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Editorial
 

This issue of the Bulletin contains two papers 
related to the operational side of weather 
monitoring and forecasting. Such operational 
aspects are of prime importance since the 
acquisition of all meteorological data and the 
assurance of its quality are essential elements of 
any analysis and forecast of weather events. 
They are also of no less importance when it 
comes to developing an understanding of the 
complex nature of the atmosphere and its 
functioning. 

The first paper, by B.Y. Lee and 0. Wong, both 
of the Royal Observatory Hong Kong, 
documents the method used to visualize in three 
dimensions the transmitted imagery from 
geostationary meteorological satellites. This is 
achieved by providing two illustrative examples 
of the procedure, one of a cold front passage 
across the South China Coast in January 1994 and 
the second of Typhoon Koryn in the Pacific 
Ocean in June 1993. 

In the second paper, S.K. Wong and K.L. Ho, 
also of the Royal Observatory Hong Kong, 
provide a brief history of the weather radars 
which have been used by the Royal Observatory 
as an aid to monitoring and forecasting weather 
for the last 35 years. 

The next section of this Bulletin has been used 
to provide readers with Issue 5 of The United 
Nations Climate Change Bulletin. This organ is 
published quarterly (Issue 5 in 4th quarter 1994) 
by the interim secretariat for the UN Climate 
Change Convention, the Secretariat of the 
UNEP/WMO Intergovernmental Panel on 
Climate Change (IPCC) and the UNEPIWMO 
Information Unit on Climate Change (IUCC). It 
provides articles and information of a general 
nature concerning the subject of climate change 

which may be of interest to readers, as well as 
information on how to receive a personal copy of 
the Bulletin. 

The remainder of the Bulletin contains the regular 
features News and Announcements, Hong Kong 
~ather Reviews, Meeting Reviews and the 
return, after a break of three issues, of 
Calendar of Coming Events. The News and 
Announcements section contains much useful 
information including summaries of tropical 
cyclone activity in 1994 in different regions of the 
world, the verifications of the 1994 Atlantic 
Hurricane Season Activity and Sahel Rainfall 
forecasts made by Colorado State University 
meteorologists included in Bulletin 4(1). In 
addition there are also extended range forecasts 
for 1995 for these two items as well as an 
extended range prediction of NINO-3 SSTAs 
from the same institution. It is the intention to 
follow up on the verifications of these forecasts 
in future issues. There is also extensive 
information on availability of meteorological data 
and software as well as important news releases 
from NASA on global sea level and Antarctic 
ozone. 

The Editorial Board expresses their thanks to the 
contributors and hope that you, the reader, find 
this issue useful and informative. We welcome 
all comments and suggestions for items to be 
included as well as news and contributions of 
articles related to your own activities. 

Bill Kyle, Editor-in-chief 
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s.v. Lee and O. Wong 

Royal Observatory 

Hong Kong 

Three-dimensional Visualization 
of Satellite Cloud Images 

ABSTRACT 

This paper briefly describes how transmitted 
cloud pictures taken in the infra-red channel 
of a geostationary meteorological satellite and 
routinely received at the Royal Observatory Hong 
Kong can be visualized in three dimensions with 
the aid of available application software. Two 
illustrative examples are given. 

Introduction 

Cloud pictures transmitted by the Geostationary 
Meteorological Satellite (GMS-4) are routinely 
received at the Royal Observatory' Hong Kong 
in digital form. These pictures are taken in 
the thermal infra-red region (wavelengths: 
10.5 to 12.5 micrometres) and in the visible 
region (wavelengths: 0.50 to 0.75 micrometres) 
of the electromagnetic spectrum. In particular, 
the infra-red observation yields estimations of 
the equivalent temperature. This enables a 
conversion to the height of the cloud tops, once 
a temperature profile is known, or assumed. It is 
then possible to visualize satellite pictures in three 
dimensions with the aid of available computer 
software as described in the next section. 

Data Processing 

Satellite information is archived in several forms 
at the Royal Observatory. For the examples 
provided as illustrations of the technique, the 
required satellite data in digital form were 
retrieved from 8-mm data cartridges. The 
hardware platform used was an IBM RS/6000 
model 540 workstation. The application software 
used was VIS5D Version 3.0 in X Window 
environment. It takes in gridded data sets and 
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three-dimensional viewing is possible at any user
selected angle. 

The temperature profile to be applied has to be 
preset. The chosen profile can be: a) made up 
artificially; b) based on a standard atmosphere; or 
c) drawn from an actual radiosonde ascent from a 
station sufficiently close to the area of interest. 

Example I 

Cold Front, 18 January, 1994 

A cold front was crossing south China and 
approaching Hong Kong when the satellite picture 
was taken at 00 UTe (8 a.m. Hong Kong time) 
on 18 January, 1994. The surface weather chart 
shown in Figure 1 shows cooler air. moving 
towards Hong Kong and its neighbouring areas in 
two directions: from the north and from the east. 
Weather stations. behind the cold front were all 
reporting cloudy skies. These clouds can readily 
discerned on the plan satellite picture which is 
shown in Figure 2 at a resolution of 5 km, 

The clouds appear more dramatic, however,. on 
the three-dimensional computer' rendering shown 
in figure 3. The temperature profile used in 
generating this image was drawn from the radio
sonde ascent made at Guangzhou (23.1 ON, 
113.3°E) at 00 UTe. One can see from Figure 3 
two main blocks of cloud, one to the east of Hong 
Kong and the other to the north. With cloud 
presentation in three dimensions, the forecaster 
can in this case appreciate the imminent approach 
of weather from both the east and the north. 

On that occasion, the cool easterlies arrived in 
Hong Kong two hours after the satellite picture 
was taken. Thereafter, general northerly winds 
became fully established and temperatures fell by 
nearly 10 degrees Celsius, down from the warm 
20' s of the previous day. 
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Figure 1	 Synoptic weather chart at 00 UTe, 18 January, 1994, showing a cold front on Hong Kong's doorstep. 

Figure 2	 GMS-4 Infra-red picture taken close to 00 UTe, 18 January 1994. In this false colour image
 

clouds appear white or greyish white while the sea surface appears generally dark.
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Figure 3	 3·dimellsiollal renderillg ofpari of the cloud image ill Figure 2 close to HOllg Kong, 

as viewed from the southwest. The red arrow illdicates Hong Kong's position. 

-

Figure 4 GMS-4 Infm-red picture taken close to 00 UTe, 24 lUlle 1993. TyphQOII Koryll is centre right. 
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Figure 5 3-dimensiollal rendering of part of Figure 4 showing the eye of Typhoon Koryn and the surroullding cloud bands. 

Example 2 

Typhoon Koryn, 24 June 1993 

At 00 UTC, 24 June 1993, the time the satellite 
picture (Figure 4) was taken, Typhoon Karyn was 
centred near l3.2°N and l30.9°E, some 700 
kilometres away from southern Luzon. 

In producing the three dimensional image (Figure 
5), the satellite data were sampled 1 in 4, giving 
the final product a resolution of about 10 km. 
The temperature profile used was drawn from the 
radiosonde ascent made at Yap (9. 5°N, 138.1DE), 
also at 00 UTe. 

Figure 5 shows Typhoon Karyn viewed from 
above at a slanting angle, in a direction roughly 
towards the north. Apart from the conspicuous 
eye in the middle, the image also depicts with 
reasonable clarity Karyn's hmer cloud bands. 

On its subsequent west-northwestward journey 
Karyn rampaged through northern Luzon and the 
South China Sea.. It caused havoc in Hong Kong 
and necessitated the hoisting of the No.8 Gale or 
Storm Signal for the first time in 1993, before 
making landfall over western Guangdong on 27 
June. By viewing consecutive satellite pictures, 
the forecaster can study the structure of the 
typhoon and make estimates of upper level winds 
based on the movement of individual cloud 
elements. 
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S.K. Wong & K.L. Ho 

Royal Observatory 

Hong Kong 

A brief history of the Royal
 
Observatory weather radars
 

ABSTRACT 

The Royal Observatory has been using radar as 
an aid to monitoring and forecasting weather for 
over 30 years, dating back to the late nineteen 
fifties. This report summarizes the features of 
the various radars used during that time. 

The Decca 41 radar 

In 1959, the Royal Observatory installed its first 
radar on top of Tate's Cairn (Tai Lo Shan) at an 
altitude of 577m (C.D.). This was a Decca 41 
radar which operated at a frequency of 9 375 
MHz (corresponding to 3 em wavelength) and 
had a maximum nominal range of 460 km. It 
used a double curvature antenna emitting a 
fan-shaped radar beam with a smaller beam width 
in the horizontal. 

Radar signals from the Decca 41 radar were 
transmitted via a microwave link to the Royal 
Observatory Headquarters and displayed on a 
monochrome CRT in the Central Forecasting 
Office. The double curvature design of the 
antenna and the relatively short wavelength 
facilitated the showing of light rain on the plan 
position indicator (PPI) display. However, 
attenuation of the radar signal was quite 
considerable, especially through heavy rain, 
resulting in a limited effective range. 

The Decca 41 radar operated as the operational 
radar of the Royal Observatory until 1966 when it 
was put to backup mode after the commissioning 
of the Plessey 43S radar. Altogether it served the 
Royal Observatory for twenty years until June 
1979 when its operation could no longer be 
maintained due to unavailability of spare parts. It 
was finally dismantled in 1981. 
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The Plessey 43S Radar 

In December 1966, a Plessey 43S radar was 
installed at a site close to the existing Decca 41 
radar. This radar with a 3.7 m dish antenna 
operated at a frequency of 2 920 MHz 
(corresponding to 10 em wavelength) and had a 
maximum nominal range of 440 kilometres. It 
had high penetration power, which was suitable 
for tracking tropical cyclones. By using a second 
microwave link receiver, a remote PPI display 
was also made available to the Airport 
Meteorological Office at Hong Kong International 
Airport. 

The Plessey 43S radar was equipped with a 
calibrated intermediate frequency (I. F.) attenuator 
which enabled estimates of rainfall intensity to be 
made from measurements of the strength of the 
returned echo. To facilitate the estimation of 
rainfall intensity, an Isoecho Device was 
subsequently added to the system. This enabled 
rain echoes to be shown in a number of discrete 
shadings corresponding to different rainfall rates. 

A special videotape recording system was 
acquired for the Central Forecasting Office later 
in the service life of the Plessey 435. Its 
immediate playback feature enabled the 
forecasters to examine the time-lapse recordings 
and determine more easily the movement and 
development of rain bands associated with 
tropical cyclones and other weather systems. 

By 1982, the Plessey 43S was approaching the 
end of its active service and some essential 
spare parts were no longer available. After a 
replacement Digital Radar (Figure 1) was 
installed in April 1983 at the location where the 
old Decca radar had been, the Plessey 43S radar 
became a backup system untillanuary 1992 when 
it was decommissioned and dismantled. 
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Figure 1 The 1983 Digital Radar occupied the sile where the Decca 41 radar was originally locoled.
 

The Plessey 43s radar was sued behind it (circa 1983, lookillg west).
 

The 1983 Digital Radar 

The transmitter characteristics of the 1983 Digital 
Radar which is still in operational use are similar 
to those ofthe Plessey 43S. The radar antenna is 
a 3,6 m diameter dish which produces a beam 
with a width of 2 degrees at the half power 
points. The transmitter operates at 2 800 Mhz, 
corresponding to 10.7 em wavelength, and has a 
peak power of 650 kW. 

The major differences between this radar and its 
predecessor lie in the scanning mode of the 
antenna and the data processing capability. For 
the 1983 Digital Radar, volume scan is 
employed (t. e. the antenna is made to scan 
helically upwards collecting data in the "volume" 
of space above the radar station). In addition 
it is computer-based embodying advanced 
technology in digital video signal processing. As 
well as near real-time displays from the Front 
End Video Processor, a Data General Eclipse 
S/140 minicomputer at the data processing station 
generates special products on colour CRT and 
printer. These display products can be 
transmitted to the Airport Meteorological Office 

via dedicated telephone lines. Advances in the 
field of data processing then make it possible to 
represent rates of rainfall as seen on the radar in 
discrete colours and to show the development and 
movement of rain echoes in an animated sequence 
of up to 250 radar images. 

Since the system is computer based, the basic 
data are stored on standard computer tapes which 
can be processed by the system to produce 
various display products (Figure 2 to Figure 5) 
when required. These products include: 

(a) Plan Position Indicator (PPI) display; 
(b) Constant Altitude PPI (CAPPI) display; 
(c) vertical cross section; 
(d) echo top map; 
(e) rainfall accumulation map; 
(f) forecast CAPPI; 
(g) 16-point rainfall rate forecast. 

In 1994, a Doppler Weather Radar was installed 
at the Tates's Cairn radar station and replaced the 
1983 Digital Radar which then became the 
standby radar. 
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Figure 2 3-km CAPPI of Typhoon Wayne at 060411 on 21 August 1986 on its first approach to Hong Kong. 

•
 

Figure 3	 3-km CAPPI showing thunderstonns and heavy showers associated with a trough of low pressure 

along the coast of south China at 1638H on 5 April 1987. The trough caused landslips and 

widespreadj100ding 0/1 5 and 6 April 1987 in Hong Kong. 
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Figure 4 6aslto west vertical cross section through thwldersloffllS and heavy showers at 1638H on'; April 1987. 

Figure 5 Echo map of thunderstorms and heav)1 showers oJ 1638H on 5 Apri/1987. 
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IPCC Prepares Special Report 

for Berlin Conference 

Narasimhan Sundararaman, 
Secretary, Intergovernmental Panel 
on Climate Change (IPCC) 

After some 30 months of work by a large 
international group of scientists and experts, the 
IPCC will soon complete its Special Report. The 
Report will cover topics essential to the work of 
the first session of the Conference of the Parties 
to the Convention (COP-I), to be held in Berlin 
from 28 March - 7 April 1995. It will consist of 
four parts: 

1) Five chapters updating our knowledge of the 
radiative forcing of climate change due to 
increasing atmospheric concentrations of 
greenhouse gases and aerosols, plus a Summary 
for Policymakers (a radiative forcing is a change 
in the balance between incoming and outgoing 
radiation or energy); 

2) One chapter evaluating the IPCC 1992 
scenarios of future greenhouse gas emissions, 
plus a Summary for Policymakers; 

3) The IPCC Guidelines for National Greenhouse 
Gas Inventories; and 

4) The IPCC Technical Guidelines for Climate 
Change Impacts and Adaptations. 

IPCC's Working Group I is contributing the first 
and third parts, Working Group II the fourth part, 
and Working Group III the second. The first two 
parts, comprising six chapters and the 
Summaries, will be published in a single volume. 
The two sets of guidelines will each be stand
alone publications. The entire Special Report is 
expected to be available for COP-l in printed 
form. 

Major findings 

The five chapters on radiative forcing deal with 
the carbon cycle and carbon dioxide in the 
atmosphere, sources and sinks of greenhouse 
gases other than carbon dioxide, atmospheric 
aerosols, radiative forcing due to greenhouse 
gases and aerosols, and global warming 
potentials. The authors write that the new 
findings add to the detail of our knowledge, but 
do not substantially change the essential results 
concerning the radiative forcing of climate which 
appeared in the 1990 and 1992 IPCC scientific 
assessments. The major new findings contained 
in the executive summary are the following: 

Revised values of Global Warming Potentials 
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(GWP) -- compared to GWPs listed in the 1992 
IPCC report most values are larger by typically 
10-30%. The uncertainties in the new GWPs are 
typically +/- 35 %. 

Revised methane GWP -- includes both direct and 
indirect effects. While the product of the revised 
GWP for methane and the current estimated 
annual anthropogenic emissions is significantly 
less than that of carbon dioxide over a 100-year 
time horizon, it is comparable over a 20-year 
time horizon. 

(The GWP is a tool that allows policy-makers to 
estimate the relative warming effect of different 
gases). 

Stabilisation of atmospheric carbon dioxide 
concentrations -- a range of carbon cycle models 
indicates that stabilisation of atmospheric carbon 
dioxide concentration at all considered levels 
between one and two times today's concentrations 
(that is to say, between 350 and 750 ppmv*) 
could be attained only with global anthropogenic 
emissions that eventually drop to substantially 
below 1990 levels. 

(While the Report considers the stabilisation of 
most anthropogenic greenhouse gases, it treats 
carbon dioxide in more detail because of the 
complexity of its atmospheric life). 

Improved estimation of forcing by aerosols -
model calculations indicated that the negative 
radiative forcing from sulfate aerosols and 
aerosols from biomass burning, when globally
averaged, may be a significant fraction of the 
positive radiate forcing caused by anthropogenic 
greenhouse gases since the pre-industrial era. 
However, the estimate of the radiative forcing is 
highly uncertain, moreover the forcing is highly 
regional and cannot be regarded as a simple offset 
to greenhouse gas forcing. 

Recent low growth rate of carbon dioxide 
concentration is not unusual -- between 1991 and 
1993 the rate of increase in the atmospheric 
concentrations of carbon dioxide slowed 
substantially compared to the average rates of 
increase over the previous decade. However, the 
modern observational record for carbon dioxide 
since the 1950s contains other periods of similarly 
low growth rates. In the latter half of 1993, the 
carbon dioxide growth rates increased. 

Sharp reduction in methane growth rate -- the rate 
of increase of the atmospheric abundance of 
methane has declined, slowing dramatically in 
1991 to 1992, though with an apparent increase in 
the growth rate in late 1993. 
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(The IPCC' s 1995 Second Assessment Report 
will examine any new information that becomes 
available on the growth rates for carbon dioxide 
and methane.) 

Climatic impact of Mt. Pinatubo -- the eruption of 
Mt. Pinatubo in June, 1991 produced a large, 
transient increase of stratospheric aerosols which 
resulted in a surface cooling over about two years 
estimated from observations to be about O.4°C, 
consistent with model simulations which predicted 
a global mean cooling of 0.4 to 0.6°C. 

(The agreement with observations increases 
confidence in the models). 

Global carbon budget New estimates of 
terrestrial carbon uptake during the 1980s have 
better quantified the known sinks, particularly 
forest re-growth in the Northern Hemisphere. 

The Guidelines 

The IPCC Guidelines on National Greenhouse 
Gas Inventories were jointly developed by IPCC, 
the Organisation for Economic Cooperation and 
Development (OECD), and the International 
Energy Agency (IEA). Presented in three 
volumes, the Guidelines are designed to help the 
Parties to the Convention make inventories of 
their national greenhouse gas emissions and 
removals. They have been extensively reviewed 
by experts and governments. They have also been 
tested in several developing and developed 
countries, and they were demonstrated to 
delegates at a session of the Intergovernmental 
Negotiating Committee (INC). 

The IPCC Technical Guidelines for Climate 
Change Impacts and Adaptations are based on 
earlier Preliminary Guidelines. They have been 
further developed after extensive review and 
testing. Both sets of guidelines are living 
documents, in the sense that they will change as 
our knowledge base improves and new gas 
species need to be included. 

The IPCC' s procedures require the respective 
Working Groups to approve the Guidelines and 
Summaries and accept the chapters. Working 
Group I has already acted on the first and the 
third parts of the Report, and the other two 
Working Groups will soon meet to finalise their 
parts. The full Report will then be considered for 
acceptance by the entire IPCC at its tenth session, 
which will take place at UNEP's Nairobi 
Headquarters on 10 - 12 November 1994. 

For information on how to obtain the Special 
Report, please contact the IPCC Secretariat, 
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WMO Building, Case Postale 2300, 1211 Geneva 
1, Switzerland. 

* parts per million by volume 

***************************************** 

Climate Change on the Internet 

The Convention' s interim secretariat is making 
official documents available electronically via the 
APC networks in the conference inc.climate. 
They will soon also be available via a 
World Wide Web server at www.unep.ch. 
This Web already contains IDCC's materials 
and much more. For information contact: 

secretariat. unfccc@unep.ch 
or webmaster@unep.ch. 

***************************************** 

What's happening to the climate? 

Only better data will tell 

Neville Nicholls, Bureau of Meteorology 
Research Centre Melbourne, Australia 

To monitor how the climate is changing over 
time, researchers need long-term data sets that 
are complete and homogeneous. However, 
because most meteorological measurements are 
made for other purposes -- to describe the current 
climate or to predict the weather -- they are not 
always of high enough quality. Fortunately, new 
and proposed data gathering systems promise to 
enhance our ability to monitor and detect climate 
change and variability in the future. We should 
also be able to glean a great deal of new 
information from more detailed and careful 
analyses of past observations. 

The temperature record 

Temperature measurements go back more than 
100 years, but these observations are not 
always homogeneous and complete. Changes in 
instrumentation, observing practices (e.g. the 
time of day observations are made), and standards 
regarding instrument exposure make it difficult to 
identify variations in climate. 

For example, in the mid-19th century wooden 
buckets were used to sample water for measuring 
sea surface temperature, but by the early 20th 
century canvas buckets (which lose heat more 
rapidly while on deck prior to measurement) 
became cornmon. This change in the insulation 
properties of measuring buckets led to biases. 

Then, starting in the 1950s, a rapid switch to 
engine-intake data took place. This produced a 
sudden, artificial warming in the data because the 
water sample did not now coolon deck prior to 
measurement. 

Methods have been developed to correct for 
biases caused by new measuring techniques. The 
problem is that information on how rapidly 
and fully the changeover from one measuring 
technique to another occurred is incomplete. As 
a result, some doubts remain about the adequacy 
of the corrections to the historical data, and it still 
remains possible that a small artificial warming 
trend has been created by the transition to engine 
intake data. 

Concerns about artificial trends can be somewhat 
allayed by comparing data of various types. 
For example, sea-surface temperatures can be 
compared with nearby coastal land-surface 
temperatures, which suffer from a different 
pattern of biases (such as the relocation of 
observing sites from town centres to outlying 
airports in Australia during the 1940s and 1950s). 
If the two data sets confirml each other, 
researchers can feel more confident that they have 
adequately corrected the biases. Other, less 
conventional data, such as historical temperatures 
estimated from glacier retreat or from 
temperatures in bore-holes through the earth's 
upper crust can provide further confirmation. 

Are storms increasing? 

Temperature data are not the only meteorological 
measurements subject to bias. Changes in 
instrumentation or measuring sites also undermine 
the homogeneity of rainfall data. Similarly, 
artificial trends in the frequency and intensity of 
extreme weather events such as tornadoes and 
tropical storms have undoubtedly been caused 
by improved observations (due in part to 
meteorological satellites) and the finer resolution 
of computer-based analytical models. 

An example of an artificial trend for extreme 
events appears in a time series analysis of the 
number of named tropical cyclones in the 
Australian region 005° - 165°E) between 1949 
and 1994. To make it easier to identify 
trends, the influence of the El Nino - Southern 
Oscillation (which affects interannual variations 
in cyclone numbers) was removed from the data. 
The upward trend found in the number of 
cyclones from 1949 to the mid-1980s is artificial 
and is due to improved observing systems such as 
new satellites. The upward "spike" in 1962 
included some rather weak storms which in 
previous and later years may not have received 
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names as cyclones. The sudden drop in cyclone 
numbers in 1986 is at least partly artificial, again 
reflecting a change in the policy of which tropical 
storms are named as cyclones. The gradual 
increase in cyclone numbers since then mayor 
may not be real. Similar biases in meteorological 
data for other locations and other types of 
extreme event make it extremely difficult to use 
time series analysis to identify real trends. 

As with temperature data, there are ways to 
correct for these biases and artificial trends. For 
example, rainfall and some other types of data 
can be made largely bias-free through a careful 
analysis of both the original data and such 
metadata as documentary records about site 
changes and exposure details for specific sites. 
But problems remain. 

In search of better data 

What can we do to make sure that meteorological 
data are of high enough quality for monitoring 
changes in the climate? 

First, new and improved observing techniques 
must be rapidly introduced. NOAA's new 
satellite-mounted Microwave Sounding Units 
have already started providing valuable 
information on variations in global tropospheric 
temperatures. Other new techniques have also 
been proposed, such as estimating changes in 
ocean temperature by measuring changes in the 
travel time of acoustic signals, and estimating 
surface temperature changes with space-based 
measurements of lightening. These techniques 
would be particularly helpful in areas where 
conventional meteorological observations are still 
unavailable. 

But important as such new approaches and 
technologies are, conventional meteorological 
data will remain our main tool for diagnosing 
climate change for the foreseeable future. In 
some parts of the world, conventional data of 
sufficient quality simply does not exist or has 
been recorded over too short a period for use in 
monitoring climate change. 

In others, ample data exist but they cannot be 
easily analysed because they are not yet available 
on computer databases. Sometimes the metadata 
are also not readily available. In such regions 
more emphasis must be placed on recovering and 
rehabilitating data. Programmes to identify and 
protect high-quality sites (such as the Reference 
Climate Stations Programme being coordinated 
by WMO) and to ensure that historical data is 
preserved (such as the WMO-coordinated DARE, 
or Data Rescue, programme) are essential for the 
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current and future monitoring of climate. These 
and other, similar programmes will also lead to a 
rapid improvement over the next few years in our 
understanding of recent climate changes and 
variations. 

In addition to being rescued, existing data must 
be re-analysed using consistent and modern 
computer analysis techniques. This will enhance 
our understanding of past tropical storms and 
other variations in atmospheric circulation. A 
number of such re-analysis projects have recently 
commenced. 

***************************************** 

Annex I Countries Submit 

Information On National 

Programmes 

The Convention requires the 35 so-called Annex I 
countries -- developed countries and countries 
with "economies in transition" -- to submit their 
first "national communications" within six months 
of the entry into force of the Convention for that 
Party. (Developing country Parties have three 
years). 

These first communications will each include a 
national inventory, a description of actions to 
implement the Convention, and projections of 
future emissions and removals. Half of the Annex 
I countries ratified on or before 21 December 
1993, and they faced a 21 September 1994 
deadline. Several others have deadlines in the 
coming months. 

By the time this Bulletin went to press, 14 
Annex I countries had submitted their national 
communications. The interim secretariat will 
distribute limited numbers of copies to Parties, 
other governments, intergovernmental organisa
tions, and accredited non-governmental organisa
tions. For more information on how to obtain the 
individual communications, please contact the 
addresses below: 

Department of the Environment Information Unit, 
GPO Box 787, Canberra ACT 2601, Australia 

Fed. Ministry for Environment Youth and 
Family Affairs, Radetzkystrasse 2, A-I031, 
Vienna, Austria 

Environment Canada Enquiry Centre, 
Ottawa, Ontario, Canada, KIA OH3 
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Ministry of the Environment,
 
Environmental Protection Agency,
 
Strandgade 29, 1401 Copenhagen, Denmark
 

Federal Ministry for the Environment,
 
Nature Conservation and Nuclear Safety,
 
Godesberger Allee 90, PO Box 120629,
 
0-53048 Bonn, Germany
 

Global Environment Department,
 
Environment Agency, 2-2-1 Kasumigaseki,
 
Chiyoda-Ku, Tokyo 100, Japan
 

Ministry of the Environment,
 
Information & International Relations Dept.,
 
PO Box 20951, 2500 GX The Hague,
 
The Netherlands
 

Ministry for the Environment,
 
PO Box 10362, Wellington, New Zealand
 

Norwegian Pollution Control Authority (SFT),
 
PO Box 8100, Dep.0032, Oslo, Norway
 

Secretarma de la Comisisn Nacional del Clima.
 
Instituto Nacional de Meteorologma,
 
C/de las Moreras 8, 28040 Madrid, Spain
 

Ministry of Environment & Natural Resources,
 
Tegelbacken 2, S-103 Stockholm, Sweden
 

Office Fidiral de I'Environnement des Forets
 
et du Paysage, 3003 Berne, Switzerland
 

HMSO Publications Centre, PO Box 276,
 
London SW8 SOT, United Kingdom
 

U.S. Government Printing Office, 
Superintendent of Documents, SSOP, 
Washington DC 20402-9328, U.S.A. 

***************************************** 

Creating a Legal Framework for 

Treaty in Developing Countries 

Seth Osafo, Programme Officer, 
Environmental Law and Institutions, UNEP, 
currently on assignment with the interim 
secretariat for the Convention. 

The treaty commitments of developed countries -
such as adopting measures aimed at returning 
greenhouse gas emissions to 1990 levels by 
the year 2000 -- have attracted a great deal of 
attention. Developing countries too, however, 
have important, if more general, treaty 
commitments. In particular, they must formulate, 
implement, and publish national programmes for 

mitigating climate change and adapting to its 
effects. 

The deadline for most developing country Parties 
to submit information on these national 
programmes will be 21 March 1997 (compared to 
a 21 September 1994 deadline for most developed. 
countries). The information must include a 
national inventory of anthropogenic emissions by 
sources and removals by sinks of all greenhouse 
gases (excepting CFCs and related gases), a 
general description of steps taken or envisaged 
to implement the Convention, and any other 
information considered relevant to the achieve
ment of the Convention's objective. 

To do this, governments will need to formulate a 
national climate change policy and establish the 
legal and institutional framework for carrying it 
out. 

Formulating policy 

A clear policy statement can provide direction, 
focus, and guidance for future action and thus 
help to avoid ad-hoc and uncoordinated efforts by 
government ministries and departments. The 
statement should be subjected to debate and 
discussion by all relevant participants, including 
local communities and non-governmental 
organisations. 

A statement could begin by identifying climate 
change as an environmental problem that will 
have adverse consequences for all humanity 
unless the international community acts to limit 
greenhouse gas emissions and adapt to negative 
impacts. It could also summarise the likely impact 
of climate change on the country and highlight 
strategies and measures that should be adopted at 
the national level. 

A national policy should cover as many aspects of 
the climate change problem as possible. This 
would include all greenhouse gas sources and 
sinks. The role of all relevant economic sectors, 
including energy, industry, transport, agriculture, 
and forestry, is also important. 

Legal framework 

The next step is to consider the legal framework. 
Few countries if any now have on their statute 
books laws and regulations designed for the 
Convention and the problem it seeks to address. 
The Convention itself leaves it to each Party to 
decide what measures it will take at the national 
level. A developing country government could 
therefore decide not to introduce any legislation 
at this stage. 
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A middle approach would be. to start by 
establishing a national committee to oversee and 
coordinate climate change-related activities in 
the country. It could also (as urged by the 
Convention) introduce public awareness 
programmes to educate the public on the problem 
of climate change and the need to minimise 
activities that will aggravate it. 

If a government decides to move forward and 
enact climate change legislation, it could opt for 
one of three approaches: 

1) Amend existing legislation. Many laws will 
already exist for such sectors as energy, 
transport, environmental protection, forest 
management, and meteorological services. A 
government could, for example, amend existing 
energy legislation to require measures that would 
make the generation, distribution, and use of 
electricity more efficient. It could introduce 
incentives to encourage energy consumers to 
install energy-saving devices. It could also adopt 
provisions for promoting research and 
development into renewable sources of energy. 

In the case of transport, road traffic regulations 
could be amended to introduce stricter emission 
standards that would prevent old vehicles from 
emitting excessive smoke from their exhausts. 
This measure would encourage better main
tenance of vehicles and more efficient use of fuel. 
Meanwhile, air pollution standards could be set 
for industries, with incentives for firms to make 
their production methods more energy efficient. 
Forestry legislation could also be amended by 
introducing measures requiring loggers to plant a 
number of trees for each tree that is felled. 

Amending existing legislation could be a long and 
painstaking process as it would involve the 
piecemeal amendment of many different laws. It 
could take a considerable amount of parliament's 
time to go through each one. However, the 
benefits that such changes could bring would not 
be limited to climate change issues only, but 
would extend to other areas of the national 
economy. 

2) Enact new regulations under existing 
legislation. A framework law for the 
protection of the environment might be a suitable 
"parent act" under which to place new regulations 
to address climate change. The law could then 
also place overall responsibility for the 
management of climate change issues under the 
ministry for environment or for national planning. 

3) Enact new legislation devoted entirely to 
addressing climate change. This would give 
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climate change issues greater visibility and 
address them in a comprehensive manner. The 
new legislation could outline the policy 
framework establish new institutions or distribute 
responsibility among existing institutions, and 
help to coordinate the activities of the various 
institutions. 

Institutional framework 

Because the effort to limit net greenhouse gas 
emissions and adapt to climate change impacts 
must involve the entire economy, from energy 
and agriculture to coastal zone management and 
water resources, it would be an illusion to think 
that it could be addressed by one ministry or 
department. 

While each ministry or department must 
contribute in its area, some degree of 
coordination is essential. A lead agency could 
be assigned this coordinating role. An inter
ministerial or inter-agency committee comprising 
representatives of the involved institutions may 
have to be established to ensure that issues are 
addressed in an integrated manner. 

The necessary legal expertise required for 
enacting legislation to address climate change 
issues already exists in many developing 
countries. This expertise could be harnessed to 
develop the appropriate legal and institutional 
framework needed to ensure the effective 
implementation of the Climate Change 
Convention. It should be recognised, however, 
that because climate change is such a multi
sectoral problem, the Convention poses the 
special challenge of creating a highly integrated 
approach involving many parts of the 
government. 

For information on how to receive assistance for 
implementing a national programme, please write 
to CC:Train at the UNFCCC Interim secretariat, 
Geneva Executive Center, 11-13 chemin des 
Animones, 1219 Chatelaine, Switzerland. 

***************************************** 

[PCC Calendar of Events 1994 

October 17-21, Fortaleza, Brazil,
 
IPCC, Workshop on Article 2 (objective)
 
of the Climate Change Convention.
 

November TBD, TBD,
 
IPCC Workshop on Droughts and
 
Desertification under Climate Change
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November 7. UNEP. Nairobi.
 
IPCC Working Group III. Second part
 
of Second Session
 

November 8. UNEP. Nairobi. .
 
IPCC Working Group II. Second Session
 

November 10-12. UNEP, Nairobi.
 
IPCC, Tenth Session
 

1995
 

June 26-28. Geneva,
 
IPCC Working Group III-Third Session
 

July TBD, TBD,
 
IPCC Working Group I - Fifth Session
 
TBD, TBD,
 
IPCC Working Group II - Third Session
 

September 26 - 29, Geneva,
 
IPCC, Eleventh Session
 

***************************************** 

INC Calendar 

1995 

February 6-17, New York, 
INC/FCCC, Eleventh Session 

March 28 - April 7, Berlin, 
Conference of the Parties to the Climate 
Change Convention, First Session 

Contact: UNFCCC Interim secretariat, Geneva 
Executive Center, 11-13 chemin des Animones, 
1219 Chatelaine, Switzerland. 

tel. (41-22) 979 9111, fax (41-22) 979 9034, 
e.mail: secretariat.unfccc@unep.ch 

***************************************** 

An Equity Fund For Renewable 

Energy and Energy Efficiency 

Ken Newcombe, Global Environment 
Coordination Division Environment 
Department, The World Bank, and 
Michael Rubino, Environment Department, 
International Finance Corporation 

Controlling global emissions of greenhouse gases 
is going to be expensive. Unfortunately, there is 
not going to be enough additional new money 
from official sources to fund all the worthwhile 
emission-reduction projects. 

18 

One solution to this problem would be to channel 
private capital towards such projects via an inter
national equity investment fund. The International 
Finance Corporation (lFC), which is the World 
Bank Group's private sector investment affiliate, 
may soon undertake a study to assess the 
feasibility of a private equity or venture capital 
fund that would invest in renewable energy 
and energy efficiency projects in developing 
countries. 

This fund would invest in wind, solar, 
geothermal, small hydropower, biomass, and 
ocean-thermal energy projects. It would also 
consider projects that conserve energy supplies or 
use, as well as other energy projects that make 
financial, environmental, and technical sense 
when compared to more conventional alterna
tives. The chosen projects would either promote 
new technologies or help existing proven 
technologies to penetrate new markets. Some 
projects may involve transactions that are too 
small to be attractive to existing sources of 
investment. 

These projects would lead to lower greenhouse 
gas emissions than would alterriative projects, the 
fund's investments would support the objectives 
of the Framework Convention on Climate 
Change. 

Goals and benefits 

A number of trends bode well for a more 
"level playing field" that will enable energy 
conservation and renewables to compete with 
traditional energy sources on the basis of 
fair technological, financial, economic, and 
environmental comparisons. 

To start with, the Climate Change Convention 
and the related national response plans should 
encourage energy planners and other decision
makers to place a greater reliance on renewables 
and efficiency. Other international agreements 
and country- and local-level issues should also 
make climate change and related environmental 
concerns more prominent. 

Meanwhile, regulatory reform in the energy 
sector is progressing. More and more countries 
are adopting laws and regulations to eliminate 
subsidiaries and encourage integrated resource 
planning and privatisation, These measures will 
attract more private sector investment to efficient 
energy products. 

As a result, a growing number of renewable 
energy and energy efficiency projects are already 
being implemented in developing countries. Many 
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more are seeking financing. There appears now to 
be a real opportunity for a private equity fund to 
catalyse investment in renewable energy and 
energy efficiency projects by providing leadership 
and helping to mobilise capital (including project 
development funds) that could be combined with 
funds from other investors. 

The fund's role would be to: 

* Bring together the growing network of 
intermediaries in the private, NGO, and 
government sectors in order to lower transaction 
costs and accelerate "win-win" private sector 
investment in energy efficiency projects; 

* Combine resources from both the public and 
private sectors in order to accelerate the adoption 
of sustainable energy production and use; and 

* Invest in developing country projects that 
benefit the international community by cost
effectively reducing GHG emissions. 

Selecting projects 

The fund would blend private sector capital 
seeking competitive returns with concessional 
funds from foundations and donors. The presence 
of concessional funds or grants would ensure that 
private investors could expect a rate of return that 
is comparable to other international equity 
funds. 

The concessional investors would be willing to 
earn a below-market rate of return because they 
are motivated by other concerns. For example, 
OECD countries might consider an investment in 
such a fund to be GHG insurance. Or the GEF 
Council might support the fund I s objective of 
attracting private capital by. say, funding the 
costs of certifying and verifying that GHG 
mitigation has indeed occurred. 

The fund managers would choose projects in 
developing countries that met the following 
investment criteria: 

* Cost-effective reduction of GHG errussions 
compared with the alternative investment if the 
fund I s resources were not applied; 

* Use of commercially proven technologies for 
renewable energy or energy conservation that 
result in low or no GHG emissions; 

* Satisfaction of project appraisal and the 
normal due diligence evaluation required by 
equity capital investors, including such indicators 
as the project sponsor's financial resources and 
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experience in managing the particular business, 
plus a market assessment and profitability 
analysis and other assurances regarding the 
project's legal, policy, and remuneration aspects; 
and 

* Consistency of host government strategies for 
environmentally sustainable development and/or 
environmental action plans, and acceptable 
physical and social environmental impact 
standards. 

The fund I s managers would have to measure the 
cost-effectiveness and success of the project in 
reducing GHG emissions. They would do this by 
identifying and applying universally acceptable 
scientific standards and analytical methods for 
estimating and monitoring carbon-equivalent 
emission reductions to each investment. They 
would then certify for fund shareholders the 
emissions reduction achieved and the unit costs of 
abatement, and verify and update the certification 
of emissions reduction for the investment 
portfolio in the fund's annual reports. 

The link to global initiatives 

While the proposed fund would make investments 
that support the objectives of the Global 
Environment Facility (GEF) and the Climate 
Change Convention, it would have no formal 
legal association of any kind with either of them. 
It would not generate or purport to sanction any 
carbon-offset that could be registered under the 
Convention or which would somehow be 
interpreted by governments as a contribution 
under a joint implementation (JI) programme or 
any other negotiated obligations entered into 
under the Convention. Nor would it require any 
resolution or action of any kind by either the 
Parties to the Convention or the GEF Council in 
order to operate. 

The proposed fund could, however, make some 
indirect contributions to the Convention's 
implementation. In lieu of a Convention-agreed 
incentive structure arising from limits on global 
atmospheric carbon emissions, the fund could act 
as a catalyst to mobilise private sector resources 
and public sector concessional financing. In this 
way it could demonstrate the value of private 
sector investment in low or zero emissions 
technologies. 

The fund could also provide the Conference of 
the Parties -- without prejudice to its ongoing 
deliberations and eventual decisions -- a valuable 
demonstration of the process for analysing, 
certifying, and verifying projects with a 
commercial component. This would be useful 

•
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should the Parties eventually agree on ]I 
arrangements or on emissions re?uction targe.ts 
that would generate an [nrernatlonal trade 10 

carbon offsets. 

***************************************** 

Climate Change Newsletters: 

A Listing 

The following list of periodicals is provided as a
 
service to our readers. All information has been
 
checked with the publishers.
 

ACCION CLIMATICA Quarterly, Spanish.
 
Global environmental problems, conventions,
 
financial mechanisms, scientific background,
 
grassroots initiatives.
 
Climate Action Network Latin America,
 
Casilla 16749 - Correo 9, Santiago, Chile.
 

ATMOSPHERE Quarterly, English.
 
Ozone and climate issues.
 
Friends of the Earth - United States,
 
10235 Vermont Ave., NW Suite 300,
 
Washington DC 20005, USA.
 

C2E2 NEWS Half yearly, English.
 
Activities of the Centre and on UNEP and
 
related events and developments.
 
UNEP Collaborating Centre on Energy and
 
Environment, Risx National Laboratory,
 
P.O. Box 49,4000 Roskilde, Denmark. 

CDIAC COMMUNICATIONS 
Irregular (2-3 times p.a.), English.
 
The Carbon Dioxide Information Analysis Center
 
Environmental Sciences Division,
 
Oak Ridge National Laboratory,
 
Oak Ridge, TN 37831-6335, USA.
 

CHANGE, Research and Policy Newsletter 
on Global Change from the Netherlands 
Bi-monthly, English.
 
Scientific research and policy making in the
 
Netherlands related to global change.
 
NRP Programme Bureau, RIVM, PO Box 1,
 
3720 BA Bilthoven, The Netherlands.
 

CLIMATE ALERT 6 issues p.a., English.
 
Diverse issues related to climate change.
 
Climate Institute, 324 Fourth Street, N.E.
 
Washington DC, 20002, USA.
 

CLIMATE WATCH Monthly, English.
 
Global Climate Coalition,
 
1331 Pennsylvania Avenue NW,
 
Suite 1500 - North Lobby,
 
Washington DC 20004-1703, USA.
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DOE RESEARCH SUMMARY 
Irregular (8-10 times p.a.), English.
 
Current research sponsored by the US Dept. of
 
Energy's Global Change Research Program.
 
Carbon Dioxide Information Analysis Center,
 
Environmental Sciences Division,
 
Oak Ridge National Laboratory,
 
Oak Ridge, TN 37831-6335, USA.
 

EARTH NEGOTIATIONS BUlLETIN 
At major conferences, English.
 
International Institute for Sustainable
 
Development (IISD),
 
161 Portage Avenue East, 6th FI,
 
Winnipeg, Manitoba R3B OY4, Canada.
 

ECO 
At major international conferences, English.
 
International news by NGOs attending major
 
conferences since the 1972 Stockholm
 
Environment Conference.
 
Media Natura, 21 Tower Street,
 
London WC2H 9NS, United Kingdom.
 

ENERGY, ECONOMICS AND
 
CLIMATE CHANGE Monthly, English.
 
Economic implications of climate change policies
 
as they affect the energy industry.
 
Cutter Information Corp., 37 Broadway,
 
Arlington, MA 02174-5539, USA.
 

Global Change PRISMA 
Quarterly, English, German.
 
German activities and research in the field
 
of global environmental change.
 
Secretariat of the German Advisory
 
Council on Global Change,
 
P.O. Box 1201 61, 
27515 Bremerhaven, Germany. 

GLOBAL ENVIRONMENTAL 
CHANGE REPORT 
24 issues per year, English.
 
Vital information on climate change, stratospheric
 
ozone depletion, deforestation and acid rain.
 
Cutter Information Corp., 37 Broadway,
 
Arlington, MA 02174-5539, USA.
 

GREENHOUSE ISSUES 5 issues p.a., English.
 
Issues within the field of greenhouse
 
gases and fossil fuels.
 
lEA Coal Research, for the lEA Greenhouse
 
Gas R&D Programme, CRE,
 
Stoke Orchard, Cheltenham, Gloucestershire
 
GL52 4RZ, United Kingdom.
 

GREEN TIMES Quarterly, English.
 
Green Tie Centre, P.O. Box 17,
 
6130 AA Sittard, The Netherlands.
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HaTLINE - u.s. CLIMATE
 
ACTION NETWORK Quarterly, English.
 
Domestic United States Activism and events.
 
U.S. Climate Action Network, 
1350 New York Avenue NW, Suite 200, 
Washington D.C. 20005, USA. 

lEA ENERGY EFFICIENCY UPDATE 
Quarterly, English.
 
Energy efficiency actions in lEA member
 
countries; periodic "Special Issues" on
 
specific areas of energy efficiency.
 
International Energy Agency,
 
2, rue Andri-Pascal,
 
75775 Paris Cedex 16, France.
 

lEA ETSAP NEWS Annex IV Greenhouse
 
Gases and National Energy Options
 
4-5 p.a., English.
 
Petten: International Energy Agency, Energy
 
Technology Systems Analysis Programme,
 
The Netherlands Energy Research Foundation,
 
Policy Studies, P.O. Box 1,
 
1755 ZG Petten, The Netherlands.
 

IMPACT Quarterly, English.
 
Climate Network Africa,
 
P.O Box 76406, Nairobi, Kenya. 

IPCC WORKING GROUP I NEWSLETTER 
Occasional, English.
 
IPCC WG I Technical Support Unit,
 
Hadley Climate Centre (Room H202),
 
London Road, Bracknell,
 
Berks RG12 2SY, United Kingdom.
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NETWORK NEWSLETTER Quarterly, English.
 
Climate related impacts (water, food, energy,
 
environment); applied and theoretical research.
 
Boulder National Center for Atmospheric
 
Research, NCAR/ESIG, P.O. Box 3000,
 
Boulder, CO 80307-3000, USA.
 

OZONE ACTION Quarterly,
 
English, French, Spanish, Arabic, Chinese.
 
UNEP IE/PAC, Ozone Action Programme,
 
39-43 quai Andri Citroen,
 
75739 Paris Cedex 15, France.
 

THE INDEPENDENT SECTOR'S NETWORK 
12 issues p.a., English, French, Spanish,
 
Russian, Portuguese, Hindi.
 
Center for Our Common Future, Palais Wilson,
 
52, rue de Paquis, 1201 Geneva, Switzerland.
 

TIEMPO, Global W2rming and the
 
Third WJrld Quarterly, English.
 
Issues related to climate change.
 
International Institute for Environment and
 
Development, (liED), 3 Endsleigh St.,
 
London WCIH ODD, United Kingdom, and
 
The University of East Anglia,
 
School of Environmental Sciences,
 
Norwich NR4 7TJ, United Kingdom.
 

WORLD CLIMATE NEWS 
Semi-annual, English, French.
 
Various issues related to climate.
 
World Meteorological Organization, CP 2300,
 
CH-1211 Geneva 20, Switzerland.
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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 name(s) and membership 
number(s). 

TENTH RESEARCH FORUM 

The Tenth Research Forum on the subject of 
Probability and Statistics in Atmospheric Sciences 
was held on Saturday 10th December, 1994 at 
the City University of Hong Kong. Further 
details concerning the speakers and the titles of 
the papers delivered can be found in Meeting 
Reviews in this issue of the Bulletin. 

SIXTH HONG KONG 

METEOROLOGICAL SOCIETY 

ANNUAL GENERAL 

MEETING AND ELEVENTH 

RESEARCH FORUM 

The Sixth Annual General Meeting of the Hong 
Kong Meteorological Society will be held at 
Royal Observatory Conference Hall on Saturday 
11th March, 1995. The Eleventh Research 
Forum will also be held on the same day in 
conjunction with the Annual General Meeting of 
the Society. Further details of the Annual 
General Meeting and the Research Forum will 
be announced via the regular newsletters as they 
become available. 

SUMMARY OF THE 1994 

HURRICANE SEASON FOR 

NORTH ATLANTIC OCEAN, 

CARIBBEAN SEA AND 

GULF OF MEXICO 

i 
from: Jack Beven, US. National ~ather 

Service, Miami, FLorida (2 Dec 1994) 

The 1994 hurricane season had fewer than normal 
tropical storms and hurricanes, but ended with a 
burst of activity consisting of two November 
hurricanes - including Hurricane Gordon which 
was catastrophic in Haiti. 

For the season, there were seven tropical storms 
and three of these became hurricanes. This is 
below the long-term averages of near ten and six 
respectively. There were no major hurricanes 
(category 3 or higher on the Saffir-Simpson 
scale ... winds greater than 110 mph). Normally 
there are around two major hurricanes in a 
season. 1994 was also unusual in that there were 
no storms or hurricanes in October and yet two 
hurricanes, Florence and Gordon during 
November. Three storms, Alberto, Beryl and 
Gordon made landfall in the United States. 

Tropical storms Alberto and Beryl both made 
landfall in the Florida panhandle. Alberto, 
which formed near the western tip of Cuba, 
was notorious for the tremendous flooding that it 
caused in Georgia, Florida and Alabama. These 
floods claimed at least 28 lives in Georgia and 2 
in Alabama, along with about half a billion 
dollars worth of damage across the Southeastern 
United States. Beryl developed over the north
east Gulf of Mexico and caused considerably less 
flooding than Alberto. Tornadoes associated 
with the dissipating tropical depression Beryl 
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caused significant damage 10 South Carolina 
and Virginia. 

Chris, the season's first hurricane, formed about 
midway between Africa and the Lesser Antilles. 
Although it threatened Bermuda for a while, and 
its fringes caused some heavy rain there, Chris 
remained at sea in the Atlantic. 

Tropical storm Debby developed just east of the 
Lesser Antilles. It passed over Saint Lucia in the 
Windward Islands as a strong tropical storm, but 
dissipated over the eastern Caribbean Sea. There 
were fatalities and extensive damage in Saint 
Lucia and Martinique. 

Tropical storm Ernesto developed near the Cape 
Verde Islands. It remained far at sea in the east
ern Atlantic. 

Hurricane Florence, the season's strongest 
tropical cyclone, passed well to the east of 
Bermuda and sped out to sea over the North 
Atlantic. 

Gordon followed an unusual, erratic path over 
Nicaragua, the western Caribbean Sea, Jamaica, 
Cuba, the Bahamas, Florida and the southwestern 
North Atlantic. It was a hurricane for about a 
day while over the Atlantic southeast of the North 
Carolina outer banks, but most of its havoc was 
wrought while it was a tropical storm. Gordon's 
torrential rains produced disastrous flooding and 
mud slides, which were particularly deadly in 
Haiti. Estimates of the death toll range up to 
2000 in that country. In Florida, seven deaths 
can be attributed to Gordon and there was 
significant agricultural damage. 

1994 A1LANl1C HURRICANE SEASON STAI1ST1CS 

Name Class Dates Highest Lowest U.S. Deaths 

I-min wind Pressure Damage 

(mph) (hPa) ($millions)
 

Alberto TS 30/6-7/7 65 993 500 30+
 

Beryl TS 14-19/8 60 999 73
 

Chris H 16-23/8 80 979
 

Debby TS 9-11/9 70 1006 9
 

Ernesto TS 21-26/9 60 997
 

Florence H 2- 8/11 110 972
 

Gordon H 8-21/11 85 980 175+ 850-2000
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SUMMARY OF THE 1994 

HURRICANE SEASON FOR 

EASTERN NORTH PACIFIC 

OCEAN, EAST OF 140
 

DEGREES LONGITUDE 

from: Jack Beven, U.S. National Weather 
Service, Miami, Florida (30 Nov 1994) 

The number of tropical storms and hurricanes 
was near normal in 1994 in the eastern North 
Pacific Ocean. There were seventeen tropical 
storms and nine of them became hurricanes. The 
respective long term averages are sixteen and 
nine. 

1994 EASTERN N PACIFIC HURRICANE SEASON STATISTICS 

Name Class Dates Maximum Deaths Damage 

l-min wind 

(knots) 

Aletta TS 18-23/6 45
 

Bud TS 27-29/6 40
 

Carlotta H 28/6- 5/7 90
 

Daniel TS 8-14/7 55
 

Emilia H 16-25/7 135 minor 

Fabio TS 19-24/7 40
 

Gilma H 21-31/7 140
 

Hector TS 7-10/8 55
 

Ileana H 10-14/8 65
 

John H 11/8-10/9 150
 

Kristy H 28/8 - 5/9 90
 

Lane H 3-10/9 115
 

Miriam TS 15-21/9 40
 

Norman TS 19-22/9 35
 

Olivia H 22-29/9 130
 

Paul TS 24-30/9 40
 

Rosa H 8-15/10 90 4+ unknown 

Most of the storms formed farther to the west in 
the eastern North Pacific Basin than usual, and 
three of them, Emilia, Gilma and John, became 
powerful hurricanes in the central Pacific, west of 
140 degrees west longitude. 

Olivia, whose maximum winds reached 130 knots 
was the strongest hurricane within the east Pacific 
Basin in 1994. 

The season was also notable in that Hurricane 
John, which moved into the west Pacific Basin 
for a while, turned out to be the longest-lived 
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tropical cyclone on record, in any ocean basin. 
John lasted 31 days. 

Hurricane Rosa was the only system to make 
landfall. It struck the coast of Mexico about 60 
om south-southeast of Mazatlan on 14 October 
with estimated maximum winds of 90 knots. 
Four persons were reported drowned with four 
others missing. Damage was extensive. 

TROPICAL CYCLONE 

SUMMARY FOR 

HONG KONG IN 1994 

from: Clarence Fong, ~ather Underground 
of Hong KfJng (16 Dec 1994) 

This summary is prepared by the Weather 
Underground of Hong Kong based on the 
provisional reports issued by the Royal 
Observatory Hong Kong. All information is 
provisional and subject to amendment. 

0.0.	 Introduction 

Hong Kong spent a relatively quiet typhoon 
season in 1994. Only 4 tropical cyclones affected 
the territory compared to a normal of 6. Three of 
the tropical cyclones necessitated the hoisting of 
the Strong Wind Signal NO.3 but there was no 
occasion in which the Gale or Storm Signal NO.8 
was necessary. The following is a summary of 
the 4 tropical cyclones. 

1.0.	 Severe Tropical Storm Russ, 
3-9 June 1994 

1.1.	 Life cycle 

An area of disturbance associated with a trough 
of low pressure over the South China Sea 
developed into Tropical Depression Russ about 
290 km south of Hong Kong in the afternoon of 3 
June. Moving eastward at about 13 km/h initially, 
Russ quickly intensified to a tropical storm that 
night. It passed about 60 km south of Dongsha 
during the early hours of 5 June. Slowing down 
significantly, Russ deepened into a severe tropical 
storm about 380 km southeast of Hong Kong later 
that morning. It then turned west-southwestward 
and temporarily weakened to a tropical storm 
early on 7 June when it was about 330 km south 
of Hong Kong. Russ re-intensified to a severe 
tropical storm that night and headed west-north
westward just east of Hainan and Leizhou. It 

made landfall over the coast of western 
Guangdong near Zhanjiang in the afternoon of 8 
June. Moving further inland, Russ weakened to a 
tropical depression and dissipated over land the 
next day. 

1.2. Signals hoisted 

Signal 
1 
3 

Time hoisted 
5 Jun 10:10 
6 Jun 20:30 

Time lowered 
6 Jun 20:30 
7 Jun 15:45 

1.3.	 Observations during approach 

Nearest approach: S 290 km 
at 3 Jun 14:00 

Lowest sea-level pressure: 1002.8 hPa 
at 6 Jun 18:00 

Maximum hourly wind: ENE. 59 km/h 
at Green Island 
at 6 Jun 22:00 

Maximum gust: ENE 87 km/h 
at Green Island 
at 6 Jun 22: 10 

Maximum total rainfall: 71.5 mm 
at ~hek Kong 

1.4.	 Deaths and injuries 

None 

2.O. Tropical Storm Sharon, 
23-25 June 1994 

2.1.	 Life cycle 

An area of disturbance travelled west-northwest
ward across Luzon in the morning of 23 June. 
This disturbance developed into Tropical 
Depression Sharon about 210 km northwest of 
Manila shortly after entering the South China Sea 
that afternoon. Gathering strength over water, 
Sharon deepened into a tropical storm about 380 
km south of Dongsha early the next day. It then 
moved towards the coast of western Guangdong. 
Sharon made landfall about 140 km east-northeast 
of Zhanjiang in the morning of 25 June and at the 
same time weakened to a tropical depression. 
Moving further inland, Sharon dissipated as an 
area of low pressure later that day. 

2.2.	 Signals hoisted 

Signal Time hoisted Time lowered 
1 24 Jun 10:50 25 Jun 06:30 

2.3.	 Observations during approach 

Nearest approach: WNW250km 
at 25 Jun 14:00 
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Lowest sea-level pressure: 1002.3 hPa 
at 24 Jun 17:00 

Maximum hourly wind: SE 52 kmIh 
at Waglan Island 
at 25 Jun 02:00 

Maximum gust: ESE 85 km/h 
at Sha Lo Wan 
at 24 Jun 20:31 

Maximum total rainfall: 38.0 mrn 
at Lantau 

2.4.	 Deaths and injuries 

5 injured 

3.0.	 Severe Tropical Storm Harry, 
25-29 August 1994 

3.1.	 Life cycle 

Originating from an area of disturbance near 
Luzon, Harry developed as a tropical depression 
over the South China Sea about 390 km north
northwest of Manila in the afternoon of 25 
August. Moving west-northwestward steadily at 
19 km/h, it intensified to a tropical storm early 
the next morning. Harry intensified further to a 
severe tropical storm about 150 km southeast of 
Zhanjiang on 27 August and skirted the southern 
tip of Leizhou that night. Harry weakened to a 
tropical storm in the morning of 28 August. After 
traversing Beibu Wan, it made landfall over 
northern Vietnam about 160 km east of Hanoi. 
Harry weakened to a tropical depression on 
29 August as it moved further inland and 
degenerated to an area of low pressure later that 
day. 

3.2. Signals hoisted 

Signal Time hoisted Time lowered 
1 25 Aug 22:50 26 Aug 16:15 
3 26 Aug 16:15 27 Aug 11:45 

3.3.	 Observations during approach 

Nearest approach: S 270 km 
at 26 Aug 23:00 

Lowest sea-level pressure: 1004.4 hPa 
at 27 Aug 04:00 

Maximum hourly wind: ENE 65 km/h 
at Waglan Island 
at 26 Aug 21 :00 

26 Aug	 23:00 
Maximum gust: ESE 118 km/h 

at Tate's Cairn 
at 26 Aug 23:54 
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Maximum total rainfall: 154.0 mrn 
at Tsuen Wan / 

Kwai Chung 

3.4.	 Deaths and injuries 

1 dead 2 injured 

4.O. Tropical Storm Luke, 
7-14 September 1994 

4.1.	 Life cycle 

Luke developed as a tropical depression about 
900 km east of Manila in the evening of 7 
September. Moving northwestward towards the 
Luzon Strait, it intensified to a tropical storm the 
next morning. Luke crossed the Luzon Strait on 
10 September and entered the South China Sea 
early the next day. Over the South China Sea, 
Luke headed northwestward at first. After passing 
near Dongsha in the evening of 11 September, it 
turned west-southwestward and headed towards 
Hainan Island with a speed of about 20 km/h. It 
made landfall about 100 km south of Haikou in 
the late evening of 12 September. Sweeping 
across Hainan, Luke traversed Beibu Wan the 
following day. It weakened to a tropical 
depression in the early morning of 14 September 
just before making landfall over northern 
Vietnam and dissipated over land later that 
morning. 

4.2. Signals hoisted 

Signal 
1 
3 

Time hoisted 
11 Sep 07:50 
11 Sep 22:30 

Time lowered 
11 Sep 22:30 
12 Sep 11:50 

4.3.	 Observations during approach 

Nearest approach: SSE 230 km 
at 12 Sep 02:00 

Lowest sea-level pressure: 1003.9 hPa 
at 11 Sep 16:00 

Maximum hourly wind: NE 72 km/h 
at Waglan Island 
at 12 Sep 01 :00 

Maximum gust:	 NE 94 km/h 
at Tate's Cairn 
at 11 Sep 23:30 & 
at Waglan Island 
at I? Sep 00:22 

Maximum total rainfall: 235".5 mrn 
at HK Island West 

4.4.	 Deaths and injuries 

None 
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VERIFICATION OF FORECAST 

OF ATLANTIC BASIN 

TROPICAL CYCLONE ACTIVITY 

FOR 1994 WITH AN EXTENDED 

RANGE FORECAST OF THE 

1995 SEASON 

from: C.W. Landsea, W.M. Gray, 
P.W. Mielke, Jr. and K.J. Berry, 
Department of Atmospheric Sciences 
and Department of Statistics, 
Colorado State University 
(3 December 1994) 

This message summarizes the tropical cyclone 
(TC) activity which occurred in the Atlantic Basin 
during 1994, and verifies the author's seasonal 
forecasts of this activity which were issued on 19 
November 1993 and updated on 5 June and 4 
August 1994. 

DEFINITIONS AND ABBREVIATIONS 

Named Storm (NS) - A hurricane or tropical 
storm. 

Named Stonn Day (NSD) - Four consecutive 
six--hour periods during which a tropical cyclone 
is observed or estimated to have attained tropical 
storm or hurricane intensity winds. 

Hurricane (H) - A tropical cyclone with 
sustained low level winds of 74 miles per hour 
(33 ms' or 64 knots) or greater. 

Hurricane Day (HD) - Four six-hour periods 
during which a tropical cyclone is observed or 
estimated to have hurricane intensity winds. 

Intense or Major Hurricane (IH) - A hurricane 
reaching sustained low level winds of at least 111 
mph (96 kt or 50 ms') at some point in its life
time. This constitutes a category three or higher 
storm intensity rating on the Saffir/Simpson scale. 

Intense or Major Hurricane Day (IIID) - Four 
six-hour periods during which a hurricane has 
Saffir/Simpson category three intensity or higher. 

Hurricane Destruction Potential (HDP) - A 
measure of a hurricane's potential for wind and 
storm surge destruction. HDP is defined as the 
sum of the square of a hurricane's maximum 
wind speed during each six-hour period of its 

existence. This value is summed for the season. 

Net Tropical Cyclone Activity (NTC) - A 
combined measure of the average seasonal 
percentage of NS, NSD, H, HD, IH, and IHD to 
their long term mean. 

SUMMARY OF 1994 ATLANTIC 
HURRICANE SEASON 

The 1994 hurricane season was unusual in view 
of (1) the very suppressed activity during the 
height of the season, between late August and 
early November, and (2) the very active 
November when two hurricanes formed. There 
were a total of seven named storms (average 9.3) 
and three hurricanes (average 5.7) which lasted a 
total of seven days (average is 23). There were 
no major (intense) hurricanes of Saffir/Simpson 
category 3-4-5 (average is 2.1 intense hurricanes 
with 4.5 average intense storm days). The 
seasonal total of named storm days was 28 or, 61 
percent of average. Net tropical cyclone (NTC) 
activity was only 37 percent of the average of the 
last 45 years. Three systems, tropical storms 
Alberto, Beryl and Gordon, affected the US 
southeast coast; Alberto brought devastating 
floods to western central Georgia. 

The author's extended range forecast, issued on 
19 November of last year, called for a slightly 
above average hurricane season; this 9-11 month 
lead time forecast did not verify. The anticipated 
end of the unusually long running EI Nino (since 
1990) did not occur as expected. EI Nino-like 
conditions persisted through the 1994 hurricane 
season and continued the suppression of hurricane 
activity as has occurred during each of the last 
four seasons. In addition, very high and 
unexpected surface pressure values developed 
over the western Atlantic during most of the 1994 
season. By contrast, early June and early August 
updated forecasts showed considerable forecast 
skill. They accommodated the continuance of the 
EI Nino and, in part, the higher surface pressure. 
They called for diminished overall hurricane 
conditions of only 70 and 50 percent of 
climatology. But hurricane activity was lighter 
yet. This lack of hurricane activity during 1994 
was primarily the result of three factors: (1) 
strong and persistent high surface pressure 
conditions which occurred this year in the 
Caribbean basin and western Atlantic, (2) easterly 
stratospheric QBO winds, and (3) continued 
warm equatorial Pacific EI Nino conditions. 
North Africa's West Sahel rainfall conditions 
were near average for this year and not thought to 
have been a significant factor in this year's 
diminished hurricane activity. 
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Table 1 summarizes verification statistics for each 
of the author's three lead time 1994 seasonal 
forecasts. Note that the extended range (nine 
month lead) forecast, made on 19 November 
1993, did not verify. Whereas overall hurricane 
activity in this forecast was projected to be 110 
percent of the long term average, only 37 percent 
actually occurred. This failure of the 9-11 month 
extended range forecast was due to effects of 
the unexpected continuation of EI Nino-like 
conditions through the 1994 season and to the 
very high sea level pressures which developed 
over the West Atlantic which could not be 
foreseen. There is no precedent for such a long 
lasting EI Nino event in historical data. 

Table 1: Statistics for the three different lead time 
seasonal forecasts of 1994 hurricane 
activity and how these verified. 

Mean seasonal activity for Forecast Verification 

1950-1993 climatology 11193 6/94 8/94 11194 

named storms (N=9.3) 10 9 7 7 

named storm days (NS=46.1) 60 35 30 28 

hurricanes (H = 5 .7) 6 5 4 3 

hurricane days (HD=23) 25 15 12 7 

intense hurricanes (lH = 2.1) 2 1 1 0 

intense hurricane days (lHD=4.5) 7 1 1 0 

hurricane destruction 85 40 35 15 

potential (HDP=68) 

net tropical cyclone 110 70 55 37 

activity (NTC = 100) 

In the author's updated, early June 1994 and 
early August 1994 forecasts, the amount of 1994 
hurricane activity was greatly reduced from what 
had been forecast in November 1993. The early 
June forecast anticipated about half of the 
observed reduction of this years hurricane activity 
from climatology and the early August forecast 
anticipated about two-thirds of the observed 
reduction from climatology. The author judges 
the early June and early August forecasts to have 
been generally successful. 

EXTENDED RANGE SEASONAL FORECAST 
OF THE TROPICAL CYCLONE ACTIVITY 
LIKELY TO OCCUR IN THE ATlANTIC 
BASIN DURING 1995 

This forecast is based on new research by 
the author and his colleagues which allows 
estimates of next season's Atlantic tropical 
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cyclone activity to be made by late 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 winds, two measures of 
Western Sahel rainfall through mid-November 
1994, an extended range forecast of EI Nino 
conditions for August to October 1995 and an 
extended range forecast of Western Sahel rainfall 
amount for next season. 

Information through late-November 1994 
indicates that 1995 Atlantic hurricane activity is 
likely to be above average with 8 hurricanes 
(average 5.7), 12 named storms (average 9.3), 65 
named storm days, 35 hurricane days (average 
23), 3 intense (category 3-4-5) hurricanes 
(average 2.1), 8 intense hurricane days and a 
hurricane destruction potential (HDP) of 100 
(average 68). Collectively, net tropical cyclone 
activity is expected to be 140 percent of the long 
period average. The 1995 season should be much 
more active than the four recent 1991 through 
1994 hurricane seasons, and especially in the 
tropical regions at latitudes south of 25N where 
only two short lived hurricane have occurred 
during the last four years. The character of 1995 
season should tend toward that of the two recent 
hurricane seasons of 1988 and 1989 which 
produced a total of five intense or major 
hurricanes and 19 intense hurricane days. The 
probability of hurricane destruction along the US 
coastline and within the Caribbean basin for 1995 
is projected to be higher than the mean 
probability for the last 45 years and distinctly 
higher than the probabilities for the last four 
years. 

Our extended range ENSO forecasts indicate that 
the long running 1990-1994 EI Nino-like 
equatorial Pacific warm water conditions will 
finally dissipate by next summer and that 
comparatively cool surface water conditions will 
return to the east and central equatorial Pacific 
during next season's hurricane season. This trend 
should enhance hurricane activity over that of the 
last four years. Our extended range forecast of 
Western Sahel rainfall indicate that this region 
will experience somewhat above average rainfall 
with total amounts ranking among the fourth or 
fifth highest since 1970. This upward trend in 
rainfall should also enhance the probability of 
intense hurricane activity for next year. We hope 
to have our extended range Sahel rainfall and 
ENSO forecasts explicitly included in next year's 
forecast. 

Table 2 shows our statistical and actual prediction 
of next year's hurricane activity with a 
comparison of this prediction to the average 
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hurricane season between 1950-1993. Some 
parameters have been increased as a result of our 
assessment of Sahel rainfall and ENSO. 

Table 2: Statistical prediction for the 1995 season 
with the final adjusted forecast which 
qualitatively takes into account our 
independent forecast of 1995 ENSO 
and the consistency of the forecast 
of Western Sahel drought conditions. 

1995 Forecast Forecast in 

Statistical Qualitative percentage 

Gray et at. Adjusted of 1950-93 

(1992) Actual Mean 

named storms (N) 11.69 12 127 

named storm days (NS) 65.35 65 142 

hurricanes (H) 7.40 8 140 

hurricane days (HO) 34.26 35 153 

intense hurricanes (IH) 2.94 3 144 

intense hurricane days (IHO) 6.62 8 178 

hurricane destruction 91.42 100 138 

potential (HOP) 

net tropical cyclone 128.41 140 140 

activity (NTC) 

EARLY APR1L AASSESSMENT 

The foregoing hurricane, African rainfall and 
ENSO predictions are all consistent with one 
another, indicating a major shift in global 
circulation patterns by the summer of 1995 with 
the return of an active hurricane season for the 
first time in 5 years. These conditions will be 
carefully monitored. A short update assessment 
of the likelihood as these forecasts working out 
will be made in early April and widely 
distributed. A better evaluation of conditions will 
be possible at that time. Should it look like EI 
Nino conditions will persist for yet another year, 
then this forecast would have to be revised 
downward. 

Background material: 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1992: Predicting Atlantic basin 
seasonal hurricane activity 6-11 months in 
advance. Weather and Forecasting, 7,440-455. 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1993: Predicting Atlantic basin 
seasonal tropical cyclone activity by 1 August. 
Weather and Forecasting, 8, 73-86. 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1994: Predicting Atlantic basin 
seasonal tropical cyclone activity by 1 June. 
Weather and Forecasting, 9, 103-115. 

Landsea, CW. and W.M. Gray, 1992: The 
strong association between western Sahel 
monsoon rainfall and intense Atlantic hurricanes. 
J. Climate, 5, 435-453. 

Landsea, CW., W.M. Gray, P.W. Mielke, Jr. 
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 Hurricanes and 
Tropical Meteorology, San Antonio, Amer. 
Meteor. Soc., 473-476. 

JUNE TO SEPTEMBER 

RAINFALL IN THE AFRICAN 

SAHEL: VERIFICATION OF 

OUR 1994 FORECASTS AND 

AN EXTENDED RANGE 

FORECAST FOR 1995 

from: CW. Landsea, W.M. Gray, 
P.W. Mielke, Jr. and K.J. Berry, 
Department of Atmospheric Sciences 
and Department of Statistics, 
Colorado State University 
(l December 1994) 

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 
defined here as the North African region between 
10 and 20N. It is this area that has experienced 
numerous devastating droughts within the last 
three decades. This report provides a verification 
of Sahelian seasonal rainfall forecasts issued in 
early January and early June 1994 as well as 
presenting an extended range forecast for next 
year's June to September seasonal forecast for 
the Sahel based upon data available through 
late November. 

Because of rainfall variability within the region, a 
homogeneous index of precipitation should not be 
utilized for the entire Sahel. Instead, three 
smaller subregions are organized within which 
precipitation shows similar within season 
behavior. These regions are the West, Central, 
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and East Sahel. The West Sahel extends from 
the Atlantic coast to 6W including portions of the 
countries of Mauritania, Senegal, Gambia, 
Guinea-Bissau, Guinea, and Mali. The Central 
Sahel is the region from 6W to 26E and includes 
parts of Mali, Burkina Faso, Ghana, Togo, 
Benin, Niger, Nigeria, Cameron, Chad, Central 
African Republic, and Sudan. The East Sahel 
reaches from 26E to the Red Sea and is composed 
of parts of Sudan, Ethiopia, Eritrea, and Djibouti. 
Note that the Central Sahel is by far the largest of 
the three regions, comprising well over one half 
of the entire Sahel. 

VERIFICATION OF FORECASTS FOR 1994 

Forecasts for the Sahel were issued by the authors 
on 4 January (Landsea et al. 1994a) and an 
update released on 7 June (Landsea et al. 1994b). 
(Copies of these are available from the lead 
author upon request). The following are the 
"official" forecasts of June to September rainfall 
that we issued on 4 January and 7 June. Note 
that a standardized deviation value of 0 would 
indicate normal conditions with respect to the 
1950-1991 time frame, a positive value meaning 
above normal rainfall, a negative value meaning 
below normal. Also indicated is what quintile the 
forecast would be within - VERY DRYlORYI 
NEUTRALIWETIVERY WET: 

4 January Forecast 7 June Forecast 

West Sahel: - 0.10 S.D.(NEUTRAL) - 0.70 S.D. (DRY) 

Central Sahel: - 0.20 S.D. (DRY) +0.10 S.D. (WET) 

East Sahel: - 0.25 S.D. (NEUTRAL) +0.30 S.D. (WET) 

Thus the forecasts originally in early January 
were calling for near normal to slightly drier than 
normal. The updated forecast in early June called 
for wetter than normal conditions in the Central 
and East Sahel, but for contrasting drier than 
normal conditions in the West Sahel. However, 
none of these forecasts called for extremely wet 
or dry conditions to occur. Note that for the last I 
25 years almost three-quarters have been under 
DRY to VERY DRY conditions for the Sahel as a I 
whole. 

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 
the U.S. National Climate Data Center), our 
analysis documents that the Sahel region 
experienced wet conditions in the Central and 
East and near normal rainfall in the Western 
Sahel. The following table provides a month-by
month breakdown of the rainfall variability: 
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Region June July August September Jun-Sep 

West - 0.29 

(19/417) 

- 0.29 

(16/5/8) 

- 0.22 

(16/4/9) 

- 0.Q3 

(15/5/9) 

- 0.24 

(NEUTRAL) 

(13/5/9) 

Central - 0.36 +0.13 

(25/8/8) (15/14/12) 

+0.72 

(7/9/23) 

+0.90 

(5/7/28) 

+0.62 

(WET) 

(7/11121) 

East - 0.32 

(3/3/0) 

- 0.36 

(9/1/3) 

- 0.47 

(11/2/2) 

+0.38 

(7/3/5) 

+0.39 

(WET) 

(2/1/3) 

The top numbers indicate the rainfall anomaly 
above (positive value) or below (negative value) 
the 1950 to 1991 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 the low numbers of 
stations available for the East Sahel in June (and 
thus June to September) make the value a bit 
suspect as to its representativeness of the whole 
region. 

Thus the early January forecast correctly forecast 
the West Sahel rainfall, was one quintile too dry 
for the East Sahel, and two quintiles too dry for 
the Central Sahel. The early June forecast 
correctly altered the forecasts in the Central and 
East Sahel regions toward the observed values (no 
quintile errors). The early June West Sahel 
forecast, while also correctly making the early 
January forecast drier, went one quintile too dry. 
To make comparisons versus other years, the 
following are June to September periods that 
were most similar to rainfall amounts occurring 
in 1994: 

West Sahel 1994: - 0.24 

1971: - 0.19, 1963: - 0.20. 1970: - 0.32, 1981: - 0.37 

Central Sahel 1994: + 0.62 

1955:+0.57, 1962:+0.59, 1959:+0.70, 1961:+0.72 

East Sahel 1994:+0.39 

1952:+0.27, 1967:+0.29, 1958:+0.42, 1980:+0.51 

Two important conclusions from 1994 are that 
1) this forecast appears to have been able to 
anticipate the wetter conditions observed this year 
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than have been seen in the previous years and 
2) there is a distinct need to forecast and verify 
for the three regions separately because of the 
large differences that occur in observed rainfall. 
Also of note is that the Western Sahel observed 
rainfall has a better correspondence to the low 
amount of Atlantic hurricane activity than the 
wetter Central Sahel. In Landsea and Gray 
(1992), we identified that dry years in the 
Western Sahel usually are accompanied by quiet 
Atlantic hurricane seasons. For comparison, 
here are the observed values of June to September 
rainfall and days of intense hurricane activity 
from 1988-1994: 

1988 1989 1990 1991 1992 1993 1994 

Intense 

Hurricane Days: 8.0 10.8 1.0 1.2 3.2 0.8 I 0.0 

\\est Sahel: +0.30 +0.32 -0.83 -0.76 -0.96 -0.66 I -0.24 

Central Sahel: +0.11 -0.14 -0.94 -0.18 -0.45 -0.57 I +0.62 

East Sahel: +0.52 -0.41 -0.96 -0.56 -0.97 -0.71 I +0.39 

STATISTICAL METHODOLOGY 
AND 1995 FORECAST 

The forecasting techniques are detailed in full in 
Landsea et al. (1993) and Gray et al. (1992, 
1993, 1994). This statistical model utilizes the 
years 1950 to 1991 in a cross-validated (or 
jackknife) procedure that allows the pseudo
independent testing of individual years to check 
the skill of the model (for example, the year 1968 
was tested by using the years 1950-1967 and 
1969-1991 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. Five predictors are 
constructed via the LAD regression in a linear 
model to make the forecast. These five 
predictors that are suggested to provide long 
lead skill are the stratospheric Quasi-Biennial 
Oscillation (QBO) and previous North African 
rainfall data. 

The individual predictors and their values to 
be used as input for the 1995 forecast are the 
following: 

GROUP 1: 

U winds at 50 hPa (extrapolated for Sep 1995) Om S·I 

U winds at 30 hPa (extrapolated for Sep 1995) -4 m S·I 

IU50-U30 I (extrapolated for Sep 1995) 4 m s·\ 

GROUP 2: 

Aug-Sep 1994 West Sahel rainfall +0.08 S.D. 

Aug-Nov 1994 Gulf of Guinea rainfall = +0.22 S.D. 

Given these values for the predictors based upon 
information available to us at CSU by the end of 
November, the statistical model predicts values 
of: 

West Sahel ............ +0.34 S.D. (WET QUINTILE) 

Central Sahel ..... +0.17 S.D. (WET QUINTILE) 

East Sahel .... +0.02 S.D. (NEUTRAL QUINTILE) 

These moderately wet to normal values of rainfall 
are due to 1) very favorable conditions for 
rainfall due to strong west phase of the QBO 
and small shear between 30 and 50mb; 2) near 
normal conditions of August - September Western 
Sahel rainfall indicating near normal rainfall 
conditions for the Sahel in 1995 based upon 
persistence; and 3) slightly wetter than normal 
August - November rainfall along the Gulf of 
Guinea which suggests that the continental 
evaporation/evapotranspiration moisture source 
will be providing slightly more moisture than 
normal enhancing Sahelian rainfall. Thus, in 
combination, the regions are forecast for near 
normal to wetter than normal June to September 
rainfall in 1995. One crucial item for the forecast 
is what EI Nino/Southern Oscillation (ENSO) 
phase will be present next summer and fall. If an 
EI Nino reappears, then while the Central Sahel 
tends to be relatively insensitive to ENSO 
changes, both the West and East Sahel can be 
driven toward drier conditions than are indicated 
here. On the other hand, if a strong cold phase 
of ENSO becomes present, then the West and 
East Sahel may show wetter conditions than 
suggested here. Thus the ENSO parameters will 
have to be closely monitored over the next 
several months. 

If these forecasts verify closely, then the West 
Sahel will have rainfall amounts very similar 
to 1988 and 1989. These two years, not 
coincidentally, were the last two years with large 
amounts of Atlantic intense hurricane activity in 
the deep tropics (south of 25N). The Central 
Sahel forecast is similar to favorably wet rainfall 
amounts occurring in 1988, 1965, 1960, and 
1951. The East Sahel forecast is similar to near 
normal rainfall amounts that occurred in 1979, 
1974, 1969, and 1955. 

The amount of skill indicated in the hindcast 
testing of the five predictors during the years 
1950 to 1991 is 56 % of the variability in the West 
Sahel, 56 % in the Central, and 40 % in the East. 
Note that simple use of only persistence provides 
just 25%, 32 %, and 14% for the three regions, 
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respectively. Recent tests (Mielke et aI. 1994), 
however, have suggested that the true skill that 
would be found in independent data may be on 
the order of 45 % for the West and Central Sahel 
and 30 % for the East Sahel. 

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 1995. 

REFERENCES 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1992: Predicting Atlantic basin 
seasonal hurricane activity 6-11 months in 
advance. Weather and Forecasting, 7, 440-455. 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1993: Predicting Atlantic basin 
seasonal tropical cyclone activity by 1 August. 
~ather and Forecasting, 8, 73-86. 

Gray, W.M. CW. Landsea, P. Mielke, Jr. and 
K. Berry, 1994: Predicting Atlantic basin 
seasonal tropical cyclone activity by 1 June. 
~ather and Forecasting, 9, 103-115. 

Landsea, CW. and W.M. Gray, 1992: The 
strong association between western Sahel 
monsoon rainfall and intense Atlantic hurricanes. 
J. Climate, 5, 435-453. 

Landsea, CW., W.M. Gray, P.W. Mielke, Jr. 
and K. Berry, 1993: Predictability of seasonal 
Sahelian rainfall by 1 December of the previous 
year and 1 June of the 
of 20th Conference 
Tropical Meteorology, 
Meteor. Soc., 473-476. 

current year. Preprints 
on Hurricanes and 
San Antonio, Amer. 

Landsea, CW., W.M. Gray, P.W. Mielke, Jr. 
and K.J. Berry, 1994a: Forecast for 1994 June to 
September rainfall for North Africa's Sahel. CSU 
Dept. of Atmospheric Science paper released on 
4 January, 1994, 2 pp. 

Landsea, CW., W.M. Gray, P.W. Mielke, Jr. 
KJ. Berry, 1994b: Forecast for 1994 June to 
September rainfall for North Africa's Sahel. CSU 
Dept. of Atmospheric Science paper released on 
7 June, 1994, 3 pp. 

Mielke, Jr., P.W., K.J. Berry, CW. Landsea, 
and W.M. Gray, 1994: Simulated effects of 
sample size, amount & severity of contamination, 
& informative predictors on LAD & LSD 
regression model agreement measures. Submitted 
to ~ather and Forecasting, 38pp. 

HKMetS BUUETIN Vol. 4, No.2, 1994 

SPECIAL ISSUE OF "TAO" 

ON PAGES (PAST GLOBAL 

CHANGES) WORKSHOP 

A special issue of TAO (Terrestrial, Atmospheric 
and Oceanic Sciences), Volume 5 Number 3, has 
been published in September 1994 and presents a 
selection of eight critically reviewed papers 
presented at an international PAGES workshop 
held in Taibei, Taiwan from April 21-23, 1993. 
The major task of PAGES (Past Global Changes), 
a core project of the IGBP (International 
Geosphere-Biosphere Program), has been to 
compile and study high-resolution records of 
the past climate changes from archives of both 
human and natural activities. 

Most of the research has been confined until 
recently to the North American and European 
continents although monsoon Asia has been 
identified as an area of high potential and interest 
because of its dynamic climatic fluctuations over 
the past two millennia. The aim of the PAGES 
workshop held in Taibei was to foster PAGES 
research in the monsoon Asia area by discussing 
the current state of research and opportunities for 
future research in the region. 

The special issue of TAO subtitled "High 
resolution records of past climate from monsoon 
Asia: the last 2000 years and beyond" presents 
eight papers with emphases placed on the current 
state of dendroclimatic and pollen studies in 
Indonesia, China, Japan and Taiwan. The papers 
included in the issue are: 

Progress in dendroclimatic studies in Indonesia.
 
Tree-ring width chronologies and their response
 
to climate in the Qinling mountains, China.
 
Application of historical documentary records
 
in reconstruction of the palaeoclimate series in
 
China.
 
Cold periods during the last millenium.
 
Late Holocene pollen records of vegetational
 
changes in China: Climate or human
 
disturbance.
 
A 5000-year pollen record from Chitsai Lake,
 
central Taiwan.
 
Holocene oxygen and carbon isotopic records of
 
Core OR102-3 off southeastern Taiwan:
 
palaeoceanographic implications.
 
Dendroclimatological reconstruction for the last
 
sub-millenium in central Japan.
 

The issue is seen as the beginning of promising 
progress in PAGES research in the monsoon Asia 
region. 
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ATMOSPHERIC SCIENCE 

CONFERENCE IN 

COMMEMORATION OF 70th 

ANNIVERSARY OF THE 

FOUNDING OF THE CHINESE 

METEOROLOGICAL SOCIETY 

An International Atmospheric Science Conference 
in Commemoration of the 70th Anniversary of 
the founding of the Chinese Meteorological 
Society in 1924 was held from 5 to 8 October 
1994 at the Headquarters of the China Meteoro
logical Administration in Beijing. A Special 
Commemoration Ceremony was held on the 
morning of 5 October at which representatives of 
the Meteorological Societies of Japan, Malaysia, 
Korea, Singapore, Sweden, Thailand, United 
States of America and Vietnam were present. 
Three representatives, Bill Kyle, C.Y. Lam and 
H.K. Lam, from the Hong Kong Meteorological 
Society were also present. Bill Kyle as Chairman 
represented the Society and spoke briefly at the 
Ceremony conveying the congratulations of the 
Society and outlining the good relations that have 
existed and continue to exist between the two 
societies. 

Altogether 26 papers were presented on a wide 
range of topics at the Conference which followed. 
C.Y. Lam presented a paper on An Integrated 
Meteorological Observation and Wzrning System 
to Serve the New Hong Kong Airport. 

ANNOUNCING A NEW WWW 

WEATHER SERVER 

"THE DAILY PLANET" 

The Atmospheric Sciences Department at the 
University of Illinois at Urbana-Champaign has 
announced the,official opening of it's new WWW 
(World Wide Web) server, The Daily Planet. 

The Daily Planet (TDP) is planned to be a full
scale Environmental Information Server. It is a 
logical extension to the work originally started 
with the Uofl Weather Machine. With the 
powerful and flexible functionality provided by 
HTML and the NCSA Mosaic interface, new and 
useful capabilities are being offered to the 
Atmospheric Sciences community. 

Currently it features current weather information 
(see Weather World below), a collection of lists 
of other weather servers and sources of weather 
data, atmospheric sciences community info, local 
information about the department, plus a look at 
some online hypermedia instructional modules for 
atmospheric sciences under development. 

Weather World, accessible from The Daily Planet 
menus, is a WWW version of the popular Uofl 
Weather Machine. It contains current weather 
images, many archived images and MPEG 
animations. Many are updated hourly (twice 
daily for some products) including current 
satellite imagery, surface maps, upper air maps 
and plots, and forecast maps. The text products 
currently found in the Weather Machine gopher 
server are also available. To get to Weather 
World, start with The Daily Planet, take a right at 
"Weather Data" and then pick "Weather World." 

To access The Daily Planet feed the following 
URL to your favorite WWW client: 

http://www. atmos.uiuc. edu/ 

Please direct all inquiries to: 
web-masterscswww.atmos.uiuc. edu 

COMPUTER-BASED ATLAS 

OF GLOBAL INSTRUMENTAL 

CLIMATE DATA AVAILABLE 

Color-shaded and contoured images of global 
gridded instrumental data have been produced as 
a computer-based atlas, available to the climate 
community through Internet and on CD-ROM. 
Each image simultaneously depicts anomaly maps 
of surface temperature, sea ,level pressure, and 
500 millibar geopotential heights and percentages 
of reference period precipitation. Monthly, 
seasonal, and annual composites are available, in 
either cylindrical equidistant, or northern and 
southern hemisphere polar projections. 
Temperature maps are available from 1854 to 
1991, precipitation maps from 1851 to 1989, sea 
level pressure maps from 1899 to 1991 and 500 
mb height maps from 1946 to 1991. All images 
exist as GIF files (1024 x 822 pixels, 256 color) 
and can be displayed on many different computer 
platforms. Shareware for viewing GIF images is 
also available at the Internet site and on the 
CD-ROM. Full details can be found in a paper 
entitled "A Computer-based Atlas of Global 
Instrumental Climate Data" by R.S. Bradley, 
L.G. Ahern and F. T. Keimig in the January, 
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1994 edition of the Bulletin of the American 
Meteorological Society (Vol. 75, No. 1). 

To access the images via Internet, use anonymous 
ftp to the Carbon Dioxide Information Analysis 
Center at the Oak Ridge National Laboratory, 
USA as follows: 

ftp cdiac.esd.ornl.gov 
cd pub/images 

You will find two information files - readme.dat 
and readme.img. These files contain the same 
basic information as the above cited paper. 

To receive the CD-ROM "Atlas of Global 
Instrumental Climate Data - Version 1.0", please 
send a check for US$ 30.00 and the name and 
address to which the CD-ROM is to be mailed to: 

Frank Keimig 
Department of Geology and Geography 
Box 35820 
University of Massachusetts 
Amherst, MA 01003-5820 

The check should be made payable to 

"Geology/Geography Service Fund". 

Questions may be directed to Frank Keimig at 
telephone (413) 545-0659 or at email address 
frank@climatel .geo.umass. edu. 

STRATOSPHERIC OZONE 

MULTIMEDIA CD-ROM FOR 

MACINTOSH AVAILABLE 

Stratospheric Ozone is a multimedia CD-ROM 
for the Apple Macintosh from Lenticular Press 
(College Station, TX). It is the first CD-ROM to 
make the huge Nimbus 7 TOMS database of 
stratospheric ozone measurements easily available 
to students, educators, and non-specialists. It 
includes global and hemispheric daily, monthly, 
and climatological maps and numerical data for 
the entire 14.5-year record - more than 16,000 
maps and 500 MB of data in all. 

Until February 28, 1995 Stratospheric Ozone is 
available for a special introductory price of 
US$39.95. Beginning March I, 1995 the price 
will increase to US$49.95. 

For more information contact: 

Lenticular Press 
P.O. Box 10413 
College Station, TX 77842-0413 
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409-693-0622 voice
 
409-693-0729 fax
 
800-315-3365 fax orders
 

or send electronic mail to 

sales@lenticular.com 

Ken Bowman < kbowman@lenticular.com> 

NOAA-NASA GOES 

PATHFINDER DATA 

AVAILABLE 

The Space Science and Engineering Center at the 
University of Wisconsin-Madison has announced 
that the NOAA-NASA GOES Pathfinder Data Set 
is now accessible via gopher and ftp. 

WHAT IS THE NOAA-NASA GOES 
PATHFINDER DATA SET? 

The GOES (Geostationary Operational 
Environmental Satellite) Pathfinder Data Set 
was generated at SSEC using full resolution 
GOES imagery from the Geostationary 
National Archive. This Data Set includes the 
following products from May 4, 1987 through 
November 30, 1988 (Benchmark Period): 

1) 8 km products 
2) 70 km equal area statistics products 
3) 24 km browse of the 8 km products 
4) 9 panel browse of the 70 km statistics 

DESCRIPTION OF THE GOES PAlliFINDER 
DATA SET PRODUCTS 

The 8 km products include hourly MSI (Multi
spectral Imaging) and all the Dwell Sounding 
images available in the GOES-7 data stream. 
The products include all bands present in the full 
resolution data. The infrared (lR) bands are 
sampled while the visible band is averaged. 

The 70 km equal area statistics products are 
statistical analysis of the visible and the infrared 
data generated from the 8 km products. Each 70 
km product can have up to 32 bands of data. The 
number of bands and specific band availability is 
dependent on the band availability of the source 
MSI. 

The 24 km browse products are GIF files 
produced from a 3-fold reduction of the 8 km 
products. Each 24 km GIF represents a single 
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band of an 8 km product. These GIFS include 
the visible, 11.2 micron (Window) and the 6.7 
micron (Water Vapor) channels when available at 
the synoptic hours (0,3,6, ... UTC). 

The 9 Panel browse composites are GIF files 
from the GOES Pathfinder multibanded equal 
area statistics products. Each of the 9 panels 
represents a single band for a synoptic hour. All 
bands are not present in every time period. 

DATA AVAIUBILITY 

A RAID (Redundant Array of Independent Disks) 
system is utilized to store the GOES Pathfinder 
products. The 70 krn statistic products and the 9 
Panel browse for the entire Benchmark period are 
present and will be maintained on the RAID. 
Due to the size of the ~ km data set, the complete 
benchmark period cannot be on-line at one time. 
The 8 km data will be available in groups of 21 
days with the entire group changing weekly. As 
each group of 8 km products is put on-line, the 
24 km browse products for the synoptic hours 
will be generated and then maintained on the 
RAID system. The complete Product Availability 
Schedule is available on gopher and via ftp. 

WHERE TO FIND THE NOAA-NASA 
GOES PATHFINDER DATA SET 

Browse products may be viewed via gopher 
diamond.ssec.wise.edu (144.92. 108.49). 
All products may be downloaded via anonymous 
ftp diamond.ssec. wisc.edu (144.92.108.49). 

WHERE TO DIRECT 
QUESTIONS OR COMMENTS 

If you have questions, comments or need more 
information about the specific products included 
in this data set, please contact SSEC Pathfinder 
Operations at: goesprods@ssec.wisc.edu. 

NCDC CLIMATE AND 

METEOROLOGY CD-ROMS 

The United States National Climate Data Center 
(NCDC) has the following CD-ROM products 
available for sale to users at the prices indicated 
after the product descriptions. 

International Station Meteorological Climate 
Summary (lSMCS) Ver 2.0. 

This CD-ROM gives detailed climatological 
summaries for about 980 locations worldwide. 
These locations include National Weather Service 
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locations, domestic and overseas Navy and Air 
Force sites, and selected foreign stations. 
Limited summaries are also given for almost an 
additional 5,000 worldwide sites. Tabular or 
statistical data can be exported to a printer or 
spreadsheet. Version 2.0 also supports limited 
mouse capability. 

Joint NCDC, USAF and U.S. Navy product. 
Cost US$ 50.00 

National Climate Infonnation Disc-Vel 1. 

This CD-ROM has monthly sequential 
temperature, precipitation, and drought data for 
the 344 climate divisions in the contiguous U.S. 
The data can be viewed in a tabular or graphical 
format and output sent to a printer. The 
CD-ROM covers the period 1895-1989 and 
contains 1032 time-series graphs, 4180 maps, and 
5400 frames of video animation. 

NCDC product. Cost US$ 50.00 

U.S. Navy Marine Climatic Atlas 
of the World - Ver 1.0. 

I 
This CD-ROM includes analysis and display 
software for climatological averages of 
atmospheric and oceanographic data. The data 
are summarized with user-defined 1 and 5 degree 
grid areas covering the global marine 
environment. The summaries are produced using 
predominately ship data collected between 1854
1969. The major elements include air and sea 
temperature, dewpoint temperature, scalar wind 
speed, sea-level pressure, wave height, wind and 
ocean-current roses. This CD-ROM allows the 
user to define element intervals (e.g. 5 to 10 
knots, two degree temperature intervals). The 
CD-ROM allows contouring for explicitly user
defined regions and exporting data to a printer or 
diskette. 

U.S. Navy sponsored product.
 
Cost US$ 50.00
 

Global Upper Air Climatic Atlas (GUACA). 

This two-volume CD-ROM set uses 12-year 
(1980-1991) 2.5 degree gridded upper air climatic 
summaries derived from the European Centre for 
Medium Range Weather Forecasts (ECMWF) 
model analyses. The CD-ROM presents upper 
air statistics for 15 different vertical levels in the 
Northern and Southern Hemisphere for dry bulb 
and dewpoint temperature, geopotential height, 
air density, and vector and scalar wind speed. 
The CD-ROM provides access/display software 
for gridpoint data, contouring capability for user-
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defined areas, and vertical profiles. The 
climatology covers the 12-year period as well as 
individual year-months. 

Joint NCDC and U.S. Navy product. 
Cost US$ 200.00, sold only as a set. 

CLlVUE CD-ROM. 

The National Climatic Data Center (NCDq 
developed a CD-ROM in support of a museum 
exhibit which traveled across the U.S. The CD 
contains a 1,500-station subset of NCDC's nearly 
8,000 U.S. daily cooperative stations. The user 
selects a date and area of the U.S. and the 
CD-ROM database is queried for stations within 
the specified domain having data. Then, the 
system displays daily maximum and minimum 
temperatures, precipitation, and snowfall for the 
site. Graphs showing 7 years, 21 years, and the 
full period of record (varies by station) for the 
station(s) are available. Visual displays allow 
users to view trends, variability, and extremes. 

Joint NCDC and Franklin Institute product. 
Cost US$ 50.00 

SAMSON CD Set. 

The Solar and Meteorological Surface 
Observational Network (SAMSON) three-volume 
CD-ROM set is available. The 3 CD-ROM's are 
divided geographically into regions: eastern, 
central, and western U.S., and contain hourly 
solar radiation data along with selected meteoro
logical elements for the period 1961-1990. It 
encompasses 237 NWS stations in the United 
States, plus offices in Guam and Puerto Rico. 
The dataset includes both observational and 
modeled data. The hourly solar elements are: 
Extraterrestrial horizontal and extraterrestrial 
direct normal radiation; global, diffuse, and 
direct normal radiation. Meteorological elements 
are: Total and opaque sky cover, temperature 
and dew point, relative humidity, pressure, wind 
direction and speed, visibility, ceiling height, 
present weather, precipitable water, aerosol 
optical depth, snow depth, days since last snow
fall, and hourly precipitation. 

Joint NCDC and NREL product.
 
Cost US$ 100.00 per region
 

or US$ 300.00 per set.
 

Radiosonde Data of North America 1946-1992. 

Contains all available radiosonde data for North 
America (U.S., Canada, Mexico, and Caribbean 
Islands) through the 100-mb level on four disks. 
Periods covered are 1946-1965, 1966-1979, 
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1980-1989, and 1990-1992. Data includes 
significant, mandatory, and special wind levels 
for all observation times, and includes 
geopotential height, temperature, dew point, wind 
direction, and scalar speed. The user can select 
for output to printer, screen, or file: a single 
station or multiple stations for a defined time 
period, or all stations within a specified geograph
ic region in either synoptic or station sort. The 
CD also contains available station metadata. 

Joint NCDC and ERL product. 
Cost US$ 400.00, sold only as a set. 

** Global Tropical and Extratropical Cyclone 
Cyclone Climatic Atlas (GTECCA). 

This single volume CD-ROM contains all global 
historic tropical storm track data available for 
five tropical storm basins. Periods of record vary 
for each basin, with the beginning as early as the 
1870s and with 1992 as the latest year. Northern 
hemispheric extratropical storm track data are 
included from 1965 to 1992. Tropical track data 
includes time, position, storm stage (and 
maximum wind, central pressure when available). 
The user has the capability to display tracks, and 
track data for any basin or user-selected 
geographic area. The user is also able to select 
storm tracks passing within a user-defined radius 
of any point. Narratives for all tropical storms 
for the 1980-1992 period are included along with 
basin-wide tropical storm climatological statistics. 

Joint NCDC and U.S.Navy product. 
Requires 520K of RAM memory. 
Cost US$ 100.00 

** Global Daily Summary (GDS). 

This CD-ROM provides access to a 10,000 
station set of daily maximum/minimum 
temperature, daily precipitation, and 3-hourly 
present weather for the 1977-1991 period of 
record. Data can be selected for viewing or 
output to file for geographic areas or by a 
predefined user-selected list of stations. The 
dataset includes element flags for suspected 
erroneous data. A data inventory contains station 
name, latitudellongitude, elevation, period of 
record, and the .number of observations of 
available data. Requires a bare minimum of 4 
MB of RAM, with 8MB of RAM recommended 
for superior performance. 

Cost US$ 100.00 

The NCDC also plans the following future 
CD-ROM Products and Updates. Projected dates 
may change due to unforeseen circumstances. 
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International Station Meteorological Climate 
Summary (lSMCS) - Ver 3.0. 

This update will add an additional 1,050 global 
stations bringing the total number of detailed 
summaries to 2,000 locations. Version 3.0 will 
expand mouse capability. 

Projected Summer 1994. 

Global Tropical and Extratropical Cyclone 
Climatic Atlas (GTECCA) - Ver 2.0. 

This update will add 5-degree square climatology, 
additional narratives, and 1993 track data. 

Projected Late 1994. 

U.S. Navy Marine Climatic Atlas 
of the World - Ver 2.0. 

Narratives for select ocean ports will be added 
along with subsurface ocean information. 

Projected Summer 1994. 

Station Climatic Data Daily Statistics. 

Summary statistics and access software provided 
to present daily data for major U.S. locations. 
Users will be able to query the data base on this 
CD-ROM. 

Projected Summer 1994. 

Northern Hemisphere Historic Fields. 

This CD will allow users to view daily surface 
charts for the period 1899-1992. Daily upper air 
charts (700 mb, 500 mb, 300 mb) will be 
available from the late 40s through 1992. 

Projected late 1994. 

Russian Synoptic Data. 

Three hourly observations (synoptic) for over 250 
sites in the former Soviet Union will be available. 
The period covered is generally from the 1950s 
through the mid 1980s. 

Projected late 1994 or early 1995. 

Climatic Sununaries for Buoys 
and C-MAN Stations. 

This CD-ROM will present statistical summaries 
for coastal marine buoys and automatic stations 
for the last 6-12 year period (depending on data 
availability). Actual hourly or three hourly data 

will also be included. 

Projected late 1994. 

Ordering Infonnation 

The NCDC Climate Services Branch (CSB) is the 
group responsible for distribution of NCDC 
CD-ROM products to users. NCDC's CSB can 
be contacted via the following phone number, 
INTERNET, electronic mailbox or facsimile. 
Add a US$ 11.00 service charge per order 
(foreign customers add US$ 21.00). Starred 
Items (**) indicate more than 470K of RAM 
needed. 

Telephone Number : 704-271-4800 
FAX NUMBER : 704-271-4876 
OMNET MAILBOX : NCDC.SERVICE 
INTERNET ACCESS : orders@ncdc.noaa.gov 

NEXRAD LEVEL II 

VISUALIZATION SOFTWARE 
I 

WSR-88D LEVEL II BASE DATA 
VISUALIZATION SOFIWARE 

The National Climatic Data Center (NCDC) is 
now distributing software including source code 
to display WSR-88D level II data. The WSR
88D Visualization Software (WVS) reads level II 
data tapes and writes the data to disk in a format 
for WVS to display. WVS displays individual 
sweeps of reflectivity, velocity and spectrum 
width data. Images can be displayed while the 
level II tape is being read and written to disk, or 
images can be displayed after the data have been 
written to disk. WVS runs on SUN, IBM, 
HP, and SGI unix-based workstations. WVS 
is written in C and Fortran and uses X windows 
v11.4 with Motif v l .1. This software was 
developed with ESDIM funding by the National 
Severe Storms Laboratory. 

TO RECEIVE THE SOFIWARE 

There are two ways to obtain a copy of WVS, 
either by mail on 8mm tape or through ftp, 
Whether receiving the software on tape or from 
ftp, the software is in one file. The file will be a 
tar file, which is one file containing many files. 
In addition to the tar file, there is a README 
file. (Consult your workstation manual if the tar 
instructions below do not work, your workstation 
may require different instructions.) All the 
software will reside in one directory. 
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In addition to the software in the tar file, there is 
also a WordPerfect 5.1 version of the user's 
guide which uses a scalable font with italics for 
printing. The user's guide was written in 
WordPerfect and uses special formatting for 
clarity. The user's guide is named "guide. wp". If 
you need a hard copy of the guide, you can obtain 
one from NCDC (address, phone, fax and e-mail 
are listed below). The user's guide is needed to 
install the WVS. 

There are also files to overlay county lines on the 
images. There is one county line overlay file per 
radar. The file name is in the form 
'countyLines.XXXX', where XXXX is the four 
letter identifier for the radar name (e.g., KMLB 
for Melbourne, FL). 

When receiving the information on Exabyte tape, 
there is one tar file on the tape. This one tar file 
contains the software in a tar file (zzzwvstar), the 
User's Guide file (guide.wp), the read me file 
(README) and all of the available county line 
files (countyLines.XXXX). The information can 
be written to an 8200, 8500 or 8505 tape. A 
charge of US$ 25.00 will be assessed to cover the 
cost of the tape and processing the order. 

10 CONTACT NCDC: 

Write to: National Climatic Data Center 
Federal Building 
37 Battery Park Avenue 
Asheville, NC 28801-2733 

E-mail to: 
INTERNET: orders@ncdc.noaa.gov 
OMNET Mailbox: NCDC.SERVICE 

Call: (704) 271-4800 
FAX: (704) 271-4876 

10 RECENE THE SOFTWARE VIA FTP: 

1.	 Make a directory for the software and
 
change your directory to that directory.
 

2.	 From the directory created for the soft
ware, use ftp (file transfer protocol) to 
bring the software into the directory. 

3.	 Type: ftp hurricane.ncdc.noaa.gov 
4.	 login as anonymous 
5.	 use your username as the password 
6.	 Type: cd /pub/nexrad 12 
7.	 Type: binary 
8.	 Type: get README 
9.	 Type: get zzzwvstar 

10.	 Type: get guide. wp 
11.	 To get a county line overlay file, type: 

get countyLines.XXXX, where XXXX is 
the radar name acronym. (Repeat this 

procedure for each countyline overlay file 
desired) 
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12.	 To end the ftp session, type: quit 
13.	 Type: tar xvf zzzwvstar 
14.	 Use appendix A of the user's guide to 

install WVS. 

TO RECEIVE SOFTWARE FROM TAPE: 

1.	 Write, e-mail, fax, or call NCDC to 
request the software on tape. 

2.	 When the tape arrives, make a directory 
for the software and change your 
directory to that directory. 

3.	 Load the tape into the tape drive. 
4.	 From the directory created for the soft

ware, extract the files by typing: 
tar xvf tape-device (to extract all the files 
from the one tar file on the tape) 
or 
tar xvf tape-device file1 file2 file3 
filen (to extract individual files from the 
one tar file on the tape) 

Possible file names are: 
zzzwvstar (tar software file) 
guide.wp (Users Guide) 
README (copy of announcement) 
county Lines. XXXX 
(county line files, where XXXX is the 
radar site acronym) 

If zzzwvstar is tarred in from the tape, it will 
have to be tarred again to produce the software 
files. To do so, enter: 

tar xvf zzzwvstar 
tape-device - the tape path name and tape 
drive name (e.g./dev/rmtO). 

5.	 Use appendix A of the user's guide to 
install WVS. 

SOFTWARE INSTALLATION SUPPORT 

If there are questions or problems with 
installation that the user's guide does not answer, 
computer support personnel will be available. 
When contacting the computer support personnel, 
give your name, phone number and address (both 
e-mail and mailing) along with a description of 
the problem and what you were doing when the 
problem occurred. Please provide as detailed 
steps as possible to allow duplication of the error. 

All suggestions for changes should be e-mailed or 
mailed to the address listed below. No significant 
enhancements are expected to be made in FY94. 

10 CONTACT COMPUTER 
SUPPORT PERSONNEL: 
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Write to: 
Dept. of Commerce 
WVS Support 
1313 Halley Circle 
Norman, OK. 73069 

or e-mail to: 
INTERNET: esdim@nsslsun.nssl.uoknor.edu 

or call: (405) 366-0533 

or FAX: (405) 366-0472 

TOPEX/POSEIDON BUILDS 

CRITICAL DATA BASE 

ON CLIMATE CHANGE 

Brian Dunbar 
NASA Headquarters, Washington, DC 
(Phone: 202/358-0873) 
Mary Hardin 
Jet Propulsion Laboratory, Pasadena, CA 
(Phone: 818/354-5011) 

RELEASE: 94-202 December 7, 1994 

Scientists, using data from the U.S.-French 
oceanography satellite TOPEX/Poseidon, say 
they appear to have detected a rise in the average 
global sea level over the past two years. If 
scientists detect a global, long-term rise in sea 
level, they will be able to test theories about the 
effects of climate change. 

"A rise in global mean sea level is an important 
indicator of global change, because it can be 
caused by thermal expansion of the oceans and 
melting of glaciers and the polar ice caps," said 
Dr. R. Steven Nerem of NASA's Goddard Space 
Flight Center, Greenbelt, MD. "Therefore, if a 
long-term rise in global mean sea level were 
detected, this would provide further evidence to 
support the global warming predicted by some 
climate models due to an increase in the 
greenhouse gases. " 

This and several other findings were announced 
today at the American Geophysical Union's fall 
meeting in San Francisco. Other topics at the 
meeting related to TOPEX/Poseidon include an 
experiment to study phenomena that can disrupt 
offshore drilling and the study of deep-ocean 
tides. 

The insights from TOPEX/Poseidon add to data 
collected from tide gauges over the last century 

which suggest that average sea level has been 
rising at a rate of about .04 to .08 inches (1 to 2 
millimeters) per year, roughly equivalent to the 
rate expected from global warming, Nerem said. 
"The data (from Dec. 1992 to Sept. 1994) show a 
rise in average sea level of about .12 inches (3 
millimeters) per year, which is in reasonable 
agreement with the tide gauge results," Nerem 
explained. However, tide gauge measurements 
can be affected by the movement of land masses 
and are too sparsely distributed to provide global 
coverage. 

TOPEX/Poseidon was launched on Aug. 10, 
1992, to study how long-term ocean circulation 
affects climate change. The satellite measures 
the sea-surface height along a groundtrack that 
repeats once every 10 days. The satellite also 
measures absolute sea level relative to the center
of-mass of the Earth. The measurement data is 
unaffected by land movements. 

Nerem cautioned that the results are preliminary 
and could change as a longer time series is 
collected and as the measurement errors are better 
understood. 

"lt should also be noted that since the sea level 
rise is only measured over two years, it could 
represent a short-term variation unrelated to the 
long-term signal expected from global warming. 
Nevertheless. TOPEX/Poseidon appears to be 
providing corroborating evidence that global sea 
level is indeed rising," Nerem said. 

TOPEX/Poseidon data are helping scientists and a 
U.S. oil company in the Gulf of Mexico study 
potentially dangerous ocean phenomena that can 
disrupt offshore oil drilling. 

"Oil industry operations in deep water can be 
adversely affected by high ocean currents, " said 
Dr. George Born of the University of Colorado's 
Colorado Center for Astrodynamics Research 
(CCAR). "In the Gulf, eddies spun off from the 
Loop Current have caused serious operational 
problems, including delays of several weeks, lost 
and damaged equipment and millions ofdollars in 
unproductive expense. " 

The Loop Current is a strong ocean current that 
circulates around the Gulf. Roughly once a year, 
a large eddy is spun off from the Loop Current 
and moves west through the Gulf. 

"An eddy can be thought of as a hurricane in the 
water," Born said. "The Gulf of Mexico has 
some of the largest eddies in the world, ranging 
up to 180 to 250 miles (300 to 400 kilometers) in 
diameter. " 
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In late summer 1994, a large eddy, called Eddy 
Yucatan, broke off from the Loop Current. 
Oceanographers from Texaco, Inc. used 
TOPEX/Poseidon data to augment their drifting 
buoy data and track this eddy. As of late 
October, Eddy Yucatan was located approx
imately 93 miles (150 kilometers) southeast of the 
Texaco drilling site where it appeared to be 
moving away from the site. 

"However, the predictive models available for the 
Gulf are still under development and it is 
impossible to predict the future path of the eddy 
with great certainty," Born said. "'~~brk is 
currently underway at CCAR to use 
TOPEX/Poseidon data to produce a more reliable 
forecast. This work ultimately will benefit not 
only offshore oil drilling, but many oceanograph
ic activities in the Gulf of Mexico. " 

In another application, the precision of the 
TOPEX/Poseidon ocean measurements has 
enabled scientists to calculate global tides across 
all the open oceans, an important step toward 
monitoring global ocean circulation from space 
and understanding the complexities of global 
climate change. 

"Using the first year of data we can now predict 
deep ocean tides everywhere over the areas 
covered by the satellite with an accuracy of 0.8 
to lJ inches (2 to 3 centimeters)," said Dr. 
Christian Le Provost, of the Institut de 
Mecanique de Grenoble in France. 

"We need to precisely understand deep ocean 
tides so that we can remove their influence from 
the ocean circulation data, "said Dr. Lee-Leung 
Fu, the TOPEX/Poseidon project scientist at 
NASA's Jet Propulsion Laboratory, Pasadena, 
California. "it is ocean circulation that is the key 
to understanding global warming and global 
climate change. " 

Precise knowledge of global ocean tides helps 
scientists better understand how pollutants are 
dispersed by tidal currents. The knowledge also 
will have applications to shipping, oil drilling and 
exploration, and fishery development. 

TOPEX/Poseidon is part of NASA's Mission to 
Planet Earth, a coordinated, long-term research 
program to study the Earth as a single global 
environment. TOPEX/Poseidon' s sea-surface 
height data are essential to understanding the role 
oceans play in regulating global climate, one of 
the least understood areas of climate research. 
The Jet Propulsion Laboratory manages the 
TOPEX/Poseidon mission for NASA. 
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EXTENDED RANGE 

PREDICTION OF NINO-3 SSTAs 

FROM 08/95 TO 01/96 

Extended Range Prediction of Equatorial East 
Pacific NINO-3 Sea Surface Temperature 
Anomalies (SSTA) Conditions for the Period of 
August 1995 to January 1996 

by: William M. Gray, Paul W. Mielke, Jr., 
Kenneth J. Berry, and John A. Knaff 
Colorado State University 
(13 December 1994) 

Abstract: 

This short write-up discusses an extended range 
(9-14 month) forecast of the equatorial East 
Pacific Sea Surface Temperature Anomalies 
(SSTA) in the NINO-3 region for the periods of 
August-October 1995, November-January 1995
1996, and August-January 1995-1996. This long 
lead forecast which crosses the so-called "predict
ability barrier" of early summer calls for negative 
NINO-3 temperature anomalies to develop during 
the late summer to early fall months of next year. 
The three SSTA forecasts for these periods are 
-0.74 C, -1.0 C, and -0.79 C, respectively. If 
this change from warm to cool water conditions 
does, in fact takes place, it represents a major 
change in the long running EI Nino-like 
conditions which have been in place since 1990. 

Forecast Scheme: 

In recent years the above authors have been 
working to develop a method for the extended 
range prediction of equatorial East Pacific NINO
3 Sea-surface Temperature Anomaly (SSTA) 
from late November of the previous year to 
August through October and November-January 
of the following year. Our forecast develop
mental period includes the years of 1959-1992. 
The physical principles and philosophy behind 
this forecast are explained by papers listed in the 
references. The forecast uses the following 
combination of six predictors. These predictors 
are: 

1.	 Nine-month forward extrapolated 
(November 1994 to September 1995) 
of the absolute value of the vertical 
shear of zonal wind between 50 mb 
(18 km) and that at 30 mb (23 km). 
The QBO has an influence on ENSO 
by virtue of its relative modulation 
of near equator (0-7 degrees latitude) 

.--'--
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versus off-equator deep cumulo
nimbus convection. 

2.	 Singapore 100 mb temperature 
anomaly (TA) values during the prior 
March to August 1994 months. This 
temperature anomaly yields a 
reliable quantitative measure of the 
western equatorial Pacific Ocean 
warm or cold water pool energy 
buildup which is necessary for 
changes to EI Nino or La Nina. 

3.	 Same as predictor 2 but for the 
period September 1993 to February 
1994 with the same physical 
explanation. 

4.	 Darwin Sea Level Pressure Anomaly 
(SLPA) during the prior May 
through July 1994. This index 
provides a proxy measure of the 
troposphere's biennial oscillation 
(QB); when SLPA is high or low in 
one year, it tends to be of the 
opposite sign the next year. 

5.	 Prior 27-month NINO-3 SSTA. 
This index provides a measure of 
recent conditions of the eastern 
equatorial Pacific SST. Warm and 
cold water conditions are not 
maintained for long periods except 
for anomalously extended ENSO 
events such as 1990 - 1994, 
1939 - 1942, etc. These long period 
events are rare. 

6.	 Western Sahel Rainfall: An index of 
August-September rainfall from 38 
stations in the Western Sahel region 
of West Africa also gives useful 
information for the following year's 
NINO-3 SSTA prediction. This 
predictive relationship involves a 
negative association between 
Western Sahel rainfall and Nino-3 
SSTA. We find that Western Sahel 
rainfall is associated with the QB 
nature of the atmosphere as well as 
the multi-decadal changes which 
are related to the long running 
Sahelian drought. Slightly above 
average rainfall conditions occurred 
in August-September of this year. 

We find that we are able to explain about 55-60 
percent of the variance of NINO-3 SSTAs in 
cross validated hindcast studies for the 1959-1992 

period. This scheme however did not verify the 
last two years. We believe that this last two-year 
failure are due to the unusual long lock-in of 
warmer EI Nino conditions which has baffled 
most EI Nino experts. There has never been a 
prior example in records going back to the mid
19th century when the NINO-3 and the SOl have 
registered same sign anomalies for such an 
extended period. Once the ENSO returns to its 
normal back and forth swings (which we expect 
in 1995), it is anticipated that our extended range 
forecast scheme will show appreciable future 
extended range forecast skill as long as the ENSO 
does not again become locked in a long but 
historically rare 3-5 year long warm or cold 
phase. We are presently attempting to understand 
the causes of these occasional 3-5 year warm and 
cold lock-in periods. 

1995 Prediction: 

Late November 1994 forecast parameters for the 
August - October 1995, November - January 
1995 - 1996, and August - January 1995 - 1996 
predictions of NINO-3 sea surface temperature 
anomaly (SSTA) are as follows: I 

1.	 Extrapolated difference in September 
1995 QBO 50 mb(20 km) minus 30 mb 
(23 km) zonal winds (U50 - U30) 
= 4.0 IDS-I; 

2.	 Singapore 100 mb (16.5 km) temperature 
anomaly (TA) for March through August 
1994 in units of 10-1 C 
= + 1.0; 

3.	 Singapore 100 mb TA for September 
1993 through February 1994 in units of 
10-1 C
 
= + 3.0;
 

4.	 Darwin SLPA March through July 1994 
in units of 10-1 mb 
= + 10.0; 

5.	 Prior 27 month (September 1992 through 
November 1994) NINO-3 SSTA in units 
of 10-2 C 
= + 34; and 

6.	 August-September 1994 Western Sahel 
Rainfall in S.D. 
= +0.08. 

This forecast of cool SST conditions for late 
summer and early fall 1995 is consistent with 
what appears to be basic changes occurring in the 
global circulation that indicate an end to the long 
running EI Nino by next summer. These are: 
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1.	 The return of westerly stratospheric QBO 
wind conditions by next summer. 

2.	 Decrease of Singapore 100 mb 
temperature anomalies currently going 
on. 

3.	 Recent change is the character of African 
Sahelian rainfall. Wet conditions have 
returned for the first time since 1988
1989. 

4.	 General characteristic of the SSTA 
patterns in the West Pacific and Indian 
Oceans. 

5.	 The length of the current 4-5 year warm 
event. Historical data indicates that the 
longer it is warm the more chance that it 
will change to cold. 

If this ENSO forecast should verify, 1995 will 
be the first year that has not had warm SSTA 
conditions in the equatorial eastern Pacific since 
late 1989. It appears that, at long last, we will 
have a break to this most unusual 5-year warm EI 
Nino event. A change to cold conditions is 
expected to cause important changes in the 
globe's broad scale circulation and rainfall 
patterns for late next year. 
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UARS CONFIRMS CFCs 

CAUSED ANTARCTIC 

OZONE HOLE 

NASA PRESS RELEASE December 19, 1994 

Three years of data from NASA's Upper 
Atmosphere Research Satellite (UARS) have 
provided conclusive evidence that human-made 
chlorine in the stratosphere is the cause of the 
Antarctic ozone hole. UARS instruments have 
found chlorofluorocarbons (CFCs), human-made 
products used in electronics and refrigeration 
systems, in the stratosphere. The satellite's 
global data set also has traced worldwide buildup 
of stratospheric fluorine gases corresponding to 
the breakdown of CFCs, according to NASA 
scientists. 

For many years, scientists have warned that 
the widespread use of chlorofluorocarbons in 
refrigeration, spray cans and foam packaging was 
responsible for stratospheric ozone loss. The 
stratospheric ozone layer protects people, animals 
and plants from too much ultraviolet sunlight. 
The Antarctic ozone hole is a dramatic example 
of stratospheric ozone loss, which most scientists 
believe is a new phenomenon caused by the 
release of chlorine from human-made chloro
fluorocarbons. 

In the past few years, some debate has occurred 
over the origin of ozone-destroying chlorine. Sea 
spray and volcanic gases have been put forth 
as possible sources for chlorine reaching the 
stratosphere. The UARS data have ended that 
debate. 

"These new results confirm our theories about 
CFCs, " said Dr. Mark Schoeberl, UARS Project 
Scientist. "The detection of stratospheric fluorine 
gases, which are not natural, eliminates the 
possibility that chlorine from volcanic eruptions 
or some other natural source is responsible for 
the ozone hole." In addition to CFCs, UARS has 
detected hydrogen fluoride, a product of 
the chemical breakdown of CFCs, in the 
stratosphere. 

"Hydrogen fluoride has no natural source, it is 
not produced by volcanic eruptions or salt 
spray, n said Dr. Anne Douglass, UARS Deputy 
Project Scientist. "Furthermore, scientists can 
calculate how much chlorine in the stratosphere is 
man-made using the hydrogen fluoride data." 
This calculation shows that almost all of the 
chlorine in the stratosphere comes from human
made chlorofluorocarbons. 
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The UARS measurements of chlorofluorocarbons 
were made with the Cryogenic Limb Array 
Etalon Spectrometer, operated by Dr. Aiden 
Roche of Lockheed Palo Alto Research 
Laboratory. The hydrogen fluoride measure
ments were made with the Halogen Occultation 
Experiment, operated by Dr. James Russell of 
NASA's Langley Research Center, Hampton, 

. VA. 

Each year since 1979, the ozone layer thins 
dramatically over Antarctica. This sudden 
change in the ozone was first noticed by 
researchers in Antarctica and soon confirmed by 
NASA satellites. The unpredicted Antarctic 
ozone loss gave scientists a challenging puzzle. 
Aircraft observations in 1987 showed convincing
ly that the high concentrations of chlorine 
monoxide over Antarctica were destroying ozone 
in the lower stratosphere. Most scientists were 
convinced that a series of chemical reactions 
involving chlorine monoxide and ozone led to the 
formation of the ozone hole. 

Two questions, however, remained: why was the 
change in the ozone layer taking place over 
Antarctica, and what was the source of the 
chlorine monoxide? Meteorologists long have 
known that the Antarctic stratosphere can be one 
of the coldest places on the planet. Air is so cold 
that wispy clouds can form even in the super-dry 
stratospheric air. These clouds, called polar 
stratospheric clouds, form in the dead of winter. 
Scientists believe that chemical reactions on the 
surface of the cloud crystals release chlorine from 
"reservoir" gases, which do not react with ozone. 
The chlorine reacts quickly with ozone to form 
chlorine monoxide. This reaction begins the 
catalytic cycle in which one chlorine atom can 
ultimately destroy many ozone molecules, leading 
to the polar ozone hole. 

UARS has measured the winter build up of 
chlorine monoxide within the south and north 
polar regions every year since its launch. UARS 
has found that chlorine monoxide appears sudden
ly in the stratosphere after the formation of the 
polar stratospheric clouds. Infrared and 
microwave sensors on board UARS are able to 
track stratospheric clouds and the chemical 
changes they cause. 

UARS measurements have confirmed that the 
chlorine monoxide can build up to extreme levels 
in the polar regions after polar stratospheric 
clouds appear. UARS data also have shown that 
the meteorology of the polar stratosphere prevents 
the chlorine monoxide from dispersing, thus 
increasing the ozone loss. 

"We are getting daily polar maps of ozone
destroying chemicals," said Douglass. "These 
measurements are adding tremendously to our 
knowledge of the stratosphere. " 

The UARS data set also has provided a clearer 
picture of the overall chemistry of the 
stratosphere. UARS instruments have tracked the 
levels of chlorine "source" gases (CFCs), 
intermediate products (chlorine monoxide) and 
reservoir gases (hydrogen fluoride, hydrogen 
chloride and chlorine nitrate). 

Under international treaties controlling the use of 
ozone-depleting chemicals, the amounts of CFCs 
in the atmosphere no longer are increasing. 
However, CFCs survive in the atmosphere for 
many years before being destroyed by ultraviolet 
light, and the ozone hole is expected to persist 
at current levels through this decade. (Their 
stability was one of their biggest assets when they 
were developed for industrial use in the 1930s.) 
Unless other conditions change, scientists expect 
the ozone hole to weaken and disappear in the 
21st century. 

UARS was the first satellite launched as part 
of NASA's Mission to Planet Earth, a 
comprehensive study of how the Earth's global 
environment changes, and how human activities 
contribute to that change. Mission to Planet 
Earth includes satellites, Space Shuttle 
instruments, aircraft research and ground teams. 
Goddard Space Flight Center, Greenbelt, MD, 
manages UARS for NASA's Office of Mission to 
Planet Earth, Washington, DC. 

Note: Photographs, satellite imagery and a video, 
"Beyond the Clouds," describing the UARS 
mission, are available from NASA's Broadcast 
and Imaging Branch by faxing your request to 
202/358-4333. 
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Bill Kyle 

Department of Geography & Geology 

The University of Hong Kong 

Hong Kong 
Weather Reviews 
Climatological information employed in the compilation of 
this section is derived from published weather data of the 
Royal Observatory, Hong Kong and is used with the prior 
permission of the Director. 

Review of spring 1994 

Important climatological events 

Overall spring 1994 was generally warmer and 
drier than normal though only two months 
posted mean monthly temperatures higher 
than the 1961-90 normal (+ 2.5 and + 1.5°C for 
April and May respectively). March in 
contrast posted an average temperature 0.7°C 
cooler than the longterm average. All three 
months were, however, substantially drier (40, 
4 and 58 percent for March, April and May) 
than normal. As a consequence the precipita
tion total for the season was only 216.2 mm 
amounting to a shortfall of 328.9 mm com
pared to the 1961-90 normal value of 545.1 
mm. The season started off cooler and drier 
than normal due to the persist influence of late 
season northeast monsoon flows which 
dominated throughout the month of March. A 
marked change then took place with April 
setting new records as the warmest and driest 
on record at the Royal Observatory since 1884. 
All three posted mean air temperatures for the 
month (mean maximum: 27.5°C; mean: 24.7°C 
and mean minimum: 22.8°C) were the highest 
values for April, while the monthly rainfall 
total of 6.0 mm was the lowest on record for 
the month. This was mainly due to the waning 
of the late season cold surges of March and, 
particularly in the latter half of the month, the 
dominance of a warm south to southwesterly 
air stream. The generally hotter and drier 
weather continued into May with long periods 
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of dry, sunny conditions becoming more 
frequently punctuated by disturbed weather 
associated with the influence of low pressure 
troughs along the South China coast. 
Although these brought spells of heavy rain the 
monthly rainfall total of 183.7 mm amounted 
to only 58 percent of the May normal of 316.7 
mm. With large amounts of sunshine the 
monthly mean temperature of 27.4°C ranked 
May 1994 as the fourth highest on record. 

Mean daily temperature 23.3°C (+1.1°C) 
Rainfall (provisional) 216.2 mm (40 %) 

March 

Unlike the mild January and February which 
preceded it the month of March was generally 
cooler than normal due to the dominating 
influence of late season northeast monsoon flows. 
As a consequence the monthly mean pressure of 
1018.5 hPa was the fifth highest on record for 
the month and the weather was cloudier than 
usual. The month was, however, relatively dry 
both in terms of humidity (4 percent below 
normal) and precipitation. The monthly total 
rainfall of 26.5 mm was only about 40 percent of 
the March normal of 66.9 mm. 

The cool and overcast weather with which 
February ended continued for the first two days 
of March with the first two nights being relatively 
cold. The early hours of both 1st and 3rd 
recorded the month I s lowest temperature of 
11.4"C. As the dry air attained sufficient depth 
the clouds dissipated on 3rd leading to a couple of 
fine, sunny days with some drizzle at night under 
the influence of an easterly air stream. A lull in 
the northeast monsoon on 6th permitted a moist, 
maritime air mass to penetrate the coastal areas 
bring cloudy weather but keeping the air 
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Daily maximum temperature trends 
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temperatures warm. The increase in humidity 
produced some offshore mist and fog patches on 
8th. With the easterlies freshening the next 
morning drizzle. became more frequent thickening 
into light rain during the night. The following 
day was cloudy and much cooler. Rain gradually 
abated on the morning of 12th although mistiness 
prevailed leading to poor visibility. As the winds 
moderated, milder daytime conditions persisted. 
Fresh easterly winds returned on the morning of 
13th and temperatures fell again during the day. 
Drizzle began around midday and continued into 
the evening. With the arrival of cooler air from 
the north temperatures dropped during the night 
and continued over the next two days which were 
cool and overcast with light rain at times. A 
mild day followed on 16th before a north
erly replenishment reaching the coast the next 
morning bringing cooler conditions. Light rain 
began late on 18th but became heavier on the 
morning of 19th. Sunny intervals. emerged 
during the day and the weather turned fine on 
20th for the first time since 6th. It did not last, 
however, as clouds and patchy light rain returned 
on 21st as yet another replenishment reached the 
coast. This time, however, it was followed by 
dry, continental air leading to fine weather on 
23rd and a steady drop in humidity in the foIlow
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ing days despite increasing cloudiness. Strong 
gusty easterlies arrived on 26th but moderated by 
28th. Apart from some occasional drizzle and 
mist patches offshore the weather remained fine 
till 30th. The month's maximum temperature of 
25.3°C was recorded on 29th before the easterly 
winds freshened the next day bringing cooler 
temperatures and cloudy conditions with some 
light rain for the last two days of the month. 

Mean daily temperature 17.SoC (-0.7°C) 
Rainfall (provisional) 26.5 mm (40 %) 

April 

April 1994 was a month of records, being the 
warmest and driest since data was first collected 
at the Royal Observatory in 1884. The abating of 
northerly surges and the dominance, particularly 
in the second half of the month, of warm south 
to southwesterly airflows brought about the 
conditions leading to such records being broken. 
All three monthly temperature values, mean 
maximum: 27.5°C; mean: 24.7°C; and mean 
minimum: 22.8°C; exceeded existing record 
highs for the month of April. Total bright 
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sunshine at 171.5 hours was 62.6 hours above 
normal whereas mean cloud amount was 9 
percent below normal at 69 percent. Although 
relative humidity was near normal, the rainfall 
total was only 6.0 mm, a mere 4 percent of 
normal for the month and also the lowest on 
record for April. 

The first eight days of April were dominated by a 
light southeasterly airstream. This brought 
coastal mist overnight and in the morning which 
dispersed during the day to give fine, sunny 
weather. Cloudy skies developed on the night of 
8th with the arrival of easterly winds. As these 
winds freshened rain began on the morning of 
9th. The weather remained cloudy with drizzle 
until the late afternoon of 10th when the easterlies 
moderated bringing a return of misty conditions. 
Mist and drizzle continued on 11th and 12th 
before the arrival of a cooler continental air
stream behind a low pressure trough which 
crossed the south China coast on the evening of 
12th. This cleared away the mist and lowered the 
temperature to the month's minimum of 18.1°C 
early on 13th. For the next two days overcast 
conditions with occasional light rain prevailed. 
Winds subsided on 15th, clouds began to break 
and sunny intervals began in the afternoon herald
ing a period of generally fine weather which 
persisted to 20th. During this time the easterlies 
were gradually replaced by warm, southerly 
winds and temperatures rose steadily. Another 
low pressure trough approached on 21st bringing 
with it unsettled weather. On that afternoon and 
evening heavy and thundery showers affected the 
New Territories. Over 80 mm of rain fell over 
eastern Sai Kung and pea-sized hailstones were 
reported near Sha Tau Kok. The weather 
improved the next day to give long periods of 
sunshine. This began a hot and fine spell which, 
apart from some light showers, lasted until 28th 
when temperatures rose to the month's highest of 
31.6°C. The next day an unstable southwesterly 
airstream brought disturbed weather. However, 
heavy rain was very localized. Rainfall of over 
70 mm was measured in the northwest New 
Territories while only 2.4 mm fell at the Royal 
Observatory in Tsim Sha Tsui. The disturbance 
was short-lived and fine weather return on the last 
day of the month. 

Mean daily temperature 24.7°C (+2.5°C) 
Rainfall (provisional) 6.0 mm (4 %) 

May 

Like the preceding month May 1994 was on the 
whole dry, fine and hot. With 186.1 hours of 
bright sunshine (32.3 hours above normal) the 
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monthly mean temperature of 27.4°C was the 
fourth highest recorded for the month. The 
average relative humidity for the month, at 78 
percent, was, on the other hand, the fourth lowest 
on record for May. The generally dry condition 
was also evident in the monthly total rainfall, 
only 183.7 mm, about 58 percent of that normally 
expected in May. Most of this meagre rainfall 
came from a monsoon trough which affected the 
coastal areas from time to time during the month. 

The first two days of May were mainly fine with 
warm conditions. However, the weather became 
unsettled on 3rd as a trough of low pressure 
moved towards the coast from Guangdong bring
ing with it widespread heavy rain and severe 
thunderstorms. Over 80 mm of rain fell in the 
urban areas that day, with the heaviest downpours 
occurring in the morning rush hours. The Royal 
Observatory recorded over 60 mm within the 
hour from 8:00 to 9:00 am on 3rd. The trough 
tarried over the coastal waters the next day 
producing overcast weather with rain and isolated 
thunderstorms which eased off in the evening as 
the trough passed out to sea. Behind it a relative
ly cool and dry northerly airstream lowered the 
temperature to the month's minimum of 21. 1°C 
early on the morning of 5th. This dry air 
dispersed the clouds leading to a sunny day. 
However, this cooler airstream did not last long 
and was soon replaced by maritime airflow lead
ing to a steady rise in temperatures over the next 
five days. Apart from 8th, which was generally 
fine, the weather at this time was mainly cloudy 
with isolated showers. There was a return of 
disturbed weather on 11th with the arrival of 
another trough at the South China coast. This 
brought heavy thundery showers, particularly 
over Hong Kong Island, where more than 50 mm 
of rain was recorded. However, only 15.5 mm 
was registered at the Royal Observatory. An 
improvement began on 12th and the weather 
turned fine for the next two days before the 
approach of another trough bringing unsettled 
weather with thundery showers on 15th. Again 
this soon weakened and the next day saw the 
return of fine, sunny weather which produced the 
month's high temperature of 32.9°C, recorded 
that afternoon. The fine weather continued on 
the morning of 17th but became very unstable 
during the afternoon. Severe squalls developed, 
moving from west to east across the northern 
New Territories. A short-lived small tornado was 
reported in the Fanling. area. Following the 
passage of the trough a ridge of high pressure 
became established along the South China coast 
initiating an extended spell of fine, hot weather 
from 18th to 27th. During this time only a few 
passing showers broke the otherwise dry spell. 
Fresh easterly winds arrived on the evening of 
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27th bringing a deterioration in conditions. 
Heavy rain fell mainly in the southeast where 
Cape d'Aguilar recorded nearly 80 mm on 28th. 
Unsettled weather with frequent, heavy showers 
continued to dominate the weather for the rest of 
the month. 

Mean daily temperature 27.4°C (+1.7°C) 
Rainfall (provisional) 183.7 mm (58 %) 

Review of summer 1994 

Important climatological events 

In sharp contrast to the warmer, and generally 
drier than average spring, the summer of 
1994 was characterized by cooler and much 
wetter conditions than usual. However, the 
change did not take place until July. The 
month of June, by and large, continued the 
weather trend of May. The monthly mean 
temperature of 28.0°C was slightly higher than 
average and the total rainfall of 290.2 mm was 
only 72 percent of the 1961-90 normal total of 
376.0 mm. July, on the other hand, was an 
extremely wet month. The monthly total 
amount of precipitation at 1147.2 mm was the 
highest ever for July and the second highest 
for any month on record, being exceeded 
only by the 1241.1 mm registered in May 1889. 
The month was also unusually humid (6 
percent higher than normal) and cloudy (13 
percent above normal). The meagre total of 
136.4 hours (94.7 hours less than usual) of 
bright sunshine during the month also made it 
the second least sunny July on record. Not 
surprisingly recorded temperatures were also 
considerably lower than usual as well. The 
monthly maximum temperature of 30.4°C, 
mean temperature of 27.9°C, and monthly 
mean minimum temperature of 25.8°C was 
1.1°C, 0.9°C, and 0.8°C respectively below the 
1961-90 normal values. August too was cooler 
(monthly mean temperature 0.9°C below 
normal), cloudier (the fifth cloudiest on 
record), and wetter (precipitation 53 percent 
above normal) than usual as a result of fre
quent enhancement of the southwest monsoon 
and rainfall brought indirectly by tropical 
cyclones. Only three tropical cyclones (an 
unusually low number) necessitated the raising 
of typhoon signals and only two of these, Russ 
in June and Harry in August, required a #3 
signal to be hoisted. 

Mean daily temperature 27.9°C (-0.4°C) 
Rainfall (provisional) 2035.0 mm (187 %) 
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June 

June was the fourth consecutive month in 1994 
with below normal (290.2 mm or 72 percent) 
rainfall so continuing the trend began in March. 
The month was predominantly influenced by a 
warm southwest monsoon and active low pressure 
troughs. This brought mainly cloudy conditions 
with less sunshine. The total bright sunshine for 
the month was 107.8 hours, 53.3 hours less than 
usual, and the seven lowest for the month. 
Despite the cloudier conditions the warm air
stream maintained temperatures which were 
somewhat warmer than usual with a monthly 
mean temperature 0.2°C above normal at 28.0°C. 
Tropical cyclone signals were hoisted for the first 
time in 1994 on 5th for Severe Tropical Storm 
Russ and again later in the month for Tropical 
Storm Sharon. 

The first day of June saw a continuation of the 
unsettled weather of the end of May being cloudy 
with a few night time showers. Periods of 
sunshine appeared on 2nd but an extending ridge 
of high pressure along the coast brought strong 
winds early the next day. An area of low 
pressure in the South China Sea developed, on 
3rd, into a tropical depression called Russ. The 
storm moved eastwards initially and rapidly 
developed into a tropical storm. Windy and rainy 
conditions prevailed during this time. Russ 
intensified into a severe tropical storm on the 
morning of 5th as it slowed down and then 
moved back in the direction it had come. This 
necessitated the hoisting of the Tropical Cyclone 
Standby Signal #1 at 1010 HKT as the storm 
moved closer to Hong Kong. As a result winds 
strengthened from the east and became strong on 
6th requiring the hoisting of the Tropical Cyclone 
Strong Wind Signal #3 at 2030 HKT. Local 
weather remained fine on 5th and 6th as Russ 
remained south of Hong Kong. The weather 
started to deteriorate on 7th when the outer rain 
bands of Russ affected the territory. The winds 
subsided and veered to the southeast on 8th as the 
storm made landfall near Zhanjiang but intense 
rain squalls continued. The month's low 
temperature of 24.3°C was recorded that evening 
during heavy rain. The rain eased off the next 
day but the approach of a trough of low pressure 
again brought widespread rain on 10th. More 
than 70 mm was recorded in Sai Kung that day. 
The establishment of southwesterlies presaged a 
steady rise in mean temperatures from 11th to 
17th although the weather remained cloudy with 
isolated showers during this time. Another 
trough of low pressure crossed the South China 
coast on the morning of 18th bringing thundery 
showers. A total of 120 mm was recorded at 
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Tsuen Wan on that day. The trough continued to 
linger near the coast so heavy rain and 

I thunderstorms began again and continued through 
the night of 19th and early morning of 20th. This 
time the heaviest falls occurred over east 
Kowloon where over 150 mm was recorded on 
19th. Showers continued on 21st before the 
weather turned fine for a couple of days. A 
second tropical cyclone called Sharon formed 
over the South China Sea on 23rd and began to 
intensify and move towards the coast of western 
Guangdong. The Tropical Cyclone Standby 
Signal #1 was hoisted at 1050 HKT on 24th when 
the storm was south of the territory. Winds 
began to freshen and there were showers on that 
day. These became heavy on the morning of 25th 
but eased off later in the day as Sharon moved 
away. The subtropical ridge then extended from 
the Pacific into the South China Sea bringing a 
spell of fine weather from 26th to the end of the 
month. During this time the weather was hot and 
sunny with the month I s maximum temperature of 
33.2°C, occurring on 28th. 

Mean daily temperature 28.0°C (+0.2°C) 
Rainfall (provisional) 290.2 mm (77 %) 
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July 

The most appropriate term to describe July 1994 
is extremely wet. The total rainfall during the 
month, 1147.2 mm, was over half of the 1961-90 
normal annual total of 2214.3 mm and over three 
and a half times the normal July total of 323.5 
mm. This amount was the highest ever recorded 
for July and the second highest monthly total on 
record, being exceeded only by the very wet May 
of 1889 when 1241.1 mm fell. The weather was 
generally unsettled throughout the month. It 
rained on all but five days, there were 13 days 
with over 25 mm of rainfall and six days when 
over 50 mm of rain was recorded. The period 
from 22nd to 24th was notable for being one of 
torrential rainfall. Precipitation amounting to a 
total of 611.2 mm was recorded at the Royal 
Observatory, the highest amount for any three 
consecutive days in July. The month was also 
unusually cloudy, with average cloud amount 13 
percent above normal. Hence, the total bright 
sunshine amounted to only 136.4 hours, the 
second lowest ever recorded for July. The 
temperatures during the month were also lower 
than usual as a consequence, ranging from 0.8°C 
below for the mean minimum temperature to 
1.1°C below normal for the mean maximum 
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temperature. The monthly mean temperature at 
27.9°C was also O.9°C down on the 1961-90 
nonnal value. The month was also unusual in 
that it was the first July since 1987 with no 
tropical cyclone signals being hoisted in Hong 
Kong even though there were nine tropical 
cyclones over the western North Pacific and the 
South China Sea compared with a monthly 
average of 4.6. 

The month started off fine with the first two days 
being hot and sunny. However, the weather 
began to deteriorate on 3rd as Hong Kong came 
under the influence of a tropical depression 
developing in the South China Sea. This system 
and . its outer rainbands brought gusty south
easterly winds and rainy conditions for the next 
couple of days. Conditions improved on 6th as 
the tropical depression moved inland over 
southwest China and showers and sunny periods 
prevailed until 8th. The establishment of a weak 
ridge of high pressure along the South China 
coast gave fine weather for the following two 
days as Typhoon Tim moved northwest towards 
Taiwan. Tim crossed the Taiwan Strait and made 
landfall over Fujian early on 11th bringing a hot 
continental airstream to the territory. This 
raised the temperature to the month's maximum 
of 34.1°C that afternoon. The remnant of Tim 
brought intense and thundery showers in the 
early morning of 12th with some parts of the 
urban area receiving over 90 mm between 0100 
and 0200 HKT, leading to the issuance of the 
Rainstorm Red Warning for the first time in 1994 
at 0200 HKT that day. Temperatures dived to 
the month's low of 22.9°C during this event. 
Cloudy, rainy conditions. dominated during the 
next three days under the influence of an unstable 
southwest monsoon. Improvements occurred on 
16th with sunny periods and showers. These 
conditions prevailed for the next four days before 
an active trough of low pressure developed over 
the South China coast on 21st. This trough 
remained close to the coast and very active for 
the next few days bringing very unsettled weather 
with persistent heavy rain and thunderstorms to 
Hong Kong from 22nd to 24th and generating a 
new three consecutive day rainfall record for 
July of 611.2 mm. The heavy rain on 22nd 
fell in two episodes, one early in the day and the 
other in late morning. The Rainstorm Red 
Warning was issued on both occasions, at 0230 
and 1035 HKT. More than 200 mm fell in the 
urban areas, over 300 mm in the northwest New 
Territories and more than 850 mm was recorded 
at Tai Mo Shan during the rainstorms. Torrential 
rain again fell between 0400 and 0600 HKT on 
23rd leading to the issuance of the Rainstorm Red 
Warning for the fourth time during the month at 
0455 HKT. Over 100 mm was concentrated in 
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the urban areas necessitating the first issuance of 
the Rainstorm Black Warning at 0550 HKT. 
Rain became less intense during the day but 
heavy rain continued to fall throughout 24th 
adding another 100 mrn to the total. By 25th the 
rain had become less frequent and intense giving 
a lower total amount than on the previous three 
days. The trough drifted south gradually and rain 
began to diminish on 26th and 27th. There were 
some heavy showers again on 28th but from then 
until the end of the month mainly fine weather 
prevailed. 

Mean daily temperature 27.9°C (-O.9°C) 
Rainfall (provisional) 1147.2 mm (355 %) 

August 

The month of August, like July, was on balance 
cloudy and wet due to the frequent enhancement 
of the southwest monsoon and heavy rainfall 
arising from the indirect influence of tropical 
cyclones. The total rainfall for the month was 
596.7 mm, some 53 percent above the August 
average. The mean cloud amount of 78 percent 
was the fifth highest recorded for the month and 
12 percent above normal. Thus the total bright 
sunshine was also low at 138.8 hours, the fifth 
lowest August total on record and 68.2 hours less 
than normal. With the dominance of cool, cloudy 
conditions the lower than usual temperatures of 
July continued through August. The mean 
monthly temperature of 27.9°C was the same as 
for July and 0.5°C below the 1961-90 normal for 
the month. Similarly, mean daily maximum 
temperature at 30.4°C and mean daily minimum 
temperature at 25.7°C was 0.9°C and 0.6°C 
below normal respectively. Only one tropical 
cyclone, Severe Tropical Storm Harry, affected 
the territory and required the hoisting of tropical 
cyclone signals. 

The first two days of August were fine and hot 
with a few brief showers under the influence of a 
broad ridge of high pressure lying along the 
South China coast. This ridge began to retreat 
on 3rd and showery conditions with isolated 
thunderstorms set in. The landfall of Tropical 
Storm Caitlin near Xiamen on 4th brought with it 
unsettled weather with fresh gusty southwesterly 
winds and thundery showers that day and the next 
as Caitlin weakened rapidly over southeast China. 
The next four days were under the influence of a 
moist and unstable southwest monsoon flow 
which produced disturbed weather with occasion
al thunderstorms and periods of heavy rain. 
More than 300 mm of rain fell in the northern 
New Territories on 6th. A marked improvement 
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occurred on 11th with sunny periods continuing 
on 12th and raising the temperature that afternoon 
to a maximum for the month of 32.6°C. This 
generally fine spell lasted for two more days 
before conditions became more unsettled on 15th 
as unstable monsoon flows became re-established. 
Heavy rain occurred on the morning of 16th with 
more than 100 mm falling in the urban areas. The 
month's low temperature of 23.5°C was recorded 
that afternoon during a heavy downpour. Rain 
gradually eased off on 17th. A spell of generally 
fine weather followed during the next week as 
although 20th was rather showery. Originating as 
a disturbed area west of Luzon, Harry developed 
into a tropical depression on the afternoon of 25th 
and moved west-northwestwards closer to Hong 
Kong, leading to the hoisting of the Tropical 
Cyclone Standby Signal #1 at 2250 HKT that 
day. Harry intensified into a tropical storm on 
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the morning of 26th and local weather began to 
deteriorate as the outer rainbands affected the 
territory. Winds continued to strengthen from the 
east during the day and the Tropical Cyclone 
Strong Wind Signal #3 was hoisted at 1615 HKT 
when the storm was about 340 km to the south. 
Harry was closest to Hong Kong at 2300 HKT 
that night and although it intensified further to a 
severe tropical storm on 27th it was moving away 
from the territory and the rain eased off in 
the afternoon as winds subsided. The weather 
remained cloudy with some rain on 28th before 
the subtropical ridge extended from the Pacific 
the next day to bring fine weather for the 
remainder of the month. 

Mean daily temperature 27.9°C (-O.5°C) 
Rainfall (provisional) 597.6 nun (153 %) 
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Meeting Reviews
 

Atmospheric Science Conference 

in Commemoration of 70th 

Anniversary of the Founding 

of the Chinese Meteorological 

Society in 1924 

Venue: China Meteorological 
Administration Headquarters, 
Beijing 

Date: 5-8 October, 1994 

Three representatives of the Society, Bill Kyle, 
c.Y. Lam and H.K. Lam attended an 
International Atmospheric Science Conference in 
Commemoration of the 70th Anniversary of the 
founding of the Chinese Meteorological Society 
which was held in Beijing. A Special 
Commemoration Ceremony was held on the 
morning of 5th October at which representatives 
of the Meteorological Societies of Japan, Korea, 
Malaysia, Singapore, Sweden, Thailand, United 
States of America and Vietnam were also present. 
Bill Kyle, as Chairman of the Society, spoke 
briefly at the Ceremony and proffered the 
Society I s congratulations and best wishes to the 
Chinese Meteorological Society on their 70th 
Anniversary. At that time he took the 
opportunity to outline the good relations that exist 
between the two societies and indicated our wish 
that the relationship should continue to grow and 
flourish. There followed a Scientific Conference 
at which 26 papers were presented by scientists 
from all of the countries listed as well as by those 
from China and Taiwan. C.Y. Lam of the Royal 
Observatory presented a paper on An Integrated 
Meteorological Observation and Warning System 
to Serve the New Hong Kong Airport. 

Visit to OWWS Operation 

Centre in HKUST 

Venue: Hong Kong University 
of Science and Technology 
Clearwater Bay 

Date: 26 November, 1994 

An approximately 1 hour 
Operational Wind-Shear 

tout ar
Warning 

ound the 
System 

(OWWS) Operational centre at HKUST in 
Clearwater Bay was arranged for members by 
Dr. S.c. Kot. Those who participated were 
given an overview of the acquisition system as 
well as of analysis of the meteorological data for 
the future New Hong Kong International Airport 
at Chek Lap Kok. 

Sunset Peak Hike 

Venue: Sunset Peak 
Lantau Island 

Date: 3 December, 1994 

A Hiking Trip from Nam Shan to Sunset Peak 
(Tai Tung Shan) on Lantau Island organized by 
Julie Dowsley attracted a small band of hardy 
members who were rewarded by pleasant 
weather, good exercise and some stunning views. 
The trip began with a ferry ride to Mui Wo from 
Central and a bus to Nam Shan. From there the 
serious walking began although the trail is not 
particularly difficult. It climbs to about 550 m to 
the cabins on the saddle below Sunset Peak and 
offers in the lower stretches superb views of the 
south coast of Lantau Island and Cheung Chau 
Island. Further up a saddle is crossed and the 
trail now provides equally good views of the 
north coast of Lantau Island and the Castle 
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Peak area of the New Territories. Of particular 
interest was the view of the progress being 
made on site formation for the new Hong Kong 
International Airport at Chek Lap Kok which is 
clearly visible beyond Tung Chung. 

A picnic lunch was eaten at the cabins followed 
by an inspection of the HKUST automatic 
weather station which occupies the same site. A 
leisurely stroll to the top of Sunset Peak ended 
the day as day walkers headed back down to Nam 
Shan and the ferry home. A few people, who 
had arranged in advance, stayed overnight at the 
cabins before returning the following day. 

Research Forum 10 

Venue:	 City University of Hong Kong, 
Tat Chee Avenue, Kowloon Tong 

Date:	 10 December, 1994 

Subject: Probability and Statistics in 
Atmospheric Sciences 

A tenth research forum was held at the City 
University of Hong Kong, Kowloon with the 
theme of Probability and Statistics in Atmospheric 
Sciences. The forum was organized by Dr. W.L. 
Chang of the Royal Observatory Hong Kong who 
was also the Forum chairman. 
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Two papers were delivered in the first session as 
listed. 

PROBABILISTIC AND STATlSTICAL 
METHODS IN ATMOSPHERIC SCIENCES 
- AN OVERVIEW 

by Prof. Shi Jiu-en, 
Beijing Institute of Meteorology 

A RECURSIVE METHOD FOR SIGNAL 
DECOMPOSITION OF NON-STATIONARY 
TIME SERIES 

by Dr. C.N. Ng, Department of Geography and 
Geology, The University of Hong Kong 

Following a break for refreshments two more 
papers were delivered in a second session as 
listed. 

SOME METEOROLOGICAL APPLICATIONS 
OF PRINCIPAL COMPONENT ANALYSIS 

by Dr. Johnny c.L. Chan. Department of 
Physics and Materials Science, 
City University of Hong Kong 

ESTIMATION OF RETURN PERIODS 

by Dr. W.L. Chang, Royal Observatory, 
Hong Kong 
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Calendar of Coming Events
 
This section is intended for the publication of forthcoming 
events organized by the Society or by other organizations 
with similar aims. lfmembers wish to notify the Society of 
any such events they should mail or fax such information to 
the Editor-in-chief along with their name(s) and membership 
number(s). 

1995 

New Delhi, India January 2 - 6 

Indo-US Workshop on 
"Environmental Risk Analysis: 
Safety, Planning and Management". 

Jerusalem, Israel January 4 - 6 

Jehuda Newmann Memorial Symposium on 
"Mesoscale Models and Climate History". 

Dallas, lX, USA January 15 - 20 

75th American Meteorological Society Meeting. 

4th American Meteorological Society Conference on 
"Polar Meteorology and Oceanography". 

4th American Meteorological Society Symposium on 
"Education" . 

6th American Meteorological Society Conference on 
"Aviation ~ather Systems". 

6th American Meteorological Society Symposium on 
"Global Change Studies". 

9th American Meteorological Society Conference on 
"Applied Climatology". 

11th American Meteorological Society Conference on 
"Interactive Information and Processing Systems for 
Meteorology, Oceanography and Hydrology". 
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14th American Meteorological Society Conference on 
"~ather Analysis and Forecasting". 

American Meteorological Society Conference on 
"Cloud Physics". 

American Meteorological Society Symposium on 
"Regulation ofSea Surface Temperature and Warming 
of the Tropical Ocean-Atmosphere System". 

Havana, Cuba ~nuary 22 - 29 

World Meteorological Organization Expert Meeting on 
"Climate, Tourism and Human Health". 

St. Petersburg, FL, USA February 7 - 9 

5th IEEE Working Conference on 
"Current Measurement". 

Honolulu, HI, USA February 11 

Tropical Mesoscale Meteorology Symposium. 

Bouches, France February 13 - 25 

NATO ASI on 
"Decadal Climate lhriability: Dynamics and Predictability". 

Melbourne, Australia February 20 - 22 

2nd National AMSO Conference and Australian 
Physical Oceanographic Conference. 

Pattaya, Thailand March 6 -10 

2nd International Study Conference on 
"GEWEX in Asia and GAME". 

Beijing, China March 7 -10 

WMO International Workshop on 
"Imbalances ofSlowly lhrying Components of 
Predictable Atmospheric Motions". 
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Hong Kong March 10 

6th Hong Kong Meteorological Society Annual Meeting 
and 11th Research Forum. 

Williamsburg, VA, USA March 13 -17 

International Conference on 
"Biomass Burning and Global Change". 

Tokyo, Japan March 13 -17 

International Symposium on 
"Assimilation of Observation in Meteorology 
and Oceanography". 

Charlotte, t«: USA March 27 - 31 

9th American Meteorological Society Symposium on 
"Meteorological Observations and Instrumentation". 

11th American Meteorological Society Symposium on 
"Boundary Layers and Turbulence ". 

Melbourne, Australia April 2 -7 

TOGA 95 Conference. 

Bandar Seri Begawan, Brunei April 10 - 13 

IGU/COC International Symposium on 
"Climate and Life in Asia-Pacific". 

Savannah, GA, USA April 18 - 21 

5th American Meteorological Society Topical Meeting on 
"Emergency Preparedness and Response ". 

Miami, FL, USA April 24 - 28 

21st American Meteorological Society Conference on 
"Hurricanes and Tropical Meteorology". 

PLOen, Germany May 1 -12 

NATO ASI on 
"Remote Sensing of Processes Governing Energy 
and WIter Cycles in the Climate System". 

Alexandria, VA, USA May 7 - 11 

IEEE International Radar Conference. 

Tamarron, CO, USA May 11 -12 

44th Annual Meeting of the Weather 
Modification Association. 
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Geneva, Switzerland May 22 - 26 

METEOHYTEC21 - World Meteorological 
Organization International Conference on 
"Meteorological and Hydrological 
Technology and Management". 

Banff, AB, Canada May 22 - 26 

International GEWEX Workshop on 
"Cold-Season/Region Hydrometeorology". 

Kelowna, Be, Canada May 29 - June 6 

29th Annual Congress of the Canadian Meteorological 
and Oceanographic Society. 

Big Sky, MT, USA June 5 - 9 

10th Conference on 
"Atmospheric and Oceanic Waves and Stability ", 

Beijing, China June 5 - 12 

18th Congress of The Pacific Science Association. 

Camp Springs, MD, USA June 5 - 30 

NOAA Colloquium on 
"Operational Environmental Prediction ", 

St. Petersburg, Russia June 7 - 9 

International Conference on 
"Scientific and Regulatory Aspects 
ofAir Quality Management". 

San Diego, 01, USA June 11 - 14 

2nd Workshop on 
"Nonstationary Random Processes and 
Their Application". 

Crete, Greece June 14 -16 

5th International Conference on 
"Precipitation: Space-Time lkriability and Dynamics ". 

Galway, Ireland June 19 - 23 

6th International Meeting on 
"Statistical Climatology". 

Fredericton, NB, Canada June 20 - 23 

48th Canadian Water Resources Association Conference. 
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Goteborg, Sweden June 26 - 30 

5th International Conference on 
"Acidic Deposition ". 

Toulouse, France July 17 - 21 

CALMET 95 - Computer Aided Learning 
in Meteorology. 

Beijing, China July 20 - 22 

International Symposium on Environment 
and Biometeorology. 

Heidelberg, Germany July 24 - 27 

3rd International Symposium on 
"Air-Water-Gas Transfer". 

Toulouse, France July 24 - 28 

WMO Symposium on 
"Education and Training - Curriculum". 

Honolulu, HI, USA August 5-12 

21st Annual General Assembly of 
International Association of the 
Physical Sciences of the Oceans 
(IAPSO). 

Mendoza, Argentina August 13 - 27 

IGU COC Workshop & Field Experiment on 
"Climatology and Air Pollution". 

Seattle, WA, USA September 18 - 22 

3rd Thematic Conference on 
"Remote Sensing for Marine 
and Coastal Environments". 

Toulouse, France September 25 - 29 

2nd European Conference on 
"Applications of Meteorology". 

Vail, CO, USA October 9 - 13 

27th American Meterorological Society Conference on 
"Radar Meteorology". 
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1996 

Atlanta, GA, USA,January 28 - February 2 

76th American Meteorological Society Meeting. 

5th American Meteorological Society Symposium on 
"Education". 

7th American Meteorological Society Symposium on 
"Global Change Studies". 

8th American Meteorological Society Conference on 
"Satellite Meteorology". 

9th Joint AMS/AWMA Conference on 
"Applications ofAir Pollution Meteorology". 

12th American Meteorological Society 
International Conference on 
"Interactive Information and Processing Systems for 
Meteorology, Oceanography and Hydrology". 

12th American Meteorological Societylf'onference on 
"Biometeorology and Aerobiology". 

22nd American Meteorological Society Conference on 
"Agricultural and Forest Meteorology". 

American Meteorological Society Symposium on 
"Planned and Inadvertent Weather Modification". 

American Meteorological Society Symposium on 
"Coastal Oceanic and Atmospheric Prediction ", 

San Francisco, CA, USA February 19 - 23 

18th American Meteorological Society Conference on 
"Severe Local Storms". 

13th American Meteorological Society Conference on 
"Probability and Statistics". 

Hong Kong March 16 

7th Hong Kong Meteorological Society Annual Meeting. 

Edinburgh, Scotland, UK July 23 - 26 

4th International Conference on 
"School and Popular Meteorology Education". 
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