops were damaged, hundreds of houses
were destroyed, and thousands of coconut
trees were uprooted. Twenty trawlers on
Samuni and Phangan islands off the coast
from Surat Thani were sunk. In the after-
math of Sally, 11 persons were reported
killed and five missing.

–.~ . . — —-

.,
.,.7.

LA?

FIGURE 4-37. F.Loodwa.teti in the coti.tat
town Chumphon, Tha.i.!and, fie-
~uL.ting ~aom Zhe towtentia.t
ktinb o~ SaLLy.--CouaZehg 06
Bangkok POAZ
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THERESE

The season’s last typhoon developed in
the central Carolines from a circulation
in the equatorial trough, first noted in
satellite and synoptic data on 30 November.
While Sally was navigating the South China
Sea south of Vietnam, Therese intensified
to tropical storm strength. Taking a wrest-
erly course, Therese approached the Palaa
Islands late on 1 December, passing near
Koror the morning of the 2nd. Maximum
winds observed at KoTor were from the north
at 43 kt (01/2013 GMT), gusting to 54 kt
(01/2009 GMT). Minimum pressure was 995.8
mb (01/2030 GMT).

With the subtropical ridge located over
the central Philippine Sea, Therese re-
mained on a westerly course for the next
30 hours at 15-17 kt before making landfall
on Mindanao. A few hours prior to the cen-
ter moving ashore, the United Kingdom ship,
DERWENTFIELD, observed 70-kt winds from
the south and a minimum pressure of 999.0
mb.

Therese, weakened to tropical-storm
intensity by terrain effects, crossed the
southern Visayan Island Group the night
of 2-3 December. She slowed to 7-8 kt over
the northern Sulu Sea before passing over
Vusuanga Island the morning of the 5th.
The Cuyo Weather Station reported gusts of
55 kt (04/1132 GMT) as the center passed
north of the island.

Considerable damage was reported in the
Surigao del Sur, Misamis Oriental, and Sur-
iago del Norte provinces of northern Min-
danao. Over 4,700 homes were destroyed and
90% of the agricultural crops in these
regions were damaged. Total damage esti-
mates were placed at over a million dollars
(Us.). ~ death toll of 90 persons was

teported in the aftermath of the storm.
Hardest hit was Cagayan de Oro where 87
persons were drowned in flash flooding in
the mountainous terrain.

It took Therese five days to transit the
South China Sea after leaving the Republic
of the Philippines. This was, in part, due
to a stationary trough off the eastern China
coast which had weakened the subtropical
ridge north of the storm, produci~;e~~; a
weak westerly steering current.
intensified significantly during the 24-
hour period she was stalled just west of
Busuanga Island, transforming from a strong
tropical storm to a 9S-kt typhoon (Figure
4-38). Her central pressure gradually
dropped for the next several days until
reconnaissance aircraft reported a minimum
of 954 mb on the afternoon of the 8th.

The occurrence of such a well-developed
typhoon and the fact that 90-100 kt maxi-
mum sustained winds persisted near her cen-
ter for such a long time (four days) is rare
for the South China Sea in December.

Therese arrived ashore on the South
Vietnam coast near 14”N on the morning of
the 10th. Qui Nhon, 20 nm south of the
center, reported gusts of 78 kt and a mini-
mum pressure of 999.8 mb during the
typhoon’s passage. More than 1,000 homes
were heavily damaged and the village of
Cat Trang virtually destroyed. Extensive
crop damage in the region was also reported.

Moving inland over the highlands region
on the evening of the 10th, Therese weak-
ened to a low pressure area and dissipated
over eastern Thailand on the llth,

FIGURE 4-38. Typhoon “Ihetcbe~n xhe etiXe&n South Ch.i,na Sea 90 nm wtbt 06
Bubuanga I&Land, Ph.Uipp-inu, 6 Ikcembu 1972, 0350 GMT.
dafa )
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3. TYPHOON CENTER

a.-DISCUSSION OF

(1) SATELLITE
in the column labeled

FIX DATA

DATA :

- These data. listed
SAT, were de~ived

from bulletins received from FLEIVEAFAC and
NESS Suitland. They were based on stored
readout of ESSA-9 o; NOAA-2 products. Bul-
letins from APT sites (identified by ICAO
letters) were based on ESSA-8 imagery. The
source and satellite designator appear in
the remarks column. Unless otherwise
noted, ESSA-9/NOAA-2 data were supplied by
FLEWEAFAC Suitland. Intensity estimates,
including two individual systems of clas-
sification, follow the fix category column.
Detailed information on the interpretation
of these data can be found in AWS Technical
Report 212 (Section E) and NOAA Technical
Memorandum 36.

(2) RADAR - This information is
listed in the FIX CAT column and identi-
fied by platform as follows:

LRDR - Land Radar
AC R - Aircraft Radar
S RDR - Ship Radar

The latitude and longitude of
land-based radars is given in the remarks
column. The position of weather reconnais-
sance aircraft is relative to the vortex
center. Position data for aircraft pilot
reports (PIREPS) is not normally available.
A list of land-based radars ~rovidin~ data
in the fix printout follows:’

LOCATION

15.2N 120..5E
16.lN 108.2E
24.ON 121.6E
24.3N 124.2E
24.8N 125.3E
25.ON 121.5E
25.lN 121.5E
26.2N 127.7?3
26.3N 127.8E
28.4N 129.5E
30.6N 131.OE
33.2N 134.2E
33.6N 130.5E
34.4N 132.4E
35.3N 136.9E
35.3N 138.7E
35.3N 139.7E
35.7N 139.8E
35.8N 139.4E
36.4N 140.5E
37.lN 127.OE
38.lN 140.9E
38.3N 140.9E

STATION NO.

98327
48855
46763
47918
47927
46692
46696
47936
47931
47909
47869
47899
47808
47765
47635
47639
47696
47662
47643
47629
47122
47569
47590

ICAO SIGN

RPMK
VVSD
RCYU

ROMY

RCTP

RODN

RJFF

RJNN

RJTX
RJTD
RJTJ

RKSO
RJSS

(3) WEATHER RECONNAISSANCE AIR-
CRAFT - Data from reconnaissance aircraft
are denoted in the FIX CAT column by the
letter P (penetration). These data were
normally obtained at scheduled fix times.
Additional reconnaissance aircraft fixes
are made during the peripheral data-
gathering legs between scheduled fixes,
These fixes normally provide date, time,
and position data only.

The categories containing in-
formation from reconnaissance aircraft
fixes are:

(a) ACCY (Accuracy)

The estimated navigation
(first number) and meteorological (second
number) accuracies are expressed in nauti-
cal miles.

(b) FLT LVL (Flight Level)

A constant-pressure-surface
flight level (listed in millibars) is nor-
mally maintained during a tropical cyclone
fix mission. Low-level missions (1500
feet) are conducted at a constant, true
altitude.

(c) FLT LVL WND

Wind speed (kt) at flight
level is measured by the AN/APN-82 doppler
radar system aboard the wC-130 aircraft.
The values entered in this category repre-
sent the maximum wind measured prior to
obtaining a scheduled fix. This measure-
ment may not represent the maximum wind
because the aircraft samples only those
portions of the central core region along
the flight path. For this reason? the
maximum h’ind observed may be significantly
lower than the true maximum wind in the
circulation (i.e., penetration through
weak semicircle on first fix).

A limitation of the doppler
radar system occasionally prevents the mea-
surement of the maximum wind in intense
typhoons. In areas of heavy rainfall, the
radar may track energy reflected from precip-
itation rather than the sea surface, prevent-
ing accurate wind measurement, Also, the
doppler radar mount on the WC-130 restricts
wind measurements to drift angles $27° if
wind is normal to heading of aircraft.

(d) OBS SFC WND

The maximum surface wind
(kt) observed from flight level is entered
in this column. The observation is an
estimate based on the state of the sea
(refer to 9WRWGM 105-1, Vol II, pp 2-27,
-28). The sampling limitation noted in
paragraph (c) also exists for this cate-
gory. In addition, availability of these
data is dependent on undercast conditions.
The position relative to the vortex cen-
ter of items (c) and (d) need not coincide.

(e) OBSMIN SLP

The minimum, observed sea
level pressure is normally obtained from a
dropsonde released in the vortex center.
If the ocean surface is visible, the drop-
sonde will be released over the center of
the area of calm seas; otherwise it is re-
leased at the flight level wind center.
If the fix is made at 1500 feet, the sea
level pressure is extrapolated from that
level.

(f) MIN 700 MB HT

The minimum height of the
700 mb surface in the vortex center is re-
corded in decimeters.
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(g) FLT LVL Ti/To

This denotes maximum temper
ature measured in the center (Ti) and ambi-
ent temperature outside the center (To).
Ambient temperature is measured just prior
to entering the wall cloud. Both tempera-
ture observations are in degrees celsius
and are made at a flight level of constant
pressure surface (7oo, 500 rob).

Reconnaissance aircraft sel
dom penetrate on the same azimuth from one
fix to another. Thus , the position of To
normally varies from the center, both in
bearing and range. The distance is directly
dependent on radar definition of the storm.

(h) EYE FORM/ORIENTATION/DIA

The shape and diameter
(nautical miles) of the-eye are determined
by radar. This is reported only if the
center is 50% or more surrounded by wall
cloud (see definition in Appendix). The
orientation of the major axis is for el-
liptical cases. Abbreviations for the eye

ABT
ACFT
ACTV
ANAL
APPROX
APPRS
APRNT
BCMG
BGNG
BLO
BLTN
BRKN
BRKS
BRLY
BRT
BSD
CHG
CI
CIRC
CLD
CLSD
CONSBL
CONT
CONV
Cs
CURV
DEF
DEVEL
DEVELG
DIA
DIF
DISORG
DSPTG
DTR
ELSW
EST

About
Aircraft
Activity
Analysis
Approximately
Appears
Apparent
Becoming
Beginning
Below
Bulletin
Broken
Breaks
Barely
Bright
Based
Change
Cirrus
Circulation
Cloud
Closed
Considerable
Continuous
Convective
Cirrostratus
Curviture
Defined
Developed
Developing
Diameter
Diffuse
Disorganized
Dissipating
Determined
Elsewhere
Estimated

EVID
EXC
EXTDS
FBS
FIL
FL
FNTL
FRNG
GRAD
GT
HR
HVY
IMPVG
IRREG
K
KT
LCTD
LGT
LND
LRG
LTL
LTNG
L/V
MDT
MSLP
NEG
NM
NR
ORG
ORGAN IZ
Ovc
OVR
PIREP
POSIT
PR
PRES

form are:

CIRC - Circular
ELIP - Elliptical
CONC - Concentric

(i) POSIT OF RADAR/RE\!ARKS

This includes the items
discussed in (1) and (2) and the remarks
contained in the Detailed Vortex/Center
Data Message that pertain to conditions
near the center of the tropical cyclone.
These remarks include character of the wall
cloud and feederbands as depicted on the
aircraft’s radar (APX-59/X-band). l’isual
flight conditions such as cloudiness in the
eye or center are mentioned. If an eye is
not depicted on radar, the diameter of the
surface or flight level wind center may be
included. The storm mission number is en-
tered to the far right of the column to
indicate when fix data is received from
different aircraft. Three entries of 04
would indicate three fixes obtained by an
aircraft on the fourth mission conducted
into a tropical cyclone. Abbreviations
used in the remarks category follow:

ABBREVIATIONS

Evidence
Excellent
Extends
Feeder Bands
Filled
Flight Level
Frontal
Forming
Gradient
Greater Than
Hour
Heavy
Improving
Irregular
Thousand
Knots
Located
Light
Land
Large
Little
Lightning
Light and Variable
Moderate
Minimum Sea Level Pressure
Negative
Nautical Miles
Near
Organization
Organized
Overcast
Over
Pilot Report
Position
Poorly
Presentation

PRESS
PRELI?I
PRTL
PSBL
ps~
Q&D

RETRN
RMR
RPDLY
SAT
Sc
SEMIC
SEV
SFC
SHWG
SML
SPRL
STG
STN
STRk!
TEMPS
TF
THKN
TURB
UKN
UNDET
v
VSBL
Wi
Wc
Wcs
WK
WKR
WND
YSTY

Pressure
Preliminary
Partial
Possible
Passage
Quadrant
Radar
Return
Remark
Rapidly
Satellite
Stratocumulus
Semicircle
Severe
Surface
Showing
Small
Spiral
Stage
Station
Storm
Temperatures
Trough
Thickness
Turbulence
Unknown
Undetermined
Ve TY

Visible
With
Wall Cloud
Wall Clouds
Weak
Weaker
Wind
Yesterday
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b. FIX DATA PRINTOUT:
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CHAPTER V - SUMMARY OF FORECAST VERIFICATION DATA

1. COMPARISON OF OBJECTIVE TECHNIQUES

a. GENERAL :

Verification of objective fore-
casting techniques has been continuous
since 1967? although year-to-year modifica-
tions and Improvements have prevented any
long period comparisons of more than a few
of the techniques. None of the objective
forecasts used now go beyond the simple
steering cocept of a point vortex in a
smoothed flow field with adjustments based
on past movement. Intensification and its
important relationship to movement are ex-
cluded in all objective forecasts.

b. DISCUSSION OF OBJECTIVE TECHNIQUES:

(1) EXTRAPOLATION - Past 12-hour
movement is extrapolated to 24 and 48
hours.

(2) ARAKAWA (1963) - Grid overlay
values of surface pressure are entered in-
to regression equations. Previously hand
computed, computations were computerized
during the latter half of the 1972 season.

(3) HATRACK 700 mb, .500mb
(Hardie, 1967) - Point vortex advected on
the 700-mb and 500-mb analysis or prognos-
tic SR (space mean) field in six-hour time
steps out through 84 hours (without bias
correction) .

(4) MOHATT 700/S00 - A modification
to HATRACK. It computes the previous 12-
hour forecast error and applies a bias cor-
rection to forecasted positions.

(S) TYRACK - Tropical cyclone move-
ment forecast on FLEWEACEN Pearl tropical
fields (Herbert, 1968). This technique was
lost on 23 September 1972 when the FLEWEA-
CEN Pearl tropical fields were replaced by
FLENUMWEACEN Monterey’s global band upper
air (GBUA) progs.

(6) TSGLOB - Modification of the
basic TYRACK to use the.FNWC Monterey GBUA
progs. Further modifications by the JTWC
provided forecasts out to 72 hours. Due to
the similarity between the two programs,
TYRACK and TSGLOB results have been com-
bined under TSGLOB.

(7) TYFOON-72 - Modified version of
the basic TYFOON program (Jarrell and
Somervell, 1970). The program outputs
forecast positions as the centers of pro-
bability ellipses out to 72 hours based on
a.gr:up of analog storms which occurred
wlthln a time/space envelope centered
about the date and position of the storm
being forecast. Ellipses are based on the
analog population weighted according to
similarity to the existing storm.

c. TESTING AND RESULTS:

Table 5-1 presents a homogeneous
comparison of all techniques used. The
official JTWC forecast is included for
comparison. The comparison reveals that
the TYFOON-72 program was, on the average,
superior to all existing techniques, yet
inferior to the official JTWC forecasts.
Research continues in an effort to imprgve
the objective techniques used by the JTWC.

2. SUMMARYOF TROPICAL CYCLONE
FORMATION ALERTS

The Tropical Cyclone Alert message, in
its third year of use, provided JTWC with
a means to adequately warn DOD activities
of potentially dangerous tropical disturb-
ances which normally had not reached the
tropical depression stage.

During 1972 there were 41 tropical
disturbances in the western North Pacific
for which alerts were issued. The total
number of alerts, including extensions
was 72. Twelve alert systems were not
subsequently placed in warning status.
Twenty-eight of the 32 tropical cyclones
placed in warning status during 1972 were
initially covered by formation alerts.

SUMMARY

ALERT SYSTEMS TOTAL
NO. OF WHICH BECAME NUMBERED
ALERT NUMBERED TROPICAL DEVELOPMENT
SYSTEMS TROPICAL CYCLONES CYCLONES RATE

1970 18 27
1971 ;;

56%

1972
~37

41 2;
69%

32 71%

MONTHLY DISTRIBUTION

JFMAMJJ ASON~
11)00148 59832
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TABLE 5-1. 1972 OBJECTIVE TECHNIQUES VERIFICATION
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MODIFIED HATRACK 700 MB
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FORECAST
3bd
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265
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@ u

2s7
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72-HOUR
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381 0

1s6. >L 376 50 *1G
*+1 66 ,1’ “

Tv*,. 201 355 26 ●9I 23L 3UY

3. ANNUAL FORECAST VERIFICATION
TABLE 5-2. JTWC ANNUAL AVERAGE

ERROR
FORECAST

Forecast positions for the 24-, 48-,
and 72-hour forecasts are verified only as
long as the best track analysis estimates
winds in excess of 35 kt for tropical
cyclones which reach typhoon intensity.

In addition to this method of veri-
fying absolute error distance, a computa-
tion of closest distance to the best track
(right angle error) has been included to
indicate the demonstrated ability to fore-
cast the path of motion without regard to

24 HR 48 HR 72 HR——

19 S0-58
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

170
*117
177
136
144
127
133

. . .
*267

354
274
287
246
284
303
280

---
. . .
.-.
---
476
374
429
418
432
414
337

151
136
12s
10s
111
98
99

276
229
237
181
203
24S

speed.

The following tables
presented to graphically
tribution of forecasting
forecasts.

349
272
308
382

and figures are
depict the dis-
error in JIWC

116

*Forecast positions north of 35N were not verified.
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4. SUMMARY OF INDIVIDUAL TROPICAL
STORM VERIFICATION

TABLE 5-3. 1972 JTWC ERROR SUMMARY

(Average errors are given in nautical miles)

WARNING 24 HOUR
POSIT RT ANGLE # FCST RT ANGLE #

CYCLONE ERROR ERROR WRNGS ERROR ERROR CASES—— —— — —

TY KIT 18 1s 114 76
::

11
TD 02 :2 72 207+- 207 1
TY LOLA 19 13 2: 127 84

:: TS MAMIE ,-
22

16 92 52
TS NINA :; 23

:: TY ORA
: --- --- -~

21 16 19 107 61 1s
7. TY PHYLLIS 23 16 38 137 82 34
8. TY RITA 12 118 80
9. TY SUSAN :: 28 :: 148 108 ;:

TY TESS 27 18 64 114
&

60
TS VIOLA 7 222.? 1:; 3

12. TS WINNIE x :; 107
13.

72’3
TY ALICE 23 14 2: 116 22

14. TY BETTY- 15 10 35 87. :; 31
16. TY cowl -- 32 12 g7.. 11
15. TS DORIS 25 12 ;; 118 :; 8

TY ELSIE 16 11 16 108 12
% TY FLOSSIE 20 14 75-’ :: 21
19. TS GRACE 31 17 :: 165* 96
20. TY HELEN 13 15 95’ 45 1:
21. TD 21- 1:: 70 7 98- 66
22. TY IDA y 21 9 29 156) 68 2:

48 HOUR
~sT 8
ERROR ERROR CASES

72 HOUR
#

ERROR ERROR CASES.— .

218 172 5
.-. ..
356> ;;; 17
.-. -----
... ...- .
24I 8
331L 2:: 27
260 183 69
216 186 13

--- ..-
--- ---
784: 461 ‘j
---- ----
---- ----
404 128 4
524:- 327 23
386 222 61
416 399 2

237 139 47
------ -.
------ --

346 208 43
... -.. ..
---
397 iii ;;
296- 236 20
178- 66 2

224 17
179- 1;! 24
120- 46 6
-.. --- -.
302i 270 6
99 72 9
--- ---- .
32b-- 68 6
--- -----
353- 121 18

--- ---- .
---- ----
12s- 106 5
---- --- -
623- 118 2
--- -----
634- 207 14

TS

z
TY
TY
TY
TY

KATHY
LORNA
MARIE
NANCY
OLGA
PAWELA
RUBY “

38
14
22

;:
27
18

19
12
15
14
12

;:

[CENTM~9~~IF~;9WRRI;~ CENTER)
19 334J- 194 11
8 128 117 4

448
---
289-
422

279
---
130
246
1S6
48

s
--
12
9
18
6

--- ---- .
27 122 60 23
22 13s 98 18

136 26
?: 121 :: 14
23 84r- 45 19

25S 109
282 197 ;:
263 123 22
161-” 104 10
161-- 112 15
178- 129
161-” 84 2!
193- 14s 9

420
155-
279-
287-
252-

194

2s0
126
2s0

11

2:
9

31. TY SALLY - 15 16 90- 42
TY THEFWSE--- ii

12
32. 10 36 89- 60 32
33. TS VIOLET 36 23 30 83.-. 53 26

ALL FORECASTS 2s 16 717 117 72 588
●TYPHOONS 22 14 601 116 70 519

●Includes only forecasts on cyclones that became typhoons and

330

24S 146 401
245 145 377

381 210 289
382 207 272

only when verifying best track wind was 35 kt.

NM
!9

17

15
B

.-+—

‘+--+
I

FIGURE 5-3. 1972 auekage uectoJLand &ght angLe ehhoad o{ !24-h&~oheeadti.
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28Q000Z 1~.+N 110.6E 65 ~~.~ II I,SE 70

2806002 :9.9N lo9.3E 95 2@.Gd 109.1E bo
2a]2GOZ zb. bN 10D.2E 55 20.?N 108.>E 55

2.918002 2~.2N 107. iE SO 2!).W 10T.2E 50

te 10 la.ak I’z.as
17 05 IE.SN 112+

0 18.2N 113.*L
i: ‘s 18.LiN 112.9E

-s lS.SN 110.9s

i (J l::% l:i:if
53 00 la.9M 11O.3E

52 05 ---- -----
23 ; --,.- -----
37 ---- -----

2s o ---- -----

la
11

b9
8+

-5
-s

-05
-05

-05

10
Lo

10

19.1(4 llO. *C
}9.2# IO!.9E

)4d9N 1!1.3
19. w Ilo. a [

55
50

60
60

--

--
-.

--

21
9

202
.?46

-15
-s

15

----
----
----.. Q-

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

--
.-
--.-

.-

. .
----

--
. .
--60

22
60

*O
132
1.9

226

-- .- -----
--, . -------, . . . . ..
-- ,- ---.-

--
----
-.

-.
-.--
.-

----
--------
.-, -

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

--
----
--

--
-.--
--

-.

--
---.
--

.-
--.-
.-

-.
. .-.
-.

--, - -----
.-,. ------. ,- -----
--, - ---.-

--
.-.-
.-

-.
----
-..

-.
--.-
--

.-, -
----.-. .
----

----,..
--------..-
.---.-

-.
--

-.
.-
--
--

-.
-.-.
-.-.

1

AVW7AGS FIRECAST ERROR
AVEN6W R3GW7 ANGLE RRAGN
AVCNAGS IOA6FAC7VOE OF WING EP370R
WmAoc eI_*s OF Vipbo E*R
F6LFRRER Or F0REcAsT5

YPMOONS tirLE MINO oVER 35K7s
!6ARFSBNG Z+ FIR 46-FIR 72-MR

ALL FORE~ASIS
MMFNXNG 24-HR 4e-fiR 72-FlR

32NN S7NM l:~; 176FAM
12NN 33NN

32WI 97FAM120NF4176NM
663AM 13AM*~5 33NM “4MM 66NM

I I(TS 1 bfTs -3 K75 3KTS
-x~$ -zrrs -*7S

1 KTS ‘3 KTS SU7S
3br75 -3KTS -ZKIS -sl(~s

1s 11
3bms

b 2 15 11

7:;
WPIWWRLSIE

8Esl TRACK 72 ,HOUR FWCAS1
E6RlNls

3112uoz 1#:17.2cw’:: 13.&117 .? Eul%’

311WOZ l?. w 115.8L 50 13. ?N 116.5E 3U

. -.
0s1 UINU Q:j .9L$D ?0s1? UINU 0s1 91ND

25 -10 14.% S!]3.9CW% - - ---- ‘---- -- -- --

5a -2U 15. (JN 113.3L 50 i5 -15 --,- ----- -- -- --

?(2s11 1(, NU
---- ------ -.

0< Urhr
.- .-
-- -.

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

-- .-

-- -.
.- .-

-- . .

.- --

.- --

-- .-
-- .-

.- . .
-- . .

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

1: -1: 17.bN 11o.5c 60 101 ‘J5 19.3N 10~.2E 50 -3Z2 ’15 ‘--- ‘----
L7.7N 10 I3.9L 63 192 -10 19.2N il@.7L 25 +12 -50 ----- -----

12 10 17.9N 10 LI.6L 73 1S2 .5 )9. ON lV*.4t 30 3b3 -45 ----- -----
13 5 17.3N 109.+5. 65 !!0 O J[.3N JL19.ut 55 250 -15 ----- -----

OIOIIUUL ib.~n 11+.7c 55 14.9N II+. *E 45
OIUbUOL 45.5N 113.7t. 60 1505N L13. dE b5
OIIZUOZ b5.7N 113. uL b5 15.9N 113*UE 75
O1lWOL 4~.9N 112.+F. 65 16.ON 112.6E 7V

-.-.
--

0200002 1~.2N 111.5E 75 16.5N 111. ~E (*

020buoZ 16. ON 111.lE 75 15.9N 111. JE bb
021 LOLIL &5.8u 110.9c 70 15. ?N 111. OE b5

0216UOL ~5.6N 110.5L 65 15.9N 110.ZE 7U

21 -5

13 -10
6 -5

25 !a

18. ON 107.5L 55 ?1S -10 19-3N 10?.9k

16. uN IIO. >L 65 :3 +: J6.6N Io?.nt
16. ON I1o. OF. 65 -- ,- -----

17.2N lob.OC 40 !90 ’30 ---- ‘----

23 3Q8 -65

55 92 0
-. . . --

-- -. .-

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

.. . ...
--- ...
--- ,.-
-- . ...

-.
-.

8WW j?:g~Wi % EM H8:3 S2
0314002 L5.5N 109.6c 75 15.4N L09.5E 05
031uuoZ 1$.5N 109.4c 70 15. ?N 109.+E 05

OWAIJUOZ ~5.6N 1013.9c 70 15.!N 109.lE 65

0406uoz 15.lN loa.2k S5 15. ?N loO.dE 35

!2:%i!g:!t % 32 i~ =:: :::::
---- ----- -- -. -- -- ,. -----
---- ----- -- .-. -. --, - -----

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

--*...-*-
.--*-.. . ..

-- .+.-----..-
-- . ...-----

-..-
.-
-.17 -5

6 -21J

---- ----- -- -. -. -. ,. -----
---- ----- -- -- - --f- -----

--3-

. . . . .

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

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

AVEHbGE ❑iAS OF UIFAU ERISUR -3K~s -9K1S -iulrls OKTS -3K1> ‘9K1S ‘2UK1S 0K15
NUMOt_R 0~ FORECASTS 16 Ad 6LI 16

1 YPHOON F LO?SLS

OUOOZ 10 SEP TO OUOUL .}6 StP

BEST lUACK WA*ING 24 MUUN :OM~~?ST
ERl(ORs kRHONS

.s. ~OIAli ~ORkCAST 72 ,WOIIR FUEECASI
tNhuRS @utM4s

FoSl~ UitAO LIST IIINU PCSIT WINQ L)ST UIAp
.- ,. --- . - -- .- .- .. . . . ---,.. -- -- --

POSIT POSIT UINU
100 IFUOZ 1?,8N 122. oE% 14.9N 122. iE 30

100bOOZ 1+.ah lz1.5L 45 14.9N 120.9E JO
101zuOZ !!.8N 120.9G +0 15.5?N lzo.2E 30
101 MIZOZ l?.7N lzo.lt. 35 16. ?N 119.2E 3U

11 OUUO2 14.7N 119.lt 35 1+.*N 119.6E 313
1106002 1$.EiN 110.4c 35 14. ?N 110.5E 3U

ill; LIOL A*.9N 117.7c 35 15.2N 117.5E 3U
llluIIOZ ~~.7N 117. oE 40 15. ON 117. LE 3(I

120uuOZ i*.8N 116.2k +b 14.7h 115. @E 35

0S1 UINO POSIT u@l
13 -1S 15.7N 118.16. 45
;: :$ 15.9N 117.2E 50

16. vN 116. b6. 6U
109 -S 17.7N 115. BE 55

-.,. ------. ,. --- ..
.-, . -----

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

. ..- ------. ..- . . . ...
----- -.. ,-

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

25U -45

** -10
E@ -1s

lo~ -15

--
.-

34 -5 14.BN 116. UL 53
b -S 15.bN 114. IL 55

21 -5 16.2N 114. OL 4>
21 ‘1O lS.61N 114.lE 45

--, . . . . ..-., . -. -,-
--, . ------.,. -.-, -

---- ------. ..- ---o-

---- ------

---- ------

-.. .-.
-.-.

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

26 -lIJ L5. ON l]i?. i?t 45

0 -1S 15.2N 113.6L 4>
6 -1S 15.1 N 112.9t. 4$

13 ”-10 15.3N 112.3L 45

~19 o

30 -5
35 -10

42 -10

b5.6N 10?.CE
b5.4N111.5+
bS.5N 11~.9t

bS.bN llU.3E

so
50
50

so

1Y7 .15

48 -15
b5 -25

58 -25

16. *N 1L16. QE

15. UP 10Q.5E
15. % 10 EI. ?E

lb. bh 108. <E

120bL10 ii.ON 115.9k 50 15.h llS.?E 35
i12LzIJ0 I?.oh 115.3t. 50 ls.ON li5.iE .S5

12bUOOZ J5.1N 114.9t. +5 15.uN 11+.7E 3S 5$
5$
-.

.-

. .

.-

13 UOGOZ 15.5N lIt.2t. 45 15.3N 114.+E .A5
13 UOLIIAL 15.7N 113.7k 50 15. ?N 113. uE 35

1312.02 15.6N ~13.2t 55 15.9N 113.2E 35
13113uOZ I!.5N 13. or. 55 15. ?N 112. EIE ●U

14uuuOL IS.3N 112.8c b5 15. ?N 112.7E 5U

l+ ObUOZ 15.2N 112. *c 65 15. ZN 112.lE bb
141<uuZ 1$. oN 111.7t 75 15. ON 111. SE 75
14MIZOZ l?. oN 111. Ir. 75 lS.UN 111. uE 75

17-0
!8-5

la -20
17 -15

6 -1S
17 u
60

bO

o 10
a 1s

b lU
18 lU

i? -s

~?::1
121 -30
.80 -2s

37 -5
53 10
04 }5

43 0

0.-
.-11. IN LU~.QE 50 17U -20 ----- ---6-

b6.bN lL%-+E 50 b.52-20 ---- ‘---- -. .-
lU
.-
--

.-

..-,-
.-. .
.. . ..
-----

.. -+..

.-- ...

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

14.L!N 111.3E

15.lN 111.LW.
15.IN 111.13t.

15.lN 10U.bk

b5
75
83
III

bSoON 10?.3L
---- ---*-
--, - ---, -

-., - -----

bS +6
-- -.
-. . .

-. -.

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

Isuuooz 45.ON 11O.7L 70 15.UFI 110.lE 80
150600L I?.9N IIO. M. 65 15. ON 110. dE UU

IS1<UUZ i4.7N 109.6; 70 14. LIN 1u9. OE till
151 M130z J!.5N 109. oL 70 14. ?FI 109. uE 80

15. IN 108.6L
---- -----

75
-.

-.
--

--, - ------., - -----
--, - ..-, -
..,. -.-, -

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

.-..

..

.-

..-,... . ..
.-o -

.-, -

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

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

--
--
-.

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

. .

. .
-.

. .

lbu1300Z ~~.5N 108.7c 55 14.?k 108.5E 50 .----- ---,- . . -- .- -- ,. --- .- -- . . .- ..-.. --- ...

T7PIV20NS wHILE uINU OVER 3iiK7s
UANNG6G 24-HU 4EF.IIR 72-FI17

~ARN1NGAL;4:~:L~@SlS
‘4u-%4 72-nti

AVEHAGk ftJNECAS7 ERMON 2UFAP 75NN 99)38 1i5NM toNF4 T5NW 9v6M 125NM
AVEUA6E R16HT AhGLL EKRON lkNP 44NH 72NN 106NM IVAN 44NM 73+.H 100NH

hVklbAGE RAbNITUOE OF WINU E19NON lUKTS 12KTS 18)(7S 17K7S
AVLMfiGt blAS OF uiNu EHFM

lUKTS kzKTS luMIS lfhls
‘6KIS -lKT5 -16KTS -17K7S -M(Ts -lKTS ‘161(~S -l fKi S

INUMBtU ok FORECbST5 ,iS 21 9 5 25 ?1

[b :;

101



TYPHOON HEL:N

O(30CIZ 13 SEP 10 1?002 16 SEP

CIEST TR&Ck wfliluI#@ 26 HOUR ~OR~$~ST
ERRoRS

46 ~OIJR ~oREC&sT 72 HOUR F!3UCCAST

POSIT
EA7RORS

WIND PoSIT
ERRoRS

MINO O:] UIjAD
EfiRORS

13000oz 15. oN 136.9,
POSIT

30 15.lN 136.2E 30
WIND ~~: .:go

lb.lN 13b. Ot. 50
POSIT UINO OST WIND POSIT k~fio

-... .:-, - .-
13 CJ60(M 15.4h 13 E,.6~ 40 16. ON 136. OE 60

-- -- ----- -. -,.. -.s

1312002 16.7N 13~.5, 50 i6. ?tl 135.5E 65
50 20 18. +N 133.ZL 00 “60 ,0 ~c.s,N ,~L.OE qO

O 15 19. Th 133.3E 80
173 10 23. LN 129.2E 100

l~lao~z i?.6N 12A.7E 50 17.5Fl 134.9E 65
56 10 2Z.3N i3?.4E 90 170

13 15 N.*N 132.7E 80
10 2+.9N 130.2E 100

57 10 i13.2N 13!.9E 90 229 05 ----- ------

0::MINO
--

6(33 00
6~~ ~~

-- --

-- -.
-- .-

-- --
-. --

.-. --

-- --
.- .-

.- --

-- -.
-- . .

-- .-

--
l*o OGOZ L9.5N 133.9: 55 18.3N i3t.lE 65
140600.2 1~04N 1~~.lt

]: 10 21,7N 131. EIE
70 19.5N 133.3E 70 0 22.7N 131.2E

14120uz 20,1h 13z.4E 70 20. ON 132.5E 8U
1418002 +~.lh 13z.13E

8 10 23.lN 130.5E
70 21. UN 131.8E 90 13 20 24.5N 130.3E

150000Z 22,1t4 131.8E 75 z~.gN 131. oE 90 53 15 29.2N 132. OE
15u600Z Z3..5N 131.8E= o 23.7N 131.6E 90
1512401 25.lN 132.”E go 25.<N 13,.9.2 !2, i: ]: :::$: i&%
1518. UL 27. oN 132. SE 85 27. ZN 132.41E 90 13 05 ---- -----

26 0 24.4?4 13u.4E LOO 336 10 ----- .---<.
:: 63 10 Z15.3N J30. Ot IC, O +68 00 ----- ---- ...

:; ;:; ;: :&iN :::.7E jOO 592 35 ---- ------
.- -- -. -- ---- -------

-.-.
----

75 78 -1s ---- ----- -- -- -- .. . . . .. . . ...

?5 io9 -25 .-, - ---, - -- -- -- ,---- .--,.
70 ~zo 05 ---- ‘---- -- -- .- ----- ------
-- -- -. -., - ----- .- .- -- ---- -------

-- -- -. -- ,- ----- .- -- -- ----- ------
-. -- -. --, - ----- .- -- -- .. . . . . . . ...
-- -- -. -., - ----- .- -. -- ----- ---,, .

ALL FORE$AsT>

UA~NN~G 24-UN $U-HR 72-HR
95NM @NH 623NM

13NM 45Nh
IIKTS

CtaRM 118NM
7K15 19K~S 28KTs

1 Ltt TS .6K1s 1:KT5 ZjKTS
15 11

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

166000L 2~.3ri 133.5E 90 Z9. ON 133.3E aS 21 -05
1606001 ?!.9N 134.8E 100 31.8N 134. SE 90

---- -----
6 -10 ---- -----

1612”(JL 3~.+N 136. OE 65 3b.7N 136.3E 65 23 ~o ---- -----

TYPHOON: WHILE MIND OVER 351CTS

AVERAGE FORECAST ERROR
UA;~t#6 24-IIR 48.HR 72-HR

95NM 32,9NM 623NH
avLkAGE RIGHT *NGLE ERROR 12NH 45NM
AVERAGE M~6NITUDE DF WLhO ERROR 12K~S 7KTS !t~S ‘~%
PVERAGE BIAS OF WINO ERROR
hUNGER O! FORECASIS

lllc~s 6KTS 19KTS 28K1S
14 11 6 2

6z0
TYPHOON IO!

ObOOZ 17 SEP TO O$OOZ Z4 SEP

BESr Ti?AC& .ARNIMO
ERRORS

POSIT wIND P(ZSI I wIND
17u600Z 17.lN 155.lE 30 17. ?N L55. oE 30

1712002 16.9ti Is5.6E 30 17. IIN 155. IE 30
1718002 lQ.5N 156.5E 35 16. ?N 156.7E 30

2+ HOUR !OR!$AS7
ERRORS

+8 tjOUR ~ORECAST 72 ,MOUR FO@XS1
ERfTORS ERROUS

uST WIND ROS I T WINY 0:: M::o
.- .- ---- ------- --

osr UINU POSIT UINO L7ST bfihO ,Posl r UIND
8 00 17.9N 153. oE +5 289 -5 ---- ----- --

:; u 17. bN 154. dC
‘5 15. SN 159.0 t-

S0 2b6 -S .-.. . . . . . --
55 “s2 -10 .-,- ----- --

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

1800002 lQ.3N 157. oE +5 lb.5N 156.7E 50 .21 5 16.5N 156.7E 65 87 -25 17.4N 15Q.2E 75 132 1S 18. ON 155. ~E

1806002 15.9h 157.6E 50 15. SN 157.9E 55 18
1812u12, ! ~5. SN 15 E.-+E 55 ls.5N 158. +E .50 6

5 15.6N 159.6E 65 144 -15 J6.iN 162.4E 75 539 5 18. uFJ 165.7E
5 lS.5N 161.*E 70 283 10 17.2N 10!.JE 75 7+7 0 19. aN 167. ~E

181800L 15.+N 1513.1 E 65 15.~N 159. OE 60 52 -5 15.3N 160.6E 70 296 20 35.9N 16@E 7s 740 -S A7. ON 164. ~E

lYOOOOZ lS.bN 157.9r. 9U 15.3N 158. fE 75
1906002 15.8N 157.1. 8CI ls.!N 157.3E 90

1912002 L5.9N 156.5L bo ls.8N 1s6.7E 90
19k80uZ 15.9N 155.5L 50 ls. !N 156. ZL 95

49 -15 15.2N 16u.lJE
11 10 15. UN 157.3E

90 360 30 b5.6N 161.7E 90
IOU ?S4 30 kb. ON 15~.6t 100

110 217 35 }6.+N 151.8k 12s
115 <89 3: b6.6N 15E. *E 130

8U7 O ;6.6h 163.5E
687 ]0 16.3N 159. OE

315 35 17.7N 1+8.8E
437 35 A8.ON i+8.?E

13 30 15.9N 15.$. IE
*1 45 15.9N 15..27.

135
1??

l?U

[u
l?

yJ

~?

95
. .

,7i 35
s2~ -3ii

66S 35

u? -30
IU? -25

29? -10

*1S 10

sg~ 15
--

-- -.

-- -.
-. --

-- --
-- --

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

-- . .

-. -.
-. .-

200000Z +6.3N 154.2E 60 15.97! 155. OE 100

2006002 16.8m 153. oE 70 16.8N 153. oE d5
2u1200z jl.3ti 151.2c 75 17. ?N L51. gE 80

2U1000Z 1~.7N 149.5E 80 17. ”th 1+9.5L 8“

52 40 16.3N 15<.2E

15 20.2N 147.5E
3: 5 19.8N 147.8E

o u 20.2N 143.8E

23 0 20. oN 162.6E

28 5 20. IN 140. OL
19 5 21.MN lbd. zf.

!2U 271 30 17.4N 14~. OE 130

89 120 -lo J3.4N 14~.3E SO
8U ~04 ‘1O 22.7N 14S.8E 80
9U 73 -5 23.079 i4p.7.t 90

!00 123 5 a3. orA 13?.2E !00
100 17: 5 23,9N 13b04E ICI(J
!00 00 24.4N 1’1:.5L 100
!00 77 10 a6.2N A4!.8E 10c7

377 35 19.3fJ 1+5.8E

82 -15 27. ZN 143. jE
121 20 25. X7U 163.2E

119 20 26. aN 139. SE

21 OOOLIZ 1$. orI 147.73L Y(J 113. ON 1+8. dE 90

~;~:::; 18.3N 146.UL 9“ 18.M ,+6.3E 95l?. +N 146. Of. 9U lY.l N 146.1 E 95

21180 LIZ 2~.7N 145. oL 95 20.4N 1*5. zE 95

22 UOOIJZ 21.6N 1.+6. OE 95 21.8N 1Q3.9L 90
22 U6DOL 22.3N 143.4t. 95 22. CN 143. JE 105
2212013Z 23.3N 14z.7C 100 23.5iw 142.9E lLO
2218002 2:.6N 142. L’t. 11o 24. jN 142. JE 110

26. Stl 131E. ~E

27. aN 138.1 E
----

,. ..- .---..-26 0 23.7N 143. OL -.
62 - 20 34i2N 143.3E

& 27 S 34.0N 14~.2k
;; *O -5 .-.. -----

96 0 ---- -----

13 -5 27.’3N 142.2E
19 10 2T. LN 142.2E
lb Iu 2L4. ON 142. ZE
24 Uu 28.9N ,,,.8E

5 05 32.2N 142.6E

6 10 33.7N 142.4t
13 10 ---- -----

l~; -los

-. --
-. --

---- . . . ...
,---- . ...,.---- .. .. ...

. .-.

. .-.
23000uz 26.2N 1,1.9E 105 26.2h 1.2. uk 110 90 12 5 ---- -----

90 ~ol 10 ---- -----
.- -. . . .- . . . . . . .

.---
----
. .

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

.-. . . .. ...
---- .-- .,.
.-. . ------
.-. . ------

230600Z 2i.3N 14~.7< l-O; 27. *N 141.7E 110
2312uuZ 2b.5N 161.7 L-luu 2s.3N l’+l. SL !LO

2318uoz 3u.5ti 14z. oE 90 3u, IN 141.6E 110

. .. .
26 20 ---- -----

25 10 ---- -----
2$ 2U ---- -----

-. -. -. .-,. ---.- --
24000uz 3z.3N )42.8, 85 3z.3N 142.3E 9S
24ti600L 3?03N 144.3c 80 34. Oti 144. UE 100

-. . . .- --, . ---, .-- -- -. --, - ----- ---- -- .--. -- ----- . . . .....-, - -.- ...
----

TYPHOONS wHILE WINO OVER 35KTS
wARNING z4-HR 4E-”R 7_3-HR

AVERAGE fOREC&Sr ERRoR
AVER4GE RIGHT ANGLE ERROR

~~ 156NM 35JNM 634NM
b8NH 121NM 2u7Nn

nvER$IGE MAGNITUDE OF n NC ERROR
h

12K?S l$~;; 1 KTS ,?l KTS
bVERAGE 81AS OF wIND E ROR 10K?S &TS lKTS

hUM8ER U! FORECAS7S 27 25 18 14

ALL FORECMSIS
MARNING z4-H17 -*6-HR 72-HII

2#~ lStNM S>3NM 63+NM
68NM ?2bNM 2u7NM

l;[;~ LW: l&KK: 21K1S
IK7S

24 a5 10 - 14

10 b 3
TYPtiOON Lo77M

0600Z 01 OC1 10 00002 03 OCT

BES7 TRACK WARNING
ERRORS

24 HOUR !OR~gAST 48 ~ouR ~ORECAST
ERRUF+S

72 ,HOUR F!3f!?CAST
ERRoRS E~R0i35

POSIT WIND POSIT MIND O;j Uftl
il.4N 113.6C 60 1608N 113.7E 55
17. +N 112. cJE 6S 17.2N 112.2E 70 17 5
17.9N ,]0.7S- 65 le. Ufi 110. bL 70 8 5

POS17 UIND
15.6N 108. SE 85
17.2N 166. E!E S5
212.5N 105. >E 30

;;~ b~~D POSIT WIND
-- ,- ----- --

“66 10 ---- ----- --
!48 -35 ---- ----- --

OST WIND ROSIT WIND
-- .- ..-, - -= . ... -i

-- -- ---- ---,.. --
-. .- ---- . . . . .. --

U106OOZ
0112002
U11EOU2

U2GVOOZ

U2U600L
0212UUL

021a0LlL

030@Juz

-- ---.--
lU. Oti 1u9.5E b5 18. UN 1119.7E 65 11 U

lEI.2N 108.2E
~~.2N 107.3L

75 lEI. iN 108. LE 65 6 -10
75 18.?H 107.1E 65 13 -lU

1%.2N 106.5E 65 18.3N 106.JIE OS 8 0

20.lN lub.6E 5U
-.. . . . . . . -.
.-, - ----- --
--, - ----- --

!43 5 ---- ----- --
-- -- .-.. ----- --
. . .- --, - ----- .-
-. -- ---- . . . . . --

. . -- ... .. .. . . ... --
-- -. .. . .. . . . ... --. . -. .. . .. . . . ... --
. . -- ----- -.. ,.. -.
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SUMMARY OF TROPICAL CYCLONES
IN THE EASTERN NORTH PACIFIC

1. EASTERN PAClflC RESUME

During the 1972 EASTPAC tropical cy-
clone season, Fleet Weather Facility, Ala-
meda, issued a total of 347 tropical warn-
ings on eight hurricanes, three tropical
storms , and three tropical depressions.
Three of these tropical disturbances moved
out of Alameda’s area of responsibility.

The 1972 total of fourteen tropical cy-
clones was the lowest in more than five
years. Of the eight hurricanes during the
1972 season, six occurred in August.

On 1 November 1972, Fleet Weather Cen-
tral, Pearl Harbor, assumed forecasting
responsibility for the United States Navy
in the Eastern Pacific. Two short-lived
cyclones, Liza and Tropical Depression #16,
developed and dissipated in the Eastern
Pacific without making landfall.

In accordance with the National Hurri-
cane Operations Plan, tropical cyclone is-
suances Tor the Eastern Pacific Ocean east
of longitude 140°W and north of the Equator
are prepared by the National Weather Ser-
vice’s Eastern Pacific Hurricane Center,
San Francisco (EPHC-SFO).

Fleet Weather Facility, Alameda, re-
layed these tropical cyclone forecasts to

the Department of Defense.

Informationprovided regarding tropical
cyclones of the 1972 season is based upon
data provided by EPHC-SFO.

TABLE A-1. COMPARISON OF EAST PACIFIC
ANNUAL WARNING AND CLIMATOL-
OGY DATA

1968 1969 1970 1971 1972—— —— .

TOTAL NUMBER
OF WARNINGS 531 219 3S0 410 347

CALENDAR DAYS
OF WARNING 126 67 98 89 85

TROPICAL
DEPRESSIONS 65333

TROPICAL
STORMS 13 6 15 8 3

HURRICANES 643118

TOTAL 25 15 21 22 14 ,

2. CENTRAL PACIFIC RESUME

Fleet Weather Central, Pearl Harbor,
issued warnings on six tropical cyclones in
1972.

Total Number of Warnings....99
Calendar Days of Warnings...25
Tropical Depressions........ 1
Tropical Storms............. 4
Hurricanes.................. 1
Total Tropical Cyclones..... 6

All warnings were coordinatedwith the
Central Pacific Hurricane Center, Honolulu,
and the Eastern Pacific Hurricane Center,
San Francisco, in accordance with the
National Hurricane Operations Plan.

FIGURE A-1. ATS-1 6a.teLR..Ltep.ictike06 the eab~ehflNomth Pati6Lc, I/lAugubt 1972,
depicting hum-icaneh c~k?~b~~, Uiana, Thopic& .Stomn Eh.teUe and a fhOpiCa~
depm?hb.ion which became Fehnanda -the6oLLowLng day.
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TABLE A-2. 1972 EASTERN PACIFIC TROPICAL CYCLONES

MAX MIN WARNINGS
INCLUSIVE SFC OBS No. AS DISTANCE

CYCLONE TYPE NAME DATES WIND SLP TOTAL HURRICANE TRAVELED. . —

01 HR ANNETTE 31 MAY - 07 JUN 75 993 31
02 27 JUN - 28 JUN --- --- -- -~

79s
TD TD 02

03
61S

TD TD 03 04 JUL - 06 JUL --- --- -- --
04 TS BONNY

930
27 JUL - 30 JUL --- --- -- -- S70

HR CELESTE 04 AUG - 22 AUG 120 943 71
(a) :2

42 3600
HR DIANA 10 AUG - 20 AUG 100 968 24 16 1680
HR ESTELLE 1S AUG - 23 AUG 75 --- 32

(b) ;;
4 1884

HR FERNANDA 19 AUG - 31 AUG 100 950 29
09

18 2040
HR GWEN 21 AUG - 31 AUG 110 962 39

10
18 1980

HR HYACINTH 28 AUG - 06 SEP 110 962 36 16 2640
TS IVA 13 SEP - 22 SEP --- --- -- --

(c) ;:
1900

TS JUNE 26 SEP - 28 SEP --- --- -- --
12

280
HR JOANNE 29 SEP - 06 OCT 85 971 28 14

13
1500

TD TD 13 12 OCT - 18 OCT --- --- -- --
14

1440
TS KATHLEEN 17 OCT - 19 OCT --- --- -- --

15
600

TS LIZA 13 NOV - 16 NOV --- --- -- --
16 TD TD 16

510
20 NOV - 21 NOV --- --- -- -- 110

(a) TS from 16 AUG - 20 AUG - data not available
(b) TS from 27 AUG - 31 AUG - data not available
(c) Name and number given by FWC/JTWC Guam

3. CENTRAL PACIFIC - INDIVIDUAL CASES1

1972 was the Central Pacific’s most
active hurricane season in recorded his-
tory. In all, one hurricane (Celeste),
three tropical storms (Diana, Fernanda,
and June) and an unnamed tropical cyclone
of lesser intensity entered or formed
within an area bounded by latitudes 10°
and 20°N, and by longitudes 140° and 170”W.
Of these, three straddled the Hawaiian
Islands, while two took more southerly
paths and came very close to Johnston Is-
land. All occurred during the period
August through October.

In life cycle and track, Hurricane
Celeste and tropical storms Diana and Fer-
nanda were reminiscent of Lorraine and Mag-
gie in August 1970 and Denise and Elenor in
July 1971. All formed off Mexico and Cen-
tral America, failed to undergo the usual
northward recurvature in the eastern Paci-
fic, and then drifted thousands of miles
westward toward Hawaii along the southern
periphery of strong high pressure areas.
Tropical Storm June, on the other hand, be-
gan her short-lived career in a very active
equatorial trough about 600 miles south-
southwest of Hawaii Island.

On the morning of August 19, Celeste
passed about 2S miles northeast of Johnston
Island, whose entire population had been
evacuated as a precaution against the pos-
sible escape of stored toxic gases.

The weather station itself lost about a
third of its roof and ceiling tiles, but
interiors and equipment were virtually un-
scathed. Instruments that remained in op-
eration throughout the storm recorded hur-
ricane-forcewinds from 3:54 a.m. to !Y:18
a.m. on the 19th, a fastest-mileof 105
miles an hour from the northwest (the gust

recorder was inoperative), a minimum sea-
level pressure of 29.04 inches and a total
rainfall of 6.21 inches. Since the funnel
of the gage was partially plugged with
coral, the latter may be an underestimate.

FIGURE A-2. Htiticane Ccttite (.te{.t]400 nm
AouZtt 06 oahu, Hawaii. rhop.icaL
S.tozm Diana (tight) ~ome 700 nm
eti.t 06 fi.i.to, Hawaii, appeukb

on adge o~ photo, 16 Augti.t
1972, 2059 GMT. [DAPP dataj

lReport submitted by Regional Climatologist,NW Pacific Region, Honolulu, Hawaii.
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FIGURE A-3. E~6ecti 06 Ce..tebte on John&ton
IbLand.

Celeste was the first true hurricane
ever known to have affected Johnston. The
Mariners Weather Log (January 1973) makes
the fol10wlnE observations on this storm:
“Celeste was-of considerablemeteorological
interest. The central Pacific sees rela-
tively few tropical storms each year. Much
rarer is a hurricane that forms off Mexico
and moves west across the central Pacific
while maintaining hurricane intensity.
Also interesting was the fact that Celeste
moved with few sudden changes of direction,
intensity or shape.”

On the morning of August 18, waves
judged to be up to 30 feet high from Tropi-
cal Storm Diana swept four homes off their
foundations on Hawaii Island’s Puna coast,
extensively damaging one of them, for a
loss estimated at $75,000, excluding fur-
nishings. Continuingnorthwestward, the
storm’s center came within 60 miles north-
east of Hilo before dissipating, her near-
est landfall.

on the morning of August 29, Fernanda,
moving northwestward and weakening rapidly,
passed within 220 miles northeast of Hilo,
her closest approach to the islands. While
the state experienced no severe weather
directly attributable to Femanda, a pos-
sible aftermath was a flash flood from
rains in Hawaii Island’s Kohala Mountains
that overtopped Waipio Stream on the after-
noon of the 31st, damaging a farmer’s pick-

up truck and destroying his load of tare.

Tropical Storm June passed within 50
miles to the south of Johnston Island on
the morning of September 27, but was too
weak to do anY damaze. The veak $wst re-

- 7..

FIGURE A-4. (!e~eb~t damagt on John~.ton
lbland.

The final storm of the 1972 season was
a tropical cyclone that formed near 16°N
130”W on September 28 and traveled westward
to about 150 miles south of South Point,
giving Hawaii Island’s eastern slopes up to
10-1/2 inches of rain within the space of a
few hours on the afternoon of October 3.

corded at the”weath;r statio; was-42 knots.
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5. CENTER FIX DATA - HURRICANES

EYE FIXES, HURRICANE ANNETTE 31 MAY - 06 JUN 72

FIX
NO.

1
2
3
4

;

;
9

10

FIX
NO.

1
2
3
4

:
7

:
10
11
12
13
14
15
16

FIX
NO.

1
2

:
5
6
7
8
9

10

FIX
NO.

1
z

:
5
6
7

;

FIX
POSIT CAT

OBS (EST) EYE
SFC WND FORM

EYE
DIAMTIME

312217Z
0121252
Ct21815Z
022219Z
0321272
042221Z
O5171OZ
052129Z
061805Z
062227Z

TIME

042231Z
0S2329Z
062233Z
072327Z
082234Z
092333Z
11OO27Z
112015Z
112334Z
130034Z
14004JZ
180131Z
190605Z
2OO31OZ
21024OZ
211837Z

TIME

102232Z
112040Z
112330Z
122238Z
122353Z
132337Z
14181OZ
142245Z
152335Z
152339Z

TIME

142241Z
152144Z
1622422
172341Z
182244Z
192343Z
201743Z
2022472
212127Z

ACC

12. ON 106. OW’ SAT
12.5N 106.5W SAT
13.4N lo7.9w P
13.5N 107.3W SAT
12.5N 108.3W SAT
12.8N 109.0W1 SAT
13.5N 11O.OW P
14.5N 108.5W SAT
15.3N 106.3W P
17.ON 106.OW’ SAT

STG C
STG B
30NM
STG X
STG X
STG X
2ONM
STG X
5NN
STG X

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

CIRC
2.0
3.0
2.5
CIRC

2.0
CIRC

2.0

----
22
.---

30
DIA 3.0 CAT
DIA 2.0 CAT
DIA 2.0 CAT

30
DIA.2.0 CAT

DIA5;.0 CAT

----
----
15
----
25
----

EYE FIXES, HURRICANE CELESTE 12 AIJG- 22 AUG 7z
FLT OBS OBS NIN
LVL SFC NIN 700NB
WND WND SLP HGT

FLT
LVL EYE
TI/TO FORMPOSIT

FIX FLT
CAT LVL

EYE
DIA

14.5N 119,5W
14.ON 119.5W
14.ON 120.5W
14.ON 122.5W
14.5N 125.5W
15.ON 129.OW
15.ON 133.4W
15.2N 137.2W

SAT
SAT
SAT
SAT
SAT
SAT
SAT
---

STG C
STG C
STG X
STG X

---- --- --- ----
____ --- --- ----
DIA 2.S CAT 2,5-----
DIA 3.0 CAT 3.0-----
DIA 1.5 CAT 2.0-----
DIA 1.5 CAT 3.0-----
DIA 3.0 CAT 3.5-----
--- 90 --- -----
DIA 1.0 CAT 3.0-----
DIA 2.5 CAT 3.5-----
95 95 967 2786
--- 85 9S0 2646
--- --- 943 2594
100 130 --- 2585
90 110 981 2911
45 45 994 3054

-----
-----
---- -
---- -
-----
---- _
---- -
-_---
-----
---- -
16/8
16/11
17/--

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

----
____
----
----

STG X --------
----
----
CIRC
----
----

STG X
STG X

----
----
11.----

STG X
STG X
700MB
700MB
700MB
700MB
700NB
700MB

15.ON 138.OW
15.ON 143.5W

SAT
SAT
p-lo

----
----

12.6N 148.lW CIRC
CIRC

50
2315:1N 163.8W

15.9N 167.6W
17.5N 169.2W

p-1
p-s
p-lo
p-lo
P-15

CIRC
CIRC
----
----

22
20;13
18/9
14/10

30
20.ON 170.3W
21.2N 171.8W

----
----

EYE FIXES, HURRICANE DIANA 10 AUG - 15 AUG 72

FIX OBS (EST)
POSIT

EYE
CAT ACC SFC WND FORM

EYE
DIAM

10.ON 116.5W SAT STG B -------- ----
12.ON 119.3W --- 3NM 45 CIRC
12.9N 120.5W SAT STG X DIA 1.0 CAT 3.0
13.8N 124.9W --- 2NM 74 CIRC
14.ON 125.OW SAT STG X DIA 1.5 CAT 3.5
15.5N 129.9W SAT STG X DIA 2.0 CAT 3.5
17.5N 130.9W --- 2NM UNK CIRC

----
7

----
11
----
----
30
----

060/23/17
----

17.ON 132.8W SAT STG X DIA 4.0 CAT 4.0
18.9N 137.2W --- 5NM 45 ELIP
17.9N 137.4W SAT STG X DIA 2.0 CAT 3.0

EYE FIXES, HURRICANE ESTELLE 14 AUG - 21 AUG 72

FIX OBS (EST) EYE
POSIT CAT ACC SFC WND FORM

EYE
DIAM

09.5N 111.OW SAT STG B --------- ----
12.ON 114.5W SAT STG B --------- ----

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

180/30/25
----
15

16.ON 117.OW SAT STG C --------- ----
16.5N 121.8W SAT STG C+ --------- ----
17.2N 122.OW SAT STG X DIA 3.0 CAT 2.0
19.ON 123.OW SAT STG X DIA 3.0 CAT 3.0
20.9N 123.4W 12NM UNK ELIP
22.ON 126.5W SIT STG C --------- ----
24.7N 130.8W P 20NM UNK CIRC

119



FIX
NO.

1
2
3
4

:
7

FIX
NO.

1
2

:

:

;
9
10
11
12

FIX
NO.

1
2
3
4
5
6
7
8
9
10
11
12

FIX
NO.

;
3
4
5
6

;
9
10

TIME

191554Z
202242Z
221801Z
2323472
241700Z
24Z250z
2523492

TIME

232152Z
242125Z
242250Z
262253Z
271758Z
2721562
281730Z
282259Z
300600Z
30140SZ
302300Z
302330Z

TIME

2921572
3019232
3117122
012302Z
022150Z
022207Z
0301.S62
032309Z
0418002
042208Z
051513Z
051830Z

TIME

292136Z
302228Z
0117312
0121372
0201262
022233Z
031750Z
032141Z
042241Z
0501522

EYE FIXES, HURRICANE FERNANDA

FIX
POSIT CAT ACC

09.5N 104.OW SAT STG C
12.9N 108.OW SAT STG X
15.5N 114.8W F’ 10NM
16.8N 121.2W SAT STG X
17.9N 124.8W P 2ONM
17.4N 127.4W SAT STG X
19.2N 134.5W SAT STG X

19 AUG - 25 AUG 72

OBS (EST) EYE
SFC WND FORM

----- ---- ----
DIA 4.0 CAT 2.0

85 CIRC
DIA 5.0 CAT 4.0

CIRC
DIA9~.0 CAT 3.0
DIA 2.0 CAT 3.5

EYE FIXES, HURRICANE GWEN 23 AUG - 30 AUG 72

FIX OBS (EST) EYE
POSIT CAT ACC SFC WND FORM

14.2N 106.1W SAT
16.9N 106.8W
15.9N 106.7W S;T
18.ON 11O.5W SAT
19.5N 111.9W P
19.ON 113.OW SAT
22.4N 114.8W P
23.2N 115.6W ---
28.2N 119.6W P
28.7N 120.5W P
29.2N 120.7W SAT
29.4N 121.5W P

EYE FIXES, HURRICANE

FIX
POSIT CAT

11.5N 101.8W SAT
14.3N 106.5W
15.7N 111.2W ;
17.5N 116.5W SAT
19.lN 119.9W P
18.5N 121.OW SAT
16.ON 122.5W SAT
22.5N 123.8W SAT
28.9N 125.OW SAT
27.4N 124.5W P
31J.8N122.lW P
31.3N 120.9W P

STG B
20NM
STG X
STG X
5NM
STG X
3NM
STG X
5NM
5NM
STG C-
4NM

HYACINTH

ACC

STG C
5NM
5NM
STG X
lNM
STG X
STG C
STG X
STG C
1NM
5NM
5NM

---- _____ ----
40 CIRC

DIA 3.0 CAT 2.0
DIA 2.0 CAT 4.0
UNK CIRC
DIA 3.0 CAT 4.0

55 CIRC
DIA 4.0 CAT 2.0
UNK CIRC
UNK CIRC
-------._ ----

35 ----

29 AUG - 05 SEP 72

OBS (EST) EYE
SFC WND FORM

------- --

1?:
---------

65
---------
------- --
----- ----
----- ----

50
35
30

----
CIRC
CIRC
----
CIRC
----
----
----
----
MISG
CIRC
UNK

EYE FIXES, HURRICANE JOANNE 29 SEP - 05 OCT 72

POSIT

11.7N 105.1W
13.6N 109.3W
14.8N 111.7W
1.S.lN113.6W
15.lN 114.OW
17.5N 116.OW
18.9N 116.5W
19.ON 116.7W
23.ON 116.8W
23.2N 116.6W

FIX OBS (EST) EYE
CAT ACC SFC WND FORM

SAT STG B --------- ----
SAT STG C --------- ----
P 3NM 65 CIRC
SAT STG X DIA 2.0 CAT 3.0
SAT STG C- --------- ----
SAT STG X DIA 3.0 CAT 3.0
P 10NM 80 CIRC
SAT STG X DIA 2.0 CAT 3.0
SAT STG ‘X DIA 1.5 CAT 2.5
P 15NM 45 CIRC

EYE
DIAN

----
----
24
----
25
----
----

EYE
DIAN

____
20
----
----
35
----
5

----
2s
30
----
----

EYE
DIAM

----

::
----
25
----
----
----
----
MISG
20

UNK

EYE
DIAM

----
----
20
----
----
----
40
----
----
60

120



6. POSITION DATA - TROPICAL STORMS AND DEPRESSIONS

TROPICAL DEPRESSION TWO
27 - 28 JUNE

TROPICAL STORM IVA
13 - 22 SEPTEMBER

LONG DTG
l-Oz-Ow 18060UZ
102.5W 1812002

DTG

270600z
271200Z
2718002

DTG

040600Z
041200z
041800Z
0500002

DTG
~71800Z
280000z
280600z
281200z
2818002

DTG

170000Z
170flooz
171200Z
171800Z
180000z
180600Z
1812002
181800Z

DTG

2706002
2712002
2718002
2800002
2806002
2812002
2818002
290000Z
2906002

DTG
=

270600Z
2712002
271800z
280000Z

LAT LONG DTG
mTBTO17

LAT LONG
2mmTo-zm~

13.7N 99.8W 280600z 17.7N 10S.5W
14.7N 101.7w 2812002 17.8N 106.8w
16.ON 104.OW 2818002 18.3N 107.7w

DTG

1400002
1406002
141200Z
141800z
1500002
1S0600Z
151ZOOZ
1S1800Z
160000z
160600Z
161200z
161800Z
170000Z
170600z
171200Z
171800Z
180000Z

DTG

130000Z
130600Z
131200Z
1318002
1400002
140600Z
1412013Z
1418002
1s00002
1S06002
1S1200Z
1S1800Z

DTG

1718002
1800002
1806002
181200Z

DTG
131200Z
131800Z
1400002
140600Z
1412002
1418002

DTG

2006002
2012002
2018002

LAT
m
13.ON
13.4N
13.8N
14.9N
15.3N
lS.8N
16.2N
16.7N
16.9N
17.ON
17.ZN
17.4N
17.4N
17.4N
17.3N
17.3N
17.4N

LAT LONG
~zl-o-xm
18.ON llO.SW
18.3N 111.OW
18.4N 111.8W
18.7N 112.9W
18.8N 114.lW
18.8N 115.6W
18.8N 116.8W
18.6N 118.3W
18.4N 119.7w
18.lN 121,0W
18.ON 122.5w
18.ON 124.OW
17.8N 126.OW
17.SN 127.SW
17.5N 128.5W
17.SN 129.sw
17.5N 130.SW

103.3W 1818002
104.OW 190000Z
104.8W 190600z
106.SW 1912002
107.2w 191800z
1138.OW 2000002
108.6W ZO0600Z
108.6W Z01200Z
108.SW 201800z
108.3W 21OOOOZ
108.2W 2106OOZ
108.4W 2112002
108.SW 2118002

TROPICAL DEPRESSION THREE
04 - 06 JULY

%*
DTG LAT LONG

~SObOOZ l-fx-2Nl-l-r6R
9.SN 111.lW 0S1200Z 11.5N 120.3W
9.7N 112.4w 051800z 13.9N 123.9w
10.ON 114.ow 060000z 13.ON 124’.OW
10.ON llS.SW

TROP ICAL STORM BONNY
27 - 30 JULY

108-.8W 220000Z
109.1W 220600z
109.6W 221200Z

LAT LONG
ml-cirsw
19.6N 110.OW
20.oN 111.OW
20.6N llZ.OW
21.2N 114.2w

DTG
=2+%+%’

22.ON 116.OW
Z91200Z 22.3N 117.OW
291800z 2Z.2N 117.8W
300000Z 22.234 118.lW

TROPICAL DEPRESSION THIRTEEN
12 - 18 OCTOBER

LAT LONG
lT-sNl-TK3w
14.2N llS.SW
14.lN 116.3W
13.7N 118.ow
12.SN 120.OW
13.ON lZ1.SW
13.9N 122.9W
14.lN 123.5W
14.2N 124.ow
14.4N 124.5W
lS.ON 12S.lW
lS.SN 124.9w
15.lN 123.4W

DTG

160600Z

LAT LONG
m~
14.lN 124.OW
14.6N 124.9W
14.9N 12S.SW
lS.2N 126.lW
lS.7N 126.9W
17.lN 127.OW
18.lN 127.OW
19.ZN 127.lW
20.3N 127.6w
21.2N 127.8w
21.ON 126.OW

TROPICAL STORM DIANA
16 - ZO AUGUST

TROPICAL STORM KATHLEEN
17 - 19 OCTOBER

TROPICAL STORM FERNANDA
27 - 31 AUGUST LAT LONG DTG LAT

ml-07-mw
LONG

181800Z llx-m~
lS.ON 108.1w 190000Z 17.5N 111.OW
lS.6N 109.5W 1906002 lB.8N 11O.1W
15.9N 109.8W 1912002 20.ON 109.OW
16.ON 11O.1W

LAT LONG DTG
m~
20.2N ,142.2w 2918002
20.4N 143.6W 300000Z
20.6N 14S.OW 3006002
20.6N 146.6w 301200Z
20.8N 147.3w 3018002
21.ON 148.4W 31OOOOZ
21.2N 149.3W 3106OOZ
21.2N lSO.lW 3112002
21.3N lSO.7W 311800Z

TROPICAL STORW JUNE
26 - 28 SEPTEMBER

LAT LONG
m~
14.7N 166.8w
15.3N 167.8W
lS.9N 168.7w
16.3N 169.ZW
16.8N 170.3W

LAT
m
21.SN
21.8N
22.4N
22.9N
23.SN
23.7N
23.9N
24.2N
24.6N

LONG
l-s-r%w
1S2.2W
1S3.OW
153.4W
153.8W
1S4.2W
1S4.7W

TROPICAL STORM LI2A
13 - 16 NOVEMBER

lSS.3W
lSS.8W
1S6.3W

LAT LONG DTG LAT LONG
m-?l-%-m m~
10.ON 97.SW 1S06002 11.lN 100.7W
10.SN 97.OW 1S1200Z 11.2N 101.4W
11.ON 97.SW 1S18002 10.8N 104.7W
11.ON 98.OW 160000Z 10.8N 104.BW
10.ON 99.OW

TROPICAL DEPP.SSSIONSIXTEEN
20 - 21 NOVEMBER

LAT LONG DTG
-r?r5NlT2To’w +5’%*
14.ON 111.OW 2106OOZ lS:ON 112.OW
14.2N 11O.8W 2112002 lS.ON 112.OW
lS.ON 112.OW 2118002 lS.ON 112.OW

7. FOSITION AND VERIFICATION DATA - HURRICANES

HURRZCAHE DIANA

POSITIONFROM BEST TRACK AND VERIFICATION DATA
1018002 to 1612002 AUG 1972

~
I01800z
1100002
lie600z
1112002
1118002
1200002
1206002
1212002

STORN POSITIOW
LAT LONG

O~N lfiW
09.9N Ils.ow
10.7N 116.3w
11.2N 117.9w
11.6N 119.3W
11.9N 120.6w
12.3W 121.9W
12.8N 123.3W
13.ZN 124.2W
13.7N 12s.3W
14.2N 126.lW
14.9W 127.lW

24 HR ERROR 48 HR ERROR STORM POSITION 24 HR ERROR 4B HR ERROR
DEGfDIST DEG/DIsT TIME LAT LONG—.

IGOZ l~N 127.9W
140000Z 16.2N 128.7W
140bQOZ, 16.8N 129.3W
141200Z 17.lN 130.IW
141800Z 17.SN 131.ow
lSOOOOZ 18.ON 132.OW
150600Z 18.2N 133.ow
1512002 18.4N‘134.OW
151800Z 18.7N 135.7W
1600002 18.7N 137.5w

DEG/Dl!3T
lo3/lzo
038/110
048/1S6
02s/120
0s7/90
060/90
063/90
060/90
060/90
270/72
260/110
260/120

DEG/DIST
080/100
083/162
080/195
081/zzz
:~uj;z:

032/228
028/210

328;14S
060/65
070/80
060/60
Ooojoz
100/25
095175
098/90

1218002
130000Z
130600z
131ZOOZ

321/Z20
070/120
072/175
077/200

035/130
090/30
0901/24
085/S0

1606002 18.6N 138:6W
1612002 18.SN 139.7W

ERROR = 90.ONM
ERROR = 161.7NN

24 HR FORECAST
48 HR FORSCAST
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2WRR2CANE AN!W2TE SOF.R1CA55EESTZLI.E

POS1TION FROM BEST 2ZACK MD v2R2F1cATION DATA

150600Z to 2306002AUG 1972

STORN POS1TIOX .?4HR E2s.OR 60 FIRZF.F.OR
24 HR ZF.EOR 48S8 2RROR

DEGIDIST
~
1506002
151200z
1518o0z
160000z
160600z
161200z
1618ooz
170000z
1706002

~
10.OU
10.6F
11.2X
11.9N
12.m
12.4X
13.8x
1s.0s
1$.3X
1S.6x
15.9X
16.4s
16.5x
16.7N
16.9x
!7.ox
17.2s
11.5N
18.2x
18.9A’
19.Sk’
20.0x
20.9N
21.9N
22.5x
23:2N
24.lx
25.ON
25.9.W
26.7X
26.9N
27.9N
27.oN

2#KG

111.cm
111.4W
112.9w
114.3W
115.5W
116.6u
117.8w
118.8w
119.Vti
119,9W
120.9w
121.6x
121.7!4
121.9FI
121.9w
122.OU
122.3w
122.6u
123.0s
123.2k
123.7w
124.lK
125.2w
126,3u
127.3id
128.2U
129.5W
139.8W
131.9U
133.2M
13&.5w
136.OH
136.4M

DEGIDIST. DFG/DIS1~
3118DOZ
0100002
O1O6OOZ
011200Z
011800z
0200002
020600z
021200Z
021800Z
030000Z
030600z

~
107.8I(
107.6K
107.5N
107.4W
107.3I!
107.21f
107.2h,
107.2w
107.3w
107.3W
107.4N
107.5W
107.6W
107.6K
107.6W
107.6W
107.6W
107.6W
107.6W
107.Sw
107.5W
107.5W
107.oW
106.2W
106.21!
105,9W
105.5W
105.2W
104.OW

DEGIDIsT

W33f245
090/220
092/200
092/310
277[72
080/70
085/95
083/120
072/120
053/30
083/112
082/125
070/80
062/132
058/170
057)192
052/150
060/185
056/252
046/336
063/320
065/302

000/120
355/138
297/330
352/145
002/145
olA/150
010)115
32014B
120/96
112/140
110/195
095/260
093/276
092/324
110/70
070160
355/150
001/408
30s190
303/160
300/150
2961306
000/61
301[72
310/90
016/08
002{45
022/;5
190/90

12.ON
12,4N
12.5X
12.5N
12.5N
12.5N
12.5X
12.6h’
12.7X
12.8N
12.9h’
13.ON
13.1)4
13.2?4
13.3N
13.4N
13.5N
13.6N
14.ON
14.3?6
14.5N
14.7N
15.4V
15.9N

093/490
091/430
092/460
092/480
293/110
osorzoo
085/210
085/230
083/230
083/150
0861215
087/245
061/170
057/230
055/300
055)355

1712ooz
17180DZ
1800002
1806002
181200Z
1818002
190000z
190600z
1912002!
1918002
2000002
200600Z
201200Z
20L800Z
21OOOOZ
2106002
Z112002

050/85
032/200
053/210
057/210
23012A3
103I282
097/340
092/360
0821408
079/440
068/510
025/100
D25I1OO
0151245
3241312
3421162
29813FJ3
2951354
2881510
3501265
30U162
295[118

0318002
040000Z
040600z
04L200z
041800z
0500002
0506002
051200z
0518002
060000z
0606QOZ
06L200z
061800Z
070000z
070600z
0712002
071800z

16.4N 050/330
16.8N 056/410
17.4N 2XssnA72NG
18.ON

0S3/460
Q761372

18.8N
053/492

327178 D1SS2FA’21NG

2118ooz
Z200130Z
220600z
221200Z

2218oOZ
2300002
230600z248R FORECA3’2ESZ!3R- 171.5NH

48 SS FORECA2T EEROR - 299.SNX

2L SR EZROR - 151.6NH
48 SS SSEOR - 233.3NM

NOS2UCANZ CZLZZTE

POSITION FROM BEST TRACS AND VERIFICATION OATA

WRRICANE Czm3T2

7os2’21ON2_ROHBESTTRACKANDVZR1F1CATIONOATA
041800Z ,. 220@03 AUG 1972

0418002to 220600z AUG 1972 72 SR ZFRORS’msnmsr2 2U ~ ZFI(OR US W8 ZSROR

~

0s0/110
080/100
360/90
020/50
110/20
230/90
220/90
290/90
Zzo/lao
250/150
230/00
2UO1170
250/190
220/100
270/70
360/140
020[170
310/130
340180
O1OI22O
010/3k0
360150
290/1+0
290/100
270190
260/190
2301260
24013Q0
220/330
220/290
210/2s0
2s0/180
020/20

STORM POSIT 24 KS 2RROR
~
14.5N
1*.IN
13.8N
13.3N
13.lN
12.9N
12.7N
12.6N
12.6N
12.*
12.*N
12.6N
12.6N
12.9N
13.lN
13.uN
13.7N
lu.ON
lU.3N
14.5N
lU.6N
lu.SN
lw.9N
15.lN
15.3N
15.UN
15.5N
15.7N
16.ON
16.*N
lS.8N
17.lN
17.6N
lS.2N
18.8N
20.3N
‘20.6N
20.9N
21.2N
21.5N
21.9N

x

139.8W
1!40.6W
Iul.ew
luz.ew
IWL.2W
1!!5.6S!
1U7.OW
148.xl
149.3U
150.3U
151.511
152.SW
153,8W
15+.7U
155.6W
156.7H
157.711
158.SH
159.7H
160.3N
161.lW
lbl 8W
162,6W
163.3W
16u.2W
165.2W
166.UW
167.lH
1S7.6M
168.2U
16S.7!4
169.311
169.5W
169.OM
170.0!4
169.7H
170.UU
171.2U
172.OU
172.8!4
173.5W

~
010190
090/70
0201’70
030150
100130
‘2301U0
220150
3UO140
2101100
250190
2.0150
2201s0
2wzf10cl
190)70
180!50
350130
020/.0
300170
250170
930170
350f140
3601u0
330150
010/30
060130
320[20
2501’70
240!00
2301100
220/130
230!Iw2
2401170
2501’70.
0UOI160
0601$60
0301260
040/250

ylJ

120600Z
121200Z
121OOOZ
130000Z
130600z
13120oZ
131SOOZ
lUOOOOZ
1U0600Z
1*1200Z
141800Z
1500002
150600Z
151200Z
151SOOZ
160000Z
160600Z
161200z
161800Z
1700002
170600z
17120oz
171SOOZ
180000Z
1S0600Z
181200Z
181SOOZ
1900002
1906002
191200Z
191800Z
200000Z
200800Z
201200Z
201800Z
2100002
2106OOZ
2112002
2118002
2200002
220600Z

~
070/80
110/110
3wZ180
300/10

4832sERROR

LONG DEGIDIST DEC/DISTT2KS

041800Z
050000Z
050600Z
051200Z
051800Z
060000z
060600Z
061200Z
061800Z
070000Z
070600z
071200Z
07W30Z
080000z
080600Z

2AT

15.ON
15.ON
15,0N
15.ON
15.ON
15.ON
14.9N
14.SN
14.7N

119.OW
119.OU
119.3W
119.6w
119.9W z70/54

J

23011qo
2UO1150
290/160

280/230
27011U0
2s01 220
2501300
290/100
300/kO

120.2W Z70)12
120.3w 245118
120.4!4 250124
lZO.5W 248/60
120.6W 24Z14Z
120.6W 231/66

14.ON lZ1.OW 225/90
13.6N 221.3w 2zl/120
13.2N 120.6w 127/126
14.ON 121.8W 090/70
14.2N 123.OW 072/40

123.8w 295/50

020;360
020/390
310/’200

14.7N
14.3N

350/2W
O1o/uuO
020/580
270/110
280/280
270/300081200z

08M30Z
090000Z
090600Z
091200z
091800Z
1000OOZ
1006OOZ
1012OOZ
I01800z
11000OZ
1106OOZ
111200Z
111800Z
Izooooz
120600z

14.2N
14.3N
14.3N
14.3N

270/290
250/k30
2UOIU50

124.71i 318;20
126.OW 288/60
127.7N 282/100
128.4w 265/150
129.7w Z72/180
231.5W Z761260
133.3W 278/336
134.2w 087/230
135.2W Z741150
136,4w z641115
137.4W 270/162
138.2w 230/192
139.Ow 2Z81132
139,8W 215/150

343/18
288/60
285/85
272/200

2uO;U50
220/3U0

h4.4N
14.7N
15.IN
15.4N
A5.7N

328180
Z841270
2851350
Z791372
279139015.8N

15.7N
15.4N
15.ON

14.s0

278/43Z
275/456
2681240
2201J62
221118014.5N

2U HOUR rORZCA3T ERSOR= 85 M
U8 HCUR 70RZCAST ZRROR = 1U6 R?!

72 SOUR FORZUST Z2XOR = 2*5 MU

24 SS FoK8CAET EUOR - 112.4101
48 HR FORECA8T ERROR - 235.3K26

* 5UR ADDITIONAL DATA F.JPSF.
2T.swEAcENPEAS2.7&2snoR
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IW2E2C.4AZFE2XANDA W22XICA2W GWEN

POS1TION FROM BEST TRACK .&XIIVEP.2F1CATION

211800Z to 3106002 AUG 1972

ST0822 POS1’S1ON 24 MR 2SROR

POS1T20N P303WBEST 2RACK .4NDVERIF1CATIOUDATA

191800z t. 261800Z AUC 1972
DATA

STWW POS1TIOX 24 s2.E8210R .488S 2RROR 48 NR ERROR

D2C/DIST-
gt4Q

211800z

g!!g

1918092
20000VL
200600Z
201200Z
201800z
21OOOOZ
2106OOZ
211200Z
211800Z
220000Z
2206002

22lzooz
221800z
230000Z
230600Z
231200z
231800Z
240000z
240600z
241200z
241800
250000z
2506002
251200Z
2518002
260000Z
260600Z
2612002
261800z

p4J

11.ON
11.2N
11.2N
11.5!4
11.7N
12,2N
12.5X
12.8N
13.ON
13.2N
13.5N
13.9N
14.9N
15.8))
16.2N
16.6N
16.9N
17.21i
17.4N
17.6N
17.8N
18.ON
18.4N
18.8N
19.1X
19.4N
19.7X
19.9N
20.ON

D5GID1ST- ~
09.6?4
10.1N
10.1N
Io.ix
10.2s
11.0?4
11.6X
12.1X
13.OX
13.9!4
14.4N
15.1X
15.6N
16.2X
16.4S
16.6X
16,7K
16.8S
17.ON
17.5N
17.9!4
18.4X
18.6!i
18.9X
19.2X
19.7X
20.m
21,2X
21.914
23.ON
24.OW
25.m
26.%
27.&
2B.2’4
29.oN
29.34
29.5/4
29.%

~
96.4W
97.5w
9B.5K
99.5W
101,1W
102.5IS
103.2K
104.ow
10L.9W
105.8N
106.2W
106.6w
106.9W
107.3h,
lo7.5h’
107.8W
107.9N
108.0W
108,8W
109.4W
11O.OW
11O.8K
111.2W
111,9h
llZ.5W
113.2W
113.6W
113.8W
115.OW
116.2w
;16.9W
117.5W
118.6W
119.4W
120.Ow
120.2W
120.3W
120.8W
121.3W

DEGIDIST.

104.OU
104.5W
10S.2W
105.7W
106.9W
108.1W
108.9w
109.4!4
11O.1W
110.s,+
111.8N
112.4w
114.2!4
116.OW
117.lW
118.2u
119.4w
120.8w
122.OU
123.2w
125.OV
127.OW
128.9w
130.8U
132.6w
134,8W
136.3u
137.8w

013/36
2B8/170
2851144
2951146
28618L
282[162
280/206
2361180
325/130
310/162
2871288
2911276
2301~08
216/186
237J236
2421294
320/282
30012L6
29S1330
2911402
2041216

2200002
2206002
2212002
2218002
230000z
230600z

040/18
287/114
287/108
300/90
030/45
010/102
040/48
165{143
040/60
324/132
304/198
305/192
215J45
1B5172
202/72
213/102
300/90
290/60
300/132
2881252
310/102
2961198

174166
267/102
270/102
282190
0041144
O21I1O8
031/138
036/152
060/168
0871168
083/180
103/270
110[162
121/198
135/333
1221378
265/108
310/42
2438142
325133
236/112
257t55
260/50
2481114
292184
331/108
293/120
277/120
305/210
070/210
03&/130

231200L
2 31800Z
‘2400002
240600z
2412002
2418002
250000z
2506002
251200z
251200z
260000z

322/60
320/132
3221132
337/150
033/282
056/212
040/228
060/312
085/315
0871342
090/331
117/386
11s/336
111/252
1261342
114/553

2606002
26 1200z
261UOO:
270000z
2706007.
2712002
2718002
280000L
2W36UOZ
2812uuZ
281 LIOOZ
29(IDOOZ
2931JOOZ
2912002
2918002
300000z
300600Z
30 L200Z
3018002
31 OOOOZ
3106OOZ

258/192
308/42
004/66
030/102
248/112
283/126
290/133
283/210
2981246
336/2&3
020/120

040178
335/162
132/96139.lW

24 HR F0R2CA2T ERROR - 108.4Nn
48 SR FORECAET ERROR - Z03.ZWH

2021228
200/192
122/168
144)120

285/300
312/208
105/510
DISSZPAZTNG

24 88 FORECAST E8R!3R- 142.&lL
48 NR P08JCAZT ERROR - 227.5WIkxMSICAWE HYAC3NTH

PO81TION PS@l BZET TF.P.CKAND VER3F2CAT20NDATA

2812oozAUB to 060600Z S2F 1972

BTOZH H3S1TION 2L 21REEROR 48 KS 2FROR

~

94.9U
95.8W
97.5W
98.6w
99.2W
101.2W
103.2w
204.lW
105.3W
106.3W
107.2M
108.1W
109.In
11O.9W
112.6w
113.8!4
115.0w
116.2w
117.5w
118.5w
119.5W
lZO.lW
120.8U
121.7W
122.5W
123.5w
124.2!+
124.9w
125.ZW
125.2W
124.6W
123.5w
122.3W
120.7W
119.6w
118.5M

DEG/DIS’2.

226/84
207/108
315119B
317/210
3181240
008/150
330f24
146f4S
112/90
170/24
2231120
2251162
2281162
1581126
2251h8
140/90
148J60
120t90
090184
092/112
096/141
020/72
000/90
003/120
025/210
025/90
048/240
060124.0
0551356
0921186
09S1258
100I150

DEG/DIS?-

Husazrxm JOANWE

POSITION FRCM 8EST TMCA MII VERZF1CA21ONDATA

291800Z SEP ~0 161800ZCC2 1972

S’20ZNPOS1TION 24 2?sEFROR 48 HA E2W2R

10.7N
10.4N
10.1N
10.3N
10.6N
11.3N
12.6W
13.lN
13.8N
14.ON
14.5N
14.8N
15.ON
i5.3N
15.824
16.zN
16.8s
17.lN
17.5N
17.8N
18.oN
lB.4W
lB. BN
19 .4N
19.6X
20.8N
,!2.9N
23.ON
24. lN
26 .2N
28.5N
29.7N
20.6N
31.4N
32. 3N
32.5N

3181318
015/204
310/90
318/138
142/90
214/210
20712&0
31OI252
195/252
1651224
150/210
177/132
092/141
26SJ204
0721204
071/192
055/330
035/342
028/348
037/402
065/690
065/224
070/72n
075/878

~
2918002
3000002!
X3U600Z
301200L
301BOOZ
o1000OZ
O1O6OOZ
01L200L
O1lBOOZ
0200002
0206002
0212002
021BOOZ
0300002
0306uOZ
0312002
031BOOZ
0600002
040600Z
041200z
0418002
050uI)OL
05061)0z
051200z
051BOOZ
0600002
060600z
0612002
06lBOOZ

~
12.4
12.5
12.5
12.6
12.9
13.5
13.8
14,1
14.7
15.0
15.5
15.8
16.6
17.&
lB.1
18.6
19.1
19.5
20.2
20.9
22.0
23.0
24.3
25.3
26.5
27.3
28.4
29.0
30.7

~
103.7
105.0
105.8
106.7
10B.O
109.6
110.6
111.5
112.3
113.2
114.0
114.6
115.5
116.2
116.5
116.6
116.6
116.6
116.6
116.7
116.7
116.5
116.3
116.2
115.9
115.7
115.5
11s.0
113.9

.

245145
250/45
260/126
080/45
098J8&
095/120
086/138
0b5J48
03D/108
038/162
045J222
085/228
110/150
105/1!)2
103/240
270196
323148
358172
330/105
300/78
280/102
320/96
310/102
DISSIPATED

270/90
060175
070/165
072/228
085/315
0b81288
0571384
055/408
056[52h
074/540
090/204
086/168
090/390
320/132
312/162
325/150
327/142
D1SS21AT2D

041200Z
0412J30Z
050000Z
050600Z
051200z
051BOOZ
06cJ300z
060600z

24 88.FORECAST ZF.R3R- 160.5 HI
48 MA FQPJCAZT EW.OR - 295.4 MI 24 SS F0K2C~f E2RoR - 115.3 U.

&8 8S FONECAST EzMIR - 242.5 M.
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2. TROPICAL CYCLONE TRACKS

35
) i I “ I \ I I u’ .,

+-

CYCLONE 19-72 ;
BEST TRACK

txfi F

1: 08 APR-11 APR 1972
,,/..:--l.

1“

./ ‘Y-
MAX SFC WIND 85 KTS ~ j<,..+

MINIMUM SLP NA
T

12+

11+

0718z
08002 1;
08062
0812z ~
08182
09002 10

10++++
88 89 90 91

FIGURE B-2. B?A.t.thackchaht dok Taop.ie& Cyclone 19-72.

FIGURI B-3. ESSA-9 phoxo o~ Tkop.ieizt Cyclone
19-72, ~ Apt.i~1972, 0852 GMT.
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, ,> - CYCLONE 24-72 -
w--- T ~.—-+~ —-——-

BEST TRACK
—.7—. —.— ...- , : --=wJ-

!’ ‘-.7.~,.. 08 SEP-IOSEP 1972 j-- .->.., --, .=‘-. . .
MAX SFC WINO 80 KTS .

:tf ‘:

: .,,. ;:.

-,., ~, MINIMUM SLP 96s MBS ..

, .=..’ k: - .::. ‘- --- —-. z -... _._.:A ,. - ._L_. ..L”:

!, >
,.

—--5X ‘ —>’ ~
--

:2(%:- : : :.--r -? ~ i.: I F(=IFN~l+- -. ., ,.
(; <

-— -- . . J
M 6 Elk BEsT TRACK POSITS-(

,.-,
lo/oozMp J - ‘

lhi:”’ &:. - ‘w-ii i ,-’”::’0’’’:’0:
d I:O,N

l’J’’’)A; p’’’’’’;p’’’’’y(’’’:+~””:
1

],

.+
>5 00 .

I@
,. ,1

!: .?

.~. ~

1 ‘k-? JL.l. l.. -! $.$ b, R t if
1 \ /“$> ‘+ ‘to8/1=.”t” “f ‘---t

,,p, ,,, - -,,,,

1, . . . .-,, . . ...6.

. .

5“

G= : , ,“, :

FIGURE B-5. E.SSA-g &aZelLiZe view o~ TJLop.icd
Cyc.flone 24-72 on 9 .Sep~embek 1972,
0477 GMT.--PhoZo COUX..@5y 0{ Royd

obhekva.tohg, Hong Kong.
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FIGURE B-6. BeAf .tzackchaht ~oh Thop.ica.2 CycLone 25-72.

FIGURB B-7. ESSA-9 ~atelLLte view o~ Tkop.ic&
Cytione 25-72, 20 Sepakrnbet 1972.
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.1. . + 4-

86 8;
14

+

21

13+ 19 0

1S/062

12+

1806Z

L812Z

18182

1900Z

19062

19122

19182

1COOL

20062

20112

20!82

21002

b 65

3 65

3 65

5 65

3 >0

L 70

3
70

2
70

2
70
65

: 65
70 /-”

+
, rm-

. ..,.,

“’vi
AL-J---

FIGURE B-9. NOAA-2 digitized moha.ie06 TaopLcaZ
Cgc.Lone31-72, 20 Novembevt1972.
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APPENDIX

ABBREVIATIONS AND DEFINITIONS

The following abbreviationsand defini-
tions apply for the purposes of this report.

1. ABBREVIATIONS

AJTWC

APT

ATS

CINCPAC

CINCPACAF

CINCPACFLT

DAPP

EPRF

NEDN

NESS

NWS/NOAA

PACOM

SLP (MSLP)

TCRC

2. DEFINITIONS

Alternate Joint Typhoon
Warning Center (Asian
Tactical Forecast Center,
Fuchu, Japan)

Automatic Picture Trans-
mission

Applications Technology
Satellite

Commander in Chief, Pacific

Commander in Chief, Pacific
.AirForces

Commander in Chief, Pacific
Fleet

Data Acquisition and
Processing Program

Environmental Prediction
Research Facility (Naval
Postgraduate School,
Monterey, California)

Naval EnvironmentalData
Network

National Environmental
Satellite Service (Suitland,
Maryland)

National Weather Service,
National Oceanic and
Atmospheric Administration

Pacific Command

Sea Level Pressure
(Minimum Sea Level Pressure)

Tropical Cyclone Reconnais-
sance Coordinator

CYCLONE - An atmospheric closed circu-
lation rotating counterclockwisein the
northern hemisphere.

TROPICAL CYCLONE - A non-frontal cyclone
of synoptic scale, developing over tropical
or sub-tropicalwaters and having a definite
organized circulation and warm core.

TROPICAL DEPRESSION - A tropical cyclone
in which the maximum sustained surface wind
is 33 kt or less.

TYPHOON/HURRICANE - A tropical cyclone
with max~mum sustained surface wind s~eeds
64 kt or greater. West of 180 degree;
longitude the name TYPHOON is used and east
of 180 degrees longitude the name HURRICANE
is used. All descriptive references to
typhoons apply equally to hurricanes.

SUPER TYPHOOK - A typhoon with maximum
sustained winds greater than or equal to
130 kt.

TROPICAL DISTURBANCE - A discrete sys-
tem of apparently organized convection,
generally 100 to 300 miles in diameter
originating in the tropics or spb-tropics,
having a non-frontal migratory character
and having maintained its identity for 24
hours or more. It may or may not be as-
sociated with a detectableperturbation on
the wind field. AS such, it is the basic
generic designation which, in successive
stages of intensification,may be subse-
quently classified as a tropical depres-
sion, tropical storm or typhoon.

EYE/CENTER - EYE refers to the roughly
circular central area of a well-developed
tropical cyclone usually characterizedby
comparatively light winds and fair weather.
If more than half surrounded by wall cloud,
the word EYE is used; otherwise, the area
is referred to as a CENTER.

WALL CLOUD - A densely organized,
roughly circular structure of cumuliform
clouds completely or partially surrounding
the eye or center of a tropical cyclone.

MAX1}lUMSUSTAINED WIND - Highest sur-
face wind speed O* a cyclone averaged over
a one minute period of time.

EXTRATROPICAL - A tern used in warnings
and tropical summaries to indicate that a
cyclone has lost its “tropical character-
istics”. The term implies both poleward
displacement from the tropics and the con-
version of the cyclone’s dominant energy
source from latent heat of condensation
release to baroclinic processes.

TROPICAL CYCLONE RECONNAISSANCE COORDI-
NATOR - ~ eslg-
nated to levy tropical-cycloneweather ‘
reconnaissance requirements on CINCPACFLT
and CINCPACAF reconnaissanceunits within
a designated area of PACOM and to function
as a coordinator between CINCPACAF, weather
reconnaissanceunits, and JTWC.

TROPICAL S’I’OR!-f- A tropical cyclone
with maximum sustained surface winds in the
range 34 to 63 kt inclusive.
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DISTRIBUTION

AFGWC (2)
AMEMBASSY BANGKOK (RED) (1)
BUR OF l.lET,AUST (1)
CACSF SEVENTHFLT (1)
CAF SEVENTHFLT (1)
CASWG THREE SEViNTHFLT (1)
CATH UNIV OF AMERICA (2)
CENWEABUR TAIWAN (1)
cGF!iFSEVENTHFLT ~lj
CHIEF, MAAG TAIWM (3)
CHINESE AF WEACEN TAIiVAN(3)
CHINESE NAV WEACEN TAIWAN (2)
CINCPAC (4)
CINCPACAF ‘fll
CINCPACFLT’(~)
CINCUSARPAC [2)
cIvIL DEFENSIi{GUAM) (3)
CLSF SEVENTHFLT (1)
CNO (2)
COLORADO STATE UNIV (LIBR) (1)
COMCRUDESPAC (1)
COMINFLOT ONE [1)
COMNAVFACENGCOtiPACDIV(1)
COMNAVMARIANAS (1)
COMNAVWEASERVCOM ilO)
COMPHIBPAC (2) ‘ “
COMSEVENTHFLT (1)
COMSC (1)
COMTHIRDFLT (1)
COMUSNAVFORJAPAN (1)
COMUSNAVPHIL (1)
CPF SEVENTHFLT ‘(l)
CSG SEVENTHFLT (1)
CSSF SEVENTHFLT (11

DIR OF’ME”rSAIGON (1)
ECAFE (2)
EDS (D54i (1)
ENVPREDRSCHF~C (2)
FAA (CERAP) (2)
FLENUMWEACEN (1)
FLEWEACEN NORFOLK (1)
FLEWEACEN PEARL HARBOR (1)
FLEWEACEN ROTA (1)
FLEWEAFAC SUITLAND (1)
GEN MET DEPT THAILAND [1)
HQ AWS (3)
HQ 1ST MARINE ACFT WG (2)

H@,lWWG (?@j
HQ 3 WWG [1)
HQ 9WRWG (2)
INDIA MET DEPT (1)
JAPAN IIETAGENCY (1)
LIBR OF CONGRESS [2)
LIBR OF CONGRESS (EXCHANGE & GIFT DIv) (4)
LOS ANGELES PUBL LIBR (1)
}.[CASIWAKUN1 (2)
MCAS KANEOHE BAY (2)
MUDEFASSTOFFICEJAPAN (1)
NATWEASERV PACREG (2)
NAVAL ACADEMY (1) ‘ “
NAVOCEANO (2)
NAVPGSCOL (DEPT OF MET) (2)
NAVPGSCOL (LIBR) (1) - ‘ “
NAVWEASERVFACALfOIEDA(1)
NAVWEASERVFAC JACKSONVILLE (1)
NAVWEASERVFAC SAN DIEGO (1). .
NESS SUITLAND (2)
NHRL (2)
NWSED
NWSED
NWSED
NWSED
NWSED
NWSED
NWSED

ASHEVILLE [2)
ATSUGI (l)’ ‘
BARBERS POINT (1)
CUBI POINT (2)
IWAKUNI (l)’ ‘
NAHA (1)
YOKOSUKA (2)

NWSFO HONOLULU ~lj
ODDR&E (1)
OL A. 10WSO [1)
OL B; lWWG (4)’
ROYAL OBSERVATORY (3)
TEXAS A~M (2)
TTPI (1)
TYPHOON COMMITTEE SECRETARIAT
UNIV OF GUAM [1)
UNIV OF HAWAIi ‘(DEPTMET) (1)
UNIV OF HAWAII (LIBR) (1)
UNIV OF MEXICO (1)
UNIV OF PI (1)
VQ-1 [1)
WEA BUR”RP (3)
WEARECONRON’FOUR (1)
20WSQ (12)
53WRS (2)
54WRS ~10)
55WRS [1)

(1)

3345TH-TECH SCHOOL (2)
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EDGE INDEX 1
HOW TO USE THE EDGE INDEX

m Bend the book nearly double
---- and hold it in your right hand
.-

. -. as shown.
s-

Locate the listing you want
in the Edge Index.

Match up the 1 or 2 line synr.
M next to the listing you
have selected with the car.
responding1 or 2 dot symbol
on the page edge,
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ANNEX A
Summary of Tropical Cyclones
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