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Editorial
A brief look at the contents page of this issue of
the Bulletin will alert the reader to the fact that it
is almost entirely dedicated to severe weather
phenomena. In Hong Kong 1993 was remarkable
because of three heavy rainfall events which
severely affected the territory. Not surprisingly
these events have been analyzed from a variety of
perspectives in order to help us better understand
these severe weather events. Hence there is a
preponderance of papers on this subject. We
hope these will stimulate further ideas and work
on this extremely important subject as far as the
territory is concerned.
The first two papers, by M.K. Song and CY,
Lam respectively, both of the Royal Observatory
Hong Kong, deal with different aspects of the
severe rainstorm on 16 June 1993 which brought
over 280 mm of rain to Sai Kung. In the first,
Ms. Song provides an account of the synoptic
background during the event and then examines
the mesoscale aspects in some detail. C. Y.
Lam then concentrates on nowcasting aspects of
the event in the second paper which should help
provide insights for forecasters charged with
forecasting localized heavy rain within very short
time frames.
In the third paper C.M. Tam & C.M. Cheng,
both of the Royal Observatory Hong Kong,
examine the rainstorm of 5 November associated
with the proximity of T.S.lra. This event also
produced extremely localized heavy rain with
Tung Chung on Lantau receiving over 750 mm
of rain. It was also unusual in bringing so much
heavy rain in an otherwise normally dry month.
The fourth paper, by RY. Lee, C.C. Chan and
C.M. Cheng, all of the Royal Observatory Hong
Kong, also examines these two events as well
that on 26 September, associated with the passage
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of Typhoon Dot, which dumped more than 300
mm of rain on the northern part of the NT. This
paper seeks to find common factors associated
with the onset of heavy rain in the three events
from the perspective of the weather forecaster.
The second of the series of annual tropical
cyclone summaries, the 1993 Tropical Cyclone
Summary for the ~stern Nortb Pacific Ocean
(wet of 180 degrees) continues the theme of
weather hazards in this issue. It documents all
1993 season tropical cyclones occurring in the
Western North Pacific Ocean and includes tracks
for all storms affecting Hong Kong as well as
satellite imagery of major storms.
The remainder of the Bulletin contains the now
regular features News and Announcements,
Hong Kong ~ather Reviews, and Meeting
Reviews. The News and Announcements section
includes the verifications of the 1993 Atlantic
Hurricane Season Activity and Sahel Rainfall
forecasts made by Colorado State University
meteorologists included in Bulletin 3(2). The
extended range forecasts for 1994 are also
presented courtesy of Chris Landsea. As before
it is the intention to follow up on the verifications
of these forecasts in the next issue.
The Editorial Board would like to express their
thanks to all the contributors and hope that the
good response will encourage others to submit
items related to their research and work. We
hope you find this issue interesting and useful.
Your support for future issues is always sought
in the form of contributions of either papers
or correspondence.

~~

.-/

Bill Kyle, Editor-in-chief
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Sandy M.K. Song
Royal Observatory
Hong Kong

Rainstorm in Hong Kong on
16 June 1993: Part I
Synoptic and Mesoscale Aspects
RAINFALL

Introduction
A severe rainstorm occurred in Hong Kong on 16
June 1993. Heavy rain first fell over eastern
Hong Kong, and then over the whole territory.
A daily total of 153 mm of rainfall was recorded
at the Royal Observatory and the heaviest
downpour was confined to a short 3-hour period
from 10 a.m. to 1 p.m. HKT (Figure 1.1). The
maximum instantaneous rainfall intensity at
King's Park reached 203 mm per hour at 12:24
p.m. The worst hit areas were Sai Kung and
Tsuen Wan where daily rainfall over 250 mm and
200 mm were recorded respectively (Figure 1.2).
For ease of reference, local
place names
mentioned in the text are shown in Figure 4
from part II (Lam, 1994). Although rain gradual
off during
the afternoon, the
ly
eased
consequences of the rainstorm were serious.
There were 268 cases of flooding and over 56
A
reports of landslips during the period.
woman was killed and five others were injured
in a mudslip in Tsuen Wan. About 67 hectares of
farmland and 14 fish ponds were damaged in the
New Territories.
Looking further afield, the rainfall distribution
in southern China over the 12-hour period from
8 a.m. to 8 p.m. on 16 June, derived from
synoptic data, is given in Figure 1.3.
The
very localized nature of the heavy rain in Hong
Kong is strikingly illustrated.
An account of the synoptic background during
the event is given in the following sections.

Synoptic Situation
With moist southwest monsoon, June is normally
the wettest month in a year. Indeed, the worst
rainstorms in recent memory occurred in June
IlKMetS BUllETIN Vol. 4, No. I, 1994
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Figure 1.1 Hourly raitifa/l recorded at the Royal Observatory
Hong Kong on 16 June 1993. (Tr -trace)

1966 (Chen, 1969) and June 1972 (Cheng and
Yerg, 1979). Warm moist air from the Indian
Ocean constitutes the prevailing south-westerly
flow at the 850 hPa level. At higher levels, the
background flow is basically westerly up to 300
hPa. Divergence associated with a narrow ridge
of high pressure is also quite common at 200
hPa level. The synoptic background of the rain
storm on 16 June 1993 generally conforms to this
pattern.
A southwest monsoon dominated over the
south of China on 16 June 1993 (Figure 2.1a).
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(a) &l'lfall (mm) In Hong Kong between 10 a.m. to 1 p.",. 011 16 JUlie 1993.
(b) Daily ral'lfall (mm) in HOllg KOllg Oil 16 JUlie 1993.
(RO stands fo« Royal ObsenaJory)
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Despite the influence of the southwest monsoon,
the previous few days went by with just a few
morning showers
interspersed with sunny
periods.
The upper air conditions over Hong Kong at 8
a.m. 16 June 1993 are shown in Figure 2.2.
The atmosphere was potentially unstable: the wet
. bulb potential temperature was around 26 degrees
Celsius in the lowest part of the atmosphere and
generally decreased with height. Air in the
lowest half-kilometre could rise up to 200-100
hPa, provided a lifting mechanism could be
found to get it above the lowest 2 to 3 kilo
metres. The saturated layer at 500 hPa level
was worth noting. This profile more or less
prescribed the environment for subsequent
convective development in the Hong Kong area.
Reference to streamline charts on 15 June 1993
(not shown) indicated that, a north-south orient
ed trough in the westerlies at 500 hPa level over
southwest China moved east steadily with a
speed of around '20 knots. The movement of
the trough could be readily monitored by follow
ing the associated cloud band on the satellite
pictures, which was mostly confined to between
20-30 oN approximately (Figure 2.4a). By 8 p.m.
on 15 June 1993 (12 UTe), the trough axis had
already reached the longitude of Macau, with
HKMelS BUUETIN, Vol. 4, No.1, 1994

120' E

Hong Kong just ahead of the trough. From the
satellite picture and streamline chart at 8 a.m. on
16 June 1993 (Figure 2.4b and Figure 2.1 c),
it can be seen that the 500 hPa trough seemed to
split into two, the northern part north of 25°N
and the southern part south of 25°N. The cloud
mass associated with the northern part of the
trough continued to move eastward, whereas
the convection associated with the southern end
still lingered near Hong Kong. The slowing
down of the southern part of the trough
enhanced the continual convective developments
over Guangdong region and was probably one of
the contributing factors associated with the
rainstorm.
Directional convergence could be analyzed at low
levels (e.g. 850 and 700 hPa) along the south
China coast between the southwesterlies to the
west and southerlies to the east on 15 June 1993
(not shown). By 8 a.m. on 16 June 1993, just
before the heavy rain episode, a low level jet
(more than 20 knots) at 850 hPa level could
also be analyzed over the coast of Guangdong
(Figure 2.1 b). This low level jet enhanced the
advection of warm moist air and the development
of convective cells in that region. This might be
one of the contributing factors associated with
the rainstorm.
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Figure 2.1

Charts aJ 8 a.m. on 16 June 1993 for (a) surface, (b) 850 hPa, (c) 500hPa, and (d) 200 hPa. These are outputs
of the Royal ObservaJory Limued-Area Model which is a primuive equauon model in sigma co-ordinates wub 13
layers in the vertical and a one degree laJiJude-longiJudegrid. Shaded area over souJh China aJ 850 hPa level
shows where the wind speed is greater than 20 knots. At 200 hPa level, light shading means posuive divergence.
Dark shading implies that the divergence value is greater than 2.0 .r 10.s «'. At 500 hPa level, the dark solid line
shows the poslilon o/trough axes.
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• stands/or Hong Kong.
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At upper levels (e.g. 200 hPa ), a narrow ridge of
high pressure and a belt of divergence could be
analyzed over the coast of south China at 8 a.m.
16 June 1993 (Figure 2.1 d). Diffluent flow just
ahead of the westerly trough near the Leizhou
Peninsula is also worth noting.

Mesoscale Aspects:
Radar and surface observations

J. Radar

Figure 2.2

Hong Kong tephlgram at B a.m. on 16 June 1993.
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Hong Kong was almost echo-free from midnight
to around 3 a.m. on 16 June (not shown). After
that, some convective cells developed over the
eastern part of Hong Kong and moved eastward.
At around 4 a.m., echoes near Guangzhou and
Shanwei also intensified (Figure 2.5 a). For
ease of reference, place names over south
China mentioned in the text are shown in Figure
2.3. These echoes were moving in an east to
north-eastward direction and apparently posed no
threat to Hong Kong. At around 5 a.m., the
echoes over the eastern part of Hong Kong
intensified
and
rain became heavier and
thundery (Figure 2.5 b).
Heavy rain mainly
fell over Sai Kung area, while less than 10 mm
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I'tace names {mentloned in text) in south China.
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(e)

Figure 2.5

3 /em CAPPI radar inlllges for (a) 4 a.m., (b) 5 a.m., (c) 6 a.m.,
(d) 8 a.m., (e) 10 a.m. and (j) 12 110011 011 16 JUlie 1993.
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Surface CMIts (wiJh pressure and wind barb) on 16 June 1993.

o stands for calm condulons.
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were recorded in other parts of the territory. The
echoes over Sai Kung were moving eastward and
apparently leaving the territory (Figure 2.5 a-c).
However, more convective cells developed in the
dawn, in
vicinity of Hong Kong around
particular, a batch of convection developed over
Shangchuan Dao and intensified fairly rapidly
after 6 a.m. (Figure 2.5 c-d). On the other hand,
the convection near Sai Kung intensified and
spread westward again (Figure 2.5 d). At 8
a.m., the echoes near Shenzhen intensified as
well and they merged with those over the New
Territories at around 10 a.m. (Figure 2.5 d-e).
From that time onwards, the rainfall over Hong
Kong became particularly heavy.
The batch of echoes over Shangchuan Dao
intensified further and drifted eastward towards
Hong Kong. After 11 a.m. these echoes merged
with those over Hong Kong and gave rise to the
heavy downpour (Figure 2.5 f).

II. Surface Circulation
In the early morning of 16 June 1993, a weak
high
cell could be analyzed over Shanwei
centred about 150-200 km east of Hong Kong
(Figure 2.6a). Its linear dimension was of the
order of 200 km. The high cell was located
where there had been considerable convection
in the past 3 hours or so.

HKMetS BUllETIN Vol. 4, No. I, 1994

The prevailing flow in Hong Kong before the
heavy rain episode came mainly from the south
west quadrant (Figure 2.6 a-b). However, with
the building up and intensification of the high cell
over eastern Guangdong, local winds over the
eastern part of the territory began to turn to the
east in the morning of 16 June 1993 (Figure 2.6
c-d). These easterly winds converged with the
prevailing southwesterlies over Hong Kong and
were accompanied by heavy rain in the eastern
part of the territory up to 10 a.m.
As will be
discussed in Part II (Lam, 1994), another mass of
cool air moved in from the north to trigger off
further heavy rain between 10 a.m. and 1 p.m.
in this convergence zone.
The high cell
weakened in the late afternoon and rain also
gradually eased off (Figure 2.6 e-t).

II
I

Concluding Remarks
The heavy rain in Hong Kong on 16 June 1993
occurred in a conditionally unstable atmosphere
close to the axis of a 500 hPa trough, with
enhanced moisture inflow in the lower levels and
divergence aloft around 200 hPa. A mesoscale
high cell to the east maintained a zone of
convergence in Hong Kong between prevailing
southwesterlies and the easterlies associated with
this high cell, which formed a background
favourable to the generation of heavy downpour
on a small local scale.
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Rainstorm in Hong Kong on
16 June 1993: Part II
Nowcasting Aspects
Introduction
The synoptic and mesoscale background of the
rainstorm in Hong Kong on 16 June 1993 is
described in Part I Synoptic and Mesoscale
Aspects (Song 1994). One outstanding feature of
this rainstorm was the very localized nature of the
rainfall distribution. Rainfall in the western side
of the territory was less than a third of that in the
east near Sai Kung. The linear dimension of the
heavy rainfall area (> 200 mm) between Tsuen
Wan and Shatin, which was associated with the
fatal ·landslip event during the rainstorm, was of
the order of 10 krn.
To understand what brought about such local
scale distribution of rainfall, it is necessary to
examine in detail the evolution of the flow pattern
in the territory, especially during the period of
heaviest rain. Hong Kong is served by a network
of automatic weather stations and automatic
reporting anemometers. Data from the network
have been utilized on previous occasions to study
local-scale rainstorms in Hong Kong (Lam et al.,
1990 and Lam, 1993).
This short note is intended to illustrate once more
the usefulness of the network in the monitoring of
mesoscale flow patterns and hence its potential
application in the nowcasting (that is, very short
range forecasting within the next hour or so) of
local-scale rainstorms.

Local Conditions 10 a.m. to 1 p.m.
The rainfall distribution in Hong Kong at 15
minute intervals 'between 10 a.m. and I p.m. on
16 June 1993 is shown in Figures 1 - 3. At half
hourly intervals, the local wind pattern inferred
from the reports of the local automatic anemome
ter network is superimposed onto the rainfall
chart. Indications of temperature readings are
HKMelS BUILETIN Vol. 4, No.1, 1994

also given. For ease of reference, place names
mentioned in the text are shown in Figure 4.
At 10 a.m. the convergence line between warm
southwesterlies (27 - 28°C) and relatively cooler
easterlies (25-26°C) maintained by the mesoscale
high cell described by Song (1994) was oriented
broadly in a north-south direction roughly cutting
Hong Kong into equal halves (Figure l(a)). In
the subsequent 15 minutes, the heaviest rain fell
near Plover Cove in the northeast, east of the
convergence line at ground level. This relative
position is highly suggestive of the role of the
cool air as a wedge, serving as the lifting
mechanism required to bring the warm moist air
to saturation and to release the instability in
vertical stratification. Rain fell from the lifted
southwesterlies after having ridden on the wedge
for some time, thus the location of rain area on
the cool air side. However, note that rain did not
fall as a uniform belt parallel to the convergence
line but rather in "cells" 10-20 km in dimension
(for example, Figure I (b)). It is not easily to
follow unambiguously these cells in IS-minute
rainfall charts but they generally had an eastward
component in their movement during the 3-hour
period of interest.
At 10:30 a.m., easterlies strengthened in the
Kowloon - Tsing Yi area while cool northeast
erlies invaded the northwestern New Territories.
Both events might be seen as enhancement of the
wedging mechanism. So it is not surprising to
see in Figure l(c) the presence of two rain cells
in the subsequent 15 minutes, broadly in the
downstream direction (from the point of view of
southwesterlies). Considering
that both the
localized stronger easterlies over Kowloon and
the cooler northeasterlies in the northwest might
be linked to downdrafts of previous rain cells, we
might indeed be witnessing here a feedback
process in which cool downdrafts from previous
rain cells were generating further rain.
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Loctulon of place names mentioned in the text.

By 11:00 a.m., northeasterlies became more
widespread in the New Territories and lower
temperatures of 23-24°C were also recorded
(Figure 2(a». The southward movement of the
convergence line over the western part of the
territory was much faster than the westward
oriented line
migration of the north-south
separating the southwesterlies from easterlies. In
parallel with this evolution, a broader region of
strong winds was observed between Tsuen Wan
and Hong Kong Island. The heaviest rain in the
next 15 minutes again fell downstream of the
enhancement of wedging mechanism.
The arrival of cooler air (23-24°C) on the western
flank of the convergence line was another
manifestation of the enhancement of the wedging
mechanism. This helped account for the rain on
the western part of Hong Kong between 11:15
a.m. and 12:00 noon (Figure 2(b)-(d».
Another interesting development took place at
12:00 noon. While the strong easterlies persisted
over the western harbour, warm southwesterlies
at Cheung Chau were replaced by strong north
westerlies of around 24°C (Figure 3(a», which
were' apparently the cold outflow from the rain
over northern Lantau in the previous half hour or
so (Figure 2(c)-(d». The rain in the urban area
exceeded 30 mm in the following 15 minutes,
reflecting
a strengthening of the lifting
mechanism. The convergence line was displaced
further south.
HKMetS BUUETIN, Vol. 4, No. I, 1994

By 12:30 p.m. the convergence line was well to
the south of Hong Kong (Figure 3(c» and
temperatures over the territory were fairly
uniform, around 23-24°C. Rain began to subside
in the urban area as the rain cells migrated to the
east near Sai Kung. The existence of a cyclonic
vortex west of Hong Kong Island is interesting to
note although it probably had little bearing on
rainfall distribution.

Discussions
In going through the sequence of events between
10 a.m. and 1 p.m., the position of rain relative
to the surface convergence line separating the
warm moist southwesterly airstream from cooler
air (initially from the east and later from the
north) strongly suggested the wedging effect of
cool air as the triggering mechanism that released
instability and brought about heavy rain.
From the point of view of nowcasting, in order to
cope with this rainstorm successfully, forecasters
would have to recognize the existence of the
north-south oriented convergence line first and
pick up the invasion of the second push of cool
air at an early stage by watching closely the
networks of rain-gauges, anemometers and
automatic weather stations in Hong Kong.
Another key step would be to construct quickly in
the mind a schematic conceptual model of the
situation such as that shown in Figure 5. Only

then would they be able to understand why rain
17
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SURFACE CONVERGENCE LINE

Concepluol model of the rainstorm 0116 June 1993.

was falling on the cool air side of
the
convergence line and anticipate the concentration
of rain on the eastern half of Hong Kong. There
were several phenomena of different spatial scales
in action. Firstly, the mesoscale high cell east of
Hong Kong discussed in Song (1994) maintained
a supply of cool easterlies (25-26°C) which in
turn maintained a north-south convergence line
over Hong Kong. The line was quasi-stationary
or edging westward slowly. Secondly, super
imposed on this background was the southward
spread of further cool air (23-24°C). This second
push, apart from being cooler, also brought about
fairly strong surface winds lasting more than an
hour: in the region between Tsuen Wan and Hong
Kong Island, where the wedging effect might be
perceived as being the strongest. Finally, the
cool northwesterlies over Cheung Chau provided
one last push on the wedge to give a spell of
heavy rain over the urban area. Rain clouds
triggered off by these events grew as they were
advected by the southwesterlies in the lower
atmosphere so that rain was deposited further
downstream on the cool air side of the
convergence line. This basically accounted for
the observed spatial distribution of heavy rain
between 10 a.m. and 1 p.m.
The rainstorm shared certain common character
istics with that of 2 May 1989. On that occasion,
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according to Lam et al., (1990), there was a pre
existing east-west convergence line over Hong
Kong before heavy rain was triggered off by the
arrival of a squall line. Thus, it was another case
where a triggering mechanism was superimposed
on a mesoscale background favourable to rain
formation.

Conclusions
There is much to be gained from monitoring
closely the data outputs of the local networks of
rain-gauges, anemometers and automatic weather
stations in the nowcasting of localized heavy rain
in Hong Kong. Naturally this has to be preceded
by an understanding of the synoptic background.
But when it comes to forecasting for the next
hour, forecasters must be ready to interpret what
is seen in the data from the networks with the
help of a conceptual model which they should
also be prepared to keep on adjusting as time goes
on in the light of new data.
As a general hint, on the forecasting of localized
heavy rain, forecasters should watch out for the
existence
of
quasi-stationary
mesoscale
convergence lines and the
potential of the
superposition of another triggering mechanism
such as a squall line or cold outflow from a
nearby rain cell.
HKMelS BUUETIN Vol. 4, No.1, 1994
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A late-season tropical cyclone
related rainstorm in Hong Kong
ABSTRACT
Tropical storm Ira affected Hong Kong in early
November 1993. In its wake, Ira brought a very
localized but extremely heavy rainstorm to the
territory, causing serious flooding and many
landslides. This article documents the synoptic
background and rainfall pattern as recorded on
weather radar.

Introduction
The rainy season in Hong Kong starts in April
and ends in October. Tropical cyclones and
monsoon troughs are the main sources of
precipitation. Together they contribute over 90
percent of the annual rainfall of 2,214 millimetres
during this seven-month period. June is normally
the wettest month of the year and several
memorable trough related downpours have been
documented (Chen, 1969 and Cheng and Yerg,
1979). The rainstorm in May 1992 (Lam, 1993)
which broke the hourly rate-of-rainfall record
also fell into that category. Tropical cyclone
related rainfall has been analyzed in detail by
Kwong (1974) and case studies of some heavy
rain events have been carried out by Lam (1975).
Tropical Storm Ira traversed the South China Sea
passing to the southwest of Hong Kong and made
landfall over western Guangdong on 5 November
1993 (Figure 1). During the passage, its rain
bands brought exceptionally heavy but localized
rainstorms to the territory. Within a 36-hour
period, over 700 millimetres of rain were dumped
onto parts of Lantau Island causing flooding and
landslides which severed road networks there for
many hours.
Even more disruptive was the
severe flooding at Tuen Mun that drowned the
pumping station, leaving nearly half a million
residents without tap water for four days. Land
20

slides ruptured water mains to Cheung Chau and
a similar fate befell thousands of islanders there.
This particular rainstorm was unusual because
firstly, it was rather rare for a tropical cyclone to
affect Hong Kong so late in the year. In fact, Ira
was the first storm in the month of November in
the last 19 years that necessitated the hoisting of
local tropical cyclone warning signals. Secondly,
November is normally a dry month with an
average rainfall of 35 millimetres yet Ira brought
more than 20 times that amount, albeit only to a
small area. Thirdly, there was huge spatial
variation in rainfall over the territory.

Weather situation
The first three days of November were fine and
dry as a continental airstream prevailed over
south China. As Ira approached, its outer rain
bands and strong winds began to affect the coastal
region early on 4 November and brought
continuous and widespread rain to Hong Kong.
The centre of Ira came within 300 kilometres of
the territory that afternoon and maintained a
course roughly at that range as it curved north
towards the coast of south China. By the
evening a narrow rainband developed over the
western part of the territory near Lantau and
remained anchored there for a prolonged period.
While Ira made landfall near Yangjiang in the
early hours of the following day, intense rain
cells within the rainband drifted slowly north
across Lantau resulting in the localized heavy
rain.

Rainfall
In general, 100 to 200 millimetres of rain fell
over the coastal region of Guangdong province
during the 36-hour period from 0200 HKT (UTC
HKMeiS BUUETIN Vol. 4, No. I, 1994
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+ 8 hours) on 4 November 1993 (Figure 2). The
heaviest rain during this time period was located
in a relatively small area within the territory of
Hong Kong and in the coastal region near Yang
jiang where Ira made landfall.

the transition into the heavy rain regime. In this
second regime, more than 500 millimetres of rain
poured onto a small area on Lantau Island, bring
ing the rainfall figure in this tiny region to over
700 millimetres in 36 hours.

The rainfall distribution within Hong Kong, as
reported by a high-density automatic reporting
raingauge network,
indicated a tremendous
variation in the amount of rainfall at different
places (Figure 3). While less than 200 milli
metres of rain fell over the eastern part of the
territory from 0000 HKT 4 November to 1200
HKT 5 November, more than 700 millimetres
were concentrated in a small area of no larger
than 5 km by 5 km over the northern coast of
Lantau Island. The cumulative hourly rainfall for
three stations on the network shown in Figure 4
suggests that this rain episode can be divided
roughly into two regimes - a period of widespread
and moderate rain during 4 November followed
by 12 hours of localized but heavy rain. Within
the moderate rain regime, the total rainfall at
various places in Hong Kong was in general less
than 200 millimetres. In the early hours of 5
November, frequent thunderstorms began to
affect the coast of Guangdong, which signified

Figure 5 shows the hourly rainfall recorded at the
Royal Observatory. in Kowloon (RO) and Tung
Chung (fC) on Lantau. In the moderate rain
regime, the hourly rainfall at RO was less than 10
millimetres while that at TC was no more than 30
millimetres. There was only a slight difference
in the amount of rain received at various places
throughout Hong Kong. During the localized
heavy rain regime, the hourly rainfall at RO
remained below 10 millimetres.
At TC,
however, the hourly rainfall soared above 50
millimetres for 5 hours. Rain was persistently
heavy from 0300 HKT to 0800 HKT. The
maximum hourly rainfall of over 90 millimetres
was recorded at 0400 HKT on 5 November.
Throughout the localized heavy rain regime, TC
received 517 millimetres of rain compared to less
than 40 millimetres at RO. Figure 6 shows the
rainfall distribution captured by the Royal
Observatory weather radar during this event.
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Synoptic background
During the moderate rain regime, Ira was centred
about 300 kilometres south-southwest of Hong
Kong heading towards the coast (Figure 7a). On
the 850 hPa level (Figure 8alb), winds of over 50
knots (90 km h-1) were observed above Hong
Kong due to the convergence between the
cyclonic circulation of Ira and the subtropical
ridge. This low level convergence increased as
Ira moved towards the coast. Likewise on the
500 hPa level (Figure 8c/d), the strongest and
most humid airflow prevailed overhead. On the
200 hPa level, a prominent divergent flow
occurred over eastern Guangdong on the morning
of 4 November (Figure 8e). This divergence area
moved west and covered Hong Kong by the
evening (Figure 8t). The local tephigram (Figure
9) indicated a very unstable and moisture laden
atmosphere from the surface to the top of the
troposphere. It seems, therefore, that with Ira
not moving away, its rainbands remained very
slow moving and brought continuous rain to
Hong Kong. Meanwhile, the vertical coupling of
low level
convergence and upper level
divergence zones under a humid and potentially
unstable atmosphere led to the formation of
intense convective cells inside the rainband
around
midnight on 4 November. The
accompanying thunderstorms thus developed and
affected the coastal region of Guangdong.

On the early morning of 5 November, Ira made
landfall and weakened. Winds over Guangdong
turned from the northeast to the southeast at
around 0200 HKT (Figure 7b). The intense
raincells inside
the stationary
rainband
subsequently drifted slowly north across western
Hong Kong and caused the havoc at Tuen Mun.
Winds over Hong Kong later subsided, reducing
the effects of low level convergence. The vortex
of Ira at different height levels then became
decoupled. The 200 hPa flow also became less
divergent above Hong Kong. As a result rain
began to ease off around noon on 5 November.

Conclusions
The passage of Ira in November 1993 brought an
extremely heavy but localized rainstorm to Hong
Kong. Tropical cyclone related rainbands would
normally follow the heading of the storm centre
but in Ira's case, the rainbands remained station
ary for many hours despite strong low level
winds. Rain in excess of 700 millimetres thus
burst into a tiny region of Lantau Island creating
rainfall records.
Stagnation of convergence zones has long been
recognized as the cause of many heavy rain
events in Hong Kong (Lam, 1993). Neverthe
less, this event is unusual in having rainfall of
this magnitude in what is a seasonably dry month,
November.
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Three heavy rain occasions severely
affecting Hong Kong in 1993
ABSTRACT
Meteorological data over south China were
analyzed for three heavy rain events that affected
Hong Kong in 1993. The analysis established
that, despite a time span from summer to early
winter, the three events shared one thing in
common among the
meteorological
factors
contributing to heavy rain : the onset of heavy
rain coincided, one way or the other, with the
intrusion or retreat of cool easterlies originating
from the north. These easterlies should deserve
continued attention in the monitoring of severe
weather.

Introduction
Three heavy rain events that severely affected
Hong Kong in 1993 were studied from the
weather forecaster's perspective. The first event
occurred on 16 June and the intense rain
necessitated the issuance of the only Rainstorm
Black Warning for the year. The other two were
brought about respectively by Typhoon Dot in
late September and by Typhoon Ira in early
November, both causing extensive flooding. The
study was built on previous investigations by
Song (1993) and Tam and Cheng (1994) on two
of the events.

Rainstorms on 16 June
A.

Rain Intensity and Distribution

On 16 June, rain started from the early morning
and lasted till the afternoon. However, the
heaviest downpour was confined to a short period
of two hours, from 11 a.m. to 1 p.m. HKT
(UTC + 8 hours), when more than 150
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millimetres of rainfall fell in Hong Kong. The
worst hit areas were in Sai Kung which received
over 280 millimetres of rain for the day.

B.

Meteorological Situation

The synoptic background over the south China
coast during this event has been assessed by Son~
(1993). A southwesterly jet of over 10 ms'
moistened the low levels to near saturation.
Mid-tropospheric westerly waves provided the
necessary dynamic uplifting. Divergence higher
up was evidenced by a narrow ridge at upper
levels, fueling an already convectively unstable
atmosphere (Figure 1).
On the surface, winds turned easterly in the
morning over the eastern part of Hong Kong and
gradually spread westwards across the territory,
replacing the prevailing southwesterlies. Between
the two airstreams, the easterlies were cooler by
about five degrees (Figure 2). The boundary
between the two different airstreams favoured
convection in the same vein as a cold front in a
mid-latitude cyclone. As the easterlies spread
westwards, the area of intense showery activity
followed suit (Figure 3). The strength of the
easterlies and the hourly rainfall at the Royal
Observatory were plotted and are shown in
Figure 4. The results strongly indicate that the
onset of easterlies coincided with the heavy rain.
The easterlies were associated with an area of
high pressure which formed over the coast of
eastern Guangdong that morning. As this high
cell developed in strength, the pressure gradient
rapidly increased over the Pearl River Estuary
and reached its tightest at around 2 p.m. HKT
(Figure 5). The formation of the high cell might
have been due to subsiding cold air which
migrated southeast across south China following

the

movement

of mid-tropospheric troughs.

Figure 6 presents the space cross-section of
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Figure 3

(a) 08:09 a.m.

(b) 10:51 a.m.

(c) 12:09 p.m.

(d) 02'06 p.m.

Sequence of radar pU:ture on 16 June 1993. (a) Most of the Pearl Riller and UJnUlu remiJined
echo-free aI around S a.m.; (b) Soon o,fler 10 a.m. radar reflectlviJy over IJong Kong Increased, and;
(c) became mostlnLellSe around noon; (d) Rain abated by 2 p.m., and the Ilrea of relatively inLense
reflectiviJy already moved mUlh of Hong Kong.
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equivalent potential temperature across several
selected stations in south China. Figure 7 shows
the horizontal distribution of equivalent potential
temperature at the 700 hPa level (roughly 3
kilometres above mean sea level) over southern
China. Both figures provide evidence to suggest
that a pocket of cold air with equivalent potential
temperatures of below 65°C moved from west
China southeastwards to reach the coast of east
ern Guangdong and Fujian by 8 p.m. HKT that
day. Following one of the usual trajectories of
cold winter monsoon (Chin, 1969), this pocket of
cold air subsided on to the coast of eastern
Guangdong and eventually reached Hong Kong.

Typhoon Dot, 26 September
A.

Rain Intensity and Distribution

Typhoon Dot, as it approached the coast of
western Guangdong (Figure 8), dumped more
than 300 millimetres of rain to the northern part
of the New Territories on 26 September. The
resulting flooding was the most severe and
widespread in the area for decades.
While the rainbands of Dot affected the territory
throughout the day, rain was not particularly
heavy before 5 p.m. HKT, averaging less than 10
millimetres per hour. However, from 5 p.m.
till 9 p.m., intense rain afflicted the Fanling area
at a rate of 40 millimetres per hour, many times
the rate for the previous 24 hours.

B.

I

.I

j

,I

Meteorological Situation

On 26 September, the circulation of Dot
dominated the flow over south China at low and
mid levels. It maintained a southeasterly jet of
over 20 ms" at these levels over the Pearl River
Estuary at 8 a.m. HKT.
Although this jet
weakened somewhat in the evening (850 to 500
hPa levels, roughly 1.5 to 5 kilometres above
mean sea level, Figure 9) the moisture influx
associated with it brought about a wet atmosphere
from the surface to 400 hPa level (roughly 7
kilometres above mean sea level). Moisture and
warm advection brought by Dot made the
temperature
profile over Hong Kong more
convectively unstable, as evidenced by an
increase of 6 degrees in equivalent potential
temperature from .2 a.m. to 8 p.m. (Figure 10).
On the surface, due to the combined effect of a
winter monsoon and the presence of Dot to the
east of Hainan Island, easterly winds in Hong
Kong were already strong offshore on 24
40

September. As Dot changed course and moved
closer to the coast of western Guangdong (Figure
8), winds in Hong Kong strengthened further on
25 September. Dot then developed explosively
the next morning (26 September), and easterly
wind generally reached gale force in Hong Kong.
The rainbands of Dot affected the Pearl River
Estuary throughout the day on 26 September
(Figure 11). Rain was not particularly heavy
while the surface easterly winds at Waglan were
still very strong (about 20 ms'), However, it
became intense over the New Territories as soon
as the easterly winds started to subside.
If the difference in pressure between Xiamen and
the station reporting the lowest pressure near Dot
is plotted, as shown in Figure 12, it can be seen
that the weakening of the easterlies and the fall in
the pressure difference tied in reasonably well
with the increasing trend in rainfall intensity.

The strong easterly winds were a result of the
combined effect of the northeast monsoon and the
tropical cyclone. The weakening of these winds
could be due to either or both of two factors : (a)
the subsiding of northeast monsoon; and (b) fill
ing up of Dot upon its making landfall. The
increase in the equivalent potential temperature in
the lower troposphere suggested that the cool
monsoon might have subsided by the evening of
26 September (Figure 10).

Typhoon Ira, 5 November
A.

Rain Intensity and Distribution

Ira brought heavy rain to the western part of
Hong Kong when it traversed the South China
Sea and made landfall over western Guangdong
on 5 November (Figure 8). The rain lasted for
36 hours starting soon after midnight on 4
November and was characterized by : (a) a period
of widespread, but moderate rain during the first
24 hours; and (b) an ensuing 12 hours of very
heavy rain localized in a small area around Tung
Chung in Lantau (Tam and Cheng, 1994).
During these two periods, Tung Chung received
258 and 517 millimetres of rain respectively
while the Royal Observatory had altogether less
than 100 millimetres. The hourly rainfall rate at
the Royal Observatory never exceeded 10
millimetres throughout the entire event but the
highest rate at Tung Chung exceeded 90
millimetres during the heavy downpour at 4 a.m.
HKT on 5 November. The rain affected Tuen
Mun later on, dumping 80 millimetres in an hour
at 8 a.m. HKT.
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(a) surface

(b) 850 hPa level

(c) 500 hPa level

(d) 200 hPa level

Synoptk situation at (a) surface; (b) 850 hPa; (c) 500hPa and (d) 200hPa o~er souJh ChifIQ
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Figure 11

(a) 04:22 p.m.

(b) 06: lOp. Ill.

(c) 07:46 p.m.

(d) 0928 p.m.

Sequence of rOOar pktures 011 26 September 1993. (a) 1\14 p."'. inJense rain affected eastern part of [Afllau;
(b) By 6 p.m. the raiflbands became less weU-organlzed;

(c) The rOOar reflectivity became more IlIteflSe over

1I0rlhem New Territories soon after 6 p.m., and; (d) started to weakell oll1y tifler 9 p.m.
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0" 26 September 1993.
4S

B.

Meteorological Situation

As Ira approached the coast of western
Guangdong, it maintained a constant distance of
about 300 kilometres from Hong Kong and its
rainbands hovered over the Pearl River Estuary
throughout the entire rain episode (Figure 13).
A low level jet of over 25 ms" was observed
from 8 a.m. HKT (Figure 14), 4 November to 2
a.m. HKT the next day. This ensured ample
moisture influx at the lower levels. In a similar
manner as in the case of Dot, moisture and warm
advection at these levels brought about a more
convectively unstable temperature profile. The
equivalent potential temperature increased by
more than 5 degrees at low levels from 8 a.m.,
HKT on 4 November to 8 a.m. HKT on 5
November (Figure 15).
During the day of 4 November, the strongest rain
cells within the rainbands were held at bay just to
the west of Hong Kong by gale force easterly
winds on the surface. From Figure 16, it can be
seen that as the easterlies subsided, rain grew
much heavier over the western part of the
territory. The easterly winds subsided in two
steps : firstly from around 20 ms" to about 17
ms" around midnight and then to below 14 ms"
after 6 a.m. HKT. Almost in tandem, the intense
rain cells first edged east to affect Tung Chung by
3 a.m. HKT and then moved further east to Tuen
Mun by
7 a.m. HKT.
Remarkably, the
pressure difference between Xiamen and the
lowest pressure reported in western Guangdong in
the vicinity of Ira showed a similar decrease in
two steps, in concert with the weakening
easterlies.
Almost like Dot revisited, Ira's circulation and
the winter monsoon combined to produce strong
easterly winds. Over southeast China, a narrow
ridge of high pressure associated with the winter
monsoon disappeared soon after 5 a.m. HKT on 5
November. This, coupled with a general increase
in the equivalent potential temperatures in the low
levels (Figure 15), indicated that the winter
monsoon was indeed weakening.

Discussion
The heavy rain on 16 June 1993 was closely
associated with the onset of cool easterlies which
had their origin traceable to the northwest. As
the cool air advanced through the warm moist air
over Hong Kong, convergence and
lifting
occurred much in the same manner as a cold
46

front in a mid-latitude cyclone impinging on
warm air, creating intense convection.
The deluges on 26 September and 5 November
1993, however, were both related to the retreat
of cool monsoon easterlies and the weakening of
tropical cyclones as they made landfall.
Watching the film loops of radar images revealed
a strikingly similar pattern for both storms. As
Dot and Ira weakened over western Guangdong,
their spiral rainbands expanded slowly outwards,
i.e. eastwards, in a similar way to many other
tropical cyclones.
However,
the eastward
expansion of the rainbands was checked by the
presence of cool .monsoon easterlies on these
two occasions. At this stage, the rainbands had a
narrow, thin appearance over our area. Cool
easterlies well established on the surface did not
encourage upward motion of air, but at slightly
higher levels, moisture and warm advection
continuously fueled rain cells that were transport
ed away by the upper-air southerly flow. This
showed up on the radar as an elongated pattern
parallel to the upper-level flow, with rain
intensities remaining moderate in general.
As soon as the easterlies on the surface started to
subside, however, temperature increases in the
lower layers favoured vertical motion of the moist
air and convection was no longer suppressed.
This was exacerbated by decreased vertical wind
shear caused by the tropical cyclones weakening
as they encountered surface friction when
crossing the south China coast. The outward
expansion of the rainbands was no longer checked
as the cool easterlies retreated. The rain cells as
represented on the radar became much more
widespread and thunderstorm activity greatly
increased, indicating intense convection. It was
at this point when raingauges in Hong Kong
registered the heaviest rain.

Conclusion
From the study, it is found that cool easterlies
originated from the north played a significant role
in the development of heavy rain in 1993 in Hong
Kong. The onset of heavy rain coincided with
the intrusion or retreat of cool easterlies for the
three cases studied. While it is definitely not the
intention of this paper to suggest that all rain
storms in Hong Kong are caused in this
manner, cool easterlies certainly deserve the
forecaster's continued attention in the monitoring
of hazardous weather.
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Figure 13

(a) 00: 15 a.m.

(b) 02:12 a.m.

(c) 04:06 a.m.

(d) 07:06 a.m.

&quence of radar pictures in the early morning of 5 November J993. (a) ,11 around mUlnigIU the radar
rejlectiviJy was already quiJe inJense over lAntau: (b). (c) The intense ralnband continued to Qjfect lAn/au
for several hours afterwards; (d) The ralnband sllJrted to move eastward to affect Tuen Mun after 6 a.m..
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(a) surface
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1993 Tropical Cyclone Summary
for the Western North Pacific
Ocean (west of 180 degrees)
I

\1

II

Information employed in the compilation of this section is
derived from warnings and other published material issued
by u.s. National Hurricane Center, Miami; U.S. Central
Pacific Hurricane Center, Hawaii; U.S. Naval "Mtostem
Oceanography Center, Hawaii; u.s. Joint Typhoon Wlrning
Center, Guam; Japanese Meteorological Agency, Tokyo;
Philippine Meteorological Service, Manila; and Royal
Observatory, Hong Kong.
Storms marked *, **, ***, **** caused the #1, #3, #8, or
#9/10 Tropical Cyclone Signal respectively to be hoisted in
Hong
Kong. Track maps, courtesy of the Royal
Observatory, are providedfor these storms.

Keywords:
Tropical Cyclone, Tropical Depression,
Tropical Storm, Hurricane, Typhoon

Tropical Depression
A low pressure system near ION 128E, about 900
Ian southeast of Manila, became organized into a

II~
l~'

I

tropical depression for a brief time on 1 February
but weakened to an area of low pressure later that
day. Maximum winds in this very short-lived
system were estimated at 55 Ian h-I .

Tropical Depression (9301)
Tropical Depression 01W formed near 6N 132E,
in the Philippine Sea some 300 Ian southwest of
Palau, on 28 February, Moving rapidly west
northwest, the system crossed the Philippine
Island of Mindanao on 1 March. The depression
weakened to a low pressure area over the South
China Sea the next day. Maximum winds in the
system were 55 Ian h-I .

52

Tropical Storm Irma (9302)
Tropical Depression 02W formed in the Marshall
Islands east of Kosrae near 5N 165E on 9 March.
Drifting west, the system changed little through
11 March. The depression turned west-northwest
on 12 March as it reached tropical storm
intensity about 1200 Ian east-southeast of Truk.
Irma turned northwest at a speed of 30 Ian h-I on
13 March and winds reached 90 Ian h-I on that
day, but then decreased to 80 Ian h-I the
following day. Irma turned north-northwest on
15 March while slowly strengthening to reach a
peak intensity of 110 Ian h-I the next day while
recurving east-northeast. The storm then rapidly
weakened to a depression about 750 Ian east
northeast of Guam on 17 March while drifting
northeast. This general motion continued until
final dissipation east of the Marianas near 20N
153E on 19 March. Irma affected both Kosrae
and Pohnpei in the Caroline Islands. Kosrae
reported a peak gust of 68 Ian h-I at 2100
UTe 9 March, a peak sustained wind of
55 Ian h-I at 0000 UTe 10 March, and a
minimum pressure of 99.97 kPa at 0600 UTe 11
March. Pohnpei reported a minimum pressure of
99.98 kPa at 0400 UTe 13 March, but no
significant winds were reported.

Tropical Depression (9303)
Tropical Depression 03W formed west of Palau
near 7N 130E on 12 April. Moving generally
west, the system moved over the island of
Mindanao in the Philippines on 14 April and
dissipated. Maximum winds were estimated at
55 Ian h-I.

Tropical Depression (9304)
Tropical Depression 04W formed near ION
152E, about 300 Ian north of Chuuk, on 20
HKMetS BUUETIN Vol. 4, No. I, 1994

April. Initially moving west, the sy tern turned
west-southwest on 22 April. Tropical Depression
04W resumed a westward track on 23 April
and continued this heading through the next day.
The system turned west-northwest on 25 April
with 55 km h-I winds. It then turned west the
next day and dissipated to the east of Mindanao
near 7N 128E on 27 April. While this system
passed through the Caroline Islands, there are no
reports of significant weather.

Tropical Depression
Another in a series of weak Western Pacific
systems formed near 8N 13IE, about 400 kIn
west of Palau, on 3 May. Moving west
northwest, the system crossed Mindanao in the
Philippine Islands the next day and dissipated.
Maximum winds were estimated at 55 kIn h-l.

Tropical Storm Jack (9305)
Tropical Depression 05W formed near 11 N
159E, about 350 km west of Enewetak, on 17
May. Moving north at about 13 k.m h- I , the
system briefly reached tropical storm intensity the
next day. Jack tracked northwest as a tropical
depression on 19 May and then turned west
northwest as it again briefly reached tropical
storm strength on 20 May. It then turned west at
depression intensity on 21 May and dissipated the
following day near Saipan in the Marianas.
Maximum sustained winds were 65 k.m h- 1 •

***Typhoon Koryn (9306)
Tropical Depression 06W formed near 5N 156E,
about 500 kIn east-southeast of Chuuk in the
Caroline Islands, on 15 June. Moving initially
west-northwest, the system turned northwest on
17 June as it reached minimal tropical storm
intensity of 65 k.m h- 1• Karyn turned west on 18
June and maintained this intensity and a general
westward track through 21 June when it began
to intensify some 700 km east-southeast of Yap.
Although Karyn pas ed through the Caroline
Islands early in its life no significant weather
events were reported.
Koryn
turned west
northwest at 23 km h- I early the next day while
continuing to intensify. It became a typhoon with
a clearly discernible eye on
23 June and
strengthened rapidly to a peak intensity of 240
Ion h- l the next day while maintaining the same
general heading. Sea level
pressure
was
estimated at 93.5 kPa near the centre at this time.
Koryn made landfall on the east coast of northern
Luzon in the Philippines early on 26 June with
winds estimated at 210 k.m h- 1• Casiguran
reported a pressure of 97.55 kPa at 1900 UTC on
25 June, while Tuguegarao reported 92 km h- 1
JJKMetS BULLETIN, Vol. 4, No.1, 1994

Figure 1 GMS-4 IR lltUlge of Typhooll KQryll (9306) east
of Luzon at 1200Z, 25 JUlie, 1993

sustained winds at 0200 UTC on 26 June. Heavy
rain associated with the passage of Koryn
triggered landslides throughout northern Luzon
and mudflows on the slopes of Mount Pinatubo.
Three metre deep floods were also reported in
Manila. Sixteen provinces were declared in a
state of public calamity, twenty eight people were
killed and over 20,000 had to flee their homes.
Karyn entered the South China Sea around noon
on 26 June. It then moved rapidly
west
northwest across the northern part of the South
China Sea at 30 kIn h- l with winds of 165 km h-l.
The Stand By Signal #1 Signal was hoisted in
Hong Kong at 1510 HKT that day when the storm
was about 740 km to the southeast. As Karyn
approached the south China coast the Strong
Wind Signal #3 was hoisted at 0330 HKT on 27
June with the stann about 380 k.m southeast of
Hong Kong. Local weather deteriorated rapidly
as the outer rainbands started to affect the
territory. The Gale or Storm Signal #8NE was
hoi-;ted for the first time in 1993 at 1030 HKT the
same day as storm force winds and heavy rain
began to affect Hong Kong. A peak wind gust of
175 km h- I from the ea t was reported from
Tsing Yi at 1545 HKT and lowest sea-level
pressure of 99.45 kPa was recorded at the Royal
Observatory at 1600 HKT. The Gale or Storm
Signal #8NE was replaced by #8SE at 1630 HKT
when Karyn was about 170 km south-southwest
of Hong Kong. The storm was closest about 90
minutes later when about 160 km to the south
west. As it moved away gale force winds
53

120'E

d

o

o

«-:"
'\

.~
,

.

o

20

0

N

~-+--1--+--+~---,~-+--+--t-::r+.c>..t-t-+--+--\: 71~-+----+-t--+-t--+--+--+--t--t-r--+-+---t 20' N

110'E

120'E

Flgurt 2 Track oj Typhoon Koryn (9306), 24 - 28 lulU, 1993 (qfter Royal ObsenaJory, Hong Kong)

subsided and the Gale or Storm Signal #8SE was
replaced by the Strong Wind Signal #3 at 2025
HKT when the storm was 220 Ian to the west
southwest. Koryn made landfall over southern
China near Yangjiang, about 240 Ian west
southwest of Hong Kong near midnight HKT on
27 June with winds estimated at 150 km h".
Yangjiang reported a pressure of 98.42 kPa at
2300 HKT. Koryn had weakened just before
landfall and all signals were lowered in Hong
Kong at 0415 HKT on 28 June. The remnants
continued to move west-northwest across south
ern China and then it turned west and moved
into northern Vietnam before dissipating. In
Hong Kong there were reports of landslips and
flooding. About 183 people suffered injury but
fortunately there were no deaths. Macau too
suffered flooding and disruption due to high
winds. The Macau-Taipa bridge had to be closed
for a time due to high winds. In Guangdong,
direct economic loss due to gales and torrential
rain damaging over 300,000 ha of cropland and
more than 350,000 houses was estimated at
RMB 1.2 billion. Four people were also reported
to have lost their lives due to Koryn. Figure 2
shows the track of Typhoon Koryn across the
South China Sea.
S4

Tropical Depression (9307)
Tropical Depression 07W formed around 560 Ian
NW of Palau, near ION 130E, on 17 June.
Initially moving west-northwest the system turned
northwest the next day. It then moved west
northwest across the Philippines on 19 June and
dissipated over the south China Sea near 16N
118E, about 350 Ian NW of Manila, on 20
June. Maximum sustained winds in this poorly
organized system were estimated at 55 km h'.

*Typhoon Lewis (9308)
Tropical Depression 08W began to develop
around 760 Ian WNW of Palau, near ION·128£
on 7 July. Initially moving northwest it turned
west-northwest at 22 Ian h-l later that day as it
moved into the Visayas Islands in the central
Philippines. Lewis attained tropical storm
intensity the following day while moving west
northwest over the central Philippines some 400
Ian east-southeast of Manila. Continuing on this
same track the storm crossed southern Luzon
at 30 Ian h". During its passage strong winds
caused considerable damage in the Yisayas with
19 people reported killed and three more missing.
HKMetS BUUETIN. Vol. 4, No.1, 1994
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FIg",., 3 Track 01 Typhoon Lewis (9308), 8 - 12 July, 1993 (qfter Royal Observatory, Hong Kong)

Lewis entered the South China Sea on 9 July and
accelerated to 38 Ian h-I while continuing to
intensify. In Hong Kong the Stand By Signal #1
was hoisted at 0005 HKT on 10 July when the
storm was about 610 Ian to the southeast. Lewis
reached typhoon intensity about 150 Ian north
northwest of Xisha around midday. This was
about the same time as it came closest to Hong
Kong being about 510 Ian to the south-southwest.
The lowest sea-level pressure of 100.58 KPa was
recorded in Hong Kong at 1700 HKT. Lewis
began to move further away from Hong Kong in
the evening while attaining a peak intensity. At
that time minimum sea level pressure was
estimated at 97.5 kPa and maximum sustained
winds at 160 Ian h-I. All signals were lowered in
Hong Kong at 2200 HKT when Lewis was about
610 Ian to the southwest and approaching the
south coast of Hainan Dao. The storm made
landfall 190 Ian south-southwest of Haikou
around midnight HKT (1600 UTe) on 10 July,
weakened over land and caused no serious
damage. Lewis then entered Beibu Wan on 11
July and weakened to a tropical depression about
370 Ian southeast of Hanoi. It then slowed down
and regained tropical storm .strength briefly
before making landfall over northern Vietnam
some 190 Ian south of Hanoi early on 12 July.
HKMetS BUlLETIN Vol. 4, No.1, 1994

As the storm moved inland it weakened rapidly
and degenerated into an area of low pressure over
Laos later that same day.

Tropical Storm Marian (9309)
Tropical Depression 09W formed near 8N 137£,
about 200 Ian southwest of Yap on 13 July.
Initially it moved west-northwest at 23 Ian h-I but
turned to the northwest and accelerated to 30
Ian h-I the next day as it attained minimal tropical
storm intensity of 65 Ian h-I. However, Marian
remained poorly organized and weakened to a
tropical depression in the Philippine Sea near 15N
127£, some 800 Ian east of Manila, on 15 July.
The remnants of Marian continued to drift
towards northern Luzon the following day,
recurving upon reaching the northeast coast, and
finally dissipating on 17 July over the Luzon
Strait near 20N 124£.

Typhoon Nathan (9310)
Tropical Depression lOW formed some 570 Ian
east of Guam, near 14N 150£, on 19 July. The
system initially moved west-northwest but turned
northwest at 20 Ian h-I the next day as it reached
tropical storm intensity. Nathan continued a
55
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general west-northwest to northwest track on 21
July before becoming nearly stationary the next
day and slowly strengthening. Nathan reached
typhoon intensity on 23 July near 23N 140E,
about 1350 km south-southeast of Osaka and
began to accelerate north-northwestwards past the
Volcano Islands (Kazan-retto) towards Japan
reaching a peak intensity of 130 km h-I the
following day. Iwo Jima to the east of the storm
track reported a peak gust of 74 km h-I at 2100
UTe on 23 July. The storm made landfall over
southern Honshu about 120 km southeast of
Osaka on 24 July. Shionomisaki in Wakayama
prefecture reported maximum sustained winds of
56 km h-I and a minimum pressure of 99.60 kPa
at 1500 UTe that day. Nathan rapidly crossed
Honshu and entered the Sea of Japan on 25 July
where it weakened into a tropical storm over
open water some 900 Ian southwest of Sapporo.
The remnants weakened further and drifted
eastwards across northern Honshu before effect
ing the transition to extratropical near 39N 143E,
about 450 Ian south-southeast of Sapporo.

Tropical Depression
A tropical depression formed near lIN 132E, of
Palau on 20 July.
Moving generally west
northwest the system dissipated over southeast
Luzon near 14N 123E on 22 July. This system
was poorly organized throughout its existence
with maximum winds estimated at 55 Ian -I.

Tropical Storm Ofelia (9311)
Tropical Depression 11W formed on 25 July near
19N 139E, about 870 Ian west of Guam. The
system moved northwestwards at about 23 Ian h-I
reaching tropical storm intensity with 65 Ian h-I
winds later that day while about 900 km east
southeast of Okinawa. The storm then took on a
north-northwest course heading towards the
Japanese island of Kr'shu. Ofelia made landfall
with 85 to 90 Ian h- winds on 27 July about 70
Ian southeast of Kagoshima while in the process
of recurving. Oita in northeast Kyushu reported
sustained winds of 90 Ian h-I with gusts to 135
Ian h-I with a pressure of 99.2 kPa at 0700 UTe
on 27 July. The storm then recurved to the
north-northeast entering the Sea of Japan and
becoming extratropical near 39N 136E, about 500
Ian northwest of Tokyo, late that evening. Heavy
rains brought by Ofelia produced many landslides
on Kyushu.

Typhoon Percy (9312)
Tropical Depression 12W formed about 950 Ian
east-southeast of Okinawa, near I8N I29E, on 26
July. Initially the system drifted north but soon
56

took on a north-northwest track as it reached
tropical storm intensity on 28 July while about
Percy
250 km south-southeast of Okinawa.
continued to strengthen on 29 July reaching
typhoon intensity when about 150 km northeast of
Okinawa. The storm then headed north to make
landfall over Kyushu later that day. Nagasaki
reported a minimum pressure of 98.03 kPa at
1500 UTe that day while Fukuoka reported a
minimum pressure of 98.2 kPa at 1600 UTe.
The latter station also reported 75 km h-I
sustained winds with gusts to 103 Ian h-I at 1630
UTe. Continuing heavy rains brought by Percy
so soon after the passage of Ofelia (9311) brought
the rainfall totals for the two storms to around
500 mm over parts of Kyushu. The ensuing
landslides have claimed at least 12 lives. Percy
turned north-northeast on 30 July entering the Sea
of Japan and moving to the northeast before
becoming extratropical while over the sea near
41N 136E, some 500km west-southwest of
Sapporo.

Tropical Depression
The Philippine Meteorological Service started
warnings on this system on 29 July when it was
near 20N 125E, about 670 krn southeast of
Taibei. The system moved northwest and
dissipated the next day near 22N 123E while
approximately 370 Ian south-southeast of Taibei.
Maximum sustained winds in
this poorly
organized system were 55 Ian h-I .

Typhoon Robyn (9313)
Tropical Depression 13W formed over the
Caroline Islands on 1 August near 7N 154E,
about 470 km west of Pohnpei. Initially the
system moved west-northwest at 25 km h-I but it
then turned west as it reached tropical storm
intensity the next day and severe tropical storm
intensity on 3 August when it was about 440 km
south-southwest of Guam. Robyn took a sharp
turn to the northwest early on 4 August and
slowed down to a forward speed of 13 Ian h-I. It
continued on this track during 5 August while
shearing kept the maximum winds around 130
Ian hot. Robyn began to intensify further the
following day as it continued on its northwest
track towards the Ryukus. The storm reached a
peak intensity of 215 km h-t on 7 August before
turning north-northwest the day after as it passed
to the east of Okinawa. Naha reported sustained
winds of 70 Ian h-I with gusts to 95 Ian h" and a
minimum pressure of 97.9 kPa at 1500 UTe on 8
August. Robyn moved across the Ryukus on a
north-northwesterly track with 200 km h-I winds
the following day before starting to recurve and
accelerate to about 30 Ian h-I. Naze, on AmamiHKMetS BUllETIN Vol. 4, No.1, 1994
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a-Shima, in the Ryukus reported a rmmmum
pressure of 95.35 kPa at 0300 UTe and gusts
above 150 km h-I between 0600 and 0900 UTe
on 9 August. The storm then swept passed
western Kyushu and through the Tsushima Strait
into the Sea of Japan with sustained winds of 165
to 185 km h-I. A minimum pressure of 95.4 kPa
was recorded at Kagoshima at 2000 UTe the
same day. Nagasaki reported
100 km h-I
sustained winds with gusts to 145 km h-I at 2000
UTe while a 148 km h-I gust was recorded at
Kanoya at 1528 UTe. Robyn brought torrential
rain to southwestern Japan causing flooding and
landslides. At least four people were killed, three
reported missing and 37 others injured. There
was also considerable damage to houses and
farmland and electricity supply and transport
links were severely disrupted. The storm also
affected South Korea leaving four dead and three
others missing. After entering the Sea of Japan
Robyn turned northeast on 10 August and
weakened rapidly becoming extratropical near
42N 139E, about 230 km south west of Sapporo,
on 11 August.

Typhoon Steve (9314)
While Robyn was tracking towards the Ryuku
Islands Tropical Depression 14W was developing
some 790 km east of Guam, near 13N 152E, on 6
August. Moving first northwest and then west
northwest at a speed of 13 km h-I, the system
reached tropical storm intensity the next day.
Steve passed north of Saipan late on 7 August
with the island reporting a minimum pressure of
100.6 kPa. Steve then turned west across the
Philippine Sea with 110 km h-I winds on 8
August and continued to intensify while retain
ing this motion the next day. Typhoon intensity
was achieved some 400 km northwest of Guam
on 9 August as Steve turned west-northwest. A
peak intensity of 130 km h-I was reached the
following day. Steve then turned northwest on 11
August and weakened to a tropical storm due to
strong upper level shearing. On 13 August it
turned west-northwest and continued on this track
until it dissipated east of Luzon near 16N 125E
the next day.

Tropical Depression (9315)
Tropical Depression 15W formed close to the
International Date Line east of the Marshall
Islands near 8N. 177E on 13 August. Moving
generally west-northwest the system dissipated
the next day near ION 172E, about 230 km east
northeast of Wotje in the Marshalls. Maximum
winds in this short-lived system were estimated at
55 km h-I. There are no reports of significant
weather associated with this system.
HKMetS BUUETIN Vol. 4, No.1, 1994

***Typhoon Tasha (9316)
Tropical Depression 16W formed near ION
132E, about 680 km west of Yap on 15 August.
The system initially moved northwest, but turned
west and then west-northwest at 16 km h-I the
next day when it was about 820 km east of
Manila. Tasha continued west-northwest towards
the northern Luzon Strait on 17 August before
turning west and entering the Balintang Channel
early on 18 August as a tropical storm. During
its passage through the Luzon Strait Tasha
weakened slightly but began to re-intensify as it
entered the South China Sea.
Heavy rain
associated with the storm caused major flooding
in the northern Philippines and loosened tons of
debris from the slopes of Mount Pinatubo. Seven
people lost their lives and many more were made
homeless. In Hong Kong the Stand By Signal #1
was hoisted at 1615 HKT on 18 August when
Tasha was about 640 km to the east-southeast
and beginning to intensify and take a more west
northwesterly track towards the territory. By that
evening Tasha had taken on a more westward
course at 18 km h-I as it moved steadily closer to
Hong Kong. The Strong Wind Signal #3 was
raised at 1045 HKT the following morning when
the storm was about 380 km to the southeast and
slowing down in its forward speed to 13 km h-I.
Winds strengthened from the northeast and
squally showers began to affect the territory that
afternoon. Throughout this time Tasha slowly
intensified and began to turn northwest and
accelerate to 16 km h-I towards the south China
coast bringing it even closer to Hong Kong.
Winds strengthened significantly on 20 August
and the Gale or Storm Signal #8SE was hoisted at
1600 HKT that day when Tasha was about 230
km to the south-southwest. Tasha was closest to
Hong Kong about 2 hours later when 220 km to
the south-southwest.
The storm achieved
maximum intensity at the same time with
minimum sea level pressure and maximum
sustained winds estimated at 97.0 kPa and 150
km h-I respectively. In Hong Kong the Royal
Observatory recorded a minimum sea level
pressure of 99.54 kPa at about the same time.
Tasha maintained typhoon strength for only a
brief time before making landfall over the coast
of western
Guangdong about 120 km east
northeast of Yangjiang on the morning of 21
August. Locally the Gale or Storm Signal #8SE
was replaced by the Strong Wind Signal #3 at
0030 HKT that day when Tasha was about 240
km to the west-southwest and all signals were
lowered at 0940 HKT when the storm was over
land about 350 km to the west of the territory.
About 35 people were injured in Hong Kong
during the passage of Tasha and there was some
disruption to transport services. In Macau flood
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ing was made worse by the occurrence of high
tide at the same time as the storm was closest to
the enclave. Following landfall the storm
continued inland on a northwest track and
dissipated over Guangxi on 22 August. One
person was reported killed and ten others injured
in Yangjiang. Tasha was also blamed for the loss
of 7 lives in Hainan. Considerable flood damage
occurred in western Guangdong with direct
economic losses estimated at RMB 520 million.

Typhoon Keoni
Former Hurricane Keoni entered the Western
North Pacific Basin on a northwest track on 19
August. Keoni began life as Central North
Pacific Tropical Depression 01C near 12N 144W,
about 1,800 km southeast of Honolulu, on 9
August. Initially the system drifted west but
became quasi-stationary the next day near 12N
145W. It resumed a westward drift on 11 August
while reaching tropical storm intensity. Keoni
then continued. on a general west track while
steadily intensifying. Hurricane intensity was
attained on 14 August and Keoni continued to
intensify the next day. At that time the storm was
southeast of Johnston Island moving west with
165 km h-I winds. A reconaissance plane report
58

ed a central pressure of 95.6 kPa and winds of
218 km h-I at a flight level of 10,000 ft (3,050 m)
at 1943 UTe on 15 August. The next day Keoni
turned west-northwest as it reached a peak
intensity of 215 km h-I. This track was kept the
following day but then the storm turned northwest
on 18 August and began to weaken slowly.
When Keoni crossed the International Dateline
the next day winds had reduced to 120 km h-I.
After entering the Western North Pacific Keoni
turned west-northwest and began to re-intensify.
It reached a secondary peak intensity of 175
km h-I on 21 August while back on a northwest
track.
After turning north-northwest the
following day Keoni weakened further to a storm
winds. This weakening
with 140 km h-I
continued on 23 August as Keoni turned west but
a change of track to northwest the next day saw a
re-intensification to 160 km h-I winds. The storm
returned to a west-northwest track on 25 August
and then began moving north on 26 August and
then northeast on 27 August as it began to
weaken further. The following day Keoni began
moving east-southeast and continued to weaken.
By 29 August former Typhoon Keoni had
degenerated into a low pressure area over the
open ocean near 37N 163E, some 2,080 km east
northeast of Tokyo.
HKMetS BUUETIN Vol. 4, No. I, 1994

Typhoon Vernon (9317)
Tropical Depression 17W formed about 900 Ian
east of the Northern Marianas, near 18N 154E,
on 21 August. Initially moving west-northwest,
the system reached tropical storm intensity with
75 Ian h-I winds as it turned to a north-northwest
track the next day. Vernon followed a general
northwest track from 23 to 25 August reaching
typhoon intensity on 24 August when some 600
Ian east of Iwo Jima and moving at forward speed
of 20 Ian h-I. A peak intensity of 160 Ian h-I was
reached the next day as Vernon began to recurve,
first north, and then northeasterly as it began to
weaken as it tracked along the south coast of
Honshu on 26 August. The storm crossed the
Japanese coast some 80 Ian east of Tokyo on 27
August with winds estimated at 130 Ian h-I.
Choshi reported a minimum pressure of 97.28
kPa at 0600 UTe while Narita airport near Tokyo
reported peak gusts of 98 Ian h- I just west of the
centre at 0330 UTe that day. Vernon continued
north-northeast at 50 Ian h-I and became extra
tropical the following day in the vicinity of the
Kuril Islands northeast of Hokkaido.

Tropical Storm Winona (9318)
Tropical Depression 18W formed around 520 Ian
southeast of Manila, over the southern Philippine
Islands near 12N 125E, on 22 August. Initially
moving at 22 Ian h-I west, the system turned
west-northwest some 300 Ian south-southwest of
Manila on 23 August as it reached tropical
storm intensity. Winona turned north-northwest
on 24 August at 13 Ian h-I as maximum winds
reached a peak of 85 Ian h-I. This track
continued the next day before the system became
nearly stationary and began a looping motion on
26 August as it began to weaken. Winona then
turned west and began to re-intensify with winds
reaching 75 to 85 lan h-I. The storm continued
on a westerly track towards Vietnam with
75 km h-I winds on 28 August. The remnants
dissipated over land the following day.

Tropical Depression
A tropical depression formed 340 lan northwest
of Guam, near 16N 143E, on 23 August. It
moved erratically before dissipating 400 km
north-northwest of Guam, near 17N 144E, two
days later. Maximum winds in this short-lived
system were estimated at 55 Ian h-I .

Typhoon Yancy (9319)
Tropical Depression 19W formed near 20N 137E
on 29 August, some 1,100 Ian northwest of
Guam. Moving generally west, the system
HKMetS BUllETIN Vol. 4, No. I, 1994

reached tropical storm intensity the next day.
Yancy reached typhoon intensity on 31 August as
it turned northwest with a forward speed of
about 20 Ian h-I. Rapid intensification took place
the following day while Yancy turned north some
500 km south-southwest of Okinawa. Figure 5
shows a DMSP F-1O OLS Visible· image of
Yancy to the east of Taibei on that day. The
storm recurved northeast with a forward speed of
25 Ian h-I on 2 September as it reached a peak
intensity of 240 Ian h-I about 80 km northwest
of Okinawa. Naha reported a minimum pressure
of 98.2 kPa at 0930 UTe that day with sustained
winds of 105 Ian h -I and gusts to 146 Ian h-I.
Yancy made landfall on the Japanese island of
Kyushu on 3 September with maximum intensity
estimated at 210-220 km h-I by the Joint Typhoon
Warning Center on Guam.
Kanoya reported
sustained winds of 145 km h-I with gusts to 240
Ian h-I at 0700 UTe and a minimum pressure of
94.2 kPa at 0800 UTe that day. Several other
stations reported wind gusts above typhoon force
and pressures below 96.0 kPa. Yancy continued
northeastwards at 45 Ian h-I across Honshu
dropping below typhoon intensity the next day as
it entered the Sea of Japan. Rapid weakening
then occurred and the system became extra
tropical later that day over the Sea of Japan near
41N 137E, 640 km north-northwest of Tokyo.
Yancy ranks among the top five strongest
typhoons of record to hit Japan. The storm
tracked across a region that had been hit earlier in
the season by Typhoon Nathan (9310), Tropical
Storm Ofelia (9311), Typhoon Percy (9312) and
Typhoon Robyn (9313) as well as by heavy rains
from other sources. Torrential rain associated
with Yancy caused severe flooding and landslides
with at least 37 people killed and nine reported
missing. Some 155 were injured. Nearly 6,500
homes were inundated and 572 were reported as
being destroyed. Roads, dams and bridges were
also damaged and, in coastal waters, shipping
was badly affected. Electricity and transport in
many parts of southern and western Japan was
severely interrupted affecting more than 250,000
people.

Tropical Storm Zola (9320)
Only two days after Typhoon Yancy (9319)
passed over Japan, another Tropical Depression,
20W, developed near 19N 130E, 860 km to the
south-southeast of Okinawa on 5 September.
Initially moving west-northwest, the system
turned north the next day as it reached tropical
storm intensity. Zola turned north-northeast at 15
Ian h- I on 7 September and maintained this
course as it began to accelerate to about 38 km h-I
while continuing to intensify. A peak intensity of .
100 km h-I was reached the next day as the storm
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passed close to the east coast of Japan. Zola
made landfall over Honshu that afternoon and
weakened rapidly before becoming extratropical
near 36N 139E, about 80 km north-west of
Tokyo. The system affected the Ryulcus and the
southern Japanese Islands.
Murotomisak.i on
Shikoku reported sustained winds of 90 km h- I
and a pressure of 99.78 lcPa at 1800 UTe 8
September. Akeno also reported a peak gust of
96 kID h- I the following day.

*Typhoon Abe (9321)
Tropical Depression 21 W developed east of
Luzon near 18N 123E, about 430 km north
northeast of Manila on 8 September. Initially
moving northeast, the system slowed to a north
northeast drift next day as it reached tropical
torm intensity about 580 km north-northeast of
Manila. Later that day it slowed down and began
a slow drift in a general west, then east and again
west drift through 10 September. Abe turned
west-northwest later that day and then accelerated
west through the Luzon Strait intensifying all the
time. It reached typhoon intensity late on 11
September as it entered the South China Sea and
took on a more west-northwest track towards the
coast of China with 185 km h- I winds. Abe was a
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rather compact typhoon with rather intense rain
bands as it passed through the Luzon Strait.
These affected southern Taiwan causing flash
flooding and the death of one person. Tn Hong
Kong the Stand By Signal #1 was hoisted at 0950
HKT on 12 September with the storm located
about 660 km to the south-southeast. Initially the
weather was fine but squally showers associated
with the outer rainbands began early the follow
ing day. Abe continued to intensify during this
time reaching a peak intensity of 200 km h- I and
an estimated central pressure of 95 kPa early on
13 September when about 200 km southwest of
Gaoxiong. The lowest pressure of 100.54 kPa
was recorded at the Royal Observatory near 1600
HKT that day when the storm was about 380 km
east of the territory. Abe made landfall early on
14 September about 50 lcm south-southwest of
Shantou with 160 km h- I winds. Tn Hong Kong
the Stand By Signal # 1 was lowered at 0750 HKT
that morning about two hours after the storm
crossed the coast. Abe continued on a westerly
track across Guangdong and was closest to Hong
Kong around 1700 HKT when it was abollt 150
km to the north-northeast. The system dissipated
early the next day to the north of Guangzhou. In
Shantou and Jieyang ] 1 people were reported
killed and more than 290 injured. Direct
HKMetS BUU.ETIN Vol. 4. No. I. 1994

economic loss from damage to 116,000 houses,
agriculture and economic infrastructure was
estimated at RMB 1,685 million. A freighter
registered in Taiwan was also reported sunk near
Shantou but all of the crew were rescued. Minor
flooding was reported in Hong Kong and one man
was drowned after being thrown out of a boat hit
by a sudden swell.

Figure 6 GMS-4 IR Image of Typhoon Abe (9321) southeast
of SlumJou aJ 0300Z, 13 September, 1993

2230 HKT. Becky continued toward' the coast at
a forward speed of 35 km h- 1 and reached a peak
intensity of 120 km h- 1 in the early hours of 17
September. Winds continued to strengthen and
the Gale or Storm Signal #8NE was raised at
0250 HKT that day. Becky passed closest to
Hong Kong some ItO km to the south-southwest,
at 0700 HKT. The Royal Db ervatory recorded a
lowest pressure of 99.73 kPa at the arne time.
With winds turning to the southeast the Gale or
Storm Signal #8NE was replaced by #8SE at
0730 HKT.
Becky made landfall later that
morning as a 110 km h- I storm about 140 km
west-southwest of Hong Kong and began a rapid
process of dissipation during the afternoon over
western Guangdong. The Gale or Storm Signal
#85E was replaced by #3 at 1510 HKT with
Becky 270 km to the west and all signals were
lowered at 1700 HKT. During its passage Becky
hit Hong Kong with full force causing landslides,
floodi g, serious damage to trees and scaffolding
and imerrupting transport services. One person
was killed and 130 people were reported injured.
At sea conditions were much worse with six
vessels sunk leaving 11 people dead and about 70
missing. In Macau heavy rain produced serious
flooding in low-lying areas and caused 1,700
people to evacuate their homes. Over 50 people
were also reported injured. In Guangdong eleven
people were killed 7,000 homes were destroyed
and a further 50,000 damaged, and 152,000 ha of
farmland affected. Economk losses were put at
RMB 1.52 bill ion.

***Typhoon Becky (9322)
Tropical Depression 22W originated on 13
September from an area of low pressure over the
waters east of the Philippines near 14N 128E,
about 750 km east of Manila. The disturbance
moved west initially but turned northwest the
next day. Tropical storm intensity was attained
earl y on 15 Sept mber about 500 km north
northeast of Manila and the storm then took on a
westward track along the northern coast of Luzon
at a steady speed of 20 km h· 1• Tuguegarao
reported 55 km h- J sustained winds at 1600 UTC
that day. On entering the South China Sea early
on 16 September Becky began a track west
northwest towards the South China coast. In
Hong Kong the Stand By Signal #1 was hoisted at
0930 HKT with Becky about 660 km to the
The storm continued to intensify,
southeast.
passing 50 km to the southwest of Dongsha that
evening. With the approach of Becky, winds
over Hong Kong became stronger from the
northeast and squally showers and thunderstorms
began. The Strong Wind Signal #3 was hoisted at
RKMetS BUUEHN Vol. 4, No.1, 1994

Figure 7 GMS-4 IR image of Typhoon Becky (9322) south
southeast of Hong Kong aJ 0900Z, 16 September, 1993
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Typhoon Cecil (9323)
Tropical Depression 23W formed some 550 km
east of the Marianas, near 14N 150£, on 22
September. The system moved west at first but
stalled the next day near 14N 149E as it reached
tropical storm intensity.
Cecil turned north
northwest on 24 September while reaching
typhoon intensity. This motion continued the day
after as the storm reached a maximum intensity of
185 km h- I . A drifting buoy near the track
reported a pressure of 97.72 kPa at 1000 UTe 25
September.
Cecil recurved northeast on 26
September and accelerated to the northeast with
165 kIn h- l winds the following day. During this
time the storm passed to the east of the Volcano
Islands (Kazan-retto).
At 0300 UTe on 26
September lwo Jima reported 53 km h- I sustained
winds with gusts to 74 kIn h- J and a pressure of
99.7 kPa. The storm continued its northeast track
and became extratropical on 28 September, some
2,100 k:m east-northeast of Tokyo, near 44N
162E. Although Cecil did not hit the Mariana
Islands directly, a large area of monsoon winds
south of the storm produced tropical storm force
gusts on Guam. However, there are no reports of
damage or casualties.
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Figure 9 GMS-4 /R 1l1UJge of Typhoon Cecil (932/) tracking
norrhwurds oJ 0300Z, 2S Sepltmber, 1993
llKMetS BUllETIN Vol. 4, No. /, 1994
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***Typhoon Dot (9324)
An area of disturbed weather which became
Tropical Depression 24W formed near 16N
124E, 360 km east-northeast of Manila, on 19
September. The disturbance followed a general
westward track across Luzon Island in the
Philippines and into the South China sea during
20 to 22 September. The depression turned west
northwest on 23 September before becoming
nearly stationary over the waters to the east of
Hainan Dao and intensifying. Dot drifted north
and then north-northeastwards at 8 km hoi the
next day as it reached tropical storm intensity.
During the next 24 hours Dot continued on this
track and reached typhoon intensity about 300 km
southwest of Hong Kong on 25 September. In
Hong Kong the Strong Monsoon Signal which
was already hoisted was replaced by the Strong
Wind Signal #3 at 1615 HKT that day when Dot
was about 290 km to the southwest. Dot reached
peak intensity early on 26 September with
estimated winds of 140 km h-i and a minimum
pressure of 96.5 kPa. Dot then accelerated to
about 12 km h-i and approached the South China
coast on a northerly track. This brought the
storm closer to Hong Kong causing winds to
HKMetS BUlLETIN Vol. 4, No.1, 1994

strengthen further and necessitating the hoisting
of the Gale or Storm Signal #8SE at 0915 HKT
that morning when the storm was 210 km to the
west-southwest. At 0600 UTe Shangchuan Dao
reported sustained winds of 105 km h· i and a
pressure of 99.14 kPa just before Dot made
landfall over the coast of western Guangdong
about 180 km west-southwest of Hong Kong.
The storm weakened rapidly and the Gale or
Storm Signal #8SE was replaced by the Strong
Wind Signal #3 at 1600 HKT as local winds
subsided. A low pressure of 100.57 kPa was
recorded at the Royal Observatory at the same
hour. Dot turned northeast and continued to
come closer to the territory while weakening
rapidly. All signals were lowered at 1800 HKT
on 26 September. Dot was closest to Hong Kong
(about 150 km to the west-northwest) in the early
morning of 27 September. The proximity of the
dissipating storm brought torrential rain to the
territory throughout the night. Fifteen people
were injured in Hong Kong during the passage of
Dot. The heavy rains caused some of the worst
flooding seen in recent decades in the low-lying
areas of the northern New Territories. More than
40 villages were inundated, 200 villagers stranded
and 33 people injured. About one third of the
total farmland of Hong Kong (over 450 ha) was
63

flooded affecting the livelihood of some 2,000
crop farms and 50 fish farms. Damage to crops,
fisheries and livestock was estimated at HK$ 80
million. The heavy rain also triggered 63 land
slips causing traffic chaos and evacuations. [n
Macau an unoccupied building collapsed and the
Macau-Taipa bridge had to be closed. Flooding
associated with torrential rain was also common
in Guangdong where an estimated total of 1.38
million people were affected. In Shenzhen two
people died and one was reported missing.
Direct economic Joss from the storm was
estimated at RMB 1.36 billion.

on 3 October as Ed reached a peak intensity of
260 Ian h- l . Ed began to recurve north-northeast
on 5 October and began to weaken as it moved
into higher latitudes the following day. On 7
October Ed accelerated northeast as it weakened
to a tropical storm about 900 km east of Tokyo.
The system became extratropical 1,100 kIn east
northeast of Tokyo on 8 October near 38N 152E.

Typhoon Flo (9326)
Tropical Depression 26W formed near 16N
130E, about 980 k:m east-northeast of Manila on
I October. Initially moving west-northwest, the
system turned west at 10 km h- I the next day as it
reached tropical storm strength. Flo continued
west toward Luzon on 3 October with minimal
typhoon winds of 120 kIn h- I . The typhoon made
landfall near Casiguran on Luzon at this intensity
on 4 October. Casiguran reported a pressure of
97.7 kPa at 0500 UTe. The system weakened to
a tropical storm later that day before entering the
South China Sea on 5 October and stalling near
the west coast of Luzon while maintaining the
same intensity. At this point the storm was quite
disorganized with probable multiple centres and
the main convective region well to the south over
the Manila area. Manila reported a minimum
pressure of 99.9 kPa at 0600 UTe on 5 October
with sustained winds of 52 km h- I gusting to 82

Figure 11 GMS-4 IR image of Typhoon Dot (9324) sowhweSl
of liong Kong oJ 0300Z, 25 September, 1993

Typhoon Ed (9325)
Tropical Depression 25W formed about 145 k.m
east-southeast of Guam, near 13N 146E, on 30
September. Moving west-northwest at 14 k.m h- I ,
the system reached tropical storm strength later
that day some 50 km southeast of Guam shortly
before it crossed the island. Andersen Air Force
Base reported sustained winds of 67 Ian h- I with
gusts to 98 Ian h· 1 at 1300 UTe, along with a
pressure of 99.85 kPa. There are no reports of
damage or casualties. Ed turned west on 1
October as it reached typhoon strength. It turned
northwest the following day while continuing to
strengthen to 205 k:m h- I winds some 600 kIn
west-northwest of Guam. This track continued
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Figurt 12 GMS-4 IR image of Typhoons Ed (9325) over the
the Pacific and Flo (9326) east of Luzon oJ OOOOZ,
4 October, 1993
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Ian h-1 at 1900 UTe the same day. On 6 October
Flo took on a northeasterly course with 85 Ian h-I

winds as it recurved towards the Luzon Strait
before accelerating away from the Philippines the
following day. Flo's slow passage over Luzon
brought torrential rain to the northern Philippines,
causing serious flooding and mudflows (lahars)
on the Mount Pinatubo ash deposits. Some 2,300
house were reported buried by the lahars in
Pampanga province. At least 39 people were
killed, 58 others reported missing and more than
650,000 made homeless. Flo re-intensified to
110 Ian h-I sustained winds on 8 October as it
passed near Hachijojima to the south of Honshu.
A drifting buoy reported a pressure of 98.33
kPa at 0700 UTe that day while Hachijojima
reported 67 Ian h-I sustained winds and a pressure
of 98.84 kPa at 1200 UTe. The storm raced
east-northeast at 65 Ian h-I into the western North
Pacific Ocean to become extratropical later that
day near 37N 145E, some 500 Ian east-northeast
of Tokyo.

Tropical Storm Gene (9327)
While Typhoons Ed (9325) and Flo (9326) were
recurving to the northeast Tropical Depression
27W formed near 9N 143E, about 530 km east of
HKMetS BULLET1N Vol. 4, No.1, 1994

Yap, on 6 October. Initially moving west, the
system turned west-northwest the next day. The
depression turned north-northwest at 27 km h-I on
October as it reached minimal tropical storm
intensity. This intensitry was maintained as the
storm turned north the following day. Gene
weakened into a tropical
depression on 10
October and dissipated over water later that day
near 25N 132E, about 440 km east-southeast of
Okinawa.

*Tropical Depression (9328)
Tropical Depression 28W originated in the South
China Sea north-northwest of Nansha, near
13N 113E on 6 October. Due to the airflow
surrounding Typhoon Flo (9326), the system
moved east-northeast and made landfall on the
west coast of Luzon the next day. The depression
continued east-northeast early on 8 October, then
it slowed to a north-northeast drift later that day.
The system turned west on 9 October and con
tinued that track until it turned west-northwest
late on 12 October after passing close to Dongsha
at 14 Ian h-I with 45 km h-I winds. The Stand By
Signal #1 was hoisted at 1645 HKT when the
depression was about 390 km to the east-southeast
of Hong Kong. This motion continued bringing
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the storm closer to the territory and with it clouds
and rain. The depression moved inland near
Hong Kong on the afternoon of 13 October and
dissipated over land later that day. The Stand By
Signal #1 was lowered at 1645 HKT. The lowest
sea level pressure of 101.32 kPa was recorded at
the Royal Observatory at 1700 HKT A peak gust
of 54 krn h- I was recorded at 1548 HKT on 13
October. Figure 13 shows the track of the
tropical depression.

Tropical Storm Hattie (9329)

195 km h- I sustained winds on 1 November.
Ca<;iguran reported an 89 km h- I wind at 0500
UTC and a 94.98 kPa pressure and 83 kID h-I
wind at 0700 UTe. Baler reported sustained
winds of 107 kID hoI at 0800 UTC. Ira caused
considerable chaos in the Philippines with eight
people dead as a result of the storm's passage.
Six died and one was reported missing after a
ship sank off Samar. Another was electrocuted
by a fallen power cable. Ahout 20,000 people
had to be evacuated when heavy rain triggered
mudflows down the side of Mount Pinatubo.

Tropical Depression 29W formed in the Marshall
Islands 450 kIn north-northeast of Kwajalein,
near 13N 166E, on 19 October. The disturbance
moved west at 27 krn h- I at first but then moved
west-northwest the next day as it slowed to
14 Ian h- I and reached tropical storm intensity.
Hattie drifted generally west on 21 October
before turning north-northwest the day after.
Early in its lifetime Hattie was a large system
with monsoon depression characteristics and
maximum winds well removed from the centre.
Wake Island reported 63 km h- I sustained winds
with gusts to 80 km h- I at 0143 UTC on 21
October. Hattie recurved towards the northeast at
23 km h- I on 23 October when near to Marcus
Island (Minami-torishima). Sustained winds of
55 km h- I were reported there at 1800 UTC on 22
October and a minimum pressure of 98.82 kPa at
1500 UTC on 23 October. Hattie accelerated
generally northeast and reached a peak intensity
of 95 kIn h- I on 24 October and became extra
tropical a day later near 36N 170E, some 2,700
k.m east of Tokyo.

Tropical Depression
This system formed from a persistent secondary
circulation within the large circulation of Tropical
Storm Hattie (9329) some 330 km southeast of
Minani-torishima,
near 22N 156E, on 22
October. It dissipated later the same day near
23N 155E, 180 km southeast of Minami
torishima, as it was absorbed by Hattie.
MaximuJTl sustained winds in this short-lived
system were 55 km h- I .

**Typhooll Ira (9330)
Tropical Depression 30W formed about 100 km
southwest of Guam, near 13N 144E on 27
October. The system reached tropical storm
intensity the next day as it tracked westwards at
38 km h-I. Ira continued a generally westward
motion before reaching typhoon intensity on 30
October. It reached a peak intensity of 220 km h- I
the following day as it moved west towards
Luzon. Ira made landfall near Casiguran with
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Figure l4 GMS-4/R image
OJ

0/ Typho'Jn

fro (9330)

o~er

LM.on

0800Z. 1 NQ~ember, /993

Ira weakened rapidly while crossing Luzon
dropping to tropical storm intensity as it moved
west-northwest into the South China Sea on 2
November. The Stand By Signal # I was hoisted
in Hong Kong at 1550 HKT that day with Ira
some 700 km to the southeast. The storm turned
northwest on 3 November and continued on thi
track towards the south China coast the next day
as a 95 km hoi tropical storm. As Ira came closer
winds in Hong Kong strengthened from the east
in the early morning of 4 November and the
Strong Wind Signal #3 was hoisted at 0410 HKT
that day. Ira came closest to Hong Kong at about
1700 HKT when it was about 250 km to the
southwest. The lowest sea level pressure of
100.87 lcPa was recorded an hour earlier.
Sustained winds of 50 km h- I were reported at
1200 UTC (2000 HKT) 4 November with peak
l1KMe/S BUUETTN Vol. 4, No.1, 1994

,

lOO'E

11 -E

120'E

130'E

30 N .--+--+-- --+---+---I-i-+--f--,.---I-i-+---1--f---I--jI--_+_-+---,--+-----,t-i-+_-+--+-+-I--+-, JON

o

~-~.
,~
20' N

'\

HI<G

-~+-->04-----¥---+-jI---l-=+"=>+--+-'

I-'++--l-+-' ,

\-t-l--+--+---+--+-jI---+-_+_-+---+----I-+--+--+--+-1 20' N

j ,~~
V
")'
,

')

.

,r-.-L-~
\
)'
~1O· N

~+__+__+_--+-'-'I-t__''+--f--+---'-t-+--+--+-_I_---II--_+_-t---4'----'--__1-t---o/"''LF:L..t''-'4--1I--+--_+_-'

100'E

110'E

Figure 15 Track

0/ Typhoon Ira

120'E

10'N

130' E

(9330), 30 October -" November, /993 (after Royal ObservaJory, TI{)nj!, Kong)

gusts of 83 km h- I occurring six hour earlier at
0600 UTe (1400 RKT). Ira made landfall near
Yangjiang late that evening and di ilJated over
land the next day. All signals were lowered in
Hong Kong at 0035 HKT on 5 November.
During Ira's passage a 747 aircraft loaded with
296 passengers sl id off the runway at Kai Tak
airport in Hong Kong and into the harbour at
1137 HKT. The airport had to be closed for 6
hour and orne 23 people needed treatment for
minor injuries. After landfall heavy rain and
thunderstorms affected western parts of Hong
Kong in the early hours of 5 November. Over
700 mOl of rain were recorded at Tung Chung
during the passage. Two people were killed,
seven were injured and over 100 stranded by
floods in the New Territories and Lantau. The
flood waters inundated the main water pumping
station at Tuen Muen, interrupting water supplies
to 430,000 people for severaJ days. Figure 15
show the track of Typhoon Ira.

Tropical Storm ]eana (9331)

Figure 16 GMS-4IR image 0/ Typhoon Ira (9330) near Yangjiang
QJ J500Z, 4 November, 1993
HKMelS BUllETIN Vol. 4, No. I, 1994

As Ira dissipated Tropical Depression 31W
formed norLh of the CaroHne lslands about 520
km northeast of Chuuk near II N 155E on 5
November. Moving generally west-northwest, the
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system reached tropical storm intensity the next
day. Jeana turned west and moved across Guam
on 7 November. Tropical storm force winds
were apparently confined to a very small area, as
reporting stations on
neither of the two
Guam reported significant winds. The minimum
observed pressure was 100.4 kPa at both
Andersen Air Force Base and Agana at 0600
UTC. Jeana then continued west with 85 km h- I
winds. The storm then turned west-northwest on
8 November as it weakened to minimal tropical
storm strength, then it turned north the next
day as it re-intensified. Jeana moved northeast
on 10 November as it reached a peak intensity of
110 k.m h- I . An eastward turn occurred the next
day as Jeana weakened funher. Rapid weakening
to depression status ensued on 12 November and
Jeana dissipated as a tropical cyclone later that
day near 22N 14 LE, about 300 km south of Iwo
Jima. Jeana passed over Guam early in it's life,
but there are no reports of damage or casualties.

Tropical Depression

continued its west-northwest track at 20 km h- J on
20 November as it moved across the central
Philippines. Guiuan on Samar reported 91 km h- I
sustained winds at 0200 UTC that day, while
Roxas on Panay reported a minimum pressure of
99.4 kPa at 2000 UTC. There was serious flood
ing in the central Philippines with many fleeing
their homes. One person was killed and another
reported missing. Kyle then turned west into the
South China Sea with 85-90 km h- I winds on 21
November. The storm continued its westward
track the following day as it attained typhoon
intensity to the north of Nansha. Kyle reached a
peak intensity of 160 Ian h- I just before moving
west into Vietnam about 350 km northeast of Ho
Chi Minh City on 23 November. Kyle continued
further inland and dissipated to an area of low
pressure on 24 November. The passage of Kyle
through Vietnam caused 43 deaths and 166
injuries, with 67 others reported missing.
Torrential rain and high winds caused serious
property damage and extensive destruction of
crops and livestock.

A tropical depression formed 850 km southeast of
Yap, near 6N 145E, on 14 November. This
system moved in a generally westward direction
until it weakened to a low pressure area two days
later. Maximum winds in this short-lived system
were 55 km h- 1•

Tropical Depression (9332)
This system may have been the regeneration of
the tropical depression which formed on 14
November. Tropical Depression 32W formed
near 6N l30W, 520 km west-southwest of Palau,
on 18 November. Moving west, it made landfall
later that day over Mindanao in the Philippine
and dissipated over land the next day. Maximum
sustained winds in this short-lived system were
45 km h-l.

Tropical Depression (9333)
Tropical Depression (9333): Tropical Depression
33W
developed 410 km north-northwest of
Enewetak near 15N 161E on 18 November. The
system moved in a generally westward direction
before dissipating the next day near 15N 157E,
some 680 km northwest of Enewetak. Maximum
winds in this short-lived system were estimated at
45 km h-I.

Figure 17 GMS-4 JR image oJ Tropical Storm Kyle (9334)
approaching Vietnam oJ 0900Z, 23 November, 1993

Tropical Storm Kyle (9334)

Tropical Depressio1l

Tropical Depression 34W formed 570 km west
northwest of Palau near ION l30E on 19
November. Moving west-northwest, it reached
tropical storm strength later that day. Kyle

Yet another tropical depression formed near 6N
145E, about 830 km south of Guam on 20
November. Moving west, the system weakened
to a low pressure area the next day while 420 km
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east-southeast of Palau near 6N 138E. Maximum
sustained winds in this system were estimated at
70 km h-I.

Typhoon Lola (9335)
Tropical Depression 35W formed near 7N 146E,
some 730 km s uth-southeast of Guam on I
December. Initially moving west, the depression
turned west-northwest the next day. The system
continued west-northwest on 3 December as it
reached tropical storm intensity, then it turned
west the next day as it reached typhoon intensity.
Lola moved west into the central Philippine
Islands on the evening of 5 December as it
reached an intensity of 150 k.m h-I. Tayabas
reported sustained wind of 126 kin h- I at 2200
UTe. The Catanduanes radar station reported a
minimum pressure of 98.09 kPa at 0400 UTC,
along with sustained 96 km h- I winds. Lola
passed south of Manila and moved west into the
South China Sea with 140 km h· 1 winds. Press
reports indicate that about 250 people were
killed, 370 were injured and 60 were missing in
the Philippines due to Lola's passage. Most of
the dead were drowned in floods which wreaked
havoc on houses and cropland. An estimated
quarter of a million people were forced to flee
their homes as a result. Economic losses were
put at US$ 7.5 million. Lola turned west-south
west on 6 December as it weakened to a tropical
storm, and this general motion continued the next
day. Lola resumed a westerly heading on 8
December as it rapidly re-intensified to ty~hoon
strength. A peak intensity of 215 km h- was
reached just as Lola moved into southern Vietnam
near Nha Trang in the early morning of 9
December. After landfall Lola turned northwest
and dissipated over Cambodia later that day.
Lola was responsible for severe flooding in
southern Vietnam, bringing 96 deaths, 50 injured
and an additional 85 people missing. A total of
11,000 hectares of paddy was inundated and some
16,500 hectares of other crops lost.
Total
economic loss was put at US$ 11.6 million.

Tropical Storm Manny (9336)
Tropical Depression 36W developed near 7N
155E 350 km east of Chuuk on 3 December. The
system moved west the next day, attaining
tropical storm strength. It then turned west
northwest with 110 km h- I winds passing just
north of Yap on 5 December. Yap reported
sustained winds of 55 kill h-I and a minimum
pressure of 99.89 kPa at 1000 UTC. The peak
gust was 89 kin h- I at 0948 UTC. The storm
dumped 124 mm of rain in 9 hours. Manny
turned northwest on 6 December, then north on
lIKMetS BUllETIN Vol. 4, No. I, 1994

Hgur~

18 GMs-J lR inulge of Typhoon Lola (9335) approaclilng
Vietnam and Tropkal Siorm Manny (9336) over 'he

Pacl/1c oJ OOOOZ, S December, 1993

7 December as it briefly reached typhoon
intensity. Manny dropped back to tropical storm
intensity later that day, then it regained typhoon
strength on 8 December. Manny stalled briefly
on 8 December near 17N l30E, about 1,000 km
east-northeast of Manila, then it started moving
southwest later that day. Rapidly strengthening
on 9 December, it reached a peak intensity of 120
k.m h- I just prior to moving west-southwest
towards the Philippine,. Manny turned west on
laD cember and weakened as it moved through
the central Philippines. Although weaker it still
claimed at least 65 lives and brought crop and
property losses estimated at US$20 million. The
system turned west-southwest the next day as it
weakened to a tropical storm, then it turned west
on J 2 December moving west at 13 km h- I across
the South China Sea with 65 km h-I wind.
Manny continued west as a minimal tropical
storm on 13 December. The next day it turned
west-southwest as it weakened to a depression.
Manny continued west-southwest south of Viet
nam until it made landfall on the Thailand portion
of the Malay peninsula and dissipated on 16
December. The remains moved west from the
Malay peninsula across the Bay of Bengal and
re-generated into a tropical depression n ar 9N
84W, about 500 km east-northeast of Colombo,
on 19 December and tracked northwest toward
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southern India with 55 km h- t winds. The system
stalled just north of Sri Lanka and weakened to a
low pressure area on 20 December. While this
was the end of the system as a tropical cyclone,
the low pressure area persisted for several more
days as it moved west into the Arabian Sea.

Typhoon Nell (9337)
The last tropical cyclone of the year, Nell, began
life as Tropical Depression 37W which formed
200 k.m west of Chuuk near 7N 150E on 20
December. This system moved west through 24
December when it passed between the islands of
Yap and Koror. The depression achieved tropical
stonn status on 25 December as it continued
westward. Nell reached typhoon intensity on 26
December, and a peak intensity of 130 k.m h- 1
occurred just as the storm
moved into
Mindanao Island in the Philippines. The storm
turned west-northwest after landfall, and moved
through the central Philippines with 130 km h- I
winds. Iloilo on Panay Island reported 72 km h- 1
sustained winds and a pressure of 99.52 kPa at
1900 UTe 26 December. Mactan Airport on
Cebu also reported 72 k.m h- 1 winds at 1300 UTe
the same day.
Press reports indicate Nell's
passage through the Philippines resulted in 130
deaths, 126 injured, and 47 people missing.
Extensive damage was reported through the
Central Philippines, especially on Cebu. Nell
continued west-northwest on 27 December as it
weakened to a tropical storm, then it turned west
the next day while weakening to a depression.
Nell continued a west to west-southwest course
across the South China Sea until it dissipated near
7N 113E, 800 km east-southeast of Ho Chi Minh
City on 2 January, 1994.
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Figure 19 GMS4 /R Image 0/ Typhoon Nell (9337)
approaching Mindanao aJ OOOOZ, 25 December, 1993
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News and Announcements
This section is intended for dissemination of news and
announcements by the Society or any of its members. if
members wish to relay any news or make any announcement
of interest to members which is related to the aims of the
Society they should mail or fax such information to the
Editor-in-chief along with their namets) and membership
number(s).

with this greater ozone loss, winter UV values
still remain minimal.

OZONE LAYER DEPLETION &

The results of this research largely confirm model
predictions
that UV increases with ozone
depletion. It is based to a large extent on these
predictions that the phase-out of chlorofluoro
carbons (CFCs) and other
ozone-depleting
substances was accelerated in November 1992 at
the Fourth Meeting of Parties to the Montreal
Protocol. The Protocol, which is science-driven,
sets international controls on ozone-depleting
substances.

INCREASED UV LEVELS
O1TAWA -- November 11, 1993
Environment Canada scientists have completed
the first long-term study conclusively showing
that the thinning of the stratospheric ozone layer
in recent years has led to increases in ultraviolet
(UV) levels at the earth's surface. The findings
were published today in the research journal

Science.
The success of the study can be attributed to
Environment Canada's long record of high
quality measurements. The scientists used the
Brewer Ozone Spectrophotometer, a Canadian
designed instrument that provides detailed, highly
accurate data on both ozone and Uv. Measure
ments were carried out on a daily basis in the
Toronto area from 1989 to 1993.
The results show that during the months of May
to August, sunburning UV levels over Toronto
have increased by approximatel y eight per cent
since 1989. UV values are naturally at their
highest in summer, and for this reason ozone
thinning at that time causes the greatest concern.
In the months of December to March, when
ozone depletion is at its maximum, there has been
a 15 percent increase in UV since 1989. In the
winter, UV values are naturally very low. Even
HKMetS BUUETIN Vol. 4, No.1, 1994

Toronto was used as the site for the study as it
has a lengthy record of measurements of both UV
and ozone. The UV increases over the rest of
Southern Canada are likely similar to those over
Toronto, as comparable ozone depletion has been
observed throughout this region.

Data show that Canada's accelerated phase-out
strategy is working, and that domestic con
sumption of CFCs has been reduced by 62 per
cent from 1986 levels. The federal government
has made a commitment to completely phase out
CFC production and import by January 1, 1996.
Overexposure to UV raises the risk of sunburn,
skin cancer and cataracts in human beings, and it
also poses threats to crops, forests, fisheries and
natural ecosystems. The UV increases seen over
Toronto are significant but, however, they should
not be viewed as a immediate threat.
Environment Canada is co-operating with univer
sities and other agencies in conducting research
on the possible effects of increased UV levels.
The study announced today will support that
research.
Canada is a
measurements.

world leader in collecting UV

A network of eleven Brewer
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Spectrophotometers record high-quality ozone
and UV measurements across the country on a
daily basis. The instrument was developed by
Environment Canada scientists and now is used in
over 30 countries.

A total of 10 papers were presented at the
seminar, three of which were the work of Hong
Kong forecasters. A summary of the Hong Kong
contributions is given below.
Analysis of the motion of Typhoon Tasha (9309)

The first annual update of the State of the
Environment Environmental Indicator Bulletin on
stratospheric ozone depletion was also released.
Measurements over Toronto during the last five
years suggest that it may soon be possible to
propose a preliminary indicator for UV intensity.
The department's weekly Ozone Watch Bulletin
reports on the state of the ozone layer over
Canada. Its UV Index Program provides a daily
UV forecast for locations across the country
throughout the year. Both Ozone Watch and the
UV Index are available from any Canadian
weather office.
Further information:
Jim Kerr
Environment Canada
(416) 739-4626

Guy Fenech
Environment Canada
(416) 739-4649

Tom McElroy
Environment Canada
(416) 739-4630

EIGHTH GUANGDONG 
HONG KONG - MAC4.U
SEMINAR ON HAZARDOUS
WEATHER
from:
M. K. Song, Royal Observatory, Hong Kong
Since 1985, an annual semimar on hazardous
weather has been organised jointly by the
meteorological services of Hong Kong and
Guangdong. Macau began participating in the
seminar in 1989. The purpose is to promote
the exchange of experience among the operation
al forecasters in the region, with an emphasis on
a review of recent severe weather events.
The eighth seminar was hosted by the
Guangzhou Regional
Meteorological Centre
from 25 to 27 November, 1993. More than 10
forecasters from Guangdong, Hong Kong and
Macau participated. The Hong Kong contingent
included assistant director Mrs E. Koo, Dr. W.L.
Chang, Miss S.M. Lee and Miss M.K. Song.
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W.L. Chang and C.H. Au,
Royal Observatory, Hong Kong

* A tropical cyclone which exhibits turning
motion over the South China Sea does not
necessarily have obvious cloud bands to its
north as would usually be expected.
* Should an objective method happen to give a
forecast that does not quite agree with others,
it should be examined in conjunction with
parameters like height change as there might
be good reason for the apparent discrepancy.
* Research into the strengthening and weakening
of the sub-tropical
ridge does not receive
enough attention. This effort should be in
creased given the important role the ridge plays in
the motion of tropical cyclones.
Rainstorms:

A case study of a rainstorm in
Hong Kong on 16 June 1993

Song Man Kuen, Sandy
Royal Observatory, Hong Kong

* Both synoptic and mesoscale features played
important roles in the rainstorm situation.
* A high cell formed over eastern Guangdong
and the associated easterly winds converged
with the prevailing southwesterly winds. This
caused the heavy rain and thundery activity to
intensify and to extend westward and is one of
the major factors associated with the heavy
downpour.
* Data from mesoscale anemometer and rain
guage network yield useful information in the
nowcasting of heavy rain.
Meteorological factors favourable for the
occurrences of heavy rain and intense convection
in Hong Kong
Olivia S.M. Lee
Royal Observatory, Hong Kong

* Cases of heavy precipitation over the past 30
years are studied. Attempts are made to find out
some of the meteorological factors favourable for
heavy rain and intense convection in Hong Kong.
HKMelS BUUETIN Vol. 4, No.1, 1994

* While numerical models provide valuable
guidance on the evolution of large scale
patterns, monitoring the parameters like increase
in upper wind speed, equivalent potential
temperature, specific humidity and stability
index can give finer signals on the development
of heavy precipitation or intense convection.
* Mesoscale features like
surface wind
convergence and land-sea breeze enhancement
can also be prominent in some cases of heavy
rain.

FIRST CHARTERED
METEOROLOGIST

HONG KONG
Mr. C. Y. Lam of the Royal Observatory became
the first Chartered Meteorologist of the Royal
Meteorological Society in Hong Kong in January
1994.
The Royal Meteorological Society, after several
years of deliberations, introduced an accreditation
scheme in 1993 to provide a professional
qualification in meteorology at a level equivalent
to that of a Chartered Engineer, which would
assure clients and employers that individuals have
reached a stipulated level of competence. Hold
ers of the qualification may use the designation
"Chartered
Meteorologist"
(abbreviated to
C Met) and have to subscribe to a code of
conduct.
Members who are interested to know more about
the scheme may write to the Royal Meteoro
logical Society, 104 Oxford Road, Reading,
Berks., RGI 7LS, UK or contact C.Y. Lam.

The 1993 hurricane season was relatively inactive
with eight named storms (average 9.3) and four
hurricanes (average 5.7). There was only one
major (or intense) Safflr/Simpson category 3-4-5
hurricane (average is 2.2) and this storm (Emily)
was only of marginal category 3 intensity for
slightly less than one day. The seasonal total of
hurricane days was only 10 (average is 23) and
the seasonal total of named storm days was just
30 (average is 46). Only two systems (tropical
cyclone Arlene in south Texas and Hurricane
Emily near Cape Hatteras) affected the US main
land.
The author had forecast a substantially more
active hurricane season. This forecast failure was
primarily the result of the misjudgment of the
remarkably persistent EI Nino conditions which
occurred this year and of the high Caribbean
basin surface pressure which became established
in August. The Caribbean pressure changes are
believed to be unrelated to the EI Nino and are a
result of the intertropical convergence line being
shifted southward over the South American
continent.
Additional unfavorable hurricane
conditions included a continuing West Sahel
drought. It is quite unusual for an EI Nino to last
through three consecutive seasons as the current
EI Nino event has. Actually, warm water has
persisted in the equatorial Pacific through the last
four hurricane seasons. The EI Nino is the most
dominant of the climate influences affecting
Atlantic hurricane activity, tending to strongly
suppress this
activity. All tropical cyclone
activity ended after the 21st of September, a date
which is normally only 60 percent of the way
through the Atlantic season.

Table 1: Verification of 1993 hurricane activity
from various dates Offorecast.

1993 ATLANTIC BASIN

Forecast

Verification

11/92 6/93 8/93

11/93

SEASONAL HURRICANE
FORECAST VERIFICATION

named storms (N)

11

11

named stonn days (NS)

55
6
25
3
7
75

55
7
25
2
3
65

10
50
6
25
2
2
55

10
1
0.75
23

95

85

55

hurricanes (H)

from: Bill Gray, Chris Landsea, Paul Mielke,
and Ken Berry, Department of Atmospheric
Sciences and Department of Statistics,
Colorado State University

hurricane days (HO)
intense hurricanes (UI)
intense hurricane days (IHO)
hurricane destruction

8
30
4

potential (HOP)

This message summarizes the tropical cyclone
(TC) activity which occurred in the Atlantic Basin
during 1993, and verifies the author's seasonal
forecasts of this activity which were issued on 24
November 1992 and updated on 5 June and 4
August 1993.
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net tropical cyclone
activity (NTC)

Table 1 lists statistical

information

for the
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author's 1993 seasonal forecast. All parameters
were overforecasted. Notably, the number of
named storm days, hurricane days, and HDP
were all badly overcast. As is discussed through
out this report, these errors were largely the
result of the unanticipated August reintensifi
cation of the EI Nino plus the unexpected strong
rise in August-October Caribbean basin surface
pressure.
Other considerations contributing to overforecasts
of 1993 Activity were the inappropriate quali
tative alteration of our own recently developed
statistical forecast values. Our objective forecasts
proved to be superior to the adjusted forecasts,
particularly for the parameters most in error.
Statistical forecasts with verification are given in
Table 2.

Table 2: Statistical forecast model results for
1993 from Gray, Landsea, Mielke,
and Berry (1992, 1993).
Forecast Parameter and its last
43 year average Verification

11/92

named storms (N=9.3)
named stonn days (NS=46.I)

9.7
45.8

.11.7 9.8
53.6 52.1

hurricanes (H=5.7)
hurricane days (HD=33)

5.6
18.1

9.0 6.5
12.5 23.9
-0.3
1.7
-2.1
l.l
21.8 50.4

intense hurricanes (IH =2.2)

1.8

intense hurricane days (IHD=4.5) 3.1
hurricane destruction
48.8
potential (HDP=68.1)
net tropical cyclone
82
activity (NTC= 100)

Forecast
Verification
6/93 8/93
11/93

73

72

8
30
4
10

I
0.75
23
55

Background material:
Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1992: Predicting Atlantic basin seasonal
hurricane activity 6-11 months in advance.
~ather and Forecasting, 7, 440-455.
Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1993: Predicting Atlantic basin seasonal
tropical cyclone activity by 1 August. ~ather
and Forecasting, 8, 73-86.
Landsea, .W., W.M. Gray, P.W. Mielke and K.
Berry, 1993: Predictability of seasonal Sahelian
rainfall by 1 December of the previous year and 1
June of the current year. Preprints of 20th
Conference on Hurricane and Tropical Meteor
ology, San Antonio, Amer. Meteor. Soc., 473
476.
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EXTENDED RANGE FORECAST
OF ATLANTIC SEASONAL
HURRICANE ACTIVITY FOR

1994
from: Bill Gray, Chris Landsea, Paul Mielke,
and Ken Berry, Department of Atmospheric
Sciences and Department of Statistics,
Colorado State University
This message discusses details of a 6-11 month
extended range seasonal forecast of the tropical
cyclone activity likely to occur in the Atlantic
Ocean basin during 1994. This forecast is based
on new research by the author and his colleagues
which allows estimates of next season's Atlantic
tropical cyclone activity to be made by November
of the prior year. The forecast scheme is based
on a lO-month forward extrapolation of the
Quasi-Biennial Oscillation (QBO) of equatorial
stratospheric zonal wind, two measures of West
African rainfall through mid-November 1993 and
an extended range forecast of EI Nino conditions
for August to October 1994.
Information received through mid-November
1993 indicates that the 1994 Atlantic hurricane
activity is likely to be somewhat above average
with about 6 hurricanes (average 5.7), 10 named
storms (average 9.3), 25 hurricane days (average
23), 2 intense hurricanes (average 2.2) and a
hurricane destruction potential of 85 (average
68). The 1994 season should be more active than
the three recent 1991, 1992 and 1993 hurricane
seasons and, in particular, more active in the
tropical regions (at latitudes south of 25 deg N)
where only one short lived hurricane has occurred
during the last three years. The 1994 season
should be more like the hurricane seasons of 1988
and 1989 which produced a total of five major
hurricanes.
The probability of hurricane
destruction along the US East Coast, Peninsula
Florida, and within the Caribbean basin for 1994
is projected to be somewhat greater than the mean
probability for the last 40 years and is distinctly
higher than the probabilities for the last three
years.

It is expected that the long running 1990-1993 EI
Nino-like warm water conditions will finally
dissipate by the next hurricane season and that
comparatively cool surface water conditions will
be present in the east and central equatorial
Pacific; this trend should enhance hurricane
activity. It is also expected that West African
Sahel drought will abate somewhat next season.

This upward rainfall trend should also diminish
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the inhibiting influences on hurricane activity that
have occurred in recent years. Stratosphere QBO
conditions will be in the easterly phase which will
tend to inhibit tropical cyclone activity. But in
the net hurricane activity should be enhanced
over recent years. Table 1 gives our statistical
and adjusted prediction.

Table 1: Statistical prediction as obtained with
final adjusted forecast and comparison
with last 43-year average.
1994 Forecast
Statistical

named stonns (N)

Percentage

Qualitative

oflast 43

Actual

year mean

9.72

10
55

108

6.40

6

105

24.95

25

107

1.92
7.19
84.83

2
7
85

150
122

109.10

110

110

named storm days (NS)

60.56

hurricanes (H)
hurricane days (HO)
intense hurricanes (IH)
intense hurricane days (lHO)
hurricane destruction

92

activity (NTC)

Discussion: Implicit in this forecast is the
anticipated dissipation of the long running
equatorial Pacific warm water event which has
now persisted for nearly four consecutive years.
Historical records going back to the 1850s
(Wright, 1989) indicate that above average water
temperatures in the equatorial Pacific have never
persisted for more than four consecutive years
and that three and four year warm events of the
sort we have just had are very rare. Our extend
ed range ENSO prediction scheme forecasts a
NINO-3 sea surface temperature anomaly of
-0.33 deg C for the August-October 1994 period.
This ENSO forecast showed a measure of
agreement of 0.72 in 34 years of cross-validated
hindcast forecasts for the years 1959-1992. This
ENSO forecast supports an end to the long
running EI Nino-like warm water conditions by
next hurricane season. The inhibiting influence
on hurricane activity of warm equatorial Pacific
water temperature for next year is believed to be
very
low.
Consequently, hurricane activity
should be higher.
In addition, our extended
range estimate of West African precipitation. for
next year gives slight positive precipitation values
(+0.12 Std. Dev.). This West Sahel rainfall
forecast has a measure of agreement of 0.67 (or
two-thirds of the variability) in 34 years of cross
validated hindcast forecast tests for the years
HKMetS BUUETIN Vol. 4, No. I, 1994

Background material:

130

potential (HOP)
net tropical cyclone

1959-1992. This indicates that we should likely
see a break in the long running Western Sahel
drought for next year. Rainfall amounts should
be higher than have occurred during most of the
last 25 years. Recent August to mid-November
1993 Gulf of Guinea rainfall has been slightly
above average for the first time since 1988. This
is another indication that next year's seasonal
hurricane activity should be above what has been
observed for the last three years. Thus, of our
three primary extended range predictor, two
(ENSO and West African rainfall) appear favor
able for enhanced hurricane activity with only the
QBO as an unfavorable indicator for increased
activity. Next year's hurricane activity should be
enhanced over that of the last three years, at
least.

Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1992: Predicting Atlantic basin seasonal
hurricane activity 6-11 months in advance.
Vkather and Forecasting, 7, 440-455.
Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1993: Predicting Atlantic basin seasonal
tropical cyclone activity by 1 August. Vkather
and Forecasting, 8, 73-86.
Landsea, .W., W.M. Gray, P.W. Mielke and K.
Berry, 1993: Predictability of seasonal Sahelian
rainfall by 1 December of the previous year and 1
June of the current year. Preprints of 20th
Conference on Hurricane and Tropical Meteor
ology, San Antonio, Amer. Meteor. Soc., 473
476.

VERIFICATION OF 1993
SEASONAL RAINFALL
FORECAST FOR NORTH
AFRICA 'S SAHEL
from: Chris Landsea, Bill Gray, Paul Mielke,
and Ken Berry, Department of Atmospheric
Sciences and Department of Statistics,
Colorado State University (4 Jan 94)
On 14 June 1993, the authors issued a seasonal
rainfall forecast for the African Sahel. Based
upon data available to the authors, we forecasted
for dry to very dry conditions across the Sahel,
with the West Sahel having the driest conditions
and the East Sahel having only slightly dry
conditions. Overall the forecast verified fairly
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well except that the Sahel was a bit wetter than
expected, though still below the long term
average. (For an email copy of the forecast or
for copies of papers referenced, please contact
landsea@downdry.atmos.colostate.edu).
STATISTICAL METHODOLOGY
AND FORECAST
The Sahel is a semi-arid region that experiences
rainfall in the Northern Hemisphere summer and
fall, primarily from June to September. The
Sahel is defined here as the region bounded by 10
and 20 degN across North Africa.
To best
represent rainfall variability, the Sahel is split
into 3 subregions: West (extending from the
Atlantic Coast to 6 degW), Central (extending
from 6 degW to 26 degE), and East (extending
from 26 degE to the Red Sea).

VERIFICATION
Based upon data received to date (we gratefully
acknowledge the data provided by Rich Tinker at
the U.S. Climate Analysis Center and Tom Ross
at the U.S. National Climate Data Center), our
analysis documents that the Sahel region did
experience a dry year overall. The following
table provides a month-by-month breakdown of
the rainfall variability:

Region
West
Central
East

The forecasting techniques are detailed in full in
Landsea et at. (1993) and Gray et at. (1992,
1993). This statistical model utilizes the years
1950 to 1991 in a cross-validated (or jackknife)
procedure that allows the independent testing of
individual years to check the skill of the model.
There are 13 predictors that are arranged into 3
groups of similar predictors. The three groupings
are: 1) the phase and magnitude of the
stratospheric Quasi-Biennial Oscillation (QBO);
2) North African surface data (including previous
rainfall amounts and current temperature and
pressure distributions); and 3) EI Nino/Southern
Oscillation (ENSO)/Caribbean basin conditions
and their time change.
. In summary, the QBO group slightly favored
higher Sahel rainfall amounts, the African surface
group suggested very dry Sahel conditions, and
the ENSO/Caribbean group also suggested an
upcoming very dry Sahel.
Specifically, the
ENSO/Caribbean group provided information that
an EI Nino event was occurring and intensifying.
Our qualitative assessment, however, of the EI
Nino was that it would weaken or dissipate by the
height of the rainy season (August). Thus the
forecast issued was for dry to very dry conditions
throughout the Sahel, rather than near record
dryness suggested solely by the direct application
of our quantitative scheme. The following is the
"official" forecast of June to September rainfall
that we issued on 14 June, 1993:
West Sahel:
-1.20 Std.Devs. (3rd driest year
since 1950)
Central Sahel: -0.90 Std.Devs. (8th driest year
since 1950)
East Sahel:
-0.40 Std.Devs. (17th driest year
since 1950)
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June

July

August

-0.38
(21/0/5)

-0.47
(16/4/6)

-0.46

-0.35

-0.67

(19/3/8)

(17/6/6)

(20/4/2)

-0.09
-0.33
-0.55
(23/10/6) (16/13/11) (26/8/6)

-0.49
(30/5/4)

(26/8/4)

-1.00

-0.39

September

Jun-Sep

-0.57
-0.3/-0.5

The top numbers indicate the rainfall anomaly
above (positive value) or below (negative value)
the 1950 to 1993 long term average expressed as
the mean number of standard deviations above or
below normal based on the mean anomaly for all
available stations. The lower numbers indicate
the number of stations reporting in the region that
were below normal/near normal/or above normal,
respectively. Note that for the East, July and
September lacked reliable information regarding
the rainfall amounts, mainly due to lack of data in
the Sudan. However, since August is normally
the rainiest month in the Sahel and that month
reported slightly dry conditions, it is likely that
the East Sahel's final rainfall anomaly will be in
the range of -0.3 to -0.5.
To compare this year's rainfall amounts to
previous recent years, the following may be use
ful:
West Sahel: -0.67 (l lth driest since 1950;
1968, 1972, 1977, 1980, 1982, 1983, 1984,
1990, 1991, and 1992 were drier years)
Central Sahel: -0.57 (10th driest since 1950;
1972, 1973, 1976, 1981, 1982, 1983, 1984,
1987, and 1990 were drier years)
East Sahel: near -0.4 (16th driest since 1950;
1960, 1966, 1969, 1971, 1972, 1973, 1982,
1983, 1984, 1985, 1986, 1987, 1990, 1991, and
1992 were drier years)
Thus the forecast correctly anticipated continued
below average rainfall amounts throughout the
Sahel. However, the magnitude of the dryness in
the West and Central Sahel were overstated in the
HKMetS BUUETlN Vol. 4, No.1, 1994

rr

forecast. Another feature that was suggested in
the forecast that appears to have verified was that
the West would be relatively the driest region,
while the East would be the wettest. The wetter
than expected conditions may have been due to
the 1993 EI Nino becoming very weak during
August, the month of strongest Sahel rainfall.
Note that the NIN03 region in the eastern
equatorial Pacific had a zero SST anomaly in
August - usually indicative of ENSO being a
neutral factor. (It should also be pointed out that
the EI Nino experienced a rejuvenation during
September and October with warming in the
NIN03 region. However, it may be that this
renewed EI Nino warming occurred too late to
affect the Sahelian rainfall appreciably).
In an accompanying report, a long range outlook
for the
Sahel is presented for the rainfall
conditions expected for 1994. An updated Sahel
forecast will be presented in early June 1994, at
the start of the seasonal rains.
REFERENCES
Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1992: Predicting Atlantic basin seasonal
hurricane activity 6-11 months in advance.
W?ather and Forecasting, 7, 440-455.

defined here as the North African region between
10 and 20 degN. It is the area that has
experienced numerous devastating droughts
within the last two decades. The report presented
here provides a seasonal forecast for the Sahel
based upon data available through November
1993.
Because of rainfall variability within the Sahel, a
homogeneous index of precipitation should not be
utilized for the entire Sahel. Instead, three
smaller subregions are organized within which
precipitation
shows similar year to year
behaviour. These regions are the West, Central
and East Sahel. The West Sahel extends from the
Atlantic coast to 6 degW including portions of the
countries of Mauritania, Senegal, Gambia,
Guinea-Bissau, Guinea and Mali. The Central
Sahel is the region from 6 degW to 26 degE and
includes parts of Mali, Burkina Faso, Ghana,
Togo, Benin, Niger, Nigeria, Cameroun, Chad,
Central African Republic and Sudan. The East
Sahel reaches from 26 degE to the Red Sea and is
composed of parts of Sudan, Ethiopia, Eritrea
and Djibouti.

NORTH AFRICA'S SAHEL

The forecasting techniques are detailed in full in
Landsea et al. (1993) and Gray et al. (1992,
1993). This statistical model utilizes the years
1950 to 1991 in a cross-validated (or jackknife)
procedure that allows the independent testing of
the individual years to test the skill of the model
(for example, the year 1968 was tested by using
the years
1950-1967 and 1969-1992 as the
developmental data set). We
use a Least
Absolute Deviations (LAD) regression instead of
the traditional Ordinary Least Squares (OLS)
multiple regression. LAD is selected over OLS
in that LAD is based upon minimizing the
absolute differences between predicted and
observed instead of the square of that value.
Thus outliers do
not overly influence the
prediction equations. There are 13 predictors that
are arranged in to 3 groups of similar predictors.
The three groupings are: 1) the phase and
magnitude of the stratospheric Quasi-Biennial
Oscillation (QBO); 2) North African surface data;
and 3) EI Nino/Southern Oscillation (ENSO) /
Caribbean basin conditions and their time change.

from: Chris Landsea, Bill Gray, Paul Mielke,

The individual predictors and their values to be
used as input for the 1994 forecast are:

Gray, W.M. C.W. Landsea, P. Mielke and K.
Berry, 1993: Predicting Atlantic basin seasonal
tropical cyclone activity by 1 August. 'Rf?ather
and Forecasting, 8, 73-86.
Landsea, .W., W.M. Gray, P.W. Mielke and K.
Berry, 1993: Predictability of seasonal Sahelian
rainfall by 1 December of the previous year and 1
June of the current year. Preprints of 20th
Conference on Hurricane and Tropical Meteor
ology, San Antonio, Amer. Meteor. Soc., 473
476.

FORECAST FOR 1994 JUNE TO
SEPTEMBER RAINFALL FOR

and Ken Berry, Department of Atmospheric
Sciences and Department of Statistics,
Colorado State University
The rainy season in North Africa's Sahel occurs
almost exclusively during the months of June
through September when the ITCZ reaches its
farthest northward extension. The Sahel is
HKMetS BUUETlN Vol. 4, No.1, 1994

GROUP 1:
U winds at 50 hPa (extrapolated for Sep 1994)
= -20 m S·l
U winds at 30 hPa (extrapolated for Sep 1994)
= -24 m S·l
IU50-U30 I (extrapolated for Sep 1994)
= 2 m s'
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GROUP 2:
Aug-Sep 1993 West Sahel rainfall
= -0.48 Std. Devs.
Aug-Nov 1993 Gulf of Guinea rainfall
= -0.05 Std. Devs.
GROUP 3:
May-Jul 1993 Darwin SLPA
= 1.27 hPa
Sep 1992 - Feb 1993 Singapore 100 hPa
temperature anomalies = -0.68 degC
Mar-Aug 1993 Singapore 100 hPa
temperature anomalies = 0.37 degC
Previous 27 months NIN03 SSTA
= 0.67 degC
Given these values for the predictors based upon
information available to us at CSU by the end of
December, the statistical model predicts values
of:
with full set
of 9 predictors

with reduced set
of 5 predictors

West Sahel -0.08 Std.Devs.
Central Sahel -0.23 Std.Devs.
East Sahel
-0.28 Std.Devs.

-0.23 Std.Devs.
-0.10 Std.Devs.
+0.17 Std.Devs.

Thus the "official" forecast that we believe is
most likely to occur is for the following (note that
these are relative to 1950 to 1993 mean
conditions):
West Sahel: -0.10 Std.Devs. (22nd driest year
since 1950, but 6th wettest since 1970)
Central Sahel: -0.20 Std.Devs. (15th driest year
since 1950, but 8th wettest since 1970)
East Sahel: -0.25 Std.Devs. (22nd driest year
since 1950, but 9th wettest since 1970)
The amount of skill indicated in the hindcast
testing of the nine predictors during the years
1959 to 1992 is 66% of the variability in the West
Sahel, 59% in the Central, and 46% in the East.
Note that simple use of only persistence provides
just 25 %, 32 %, and 14% for the three regions,
respectively.
An updated forecast will be provided in early
June at the beginning of the Sahel rainy season,
which will use updated QBO, ENSO, and African
land surface data. A verification of this report
will be done by late November of this year.
REFERENCES

These near normal values of rainfall are due to:
1) slightly unfavorable conditions for rainfall due
to strong east phase of the QBO, but relatively
low shear between 30 and 50mb; 2) slightly
below normal West Sahel rainfall indicating for
slightly below normal rainfall next year based on
persistence; 3) near normal rainfall occurring
during the fall along the Gulf of Guinea suggests
that the evaporation/evapotranspiration moisture
source will be normal contributing to near normal
Sahel rainfall; 4) ENSO factors suggest a return
ing to neutral conditions next summer-fall, thus a
neutral factor toward Sahel rainfall. Thus in
combination the regions are suggested to be near
normal to slightly dry next year. (Note that the
"reduced set of 5 predictors" is based upon a
larger developmental dataset of the years 1950 to
1992, while the "full set of 9 predictors" is based
upon the years 1959 to 1992 because of the lack
of 100mb Singapore data before the late 1950s.)
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humid the total rainfall was only 47 percent
of the 1961-90 normal. Overall, despite a
wetter June, the dry spell in July and August
resulted in a summer with only four fifths of
normal rainfall.

Review of summer 1993

Mean daily temperature 28.8°C
(+O.SOC)
Rainfall (provisional)
881.7 mm (81 %)

Important climatological events

June
Summer 1993 was generally hotter and drier
than normal with all three months posting
higher than 1961-90 normal mean monthly
temperatures (+0.5, +0.6 and +0.2°C for
June, July and August respectively). Although
July and August were abnormally dry (66 and
47 percent or normal) June, in contrast, was a
month dominated by active troughs and 29
percent wetter than normal conditions. In fact
the month was memorable for two torrential
downpours and for only one rain free day.
The two rainstorms between them accounted
for about 60 percent or the month's total of
485.2 mm. Both of the events necessitated the
issuance of the Rainstorm Red Warning and
the latter also prompted the issuance of the
Rainstorm Black Warning. In contrast to the
wet conditions in June the month of July was
The monthly mean
hot, dry and sunny.
temperature of 29.4°C, second only to the
record high set in 1967, and a new record high
mean minimum temperature of 27.~C testify
to the high temperatures arising from many
days of sunny skies. Monthly rainfall was only
about two thirds of the usual July amount and
nearly half of that was brought by Severe
Tropical Storm Lewis.
The hot,
dry
conditions or July extended through August
and although no temperature records were set
the monthly mean temperature was still 0.2°C
above normal. Although the month was fairly
HKMetS BUllETIN Vol. 4, No. I, 1994

The weather in June was dominated by a moist
southwest monsoon and active troughs near the
South China coast. As a consequence the month
was cloudier and wetter than usual and abnormal
ly humid. In fact the mean dewpoint of 25.2°C
was the second highest ever recorded for the
month. Torrential downpours were also a feature
with two on 11th and 16th causing widespread
flooding in urban areas. There was only one
rain-free day and the monthly total of 485.2 mm
was 29 percent above normal. Despite the
cloud cover being 9 percent above normal the
mean temperature was still a high 28.3°C, O.5°C
warmer than normal. The No.8 Tropical Cyclone
Warning Signal was raised for the first time in
1993 on 27th with the approach of Typhoon
Koryn.
The month started with mainly fine weather
although the Strong Monsoon Signal was hoisted
due to the strong and gusty southwest monsoon.
Clouds and rain arrived the next day as a trough
moved southward over Guangdong.
On 3rd
winds shifted from southwesterly to southeasterly
giving thundery showers in the evening. These
continued through to the morning of 4th as the
temperature dropped to the month's low of
23.6°C. The next day saw another trough forming
and moving
to the coast bringing showery
weather and a fresh southwest monsoon. The
79
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trough moved south of the coast on 6th, winds
subsided and weather became fine and stayed that
way until 9th apart from a few morning showers
on 7th. Weather on 9th and 10th worsened as a
trough over the coast brought increasing rain on
those two days. A further deterioration occurred
on 11th with
rapid
raincloud development
occurring over Hong Kong. An afternoon of
severe thunderstorms and torrential rain caused
many floods in the urban areas that day. The
deluge was heaviest at Shatin where over 270 mm
of rain was recorded. The rain stopped on 12th
to give a hot, sunny day which turned out to be
the only one in the month with no measureable
rain. The next few days were dominated by
sunny periods with scattered showers before
severe weather returned on 16th as intensive
convective storm cells developed near Hong
Kong giving thunder and heavy rain from
morning to afternoon. This time the worst hit
areas were Sai Kung and Tsuen Wan although
there was also extensive damage to farmland and
fish ponds throughout the New Territories. Rain
eased off on 17th but the weather remained
cloudy on 18th before becoming fine the next
day. A spell of hot summer days then persisted
for a week until 26th with the month's high
temperature of 33.0°C being recorded on 22nd.
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This fine spell ended as Typhoon Koryn entered
the South China Sea on 26th
having crossed
Luzon.
As Koryn approached the coast of
Guangdong local weather deteriorated on 27th.
Winds strengthened necessitating the hoisting of
the No.8 Tropical Cyclone Warning Signal in
the evening. Gale to storm force northeasterly
winds veered to southeasterly before Koryn made
landfall over western Guangdong
during the
night and rapidly dissipated over land the next
day. The weather then gradually improved over
the last few days of the month and became mainly
fine again by 30th.

Mean daily temperature 28.3°C
(+ O.5°C)
Rainfall (provisional)
485.2 mm (129 %)

July
The month of July was characterized by hot, dry
and sunny conditions.
A record high mean
minimum temperature of 27.6°C was set and the
mean temperature of 29.4°C was the second
highest on record ranking just below the high of
29.7°C set in 1967. The month also recorded 12
percent more sunshine than normal and was also
much drier. Although over 100 mm of rain was
HKMetS BUUETIN Vol. 4, No.1, 1994

brought by Severe Tropical Storm Lewis the total
for the month was only 213.7 mm or 66 percent
of the July normal of 323.5 mm.
Early July saw a continuation of the mainly fine
weather at the end of June. Apart from a few
short morning showers, the first nine days were
sunny and hot with moderate southwest winds.
On 8th Lewis developed over the central
Philippines and entered the South China Sea the
next day and began to intensify. Weather in
Hong Kong on 10th began fine apart from some
morning showers. The temperature reached the
high for the month of 33.5°C that afternoon as
Lewis came closer. By the evening the weather
deteriorated as the territory became affected by
the peripheral rainbands of the storm which
brought heavy showers and squally thunderstorms
and winds which strengthened from the east.
Lewis continued to move west across the northern
part of the South China Sea for the next two days
bringing unsettled weather with heavy showers
and squally thunderstorms.
The temperature
dropped to the month's low of 24.3°C early on
14th as Lewis made landfall over northern
Vietnam. Thereafter conditions improved rapidly
as easterly winds subsided and were replaced by a
moderate southwesterly airstream. This gave a
fine spell of weather from 15th to 19th after
which winds turned southerly to give fine, hot
conditions apart from some morning showers
until 21st. A band of active thunderstorms
developed to the east of Hong Kong on the
morning of 22nd and brought about 60 mm of
rain to the Royal Observatory. This rainy spell
was short-lived and the weather rapidly improved
by noon. Most of the rest of the month was
mainly fine apart from a few isolated thunder
storms and some brief showers. Maximum
temperatures climbed steadily day by day to reach
a high of 33.5°C for the second time on 29th.
Unsettled conditions returned on 30th when
isolated thundery showers which developed over
the northern part of the South China Sea began to
affected the territory. These became heavier and
more frequent the next day as the South China
coast came under the influence of an easterly
airstream.
Mean daily temperature 29.4°C
(+O.6°C)
Rainfall (provisional)
213.7 mm (66 %)

August
Like July before it August 1993 was generally
dry, fine and hot. The monthly mean minimum
temperature of 26.8°C was the fifth highest
recorded in August. Although the humidity was
generally high the monthly rainfall of 182.8 mm
HKMe/S BUllETIN Vol. 4, No.1, 1994

was only 47 percent of the normal for August of
391.4 mm. The major event of the month was
the approach of Typhoon Tasha which caused the
hoisting of Tropical Cyclone Signal No.8 for the
second time in 1993.
The disturbed weather of the end of July carried
into August with fresh, southerly winds offshore
bringing isolated heavy showers on the first two
days although otherwise these were sunny. A
moderate southwesterly airstream returned on
3rd, showers gradually ceased and sunny and hot
weather prevailed for the next five days giving
the month's high of 33.4°C on 5th. Unsettled
conditions returned with increasing cloudiness on
9th and shower development the next day
becoming heavy and thundery when winds
became southerly in the afternoon. Over 30 mm
fell within an hour. Isolated heavy showers also
occurred on the morning of 11th, followed by a
lull on 12th and another showery day on 13th.
Another lull on 14th was followed by more
showers the following day as an area of low
pressure developed near Beibu Wan.
This
brought unsettled weather with scattered thundery
showers until 17th.
Tropical cyclone Tasha
entered the South China Sea on 18th and its
circulation began to draw in dry continental air
from the north over Hong Kong. This caused a
cessation of the showers and the weather became
fine and hot.
As Tasha approached winds
became stronger from the northeast early on 19th,
cloudiness increased and intermittent showers
began that afternoon. The weather deteriorated
further on 20th as Tasha came closer to Hong
Kong. The Tropical Cyclone Warning Signal
No.8 was hoisted in the afternoon as winds
reached gale force offshore.
The minimum
temperature for the month of 25.0°C was
recorded that day. The stormy weather persisted
overnight but winds gradually died down the next
day although the weather remained cloudy with
squally showers and periods of heavier rain.
Altogether Tasha brought about 40 mm of rain to
the territory. With Tasha moving over land and
weakening the weather improved rapidly on 22nd
marking the beginning of an extended spell of
generally fine and hot weather which lasted until
the end of the month. During this period smog
and haze formed as a result of light winds
reducing visibility noticeably, particularly on
25th. Cloudiness also increased towards the end
of the month but conditions otherwise remained
fine.
(+ O.2°C)
Mean daily temperature 28.6°C
Rainfall (provisional)
182.8 mm (47 %)

81

-

Review of autumn 1993
Important climatological events
Overall Autumn 1993 was a season of near
normal temperatures although October was
somewhat cooler (-o.6°C) that the 1961-90
thirty year normal. The major distinguishing
features of the season were the two unusually
wet months of September (655.9 mm) and
November (144.6 mm). In both cases the
much wetter than normal weather conditions
were mainly attributable to tropical cyclone
activity. Three tropical cyclones, Abe, Becky
and Dot brought ample precipitation to
contribute to September's posting of 219
percent of the month's normal rainfall. Dot,
in particular, was responsible for days of
heavy rain with the 223.9 mm logged on 26th
being the third highest daily amount on record
for the month. In contrast October was
generally drier and cooler than normal, mainly
as a result of the persistence of the continental
anticyclone which
nourished the winter
monsoon. November, again saw the influence
of tropical cyclones dominating the rainfall
regime. The late-season storm, Ira, necessitat
ed the hoisting of tropical cyclone warning
signals in November for the first time in twenty
years. In addition intense convection embed
ded in one of the trailing rainbands stalled
over the territory and brought heavy rain,
particularly to the western part of the terri
tory. This event resulted in the total rainfall
for the month being 412 percent of normal and
the fifth highest for November since records
began.
Mean daily temperature 24.6°C
(-0.1°C)
Rainfall (provisional)
888.3 mm (285 %)

September
September 1993 was the fifth wettest on record
with a monthly rainfall of 655.9 mm, 219 percent
of normal for the month. The daily total of 223.9
mm on 26th was the third highest daily amount
ever recorded for the month. Much of the wet
weather was linked to the passage of three
tropical cyclones, Abe, Becky and Dot, which
affected Hong Kong within a short period of
time. The close approach of the latter two
required the hoisting of the Tropical Cyclone
Warning Signal No.8 on two occasions, 17th and
26th respectively. Becky was fast-moving and
although it created chaos to shipping in the South
China Sea it had limited impact on Hong Kong.
Dot, however, was slow-moving and brought
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days of torrential rain leading to extensive
flooding over the northern New Territories on
26th and 27th.
After a few showers early on 1st, the month
began a long spell of mainly fine weather which
lasted till 12th. This spell was disturbed only by
a few light showers on 4th. Extensive haze and
associated reduced visibility was also recorded
under calm conditions that morning although it
dispersed as winds picked up from the east in
the afternoon. When Severe Tropical Storm Abe
entered the South China Sea on 12th local
weather remained fine although cloudiness
increased later in the day. The outermost
rainbands affected the territory on 13th with
squally, heavy showers
being particularly
frequent in the afternoon. Abe moved inland and
dissipated the next day so showers eased off and
the weather brightened up. Periods of sunshine
persisted for the next two days. Becky developed
into a tropical storm on 16th and moved rapidly
through the Luzon Strait and across the northern
South China Sea. Rapidly increasing winds
necessitated the hoisting of the Tropical Cyclone
Warning Signal No.8 early on 17th. Gale to
storm force northeasterly winds veered to south
easterly as heavy squally showers continued
throughout the day. As Becky made landfall and
dissipated over western Guangdong on 18th,
showers gradually decreased and the weather
improved the next day. The following two days
were sunny and fine with the highest temperature
of the month, 32.1°C, occurring on 21st. During
this time Tropical Depression Dot was drifting
slowly westward but became slow-moving to the
east of Hainan Dao. Weather in Hong Kong
became unsettled on 23rd as easterly winds
freshened and near continuous rain began. Winds
strengthened from the northeast as the monsoon
developed over China. Dot intensified rapidly to
a typhoon on 25th further enhancing the winds
along the South China coast. At the same time
Typhoon Dot turned northeastwards moving
closer to Hong Kong and
local weather
deteriorated further with more heavy rain.
Torrential, continuous rain characterized 26th
when Dot was closest to the territory. Nearly
500 mm of rain was recorded at the Royal
Observatory from 23rd to 27th. The lowest
temperature of the month, 22.6°C, was recorded
on the morning of 27th. Weather improved on
27th with winds subsiding and rain ceasing during
the day as Dot landed and weakened over western
Guangdong. From then until the end of the
month generally fine weather, apart from some
isolated showers, brought a welcome respite.
(-0. 1°C)
Mean daily temperature 27.SOC
Rainfall (provisional)
655.9 mm (219 %)
HKMelS BUUETIN Vol. 4, No. I, 1994
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October
In contrast to a very wet September the month of
October 1993 was generally drier and cooler than
normal mainly as the result of the dominance of
continental anticyclones which helped to maintain
the northeast monsoon. This influence is reflect
ed in the month recording the third highest
monthly mean pressure on record for October of
1,016.2 hPa. Most of the month's rainfall total
of 87.8 mm (61 percent of normal) fell on two
days mid month when a tropical depression
moving in from the south China Sea brought with
it rainbands which affected the territory.
The month began rainy under the influence of
fresh easterly winds but sunny periods occurred
after daybreak on 1st. The next day was cloudy
but there was no rain. Drier air reached the coast
of Guangdong on 3rd establishing a spell of fine,
sunny weather for the next nine days. Winds
moderated on 5th to allow temperatures to climb
to the month's recorded maximum of 29.0°C.
That night a replenishment arrived from the north
lowering temperatures a few degrees and causing
the relative humidity to drop to below 30 percent
by 7th. This dry air mass persisted for the next
HKMetS BUUETIN Vol. 4, No. I, 1994
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five days ensuring continued fine weather despite
a freshening of the easterlies on 11th. An area of
disturbed weather developed into a tropical
depression east of Dongsha on the morning of
12th and moved west and then northwest towards
the Pearl estuary. Weather became cloudy on
13th and light rain fell that morning becoming
continuous later that day. The rain lasted about
24 hours being heaviest in the early hours of
14th. Weather improved during the day although
some light rain returned in the evening. Winds
turned easterly on 16th bringing some patches of
light rain that evening. A weak replenishment of
the northeast monsoon brought cloudy conditions
and slightly lower temperatures for the next few
days. Fine and dry conditions continued with low
daytime humidity over the Chung Yeung holiday
weekend. Easterly winds strengthened on 24th
bringing cloudy conditions with occasional light
rain before the return of fine weather on 28th. A
strong northerly surge arrived early on 29th
bringing strong winds and cool, dry air which
produced a significant drop in both temperature
and relative humidity. The month's minimum
temperature of 17.2°C was recorded early on 31st
with relative humidity dropping to below 30
percent during the day.
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Mean daily temperature 24.6°C
Rainfall (provisional)
87.8 mm

(-0.6°C)
(61 %)

November
November 1993 was an unusual month for
several reasons. Tropical cyclone warning signals
were raised for the first time in November since
1974 due to the proximity of Typhoon Ira. That
same storm also brought unusually intense
convection rain to the western part of the territory
early on 5th. Another relatively extreme event
was an intense surge of the winter monsoon on
21st and 22nd which saw temperatures drop to
around lOoC in the New Territories. Overall, the
month was cloudier, wetter and more humid than
normal. The monthly total rainfall of 144.6 mm,
four times the monthly normal, was the fifth
highest on record. Similarly, the reported 131.2
hours of bright sunshine was the six lowest since
records began.
The month began with the fine, cool weather
brought by the winter monsoon surge of late
October. As Typhoon Ira entered the South
China Sea winds freshened and became strong
offshore by the evening of 3rd. The fine weather
of 1st turned progressively cloudier and as Ira
moved towards the coast of western Guangdong
on 4th winds reached gale force and rain persisted
throughout the day becoming heavy during the
night. A north-south oriented trailing rainband of
Ira became stationary over the western part of
Hong Kong from midnight to daybreak providing
a narrow zone of very active convection. Within
this belt intense rain cells developed over the
coastal waters and moved north affecting Lantau
and Castle Peak areas. Rainfall was particularly
intense over central Lantau with nearly 700-mm
being recorded on 4th and 5th. The rain and
wind eased off during daylight hours on 5th
although there was some light rain that night and
early on 6th. Brightening conditions allowed
temperatures to rise to the high for the month of
27.8°C on 7th. Over the next eleven days a
relatively inactive winter monsoon produced a
generally fine spell of weather apart from some
isolated light rain. The monsoon became more
active from 18th onwards although a strong
easterly airstream brought cloud and rain on the
morning of 19th. Fine weather returned on 20th
but the strengthening northerly winds the next day
heralded a significant drop in temperature which
reached the month 's lowest recorded at the Royal
Observatory of 11.9 °C on the morning of 22nd.
Fine, sunny conditions continued till a replenish
ment arrived on 24th. This was coupled with
advection of moist air from the South China Sea
to bring light rain on 25th. The generally cloudy
84

conditions with drizzle persisted towards the end
of the month although there were sunny periods
on 27th and 29th. The last day saw temperatures
beginning to rise and conditions become more
humid as the monsoon weakened.

(+0.3°C)
Mean daily temperature 21.rC
Rainfall (provisional)
144.6 mm (412 %)

Review of winter 1993/94
Important climatological events
Taking the season overall Winter 1993/94 was
generally drier and warmer than normal.
Total rainfall for the season was only two
thirds of the 1961-90 normal and mean
seasonal temperature was 0.6°C up, almost the
same as in the previous mild winter. However,
these figures mask marked variations from
month to month.
Unlike December 1992,
which was one of the warmest on record, the
Winter 1993/94 started off with a cooler, drier
and cloudier month of December. Monthly
rainfall was 42 percent below normal, mean
cloud amount at 53 percent was 4 percent
down, and the mean daily temperature of
17.1°C was half a degree less than normal for
the month. In marked contrast January was
unusually warm and humid with the first half
of the month being influenced by a spell of
mild, misty weather.
Monthly mean air
temperature of 17.0°C was 1.2°C above
normal. The main reason was the relative
absence of outbreaks of cold northerly air from
the continent towards the coast. In spite of the
humid conditions only trace amounts of rain
were recorded at the Royal Observatory
making it one of six second-driest January
months since records began. With the
continued absence of significant surges of cold
air from the north mild, humid, cloudy
conditions characterized February as well.
The dominance of a warm, moist maritime
airstream for most of the month resulted in a
monthly mean minimum temperature of
15.7°C (1.8°C above normal) and a monthly
mean dewpoint temperature of 14.4°C (2.6°C
above normal), the seventh and sixth highest
respectively on record for the month of
the
February. Unlike January, however,
month's rainfall of 50.5 mm was only slightly
up on the thirty year normal of 48.0 mm.
Mean daily temperature 17.1°C
Rainfall (provisional)
66.2 mm

(+0.6°C)
(67 %)
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December
Overall December, 1993 was cooler, drier and
cloudier than normal. The monthly mean daily
temperature of 17. 1°C was O.s°C below the 1961
90 normal, mean cloud amount was 4 percent
above normal at 53 percent and rainfall of 15.7
mm was 11.6 mm below normal. The cooler
conditions were due to a generally active winter
monsoon although it weakened towards the end of
the month when generally milder weather began
to dominate.
Relatively mild and rather unseasonably humid
conditions prevailed at the beginning of the month
with mostly cloudy weather with occasional light
rain on the first two days. Clouds cleared on 3rd
and sunny skies caused the mercury to climb to
the month's maximum temperature of 25.3°C that
afternoon. A surge of the winter monsoon
arrived near midnight and as northerlies persisted
temperatures fell day by day for an overall 11
degree drop from 3rd to 7th. During this time
the dry, continental air maintained fine, sunny
weather. Winds turned easterly that night
bringing more unsettled weather before a
replenishment arrived early on 10th with winds
HKMetS BUllETIN Vol. 4, No.1, 1994
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turning
northerly. This was short-lived as
easterlies returned the next morning. Although
the weather was cloudier during this time there
were still sunny periods during the day. From
the 12th to 15th cloudy, rainy weather was
brought to the coastal areas as moisture was
advected there by the passage of tropical cyclone
Manny across the South China Sea. During this
time northerly winds freshened on the night of
13th producing another significant temperature
drop of around seven degrees in the following
two days. The weather improved again on 16th
but a northerly replenishment that night caused
increasingly strong northerly winds and a further
drop in temperature with the month's low of
9.2°C being recorded at the Royal Observatory
on the morning of 17th. Tai Mo Shan reported
near freezing temperatures at that time. Cloud
and rain returned on 18th but only briefly before
skies cleared the next day and temperatures began
to rise again. Cold conditions returned again
with a surge of the winter monsoon on the
evening of 21st to initiate a sustained spell of
northerly winds which lasted over the Christmas
period. Night time cooling was enhanced by
clear skies giving lows below 10 degrees in
the New Territories on 22nd and 23rd. The dry
air mass also led to humidities as low as 22
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percent on 24th. Winds turned east on 27th and
milder, but still fine weather persisted towards
the end of month. Northerlies arrived with a
weak replenishment to effect a slight drop in
temperature on New Year's Eve.

Mean daily temperature 17.1 °C
Rainfall (provisional)
15.7 mm

(-o.5°C)
(58 %)

January
The first month of 1994 was uncommonly warm
and humid as a consequence of there being very
few outbreaks of cold, continental air towards the
coastal areas of south China. The first thirteen
days of January were dominated by mild and
misty weather. Even though conditions were
humid the, month was also notable for the virtual
absence of rainfall. Only traces were recorded
making it one of six second-driest months of
January since measurements began.
The year began with a moderate easterly air
stream grvmg a mainly fine day with high
humidity but poor visibility. The next two days
were sunny but poor visibility returned on 4th
and, with increasing relative humidity, mist
formed on the morning of 5th. The next six days
saw a spell of mild weather with mist and haze
and the posting of the month's high temperature
of 24.3°C on 6th. Cloudy conditions set in for
three days on 13th after a fine day on 12th as a
minor surge of the winter monsoon arrived at the
coast. The resulting mix of cooler air with the
existing moist air led to mist formation that
morning. Freshening of the northerlies on 14th
brought frequent light rain and although easterlies
set in early on 15th persistent light rain returned
late that afternoon. Winds moderated and rain
ceased early on 16th and skies brightened and
temperatures began to rise until the arrival of a
cold front shortly after noon on 18th which
brought mist and drizzle. The replenishment of
the monsoon maintained cloudy conditions over
the next few days and a drop in temperatures
leading to the month's low at the Royal Observa
tory of 7.9°C early on 21st, a fall of around 16
degrees in three days. Temperatures of 3 degrees
below freezing were recorded at Tai Mo Shan.
That day was clear and dry with the arrival of a
continental air mass. A short-lived moisture
increase in the middle atmosphere the next day
brought cloud but fine weather returned on 23rd.
Winds moderated two days later heralding a spell
of fine mild conditions which lasted to the end of

86

the month apart from a cool, cloudy day with
occasional drizzle on 30th occasioned by the
arrival of a strong easterly airstream.

Mean daily temperature 17.0°C
Rainfall (provisional)
0.0 mm

(+1.2°C)

(0 %)

February
February 1994 was also unusually mild and
cloudy with high humidity and only 48 percent of
normal sunshine as warm, moist, maritime air
dominated in the absence of significant northerly
surges of cold air. Rainfall was near normal.
A warm, sunny day on 1st produced the month's
high temperature of 25.1 "C, The arrival of a
weak surge on 2nd lowered temperatures for the
next couple of days but as winds subsided a
moist, maritime flow set in on 5th leading to a
spell of humid, weather with mist and fog for the
next three days. There was a brief return of fine
weather on 9th before easterlies strengthened that
evening bringing cooler conditions with light rain
and mist the next day. More frequent rain fell
on 11th and the first thunderstorm of the year
which occurred that evening. The next day saw
the passage of a weak cold front which was
accompanied by more mist and rain patches. As
the northeast monsoon strengthened on 13th
windier and cooler conditions prevailed through
14th. Fog became prevalent in the early morning
of 15th as the winds subsided although visibility
improved in the evening as a weak replenishment
of the monsoon reached the coast. Continuing
replenishment brought cool conditions and light
rain from 16th to 18th. The rain became heavy
the next day before the arrival of a dry
continental air mass which gave two sunny days
on 20th and 21st. However, clouds and mist
returned on 22nd the latter lasting until the even
ing of 24th when a cold front crossed the south
China coast and cleared it away. However, the
layer of air was too shallow to clear away the
moisture in the middle levels of the atmosphere
so clouds persisted until the end of the month.
The arrival of cold, continental air also resulted
in a steady decline in temperatures during the
final days. The lowest minimum temperature of
11.7°C was recorded on the morning of 28th. No
sunshine was recorded during these last seven
days and the month ended on a cold, overcast
note.

Mean daily temperature 17.3°C
Rainfall (provisional)
50.5 mm

(+ 1.4°C)
(105 %)
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Meeting Reviews
Special Topics Lecture Series

Research Forum 8

Venue:

Royal Observatory, Kowloon

Venue: Hong Kong University of
Science and Technology

Date:

30 June, 1993
Date: 11 December, 1993

Subject: Analysis of Data Collected During
the PEM West Experiment
Prof. Reginald Newell of the Department of
Earth, Atmospheric and Planetary Sciences,
Massachusetts Institute of Technology reviewed
for the members the work that had been done so
far on the analysis of the data collected from the
first NASA PEM West Mission in September,
1991. Prof. Newell has a wealth of experience
on the subject of atmospheric data as they pertain
to the problem of climate change and provided
members with much insight into the complexities
of analyzing the acquired data on atmospheric
chemistry.
Venue:

Royal Observatory, Kowloon

Date:

17 November, 1993

Subject: An Overview of the Work of the
Dynamics Group of Forecasting
Research Division, U.K. Met. Office
Dr. Ian Roulstone Senior Scientific Officer at
the Forecasting Research Division of the United
Kingdom Meteorological Office reviewed for the
members the research work that is done by the
Dynamics Group of his division. In particular he
provided an overview of the Unified Model and
the semi-implicit and semi-lagrangian advection
scheme as well as proposals for future develop
ment in model dynamics.

Subject: Localized Meteorological
Phenomena in Hong Kong

An eighth research forum was held at the
Hong Kong University of Science and Tech
nology with the theme of Localized Meteoro
logical Phenomena in Hong Kong. The forum
was organized by Dr. S.c. Kot of the Hong
Kong University of Science and Technology
who also chaired both sessions.
Two papers were delivered in the first session.
AIRFLOW OVER LANTAU ISLAND:
RECENT OBSERVATIONAL AND
MODEUING STUDIES

by Dr. K.K. Yeung,
Royal Observatory Hong Kong
MORNING SHOWERS IN HONG
DURlNG SUMMER

by Dr. J.c.L. Chan, Department of Physics
and Materials Science, City Polytechnic
of Hong Kong
Following a break for refreshments two more
papers were delivered in a second session.
LOCAL-SCALE ASPECTS OF
THUNDERSTORMS IN HONG KONG

by Me. C. Y. Lam,
Royal Observatory Hong Kong
HKMelS BULLETIN Vol. 4, No.1, 1994
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ins RAINS1DRM AFTER IRA:
5 NOVEMBER, 1993

by Dr. C.M. Cheung,
Royal Observatory Hong Kong

Joint Technical Seminar
Venue: Royal Observatory, Kowloon
Date: 20 December, 1993
A Joint Technical Seminar was organized by
the Society with the Royal Observatory Hong
Kong on The Relative roles of Tropical and
Extratropical
Sea
Surface
Temperature
Anomalies on Atmospheric Variability. The
keynote speaker was visiting scientist Prof. Ngar
Cheung Lau of the Geophysical Fluid Dynamics
Laboratory and Department of Atmospheric and
Ocean Sciences, Princeton University, New
Jersey, U.S.A. Dr. Lau was in Hong Kong visit
ing the Department of Physics, The Chinese
University of Hong Kong as a C.N. Yang Visit
ing Fellow.

Fifth Annual Meeting 1994
Venue: Royal Observatory, Kowloon
Date: 12 March, 1994
The Annual Meeting of the Society was held at
12 noon on Saturday 12 March, 1994 at the
Royal Observatory, Nathan Road, Kowloon.
The outgoing Chairman, Dr. Bill Kyle, welcomed
members and guests to the AGM and thanked the
members of the 1993-94 Executive Committee for
their hard work and the members of the Society
for their support during the year. He then
presented his annual report for 1993-94 which
highlighted the following points.
On ·28th February, 1994 membership of the
Society stood at 195, comprising 116 Fellows, 49
Associate Members, 18 Student Members and 12
Corresponding Members.
During the year various activities of scientific and

technical interest to members and their guests
were organized. These included two lectures in
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the Special Topics Lecture Series, two Research
Forums, one on the topic of "Acquisition and
Application of Hydrological Data" and a second
on the topic of "Localized Meteorological
Phenomena in Hong Kong", and a Joint Seminar
with the Royal Observatory Hong Kong. Some
members of the Society were also able to take
advantage of the opportunity to visit the NASA
DC-8 Airborne Laboratory which was in hong
Kong in connection with the second PEM-West
Mission.
During the year two issues of the Hong Kong
Meteorological Society Bulletin, Volume 3,
Numbers 1 and 2 were published by the Editorial
Board.
The Society's fifth year was again one of which
we can be proud. Although it was relatively
quiet after the previous years frenetic activity
associated with the organization of the Second
International Conference on East Asia and
Western Pacific Meteorology and Climate we
still had a full programme of activities. We are a
small Society in numerical terms and such a
programme bodes well for the future and
warrants our commendation for the efforts of
those who made it possible. It is our hope that
the Society will continue to grow and prosper
breaking through the 200 member barrier in the
coming year.
The Hon. Treasurer, Mr. Y.K. Chan, then
presented the audited accounts of the Society for
the year. These were adopted unanimously.
Election of Office Bearers of the Society, and
appointment of the Honorary Legal Advisor and
Honorary Auditor produced the following results:
Chairman
Vice-Chairman
Hon. Secretary
Hon. Treasurer
Committee

Hon. Legal
Advisor
Hon. Auditor

Dr. W.J. Kyle
Dr. Johnny C.L. Chan
Ms. Olivia S.M. Lee
Mr. Y.K. Chan
Dr. L. Y. Chan
Ms. Julie Evans-Dowsley
Mr. C.Y. Lam
Dr. S.c. Kot
Dr. C.N. Ng
Ms. Venus Choy
Mr. I.c.T. Wu

The meeting agreed to continue waiver of the
Entry Fee for
all
those who submit their
application to join the Society in 1994-95 as this
policy encouraged growth in membership. The
following annual subscriptions were also adopted:
llKMetS BUUETIN Vol. 4, No.1, 1994
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HK$150
HK$lQO
HK$50
US$ 20
HK$500

for
for
for
for
for

Fellow
Associate Member
Student Member
Corresponding Member
Institutional Member

Research Forum 9
Venue: Royal Observatory, Kowloon
Date: 12 March, 1994
Subject: Meteorology and Environment
A ninth research forum was held at the Royal
Observatory, Kowloon on the theme of
Meteorology and Environment. The forum was
organized by Dr. CN. Ng of The University of
Hong Kong who also chaired both sessions.
Two papers were delivered in the first session.
1WO DUST EPISODES IN 1993

APPLICATIONS OF A COMPRHENSIVE
AIR QUAL/IT MODEL OVER
NORm AMERICA
by Dr. Chris Fung,
Environmental Protection Department
Hong Kong Government
Following a break for refreshments two more
papers were delivered in a second session.
ON AN APPARENT CONNECI70N
BE1WEEN tns ELECIRlCAL
CONDUCI/VIIT OF RAIN W41ER
AND SEVERE WEAmER
IN HONG KONG
by Dr. Ronald Sequeira,
Department of Biology and Chemistry
City Polytechnic of Hong Kong
BACKGROUND AIR QUAL/IT
MEASUREMENTS AT HONG KONG
POLYIECHNIC HOK TSUI STATION
by Dr. L. Y. Chan,
Hong Kong Polytechnic

by Mr. Frankie Li,
Environmental Protection Department
Hong Kong Government
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