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Editorial
 

The first issue of the Bulletin has been 
available for some considerable time now. The 
Editorial Board would like to thank those who 
have commented positively on its appearance and 
contents and who have contributed constructive 
ideas on future issues. We would also like to 
thank those members who contributed to its 
success as an inaugural issue. 

However, any new venture must progress 
and justify its existence if it is to survive beyond 
the first issue. It is with some relief, therefore, 
that I now present to you, the members, the 
second issue of the Bulletin. A glance at the 
contents page will show you that the successful 
format of the inaugural issue has not been sub
stantially varied. We have several substantive 
articles, submitted by members, reporting on the 
results of their research or on items of general 
interest. This continues the precedent set in the 
inaugural issue of accepting papers which present 
findings of original research conducted by 
members to the readership as a whole. 

Nevertheless, there are some changes to 
other sections which are included in an effort to 
improve the usefulness of the Bulletin from the 
point of view of reader's interests and needs. 
Most notably, the News and Announcements 
section has been expanded to include Calls for 
Papers for forthcoming Conferences of interest to 
members, Book Reviews, and Research in 
Progress by Members of the Society. This latter 
section is potentially very useful and the Editorial 
Board would encourage all members to submit 
details of their research in progress for dissemina
tion by this means. In addition, the Calendar of 
Coming Events has been expanded to give a 

longer lead time from the date of publication of 
the event till its occurrence. While this is not 
always possible for some activities its is hoped 
that such an improvement will be of value to 
members. 

The Editorial Board recognizes, however, 
that we still require your feedback so that they 
make future issues better and more responsive to 
your needs. It is our intention that the next issue 
should be a special issue devoted to dissemination 
of the information presented at the 4th Hong 
Kong Meteorological Society Research Forum on 
the subject of "The Impact of Climate and Cli
mate Change" to be held in November 1991. As 
a consequence, much of the material for that issue 
has already been commissioned. We do, howev
er, continue to need your support for subsequent 
issues and call for submission of articles on the 
progress of research in hand or the results of 
research completed for publication in later issues. 

I hope that you find this issue of the 
Bulletin interesting and informative and that you 
will continue to support future issues by your 
contributions. It is only in this way that we can 
continue to produce issues which are relevant to 
members needs and earn their trust and respect as 
a forum for your views and a means of dissemi
nating the results of your activities to a wider 
audience. 

Bill Kyle, Editor-in-Chief 
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A.lt: Iayawardena 

Department of Civil & Structural Engineering 

University ofHong Kong 

Reliability of empirical equations 
for estimating evaporation 
and evapotranspiration 

ABSTRACT 

Evaporation and evapotranspiration equations 
developed and calibrated for one geographical 
region very often are not valid for a different 
region and a different climatic condition. In this 
paper, an attempt is made to assess the reliability 
of some of the commonly used empirical equa
tions for evaporation and evapotranspiration using 
Hong Kong meteorological data. 

Introduction 

There are several empirical equations, some with 
strong theoretical bases for estimating evaporation 
and evapotranspiration (e.g. Allen and Pruitt, 
1986; Blaney and Criddle, 1950; Penman, 1948 
& 1950; Thornthwaite, 1948; and Wright, 
1972). They are based on the dependence of 
evaporation and evapotranspiration on meteoro
logical factors such as vapour pressure difference, 
temperature, solar radiation, and wind speed. 
The commonly used equations originated in the 
USA and the UK, and their application to other 
geographical regions and other climatic condi
tions do not often produce satisfactory results. 
These original equations have also undergone 
modifications over the years. Their reliability is 
therefore in question when applied to other areas 
and to changing hydro-meteorological environ
ments. 

In this paper, an attempt is made to present an 
assessment of the reliability of some empirical 
equations when applied to Hong Kong conditions. 
The work reported is an extension of a study 
carried out by the author (Jayawardena, 1987 & 
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1989) on the calibration of some empirical equa
tions for evaporation and evapotranspiration in 
Hong Kong. Monthly meteorological data com
piled from the Royal Observatory records made 
from a u.s. Weather Bureau class "A" pan at the 
King's Park meteorological station (latitude 22° 
18' 12.82" N; longitude 114° 10' 18.75" E) for 
the period 1975 - 1989 have been used for the 
study. The first ten years of data have been used 
for calibration while the latter five years have 
been used for comparison. 

Equations for estimating 

pan evaporation 

Because of the high degree of fluctuation of some 
of the meteorological parameters involved, the 
time scale used in most empirical equations for 
estimating evaporation and evapotranspiration is 
usually one month. 

Aerodynamic (mass transfer) type equations 

The general aerodynamic type equation is of the 
form 

E = f(u) (e - e ) (1)
a 8 d

where E is the evaporation estimated by the 
aerodynamic method; f(u) is an empirical func
tion of the wind speed; u is the wind speed; e

8 
is 

the saturation vapour pressure (SVP) correspond
ing to the temperature at the water surface and ed 
is the vapour pressure of the air which is equal to 
the SVP at the dew point. 

The empirical function f(u) has been expressed 
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in the following forms: 

feu) = a + bu (P~nman, 1948) (2a) 

feu) = CU [Harbeck & Myers, 1970) (2b) 

where a, band C are empirical constants, 

Since it is difficult to measure the temperature at 
the air/water interface, e in Eq . (I) has often 

s 
been replaced by e which is the SVP at the air 

a 
temperature, or e which is the SVP at the mean 

w 
water temperature, 

Combination type equations 

For open water surfaces, Penman (1948) obtained 
the following equations by combining the theoret
ical concepts of the energy budget method with 
the empirical structure of the aerodynamic 
method: 

R = 0.97o-r(e - l)(a. + f3 ~) (3c)L N 

e=A+B~ (3d) 

where Ep is the Penman estimate of the evapora
tion in mm/month; R.N is the net radiation re
ceived at the evaporatmg surface converted into 
equivalent evaporation in mm/month; '1 is a 
psychrometric constant; II is the slope of the 
SVP vs temperature curve corresponding to the 
mean monthly air temperature; E is the evapora
tion rate estimated by the aerodynamic method 
for the hypothetical case when the air temperature 
is equal to the air/water interface temperature; 
R is the actual radiation received at the earth's s 
surface (short wave); r. is the reflectivity (albedo) 
of the receiving surface; R 

L N 
is the net long 

wave radiation received at the surface; a: is the 
Stefan-Boltzmann constant (= 5.76 x 10,8 W m'2 
°K4

) ; T is the air temperature COK); e is the 
emissivity of the atmosphere; n is the number of 
hours of actual sunshine per month; N is the 
maximum possible number of hours of sunshine 
per month and <x., (3, A, and B are empirical 
constants, 

Equations for estimating 

evapotranspiration 

Thornthwaite equation 

The Thornthwaite equation is of the form 

PET = CN (lOT /I)a rum/month
m m 

(4) 

where PET is the potential evapotranspiration; 
is an annual heat index (= [i.] 1..'114 where i. is a 
monthly heat index [= T /5])/ T is the monthly 

. m . m 
mean temperature in °C; N IS a monthly sun
shine adjustment factor (= NWND/360 where ND 
is the number of days in a month); C is an 
empirical constant (= 16 in Thornthwaite's ori§i
nal equation), and a = 6.75xlO,713 

- 7.77xlO' f 
+ 1.79x 10'21 + 0.492. 

Penman equation 

The Penman equation for potential evapotranspi
ration (PEp) is a modified form of that used for 
evaporation (E p ) and allows for the conditions 
under which evaporation and transpiration from 
vegetated surfaces takes place (Ministry of 
Agriculture, Fisheries and Food {MAFF}, 1967). 
The equations are as follows: 

Eat = (2a + bu)(e - e ) (5b)
a d

[a, b as in Eq. 2(a») 

(5c) 

where PEp is the evaporation and transpiration 
from the vegetated surface; R

NT 
is the net radia

tion received at the vegetated surface and r~ is the 
albedo for grass surfaces (assumed to be 0.:25). 

Reliability ofapplication and 

the need for re-calibration 

Evaporation 

Equation (1), calibrated for UK conditions has 
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been shown to be (Penman (1948) 

Eat = (3.938 + 0.04893u)(e - ed) (6a)a 
mm/month 

where the wind speed u is measured in km day' 
at a height of 2 m above the water surface and e 
and e are measured in HPa. (The coefficients i~ 
Eq. (~a) are slightly different from those of the 
original equation because of the differences in the 
units used). 

This equation when applied to Hong Kong data 
for the period 1985 - 1989 however underpredicts 
the mean by as much as 55 percent with a stand
ard error of the estimate expressed as a percent
age of the measured mean of around 59 percent 
(Tahle 1, Figure 1). 

Table I Error analysis for evaporation estimation by different 

equations (measured mean value = 103 mtu month"). 

Estimated standard error standard error 
Equation mean of estimate of estimate as 

(mm mth") (nun mth") a percentage of 
measured mean 

Eq. 6(a) 46.7 61.2 591 
Eq. 6(b) 111.4 13.9 13.5 
Eq. 6(c) 118.9 27.3 26.5 

Eq. 3 & 6(b) 115.3 19.6 19.0 
Eq. 3 & 6(c) 118.1 18.2 17.6 

Similar deviations have been observed by the 
author (Jayawardena, 1987) in earlier studies as 
well. Two forms of Eq. (I), re-calibrated for 
Hong Kong conditions using meteorological data 
from King's Park Meteorological Station are 

E
a2 

= (10.97 + 0.043u)(e
w 

- Cd) (6b) 
mm/month 

and 

EaJ = (14.7 + 0.0481u)(c
a 

- Cd) (6c) 
rum/month 

usu«: BULLETIN, Vol. I, No.2, 1991 

where u is the wind speed (km day') measured at 
a height of 152 mm above the water surface and 
e is measured in HPa. The former has been 
obtained by Chen (1976) using data from 1957 
1975 while the latter has been obtained by the 
author (J ayawardena, 1987 & 1989) using data 
for the period 1975 -1984. The results of predic
tions by these three equations are shown in Figure 
1 and Table 1. Clearly, Eq. 6(a) is not suitable 
for Hong Kong data. Eq. 6(h) and 6(c) which 
are slightly different in form give reasonable 
estimates with the former slightly better than the 
latter. For the data during the period 1975 
1984, the differences between these two forms 
have been much smaller. 

The Penman equation has many variables some of 
which can be measured with a high degree of 
accuracy. For Hong Kong, R. in Eq. (3b) is 
measured by a thermo-electric pyranorneter at the 
King's Park Meteorological Station (Royal 
Observatory, Surface Observations). The albedo 
for water surfaces ranges from 0.03 - O. 10 
(Raudkivi, 1979, p 14) and a value of 0.05 is 
assumed. The factor 0.97 in Eq. 3(c) is an aver
age correction factor introduced for the water 
surface (Raudkivi, 1979, p 113). The coefficients 
A and B are empirical constants taking values 
ranging from 0.43 - 0.74 for A and 0.029 - 0.08 
for B (Raudkivi, 1979, p 112). The sunshine 
function recommended by the UK Ministry of 
Agriculture, Fisheries and Food is 0.17 + 0.83 
(n/N) (MAFF, 1967); and - 1'1 t:. can he taken 
directly from tables (jor example, Raud k iv i , 
1979, p 118). 

The coefficients A and B which gave the best 
estimates of Ep when compared with the meas
ured values for the period 1975 -1984 have been 
determined by the author to be 0.465 and 0.0795 
respectively. These values are different from 
those used in other studies in Hong Kong (Chen, 
1976; Lau, 1973). The comparisons of measured 
and estimated open water evaporation by this 
method with Eq. 6(b) and 6(c) are shown in 
Figure 2 and Table 1. Both sets of equations 
seem to give reasonable estimates. Marginally 
better results can be achieved when Eq. 3 is used 
with Eq. 6(c). Figure 3 gives a correlation plot 
of the evaporation estimated by Eq. 3 & 6(c) 
against measured data. 

Evapotranspiration 

In Eq. 4(a), the only parameter that needs calibra
tion is C which in the original equation had a 
value of 16.0. This value was determined using 
data from North Carolina, USA. Other values 
have been reported for other regions and crops 
(Jain and Sinai. 1985). For Hong Kong, using 
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data from a lysimeter (2 m square, 0.7 m deep) 
with grass cover located at the King's Park Mete
orological Station, a value of C = 11.8 has been 
found to be more appropriate. It has also been 
found that when the coefticient C is estimated on 
a monthly basis, marginally better predictions can 
be obtained (Figure 4 and Table 2). On a month
ly basis, the values of the coefficient C from 
January to December are 29.7,29.7, 16.7, 14.1, 
11.2,11.1,11.5,9.53,10.7,13.6,19.2, and 
23.0. 

In the Penman approach, the only differences 
between equations for evaporation from open 
water surfaces and potential evapotranspiration 
from grass surfaces are that the first term of E 
(Eq. 5(b» is twice that of E given by Eqs. 1 and 
2(a), and that the albedo tor grass surfaces is 
different from that for open water surfaces. This 
combination of equations is unlikely to yield satis
factory estimates of evapotranspiration because 
Eq. 6(a) for E consistently underpredicted 
evaporation fro~ open water surfaces. Attempts 
were therefore made to find a suitable modified 
form of the Penman equation by multiplying E 
by a factor f in the form a 

Eat =fE a	 (7) 

lIKMetS BULLETIN, Vol. I, No.2, 1991 

Table 2 Error analysis for evapotranspiration estimation by 

different equations ( measured mean value = 

77.9 nun month·
I
; C. andf. mean coefficients 

determined on a monthly basis ). 

Estimated standard error standard error 
Equation mean of estimate of estimate as 

(mm mth") (mm mth") a percentage of 
measured mean 

Eq.4 (C=16.0) 

Eq.4 (C = 11.8) 

Eq.4 (C=C) 

Eq. 5, 6(b) & 7 

with constant I' 
Eq. 5. 6(b) & 7 

with monthly I'm 
Eq. 5, 6(c) & 7 

with constant f 
Eq. 5, 6(c) & 7 

with monthly I'm 

111.0 54.4 69.8 

81.8 30.3 38.9 

92.1 28.3 363 

90.0 24.9 31.9 

87.8 248 31.8 

90.5 25.4 32.6 

90.9 26.7 34.3 
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The values of f which gave minimum errors gated. Clearly, such equations calibrated for a 
during the calibration period were 0.90 for Eq. particular region and climatic condition often do 
6(b) and 0.85 for Eq. 6(c). Marginal improve not give satisfactory predictions when applied to 
ments were seen when f is computed on a month other regions. They need re-calibration. 
ly basis (f ). The results of estimates by the 
Penman method are shown in Figure 5 and Table In this study, the equations which were re-cali
2.	 brated for Hong Kong conditions in an earlier 

study by the author have been applied to simulate 
monthly evaporation and evapotranspiration for 

Conclusion	 the period 1985 - 1989. It is seen that the re
calibrated equations for evaporation are more 
reliable than those re-calibrated for evapotranspi

The reliability of the application of some empiri ration (Figures 3 and 6). None of the equations 
cal equations for evaporation and evapotranspira in their original form are reliable for Hong Kong 
tion for Hong Kong conditions has been investi- conditions. 
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It: L. Chang 

Royal Observatory 

Hong Kong 

Billow and orographic clouds
 
over Hong Kong
 

Cloud pictures and 
their interpretation 

Wave clouds, forming in a brisk easterly air
stream aloft, were observed over the New Terri
tories in Hong Kong on ] 8th January 1989. Two 
other clouds photographed on that day are proba
bly billow and cap clouds. 

Billows arise from Kelvin-Helmholtz instability in 
stratified shear flow, and are therefore also called 
Kelvin-Helmholtz waves. They look like break
ing waves on water. The four small undulations 
in the cloud pictured in Figure 1, photographed at 
about 11 a.m. local time, appear to be waves of 
this kind. They lasted only a few minutes. 

The lenticular clouds or lenticularis in Figure 2, 
so called because of their shape, formed in the 
crests of a lee wave train excited by the local 
terrain. The complexity of the relief of the 
Kowloon hills makes it difficult to say exactly 
which ridge triggered the formation of the waves. 
The distance between adjacent clouds gives the 
wavelength which is estimated from terrain fea
tures to be roughly 3 kilometres. The photograph 
in Figure 2 was also taken about 11 a.m. local 
time. 

The cloud photographed in Figure 3 which was 
hovering in a southeast to northwest direction 

llKMetS BUllETIN Vol. I, No.2, /99/ 

behind the Kowloon Peak - Tate's Cairn ridge 
line at 5 p.m. local time seems to be a cap cloud, 
formed by orographic lifting of air to the conden
sation level. 

At the same time, over Shatin and downwind of 
the cap cloud, there was a large lenticularis (top 
of Figure 4), signifying the presence of strong 
waves in the air stream. The cumulus-like devel
opment (middle of Figure 4) suggests the 
presence of a rotor in which the flow is turbulent 
in contrast to the smooth flow in the lenticular 
cloud immediately above it. 

For further reading on billows and orogenic 
clouds readers are referred to Clouds and Storms 
by P.H. Ludlam (Pennsylvania State Univ. Press, 
1980) and Cloud Study, A Pictorial Guide by 
P.H. Ludlam and R. S. Scorer (John Murray, 
1957). 

Acknowledgement Dr. K.K. Yeung first 
brought my attention to the clouds discussed here. 
The photographs were taken by Mr. K. T. Chan 
and Mr. Alan Chiu from the roof top of the Royal 
Observatory's Centenary Building in Tsim Sha 
Tsui, Hong Kong. 

~- - -- --~-~~~-----------~~----
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Figure 1 Kelvin-Helmholtz. instabilily producing billows over Hong Kong Island, 18th January, 1989, ca. 0300Z. 

Figure 2 Lee walles made visible by a train oflenticular clouds forming in the walle crests over the Kowloon range 

18th January, 1989, ca. 0300Z. 
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Figure 3 Cap cloud behind the Kowloon Peak - Tate's Cairn ridge line, 18th January, 1989, ca. 0900Z. 

I 
,r
,I 

Figure 4 A large lemlcularis above a rotor cloud over the Kowloon range, 18th January, 1989, ca. 0900Z. 
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Temperature variability 
over Hong Kong 

Introduction
 
CLK Chek Lap Kok 
LFS Lau Fau Shan 
TKL Ta Kwu Ling 
SHA Shatin and 
TUN Tuen Mun 

Although the area of Hong Kong is only about 
1000 km", temperatures over different parts of 
the territory can have some large variations. 
Topography and proximity to the ocean account 
for part of such variations. Anthropogenic fac
tors such as urbanization and industrial pollution 
al so co ntr ibu te s igni ficantl y to differences in 
temperatures between urban and rural areas. 

The Royal Observatory, Hong Kong (RO) meas
ures the temperatures at various locations within 

the locations of which are shown in Figure 1. 

Since this study is not concerned with tempera
ture variabilities due to specific weather events, 
only the seasonal temperatures at each station are 
analyzed. That is, the daily temperatures for 
each season are averaged where the seasons are 
defined as follows: 

the territory by setting up automatic weather 
stations (AWSs). The temperature at each station 
may be affected by one or more of the above 
factors. In this study, temperatures from these 
AWSs are compared among the stations as well 
as with those recorded at the RO to determine the 

spring (SPR) March to May 
surnmer(SUM) June to August 
autumn (AUT) September to November 
and 
winter (WIN) December to February. 

extent to which each of the above factors contrib
ute towards the spatial temperature distribution 
over Hong Kong. Results from this study should 
be useful for predicting temperatures over various 
parts of Hong Kong. Urban planners can also use 
such information in designing for potential power 
usage and the location of satellite towns. 

Data and methodology 

The raw data for this investigation consist of the 
daily mean, maximum, and minimum tempera
tures at the RO and five of its AWSs for the 
period from October 1988 to July 1990. These 
stations are: 

Note, however, that since data are available from 
October 1988, the autumn of 1988 consists of 
data only for the months of October and Novem
ber. 

Except for part of the following section, compari
sons of the seasonal temperatures among the 
stations are made by first subtracting the RO 
temperatures from those recorded at each individ
ual station. The term temperature deviation, or 
simply deviation, will be used to denote the 
temperature after subtraction. This procedure has 
the advantage that a simultaneous comparison can 
be made between the temperature at a station and 
that recorded at the RO. 
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Table 1 Average maximum and minimum temperatures (C) ofthe six stations in winter ami summer:
 

Station RO eLK LFS TKL SIIA TUN 

winter maximum 18.8 18.7 19.4 19.7 19.4 18.8 

summer maximum 30.8 31.2 31.8 31.9 31.4 30.7 

winter minimum 14.8 13.7 12.8 11.6 12.9 13.3 

summer minimum 26.6 26.0 25.8 24.8 26.0 26.3 Ii;; 

'f• 

Variability due to location 

a. General comparison 

To provide a general background of the tempera
ture distribution over Hong Kong, the average 
maximum and minimum temperatures for the 
winter and summer months are first compared. 

It can be seen from Table 1 that in both seasons, 
the maximum temperatures at TKL are the high
est followed closely by those at LFS and SHA, 
and differ from those at the other three stations 
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by around 1°C. On the other hand, the minimum 
temperatures at TKL are the lowest in both 
seasons. The largest differences are with those of 
the RO, with magnitudes of > 3°C and -2°C in 
the winter and summer respectively. 

These results suggest that three of the four sta
tions in the New Territories (LFS, TKL and 
SHA) have the largest amplitudes in daily tem
perature variations throughout the year even 
though the geographical locations of these stations 
are very different, with TKL heing distant from 
the coast whereas the other two are close to the 
coast. In addition, SHA is more sheltered than 
LFS and also more heavily populated. For the 
other three stations, eLK and TUN are very 

15 



--

MAXIMUM TEMPERATURE DEVIATIONS
 
2..,..--------------------------~ 

1.5 

U 

ui
a:: 
;:) 
~ 
<t:a:: 
llJ 0.50
~ 
llJ 
~ 

a 

-0.5...L.-.--------.----,-----,----.----r:---::-::-I-:-:-:----=-:-::r:-:-::
AUT/SS WIN/SS SPA/S9 SUM/S9 AUT/S9 WIN/S9 SPR/90 SUM/SO 

PERIOD 

--- TUN -+- lFS - SHA 

= TKl -*- Cl.K 

Figure 2 Deviations in average maximum temperature of tirefive stations. 

similar in that they are both close to the coast 
although the latter is more heavily populated. 
The RO is, of course, the station situated in the 
most heavily populated and urbanized area. As 
will be seen below, all these factors are believed 
to contribute to various extents to the observed 
temperature distributions. 

b. Temperature deviations for all stations 

To understand in more detail the temperature 
variations for different seasons, the temperature 
deviations (from those measured at the RO) for 
each season in the data are analyzed. 

For the maximum temperature (Figure 2), no 
seasonal trend is readily apparent. The deviations 
of TUN and CLK are quite close to zero, i.e. the 
temperatures at these two stations are close to 
those measured at the RO. However, for the 
other three stations, the temperature deviations 
are significantly different from zero (Student's t
test results show significance at 95 % or greater, 
see Ng, 1991), ranging between a.5°C to 1.7°C. 
That is, maximum temperatures measured at the 
RO are significantly lower than those recorded at 
TKL, LFS and SHA. 

Several possibilities exist to account for such 
observed temperature differences. First of all, in 
the urban canyon (Landsberg, 1986) in Tsim Sha 
Tsui , most of the building surfaces consist of 
glass or similar highly reflective materials so that 
during the day, some of the insolation will be 
reflected back to the sky. The amount of insola
tion absorbed is thus less compared with rural 
areas like TKL. In addition, Koo (1988) suggest
ed that over a city or a heavily urbanized area, an 
urban haze often exists. This would also contrib
ute to a reduction in the amount of insolation that 
reaches the surface. For stations CLK and TUN, 
their daytime temperatures are moderated by the 
sea-breeze effect and thus do not exhibit large 
temperature deviations. 

For the minimum temperature, the deviations for 
all stations are significantly below zero, with 
those at TKL showing the largest deviations 
especially during the winter season (Figure 3). 
Such large differences in the minimum tempera
ture can also be explained in terms of the exist
ence of urban canyons in the vicinity of the RO. 
At night, longwave radiation is emitted not only 
by the ground but also by the building materials 
which have absorbed some of the insolation 
during the day. However, the radiation is par
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Figure 3 Deviations in average minimum temperature ofthe five stations. 

tially trapped by the buildings themselves. As a 
result, temperatures near the RO are higher than 
those at the other stations where such trapping of 
radiation does not occur or only exists to a lesser 
extent. This difference in the amount of long
wave radiation leaving a station is most readily 
exemplified by the temperature deviations at 
TKL. At this rural site, radiational cooling is 
very effective so that the deviations are the larg
est among the AWSs, especially in winter when 
the average deviation can be as large as 3.S°C. 
For the other stations, the radiative cooling is par
tially moderated either by the presence of build
ings (as in SHA) or the land breeze (as in CLK). 

Note also from Figure 3 that the deviations in 
minimum temperature are in general largest 
during winter and smallest during spring. This 
may be explained by the fact that humid or 
cloudy weather often prevails in the spring time 
in Hong Kong. As a result, the amount of insola
tion reaching the surface is reduced while smaller 
amounts of longwave radiation are emitted back 
to space. Therefore, the differences in tempera
ture between the RO and the AWSs are small. 
On the other hand, winter nights are usually 
clear, allowing efficient radiational cooling to 
take place in rural areas. 
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To summarize, these results clearly demonstrate 
the effect of urbanization around the RO where 
the diurnal variation appears to be generally 
smaller than at other locations. In the rest of this 
section, comparisons among the various AWSs 
with similar or different topography or demogra
phy will be made to isolate other factors which 
contribute to the observed temperature deviations. 

c. Stations close to the coast 

Among the AWSs, LFS, TUN and CLK all lie 
along the coast. Therefore, it might be expected 
that their temperature deviations are very similar. 
However, while this is true for TUN and CLK, 
deviations in maximum temperature for LFS are 
generally higher (Figure 4), with an average of 
0.9°C, compared with O.l°C for TUN and 0.3°C 
for CLK. For the minimum temperature, the 
differences between the stations are not as large, 
with LFS, TUN and CLK having an average 
value of -1.2, -0.8 and -0.6°C respectively (see 
Ng, 1991). 

As all the three stations lie along the coast, the 
more rapid heating of the land during the day will 
result in the development of a sea breeze. 
However, off the shore at LFS, the water is very 
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Figure -I Deviations in average maximum temperature of stations along the coast. 

shallow compared to that near the other two sta
tions. The amount of heat absorbed by the water 
near LFS is therefore higher. Consequently, the 
temperature gradient across the shore near LFS is 
smaller so that the sea breeze moderation of tern
perarures is not as effective as in the other two 
stations. As a result, the high daytime tempera
ture over LFS may not be modified by the sea 
breeze circulation as much as the other two sta
tions. At night, the reverse is true, i. e. the land 
breeze is less effective at LFS, so that the tem
peratures at these three places are more similar. 

Thus, even when a station is along the coast, the 
extent to which the land/sea breeze will modify 
the temperature also depends on the depth of 
water offshore near the location. 

d. Inland vs. coastal stations 

The AWS farthest from the coast is TKL. Other 
than the three stations studied in the previous sub
section, SHA also lies close to the coast. 
However, it is more sheltered than the others so 
that one might expect the land-sea breeze circula
tion to be less operative. This is indeed the case 
as will be demonstrated in the next sub-section. 
Therefore, it is interesting to compare the tem

perature deviations of these two stations, TKL 
and SHA. 

From Figure 5, a large difference in the devia
tions in maximum temperature can be seen be
tween them, with TKL having generally higher 
temperatures, especially in summer. Such differ
ences of course can be simply explained by the 
fact that TKL is land-locked while SHA is near 
Tolo Harbour so that daytime temperatures at the 
latter station are moderated by the sea-breeze 
effect. 

At night, the situation can be considered as the 
reverse so that the deviations in minimum tem
perature at SHA are less negative than those at 
TKL (Figure 6). The differences in deviations 
between the two stations are smallest in spring. 
This is again because the cloud cover is more 
extensive in spring so that part of the longwave 
radiation re-emitted from the ground is trapped. 
In contrast, autumn and winter nights are more 
usually clear leading to greater radiation loss. 

Hence, while SHA probably has the weakest sea
breeze effect among the coastal stations, its 
temperature variations are still smaller than those 
recorded at the land-locked TKL station. For this 
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reason, the temperatures at TKL have to be 
considered separately in any temperature forecast 
except in cases when cloud cover is extensive. 

e. Stations with similar demography 

Among the five stations, SHA and TUN, to some 
extent, are quite similar. Both are developed 
satellite towns in Hong Kong. While the devia
tions in mean and minimum temperatures for 
SHA and TUN have a similar trend (see Ng, 
1991), deviations in maximum temperatures for 
TUN distribute around zero whereas those for 
SHA are much above zero (Figure 7). Averaged 
over the entire time series, SHA has a maximum 
temperature of ca. O.6°C higher than at TUN. 
The reason for the maximum temperature of the 
RO to be lower than SHA, as we have mentioned 
before, is the effect of buildings in the former 
area. For TUN, since its temperature is modified 
by the sea-breeze effect, its maximum tempera
ture is closer to that of the Ro. 

Another factor which may affect temperatures at 
these two stations is the nearby topography. 
Although SHA is located close to Tolo Harbour, 
it is surrounded by hills, such as Tai Mo Shan. 
Therefore, during the day, as the insolation heats 

up the land, the relatively reduced ventilation 
over SHA results in more insolational energy 
being trapped so that the maximum temperature is 
higher than that of TUN irrespective of season. 

Thus the topographical setting of a location has to 
be taken into account when estimating its temper
atures relative to other places with similar 
demography. 

J. Summary 

The results presented clearly illustrate the topo
graphic and anthropogenic factors which influ
ence the temperature variability at each AWS. It 
appears that urbanization indeed has modified 
temperatures (as typified by those at the RO) to a 
large extent so that stations in urban areas are in 
general slightly cooler during the day and warmer 
during the night than rural stations. Furthermore, 
the depth of water near a coastal station appears 
to appreciably modify the sea-breeze effect and 
thus the temperatures regimes. The nature of the 
surrounding topography also seems to exercise an 
important influence in modifying both daytime 
and nighttime temperatures through its impact on 
ventilation. 
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Figure 8 Deviations in maximum temperature of SllA under different cloud cover. 

All these results were derived irrespective of 
weather conditions. In the next section, tempera
ture variability under different weather conditions 
(expressed in terms of the cloud cover) is investi
gated. 

Effect of cloud cover 

Generally speaking, the presence of clouds de
creases the amount of sunlight reaching the sur
face of the earth. Daytime temperatures on 
cloudy days are thus usually lower than on sunny 
days. During the night, clouds tend to close the 
atmospheric window so that more heat is trapped 
on cloudy than on cloudless nights. This results 
in higher nighttime temperatures in the former 
case. In this section, the effect of cloud cover on 
AWS temperatures is studied. 

The analysis began with a division of the data set 
of each AWS into three equal terciles. The divi
sion was accornpl ished by first calculating the 
cumulative distribution of daily cloud cover as 
reported by the RO for the entire period in which 
data are available. From the cumulative distrihu
tion, it was found that in one third of the cases, 
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the cloud cover fraction (CCF) was < 58% while 
another third had a CCF of > 85 % (for details 
see Ng, 1991). Therefore, two sub-groups of the 
daily temperature deviations of each AWS for 
each season were examined: those with a CCF of 
< 58 % (the cloud-free cases) and those with a 
CCF of > 85% (the overcast cases). 

A comparison between the average deviations in 
maximum and minimum temperatures among the 
various stations reveal some striking differences 
(Table 2). For both the maximum and minimum 
temperatures, the deviations are greater at all the 
stations during cloud-free conditions. The differ
ences in the minimum temperature between the 
two sub-groups are in general higher, with TKL 
having the largest value of 2.6°C. Notice also the 
three stations nearest to the coast (LFS, TUN and 
CLK have the smallest differences. These results 
are of course closely related to the locations of 
the stations as described in the previous section. 

Since the differences in temperature deviations at 
SHA and TKL for the two sub-groups are the 
largest, it was felt to be of interest to study the 
effect of cloud cover at these stations in more 
detail. For the maximum temperature, it can be 
seen from Figures 8 and 9 that the deviations of 
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Table 2 Average deviation ofmaximum and minimum temperatures ('C) ofthe jive stations for different cloud-cover fractions (CCI-:I). 

Station eLK LFS SHA TKL TUN 

Maximun. temperature 

cloud-free (CCF <58%) 0.6 0.9 0.9 1.5 0.1 

overcast (CCF >85%) 0.0 0.6 0.2 O.l -0.1 

difference 0.6 0.3 0.7 1.4 02 

Minimum temperature 

cloud-free (CCF <58%) -0.7 -1.7 "l "l-....... -3.8 -1.0 

overcast (CCF >85%) -0.8 -0.8 -0.5 -1.2 -0.7 

difference 0.1 -0.9 -1.7 -2.6 -0.3 

both stations are very much smaller during over
cast conditions but considerably positive for those 
days with limited cloud cover. In the case of 
TKL, the seasonal variation in the deviations 
seems to be very small under overcast conditions. 

For nighttime, the differences between the RO 
and the two stations SHA and TKL are again 
larger for cases with little cloud cover (Figures 

10 and 11). The seasonal amplitude is also larg
er, with winter nights having the greatest devia
tions and summer nights the least. 

Thus, it seems that when forecasting the tempera
ture of a place relative to another, not only should 
the geographic locations of the places be consid
ered, the amount of cloud cover must also be 
taken into account. 
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Figure 10 Deviations in minimum temperature ofSUA under different cloud COI'el: 

DEVIATIONS IN 
MINIMUM TEMPERATURE OF TKL 

0,---------------------------------, 

-, 
-----~._------------.I-~ .. 

o • 
W -2 -
a: 
=> 
~ -3 
a: 
W 
n, 
~ -4 
W 
I 

-5 

_6...1.--,..--__---,- --,--- ---,- ,-__----.- --,--- -.---------' 

AUT/88 WIN/88 SPR/89 SUM/89 AUT/89 WIN/89 SPR/90 SUM/90 

PERIOD 

1- Large cloud cover -+- Small cloud cover 

Figure 11 Deviations in minimum temperature of 7'KL under different cloud COI'el: 

I1KMetS BULLE11N Vol. 1, No.2, 199/ 23 

I 



Discussion and conclusion 

In this paper, the spatial variability of seasonal 
temperatures over Hong Kong has been investi
gated. It is found that urbanization over the city 
area has led to significant differences in tempera
ture between an urbanized area such as Tsim Sha 
Tsui (RO) and a rural site such as Ta Kwu Ling 
(TKL). While the daytime temperature at the 
latter station is generally higher, the temperature 
at nighttime is lower than that at the RO. Such 
differences are most dramatic in winter with 
average values exceeding 3°C. 

Topography also plays an important role in 
modifying the temperatures of a place. An inland 
station such as Ta Kwu Ling (TKL) generally has 
a larger diurnal range than a station close to the· 
coast such as Shatin (SHA). However, the 
proximity of SHA to hills make its temperatures 
different from those at other near-coastal loca
tions such as Tuen Mun (TUN) as the hills re
strict the sea-breeze circulation. Not all stations 
close to the coast have similar temperature varia
tions though. At Lau Fa Shan (LFS), because the 
nearby waters are rather shallow, the land/sea
breeze effect is less efficient in modifying the 
temperatures compared with stations such as 
TUN and Chek Lap Kok (CLK) where offshore 
water is much deeper. 

Cloud cover has also been found to be a signifi
cant contributor to the temperature variability of a 
station. In general, daytime temperatures 
throughout the territory are fairl y constant during 
cloudy days but have very large spatial variations 
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on relatively cloud-free days, with rural areas 
having much higher temperatures. Radiational 
cooling on cloud-free nights also produces much 
lower temperatures in rural pIaces than those 
found in the urban areas. 

The results obtained in this study illustrate the 
importance of identifying the various factors 
which control the temperature variability of a 
particular place. The relative importance should 
therefore be taken into account when making 
temperature forecasts for a place. These results 
could be used operationally by developing regres
sion equations based on the temperature devia
tions under different conditions. 

Recent studies of long-term temperature variabili
ty (H ansen and Lebedeff, 1987) suggest that 
global temperatures may be on a rising trend. 
Whether this is due to the greenhouse effect or 
urbanization or a combination requires more 
study. Unfortunately, temperatures at rural sta
tions in Hong Kong have too short a record to be 
comapred with those measured at the RO. 
Perhaps in the future when longer records of 
temperature are available, such a study should be 
undertaken. 
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News and Announcements
 
This section is intended for dissemination of news and 
announcements by the Society or any of its members. If 
members wish to relay any news or make any announcement 
of interest to members which is related to the aims of the 
Society they should mail or fax such information to the 

. Editor-in-chief along with their name(s) and membership 
numberts). 

PUBLIC LECTURE SERIES 

The Hong Kong Space Museum and the Hong 
Kong Meteorological Society (HKMetS) have 
jointly organized a second successful series of 
Public Lectures in Cantonese planned with a view 
to improving the meteorological interest and 
knowledge of Hong Kong citizens. The series 
ran from 7 March to 21 March 1991 and was 
well attended. The subjects of the lectures and 
the guest speakers, all of whom are members of 
the Society are listed below. 

Date: 7 March, 1991 

IRE BREAm OF HEAVEN 
by Mr. W.M. Leung 

Date: 11 March, 1991 

MYSTERY OF rut: ICE AGES 
by Mr. Eddy Lee 

Date: 14 March, 1991 

GENERAL CIRCULATION MODEL 
CLIMATE MODEUING 

by Mr. Y.K. Chan 

Date: 18 March, 1991 

URBAN CLIMATOLOGY 
by Dr. W.L. Chang 

Date: 21 March, 1991 

APPLICATIONS OF CLIMATIC DATA 
by Mr. Edwin Lai 

The Hong Kong Science Museum and the Hong 
Kong Meteorological Society (HKMetS) have 
planned a series of Public Lectures in Cantonese 
on the subject of the "Science of Weather" to be 
held at the Hong Kong Science Museum. Further 
details will be released in due course but the 
following tentative schedule has been arranged. 
All the guest lecturers are members of the Society 

Date: 7 December, 1991 

SYNOPTIC ANALYSIS 
by Mr. S.W. Li 

Date: 14 December, 1991 

HOW TO PRODUCE A
 
WEAmER FORECAST
 

by Mr. W.M. Leung 

Date: 21 December, 1991 

SATEUITE ANALYSIS OF TROPICAL
 
CYCLONE INTENSITY
 

by Mr. Edwin Lai 

Date: 28 December, 1991 

PERFORMANCE OF NUMERICAL 
WEAmER PREDICTION MODELS IN 
TROPICAL CYCLONE TRACK FORECASTS 

by Dr. Johnny Chan 

Date: 4 January, 1992 

FORECAST OF HEAVY RAIN 
by Mr. Y.K. Chan 
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Date: 11 January, 1992 

IN1ERANNUAL VARIABILITY OF 
RAINFALL IN HONG KONG 

by Mr. Eddy Lee 

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 will 
be 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 
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blw@pinet.aip.org. Alternatively contact the 
Chairman of the Program Committee. Francis 
Wu , at the above address or email wu@sun
quakes.geol.binghamton.edu. 

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 Engl ish language may be used for presenta
tions. Papers related to either research or opera
tional meteorology are 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 Tech
nologies (especially on weather analysis and 
forecasting). The Conference does not have a 
budget for participants I travel support. 

Contributions will be selected on the basis of a 
reviewer's abstract, not to exceed 300words, in 
either Chinese or English, which should include 
each (co-jauthors name, affiliation, and tele
phone/fax/email data, together with a clear indi
cation of the corresponding author. This abstract 
should be submitted no later than 15 January 
1992. Authors from outside Asia should send 
their abstracts to Prof. Ci-P, Chang, Chairman 
of the Program Committee, Dept. of Meteorol
ogy, NPS Code MR/Cp, Monterey, CA 93943, 
U.S.A. (fax: 1-408-646-3061). Authors from 
within Asia may send their abstracts to any of the 
following three Program Committee members: 
Mr. Y.K. Chan, Royal Observatory, Hong 
Kong (fax: 852-721-5034); Prot'. Ding Yihui, 
Academy of Meteorological Sciences, SMA, 46 
Baishiqiaolu, Beijing, China (fax: 86-1-831
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1191); Prof. Kau Wen-shung, Dept. or 
Atmospheric Sciences, NTU, No. 61, Lane 144, 
Keelung Rd. Section 4, Taipei, China (fax: 
886-2-362-3642). 

Authors will be notified regarding the disposition 
of their papers by 31 March 1992. Authors of 
accepted papers will receive further instructions 
on the conference, including the preparation of 
an extended abstract of 2-4 pages in both 
Chinese and English, which will be required by 
1 July 1992. This bilingual abstract, with figures 
and photos, will facilitate the understanding of the 
presentation by and the discussion with authors 
who speak the other language. Final manuscripts 
in camera-ready form (no more than 10 pages, 
including diagrams and photos) to be published as 
Conference Proceedings after scientific/format 
reviews will be required in English only shortly 
after the Conference. 

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 
JPL/TOGA/OOOl, 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 
(analysed parameters and model-derived 
flux fields) 
Global sea-surface temperature monthly 
analysed 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 

developed as experimental prototypes and there
fore ITPO 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 (128K) 
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-1211, Geneva 2, 
Switzerland. 

NEW AND RECENT BOOKS ON 

METEOROLOGY & CLIMATE 

Climate Change J.T. Houghton, G.I. Jenkins 
and 1.1. Ephraums (Eds.) 

The final Report of Working Group 1 of the 
Intergovernmental Panel for Climate Change 
(IPCC) jointly sponsored by WMO and UNEP. 
The report considers the scientific assessment of 
climate change. Several hundred working scien
tists from 25 countries have participated in the 
preparation and review of the data. The result is 
the most authoritative and strongly supported 
statement on climate change ever made by the 
international scientific community. Issues con
fronted include: global warming, greenhouse 
gases, the greenhouse effect, sea level changes, 
forcing of climate, and the history of Earth's 
changing climate. 

1990, Cambridge University Press 
0521 40360 X Hardback GBP40.00 
0521 407206 Paperback GBP15.00 

Climate and Development 
H.I. Karpe, D. Otte & S.c. Trinidade (Eds.) 

Based on the proceedings of the Hamburg Con
gress on climatic change and variability and the 
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resulting social, economic and technological 
implications. The book reports on the differing 
perceptions presented in an interdisciplinary 
forum concerning the current understanding of 
climate changes and their potential impacts on the 
socio-economic development of different coun
tries and regions. The nature of politics to re
spond to climate change and variability are dis
cussed and strategic options indicating the possi
ble operational role for different bodies concerned 
with this problem are considered. 

1990, Springer- Verlag 
3540512691 Paperback USD60.00 

Dynamics in Atmospheric Physics 
R.A. Lindzen 

Motion is manifest in the atmosphere in an almost 
infinite variety of ways. This book describes the 
nature of motion in the atmosphere, develops 
fluid dynamics relevant to the atmosphere, and 
explores the role of motion in determining climate 
and atmospheric composition. The material is 
presented in lecture note style with the emphasis 
throughout on describing phenomena at the fron
tiers of current research, but with due emphasis 
given to the methodology of research and the 
historical background of the topics. Problems at 
the end of each chapter will be helpful for stu
dents in assimilating the material. 

1990. Cambridge University Press 
0521 36101 X Hardback GBP25.00 

The Earth's Climate and Variability ofthe Sun 
over Recent Millenia 

1.C. Peeker and S.K. Runcorn (Eds.) 

Based on the proceedings of a recent joint meet
ing of the Academie des Sciences and the Royal 
Society addressing the subject of climatic change. 
The book is a collection of papers examining the 
links between solar variabil ity with the evidence 
for climatic variation taken from biological, 
archaeological and geological records. Evidence 
for climatic change from the carbon record, polar 
ice cores and archaeology is discussed as well as 
problems of assessing solar variability and mo
delling of climatic response. 

1990, Cambridge University Press 
0521 394988 Hardback GBP40.00 

Atmospheric Data Analysis R. Daley 

This book outlines the physical and mathematical 
basis of all aspects of atmospheric statistical and 
dynamical analysis. The emphasis is on the 
theoretical foundation of the subject and most of 
the development is analytic, but many practical 
considerations and examples are introduced. 
Numerous exercises at the end of each chapter aid 

llKMelS BUIalHIN Vol. I, No.2, 1991 

the reader in comprehending the material. 
1991, Cambridge University Press 
0521 38215 7 Hardback GBP55.00 

Teleconnections Linking Worldwide Climate 
Anomalies M.H. Glantz, R.W. Katz 

N. Nicholls (Eds.) 

Teleconnections is a central concept in searching 
for improved understanding of potential linkages 
between weather and climate anomalies occurring 
over relatively large distances. This book brings 
together papers which together provide the first 
comprehensive review of the subject. The main 
focus is ENSO (EI Nino - Southern Oscillation) 
and both the scientific basis for teleconnections 
and the environmental impacts of such linkages 
are examined. Experiments using coupled 
atmospheric-oceanic general circulation models, 
as well as empirical evidence in support of 
connections are discussed. Important societal im
pacts of previous climate anomalies allegedly 
connected to ENSO are reviewed and the implica
tions of forecasts of future climate anomalies, 
potentially made possible on the basis of telecon
nections, are addressed. 

1991, Cambridge University Press 
0521 36475 2 Hardback GBP40.00 

Watching the World's Weather 
W. Burroughs 

Weather satellites have totally altered our per
spective of the weather, transformed the science 
of meteorology, weather forecasting, and the 
study of global climate. This book sets these 
developments in the context of the physics of the 
atmosphere and reviews the historical develop
ment of sat el l ite meteorology. Spectacular 
images reveal the complexities of the global 
weather machine at a time of growing concern 
about the impact of pollution on global climate. 
Such satellite images will play an increasingly 
crucial role in monitoring changes in the world's 
climate. 

1991, Cambridge University Press 
0521 34342 9 Hardback GBP17.50 

RESEARCH IN PROGRESS BY 

MEMBERS OF THE SOCIETY 

Drs. R.D. Hill, Ht:J. Kyle & M.R. Peart 
Department of Geography & Geology, 
University of Hong Kong 

Study of Occult Precipitation 

A specifically designed instrument named a 
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neblinometro has been constructed and installed 
near the summit of Tai Mo Shan with the express 
purpose of empirically determining optimum 
conditions for extraction of moisture from clouds. 
The results will be used in conjunction with wind 
tunnel and theoretical studies to establish collec
tion efficiencies for cloud water. 

Time frame: 3 to 5 years 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2838 fax: (852) 559-8994 

Prof A.P. leary 
Department of Building & Construction, 
City Polytechnic of Hong Kong 

Wind Effects on Tall Buildings 

Tall buildings are instrumented in various loca
tions to effect the capture of dynamic data. 
Calibration of the buildings allows them to be 
used as giant transducers for the measurement of 
wind force. 

Time frame: about 3 years 

Contact: Department of Building & Construction, 
City Polytechnic of Hong Kong, 
83 Tat Chee Avenue, Kowloon 

phone: (852) 788-7600 fax: (852) 788-7612 

Dr. s.t. Hsu 
Department of Geography, 
Chinese University of Hong Kong 

Comment on the Archaeological Inferences on 
the Ancient Climate of Yin-Xu Region in China 

Paleoclimatologists and archaeologists have spent 
decades trying to understand China's paleocli 
mate. This study tries to critically assess the 
validity of the evidence put forward, particularly 
by Zhu and Hu, in the light of alternative expla
nations associated with ecological studies which 
suggest that increasing human activity is a domi
nant factor in explaining some of the evidence 
adduced for climatic change in past times. 

Time frame: end 1991 

Contact:Department of Geography, 
Chinese University of Hong Kong, 
Shatin, New Territories 

phone: (852) 609-6469 fax: (852) 603-5006 

Dr. S.L. Hung, Dr. Andrew Cheng, 
Mr. C.Y. Lam and Mr. Victor Lee 
Department of Applied Science, 
City Polytechnic of Hong Kong 
and Royal Observatory, Hong Kong 

Satellite Forecasting System 

Application of neural nets in the analysis of satel
lite imagery. The ultimate goal is to build a 
forecasting system based on such analysis of 
satellite imagery. 

Time frame: end 1992 

Contact: Department of Applied Science, 
City Polytechnic of Hong Kong, 
83 Tat Chee Avenue, Kowloon 

phone: (852) 788-8603 fax: (852) 788-8614 

Dr. S.c. Kot 
Department of Mechanical Engineering,
 
Hong Kong University of Science & Technology
 

Urban Micrometeorology 

(1) Remote sensing of urban wind profile by 
phased array acoustic radar; 
(2) In situ measurement by tethered balloon; 
(3) Surface heat flux measurement. 

Time frame: about 3 years 

Contact: Department of Mechanical Engineering, 
Hong Kong University of Science 
and Technology, 
Clearwater Bay Road, Kowloon 

phone: (852) 358-7187 fax: (852) 358-1543 
email: mesckot@usthk.bitnet 

Dr. w.). Kyle 
Department of Geography & Geology, 
University of Hong Kong 

Preliminary Evaluation ofthe Impact ofNew 
Territories Urbanization on the Local Climatic 
Environment 

To make use of all existing weather data from 
stations in the New Territories in an attempt to: 
(i) evaluate the magnitude of the climatic changes 
which have arisen as a result of the rapid urbani
zation associated with the New Town develop
ment programme in the NT; (ii) document the 
major climatic processes which have been affect
ed and provide an initial assessment of their rela
tive importance; (iii) assess the implications of 
such changes for environmental quality in the 
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newly urbanized areas of the NT. 

TIme frame: initially 1 year 

Contact:	 Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-7022 fax: (852) 559-8994 
email: billkyle@hkucc.bitnet 

Dr. wr. Kyle 
Department of Geography & Geology, 
University of Hong Kong 

A Human Bioclimatic Classification 
for Hong Kong 

The temporal and spatial patterns of climatic 
variables are to be assessed using a scheme de
vised to represent as reliably as possible how 
local climate is perceived by humans at three 
distinct interfaces - the skin, the lungs and the 
psyche. The analysis is based on hourly meteoro
logical data from a number of stations in Hong 
Kong and evaluation of the associated human
atmosphere energy and matter exchanges. 

/ Time frame: on-going 

Contact:	 Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-7022 fax: (852) 559-8994 
email: billkyle@hkucc.bitnet 

Mr. S.H.	 Lam 
Department of Applied Science, 
City Polytechnic of Hong Kong 

Seasonal and Interannual Variability ofLong
range Rainfall Forecasts 

To search for new predictors to improve the 
current forecast skill and to apply these results to 
rainfall forecasts over southern China. 

TIme frame: mid 1992 

Contact:	 Department of Applied Science, 
City Polytechnic of Hong Kong, 
83 Tat Chee Avenue, Kowloon 

phone: (852) 788-7842 fax: (852) 788-7830 

Dr. G.R. McGregor 
Department of Geography, 
Hong Kong Baptist College 
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Climate Regionalization of China by 
Multivariate Analysis of Temperature 
and Precipitation Data 

Factor and cluster analysis will be used in an 
attempt to develop an objective climatic regional
ization of China. The analysis will be based on 
data from 279 stations. 

TImeframe: end 1991 

Contact: Department of Geography, 
Hong Kong Baptist College, 
224 Waterloo Road, Kowloon 

phone: (852) 339-7188 fax: (852) 338-6005 

Dr. G.R. McGregor 
Department of Geography, 
Hong Kong Baptist College 

Transmissivity of Hong Kong's 
Urban Atmosphere 

Shortwave radiation loss in Hong Kong's urban 
atmosphere will be assessed by comparing meas
ured amounts of shortwave radiation with theoret
ical amounts. The trend of atmospheric transmis
sivity over the last decade will be evaluated in 
relation to pollution load. 

TImeframe: end 1992 

Contact: Department of Geography, 
Hong Kong Baptist College, 
224 Waterloo Road, Kowloon 

phone: (852) 339-7188 fax: (852) 338-6005 

Dr. G.R. McGregor 
Department of Geography, 
Hong Kong Baptist College 

Temporal and Spatial Characteristics of Tropical 
Cyclones in the South China Sea, 1970-1990 

The temporal and spatial patterns of tropical 
cyclones are to be assessed in order to establish 
whether any interannual variations in frequencies 
or zones of genesis exist. Particular attention will 
be given to ENSO/La Nena events. 

Time frame: end 1992 

Contact: Department of Geography, 
Hong Kong Baptist College, 
224 Waterloo Road, Kowloon 

phone: (852) 339-7188 fax: (852) 338-6005 
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Dr. M.R. Peart 
Department of Geography & Geology, 
University of Hong Kong 

Hydrological & Environmental Monitoring with 
Special Reference to Hong Kong 

To examine the movement of water in terms of 
volume and quality through the hydrological 
cycle in a small drainage basin at the Kadoorie 
Agricultural Research Centre, New Territories. 

Time frame: on-going 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-7021 fax: (852) 559-8994 

Dr. Ronald Sequeira 
Department of Applied Science, 
City Polytechnic of Hong Kong 

Role ofArid Dust in Precipitation Chemistry 

The large-scale features of eolian dust are consid
ered in the direct and indirect neutralization of 
precipitation acidity. 

Time frame: mid 1992 

Contact: Department of Applied Science, 
City Polytechnic of Hong Kong, 
83 Tat Chee Avenue, Kowloon 

phone: (852) 788-7805 fax: (852) 788-7830 

Dr. C.L. So 
Department of Geography & Geology, 
University of Hong Kong 

Soil Moisture Changes on Slopes 

To monitor soil moisture changes brought about 
by rainstorm activity on selected slopes associated 
with various rock groups and vegetation types. 
Much of the work is based on field measurements 
and carried out with a neutron soil moisture probe 
and related equipment. This work provides a 
framework against which the role of rain water in 
bringing about slope instability can be viewed in 
proper perspective. 

Time frame: 1986-1993 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2830 fax: (852) 559-8994 

Dr. ct: So 
Department of Geography & Geology, 
University of Hong Kong 

Beach Changes in Hong Kong 

To study beach changes in general and the effect 
of typhoons on the gain and loss of beach sand in 
particular. Levelling of selected beaches at 
regular intervals and before and after the onset of 
storms makes it possible to trace both short-term 
and long-term beach changes. This yields the 
database for designing beach conservation strate
gies. 

Time frame: 1988-1993 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2830 fax: (852) 559-8994 

Dr. C.L. So 
Department of Geography & Geology, 
University of Hong Kong 

Suspended Sediment Concentration Associated 
with Swash and Backwash 

To investigate the dynamics of suspended sedi
ment transport brought about by swash and 
backwash on selected beaches in Hong Kong. he 
study involves synchronised sampling of sea 
water associated with swash and backwash in the 
inter-tidal zone in various tidal, wind and wave 
conditions, followed by laboratory analysis. 
Results should throw light on the changing bal
ance in the input and output of suspended sedi
ment load and provide and evaluation of the 
contribution of suspension or re-suspension to cut 
and fill in beach compartments. 

Timeframe: 1989-1994 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2830 fax: (852) 559-8994 

Dr. If.lf.S. Yim 
Department of Geography & Geology, 
University of Hong Kong 

Cenozoic Geology ofOffshore Sediments 
in Hong Kong and Applications 

To study the Cenezoic history of Hong Kong 
through the offshore sedimentary record and to 
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examine applications to future coastal develop
ment. Palaeoenvironmental changes including 
climatic and sea-level changes are central to the 
investigation. Palaeotemperature information is 
obtained with the help of microfossils & oxygen
isotope studies of organisms with calcareous 
shells. 

TIme frame: end 1993 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2829 fax: (852) 559-8994 

Dr. w: W:S. Yim 
Department of Geography & Geology, 
University of Hong Kong 

Recent Sea-level Changes in Hong Kong 

To study the record of tide gauges, storm surges, 
crustal movement and long-term ground settle
ment in order to provide data on rates of relative 
sea-level change. 

TIme frame: on-going 

Contact: Department of Geography & Geology, 
University of Hong Kong, 
Pokfulam Road, Hong Kong 

phone: (852) 859-2829 fax: (852) 559-8994 . 
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TECHNICAL CONFERENCE 

ON SPECTRUM 

A Technical Conference on SPECTRUM (acro
nym for Special Experiment Concerning Typhoon 
Recurvature and Unusual Movement) will take 
place in Guangzhou, China from November 25 
-29, 1991. For background to this conference 
refer to the arcticle in HKMetS BULLETIN, Vol. 
1, No.1, 7-9, 1991. 

Tentatively, the following topics will be covered: 
(a) typhoon motion experiments in the Pacific 
1990; (b) operational typhoon motion forecasting; 
(c) typhoon motion - environmental steering; (d) 
typhoon motion research; (e) numerical modelling 
of typhoons. 

Anyone wishing to attend the conference and 
present a paper, which should be SPECTRUM 
related, should contact Mr. C. Y. Lam, Royal 
Observatory, Hong Kong, (fax 852-311-9448), in 
the first instance. The same person can be con
tacted for further information about the confer
ence or the availability of data collected during 
the experiment in 1990. 
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Correspondence
 
VIis section is an open forum where members may voice or 

exchange views or opinions on any subject related to the 

aims of the Society. Members are encouraged to submit suclt 
views to the Editor-in-chief either by mail or by fax with the 

only limitation being that to be published such communica

tions are of resonable length and are accompanied by the 
namets) and membership numberts) of the submiuerts). Vie 

Editor-in-chief reserves the right to edit any submission due 

to space limitations or to conform to established style but 

will only publish such edited material with the prior agree

ment of the submitter(s). All opinions expressed in such 

correspondence are those of the authorts) and do not neces

sarily reflect those of the Society. 

DIRIGIBLES and ROBOBUOYS ? 

Since I entered the field of meteorology 
back in 1980, I have been puzzled by a question 
to which no one seemed to have a wholly satisfac
tory answer. 

We all know that upper air data are 
crucial to the study of the atmosphere as well as 
to routine weather forecasting operations. We 
also know that despite advances in remote sensing 
from space platforms, the acquisition of such data 
depends heavily on the release of radiosondes, the 
operation of which is limited by high expenses 
and lack of stations over remote / ocean areas. As 
a result, both the spatial and temporal resolutions 
of upper air data remain far from satisfactory 
despite years of national and international efforts. 

My question is : Why can 't the role of 
throwaway (and therefore expensive) radio
sondes be taken over by steerable and re-usable 
atmospheric buoys? 

For sure balloons - either manned or 
unmanned - have been extensively used in the 
stud y of the atmosphere since the 18th century. 

The trouble is that all these ascents were all one
off attempts which did not provide continuous 
surveillance of the atmosphere. However, just as 
the laws of orbital mechanics allow the existence 
of permanent and "stationary" platforms outside 
the atmosphere (namely, in geostationary orbit), 
the laws of hydrostatics should allow in principle 
the existence of permanent platforms within the 
atmosphere. Achieving its buoancy by vacuum 
pumping and equipped with various remote sens
ing devices such as lidar and doppler acoustic / 
microwave radars ( in addition of course to other 
conventional sensors), such platforms should 
prove invaluable to meteorlogists and weather 
forecasters alike. 

I have put in the words" in principle" in 
the previous paragraph because the medium 
which offers stationarity (through buoyancy) also 
gives rise to an enemy of stationarity - winds. 
There are two solutions to this problem. The first 
is to ride along with the winds and become an 
atmospheric DRIBU. The second is to fly into 
the winds to maintain stationarity. Technologies 
to realize the last option are already in place: a 
global positioning system to pin-point the location 
of the buoy, cybernetic servomechanism on board 
to correct the buoy's own position, and solar 
energy to provide the power required. The last 
should be in abundant supply above cloud tops 
(say, at 200 hPa level). The only problem is 
energy storage during night hours. The buoy 
could be brought back to earth for maintenance 
from time to time - by the filling in of its vacuum 
tanks and flying back and landing under its own 
power. 

The main objections to the above propos
al that I can envisage are: 

1.	 the buoys will become grave aviation hazards; 
2.	 the buoys will pose a threat to people on the 

ground if they fell back accidentally to earth. 
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Both objections hinge on our confidence 
in the reliability of "robobuoys" and are not 
objections-in-principle (especially over data 
sparse ocean areas). I don't see why they could 
not be overcome with enough ingenuity and safe
guarding measures. As such, I find the absence 
of any discussion on the above concept in the 
field of observational meteorology a great puzzle 
which I cannot fathom. Maybe I've missed some 

lIKMetS BULLETIN Vol. 1, No.2, 1991 

classical papers? or maybe this is a psychological 
after effect of the Hindenberg disaster? Either 
way I would be grateful if fellow members can 
offer me some enlightenment. 

Li Weicai 
25 May 1991 
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Bill Kyle 

Department ofGeography & 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 winter 1990-91 

Important climatological events 

Winter 1990-91, with only 38 percent 
of normal rainfall for the three month period, 
marked a return to dry conditions. December 
was particularly dryas was February although 
January had 23 percent more than normal 
ruinfull. Overall, December was also generally 
war m with the 5th highest monthly mean 
temperature on record. January, in contrast, 
was on the whole warmer, cloudier and more 
humid than normal. February was warmer 
and sunnier than normal with well below 
normal rainfall. Most of the rain that fell 
during the month was rather light and patchy. 
The winter as a whole was warmer than usual 
with mean daily temperatures for the season 
being 1.1 °C above normal. 

Mean daily temperature 17.6°C (+ 1.1°C) 
Rainfall (provisional) 37.0 mm (38 %) 

December 

The month as a whole was rather warm 
and dry with the monthly mean minimum temper
ature of 17.0 °C and the monthly mean tempera
ture of 18.8 o being respectively the fourth and 
fifth highest on record. The total rainfall of 0.1 
mm for the month was only a tiny fraction of the 
December normal of 25.3 mm. 

The intense surge of the winter monsoon 

which arrived on 30th November persisted into 
the early days of the month. Strong northerly 
winds brought cold, dry air of polar origin reduc
ing the temperature to its lowest value for the 
month, 10.5 "C. The influence of the cold air 
subsided gradually and temperatures started to 
rise. Winds became easterly on 6th and warmer, 
moister conditions prevailed. Although cloudi
ness increased, particularly on 8th, the weather 
remained generally tine allowing the temperature 
on 9th to climb to a maximum of 25.6 "C, the 
highest for the month. Two surges of the north
east monsoon occurred during the following 
week, the first on the night of l Oth and the 
second on 14th. Each only produced minor 
declines in nighttime temperatures with daytime 
conditions remaining relatively warm. On both 
occasions, easterlies freshened in the later stages 
leading to cloudier conditions. In the latter case, 
light drizzle on the night of 15th ending a 17 day 
period of rain-free weather. A weak northerly 
replenishment arrived on the night of 17th bring
ing a slight drop in temperatures. A more per
sistent northerly regime began on 20th, leading to 
a progressive fall in temperatures for the follow
ing three days. Thereafter there was a gradual 
warming over the Christmas holiday period as the 
monsoon weakened. Easterlies gained in strength 
again on 26th with light rain patches occurring 
that night followed by a day of blustery winds. 
Although relatively weaker on 28th the easterlies 
freshened again the next day. The increasingly 
moist airstream led to cloudy weather and more 
frequent drizzle which lasted till the morning of 
31st. As the easterlies moderated, the weather 
turned fine and warm following some mist patch
es earlier in the day. The month ended with 
deteriorating visibility in the evening as fog 
patches moved in to affect the harbour areas. 

Mean daily temperature I8.8°C (+ 1.1"C) 
Rainfall (provisional) O.J mm (0.4 %) 
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Daily maximum temperature trends 
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Daily minimum temperature trends 
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January 

January was generally warmer, cloudier 
and more humid than usual with cloudy and 
humid conditions being particularly pronounced 
during the first half of the month. The month 
was also 23 percent wetter than normal with a 
total rainfall of 28.7 mm. The monthly mean 
minimum temperature of 15.4 °C was the seventh 
highest on record for January. 

The month began misty and foggy with 
visibility inside the harbour less than 1000 m in 
the morning of 1st. The fog lifted during the day 
as sunny weather raised the temperature to 
23.9°C, the highest for the month, but returned 
soon after sunset. A sl ight drop in temperatures 
on 2nd followed a minor replenishment of the 
northeast monsoon. Easterlies then freshened the 
next day with the weather staying mainly fine. 
Cold air which had been accumulating for some 
time over inland Guangdong arrived at the coast 
on the night of 4th and the weather became 
overcast with light rain. Temperatures dropped 
from a midnight value of about 19°C to below 12 
°C by late afternoon on 5th. For the next 10 
days, continuing replenishment of the winter 
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monsoon maintained cool and damp conditions 
with cloudy skies, culminating in the month's 
lowest temperature of 11.7 °C early on 15th. 
Apart from a brief lull on 9th and 10th light rain 
and drizzle occurred from time to time during this 
period. The surge of cold air weakened over the 
next 10 days. Following a freshening of the 
easterlies on the evening of 17th the weather the 
next day was slightly cloudier with offshore areas 
affected by mist. Coastal mist again occurred on 
21st and for the next five days. Stronger easter
lies on 22nd and 25th led to a fall in daytime 
temperatures and generally cloudier weather, with 
drizzle early on 23rd and 24th. In the evening of 
26th winds turned to the north with a replenish
ment of the winter monsoon bringing some light 
rain and cooler conditions on 27th. The next day 
the clouds cleared and the day was sunny and 
mild. However, this was only a brief respite as 
clouds, morning drizzle and offshore mist re
turned for the last two days of the month. The 
month ended with the arrival of another northerly 
replenishment leading to a downward trend in 
temperature on the night of 31st. 

Mean daily temperature 16.9"C (+1.1"C) 
Rainfall (provisional) 28.7 mm (123 %) 
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February 

February continued the warm trend of the previ
ous two months but unlike January was sunnier 
than normal. Humidity ranged from near satura
tion in damp foggy conditions to below 30 per
cent on clear, dry days. Monthly rainfall was 83 
percent below normal with most of the total of 
8.2 mm being light and patchy. 

The cool winter monsoon which reached 
the coast on the last day of January continued into 
February. Clouds thinned on 2nd, but the 
warmth of the sun was not felt for one more day 
when the monsoon subsided. Fine conditions 
remained for the following week apart from one 
cloudy day on 5th when easterlies strengthened. 
Cooler weather and more widespread mist fol
lowed another freshening of easterlies on 11th. 
Over the next three days visibility deteriorated 
under the effects of a humid, maritime airstream 
which produced low clouds and fog with intermit
tent light rain. Meanwhile temperatures began to 
increase with the month's maximum of 22.5 °C 
occurring on 14th. A dry northerly airstream 
arrived early on 15th, dropping the temperatures 
two to three degrees but giving tine, dry weather 
for the first day of the Lunar New Year. Moist 
easterlies replaced the northerlies that night 
giving cloudy weather with nighttime drizzle 
which became more frequent on 19th with the 
approach of a surge of the winter monsoon bring
ing cold air. This crossed the coast that night 
giving the lowest temperature of the month, 11.5 
°C, on the morning of 20th. Temperatures 
gradually increased over the next three days as 
the weather brightened though humidity continued 
to fall under the influence of the dry northerly 
airstream. Easterlies strengthened on 24th giving 
cloudier weather for the next two days with driz
zle on 27th. A humid maritime airstream then 
brought mist and fog inshore with resultant dete
rioration of visibility on 28th plus some patches 
of light rain to end the month. 

Mean daily temperature 17.1°C (+ 1.2°C) 
Rainfall (provisional) 8.2 mm (17 %) 

Review of spring 1991 

Important climatological events 

Spring 1991 continued the warm, dry 
trend of the previous three months. Overall 
only 27 percent of normal spring rainfall was 
recorded with all three months being drier 
than normal. March was generally warmer 

(the sixth warmest Oil record) and more humid 
with the only two major rainfall events being 
associated with late-season surges of the winter 
monsoon. April was also drier (the seventh 
driest on record) and sunnier than normal with 
most of the month's rainfall coming on one day 
in association with a dissipating tropical cy
clone. May was one of the driest and sunniest 
with the monthly total rainfall of 60.9 mm, the 
eighth lowest, being only about one fifth of the 
May normal of 316.7 mrn. The monthly mean 
pressure of 1011.6 hPa was a record high for 
the month of May revealing the link between 
the persistent fine and dry weather and the 
westward extension of an exceptionally strong 
Pacific ridge over southern China. 

Mean daily temperature 23.2°C (+ 1.0°C) 
Rainfall (provisional) 147.1 mm (27 %) 

March 

March was generally characterized by 
warm, humid conditions. The monthly mean 
dewpoint of 17.9 °C, mean minimum temperature 
of 18.6 °C and mean temperature of 20.3 °C were 
respectively the third, fifth and sixth highest ever 
recorded. Most of the monthl y total rainfall of 
51.5 mm, 23 percent below normal, was associ
ated with late-season surges of the winter mon
soon. The first major downpour of the year oc
curred with a thunderstorm on 22nd and account
ed for a substantial portion of the monthly total. 

The first few days were mainly misty 
with sea fog offshore and morning and evening 
drizzle. Easterlies strengthened on the evening of 
1st leading to cloudy and cooler weather, with 
light, persistent rain on 2nd which became less 
frequent the next day. The northeast monsoon 
moderated on 4th, giving brighter, warmer 
weather but with the establishment of a moist 
maritime airstream mist and fog returned to the 
coastal areas. Visibility in the harbour was below 
1,000 m on the mornings of 6th and 7th. Con
currently, temperatures rose reaching a maximum 
of27.7 °C on 9th, the highest of the month. 
Cooler air arrived early on 10th bringing a cloudy 
day with fresh easterly winds although the clouds 
cleared away the next day. The weather for the 
next week was dominated by weak surges of the 
northeast monsoon giving a mixture of sunshine, 
clouds and light rain. Strong easterlies occurred 
on 14th and there was persistent 1ight rain on 
18th. With a lull in the monsoon conditions 
became warm and humid on 20th and 21st with 
dense fog affecting the harbour area on the 
morning of 21st before lifting during the day. 
Rain clouds associated with a cold front appeared 
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on 22nd. The sky became overcast later that 
morning, followed by an outbreak of heavy rain 
near midday. The rain was associated with 
thunderstorms which mainly affected the northern 
part of the New Territories. Although clouds 
remained for the next two days, the rain became 
light and less frequent. The return of a moist 
maritime airstream brought back warm, misty 
weather with some sunshine for the next three 
days. The approach of another cold front on 28th 
caused a return of cloudy conditions with light 
rain patches. The rain became heavier on the 
morning of 30th and was followed by a northerly 
surge of the monsoon. Winds became strong on 
31st and the temperature dropped to a minimum 
of 11.9 °C, the lowest for the month. 

Mean daily temperature 20.3°C (+ 1.8°C) 
Rainfall (provisional) 51.5 mm (77 %) 

April 

April was drier and sunnier than normal 
with the monthly total of 34.7 mm being 79 
percent below the April normal of 161.1 mm 
making it the seventh driest April on record. 
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Most of the rain fell on the last clay of the month 
as a result of the dissipation of a tropical cyclone 
over western Guangdong. 

An intense surge of the northeast mon
soon at the end of March gave unseasonably cool 
weather in the early days of the month. The 
minimum temperature of 12.1 °C on the 1st was 
the lowest for the month. Winds turned easterly 
and strengthened the next day. Although weather 
was generally fine for the first three days it 
became cloudier on 4th. A weak replenishment 
of the northeast monsoon reached the coast on the 
night of 5th causing light rain. Conditions 
brightened again on 7th but rain returned on 8th 
as the easterl ies freshened. Th is turned into mist 
and low clouds on 9th with fog hovering over 
offshore waters and the harbour area in the 
morning. Morning fog on 10th dissipated to give 
brighter weather with temperatures rising several 
degrees as a warm souther ly airstream became 
established leading to generally fine and warm 
conditions with some morning and evening mist 
over the next three days. An easterly circulation 
on 14th reduced the temperature and caused a 
return to misty conditions. However, tempera
tures soon recovered over the next four days 
though the visibility remained poor, particularly 
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offshore. Another surge of the winter monsoon 
on 19th heralded a return to cooler conditions and 
the weather became cloudy with I ight rain patches 
which eased off by the morning of 21 st though 
the clouds did not break until 23rd. Fine weather 
then persisted for three days with temperatures 
generally rising to reach a high for the month of 
30.4 °C on 26th. Cloud amounts rose on 27th 
giving misty conditions the next day and more 
frequent drizzle which turned to rain on the 
evening of 29th. This was associated with the 
remnant of Tropical Storm Vanessa and gave rise 
to thunderstorms and heavy downpours over the 
southern part of the Territory on the morning of 
30th. Although the rainfall recorded at the Royal 
Observatory was no more than 30 mm, over 100 
mm was recorded at various locations on Hong 
Kong Island. 

Mean daily temperature 22.8°C (+O.6°C) 
Rainfall (provisional) 34.7 mm (21 %) 

May 

A dry, sunny April was followed by a 
warm and very dry May with monthly rainfall of 
60.9 mm, the eighth lowest on record, being only 
one fifth of the May normal of 316.7 mm. The 
month was also markedly warmer with mean 
daily air temperature 0.6 °C above normal even 
though the first part of the month was actually 
cooler than normal as a result of two late-season 
surges of the northeast monsoon. Intense solar 
heating produced a maximum temperature of 33.4 
°C on 28th, the fifth hottest recorded day in May. 

The month opened with the passage of a 
trough of low pressure on the evening of 1st 
which was accompanied by outbreaks of showers 
and thunderstorms. Intermittent rain and cloudy 
conditions prevailed the next day as the wind 
turned from northerly to easterly and strength
ened. Cool, windy weather with frequent rain 
persisted for the next two days with the minimum 
temperature on 3rd being the lowest recorded for 
the month. The weather brightened on 5th as the 
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easterlies subsided though visibility was poor due 
to the moist and misty conditions. Afternoon 
showers on 7th were followed by a replenishment 
of the northeast monsoon that night though the 
passage of the associated trough of low pressure 
did not bring any significant rainfall, only some 
drizzle on 8th. Fresh easterly winds arrived on 
9th and the weather stayed cloudy with some 
drizzle until 11th when the clouds cleared giving 
long periods of sunshine during that day and also 
on 12th although the winds were lighter on the 
latter day. Unsettled conditions returned on 13th 
with local cloud and shower development, which 
although quite frequent did not produce prolonged 
heavy rain. Sunny weather then returned for two 
days. only to be broken by a short, stormy period 
on the evening of 15th when there were outbreaks 
of showers accompanied by squalls, thunder and 
lightning. A marked change then took place to 
produce a spell of generally fine conditions for 
the second half of the month. Under the influ
ence of a strong ridge of high pressure, the 
weather remained stable from 16th to 21st though 
there were some brief heat-induced showers 
mostly over the New Territories. The southwest 
monsoon became active on 22nd, increasing 
showery activity, though this remained light and 
isolated in nature against a background of mainly 
fine conditions. During this period, winds were 
rather gusty at times, with gusts approaching 60 
km h- I being reported inside the harhour. The 
southwest monsoon subsided after some hrief 
showers early on 26th giving way to long sunny 
periods during the next few days. With long 
periods of sunshine, the heat continued to build 
up and the temperature reached the highest value 
for the month of 33.4 °C on 28th. However, the 
easterlies then freshened later that day and conse
quently there was a drop in temperatures the 
following day. Despite some isolated thunder
storms on the morning of 29th and further sporad
ic showers for the remainder of the month, hours 
of sunshine continued to increase as the fine spell 
prevailed. 

Mean daily temperature 26.5°C (+ O.6°C) 
Rainl'all (provisional) 147.1 mm (27 %) 
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Meeting Reviews
 

Popular Meteorological 

Lecture Series No.2 

Venue: Hong Kong Space Museum 

During the month of March the Society co
sponsored with the Hong Kong Space Museum a 
successful second series of popular lectures on 
meteorological subjects in Cantonese. The sub
jects and speakers are listed below. 

Date: 7 March, 1991 

tnt: BREAm OF HEAVEN 
by Mr. W.M. Leung 

Date: 11 March, 1991 

MYSTERY OF tnt: ICE AGES 
by Mr. Eddy Lee 

Date: 14 March, 1991 

GENERAL CIRCULATION MODEL 
CUMATE MODElLING 

by Mr. Y.K. Chan 

Date: 18 March, 1991 

URBAN CUMAWLOGY 
by Dr. W.L. Chang 

Date: 21 March, 1991 

APPLICATIONS OF CLIMATIC DATA 
by Mr. Edwin Lai 

HKMetS BUUETIN, Vol. 1 No.2, 1991 

Annual Meeting 1991 

Venue: Royal Observatory, Hong Kong 

Date: 23 March, 1991 

Thirty two members and three observers 
participated in the Annual Meeting of the 
Society held at 1: 30 pm on Saturday, 23 
March, 1991 at the Royal Observatory, Hong 
Kong, 134A Nathan Road, Kowloon. The 
outgoing Chairman, Mr. Patrick Sham, 
welcomed them and thanked the members of 
the 1990-91 Executive Committee for their 
hard work and the members of the Society for 
their support in the second year of the Society. 

He then presented his annual report for 
1990-91 which highlighted the following points. 
On 28th February, 1991 membership of the 
Society stood at 125, comprising 91 Fellows, 23 
Associate Members, 8 Student Members and 3 
Corresponding Members. At the AGM on 23 
March, 1990, the Society's Constitution was 
amended to include Institutional Membership and 
extend Student Membership to any secondary 
school student studying in Form 5 or above. 

During the year various activities of scientific 
and technological interest to members and their 
guests were organized. These included one lec
ture in the Special Topics Lecture Series given by 
distinguished visitors, two Research Forums, and 
a series of six Public Lectures, in Cantonese, 
jointly organized by the Society and the Hong 
Kong Space Museum, on the theme "Meteorolog
ical Hazards and Climatic Change". In addition a 
roving exhibition on "Hong Kong is our Home 
Living in the Global Greenhouse" was jointly 
organized by the Society and the Hong Kong 
Association for the Advancement of Science and 
Technology, the theme of which was the green
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house effect and climate change. The exhibition 
was seen by an estimated 100.000 people during 
its one month run. 

A review of intended activities in 1991-92 was 
then presented. including the planning. for 
September. 1992. of the second International 
Conference on East Asia and Western Pacific 
Meteorology and Climate. In summary he con
cluded that the Society has had continued success 
in its second year of existence with membership 
remaining stable and he hoped that member's 
interest in and support for the Society would 
grow in the coming year. 

The Hon. Treasurer, Dr. Steve Hsu, then 
presented the audited accounts of the Society for 
the year, which were adopted unanimously. 

Prior to the elections an amendment was 
proposed to Section 8.1 of the Constitution so as 
to increase the number of Executive Committee 
members from three to five and to include the 
immediate past Chairman as one of the five 
Committee members. The amendments were 
adopted. 

Election of Office Bearers of the Society, and 
appointment of the Honorary Legal Advisor and 
Honorary Auditor resulted in the following: 

Chairman Dr. W.J. Kyle 
Vice-Chairman Mr. YK. Chan 
Hon. Secretary Mr. E.S. T. Lai 
Hon. Treasurer Dr. S.1. Hsu 
Committee Dr. J.c.L. Chan 

Dr. F. Hickernell 
Dr. S.c. Kot 
Dr. YS. Li 
Mr. P.P. Sham 

Hon, Legal Ms. Venus Choy 
Advisor 
Hon. Auditor Mr. J.c.T. Wu 

The meeting agreed to continue waiver of the 
Entry Fee for all those who submit their applica
tion to join the Society in 1991 in order to en
courage a growth in membership. The following 
annual subscriptions for the year were also adopt
ed: 

HK$lS0 for Fellow 
HK$100 for Associate Member 
HK$ SO for Student Member 
US$ 20 for Corresponding Member 
HK$SOO for Institutional Member 

Special Topics Lecture Series 

Venue: Royal Observatory, Hong Kong 

Date: 30 August, 1991 

Subject: Classification of Tropical 
Rainfall Stations 

Dr. Ian Jackson, of the Department of Geog
raphy and Planning, Faculty of Resource Man
agement, University of New England, Australia 
talked to members about his work classifying 
tropical rainfall stations. Dr. Jackson, who is a 
visiting scholar at the Chinese University of Hong 
Kong, has held positions at the Universities of 
Liverpool (UK) and Dar es Salaam (Tanzania). 
His major research interest is tropical hydromete
orology and he is the author of a book "Climate, 
Water and Agriculture in the Tropics". His talk 
provided valuable insights into the problem of 
classifying tropical rainfall characteristics. It also 
illustrated the potential value of producing a satis
factory method of classification for hydrometeor
ological planning. 
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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 SIIch information to 
the Editor-in-chief along with their namets) and membership 
number(s). 

1991 

Salt Lake City, UT; USA, September 10 - 13 

7th American Meteorological Society Conference on 

"Applied Climatology". 

lOth American Meteorological Society Conference on 

"Biometeorology and Aerobiology ", 
20th American Meteorological Society Conference on 
"Agricultural and Forest Meteorology ", 

Tokyo, Japan, September 25 - 28 

International Symposium on 

"The Little Ice Age Climate ". 

Portland, OR, USA, October 6 - 11 

NATO Advanced Research Workshop on 

"The Atmospheric Methane Cycle: Sources, Sinks, 

Distributions and Role in Global Change ". 

Denver, CO, USA, October 14 - 18 

5th American Meteorological Society Conference on 

"Climate J"briations ", 
8th American Meteorological Society Conference on 

"Atmospheric and Oceanic WIves and Stability ". 
9th American Meteorological Society Conference on 

"Numerical Weather Prediction ", 

Washington, DC, USA, October 22 - 23 

3rd Annual Conference on 

"Earth Observations and Global Change Decision Making: 

A National Partnership". 
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Hong KOllg November 9 

4th Hong Kong Meteorological Society Research Forum on 

"Impact of Climate and Climate Change ", 

Guangzhou, China, November 25 - 29 

Technical Conference on 

"SPECTRUM (Special Experiment Concerning Typhoon 

Recurvature and Unusual Movement". 

Reading, England, November 27 

Royal Meteorological Society One Day Meeting on 

"The New Global Atmospheric Models". 

Hong Kong, starts December 

Hong Kong Meteorological Society and Hong Kong 

Science Museum Popular Meteorological Lecture Series. 

Taipei, Chi/Ill, December 3 - 6 

International Conference on 

"Mesoscale Meteorology and TAMEX" 

Melboume, Australia, December 9 - 13 

International Con ference on 

"The Physical Causes ofDrought and Desertification ". 

London, England, December 11 

Royal Meteorological Society One Day Meeting on 

"Orographic Effects in the Atmosphere and Oceans" 

1992 

Atlanta, GA, USA, January 5 - 10 

72nd American Meteorological Society Annual Meeting. 

3rd American Meteorological Society Symposium on 
"Global Change Studies". 
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Atlanta, GA, USA, January 5 - 10 

5th American Meteorological Society Conference on 

"Mesoscale Processes ". 
6th American Meteorological Society Conference on 
"Satellite Meteorology and Oceanography". 
8th American Meteorological Society Conference on 

"Meteorology of the Middle Atmosphere", 
8th American Meteorological Society International Confer

ence on "Interactive Information and Processing Systems for 
Meteorology, Oceanography and Hydrology ", 

Swansea, UK, January 8 - 9 

Association of British Climatologists Meeting on 
"Global Wmning and its Potential Regional Implications". 

London, England, January 15 

Royal Meteorological Society One Day Meeting on 
"Clouds and Climate ". 

Jaipur, India, January 28 - 30 

International Conference on 
"Global Atmospheric Change ". 

London, England, February 19 

Royal Meteorological Society One Day Meeting on 
"Terrestrial Processes in Climate Models ", 

HOllg Kong, March 7 

3rd Hong Kong Meteorological Society Annual Meeting. 

5th Hong Kong Meteorological Society Research Forum on 

"Remote Sensing Applications. 

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

"Scientific and Policy Issues Facing All Governments: 
Global Wlrming: A Calljor International Coordination". 

Rio de Janiero, Brazil, June 1 -12 
United Nations Conference on 
"Environment and Development". 

Quebec CiJy, Canada, June 9 -12 

26th Annual Congress of the Canadian Meteorological and 
Oceanographic Society. 

Toronto, COllado, June 22 - 26 

5th International Meeting on 
"Statistical Climatology ", 

Vladivostok, USSR, July 26 - 31 

4th International Conference on 

"Atmospheric Sciences and Applications ofAir Quality". 

University Park, PA, USA, August 3 - 8 

International Geophysical Union PrcCongrcss Meeting of 

the Commission on Climatology, 

Toronto, Canada, August 10 - 14 

3rd International Cloud Modelling Workshop. 

HOllg Kong, August 17 - 21 

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

HOllg Kong, September 7 - 10 

2nd International Conference on East Asia and Western 

Pacific Meteorology and Climate. 

GuiJdjord, Ellglalld, September 21 - 23 

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

over Topography". 

Jerusalem, Israel, December 28 - 31 

Symposium on Climate and Climate Change, 

1993 

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. 
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