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TROPICAL STORM HOLLY (03)

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

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

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

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

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

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



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

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

The second possible explanation for the
sudden deceleration and extremely slow move-
ment lies in the mid-troposphere. Wind
analyses at 500 mb consistently showed weak
steering surrounding the cyclone's environ-
ment. The weak flow was due in part to a
cut-off low which was located near 30N and
between 155E and 165E during the period of
Holly's slow movement. The gradient between
this cut-off low and the ridge placed major
wind currents well northeast and northwest
of Holly's 500 mb cyclone. This gradient
slackened just north of Holly and winds that
were not considered storm induced generally
were 10 kt (5 m/s) or less. This was clear-
ly evidenced by reconnaissance tracks flown
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Figure 3-03-3. Surface [—)/gradient (e—)

Level analyses:

(a} at 0200007 which was typical

duning Holly's period of sLow movement and (b) at
0700002 showing the pattern as Holly began to

accelerate.

Winds are in hnots.
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north of Holly. Furthermore, these same
analyses showed Holly remained south of the
ridge in the weak easterly current. A
break in the ridge never occurred in suit-
able position to allow Holly any other pos-
sibility (Fig. 3-03-4).

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

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

Tropical Storm Holly never reached
typhoon strength as originally expected.
The intensity fluctuations, weak mid-level
steering, and shearing flow at both low- and
upper-tropospheric levels all contributed
to Holly's eventual demise.
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Figure 3-03-4.

500 mb streamline analysis at

0512007. This analysis was Lypical of the pattean

exiAting duning Holly's Ligetime.

Wind data are a

combination of RAOBS, RECON, and satellite-derived

winds [#— ).

Wind speeds are in khnois.

Figune 3-03-5.
0312007

R

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

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

blow-0§§ wind direetions | ).

in knots.
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