CHAPTER III - SUMMARY OF TROPICAL CYCLONES

1. WESTERN NORTH PACIFIC TROPICAL CYCLONES

During 1981, the western North Pacific
experienced the third consecutive year of
below normal tropical cyclone activity.
Twenty-nine tropical cylones occurred in
1981, one more than the previous two years
but three less than the annual average.

Only one significant tropical cyclone failed
to develop beyond the tropical depression
(TD) stage and 11 tropical storms (TS) fail-
ed to reach typhoon intensity. Of the 16
tropical cyclones that developed to typhoon
(TY) intensity, only two reached the 130 kt
(67 m/sec) intensity necessary to be classi-
fied as super typhoons (ST). Tropical cy~
clones reaching tropical storm intensity or
greater are assigned names in alphabetical

TABLE 3-1

1981 SIGNIFICANT TROPICAL CYCLONES

CALENDAR

PERIOD
OF WARNING

DAYS OF

CYCLONE TYPE NAME WARNING

order from a list of alternating male/female
names found in CINCPACINST 3140.1P. Table
3-1 provides a summary of key statistics for
western North Pacific cyclones. Each tropi-
cal cyclone's maximum surface winds (MAX SFC
WND) , in knots, and minimum observed sea
level pressure (MIN OBS SLP), in millibars,
were obtained from best estimates based on
all available data. The distance travelled,
in nautical miles, was calculated from the
JTWC official best track {(see Annex A).

Tables 3-2 through 3-5 provide further
information on the monthly distribution of
tropical cyclones and statistics on Tropical
Cyclone Formation Alerts and Warnings.

WESTERN NORTH PACIFIC

MAX NUMBER
SFC Qor
WIND(KT) WARNINGS

DISTANCE
TRAVELLED (NM)

01 TY FREDA 12 MAR-17 MAR
02 TS GERALD 15 APR-19 APR
03 TS HOLLY 29 APR-07 MAY
04 TY IKE 09 JUN-14 JUN
05 JUNE 17 JUN-22 JUN
06 TY KELLY 30 JUN-04 JUL
07 TS LYNN 02 JUL-07 JUL
08 TS MAURY 18 JUL-20 JUL
09 TS NINA 22 JuL-23 JUL
10 TY OGDEN 27 JUL-01 AUG
11 TD TD-11 31 JUL-02 AUG
12 TS PHYLLIS 03 AUG-04 AUG
13 TS ROY 03 AUG-09 AUG
14 TS SUSAN 08 AUG-13 AUG
15 Y THAD 16 AUG-23 AUG
16 TS VANESSA AUG~-19 AUG
17 TS WARREN 18 AUG-20 AUG
18 TY AGNES 26 AUG-03 SEP
19 TY BILL 03 SEP-07 SEP
20 TY CLARA 17 SEP-22 SEP
21 TY DOYLE 20 SEP-23 SEP
22 ELSIE 23 SEP-02 OCT
23 TS FABIAN 13 0CT-14 OCT
24 TY GAY 14 OoCT-23 OCT
25 TY HAZEN 14 NOV~-23 NOV
26 IRMA 19 NOV-27 NOV
27 TS JEFF 23 NOV-26 NOV
28 TY KIT 11 DEC-21 DEC
29 TY LEE 23 DEC-29 DEC
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1981 TOTALS 144%*

* OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM.

100 22
60 18
45 31
65 21
75 22
75 20 1159
55 18 1992
55 9 741
35 4 120
65 20 1542
20 7 161
45 7 318
50 ’ 20 838
60 19 1180
85 29 1928
55 8 1299
45 10 497
95 31 1717
85 17 1583

29 2129
80 14 2301
33 2447
45 6 1479
95 35 3390
37 2956
34 2732
14 1754
40 1902
24 1710
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1981 SIGNIFICANT TROPICAL CYCLONE STATISTICS

WESTERN (1959-80)
NORTH PACIFIC JAN FEB MAR APR MAY JUN JUL AUG SEP ocT NOV DEC AVERAGE

TROPICAL
DEPRESSIONS 1 4.8

TROPICAL STORMS 12 10.0
TYPHOONS as /& 11.7
ALL CYCLONES 29 32.3
(1959-80) AVERAGE . ; . . . .4 32.3

1959~ 1482
344

FORMATION ALERTS 28 of 29 Formation Alert Events developed into Tropical® Cyclones. Tropical Cyclone
Formation Alerts were issued for all but 1 significant tropical cyclones that developed
during 1981.

Number of warning days: 144
Number of warning days with 2 cyclones: 23

Number of warning days with 3 or more cyclones: 3

FREQUENCY OF TYPHOONS BY MONTH AND YEAR

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC TOTAL

AVERAGE
(1945-58)
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FREQUENCY OF TROPICAL STORMS AND TYPHOONS BY MONTH AND YEAR

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP oCT NOV DEC TOTAL

AVERAGE
(1945-58)
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TABLE 3-5
FORMATION ALERT SUMMARY

WESTERN NORTH PACIFIC
NUMBER ALERT SYSTEMS TOTAL
OF WHICH BECAME NUMBERED
ALERT NUMBERED TROPICAL DEVELOPMENT
SYSTEMS TROPICAL CYCLONES CYCLONES RATE

41 29 32 71%

26 22 23 85%

35 30 36 86%
34 25 25 74%
34 25 25 74%
26 20 21 77%
32 27 32 84%
27 23 28

37 : 28 28

29 28 29
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TYPHOON

Typhoon Freda, the first tropical
cyclone of 1981 and only the fourth typhoon
since 1959 to occur in March, developed
very slowly within the near-eqguatorial
trough that shifted briefly north of the
equator in early March.

Remaining guasi-stationary near the
Gilbert Islands just north of the eguator
for nearly three days, the disturbance
finally began to move northwestward and
developed slowly as it reached higher lati-
tudes. Although the upper-level synoptic
pattern with strong unindirectional south-
east flow (Fig. 3-01-1) was unfavorable for
development, noticeable improvement in the
satellite signature led to the issuance of

FREDA (01)

a Tropical Cyclone Formation Alert at
1119002. The first warning on TD 01 was
issued six hours later as the disturbance
approached the southern Marshall Islands
when synoptic reports and satellite imagery
indicated further development.

Beginning with the first warning, JTWC
forecasts were consistent in predicting
recurvature west of Enewetak Atoll. This
track was based on an apparent break in the
mid-tropospheric subtropical ridge along
160E between the mid-Pacific high and a
large high pressure cell over the Philippine
Islands. This break was later confirmed by
valuable synoptic data received from recon-
naissance aircraft flying to and from the
developing cyclone.
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FIGURE 3-01-7.

200-mb stneamline analysis at

1312007. At this time, the flow pattern was sXiLL
primanily associated with the mid-Pacific nidge with
Little indication of Large-scale outglow oven Freda

at this Level.

Wind data are a combination of RACBS,

AIREPS, and satellite dendved winds( <—— ) and
blow-o4f wind directions {¢—). Wind speeds are

in knots.
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The strong southeasterly flow aloft
resulted in considerable vertical tilt dur-
ing Freda's northwest track. The 700-mb
center was consistently observed 15 to 25
nm (28 to 46 km) north-northwest of the
surface center. This poor vertical align-
ment combined with the absence of strong
upper-level outflow channels resulted in
her extremely slow intensification. This
proved fortunate for Enewetak Atoll which
lay directly in Freda's path. Freda passed
15 nm (28 km) west of the Atoll with 55 kt
(28 m/sec) sustained winds, considerably

less than normal for a disturbance that had
developed to tropical storm intensity 48
hours earlier. Although no synoptic
observations or damage reports were received
from Enewetak, the situation could have been
far more disastrous.

In contrast to the extremely slow
development during the first three days of
her existence, Freda intensified rapidly
once north of the ridge axis and in a
more favorable upper-level environment
(Fig. 3-01-2). Contact with the southwest-
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FIGURE 3-01-2. 200-mb streambine analysis at 1500002
depicting a dramatic change <in the uppen-fLevel §Low
pattern with the outflow over Freda now the primary
featurne. The westerly fet has dipped as far south
as 25N providing a vigorous outflow channel to the

nontheast fon Freda.

wind data are a combination of

RAOBS, AIREPS, and sateflite denived winds | €—— )
and blow-o0ff wind déinections ( €—}. Wind speeds

arne 4n knots.
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erly jet north of her provided a vigorous
outflow channel to the north. With
multiple outflow channels to the environ-
mental flow, Freda intensified from 65 kt
(33 m/sec) to 100 kt (51 m/sec) and
deepened from 975 mb to 940 mb within 30
hours (Fig. 3-01-3).

Unlike Enewetak, Freda was at her maxi-
mum intensity of 100 kt (51 m/sec) when she
passed within 65 nm (120 km) of Wake Island.
Wake reported maximum sustained winds of 50
kt (26 m/sec) with gusts to 75 kt (39 m/sec)
at 152300Z. Damage to the island's runway
and support equipment was extensive, caused

primarily by the high surf, estimated to be
over 20 feet, generated by Freda's close
passage.

As Freda moved further north and
approached the core of the jetstream, the
strong mid-latitude westerlies responsible
for her rapid intensification also caused
her eventual weakening. Forty-eight hours
after reaching maximum intensity, Freda's
convection was sheared off and the low-level
circulation moved quickly northward and was
absorbed into a developing extratropical low
pressure system.

FIGURE 3-01-3. Typhoon Freda at 80-kt (4] m/sec)
intensity 390 nm (722 km] southwest of Wake Tsland,

14 Manch 1981, 2120Z.
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TROPICAL STORM GERALD (02)

A developing mid- to uppper-level cir-
culation southeast of Ponape became evident
on satellite imagery on 12 April. At this
time, the cirrus outflow pattern was
extensive and the cloud system displayed
good curvature. A surface circulation,
however, was not apparent until the 15th
following further significant improvement
of the satellite signature. A Tropical
Cyclone Formation Alert was issued, vice a
warning, at 1500002 because island stations
in the vicinity of the circulation reported
that the minimum sea-level pressure was a
5till relatively high 1009 mb. Eight hours
later a reconnaissance aircraft observed a
very tight surface circulation with maxi-
mum winds of 30 kt (15m/sec) and a mini-~
mum sea-level pressure of 1000 mb. Based
on this new information, the first warning
on Tropical Depression 02 was issued at
151200%.

Several factors influenced JTWC to
forecast that Gerald would reach typhoon
strength. First, upper-level wind analyses
showed an extensive upper-level outflow
pattern assocated with Gerald. An anti-
cyclone was located near the system's
center and outflow was unrestricted and
extended well into the Southern Hemisphere.
Second, low-level cross-equatorial inflow
became fully established by the 15th.
Third, reconnaissance aircraft reported
700-mb center temperatures of 21I° C. This
observation was 11° higher than the en~-
vironment and higher than temperatures
normally observed in a tropical cyclone at

Gerald's stage of development. The high
amount of latent heat was being released,
which usually indicates impending intensi-
fication.

The reason that Gerald did not develop
as forecast appears to be rooted in a radi-~
cal change which occurred in the upper-level
flow pattern. As previously mentioned,
Gerald began with a well-defined upper-level
anticyclone that afforded excellent outflow
channels in all directions. Steady intensi-
fication did occur until 170000%Z when a
synoptic-scale upper-level anticyclone began
developing east of Gerald near 10N 155E.
This anticyclone continued to intensify and
increase in areal extent as it shifted
slowly to the southeast. Gerald's outflow
channel to the east became restricted as the
south and southeasterly shearing winds aloft
increased in strength. As a result, Gerald
began weakening as he passed about 70 nm
(130 km) to the east of Guam at 180900%.

The Island received ketween 3 - 5 inches of
rain. Andersen Air Force Base reported a
minimum sea-level pressure of 1005.7 mb

and a maximum wind of 49 kt (25 m/sec) in
gusts.

After passing Guam, Gerald's convection
continued to shear off to the northeast as
the exposed low-level circulation center
(Fig. 3-02-1) meandered northwestward where
it was eventually absorbed by an extratropi-
cal trough moving eastward across the
Pacific.

FIGURE 3-02-1. Thopical Stonm Genald as an exposed
Low-Level cincwlation centen nonth of Guam, 20 Apail
1981, 22287. (NOAA 6 visual imagery)
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JTWC's better than average forecasting
of Gerald's track was due in no small part
to the extensive 500-mb synoptic track data
provided by the 54th Weather Reconnaissance
Squadron. Figures 3-02~2 through 3-03-5
show the evclution that occurred in the mid-
level steering flow as indicated by aircraft
data.

Available synoptic data, although
sparse, suggested that the subtropical mid-
tropospheric ridge was weak north of the

developing Gerald. Thus, the initial fore-
cast track called for recurvature well to
the west of Guam. Aircraft data on the 15th
defined a small anticyclone north of Guam
(Fig. 3-02-2) which supported the subsequent
forecast of passage southwest of Guam be-
fore recurvature. Because this was the
first time this cell had been analyzed,
there was no way to determine if the cell
was moving or quasi-stationary. The 500-mb
data 24 hours later (Fig. 3-02-3) showed
that the mejor break in the ridge still
existed to the west of Guam; thus, recurva-
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ture west of Guam still appeared to be the call for passage east of Guam, and, indeed,

best forecast. By 171200%, however, it be- post-analysis shows that Gerald had actually
came apparent that the anticyclone north of begun to follow a more northward track about
Guam had shifted farther to the east, allow- 12 hours earlier. The mid-level analysis
ing the break in the ridge to re-orient it-- at 1812002, which combines both 400 and 500~
self north of Guam (Fig. 3-02-4). At that mb aircraft data, shows Gerald's mid-~level
time, the forecast track was altered to circulation being absorbed by the long wave

trough (Fig. 3-02-5).
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TROPICAL STORM HOLLY (03)

Development of Tropical Storm Holly fol-
lowed a ten-day period cf relative calm in
the tropical northwest Pacific Ocean. Holly
was interesting in several ways during her
lifetime. Southern Hemisphere interaction,
intensity fluctuations, weak mid-level
steering flow, and strong upper-level shear
will be discussed in relation to Holly's
development and dissipation.

The source for the initial energy
impulse in the development of TD-03 is an
interesting point for speculation. A review
of satellite imagery back to 21 April showed
that varying amounts of convection existed
almost continuously in the region of 5.0N
from 160.0E to 165.0E from 211200Z to
2600002. Satellite data suggest that this
convection was related to a fairly active
convective region just south of the equator
(5.0-10.08, 160.0E-175.0W). By 2300002z,
satellite imagery showed that the southern
hemisphere tropical system was interacting
vigorously with a rather strong mid-lati-
tude system. At the same time, the northern
hemisphere convection increased. Although
again weaker, some curvature in the convec-
tive pattern was noted by 2500002, and a
weak, broad low-level circulation developed
by 251200Z near 4.0N 169.0E. This circula-
tion was not analyzed consistently prior to
Holly's formation. Sparsity of data and
weakness of the circulation may have pre-
vented detection of the circulation in
synoptic data. Undisturbed easterlies
existed in the area prior to development of
the low-level circulation center. The sur-
face/gradient level analysis showed cross-
equatorial interaction, and with the evi-
dence from satellite data, it appears that

TD-93 was initiated through interaction with
a southern hemisphere system.

The initial satellite alert by Det 1,
1WW on the disturbance which produced Holly
was issued at 260000Z. Continued improve-
ment of the convective signature led to
issuance of a Tropical Cyclone Formation
Alert 280255Z. At 290153Z, the first recon-
naissance aircraft investigative mission was
flown into TD-03. TD-03 was well defined at
this time, and the circulation was closed
easily at the surface and 1500-ft (457 m)
level. The extrapolated central pressure
was 1003 mb, while the maximum observed
surface wind was 25 kt (13 m/sec). By
2821062, the circulation was also evident
on satellite imagery as an exposed low-level
circulation (Fig. 3-03-1). A Dvorak satel-
lite intensity analysis showed a weakening
trend for the past 24 hours and forecast the
trend to continue.

Early fluctuations in the satellite-
derived intensity analysis produced the
first interesting characteristic associated
with TD-03. By 300000%Z, a steady trend
toward intensification was established. By
0103002 May 1981, both aircraft and satel-
lite data suggested possible development of
a banding-type eye. It certainly appeared
that Holly was on the verge of becoming a
major tropical cyclone; however, during the
next 24 hours, Holly's satellite signature
again weakened. A maximum intensity of 45
kt (23 m/sec) was reached at 011200Z and
was maintained for 24 hours before the final
weakening trend started (Fig. 3-03-2). From
this point, Holly gradually weakened
although there were continued fluctuations
in the amount and intensity of convection.

Figure 3-03-1. Exposed Low-Level circulation of
TD 03 approximately 5 howws prion to aireraft
investigative mission, 2§ Apnil 1981, 21067. {(NOAA
6 visual Lmageny)
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Figure 3-03-2. Tnopical Stonm Holly during the
pefiod of maximum intensity, 1 May 1981, 123§2.
(NOAA 6 visual imageny)



A.second interesting characteristic
associated with Holly was her extremely slow
movement. From 300000Z through 0200002,
Holly averaged a forward speed of 11 kt
(20 km/hr); from 020000Z through 0300002,
the average speed was 6 kt (11 km/hr); and
from 0300002 through 060000Z, Holly's aver-
age speed was slightly less than 3 kt (6 km/
hr). Due to sparseness of data, it is im-
possible to state with complete certainty
why Holly slowed so dramatically. The sur-
face/gradient level and 500 mb analysis, how
ever, offer possible explanations. At the
surface/gradient level, Holly's path was
across the main stream of the northeast trade
regime. The stream was significantly
stronger on the north side of Holly, and
this "crosswind" apparently helped in the
retardation of forward speed as far as the
lower tropospheric steering was concerned.
When Holly finally began to accelerate, the

trade winds were deflected more easterly and
more toward a direction parallel to Holly
(Fig. 3-03-3).

The second possible explanation for the
sudden deceleration and extremely slow move-
ment lies in the mid-troposphere. Wind
analyses at 500 mb consistently showed weak
steering surrounding the cyclone's environ-
ment. The weak flow was due in part to a
cut-off low which was located near 30N and
between 155E and 165E during the period of
Holly's slow movement. The gradient between
this cut-off low and the ridge placed major
wind currents well northeast and northwest
of Holly's 500 mb cyclone. This gradient
slackened just north of Holly and winds that
were not considered storm induced generally
were 10 kt (5 m/s) or less. This was clear-
ly evidenced by reconnaissance tracks flown
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north of Holly. Furthermore, these same
analyses showed Holly remained south of the
ridge in the weak easterly current. A
break in the ridge never occurred in suit-
able position to allow Holly any other pos-
sibility (Fig. 3-03-4).

The final interesting characteristic was
Holly's failure to develop a significant
outflow pattern. At 0100007z and again at
0409002, Holly appeared to be developing a
good outflow channel to the northeast. On
each occasion, however, the outflow was not
maintained and a southwest outflow channel
never developed. The 200 mb wind pattern
was fairly strong throughout Holly's life-~
time with a large amplitude ridge anchored
off the Asian coast. The position of this
ridge forced additional pressure on the pre-
existing southwesterly subtropical jet which

had been lying just west of Holly. Conver-
gence of the two upper level wind streams
induced a 40 to 60 kt (21-31 m/s) wind maxi-
mum just northwest of Holly's upper level
center (Fig. 3~03-5). This persistent fea-
ture eroded Holly's convective organization
and 0621252 satellite imagery showed a
totally exposed low level circulation with
the formerly associated convective 50 nm
(93 km) east of the center. Once this
shearing took place, Holly eventually spun
down and dissipated over open tropical
water.

Tropical Storm Holly never reached
typhoon strength as originally expected.
The intensity fluctuations, weak mid-level
steering, and shearing flow at both low- and
upper-tropospheric levels all contributed
to Holly's eventual demise.

b e

¥

e
L Ne
,
.

Figure 3-03-4.

500 mb streamline analysis at

0512007. This analysis was Lypical of the pattean

exiAting duning Holly's Ligetime.

Wind data are a

combination of RAOBS, RECON, and satellite-derived

winds [#— ).

Wind speeds are in khnois.

Figune 3-03-5.
0312007

R

200 mb streambine analysis at
Wind data are a combination of RAOBS,

ATREPS, and satellite-derived winds (4¢—) and

blow-0§§ wind direetions | ).

in knots.
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TYPHOON IKE (04)

Typhoon Ike was one of several recent
examples of tropical cyclone development
over the South China Sea during the end of
the monsoonal transition season. Several
characteristic features have often been
observed by JTWC forecastors. Both in the
tropical cyclogenesis and during the life-
time of the system as a tropical storm and
typhoon, These include:

1) The system becomes initially
evident on satellite imagery as a mid-
tropospheric monsoonal depression with
fluctuating associated convection.

2) The system is often initially
slow to develop a closed surface circula-
tion, despite persistent associated convec-
tion.

3) The system is also slow to
intensify, even after evidence of surface
development.

4} The system frequently maintains
a broad asymmetrical wind distribution
throughout its life cycle.

5) The system is usually short-
lived, with repeated interactions with

nearby land masses.

Ike was typical of this pattern and
displayed all the above characteristics
during his development. The first evidence
that Ike may develop occurred on June 8th,
as the 080000Z surface analysis indicated
relatively lower surface pressures just west
of the Philippine Islands. Based on this
data, and satellite imagery which indicated
continued convective support, a Tropical
Cyclone Formation Alert (TCFA) was issued
at 0806002.

Ike had a difficult time persisting as
a tropical cyclone as steady upper-level
shear displaced Ike's 700 mb center as much
as 60 nm (111 km) southwest of the surface
circulation. Finally, on 9 June, Ike
moved into an area of decreased shear aloft,
which allowed vertical alignment to intensi-
fy the system. The first warning was issued
at 090000z and Ike reached tropical storm
intensity at 100000Z (Figure 3-04-1). In
the meantime, a mid-latitude, mid-tropospher
ic trough over Asia continued propagating
eastward, and Ike accelerated to the north-
east, steered by the increasingly strong
southwesterly flow. Intensification contin-
ued during the acceleration process.

Figure 3-04-1. Thopical Depression 04 as it began 2o
develop and consofidate its associated convection
while over the South China Sea, 9 June 1981, 23362
{NOAA 6 visual imageny).
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Only one aircraft reconnaissance mission
was able to penetrate Ike due to geographi-
cal and political constraints. This air-
craft fixed Ike near the storm's peak inten-
sity just prior to landfall over Taiwan.

The crew reported that Ike's minimum sea-
level pressure had decreased to 967 mb, 700
mb winds of over 60 kts (111 km/hr) were
measured, and aircraft radar indicated par-
tial eyewall formation. Based on the above
data, it was concluded in post-analysis that
Ike reached minimal typhoon intensity near
this time. Less than 12 hours later, Ike
moved ashore over southwestern Tajwan.

Ike weakened significantly while tra-
versing Taiwan but emerged over open water
north of Taipei around 1315002 with a small,
persistent knot of central convection. This
area of convection dissipated as Ike became
an extratropical low at 1400002 (Figure 3~
04-2).

Subsequent press releases reported minor
damage over Taiwan due to heavy rains and
flooding which accompanied Ike. Eight storm-
related fatalities were reported, four from
Taiwan and four from the Philippine Islands.

Figune 3-04-2. Tnopical Stonm Tke as a partially
exposed Low-Level circulation as he began extra-

Lrhopical thansition, 13 June 22457 (NOAA 6 visual
Aimageny) .
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TYPHOON JUNE (05)

The process for genesis of tropical cy-
clones through interaction with a tropical
upper tropospheric trough (TUTT), (Sadler,
1976) , was evident during the early develop-
ment stages of Typhoon June. A TUTT was
established over the Philippineé Sea early in
June leading to the generation of a tropical
disturbance over the Palau Islands.

On the 13th of June a cell within the
TUTT was observed on satellite imagery north-
east of the disturbance resulting in impro-
ved organization of the disturbance as the
TUTT cell tracked westward. Surface synop-
tic reports indicated no pre=existing circu-
lation on the surface associated with this
disturbance. The general flow pattern was
converging in the area of the disturbance,
then continuing northwestward into Typhoon
Ike.

By the 15th the TUTT cell was northwest
of the disturbed area and the potential for
development of a tropical cyclone was great-
ly improved. The area of disturbance was
optimally positioned with respect to tbe
TUTT cell, i.e. under an upper level diver-
gent area which served initially as an out-
flow mechanism. Nevertheless, progress in
the development of the cyclone was very slow.
Aircraft reconnaissance on the 15th indica-
ted that a weak circulation was located 200
nm north of the Palau Islands.

Late on the 1l6th satellite data indica-

S TAIWAN

ted an outflow center was beginning to form
which prompted JTWC to issue a formation
alert at 170100Z. The disturbance then
developed its outflow aloft and banding fea-
tures were evident on satellite imagery of
170600z. At that same time aircraft recon-
naissance also found that the disturbance
had tropical storm strength winds. Subse-
quently, the first warning on Tropical Storm
June was issued.

A 500 mb anticyclone was positioned over
the Ryuku Islands with the ridge axis extend-
ing over much of China at the time the first
warning was issued. The anti-cyclone remain-
ed virtually stationary as June tracked
northwestward toward Taiwan. During the
first 24 hours after the initial warning June
did accelerate, but slowed again to her ori-
ginal speed the following 24 hours., The
area in which the acceleration occurred was
practically void of wind data at the 500 mb
level and therefore no suitable explanation
can be made for this occurrence.

It is interesting to note that the TUTT
cell which helped form June moved ahead of
her along a parallel track until she hit
Taiwan. June maintained a position southeast
of the TUTT cell throughout this period.
Further, June intensified to a maximum of 75
kt (39 m/s) while tracking behind the TUTT
cell. Satellite imagery at 1910292 (Fig. 3-
05-1) showed Typhoon June at her maximum
intensity.

FIGURE 3-05-1, Sateflite imagery at 1910292 of
Typhoon June after atiaining a maximum intensdity of

75 kt {39 m/sec).
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June hit Taiwan with winds of 75 kt (39
m/sec). Radar observations at Hua-Lien (WMO
37918) provided essential information to
JTWC when June began to deviate from a north-
ward direction toward a point 40 nm (74 km)
southeast of Taipei. Figure 3-05-2 is a
picture of the radar presentation taken at
Hua-Lien at 05002 on the 20th (photograph
courtesy of the Central Weather Bureau,
Taipei, Taiwan), when June had an intensity
of 75 kt (39 m/sec) 9 hours before landfall.

June was forecast to recurve in all but
two warnings. The initial reason for recur-
vature was based on a 500 mb trough that was
expected to move over Eastern China, with
the anticyclone over the Ryuku Islands mov-
ing eastward. As June neared Taiwan it was
apparent that these forecast upper air move-
ments had not taken place. June's forecast
track was then changed, for two warnings, to
reflect the strength of the anticyclone
north of her and indicating a more westward
track with landfall over China.

Another reason for the change in the
forecast track was the lack of a large cir-
rus plume extending to the northeastward
from June. Typically, several hours, or

days, in advance of the event, a cirrus plume
is seen to extend northwestward from a trop-
ical cyclone that will soon recurve. The
plume generally extends far downstream in
the direction of the upper level winds,
which greatly influence the direction and
speed of the tropical cyclone after recur-
vature. June did not exhibit a cirrus

plume either before or after recurvature.

Later upper air data indicated that a
new anticyclone formed over China at 500 mb
with a resultant weakening in the ridge
between the anticyclones over China and the
Ryukyu Islands. Recurvature was again fore-
cast because of this change at 500 mb.

June began to weaken gradually after
recurvature. The 500 mb anticyclone that
had formed over China and allowed June to
recurve, moved southward as a trough approa-
ched China's coast. As June neared Japan,
she began to interact with a weak frontal
system extending southwestward and entrain
cold air supplied by the trough. At 12002
on the 22nd the final warning was issued
on June as she became extratropical before
tracking over Kyushu.
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FIGURE 3-05-2, Typhoon June as seen by radan at
Hua-Lien, 20 June 1981, 05001. (Photograph courtesy
04 the Central Weather Bureau, Taipel, Taiwan.)
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TYPHOON KELLY (06)

The disturbance which became Typhoon
Kelly was first detected by satellite imagery
on 25 June northwest of Truk Atoll (WMO
91334). During the four-day period which
followed, three tropical cyclone formation
alerts were issued. This period was marked
by often impressive organization on satel-
lite imagery with little or no evidence of a
surface circulation center., However, with
synoptic data at 291200Z, it became increas-
ingly evident that a surface center had es-
tablished itself and at 3000002, the first
warning was issued on Tropical Depression 06.

The successful launch of NOAA 7 in June
1981 afforded JTWC the opportunity to receive
local afternoon surveillance from a high re-
solution polar-orbiting satellite platform.
At 2504472, while NOAA 7 was in its 17th
orbit, a disturbance was located just north-
west of Truk. During the next two days,

satellite imagery showed a continued develop-
ing trend. The 270424% visual imagery from
NOAA 7, yielded a Dvorak intensity classifi-
cation of T2.5 (2.5 is equivalent to 35 kt
or 18 m/sec in the classification system).
Based on the later data, a Tropical Cyclone
Formation Alert was issued at 270800% for an
area north of Ulithi Atoll (WMO 91203).
However, during the 16 hours which followed,
satellite imagery showed a rapid weakening
of the disturbance, and at 280000Z the for-
mation alert was cancelled.

Figure 3~06-1 shows a composite surface
streamline analysis of 00002 data from 25 to
28 June. There was very little evidence of
a discernible low-level center near the dis-
turbance which had been observed on satel-
lite imagery during this period. However,
the composite analysis does suggest a weak,
but pre-existing, low-level center located
well west of Ulithi.

Figure 3-06-1. A composite streamfine analysis fnom
sunface reponts neceived forn 00007 from 25 to 28
June. ODuring this period, the disturnbance which
became. Ketly moved westward through the Philippine
Sea. A fack of onganized Low-Level .inflow into the
disturbance defayed its devefopment until neaching
the anea west of 135 east Longitude, where a possible
pre-existing Low-Level cireulation pattern induced
Kelly's subsequent development.
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At 2812002, satellite imagery once again
showed an area of increased convection, this
time centered near 14N 135E., The 2812002
synoptic reports and subsequent satellite
imagery showed improved organization, thus
at 282000z, a Tropical Cyclone Formation
Alert was reissued. Figure 3-06-2 is a NOAA
6 image of the disturbance near the time the

formation alert was issued. During the fol-
lowing 28 hours, further development was
evident and the alert was repositioned. At
2922412, a Dvorak intensity classification
of T2.5 was provided by the Det 1, 1Ww
Nimitz Hill, Guam, and the first warning on
TD-06 followed at 30000032.

Figure 3-06-2. A weak cloud system center was seen
nedeveloping on this satellite imagery fon 2823041
June. (NOAA 6 visual imagery)

Synoptic observations from reporting
stations along the southeastern coast of
Luzon and Catanduanes Island (WMO 98447)
indicated that TD-06 made landfall at, or
near, tropical storm strength, at 3012002.
Thus, at that time TD-06 was upgraded to
Tropical Storm Kelly. As Kelly tracked over
the central Philippines, the low-level
circulation pattern became distrupted and the
observed wind speeds lessened, so that by
3100002, Kelly was downgraded to TD-06. TD-
06 tracked directly over Mindoro Island and
despite having lost some of its earlier in-
tensity, the combined effects of heavy rains,
flooding and mudslides left thousands home-
less and nearly 200 dead, Figure 3-06-3
shows TD-06 (Kelly) over Mindoro Island.

Within hours after TD-06 moved into the
South China Sea, it regained its low-level
circulation pattern and resumed its inter-
rupted intensification trend. At 011800Z,
TD-06 was upgraded to Tropical Storm Kelly.
(In post-analysis, Kelly first attained
tropical storm strength at 300600Z, was
downgraded at 301800Z and was upgraded at
0106002. This is fairly typical of post-

Figune 3-06-3. A weakened Kelly (TD-06} moving
Zhhough the centhal Philippines {3023597 June). AlL-
though Kelly had Rost some of his earbien intensity,
the nelfease of enengy Ain heavy preeipitation caused
extensive fLooding and human suffering which cannoi
be conrelated to observed sunface winds and pres-
sunes. (NOAA 6 visual imageny)

storm analysis since the supporting synoptic
data are received at JTWC after the warning

has been issued for the synoptic hour; thus,
the upgrading and downgrading usually follow
on the next warning).

From the first warning on TD-06, an
eventual track towards the north was anti-~
ci»ated once the system entered the South
China Sea. The 500 mb pattern over Asia
was fairly weak and the numerical model
forecast series indicated a rather deep
trough moving into the region. As Kelly
approached the South China Sea, the 0100002
500 mb hand-analysis (Fig. 3-06-4) showed
Kelly in a favorable location for movement
to the north. Wwhat followed in the first
24 hours, however, was a virtunally westward
track. Figure 3-06-5 shows the 500 mb pat-
tern just 12 hours later (011200Z). 1In
reconstructing the situation it is evident
that the northward current moving around
Kelly's eastern periphery actually aided in
building the ridge to the north, such that
the ridge line kept moving west with Kelly.
Eventually this process abated and near
021200z, Kelly began moving towards the
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Figure 3-06-4. At 0100002, a short wave trough is
evadent extending southward into the Gulf of Tonkin
and a southerly flow L& well established nonth of
Kelly westwand to the trough. Analyzed wind data
are a combination of nawinsonde and aircragt neponts
at the 500 mb Level.

T

T
ANGKOK
To- . /"

Figure 3-06-5. By 0112002, the 500 mb analysis

shows a fractuning of the short wave nonthwest of

Kelly., Height nises.of 20 to 30 meters are common

throughout the negion. This 12 houn change is

strniking, however subsequent forecasts continued to
gozewté : eventual northuarnd movement {see Figure
~-06-6).
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northwest. Figure 3-06~6 depicts the offi-
cial JTWC forecasts for Kelly. Note, the
persistent trend in virtually every warning
issued of Kelly having an increasing north-
ward movement.

At 0200002 (in post-analysis, 021800z),
while moving to the northwest, Kelly was up~
graded to typhoon strength. The 030300z
surface observation from the Paracel Islands
(WMO 59981) indicated a windshift to south-
easterly winds of 74 kt (38 m/sec) and a sea
level pressure of 970.8 mb. It was during
this period that Kelly is assumed to have
reached his maximum intensity of 75 kt (39
m/sec). Subseguent satellite imagery indi-
cated weakening convection with cirrus
occasionally masking the eye. By 0318002,
Kelly had reached the southeastern portion
of Hai-nan Island and the eye was no longer
evident on satellite imagery. After skirt-
ing along its southern coastline, Kelly

moved away from Hai-nan and lost much of his
strength, resulting in downgrading to tropi-
cal storm strength at 040000Z. From Hai-nan
to the coast of Vietnam, surface reports
were sparse but there is little doubt that
Kelly mo longer had the low-level winds
which were evidenced the preceding day.
Interestingly, at 0406292 (Fig. 3-06-7),
Kelly briefly displayed a large ragged eye
which was observed to be opening to the
west at 040900Z. There remains a possibi-
lity that Kelly may have regained some
strength in the Gulf of Tonkin. However, if
Kelly did, it must have been short-lived
because hourly reports from Vietnam never
indicated any significant or well-organized
winds prior to, or after, landfall, which
occurred about 100 nm (185 km) south of
Hanoi at 041800Z. The last satellite fix
received for the remnants of Kelly was at
0500002, positioned along the Vietnam-Laos
border.

Figure 3-06~7. A nagged eye is apparent on 0406292
July satellite imagery as Kelly moves westwarnd in
the Gulf of Tonkin. This eye geatune was shont-
Lived and observed winds did not increase during this
phase. (NOAA 7 visual imagery)
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TROPICAL STORM

Following on the heels of Typhoon Kelly,
Tropical Storm Lynn was the second storm in
three days to devastate the Philippine
Islands. Packing winds of 45-50 kt (23-26
m/sec), Lynn's 30 hour track across the
northern Philippine Islands brought torren-
tial rains and accompanying mud slides
leaving 18 persons dead and some tens of
thousands homeless.

Lynn was first detected on satellite
imagery at 270000Z as an area of enhanced
convection just south of Ponape. This area
was part of a weak equatorial trough that
extended from Ponape northwestward to just
southwest of Guam, where a second active
convection area existed that later became
Typhoon Kelly. A broad scale upper level
divergent pattern existed over the entire
region south of a Tropical Upper Tropos-
pheric Trough (TUTT) located near 15N 160E.

During the next several days both dis-
turbances tracked westward under the influ-
ence of the mid-to-lower-tropospheric west-
erly current south of the subtropical ridge.
While the disturbance near Guam eventually
intensified to Tropical Storm Kelly, the

LYNN (07)

disturbance near Ponape continued to show
marked variations in its convective activity,
due in part to the degree of vertical wind
shear that existed over the disturbance.
Although synoptic data indicated a 1010 mb
surface low as early as 291200Z, an analysis
of 200 mb satellite-derived winds between
2700002%2 June and 020000Z July indicated that
the north-south flow across the disturbance
varied from as little as 10 kt (5 m/sec) to
as great as 35 kt (18 m/sec). This large
shearing effect appeared to prevent any
significant development of the disturbance
during this period.

By 020000Z the upper trough had extended
westward to a position just to the northeast
of Kelly in the South China Sea and a TUTT
cell observed near 20N 128E finally blocked
the strong shearing pattern (Fig. 3-07-1).

A Tropical Cyclone Formation Alert (TCFA)
was issued at 020300Z when an upper-leve]
anticyclone could finally be identified over
the disturbance. Development was still
expected to continue slowly since satellite
imagery did not indicate a strong central
convective region. Aircraft reconnaissance
at 020530Z could only detect a weakly organ-
ized 1005 mb circulation pattern.

Figune 3-07-1. 0200007 July 1981, 200 mb streamline
analysis superimposed on satellite pictunes at
0121557 and 0123367, This figure depicts the TUTT
cells in nelationship to the developing stomms Kelly
and Lynn. (NOAA 6 visual {magery)
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By 0218002 satellite imagery indicated a
much .improved central convective region and
the first warning was issued. Seven hours
later at 030100Z aircraft reconnaissance
found that Lynn had already reached tropi-
cal storm strength with 40 kt (21 m/sec)
surface winds and a minimum sea level pres-
sure of 998 mb.

As Lynn skirted the northern =dge of
the eastern Philippine Islands, she abruptly
slowed from 16 to 7 kt (30-13 km/hr). This
was partially due to the disruption of
Lynn's circulation pattern over the moun-
tainous terrain of the Philippines and the
slight northern retreat of the 500 mb high
which temporarily slackened the steering
flow across the storm. Also during this
time, a large influx of moisture from the
South China Sea caused a massive build-up
a tropical depression, with an intensity of
30 kts (15 m/sec) and a central pressure of
997 mb, and the final warning was issued.

of cloudiness along Lynn's southern peri-
phery which, in turn, caused Lynn's circular
convective pattern to become distorted.

This made it very difficult to locate Lynn
with satellite imagery. It was not until
0406002, when a strong central dense over-
cast (CDO) had developed (Arnold, 1974) just
east of Luzon, that Lynn could again be
tracked reliably. Figure 3-07-2 shows
Tropical Storm Lynn and her CDO just after
she made landfall near Baler, Luzon (WMO
98333).

With the formation of the CDO, Lynn
appeared to have gained back some of the
organization that she had pricr to reaching
the Philippines. This seems to have enabled
the storm to be more easily advected in the
steering flow as Lynn quickly increased her
speed to 13 kt (24 km/hr).

Figure 3-07-2. Tropical Storm Lynn just affer reach-
ing the coast of Luzon at 4 Juby 1981, 11292, Note
Lynn's strong centnal convective area as well as the
deep fayer of cloudiness along her southern peri-
phery. ~Typhoon Kelly can be seen approaching the
coast of Vietnam. (NOAA 6 infrared imageny)

44



With her speed increased, Lynn lost
little of her intensity while crossing the
island of Luzon in less than six hours.
From Luzon, Lynn followed a fairly climato-
logical northwest track across the South
China Sea. JTWC had very little trouble
predicting her direction of movement as the
500 mb high over Asia was now 100 m higher
than it had been a week prior with Typhoon
Kelly.

Like Kelly before her, Lynn was pre-
dicted to become a minimum strength typhoon
once she reached the central South China
Sea. However, with the increase in strength
of the Asiatic high, the flow at 200 mb also
increased. By 051200%Z, Lynn had reached a
position just north of where Kelly obtained

typhoon strength. As can be seen in Figure
3-07-3, Lynn's outflow was restricted in her
northwest quadrant as 70 kt (36 m/sec) east-
erlies were observed only 420 nm (778 km)
north of the storm. It was not until just
prior toc making landfall on the south China
coast that the easterly winds north of the
storm abated to only 20 kt (10 m/sec) andgd
satellite imagery indicated that Lynn's
outflow had improved. By this time there
was little room for much intensificantion.

Lynn finally made landfall near Shang-
Chuan-Tao, China (WMO 59673) at 062200% 90
nm (167 km) west-southwest of Hong Kong.
Maximum sustained surface winds at landfall
were estimated to be near 55 kt (28 m/sec)
with a central pressure of 983 mb.

-
L
_—
= ™ HONG KONG
. e

Figure 3-07-3. Thropical Stonm Lynn in the South

China Sea at 5 July, 11062,

Sthong upper-Level §Low

noith of the stonm has restrnicted Lynn's outflow in

her nonthwest quadrant.

Wind barbs represent ain-

craft and nawinsonde reponts near the 200 mb Level at
051200Z. (NOAA 6 ingrared imagerny)
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TROPICAL STORM MAURY (08)

At 0000Z on 14 July, satellite imagery
revealed what was to become Tropical Storm
Maury within a convective area near 11N 137E,
about 110 nm (204 km) north-northwest of the
island of Yap (WMO 91413). Southwesterly
low-level flow moved the disturbance at 05
kt (09 km/hr}) during the initial 48 hour
period. A 500 mb ridge influenced the sy-
stem thereafter and accelerated it to 14 kt
(26 km/hr) by 170000Z. A mid-level circula-
tion was identified on 161200Z satellite
imagery and could also be analyzed on the
500 mb charts. The disturbance slowed and
moved west-northwest under the influence of
the 500 mb ridge located to the northeast
while south-southwesterly monsoonal flow
continued near the surface.

A Tropical Cyclone Formation Alert was
issued at 171600Z when syroptic data indi-
cated winds associated with the disturbance,
then located near 20N 128E, had reached 25
kts (13 m/sec). Pressures within the dis-
turbance and the surrounding environment were
1003 mb.

The first warning on Tropical Storm Maury
was issued at 1800002 based on several ship
reports in the area at 1718002Z. Once the
disturbance became enhanced by the monsoonal
flow, and the central pressure dropped to
999 mb, the system began rapid movement;
once again being totally steered by the 500
mb flow.

Aircraft reconnaissance of the storm
shortly after the first warning found the 700
mb center displaced to the north-northeast
of the surface center by 50 nm (93 km),
indicating the storm was tilted in that dir-
ection. Figure 3-08-1 depicts the exposed
low level circulation, near 21N 128E, to the
southwest of the main convection. The ex-
posed low level circulation and displaced
convection gave the appearance that Maury
was moving to the northwest of his previous
positions. The vertical alignment of the
system eventually improved and the entire
system moved northward under the influence
of the 500 mb ridge, as Figure 3-08-2 indi-
cates. The 1818l16Z position was near 24N
127E.

FIGURE 3-08-1. Tropical Stomnm Mawwy at 35 kts (18
m/sec) intensdity, 1§ July 1981, 05131, Mawry's Low-
Level centen was expoded to the southwest of the
main convection. (NOAA 7 visual imageny)
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15 MAURY

FIGURE 3-06-2. Tropical Stomm Maury at 55 kts (28
misec) intensity, 15 Juky 1981, 1§16Z. This imagery
showed Mauny had moved nonth dwiing the preceding
84x houns instead of the forecasted nonthwestward
movement. (NOAA 7 infrarned imagery)

Following this northward movement, the
system was forecast to track to the north-
west, toward China, as indicated by steering
aids from Fleet Numerical Oceanography Cen-
ter, Montery, California. An apparent weak
ridge over China turned out to be much
stronger than originally believed and Maury
was diverted toward Taiwan, as shown in
Figure 3-08-3, when the position was analy-
zed to be 25.5N 124E. Aircraft reconnais-
sance of the storm at 190543Z found the 700
mb center continued to be displaced from the
surface position, but now by 45 nm (83 km)
to the west-southwest. This precession of
the 700 mb center and erratic motion of the
surface center presented a great deal of
difficulty in forecasting the movement of
the storm.

The Storm center made landfall on the
northern tip of Taiwan at approximately
191000%Z. Maury caused heavy flooding in the
northern and central portions of Taiwan,
leaving 27 dead and many others missing or
injured. The flooding was the worst of this
year in Taipei City, according to Taiwan
press reports.

Maury then moved into the Formosa
Strait, still maintaining tropical storm
strength, but the intensity was now reduced
to 35 kts (18 m/sec) following its inter-
action with the orographic features of
Taiwan. Maury made its second landfall
approximately 30 nm (56 km) south-southwest
of Fu-chou, China, at 192100Z. Three hours
later, at 200000z, Maury was downgraded to
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The remanents of Maury did not complete-
ly dissipate over China as expected, but
continued inland and began tracking towards
the southwest, eventually re-emerging in
the Gulf of Tonkin. The remanents were
identified as being over water based upon
synoptic data at 2306002, at which time the
system was again discussed in the Signifi-
cant Tropical Weather Advisory. The con-
vective activity lagged behind the surface
circulation until the surface circulation

moved into the Gulf of Tonkin. A Tropical
Cyclone Formation Alert was issued at
231200Z; synoptic data indicated the low
level system had recurved northward to make
final landfall, approximately 30 nm (56 km)
southwest of Yin-chou, while the convective
activity continued to move to the southwest.
The remanents of the surface circulation
then followed orographic features inland
and could no longer be distinguished after
241200Z. The convective activity went over
land south of Nam Dinh, Vietnam at 240000%.
These cells finally dissipated in the moun-
tains of Laos at 241200z,

FIGURE 3-08-3. Tropical Stomm Mauwry showed westward
movement at the time of this imagery, 18 July 1981,
23052, Mawry 10 houns befone making Landfall at the

noathern tip of Taiwan.
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TROPICAL STORM NINA (09)

Tropical Storm Nina eventually formed
from a leeside surface low in the wake of
Tropical Storm Maury (08). The disturbance
was first detected on 2100002 July synoptic
charts near 24N 122E; to the east of Taiwan.
The disturbance moved within the monsoonal
flow from the southwest until the vertical
development became entrained into the west-
ward flow around a mid-level anticyclone to
the east.

When the system began to drift northwest-
ward around the northern tip of Taiwan, a
Significant Tropical Weather Advisory was
issued at 220003Z. The Tropical Cyclone
Formation Alert was then transmitted at
2201002 when synoptic data indicated a
surface circulation was located near 25N
123E. The first warning on Tropical
Depression 09 was subsequently issued at
2206002.

Nina maintained a northwest track
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throughout the warning period. Initially
moving at 12 kts (22 km/hr}) as it rounded
Taiwan, the storm slowed as it approached
land. Nina had weakened to tropical depres-
sion strength when landfall was made at
2218002, 30 nm (56 km) northwest of
Hsia-p'u, China. The final warning was
issued at 230000Z, when the system was 35 nm
(65 km) inland and orographic effects were
rapidly dissipating the system.

Nina started out as an exposed low-level
circulation with convective activity to the
east. During the warning process this trop-
ical cyclone was not forecast to reach trop-
ical storm strength; however, in post-
analysis Nina was upgraded to tropical
storm strength for the initial 12 hour
period. A 35 kt (18 m/sec) ship report
originally considered suspect was later
verified by several other ship reports of
similar wind speed, but not in time to be
included on the second warning.
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TYPHOON OGDEN (10)

Typhoon Ogden developed near 23N 151E
when a circulation formed under a pre-exist-~
ing convective area. Development of this
circulation triggered TCFA issuance at
2622002 Aug 81, however, the area had been
convectively active during the previous
forty-eight hours. Once the circulation
formed, very gradual intensification fol-
lowed. A well-behaved storm track ensued
that posed no significant forecast problems.

The initial warning on TD 10 (270600%)
carried a gradually recurving track to the
east of Japan. This forecast was based on
the apparent existence of a break in the 500
mb ridge to the northwest and the approach
of an apparently significant trough in the
westerlies. Forecast aids were in disagree-
ment on the forecast track. Climatology and
the current synoptic situation influenced
the choice of the recurve track over a
northwest to westerly straight track. Three
warnings were issued with the recurve fore-
cast before a change to straight northwest
movement was decided upon. The change was
precipitated by two things; synoptic data
showed the approaching trough was not as
strong as anticipated, and the ridge to the

north was building westward ahead of TD 10.
No further changes in track were required as
TD 10 responded well to the steering cur-
rents on the south side of the ridge.

Favorable outflow conditions were never
established for TD 10 and this perhaps
explains the very gradual intensification.
Twenty-four hours after TD 10 formed, tropi-
cal storm strength was reached, however, it
took another sixty hours for then Tropical
Storm Ogden to reach its maximum intensity
of 65 kt- (33 m/s) thus becoming a minimal
typhoon (Fig. 3~10-1). Ogden was upgraded
to typhoon in post-analysis based on a combi-
nation of aircraft and land synoptic data.

Ogden crossed southern Kyushu between
3016002 and 3021002 and weakened significant-
ly. Ogden still possessed tropical storm
strength winds when it emerged into the East
China Sea. Weakening continued as Ogden
headed northwest toward Cheju-Do Island and
the Korean Peninsula. Succumbing to upper
and mid-level shear, Ogden finally dissipated
as a significant tropical cyclone over the
Yellow Sea along the west coast of Korea.

(b)

FIGURE 3-10-1. a] Tnopical Stomm Ogden at 2922597
approximately twelve houns prion to neaching typhoon
strength. Intensity at this time was 55 bt (2§ m/s).

{NOAA 6 visual imageny)

b) Typhoon Ogden at 3009572

near the time of maximum intensity, 65 kt (33 m/s).

{NOAA 6 ingrared imageny)
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TD~11 AND TROPICAL STORM PHYLLIS (12)

The genesis of TD-11 and Tropical Storm
Phyllis were associated with one synoptic
feature, but the extent of development of
each was significantly different. The sy-
stems are being discussed together to con-
trast their early development and thereby
come to some understanding as to the in-
ability of TD-11 to mature into a signifi-
cant tropical cyclone. A brief discussion
of Tropical Storm Phyllis will then follow.

On 30 July a monsoon trough developed
that extended from the Northern Marianas
Islands southwestward toward the Palau
Islands. Two surface circulations were
embedded at opposite ends of the trough. A
mid-level cyclonic circulation was located

over the northeastern portion of the trough
while upper-level data had been indicating
the presence of an anticyclone over the
area.

Development of a significant tropical
cyclone was potentially high because of the
vertical relationship of the upper level
anticyclone to the mid-level and surface
circulation centers. Consequently, a for-
mation alert was issued at 310300Z for the
Northern Marianas area. During the ensuing
nine hours, satellite imagery showed evi-
dence of strong upper-level outflow and ship
data near the circulation center reported
pressures of 997mb; thus JTWC issued the
first warning on TD-1ll1 (Fig. 3-11-1).

FIGURE 3-11-1. TD-11 early in its development on

30 Juby 1981, 22362,
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A decrease in the upper level organiza-
tion was evident on satellite imagery as the
anticyclone receded slowly northeastward.
Although the mid and upper level features
that helped form TD-11l were still present,
by 1 August they appeared to be displaced
from the vertical axis of the depression.
TD-11 was tracking northeastward at a slower
rate than the upper level anticyclone and
eventually encountered upper level wind
shear caused by the anticyclone which dis-
associated from TD-11 on the 2nd of August
and moved well to the northeast. The final
warning on TD-1l1 was issued at 0200002.

Aircraft reconnaissance observations on
the 1lst of August (Fig. 3-11-2) revealed
TD-11 was not as well organized as when the
first warning was issued. A circulation
center was evident at 1500 ft. but the sur-
face winds were indicative of only an elong-
ated trough extending from TD-11 to the sec-
ond circulation north of the Palau Islands.

Throughout the trough in general, surface
pressures were low with weak pressure gra-
dients, thus accounting for the weak wind
field about TD-11 whose central pressure
could have supported much higher winds had
it not been embedded in the trough.

While attention had been focused on TD-
11, another surface circulation, located in
the eastern-most portion of the monsoon
trough continued to persist. The upper-
level anticyclone was now providing the out-
flow mechanism required for further develop-
ment. A formation alert was issued at
0223002 for the area northeast of the
Marianas Islands. By 030600%Z aircraft and
satellite reconnaissance provided evidence
that the circulation had already attained
tropical storm intensity and the first
warning on Phyllis was subsequently issued
at that time.

The two features most directly respons-

FIGURE 3-11-2. Plot of aircrrft reconnaissance
data at the 1500 §t. Level and surface of TD-11 on

the 1st of August.
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ible for the lack of development of TD-11
and the intensification to Tropical Storm
Phyllis were the location of the upper-
level anticyclone and the elongation of

the monsoon trough as the anticyclone moved
northeastward. Initially both circulations
were favorably positioned under the upper
level anticyclone. The intensification of
TD-11 was retarded because the monsoon
trough elongated, thereby restricting strong
surface inflow from the east. Further, TD-
11 did not have the advantage of a strong
mid-level steering current and was thus
unable to maintain its favorable position
with respect to the upper level anticyclone.
This resulted in an increased vertical wind
shear and eventual dissipation.

Phyllis, on the other hand, was able to
maintain a favorable position with respect
to the anticyclone aloft. Located within
the monsoon trough and exposed to strong
surface inflow in three quadrants, Phyllis

-

@=TOKYO

FIGURE 3-12-1. The exposed Low Level cinculation

was able to mature into a significant tropi-
cal cyclone.

Phyllis initially tracked northward at
11 kt (20 km/hr) and intensified slowly. Aan
interesting feature in the vertical struc-
ture of Phyllis after she attained tropical
storm intensity was that the convection
was mostly limited to the eastern periphery
of her circulation center, (Fig. 3-12-1).
Typically, this is suggestive of the cyclone
having a tilted vertical axis.

The convective activity decreased as
Phyllis advanced northward toward colder
water and encountered increased vertical
wind shear. By 041800% Phyllis began to
weaken rapidly and the final warning was
issued. The remnants of Phyllis continued
to track northwestward and later merged with
an extratropical low pressure system off
the east coast of Japan.

center of Payllis on 3 August 1981, 0410Z. The
convective activity is Limited to the east of hen

centen of eireulation.
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TROPICAL STORM

Tropical Storm Roy was spawned in the
warm water east of Vietnam during the first
few days of August. On 2 August, a low-
level circulation center beeame evident from
synoptic reports in the region. For the
next two days, the disturbance tracked slow-
ly northward and on 4 August, it acquired a
noticeable central convective feature. At
0405152, a tropical cyclone formation alert
was issued and in the 13 hours which follow-
ed, the disturbance was upgraded to Tropical
Depression 13 (041200%) and Tropical Storm
Roy (04180027). Figure 3-13-01 shows the
disturbance on infrared satellite imagery
at the time the decision to upgrade to warn-
ing status was made.

For the next 36 hours, Roy slowly inten-
sified and reached a peak intensity of 50
kt (26 m/sec) on 6 August. During this
period of intensification, the upper level
features associated with Roy began to move
west of the surface center, under the in-
fluence of a moderate mid- and upper-
tropospheric shearing current. Figure
3-13-02 shows Roy's low-level center

7013 (ROY)

FIGURE 03-13-1. NOAA 6 TR 0411242 AUG §1

The central convective features over the developing
Tropical Stonm Roy. Based on this imageny (0411247
Aug 81) and some synoptic ship neponts in the vici-
nity, the decisdion to issue thopical cyclone
warnings was made. (NOAA 6 infrared imagery)
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ROY (13)

emerging from the main convective feature.
From 6 August to Roy's eventual dissipa-
tion on 9 August, the system existed as an
exposed low-level center with most of the
convection displaced well west of the low-
level center,

Roy's track through the South China Sea
was difficult to fully anticipate. From the
beginning, Roy was expected to track slowly
towards the north-northeast then turn to a
more northwesterly heading. However, in the
initial stages, Roy moved steadily northeast-
ward. Roy's movement appeared to be related
to the combined effects of the low-level
monsoon flow east of Roy's center and the
general alignment with a mid-tropospheric
trough which extended southwest from Tropical
Storm Phyllis. On 6 August, however, the
mid-tropospheric trough closed-off northeast
of Roy and the system gradually turned
towards the west in response to the resetab-
lishment of the Asian high pressure ridge
over southern China. Eventually, Roy weak-
ened as a significant tropical cyclone in
the northwestern South China Sea prior to
crossing Hai-nan.

FIGURE 03-13-2. NOAA 6 VIS 0523407 AUG §1

Visual satellite imagery for the §inst time shows
Roy as a parntially exposed Low-Level circulation
centern. (0523407 Aug §1) During the 24 hourns which
gollowed, Roy would become §ully exposed and would
begin a gradual weakening trend. [NOAA 6 visual
Amageny)
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TROPICAL STORM SUSAN (14)

During the week (27 July-3 August) prior
to the formation of Tropical Storm Susan,
the monsoon trough had been well established
in the West Pacific along 20N. When Tropi~
cal Storm Phyllis developed near 26N 147E on
3 August and subsequently moved north, the
prevailing low-level southwest flow south
of 20N diverged into two channels; one con-
tinued north moving with Phyllis, while the
other pushed further east to help establish
a weak trough in the vicinity of Wake Island
(WMO 91245). Tropical Storm Susan formed in
this weak trough.

The disturbance that was to become Tro-
pical Storm Susan first appeared on satel-
lite imagery at 062136Z as an exposed low-
level circulation approximately 60 nm (111
km) north of Wake Island (Fig. 03-14-1). At
the time, the separation of the convection
from the surface circulation, due to verti-
cal shear, suggested that only a weak dis-
turbance existed in the area. During the
early morning hours prior to this visual
satellite sighting, Wake Island had been
reporting heavy rainfall with southwest
winds as high as 45 kt (23 m/sec); however,
it was felt that these reports were more
representative of the strong convection in
the area than of the exposed surface circu-
lation. When Wake's winds subsided during
the next several hours to only 15 kt (8
m/sec), and there was little apparent move-
ment of the circulation center, it was deem-
ed unnecessary to immediately issue a
warning of this disturbance. Instead at
07031922, a Tropical Cyclone Formation Alert
(TCFA) was issued with the expectation that,
providing the strong upper level flow across
the region subsided, enocugh convection would
develop around the surface circulation for a
significant tropical cyclone to form.

During the next 24 hours little changed

Figure 3-14-1. The initial stages of Tnopical Stoam
Susan just nonth of Wake Island at 6 August 21367.
(NOAA 6 visual imagery)

1RANDOI.,PH A, FIX, 1 Lt, USAF: Aerial Recon-
naissance Weather Officer (ARWO).
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in the synoptic situation. Although new
convection had begun to develop approximate-
ly 100 to 150 nm (185 to 278 km) to the
north and east of the exposed low-level
circulation, 200 mb satellite-derived winds
over the region still indicated strong 40

kt (21 m/sec) flow from the north. When the
0800152 aircraft investigative mission could
find only 20 kt (10 m/sec) winds in possibly
“one of several circulations in the area"!®
(992 mb sea level pressure), it was decided
to reissue the formation alert. However by
0812002, the convection on the periphery of
the surface low appeared to have strengthen-
ed while satellite imagery indicated that
the strong vertical shear had weakened
enough for an upper level anticyclone to
develop; consequently, the first warning on
Tropical Storm Susan was issued.

Initially, Susan tracked north along a
trough induced by convection left behind
from the passage of Tropical Storm Phyllis
a week earlier. Once she reached 30N 164E
at 091200z, Susan did not recurve as origi-
nally forecast but turned toward the north-
west in response to an approaching weak cold
front. It was during this stage that Susan
reached her greatest intensity of 60 kt (31
m/sec) (Fig. 3-14-2). By 101800Z the
approaching frontal system weakened enough
so that Susan no longer responded to its
presence. However, cool dry air from the
remnants of this front appeared to entrain
into the circulation center and by 1112002
very little convection remained. Susan next
turned toward the west-northwest in response
to a new frontal system coming off Japan
(also increasing its convective activity).
This time, however, the frontal system did
not weaken before reaching Susan; and by
1300002 Tropical Storm Susan had become com-
pletely entrained into the front and quickly
made the transition into an extratropical
system.

Figune 3-14-2. Tropical Stoam Susan just prion to
peak intensity on 9 August 22082. Note how the
convection 44 displaced §nom the circulation centen.
A weak cofd gront can be seen approaching grom

the nonthwest. (NOAA 6 ingraned imageru|
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TYPHOON THAD (15)

The monsoon trough was particularly
active in mid-August, and within the 48 hour
period beginning 16 August three tropical
cyclones were spawned. Typhoon Thad, the
first of the three, was initially evident on
10 August when surface synoptic data indi-
cated a weak circulation was embedded in the-
trough near 18N 130E. The circulation was
first cited in the Significant Tropical
Weather Advisory on 15 August when satellite
imagery indicated limited outflow had deve-
loped above the surface circulation. The
outflow was initially the result of a 200 mb
ridge that had built westward over the sur-
face trough. Continued improvement in the
outflow prompted the issuance of a Tropical
Cyclone Formation Alert at 151800Z. Air-
craft reconnaissance data, which located the
circulation near 19N 132E, provided the
basis for the alert area being moved north-
east and reissued at 1605302. Analysis of
1600002z 200 mb synoptic data showed that an
anticyclone had developed in the ridge over
the circulation, enhancing the outflow pat-
tern necessary for further intensification
of the disturbance.

Satellite imagery eventually indicated
better organization of the system, thus the
first warning on TD-15 was issued at 161200%Z.
TD-15 was initially forecast to move slowly
northward then accelerate to the northwest
as it came under the influence of easterly
winds south of the 500 mb ridge. By 1706002
both aircraft and satellite data showed
Thad's movement was to the northeast in
response to a weakness in a 500 mb ridge
which had developed over Japan (Fig. 3-15-1).
Forecasts of this 500 mb feature maintained
the weakness over Japan and the forecast
track for Thad was adjusted from northwest-
ward to northward to reflect the new steer-
ing pattern. Recurvature was expected east
of Japan. .
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Figure 3-15-1, 500 mb streamline analysis for
1512007 showing the mafon synoptic geatures upon
which the necurvatune forecast was based. Wind data
are a combination of rawinsonde and aircragt recon-
nalssance data, Wind speeds are in knots.
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By 180000Z Thad had reached typhoon
strength and developed a ragoed eye that
remained for 80 hours (Fig. 3-15-2).

As Thad neared 30N, analysis of 500 mb
data established the likelihood that Thad
would interact with a progressing long wave
trough just south of Japan, where recurva-
ture and subsequent acceleration were ex-
pected. Post-analysis has revealed several
deficiencies in that conclusion: the trough
did move eastward over the Sea of Japan late
on 21 July; a rapidly building ridge east of
Thad caused the trough to stall northwest of
Thad; coincident with the stalling long
wave, a weak short wave moved through the
trough and caused a rapid, unforecast,
deepening. The entire trough system gener-
ated 500 mb height drops of up to 100 meters
in 12 hours. This rapid deepening, combined
with high pressure in the ridge to the east,
established an intense 500 mb pressure grad-
ient over eastern Japan with resultant wind
speeds as high as 65 kt (120 km/hr). Thad
tracked northward under the influence of the
500 mb flow, was entrained into this area of
high winds early on 22 August and acceler-~
ated very rapidly to the north over eastern
Japan, rather than taking the expected
recurvature path. Thad's speed cf advance
accelerated from 10 kt (19 km/hr) at 2200002
to 45 kt (83 km/hr) by 2300002Z.

Post analysis has shown Thad started a
very rapid extratropical transition near 32N
that continued as the system accelerated
along the eastern side of the trough. The
rapid acceleration, and an associated rapid
entrainment of cool dry air, completed the
transition by 2312002, at which time satel-
lite imagery indicated Thad had merged with
the trough over the Tatar Strait and was no
longer discernible as a tropical entity.

Figure 3-15-2. Visual satellite imagery grom
2072592 Aug 81 showing Thad at 80 knots (41 m/sec)
intensity, with nagged eye. {(NOAA 6 visual imagery)
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TROPICAL STORM VANESSA (16)

Tropical Storm Vanessa developed approx-
imately 60 nm (111 km) south of Marcus Is-
land (WMO #47991) during a period of enhanc-
ed convective activity within the monsoon
trough. Despite diurnal fluctuations, the
increased convective activity was evident
on the satellite imagery of 12 August and
continued to increase over the next several
days. Furthermore, surface synoptic data
and satellite data confirmed the merger of
the monsoon trough with a pre-existing

north-south oriented trough near 170E that
had been in evidence since 7 August. This
second trough was particularly intense due
to prior passage of Tropical Storm Susan
(14). Weak circulations and minor distur-
bances were detected along the entire length
of the merged troughs and investigative
missions were flown to several of them. The
first disturbance to intensify significantly
produced Typhoon Thad (15), while 18 hours
later (1706002) the first warning was issued
on Tropical Storm Vanessa (Fig. 3-16-1).

FIGURE 3-16-la: Active monsoon trough as it appeared
prion to devefopment of Tropical Storm Vanessd. (7}
TD-15(Thad), (2} .initial TCFA and (3) area where

TD-16(Vanessa) developed.

Photo is mosaic using

consecutive NOAA 6 passes fon 1521317 and 1523122,
Aug 1981. [NOAA 6 visual {magery)
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FIGURE 3-16-1b: The 1700002, Aug 1981 surface

) /gnadient-Level (ddd €——{{{) wind data and
strneambine analysis depicting the monsoon trough.
Wind speeds are in knots.
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An initial Tropical Cyclone Formation
Alert (TCFA) was issued at 1505252Z for a
circulation near 20N 149E which, in the
ensuing 24 hours, weakened. This TCFA was
superseded by a second TCFA at 160617% for
a Circulation near 24N 155E. Re-analysis of
all available satellite data for the period
shows that the circulations were separate
entities and were related only because they
developed within the same trough. Further-
more, re-analysis also reveals that there
was a primary and a secondary circulation
present when the second TCFA was issued.

The primary circulation was totally obscured
by dense overcast and was not initially
apparent. Initial satellite fixes were
based on the partially exposed secondary
circulation. In actuality, the primary cir-
culation was located approximately 60 nm
(111 km) to the south of the satellite fixes
{Fig., 3-16-2). The troublesome secondary
circulation was no longer discernible after
approximately 12 hours and satellite ana-
lysts were able to locate the primary circu-
lation.

Enhanced convection and the intense
trough were the key low level features con-
tributing to the genesis of Vanessa. Two
other contributory features were a mid-
tropospheric trough and an upper level anti-
cyclone, both of which were in positions
favorable for. tropical cyclone development.

The mid-tropospheric trough approximated
the position of the surface trough. Several
circulations were embedded within this
trough, including one over the surface posi-
tion where Vanessa formed. In the upper
troposphere, an anticyclone had existed over
the area since 15 August. Vanessa, there-
fore, possessed the vertical alignment of a
mature tropical cyclone from her inception.
(Similar conditions existed during the for-
mation of Tropical Storm Phyllis (12)}.

SECONDARY CIRULATION—

It is interesting to note that although
Vanessa was vertically aligned, little
further development took place after Vanessa
was completely free of the surface trough.
Two factors probably contributed to non-
development:

a. Imitially, Vanessa had outflow to
the southwest and the northeast.
The wind currents exiting the Asian
landmass split with the major cur-
rent being diverted north of the
ridge while the weaker current
passed south. This weaker southern
current was not sufficiently strong
enough to maintain the northeast
outflow channel and no other outlets
were available to connect Vanessa
to the westerlies. Thus, only
southwest outflow was maintained.

b. 1In addition to the loss of an out-
flow channel, Vanessa's northeast-
ward progression was blocked by
strong ridging associated with a
large 500 mb anticyclone over the
Marshall Islands. The ridge forced
Vanessa to steer due north. Since
Vanessa initially formed at a rather
high latitude subsequent northward
movement brought her rapidly into
contact with upper level shearing
currents.

By 190000z, Vanessa was devoid of con-
vection and the extratropical transition
was completed. The completely exposed low
level circulation continued to be visible
on the satellite imagery for sometime as it
continued to track north and eventually
merged with a mid-latitude system near 40N
165E. It was finally no longer discernible
as a separate entity by 2100003Z.

FIGURE 3-16-2. Sateflite imagery fon 1621062, Aug
&1 showing the exposed secondarny circulation and
Zhe convective area associated with the developing
TD-16(Vanessa). (NOAA 6 visual <imagery)
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TROPICAL.

The disturbance that eventually became
Warren developed within a monsoon trough
that extended across the South China Sea on
the 14th of August. Strong vertical wind
shear, caused by northeasterly flow at the
200 mb level, inhibited development of the
circulation for the next three days. By the
17th of August the 200 mb wind field weaken-
ed, allowing upper level features to deve-
lop, surface pressures dropped below 1000 mb,
and convective activity south of the distur-
bance center increased. Conseguently a
Tropical Cyclone Formation Alert was issued
at 1715002.

The system was initially tracking west-
ward at 05 kt (9 km/hr) under the influence
of mid-level easterlies generated by a sta-
tionary 500 mb anticyclone positioned over
Southeast China. This anticyclone pérsisted
throughout Warren's life cycle and its in-
tensity changes were responsible for the
variable speed of movement (between 2 kt
(4 km/hr) and 5 kt (9 km/hr)) seen prior to
the storm striking Hai-nan Island.

By 180600z satellite imagery showed
that Warren had developed an upper level

FIGURE 3-17-1.
of 20 August, 0102Z.
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STORM WARREN (17)

outflow center and the first tropical storm
warning was issued. Most of the convective
activity was located south of the surface
center as were the maximum surface winds.
Synoptic and satellite data also indicated
that Warren's vertical axis was tilted
southward as he tracked over Hai-nan.

After passing over Hai-nan, Warren em-
erged into the Gulf of Tonkin. Warren con-
tinued to show indications of increased
organization and intensification as he
tracked over the warm water in the Gulf of
Tonkin. At 18002 on the 19th Warren reached
his maximum intensity of 45 kt (23 m/sec)
while over the Gulf (Fig. 3-17-1), a typical
occurrence for most tropical cyclones that
move into the Gulf of Tonkin. During the
summer months the gulf water becomes extre-
mely warm and thus provides excellent source
of energy for transiting tropical cyclones.

Warren made landfall near Nam Dinh,
Vietnam, on the 20th of August and weakened
rapidly. The final warning on Warren was
issued at 12002 on the 20th as it began to
dissipate over Vietnam.

Tropical Storm Warren with maximum
sungace winds of 45 kt (23 m/sec) prion to Landfall

{NOAA 6 visual imagery)
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TYPHOON AGNES (18)

In mid-August, after several weeks of
active cyclogenesis near Wake Island (WMO
91366) which spawned Tropical Storm Susan
(14) and Vanessa (16), an upper-level ridge
built over the latitudes north of the Mar-
shall Islands and further activity was sup-
pressed for several days. At 230000Z, sate-
llite and upper-level wind reports showed
evidence of an upper-level trouagh building
westward from the dateline and during the
next 36 hours, a well-defined Tropical Upper
Tropospheric Trough (TUTT) cyclone developed
in the vicinity of Wake Island. This upper
cyclone induced an area of extensive, but
yet unorganized, convection southwest of the
TUTT cyclone. Gradually, as the convective
area moved westward, a weak upper-level
anticyclone became evident northeast of Guam.
Concurrently, at 251200%Z, the mid-tropos-

R ¢

pheric winds reported from Guam became
northerly, and 12 hours later, shifted to
southeasterly as the system moved just north
of Guam. On 26 August, while a reconnais-
sance aircraft conducted the initial invest-
igation of the developing system, the 2600002
synoptic data indicated a possible low~level
center approximately 150 nm (278 km) north-
west of Guam. Based on these data, a
Tropical Cyclone Formation Alert was issued
at 260500Z and, at 260807Z, the investigating
aircraft located a 1006 mb surface center
215 nm (398 km) northwest of Guam. During
the subsequent period, satellite imagery
showed improving convective organization and,
at 261800%Z, the first warning was issued for
Tropical Depression 18. (Figure 3-18+~1
shows TD-18 shortly after the first warning
was issued).

Figure 3-18-1. Tnopical Depression 16 at 2622212
AUG Located 360 nm (667 km) west-nonthwest of Guam.
This imageny shows a partially exposed Low-Level
cineulation on the nonth side of an extensive area
of convection. (NOAA 6 visual imageny)
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At 270600Z, TD-18 was upgraded to Tropi-
cal Storm Agnes when aircraft reconnaissance
data showed a 994 mb sea level pressure at
the center and measured winds of 46 kt (24
m/sec) at flight level (1500 ft (472 m)).
The first three warnings on Agnes (TD-18)
forecast a westward trajectory toward the
Bashi Channel, south of Taiwan. However, by
2712002, the analyses and numerical prognos-
tic series indicated that the 500 mb ridge
north of Agnes had not built, and would not
build as far west as originally thought.
Thus, the forecast track was changed to a
more northwestward direction toward Okinawa.

While moving toward the west-northwest and
intensifying along climatological norms,
Agnes was upgraded to a typhoon on the
290000Z warning. At 300600z, Agnes passed
90 nm (167 km) southwest of Okinawa and then
began a turn toward the north along the
western periphery of the subtropical ridge.
(Figure 3-18-2 shows Agnes south of Okinawa
with maximum winds of 85 kt (44 m/sec) and
intensifying). At 310000Z, .170 nm (315 km)
northwest of Okinawa, Agnes reached a peak
intensity of 95 kt (49 m/sec) which was
maintained for 12 hours then, after 3112002Z,
all available data indicated that Agnes had
begun a weakening trend.

. “OKINAWA

Q%ﬁ -
N -

*TY AGNES

Figure 3-18-2. Typhoon Agnes (200548 AUG), Located

just south of Okinawa, with maximum winds 0of 85 kt

(44 m/sec) and approaching her maximun intensity of

95 k; (49 m/Aeq). Agnes had developed a Lange

fwauwéiéngheye which Ez,tea Aimagery and aireragt data
sdnow as a much more compact

(NOAA 7 visual imageny) pact centrat feature.
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Prior to 020600Z September, the forecast
scenario had anticipated Agnes would inter-
act with a mid-latitude trough south of
Korea and then accelerate northeastward.
However, as Agnes moved north of 30N, there
was no evidence of the anticipated accelera-
tion; instead, there was increasing evidence
that Agnes was losing much of her deep-
layered convection and a premature extra-
tropical transition was underway. (Figure
3~18-3 shows the 0100002 September 200 mb
and 500 mb streamline pattern near Agnes).
As Figure 3-18-3 indicates, there were
significant opposing mid- and upper-level
currents over Agnes and by 01C9002Z, satel-
lite imagery showed the last evidence of an
upper-level circulation pattern over Agnes.
In post-analysis it was determined that Agnes
had lost much of her tropical characteristics
by 011800Z. However, since there were no
aircraft or synoptic data close to Agnes to
confirm this apparent transition, warnings
were maintained until 030600Z at which time

synoptic data from Jeju-Do (WMO 47184) con-
firmed Agnes' character and that the threat
as a significant tropical cyclone to Korea
and Japan had passed. Although the system
remained well south of Korea until 3 Septem-
ber, much of the southern portion of South
Korea was being inundated with the heaviest
recorded rainfalls in this century, up to

28 inches (approximately 71 cm). This ad-
verse weather preceded the low-level center
as the heavy rains and thunderstorms were
sheared northeastward over Korea. Because
most of the earlier forecasts had predicted
Agnes moving over this region by this time,
much of the potential damage from these
rains may have been averted by the precan-
tions taken well before the heavy rainfalls
and flooding began. Finally, as a relative-
ly weak wind system, the extratropical
remains of Agnes passed through the Korea
Straits and into the Sea of Japan on 3 and

4 September without any known reports of
significant wind or sea damage in the region.
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Figure 3-18-3. At 0100007 SEP, Typhoon Agnes was
Located near 30.2N 123.2E with maximum winds of 85 k{
(44 m/sec). However, a strong 200 mb §Low of 40 to
50 kt (21 %o 31 m/sec) was evident over the 500 mb
cirewlation. This pattenn, already underway fon 24
hours, continued forn the next 36 hours during which
Agnes lost hen tropical charactenistics and weakened
to a waak extratropical cyclone.
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TYPHOON BILL (19)

Without the benefit of satellite data
Typhoon Bill may have gone undetected since
the initial disturbance formed 295 nm (546
km) east-southeast of Marcus Island (WMO
47991) and only came within 120 nm (222 km)
of that island at 06002 on 3 September, The
disturbance was never discernible in the
synoptic data observations from Marcus Is-
land.

Bill remained a compact system through-
out its duration. Figures 3-19-1 thru 3-19-4
illustrate the life cycle of Bill from a time
near the first warning until its final hours.

The steering for Bill was provided by the
flow around the mid-tropospheric sub-tropical
anticyclone to the east. Speed of advance
(soa) forecasts were particularly good during
the period of Bill's recurvature and eventual
extratropical transition when Bill gradually
entrained into the mid-latitude mid- and
upper-~level westerlies. Using a method deve-
loped by Burroughs and Brand (1973), opera-
tional SOA forecasts were extremely close to
the post-storm analysis values.

Unlike larger storms which tend to create
their own environment and move sub-tropical

¢, 3

systems out of their way, Bill reacted to the
environment and maintained a tight gradient
between himself and the anticyclone until he
was north of 28BN at 051200Z, where weakening
began. Once this occurred, the maximum ob-
served wind speeds correlated quite well with
the wind/pressure relationship of Atkinson
and Holliday until extratropical transition
occurred.

First detected at 010000%Z September,
Bill's convection covered a small arxea,
approximately 150 nm (278 km) in diameter,
and had an associated small mid-level cy-
clonic circulation. This mid-level system
slowly built down to the surface and then
deepened rapidly. Environmental pressures
were generally near 1009 mb; however, air-
craft reconnaissance at 0308072 found a
993 mb central pressure and winds of 70 kt
{36 m/sec) northeast of the center. The
Atkinson and Holliday (1977) wind/pressure
relationship indicates that a 993 mb central
pressure would support a mean maximum wind
of 45 kt (23 m/sec). The higher wind speed
in Bill was the result of an extremely
tight pressure gradient between the storm
and a subtropical ridge to the northeast.

FIGURE 3-19-1. .Tropical Stomm Bill at 50 kt (26
m/sec) intensity, 3 Septemben 1981, 16051, This
imagerny shows that BiLL was a compact system in the
eanly stages. (NOAA 7 infrared imagery)

75



TYBILL

FIGURE 3-19-2, Typhoon BiLL at 85 kt (44 m/sec)
intensity, 5 September 1981, 17241. This imagery
shows BLLL at peak intensity has remained a compact

system. (NOAA 7 ingrared imagery)

76




FIGURE 3-19-3. Typhoon BiLE at 75 kt (39 m/sec)
Aintensity, 6 Septemben 1981, 04287, Here BLRL As
beginning to entrain cold ain from the frontal system
o the nonth., (NOAA 7 visual imagery)

FIGURE 3-19-4. Tnopical Stomm BiLEL at 40 kt (20
m/sec) intensity, 7 September 1981, 04167. This
dimageny shows BiRL fust préon to the issuance of Zhe
Last wandng and the extratnopical thansitioning is
afmost complete. (NOAA 7 visual imagery)
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TYPHOON CLARA (20)

Clara was first detected on satellite
imagery at 1600Z, 11 September near Ponape
as an area of concentrated convection embed-
ded within the monsoon trough. No develop-
ment was noted during the next two days as
the disturbance tracked westward at 9 kt
(16 km/hr).

A Tropical Upper Tropospheric Trough
(TUTT) had been evident on the satellite
imagery and was analyzed from synoptic data
on the 200 mb streamline analysis northwest
of Guam for several days. This feature had
induced a large area of upper level diver-
gence in the vicinity of the disturbance
while some troughing and vertical wind shear
were induced by a second TUTT cell analyzed
to the northeast of the disturbance. The
relative position of the disturbance to the
upper level feature prevented significant
development by restricting available outflow
channels.

As Clara continued westward and moved
past the trough axis it became apparent that
the potential for significant development
would increase as it moved into the upper
level divergent area induced by the TUTT
northwest of Guam. Satellite imagery at
1318002 showed increased convection and or-
ganization while synoptic reports indicated
surface winds of 15 kt (8 m/sec) near the
center of the convection. As a result a
Tropical Cyclone Formation Alert (TCFA) was
issued at 131935Z.

During the next 24 hours Clara remrained

under the upper level trough and further
development was not evident based on satel-
lite imagery during 13-14 September. How-
ever, near the end of the initial 24 hour
period, convection flared up and the distur-
bance began moving west of the trough so the
TCFA was re-issued at 141923%Z.

After passing about 210 nm (389 km)
south of Guam, slow but steady intensifica-
tion took place as a 200 mb anticyclone
became evident over the disturbance based on
streamline analysis on 15 September. The
first warning was issued at 1506002 with a
straight westerly forecast track based on
the 500 mb steering flow induced by a mid-
tropospheric ridge north of Clara. Clara
continued to track west-northwest and at-
tained tropical storm intensity by 161800%.

The warnings issued between 15 and 18
September continued to forecast Clara to
take a westward track to eventually cross
Luzon while, in fact, Clara was moving west-
northwest. The forecast reasoning appeared
sound based upon synoptic analyses that de-
picted a large sub-tropical ridge to the
north of Taiwan, producing a strong easterly
500 mb steering flow over Clara. However,
streamline analysis of the 500 mb chart on
the 18th showed a weakness in the ridge west
of Taiwan with a second anticyclone over
southeast China. As a result of this new
analysis, future forecast tracks steered
Clara towards the break in the ridge with
eventual recurvature west of Taiwan in res-
ponse to the deepening trough moving into
southeast China.

Figune 3-20-1. Typhoon Clara at 05212, 19 September

1981, at 115 kt (58 m/sec), 16 hours before crossing
Zhe nonthern tip of Luzon. (NOAA 7 visual imagery)
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During this same period Clara had in-
tensified rapidly as she attained her maxi-
mum surface winds of 120 kt (60 m/sec) six
hours prior to crossing the northern tip of
Luzon at 1922002 (Figures 3-20~1 and 3-20-2).
Upon entering the South China Sea it became
apparent that Clara was not going to recurve
because the anticyclone over southeast China

had moved northeast displacing the weakness
west of Taiwan and preventing recurvature
to the north. Clara responded to these
changes and remained on a northwest track
making landfall 140 nm (259 km) east-north-
east of Hong Kong at 212000Z. After making
landfall Clara dissipated rapidly as she
accelerated inland into hilly terrain.

TY CLARA

Figure 3-20-2. Typhoon Clara at 19372, 20 September
1981, at &5 kt (43 m/sec], about 24 hours agter
crossing the nonthen tip of Luzon and approximately
360 nm {667 bm) northwest of Manila. (NOAA 7

Aingraned imagery)
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Clara was a devastating storm as she caused extensive damage to property and

crossed northern Luzon causing widespread crops. A Philippine Navy destroyer and a
damage and loss of 1ife in eight northern cargo ship sank 330 nm (661 km) north of
Luzon provinces. Torrential rains caused

Manila leaving 68 persons missing (Fig.
floods which left thousands homeless and 3-20-3).

Figure 3-20-3. U. S. Navy personnel are seen on
board the Philippine Navy Destroyer Datu Kalantigaw
duning tecovery operations. The destroyer was
fonced aground on Calagan Tsland by Typhoon Clara.
{u. S. Navy Photo by PH2 P. B. Soutaxr)
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TYPHOON DOYLE (21)

Typhoon Doyle was the second midget
storm of the 1981 season and followed (Ty-
phoon Bill (19), the first of the midget
storms) by less than three weeks. Doyle
and Bill were very similar in size, inten-
sity and track. Doyle was also unusual in
that all of the warnings were based on
satellite imagery analysis.

Doyle was first detected as an apparent
mid~to-upper-level disturbance early on 18
September near 25N 178E. The disturbance
built down to the surface as it drifted
westward at 8 kt (15 km/hr). A Tropical
Cyclone Formation Alert was issued at
1906002 when low-level cumulus banding
became apparent on satellite imagery. The
first warning was issued at 2006002 based

upon Dvorak analysis of visual satellite

data which indicated that Tropical Storm

Doyle had an estimated intensity of 35 kt
(18 m/sec).

Doyle initially tracked west-northwest
then recurved around a mid-tropospheric
anticyclone. As Doyle recurved he became
entrained in strong westerlies and accele-
rated rapidly northeastward. Doyle then
started to weaken over the cooler waters
north of 30N, finally losing tropical char-
acteristics near 39N 172E when the system
merged with an existing front. Typhoon
Doyle was never larger than 180 nm (333 km)
in diameter, even though the maximum inten-
sity was 80 kt (41 m/sec) (Fig. 3-21-1).

k4

F N A:T"; -

Figure 3-21-1. Doyle's compact size is graphically
Lllustrated in this 2103177 satellite data. Note the

well developed eye.

At this time, Doyle was approxi-

mately 400 nm (741 km) nontheast of Marcus Istand.

(NOAA 6 visual imageny)
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SUPER TYPHOON ELSIE (22)

Following the northward progression of
Typhoons Clara (20) and Doyle (21), the near
equatorial trough became very weak and 4if-
fuse with very few areas of concentrated
convection during 19 and 20 September 1981.
By 2106002 two areas of significant convec-
tion, one near 10N 170E and the other near
5N 155E, signaled the re-establishment of
substantial activity. The signal, however,
appeared to be false, as convection along
the trough dropped dramatically during the
subsequent twenty-four hours. One small
convective area, approximately one degree in
diameter, remained near 8N 150E at 2206002
and surface/gradient level wind data at
2200002 identified a weak but well defined
associated circulaticn. At 230700Z an ini-
tial Tropical Cyclone Formation Alert (TCFA)

was issued for this convective area follow-
ing further definition of the disturbance by
satellite data which showed a fairly well
organized upper-level anticyclone (ULAC)
located above the low-level circulation.
This action was taken despite the failure of
aircraft reconnaissance to find anything
significant. A second TCFA was issued at
2407002, following a more successful aircraft
reconnaissance mission which did locate the
low-level circulation. Continued improvement
of the satellite image, supported by the
aircraft findings, culminated in the issuance
of the first warning on TD-22 at 241800%.

In retrospect, Elsie (Fig. 3-22-1) was a
very well behaved cyclone. The major pro-

s

-

Figure 3-22-1. This 2805207 satellite photo shows
Super Typhoon ELsie just agter nreaching a peak in-
tensdity of 150 kt (77 m/sec). At this time Elsie
was Located 615 nm (1139 km) west-nonthwest of Guam.
[NOAA 7 visual .imagery)
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blem faced by JTWC was one of timing the luate each segment of the track, the apparent

significant segments (Fig. 3-22-2) of Elsie's forecast reasoning at the time, and the per-
track, each of which represents a different formance of the one way interactive tropical
response to thg su;roundlng environment. The cyclone model (OTCM) in predicting progres-
approach of this discussion will be to eva- sion into the next segment.
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Segment #1 (2418002 - 2618002 Sep 81):
During this period, which begins with the
issuance of the first warning, the JTWC 500
mb analysis placed the subtropical ridge
axis between 20N and 23N with no breaks along
Elsie's predicted track. BAnalysis from Fleet
Numerical Oceanography Center (FNOC) agreed
on the placement of major 500 mb synoptic
scale features. FNOC's 500 mb forecast built
the ridge and the resultant OTCM predicted a
west~northwest track. JTWC continued this
forecast trend through warning No. 9, issued
at 2618002.

Prognostic reasoning bulletins were call-
ing for an eventual shift toward a more
northward track, however timing was the big
factor. JTWC's analysis showed the building
of the ridge; aircraft reconnaissance tracks
north of Elsie continued to yield support to
the JTWC forecast. FNOC's forecast did pre-
dict movement of a major 500 mb trough east-
ward over Japan. Height falls associated
with this trough showed up on JTWC analysis
at 2600002, coincident with the appearance
of a break in the ridge near 20N 135E, a
position northwest of Elsie's 500 mb cyclone.
The break was most likely induced by the
trough to the north and the presence of Elsie
to the south of the ridge.

Interestingly, the OTCM made its first
change in track at 2612002 by suggesting a
more northwestward track. By 261800Z the
OTCM had definitely locked into a northwest
track, however, it was not until warning
No. 13, at 2718002, that JTWC's warnings re-
linguished west-northwest movement for the
more northwestward track shown by the OTCM.

Segment #2 (270000Z - 3012002Z): FNOC
and JTWC analysis of 500 mb data, and sup-
port from aircraft reconnaissance, continued
to confirm the break in the ridge, which was
fostered by the deep trough over Japan and
Elsie's enlarging 500 mb circulation. Re-
sponding to this induced trough, Elsie began
to track north-northwest for a period of 48

hours. JTWC forecasts through this segment
of Elsie's life not only predicted the move-
ment trend well but also predicted transi-
tion into the next segment of Elsie's track,
the recurve.

Warning No. 16, issued at 281200z, re-
presented the first warning that truly fits
the segment 2 profile and predicted the
change of track to segment 3. FNOC analysis
and forecasts, as well as the JTWC analysis,
defined the synoptic pattern extremely well,
such that the JTWC forecasts were very con-
sistent in their call for recurvature.
Post-analysis has shown that in anticipating
a recurve, JTWC's forecasts were conserva-
tive when compared with the OTCM and the
actual storm best track. The conservatism
of JTWC was based on the belief that the
weak 500 mb winds (15-20 kt (8-10 m/sec))
south of Japan would allow Elsie to pene-
trate further north before encountering
westerlies sufficiently strong enough to
cause deaflection northeastward. FNOC fore-
casts also showed no major trough movement
at 500 mb that might lend support to any
other forecast track. In fact, FNOC fore-
casts generally favored development of a
zonal flow over Southern Japan. OTCM fore-
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casts also drove Elsie northward toward
Japan.

FNOC forecasts of a trough moving east-
ward off Asia did not indicate deepening,
thus the most representative forecast was
toward Japan. However, significant deepen-
ing did occur; the OTCM forecast for 3006002
Sep (Warning No. 23) was the initial indi-
cator of this influence on the forecast
track. JTWC's forecasts had predicted the
recurve all along, but now began to converge
on a tighter recurve pattern and finally
stablized, by warning No. 25, at 3018002
Sep.

Segment #3 (3018002 - 0205002 Oct 81):
This portion of the storm track began with
Elsie accelerating rapidly northeastward and
ended with extratropical transition. The
FNOC forecasts, once they picked up the
trough, deepened it significantly, as analy-
ses at JTWC and FNOC eventually bore out.
Elsie accelerated up the leading edge of the
trough and by 020600Z had transitioned into
an extratropical system. It is instructive
to note that not until warning No. 30,
issued at 0200002, did JTWC make its final
track change and forecast the disturbance to
move north-northeast, up the back of the
ridge. The OTCM had predicted this track
some twelve hours earlier at 0112002Z.

JTWC warnings up to warning No. 30 con-
tinued with the northeast track thus sending
the system through the ridge. The JTWC
warnings that continued to forecast eastward
movement did have sound basis, since Elsie's
movement as indicated from satellite and
aircraft data continued to be northeast.

This movement also placed Elsie within a
steering regime that, based upon 500 mb
analysis and forecast, should have kept Elsie
moving northeast. The problem was the result
of sound forecast logic based upon a faulty
prognostic chart series. The 500 mb forecast
series failed to adequately handle an ad-
vancing trough and the rapid building of the
ridge ahead of Elsie. Once these forecasts
began to reflect the changes, the JTWC fore-
caster was faced with making a decision based
upon two significantly different 500 mb pat-
terns. The first was the consistency of the
longer established forecast trend, with its
near zonal pattern, and the second was the
rather abrupt change to this pattern which
was first suggested in the 36 hour 500 mb
forecasts valid at 0212002. The apparent
radical change in 500 mb steering caused by
the sudden deepening of the trough and ampli-
fication of the ridge was not "bought" by the
Typhoon Duty Officer, the OTCM did however
"buy" the change by 011200Z. This final
track predicted by the OTCM was followed by
Eisie through her extratropical transition
and subsequent merger with mid-latitude,
migrating systems.

The OTCM handled the final segment of
Elsie's life quite well just as it did with
the earlier stages. In summary, this single
case study indicates that for this particu-
lar cyclone, the OTCM appeared to "sense"
the environmental changes to which Elsie
responded from 12-24 hours prior to them
being reflected in the JTWC forecast.
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TROPICAL

On 6 October, satellite imagery indica-
ted an area of active, but unorganized,
convection northeast of the Palau Islands.
During the 5 days that followed, the convec-
tive system moved westward and remained
unorganized until just prior to making land-
fall on Samar Island. As it tracked over
Samar, Cebu, Negros and Panay Islands, the
disturbance lost much of what little convec-
tive organization it did have, however
during this period, the affected central
Philippine Islands reported torrential rain-
fall and flooding, although surface reports
showed virtually no low-level wind circula-
tion. When the disturbance entered the
Sulu and South China Seas, it once again
showed signs of reorganizing and at 1211002,
a Tropical Cyclone Formation Alert was
issued.

STORM FABIAN (23)

As it traversed the South China Sea, the
disturbance continued to develop although
available surface observations showed small
pressure falls near the system. Reconnais-
sance aircraft at 130600Z reported a 1002 mb
center pressure and a closed circulation,
prompting the first warning for Tropical
Depression 23. Subsequent satellite imagery
showed continued convective organization
and at 131200z, TD-23 was upgraded to
Tropical Storm Fabian. The storm continued
to intensify during the next 12 hours,
reaching a maximum intensity of 45 kt (23
m/sec) at 1400002Z2. Figure 3-23-1 shows
Fabian while at maximum intensity and 9
hours prior to making landfall just south of
Cam Ranh Bay, Vietnam. As Fabian moved into
Vietnam, surface winds weakened rapidly and
by 15 October, the system could no longer
be detected from synoptic reports or on
satellite imagery.

Figure 3-23-1. Four days aften initial detection,
Tropical Stoam Fabian &8 Located 100 nm {185 km) east
of Cam Ranh Bay, Vietnam, at a peak intensity of 45
kt (23 m/sec) on this 1400051 December satellite
image. (NOAA 6 visual imagery)
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TYPHOON GAY (24)

Typhoon Gay was a harbinger of good
tidings for the island of Okinawa, providing
5.89 inches (14.96 cm) of rain as she passed
some 95 nm (176 km) to the southeast.

Locked in a severe drought, Okinawa resi-
dents had been suffering under strict water
rationing.

From its inception within an abnormally

large convective area Gay was far from a
straight forward system. Early satellite
fixes were very unreliable, resulting in the
vectoring of aircraft reconnaissance to the
wrong portion of the convective area. Post-
analysis has shown the actual "center" of
the developing system was far to the west-
southwest of where it was believed to be.
Figure 3-24-1 shows the system shortly after
initial warning.

TD 24{GAY)

Figure 3-24-1. Tnopical Depression 24 (Gay), 14

October 1981, 16141.

At this time the {initial

warming with winds of 30 kt (15 m/sec) had been
Lssued. The system was quickly upgraded to fropical
stonm status. The cinculation center was apphoxi-
mately 100 nm (185 km) east of Guam. (NOAA 7

ingrared Lmagery)
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As Gay became better organized she be-
came somewhat more predictable, with a
forecast for a generally westward track and
for an eventual recurvature around the west
side of the prevailing mid-tropospheric
anticyclone. Figure 3-24-2 shows Gay
during a period when she took the slight
southwest jog and loop shown on the best
track in response to an eastward building

anticyclone upstream from Gay's location.

Typhoon Gay remained a fickle system
until reaching maximum intensity (Fig.
3-24-3) when a large eye finally developed.
Until this time, the center of Gay was
characterized by an unusually large area of
light and variable winds, further contri-
buting to the problems of accurate location.

Figure 3-24-2. Tnopical Stonm Gay, 17 October 1981,
05037 when she began the slight southwestward move-

ment and eventually Looped.

(NOAA 7 visual imageny)

Figure 3-24-3. Typhoon Gay, 20 October 1981, 06102
at maximum intensity of 95 kt {49 m/fsec), Located
approximately 420 nm (778 km) east-southeast of
Taiwan. [(NOAA 7 visual {magery)
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Following recurvature and passage to the
east of Okinawa (Fig. 3-24-4), Gay continued
around the western side of the mid-Pacific
anticyclone and accelerated toward Japan.
Eventually passing within 30 nm (56 km) of
Tokyo, Gay brought extensive rainfall to
the central regions of Japan. Yokosuka
Naval Facility reported peak gusts of 60 kt

,Aéf‘

*AHNAN

ES

(31 m/sec) and 9.38 inches (23.8 cm) of
rain over the 24 hour period of Gay's
passage.

A low pressure system north of Japan
rapidly drew Gay northward and guickly
initiated an extratropical transition with
Gay merging completely with the existing
low center.

Figune 3-24-4, Typhoon Gay, 21 October 1981, 05592

breaking the drought on Okinawa; center Location is
some 120 nm {185 km) east-southeast of the {isfand.
[NOAA 7 visual .imagery)
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TYPHOON HAZEN (25)

Following two weeks with no tropical
cyclone activity in the northwest Pacific, a
disturbance associated with enhanced convec-
tion began to develop in an elongated trough
east of Guam. At 1223472, November a Tropi-
cal Cyclone Formation Alert (TCFA) was
issued as the system's circulation pattern
improved and an increase in convection was
evident from satellite imagery.

Aircraft reconnaissance on 13 November
was not able to close off a circulation, but
the convective features and the satellite
signature remained strong, so the TCFA was
reissued. Aircraft reconnaissance data at
1400002z found a closed circulation with maxi-
mum surface winds of 35 kt (18 m/sec}, thus
the disturbance became Tropical Depression
25, with the first warning being issued at
1402002Z. Aircraft reconnaissance later that
evening reported the surface pressure had
dropped to 990 mb, prompting upgrading to
Tropical Storm Hazen with estimated maximum
winds of 40 kt (20 m/sec). Satellite imagery
at this time showed the development of an
intense, 150 nm (278 km) diameter, convective

mass.

Forecasts during the early stages of
Hazen's rapid development predicted movement
to the west-northwest at 7 kt (13 km/hr) in
response to weak steering flow in the mid-
troposphere. Hazen was expected to become
entrained into a frontal boundary associated
with a strong mid-latitude low pressure sy-
stem east of Japan. However, this did not
occur; the front weakened and moved to the
east. A mid-tropospheric ridge began build-
ing behind the front, causing Hazen to take
a westward jog and eventually forcing a
southwest track as the ridge intensified
north of the storm.

Tropical Storm Hazen's southwestward
path took it over the northern tip of
Saipan between 1503002 and 1506002 (Fig.
3-25-1). Maximum sustained.winds of 35 kt
(17 m/sec) with gusts to 62 kt (31 m/sec)
were reported by the Saipan weather office.
Minor structural damage and many downed
trees and power lines were reported.

Figure 3-25-1. Tropical Stonm Hazen at 55 kt (2§
m/sec) Lintensity 110 nm (204 km) nontheast of Guam
shontly aften cnossing Saipan, 15043027 November.
(NOAA 7 visual imagery)
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Hazen then passed 60 nm (111 km) north
of Guam at 151200Z and began a more westerly
movement. Winds near the center were esti-
mated to be 55 kt (28 m/sec) at this time
but only the weaker southern quadrants passed
over Guam, where winds of 15 kt (8 m/sec)
were reported with some heavy showers. These
synoptic reports provided verification that
Hazen was a very compact storm with winds
of over 30 kt (15 m/sec) extending no more
than 30 nm (56 km) from the center.

Hazen was upgraded to typhoon strength

at 151800Z, 3 hours before aircraft recon-
naissance reported surface pressures of 957
mb and estimated surface winds of 90 kt (45
m/sec). After passing Guam, Hazen rapidly
intensified to his maximum intensity of 100
kt (50 m/sec) as it followed the more west-~
ward track. Early on 17 November Hazen be-
gan to interact with a mid-latitude trough
and was drawn northwestward into an area of
increased vertical wind shear. Hazen weaken-
ed as the upper-level outflow channels to
the north diminished. As the trough passed
to the east, Hazen resumed westerly movement
and reintensified (Fig. 3-25-2).

Figure 3-25-2. Typhoon Hazen at 85 kt-{43/sec)
intensity 640 nm (1185 km) west of Guam. Hazen L4
seen here interacting with the trough that even-
tually weakened Hazen to tropical stonm strength,
1705492 November. (NOAA 7 visual imagery)
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As Hazen approached the Philippines a
slow weakening occurred as part of his cir-
culation was interrupted by the mountainous
terrain of the islands south of Luzon.
Hazen passed just south of Catanduanes
Island (WMO 98447) at 191200%Z (Fig. 3-25~3)
and entered the South China Sea 18 hours
later. Highest recorded winds were 65 kt
(33 m/sec) at Catanduanes Island. As Hazen
entered the South China Sea no intensifica-
tion occurred over the warm water due in

K 3 R .

part to the severe interactions between the
low-level circulation and the mountainous
terrain of southern Luzon; the loss of
strength just could not be overcome. Hazen
continued to weaken as he tracked toward
Hanoi guided by a weakness in the 500 mb
ridge that was evident upon the 2112002
streamline analysis. Hazen continued to
move toward the weakness, eventually making
landfall 150 nm (278 km) east-northeast of
Hanoi and then dissipated over the hilly
terrain of southeast China.
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Figure 3-25-3. Thopical Stoam Hazen at 55 kt'(23
m7gec] 125 nm (232 km) southeast of Manila whife
moving south of Luzon, 1918017 Novembern. (NOAA 7

infraned imageny)
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SUPER TYPHOON IRMA (26)

Super Typhoon Irma was the second of
three tropical cyclones (Hazen(25), Irma
(26), and Jeff (27)) to form in an active
eguatorial trough between 150E to 170E near
10N during the middle weeks of November.
Reaching a maximum intensity of 135 kt (69
m/sec¢) and a minimum sea-level pressure of
902 mb, Irma was the strongest of the three
storms, and fortunately, also the best "be-
haved" and the easiest to forecast.

When the area of enhanced convection
that eventually became Typhoon Hazen formed
near 10N 165E on 10 November, a zone of
strong convective activity, located between
8N and 10N, stretched eastward from 165E to
150W. During the following week, westward
propagating cloud clusters, as referenced in
Ruprecht and Gray (1976) supported by con-
vergence in the low-level easterly flow plus
a strong upper-~level divergent pattern,
could be seen forming and dissipating along
the entire zone. Throughout the period
neither the data-sparse regions east of 170E,
nor the satellite data, suggested the exis-
tence of a low-level circulation. Synoptic
data along the western periphery of the zone,
between 160E and 170E, did indicate the
possibility of several minor troughs, or
small circulations, propagating from the
east. Similar synoptic situations existed
for each of the three systems, i.e. Hazen,

Irma, and Jeff; there was also a fourth cir-
culation, detected on 12 November near 10N
161E. This latter system quickly dissipated
because of the immediate proximity of the
developing Hazen, a stronger cyclone.

The convective disturbance that spawned
Super Typhoon Irma was first mentioned in
the Significant Tropical Weather Advisory
Bulletin (ABEH PGTW) on 15 November. Synop-
tic data indicated a circulation east of
Ponape (WMO 91348) at 7N 163E and satellite
imagery showed that a westward moving cloud
cluster in the area beginning to develop an
upper-level anticyclone. However, as the
system moved north and then west during the
ensuing three days, the convection fluctua-
ted, then weakened greatly. A large clear
subsidence region which extended 600 nm
(1111 km) eastward from Typhoon Hazen seemed
to hinder any further development (as it did
for the 12 November circulation). However,
by 1812002z Hazen had moved far enough to the
west for the convection to once again in-
crease in intensity as well as organization.
A Tropical Cyclone Formation Alert (TCFA)
was issued at 181641Z (Fig. 3-26-1). The
following morning, an aircraft investigative
nmission found a central sea-level pressure
of 1003 mb with 30 kt (15 m/sec) winds and
the first warning was issued on Tropical
Depression 26 at 190000Z.

FIGURE 3-26-1. Tropical Depression 26 approximately
300 nm (556 hm] east of Guam just prion to the §inst
wawning. Note the good outflow pattern developing
with this system, 15 November, 2156Z. [NOAA 4
Aingraned imageny)
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FIGURE 3-26-2. Tropical Stoam Inma nean .its closest
approach Lo Guam, 19 Novembern, 2132I. The extension
of clouds fust nonth of Tnma ane associated with a
grontal system which was also nean its closest ap-
proach to Guam. (NOAA é visual Omagery)

Tropical Storm Irma passed just north of
Guam at 1822302 (Fig. 3-~26-2). Fortunately,
at this time, the storm was intensifying
very slowly and the strongest winds were
away from Guam, in the northeast guadrant.
In fact, Guam did not receive its strongest
winds until nearly 8 hours later (29 kt (15
m/sec), with gusts to 43 kt (22 m/sec), at
the Naval Air Station, Agana) when the storm
began to deepen west of Guam.

Based upon the experience gained from
Typhoon Hazen, JTWC's initial forecast
tracks ignored the temptation to forecast
an early recurvature into an advancing front
just north of Guam. Although westerly winds
north of 20N were in excess of 60 kt (31 m/
sec) and 80 kt (41 m/sec) at 500 mb and 200
mb, respectively, it was deemed, that as in
the case for Hazen, the strongest westerly
winds associated with the front would pass
too quickly to affect the storm. Further-

more, it was predicted that the strong
northerly low-level flow beyond the front
would force the storm back on a more wester-
ly or southwesterly track. (JTWC's forecast
errors for Super Typhoon Irma of 76, 118,

and 141 nm (141, 219, and 261 km) for 24, 48,
and 72 hours, respectively, were excellent -~
nearly half the long-term mean).

When the frontal system passed Irma and
moved off to the east, the ridge at 500 mb
built to the north and west of the storm.
This ridge persisted along 18N throughout
Irma's track towards the Philippines. Al-
though the ridge was quite narrow and elon-
gated, it appeared to shelter Irma from the
effects of the strong westerly flow north of
20N. JTWC was able to monitor the strength
of this ridge with the aid of several 500 mb
synoptic tracks flown by the 54th Weather
Reconnaissance Squadron (Fig. 3-26-3).
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FIGURE 3-26-3.
Line analysis.

Wind speeds ane in knots.

The 2100002 November 500 mb stream-

Data

taken along 14N ane a JTWC requested 500 mb synoptic

track.

The 202254Z weather reconnaissance mis-
sion found that Irma's pressure had dropped
to 968 mb with 68 kt (25 m/sec) surface
winds (85 kt (44 m/sec}, 700 mb flight level
winds) and that a 40 nm (74 km) diameter eye
had developed. (In post-analysis, Irma was
upgraded to typhoon status at 201800Z). By
2109002z, aircraft data was applied to JTWC's
empirically derived relationship between
sea-level pressure and 700 mb equivalent
potential temperature (Dunnavan, 1981) and
suggested the potential for rapid deepening
below 925 mb within the next 12 to 36 hours.
Twenty-four hours later, the aircraft recon-
naissance mission verified this prediction
with a 905 mb minimum sea-level pressure,
low enough to qualify Irma as a Super Ty-
phoon (Fig. 3-24-4). It is interesting to
note that during the time of Irma's greatest
deepening, another cold front had passed
approximately 500 nm (926 km) to the north.
The 200 mb data indicated a 120 kt (62 m/sec)
jet maximum, associated with this fast
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moving front, had passed just north of Irma
(at 30N). This jet, along with a 50 kt

(26 m/sec) easterly flow to the south of '
Irma supplied her with two excellent outflow
channels., Irma remained at super typhoon
strength for near 16 hours before slowly
weakening as the western half of the circu-
lation field began to interact with the
outher edges of the Philippine Islands.

Although Irma steadily weakened before
making landfall at 240900Z with 85 kt (44 m/
sec) winds about 60 nm (111 km) northeast of
Manila, she still caused widespread destruc-
tion (Fig. 3-26-5). Reports from the
Philippines indicated more than 200 deaths
with hundreds injured and a damage estimate
as high as $9 million. This included the
almost total destruction of 4 coastal towns
in the province of Camarines Sur, 170 nm
(315 km) southeast of Manila, due to 50 foot
{15 m) storm surge waves and the capsizing
of a ship in Manila Bay.
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TY IRMA

FIGURE 3-26-4. Supen Typhoon Trma near maximum
stnength in the Philippine Sea, 22 November, 0450Z.
Four hours Latern Thma's eye was described as an
"... excellent stadium effect (with]) Layered clouds
up Lo an overhead fishbowZ...". (NOAA 7 ingrared
Amagery)

FIGURE 3-26-5. Typhoon 1nma with 85 kt (44 m/sec)
8 only 65 nm (120 km) from Manila and three houns
§nom neaching the coast of Luzon, 24 November, 06092,
(NOAA 7 visuak imagenry)
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As Irma approached the Philippines, JTWC
correctly predicted that she would begin to
move in a more northwesterly direction to-
wards a break in the ridge just west of
Luzon near 20N 118E. Synoptic data over
Southeast Asia indicated the approach of a
significant trough as evidenced by southwest
winds of 70 kt (36 m/sec) at 500 mb and 80
kt (41 m/sec) at 200 mb occurring as far
south as 20N. These indicators seemed to
presage a situation that offered the best
opportunity for Irma to recurve.
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Irma lost her typhoon strength winds at
2412002 just before entering Lingayen Gulf
and the South China Sea. Aircraft recon-
naissance ten hours later found the storm
moving north and poorly organized with
strong convection and winds only on her north
side. By 250900Z, Irma's upper-levels began
to shear towards the northeast and Irma be-
gan to recurve into the Luzon Straits in
advance of the trough moving off of Asia.
Irma managed to linger on for another two
days before finally becoming absorbed into a
cold front at 2700002 just south of the
Ryukyu Islands.
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TROPICAL STORM JEFF (27)

Tropical Storm Jeff was first detected
as a distinct surface circulation through
synoptic data analysis on 18 November. Jeff
developed from the second of two major
disturbances that formed in the wake of
Typhoon Hazen (25). The first disturbance,
Super Typhoon Irma (26), was a determining
factor in Jeff's development, intensity and
track.

The first warning on Jeff was issued
on 23 November. This was during the period
that Irma dominated the wind fields of the
western Pacific (21-25 Nov). Irma's strong
low-level inflow was the major steering
force in the early part of Jeff's life as
he followed Irma across the Pacific (Fig.
3-27-1). Strong outflow from Irma created
an upper-level east-west ridge that stretch-
ed across the western Pacific. Because of
the expansiveness of the ridge and the small
areal extent of Jeff's convection, he was
prohibited from reaching favorable outflow

channels.

Jeff, due mainly to a lack of upper-
ievel support, never intensified beyond
minimal tropical storm strength (Fig. 3-27-2).
Jeff's initial movement, as a weak distur-
bance, was northwest towards Guam, following
the low-level flow into Irma. Jeff reached
tropical storm strength on 23 November, just
after turning west towards Guam, eventually
passing 15 nm (28 km) north of the island.
Jeff's westward acceleration, just prior to
reaching Guam resulted from a mid-tropos-
pheric ridge that had built eastward from
Taiwan. Maintaining an intensity between 30
and 35 kt (15 to 18 m/sec), Jeff continued
westward until the forecast recurvature
through a break in the ridge occurred near
130E. Jeff dissipated over water on 26
November due to increasing upper-level wind
shear. The final warning was issued when
aircraft reconnaissance could no longer dis-
cern a surface circulation.
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TYPHOON KIT (28)

Typhoon Kit was unlike most December
tropical cyclones in that it had a prolonged
lifetime (40 warnings) and attained a maxi-
mum intensity well over 100 kt (51 m/sec).
Kit's origin was not uncommon for late season
tropical cyclones; during early December, the
winter near-equatorial trough had established
itself south of 10N as the tradewind easter-
lies merged with northeasterlies from higher
latitudes placing the westernmost extension
of the trough in the Philippine Sea. East-
ward, lighter winds were observed turning
cyclonically within the trough and, as early
as 4 December, surface analyses suggested a
possible low-level center developing south-
west of Ponape (WMO 91348). On 7 December,
the Significant Tropical Weather Advisory
(ABEH PGTW) discussed an area of disturbed
weather southwest of Truk Atoll (WMO 91334),
but the associated convective pattern and
observational data were not conducive to
further action for another two days. At
091930%, based primarily upon the improved

convective organization as revealed on
satellite imagery, the first of three Tropi-
cal Cyclone Formation Alerts was issued.

On 10 December, a reconnaissance aircraft
conducted an investigation in the western
periphery of the trough and the opportunity
to close off a circulation center was lost.
Satellite data (Fig. 3-28-1) and subsequent
aircraft reports suggest that the center
existed just east of the area investigated.
At 1018452, a formation alert was reissued
for the same general area. Later satellite
data and aircraft observations indicated
that the center had moved northward, thus
at 1023252 the third formation alert was
issued. Reconnaissance aircraft finally
closed off a circulation center near 10N 148E
(1103482) and at 110443Z, the first warning’
on Tropical Depression 28 was issued (Fig.
3-28-2). The 1112002 warning upgraded TD-28
to Tropical Storm Kit based on aircarft data
(1107232) which indicated tropical storm
strength winds in all four guadrants.

Figure 3-28-1, Active convection suwrounds a
developing Low-Level center. During this perioed, a
neconnaissance aireragt investigated the westernmost
areq but did noi neach the convective center as de-
pieted on satellite imagery, 1004432 December. (NOAA
7 visual imageny)
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Figue 3-28-2. Tropical Depression 28 at the time of
the {iust wawning. Note the extended cimws clouds
on the westewn side. Strong uppen-Level eastenflies
would continue to exert considerable pressure on
TD-28 (Kit) for another 2 1/2 days. Thus, most of
the associated convection was displaced in the
weslenn two-thirds of the cinculation, 1104302
December. (NOAA 7 visual imagerny)



The initial warnings indicated that Kit
would track slowly north-northwestward until
approaching 12N then, as the system inter-
acted with mid- and low-level easterlies, a
more westward track was anticipated taking
Kit just south of Guam. Although Kit main-
tained the forecast track, the speed of move-
ment remained at or below 4 kt (7 km/hr) for
the first 30 hours of warning status. Having
not fully anticipated the exceptionally pro-
longed slow speed, all reconnaissance air-
craft were evacuated to Clark AB after the
1208492 fix to avoid the expected destructive
winds on Guam. As a result, warnings issued
during the ensuing 25 hours were based en-
tirely on satellite data. However, during
this stage of development, Kit was not well-
aligned in the vertical and the main convec-
tive mass was displaced to the west of the
low-level center. Thus, nighttime infrared
imagery had to be scrutinized for subtle de-
tails which could help locate the low-level
center. Figure 3-28-3 is typical of the

nighttime infrared imagery used to fix Kit
during this period. Thanks to the efforts

of satellite operations personnel from Det-
achment 1, 1WW, Nimitz Hill, Guam, the fixes
received during this period were highly
accurate (never more than 15 nm (28 km) from
the final best track) and the warnings issued
from this data followed Kit closely as she
finally accelerated on a west-northwest track
south of Guam.

Just after Kit passed south of Guam,
reconnaissance aircraft indicated a central
pressure of 992 mbs which revealed that no
appreciable development had taken place
during the 25 hour period between aircraft
penetrations. However, during the two days
that followed, Kit intensified and reached a
peak of 105 kt (54 m/sec) before weakening
slightly to 95 kt (49 m/sec) at 1606002.
Figure 3-28-4 shows Kit early in this inten-
sification period. During this period of

. TS KIT

Figune 3-28-3. Infraned imageny which shows Tropical
Stonm Kit's fLange convective mass, however, the
Lightern gney shades on the eastern side show Lowen
cloud featunes. Utilizing these data, Det 1, 1w
satellite analysis provided accurate gixes during a
Lengthy period without aincragt §ixes, 1210032
Decemben. (NOAA 6 infrared imagery)

108



Figure 3-28-4. An intensifying Typhoon Kit, Located
165 nm (306 km) west of Guam. Noie the textured
cloud patten. Often referred Lo as gravity waves,
Zhese features ane frequently seen in napidly deve-
Loping tropical cyclones prion fo the development of

an eye. About 14 howrs Laten, Kit's eye was §inst

detected, 1322197 Decembet.

intensification, Kit turned sharply northward
and once again slowed to a speed of movement
of 4 kt (7 km/hr). Kit's northward movement
presented JTWC forecasters with a major
dilemma. From the very first warning, Kit
was thought to be an eventual westward mover.
The strength of the low-level northeast surge
originating over Asia had previously dictated
the tracks of Hazen (25), Irma (26) and Jeff
(27). There had been no appreciable change
in the mid-latitude wind regime since those
tropical cyclones, thus, a similar scenario
seemed very appropriate. But Kit's movement
was seemingly in defiance to the synoptic
situation. When the 1420052 reconnaissance
aircraft data located Kit at 14.3N, the
1418002 warning was amended to show recurva-
ture. However, at 150000Z, the synoptic
data showed renewed strength in the northeast
surge (Fig. 3-28-5) and accordingly, near
1512002, Kit turned westward once again. At
1612002 the forecast that abandoned the con-
cept of eventual recurvature was issued.
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{NOAA 6 visual imagery)

With hindsight it is fair to say that vir-
tually all the ingredients were present to
allow Kit to recurve, except one. The
effect of the low-level flow could not be
overcome, and despite the presence of a mid-
latitude trough just north of Kit, there was
a limit to her northward movement.

Following the resumption of a westerly
track, Kit began to reintensify as she moved

"into a position that allowed strong upper-

level westerlies to provide an excellent
outflow channel to the northeast (Fig.
3-28-6). At 1708302, a reconnaissance air-
craft measured a 924 mb central pressure, or
approximately 115 kt (59 m/sec) maximum
winds based upon the Atkinson and Holliday
(1977) pressure/intensity curve. During the
next two days, as Kit began interacting with
stronger mid-tropospheric westerlies, she
steadily weakened and by 1918002, had lost
typhoon force winds. On 18 December, Kit
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Figure 3-28-5. Surface and gradient Level data at
1500002 December with streamline analysis showing a
new surge of high pressure moving off of northeastern
China. Duning the §oLlowing 12 hour period, this
sunge effectively closed-off any potential forn Kit to
recwwe and once again forced her on a westward track.

Figure 3-28-6. Typhoon Kit nean peak intensity (115
kRt {59 m/sec)). Vintually all of Kit's outflow is
into the upper-Level westerties. This 4s the most
commoy pattean for Late season typhoons at highen
Latitudes, 1705027 December. (NOAA 7 visual .imagery)
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was once again in position where, because of
the presence of a deepening trough over
eastern China and a break in the northeast
surge, she might again jog north and possib-
1y recurve. Thus, from 180600Z to 191800%Z,
the forecasts showed an increasing tendency
for a track toward recurvature near 125E.
However, by 200000Z, it became obvious that
Kit's low-level circulation had failed to
link-up with the approaching shortwave trough
and the track toward recurvature was once
again abandoned. It was about this time,
that aircraft and satellite data began show-
ing Kit's low-level circulation center emerg-
ing on the southern edge of the main convec-
tive mass. Within hours, Kit's mid- and
upper-level features weakened and began
drifting northward into the shortwave trough.
The low-level center, now fully exposed,

MANILA

turned southward under the influence of low-~
level northerlies which followed the short-
wave trough off of China. At 200743z, a
reconnaissance aircraft located Kit's low-
level center 110 nm (204 km) south of the
2000002 warning position. The 2007432 air-
craft, as well as 200520% satellite imagery
(Fig. 3-28-7), showed Kit's entire circula-
tion pattern enveloped in a heavy strato-
cumulus cloud deck. Later infrared imagery
could not identify the circulation center,
but at 202157Z, the final reconnaissance
aircraft mission located a weak low-level
(center near 13N 129E. Downgraded to Tropical
Depression 28 at 201800Z, the fortieth and
final warning was issued at 210000Z. During
‘the 36 hours which followed, a weak low-level
center could be identified moving southwest-
ward into Mindanao, Republic of the
Philippines.

UPPER-LEVEL
-« CENTER

Figure 3-28-7. A weakening Tropical Stoam Kit, with
Zhe Low-Level centen moving southward while the nem-
_hants of hen convection move northeastwand into a
shontwave trough. WNote the hyper-extended cincula-
Lion pattenn. The Low-Level steering was Lit
_stnetehing Kit southwarnd with time, 2006092
Decemben. [NOAA 7 visual .imagenry)
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TYPHOON LEE (29)

On 21 December, as Tropical Depression
28 (Kit) was dissipating in the western
Philippine Sea, an area of convection began
organizing west of Truk Atoll. Strong
northerly winds, previously feeding into Kit,
began moving toward the eastern Philippine
Sea, thus closing the western end of the
near-equatorial trough southwest of Guam.
On 22 December, reconnaissance aircraft data
indicated near-—gale force tradewind easter-
lies had penetrated to 8N and to the south
of the convective center. However, both the
2200002 500 mb analysis and a portion of the
700 mb aircraft data indicated a mid-tropos-
pheric trough was present southwest of Guam
in a virtually convection-free region. A
singular 700 mb height from the reconnais-
sance aircraft showed an extrapolated sur-
face pressure of 1002 mb near 9N 143E.
The aircraft reconnaissance mission was not
able to thoroughly investigate this trough,
thus it was not possible to determine whether
or not a closed circulation had developed.
By 221800Z, the convection had moved west-
ward and was located close to the mid-
tropospheric trough. At 2221002, when Yap

(WMO 91413) reported a 5 mb pressure fall

in a 9 hour period, a Tropical Cyclone
Formation Alert was issued for the developing
system.

The first warning was issued for Tropi-
cal Depression 29 when reconnaissance air-
craft data at 220503Z located a closed cir-
culation; at 2212002, because of increased
convective organization and reports of
stronger tradewinds north of the cyclone,
TD-29 was upgraded to Tropical Storm Lee.
During the first 24 hours in warning status,
Lee moved west-northwestward in response to
a mid-latitude shortwave trough moving off
of Asia. Once this trough moved on, Lee
turned toward the west into the Philippines.
Lee intensified rapidly, reaching typhoon
strength just 18 hours after initial
warning and, subsequently, attaining a peak
intensity of 95 kt (49 m/sec) within 48
hours. Figure 3-29-1 shows Lee during this
intensification period. However, shortly
after reaching maximum intensity, Lee began
crossing the Philippines and a rapid weaken-
ing trend followed. Just 24 hours after

FIGURE 3-29-1. Typhoon Lee, now at 85 kt (44 m/sec},
L8 Antensifying napidly while approaching the central
Philippines. 12 houns Latern, aircradt data had Lee
with a 948 mb sunface pressure {95 kt {49 m/sec)},
2418062 December. (NOAA 7 infrared imagery)
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reaching 95 kt (49 m/sec), Lee entered the
South China Sea with an estimated intensity
of 40 kt (21 m/sec).

The JTWC forecast tracks had accurately
predicted a track between Mindoro and Luzon
Islands, then into the South China Sea. Be-
yond this point, the track was much more
difficult to forecast. The numerical prog-
nostic fields were forecasting a deepening
of a mid-latitude trough over central China
and the subsequent development of a
"Shanghai" low in the East China Sea. How-
ever, these same forecast fields were not
weakening the prevailing northeasterly flow
over the South China Sea in the lower-levels..
Because the forecast significant pressure
changes over eastern China would certainly
affect Lee's westward movement, the option
for a more northward track in the South
China Sea was indicated as early as the
fourth warning (240000Z). However, as Lee
tracked westward, the forecasted deepening
of the mid-latitude trough was delayed on
each l2-hour numerical forecast series. At
2620482, when reconnaissance aircraft lo-
cated Lee still tracking westward and the
deepening of the trough had still not mater-
ialized, the 261800Z warning was amended to
show a more westward track toward central
Vietnam and south of a small high over
Hai-nan Island. Within 12 hours of the
amended warning, surface/gradient level
wind reports in the region showed a lessen-
ing of low-level wind speeds as the pre-
viously strong northeast monsocnal flow off
of Asia moved eastward and more directly
affected the Philippine Sea. Although not
yet forecasted, the effects of the approach-
ing mid-latitude trough were finally chang-
ing the synoptic situation and accordingly,
Lee gradually inched toward a more northwest-
ward track.

) The aircraft data received on 26
December indicated a 990 nm minimum sea-

level pressure at Lee's center with a band-
ing-type eye present. Although the banding
feature remained for several days, Lee's
surface pressure steadily climbed and reach-
ed 998 mb as reported by the 271406Z recon-
naissance aircraft mission. On 27 December,
satellite imagery began showing the effects
of increased vertical wind shear on Lee; and
by 2800002, all of Lee's deep-layer convec-
tion and upper-level outflow had been ad-
vected well east of the low-level center.

On the 28th, surface wind reports showed a
weakening of Lee's circulation as surface
pressures throughout the northern portion of
the South China Sea continued to increase.

Despite Lee's more pronounced northward
movement, it was not until the 2806002 warn-
ing that the JTWC abandoned the westward
track forecast. Lacking throughout this
period was an appreciation of how much the
low-level wind regime had changed and that
Lee was moving northward in the absence of
any significant low-level steering. The
westward track was continually supported by
the usually reliable One-way Interactive
Tropical Cyclone Model (OTCM/TCMO) which
showed a slight northward jog before assum-
ing a west-southwestward track. Finally,
when fix-to-fix data from visual satellite
imagery showed a northward movement in the
six-hour period up to 280600z, the JTWC
forecast swung around to the north. Al-
though the numerically forecast "Shanghai"
low did not develop in the East China Sea,
the effect of the mid-latitude trough on the
low-level wind flow was a significant factor
in Lee's northward movement, although some-
what delayed.

The final warning was issued at 2900002
when visual satellite imagery confirmed what
synoptic data at 2812002 had indicated: Lee
had essentially dissipated as a significant
tropical cyclone. Figure 3-29-2 shows the
remnants of Lee's circulation center located
150 nm (278 km) south of Hong Kong.
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FIGURE 3-29-2. Once Typhoon Lee, now a weak small-
scakle cineulation south of Hong Kong, 2906042
December. (NOAA 7 visual imagenry)
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2. NORTH INDIAN OCEAN TROPICAL CYCLONES soon transition season as the Northern

Hemisphere storm season headed for its con-
clusion. One cyclone develped in the
Arabian Sea and the remaining two cyclones

The 1981 North Indian Ocean tropical developed in the Bay of Bengal. Tables 3-6
cyclone season was near normal. Three and 3-7 provide a summary of North Indian

tropical cyclones developed during the mon- Ocean tropical cyclones, Tropical Cyclone
Formation Alerts and warnings.

TABLE 3-6 NORTH INDIAN OCEAN

1981 SIGNIFICANT TROPICAL CYCLONES

CALENDAR MAX NUMBER
DAYS OF SFC Oor DISTANCE

CYCLONE PERIOD OF WARNING WARNING WIND(KT) WARNINGS TRAVELLED (NM)

TC 27-81 30 OCT-02 NOV 4 60 13 993
TC 29-81 17 NOV=20 NOV 4 75 12 595
TC 31-81 07 DEC-10 DEC 4 75 16 1088

1981 TOTALS 41

1981 SIGNIFICANT TROPICAL CYCLONE STATISTICS

NORTH
INDIAN OCEAN FEB MAR APR MAY JUN JUL AUG SEP

ALL CYCLONES 0
(1971-1980) AVERAGE* [

FORMATION ALERTS 3 of the 5 (60%) Formation Alert Events developed into numbered cyclones.

WARNINGS Number of warning days: 12
Number of warning days with 2 cyclones: 0

Number of warning days with 3 or more cyclones: J

*From 1971 through 1979, only Bay on Bengal cyclones were considered; the JTWC area of responsibility
was extended in 1975 to include Arabian Sea cyclones.
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TC 27-81 developed from an area of en-
hanced convection that emerged from the
monsoon trough off the southeast coast of
India. The Fleet Numerical Oceanography
Center 500 mb prognostic series forecasted a
break in the subtropical ridge north of the
cyclone. This forecast mid-tropospheric
pattern formed the basis for the tropical
cyclone forecasts issued by JTWC, which pre-
dicted a north-northeast movement with even-
tual dissipation over land.

TC-27-81

The system's movement was slow and erra-
tic while it was embedded within the weak
steering currents to the south of the 500 mb
break; however, by warning number six
(3108002 Oct 8l) TC 27-81 moved into a re-—
gion of stronger steering and moved steadily
toward the break. North of the break TC 27-
81 encountered strong westerly flow near 20N,
recurved northeastward and dissipated over
land, south of the Gulf of Kutch, 3 days
after cyclogenesis.
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TC 29-81

Tropical Cyclone 29-81 developed rapidly
from an area of convection that first appear-
ed on satellite data at 1521002 November.

The disturbance which formed about 50 nm (111
km) west of the southern Andaman Islands ini-
tially moved northwest, but then went through
a 24-hour quasi-stationary period between
1708002z and 1808002. The first two warnings
on TC 29-81 forecasted north-northwest move-
ment, however, by the issuance of warning
number three, mid-tropospheric wind data
suggested movement toward the north-northeast
was more likely. TC 29-81 finally headed

~

o° 75° 80° 85°

north-northeast once it resumed significant
movement and continued on this track through
landfall (approximately 2018002) and dissipa-
tion over southeastern Bangladesh., All cy-
clone positions and intensity estimates were
based upon satellite data provided by Detach-
ment 1, lst Weather Wing and Air Force Global
Weather Central. Synoptic data, sufficient
to define the circulation of TC 29-81, was
never available due to the sparcity of land
stations and the lack of ships in the area
coupled with the sporadic reporting of avail-
able land stations.

o 95

LEGEND TV

_F--- 06 HOUR BEST TRACK POSIT ~__

+ A SPEED OF MOVEMENT M
- B INTENSITY AR N
~ C POSITION AT XX/0000Z

- oco TROPICAL DISTURBANCE  ~ - °
! eee TROPICAL DEPRESSION NP

S e St . _I/J

100°
T e

X

1
.

- -

e

_ — — TROPICAL STORM b

- —— TYPHOON .
<@ SUPER TYPHOON START

5 <> SUPER TYPHOON END

. +o+ EXTRATROPICAL

\ === DISSIPATING STAGE

- Y& FIRST WARNING ISSUED o

_ ¥ LAST WARNING ISSUED e,

1 ) BOMBAY i
{ 4—t 55
4 ..

17 NOV-20 NOV 1981 :
MAX SFC WIND 75 KTS

MINIMUM SLP 964 MBS

119




TC 31-81

TC 31-8l was the second tropical cyclone
to develop during the transition period of
the monsoon season in the Bay of Bengal. As
a tropical disturbance it was’ first detected
on satellite imagery at 0312002 December as
it began moving westward from the Malay
Peninsula. On 5 December the disturbance
began to organize and surface pressures drop-
ped to 1005 mb. A Tropical Cyclone Formation
Alert (TCFA) was issued the following day as
slow intensification continued. The first
warning followed the TCFA by 24 hours and
was issued at 070200%Z.

TC 31-81 moved erratically under the in-
‘fluence of weak low- and mid-level steering

LEGEND i

until late on 6 December when the system
headed north in response to an approaching
mid-tropospheric trough. TC 31-81 maintained
this northerly track while reaching it's
maximum intensity of 75 kt (34 m/sec) at
091400Z. Movement remained slow until the
500 mb trough had passed far enough eastward
to cause an increase in the gradient at the
low- and mid-tropospheric steering levels.

TC 31-8l accelerated in response to the am-
bient flow and tracked inland making landfall
20 nm (27 km) southeast of Calcutta.

TC 31-81 inflicted widespread destruction

to fishing villages along the Bangladesh
coast and contributed to at least 92 deaths.
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