CHAPTER IV —  SUMMARY OF TROPICAL CYCLONES

1.  GENERAL RESUME cyclones developed, with 12 of these reach-
ing typhoon intensity. Additionally, warn-
ings were issued on two numbered tropical

depressions. Typhoon frequency in 1973 was
significantly lower than the yearly average

The western North Pacific remained
quiescent for the first six months of 1973
before the first tropical cyclone devel-

oped. Since World War II, only in 1952, of 19 since the establishment of the JTWC
when_flve months passed Wlthout a single in 1959. Only 1969 and 1970 experienced a
tropical cyclone, has this area experienced similar low frequency of typhoons during
such a late start of the tropical cyclone this period (Table 4-2).
season (Table 4-1). According to statis-
tics compiled by the Royal Observatory of In 1973, warnings were issued on only
Hong Kong, this dearth of tyopical cyclone 77 calendar days, approximately one half
activity during the first six months of of the 14-year average of 145 days. The
the year has not occurred since 1917, JTWC remained in warning status 62 days
Interestingly, on the average, five less in 1973 than in 1972, an active
tropical cyclones form during the first tropical cyclone year.
six months of the year of which three
became typhoons. Typhoon days for 1973 dipped to a
i record low of 42 compared to 121 in 1972

The development of Tropical Storm (Table 4-3). Based on the past 15 years,
Wilda on 1 July marked the beginning of 1973 was 54 days below the average and 20
the 1973 season. Within a span of 5 days below 1969 the next lowest. These
months, a total of only 21 named tropical facts indicate that there was not only a

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

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1945 0 0 0 1 1 2 5 7 6 1 3 0 26
1946 0 0 1 0 1 2 3 2 3 1 2 0 15
1947 0 0 1 0 1 1 3 3 5 6 6 1 27
1948 1 0 0 0 2 2 2 5 5 4 3 2 26
1949 1 0 0 0 0 1 5 3 6 1 3 2 22
1950 0 0 0 0 1 2 3 2 3 3 3 1 18
1951 0. 0 1 2z 1 1 1 2 2 4 1 2 17
1952 0 0 0 0 0 3 3 4 5 6 3 4 28
1953 0 1 0 0 1 2 2 6 3 4 3 1 23
1954 0 ] 1 0 1 0 1 6 4. 3 3 0 19
1955 1 0 1 1 0 1 6 3 3 4 1 1 22
1956 0 0 1 2 0 1 2 5 5 2 3 1 22
1957 2 0 0 1 1 1 1 3 5 4 3 0 21
1958 1 0 0 0 1 3 5 3 3 3 2 1 22
1959 0 1 1 1 0 0 3 6 6 4 2 2 26
1960 0 0 0 1 1 3 3 10 3 4 1 1 27
1961 1 1 1 1 3 2 5 4 6 5 1 1 31
1962 0 1 0 1 2 0 6 7 3 5 3 2 30
1963 0 0 0 1 1 3 4 3 5 5 0 3 25
1964 0 0 0 0 2 2 7 9 7 6 6 1 40
1965 2 2 1 1 2 3 5 6 7 2 2 1 34
1966 0 0 0 1 2 1 5 8 7 3 2 1 30
1967 1 0- 2 1 1 1 6 8 7 4 3 1 35
1968 0 0 0 1 i 1 3 8 3 6 4 0 27
1969 1 0 1 1 0 0 3 4 3 3 2 1 19
1970 0 1 0 0 0 2 2 6 4 5 4 0 24
1971 1 0 1 3 4 2 8 4 6 4 2 0 35
1972 1 0 0 0 1 3 6 5 4 5 2 3 30
1973 0 0 0 0 ] g 7 5 2 4 3 0 21
Totals 13 7 13 20 31 45 115 147 131 111 76 33 742
Average .45 .24 .45 .69 1.07 1.55 3.97 5.07 4.52 3.83 2.62 1.14 25.59
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AND YEARS

JAN FEB MAR APR MAY JUN

1945 0 0 U] 0 i] 1
1946 0 0 1 0 1 1
1947 0 0 0 0 1 1
1948 1 0 0 0 2 0
1949 1 0 0 0 0 1
1950 0 1] 0 0 1 1
1951 0 0 1 2 1 1
1952 0 0 0 0 0 3
1953 0 1 0 0 1 1
1954 0 0 0 0 1 0
1955 1 0 1 1 0 1
1956 0 0 1 1 0 0
1957 1 0 0 1 1 1
1958 1 0 0 0 1 3
1959 0 0 0 1 0 0
1960 0 0 0 1 0 2
1961 0 0 1 0 2 1
1962 0 0 0 1 2 0
1963 0 0 0 1 1 2
1964 0 0 0 0 2 2
1965 1 0 0 1 2 2
1966 0 0 0 1 2 1
1967 0 0 1 1 0 1
1968 0 0 0 1 1 1
1969 1 0 0 1 1] 0
1970 0 1 0 0 0 1
1971 0 0 0 3 1 2
1972 1 0 0 0 1 1
1973 0 0 0 1] 0 0
Totals 8 2 6 17 24 31
Avg .28 .07 .21 .59 .83 1.07

. TABLE 4-2. FREQUENCY OF TROPICAL STORMS REACHING TYPHOON INTENSITY BY MONTHS

JUL AUG SEP OCT NOV DEC TOTAL
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short period of typhoon activity (July to
October) but also the short duration of
typhoons notably in August and September.
The number of warnings issued totaled only
390 which is 55% of the average over the
past 15 years. 1971 and 1972 could be con-
sidered "normal" years compared to 1973
since they were only slightly above the
average with total number of warnings of
747 and 739, respectively. 1973 was not
without multiple storm occurrences with 27
days with two or more cyclones and 9 days
with three or more cyclones occurring
simultaneously (Table 4-4).

There were only three super typhoons
during 1973, Billie, Nora, and Patsy,
which is half of the climatological mean of
six based on the past 15 years. This is
not surprising since most of the tropical
cyclones developed outside of the favorable
areas for super typhoon occurrence delin-
eated by Holliday (1970).

The 1973 season was marked by another
peculiarity. There was a pronounced ab-
sence of tropical cyclone activity in the
area south of 20°N and east of 135°E which
is normally a favorable area for tropical

12

cyclone development. Except for brief
periods during the summer months, the east-
ward extension of the monsoon trough over
the western North Pacific Ocean was notice-
ably missing. It was not until the latter
half of the season that the monsoon trough
became firmly established in the area to
the south of Guam when 3 successive ty-
phoons were spawned during the first half
of October.

The Tropical Upper Tropospheric Trough
(TUTT) was well established by mid-May. It
initiated the development of Tropical Storm
Clara in July and Tropical Storm Hope and
Tropical Depression No. 11 in August. Al-
though 'the TUTT was in evidence throughout
the typhoon season, the near-equatorial
ridge which normally forms to the south of
the TUTT was absent except for brief peri-
ods. Consequently, upper level westerlies
prevailed over the Caroline and Marshall
Islands, an area which would normally be
under deep tropospheric easterlies during
the primary tropical cyclone season. The
resulting strong vertical wind shear over
the eastern Trust Territory was unfavorable
for tropical cyclone development.



TABLE 4-3. TYPHOON DAYS 1959-1973

TOTAL
PER

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC YEAR
195§ --- =--- --- ~§ =-- T-- "3 18 195 TI8F To 18 9%
1960 --- --- ~--- 2 --- 10 13  36* --- 23%* 2% 12 08
1961 --- --- 8 --- 8 2 10* 15 23* 17* 6 6 95
1962 === --- --- 7 4 --- 14% 37% g 30% 19% --- 119
1963  --- =--- -=- 4 5 15 11  23* 14% 24*% --- 11 107
1964  --- === === -=-- 7 5% 22% 1g* 28* 14 11* § 111
1965 2 --- --- 2 5 12% 19%* 23* 25% 14 6 --- 108
1966  --- =-- --- 5 11 6 7% 16* 23* 11 4 3 86
1967 --- --- 2 7 --- 4 14%* 10 32* 21* 21* --- 111
1968 --- --- --- 6 1 7 6 8 32% 19 18% --- 97
1969 5 --- =--- 5 --- --- 8 6 10 18 10* --- 62
1970 --- 5 === === === 2 5 24% 16 21* 6 --- 79
1971  --- --- --- 4 13% 8 20% 27* 21* 11 7 --- 111
1972 2 --- --- --- 1 6 39% 16 16* 21 9 11 121
1973 -= == === mmm ee- --- 11% 7% 4 20%  --- --- 42
TOTAL 9 5 10 50 55 77 202 284 271 282 128 67 1441
MEAN .6 .3 .7 4.0 3.7 5.1 13.5 18.9 18.1 18.8 8.6 4.5 96.1

*Two typhoons occurring on the

same day are counted as two typhoon days.

TABLE 4-4, SUMMARY OF JTWC WARNINGS 1969-1973

TOTAL NUMBER OF WARNINGS
CALENDAR DAYS OF WARNING

NUMBER OF WARNING DAYS
WITH TWO OR MORE CYCLONES

NUMBER OF WARNINGS DAYS
WITH THREE OR MORE CYCLONES

1960-1973
(AVG) 1970 1971 1972 1973
707 533 747 739 390
146 127, 163 139 77
52 29 54 46 27
12 0 6 13 9
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Based on available casualty reports,
typhoons Nora and Ruth and treopical storms
Sarah and Vera accounted for the majority
of the tropical cyclone related casualties.
Taiwan, South Vietnam, and the Republic of
the Philippines bore the brunt of the storm
damages and casualties. The Republic of the
Philippines was again, as in 1972, partic-
ularly hard hit by the passage of Nora,
Ruth, and Vera. The main Japanese islands,
interestingly, did not experience coastal
crossing of a typhoon during 1973 which is
a first according to available records
since 1945.

Much of the pertinent meteorological
data and tropical cyclone damage statis-
tics in this chapter were based on infor-
mation received from the following

sources: Weather Bureau of the Republic of
China; Royal Observatory of Hong Kong;

Japan Meteorological Agency; National
Weather Service of the Republic of the
Philippines; the Envirommental Data Service,
National Oceanic and Atmospheric Adminis-
tration and Casualty Returns, Liverpool
Underwriters Association.

TABLE 4-5. LIST OF ESTIMATED CASUALTIES
FOR THE 1973 SEASON

TYPE NAME DEATHS MISSING

T DOT 1 --
T IRIS 2 3
T NORA 22 48
T RUTH 27 23
TS SARAH 50 --
TS VERA 75 58

total 177 132

NOTE: Only cyclones for which data

are available are listed.

TABLE 4-6. 1973 TROPICAL CYCLONES

**Qverlapping days included
+ Over water estimate (one-minute averaging period)

DATA TAKEN FROM BEST TRACK

CALENDAR MAX MIN WARNINGS ' ISSUED
DAYS OF SFC OBS NO.AS DISTANCE
CYCLONE TYPE NAME (PRD OF WRNG) WARNING WIND+ SLP TOTAL TYPHOONS TRAVELED
01 TS WILDA 01 JUL-03 JUL 3 60 982 9 -- 384
02 TY ANITA 05 JUL-08 JUL 4 70 980 13 6 720
03 TS CLARA 12 JUL-14 JUL 3 50 998 7 -- 324
04 TY BILLIE 13 JUL-19 JUL 7 130 916 27 18 1560
05 TY DOT * 6 85 978 19 4 1020
06 TY ELLEN * 10 105 941 29 8 1092
07 TS FRAN 29 JUL-30 JUL 2 40 1002 6 -- 330
08 TY GEORGIA 09 AUG-12 AUG 4 70 976 15 .9 504
09 TS HOPE 09 AUG-12 AUG 4 45 996 15 -~ 756
10 TY IRIS 10 AUG-17 AUG 8 85 972 30 16 1218
11 TD TD-11 13 AUG-14 AUG 2 30 1005 6 -- 270
12 TS JOAN 18 AUG-20 AUG 3 45 990 10 -- 648
13 TS KATE 24 AUG-26 AUG 2 60 983 8 -- 294
14 TD TD-14 01 SEP-02 SEP 2 30 NA 4 -- 90
15 TY LOUISE 03 SEP-07 SEP 5 75 974 18 6 816
16 TY MARGE 12 SEP-14 SEP 3 80 964 12 4 792
17 TY NORA 02 OCT-10 OCT 9 160 877 34 25 1584
18 TY OPAL 04 OCT-08 OCT 5 75 968 16 9 540
19 TY PATSY * 10 140 893 34 14 1920
20 TY RUTH 11 0CT-19 OCT 9 90 957 33 23 2112
21 TS SARAH 10 NOV-10 NOV 1 55 984 4 -- 180
22 TS THELMA * 4 55 991 13 -- 660
23 TS VERA 19 NOV-26 NOV 8 50 990 28 -- 1134
1973 TOTALS 77%* 390 142

*Dot 14/06Z - 17/06Z and 19/00Z - 20/06Z JUL .

Ellen 17/18Z - 21/06Z and 23/06Z - 25/06Z and 28/00Z - 29/06Z JUL

Patsy 06/06Z - 12/12Z and 13/12Z - 15/06Z OCT

Thelma 15/00Z - 17/06Z and 18/06Z - 18/18Z NOV

only once in sum
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2. INDIVIDUAL TYPHOONS

Anita, the season's first typhoon
developed in the monsoon trough late on 5
July under conditions quite similar to
those discussed by Ramage (1971). Several
days prior to the initial development of
Anita, the low level southwesterly flow
throughout Indochina, the Malaysian
Peninsula, and southern India increased
from an average of 10 to 20 knots to
speeds of 25 to 35 knots. The satellite
mosaic on 4 July revealed that a band of
cloudiness extending from the Arabian Sea
to the South China Sea had increased
markedly in response to the intensifying
southwesterly flow (Figure 4-1).

0f particular interest during Anita's
jinitial development were the strong winds
(25 to 30 knots) extending more than 400nm
from her center to the south with lighter
winds (10 to 15 knots) near the large and
diffuse center. These strong winds were
primarily associated with the increased
monsoon flow and not the storm itself,
since Anita had not intensified suffi-
ciently to produce the necessary pressure
gradient to support such winds. Anita
continued to exhibit this unusual wind
structure as she intensified to typhoon
strength (Figure 4-2). The USNS Washoe
County reported winds in excess of 35
knots and mountainous seas over 150nm to
the south of Anita (06/0900 GMT). Early

ANITA

on the 7th, a reconnaissance aircraft
reported Anita's sea level pressure had
dropped to 983mb with flight level and
surface winds of 50 to 80 knots within a
band 30 to 60nm from the storm center,
while winds within a 30nm radius of her
center were 30 knots or less.

The storm initially drifted northnorth-
west in response to a weakness in the
subtropical ridge to the north caused by
the remains of Tropical Storm Wilda. How-
ever, by 1200 GMT, 7 July, significant
height rises at 500mb indicated the ridge
was reforming over southern China. As a
result, Anita assumed a more westerly
track.

The USS OGDEN (LPD-5) reported eye
passage and greater than 60 knot winds
(08/0000 GMT) near 17.5N 107.4E as her
barometer registered 981lmb. The barograph
aboard the USS TRIPOLI (LPH-10) recorded
eye passage (08/0100 GMT) as the ship
steamed near 17.6N 107.2E (Figure 4-3).

A reconnaissance aircraft observed a
minimum sea level pressure of 980mb and a
well defined closed wall cloud indicating
continued intensification as the storm
neared the North Vietnamese coast(08/1010
GMT). Anita reached peak intensity of 70
knots prior to going ashore near Vinh,
North Vietnam and quickly dissipated over
land (Figure 4-4).

FIGURE 4-1.
the South China Sea.
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NOAA-2 satellite mosaic forn 3 July 1973 showing cloud band
associated with the southwest monsoon extending from the Arabian Sea to

Remnanits of Witda (A).
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the coast of the Republic of Vietnam, 7 July 1973, 0444 GMT.
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FIGURE 4-4. Typhoon Anita in the Gulf of Tonkin near peak intensity, 8§ July
1973, 0432 GMT. (DMSP imagenry)
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BILLIE

Billie, the season's first super ty-
phoon, became a tropical depression in the
western Philippine Sea some 250nm east of
Luzon on 12 July. Her early history can be
traced to the Yap-Palau area on 10 July as
a weak circulation in the monsoon trough.

Billie initially tracked westward,
gradually shifting to the northwest in res-
ponse to a long wave, mid-tropospheric
trough over eastern China. Reaching tropi-
cal storm force late on the 13th, Billie
assumed a northerly course at a speed of 7
kts.

The long wave trough remained station-
ary, influencing Billie to maintain a me-
ridional track at about 8 kts. Her center
never deviated more than 30nm either side
of 125.5E for 4 days, covering a distance
of 720nm. This steadiness in direction for
such an extended period of time sets Billie
apart from any other northward moving ty-
phoon during the period 1947-1972.

Rapid deepening occurred once typhoon
force was attained early on the 14th as
Billie's central pressure fell 50mb in 24
hours. At 15/0330 GMT, aircraft reconnais-
sance indicated that the central pressure
had dropped to 916mb within a tightly or-
ganized eye 8nm in diameter (Figure 4-5).

Billie's central pressure rose to 954mb
during the next 18 hours as she approached
the Ryukyus. Commencing an unusual second
deepening as she crossed through the island
chain, Billie's central pressure dropped to
917mb in the East China Sea (16/1154 GMT).

Billie passed just east of Miyako Jima,
where maximum sustained winds of 65 kts
with gusts to 104 kts were recorded (16/

FIGURE 4-5, Typhoon Billie (night) 7 houns prior o an
unusual second deepening 190 nm east of Talwan.

0700 GMT). The lowest pressure reading at
the Japanese Meteorological Agency Station
was 947.5mb (16/0650 GMT).

The island of Okinawa experienced gale
force winds as Billie transited northward
through the East China Sea. Naha registered
maximum sustained winds of 35 kts with gusts
to 58 kts (16/1700 GMT) while White Beach
Naval Port Facility recorded 45 kts sus-
tained with gusts to 55 kts (16/1900 GMT).
Kadena AFB reported lesser winds of 28 kts
(16/1640 GMT) with gusts of 43 kts (16/1354
GMT). Based on land radar, Billie's eye
passed 105nm west of Okinawa at 16/1800 GMT.

On the 17th, a short wave deepened the
northern portion of the long wave trough
situated in the Lake Baikal region of Si-
beria, causing increased ridging over Man-
churia and the Sea of Japan, This ridging
prevented Billie from recurving. On the
18th, Billie shifted to a northwest course
120nm southsouthwest of Cheju-do Island.
Satelliite imagery indicated drier air off
the Asian Mainland was entering Billie's
circulation at this time. She weakened
significantly during the 18th, dropping to
tropical storm strength late that day while
tracking into the Yellow Sea.

Approaching the Gulf of Chihli on the
19th, Billie acquired extratropical charac-
teristics and accelerated to a forward
speed greater than 20 kts., Billie finally
moved inland near Chin-Chow China and dis-
sipated on the 20th.

Typhoon

Dot [Leftl in the South China Sea, 16 Jufy 1973, 0416 GMT.

[DMSP imageny)
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The South China Sea spawned its second
typhoon of the 1973 season on 13 July with
the genesis of Dot. Her development was
quite similar to Anita's. A surge in the
low level southwesterlies preceded her
formation in the monsoonal trough.

Dot formed a few days after Billie.
While Billie intensified rapidly in the
Philippine Sea to dominate the synoptic
situation in the vicinity of both tropical
cyclones, Dot drifted slowly northward
remaining poorly organized (Figure 4-6).
Billie's strong mass divergence aloft
effectively blocked Dot's outflow to the
subtropical westerlies leaving a good
outflow channel only in the southwest
semicircle. This may have been a critical
factor in explaining Dot's slow rate of
intensification during the first three
days of her existence.

DOT

Late on the 15th, Dot began to increase
her rate of intensification. The United
Kingdom ship HYRIA, located 60 nautical
miles southeast of Dot's center, observed
55 knots of wind and a pressure of 989.3mb
(15/0600 GMT). She reached typhoon
strength late that evening as she acceler-
ated to a speed of 9 knots towards Hong
Kong. During this period, the separation
between Dot and Billie began to increase
and Billie had reached peak intensity and
was starting to weaken. This apparently
allowed Dot to intensify at a faster rate.

Besides intensity interaction between
Dot and Billie, both storms also experi-
enced the Fujiwhara interaction (Figure
4-7). By subtracting the steering flow
from the resultant movement of both storms
the interaction is quite pronounced (Brand,
1968). Throughout the period of the inter-
action Billie remained the stronger of the

FIGURE 4-6.

Dot

1973, 0446 GMT. [DMSP imageny)
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as a tnopical depression in the South China Sea, 14 July
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FIGURE 4-8. Dot (Left) ovenfand 70 nm nontheast of Hong Kong and Typhoon
Biklie (night) in the East China Sea, 17 July 1973, 0402 GMT. (DMSP

Limagehry)
two. As a result, Dot's resultant move- 38 others. Two freighters were beached
ment was affected much more significantly. and six others dragged anchor.

Both storms rotated 124 degrees around
the common center of rotation.

Dot reached her peak intensity of 85
knots on the 16th, about 80nm south of
Hong Kong. She passed within 12 miles of
the Royal Observatory in Hong Kong which
experienced maximum sustained winds of 32
knots with a peak gust of 76 knots. Tate's
Cairn in the Colony reported the strongest
sustained winds of 57 knots with peak
gusts of 97 knots.

Dot weakened considerably upon making
landfall on the northeastern side of Mirs
Bay (Figure 4-8). She tracked toward the
eastnortheast over eastern Kwangtung
during the night of the 17th as a low
pressure area and entered the East China
Sea near Foochow as a tropical depression
on the morning of the 18th. As Dot
approached within 120nm northnorthwest of
Okinawa, she took an abrupt change of
course due north in response to a building
ridge to the east and accelerated rapidly,
following in the wake of Billie. Dot
dissipated over the Yellow Sea on the 20th.

Damage reports from Hong Kong indi-
cated many low-lying areas in the New
Territories were flooded. Hong Kong
experienced heavy losses to garden crops,
fruit trees, livestock, and farm houses.
A landslide killed one person and injured

27
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The first indication of what was to be-
come Ellen appeared in the surface data on
15 July as an increased troughing in the
extensive convergence zone southeast of
Typhoon Billie. By 17 July, high resolu-
tion DMSP satellite imagery confirmed the
existence of a closed circulation in the
trough near 20°N 138°E (Figure 4-9).

Ellen evolved unusually far north in
the trailing convergence area of Typhoon
Billie. Furthermore, in the early stages
of development, the upper tropospheric
outflow was most obviously influenced by
the TUTT. Post-analysis of Z00mb synoptic
charts and satellite data indicates that
the formation was assisted by a small, but
pronounced, ridging induced on the east
side of a westward moving cell in the upper
tropospheric trough.

Ellen intensified rapidly, reaching
typhoon strength by the 18th. Iwo Jima
(Japanese Maritime Self Defense Force)
reported southeasterlies with maximum gust
of 44 knots as she passed to the west with-
in 165nm (19/0200 GMT). Ellen achieved
peak intensity as a reconnaissance aircraft
observed maximum winds of 105 knots and a
central pressure of 94lmb (19/0420 GMT).

During the early portion of her life,
Ellen tracked almost due north as Billie
had done. She moved to the north beneath
upper tropospheric northerly flow (35-40
knots). By late on the 19th, the strong
vertical shearing environment caused her to
deteriorate rapidly over open water (Figure

FIGURE 4-9,

Formative stages of ELLen
centered 300 nm southwest of Iwo Jima,

17 Juby 1973, 0221 GMT. [(DMSP imagenry)

ELLEN
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4-10). By the 20th, the upper level anti-
cyclone over Ellen had sheared off exposing
her low level circulation. Convective ac-
tivity at this time was confined to conver-
gence areas well south and southeast of the
center.

As a weak low-level circulation, the
remains of Ellen drifted westward under the
influence of the troughing left by Billie
and Dot and a quasi-stationary anticyclone
over the Sea of Japan, Satellite imagery
on 23 July indicated a rejuvenation of con-
vection over the circulation which then
persisted through 28 July with varying de-
grees of intensity. Reconnaissance air-
craft on 24 July confirmed the presence of
a warm core, closed circulation. As a re-
sult of the weak steering flow, Ellen's
movement was erratic during the period from
the 21st to the 28th.

On the 28th, she reintensified once
more 90nm from the south coast of Honshu.
The Japanese weather ship OJIKA and two
other ships reported winds of 30 to 35
knots around Ellen (28/0000Z). She reached
a peak of 45 knots as a shortwave trough
over the Sea of Japan caused her to move
on a northward course over south central
Japan dissipating over land on the 29th.

FIGURE 4-10. Typhoon ELen {(night) at peak

-

intensity. Dot (Left] as a tropicatl
depression, 19 July 1973, 0333 GMT. (DMSP
imageny) .
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GEORGIA

During early August, the tropical
upper tropospheric trough (TUTT) remained
to the north of and in close proximity to
the monsoon trough in the South China Sea.
As a result, Georgia's formation and sub-
sequent development cannot be easily
attributed to the monsoon trough or the
TUTT independently, but more as an inter-
action between the two. Sadler (1973)
suggests that westward moving cells in the
TUTT provide an upper level westerly out-
flow channel which enhances development of
disturbances in the monsoon trough. This
type of influence was apparent during the
development of Georgia.

Georgia reached minimum tropical storm
intensity on 9 August as she transited on
a westsouthwest course across the South
China Sea at a moderate speed. She passed
within 170nm of Hong Kong late on the 9th.
Maximum sustained winds experienced at
Hong Kong were 41 knots with a peak gust of

FIGURE 4-11.

Istand, 10 Augusit 1973, 0500 GMT.

73 knots. - Georgia reached typhoon inten-
sity on 10 August (Figure 4-11).

Maintaining her westerly track at 8
knots until early on the 11th, Georgia then
turned north in response to a weakness in
the high cell over eastern China. She made
landfall north of Hainan Island on 12
August and dissipated over China. Georgia
was the third tropical cyclone originating
in the South China Sea to reach typhoon
intensity in 1973.

g&f‘gﬁw

Typhoon Georgia in the South China Sea 140 nm east of Hainan

(DMSP imageny)
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On the 8th of August, the monsoon
trough extended 1500 nautical miles south-
east from the Luzon Strait to a position
just west of Truk with a weak surface cy-
clonic circulation imbedded in the trough
420 nautical miles north of Yap. Only 24
hours previously, its eastward extent had
been restricted to the northern part of the
South China Sea.

During the next two days, the distur-
bance drifted northwestward with little.
development. By the 10th, the disturbance
had intensified to Tropical Storm Iris.

She continued to move northward at 8 knots.

On the morning of the 11th, the complex
upper air and weak steering flow patterns
resulting from the presence of the subtrop-
ical ridge to the north and the near equa-
torial ridge to the south of Iris forced
her to remain essentially quasi-stationary
for the next 48 hours. However, she con-
tinued to intensify during this period and
by early on the 12th, developed typhoon
strength winds.

Early on the 13th, Iris began to move
toward the northeast under the influence of
the near equatorial ridge reaching her
maximum intensity of 85 knots that after-
noon (Figure 4-12).

As Hope dissipated to the east, the
subtropical ridge returned to its climato-
logical position and the near equatorial
ridge weakened. This forced Iris to alter
her course to the northwest on the 14th in

IRIS

response to the change in the steering
flow. The Japanese meteorological station
at Minami Daito Jima measured a minimum
pressure of 974.7mb during the passage of
Iris (14/0707 GMT). Approximately 11 1/2
hours (1830 GMT) after passage of the sur-
face center, the station reported peak
gusts of 63 knots out of the southwest.
She gradually weakened to minimum typhoon
intensity prior to crossing the island of
Amami O-Shima. Two fishing vessels were
reported lost in the vicinity of the island
during her passage.

After crossing the island she reinten-
sified briefly to 75 knots. By the 16th,
Iris weakened to tropical storm force and
took a more northerly course (Figure 4-13).

On the morning of the 17th, Iris began
recurving. Kunsan Air Base in the Republic
of Korea experienced maximum sustained
winds of 46 knots with a peak gust of 64
knots as Iris passed within 25nm (17/0646
GMT). She made landfall near Kaesong,
Korea about 17/0800 GMT with maximum winds
of 35 knots. Iris continued across Korea,
entering the Sea of Japan near Wonsan where
the maximum winds were still 30 knots. She
became extrotropical over the Sea of Japan
as she merged with a front moving off
Manchuria.

Initial reports from Korea indicated
two persons were killed, three missing and
hundreds were left homeless. A barge
carrying six persons sank in the sea off
Kijang - Myon, Yangsangun; 3 were rescued.

{2eft) neax
peak intensity 285 nm southeast of Oki-

FIGURE 4-12. Typhoon Inis

nawa. Remnanis of Hope [right) just o4
the coast of Honshu, 13 August 1973,
0234 GMT. [DMSP .imagery)
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FIGURE 4-13. Typhoon 1ris 165 nm south
of Chefu Do, 16 August 1973, 0332 GMT.
(DMSP imageny)
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LOUISE

Louise began as a low level circulation
in the monsoon trough first noted on 30
August in the Philippine Sea to the east of
Catanduanes Island. An organized cloud
pattern became apparent the next day but
the surface circulation remained weak. The
weak surface low drifted towards the north-
west for the next 72 hours.

By 3 September, an aircraft investiga-
tive mission reported a narrow band of 65
to 75 knot surface winds north of the low
center although the minimum sea level pres-
sure was only 998mb (03/0350 GMT). A 60
knot wind report from the United Kingdom
ship SHEAF TYNE 30nm to the north of Louise
confirmed the aircraft observation, Satel-
lite imagery at approximately the same time
showed Louise to be poorly organized. The
near-typhoon force winds appear to have
been a transitory phenomenon induced by the
channeling effect of the Luzon Strait. By
the evening of the 3rd, a reconnaissance

aircraft reported maximum winds of only 40
knots as Loulse entered the South China Sea.

On the 4th, Louise had become a better
organized tropical storm well on her way to
becoming a typhoon (Figure 4-14). The mid-
tropospheric ridge to the north of Louise
kept her on a westerly course at 10 kts
across the South China Sea.

She passed 150nm to the south of Hong
Kong late on the 5th just as she reached
peak intensity of 75 kts. Throughout her
life, Louise remained a relatively small
typhoon. Louise crossed the Luichow Penin-
sula during the night of the 6th. Eighteen
hours later she made landfall and dissi-
pated rapidly over North Vietnam.

FIGURE 4-14.
0401 GMT.
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Tropical Stomm Loudise 105 nm nonthwest of Luzon, 4 Septemben 1973,
(DMSP imageny)
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MARGE

Marge entered the South China Sea on
12 September as a tropical depression, af-
ter crossing northern Luzon (Figure 4-15).
She quickly developed to tropical storm
strength 125 nm northwest of Cape Bolinao.
The early stages of Marge can be traced to
a weak circulation in the monsoon trough
appearing on the synoptic surface analysis
750 miles eastsoutheast of iuzon (08/0000
GMT). This system tracked westward during
the next four days as it accelerated to a
speed of 11 to 12 knots before making land-
fall on northern Luzon.

A narrow, mid-tropospheric, subtropical

ridge was positioned over southern China

as Marge emerged into the South China Sea.
Little change in intensity or orientation
of the ridge occurred during the next few
days, dictating a westerly course which
eventually caused Marge to strike North
Vietnam 2 1/2 days later.

Maintaining a forward speed of 11
knots, Marge intensified steadily after
entering the open waters of the South Chi-
na Sea, reaching typhoon force as she

passed 200 nm south of Hong Kong on the
morning of the 13th (Figure 4-16). The
minimum measured central pressure by air-
craft reconnaissance, prior to the typhoon
crossing the no-fly line, was 964 mb early
in the evening of 13 September.

Striking central Hainan Island early
on the morning of the 14th with sustained
winds estimated near 80 knots, Marge
emerged into the Gulf of Tonkin with trop-
ical storm force some 12 hours later.
Eventual landfall was made 60 nm north of
Vinh, North Vietnam during the early morn-
ing hours of the 15th. Subsecquently,
Marge dissipated rapidly inland over the
highlands of Laos.

One interesting feature of Marge during
her transit of the South China Sea was her
small size. Similar to Louise, as a ty-
phoon, her circulation did not appear to
exceed 150 miles in diameter as evidenced
by ship and aircraft reconnaissance data.
Typhoon strength winds were probably con-
fined to the wall cloud region.

Marge as a tropical de-
pression 20 nm west of Luzon, 11 Sep-

FIGURE 4-15.

tember 1973, 2347 GMT. (DMSP imageny)
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FIGURE 4-16. Tnopical Stoam Marge nean
typhoon strength 225 nm south of Hong
Kong, 13 September 1973, 0106 GMT.
[DMSP imagery)
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A weak surface low formed in the mon-
soon trough, 120 miles south of Yap, on 30
September, and drifted northwest for the
next two days. By the evenin% of 2 Octo-+
ber, the tropical disturbancehad intensi-
fied to Tropical Storm Nora. Reconnais-
sance aircraft reported maximum flight
level winds of 45 kts and a minimum sea
level pressure of 987 mb.

Nora continued a gradual intensifica-
tion until early on the afterncon of the
5th when her winds exceeded 100 kts.
During the next 20 hours, as she moved
westward at 9 kts toward the Republic of
the Philippines, Nora's central pressure
plummeted 66mb to 877mb with maximum sur-
face winds of 160 kts (Figure 4-17). Her

NORA

central pressure ranked among the lowest on
record (Jordonm, 1961).

On the evening of the 6th, the high re-
solution DMSP infrared imagery revealed the
typical anticyclonic outflow pattern in the
cirrus, The infrared data was then "thresh-
holded" to display only the colder portion
of the infrared spectrum sensed by the ra-
diometer (Figure 4-18). It revealed what
appeared to be a tightly wound band spi-
raling out from the eye wall. Nora was a
super typhoon at this time with estimated
maximum winds of 140 kts.

When Nora was 225 miles east of Manila
on the morning of the 6th, she took a more
northwesterly track in response to an

FIGURE 4-17.
04 Catanduanes lsland.

Formative stages of
cinculation centen exposed, 5 Octoben 1973, 2312 GMT.
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Super Typhoon Nora {Left) at peak intensity 200 nm eastnontheast

Patsy (night) with Low Level
{DMSP imageny)



FIGURE 4-18., Thrnesholded ingrared imageny of Nora displaying onfy zthe
colden portion of the infrnaned spectrum sended by the radiometenr,
6 Octoben 1973, 1153 GMT. (DMSP .imagery)

approaching shortwave trough over China.
Nora skirted the northeast tip of Luzon
with maximum sustained winds of 100 kts and
weakening.

As she transited the Luzon Strait on
the 8th a dramatic rescue operation was oc-
curring in the Taiwan Strait. In thirty
foot seas and 50 kt winds, the Missile Frig-
ate USS WORDEN rescued seven fishermen a-
board the Taiwanese fishing vessel JAI TAI
NR3 from the approaching typhoon. One
Taiwanese crewman was lost at sea. The
fishing vessel had been floundering in
heavy seas with the forward section split
lengthwise (Figure 4-19).

Nora passed within 60nm of Kachsiung,
Taiwan as she accelerated to a speed of 12
kts toward the northwest. She made land-
fall near Amoy in southern China on the
morning of the 10th and degenerated into a
low pressure area.

Luzon in the Republic of the Philip-
pines suffered considerable damage. It was
reported that 6 persons were killed and o-
ver a hundred thousand people were left
homeless. Estimates of over $2 million in
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damage to crops, public and private proper
ty were reported. A Philippine freighter
ASTIAN MARINER was reported sunk by Typhoon
Nora in the Taiwan Straits. All 38 crew
members were rescued. The Greek freighter
BALTIC KLIF was also capsized and sunk by
Nora some 80nm southwest of the Pescadores.
Three of the crew were drowned with several
missing and presumed lost. Taiwan also
suffered extensive damage from Nora.

Twelve persons were reported dead and 28
unaccounted for. Nearly 8,000 people were

left homeless with Nora destroying over a o
thousand houses and damaging hundreds of
others.



184

e , e RRE o e,

FIGURE 4-19. Fishing trhawlen JAL TAI NR.3 {Loundering in high winds and heavy seas
genenated by Typhoon Norna. -- U.S. Navy photo
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OPAL

Opal formed in an active monsoon trough
in the South China Sea. The first evidence
of a weak surface low appeared in the trough
on the 1st of October. However, it wasn't
until late on the 3rd that significant
cloudiness associated with the incipient
storm became apparent.

Early on 4 October, Opal reached minimal
tropical storm intensity about 75 nm north-
west of Nanshan Island. She moved to the
northwest at 6 to 7 knots in response to
the high pressure cell over eastern China.
By the 5th, she had developed typhoon
strength winds (Figure 4-20).

On the morning of the 6th, Opal abrupt-
1y changed her course and moved northeast-
ward. She remained on this course for the
next 12 hours before resuming a westnorth-
westerly heading. A reasonable explanation
for the temporary eastward movement may

.rest in a Fujiwhara interaction with typhoon
Nora. Nora was positioned in the Philippine
Sea about 750 nautical miles from Opal and

reached maximum intensity almost coinciden-
tly with the eastward shift in Opal. Also,
Nora turned to a more northerly track at
this time. Brand (1968) reports a maximum
distance for interaction of about 750 nau-
tical miles. He demonstrates that the angu-
larchange rate of a line connecting the
storms at this distance should be very
small, only 3 degrees per 12 hours. The
actual change was somewhat smaller, indi-
cating the weakness of the interaction. The
short period of the interaction may be due
to the terrain effects of the intervening
Republic of the Philippines, among other
factors, as Brand suggests that the binary
rotation is due to the circulation of the
inflow layer which occupies only the lowest
few thousand feet.

to 75 knots were
and early on the

Maximum winds of 70
observed during the 6th
7th as Opal resumed her westnorthwest move-
ment. Opal moved ashore north of Qui Nhon,
Republic of Vietnam late on 7 October and
rapidly dissipated.

FIGURE 4-20.
southeast of Qui Nhon,
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Tropical Storm Opal in the South China Sea 225 nm
5 Qctoben 1973,

0458 GMT. [DMSP imagenry)
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PATSY

A weak disturbance formed in the mon-
soon trough 300nm south of Guam on the 3rd
of October. The weak vortex drifted west-
ward in the wake of Nora. Until the 6th,
it underwent only minor development due to
the strong vertical shear caused by Nora's
vigarous upper tropospheric outflow. Re-
connaissance aircraft, investigating the
disturbance on that day, reported maximum
surface winds of 35 kts, heralding the ar-
rival of Tropical Storm Patsy.

For the next two days she followed a
westnorthwest course at 6-8 kts under the
influence of the steering flow of the mid-
tropospheric ridge to the north. Patsy was
characteristically a small storm throughout
her life. By the 8th she had developed
typhoon force winds as she began to accel-
erate to a speed of 10-12 kts.

A reconnaissance aircraft reported that
Patsy had rapidly intensified into a super
typhoon with estimated maximum surface winds
of 150 kts and a central pressure of 893mb
(10/0020 GMT). Her central pressure had
dropped 57mb in a span of 22 hours (Figure
4-21).

Patsy continued unerringly toward the
northern tip of Luzon as she began to
weaken late on the 10th. Interestingly, on

5
o # *

FIGURE 4-21. Super Typhoon Patsy
(rnight) at peak intensity. Typhoon
Nora [(Left) in the Talwan Strait, 9
Octoben 1973, 2341 GMT. (DMSP imagenry!
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the evening of the 11th, DMSP satellite
imagery revealed that Patsy's low level
circulation had separated from the upper
level portion of the cyclone (Figure 4-22).
The low level portion took a more northwest-
erly course and weakened to a tropical dis-
turbance as it crossed the southern Luzon
Strait. Meanwhile, a radar site in the
Republic of the Philippines continued to
follow the upper level cloudiness as it
tracked due west towards Luzon. A similar
situation occured with Susan in 1972,

The upper level circulation drifted over
Luzon and out into the South China Sea. It
apparently became superimposed over a low
level vortex that had been situated in the
South China Sea for several days. This
system developed to tropical storm intensity
as it passed to the north of the Paracel
Islands. It weakened to a tropical depres-
sion just prior to making landfall in the
Republic of Vietnam.

Patsy was the 3rd and final super ty-
phoon of the year. She was only the 2nd
storm to form in the western Caroline Is-
lands area in the 1973 season.

R TN ]
FIGURE 4-22. Moonlight visual of
Tropical Stoam Patsy. Spinal cumufus
patiern depicts the Low Level cireula-
tion with the cinnus canopy displaced
to the southwest, 11 Octoben 1973,
1613 GMT. = {DMSP imagery)
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The formative stage of Ruth appeared
early on 10 October as a weak circulation
in the monsoon trough in the western Caro-
line Islands. By the 1lth, an area of en-
hanced convective activity associated with
the cyclonic circulation became evident
from satellite imagery. Ship reports on’
the afternoon of the 11th located Tropical
Storm Ruth about 250nm westsouthwest of
Guam with maximum winds of 35 kts.

Ruth followed 3 days behind Patsy. She
tracked approximately 120nm to the south of
but parallel to Patsy's track across the
Philippine Sea.
that although Patsy intensified rapidly to
super typhoon strength, Ruth developed
slowly and reached typhoon intensity three
days after she became a tropical storm.
(Figure 4-23). The satellite data for this
period showed little or no convective acti-
vity on the north side of Ruth. The strong
upper tropospheric northeast flow from the
subtropical ridge may have contributed to
suppressing the outflow from Ruth on the
north side and thereby inhibiting her
development.

She continued her westerly movement
with slow intensification until landfall on
Luzon on the 15th, with maximum sustained
wind speeds of 85 kts. Rapid weakening
then occurred as the low level inflow was
disrupted by terrain effects. Her maximum
sustained wind had decreased to 50 kts by
the time she reached central Luzon.

Ruth passed 42 miles north of Clark

AB 1late on the night of the 15th where

It is interesting to note

RUTH

maximum sustained winds of 30 kts and peak
gusts of 43 kts were recorded. Only minor
damage was reported at Clark AB. Baler
recorded maximum peak gust of 95 kts from
the north (15/1355 GMT) while Casiguran 50
nm further north on the coast experienced a
gust to 98 kts three hours later (15/1700
GMT).

On the 16th Ruth entered the South
China Sea and tracked westward toward the
Paracel Islands, still under the steering
influence of the subtropical ridge (Figure
4-24). A Japanese ship IDEMITSU MARU re-
ported 50 kts of wind and a surface pres-
sure of 995mb as she passed 90nm northwest
of Ruth (16/0000 GMT). She reintensified
on her sojourn across the South China Sea
reaching a maximum intensity of 90 kts on
the afternoon of the 17th just east of the
Paracels. Shortly after attaining her max-
imum intemsity, Ruth turned to a northwest-
erly course in response to a weakness in
the subtropical ridge. She then crossed
Hainan Island and entered the Tonkin Gulf
with maximum sustained winds of 50 kts.
Ruth continued to weaken rapidly as upper
tropospheric support waned, and dissipated
completely as she moved inland along the
North Vietnam coast on the afternoon of the
19th.

Damage reports indicate that while Ruth
was crossing Luzon, 27 people were killed,
30 people were injured and 23 people were
missing. Property damage amounted to more
than five million dollars (U.S.) with thou-
sands of homes destroyed.

FIGURE 4-23. Thropical Storm Ruth in
the Philippine Sea 225 nm east of
Catanduanes Island, 14 Octobern 1973,
0009 GMT. (DMSP imagery)
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FIGURE 4-24,
reintensifying aften cnossing Luzon,

Tropical Stoam Ruth

16 October 1973, 0359 GMT.
Amagenry)

[ous?P



3. TROPICAL CYCLONE CENTER FIX DATA

a. DISCUSSION OF DATA:

Fix data from all sources are in-
¢luded for each tropical cyclone. The
first four columns of the print-out list
the same information regardless of platform.

FIX NO.- Fixes are numbered
sequentially.

TIME - GMT time in day, hour,
and minutes of fix.

POSIT - Position of the storm
in degrees and tenths.

FIX CAT- Fix platform used

(SAT - satellite, P -
penetration, LRDR -
land radar, AC R -
aircraft radar, SRDR -
ship radar, CPA - sta-
tion experiencing cen-
ter passage, SCF -
synoptic chart fix).

The format of the remainder of the
print-out varies with the platform.

(1) SATELLITE - These data were de-
rived from bulletins received from
FLEWEAFAC .and NESS Suitland, Maryland (NOAA-
2), the APT site at U-Tapao, Thailand (ESSA-
8), or DMSP (formerly DAPP) data from vari-
ous sites (Chapter II). Intensity esti-
mates {(when available) are listed using the
NESS classification system (NOAA Technical
Memorandum NESS 45). If the source were
DMSP (DAPP) data, the PCN (Position Code
Number) appears followed by the name DMSP.
If the platform were NOAA-2 or ESSA-8, that
name will appear after the intensity infor-
mation along with the site name and loca-
tion confidence number (NOAA-2 only), (NHOP,
1973). NOAA-2 fixes without a site name
will be assumed to be FLEWEAFAC Suitland
fixes.

(2) RADAR - The latitude and longi-
tude of land-based radars are given in the
POSIT OF RADAR column. The position of mo-
bile radar platforms are included if avail-
able. Plain language remarks appear after
AC&W radar reports regarding tropical cy-
clone characteristics, size, and accuracy
of fix (CINCPACINST 3140.1L, 1973). All
other land radar reports contain a 5-digit
code group identical to the WMO radar code
for reporting tropical cyclone characteris-
tics as regards to size, development, and
accuracy of location of the center or the
eye. A list of land-based radars providing
data in the fix print-out is given in Table
4-7,

(3) CPA - If a station experiences
center passage, maximum surface wind ob-
served and minimum sea level pressure re-
corded are listed.

(4) SCF - If synoptic data is dense
and consistent enough to provide accurate
fix information, the derived storm position
is listed. Maximum surface wind and mini-
mum sea level pressure values are included,
if possible.

(5) AIRCRAFT PENETRATION - These
data were normally obtained at scheduled
fix times. Additional reconnaissance air-
craft fixes are made during the peripheral
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data gathering legs between scheduled
fixes. These fixes normally provide date,
time, and position data only.

The categories containing information
from reconnaissance aircraft fixes are:

(a) ACCRY (Accuracy)

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

(b) FIX LVL (Fix 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) MAX OBS 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 ob-
taining a scheduled fix. This measurement
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 observed
may be significantly lower than the true
maximum wind in the circulation (i.e., pene-
;?agion through weak semicircle on first

ix).

A limitation of the doppler
radar system occasionally prevents the
measurement of the maximum wind in intense
typhoons. In areas of heavy rainfall, the
radar may track energy reflected from pre-
cipitation rather than the sea surface, pre-
venting accurate wind measurement. Also,
the doppler radar mount on the WC-130 re-
stricts wind measurements to drift angles
<27° if wind is normal to heading of air-
craft.

(d) MAX OBS SFC WND

The maximum surface wind

(kt) observed from flight level is entered
in this column. The observation is an es-
timate 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 category. In addition,
availability of these data is dependent on
the absence of undercast conditions. The
position relative to the vortex center of
items (c) and (d) need not coincide.

() OBS MIN 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.



(£) MIN 700 MB HT

The minimum height of the 700mb
surface in the vortex center is recorded
in decameters.

(g) FLT LVL T, /T,

This denotes maximum temperature
measured in the center (Tj) and ambient
temperature outside the center (Ty). Am-
bient 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 comnstant
pressure surface (700, 500-mb).

Reconnaissance aircraft seldom
penetrate on the same azimuth from one fix
to another. Thus, the position of T
normally varies from the center, botﬁ in
bearing and range. The distance is direct-
ly 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 elliptical cases.
Abbreviations for the eye form are:

CIRC - Circular
ELIP - Elliptical
CONC - Concentric

REFERENCES :

Brand, S., "Interaction of Binary Tropical
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Ocean,” NAVWEARSCHFAC Tech. Paper No.
26-68, September 1968.
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Operations Manual," June 1973.

FLEWEACEN/JTWC, Annual Typhoon Report,
Guam, Marianas Islands, 1970.

Ramage, C.S., Monsoon Meteorology, Academic
Press, New York and Londcn, 1971, pp.
189-190.

Sadler, J.C., "The Role of the Upper Tro-
pospheric Trough (TUTT) in Early Season
Development,' ENVPREDRSCHFAC Tech.
Paper, 1973 (in press).

U.S. Dept. of Commerce, NOAA, Federal
Coordinator for Meteorological Services
and Supporting Research, "National
Hurricane Operations Plan," May 1973.

TABLE 4-7. LAND RADAR SITES
Location Station No. ICAQ

10.3N 124.0E 98646 RPMT

98440

14.4N 120.6E 98425

16.4N 120.6E 98328

17.4N 104.7E 48357 VTUW

26.1N 127.8E 47937

26.4N 127.8E RODN

26.2N 127.7E ROAHJ

24,3N 124.2E 47918

28.4N 129.5E 47909

33.3N 134.2E 47899

30.6N 131.0E 47869

33.6N 130.5E RJFFJ

33.4N 130.4E 47806

35.9N 126.6E 47141 RKJK

37.5N 127.0E 47116

34,6N 135.7E 47773

24,.3N 120.6E 46770 RCMQ

22.6N 120,3E 46744

23.0N 120.2E RCNN

22.6N 120.4E RCKH

23.5N 119.6E RCQC

24.0N 121.6E 46699

22.3N 114.2E 45005

18.1N 120.5E

16.6N 120.3E

14.4N 122.6E

Station Name
Mactan

Manila

Baguio

Nakhon Phanom West (USAF)
Itokau

Kadena AB (USAF)

Naha AB (JASDF)
Ishigakijima

Naze

Murotomisaki
Tanegashima/Naka
Itazuke Airport (JASDF)
Fukuoka/Sefurisan
Kunsan AB (USAF)
Kwanaksan Myn
Osaka/Takayasuyama

CCK AB/Taiwan
Kaohsiung

Tainan (AC&W)

Kaohsiung Int'l Airport (ACEW)
Makung (AC&W)

Hwalien

Hong Kong Obsr.

Paredes (AC&W)

Wallace AS (AC&W)
Paranal AS (AC&W)
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