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Editorial
 

This issue of the Bulletin marks the first 
which is devoted to a specific aspect of atmos
pheric science. The 4th Hong Kong Meteorolog
ical Society Research Forum on the subject of 
"The Impact of Climate Change" was held at the 
Royal Observatory, Hong Kong on 9th Novem
ber, 1991. The invited speakers at the forum 
were asked to provide written versions of their 
presentations and these form the basis of this first 
special issue of the Bulletin on Climate Change. 

The first paper in the series, by W.L. 
Chang and Glenn McGregor addresses the subject 
of climate change from an overall perspective 
looking at the nature, impacts and predictions of 
climate change as well as the responses of the 
global community. In the second paper Glenn 
McGregor looks specifically at climate change 
and Hong Kong and explores possible scenarios, 
their implications and the potential responses as 
they pertain to the future climatic environment of 
Hong Kong. Following that the focus again shifts 
to a global scale as Ron Hill explores the impact 
of climate change on global agriculture. This 
paper brings out very clearly just how little we do 
know about the potential consequences for global 
food production. Steve Hsu then investigates the 
palaeoclimatological evidence and the difficulties 
of interpretation involved in attempting to under
stand the ancient climate of China. Finally, 
Joseph Lam and his colleagues present an exam
ple of how we are attempting to find ways to 
improve the design of buildings in Hong Kong to 
make them more energy efficient by using mete
orological data as input to computer simulation 
models. 

Although the presentations cover a wide 
range of material the common theme of climate 
change provides the basis for including them 
together in this special issue of the Bulletin. The 
subject matter is timely since the fourth negotiat
ing session of the Intergovernmental Negotiating 
Council (IGC) for a Framework Convention on 
Climate Change met in Geneva in December, 
1991 and the fifth is due to convene in New York 
in February, 1992. These lead up to the major 
UN Conference on Environment and Develop
ment to be held in Rio de Janeiro in June, 1992 
with the aim of negotiating an effective Climate 
Convention as a response to the threat posed by 
global climate change. 

The rest of the Bulletin continues the 
format of previous issues with the regular fea
tures News and Announcements, Hong Kong 
Weather Reviews, Meeting Reviews and Calendar 
of Coming Events all included. I hope that you 
find this special issue interesting and useful. 
Your support for future issues is still sought in 
the form of contributions of either papers or 
correspondence. 

Bill Kyle, Editor-in-Chief 
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ll':L. Chang & Glenn McGregor 

Royal Observatory Department of Geography 

Hong Kong Hong Kong Baptist College 

Climate change: 
•an overview 

Introduction 

The earth has experienced several climatic 
changes throughout its 4,500 million year history. 
For man, as he evolved, the most important of 
these climatic changes were the Ice Ages of the 
Quartenary period covering the last two million 
years in which glacials alternated with intergla
cials. During this period at least seven glacial 
episodes occurred, separated by warmer intergla
cials. The glacial .maximum was reached in the 
Pleistocene epoch 22,000 to 14,000 years ago. 
Since then temperatures have increased so at the 
moment we are in the Holocene interglacial, a 
warm period resembling the climatic conditions 
125,000 years ago. In addition to these climatic 
changes on the geological time scale there have 
also been changes on shorter, historical time 
scales such as the Little Ice Age in Europe be
tween 1430 and 1850 with its intense cold periods 
in the 1470's and late 1600's. The late 1800's to 
the 1940's in contrast, were years of warming in 
the Northern Hemisphere but of cooling south of 
300S. 

Variations in the earth's orbit around the sun, the 
tilt of the earth's axis, and changes in the time at 
which the equinoxes occur, collectively called the 
Milankovitch theory, have been forwarded as 
possible explanations for climatic change on 
geological time scales. Historical climate change 
has often been explained in terms of volcanic 
eruptions and sunspot activity. The eruption of 
Tambora in 1815 in the Little Sunda Islands 
produced in 1816 the "year without a summer" 
with a reduction in the mean global temperature 
by 0.7°C (Kemp, 1990). More recently the erup
tion of EI Chichon in Mexico in 1982 reduced 
mean global temperatures by at least 0.2 °C 
and possibly as much as 0.5 °C (Rampino and 
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Self, 1984). 

Climate may also change due to its built-in varia
bility. This natural variation arises from the 
complex interactions of the land surface, the 
oceans and the atmosphere (Lorenz, 1968; 
Robcock, 1978). One manifestation of this is 
perhaps the phenomena known as El Nino, which 
in 1982 and 1983 brought disastrous weather to 
many parts of the world (Rasmusson and Hall, 
1983). The possible relationship between the El 
Chichon eruption of 1982 and this El Nino event 
has been discussed by Handler (1986). 

Recently, there has been a growing concern that 
climate is being forced to change through man's 
activities. The accelerated accumulation in the 
atmosphere of "greenhouse gases" from a variety 
of human sources is widely believed to be en
hancing the natural greenhouse effect leading to 
an unnaturally warm earth. Such an artificial 
warming of the earth's atmosphere may have 
already occured as the warmest years so far this 
century are all in the 1980' s and the 1990' s 
(Aldhouse, 1991), and global mean temperature 
has risen by 0.5°C to 0.7°C over the last century 
(Hansen and Lebedeff, 1987; Jones et al., 1990), 
That the" urban heat island" as described by 
Landsberg (1985) rather than the" greenhouse 
gases" may be producing global warming is 
dismissed by Hansen and Lebedeff (1987) as well 
as Jones et al. (1989) who feel that cities are too 
small in scale to distort global temperature 
trends. But others such as Karl and Jones (1989) 
urge that the urban contribution needs to be more 
thorough Iy examined. 

The role of anthropogenic emissions in forcing 
climate change is not beyond debate (Newell and 
Dopplick, 1979; Idso, 1980; Ellsaesser, 1984; 
Kellogg, 1991; Lindzen, 1991). Despite this, and 
even though causality has yet to be established, 
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the recent consensus among most scientists is that 
anthropogenic emissions will result in global. 
warming and therefore climate change. 

A large volume of literature exists on recent 
temperature trends, greenhouse gases and global 
warming. Examples are Arrhenius and Waltz 
(1990), Bolin et al. (1986), Bruce (1990), 
Commonwealth Secreteriat (1989), Grubb (1990), 
Jones et al. (1986), Rowland and Isaken (1988), 
Scientific American (1989), United Kingdom 
Department of the Environment (1989), 
UNEP/GEMS (1987), UNEP/GEMS and Beiger 
Institute (1989), Wigley (1987), WMO/ICSU 
(1990) and WMO (1990). The meanings of the 
abbreviations are given in the Appendix. 

The purpose of this paper is to summarize current 
scientific opinion on climate change so as to give 
readers an overview of the various aspects of this 
change. 

Greenhouse gases and 

the greenhouse effect 

Carbon dioxide, water vapour, methane and 
nitrous oxide in the atmosphere prevent the sun I s 
heat, which is absorbed by the earth's surface and 
subsequently re-radiated back to space, from 
being totally lost from the earth-atmosphere 
system. The analogy of a greenhouse (Jones and 
Henderson-Sellers, 1990) has been used to de
scribe the way in which these "greenhouse gases" 
keep the earth warm. Without this natural green
house effect, the earth I s mean temperature would 
be a very uncomfortable -18°C instead of the 
habitable 15°C. 

Anthropogenic emissions are now changing the 
natural concentrations of the greenhouse gases 
(Table 1). Power generation from burning fossil 
fuels is one of the main sources of these gases. 
Since the industrial revolution, the concentration 
of carbon dioxide has increased by about 25 % . 
Presently there is mounting concern as to whether 
the oceans and forests, the natural carbon diox
ide sinks, can absorb the anthropogenically 
produced carbon dioxide at the rate it is being 
produced. These sinks are also reduced by de
forestation, which moreover alters the character
istics of the land surface and consequently the 
surface energy budget and climate. 

Agriculture is another important source of man
made greenhouse gases and methane and nitrous 
oxide levels are growing quickly. 

CFCs are entirely man-made and did not exist in 
the atmosphere until anthropogenic emissions 
began about 50 years ago. They have a double
edged effect in that they are not only greenhouse 
gases, but are also most likely the agent responsi
ble for depleting the ozone occurring naturally in 
the earth's stratosphere and producing the Antarc
tic ozone hole. While ozone in the stratosphere is 
being depleted, it is increasing in the troposphere 
as the product of the photochemical reaction 
between ultra-violet radiation and nitrogen oxides 
from vehicle exhausts. 

Although carbon dioxide is the dominant green
house gas by volume, the other greenhouse gases 
have longer lifetimes in the atmosphere and 
higher warming capabilities so that they are just 
as effective in enhancing the greenhouse effect 
(Table 2). 

Water vapour is another important greenhouse 
gas. But it is often not treated as such when 
considering global warming. This is because on a 
global scale, it is not thought to be affected by 
anthropogenic sources and sinks (WMO/UNEP, 
1990a). A discusssion of the role of water 
vapour in global warming can be found in Lind
zen (1990a, 1990b), and Betts (1990). 

Impacts of climate change 

The most important impacts of climate change 
will be on food and water supplies with implica
tions for the maintanence of life on earth. 

On land, if rainfall patterns shift so that some 
areas get drier and others wetter, the geographical 
distribution of vegetation and water resources are 
also likely to change. In the oceans, changes in 
salinity and nutrient levels could likewise result in 
the distribution of fisheries and marine resources 
being altered. In turn, the economies of nations 
will be affected. Some may come out as "win
ners" and others "losers". On the whole, howev
er, the impact of climate change will be a nega
tive one. 

For the tropics there is also the possibility of an 
increase in the number of tropical cyclones and 
cyclone intensity as sea surface temperatures rise. 
There is, however, not yet sufficient evidence to 
support this (WMO/UNEP, 1990a). Moreover, 
the frequency of tropical cyclones is influenced 
by short-term climatic events such as EI-Nino 
(Chan, 1985; Lai, 1991), the prediction of which 
is still under study and the response to climatic 
change unknown. 
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Table 1 Historical and curren: atmospheric concemrattons 0/ main greenhouse gases (adopted/rom Pearman, 1989). 

Greenhouse Concentration Present Temperature Possible 
Gas pre 1850 1989 trend change source 

(%/yr) ("ct 

CO 280ppmv 350ppmv 0.4 0.71 Fossil fuel combustion, 
deforestation 

CH 750ppmv 1700ppmv 0.8 0.14 Rice paddies, ruminants, 
4 

CFC-ll nil 250pptv 4.0 

CFC-12 nil 450pptv 4.0 

Np 285ppbv 310ppbv 0.3 0.10 

°3 15-20 20-30 0.5 c 0.06 

biomass burning, gas and 
coal fields, landfills, tundra 

Industrial and consumer 
goods 

Industrial and consumer 

goods 
Biomass burning, 
agriculture, fossil fuel 
combustion 

Urban and industrial 

pollution 

a Expected contribution to temperature change by the year 2030 
b Combined effect for CFC-ll and CFC-12 

Estimated to be 1 percent in the Northern Hemisphere, 0 percent in the Southern Hemisphere. 

Table 2 The radiative properties 0/ different greenhouse gases (adopted/rom Pearman, 1989). 

Long-term 
Greenhouse Radiative Relative" Life time relative" % total 

Gas forcing radiative (years) contribution forcing 
(Wm'2) forcing to global to date 

per ppmv warming per 
• b mcrease molecule 

CO 1.3 1 60c 1 59 
2 

CH 0.6 36 10 6 27 I
 
4 

~
 
i
I 

j 
CFC-ll 0.06 4600 75 18000 3 

!
 
I
I 

CFC-12 0.12 17000 110 31000 6 

N 0 0.05 140 150 350 3 
2 

°3 0-0.12 430 0.2 2 

a Relative to CO 
2 

b Based on the increases in atmospheric concentrations from 1850 to 1985 
c The turnover time for atmospheric CO

2 
is about 6 years, but the time needed to permanently remove CO

2 
to the deep 

ocean and the biosphere is about 60 years. 
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Table 3 Comparison of different estimates to a given date offuture sea level rise (mill) and the possible causes (after Thom, 1989). 

Revelle Hoffman Meier Hoffman Robin Van der Veen 
(1983) (1983) (1985) (1986) (1986) (1988) 

Year in which CO ±2060' 2055 2050 2056 (2024( f 2085 f 
2 

has doubled 2085 2091 (2053)c 

Warming 3 15-55 20-40 20-40 15-55 20-40 

tc) 30-90 

Base trend 170 150 

Thermal expansion of ocean 300 280-1150 400d 150-340 80-160 

Melting of mountain glaciers 120 b 100-300 70-180 100-250 

Melting of Greenland 120 b 100-300 20-70 0-100 

Response of Antarctica b -100-1000· 60-430· -50-0 

Total 710 560-2340 500-2000 300-1020 200-1650 f 280-660 

in year 2085 2100 2100 2060 2085 

a Thermal inertia of the oceans (20years) accounted for; 2085 is year in which the atmosphere and upper ocean 
are assumed to have reached equilibrium. 

b Assumed that the cryospheric contribution will be one or two times the contribution from thermal expansion. 
c Effects of other trace gases also considered. 
d Thermal expansion not included; based on Revelle (1983). 

e Disintergration of West Antarctica included. 
f Sea level rise calculated by interpolating observations between temperature and sea level. 

As the earth-atmosphere system warms, sea 
levels could rise as a result of the thermal expan
sion of sea water and the melting of mid-latitude 
glaciers and polar ice caps. Gornitz et al. (1982) 
estimates that sea levels have already risen by 
about 0.1 m during the past century, with possi
ble acceleration after 1940 (Barnett, 1984). If sea 
level rise is further exacerbated by climate change 
many coastal areas could become inundated, and 
some low lying islands may be submerged alto
gether (Pernetta and Hughes, 1990). Habitats 
will consequently be lost with implications for 
human resettlement. 

A summary of the potential impacts of climate 
change can be found in WMO/UNEP (1990b). 

Predictions of climate change 

Given the above consequences, governments need 

6 

to formulate response strategies to avert climate 
change and reduce the damage. To be able to do 
this they must first have some idea of the speed 
and magnitude of this change. 

Predictions of climate change are obtained 
through computer models, the hierarchy of which 
has been described by Henderson-Sellers and 
McGuffie (1987). The most complex of the 
climate models are the General Circulation 
Models (GCM) which attempt to capture the three 
dimensional nature of the atmosphere as well as 
its evolution in time. 

GCM's are applied to different scenarios of 
future greenhouse gas concentrations to assess 
how climate would react (Mitchell, 1987; Hansen 
et al., 1988; Schlesinger and Zhao, 1989; Stouf
fier and Manabe, 1989; Washington and Meehl, 
1989). The most frequently considered scenario 
is that in which greenhouse gases are allowed to 
accumulate unabated in the atmosphere. In this 
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case by 2030 the combined effect of all the 
greenhouse gases will be equivalent to a carbon 
dioxide concentration twice that before the indus
trial revolution (Ramanathanet al., 1985). This 
is why climate predictions are often made with 
reference to a doubled carbon dioxide concentra
tion. 

Based on the above scenario and model results, 
the 1985 UNEP/WMO/ICSU conference held at 
Villach, Austria concluded that the next century 
will see a warming of 1.5°C to 4.5°C, and sea 
level rises of 0.2 m to 1.4 m (WMO, 1986). The 
Intergovernmental Panel on Climate Change 
(IPCC) , a global mechanism formed jointly by 
WMO and UNEP in 1987 to address climate 
change in terms of its science, impacts, and 
response strategies, reached similar conclusions 
(UNEP/WMO, 1990a; Shine, 1990). IPCC's 
principal findings, regarded as authoritative, are: 

a). Under the same assumptions as at 
the Villach conference (IPCC calls this 
Scenario A, or the" business as usual" 
scenario), then the year 2025 will see a 
warming of about I°C, and the end of the 
next century 3°C. 

b). If restrictions are placed on 
greenhouse gas emissions (lPCC I S scena
rios B, C and D) then the temperature 
trends will be between 0.1°C to 0.2°C per 
decade. 

c). For the "business as usual" 
scenario, the estimated sea level rise is 
0.2 m by the year 2030, and 0.6 m by the 
end of the next century. 

IPCC cautions that these predictions are not 
without uncertainties, as many of the processes 
affecting climate change are not yet fully under
stood. These include cloud feedback, atmos
phere-ocean interaction, and future concentrations 
of greenhouse gases. Wh il e there is amongst 
models some convergence in the results for the 
global mean, confidence in predictions of region
al climate change is low albeit there is now some 
progress with regional climate models (Giorgi, 
1990; Henderson-Sellers, 1991). Furthermore, 
predictions for the tropics are less consistent than 
for the higher latitudes. It will also be another 
decade or two before the anthropogenic "signal" 

. in climate change can be better identified. 
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A number of predictions of sea level rise based 
on the varying role of ocean thermal expansion 
and ice melt have been made (Table 3). The 
diversity of these predictions however serves as a 
good illustration of the uncertainties and difficul
ties in attempting climate change related predic
tions. 

Responses to climate change 

While climate's built-in variability may very well 
be the reason for the warm temperatures over the 
last century, it is equally possible that climate 
during that period was undergoing a cooling 
phase. If that is so then the anthropogenic iI
warming will be more severe than envisaged. 
Moreover, the inertia of the oceans may have 
delayed the warming. That is why many scien
tists feel that despite the uncertainties in the 
model predictions, the potential impact of climat
ic change is too important to be dismissed (Thom, 
1989), and early action should be taken. 

One proposal to reduce the possibility of climate 
change is through limitation strategies such as the 
replacement of fossil fuels with alternative energy 
sources (Maunder, 1988), or the reduction of 
carbon dioxide levels. A target reduction of 25% 
by 2005 was suggested at the 1988 Toronto 
Conference on the Changing Atmosphere. A 
comprehensive discussion of the alternative 
energy sources can be found in Scientific Ameri
can (1990). 

Another proposal, emanating from the 1990 
Second World Climate Conference in Geneva, is 
for a framework convention on climate change to 
protect the atmosphere and bio-diversity. The 
first round of talks on this convention was held in 
Washington earlier this year, and the aim is to 
have this convention signed at the 1992 United 
Nations Conference on Environment and Devel
opment in Brazil. 

The 1987 Montreal Protocol, though primarily 
intended for protecting the stratospheric ozone 
layer (Usher, 1989), limits the global production 
of CFCs and thereby contributes to reducing 
global warming. Hong Kong's role under this 
Protocol is described by Fox (1989). 

For protection against sea level rise, 
WMO/UNEP (l990b) does not yet advocate 
structural measures. It suggests that considera
tion of sea level rise should be included in the 
design and location of coastal infrastructure; and 
that emergency preparedness should be strength
ened. 
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Climate and climate 

change programmes 

In order that planners can make better decisions 
and have more confidence in model predictions 
climatic processes must be better understood. 0 

achieve this it is necessary to have a set of high 
quality observations based upon which sound 
analyses can be made and climate models im
proved. For this purpose may on-going interna
tional climate programmes have been expanded 
and new ones established. Table 4 shows these 
programmes and their objectives. 

World Weather Watch (Table 5) is WMO's main 
mechanism for the collection, archival, and 
exchange of meteorological data. World climate 
Programme (Tabl e 6) aims to improve man's 
well-being through the application of climate data 
and research. It includes important components 
such as World Ocean Circulation Experiment 
(WOCE), for studying the importance of oceans 
for climate and Tropical Ocean Global Atmos
phere (TOGA), for examining the interaction 
between the tropical oceans and the global atmos
phere and natural climate fluctuations such as EI 
Nino. Table 7 shows the various atmospheric 
and oceanographic observations required for 
TOGA. 

For early warning of changes in atmospheric 
composition and in ozone concentration in the 
stratosphere, there is Global Atmospheric Watch 
(GAW). Under its umbrella is Global Ozone 
Observing System (G0

30S) 
for assuring stand

ardized ozone measurements and Background Air 
Pollution Monitoring Network (BAPMoN) for 
observing atmospheric constituents related to 
climate change. 

The Royal Observatory in Hong Kong contributes 
to many of these international programmes. In 
particular, one of the BAPMoN stations is in Sai 
Kung and operated by the Royal Observatory. A 
description of this station can be found in Koo et 
al. (1986). Local researchers are also active in 
studying the changes in Hong Kong's climate as a 
result of urbanization (Kyle, 1990; Koo and 
Chang, 1989; Hsu, 1990) as well as the changes 
in its sea levels (Yim, 1991). 

United Nations Conference 

on Environment and Development 

(UNCED) 

To find integrated strategies that can promote 
sustainable development and at the same time 
prevent further damage to the environment, the 
United Nations will be convening a Conference 
on Environment and Development, UNCED. 
This is to be held in June 1992 in Rio de Janiero, 
Brazil, and will address the various issues in
volved. 

This conference, also called the Earth Summit, 
hopes to, among other things, arrive at an Earth 
Charter for nations to abide by in their conduct 
towards the atmosphere. In addition also aims to 
work out the specific legal measures, establish an 
agenda for action for the 21st century, named 
Agenda 21, and to find the necessary financial 
resouces. 

In preparation for UNCED, its organization 
committee has already set up two working groups 
one each to look at the protection and conserva
tion of land and water resources respectively. A 
third is being set up to deal with the legal aspects 
of the issue. 

Individual Roles in Combatting 

the Effects of Climate Change 

While leadership in protecting the atmosphere lies 
at the national and international levels, inevitably 
one must ask the question: "Can something be 
done at the individual level to reduce the possible 
impact of climate change?" The answer is an 
emphatic yes. 

Economizing on energy, saving paper, using re
cycled and CFC-free products are all personal 
strategies which can be adopted for maintaining 
an equitable global climate. 
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Table 4 International research programmes related to climatic change (adopted and modified from Pernella, 1990). 

Programme Status Subject Sponsor
 

Biogeochemical Cycles and on-going Biology, Meteorology SCOPE
 
and their Interactions Oceanography, Chemistry
 

Bioindicators on-going Pollution lUBS
 

Man and the Biosphere (MAB) on-going Ecology UNESCO; IUBS; SCOPE
 

International Land Surface on-going Variations in land UNEP; WMO
 

Climatology Project (ISLSCP) surface climatology
 

Global Investigation of Pollution in on-going Pollution IOC
 

the Marine Environment (GIPME)
 

Ocean Science in Relation to on-going Fisheries IOC; FAO
 

Living Resources (OSLR)
 

World Climate Programme (WCP) on-going Climate data, impacts WMO; ICSU 
ocean-atmosphere interactions 

International Hydrological Programme (lHP) on-going Hydrology UNESCO; WMO; 
UNEP;IAHS 

Joint Global Ocean Flux Study on-going 1990 Air-sea interaction SCOR
 

International Satellite Cloud on-going 1983 Cloud cover IAMAP; COSPAR;
 

Climatological Project (lSCCP) Solar radiation flux WCRP
 

Integrated Management of on-going Coastal/Marine ecosystems UNESCO; IUBS
 

Coastal Systems (COMAR)
 

Regional Seas Programme and Regional on-going Coastal and open UNEP; IOC
 

Programmes of IOC ocean processes
 

Global Climate Change on-going Coastal, social IUCN
 

Integrated Global Ocean on-going Oceanography IOC
 

Services System (lGOSS)
 

International Geosphere-Biosphere on-going Interaction of biological ICSU; SCOPE
 

Programme (IGBP) chemical & physical processes
 

Oceans and Coastal Area Programme on-going marine ecosystems UNEP
 

Activity Centre (OCA/PAC)
 

Global Sea Level Monitoring on-going sea level UNESCO/IOC
 

System (GLOSS)
 

Global Environmental on-going Environment, ecology UNEP
 

Monitoring System (GEMS)
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Table 5 The Global Observing System of World Weather Watch, (Perneua, 1990). 

Surface based subsystem comprising Satellite based subsystem comprising 
the following components the following components 

Surface synoptic stations 
Upper air synoptic stations 

Aircraft meteorological stations 

Aeronautical meteorological stations 

Research and special purpose stations 

Climatological stations 

Agricultural meteorological stations 

Weather radar stations 
Radiation stations 

Atmospheric detection stations 
Meteorological reconnaissance aircraft stations 

Ozone sounding stations 

Background pollution stations 
Planetary boundary layer stations 

Tide gauge stations 

Table 6 Structure of the World Climate Programme. 

Polar orbiting meteorological satellites 

Geostationary meteorological satellites 

Environmental satellites 

Research satellites 

"orld Climate Data Programme 

Improved national level climate data management systems
 

and user services;
 

Transfer of technology in climate data management and user
 
services (CLlCOM);
 

Consolidation of climate data requirements and improved
 

data exchange;
 

Implementation of climate data referral system
 

(INFOCLIMA);
 

Development of global/regional climate system data sets;
 

Development of climate system monitoring capability.
 

World Climate Applications Programme 

Definition of user requirements for specific climate
 
applications;
 
Description of climate effects on food production;
 

Determination of climate implications in water resource
 
management;
 

Determination of climate implications in energy;
 
Implementation of climate applications in other human
 
activities;
 

Assist development of National climate applications services;
 
Application of climate knowledge to combatting drought;
 

Development of climate applications referral system (CARS);
 
Promote development of new climate applications methods.
 

World Climate Impact Studies Programme 

Assessment of the role of CO and other radiativcly active 
2 

gases in climate variations and their impact;
 
Information dissemination on the greenhouse gas /
 

climatechange issue;
 

Regional assessments of the impacts of climate change;
 

Assessment of the impact of sea level rise;
 

Advisory Group on greenhouse gases;
 

Dissemination of knowledge and methods of climate impact
 

assessment;
 
Studies of the impact of drought on developing countries;
 

Task force to monitor the impacts of ENSO events and
 

other teleconnections;
 
International network of climate impact studies;
 

Establishment of national climate impact studies
 

programmes ;
 

Support to national climate impact studies.
 

World Climate Research Programme 

Global climate analysis and model development;
 

Research on climate processes;
 
TOGA;
 

WOCE; 

Study of climate forcings; 
Study of global change. 
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Table 7 Tropical Ocean Global Atmosphere (TOGA) requirements and modesof data acquisition (Pernella, 1990). 

OBSERVATIONAL REQUIREMENTS 

Atmospheric Parameters 

Upper air winds in the tropics 
Tropical wind profiles 
Atmospheric surface pressure 
Total precipitable water 
Precipitation 

Global sea surface temperature 

Tropical sea surface temperature 
Surface wind over tropical oceans 
Net radiation at the surface 

Surface humidity 

Surface air temperature 

MODES OF DATA ACQUISITION 

In Situ Atmospheric Observations acquired through: 

Radiosonde 
Rawinsonde 

Doppler wind profiles 
Aircraft 

In Situ SurCaceObservations acquired through: 

WWW surface stations 

Voluntary observing ships 

Drifting and moored buoys 
CLlMAT rain gauge network 

Oceanic parameters 

Tropical sea level 
Tropical ocean sub-surface temperature 
Tropical ocean salinity 

Tropical ocean surface circulation 
Sub-surface equatorial currents 

In Situ Oceanic Observations acquired through: 

Tide gauge network 

Voluntary observing ships 
Expendable bathythermograph (XBT) 
Drifting thermistor chains 

Drifting and moored buoys 
Moored current meters 
Current pro filers 

Remotely Sensed Data Acquired by 
Geostationary Satellites: 

Satellite temperature sensing 

Satellite altimetry 
Satellite observations of winds 

Satellite observations of precipitation 
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Appendix
 

Glossary ofAcronyms
 
a 
;j Acronym Full Name Acronym Full Name 

J, BAPMoN Background Air Pollution IUCN International Union of 
~~ 

~l. Monitoring Network Commonwealth Nations ! 
.' ..1: 

r 

II 
!c 

COSPAR Committee on Space Research SCOPE Special Committee on the 
;J Protection of the Environment 
'I FAO Food and Agricultural 11 

Organization (United Nations) SCOR Scientific Committee for ! 
Oceanographic Research~l 

~ j GAW Global Atmospheric Watch 
TOGA Tropical Ocean Global 

H 
GEMS Global Environmental Monitoring Atmosphere 

System 
UNEP United Nations Environment 

GO OS Global Ozone Observing System Programme 

~ 

3 

I;
i 

i IAHS International Association of UNESCO United Nations Educational 
1 
j Hydrological Sciences Scientific and Cultural 

~ i 
1, Organization 

IAMAP International Association of 

H ,- Meterological and Atmospheric WCP World Climate Programme 

Physics 
WCRP World Climate Research 

ICSU International Commission of Programme 

Scientific Unions 
WMO World Meteorological 

10C Intergovernmental Oceanographic Organization 

Commission 
WOCE World Ocean Circulation 

IPCC Intergovernmental Panel on Experiment 

Climate Change 
WWW World Weather Watch 

IUBS International Union of Biological 

Sciences 
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Hong Kong Baptist College 

Climate Change and Hong Kong: 
Possible Implications and Responses 

Introduction 

An enhanced Greenhouse Effect forced climatic 
change is a frequently occurring item on present 
international environmental and political agendas. 
Despite the general international awareness of a 
Greenhouse related climatic change over the last 
decade little attention appears to have been given 
to this issue at the government level in Hong 
Kong. This is perhaps understandable given the 
government's past poor record of perception of 
environmental conservation, management and 
planning issues. It is only recently that the 
government has responded to the growing global 
consensus amongst scientists and politicians that 
the Greenhouse Effect may present modern man 
with his gravest environmental problem to date. 
This response has been in the setting up of a 
Committee on Climatic Change. However to 
date little has been forthcoming from the Commit
tee on the possible consequences of climatic 
change for Hong Kong. This in addition to the 
fact that there appears to be a poor community 
perception concerning the nature of the Green
house Effect and the possible consequences of 
cl imatic change suggests that discussion on the 
implications of and possible responses to climatic 
change needs to be initiated as soon as possible. 

The purpose of this paper is therefore twofold. 
Firstly to stimulate discussion on the possible 
consequences of global warming for Hong Kong 
and secondly to present a range of possible re
sponses to global warming and its related sea 
level rise. 

Assessing how Climate may Change 

The two climate variables most often referred to 

in most climate change impact assessments are 
precipitation and temperature as these are the 
physical manifestations of a range of atmospheric 
processes that may be effected by an enhanced 
Greenhouse Effect. Several approaches are avail
able for assessing the likely changes in the distri
bution and magnitude of these two climate varia
bles as a result of a Greenhouse forced climatic 
change. These are: 

(i) the use of historical analogues or regional 
climate reconstructions of globally warmer peri
ods to model future warmer conditions; 

(ii) using established linkages between atmospher
ic circulation and climate to ascertain how cli
mates will change given a specified change in 
atmospheric dynamics; 

(iii) comparing ensembles of warm and cold 
periods in terms of their respective cl imate 
anomalies or departures from long term means, 
and 

(iv) application of results from climate models. 

It is the last of these approaches which is present
ly favoured by the scientific community. A range 
of climate models exist of which the General 
Circulation Models (GCM's) are the most sophis
ticated. It is to these GCM's which the scientific 
community is looking to for predictions of the 
nature and magnitude of a possible Greenhouse 
forced climatic change. 

Although the most sophisticated of the climate 
models, GCM's are deficient in some aspects of 
the modelling of the climate system. Problems 
include modelling the coupling between climate 
system components, especially atmosphere ocean 
interactions, modelling feedback mechanisms 
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such as ice albedo, water vapour and cloud 
feedback which all interact, and matching differ
ent climate subsystem equilibration times. Cli
mate modellers are also faced with the problem of 
model spatial resolution. 

Despite the problems associated with climate 
modelling GCM' s have become more realistic 
over the last decade due to the inclusion of more 
realistic geography, increased resolution, inclu
sion of seasonal and in some cases diurnal cycles, 
ocean-atmosphere coupling and more sophisticat
ed parameterization schemes for cloud and land 
surface processes (Pearman, 1989). 

A range of GCM's exist but despite slight differ
ences in the way they model atmospheric dynam
ics and physics and parameterize land surface and 
other processes they do show some convergence 
of results at the global scale. However it is at 
scales less than the global scale that inter-model 
agreement breaks down. At the sub-global or 
regional scale, the scale which politicians, plan
ners and scientists are most interested in for 
making impact assessments and developing 
response strategies, there is often GCM result 
disparity. For this reason GCM' s are not yet 
used for regional predictions. 

Because GCM' s cannot be used to produce re
gional predictions of climatic change, scenarios 
must be developed. Scenarios provide a refer
ence point against which assessments of impacts 
may be made. The scenario itself may not reflect 
what the future climate may be but provides an 
internally consistent indication of the order of 
magnitude of plausible changes (Pearman, 1989). 
It is this very point which is often forgotten by 
planners and policy makers who often treat scena
rios as forecasts. Henderson-Sellers (1989) and 
de Frietas (1991) have discussed the problems of 
scenario analysis and have highlighted the fact 
that although scenario analysis may be a powerful 
impact analysis technique it may be rendered 
ineffective because of the literal interpretation of 
any scenario presented. Scenario analysis may 
also be counter productive where it obscures the 
inherent sensitivity of biophysical and societal 
systems (Fowler and de Frietas, 1989). 

Despite the inherent problems of scenario analysis 
and the fact that scenarios are themselves based 
on the results of GCM's, which have a number of 
deficiencies and assumptions, there appears as yet 
to be no real alternative to cl imatic impact as
sessment. 

IlKMetS BULLETIN \I(/f. 2, No. I, f992 

A Possible Scenario for Hong Kong 

Some of the problems associated with developing 
a scenario for Hong Kong, which only occupies 
0.5 percent of a standard 500 km square GCM 
grid, become immediately apparent on examining 
a range of GeM results for the east Asian region 
(Table 1, Figure 1). The figures in Table 1 are 
from three GCM's which differ in the way they 
model atmospheric dynamics and physics, param
eterize land surface and cloud processes and the 
degree to which ocean dynamics are incorporat
ed. It is important to bear in mind that these 
figures do not represent an exact climate state that 
may exist in the middle of the next century but 
only indicate the general direction of change and 
relative magnitude of change compared to other 
geographical areas. Also such figures give no 
idea of the rate of any possible change or reflect 
the continuous nature of climate change and its 
impacts (de Frietas, 1991). 

Based on these GCM results the only scenario 
that can be developed for the Hong Kong area is 
one that suggests there will be warmer atmospher
ic conditions in the range of 2 to 4°C and these 
changes will be less than those for northern 
China. Also there will be possible winter mon
soon precipitation decreases and summer mon
soon increases indicating an increase in seasonali
ty. 

Associated with changes in global climate will be 
changes in sea level. Several contrasting predic
tions of the magnitude of this rise have been 
made and are summarized in Chang and McGre
gor (1992). Despite the uncertainty of the actual 
magnitude of sea level rise the predictions do 
indicate that a rise in present sea levels is a real 
possibility. Scenarios therefore must necessarily 
be developed for evaluating the likely conse
quences of sea level rise. Taking into account the 
uncertainty of the predictions several scenarios 
may need to be developed. This is the philosophy 
that has been adopted by the National Research 
Council of the United States which has adopted 
scenarios of 0.5, 1.0 and 1.5m eustatic sea level 
rise by the year 2100 (Figure 2). Such scenarios 
are appropriate for Hong Kong and may be used 
for impact assessment and planning purposes. 

Implication of Climate Change and 

Sea Level Risefor Hong Kong 

The foregoing suggests that there will be changes 
in the regional cl imatology of east Asia and 
possible changes in the coastal configuration tor 
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Table 1 Range of temperature and precipuation changes for three GCM's (2 x C02) for summer and winter for the Hong Kong region. 

June/July/August	 December/January/February 

Temperature (C) 2 to 4 4
 

Precipitation (mm day") -1 to 2 -1
 

Temperature	 Precipitation 

GFDL 

GISS
 

NCAR
 

Figure 1	 Geographical distribution oftemperature and precipitation change as predicted for East Asio 

by three different GCM's (GFDL: Geophysics Fluid Dynamics Laboratory; GISS: Goddard 

Institute of Space Science; NCAR: National Center for Atmospheric Research) 
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Figure 2 Projected sea levels as a guide for planning different types of development (Source: Pearman, 1989) 

low lying areas. Apart from straight pure physi Likely increases in sea surface temperatures asso

cal impacts arising because of these changes there ciated with a warmer atmosphere will hold impli

will be a number of closely related socio-econom cations for tropical cyclones in the Hong Kong
 
ic impacts. area. Conceivably greater amounts of sensible
 

heat will be available to drive the tropical cy

clones thus increasing their intensity and destruc


Regional Climatology Changes tive power. Whether such sea surface tempera

ture increases have any impact on the frequency
 
of tropical cyclones is difficult to say but this may 

Changes in the regional climatology may be depend on such atmospheric-ocean phenomena 
manifest in increased climatic variability, in such as ENSO which has been shown to be 
creases in seasonality and an increase in the important in determining the frequency, point of 
intensity of the hydrological cycle which has genesis and the environmental steering of tropical 
implications for Hong Kong's water balance. cyclones. 

Flohn (1980) has estimated for a drastically re Changes in summer monsoon precipitation 
duced ice cover in the Arctic latitudes associated amounts and perhaps intensities associated with 
with global warming that the northern hemisphere tropical cyclones of greater intensity and en
subtropical high pressure belt would shift from hanced convectional processes in the Mei-yu front 
the present mean position of 37°N to 43-45°N. If holds implications for the present flood and land
such a large shift eventuates the position of the slide hazard problem in Hong Kong. As land
meteorological equator and hence the zone in slide occurrence in Hong Kong is closely related 
which the average meridional wind component to precipitation intensity (Brand et. al., 1984), 
changes will also be shifted north. This obvious precipitation intensity increases may increase the 
ly holds implications for the duration of the level of the landslide hazard in built up areas. 
monsoons over the southern part of China and the This could mean that slopes that are marginal in 
possible increased frequency of incursions of the present precipitation intensity regime may 
unstable tropical air into the area and hence the become active with greater precipitation amounts 
frequency of a wide range of meteorological and intensities. As Hong Kong becomes increas
hazards associated with tropical unstable air. ingly urbanized there is a likelihood that the 
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urban flood hazard will increase. This in con
junction with increased precipitation amounts and 
intensities may produce urban floods of greater 
intensity and magnitude than presently experi
enced in Hong Kong. This has implications for 
present civil engineering design practices. 

Regional water balance changes holds implica
tions for water resource planning. This is associ
ated with the potential increases in precipitation 
seasonality. Although the annual water balance 
may not change drastically the distribution of 
precipitation between the months may become 
exaggerated thus increasing the likelihood of 
urban drought in the present dry winter monsoon 
months. As presently Hong Kong often faces 
water supply problems in this season, thought 
needs to be given to current water use, supply 
and conservation strategies. 

Human Climates 

Climatic change also holds a number of implica
tions for human climates which in turn is impor
tant for various aspects of human health. An 
approach previously used by the writer for assess
ing the possible implications of changes in the 
hygrotherrnal environment for human comfort in 
the western tropical Pacific (McGregor, 1990) is 
adopted here for Hong Kong. 

The approach taken is the calculation of an index 
of human thermal comfort for present and possi
ble future climatic conditions in Hong Kong. The 
index of human thermal comfort used in this 
study is the relative strain index (RSI). This index 
evaluates the ratio of the amount sweat evapora
tion needed for comfort to the amount possible 
given ambient atmospheric conditions. The RSI 
has been used elsewhere in the sub-tropics for 
evaluating the number of days on which discom
fort is experienced (Linacre and Hobbs, 1986). A 
criticism of the RSI is that it does not take ac
count of the effect of air motion on human 
comfort which would facilitate a greater rate of 
sweat evaporation. The effects of radiation and 
rainfall are similarly not accounted for by the 
RSI. The reference person for which the index 
applies is a motionless man dressed in a business 
suit. The levels of discomfort discussed in this 
study therefore refer to conditions in which there 
is negligible air motion and no marked radiation 
load imposed on the body. These meteorological 
conditions are similar to indoor or sheltered 
outdoor environments. 

The RSI is expressed as: RSI = (T-21)/(58-e) 
where T is dry-bulb temperature CC) and e is 

actual vapour pressure (hPa). In practice an RSI 
of 0.3 signifies the onset of discomfort (Linacre 
and Hobbs, 1986). 

The data on which the calculation of the RSI for 
Hong Kong is based is mean hourly dry- and wet
bulb temperature data by month for the period 
1961 to 1990. From the 24 individual hourly 
values, values at 3 hour intervals were selected 
starting at 2400 hours so as to assess both the 
diurnal and seasonal variation of the RSI. Actual 
vapour pressure was calculated using the proce
dure of Auliciems and Kalma (1979). In order to 
calculate future RSI values the scenario presented 
above was followed which is for a CO

2 
doubling 

situation. Temperatures were increased by 3°C 
above present and vapour pressure increased by 7 
percent above present. The 7 percent vapour 
pressure increase may be considered conservative 
but was chosen as it is unlikely that actual vapour 
pressure increases will match potential increases 
of saturation vapour pressure of 7 percent per 1°C 

"of warming (Mitchell, 1987). 

The present and future diurnal and seasonal pat
tern of RSI is presented in Figures 3a & b. 
Immediately apparent is the contrast between 
present and future RSI's in terms of the magni
tude and duration. Presently Hong Kong experi
ences hygrothermal discomfort in the months of 
June to August during those hours centred around 
1500 hours. This matches the empirical under
standing of human climates in Hong Kong which 
are known to be the least tolerable at this time of 
the year and during these hours. These months 
have also been identified in human energy bal
ance terms by Kyle (1982) as being the most 
uncomfortable. 

With a change in the hygrothermal environment 
of 3°C and a 7 percent vapour pressure increase 
drastic changes to the duration, temporal distribu
tion and magnitude of the periods of discomfort 
occurs (Figure 3b). On a monthly basis the 
period of discomfort expands from June to 
August to late May to mid September. Diurnally 
the period of early morning and late evening 
comfort is lost for June to August with in fact the 
months of late May to mid September experienc
ing permanent discomfort. 

It must be borne in mind that the future situation 
described here is only a scenario and not a fore
cast. Also the levels of human comfort will not 
suddenly change as a result of climate change. 
There will be a gradual transition to more hygro
thermally stressful conditions in the summer 
monsoon months. As the transition to a more 
stressful hygrothermal environment will be 
gradual conceptually the opportunity exists for the 
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Figure 3a	 Diurnal distribution of the present average relative strain index for Hong Kong.
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Figure 3b	 Diurnal distribution ofthe relative strain index for Hong Kong given a rc increase in temperature 

and a 7 percent increase in vapour pressure. Hatched areas indicate times of thermal discomfort 
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development of physiologically compensating 
mechanisms in humans in response to changes in 
atmospheric conditions. While acclimatization is 
possible it may be limited by the degree to which 
the rate of sweat evaporation can be increased as 
this is the main mechanism by which humans in 
temperatures exceeding 28°C are able to regulate 
the human heat balance. Failure to increase heat 
loss by increased sweat evaporation in the ab
sence of ventilation will have a number of possi
ble consequences for human health, including an 
increased incidence of heat exhaustion, dehydra
tion and heatstroke. During extreme hygrother
mal events all of these heat related complaints 
may increase mortality rates, especially in the 
very young, the aged and the unhealthy. 

Changes in the human hygrothermal environment 
also holds a number of implications for atmos
pheric management in the sub-tropics in which 
Hong Kong lies. Hong Kong is characterized by 
its imaginative architecture and totally built 
environment which in the hygrothermally stress
ful summer monsoon months necessarily demands 
high levels of air conditioning. This places heavy 
demands on economic and energy resources to 
maintain equitable indoor climates. A climatic 
shift will necessarily involve an increase in the 
level of air conditoning in buildings, which will 
piace further demands on energy and economic 
sources. 

Perhaps the greatest impacts arising from a 
change in the hygrothermal environment will be 
felt by outside workers in the summer monsoon 
months. With increases in the frequency, duration 
and magnitude of periods of discomfort outside 
work will become more stressful. Related to this 
will be changes in the levels of worker productiv
ity. 

Tourism may also be impacted by changes in the 
levels of summer discomfort. As the majority of 
tourists to Hong Kong are mid-latitude dwellers, 
changes in the temporal patterns of tourism may 
arise as a result of changes in the temporal char
acteristics of human comfort. As the period for 
which the average tourist visits Hong Kong is less 
than that required for acclimatization, changes in 
the intensity and duration of periods of discomfort 
may precipitate shifts in the temporal behaviour 
of tourists. Tourists may thus choose to travel to 
Hong Kong at more comfortable times of the 
year. The demographic characteristics of tourists 
may also change with older tourists who possess 
less ability to acclimatize and are thus more 
susceptible to the negative effects of environmen
tal stress actively choosing more comfortable 
times of the year to travel to Hong Kong. 
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Changes in Sea Level 

Because of the uncertainty of the predicted magni
tude of sea level rise this will introduce uncertain
ties in any assessment of the likely consequences 
of sea level rise. Nevertheless the scenarios 
presented in Figure 2 form a useful basis for a 
first approximation of the types of impacts that 
sea level rise may have in Hong Kong. 

Hong Kong is somewhat fortunate in possessing a 
mainly cliffed coastal topography which makes it 
less susceptible to some of the possible conse
quences of sea level rise that may be experienced 
in other parts of low lying east Asia. However 
low lying areas in the Territory are likely to 
experience increased drainage problems. This is 
especially pertinent for all areas that have storm 
runoff outlets and other types of outlets at or near 
present sea level. Some low lying areas may 
become inundated. With reference to this Mai Po 
wetland is of special interest because of its eco
logical value. A rise in sea level could drastically 
reduce the area of this unique wetland resulting in 
a compression of the current ecological zones and 
a change of ecosystem dynamics in this area. 
Other areas of ecological value that may be 
impacted by sea level rise are Hong Kong's coral 
reefs. These reefs are presently growing at their 
thermal limit. In this respect increases in sea 
surface temperatures may actually enhance their 
rate of growth if water quality is maintained. 
However what is uncertain is whether the rate of 
coral reef growth can keep up with the rate of sea 
level rise. Also if there is an increase in the 
amount of incoming ultra-violet radiation due to 
changes in atmospheric composition the possibili
ty of coral bleaching exists which may result in 
some die back in the reefs. 

An elevated sea level may also hold implications 
for coastal erosion and sediment transport pat
terns. Erosion problems presently experienced 
along some sections of the Territory I s coast may 
be exacerbated with a rise in sea level. During 
storm events this will be particularly evident. In 
addition to the straight eustatic rise in sea level 
the effects of tropical cyclone generated storm 
surges need to be considered. Sea level rise 
offers the possibility of reducing extreme storm 
surge return periods on which coastal planning is 
presently based. With climatic change the clima
tological extremes on which present design and 
planning is based may have to be reviewed as the 
frequency and magnitude of extreme storm surge 
events possibly changes. This is particularly 
relevant for areas in which new developments are 
planned based on extensive and ambitious land 
reclamation projects. 
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Responses 

Two broad types of response strategy exist. 
These are limitation strategies and adaptation 
strategies. The broad types of limitation strategy 
are discussed in Chang and McGregor (1992). 
Presented here are specific adaptation strategies 
that may be adopted at the collective level or 
above in order to cope with climate and sea level 
changes respectively. Collective adaptation 
strategies may be broken into social services and 
social guides. 

Generally social services are preferred by the 
community as these are usually provided by 
public agencies and are often in the form of 
tangible hard or soft engineering (structural) or 
technological fix options. These options are usual
ly at a scale beyond the scope of the individual 
and often individual communities. A further 
reason for the popularity of social services is that 
they are usually well funded and resource gener
ating (Erickson, 1988). Non-structural social 
services including insurance, relief and rehabilita
tion are also popular as they aid in reducing the 
burden to the community. 

Social guides range from compulsory controls on 
locational decisions to devices for facilitating or 
encouraging decisions concerning a hazard or 
disaster. Because social guides are often in the 
form of regulations which are perceived by the 
public to limit their freedom of choice and en
croach on their resource interests this form of 
response option is unpopular. 

Responses to Changes in Regional Climatology 

Little can be done to control changes in regional 
climatology as these changes are inextricably 
linked to potential larger scale global changes in 
circulation, climate and weather patterns. In 
terms of regional climatology changes perhaps the 
only appropriate response the government can 
make is to support the initiative taken by other 
members of the international community in 
supporting and ratifying any global agreement on 
the reduction of Greenhouse gas emissions. 
More importantly at the local scale the govern
ment has a responsibility to control atmospheric 
pollution which is not only contributing to the 
global pollution problem but to the deterioration 
of air quality and the modification of urban cli
mates in Hong Kong. 

Initial responses to potential changes in the re
gional water balance should be in the form of the 
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evaluation of current inland water conservation 
policies and current and projected future water 
supply and use. As a large volume of water is 
annually imported into the Territory of Hong 
Kong these reviews should also be made with 
reference to potential water balance changes in 
the supply areas which currently lie outside the 
Territory of Hong Kong. A useful approach to 
the assessment of future water balance scenarios 
for the Territory is response surface analysis (de 
Freitas and Fowler, 1989). This type of analysis 
determines the sensitivity of key water balance 
variables to hypothetical climatic changes. In 
such a way it may be possible to assess the effect 
at the regional scale of a range of climate change 
scenarios on the climate resource base and thus 
evaluate impact (de Frietas and Fowler, 1989). 

Changes in regional climatology will no doubt 
produce shifts in the frequency and probability 
distributions of extreme meteorological events. 
Because of possible changes in the climatology of 
extreme events perhaps now is an appropriate 
time for a thorough review of the current nature 
of these and the appropriateness of the climato
logical extremes on which environmental design 
and planning are currently based. Making basic 
changes to the nature of extreme event distribu
tions by for example increasing the number and 
size of events at either end of the distributions for 
a range of hypothetical future climatic states 
would reveal the extent to which the return peri
ods on which current environmental engineering 
design is based will be reduced. With reference 
to this type of analysis current and future designs 
could incorporate a climatic shift element in their 
planning. 

Associated with changes in regional climatology 
will be changes in the hygrothermal environment 
with implications for human comfort and health. 
Appropriate initial responses may include a 
review of current energy demands for space 
conditioning including an assessment of current 
space conditioning operating strategies and their 
sensitivity to weather. This is pertinent given the 
fact that inappropriate operating strategies for 
many space conditioning systems in Hong Kong 
exist. A more dynamic management of indoor 
atmospheric resources in the context of outside 
weather changes could yield large savings in 
energy and thus economic resources. Such a 
managed approach as a response to possible 
changes in the hygrothermal environment may 
reduce the necessity of increasing the level of air 
conditioning in some buildings as from casual 
observation it appears that many indoor environ
ments are currently over air conditioned. Current 
building design practice as related to space condi
tioning also needs to be considered in the context 
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Table 2 Collective responses to sea level rise. 

Collective Response Type
 

Social Service Social Guide
 

Hard Structural Option 

dykes, levees 
floodwalls 
seawalls, bulkheads 

groynes 
breakwaters 
revetments 
raising structures 
flood gates 

modifying infrastructure 

Soft Structural Option 

beach nourishment 

dune building 
wetland creation 

Non-Structural Option 

relief set back laws 
rehabilitation structural 

standards 
insurance zoning 

land use planning 

of a possible climatic shift. An alteration of 
current architectural styles may be worth consid
ering with buildings designed to take advantages 
of natural ventilation. Also designs which are 
able to reduce the level of sensible heat loading 
would have advantages in a thermally more 
aggressive environment. For built up urban areas 
which tend to generate their own microclimates 
and are warmer than surrounding non-urban 
environments the provision of greater amounts of 
vegetated and water covered space as energy 
sinks within the urban framework is a possible 
response strategy for managing a more thermally 
stressful urban environment. 

For outside workers experiencing elevated levels 
of hygothermal stress a possible response strategy 
to reduce the likelihood of heat exhaustion would 
be a change in working hours. Associated with 
this could perhaps be the adoption of summer day 
light saving hours so that workers may start work 
in the cooler relatively comfortable hours of the 

day. If workers are compelled to work throughout 
the more physioclimatically stressful hours of the 
day then perhaps a stress tax relief system could 
be introduced. 

Responses to Changes in Sea Level 

A wide range of possible hard and soft structural 
options, provided in most cases in the form of 
social services, exist for responding to sea level 
rise or elevated levels of the coastal hazard (Table 
2). The choice of the appropriate response option 
will depend very much on the type and nature of 
the site and location, the purpose of the protection 
works ie. to decrease the incidence of erosion or 
flooding, and the value of the land or property for 
which protection is required. Clearly with the 
possible combination of higher sea levels and 
more intense tropical cyclones thought needs to 
be given to the type of structural option that is 
most appropriate for protecting developments 
within the low lying coastal zone. 

Non-structural options in the form of social 
guides (Table 2) are perhaps the most appropriate 
response that should be adopted for any future 
development within Hong Kong's coastal zone. 

Perhaps before any of the above options are 
contemplated an assessment of the potential areas 
of impact as a result of elevated sea levels needs 
to be made. This may be done by in two stages. 
Firstly a rapid appraisal by the use of large scale 
topographic maps could be performed so as to 
identify the areas that may be prone to sea level 
rise of 0.5, 1.0 and 1.5m. Following this, de
tailed engineering surveys and damage potential 
surveys could be undertaken to establish the area 
of potential impact and the potential level of 
socio-economic impact. 

Response Strategies and Decision Making 

Presented above are a range of response options 
that may be adopted for coping with changes in 
regional climatology or sea level. However once 
the actual physical and socio-economic nature of 
the potential climatic change and sea level rise 
impacts have been identified then a decision 
concerning the nature of the response option must 
be made. In some cases one particular response 
will be the only real choice. In other situations 
an integrated response involving two or more 
response options may be more appropriate. This 
will involve making decisions on what options to 
choose, when they should be implemented, by 
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whom they should be implemented and will the 
option employed prove subsequently to be the 
most appropriate one. Two general approaches 
of response strategy exist. These are the com
prehensive and opportunistic approaches. The 
former type is rarely adopted as it involves the 
distribution of responsibility and authority among 
many different government agencies or depart
ments. The potential danger therefore exists that 
no consensus will be reached and hence no action 
taken. Comprehensive strategies also require that 
a complete understanding of the issue be gained 
and that all the inter-relationships of an issue be 
appreciated. Opportunistic strategies are based on 
the idea that if action is urgently required and the 
action is perceived as worthwhile then it should 
be implemented as soon as possible. Perhaps the 
ideal approach is a mixture of the comprehensive 
and opportunistic approaches. 

A possible response decision making framework 
is outlined in Figure 4. This has both an oppor
tunistic and comprehensive element. It is com
prehensive to the point that different government 
agencies may be involved but at different stages 
of the decision making process. The opportunis
tic element remains in the form of allowing action 
to be implemented as soon possible if a need for 
action is identified by a particular government 
agency. The decision making model also ac
knowledges that whatever response strategy is 
adopted the actions to achieve the strategy objec
tives will first have to be taken at the government 
level and in accordance with any global limitation 
strategy. The development of such territory-wide 
response strategies to climatic change will in 
many cases be in accordance with internationally 
agreed guidelines such as formulated in any inter
national agreements on the limitation of green
house gas emissions. 

Conclusion 

The prospect of global climatic change due to an 
enhanced Greenhouse Effect has prompted many 
governments to formulate response strategies 
based on the climate change and sea level rise 
predictions available to date. The climatic conse
quences of a changing global atmospheric compo
sition are being addressed using climate models 
namely General Circulation Models (GCM's). 
However current GCM predictions are unsatisfac
tory at the regional scale and governments are 
unable to use GCM results for detailed regional 
climatic change impact assessment. Regional 
predictions will not be forthcoming until climate 
models with greater regional resolution can be 
developed . Until then regional scenarios based 

HKMetS BULLETIN Vol. 2, No.1, 1992 

on the results of GCM's will have to be de
veloped as a basis for climatic change impact 
assessment. The same holds true for sea level 
rise impact assessments. 

For Hong Kong it seems that a scenario based on 
changing climatic variability, a harsher hygro
thermal environment, increased seasonality, a 
change in the regional water balance and rainfall 
climatology and increased tropical cyclone inten
sities plus increases in sea level should be adopted 
for climatic change impact assessment and future 
environmental and socio-economic planning. 

In responding to climatic change the adoption of a 
limitation strategy by the Territory of Hong Kong 
will depend on the environmental consciousness 
of the government and its willingness to follow 
any international agreement on the reduction of 
Greenhouse gas emissions. With respect to this 
the weight yielded by the respective industrial and 
environmental groups in the environmental deci
sion making processes in Hong Kong is likely to 
be an important factor. Additionally the envi
ronmental philosophy of the government of the 
People's Republic of China is also likely to playa 
role in this decision making process in the future. 
Although the adoption of a limitation strategy by 
the Territory is likely to have minimal impact on 
global Greenhouse gas levels such a strategy 
could have significant implications for local 
climates and the reduction of the urban heat 
island effect as a reduction in atmospheric pollu
tion loads is one atmospheric management strate
gy which will act to reduce the forcing factors 
which make local urban climates warmer than 
adjacent rural climates. 

The most likely response of the Territory of Hong 
Kong to climatic change will be adaptation. This 
may be through the development of an integrated 
response strategy addressing a range of possible 
adjustments to climatic change and sea level rise. 
This could be achieved through the provision of 
social guides and services by the government. 
Social guides in the form of land use planning and 
zoning, provision of incentives for adoption of 
different adjustments and setting laws and regula
tions will serve to guide individual and private 
sector choice. The provision of climatic change 
and sea level rise services might include services 
that attempt to modify the impacts from climatic 
change and sea level rise; reduce the damage 
potential; provide predictions on climatic change 
and sea level rise and provide services for dis
tributing the loss caused by climatic change and 
sea level rise. 

Obviously the range of possible responses to cli
matic change and sea level rise is extensive. 
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Figure 4	 A possible response strategy decision-making framework
 
combining both comprehensive and opportunistic elements
 

Ideally a policy which supports both limitation sectors of the community must be assessed with 
and adaptive strategies should be contemplated, their associated economic, social and environmen
however the impacts of these strategies on all tal costs taken into account. 

HKMetS BUllETIN Vol. 2, No. I, 1992 26 



References
 

AULICIEMS, A. and J.D. KALMA, 
1979: A climatic classification of 
human thermal stress in Australia. J. 

Appl. Meteorol., 18, 616-626. 

BRAND, E.W., 1. PREMCHITT, 
H,.B. PHILLIPSON, 1984: Relation
ship between rainfall and landslides in 
Hong Kong. in Proceedings of the 4th 
International Conference on Land
slides, Toronto, 377-384. 

CHANG, WL. & G.R. MCGRE
GOR, 1992: Climate change: an 
overview. HKMetS Bull., 2, 3-15. 

de FREITAS, C.R., 1991: The green
house crisis: myths and misconcep
tions. Area, 23, 11-18. 

de FREITAS, C.R. and A.M. 
FOWLER, 1989: Identifying sensitivi
ty to climate change at the regional 
scale: The New Zealand example. in 
R. Welch (Ed.) , Proceedings of the 
15th New Zealand Geography Confer
ence, New Zealand Geographical 
Society Conference Series No. 15, 
254-261. 

HKMetS BUUETIN Vol. 2, No.1, 1992 

ERICKSON, N.J., 1988: Perceptions 
of and responses to climatic events and 
hazards: a review. in Climate Change, 
The New Zealand Response. Proceed
ings of a Workshop held in Welling
ton, New Zealand, March, 1988, New 
Zealand Ministry For the Environ
ment, 110 129. 

FLOHN, H. 1980: Possible Conse
quences of a Man Made Global 
Warming. International Institute for 
Applied Systems Research, RR 80-30. 

FOWLER, A.M. and C.R. de FREI
TAS, 1989: Research methods in 
climate change impact assessment: 
coping with inadequate forecasts of 
future climate change, in R. Welch 
(Ed.), Proceedings of the 15th New 
Zealand Geography Conference, New 
Zealand Geographical Society Confer
ence Series, No. 15,262-270. 

HENDERSON-SELLERS, A., 1989: 
Atmospheric physiography and meteo
ronomical modelling: the future role of 
geographers in understanding climate. 
Austr. Geog., 20: 1-25. 

KYLE, W.J. 1982: Human thermal 
stress in Hong Kong. Ann. GGAS, 
HKU, 10: 1-9. 

LINACRE, E. and J. HOBBS, 1986: 
The Australian Climatic Environment. 
Wiley, 354 pp. 

MCGREGOR, G.R., 1990: Possible 

impacts of climatic change on human 
thermal comfort in the western tropical 
Pacific. in P.J. Hughes, P.J. and G.R. 
McGregor (Eds.), Global Warming 
Related Effects on Agriculture and 
Human Health and Comfort in the 
South Pacific. A Report to the South 
Pacific Regional Environmental Pro
gramme and the United Nations Envi
ronment Programme, The Association 
of South Pacific Environmental Institu
tions, University of Papua New 
Guinea, Port Moresby, 98-113. 

MITCHELL, J.F.B., 1987: Simulation 
of climatic change due to increased 
atmospheric C02. Meteor. Mag., 116, 
361-376. 

PEARMAN, G.I., 1989: Prediction of 
climate change from the best scientific 
models. in Global Climatic Change
Issues For Australia, Prime Minister's 
Science Council. Canberra Pub!. & 

Print Co., ACT, Australia, 3-32. 

27 



Ronald D. Hill 

Department of Geography & Geology 

The University ofHong Kong 

The Impact of Climate Change 
upon Global Agriculture 

Introduction 

In a world in which anywhere between 340 and 
730 million people are thought to be under-nour
ished, any change in a set of basic environmental 
factors such as climate must be crucial to human 
welfare. Crops, like any other plants, respond 
basically to variations in the supply of soil water, 
tile macro- and micro-nutrients it entrains, and to 
solar radiation. In addition crops have optimal 
growth ranges with respect to temperature, these 
varying not only amongst species but also 
amongst cultivars of the same species. Crop 
response to temperature, however, is not simply a 
matter of average annual or seasonal temperatures 
but may involve the diurnal regime as well, par
ticularly in relation to specific growth phases such 
as the initiation of flowering. 

Amongst the various components of climatic 
change several agriculturally-important ones can 
be identified though such are the uncertainties 
surrounding them that it is difficult to be sure at 
this juncture which are, or are not, important. 
Primary changes include those involving gaseous 
components of the lower atmosphere - carbon 
dioxide (CO~, oxides of nitrogen (NO ) ' ozone x
(OJ~' chlorofluorocarbons (CFCs) and methane 
(CH~) - and secondary changes such as involve 
modifications of the General Circulation and 
changes in sea-level. In examining such changes, 
historical data are of little value not merely 
because records are quite limited, though glacial 
ice preserves past atmospheres moderately well, 
but also because there are major gaps in the scien
tific understanding of crop-atmosphere relations 
and in their interpretation. The last is particularly 
true of many tropical crops, with the exception, 
perhaps, of rice. 

Carbon dioxide (CO~ 

In 1780, about the time of the beginning of the 
Industrial Revolution, the mean global value for 
atmospheric CO

2 
was about 270 ppm. Initially 

manufacturing was based upon wood fuels and 
water-power and, of course, was spatially limited 
to parts of Britain. Consequently levels rose 
slowly at first though quickly spreading globally 
via the General Circulation. Now the level has 
reached circa 350 ppm and the rate of increase 
may be increasing. About half of the CO

2 
pro

duced from the combustion of fuels is quickly 
reabsorbed by sinks other than the atmosphere, 
mostly by biomass. 

So far as is known there are no quantitative as
sessments of the global biomass budget which 
would permit the determination of the apparently
falling proportion of CO taken up by biomass 
sinks. Certainly, the reduction of forest cover 
has a two-fold effect - a once-for-all contribution 
of combustion products where it is burnt as it is 
cleared, and a continuing, diminished uptake of 
CO

2 
as a result of the consequential reduction of 

biomass. Agriculture, the main purpose for 
which forest clearance is undertaken, does little to 
reverse this diminished uptake. Only such tropi
cal crops as rubber and oil palm come anywhere 
near forest in terms of phytomass and then only 
with around 80-120 t ha' compared with 500-650 
t ha' for tropical forest. Most other crops have 
levels of phytomass, and roughly equally, levels 
of CO

2 
uptake at least a whole order of magni

tude lower and, in the case of grasses and many 
annual crops, nearer two orders of magnitude 
lower than forest. 
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Table 1 Classification ofsome tropical crop species by photosynthetic pathway (after Jacobs, 1990) 

Photosynthetic pathway Crop 

C3 Root crops: cassava, sweet potato, taro, yam 

Cereals: rice, temperate cereals 

Vegetables: tomato, onion, beans, cabbage, 

C4 Cereals: maize, sorghum, pearl millet 

Grass: sugarcane 

CAM Fruit: pineapple 

These are all food crops. Cassava and sugarcane are also used for the production of alcohol as a substitute for fossil fuels. 
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(lifter Tolbert and Zelich, 1983 in Jacobs, 1990, 4)
 

It has been widely suggested that enhanced levels partitioning between root and shoot. Basically, 
of CO

2 
lead to increased levels of uptake by the response depends upon the particular photosyn

vegetation, thus further offsetting the loss of thetic pathway, reflecting differences in the 
uptake capacity represented by forest clearance. biochemistry of photosynthesis. Most crops have 
Here matters are complicated by the fact that very either a C3 or a C4 pathway, although a few, 
limited studies have so far been made, especially pineapple is one, photosynthesize mainly at night 
in the field where other factors such as solar (Table 1). Such CAM (Crassulacean Acid 
radiation, water and nutrient supply can less Metabolism) crops are thought not to respond to 
easily be controlled. Laboratory studies suggest, CO enrichment. As Figure 1 shows, C4 crops 
very broadly, that there is a significantly higher already are superior to C3 plants in respect of 
rate of photosynthesis with higher CO~ levels, but CO

2 
uptake, as they are also in terms of water

that crops differ significantly both ill total re use efficiency. There is some, though very limit
sponse and, in some cases, e.g. root crops, in its ed evidence from herbarium specimens, that 
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higher CO levels lead to reduced numbers of leaf 
stomata aid this clearly enhances water-use effi
ciency though this may be at least partly offset by 
greater leaf area, another response to CO . 
Higher levels of CO

2
, however, will not affect C3 

and C4 crops equally. The consensus seems to be 
that C3 crops are likely to benefit far more than 
C4 plants and broadleaf species show a greater 
response than grasses. 

Just how far crop yields may be expected to rise 
is somewhat problematic. Clearly, though, his
torical data offer no guide, for although the yields 
of most crops have risen substantially over the 
last 100 years it is impossible to disentangle the 
effects of increasing C02.. from the multitude of 
other factors responsible. Kimball (1983 in 
Jacobs, 1990, 7) has suggested a future rise of 
33 % but that estimate seems to have been based 
upon greenhouse experiments. Much of the 
reported yield increase in grain crops, as Jacobs 
(1990, 8) reports seems to derive from an in
crease in the number of seeds rather than an 
increase in their size and weight. This finding 
has important implications for plant breeding, for 
if the weight of seed-heads increases, without a 
corresponding increase the strength of the sup
porting tissues, increased lodging (falling over) of 
cereals may be expected with potentially-severe 
loss of grain and substantially-increased harvest
ing costs. 

The cause of yield increases, however, is both 
direct, via enhanced photosynthesis, and indirect, 
for it seems that CO enrichment increases the

2
fixation of atmospheric nitrogen in the legume
Rhizobium symbiosis. In soybeans total nodule 
activity reportedly increased by 76% with a 16
day enhancement of C04-.to 1000 ppm (Finn & 
Brun, 1982 in Jacobs 199U, 8). 

Oxides of nitrogen (NO) 

The atmospheric concentrations of the oxides of 
nitrogen are currently estimated to be at around 
30 ppm on a global basis and are projected to rise 
to about 35 ppm by the year 2050. Though NO
levels are often thought to be primarily a conse

x 

quence of urban and industrial emissions, much 
of the atmospheric increase is in fact attributable 
to the modern extensive use of nitrate fertilizers 
and to the effects of denitrifying bacteria present 
in the soil. While NO and ° are known from 
experimental evidence to damag~ plant health and 
in general to depress plant productivity, a great 
deal of research remains to be done to establish 
the specific impacts of such damage for most 
crops. 

Methane (en) 

Methane is naturally formed in wetlands, includ
ing wet rice fields. In the 1770s the global 
atmospheric level was thought to be about 0.78 
ppm. It is now 1.7 ppm globally and is forecast 
to rise by about 1.2 % annually. Globally, the 
area of natural wetlands is decreasing but this is 
offset by increases in the area of wet rice fields, 
especially in Africa and by a substantial lengthen
ing of the period that many such fields remain 
wet as a result of irrigation and double or even 
continuous cropping. Other contributions to CH

4 
enrichment include municipal rubbish dumps, 
though the technology exists for the use of such 
methane sources for fuel, and animals, including 
man. Some estimates put the contribution of 
ruminants at about one-third. 

So far as is known at present methane enrichment 
has no effect upon crops directly. However, its 
indirect effects are thought to be quite significant 
for it is an efficient trapper of heat. For exam
ple, it has been suggested that it was responsible 
for about a quarter of the global warming since 
the last interglacial during the Pleistocene era. 
These considerations lead to the issue of long
term global warming and its effects upon agricul
ture. 

Temperature 

Such are the uncertainties of global warming that 
it is by no means clear that temperature rise, so 
far as agriculture is concerned, is the most impor
tant factor for changes in the global solar radia
tion pattern. The frequency and intensity of 
storms may well be of equal, if not greater signif
icance. Current General Circulation Models not 
only have rather coarse resolution and suffer from 
data deficiencies, especially from the oceans, but 
also contain large uncertainties about cloud cover 
and solar radiation. 

So far as temperature is concerned, it seems 
probable that in mid- and high-latitude regions a 
1°C rise is likely to lead to a poleward displace
ment of cereal cultivation and pasture of several 
hundred kilometres, in addition to lengthening the 
growing season. In Iceland, for example, a two
thirds increase in hay yields is forecast and in 
Finland a 20% rise in spring wheat'. In Northern 
Hemisphere mid-latitudes, rises in temperature 
coupled with decreased water availability, which 
cannot fully be offset by increased irrigation, are 
likely to depress wheat and maize yields by 10 to 
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20%. Prediction for low-latitude arid areas is 
extremely difficult but if precipitation becomes 
less, variability can be expected to increase as can 
be expected also of harvest yields. However, to 
some extent these can be offset by increased use 
of fertilizer and irrigation though whether such 
use will be economically, as distinct from techni
cally feasible is an unanswerable question at this 
juncture. 

So far as humid tropical areas are concerned, 
several facts stand out: rises in temperature are 
likely to be lower in these areas than in higher 
latitudes and precipitation is likely to increase 
rather than decrease. In C3 crops, photosynthesis 
declines with increasing temperature whereas C4 
crops show a higher optimum temperature 
(Jacobs, 1990, 10). Moreover, there seems to be 
a synergistic relationship between temperature 
and CO

2 
such that above about 18°C, CO

2 
en

richment stimulates productivity. This, however, 
has been tested for only small number of crops 
such as okra and taro. Temperature increases 
may also be expected to raise the altitudinal limits 
for a number of crops: rice, especially important 
to mountainous countries like Nepal and to parts 
of China; rubber, oil palm, coffee, tea and many 
others elsewhere. On the other hand tropical 
uplands which currently have a temperate type 
climate and which are currently growing mid-· 
latitude crops such as head cabbage or asparagus 
can be expected to face difficulties in maintaining 
current production levels under such conditions. 
Articles in Pernatta and Hughes (1990) discuss 
the possible effects of changes in altitudinal limits 
in some detail. 

Solar Radiation 

Changes in solar radiation appear to be very 
difficult to forecast since changes in cloud cover 
arising from global warming are very uncertain. 
While solar radiation is seldom considered as a 
limiting factor for crop production in temperate 
regions, it may well be in the humid tropics. It 
has long been known, for example, that wet
season yields of rice are, on the whole, lower 
than dry-season yields, where irrigation is used. 
Part of the reason is that cloudy conditions, 
especially at flowering time, reduce yields. 
Qual ity of the crop also tends to suffer when 
harvest time coincides with gloomy weather since 
ripening of the grain is hindered. However, crop 
response to reduced levels of solar radiation has 
been 1ittle researched generaIl y. 
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Sea-level Change 

Sea-level change as a result of higher temperature 
rise is likely to be rather slow given the great 
bulk of ice to be melted in the major ice-caps. 
Historical evidence from regions which are 
proved to be tectonically stable are quite equivo
cal, with a significant minority of scientists be
lieving that the tide-gauge data do not confirm a 
global rise. Globally, however, it is a fact that 
major agricultural areas lie within 5 m of sea
level. Protection from saline incursion, however, 
is more an economic than a technical issue since 
wealthy countries such as the Netherlands, al
ready with one-third of its national land area 
below sea-level, can easily cope with rises of that 
order of magnitude. Rather the problems 
emerge, as the land is submerged, in densely
populated deltaic areas such Bangladesh or low 
island states such as the Maldives or most island 
states in the Pacific. However, the situation for 
coral atolls is perhaps not as serious as some have 
forecast. Provided that reefs remain healthy, 
natural growth seems well able to cope with 
rising levels. They do this anyway, for example 
during the Southern Oscillation (El Nino), though 
rising sea-levels may result in changes to the 
fresh-water lens which could adversely affect 
agriculture. These adverse changes could be 
mitigated to some degree by increased rainfaIl. 

Production of crops is likely to be affected in 
three main ways if sea-levels rise. First, coastal 
land may be permanently inundated, a process 
likely to be exacetbated if protective mangrove 
fringes, which trap sediment, are removed. 
Second, land may be periodically submerged by 
storm surges, e.g. around the Bay of Bengal or 
the Pearl River Delta. Third, upstream move
ment of sea-water, as happens in the Mekong 
river during the dry-season, could be greater, 
though this could be offset to some degree by 
greater fresh-water discharge should rainfall 
increase, as is expected. 

The response of crops to increased salinity is 
highly variable, not only from species to species 
but from cultivar to cultivar. For example, while 
taro, a Pacific staple, is generally saline-sensitive, 
some recently-bred cultivars are rather more 
tolerant (Manner, 1990). Many varieties of rice 
are saline-sensitive but some tolerate quite brack
ish water though yields are substantiaIly lower 
than these from sensitive types. (Such rices were 
grown along the shores of Deep Bay until very 
recently). On the other hand, coconut is remark
ably tolerant of saline conditions being essentially 
unaffected hy wind-blown salt and is able to 
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Table 2 Salinity Tolerance in Some Tropical Crops (mainly after Maas, 1985 quoted ill Jacobs, 1990) 

Sensitive Moderately Moderately Tolerant 
Sensitive Tolerant 

Rice (most cultivarsi 

Bean tPhaseolusi 

Onion 
Citrus 

Groundnut Soyabean Cotton 

Sugarcane Sorghum Coconut 
Maize Cowpea 

Cabbage 

Capsicum 

Cucumber 

Squash 

Sweet potato 

Tomato 

Potato 

Taro 

survive short, infrequent periods of inundation 
though with damage to leaves and a depression in 
yield. The sensitivity of major tropical crops is 
set out in Table 2. 

As with temperature and CO2 , so too with salinity 
and CO where there seems to be a synergistic 
relationship in that under saline stress, crops such 
as maize and beans showed greater dry matter 
production with CO 2 enrichment than without 
(Schwarz and Gale 1982 in Jacobs, 1990, 14). 
However very few crops have been examined. 
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Conclusion 

What is very clear is that there exist considerable 
gaps in our knowledge over a broad range of 
scientific disciplines. On the basis of very imper
fect evidence it may be concluded that CO

2 
en

richment may well be beneficial to agricultural 
production but such benefits appear to be on the 
basis that little else changes. Clearly reduced 
precipitation in semi-arid regions, increased 
cloudiness and sea-level change are likely to 
whittle away such benefits, if in fact such exist in 
field, as distinct from glasshouse situations. 
Nevertheless, it would be foolish to ignore the 
many possible ramifications of climatic change. 
The gaps in knowledge are considerable and their 
filling in is a matter of some urgency. 
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Debate on the Ancient 
Climate of China 

Summary ofa talk presented at Research Forum 4 
of the Hong Kong Meteorological Society held on 
November 9th, 1991 at the Royal Observatory, 
Kowloon. 

Palaeoclimatologists and archaeologists have 
spent many decades trying to understand China's 
palaeoclimate. The talk tries to critically assess 
the validity of the evidence put forward, particu
larly by Hu (1944) and Zhu (1973), in the light of 
alternative explanations associated with ecological 
studies. 

Interpretation of the ancient climate of China by 
Hu (1944) and Zhu (1973) has been widely ac
cepted for half a century. The principal claim 
made by them was that the climate of China was 
warmer and wetter 4,000 years ago than it is 
today. Their conclusion, based on the investiga
tion of animal fossils and records of oracle bones 
unearthed from Yin-xu and other archaeological 
sites in China, came from the finding that some 
subtropical plants and animals have vanished 
over the past 4,000 years. 

Use of animal fossils to interpret climatic change 
in the past may be accepted only by assuming that 
human civilization and ecological conditions 
remain unchanged in the two periods to be 
compared. However, this assumption may not 
hold true when human civilization shifted from 
the Stone Age to the Iron Age, and when a 
nomadic life style was replaced by agricultural 
settlements. 

All these changes could lead to the direct slaugh
ter and consumption of living creatures on the 
one hand, whilst deforestation and land clearance 
for agricultural expansion may alter the ecologi
cal environment on the other. Both may result in 
the destruction of animals and plants quite inde
pendently of any climatic change. This phe
nomenon is particularly obvious in a semi-arid 
environment which is vulnerable to any minor 
change in the biosphere. 

Recent pollen studies of lake sediments in central 
China (Kong, 1990; Tang, 1990) also suggest a 
decreasing trend in plant numbers and species. 
These results seem to confirm the position of Hu 
(1944) and Zhu (1973). However, in that study, 
potential human impacts on the ecological envi
ronment near the lake area were once again not 
considered. 

There is strong evidence of ecological changes 
from the past to the present, within and beyond 
China, which can provide an alternative explana
tion of how the biosphere may have been simpli
fied. These ecological studies suggest that in
creasing human activity is a dominant factor in 
explaining at least some of the evidence adduced 
for climatic change in past times. 

In summary, the reconstruction of the climate of 
central China around 4,000 years ago remains 
more uncertain that might be concluded from the 
work of Hu (1944) and Zhu (1973) since some of 
their evidence is open to alternative explanation. 
More solid evidence from palaeoclimatologists is 
needed before we can be more certain of past 
climatic conditions. 
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Abstract 

Energy consumption in Hong Kong has been 
analyzed. Electricity consumed in buildings 
accounts for about half of the total energy con
sumption. Much of the electricity is used for 
lighting and air-conditioning in buildings, particu
larly during the long, hot and humid summer 
months. Computer simulation of building per
formance is a valuable design tool for energy
efficient design of buildings and building services 
systems. Weather data from the Royal Observa
tory, Hong Kong have been analyzed. A typical 
weather year for energy calculation (TWYEC) 
containing 8,760 hours of weather data (e.g. air 
temperature, solar radiation, dew point, etc.) has 
been created. Implications for building energy 
simulation and further research work have been 
discussed. 

Introduction 

In recent years there has been growing concern 
about energy consumption in Hong Kong and its 
implications for the atmospheric environment. 
With an expanding economy and improvements in 
living standard, there has been a 120% rise in 
energy consumption (see Figure 1) during the 12
year period from 1979 to 1990 (Census and Sta
tistics Department, 1991). During the same 
period energy required for electricity generation 
rose from 110,420 to 298,822 terajoules, an 
increase of 170%. In 1990 energy required for 
electricity generation represented 69.5 % of the 
total consumption of energy in Hong Kong. 

Most of the electricity is consumed by the three 
major end-users: industry, commercial and resi
dential buildings. A small amount is for street 

lighting and for export to China. It can be seen 
from Figure 2 that, as the economy shifted from 
manufacturing to more service-oriented activities 
during the 1980s the commercial sector overtook 
industry to become the major consumer of elec
tricity. In 1990 commercial and residential build
ings accounted for 66% of total energy consump
tion and represented 46 % of the total energy 
consumption in Hong Kong. 

Lighting and air-conditioning are the two major 
electricity consuming items in commercial build
ings. One way to reduce electricity consumption 
and hopefully alleviate its adverse effects on the 
atmospheric environment is to have more energy
efficient design of buildings and building services 
systems such that the demand for lighting and air
conditioning can be reduced. It would be useful 
to designers to compare performances of different 
building schemes and design alternatives and to 
estimate the likely energy consumption during the 
design stage. 

Computer simulation using measured weather 
data is a valuable design tool for assessing build
ing performance and predicting energy consump
tion. This paper outlines an attempt to create a 
weather data file containing 8,670 hours of pre
vailing local weather data suitable for energy 
calculations for buildings in Hong Kong. 

Concept ofa Typical 

Meteorological Year (TMY) 

There are a number of computer packages that 
can simulate the dynamic performance of building 
envelopes, heating and cooling systems, and the 
interactions between the various components. 
These packages can be used as design tools 
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during the design process to assess and compare 
the performance of different building schemes 
and building services system designs and to 
estimate likely energy consumption. 

Carrying out such building energy analysis re
quires the consideration of the effect of prevailing 
local external weather. Most packages use 
measured hourly weather data, such as air tem
perature and solar radiation to analyze, hour-by
hour, the performance of a particular design for a 
whole year. Weather conditions, however, vary 
from one year to another. It is therefore impor
tant to have a weather database which is typical 
or representative of a particular geographic area. 

Sandia Laboratories in the United States have 
used statistical techniques to develop a method for 
producing yearly weather databases called Typi
cal Meteorological Years (TMYs) for some 26 
locations in the USA (DOE, 1980). The TMY 
weather database comprises specific calendar 
months selected from the entire recorded time
span for a given locality as the most representa
tive or typical for that location and month. If, for 
instance, in a particular location there were 10
year records of hourly weather data suitable for 
energy simulation exercises, a single January 
would then be selected from the ten Januarys on 
the basis of its being most nearly like the compos
ite of the total number of Januarys in the data
base. Thus, for that location, the January of a 
particular year, say 1985, might be selected as 
the Typical Meteorological Month (TMM) after 
statistical or other comparisons with all of the 
other nine Januarys. Nine indices (total horizon
tal radiation, maximum, minimum and mean of 
dry-bulb and wet-bulb temperature, dewpoint 
temperature, and maximum and mean of wind 
speed) were identified as critical parameters 
(ASHRAE, 1989). They were weighted with the 
solar index as 50% and the rest as 50%. Typical 
months were identified by their closeness to long
term cumulative distribution functions. The 
process was repeated for each of the other calen
dar months, and the twelve months selected made 
up the Typical Meteorological Year (TMY). 

The argument used is that since a TMY weather 
database represents the prevailing average weath
er conditions, though the actual performance and 

.subsequent energy consumption of a particular 
building during a particular year might be differ
ent from the computer simulation, the average 
energy consumption over say a 10-year period 
would be close to the computer prediction. The 
TMY weather tapes are thus recommended for 
active solar design and analysis. 

The approach adopted for the present study is 

similar to the TMY concept except that only three 
climatic variables are considered critical and the 
typical monthly weather data are composed of 
climatic variables from different years. For 
instance, monthly weather data for January con
sist of air temperature from 1986, solar radiation 
from 1985, and so on. In TMY, if for instance 
January 1985 was considered most typical, then 
all required weather data (air temperature, solar 
radiation and so on) would be taken from those 
measured in January 1985. To distinguish from 
TMY, the weather database compiled in the 
present work has been called Typical Weather 
Year for Energy Calculation (TWYEC). 

Typical Monthly Weather Data 

Hourly weather data from 1980 to 1989 for Hong 
Kong have been obtained from the Royal Observ
atory, Hong Kong and arranged in seven separate 
data files containing the hourly averages of dry
bulb air temperature, dewpoint temperature, 
cloud amount, horizontal global solar radiation, 
atmospheric pressure, wind speed and wind direc
tion. Dry-bulb air temperature, solar radiation 
and dewpoint temperature have been identified as 
critical climatic variables that determine the 
heating and cooling requirements and hence 
energy consumption of buildings. Air tempera
ture affects conduction heat gain in summer and 
heat loss in winter while solar radiation and 
humidity are the two major contributors to the 
total cooling loads in summer. 

Air Temperature 

In summer, when outside air temperature is 
higher than the temperature inside a building, 
heat will be conducted through the external sur
faces into the building, and consequently cooling 
will be required to maintain internal building 
temperature at a comfortable level. A parameter 
called the cooling degree day (CDD) is used to 
indicate how often and to what extent cooling will 
be required during a particular cooling period. It 
is obtained by summing the difference between 
daily average outside air temperature and the 
indoor temperature required during the same 
period. The larger the value of CDD, the more 
cooling is required. 

In the present study it has been assumed that 
whenever the outside air temperature is greater 
than 23.9°C (called the base temperature), cool
ing will be required, and that the cooling season 
is from April to November. Figure 3 shows the 
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Table 1 Typical monthly weather data for the three key climatic variables (from ROHK data) 

Variable Jan Feb Mar Apr May Jun Jut Aug Sep Oct Nov Dec 

Air Temperature 1986 1982 1989 1980 1983 1986 1980 1987 1988 1980 1985 1985 

Solar radiation 1985 1981 1985 1988 1988 1984 1985 1986 1989 1987 1980 1980 

Dewpoint tempearture 1983 1982 1986 1987 1989 1989 1986 1989 1987 1981 1989 1988 

monthly eDD calculated from ROHK data for the 
10-year period from 1980 to 1989. As expected, 
eDD peaks during the hot summer months, July 
and August. For a particular calendar month, 
since eDD is a measure of cooling requirement, 
the year closest to the 10-year average would be 
the most typical or representative for energy 
calculation. Typical weather data years for air 
temperature are summarized in Table I and show 
the Typical Weather Years for each month in the 
8-month cooling season from April to November. 
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Similarly, the heating degree day (HDD) method 
has been used to select typical air temperature 
data for the 4-month winter heating season from 
December to March. In this case the base tem
perature has been assumed to be l8.3°e and the 
Typical Weather Years for each month are also 
shown in Table I. From figure 3 it can be seen 
that eDD is much larger than HDD. This is not 
surprising because, in Hong Kong, cooling is 
more necessary than heating. 
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Solar Radiation 

Solar heat gain into a building through a particu
lar surface (e.g. a window) is proportional to the 
amount of solar radiation incident on that surface. 
The actual amount of solar radiation depends on 
the season, time of day and the orientation of the 
surface. However, for a particular design, total 
solar heat gain through the whole building en
velope, and hence the resulting cooling load can 
be assumed to increase with the amount of 
measured global solar radiation incident on a 
horizontal surface. In other words, more hori
zontal global solar radiation means more total 
solar heat gain, and hence more cooling require
ment. For a few cold winter days in Hong Kong, 
solar radiation could offset some of the heat loss 
from a building and help reduce the heating 
requirement. It is therefore argued that for a 
particular calendar month, the monthly global 
solar radiation that is closest to the 10-year 
average would be most typical. Measured month
ly global solar radiation incident on a horizontal 
surface between 1980 and 1989 has been analyzed 
and is shown in Figure 4. The monthly values 
closest to lO-year averages have also been select
ed and are shown in Table I. 

Dewpoint Temperature 

When the moisture content of outdoor air is 
higher than that of the indoor air, dehumidifica
tion (latent cooling) will be required. Energy 
required to dehumidify the hot and humid outside 
air in summer and take away the moisture given 
off by people and other sources can be substantial 
in Hong Kong. In the present study the comfort
able indoor conditions for summer and winter 
have been assumed to be 25.5°C and 50% relative 
humidity and 20°C and 50% relative humidity 
respectively. These correspond to dewpoint 
temperatures of 14.6°C and 9.5°C. 

It is assumed that whenever the dewpoint temper
ature is above 14.6°C in summer, latent cooling 
will be required. Similarly, in winter, whenever 
the dewpoint temperature falls below 9.5°C, 
humidification will be required. In addition, the 
energy requirement is assumed to be proportional 
to the temperature difference. 

Similar to air temperature and solar radiation, it 
is argued that for a particular calendar month, the 
mean temperature difference closest to the 10
year average would be considered most typical. 
Hourly dewpoint temperatures between 1980 and 

1989 have been analyzed and are shown in Figure 
5. Selected typical monthly data for this parame
ter are shown in Table 1. 

Typical Weather Yearfor 

Energy Calculation (TWYEC) 

for Hong Kong 

The computer package DOE-2 used in this study 
requires, among other things, a weather data file 
containing 8,760 hourly records of seven climatic 
variables - dry-bulb air temperature, dewpoint 
temperature, cloud amount, horizontal global 
solar radiation, atmospheric pressure, wind speed 
and wind direction. This weather data file has to 
be compiled in specific formats assessable by the 
DOE-2 weather processor. The format chosen 
for this study is called the TMY format (Stine and 
Harrigan, 1985). 

Weather data for the three key climatic variables 
- dry-bulb air temperature, global solar radiation 
and dewpoint temperature have been selected 
from different years according to the typical 
monthly weather data shown in Table I. To 
reflect realistic weather conditions, monthly 
weather data for cloud amount have been selected 
for the same year as global solar radiation. The 
remaining three variables have been selected from 
1989 measured data. Since the data have been 
selected from different years, to ensure continuity 
at the month interfaces, six-hourly points on 
either side of the interface have been smoothed 
using a cubic spline function. It has also been 
checked that every hour, dewpoint temperature 
did not exceed dry-bulb air temperature. 

Computer Simulation 

In addition to the TWYEC weather data file 10 
more weather data files based on individual 
yearly weather data from 1980 to 1989 have also 
been compiled. The idea is to compare predicted 
energy consumption based on TWYEC with those 
based on the other ten weather years. 

A survey of existing commercial buildings and 
their construction has been carried out to find out 
the characteristics common to most office build
ings in Hong Kong so that a reference building 
can be established for computer simulation 
(Goodsall and Lam, 1991; Hui and Lam, 1991). 
This reference building, a 40 metre tall office 
building with a typical floor plan of 35m x 35 ill 
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Figure 6 Schematic plan and section of the reference building 

and a window-to-wall ratio of 44% with reflective year average. It is worth noting that apart from 
glass is shown in Figure 6. Eleven computer 1987, predicted values of energy consumption are 
simulations were carried out for the reference generally very close to each other. This suggests 
building using the eleven weather data files. It that weather conditions, in terms of their effect 
can be seen from Figure 7 that predicted energy on energy calculation, generally do not change a 
consumption for air-conditioning based on great deal from one year to another. 
TWYEC weather data is indeed closest to the 10
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Figure 7 Actual and predicted annual energy requirement for air-condiuoning for Hong Kong from 1980-89 

Conclusion 

Energy and the environment have fast become 
two key issues causing public concern. As build
ings account for a significant proportion of the 
total energy consumption in Hong Kong these 
issues present opportunities and challenges to 
building professionals. Computer simulation 
could be a useful design tool for creating more 
energy-efficient design which could reduce 
demand for air-conditioning and hence reduce its 
impact on the environment. 

A typical weather year for energy calculation 
(TWYEC) for Hong Kong has been compiled. 
The TWYEC database contains 8,760 hourly 
records of measured dry-bulb air temperature, 
dewpoint temperature, cloud amount, horizontal 
global solar radiation, atmospheric pressure, wind 
speed and wind direction. Three of these, dry
bulb air temperature, horizontal global solar 
radiation and dewpoint temperature, are consid
ered key weather data that affect air-conditioning 
needs and hence energy consumption in build
ings. 

HKMetS BUUETlN Vol. 2, No.1, 1992 

In terms of their effect on building energy asnaly
sis weather conditions generally do not change a 
great deal from year to year. For a typical office 
building in Hong Kong the difference would be 
less than 10%. Nevertheless, the TWYEC com
piled gives better prediction of energy consump
tion in buildings and can serve as a standard 
weather database for computer simulation. 

More research is required to improve the 
TWYEC database. This includes examining 
different base temperatures for heating and cool
ing degree day calculations, carrying out energy 
analysis with other computer packages and in
cluding simulataneous measurements of direct and 
diffuse radiation. 
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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 iuterest 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 

numberts). 

PUBLIC LECTURE SERIES 

The Hong Kong Science Museum and the Hong 
Kong Meteorological Society (HKMetS) have 
jointly organized a successful series of Public 
Lectures in Cantonese on the subject of the 
"Science of the Weather". The series ran from 7 
December 1991 to 11 January 1992 and was well 
attended. The subjects of the lectures and the 
guest speakers, all of whom are members of the 
Hong Kong Meteorological Society are listed 
below. 

Date: 7 December, 1991 

SYNOPTIC ANALYSIS 
by Mr. S.W. Li 

Date: 14 December, 1991 

HOW TO PRODUCE A 
WEATHER FORECAST 

by Mr. W.M. Leung 

Date: 21 December, 1991 

SATEUITE ANALYSIS OF TROPICAL 
CYCLONE INTENSITY 

by Mr. Edwin Lai 
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Date: 28 December, 1991 

PERFORMANCE OF NUMERICAL 
WEATHER PREDICTION MODELS IN 
TROPICAL CYCLONE TRACK FORECASTS 

by Dr. Johnny Chan 

Date: 4 January, 1992 

FORECAST OF HEAVY RAIN 
by Mr. YK. Chan 

Date: 11 January, 1992 

INTERANNUAL VARIABILITY OF 
RAINFAU IN HONG KONG 

by Mr. Eddy Lee 

THIRD HONG KONG 

METEOROLOGICAL SOCIETY 

ANNUAL GENERAL 

MEETING AND FIFTH 

RESEARCH FORUM 

The Third Annual General Meeting of the Hong 
Kong Meteorological Society will be held on 
Saturday 7th March, 1992. Further details of the 
meeting will be announced via regular newsletters 
as they become available. 

The Fifth Research Forum on the subject of 
Remote Sensing Applications will be held on 
Saturday 7th March, 1992 in conjunction with the 
Third Annual General Meeting of the Society. 
Further details will be announced via regular 
newsletters. 
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IOC/SCOR MEETING 

The Annual Meeting of the Committee on Cli
mate Changes and the Ocean (CCCO) Pacific 
Ocean Climate Studies Panel will take place at the 
Grand Hyatt Hotel, Hong Kong from April 1-4, 
1992. CCCO is sponsored by the Intergovern
mental Oceanographic Commission (IOC) and the 
Scientific Committee on Ocean Research 
(SCOR). 

REMOTE SENSING AND 

GLOBAL CLIMATE CHANGE 

The 7th Dundee Summer School in Remote 
Sensing on The Role of Remote Sensing in the 
Study of Climate Change will be held in Dund
ee, United Kingdom from July 19th - August 8th, 
1992. Topics covered will include: remote sens
ing systems and data; data archival, retrieval and 
distribution; basis and structure of climate mod
els; data processing; remotely-sensed data as 
input to numerical models; atmospheric trace 
gases and aerosols; atmospheric ozone concentra
tion measurements; clouds, cloud feedback and 
cloud observations; ice and snow; satellite obser
vations in global ecology; International Satellite 
Land Surface Climatology Programme (ISLSCP); 
agriculture, deforestation, degradation and ero
sion; land surface energy budget; and remote 
sensing input to climatological data sets. 

For further information and application forms 
please contact the Director: Robin Vaughan, 
Department of Applied Physics and Electronic 
and Manufacturing Engineering, University of 
Dundee, Dundee DD 1 4HN, Scotland, UK. 
Tel.: 44-382-23181 ext. 4557/4912; fax: 44-382
202830, Telex: 9312110826 DU G. 

CALL FOR PAPERS 

Second Western Pacific Geophysics Meeting, 
August 17-21, 1992, Hong Kong 

The Second Western Pacific Geophysics Meeting, 
sponsored by the American Geophysical Union, 
will be held August 17-21, 1992 in Hong Kong. 
The first Meeting was held in Kanazawa, Japan 
and was a great success. 

The meeting is intended particularly to serve the 
needs of geophysicists interested in problems 
being studied in the Western Pacific region, but 

papers on all related aspects of geophysics are 
encouraged. 

Anyone may submit an abstract to this meeting in 
standard AGU format by the abstract deadline of 
April 15, 1992. The call for papers with infor
mation on submittal instructions, submittal fees, 
and a list of special sessions for the meeting was 
published in EOS in mid-October, 1991. 

The Program Committee Members are: 

Meeting Chairman and Solid Earth: Francis T. 
Wu, SUNY, Department of Geological Sciences, 
Binghamton, NY 13902 (fax: 1-607-777-2288) 

Atmospheric Sciences: Aslam Khan Khalil, 
Oregon Graduate Institute, Department of Envi
ronmental Science and Engineering, Beaverton, 
OR 97006 (fax: 1-503-690-1029) 

Hydrology: Dennis P. Lettenmaier, University of 
Washington, Department of Civil Engineering FX 
10, Seattle, WA 98195 (fax: 1-206-685-3836) 

Ocean Sciences: Mark Luther, University of 
Southern Florida, Department of Marine 
Sciences, St. Petersburg, FL 33701 (fax: 1-813
893-9189) 

Solar and Planetary Sciences: Anthony T. Y. Lui, 
Johns Hopkins University, Applied Laboratory, 
Laurel, MD 20723 (1-301-740-3246) 

For further information contact the American 
Geophysical Union, WPGM, 2000 Florida Ave., 
NW, Washington, D.C. 200009 (fax: 1- 202-328
0566) or email BWeaver@Kosmos.agu.org or 
blw@pineLaip.org. Alternatively contact the 
Chairman of the Program Committee, Francis 
Wu, at the above address or email wu@sun
quakes. geol. binghamton. edu. 

Third International Conference on School and 
Popular Meteorological and Oceanographic 
Education, July 14-18, 1993, Toronto, Canada 

The Third International Conference on School 
and Popular Meteorologicaland Oceanographic 
Education will be held in Toronto (Canada) from 
July 14th to 18th, 1993. Like its predecessors, 
this conference will focus upon the roles of 
meteorology and physical oceanography in 
science education and the benefits to be gained 
from improving environmental awareness and 
literacy, particularly weather awareness, meteoro
logical literacy and knowledge of the sea. It will 
also focus upon uses of modern technology in 
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meteorological and oceanographic education, as 
well as ways and means of improving disaster 
preparedness in the less-developed countries of 
the world. The conference will be hosted by the 
Canadian Meteorological and Oceanographic 
Society and will also be sponsored by the Royal 
Meteorological Society and the American Mete
orological Society. 

Temperature safaris; a national balloon launch; 
dry ocean travel logs; cumulus clouds made out 
of shaving cream; soda pop bottles used to make 
vortices; the radiation balance of a bed of nettles; 
rainbows in the classroom; soap bubbles in the 
boundary layer: it's amazing what teachers do to 
excite interest in the atmosphere and the oceans! 
There were ideas aplenty at the international 
conferences on school and popular meteorological 
and oceanographic education which were held in 
1984 and 1989. If you missed these events, you 
should consult Weather Education (Walker,1985) 
and the preprint volume prepared for the second 
conference (American Meteorological Society, 
1989). 

The conference is intended for all who are inter
ested in school and popular meteorological and 
oceanographic education, be they teachers, educa
tionists, publishers, amateur observers, profes
sional scientists, equipment manufacturers, jour
nalists, weather hobbyists, or whatever. 

The format of the conference will be mixed, with 
poster displays, oral presentations of papers and 
hands-on demonstrations of equipment and teach
ing aids. In addition, there will be an exhibition 
of books, videotapes, computer software and 
other resources for teachers. 

Abstracts of papers and descriptions of demon
strations must be received by 30 November 1992. 
The official language of the conference is Eng
lish. The abstracts and descriptions should not 
exceed 500 words and authors should indicate the 
preferred format for presentation (oral or poster). 
Those who wish to demonstrate equipment must 
provide details of special requirements. Authors 
will be notified of acceptance by 15 January 
1993. A preprint volume will be prepared, for 
distribution at the conference. Special paper and 
typing instructions will be issued to the authors of 
accepted presentations, together with details of 
submission deadlines. 

All correspondence should be addressed to: 
Steven B. Newman, Dept. of Physics and Earth 
Sciences, Central Connecticut State University, 
New Britain, CT 06050, USA (phone: 
1-203-827-7248; fax: 1-203-827-7982; e-mail: 
NEWMAN @ CTSTATEU.BITNET). Alterna-
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tively, information can be obtained from Malcolm
 
Walker, Dept. of Maritime Studies, University of
 
Wales College of Cardiff, Aberconway Building,
 
PO Box 907, Cardiff, CFl 3YP, Wales, UK
 
(phone: 44-222-874271; fax: 44-222-874301; e

mail: WALKERI@UK.AC.CARDIFF).
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FORTHCOMING CONFERENCE 

Second International Conference on East Asia 
and Western Pacific Meteorology and Climate, 
September 7-10, 1992, Hong Kong 

The Second International Conference on East 
Asia and Western Pacific Meteorology and 
Climate, sponsored by the Hong Kong Meteoro
logical Society with support from the University 
Corporation for Atmospheric Research, will be 
held September 7-10, 1992 in Hong Kong. The 
meeting will be organized by an International 
Organizing Committee with Dr. Bill Kyle (Dept. 
of Geography & Geology, Univ. of Hong Kong), 
as the Chairman, and Prof. c.-P. Chang (Dept. 
of Meteorology, Naval Postgraduate School), as 
the Vice Chairman. 

The purpose of the Conference is to promote the 
understanding of and to further cooperation in 
research and applications on meteorology and 
climate in the region. The first Conference was 
held at the Royal Observatory, Hong Kong, in 
July 1989. The Conference will consist of invited 
and contributed papers in oral and poster sessions 
where the author is present. Either the Chinese 
or the English language may be used for presenta
tions. Papers related to either research or opera
tional meteorology have been solicited in the 
following topic areas. Monsoon Meteorology, 
Mesoscale Meteorology, Tropical Cyclones, 
Regional Climate and Climate Change (including 
effects of human actions), and Applications of 
New Technologies (especially on weather analysis 
and forecasting). 
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TOGA DATA ON CD-ROM 

A compact disc containing oceanographic and 
meteorological data has been produced by the Jet 
Propulsion Laboratory/NASA Ocean Data System 
and is available (in English), free of charge, from 
the International TOGA Project Office (ITPO) 
(see below). Designated by the code CD-ROM 
JPLlTOGA/0001, this disc is the first in a 
planned series of TOGA data and World Climate 
Research Programme data. This CD-ROM 
includes both selected observations and selected 
numerical model results for 1985 and 1986. 

Observations:	 Tropical ship surface data 
Tropical ship subsurface data 
Global drifting buoy data 
Tropical Pacific moored current
meter and temperature data 
Tropical Pacific sea-level data 
Tropical Pacific island 
meteorological data 

Fields:	 Global surface meteorological fields 
(analyzed parameters and model-derived 
flux fields) 
Global sea-surface temperature monthly 
analyzed and climatology fields 
Surface pseudo-stress fields over tropical 
Indian, Pacific and Atlantic oceans 

Software for data access and data display 

The TOGA CD-ROM is accompanied by data 
access and data display software provided on 
three high-density (1.2 MB) floppy diskettes. 
The CD-ROM and companion software were de
veloped as experimental prototypes and therefore 
IT PO is looking for comments and feedback from 
researchers who have the opportunity to test this 
data package. 

Minimum system requirements 

*	 IBM PC or compatible with 640K RAM 
3 MB hard disk drive* 

*	 CD-ROM drive capable of accessing 
compact discs with ISO 9660 standard 
MS-DOS extensions for CD-ROM* 
(version 2.0 or higher) 

In addition, a colour monitor with at least (l28K) 
EGA graphics driver enables full use to be made 
of the graphics display system. 

Availability 

Users who have access to a system meeting these 
specifications are eligible to receive a free copy 

of the TOGA/OOOI CD-ROM and its companion 
software. Please send your request to the Interna
tional TOGA Project Office, World Meteorologi
cal Organization, CP 2300, CH-l211, Geneva 2, 
Switzerland. 

NEW AND RECENT BOOKS ON 

METEOROLOGY & CLIMATE 

Satellite Remote Sensing in Climatology 
A. Carleton 

The state of the art survey of the principles and 
techniques of remote sensing of the atmosphere in 
the context of global climate modelling, a field 
which has become a key area in the emerging 
area of Earth Systems Science. 

1991, Bel/haven Press 
1 85293039 X Hardback GBP39.50 

Antarctica and Global Climate Change 
C. Harris & B. Stonehouse (Eds.) 

This overview of Antarctic atmospheric science 
stresses global teleconnections and environmental 
change, and contains contributions from leading 
scientists on the subject. 

1991, Bel/haven Press 
1 85923 187 6 Hardback GBP33.00 

Southern Hemisphere Climates 
1. Hobbs (Ed.) 

The climates of the Southern Hemisphere are 
much less well-known than those of the Northern 
Hemisphere, yet it is in the south where major 
atmospheric changes such as ozone depletion that 
affect the whole globe are occurring. This is the 
first systematic survey of the climates of the 
Southern Hemisphere and their regional struc
tures - present, past and future - and will be of 
interest to all atmospheric scientists. 

1991, Bel/haven Press 
1 85293 113 2 Hardback GBP42.00 

Greenhouse-Gas-Induced Climatic Change 
M.E. Schlesinger (Ed.) 

Based on the Proceedings of the Workshop on 
Greenhouse-Gas-Induced Climatic Change: A 
Critical Appraisal of simulations and Observa
tions held at the University of Massachusetts in 
May 1989 this book provides a valuable review 
of the methodologies of climate observations 
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during the past 150 years. In addition there is a 
summary of the findings and a description of the 
difficulties inherent in their interpretation. The 
volume also reviews the use of climate model 
simulations of greenhouse-gas-induced equilibri
um and non-equilibrium change. Finally, the 
contributed papers consider the methodologies of 
climate change detection by comparison of model 
simulations and climate observations, a summary 
of findings, and a description of what needs to be 
done to detect GHG-induced climatic change. 

1991, Elsevier, Amsterdam 
044488351 7 Hardback, USD137.00 

Climate and Sea Level Change 
R.A. Warwick & T.M.L. Wigley (Eds.) 

There is now widespread interest in the possible 
consequences of the rising concentration of 
greenhouse gases in the atmosphere. It is be
lieved that the Greenhouse Effect may cause 
significant global warming over the next century, 
one of the major consequences of which would be 
an acceleration of the rise in global mean sea 
level. This timely volume presents a collection of 
papers which address the important subject of 
climate and sea level change. The contributions 
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present the latest important ideas and findings 
from an international team of experts starting 
with a discussion of past sea level changes and 
the collection of sea level data. Then projected 
changes in sea level and its impacts are consid
ered. The concluding chapters present case 
studies of the possible impacts of climatic change 
and sea level rise in particular locations where the 
consequences could be severe, such as Bangla
desh, the Netherlands, and the eastern coast of 
China and Hong Kong. 

1992, Cambridge University Press 
0521 39516 X Hardback GBP35.00 

Synoptic Climatology in Environmental Analysis 
B. Yarnal 

This book introduces the methods of synoptic 
climatology (the spatial analysis of climates) and 
shows their vital importance in the understanding 
of environmental systems. It is both a technical 
primer for environmental scientists and a text in 
applied climatology for students of atmospheric 
science and geography. 

1991, Bellhaven Press 
1 85293 117 5 Hardback GBP37.50 
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Bill Kyle 

Department of Geography & Geology 

University ofHong 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 summer 1991 

Important climatological events 

Summer 1991 continued the trend of 
being drier than normal with total rainfall only 
89 percent of the expected amount for the 
three month period. Although June had near 
normal rainfall, July and particularly August 
had substantial shortfalls. As a result the 
summer ended with total rainfall since 1st 
January 33 percent below normal. The season 
was also warmer than normal with the mean 
temperature for the season being 0.3°C above 
the 1961-90 average. June, in particular, was 
much warmer, being the seventh warmest on 
record. The maximum of 34.4°C recorded on 
4th was also the third hottest day on record 
for the month. Similarly, the maximum of 
34.5°C recorded on 19th July was the seventh 
highest recorded for that month. 

Mean daily temperature 28.6°C (+ 0.3°C) 
Rainfall (provisional) 967.6 mm (89 %) 

June 

The mean temperature of 28.4°C and the 
mean minimum temperature of 26.4°C made June 
the seventh warmest on record. More significant, 
however, was the fact that it was the first month 
with near normal rainfall (99 percent of the 
normal of 376.0 mm) following five months of 

substantial deficit (only 56 percent of the normal 
total). 

The fine spell in late May due to the 
presence of a strong ridge of high pressure ex
tending over southern China from the Pacific 
Ocean persisted for the first seven days of the 
month. The long periods of sunshine produced a 
maximum temperature of 34.4°C on 4th, the third 
hottest June day on record. The stable conditions 
ended on 8th with the first major rainy spell of 
the year. An active southwest monsoon over the 
northern part of the South China Sea generated 
convective activity which spread towards the 
coastal areas. During the four day period from 
8th to II th about 250 mm of rain was recorded at 
the Royal Observatory, 36 percent more than that 
recorded in the first five months of the year. The 
rain was also accompanied by frequent and 
widespread thunderstorms with lightning and 
squalls. More settled weather returned on 12th as 
the monsoon subsided and the Pacific ridge 
became re-established over southern China gener
ating mainly fine conditions until 18th although 
some brief isolated showers occurred during the 
period. The weather deteriorated on 19th as a 
trough of low pressure developed over Guang
dong, lingered for days near the coast and main
tained a prolonged period of rainy weather which 
lasted till 27th. Thundery activity was most 
active from 19th to 22nd. Enhanced convective 
activity associated with an area of low pressure 
along a trough to the east of Hong Kong caused a 
brief strengthening of the northeasterlies later on 
24th drawing in cooler and drier air from inland 
areas. This led to the month's lowest temperature 
of 22. 8°C and a clearance of clouds the next 
morning. This episode was short-lived and rain 
clouds associated with the trough returned bring
ing a day of nearly continuous rain on 26th. The 
trough eventually dissipated and weather im
proved on 28th with sunny and hot conditions 
remaining for the rest of the month. 
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Mean daily temperature 28.4°C (+ O.6°C) 
Rainfall (provisional) 371.7 mm (99 %) 

July 

Although three tropical cyclones affected 
Hong Kong during the month they failed to 
produce the needed extra rain. Two thirds of the 
precipitation for the month was attributed to 
tropical cyclones, with the rest brought by two 
active southwest monsoon episodes. Instead of 
heavy rainfall, the approach of Typhoon Amy 
produced a very hot day on 19th with the temper
ature reaching 34.5°C, the 7th highest ever re
corded in July. Typhoon Brendan approached 
even closer four days later but the stormy and 
rainy weather was not particularly prolonged. 
The total monthly rainfall of 293.6 mm fell short 
of the normal for the month by 9 percent. 

The fine, hot weather at the end of June 
continued for the first few days of the month 
although as the southwest monsoon grew more 
active morning showers occurred as well. Those 
on 3rd were heavy with thunderstorm activity 
reported. After 5th, only some odd showers 
occurred and these died out as the fine weather 
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persisted until 11tho For the next four days 
weather was influenced by tropical cyclone Zeke 
which crossed the South China Sea towards 
Hainan. Light showers on the evening of 11th 
became more frequent with almost continuous 
rain on 13th and 14th under the influence of 
peripheral rainbands. As Zeke dissipated over 
northern Vietnam the weather improved on 15th 
and fine conditions prevailed for the next three 
days. The hottest day of the month occurred on 
19th with a maximum of 34.5°C being attained 
under a smothering haze and a cloudy sky associ
ated with the approach of Typhoon Amy from the 
Luzon Strait. As Amy landed over eastern 
Guangdong rain associated with dissipation af
fected Hong Kong with squally showers and 
thunderstorms particularly active in the morning 
of 20th and 21st. The rain subsided early on 
22nd and the weather improved with sunny 
periods. However, with the approach of Ty
phoon Brendan, cloud and rain returned on the 
afternoon of 23rd. Local weather deteriorated 
that evening giving the lowest temperature for the 
month of 24.5°C and gusty winds and driving 
rain that night. Gales gradually subsided on the 
morning of 24th and squally showers became less 
frequent by the end of the day. The next two 
days were generally fine but this gradually dete
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riorated. Freshening southwest monsoon began 
on 29th and the weather became showery under 
cloudy and overcast skies, the unsettled condi
tions prevail ing till the end of the month. Severe 
rainstorms and widespread squally thunderstorms 
affected many areas on the last day of the month 
resulting in extensive flooding in low-lying areas 
of the New Territories. 

Mean daily temperature 28.9°C (+0.1°C) 
Rainfall (provisional) 293.6 mm (91 %) 

August 

August was characterized by being less 
sunny and less wet than normal. The main fea
tures of the month's weather were the passage of 
Typhoon Fred mid-month and a period of light 
winds and hazy conditions in the latter half of the 
month. Although Fred brought about 140 mm of 
rain, that was the only prolonged rainy period so 
that monthly rainfall ended up at 23 percent 
below normal at 302.3 mm. 

Apart from some isolated showers, the 
first nine days were generally fine and hot with 
the month's high of 33.0°C being recorded on 
Srh. The weather became cloudy with increasing 
showers and thunderstorms on 9th and 10th as a 
trough of low pressure approached from Guang
dong. The influence of this trough maintained 
overcast weather for the next two days with light 
rain decreasing as it gradually dissipated. 
Typhoon Fred approached from northern Luzon 
giving squally showers and thunderstorms on 14th 
and the lowest temperature for the month of 
24.7°C. The weather continued to deteriorate on 
15th and 16th with periods of heavy rain and 
squalls as Fred passed to the south of Hong 
Kong. Winds subsided and rain gradually eased 
off on 17th as Fred moved away, turning fine but 
misty the next day. During the following week 
the weather was a mixture of sunny periods, 
haze and thundery showers with the most signifi
cant rain occurring on 21st in association with the 
dissipation of tropical cyclone Ellie. An easterly 
airstream brought clearer weather on 26th and 
27th. Winds then decreased on 28th and two 
heavy, locally developed showers occurred on 
that day. Cloudy weather then prevailed before 
turning generally fine towards the end of the 
month. 

Mean daily temperature 28.6°C (+ 0.2°C) 
Rainfall (provisional) 302.3 mm (77 %) 

Review of autumn 1991 

Important climatological events 

Overall autumn 1991 was climatologi
cally near normal both with regard to tempera
ture (O.I°C below normal) and rainfall (99 
percent of normal). However, these figures 
obscure a significant change that took place 
during the season. September, like the months 
before it, was generally warm and dry with the 
mean temperature of 28.1 °C being the fourth 
highest on record for the month. The monthly 
rainfall of 178.7 mm was only 60 percent of 
that normally expected in September. Octo
ber, even though it had long hours of sunshine 
and below-normal humidity, was in fact a 
month of abundant rain with 203 percent of 
the 1961-90 normal amount. It was also the 
first month since May 1990 when the mean 
temperature was below the 30-year normal. 
November, under the influence of a series of 
continental anticyclones continued this cooler 
than normal trend. It was also very dry, with 
the total of 2.7 mm being only about 8 percent 
of the monthly normal of 35.1 mm. 

Mean daily temperature 24.6°C (-O.I°C) 
Rainfall (provisional) 475.7 mm (99 %) 

September 

September was relatively warm and dry 
with the mean temperature of 28.1 °C and the 
mean minimum temperature of 25. 8°C being 
respectively the fourth and eighth highest on 
record for the month. However, the rainfall of 
178.7 mm fell short of the normal of 299.7 mm 
by 40 percent. In fact, over half the monthly 
total fell in one event on 14th with the arrival of 
an easterly airstream. In contrast, two tropical 
cyclones brought relatively little rain. 

The first few days were fine and hot but 
the development of tropical cyclone Joel gave 
cloudier weather and intermittent rain and thun
derstorms on the evening of 4th. A change of 
track to the north resulted in a change and 
strengthening in winds from northeast to north
west over the next two days. Rain also became 
more frequent on 6th. After landfall winds 
moderated early on 7th although light rain con
tinued into the night before clouds dispersed the 
next day. Clouds and morning rain characterized 
9th, winds then became light and temperatures 
gradually increased over the next three days 
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leading to the month I s highest temperature of 
33.7°C on 12th and the development of thunder
storms in the evening. Fine weather continued 
until an abrupt change to cloudy conditions on 
14th when the onset of a fresh easterly airstream 
produced thunderstorms followed by heavy rain 
and the month I s lowest temperature of 21.8°C on 
15th. The easterlies moderated on 15th giving 
rise to fine weather with long periods of sun
shine. The continued presence of tropical cy
clone Nat failed to bring any significant rain and 
in fact resulted in outflows of dry continental air 
over the coastal areas of Guangdong. The fine 
spell was only interrupted by weak bursts of the 
northeast monsoon giving cloudy periods and 
occasional rain, the most significant occurring on 
25th. A further replenishment arrived on 27th 
and brought cloudier weather for the next two 
days. However, although winds continued to 
increase and become strong on 29th, only light 
rain occurred during the period. Once the winds 
subsided, sunny periods returned to end the 
month. 

Mean daily temperature 28.1°C (+0.5°C) 
Rainfall (provisional) 178.7 mm (60 %) 
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October 

Plenty of sunshine, below normal tem
perature and humidity and abundant rainfall were 
the main characteristics of October. It was the 
first month in 1991 in which rainfall exceeded the 
climatological normal. The monthly total of 
294.3 mm was the tenth highest on record and 
more than double the normal amount of 144.8 
mm. More than half fell within a 4-day period 
in the middle of the month. The unusually wet 
rainfall was in stark contrast to the extremely low 
humidity towards the end of the month. The low 
of 21 percent on 27th and 28th equalled the 
lowest on record for 1968 and 1973. The month 
was also the first since May 1990 when tempera
tures were below normal ending a 16-month 
warm spell. 

The month started with abundant sunshine 
and light winds leading to a high temperature for 
the month of 30.8°C on 4th. During the 5th, the 
easterlies freshened and a weak northeast mon
soon prevailed for the next four days leading to a 
gradual fall in nighttime temperatures. Winds 
moderated on 10th and moisture increased over 
the next three days. An easterly airstream ar
rived on 14th bringing thickening clouds and 
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increasing rain. Over the next two days rain was 
nearly continuous and particularly heavy at night 
with about 290 mm being recorded over the 3-day 
period from 14th to 16th. A replenishment of the 
northeast monsoon arrived on 17th and the rain 
turned light and intermittent, with only traces by 
18th when clouds thinned out and sunny periods 
occurred. Light rain returned on the night of 
19th with the onset of a fresh easterly airstream 
but fine weather soon became re-established on 
20th. Winds remained gusty but moderated on 
23rd with the weather remaining generally fine 
apart from some nighttime drizzle until 26th. 
Northerlies freshened during the night under the 
combined influence of Typhoon Ruth near Luzon 
and a surge of the winter monsoon across south
ern China leading to increasing dryness and a 
marked drop in temperature. Low relative 
humidities of 21 percent occurred on 27th and 
28th and the lowest temperature of the month, 
16.8°C, occurred on 28th. Windy conditions 
persisted for one more day before the northerlies 
subsided on 30th ensuring briliantly clear skies 
till the end of the month. 

Mean daily temperature 24.8°C (-0.4°C) 
Rainfall (provisional) 294.3 mm (203 %) 

November 

The weather in November was dominated 
by a series of continental anticyclones as evi
denced by the monthly mean pressure of 1,019.5 
hPa, the eighth highest on record, and the fact 
that the month was cooler and drier than normal. 
Rainfall was also very scarce, the monthly total 
of 2.7 mm being only about 8 percent of the 
monthly normal. 

The month started with fine weather and 
moderate easterly winds although the winds 

moderated and there were cloudy periods for the 
next few days. The easterlies freshened again on 
4th and continued strong the next day although 
the fine weather persisted. On 6th winds subsid
ed and turned light for the next two days with 
long periods of sunshine leading to increasingly 
warm weather with the maximum on 8th of 
27.0°C being the highest for the month. Howev
er, a cooler spell set in that evening with the 
onset of an active northeast monsoon which 
brought some light rain during the night and 
cloudier weather the next day. A northerly 
replenishment of the winter monsoon on 10th 
ensured fine and very dry conditions for the next 
five days. The daily mean relative humidity 
stayed below 50 percent during the period as an 
added replenishment arrived on the evening of 
13th. Moister conditions returned on 16th after 
winds turned easterly, fresh at first but moderat
ing over the next couple of days. Cloudier condi
tions returned on 19th as the easterlies freshened 
again. After some sunny periods on 20th light 
rain became more frequent and persisted to the 
following morning. The rain then eased off but 
clouds remained until the easterlies moderated on 
22nd. A much warmer day occurred on 23rd as 
the monsoon eased but this was a brief interlude 
as a strong easterly surge arrived early next day. 
Light rain began on the evening of 24th and 
lasted until the morning of 26th. During this time 
easterlies were gradually replaced by a fresh 
northerly flow. Even cooler air arrived from the 
north leading to the month's lowest temperature 
of 15.8°C early on 26th. This minimum was also 
reached early on 28th as the clearing conditions 
allowed more effective nighttime cooling. Again 
this fine spell was brief, with clouds returning on 
29th as a weak northeast monsoon persisted till 
the end of the month. 

Mean daily temperature 21.0°C 
Rainfall (provisional) 2.7 mm 
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Meeting Reviews
 

Research Forum 4 

Venue: Royal Observatory, Hong Kong 

Date: 9 November, 1991 

Subject: Impact of Climate Change 

A fourth research forum was held at the Royal 
Observatory, Hong Kong with the topical theme 
of the Impact of Climate Change. 

The first session was chaired by Mr. Y.K. 
Chan of the Royal Observatory, Hong Kong. 

Two papers were delivered as listed. 

CLIMA1E CHANGE: AN OVERVIEW 

by Dr. W.L. Chang, Royal Observatory, 
Hong Kong 

CLIMA1E CHANGE AND HONG KONG: 
IMPLICATIONS, PERCEPTION AND 
RESPONSES 

by Dr. Glenn McGregor, Dept. of Geography, 
Hong Kong Baptist College 

Following a break for refreshments the second 
session was also chaired by Mr. Y.K. Chan of 
the Royal Observatory, Hong Kong. 

Three papers were delivered as listed. 

TYPICAL ME1EOROLOGICAL YEAR FOR 
BUIWING ENERGY SIMULATION 
FOR HONG KONG 

by Dr. Joseph Lam, Department of Building and 
Construction, City Polytechnic of Hong Kong 
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IMPACT OF CLIMA1E CHANGE ON 
GLOBAL FOOD PRODUCTION 

by Dr. R.D. Hill, Department of Geography 
and Geology, University of Hong Kong 

DEBA1E ON THE CLIMA1E CHANGE 
OF ANCIENT CHINA 

by Dr. Steve S.I. Hsu, Dept. of Geography, 
The Chinese University of Hong Kong 

Special Topics Lecture Series 

Venue: Royal Observatory, Hong Kong 

Date: 13 September, 1991 

Subject: Relationships between Temperature 
Changes in the Free Atmosphere and 
Sea Surface Temperature Changes 

Prof. Reginald Newell of the Department of 
Earth, Atmospheric and Planetary Sciences, 
Massachussetts Institute of Technology, in Hong 
Kong in connection with a major atmospheric 
chemistry project, PEM-West, talked to members 
on the subject of atmospheric data relationships as 
they pertain to the problem of climate change. 
Prof. Newell has a wealth of experience in this 
field and his presentation of the problems in relat
ing temperature changes in the free atmosphere to 
changes in sea surface temperature provided 
members with valuable insights into the complex
ities involved in attempting to provide reliable 
data for use in climate change models. 
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Venue: Royal Observatory, Hong Kong 

Date: 2 December, 1991 

Subject: Preliminary Results from 
the TCM-90 Experiment 

Prof. Russell Elsberry, the Scientific Director 
of TCM-90, an American tropical cyclone field 
experiment conducted concurrently with SPEC
TRUM· over the western North Pacific in Aust 
and September 1990 shared with members some 
of the preliminary results from the TCM-90 
experiment. Prof. Elsberry was on his way to 
Taiwan after attending a SPECTRUM· Technical 
conference in Guangzhou in late November. 
SPECTRUM· (SPecial Experiment Concerning 
Typhoon Recurvature and Unusual Movement) is 
a regional tropical cyclone observation and study 
programme jointly undertaken by China, Hong 
Kong, Japan, Malaysia, Phillipines, Korea and 
Thailand. For background see the article in 
HKMetS BUUETIN, Vol. 1, No.1, 7-9. 

Popular Meteorological 

Lecture Series No.3 

Venue: Hong Kong Science Museum 

During December and January the Society co
sponsored with the Hong Kong Science Museum 
a successful second series of popular lectures on 
subject of the Science of Weather in Cantonese. 
The subjects and speakers are listed below. 
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Date: 7 December, 1991 

SYNOPTIC ANALYSIS 
by Mr. S.W. Li 

Date: 14 December, 1991 

HOW TO PRODUCE A 
WEATHER FORECAST 

by Mr. W.M. Leung 

Date: 21 December, 1991 

SATElLITE ANALYSIS OF TROPICAL 
CYCLONE INTENSITY 

by Mr. Edwin S.T. Lai 

Date: 28 December, 1991 

PERFORMANCE OF NUMERICAL 
WEATHER PREDICTION MODELS IN 
TROPICAL CYCLONE TRACK FORECASTS 

by Dr. Johnny C.L. Chan 

Date: 4 January, 1992 

FORECAST OF HEAVY RAIN 
by Mr. Y.K. Chan 

Date: 11 January, 1992 

INTERANNUAL VARIABILITY OF
 
RAINFAU IN HONG KONG
 

by Mr. Eddy Lee 
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Calendar of Coming Events 
This section is intended for the publication offorthcoming 

events organized by the Society or by other organizations 

with similar aims, Ifmembers 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 

numberts). 

1992 

HOlIg KOlIg, March 7 
3rd Hong Kong Meteorological Society Annual Meeting, 
5th Hong Kong Meteorological Society Research Forum on 
"Remote Sensing Applications ", 

Kyoto, Japan, March 23-27 
International Symposium on 
"Middle Atmospheric Sciences". 

HOlIg KOlIg, April 1 - 4 
Annual Meeting of the Committee on Climate Changes and 
the Ocean (CCCO) Pacific Ocean Climate Studies Panel. 

Chicago, IL, USA, April 6 - 9 
3rd International Conference on 

"Scientific and Policy Issues Facing All Governments: 
Global WJrming: A Call for International Coordination ", 

Edinburgh, Scotland, UK, April 6 - 10 
17th Annual Meeting of European Geophysical Society, 

Rio de Janiero, Brazil, June 1 - 12 
United Nations Conference on 

"Environment and Development", 

Bariloehe, Argentina, June 8 - 19 
22nd Biennial Meeting of Scientific Committee on 
Antarctic Research. 

Quebec City, Canada, June 9 - 12 

26th Annual Congress of the Canadian Meteorological and 
Oceanographic Society. 
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Charlottesville, VA, USA, June 14 - 18 

1992 Quadrennial Ozone Symposium, 

St. Petersburg, Russia, June IS - 19 

9th International Conference on 

"Atmospheric Electricity ", 

Toronto, Canada, June 22 - 26 

5th International Meeting on 
"Statistical Climatology ", 

Toronto, Canada, July 14 - 18 

3rd International Conference on 
"School and Popular Meteorological and Oceanographic 

Education". 

Dundee, Scotland, UK, July 19 - August 8 

7th Dundee Summer School in Remote Sensing on 

"Remote Sensing and Global Climate Change". 

Vladivostok, Russia, July 26 - 31 

4th International Conference on 
"Atmospheric Sciences and Applications to Air Quality", 

University Park, PA, USA, August 3 - 8 

International Geophysical Union PreCongress Meeting of 

the Commission on Climatology. 

Toronto, Canada, August 10 . 14 

3rd International Cloud Modelling Workshop. 

HOlIg KOIIg, August 17 - 21 

2nd Western Pacific Geophysics Meeting of the 
American Geophysical Union, 
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St. Petersburg, Russia, June 15 -19 Hong Kong, September 7 - 10 

9th International Conference on 
"Atmospheric Electricity ", 

Toronto, Canada, .June 22·26 

5th International Meeting on 
"Statistical Climatology ", 

Toronto, Canada, July 14 - 18 

3rd International Conference on 
"School and Popular Meteorological and 
Oceanographic Education". 

Dundee, Scotland, UK, July 19 - August 8 

7th Dundee Summer School in Remote Sensing on 
"Remote Sensing and Global Climate Change ", 

Vladivostok, Russia, July 26 - 31 

4th International Conference on 
"Atmospheric Sciences and Applications 10 Air Quality ", 

University Park, PA, USA, August 3 - 8 

International Geophysical Union preCongress Meeting 

o' the Commission on Climatology. 

Washingtoll, DC, USA, August 9 - 14 

27th Congress of the International Geophysical Union. 

Toronto, Canada, August 10 - 14 

3rd International Cloud Modelling WorkstlOp. 

Hong Kong, August 17 - 21 

2nd Western Pacific Geophysics Meeting of the 
American Geophysical Union, 

MontreaL, Canada, August 17 - 21 

11th International Conference on 
"Clouds and Precipitation". 

$alt Lake City, UT, USA, August 24 - 28 

13th International Conference on 

"Nucleation and Atmospheric Aerosols", 

Lampeter, Wales, UK, September 3 - 5 

Association of British Climatologists Summer Meeting on 
"Precipitation - Causes, Characteristics and Consequences ", 

2nd International Conference of the 

Hong Kong Meteorological Society on 
"East Asia and \#stern Pacific Meteorology and Climate ". 

WhistLer, BC, Canada, September 15 - 18 

4th American Meteorological Society Workshop on 
"Operational Meteorology ", 

Guildford, England, UK, September 21 - 23 

Institute of Mathematics and its Applications Conference on 
"Stably Stratified Flows: Flow and Dispersion 
over Topography". 

Davos, Switzerland, October 11 - 16 

International Conference on 

"Mountain Environments in Changing Climates ". 

Victoria, BC, Canada, October 13 - 16 

International Symposium on 
"Climate Change and Northern Fish Populations ", 

Reno, NY, USA, November 1 - 5 

28th American Water Resources Association 
Annual Conference and Symposia on 
"Managing '\.\bier Resources during Global Change", 

Jerusalem, IsraeL, December 28 - 31 

Yale Mintz Memorial Symposium on 
"Climate and Climate Change". 

1993 

Hong Kong, March 

4th Hong Kong Meteorological Society Annual Meeting, 

Santiago, Chile, March 

Summer School, Workshop and Field Experiment on 
"Urban Climatology and Air Pollution", 

Hobart, Australia, March 29 - April 2 

4th International Conference on 

"Southern Hemisphere Meteorology and Oceanography", 

Atlanta, GA, USA, April 6 - 10 

89th Annual Meeting of the Association 
of American Geographers, 
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