CHAPTER Il - sSuMMARY OF TROPICAL CYCLONES

During 1978, the western North Pacific

experienced a nnar—n11m:+n1nn1ﬂn1 ‘average

experaienceg near-=CclLimateloglcasr average

with a total of 32 cyclones (Table 3-1;
cyclones 10 and 30 occurred in the central
North Pacific area). Four,; significant
tropical cyclones never developed beyond
tropical depression (TD) stage. Of the 2°
that became tropical storms (TS), 15 deve-
loped to typhoon (TY) stage only one of
which reached the 130 kt (67 m/sec) inten~
sity necessasry to be classified as a super
typhoon (ST).

Even though the 1078 season had a near
-average number of cyclones (Tables 3-2 and
3-3), it was a season full of surprises.

Ten of the tropical storms and typhoons
exhibited erratic movement. Typhoon Carmen
remained guasi-stationary for three days over
the East China Sea. Typhoon Faye executed

a large anticyclonic loop and subsequently
underwent explosive deepening as the surface
central pressure fell 18 mb in six hours.

The most ill-behaved typhoon of the season,
Trix, truly lived up to her name. As
Tropical Storm Kit crossed Luzon, the sur-
face circulation dissipated while the mid-
and upper-level circulations continued
across and eventually became aligned with a
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that had formed

west of Luzon. Tropical Storms Hester and
Phyllis attained post-recurvature speeds of
40 kt (74 km/hr) and 50 kt (93 km/hr),
respectivelvy in extra+ronical +ranci+d

respectively, in extratropical transition.
Typhoons Virginia and Mamie were unusually
compact and could, thus, be termed midget

typhoons. Vlrd1n1a also traveled the far-

thest north (47N) while retaining tropical
characteristics. Having first been detected
in the central Pacific near 175W,; Super

Typhoon Rita traveled a record distance for
the season (4142 nm (7671 km)), and was
second overall nn’lv te Typhoon Sarah of 1978

(4499 nm (8332 km)).

During 1978, 32 Tropical Cyclone For-
mation Alerts were issued. Of these, 27
(84%) developed into significant tropical
cyclones (Table 3-4). Five tropical cyclones
were immediately placed into warning status
without first issuing Formation Alerts due
to their rapid development.

During 1978, there were 715 warnings
issued for the WESTPAC region with a total
of 131 "warning days" (Table 3-5). On 46 of
these 131 days, two or more cyclones existed
and on 16 days three cyclones were in exis-
tence.

I TABLE 3-1. WESTERN NORTH PACTFIC I
I 1978 SINIFICANT TROPICAL CYCLONES I
CALENDER = MAX =MDV
DAYS OF  SFC  OBS NO. OF WARNINGS  DISTANCE
CYCLONE TYPE NAME PRD OF WARNING WARNING WIND ﬂ-’; ‘TOTAL AS TY TRAVELLED
o1 TS NADTNE 08 JAN-13 JAN 3 60 973 21 1340
02 TY OLIVE 18 APR-26 APR 9 85 955 36 14 2669
03 S POLLY 16 JUN-20 JUN 5 50 985 16 788
04 s ROSE 23 JUN-24 JUN 2 20 993 7 352
05 B SHIRLEY 30 JUN-30 JUN 1 33 950 3 161
06 TY TREX 13 JUL-22 JUL 10 70 967 38 9 2326
07 TY VIRGINIA 23 JUL~02 AUG 1 70 972 13 31 2052
08 TY WENDY 24 JUL~03 AUG 1 80 962 42 27 1372
09 s AGNES 24 JUL-30 JUL 7 50 985 22 657
11 TS BONNIE 10 AUG-12 AUG 3 0 934 9 481
12 TY CARMEN 11 AUG-20 AUG 10 80 961 37 16 2076
13 TS DELLA 11 AUG-13 AUG 3 45 984 10 74
14 D TD-14 19 AUG-20 AUG 2 30 991 6 556
15 TY EIAINE 23 AUG-28 AUG 6 65 974 20 1036
16 TY FAYE 28 AUG-07 SEP 1 105 936 44 17 2127
17 TS GLORIA 29 AUG-01 SEP 1 40 990 12 553
18 TS HESTER 30 AUG-01 SEP 3 50 987 1 851
19 TY IRVA 12 SEP-15 SEP 3 65 972 15 3 854
20 TY JuDY 13 SEP-17 SEP 5 90 950 18 10 1296
21 TS KIT 21 SEP-26 SEP 6 s0 992 21 1382
22 TY LOLA 24 SEP-03 OCT 10 75 963 35 13 1672
23 TY MAMIE 30 SEP-04 OCT 5 70 963 19 3 1578
24 T NINA 08 OCT-17 OCT 10 60 981 37 1299
25 TY ORA 10 OCT-15 OCT 6 85 944 22 7 1370
26 ™ ™26 11 0CT-12 OCT 2 30 998 7 519
27 ™ ™27 15 OCT-16 OCT 2 20 1003 6 155
28 TY PHYLLIS 15 CCT-22 CCT 8 95 953 30 17 1687
29 st RITA 17 OCT-30 OCT 14 155 878 51 34 4142
1 s TESS 01 NOV-07 NOV 7 60 975 22 1346
2 ™ ™32 17 NOV-20 NOV 4 25 1002 12 296
33 Y VIOLA 17 NOV=24 NOV 8 125 9Ll 29 15 2042
34 s WINNTE 27 NOV=30 NOV 4 55 977 14 1287
1978 TOTALS 131%% 715 216
. *+ OVERLAPPING DAYS INCLUDED ONLY ONCE IN SUM
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TABLE 3-4.

YEAR

. ' | /| |
-
(V=]
~
E=

WESTERN NORTH PACIFIC

O

NUMBER ALERT SYSTEMS TOTAL
OF WHICH BECAME  NUMBERED
ALERT NUMBERED TROPICAL
SYSTEMS TROPICAL CYCLONES CYCLONES
a1 29 32
26 22 23
35 30 36
34 25 25
34 25 25
26 20 21
32 27 32

)

MONTHLY DISTRIBUTION

J MAMJIJIA SO D
010 0

DEVELOPMENT
RATE

Y

[0:23
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3R
L [ [

o~

F N
I FORMATION ALERTS 1 0 4 3 75 8 3 ‘\-‘&‘) I

I TABLE 3-5. ’ WARNING SUMMARY I

(fé%;;;iéég;;} WESTERN NORTH_PACIFIC

1978
TOTAL NUMBER OF _
_WBRNINGS 715
NWMBER OF WARNING
DAYS 131
NUMBER OF WARNING DAYS
WITH 2 OR MORE CYCLONES 46
NUMBER OF WARNING DAYS
WITH 3 OR MORE CYCLONES 16
TROPICAL DEPRESSIONS 4
TROPICAL STORMS 13
TYPHOONS 15
TOTAL TROPICAL CYCLONES 32

10

AVERAGE
1959-1977

669
141

46
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TYPHOON OLIVE

Early April 1978 saw the near-equatorial
trough (NET)} slowly shift northward and be-
come more active as the sun made its seasonal
progression toward summer solstice. Within
the NET, a surface circulation was first ana-
lyzed on the 1lth at 12002 near 05N-155E and
initially meandered southward then westward
at approximately 8 kt (15 km/hr) over the
next four days. This circulation eventually
developed into the first typhoon of the vyear,
Olive.

Anticyclonic outflow at the 200 mb level
was first noted in the vicinity over the sur-
face circulation at 1312002. Although weak,
this outflow persisted for the next two days.
By the 16th, satellite imagery and synoptlc
data iud.u.au:d increased u:.gau;.z.q(_J.uu. A

formation alert was issued at 1606002 and
extended for another 24 hours at 1706002 as

aircraft and satellite data confirmed that

development was slower than expected.

Based on satellite and synoptic data, the
first warning on Tropical Depression 02 was
issued at 180000zZ. A subsequent aircraft
fix at 180252Z found a central pressure of
1001 mb and estimated the maximum surface
winds to be 30-35 kt (15-18 m/sec).

The mid-tropospheric subtropical ridge
was well established at this time with the
east-west axis varying between 17-20N. This
resulted in the cyclone, once organized,
tracking west-northwest at- speeds faster than
climatology. Satellite data indicated good
outflow aloft with continuous intensification
resulting. The intensification noted in the
24 hours prior to landfall was in good agree-
ment with climatology. TD 02 was upqraded to
Tropical Storm Olive on the 18th at 18002.
Tropical Storm Olive passed through the Leyte
Gulf with maximum sustained winds of 60 kt

{31 m/sec).

While crossing the central Philippine
Islands; Olive continued her 13 kt (24 km/hr)
speed but weakened to 45 kt (23 m/sec) inten-
sity. Upper level outflow remained good
during the transit and QOlive exited intact
into the South China Sea after 201800Z. The
combination of good outflow aloft and warm
water in the South China Sea caused Olive to
reintensify and reach typhoon intensity at
2206002. The storm recurved through a break
in the subtroplcal ridge along 113E that had
been forming since 220000z. TFigure 3-1
shows the three-hourly surface reports from
the Paracel Islands (WMO 59981) when Olive
passed nearby. A maximum intensity of 85 kt
(44 m/sec) was reached 12 hours before re-
curvature and continued until the 24th at
12002Z.

The recurvature was guite sharp due to
strong,. deep westerly upper-air flow in the
latitudes of 20-30N. Flgure 3~2 shows the
cirrus outflow to the north and northeast of
Olive being affected by the strong westerlies.
After recurvature, Olive accelerated out to
the east-northeast, staying approximately
180 nm (330 km) south of the maximum wind
zone. Gradual weakening occurred after re-
curvature as cooler, drier air was ingested
into the storm with Olive finally becoming
extratropical over cooler waters at 18002 on
the 26th of April.

Post-analysis showed that numbered
warnings should have begun near 170000Z.
Although the system was not fully defined at
this time and difficult to pinpoint on sat-
ellite data, enough information was available
to predict storm force winds were possible
within 48 hours. Recurvature was considered
probable early in Olive's life and discussed
on prognostic reasoning messages. However,
the recurvature track was much sharper than
initially forecast. More emphasis should

have been placed on the depth and strength of

‘pical ridge and tracks of previous April

cyclones (analogs) should have been studied

vvvvvvv

FIGURE 3-2. 1Ingraned imagery of Tuphoon OLive at
maximum intensity of 85 ht (44 m/sec) durning recun-
vature, 23 Apnil 1978, 1158Z. (NOAA-5 .imageny)

IDATE!22-23APR|LI978 [ 22/182 177;2/7212 | 23/002' 23/032 I 23/062 I 23/092 I 23/122 | 23/15Z I 23/18Z I 23/12 I
59981 , @053 I ‘:ozvl vﬁl lezoggsl g I ;.gs% | \\';-{n_g > 973 Lll. am 002 Il 015

PARACEL ISLANDS

FIGURE 3-1. Three-hounly surface synopiic observations from the Paracel Isfands during passage of Typhoon OLive.
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TYPHOON TRIX

was a

Trix 1978
s XIXy 4570

difficult troplcal cyclone to forecast due
to an unusual track which included a four

day, 700 nm (1300 km) perimeter, cycloni
loop. The degree of dlfflculty was

reflected in warning statistics such as:
eleven warning relocations two wam]ﬂn

;;;ﬁé%e;;gjﬁénd ;;v;ve;;é;’24 hour forecast
error of 174 nm (322 km).

Trix originated from a wave in the east-
erlies which became significant along 148E
from 10N-25N on the 10th of July. A day
later, a surface circulation was noted with-
in the wave 550 nm (1000 km) northeast of
Guam, Over the next 48 hours,; the wave
drifted northwest at 05-07 kt (09-13 km/hr)
and moved under an area of diffluence caused
by a tropical upper tropospheric trough
(TUTT) to the west. Potential for develop-
ment being excellent, a formation alert was
igssued at 0600Z on the 12th.

The first aircraft reconnaissance flight

intn +he alert area found a cvelonice circu-
1nTO Thie aLert area Iound a Cylidnic ClrICu

lation with a circular area of calm winds,
100 nm (185 km) in diameter. Based on this

1304072 information and continued cutflow

aloft possible, the first warning was issued
at 1306002 on Tropical Depression 06 (TD 06).

Over the next 18 hours, TD 06 moved west
at approximately 10 kt (18 km/hr). Subse-
quent aircraft reconnaissance observed the
minimum sea level pressure continuing to
decrease; tropical storm intensity was

reached on the 14th at 0000Z.

Metsat data at 1422202 (Fig. 3-3) showed
Trix to be a very compact tropical storm with
outflow only three degrees in diameter.
Midget storms have been reviewed in the lit-
erature and been found to exhibit erratic
intensity trends and Trix held true to form.
Figure 3-4 shows the diurnal variation of the
sea level pressure as observed by dropsonde.

FIGURE 3-3 . Infrared image of Trix at thopical
stonm intensity, 14 Ju£y 1978, 22202. The
cloudiness oven Guam Ln the deep convergent south-
wesl flow is quite a distance grom Tadix, ALgn&ﬁy&ng

Zhe Lange extent of the eyclonic cinculation <in
which Trix was embedded. (DMSP imageny)
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Time cross section of Trix's minimum sea Level pressure.
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These differences may be due to larger gust
spreads in compact storms which may give the
appearance of stronger maximum surface winds
than were actually present,

In addition to erratic intensity trends,
Trix's track was quite extraordinary. On the
15th at 00002, a large cyclonic circulation
dominated the mid-tropospheric flow in the
western Pacific between 13N and 23N. Trix,
embedded in this large circulation, made a
large cyclonic loop along the periphery.
During this loop, Trix traveled approximately
700 nm (1300 km) in four days. Trix contin-
ued intensifying while looping and typhoon
intensity was attained on the 16th at 00002Z.

The BAerial Reconnaissance Weather Officer
(ARWO) reported on his post-mission report
for the 1603262 fix that "the storm had all
the typical parameters of a typhoon but on a
miniature scale." Figure 3-5 shows Trix
still compact, even as a typhoon.

A large, subtropical high pressure center
began building near 49N-170W at 0000Z on the

19th., This feature finally provided the
necessary strong easterlies to break Trix out
of her loop by 0600Z on the 19th. Prior to
this change in track, Trix had weakened again
to tropical storm strength (on the 18th at
12002) .

The subtropical ridge continued build-
ing westward over Japan steering Trix west-
ward by 12002 on the 20th. This was the
final, significant change in track. Trix
meandered westward thereafter and made land-
fall on'the east coast of China near Linhai.

The 211800Z, official warning indicated
downgrading of Trix to tropical depression
stage with maximum sustained winds of 30 kt
(15 m/sec) as satellite and aircraft recon-~
naissance data showed a weakening trend.
However, post-~analysis of synoptic data re-
cieved after~the-fact revealed that Trix
maintained minimal tropical storm intensity
and reached a secondary maximum intensity
just prior to landfall. The aircraft no-fly
~line prohibited aircraft reconnaissance
from observing this secondary maxima.

FIGURE 3-5

intoniite &
ARLERELA ]

Ingrared image of Trnix at typhoon

102 veny comoact, and s1i20 om-

very eompaiL, anG S

bedded in the fLarger cirnculation, 16 July 1978,

0107Z. {DMSP .imagery] .
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TYPHOON

Virginia developed during July as the
third typhoon of the 1978 season. Virginia
was relatively small compared to the much
larger Typhoon Wendy which developed simul-
taneously to the west. Except for an unex-
pected loop, Virginia's track was definable
as an uncomplicated, broad recurvature track.
However, higher than average forecast errors

resulted due to the difficult forecasting

situations produced by complex interactions

with the nearby Typhoon Wendy and the Tro-

pical Upper TrnnnqnhpY1F TrQuGh {TUTT) .
Virginia first appeared as a small tro-
1 disturbance on satellite imagery on 21

ica
uly. This disturbance was believed to be
ociated with a low-level convergence zone
feeding into a much larger disturbance which
was developing over the Philippine Sea.
There were no nearby land/ship reports to
indicate any evidence of a surface circu-
lation at this time. Therefore, this dis-
turbance was discussed in the Significant
Tropical Weather Advisory (ABEH PGTW) as
having poor potential for development during
the advisory period. On the 23rd, a weather
reconnaissance aircraft was first sent to
investigate the larger disturbance (then
estimated at 30 kt (15 m/sec) intensity) and
was later sent east into .the smaller dis-
turbance. The aircraft penetrated the smal-
ler disturbance and found an unexpected,
well-developed circulation. Aircraft radar
showed a well-defined 40 nm (74 km} diameter
eye and the weather officer estimated surface
gusts at 55 kt (28 m/sec) The flrst tropl—
cal cyclone warning was lmmeuxatc;y issued on
TS Virginia at 230600Z. Post analysis showed
tropical storm stage was reached 6 to 12

HAatrawao
However, the

- & QWS
[0

_____ £3emmd vravmines

nours L)C.LULC L_ut: ITILST wailiiiiyg.
lack of significant data and Virginia's un-
usually small cloud signature on satellite

imagery delayed earlier interpretation of

Virginia as a significant tropical cyclone.

Virginia and Wendy intensified simulta-
neously (Fig. 3-6). Because Wendy s circula-
a
o Fravel i :
ed to travel in a counter-clockwise direction

VIRGINIA

about Wendy. Virginia did travel as predict-
ed for the first four days, but the speed of

e 1 v r B -
movement was slower than expected.

During
the next two days, Wendy moved northwestward
away from Virginia and interaction between

the twe storms became less noticeable.

Virginia continued to decrease in speed of
movement and then executed a loop; Wendy and
Virginia were separated by over 800 nm (1482
km) durlng the loop.

Macro-scale features over the western
North Pacific at this time included a TUTT.
The TUTT was initially situated between
Virginia and Japan. Analysis of all data
sources, including satellite-derived winds,
indicated the TUTT extended southward along
Virginia's western side during the loop.
This caused inconsistent steering flow with
height, contributing to Virginia's lack of
significant forward movement. Virginia's
maximum intensity of 70 kt (36 m/sec) was
attained during this period (Fig. 3-7).

Virginia slowly weakened after the loop
as the TUTT axis became situated just west of
Virginia and restricted upper-level outflow
to the west. Virginia also began moving to-
ward recurvature by traveling around the
western periphery of a large subtropical
anticyclone. Virginia'‘s recurvature was
also believed to be partially aided by the
TUTT, which provided southerly upper-level
steering flow. Virginia remained just east
of the TUTT axis throughout recurvature.

Virginia Pro
though Virginia d hin
of Japan, only 2 (10 m/sec) maximum sur-

4+ 1

Fama winde wara ronnria
face winds were reported along the east coast

of Honshu. Besides Virginia's small size,
the winds were always weaker on the west side
due to the TUTT axis hpﬁnn g0 close to the

storm.

A e 1
G NO KIIOWIL

=]
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t

Yol a

OCh

Virginia holds the 1978 record for a
tropical cyclone tracking the farthest north
(47N) before losing its tropical characteris-

tics.

FIGURE 3-6 . Earnly stages of Typhoons Wendy {£efi)
and Virginia (night), 26 July 1978, 01337, (DMSP

Aimagery)

[
(=]

3-7. Typhoon Virginia at maximum intensiiy
0 kt (36 m/sec) while undergoing strong TUTT
Ln/tmamon 26 Juby 1978, 2141Z. (DMSP .imageny}
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TYPHOON WENDY

Wendy the faur+h +unhnonon of 1078
ACRCGY, Tne Ifurtn Typnidln Cx L1270,

developed in a well-established monsoon
trough. The trough, which had existed for
seven to ten days prior to significant tro-
pical cyclone development, laid over WESTPAC
from 07N at the Dateline west-northwest over
the Mariana Islands to the Luzon Straits.

By 12002 on the 22nd of July, two weak sur-
face circulations were evident in the trough,
one centered at 19.8N-138.2E which eventually
became Wendy and the other at 14.5N-151.4E
(Virginia). With the Tropical Upper Tropo-
spheric Trough (TUTT) lying just to the north
of the surface trough, the dynamics for sig-
nificant tropical cyclone development were
present.

Increased organization on the 22nd

nromnrad the air-
Prompted Thae 1nitial reconnalissance airx

craft launch at 2130Z. The ARWO observed
25-30 kt (13-15 m/sec) surface winds, but
could not locate a definable surface circu-
lation center. Based on this aircraft data
and the good potential for increased deve-
lopment a formation alert was issued at
2304562 for an area 660 nm (1222 km) north-
west of Guam. The tropical cyclone deve-
loped rapidly thereafter; it reached tro-
pical storm intensity near 2318002 (Fig.
3-8) and obtained typhoon strength by

1800z on the 25th.

ini+ial rerannaissance

Wendy meandered westward from the 23rd
till the 25th when a break developed in the
subtropical ridge with the high center, north-
east of Wendy, dominating and building. In
response to stronger, mid-level southeaster-
lies, Wendy accelerated northwestward. Wendy
slowly reached her maximum intensity of 80 kt
(41 m/sec) during this time and maintained it
for 24 hours before she began a slow weaken-
ing trend after passing over the Ryukyu
Islands. A marked decrease in low-level in-
flow and convection near the center appeared
to have affected Wendy's development at this
point.

/

Wendy stalled again in

2 am - - 10 gy [ Re R Trwa t
China Sea, 180 nm {333
o}

the central East

Anctecniithaseds
Killy 2dadbL=souliicaso

£ Shanghai, when steering currents weakened.
The cooler and drier environment, the de-
creased inflow, and finally the decrease in
outflow aloft weakened Wendy. Most storms
that stall in movement, intensify; Wendy

weakened.

cvoacad Iinfleow

Late on the 31lst, the break in the sub-
tropical ridge became more pronounced and
Wendy began to recurve northeastward at 8 kt
(15 km/hr). A succession of minor, mid-level
troughs first forced Wendy northward early on
the 2nd of August, then accelerated her north-~
eastward.

32

The cuoler environment and increased
frictional effects caused Wendy to weaken and
lose tropical characteristics by 182 on the
2nd after existing as a significant tropical

cyclone for 10 days.

Twice during Wendy's existence (2400002
to 2600002 and 3006002 to 311800%), she
slowed significantly. The portions of the
best track shown for these periods are
among many possible solutions. With fix-
to-fix movement near to or less than the fix
accuracies, it was almost impossible to
determine if Wendy just slowed to 1-3 kt
(2~6 km/hr), underwent looping, or simply
remained "quasi-stationary".

FIGURE 3-8 . Wendy as a young twpical stomm, 23
July 1978, 21171, Typdical of circulations in the
monsoon Though, maximum cloudiness exists in the deep
southwestenties just south of the trough axis.

{DMSP imagery)
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TYPHOON CARMEN

The genesis of Typhoon Carmen provides
an interesting example of the interaction of
two synoptic features in generating a tropi-
cal cyclone. These features began inter-
acting on 7 August 1978. On that day,
Guam's surface winds shifted from easterly
to southwesterly as the southwest monsoon
surged well east of its normal habitat.
Metsat imagery showed a noticeable upsurge
in convective activity along and to the
south of the low level monsoon trough, the
axis of which now extended from Southeast
Asia across the Philippines and over the
western North Pacific to near the dateline.
In Guam's vicinity, southwesterly flow per-
sisted, deepened and strengthened. At
0812004 Guam's gradient level wind was 20 kt
(10 m/sec) from the southwest.

During the same time frame, a Tropic
Upper Tropospheric Trough (TUTT) northwe
of Guam was deepening southward.
derived upper-air winds at 0812002 confi
considerable divergence existed south an
east of the TUTT overlying the monsoon

trough dust north of Guam and @definite si

trough just north of Guam and definit
of tropical cyclone organization were
appearing. Six hours later, Guam's gradient
wind had increased to 31 kt (16 m/sec) out
of the southwest.

For the next day, this upper-level/lower
-level interaction persisted and the devel-
oping disturbance, one of many along the
monsoon trough discussed in the daily Signi-
ficant Tropical Weather Advisory (ABEH PGTW),
was written as having fair to good develop-
ment potential. A formation alert was
issued at 1001562 and two subsequent air-
craft reconnaissance missions showed a mini-
mum sea level pressure of 1004 mb and 25 kt
(13 m/sec) estimated maximum surface winds.
The surface center, however, was difficult
to fix and the decision was to reissue the
alert at 110134Z. Three hours later, how-
ever, aircraft data reported a 992 mb central
pressure. Subsequently, the first warning
was issued at 110600z with 40 kt (21 m/sec)
intensity. Meanwhile, the activity in the

~monsoon trough had also rapidly organized in
another area; Tropical Storm Della was form-
ing just east of the Philippines.

The TUTT's influence on Carmen continued
beyond her early developmental stages. TUTT
interaction also influenced her track and
affected her size and intensification rate.
Initially, Carmen's track was expected to be
climatological since the overall synoptic

environment in which Carmen was situated was

typical of the Auqust climatology. A strong,
mid-tropospheric, subtropical ridge existed
north of her and Carmen was forecast to
follow a west-northwest track. In actuality,
Carmen moved erratically for one day and
then accelerated to the north-northwest.

It appears that upper-level steering from
southeasterlies east of the TUTT was a major
influence on her track.

The TUTT also influenced Carmen's devel-
opment rate., At 120000z, Carmen was begin-
ning to accelerate to the horth-northwest '
with an intensity of 55 kt (28 m/sec).

Three days later she had only intensified to

80 kt (41 m/sec) - an intensification rate
which was half of the average rate for
August cyclones. A partial explanation for
this slow intensification was the fact that
Carmen had a faster than average forward
speed of 16 kt (30 km/hr) during this period
and also that she was part of a two storm
situation (Fig. 3-9 ). However, it is
equally possible that the TUTT (still west
of Carmen) also had a part in influencing
Carmen’s slow intensification rate and small
size by restricting upper level outflow in
her western and southern guadrants (Figs.

3-% & 3-10). The 200 mb analyses indicated

that the TUTT moved with Carmen and streng-
thened from the 1lth to the 14th.

FIGURE 3-9. Ingrared image of Typhoon Cammen (right)
and Tropical Stonm Della [Leff), 12 Augusit 1978,
21342. (DMSP .imagery)

o o momm s ovoa3 a2
By 1512002, the TUTT axis had curled

T
the .south of Carmen. Satellite imagery at
this time (Fig. 3-11) showed a more sym-
metrical typhoon but small in areal extent.
The strong mid-tropospheric subtropical
ridge still existed to the north and Carmen
was expected to track westward into the
China coast. However, a high pressure cell
was building ahead of Carmen over the Asian
coast. By the 16th, Carmen was caught in

a weak steering flow between high pressure
cells to the east and west and, for three
days, Carmen looped ergatlcallv and weak-
ened in 1nten51ty. On the 17th a deve-
loping short wave trough was analyzed over
the Asian mainland 'and warnings reflected

ings rerlected



recurvature towaré Korea. At 1812002,
Carmen &id begin to track northward and
eventually digsipated over Korea. Despite

entually 4algslpatead Lespit

Carmen's erratic behavior, 24-hour fore-
cast errors matched the average for the
vear.

During her lifetime, Carmen was respon-

far considerabhle damace Rafnra dig-
10 Considerac.Le danmage. ceIilre Gis

k Py
ipating over South Korea, she caused wide-
read flooding, a reported 21 deaths and
1
n

1imn worth of nropnertyv damace
+10nN WOIrXtTin COi pIeperty Galiage.

ipan, affected by Carmen in her formative
ge, reported flooding and property damage

was desiagnated a nationzl disaster area.

was CGeslignatel a naciona.l QLlSasicl arca.

At maximum intensity of 80 kt (41 m/sec) on
August 15, Carmen passed over Okinawa about

26 nm (48 km) north of Kadena AB with little
damage to DoD facilities.

The disturbance in the monsoon trough

eyvantiially hacame Carmer was similar
eventua..y Lelame Larmen was Simiiday

o many others that did and did not develop.
And, of those that did develop, many only

reached +he monseon denression cstage mho
reacned ine monsoinh depression stage. ine

difficulty in determining the development
potential of these monsoon disturbances

affected the timeliness of issuance of *he
IXECTEeC Une timexliness JOI i1ssuance ¢i wne

formation alert and initial warning on
Carmen. Near perfect forecasting to meet

cugstomer recuirements would have allpwerd +he

....... TegQulrenenis would nave aliowed wne

initial warning to be issued 48 to 72 hours
priecr to the actual 110600Z issuance.

=
g

ct et

FIGURE 3-11. Cammen's small areal extent, 15 August
1978, 15052, [DMSP imageny)
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TYPHOON ELAINE

The 17th of August 1978 saw the monsoon
trough extending as far east as 140E pro-
viding the breeding ground for Typhoon
Elaine. Synoptic and satellite data on the
18th indicated a tropical disturbance, with
maximum winds of 15 kt (8 m/sec), organizing
to the northeast of Palau. From the 18th
through the 20th, this system was discussed
on' the Significant Tropical Weather Advisory
(ABEH PGTW) with poor to fair potential for
significant- tropical cyclone development.

The relative position of the Tropical Upper
Tropospheric Trough (TUTT), north of the dis-
turbance during this period, indicated sup-
pression of upper level outflow in the north-
ern portion of the system. Issuance of a
Tropical Cyclone Formation Alert was delayed
as a result of expected strong upper-level
directional shear. The advisories on _the
21st and the 22nd carried fair to good poten-
tial; however, based on sparse synoptic data
and little organization evident on the satel-
lite data, the system was still thought to be
in the formative stage. The initial warning
was issued at 230600Z by which time increased
organization and banding features were indi-
cated on satellite imagery. Post analysis
indicated the system was a tropical depres-
sion 36 hours prior to this time.

By 2400002, the mid-tropospheric ridge
provided more definitive east-northeast
steering flow across northern Luzon resulting
in Elaine's southwest track, contrary to a
favored climatological track to the west-
northwest. Climatological studies also indi-
cate weakening during passage over Luzon.
Based on synoptic data, however, Elaine con-
tinued to intensify and was upgraded to a
tropical storm at 2400007 while still over
land 170 nm (315 km) north of Manila. Heavy
storm damage was reported in northern Luzon.

As Elaine exited Luzon into the Soutn
China Sea, her associated cloud pattern
lacked sufficient organization for optimum
satellite (Fig. 3-12) ‘and radar fixes; air-
craft reconnaissance at low flight levels
(restricted at times by terrain) was heavily
relied on for definitive surface center
fixes. During this same period, 24 - 25
August 1978, Elaine was caught between

X + manennn Fflaw anA ckrAanes
strong scuthwest monscon flow and strong

northeast flow. As a result, Elaine looped
twice and forecast errors increased
gnngidprnblyi
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After completing the second loop, Elaine
accelerated to the northwest in response to
the mid-tropospheric ridge axis' northward
migration. A weakness in this ridge was
apparent on the 26th and developed northeast
of Vietnam due to a mid-latitude short wave.
By the 27th this short wave trough was within
10 degrees of Elaine and a noticeable north-
ward adjustment in her track resulted. The
closest point of approach (CPA) to Hong Xong
occurred at 2702002 with Elaine 155 nm (287
km) to the southwest.

At 270300z, the S.S. Seal and Trade lo-
cated at 2IN-113E reported surface winds of
65 kt (33 m/sec) and a surface pressure of
974 mb. Based on this ship report, Elaine
was upgraded to typhoon strength just prior
to landfall over the southern coast of China
near the Luichow Peninsula. Subsequent to
landfall, Elaine tracked westward and dis-
sipated rapidly as a result of frictional/
terrain effects. Downgrading to tropical

storm intensity occurred by 2718002 with the

final warning issued at 2800002.

FIGURE 3-12. Visual imagery at 01342 on 25 August
1978, showing Elaine's typical satellite signature
- 25 August

durning hen eratic movement perniod, 24

1976, (NOAA-5 imageny)
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TYPHOON FAYE

Typhoon Faye, the seventh typhoon of the
1978 season, was one of the most nterestlng,

but unfortunately, also one of the year's
most difficult fvnhnnnq to forecast.
executing an uncommon anticyclonic loop
early in her development, Faye also unexpect-
edly reintensified to typhoon strength

shortly before becoming extratropical.

The tropical disturbance that was to be-
come Typhoon Faye was first sighted southeast
of Ponape at 24214227, August 1978 by satel-
lite reconnaissance. The disturbance moved
west-northwest at 13 kt (24 km/hr) and at
2612002 passed north of Truk. During this
period, 200 mb analyses showed a tropical
upper tropospheric trough (TUTT) with an im-
bedded low northwest of the disturbance.

This TUTT moved west-northwest in conjunction
with the surface circulation thereby keeping

excellent upper-level outflow in the diffluent

region, southeast of the TUTT cell, over the

developing tropical disturbance.

Based on an improved satellite signature
and on ship synoptic data, a Tropical
Cyclone Formation Alert was issued on the
disturbance at 272334Z2. Shortly thereafter,
a reconnaissance aircraft confirmed the
existence of a closed surface circulation
with a minimum sea level pressure of 1000 mb.
Dacald ~Aw +lhisn adsmeadfds Aada A Asodiirvhan~as
Dascu Uil LillDS qQlluliallL uawa, LT UilioLUuiwvaliec
was upgraded to Tropical Depression 16 at
280000Z with max winds of 30 kt (15 m/sec).
The 500 mb subtropical ridge axis was at

that time oriented east-west along 36N.

At 2806002,
to the northeast of Guam and was upgraded to
Tropical Storm Faye six hours later. During
the next 24 hours the storm moved straight
north while slowly intensifying. The 500 mb
flow pattern became complex during this
period due to the influence of two new
developing tropical systems: T§ Gloria be-
tween Luzon and Japan and TS Hester west of
Marcus Island (Fig. 3-13). The 500 mb
analysis at 281200Z (Fig. 3-14) showed that
the Pacific Ocean south of Japan between
Guam and the Philippine Islands was domi-
nated by an elongated monsoon trough holding
multiple circulation centers, one of which
was to become TS Gloria. High pressure cells
were located east of Tokyo and southeast of
Marcus Island.

TD-16 naecpd 60 nm (111 km)

The 281200Z objective steering aids in-
dicated Faye would track northeastward.
However, because the initial pattern itself
was confused, a more climatological north-
northwestward track was forecast.

By 2912002 F egan to execu
anticyclonic loo he 3000002, 500 mb anal-
ysis (Fig. 3-15) showed that Faye was now
nAacitsinnad hatwann +wa hisah nracanra ~antora.
positioned between two high pressure centers:
one located between Marcus Island and the
Volcano Islands, and the other located south

of Guam This pnattern was the result of the
¢ Guam. 1s pa

combined influence of Gloria, Hester, Faye,
and a long-wave, mid-level trough that was
developing far to the northeast of Faye.

It was now possible for Faye to choose one of

39

mAatre e R

Cwl Luul_b'b; {l) move 100l \..Il‘llULLllt:‘dbC in the
weakness between Marcus Island and Wake

Island; or (2) move west~northwest along the
southern periphery of the high pressure cen-

ter to her north

Thopical Sionm Faye just prion o ex-
ecuting an anticyclonic Loop nonth of Guam, while at

FIGURE 3-1i3.

an &niené&ty 06 40 kt (21 m/bac) 18 Gﬁonia L8

OUMFLZ(LOL UB UIWLGMIG. u.nu lb HMLM KA ﬂUM’lWM’L Uﬁ

Marcus Tsland, 29 August 1978, 0137Z, (DMSP imageny)

Unfortunately, by 310000Z, the high
pressure center south of Guam shifted
further to the west. This change in the
flow pattern allowed Faye to swing to the
south and thus complete her anticyclonic
loop.

Faye reached the southernmost point of
her looping track at 010000Z September and
six hours later was upgraded to typhoon
strength based upon the development of a
poorly defined eye and a central pressure
drop to 984 mb as reported by reconnaissance
aircraft. At 020000Z September, the 500 mb
pattern again changed radically (Fig. 3-16}.
Ridging, albeit weak, now dominated the
Pacific east of Faye. Troughing, enhanced
by a long wave east of Japan dominated the
Pacific west of Typhoon Faye. Faye was now
under the influence of southeasterly steer-
ing flow and began tracking steadily north-

wncdrIavrA avAiinA dha rcascdkAavrn mavrinbiaser AF Sl
weSitwall al0uUliG e wesTern peripiely OI uhe

ridge.

As the ridge strengthened, Faye accele-
rated from 8 kt (15 km/hr) to 16 kt (30 km/
hr) by 031200z. Thereafter she began to
Aoacelerate acain and weaken as she

approached the axis of the mid-tropospheric
subtropical ridge. By 041800z, Faye
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“weakened to tropical storm strength and
within six hours had crossed the ridge axis

+0 the neortheast.

and began to recurve
an To rec ner

anc eg

Normally a system would be expected to

accelerate after r*rnt:ew'ng the r1ﬂnn nv1a

but in this case the mid-latitude westerly
jet stream was located considerably to the
north; the mid-level steering was therefore
very weak and Faye actually continued a
slowing trend. Likewise, a tropical system

would be nvpar-+nr1 to continue moakan1ng

after recurvature as it moves over cooler
water, begins to entrain ceold air at mid-

levels frem the north and comes under the
ievels

influence of strong vertical wind shear. A
reconnaissance aircraft at 050541Z, however,
reported that Faye's central pressure had
dropped to 975 mb with an lnp;ease in over-
all organization also noted. Faye was up-
graded to typhoon strength based on aircraft

reconnalssance and ship data at 051800zZ.

reintensification

The reason for Faye's reintensification
was related to the weak, upper-level flow
pattern. During Faye's period of reinten-
sification; mid- and upper-level winds were

hat o

43

basically zonal and light, thereby minimi-
zing the cold air entrainment. Reconnais—
sance aircraft reports indicated that Faye

was distinctly warm core during this period.
Because of the weak flow between 500 and 200

mh vertical wind shear was small and e
ms, vertifa.l wing sigar was sma.s. ana, utaus,

Faye was able to maintain vertical organi-
zation longer than was anticipated.

By 0612007 September, Faye again
weakened to tropical storm intensity due
to increasing vertical wind shear.
Upper-level winds increased and satellite
imagery showed that her upper-level center
was flnallv belnn sheared off from the sur-
face center. The final warning on TS Faye
was issued at 0718002 at which time she was
fully extratropical and in the process of

merging with the polar fromt.

land masses of the Pacific area, she did
cause damage to the Northern Mariana Islands.
During her anticyclonic loop, the islands of
Agrihan, Alamagan, and Pagan were directly
affected twice. Pagan sustained the most
damage with sixty-five homes destroyed and
one merchant vessel grounded.

Although Typhoon Faye avoided the major
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TYPHOON IRMA

Irma, the eighth typhoon of the 1978
season, developed in the monsoon trough
southeast of Taiwan. Located in the Luzon
Straits over the previous week, the monsoon
trough slowly drifted northward and a weak
surface circulation became evident southeast
of Taiwan on the 1llth. The monsoon. trough
at 500 mb was also observed to have shifted
well northward signifying the trough becoming
vertically aligned with the surface circu-
lation. This northward shift also moved the
monsoon circulation under favorable outflow
aloft. The mechanism for rapid tropical
cyclone development being present, numbered
warnings began without the issuance of a
formation alert.

Aircraft reconnaissance, at 09352 on the

confirmed TD-1% had undergone rapid
development. Post analysis determined that
the cyclone reached tropical storm strength
1200002. Due to the lack of a strong
subtropical high pressure ridge to the north
of Irma and the fact that the southwest mon-

soon flow was more intense than the easter-

lies north of the monsocon trough, Irma moved
northeast. Then, on the 13th at 1800Z, Irma
began accelerating northeastward as mid-level
steering strengthened when a short-wave,
westerly trough tracked eastward off China.
Diffluence aloft, ahead of the short-wave,
allowed Irma to reach a maximum intensity of
65 kt (33 m/sec) by 1412002Z.

a+t+
ac

Irma remained a typhoon for only 12 hours
becoming the shortest-lived typhoon of the
season. The 1400002, 500 mb analysis indi-
cated that Irma was north of the broad sub-
tropical ridge axis, building in behind her,
and she was accelerating northeastward. Her

maximum forward speed of 21 kt (39 km/hr)
was obtained while tracking through the
Tsushima Straits prior to making landfall
on Honshu.

In the last 24-36 hours of her existence,
Irma experienced increased vertical shear
which brought on rapid weakening. The
terrain effects of Kyushu and Honshu caused
Irma to dissipate near 1200Z on the 15th.

Although remaining a typhoon for only
12 hours and weakening rapidly as she tracked
towards southwest Japan, Irma produced wide-
spread damage to Kyushu with estimated gusts
in excess of 100 mph (45 m/sec) reportegd. '
Irma smashed windows, overturned cars, and
capsized several fishing boats. Several
athletes at the Japan-China Friendship Track
and Field Meet in Kitakyushu were injured
when a freak gust blew them ten feet in the

airxr.

Irma exhibited a movement to the north-
east similar to previocus 1978 recurvers

(Olive, Polly, Virginia, Gloria and Hester).

Irma's track indicates she traveled
parallel to, but just outside, the 200 mb
strong wind flow; actually just outside the
50 kt (26 m/sec) isotach (Fig. 23-17). The
observed relationship appears to provide an
excellent forecast aid and was particularly
important during Irma. All forecasts, how
ever, must take into account the possible’
northward adjustment of the max wind band as
well as the possible deepening of short-wave
troughs off the China mainland. An accurate
36-hour to 48~hour, 200 mb prog should help
greatly.
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TYPHOON JUDY

T'ypuGOﬁ Judy was first evident on
satellite imagery as an area of convective
activity in the easterlies. Further evi-
Aansca AF +ha ini+ial Aicrnrhan~as oo et s

dence of the initial disturbance was pro-=
vided by surface observations from Wake
Island durlng the period of 081200Z to

0900007 September 1978 showing a wind shift,
0200002 September 1OWing

maximum sustained w1nds of 20 kt (10 m/sec),

and a minimum sea level pressure of 1005 mb.
For the next three ﬂnv: the disturbance was

monitored by satellxte reconnalssance and
discussed in the Significant Tropical Weather
Advisory (ABEH PGTW). Based on September's
climatology for disturbances north of 20N
latitude, potential for development was con-
sidered to be poor. At times during this
period, this potential was supported by
satellite imagery showing weak vertical
development associated with the disturbance
(Fig. 3-18). However, on the 1l2th, satel-
lite imagery showed increased organization.
A Tropical Cyclone Formation Alert was
issued as 120440Z and aircraft reconnais-
sance was scheduled. The first aircraft
penetration was 16 hours later and aircraft
data along with satellite imagery (Fig. 3-19)
supported a cyclone of tropical storm inten-
sity. Consequently, the first warning was
issued at 130000Z. Even though Judy was
detected very early in her developmental
stages, the issuance of an earlier warning
was. delayed primarily due to a lack of sig-
nificant skill over climatology in fore- )
casting rapid tropical cyclone development.

FIGURE 3-1§. Tropical Disturbance which devefoped
into Typhoon Judy. At this time the disturnbance Lached
vertical deueﬂopment 10 SepZember 1978, 2049Z. (DMSP
Amagery}

From the time of the first warning until
the last, Judy's track was one of classical
recurvature, slowing in forward movement to
5 kt (9 km/hr) at the recurvature point and

acceleratlng to 31 kt {57 km/hr) under

strong westerly upper-level steering north

of the subtropical ridge axis. Although

part of a two-storm situation with Typhoon
Irma (Fig. 3-20), Judy never appeared to be
influenced uj Irna's presence. warnlngs on
Judy showed excellent continuity. From the

second warning on, a recurvature path was

farercast
Lorecasct. 1115

This was due in part to the early
Que 1Nl parct To thae car.ty

detection which provided considerable history
in Judy's past track before the first warn-
ing was issued. As a result, the forecast
errors for Typhoon Judy were considerably
better than average for cyclones undergoing
recurvature. The intensity forecasts for
Judy, however, always lagged her true in-
tensification rate. The maximum intensity
of 90 kt (46 m/sec) which Judy attained after
recurvature was not foreseen, nor was the
rate at which Judy weakened.

At the time of the last warning issued
on Typhoon Judy at 170600z, satellite imagery
showed that Judy was merging with an extra-
tropical system to the north. The added
influx of energy into this system caused it
to deepen rapidly in 12 hours from an esti-
mated 1000 mb to 988 mb with observed 50 kt
(26 m/sec) surface winds. During her life,
no reported damage was done by Typhoon Judy.

FIGURE 3-19. Judy was at trhopical stonm intensity at
this time, 12 Septemben 1978, 21562. |(DMSP .imagery)

FIGURE 3-20. Infnaned imagery of Typhoons Judy
(night) and Tnma (Led2), 14 September 1978, 14381.
(DMSP imageny)
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TYPHOON LOLA

Typhoon Lola was spawned within a very
active trough located between the equator and
12N, om the Philippines eastward to 150E.
On the 20th of September 1978, satellite
imagery gave the first indication of a dis-
turbance near 0&#-147E: however, a distinct
surface circulation was not evident. Between
the 20th and the 24th, the disturbance slowly
accelerated to the northwest then west-north-
west through the Caroline Islands passing
between Ulithi and Guam on the 22nd with 15-20
kt (7-10 m/sec) intensity. A tropical cy-
clone formation alert was issued at 2406002
when increased organization in feeder band
activity was noted on satellite imagery and
potential for further development was evident.
Based on aircraft and satellite data, the
first warning on Tropical Depression 22 (TD-
22) was issued at 241200z with 25 kt (13 m/
sec) intensity.

puring the 24th and 25th, TD-22 main-
tained a westward movement within the near
eguatorial trough on a heading 10 degrees
north of the trough axis. This westward
movement toward the central Philippines was
supported by easterlies along the southern
periphery of the mid-tropospheric subtropical
ridge. Aircraft data at 2521002 positioned
the circulation 110 nm (205 km) east of
Samar. Increased organization and a central
pressure of 995 mb were noted which resulted
in upgrading the system to Tropical Storm

Tnola at 26000072 T,andfall wacg made on +hae
LOLia& QT 4B8VUUV4L. LanGidil was mage Oon Tag

southeastern tip of Luzon at 261500Z. Lola's
subsequent track during the 27th took her
along the southern coast of Luzon passing
over the cities of Legaspi and Batangas. The
closest point of approach (CPA) to Manila oc-
curred at 271000Z as Lola passed 35 nm (65
km) to the southwest. At this time, the
International Airport at Manila reported 30
kt (15 m/sec) sustained winds with gusts to
50 kt (26 m/sec). The Naval Weather Service
Environmental Detachment (NWSED) at Cubi Pt.
recorded maximum sustained winds of 40 kt

(21 m/sec) with a peak gust of 59 kt (30 m/
sec) at 271241z. Nineteen deaths and heavy

48

property damage in the southern Tagaloc and
Bical regions were attributed to Lola's pas-

intc the Socuth ina

As Lola exited th China

Sea, the 500 mb analysis indicated a short
wave trough in the westerlies over China ex-
tending as far south as 27N with a weakness
in the subtropical ridge forming over south-
ern China. By 280000Z, the trough extended
to 23N along 1l05E and the subhtropical high
center east of the weakness had moved east-
ward across the northern Philippines. This
caused Lola's dominant mid-level steering
flow to become southeasterly which resulted
in her more climatological northwest track
over the South China Sea. Supported by good
upper-tropospheric outflow and strong low-
level energy input, gradual intensification
occurred from 2718002 through 301800Z. Based
on aircraft data, Lola was upgraded to ty-
phoon intensity at 281800Z. During the 29th
and 30th of September, Lola reached maximum
intensity with sustained winds of 75 kt (39
m/sec) and a minimum pressure of 963 mb. The
mid-tropospheric ridge began strengthening
westward resulting in Lola's track becoming
more west-northwest toward Hainan Island.
Landfall over Hainan occurred at 01090032
Octobzr, 10 nm (19 km) southeast of Wen-
chang.

sage
sage.

TIn ol mmnd locs Lmneand £

Weakened by terrain features, Lola was
downgraded to a tropical storm at 0112002 as
she continued west-northwestward into north-
The final warning downgrading
Lola to tropical depression intensity was
issued at 030000z. Lola's overall uncompli-

cated track nroduced +he
cated track procuced the

arn Viatnam
ern viednam.

lowest 24-, 48- and
72-hour forecast vector exrors (54, 116 and
139 nm respectively) of the 1978 storm season.
The 24- and 48-hour forecast vector errors
were expecially low (average of 21 nm (39km)
and 40 nm (74km) respectively) during Lola's
passage over the Philippines. This resulted
from the increased accuracy of fix positions
due to additional land radar and synoptic
reports, the uncomplicated track, and the fact
that Lola remained a well-organized system
during transit allowing accurate fixing.
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TYPHOON MAMIE

Typhoon Mamie was yet another of the Remaining a very compact system
compact typhoons of 1978. Mamie was also an (Fig. 3-22), Mamie tracked on a recurvature
open ocean typhoon (i.e., it formed and dis- path along the western periphery of a mid-
sipated over the ocean, and affected ship- tropospheric, subtropical high pressure
ping lanes) and never really threatened any system whose 500 mb height center was near
land stations. 25N-175E. The direction-of-track forecasts

were geood; however, the speed-of-movement

Tropical Depression 23 (Mamie) developed forecasts were underestimated. Mamie ac-
from a wave in the easterlies. On the 27th celerated much more rapidly than expected
of September at 0000Z this wave was approxi- (twice climatological speeds) after passing
mately 100 -nm (185 km) east of Guam and was north of 30N. Due to sparse, upper-air
oriented southwest~northeast from 10N to 25N. reports in the vicinity of the typhoon,
Within the wave, there were two disturbance analysis and forecast aids did not indicate
areas. The northernmost area eventually such a rapid acceleration would occur.
developed when it moved under an upper air M§mie evéﬁgually yea&engqﬂgnd_trﬁngitigned
difluent region. By the 30th, a compact into an extratropical system on 4 October
tropical depression-was easily noted on sat- 1978. Without satellite reconnaissance it
ellite data (Fig. 3-21). Also noted were is conceivable that the compact, Typhoon
cirrus cloud streamers showing outflow ex- Mamie would not have made history.

isted in all gqguadrants. The first warning on
TD-23 was issued immediately thereafter.

URE 3-72. Typhoon Mamie, remaining compact,
ving nontheastward while at maximum intensity of 70
kt {36 m/sec), 03 Octoben 1978, 0123Z. (DMSP imageny)

FIGURE 3-21, 1Infrared imagery of TD-23 (Mamie) at 30
kt {15 m/sec) intensity, 30 September 197§, 00352.
[DMSP {magerny)
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TYPHOON ORA

......

During the early part of tober,
sive monsoon troughing existed from the
South China Sea, across the Philippine

TelanAe +n am avan canthasad A€ Laam M~
D ALQlIMS LV Qll AiTQ ovVUuLlITQo L Wi vudil. 4 uc

surface analyses for that period showed a

combination of strong northeasterlies north
AdAafinsA

Qerined

N
vl
a

of the monsoon trouch axis and well
18 Monsolni Trougn axis anG

cross-equatorial flow into the trough from

the Southern Hemisphere. The entire area
was, therefore rive for .continued trnn1 cal

LnNererQre, ripe Ior .continued Yopical

cyclone development and, indeed, by 0812002,
Tropical Storm Nina was gathering strength
east of the Philippines. At about the same

time an area of convergence about 300 nm
(556 km) west-southwest of Guam began to show
increased organization.

JTWC began to monitor this area using
satellite and ship synoptic data and issued
a Tropical Cyclone Formation Alert at 090707Z.
Based on reconnaissance aircraft data at
0922542 October, the disturbance was up-
graded to Tropical Storm Ora with the first
warning valid at 100000Z October 1978.

The 500 mb analysis at this time showed
that the mid-tropospheric subtropical ridge
axis was broken between Japan and the Philip-
pine Islands, with a high pressure cell cen-
tered over Thailand and another located near
Marcus Island. This break was created by a
deepening long wave trough that was moving
into the western Pacific from the Asian main-
land. The circulations of Tropical Storm
Nina and Tropical Storm Ora also helped to
maintain this break.

Computer aids, climatology
rent synoptic situation s or

track; the JTWC forecast showed Ora recurving
to the north-northeast around the western
periphery of the high pressure cell that was
centered near Marcus Island.

By 1018002, however, it became apparent
tk&l’\aav\ﬂ}1

nac Ora and wina WCJ.K: ucg.l.uu;.ug l.u .LJILCLQ,R'LQ
At this time Nina, the dominant system, was
trying to force Ora to follow a westward

f'r:ﬁb

while at the same time the long-wave

trough then over the Sea of Japan, was in-

ducing more northward movement. The net
effect of these two etnprwng influences

caused Ora to follow an overall northwestward
track at a speed of 12-15 kt (22-28 km/hr).

On the 1llth, it was apparent that
Tropical Storm Nina and Tropical Storm Ora
were engaging in a Fujiwhara interaction.
Nina would have been expected to move east—
ward in the classic Fujiwhara style. How-
ever, because she was the dominant system,
the axis of rotation was closer to her.
(Figure 3-23 shows the relative positions of
Nina and Ora at 112342%Z.) Instead of moving
eastward, therefore, she merely stalled and
then executed two, small loops while causing
Ora to move west-northwestward. During this
time period, JTWC continued to forecast Ora
to cross the southern tip of Taiwan. This
forecast was based on persistence and ob-
jective forecast aids which had been veri-
fying quite well up to that point. Tropical
Storm Ora then began to show 1ncreased or-
ganlzaeluu on satellite and radar data.
Aircraft reconnaissance at 1203042 reported
the first signs of eye formation and a cen-

+ra2l nragenre nf Q50 . § mh Pact
c¥aa. préssure CI -92.0 Mo.

analucia

Post analysis
revealed that typhoon intensity was reached
at 111800z.

FIGURE 3-73,

Infrared image of Typhoon Ora and

Tropical Stonm Nina durning Fujiwhara interaction,
Post-analysis showed
that when the 6eedea band connecting the two cy-
clones disappeared, interaction ceased and Ona

1 Octoben 1978, 23422,

Later tunned nonth.

53

(DMSP imageny)



As Ora approached the east coast of
Taiwan, hourly radar fixes from Ishigaki-
Shima, Miyako-Jima and Hua-lien indicated
deceleration and by 121200%Z, Ora had slowed
to 4 kt (7 km/hr). By this time, Tropical
Storm Nina had evidently weakened to the
point where she no longer had any major in-
fluence on Ora 's movement. The break in the
:.J.uge axais t[le]’l oecame the concroxu.ng factor
in determining Ora's track. Westward movement
was forecast, in keeping with the upper-air,
numerical progs that showed the ridge building
back. Portunately for Taiwan, this ridge
failed to build back and Ora veered sharply to
the north never making landfall on Taiwan
(Fig. 3-24). When unexpected, northward move-

ment was noted, an amended forecast was

14/00Z~,
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FIGURE 3-74. Hounly radar §ixes show Ora’s sud-
den turn to the Nonth after 1212007 October 1978.

54

is conceivable that the change in Ora's move-
ment would not have been noticed until the
next scheduled, 6-hourly fix.

Ora reached her peak intensity of 85 kt
{44 n/sec) near 130600Z October as a compact
typhoon (Fig. 3-25). By 131800z, however,
reconnaissance aircraft indicated that her
centraJ. pressure naa lncreasea raplu.Ly
(44 mb in 17 hours) and there was evidence
that her upper level center was beginning to
shear off. By 140000Z Ora had weakened to
tropical storm strength and was accelerating
to the northeast under the influence of

erU(lg JIU.(J- LEVEL WEbCeLLJ.eb -

AAAAAAA oy AP,

T rOp-LLd.J. 2 TOIM

Ora then merged with the polar front and was
fully extratropical by 1506002 October.

FIGURE 3-25. Hua-Lien nadar presentation of
Typhoon Ona at 1301002 chvbea qut pn&on 1o her

L
reaching maximum intensily. {Pnologhapn cour-

Zesy of the Centrnal Weather Buneau, Taiped, Taiwan.
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TYPHOON PHYLLIS

The tropical disturbance that eventually
developed into Typhoon Phyllis formed in a
well established, near-equatorial trough
lying over the southern Marshall Islands on
13 October 1978. By 1200Z on the 14th, the
disturbance had moved north-northwest and
under moderate upper level divergence which
existed south of a TUTT. Increased organi-
zation of the disturbance was observed on
sateliite imagery at 1421082 and a Tropical
Cyclone Formation Alert (TCFA) was issued at
1422357 for an area 100 to 350 nm (185-556

[Ty [P R B nrrnd ol
KIl} nor Lll 4 IIULCH.-.U.U.L l.uwc::o_ UJ. Eniewetaxk.

Upper-air data at 150000Z suggested a

weakness in the subtropical ridge (STR} axis

near 155E. As the tropical disturbance
tracked northwestward toward the weakness,
nrcanization between

VEertTliga. orXganlizatlion 2Delw

ine 3
increasing vertical

low-level inflow and upper-level outflow con-
tinued. The disturbance was upgraded to
tropical depression (TD) status and numbered
warnings on TD-28 began at 151200Z. Phyllis
remained a tropical depression for 18 hours
and was upgraded to a tropical storm based

on aircraft reconnaissance information which
indicated Phyllis to be a small compact storm
with small wind radii and therefore virtually
invisible from synoptic reports alone.

By the 16th, the break in the STR axis
was well established. The dominant high
pressure center was northeast of Wake Island
and the secondary center was southwest of
Iwo Jima. The dominant high slowly streng-
thened causing Phyllis to accelerate north-
westward from 6-10 kt (11-19 km/hr}. Simul-
taneously, the TUTT moved northward allowing
Phyllis to continue to have excellent outflow
aloft. In this regime, Phyllis gradually
intensified to typhoon strength by the 17th
at 18002z.

When Phyllis finally reached the break in
the STR on the 18th, the dominant high
weakened leaving a large col area causing
Phyllis to drift slowly for a day. Then on
the 19th, the high pressure system east of
Phyllis began building to the west which even-
tually caused Phyllis to slowly accelerate
northwestward and delayed recurvature for two
more days. Cooler waters and reduced, upper
-level outflow weakened Phyllis as she re-
curved northeastward. Then, north of the STR,
Phyllis rapidly accelerated under stronger

=l w +ad +
-than-expected steering currents. Phyllis

accelerated from 9 kt (17 km/hr) at the ridge
axis to 45 kt (83 km/hr) in less than 30

OOOOZ on the 22nd. Thereafter, “the pressure
gradient between a major surface low moving
eastward off Japan and the strong surface

ridge east of Phyllis helped maintain storm

[+
[>2]

force winds around Phyllls as..she became
extratropical.

s I

fhe STR built westward as Phyll

is began
her track toward recurvature (Fig. 3-26).
After recurvature, Phyllis' foward speed
increased dramatically; extratropical tran-

sition was complete after 220600Z.

Phyllis remained a typhoon for four days
during which her closest approach to land was
40 nm (74 km) northeast of Marcus Island.

Her compactness and over-open water track

Her compac

resulted in no major reported damage.

open wad

FIGURE 3-26.

Typhoon Phyllis at her recurvatune
point, Typhoon Rita on a thack ZLoward Guam and the
STR builds £in between them as noted by the weakness
in zthe band of showers conneeting the two compact

typhoons, 21 Octoben 1978, 0106Z. (DMSP imagery)
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TYPHOON RITA

0L+ 18781 Anly suimar
nlca, L2J70 S OhiaY Supel

first detected as a cloud cluster in th
tropical central North Pacific on the 1

~n¥f NrorAalar Merrating wacttrarA chos o
O UCTOOET . HMigracing wesiwara, sage C

the dateline early on the 1l6th and by
1623002 (Fig. 3-27) satellite imagery showed

incraagad organization and develoning feeder
increased corganization ang develcping reecder

band activity. Consequently, a formation

alert was issued on the system at 1623472
later after continued davn1nn—

Later, LITe conTinuedc

‘ment, the first warning was issued with 30 kt
(15 m/sec) intensity. Thus, Rita was
detected very early in her developmental

Qetected eaxr n ner aevelop

stages and, based on the avallablllty and
maximum use of satellite data, a timely

warning service was nrnv1dpﬁ

warning serv e acec.

and six hours

FIGURE 3-27.
suance of hen finst warning, 16 October 1978,
22457.. (DMSP imagery §nom AFGWC, Offutt AFB, NE}

Rita, as she appeared just before is-

Tram o ERN ol Trmamd d o saa

From the time of the first warning until
landfall on the Philippines, Rita tracked
virtually straight westward. The major in-
fluence. on her movement was the unusually
strong mid-tropospheric subtropical ridge

that built in over WESTPAC as Typhoon

Pher1T 3o toan oMt verrs v el ey e e e B

LFilylLL1O WAoo LC\/ULV.L]U:]- J.JIC SLiTcuycocn UJ. LAJC
easterly current south of the ridge steered
Rita at forward speeds of up to 20 to 23 kt
127 2 A2 dren Pl Tmmcd drrdima +had Af £ha
127 LU 2O ndl/IlL , GJ.AIIUBL, LWLLT LiiadL VL LT
climatological average. As could be anti-
cipated from her track, JIWC's forecasts

were consistent and errors were less than

average. The larger errors were due to
underestimates of forward speed and initial

ayxnerstatinng of reaecsurvature gimilay +o
eXpellatiions ¢ refdurvature Simiiar To

Phyllis'. During her track across WESTPAC,

Rita threatened a number of Pacific
islands and atolls including thase in the

slands and 0lls including those in th
northeastern Marshalls, Enewetak and Guam.

Rita's track near Enewetak brushed the
northern r1n of the atoll when maximum sus~

tained winds were 75 kt (39 m/sec). At this
time, Rita was a very compact typhoon and _the
main island on the qnn+hpa<+nrn nnrr1r~m nF

the atoll reported maximum sustalned winds. of
only 35 kt (18 m/sec) with gusts to 45 kt
(23 m/sec). By the time Rita annroached

Guam (Fig. 3- 28) howeVEr, she nad‘lﬁééiél—
fied dramatically to 150 kt (77 m/sec) and,

therefore, posed a serious threat to the

58

FIGURE 3-28. Rita, at 145 kt (75 m/sec) intensity,
16 hours before her closest point of approach to
Guam, 22 October 1978, 2212Z. [(DMSP imagery)

Rita was forecast to track south of Guam
and maximum sustained winds expected for the
center of the island n
(NAS), Agana) were 70 kt (36 m/sec). Rita
did indeed track south of Guam as forecast
but maximum sustained winds reported at NAS
Agana were only 35 kt (18 m/sec) with gusts
to 55 kt (28 m/sec). In addition, precipi-
tation on the island from Rita was unusually

low. Post analysis reveals that the over-
estimation of the maximum winds on the

island was caused by twc factors. The first

factor was that Rita's actual track was 30~
35 nm (56-65 km) south of the forecast track

with actual ¢ea

Wil agtual LPa

F avmvnem a
{closest point of approach)

to NAS, Agana of 85 nm (157 km). Because
Rita was compact, this 30 nm (56 km) error

i i 3 14t
in track meant a large difference in Rita's

influence on Guam. Had this been the only
error, sustained winds would nevertheless
have been . over Rn_b& (28 m/seg\ at NAS,
Agana. The second factor was the over-esti-
mation of the over-30-kt (15 m/sec) and over-
50-kt (26 m/sec) wind radii. These radii

were based on surface wind estimates from
aircraft reconnaissance (Fig. 3-29) and were
forecast to expand, The 2306002 warning

________ 2le 200004 warning
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FIGURE 3-29. PLot of aircraft neconnaissance data.
Typhoon positions are neted at 2302007 and 222222Z.
Wind banbs ane the estimated surface winds grom the
ARWO aboand the aircraft. The tens digit of the

wind direction is also plotted with the wind barbs.

showed a 185 nm (343 km) radius for over-
30-kt (15 m/sec) winds and 100 nm (185 km)
radius for over-50=kt {26 m/sec) winds in
Rita's northern semicircle, Actual surface
reports from the southern tip of Guam indi-
cated the over-50-kt (26 m/sec) radius was
actually only 70 nm (130 km). The over-30
-kt (15 m/sec) wind radius was also too large
as wuﬁnoﬂ hv the nine hour duration of sus-

talned 30 kt (15 m/sec) winds at NASA Dan Dan.

If the over-30-kt (15 m/sec) wind radius had
been 185 nm (343 km), the duration of sus-
tained 30 kt {15 m/sec) winds would have been
closer to 19 hours. It was evident that the
wind field did not expand as forecast.

Unlike the relatively mild influence on
Guam and Enewetak, the Philippines experi-
enced considerable uamage and many lives
were lost during Rita's passage. Heavy
flooding was reported throughout many of the

4 a i1lanes nn Luzon agnaciazlly
cities and viiiages on Luzon, eSpedlally

those just east and north of Clark AB. DoD
facilities, however, sustained little damage

in Rita's 12-hour passage over central Luzon.

in Rita 12-hour passage over central Luzon.
As she entered the South China Sea, aircraft
and satellite data indicated that she had

weakened considerably.

In contrast to the persistent synoptic
situation over the Western Pacific which had
steered Rita ever westward, the large scale
features in the South China Sea were complex.
As Rita exited the Philippines, a short-
wave westerly trough was devéloping and
moving eastward over the Asian mainlend.

The trough created a break in the mid-tropo-
spheric subtropical ridge allowing for a
northward adjustment in Rita's track. Dur-
ing this same time, however, a surge in the
northeast monsoon was developing over China
at low tropospheric levels which tended to
steer Rita southward. Objective aids lacked
consistency and reflected the contrast in
the synoptic situation (Fig. 3-30). Even-
tually, the northeast monsoon surge proved
to be the deciding factor in Rita’s movement
and she tracked southwestward toward the
Vietnam coast and dissipated over water.
Forecast errors were 66ﬁ§1uéfanxy larger
during this latter segment of Rita's track.

MNrrasnatll Fu atia Eman

Overall, Rita was the record setter for
the 1978 season. Her track was the longest
of the season and at her peak intensity of
155 kt, aircraft data recorded an 878 mb
central pressure, only 2 mb higher than the
record set by Typhoon June in 1975 (Fig.3-3I).

FIGURE 3-31. Rita, at 150 kt |77 m/zec] LntenAAzy
6 houns prion to hen peak intensity, 24 October
1978, 23192, [(DMSP .imagery)
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TYPHOON VIOLA

Of the typhoons of 1978, none could be
eonsidered to be more classic or more well
-behaved than Typhoon Viola, the last typhoon
of the season.

Increased convective activity in the mon~
soon trough about 600 nm (1111 km) southeast
of Truk was first noticed on satellite data
at 1321592 November. By 1621422, satellite
data showed continued development and a Tro-
pical Cyclone Formation Alert was issued.
Well- defined, upper atmospheric outflow was
evident in all quadrants and at 1707102, a
reconnaissance aircraft reported surface
winds of 30 kt (15 m/sec) and a surface pres-
sure of 998 mb. Based on this information
the disturbance was upgraded to Trcpical
Depression 33 and numbered warnings began

The mid-tropospheric flow pattern at this
time was characterized by strong high pres-
sure ridging to the north and east of TD-33
with a weakness apparent in the ridge axis
near Luzon. This weakness was induced both
by a deepening long wave trough that extended

FyAam Cihao ~nrh
from Siberia south along the ccast of Chirna

and by TD-32, which was at this time off the

coast of Luzon in the Philippine Sea.
Althouch TD-32 was short-~lived and never

Sa2TA0Ugn 122 was SNorT~.olivec ald o

1ntens1f1ed above tropical depression
strength, it nonetheless was strong enough
to alter the mid-level flow pattern and

becomeg a determining factor in TD-33's
{(Viocla's) ultimate movement.

Under the influence of the strong east-
erlies south of the mid-tropospheric ridge,
TD~33 began tracking to the west-northwest
at 12 to 16 kt (22 to 30 km/hr) toward the
weakness near Luzon.

Based on an improved satellite signature,
TD-33 was upgraded to Tropical Storm Viola at
1712002. A careful comparison of the satel-
lite data, along with the aircraft reports,
indicated that Viola was still not vertically
stacked. Late on the 19th, she slowed to
8 kt (15-km/hr) and this deceleration was
apparently enough to allow her time to become
better organized in the vertical. A 1915052
reconnaissance aircraft confirmed that: the
surface center was within 5 nm (9 km) of the
700 mb center; Viola's surface pressure had
fallen to 977 mb; and, an eye was beginning to
form. She finally reached typhoon strength
near 2000002. By this time, Viola had com-
pletely overpowered TD=32, whose circulation
was no longer evident on the surface analysis.
With TD-32 "out of thé way", Viola now had

access to all available energy and, as a

result, rapid intensification followed. At
211200Z she attained her minimum sea level
pressure of 911 mb and ma wm wind speed of
125 kt (64 m/sec) just 5 (2.6 m/sec) below
Super-typhoon strength {(Fig, 3-32). Viola's

+remendone intensification is reflected in

the ten thousand foot temperatures that were
reported by aircraft at about that time;

the cutside temperature was 14 Celsius bu.
the inside (eye) was a very warm 29 Celsius
{with a dewpoint of 16 Celsius).

Up to this point JTWC's forecasts had
been verifying quite well. While Viola was
forecast to cross the northern tip of Luzon,

62

the
was
for
the

break in the ridge near the Philippines
continually monitored and the prospects
Viola to recurve were evaluated with
issuance of each warning.

500 mb reports in that area were sparse;
as a result, the true situation was often
difficult to evaluate due to the generally
weak overall pattern. Available numerical
progs continued to show the ridge building
back between Luzon and Taiwan, and as late as
210000Z the 500 mb analysis, more definitive
than usual, seemed to support this rebuilding.

In an attempt to obtain more steering
level data to augment the sparse land station
reports, reconnaissance aircraft were re-
quested to fly at 500 mb in the area directly
north of Viola. The wind data provided was
invaluable and confirmed that a definite
break in the ridge axis existed. The first
forecast noting a recurvature track was is—
sued at 2206002Z. Subsequent aircraft and
satellite fixes verified northward, then
northeastward movement.

After recurvature, satellite data began

to show that Viola's upper-level center was

being sheared off from her surface circula-
shear surriace circula

tion center. By 231800Z she had weakened to
tropical storm strength. She weakened rapid-
ly thereafter; the 240030Z reconnaissance
aircraft was unable to locate a 700 mb center.
A weak low-level circulation remained for a
short time after losing tropical character-
Astics.

”Mm .

FIGURE 3-32. Infrared image of Typhoon Viola
nearing hen maximum intensity of 125 kt (64 m/sec},
21 November 1978, 0945Z. {DMSP imageny)



2. NORTH INDIAN OCEAN TROPICAL CYCLONES surface observations forced reliance on the

During 1878, four significant tropical interpretation of satellite data for position
cyclones occurred in the North Indian Ocean and intensity. TC 18-78 made landfall on
area (Table 3-6). As usual, the transition _Burma with estimated, maximum sustained winds
seasons between the northeast and southwest of 50 kt (26 m/sec). News reports stated,
monsoon periods were the favored *cyclone ¥ the town of Kyaukpyu reported 90% property
seasons" (Table 3-7). This year's cyclones damage and the coastal village of Narakway
lived longer than others on record as noted was demolished when e§timated peak winq .
by the above-average number of warnings shown gusts of 80 to 100 mph were experienced.”
in Table 3-8. These extreme winds, although estimated,

could have been produced by squall lines orx

Tropical Cyclone {TC) 18-78 occurred jus tornados.
prior to the start of the southwest monsoon
season over Southeast Asia. Steerlng flow TC 19-78 dlsSlpated prlor to maklng land-
was weax wnlcn caused IOIE(. btulg the by:v:-u fall on ncxuy;.cluubu, no grounu truth’ reports

of movement to be difficulc. The lack of were received confirming it's strength.

TABLE 3-6.

NORTH INDIAN OCEAN AREA

1978 TROPICAL CYCLONES

CYCLONE PRD OF WARNING WARNTNG WIND SLP WARNINGS TRAVELLED

| TC 18-78 15 MAY-17 MAY

60 955 4 362
40 995 7 451
80 965 12 1213
95 955 19 1397

TC 19-78 26 OCT-28 OCT
TC 20-78 06 NOV-11 NOV
TC 2i-78 20 NOV-29 NOV

—
O W w

1978 TOTALS 22 42

CALENDAR MAX EST
DAYS OF SFC MIN NO. OF DISTANCE

TABLE 3-7.
FREQUENCY OF NORTH INDIAN OCEAN CYCLONES BY MONTH AND YEAR

JAN FEB MAR APR MAY JUN JUL AUG SEP ocT OV DEC TOTAL
*% *k ok aoE *% 0 0 Q Q 1 1 0
a 0 o 1 0 0 0 0 2 0 1 0

1973 0 ] [ 0 a a 0 0 0 1 2 1

1974 [ 0 0 o 0 0 0 0 [ 0 1 0

1975 1 ) 0 0 2 0 0 0 0 1 2 0

1976 0 0 0 1 0 1 0 0 1 1 0 1

1977 0 0 0 0 1 1 0 0 0 1 2 0

1978 0 0 0 0 1 0 0 Q 0 1 2 0

(1971—78) 0.1 ] 0 0.3 0.5 0.3 Q 0 0.4 0.3 1.4 0.3 3.9

e
EoRU R N ol N N g
N A IR I A B

*1971-1974 REPRESENT BAY OF BENGAL CYCLONES ONLY

1971
1972
I **JTWC RESPONSIBILITY FOR BAY OF BENGAL CYCLONES BEGAN (N 4 JUNE 1971 I

TABLE 3-8.

AVERAGE
1978 1971-1977*

I WARNINGS 42 P2 I
MMBER OF WARNING
DAYS 22 17

WITH 3 OR MORE CYCIAMES ¢ °

TOTAL TROPICAL CYCLONES 4 4

*From 1971 through 1974, only Bay of Bergal cyclones
were mxdered the JTK area of xsponsx.bxhty was
extended in 1975 to include Arabian Sea cyclones.
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TC 20-78

A cyclonic wind shift and decreasing
surface pressures on Sri Lanka were the first

inAinatrinang of +hae

indications cof the tropi cal digtruurhance which

tropical disturbance which
eventually developed into Tropical Cyclone
2G6-78. Tracking west-northwest along the

monsoon trounagh axis the disturbance made

monsoon trough axis, the disturbance made
landfall over the southern tip of India 66 nm
(122 km) east of Madura at 1800Z on the 3xd
of November 1978. Still in the formative
stage, with 20 kt (10 m/sec) intensity, the
disturbance tracked westward over southern
India during the 3rd and 4th with little
intensification. Property damage was limited
to, and essentially caused by, flooding on
the coastal Dla;nsg

After exiting into the Arabian Sea, a
westward movement at 07 kt (13 km/hr) and
gradual intensification occurred. Satellite
data at 050647Z indicated increased organi-
zation and feeder band activity had formed
south of the center. JTWC thus issued a
Tropical Cyclone Formation Alert at 0512392
as the system moved into the Laccadive
Islands. During the 5th and 6th, the mid-
tropospheric subtropical ridge axis shifted
northward from 16N to 20N allowing TC 20-78
to track more north of west from 0514002
through 082C00Z.

Increased feeder band activity and good
outflow aloft indicated that steady intensi-
fication occurred from the 5th through the
8th. Tropical storm intensity was attained
by 060800Z with satellite data revealing an
eye early on the 7th. As indicated by satel-
lite imagery on the 7th and 8th, upper-level
outflow was enhanced by a channel to the
strong westerlies existing to the north of
the cyclone center. By 080200Z, TC 20-78 had
reached typhoon intensity according to the
Dvorak visual satellite intensity analysis.
Evaluation of the cyclone's position and
intensity estimates provided by the USS
LaSalle's (AGF~3) TIROS-N APT satellite data

proved to be an invaluable addition to the

normal DMSP satellite coverage of this area.

'-'l‘r +ha Q
4

3y the
subtropical dge axis in the Arabian Sea
was oriented east-west along 19N. Recur-
vature around this axis occurred during the
9th concurrent with TC 20-78's maximum in-
tensity of 80 kt (41 m/sec) at 090900Z2. TC

20-78 then moved northeastward into an area

h of

1 O

the mid-level

sovember, T X ievel

+ November
ri

66

dominated by strong westerlies aloft. The
strong vertical shear that resulted caused

+he gvustem +n woeaken +0o +ronical

T Sy SLTin WU wodatcal sto

tc tropical storm
intensity by 1008002z (Fig. 3-33). By the
1l1th, the strong vertical wind shear had

Yarinhpr the r\vh'lnnn to a shallow system

noted on satelllte imagery as splral bands
of low clouds and minimum to no deep con-
vection - "an exposed low level circula-
tion" Contlnuec dissipation caused the
satellite fixes to decrease in accuracy and
conventional data, being sparse, aided
little in pinpointing the center. As a
result, the landfall of TC 20-78 on north-
west India could only be approximated.

co- TN < - I / O C S

FIGURE 3-33. TC 20-78, 260 nm (482 km) southwesit of
Karachi on 10 November 1978 at 0659Z. The concentra-
tion of convective activity to one sdide of the cyclone
and the civws showing unidinectional, upper-air flow
are typical of cyclones in strong, vertical shean
environments. A cyclonic cireulation is becoming evi-
dent in the onientation of Low clouds overn the
southenn "exposed" pontion of the cyclone. (DMSP
imagery from AFGWC, Offutt AFB, NE)
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TC 21-78

Tropical Cyclone 21-78, the 4th cyclone
of the year in the north Indian Ocean, pre-
sented forecast problems for JTWC. More
importantly, however, the small country of
Sri Lanka suffered one of the worst disasters
in its history.

Forecasting problems were related, pri-
marily, to the paucity of data in the Indian
Ocean. Reconnaissance aircraft are not rou-
tinely tasked on missions in the Bay of Bengal.
Radar data is practically unheard of, and con-
ventional data, especially from ships and
aircraft transitting the Arabian Sea and Bay
of Bengal, are minimal to non-existent.
Therefore, almost total reliance on satellite
data is the rule. Real-time satellite imagery
of this area is not available at JTWC.

Data is received at AFGWC, analyzed and reports
are sent some three to five hours after data
time. Analysis of TIROS-N, APT satellite

data from the USS LaSalle was used to sup-
plement fix data.

On the 19th of November, an area of con-
vective activity about 300 nm (556 km) north-
west of Sumatra began to show increased
organization, and a Tropical Cyclone For-
mation Alert was issued at 0705Z on the 20th
of November. 2005427 satellite data, received
from AFGWC just after the formation alert was
issued, showed that a 15 nm (28 km) eye had
formed and the tropical disturbance was imme-
diately upgraded to Tropical Cyclone 21-78 with
maximum winds of 40 kt (21 m/sec). The presence
of an eye is often indicative of typhoon inten-
sity; however, because TC 21-78 appeared quite
compact and also because satellite intensity
analysis techniques are not specifically designed
for application to Indian Ocean cyclones, a
more conservative 40 kt (21 m/sec) was deemed
more representative of the cyclone's true
surface intensity.

Even though synoptic data were generally
quite sparse, sufficient upper-air reports
were available to indicate that a well-
defined mid-tropospheric high pressure cell
was situated over central India, with strong
ridging extending eastward over the Bay of
DAar~al m Qomraddaim o4 o = ENN wmle sxd m Ars ez
poliiyad ww Duuulcaa\. ABLG- LUV LI WALLIUDS UvolL

the east Indian coast were from the northeast
at 25 to 30 kt (13 to 15 m/sec) at that time.

Initial forecasts showed TC 21~78 tracking

Initial forecasts showed TC tracking
slightly north of west, then west. It was
reasoned that the west-northwest track would
be forced more westward as the nvc'I_Qne came

under the influence of mid-level northeasterly
steering flow nearer the Indian coast.

The mid-level northeasterlies apparently
extended considerably further into the Bay
of Bengal than analyzed, because TC 21-78
actually moved west-southwest at 5 to 7 kt
{9 to 13 km/hr) for the next 48 hours (Fig.
3-34), continued to intensify slowly and
reached typhoon intensity by 2208002
November.

During the subsequent 48~hour period,
the high pressure cell over central India“

migrated eastward into the Bay of Bengal to
a position north of the cyclone. Northerly
500 mb winds reported by stations along the

reporced 1S alon Lne

FIGURE 3-34.
(26 m/sec) intensity moving AZowty towarnd Sni-Lanka,

Ingraned image of TC 21-7§ at 50 kt

21 November 197§, 0542Z. (DMSP imagery fnom AFGUC,
Offutt AFB, Nebraska as neceived by FWF Suitland,
MaryLand)

west coast of India were the first clue that
still another high pressure cell had devel-
oped over the Arabian Sea. TC 21-78 reached
the southernmost point of its track at
220800z and thereafter began to move to the
west-northwest toward a weakness between the
Arabian Sea and Bay of Bengal highs.

The system continued to intensify and
made landfall on the east coast of Sri Lanka,
near Batticaloa, with maximum sustained winds
of 95 kt (49 m/sec), at 231400z. At 2312002,

nth.LL,dLUd lldu LCPULCEU a bu.[Id(.e W.].Il(.l UI
85 kt (44 M/sec) from the north. TC 21-78
crossed Sri Lanka in slightly over 12 hours

and axitred into the Gulf of Mannar

{rmaaw +ho
and exitced 1ntl Tie Lual O Mannar

{near the
city of Mannar) on Sri Lanka's west coast
(Fig. 3-35).

With max winds reduced to 45 kt (23 m/sec)
due to the terrain effects of Sri Lanka, the

r-yn'l one than

struck sounthe ona of
cione r

+ho
e 10 I_Alc DUU\_IICJ.JL \a\JG.DI- UL
India north of Tuticorin weakening still
further to 30 kt (15 m/sec), before it moved

into the Arabian Sea north of Cochin.

Taen

From 240000Z to 2800002 a basic north-
westward track was evident. The key to
understanding this movement can be found by
examining the 500 mb analyses during that
period. The high pressure cell that was
over the Arabian Sea moved eastward into
central India, then shifted east-southeast-
ward into the Bay of Bengal. 500 mb reports
from Sri Lanka and southern India at 2512002
showed 20 to 25 kt (10 to 13 m/sec) winds
from the southeast, which supported the
cyclone's northwest movement.



TC 21-78 did not reintensify signifi-
cantly after its passage across Sri Lanka
and Tndia {T+ waes avnap+ad +5 raintonos Fo
S aailiad,s LAt WAdS TapTliel U ICLINCLSiSitly
once it was again over warm water, but re-
intensification was slight and the system
never again develoned above tronical storm

developed above tropical storm
strength.) By 270600Z the cyclone's upper
level center began to shear off from its
surface center and satellite data revealed
only low-level cloudiness signifying a low-
level circulation. Warnings continued on

the cyclone until 290800Z because it was felt
that regeneration was still possible. By the
29th, satellite data indicated that TC 21-78
had weakened to the point that it was no
longer a significant tropical circulation.

TC 21~78 was one of the most destructive
storms of the year in either the Indian
Ocean or West Pacific. Approximately one
thousand people were killed and thousands
of acres of crops were destroyed in Sri
Lanka by the cyclone's winds, rain, and
associated storm surge. In southern India
only 10 people were killed:; however, eighteen
to twenty-five foot waves produced by the
storm surge submerged 45 villages. Luckily,
because of ample advance warning, the in-
habitants were evacuated in time.

FIGURE 3-35. TC 21-78 Located over north-central
Sni-Lanka, 24 November 1978, 0118Z. (DMSP imagery
from AFGUC, Of4{utt AFB, Nebraska)
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3. CENTRAL NORTH PACIFIC TROPICAL CYCLONES well-defined and that 1978 was a record year
for the number of tropical storms and hur-

The Central Pacific Hurricane Center ricanes. This season not only set a record
(CPHC) personnel saw 1978 as the most active number of occurrences but also produced a
tropical cyclone year on record for their cyclone with an exceptional length of travel
area of responsibility (north of the eguator and persistence of hurricane intensity (Fico),
from 140W to 180). Table 3-9 details the as well as one of the two most intense hur-
seven tropical cyclones that either formed in ricanes on record in the central Pacific
the central Pacific area or moved in from the (Susan). Table 3-11 is a warning summary for
eastern Pacific area. Table 3-10 shows the the central North Pacific.

central Pacific .tropical cyclone "season" is

CENTRAL NORTH PACIFIC

I 1978 SIGNIFICANT TROPICAL CYCLONES I
CALENDAR MAX MIN
DAYS OF SFC OBS NO. OF WARNINGS
CYCLONE TYPE NAME PRD OF WARNING* WARNING WIND SLP TOTAL AS HU
I 07 HU FICO 17 JuL - 28 JUL 12 100 955 43 39 I
10R** TD TD 10A Q7 AUG - 09 AUG 3 30 - 11
12 HU JOHN 23 AUG -~ 31 AUG 9 90 965 31 8
13 TS KRISTY 26 AUG -~ 28 AUG 3 50 - 11 -
14 TS LANE 20 AUG - 24 AUG 5 S0 - 18 -
15 TS MIRIAM 28 AUG - 01 SEP 5 55 - 18 -
30%* HU SUSAN 18 OCT - 24 OCT 7 120 954 24 15
I 1978 TOTALS 35aH* 156 62 I
* Warning period while in central Pacific area.
*x Cyclones that formed in the central Pacific area; all others began in the eastern Pacific area.
Tropical Depression 10A was given the "A" suffix to clarify its individuality when Tropical
Depression 10 formed in the eastern Pacific area.

. ***  Overlapping days included once in sum. l

TABLE 3-10.

FREQUENCY OF CENTRAL PACIFIC STORMS BY MONTH AND YEAR
I (NUMBERS IN PARENTHESES INDICATE STORMS REACHING HUPRICANE INTENSITY) I
I YEAR JAN FEB MAR APR  MAY JuN JUL AUG SEP ocT NOV DEC  TOTAL I

1967 0 0 0 0 0 4 0 0 0 1 0 0 1

1968 0 0 ¢ 0 0 0 0 2 0 0 0 0 2

1969 0 0 0 0 0 0 0 0 0 0 0 0 0

1970 0 0 0 0 0 0 -0 1 0 0 0 0 1(1)

1971 0 0 ¢ 0 0 0 1) 1 0 0 0 0 2(1)

1972 0 0 0 0 0 0 0 3(L) 1 0 0 0 4(1)

1973 0 0 0 0 0 ] i1 0 ] o 0 0 1(1)

1974 0 0 ¢ 0 0 0 0 2(1) 0 0 0 ) 2(1)

1975 0 0 0 0 0 0 0 0 0 0 0 0 0

1976 0 0 0 0 0 0 0 0 1(1) 0 0 0 pX¢8)

1977 0 0 0 0 0 4 0 0 0 9 0 0 0

1978 0. 0 Q 0 0 0 1) 41 0 1) 0 0 6(3)

AVERAGE
I (1967-78) 0 0 0 0 0 0 .3(.3) 1.1(.3) .2(.1) .2(.1) 0 0 1.8(.8) I
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TABLE 3-11.

TOTAL NUMBER OF

TATAITAY

WARINLINGD

NUMBER OF WARNING

e
uru o

NUMBER OF WARNING DAYS

2 NAD MNDD mlmﬂn:‘c
Wilil 4 Un JFRD WILLAANSS

NUMBER OF WARNING DAYS

W™ 2 AR wWDRE rvvrvrmn.‘c
WLl O OUN FaURD L

TROPTCAL DEPRESSIONS

I WL

Hurricane Fico, 9-28 July. was the
longest lived and most intense eastern Paci-
fic cyclone of historical record. Fico
reached hurricane strength at 111 degrees
west longitude and maintained winds in ex-
cess of 65 kt (33 m/sec) for 18 days while
traveling 4,200 miles (6758 km) westward to
176W, near Midway Island. Although Fico's
maximum intensity of 115 kt (59 m/sec)
occurred just prior to entering the central
pacific (140W), Hurricane Susan, in October
attained winds of 120 kt_(62 m/sec) while
360 miles (579 km) southeast of Hilo, Hawaii,
making her the strongest tropical cyclone
ever observed near the Hawaiian Islands.

Hurricane John and Tropical Storm Kristy
were named .at the same time, 0000 GMT, 19
August 1978, while in the eastern Pacific.

At this time Tropical Storm Lane was centered
further west than the others, thereby ex-
plaining why it entered the central Pacific
out of alphabetical order.

GOES-3 imagery (Fig. 3-36) depicts tliree
cyclones; John, Kristy, and Miriam. At the
time of this satellite photograph, John was
at tropical storm intensity and subsequently

1

(-]
C

w

o wn

o °
L [

weakened further and meandered west-south-
westward to 170W.

With the demise of Troplcal Storm Miriam,
the Honolulu staff felt that the central
Pacific season was likely over. But on the
18th of October, a suspicious area southeast
of Hawaii rapidly developed into a full-
fledged tropical storm. This was the capri-
cious Susan, the last storm of the season.
Susan attained tropical sterm intensity at
preclsely the same location where the first
eastern Pacific storm of the season, to
threaten the central Pacific area, Bud, dis-
sipated; near. 10N-145W. Continuing to inten-
sify, by the 2l1lst, Susan became one of the
two most intense hurricanes on record in the
central Pacific. Maximum sustained winds of
120 kt (62 m/sec) equaled those attained by
Celeste in August of 1972. Figure 3-37 de-
picts Susan at 220016Z during peak intensity
while a very real threat to the Hawaiian
Islands. After reaching a point 220 nm
(408 km) southeast of the Big Island, however,
Susan turned sharply to the southwest, very
rapidly dissipated, and luckily the Hawaiian
Islands were once again spared.

An individual summary of Hurricane Fico
follows.



naded §rom Huwuiicane John) 44 ceﬁtmed 240 nm (417 km) south-southwesl
ded to a tropical distunbance, 600 nm (1120 km) easi-nontheast of Hifo,

FIGURE 3-36. Tropical Stoam John (downg
of South Point, Hawail. Knisty, downgia
Hawaii, and Tropical Storm Miriam 925 nm (1714 @m) southeast of Hilo, Hawaii, 27 August 1978, 2315Z.

(GOES imagerny from SFSS, Honolulu, Hawail}

72



{can
o

H

2

7. #H
Honelulu

o~y
1

o)

[*¥)
S
a4
L
)

™

™~



+

1

-+

LI B 1T t
+ +

4 U IO St $

it t—r—+—

PSR T W T U S !

T LI N R | T

i L } + i 1 } % 1

+

4

L

. 15;0°'
P A

. Nt . .
N —

-+

+

R

20°

+

+—+—
. -.‘o--o.__
4 3

C T

—— HURRICANE

=—— TROPICAL STORM
988 TROPICAL DEPRESSION
OO0 TROPICAL DISTURBANCE

¢ << EXTRATROPICAL
#%% DISSIPATING STAGE _
[Rie H s S e st ] -~

TD-10A

1 ANMLE
LAY

MIRIAM

CENTRAL PACIFIC
TROPICAL DEPRESSION/STORMS

-+

-
4

o°

y




’ ‘»oMEXICOClTY
SR 9\””’

s
t—t—t—t t L

':'::::;:20°l"‘ele:1{'l-:4-!'
1

Joo 1 L VNI S S | | S f— ) SR S S o
"+t 10* 4T+ttt

SN U LEGEND NN
S R — HURRICANE C I S '
e . . —~=— TROPICAL STORM I N T T T . SR
©08 TROPICAL DEPRESSION
Fr- T T OO0 TROPICAL DISTURBANCE :
L. . .1 . . . . L . . <+%<> EXTRATROPICAL e A
L L . %% % DISSIPATING STAGE Ly \

. ==
. 4
-4

3

,::::.Ii::..,

et A ——

...l..
(o

T
14
t
t
T

3

)

g

g

°

‘5 v§
Ty
5

3
t |
\

G
2
13
s
@

I ) T I SUSAN TN .
i . S ‘

+ T t—t —H—ﬁ—sas'ltﬂ-i—-i—f—-——H——l——F—
L t CENTRAL PACIFIC Lo RPN . -

b o N . HURﬁiCANES D T L . .-
L ‘FICO 09 JULY - 28 JULY I A R
——— +—t JOHN 18 AUG - 31 AUG ——+ ———+ —t—p—+ R
- T "KRISTY 18 AUG - 28 AUG ST T T

e SUSAN 18 0OCT - 24 OCT e
dp g A s SEE INDIVIDUAL SUMMA 00 —+ — T PR
i — *HU RRICANE mveusmomv IN EASTERN PACIFIC AREA ! ! ! !

LD H— e A N

RS S S SRS S SRS S




_.
55
‘_'.'
V'
=
o
ﬂw«}
8
6'
~Gi
1
8
]
L) L)
=
2

P10 t100-1p0-1ps st L2
o N ' 4 T 4 1 M T v T l\ T

At B
Attt

PR N . - . . e . . .‘...‘. “ e T . -/\’. :-' - . . . . .

e e . ¥ .. e Y S - P

R A IS lifﬁ'717??7/Jﬂ;ﬁ1?iJ$¢7f»lﬁﬁﬁi
! { /.,/,5,“ /r‘:ﬁ*;.lE’f_ i ’/'( /'/"’ 7 fr —t——

oo L. N T TRV NTUAUT20M 20 £ -.V/,u/‘.s/ Lol Lo

HURRICANE FICO T T BT ,2h

© BEST TRACK 1C- 07 LTI 0y, /

" 09JUL-28JUL 1978 T ’

MAX SFC WIND 100KTS R ""““"‘-"0‘256‘—:3\0
MINIMUM SLP 955 MBS

B 7 T 1 7. 1. .. LEGEND .
A '\71 l U T _ ki 6 HR BEST TRACK POSITS
oo rse L Lo L L s Wiknsny
'AHQ/ /7\0 I C POSITION AT XX/00002Z

20 - L. . . oL o oL 0. 0 L4 . . . = HURRICANE -
’ —==— TROPICAL STORM oL J
70-+- T T T ' e TROPICAL DEPRESSION

AN TDADICAL r\l(TIIDI‘lAMf:

I 1 FE N P T SR 3 o OO0 TROPICAL BAINLE —_—
- ———+ e —t—t —t——t —30° = Y EXTRATROPICAL ———

I
1fe 1700 4+ . . oL .. . .4 . . . %%x DISSIPATING STAGE o
[, 1/8 1 ¥75. S FIRST WARNING ISSUED ]

oW /8 o ’:’“75,85' A R I * LAST WARNING ISSUED -
| :U/_::/‘,/S/s/;zi,, 2 TR IS I S
— L N 4 T y —t ' —

—~
A} N S
N

A

\%\
o3
8; +
3
8 .
3
¢
-e?b )
3

8

+§
X
®
LR
R

o

T T
H
.7
/
3.
~
——|—~<é
—t
N
=
]
aul
-
N
)
—
. 4+ . .\; -
B R i~
\‘
(%,
>
~
\
[ S S USRI S DU R



HURRICANE FICO

Hurricane Fico entered the Central
Pacific at 16H~140W on 17 July 1978 with
maximum sustained winds near 80 kt (41
m/sec). Fico attained a maximum intensityv
of 115 kt (59 m/sec) while still in the
Eastern Pacific east of 140W. Fico pro-
ceeded along the l6th parallel to a point
due south of South Point, Hawaii. U. S.
Air Force aircraft and satellite reconnais-
sance and NESS satellite imagery showed a
steady increase in Fico's intensity during
its travel from 140W to its position south
of South Point.

surf due to open ocean swell from Fico
began to rise on the 18th, with some beach
road flooding along the southeast coast of
the Big Island when Fico was 500 nm (927
km)  to the southeast. Higher than normal
surf at this time was also enhanced by
southerly swell from a southern hemisphere
storm. By the morning of the 19th, Civil
Defense officials reported 30 foot (8.1 m)
surf breaking well offshore with smaller
15 to 20 foot (4.6 to 6.1 m) short period
surf doing considerable damage to beach-
front homes and roads on the Big Island.
Eight to 12 foot (2.4 to 3.7 m) surf was

mmiaen Moi1d iy manmn Af fho

observed on Eastern Maul by noon OL itne
19th, with water over roads but no damage

reported., Very short period surf of simi-
lar heights reached southern Oahu and
southern Kauai on the following day.

On July 20 {Fig. 3~38), the hurricane
was 175 nm (324 km) south-southeast of
South Point with maximum sustained winds of
100 kt (51 m/sec). Late on the 20th, Fico
began moving northwestward and maintained
100 kt (51 m/sec) winds until 190 nm (325
im) due south of Kauai. A strong trade
wind gradient, increased by the proximity of
Fico, caused strong gusty winds over all
the Hawaiian Islands with numerous. reports
of 50 kt (26 m/sec) or more, accompanied by
falling trees and power line outages.

Fico maintained hurricane intensity
for 17 days and was tracked by the Honolulu

and San Prancies 5 ot1ry o
and San Francisco National Weather Service

forecast offices (with much support from

respective NESS units) for approximately
500N nm (Q26& km) Tha affartce AfF T3~

5000 nm (9266 km). The effects of Fico
were felt during and after extratropical
transition; remnants of Fico, enmeshed in a

strong cold frontal system, inflicted heavy

rain and up to 40 'kt (21 m/sec) winds on

ships southeast of Cold Bay in the Aleutians
on July 31,

Hurricane Fico. thaeatenLng Hawaidi, 20 July 1978, 01152,
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