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Editorial 
 
 

 

The first paper by Dr. B.Y. Lee and Dr. T.C. Lee of the Hong Kong Observatory is about 
evidence of climate change through observation records of the Observatory. 

The second paper by H.Y. Mok of the Observatory and Barbara Leung of Senior Citizen 
Home Safety Association talks about the impact of cold and hot weather on senior citizens 
in Hong Kong. 

The third paper by W.Y. Fung, K.S. Lam from Polytechnic University and Edwin Ginn, Y.W. 
Chan from Hong Kong Observatory describes a study of net radiation and albedo at Ta Kwu 
Ling. 

In December 2009, several members of the Hong Kong Meteorological Society made a trip 
to Taiwan.  A brief description of this memorable trip is included in this issue. 

Also in the current issue there is a report on the prize presentation ceremony of the Zhu 
Kezhen Prize of this year.  Congratulations to the winner, Mr. Tong Hang Wei from City 
University of Hong Kong.  

Following the very successful competitions in past years, a competition was organized in 
collaboration with the Hong Kong Society for Education in Art in 2009 for primary school 
students to tell us what they can do about climate change through their paintbrushes. For 
secondary school students, we asked them to write about the same topic in the form of 
Chinese doublet (對聯).  The two competitions received very enthusiastic support from 
schools.  The prize-giving ceremony was conducted on 25 April 2010.  The colour pages 
in the middle of this issue show the winning entries of the competitions.  

 

 

About the cover 
The cover is a photograph showing sun rays blocked by terrain taken on 21 August 2009 by 
Dr. W. L. Chang. 
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B Y Lee and T C Lee 
Hong Kong Observatory, Hong Kong, China  

Data Monitoring and Evidence of Climate 
Change in Hong Kong 
 

Abstract 
 
For over 120 years, the Hong Kong Observatory 
has been carrying out meteorological 
observations that serve as a basis for studying 
climate change in Hong Kong.  Against the 
background of global warming and urbanization, 
significant changes in the climate in Hong Kong 
have been observed, including increased 
temperature, enhanced rainfall and raised sea 
level.  Looking into the future, Hong Kong 
will become even warmer, will receive more 
variable as well as more extreme rainfall, and 
will have a sea level that keeps rising.  Today 
we have discussed some of the implications for 
Hong Kong people and offered some ways to 
deal with the changes.  Nothing short of 
concerted efforts by everybody, lifestyle 
changes, enhanced energy efficiency, use of 
renewable and alternative energies, and 
adoption of green technology and mitigation 
measures, would accomplish the feat. 
 

1. Weather monitoring in 
Hong Kong 

 
Since its establishment in 1883, the Hong Kong 
Observatory (HKO) has been monitoring 
various weather elements in Hong Kong, 
including air temperature, rainfall, cloud type 
and amount, wind speed and direction, as well 
as atmospheric pressure.  From the 20th 
century onwards, apart from a break due to the 
Second World War, the frequency of 
observations, the number of weather stations 
and the number of meteorological elements 
observed have increased through the years.  In 

respect of sea level monitoring, tide gauges 
were installed in Hong Kong since the 1950s 
and these give us over 50 years of sea level data.  
The meteorological and sea level data collected 
over the years serve as an important basis for 
studying the climate of Hong Kong. 
 
This report takes a meteorological and 
geophysical macro-view of three aspects of 
climate change in Hong Kong: temperature, 
rainfall and sea level, and touches on what they 
may mean for Hong Kong.   
 

2. The changing climate - 
evidence and implications  

 
2.1 Temperature 
 
Analysis of the temperature records at HKO 
since 1885 indicates that there has been an 
increase of about 1.5 oC during the 124-year 
period from 1885 to 2008.  The trend is 
depicted in Figure C1-1, which also shows an 
accelerating rate of increase in recent decades, 
more than the double the average rate.  As the 
Observatory is situated at the heart of Kowloon 
where development has been very active over 
the past fifty years, the temperature increase can 
be attributed to both global warming and local 
urbanization (Leung et al., 2004; Lee et al., 
2006; Wu et al., 2008).   
 
In respect of global warming, the Fourth 
Assessment Report (AR4) of the United Nations 
Intergovernmental Panel on Climate Change 
(IPCC) concluded in 2007 that most of the 
observed increase in globally-averaged 
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temperatures since the mid-20th century is very 
likely due to the observed increase in man-made 
greenhouse-gas (GHG) concentrations (IPCC, 
2007).  In respect of warming due to 
urbanization, there are several contributing 
factors: population increase, reduced wind 
speed as a result of urban development, heat 
capacity of buildings, man-made heat emission, 
and the smaller sky view factor which reduces 
the heat release back to space.   
 
Of the 1.5 oC increase, the part due to global 
warming is about 0.8 oC, according to IPCC’s 
estimation for the northern hemisphere.  The 
remaining 0.7 oC can be attributed to 
urbanization, and this agrees in general with an 
independent estimate by Leung et al. (2007).  
Empirically, some researchers suggested that 
the urbanization effect on temperature may be 
directly proportional to the logarithm of 
population (Oke, 1973; Torok et al., 2001).  If 
this is the case, then as Figure C1-2 shows, the 
rate of temperature increase due to urbanization 
is expected to slow down in future.  This 
means that, for Hong Kong, the part due to 
global warming will dominate for most of the 
21st century. 

 
What is going to happen over the next few 
decades, say by 2050?  It does not look good: 
further increases are on the way, even if all 
GHG emissions immediately stop today.  
These increases are: (a) warming of about 0.6 
oC from GHG already emitted into the 
atmosphere.  The time lag for warming to 
appear after GHG emissions is several decades; 
(b) warming of about 0.5 oC, due to reduced 
aerosols and increased sunshine as Asian 
countries clean up their air (Mishchenko et al., 
2007; New Scientist, 2009a).   

 
Taking account of global warming alone, Leung 
et al. (2007) projects that by 2050, there will be 
a further increase of 1.7 to 2.3 oC by 2050, 
based on the six emission scenarios adopted in 
IPCC AR4.  (This increase already 
incorporates the 0.6 oC latent effect described in 
(a) in the above paragraph.)  The part due to 

urbanization will be a mere 0.1 oC in view of 
reduced population growth.  Altogether, by 
2050 the total increase will be about 2.3 to 2.9 
oC from present (2004-2008), or 3.8 to 4.4 oC 
from 1885.  (Note that the lower end of this 
estimate already reflects a rather optimistic 
scenario, i.e. recycle-based.)   Such an 
increase should not be easily dismissed, if we 
consider the knock-on effects of global 
warming, which include those on ecology, 
spread of tropical diseases, injuries due to 
heatwaves, further use of energy to cool down, 
and stress on crops and farming because of 
warming on the global scale. 

 
The above estimate serves merely to re-iterate 
the urgent call by many scientists that nothing 
short of concerted efforts by the world will be 
needed.  Such efforts include lifestyle changes, 
enhancing energy efficiency, increased use of 
renewable energy, more judicious use of 
alternative energies, and further development 
and wider application of green technology. 

2.2 Rainfall 

The annual rainfall recorded at HKO since 1885 
indicates a long-term increasing trend.  Based 
on the same IPCC report, the average annual 
rainfall in Hong Kong is projected to increase 
by about 11% by the end of this century. 
(Figure 1-3, Lee et al., 2009).  From 
Figure 1-3, note also the increased year-to-year 
variability in rainfall during the century, which 
means there will be more extremely wet and 
extremely dry years.  However, the projection 
also shows a decrease of up to 5% over the next 
few decades, till 2040s.  This may, to a certain 
extent, reflect a possible decadal change in the 
rainfall of Hong Kong.  The latter is consistent 
with past trend and has somewhat been captured 
by the model projections.    

This decrease in rainfall over the next few 
decades is of immediate concern, as it is set 
against a projected increase in water 
consumption both in Hong Kong and in 
Guangdong in south China.  As you may 
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Figure 1-3 Past and projected change in annual rainfall for Hong Kong 

 
already be aware, about 70% to 80% of fresh 
water supply in Hong Kong comes from 
Guangdong.  While Hong Kong’s water 
demand is expected to increase from about 950 
million cubic metres (mcm) to 1300 mcm by 
2030 (Water Supplies Department, 2007), 
Guangdong has its own anticipated growth and 
development which will create an increase in 
water demand from the present 46 billion cubic 
metres (bcm) to 52 bcm by 2020 (Water 
Resources Department of Guangdong Province, 
2008; People’s Government of Guangdong 
Province, 2007).  So where will the water 
come from? 
 
Unfortunately, despite the best intentions saving 
water in the city is not enough.   We drink 
only a couple of litres a day, and the total daily 
use may be about 100 litres per capita.  In 
comparison, it takes more than 10 000 litres to 
produce a kilogram bolt of cloth.  The food we 
eat each day requires 2 000 to 5 000 litres to 
produce.  It takes 15 000 litres to produce a 
kilogram of beef, compared with 2 000 litres for 
a kilogram of vegetable.  The situation will get 
worse as the world gets richer, because 

affluence means that people are eating more 
meat. 

 
So what can we do?  A simple answer is to 
find ways to collect more water.  After all, we 
are only extracting for our own use less than 
10% of precipitation in the world.  There are 
many ways.  Examples include: more 
reservoirs and dams, but these may have 
ecological effect; more recycling and 
de-salination, but these involve costs.  One 
useful suggestion is to increase the water 
efficiency in agriculture: agriculture currently 
uses up 75% of the world’s water.  Some 
developing countries are using twice as much 
water in producing crops as developed countries.  
A significant portion of the world’s cotton, a 
very thirsty crop, is produced in the rather dry 
central Asia (The Economist, 2009).  We can 
look to Australia as a good example in water 
efficiency.  The country suffers from its worst 
drought in the past ten years.  In response, 
some Australian farmers have switched to less 
thirsty crops and are able to keep farm output 
stable.  In some cases water productivity has 
even doubled.  
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At the individual level we can also do our part 
to save water.  It only involves a simple switch 
in lifestyle --- make sure we wear our clothes 
many times before disposal, and more 
importantly, change our eating habit to less 
meat and more vegetable.  This is healthier 
too.   

 
2.3 Sea level 
 
Since tide-gauge records began in the 1950s, the 
mean sea-level in Hong Kong’s Victoria 
Harbour has risen by about 13 cm during the 
period 1954 to 2008.  The trend has been 
found to be similar to that observed by satellite 
remote sensing over the South China Sea since 
the early 1990s, as well as tide gauge records at 
other coastal stations in the region (Wong et al., 
2003).  IPCC’s AR4 predicted in 2007 that the 
sea-level will rise between 18 and 59 cm by 
2100. 

 
Since 2007, scientists have learnt more about 
what is behind the rise and have pinpointed the 
leading causes of sea-level rise in the past 
century.  The first contributor is the melting of 
mountain ice in such places as Alaska and the 
Himalayas.  This is expected to add another 10 
to 20 cm to sea level by 2100.  The second 
contributor is the thermal expansion of ocean 
water, which depending on the emission 
scenarios is expected to raise the sea level by 20 
to 50 cm (New Scientist, 2009b) by 2100.  
Thus, even the lowest estimates of these two 
effects alone are already higher than those of 
IPCC. 

 
The third contributor is the big land ice of 
Greenland and Antarctic, which together hold 
enough water to raise sea level by 70 metres.  
IPCC predicted that Greenland would contribute 
up to 12 cm to sea-level rise by 2100, while 
Antarctica would eventually gain ice (IPCC, 
2007).  However, recent studies show that this 
may be too conservative.  Both these ice caps 
have been monitored closely over the past 
couple of years, and found to be melting at a 
faster rate (Guðfinna Aðalgeirsdóttir, 2008; 

Rignot et al., 2008). 
 

Taken together, these three factors are expected 
to contribute 0.4 to 0.8 m to sea-level rise by 
2100.  Another simpler approach taken 
recently relates the sea level to temperature and 
has identified good correlation between them 
for the past 120 years.  The projection based 
on this approach is 0.5 to 1.4 m (Rahmstorf, 
2007).  Some scientists however argue that the 
linear relation would not hold for the future 
because there is multiple positive feedback, 
such as lubrication of glaciers by meltwater.  
Their estimates come to 0.8 to 2 metres (Pfeffer 
et al., 2008).  

 
So what does this hold for Hong Kong?  
Whatever the future projection, it now looks 
more than likely the IPCC AR4’s estimate in 
2007 is too optimistic, as the lowest and most 
conservative estimates are now already 
comparable to IPCC’s highest estimate.   
Like many coastal cities, Hong Kong will be 
affected by more severe flooding and storm 
surges.  There have been incidences of 
flooding caused by rain runoff backed up by 
high tides and/or wind waves.  There have also 
been cases of water salination as a result of 
seawater intrusion into the Pearl River estuary.  
A raised sea level will make things worse.   

 
In respect of storm surge, which is elevated sea 
level brought about by an approaching tropical 
cyclone, we do not have to look too far back.  
In September 2008, Typhoon Hagupit brought a 
storm surge exceeding 1.4 m, resulting in severe 
flooding in a number of low-lying places.  The 
worst hit was Tai O, a fishing village west of the 
Hong Kong International Airport on Lantau 
Island (Hong Kong Observatory, 2008), as 
shown in Figure 1-4.  You can imagine what it 
is going to be like when, with a raised sea level 
brought by global warming, Hong Kong is hit 
by a similar storm in future.     

 
Hong Kong also suffered severely back in 
September 1983, when Typhoon Ellen brought a 
storm surge exceeding 1.7 metres to the western 
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part of Hong Kong and overflowed onto many 
coastal and underground structures (Hong Kong 
Observatory, 1983).  As a result, anti-flood 
structures were extensively implemented in 
many places in Hong Kong (Figure 1-5).  With 

a raised sea level, it may be necessary to re-visit 
the design and/or improvement of all coastal 
and underground infrastructures that are 
vulnerable to this aspect of climate change. 
 

 

 
 
Figure 1-4 Severe flooding in Tai O during the passage of Typhoon Hagupit on 25 September 
2008 (courtesy of TVB). 

 

 

(a) (b) 

Figure 1-5 Anti-flood structures in Hong Kong.  (a) ramp at the MTR entrance and (b) seawall 
upgrading works for Ma On Shan Waterfront Promenade (Courtesy of Civil Engineering and 
Development Department). 
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H.Y. Mok a and Barbara Leung b 
a Hong Kong Observatory, Hong Kong, China 
b Senior Citizen Home Safety Association, Hong Kong, China 

The impact of cold and hot weather on senior 
citizens in Hong Kong 
 

 

Abstract 
 
The health impact of cold and hot weather on 
senior citizens in Hong Kong was studied based 
on the daily number of users who activated the 
Personal Emergency Link Service and who 
subsequently required hospitalization.  The 
study reveals that the health of senior citizens in 
Hong Kong is affected by both cold and hot 
weather.  They are more vulnerable to low 
temperatures in cool seasons than high 
temperatures in hot seasons.  Relative 
humidity is another factor influencing the health 
impact of the hot/cold weather.  Senior citizens 
face higher health risk in dry conditions on Cold 
Days (with daily minimum temperatures ≦ 
12.0 oC).  The health risk is lower in dry 
conditions on Hot Nights (with daily minimum 
temperatures ≧ 28.0 oC).   
 
KEY WORDS:  senior citizens; Personal 
Emergency Link Service; hospitalization; Hong 
Kong  
 

1.  Introduction 
 
Hong Kong, located at the coast of southern 
China (22.3oN, 114.2oE), has a monsoonal 
climate. Winter in Hong Kong (December, 
January and February) sometimes has cold days 
with daily minimum temperatures below 10oC.  
Spells of high humidity occur occasionally in 
March and April.  May to August is hot and 

humid with afternoon temperatures often 
exceeding 31oC.  According to the 30-year 
(1971-2000) climatological normals, there are 
about 19 Cold Days (daily minimum 
temperatures ≦ 12.0 oC ), 13 Hot Nights (daily 
minimum temperatures ≧ 28.0 oC) and 10 Very 
Hot Days (daily maximum temperatures ≧ 33.0 

oC ) annually in Hong Kong (Lee et al, 2007).   
 
The health impact of cold and hot weather on 
human populations has been widely studied 
(Alberdi et al, 1998; Keatinge et al, 1995; 
Kunst et al, 1993).  In Hong Kong, Leung et al 
(2008) found that the mortality rate would 
increase in hotter weather in summer and in 
colder weather in winter.  While mortality has 
been commonly used as an indicator in studies 
on weather related health risks, it cannot truly 
reflect the health impact of weather as death is a 
rare event which may be caused by many 
factors other than weather.  A less “restrictive” 
indicator would be desirable to represent health 
impacts on senior citizens in Hong Kong in cold 
and hot weather.  This study used the daily 
number of users of the Personal Emergency 
Link Service who called for the Service and 
who subsequently required hospitalization as 
recorded by the Hong Kong Senior Citizen 
Home Safety Association (the Association) as 
such an indicator. 
 
The Association is a non-governmental 
organization.  It operates the 24-hour 
emergency support and care service, the 
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Personal Emergency Link Service (PE-Link 
Service) for senior citizens in Hong Kong.  
The details of the PE-Link Service are described 
in Appendix I.  It has been observed that both 
the daily number of calls for the PE-Link 
Service and the daily number of callers who 
subsequently require hospitalization are higher 
in cold and hot weather compared with normal 
times.  Of these two types of daily numbers, 
the daily number of callers eventually requiring 
hospitalization was chosen as an indicator of 
health impact for this study because some of the 
calls are not health related, e.g. requests for 
information and appeals to settle family 
disputes.  On the other hand, the daily number 
of callers eventually requiring hospitalization is 
a more specific measure representing real 
impact experienced by senior citizens in Hong 
Kong.  This study explored the relationship 
between the daily number of users making 
PE-Link calls requiring subsequent 
hospitalization and the ambient air temperature 
and other meteorological parameters. 
 

2. The Data Set 
 
As at 31 December 2008, the PE-Link Service 
was serving 63,505 active users.  Among the 
63,505 active service users, about 70% of them 
were senior citizens aged 75 or above and more 
than 90% of them suffered from one or more 
chronic diseases.  In this study, the PE-Link 
Service users were taken as representative of the 
more vulnerable senior citizens in Hong Kong.    
 
The daily numbers of PE-Link Service users 
who called for the Service and required 
subsequent hospitalization recorded by the 
Association in the period from 1 January 2004 
to 31 December 2008 were used for this study.  
The number of users increased from 29,397 on 
1 January 2004 to 63,505 on 31 December 2008.  
To facilitate comparison and analysis, the daily 
numbers were normalized to a population of 
50,000 PE- Link Service users.  The 
normalized daily number of users who called 
for the Service and required subsequent 

hospitalization is denoted as PE. 
 
Air temperature, relative humidity and wind 
speed together constitute the thermal stress to 
human beings (Li et al, 2000).  As the PE-Link 
Service users remain indoors when they request 
the service, the effect of wind speed on PE 
would be minimal.  It is therefore not be 
included in this study.  Furthermore, as the 
daily mean temperature can hide significant 
patterns in temperature variations at the two 
extremes of the temperature scale, the effects of 
daily maximum and minimum temperatures 
instead of daily mean temperatures are 
analysed. 
 
The daily maximum temperature (Tmax), daily 
minimum temperature (Tmin) and daily mean 
relative humidity (RH) recorded at the Hong 
Kong Observatory Headquarters from 1 January 
2004 to 31 December 2008 were used for 
analysis.  During the period, there were 103 
Cold Days (Tmin≦12.0 oC), 98 hot nights (Tmin 
≧ 28.0 oC) and 61 Very Hot Days (Tmax ≧ 33.0 

oC).  The lowest Tmin was 6.4 oC recorded on 1 
January 2005 and the highest Tmax was 35.4 oC 
recorded on 19 July 2005. 
 

3.  Analysis and Results 
3.1.  Seasonality of PE 
 
In the period from 1 January 2004 to 31 
December 2008 (the study period, a total of 
1,827 days), the total normalized number of PE 
Link Service callers requiring hospitalization 
was 132,797 with a normalized daily average of 
72.7+11.9.  Table 2-1 shows the average PE 
for the 765 days in the hot seasons (May to 
September) and for the 1,062 days in the cool 
seasons (October to April) in the study period.   
 
The t-test (Wilks, 1995) was conducted to 
examine whether the average PE for the 1,062 
days in the cool seasons was significantly 
different from that for the 765 days in the hot 
seasons in the study period from 1 January 2004 
to 31 December 2008.  The  t-test results 
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Table 2-I.  Statistics on the average daily number of callers requiring hospitalization in the hot 
seasons (May to September) and cool seasons (October to April) in the period from 1 January 2004 
to 31 December 2008.  The figures are normalized to a population of 50,000 PE-Link Service users. 
 

Period 
Average 

(callers/day)
Standard Deviation 

(callers/day) 

Whole study period  72.7 11.9 

Hot season 71.1 10.9 

Cool season 73.8 12.5 

 

 

indicated that the difference was significant at 
the 5% level (p-value =5.22x10-7).  Thus, in 
the study period there were on average more 
callers requiring hospitalization on days in the 
cool seasons than in the hot seasons.  In 
broader terms, senior citizens in Hong Kong 
were at higher health risk in the cool season 
than in the hot season.  

 
3.2. Variation of PE with respect to Tmax 
 
Denoting the total number of days in the study 
period with Tmax in the range ∣Tmax∣to 
∣Tmax∣+ 1.9 oC by n, the average PE of these 
n days, denoted as PE(Tmax), was obtained by 
dividing the sum of the PE for these n days by n.  
The choice of the 2oC increment was to increase 
the statistics of the number of calls made within 
the temperature range. 
 
Figure 2-1 shows the variation of PE(Tmax) with 
respect to Tmax.  The standard errors for 
PE(Tmax) were also shown in the figure to 
illustrate the variation of PE(Tmax) in the 
respective Tmax range.  It shows that PE(Tmax) 
has a U-shape relationship with Tmax with a 
minimum of about 70.0 callers/day for 28.0 oC 
≦ Tmax ≦ 29.9 oC.  The t-test results show 
that the PE(Tmax)s for 26.0 oC ≦ Tmax ≦ 27.9 oC 
(p-value=0.134) and 30.0oC ≦ Tmax ≦ 31.9 oC 
(p-value=0.092) were insignificantly different 
from that for 28.0 oC ≦ Tmax ≦ 29.9 oC at the 

5% level.  The value of 70.0 callers/day could 
be regarded as the baseline level for PE(Tmax) 
which apparently did not vary for 26.0 oC ≦ 
Tmax ≦ 31.9 oC.  This reveals that the health 
status of senior citizens in Hong Kong was 
apparently not affected by variation of Tmax 
within this range of Tmax.  This range of Tmax 
(26.0 oC to 31.9 oC) could be regarded as the 
homeostasis range of Tmax for senior citizens in 
Hong Kong.   
 
For Tmax outside the homeostasis range, PE(Tmax) 
increased with increasing Tmax for Tmax ≧ 32.0 

oC, and increased with decreasing Tmax for Tmax 
< 26.0 oC.  The PE(Tmax) was higher than the 
baseline level (70.0 callers/day) by about 7% 
for 34.0 oC ≦ Tmax ≦ 35.9 oC and by more than 
9% for Tmax < 18.0 oC.   
 
 
3.3. Variation of PE with respect to Tmin 
 
Similar to PE(Tmax), PE(Tmin) was defined as the 
average PE for those days with Tmin in the range 
∣Tmin∣to ∣Tmin∣+ 1.9 oC.   
 
The variation of PE(Tmin) with respect to Tmin 

(Figure 2-2) shows a similar pattern to that of 
PE(Tmax).  It had a minimum of about 70.0 
callers/day for 24.0 oC ≦ Tmin ≦ 25.9 oC.  The 
t-test results showed that the PE(Tmin)s for 20.0 

oC ≦ Tmin ≦ 21.9 oC (p-value=0.056), 22.0 oC 
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≦ Tmin ≦ 23.9 oC (p-value=0.341) and 26.0 oC 
≦ Tmin ≦ 27.9 oC (p-value=0.102) were 

insignificantly different from that for 24.0 oC ≦ 
Tmin ≦ 25.9 oC at the 5% level. 

 

 

Figure 2-1 Variation of the average normalized daily number of PE-Link Service callers who 
required subsequent hospitalization (PE) at different ranges of daily maximum temperature (Tmax) at 
2 oC intervals. The t-test results showed that the values of average PE for Tmax of 26.0 oC to 27.9 oC, 
28.0 oC to 29.9 oC and 30.0 oC to 31.9 oC were statistically not different from each other. 
 

 

Figure 2-2. Variation of the average normalized daily number of PE-Link Service callers who 
required subsequent hospitalization (PE) at different ranges of daily minimum temperature (Tmin) at 2 

oC intervals. The t-test results showed that the values of PE for Tmin of 20.0 oC to 21.9 oC, 22.0 oC to 
23.9 oC, 24.0 oC to 25.9 oC and 26.0 oC to 27.9 oC were statistically not different from each other. 
 

(to be continued on P. 26) 
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Society Events  
 

Visit to the Meteorological Community of Taiwan 
 
Several members of the Hong Kong Meteorological Society paid a visit to the meteorological 
community of Taiwan in December 2009.  The visit covered weather bureau, universities and 
research centres.  Our members were given high profile reception and even got the chance to visit a 
historic observatory in Tainan and the August 8, 2009 mudflow and flooding disaster site in Ping 
Tung.  The visit was considered very fruitful and successful. 
 
 
 

 

Pictures taken during the Taiwan trip in December 2009 
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Presentation of Zhu Kezhen Prize (竺可禎獎 ) 
The Zhu Kezhen Prize was set up in 1996 through a generous donation from Society Honorary 
member and ex-Director of the Hong Kong Observatory Mr. Patrick Sham.  The prize is termed 
the Zhu Kezhen Prize in honour of the distinguished Chinese meteorologist, Zhu Kezhen.   

The jury for the prize in 2009 consisted of Dr. K.S. Lam from Hong Kong Polytechnic University, 
Dr. David H.Y. Lam from Hong Kong Observatory and Mr. Clarence C.K. Fong from Weather 
Underground.  

Mr. Tong Hang Wei of Department of Physics and Materials Science, City University of Hong 
Kong won the award of 2009 for his paper titled “The role of MJO and mid-latitude fronts in the 
South China Sea summer monsoon onset” published in Climate Dynamics 2008.  The jury agreed 
unanimously that the work of Mr. Tong is of high standard and the paper would be a useful 
reference of the subject concerned. 

On 28 August 2009 during Annual General Meeting of the Society, our Chairman Mr. Lam 
Chiu-ying presented the award to Mr. Tong and also congratulated him on his achievement. 
 

 

Painting Competition for Primary School Students  
“What can we do about climate change?” 

A competition was organized in collaboration with the Hong Kong Society for Education in 
Art in 2009 for primary school students to represent their concerns for climate change by 
painting.  It received very enthusiastic support from schools.  The prize-giving ceremony 
was conducted on 25 April 2010. The following colour pages show the winning entries of the 
competitions. 

「氣候轉變  我們可以做些甚麼?」 
小學生繪畫比賽 

香港氣象學會及香港美術教育協會在 2009 年舉辦了「氣候轉變 - 我們可以做些

甚麼?」小學生繪畫比賽，讓同學們利用圖畫來表達對氣候轉變的闗注。比賽反

應熱烈，頒獎典禮於 2010 年 4 月 25 日舉行。下列是得獎作品。 

  Society Chairman Mr. Lam 
Chiu-ying (right) presenting 
Zhu Kezhen award certificate 
to Mr. Tong Hang Wei of 
Department of Physics and 
Materials Science, City 
University of Hong Kong 
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小學初級組(一至三年級) 得獎作品   Primary School Students (1-3) 

 

 

冠軍 Champion 
王諾琳 

將軍澳循道衛理小學 
 

 

亞軍 1st Runner-up 
 

唐穎琳 
瑪利諾修院學校(小學部) 

 

季軍 2nd Runner-up 
 

李芷澄 
聖愛德華天主教小學 
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優異獎 Merit Prize 

 
郭藹翹 將軍澳循道衛理小學 

 
蔣穎兒 大埔舊墟公立學校(寶湖道) 

 
文禮信 拔萃男書院附屬小學 

 
鄭考峰 大埔舊墟公立學校(寶湖道) 

 
鍾鈞湧 九龍塘宣道小學 

 
麥穎桐 將軍澳循道衛理小學 

 
蘇浩勤 視藝畫室 

 
吳梓維 大埔舊墟公立學校(寶湖道) 
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「氣候轉變  我們可以做些甚麼?」繪畫比賽 
 小學高級組(四至六年級)得獎作品 

Painting Competition for Primary Students (4-6) 
“What can we do about climate change?” 

 

 

冠軍 Champion 
 

李翠妍 
聖公會榮真小學 

 

亞軍 1st Runner-up 
 

蘇潔儀 
聖公會德田李兆強小學 

 

亞軍 1st Runner-up 
 

陳境朗 
聖公會德田李兆強小學 
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季軍 2nd Runner-up 
 

羅天蔚 
瑪利諾修院學校(小學部)

 

季軍 2nd Runner-up 
 

郭建增 
荃灣公立何傳耀紀念小學

 
優異獎 

Merit Prize 

 
 

 
蘇可津 香港華人基督教聯會真道書院 

吳泊漁 
聖公會 

德田李兆強小學
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陳穎彤 香港華人基督教聯會真道書院  

劉址朗 獅子會何德心小學 

 
楊學文 聖公會德田李兆強小學 

 
蘇昭溢 聖公會德田李兆強小學 

 
梁芷晴 東華三院姚達之紀念小學 

 
馮芯汶 聖愛德華天主教小學 

 
歐汶澔 拔萃男書院附屬小學 

 
余穎芯 將軍澳循道衛理小學 
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Chinese Doublet Competition for Secondary School Students 
“What can we do about climate change?” 

A very innovative competition was organized in 2009 for secondary school students to 
represent their concerns for climate change by writing Chinese doublets.  We also invited 
renown experts in Chinese doublet Mr. S.S. Yeung and ex-Director of Hong Kong 
Observatory Mr. C.Y. Lam to be judges.  The prize-giving ceremony was conducted on 
25 April 2010.  The followings are the winning entries of the competitions. 
 

「氣候轉變  我們可以做些甚麼?」 
中學生對聯比賽 

 
香港氣象學會在 2009 年舉辦了別開生面的中學生對聯比賽，以「氣候轉變 - 我
們可以做些甚麼?」為題，讓同學們創作對聯來表達對氣候轉變的闗注。我們更

邀請了香港著名對聯專家楊瑞生先生及前香港天文台台長林超英先生擔任評

判，頒獎典禮於 2010 年 4 月 25 日舉行。下列是得獎作品。 
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COLOUR FIGURES 

 

 
Figure C1-1 Annual mean temperature recorded at the Hong Kong Observatory (1885-2008).  
Data was not available from 1940 to 1946 because of World War II.  
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Figure C1-2 Time series of the population (in logarithm scale) in Hong Kong (1885 to 2036).  
Blue curve represents the past actual data and red curve the projected data.  (Data : Census and 
Statistics Department and Planning Department, 2007) 

 

 
Figure C3-4  Monthly mean daily global solar radiation from the sky (Qs,sky), global solar 
radiation reflected from the grass surface (Qs,gd,g), the concrete surface (Qs,gd,c), infrared 
radiation from the sky (QL,sky), infrared radiation reflected from the grass surface (QL,gd,g) and the 
concrete surface (QL,gd,c) at Ta Kwu Ling (Grass surface: March – July 2007; Concrete surface: 
August 2007 – February 2008) 
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Figure C3-5  Monthly mean hourly values of (a) solar radiation from the sky, Qs,sky, (b) solar 
radiation emitted from the ground surface, Qs,gd,g / Qs,gd,c , (c) infrared radiation from the sky, 
QL,sky , and (d) infrared radiation emitted from the ground surface, QL,gd,g / QL,gd,c in four 
selected months (March and July – grass surface; October and January – concrete surface) 
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Figure C3-6  Average hourly values of (a) solar radiation emitted from the ground; (b) infrared 
radiation emitted from the ground over concrete and grass surfaces 
 

 
 

Figure C-7  Mean hourly (9:00 am to 4:59 pm) albedos over the concrete and grass surfaces during 
the hot and cold seasons (Cap of the bar – 95% upper and lower limits of the mean).
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Figure 2-3 Variation of the average normalized daily number of PE-Link Service callers who 
required subsequent hospitalization (PE) at different ranges of daily average relative humidity (RH) 
at 5% intervals in the hot season (May to September).  The dotted line shows the best linear fit with 
a correlation coefficient R2 of 0.21 

 

Figure 2-4. Variation of the average normalized daily number of PE-Link Service callers who 
required subsequent hospitalization (PE) at different ranges of daily average relative humidity (RH) 
at 5% intervals in the cool season (October to April).  The dotted line shows the best linear fit with 
a correlation coefficient R2 of 0.55. 
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This range (20.0 oC to 27.9 oC) could be 
regarded as the homeostasis range of Tmin for 
senior citizens in Hong Kong. 
 
At higher Tmin, PE(Tmin) exceeded the baseline 
value by more than 5% for hot nights with Tmin 
≧28.0 oC.  On the low temperature end, 
PE(Tmin) increased with decreasing Tmin for Tmin 
< 20.0 oC.  It exceeded the baseline value by 
more than 10% for Tmin < 14.0oC.       
 
3.4. Variation of PE with respect to RH 
 
Similar to PE(Tmax) and PE(Tmin), PE(RH) was 
defined as the average PE for those days with 
RH in the range ∣RH∣to ∣RH∣+ 4.9%.  
The choice of the 5% increment was to increase 
the statistics of the number of calls made within 
the RH range.   
 
Figure 2-3 and 2-4 (on P. 25) show the 
variations of PE with respect to RH at 5% 
intervals in the cool and hot seasons 
respectively.  Data points with frequency of 
occurrence less than 10 (i.e. on average less 
than two days per year in the study period) were 
not plotted.   
 
In the hot seasons, the PE increased with 
decreasing RH but the trend was statistically 
insignificant.  It reveals that variation of 
relative humidity apparently has insignificant 
impact to senior citizens in Hong Kong in hot 
seasons.  In the cool seasons, the PE increased 
with decreasing RH with a statistically 
significant trend.  The PE was higher at drier 
conditions for relative humidity lower than 60%.  
It reveals that senior citizens in Hong Kong are 
more vulnerable in drier conditions in the cool 
seasons.   
 
3.5. Probability of days with high PE  
 
The probability of days with high PE (denoted 
as PE(H) day) at different Tmin (or Tmax) and RH 
domains was also studied.  PE(H) day is 

defined as the days with PE higher than the 
mean daily value by more than one standard 
deviation.  The probability of PE(H) day for a 
specific Tmin (or Tmax) and RH domain can be 
determined by the percentage of the number of 
PE(H) days among all the days in the domain.  
As the average PE in the hot and cool seasons 
were statistically different from each other 
(Table 2-1), the probabilities of high PE(H) 
days in the two seasons were analysed 
separately. 
 
To examine the effect of RH on the probability 
of PE(H) day, the RH was categorized into three 
domains in this study with RH ≦70%, 70% < 
RH < 85%, and RH ≧ 85% corresponding to 
“dry”, “normal” and “humid” conditions in 
Hong Kong respectively.   

 
3.5.1. Variation of the probability of 
PE(H) day with Tmax and RH in the hot 
season 
 
As the average PE in the hot season in the study 
period was 71.1+10.9 callers/day (Table 2-1), 
those days with PE > 82.0 callers/day were 
regarded as PE(H) days in the hot season.  
Figure 2-5 shows the variation of the probability 
of PE(H) day for Tmax higher than or equal to 
specified values at a 2oC increment in the hot 
season.  It was noted that the probability of 
PE(H) day for Tmax ≧ 28.0 oC was about 15% 
and started to increase at higher Tmax. The 
probability for Tmax ≧ 34.0 oC was about 25%.  
 
The probabilities of PE(H) day at different Tmax 
and RH domains in the hot season in the study 
period are summarized in Table 2-2.  The 
number in the bracket of each domain is the 
number of days with the specific Tmax and RH in 
the study period.  The probabilities of PE(H) 
day for all RH and all Tmax in their respective 
ranges are shown in the last row and right-most 
column of the table respectively.   
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Figure 2-5 Variation of the probability of occurrence of high normalized daily number of PE-Link 
Service callers who required subsequent hospitalization (PE(H) day) for daily maximum temperature 
(Tmax) higher than or equal to specified values in the hot season. 

 

Figure 2-6. Variation of the probability of occurrence of high normalized daily number of PE-Link 
Service callers who required subsequent hospitalization (PE(H) day) for daily minimum temperature 
(Tmin) higher than or equal to specified values in the hot season. 
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Table 2-2. The probabilities of occurrence of high normalized daily number of PE-Link Service 
callers who required subsequent hospitalization (PE(H) day) for different daily maximum 
temperature (Tmax) and daily average relative humidity (RH) in the hot season (May to September).  
The numbers in bracket are the number of days with the specific Tmax and RH in the study period. 
 

RH 
Tmax (

oC) 
RH≦70% 70% <RH <85% RH≧85% All RH range 

<28.0 0% (2) 19% (26) 15% ( 94 ) 16% (122) 

28.0≦Tmax<33.0 13% (39) 17% (384) 11% (159) 15% (582) 

≧33.0 0% (6) 20% (55) - (0) 18% (61) 

All Tmax range 11% (47 ) 17% (465) 13% ( 253 ) 15% (765) 

 

Table 2-3. The probabilities of occurrence of high normalized daily number of PE-Link Service 
callers who required subsequent hospitalization (PE(H) day) for different daily minimum 
temperature (Tmin) and daily average relative humidity (RH) in the hot season (May to September).  
The numbers in bracket are the number of days with the specific Tmin and RH in the study period. 

RH 
Tmin (oC) 

RH≦70% 70% <RH <85% RH≧85% All RH range 

<23.0 29 (7) 5% (19) 16% (25) 14% (51) 

23.0≦Tmin<28.0 9% (33) 16% (356) 12% (227) 14% (616) 

≧28.0 0% (7) 27% (90) 0% (1) 24% (98) 

All Tmin range 11% (47) 17% (465) 13% (253) 15% (765) 

 

 

It was noted that there was no “humid” Very 
Hot Days in the study period.  The probability 
of PE(H) days for the “normal” Very Hot Days 
was 20% and there was no PE(H) day in the 6 
“dry” Very Hot Days.  A t-test for the 
significance of the difference in the 
probabilities of high PE(H) days for these two 
RH ranges was conducted. The difference was 
insignificant at the 5% level (p-value= 0.115).  
This indicated that the health risk of senior 
citizens in Hong Kong were not significantly 
higher in high relative humidity on Very Hot 
Days.  
 
3.5.2 Variation of the probability of 
PE(H) day with Tmin and RH in the hot 

season 
 
Figure 2-6 shows the variation of the probability 
of PE(H) day for Tmin higher than or equal to 
specified values at a 2oC increment in the hot 
season.  It was noted that the probability for 
Tmin ≧ 24.0oC was about 15% and started to 
increase at higher Tmin.  The probability for 
Tmin ≧ 28.0oC was about 25%.   
 
Table 2-3 summarizes the probabilities of PE(H) 
day at different Tmin and RH domains in the hot 
season.  The probabilities of PE(H) day for all 
RH and all Tmin in their respective ranges are 
shown in the last row and right-most column of 
the table respectively. There was only one 
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“humid” Hot Night in the study period.  For 
the other two categories of RH, the probability 
of PE(H) day for the “normal” Hot Nights was 
27% whereas there was no PE(H) day in the 7 
“dry” Hot Nights.  A t-test was conducted for 
the significance of the difference between the 
two probabilities.  The difference was 
marginally insignificant at the 5% level but 
significant at the 10% level (p-value=0.058).  
This indicated that senior citizens in Hong Kong 
were less vulnerable on “dry” Hot Nights than 
on ‘normal’ Hot Nights. 
 
3.5.3. Variation of the probability of 
PE(H) day with Tmin and RH in the cool 
season 
 
As the average PE in the cool season in the 
study period was 73.8+12.5 callers/day 
(Table 2-1), those days with PE > 86.3 
callers/day were regarded as PE(H) days in the 
cool season.  Figure 2-7 shows the variation of 
the probability of PE(H) day for Tmin lower than 
or equal to specified values at 2oC increment in 
the cool season.  The probability of PE(H) day 
for Tmin  24.0≦  oC was about 15% and started to 
increase with decreasing Tmin.  The probability 
for Tmin 8.0 ≦ oC was about 43%.        
 
Table 2-4 summarizes the probabilities of PE(H) 
day for different Tmin and RH domains in the 
cool seasons in the study period.  The 
probability of PE(H) day was 38% for Cold 
Days.  The probabilities of PE(H) day for all 
RH and all Tmin in their respective ranges are 
shown in the last row and right-most column of 
the table respectively. Comparing the 
probability of PE(H) day for Cold Days with 
those for Very Hot Days and Hot Nights in 
Table 2-2 and Table 2-3 respectively, the t-test 
results showed that the probability of PE(H) day 
on Cold Days were higher than that on Very Hot 
Days (p-value:0.004) and that on Hot Nights 
(p-value:0.021) at the 5% level.  This revealed 
that senior citizens in Hong Kong were at 
higher health risk on Cold Days in the cool 
season than on Hot Nights and Very Hot Days 

in the hot season.  Availability of 
air-conditioning practically everywhere in 
summer and lack of central heating in most 
places in winter in Hong Kong might be the 
major reason for the observed phenomena. 
 
The probabilities of PE(H) day for “dry”, 
“normal” and “humid” Cold Days were 46%, 
23% and 32% respectively.  The t-test results 
showed that the probability of high PE(H) day 
for “dry” Cold Days was significantly higher 
than that for “normal” Cold Days 
(p-value:0.029) but insignificantly different 
from that for “humid” Cold Days (p-value:0.129) 
at the 5% level.  On the other hand, the 
probability of high PE(H) day for “humid” Cold 
Days was insignificantly different from that for 
“normal” Cold Days (p-value:0.251). 
 
There were a total of 44 “normal” and “humid” 
Cold Days in the study period.  The probability 
of high PE(H) day for these 44 Cold Days was 
about 27% which was significantly lower than 
that for the 59 “dry” Cold Days at the 5% level 
(p-value:0.020).  The results showed that 
senior citizens in Hong Kong were more 
vulnerable to dry conditions on Cold Days in 
terms of health.       
 

4. Conclusion 
 
The health of senior citizens in Hong Kong was 
affected by both cold and hot weather.  They 
were at higher health risks in cold than in hot 
weather.  They were more vulnerable on Cold 
Days in the cool season than Hot Nights and 
Very Hot Days in the hot season.  Relative 
humidity was another factor influencing the 
health impact of cold and hot weather.  It could 
enhance or reduce the effect of temperature to 
the health of senior citizens in Hong Kong.  In 
the hot season, senior citizens in Hong Kong 
were less vulnerable on “dry” Hot Nights than 
Hot Nights with higher relative humidity.  On 
the other hand, they were more vulnerable on 
“dry” Cold Days than Cold Days with higher 
relative humidity in the cool season.   
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Figure 2-7 Variation of the probability of occurrence of high normalized daily number of PE-Link 
Service callers who required subsequent hospitalization (PE(H) day) for daily minimum temperature 
(Tmin) lower than or equal to specified values in the cool season. 
 
 
 
Table 2-4 The probabilities of occurrence of high normalized daily number of PE-Link Service 
callers who required subsequent hospitalization (PE(H) day) for different daily minimum 
temperatures (Tmin) and daily average relative humidity (RH) in the cool season (October to April).  
The numbers in bracket are the number of days with the specific Tmin and RH in the study period. 
 

RH 
Tmin (oC) 

RH≦70% 70% <RH <85% RH≧85% All RH range 

≦12.0 46% (59) 23% (22) 32% (22) 38% (103) 

12.0< Tmin≦17.0 24% (103) 22% (125) 15% (53) 21% (281) 

>17.0 10% (134) 8% (379) 12% (165) 9% (678) 

All Tmin range 22% (296) 12% (526) 15% (240) 15% (1062) 
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Appendix I 

 

Personal Emergency Link Service (PE-Link Service) 

The PE-Link Service started operation in 1996.  It operates on the PE-Link System which consists 
of two parts, the main unit connecting to the fixed phone line at users’ home and a remote trigger.  It 
operates through integrated communication system which enables duplex voice communication.  
Whenever the service users require assistance, they can simply press the one-touch button on the 
remote trigger.  Signal will then be sent to the main unit of the PE-Link System via radio frequency 
and it will dial a phone call to the Association’s 24-hour operating call centre.  Services using 
similar technology have been rendered in other countries such as USA, Canada, Australia, UK, North 
America, etc. (De San Miguel et al, 2008; Dibner, 1992).  After receiving the call, operators will 
communicate with the service users through the full duplex voice communication of the device, 
identify their needs and assess the situation.  The operators will provide timely assistance according 
to the previously agreed protocol, such as informing the users’ emergency contact persons or sending 
users with illnesses to the public hospitals.  If the operators do not receive any voice response from 
the users within 2 minutes after their emergency calling, the operators will treat the case as an 
emergency and send for the Fire Service to undertake rescue accordingly.  As at 31 December 2008, 
the Association has rendered 24-hour timely care to more than 120,835 service users in Hong Kong 
in the past 12 years. Over the past 12 years, the Association received 3,056,461 calls, of which 
173,927 calls required timely medical assistance. 
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Abstract 
 
Net radiation is the major natural heat source 
that governs the surface energy balance within 
the boundary layer. Four surface radiation 
components that determine net radiation were 
measured over grass and concrete surfaces from 
March 2007 to February 2008 at Ta Kwu Ling. 
A net radiometer consisting of two 
pyranometers and two pyrgeometers was 
installed to measure both the incoming solar and 
infrared radiations from the sky, and the 
outgoing solar and infrared radiations reflected 
from the ground surface. Findings show that 
these four radiation components were higher 
during the hotter months from mid-April to 
mid-October (hot seasons) and lower during the 
colder months from mid-October to mid-April 
(cold seasons). The albedo over grass surface 
was higher during the hot seasons whereas it 
over concrete surface was higher during the 
cold seasons. The monthly mean hourly albedo 
associated with the grass surface increased from 
0.15 during the cold seasons to 0.17 during the 
hot seasons whereas it for the concrete surface 
decreased from 0.19 to 0.16. In general, the 
albedos over different surfaces are quite similar 
in order of magnitude yet there are subtle 
differences. Regarding surface heat budget, 
solar heat gain in the daytime dominates. The 
heat loss through outgoing infrared radiation is 
one order of magnitude smaller than the solar 
heat gain. Overall, ground surface gains heat 

throughout the year. 
 
Keywords: solar radiation, infrared radiation, 
albedo, grass surface, concrete surface 
 

1.  Introduction 
 
The world population in 2007 has been 
increasing by 78 million people per year to 
reach 6.8 billion since 2005 (United Nations, 
2009). More people have migrated to the urban 
area. Urbanization changes the land cover and 
land uses. This change affects the energy 
balance especially latent heat, sensible heat and 
anthropogenic heat of the ground surface. The 
public shows great concern on the consequences 
of urban heat. The impact of urbanization on the 
surface heat fluxes has been studied and 
discussed widely. But in recent studies, most 
researchers focused on latent, sensible and 
anthropogenic heat fluxes, rather than net 
radiation as it is believed that global solar 
radiation has been well documented and 
modelled (Sham, 1964; Lau, 1989; Rehman and 
Halawani, 1997; Skeiker 2006). However, latest 
research indicates that modelling of micro-scale 
surface and air temperatures in Hong Kong is 
still difficult (Fung et al., 2009). One of the 
explanations is that net radiation may not be 
well modelled. 
 
A component measurement of net radiation 
plays an essential role in understanding the 
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source and sink in surface energy balance. A 
radiation measurement over grass and concrete 
surfaces had been carried out at Ta Kwu Ling 
for about a year from March 2007 to February 
2008. The study was part of a joint effort of the 
Hong Kong Observatory (HKO) and the Hong 
Kong Polytechnic University (PolyU) in the 
investigation of surface heat balance. The aim 
of this paper is to report the radiation 
measurement results and discuss the impact of 
grass and concrete surfaces on surface radiation 
and albedo. In this paper, the measurement site 
and instrument set-up are briefly described, 
followed by results and discussions. 
 

2.  The Measurement Site 
 
The study was conducted at Ta Kwu Ling. The 
latitude and longitude of the site are 22o31'43"N 
and 14o9'24"E. This site contains one of the 
HKO’s earliest automatic weather stations. 
HKO has been measuring temperature, wind 
and rainfall in this site since 1985 and historical 
weather data are available. The site is about 24 
km north of Kowloon and 15m above the mean 
sea level. The location is rather remote and less 
susceptible to both marine and urban influences. 
Ta Kwu Ling is a small piece of flat land (about 
4 km2) surrounded by hills. The heights of the 
hills are about 940 m in the north (Ng Tung 
Shan), 490 m in the east (Robins Nest,), and 
140 m in the southwest (Sheung Shui Wa Shan). 
This area can represent one of the most rural 
regions in the Pearl River Delta. It is situated in 
a suburban area with small population and 
low-rise buildings (building heights are less 
than 10 m in general). The settlement area 
comprises only about 14% of the land cover 
within 1 km2 around the site. The average wind 
strength in this area is usually not high. 
 
Net radiation measurement was carried out over 
a grass surface between 2 March and 5 August 
2007 (Location A in Figure 3-1). The size of the 
grass surface was about 20 m x 20 m. The 

measurement was then conducted over a 
concrete surface between 17 August 2007 and 
28 February 2008 at another location about 180 
m to the northeast of Location A (Location B in 
Figure 3-1). The size of the concrete surface 
was also about 20m x 20m. The micro-climate 
in these two areas was assumed to be the same 
throughout the year.   
 

3. Net Radiation Measurement 
 
A net radiometer (model CNR1, Kipp & Zonen) 
was installed to measure net radiation. The net 
radiometer consists of two pyranometers and 
two pyrgeometers. The pyranometers measured 
0.3 – 3 μm spectrum of solar radiation while the 
pyrgeometers measured 5 – 42 μm spectrum of 
infrared radiation. One pair of pyranometer and 
pyrgeometer is facing up and the other pair 
facing down. The net radiometer was fixed on a 
stainless steel vertical post and was mounted at 
about 1.8 m above the ground surface facing 
south so that the shadow of the post will not 
affect the measurements. Net radiation 
equipment set-up over the concrete surface is 
shown in Figure 3-2. The net radiometer was 
newly calibrated by the manufacturer. Radiation 
sensors output was logged once every minute. 
Data were then processed and converted to a 
1-hour mean. In addition, the albedo was 
derived from the data set where albedo is 
defined as the ratio of outgoing global solar 
radiation reflected from the earth to the 
incoming global solar radiation from the sky 
(Qs,gd/Qs,sky). 
 
This paper discusses (a) the diurnal and monthly 
variations of the global solar radiation (Qs,sky) 
and infrared radiation (QL,sky) from the sky; (b) 
the diurnal and monthly variations of the global 
solar radiation and infrared radiation emitted 
from grass surface (Qs,gd,g; QL,gd,g) and 
concrete surface (Qs,gd,c; QL,gd,c); (c) the 
characteristic of albedo over different surfaces 
and; (d) the monthly variation of net radiation. 
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Figure 3-1  Locations of 
net radiation measurements 
(extracted from Google 
Earth) 

 

 

 

 

 

 

Figure 3-2  Net Radiation measurement set-up 
over the concrete surface at Ta Kwu Ling (i.e. 
Location B in Figure 3-1) 

 

4.  Results and Discussions 
 
This section covers a comparison of the 
measured monthly mean daily global solar 
radiation at Ta Kwu Ling with the accredited 
solar radiation data at King’s Park. The 
characteristics of the four radiation components, 
viz. Qs,sky, QL,sky, Qs,gd and QL,gd and the 
seasonal change of the albedo based on the 
changing of land cover from grass surface to 

concrete surface are discussed. 
 
4.1.  Comparison of monthly mean 
daily global solar radiation at King’s 
Park and Ta Kwu Ling 
 
The Observatory started monitoring the daily 
global solar radiation in Hong Kong since 1958 
(Sham 1964). At present, daily and hourly 
values of global solar radiation are measured at 

N 

A 
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King's Park by a thermoelectric pyranometer 
together with an integrating counter. 
 
In this study, the daily global solar radiation 
measured at Ta Kwu Ling was compared to that 
measured at King’s Park in order to assess the 
quality of the Ta Kwu Ling data. A scattered 
diagram of monthly mean daily global solar 
radiation at King’s Park (Qs,KP) against that at 
Ta Kwu Ling (Qs,TKL) from March 2007 to 
February 2008 is shown in Figure 3-3.  The 

correlation between the two observations was 
very high (R2 = 0.94) and the p-value of this 
regression was less than 1.5E-7. Linear 
regression equation indicated the value at 
King’s Park was slightly higher but the 
difference was not statistically significant at 5% 
level. The daily global solar radiation readings 
at Ta Kwu Ling are therefore considered to have 
good quality and should be reliable for further 
analysis. 

 

 

 
 
Figure 3-3  Scattered diagram of monthly mean daily global solar radiation at King’s Park (Qs,KP) 
against that at Ta Kwu Ling (Qs,TKL) from March 2007 to February 2008*. The linear regression 
line is overlaid. 
*Only 19 daily global solar radiation data at Ta Kwu Ling was available in August 2007 as 
measurement was discontinued in 6-16 August 2007 due to relocation of the radiometer from grass 
surface to concrete surface; over 80% data available in other months. 

 
4.2. Seasonal variations of global 
solar radiation and infrared radiation 
4.2.1.  Global solar radiation from the 
sky (Qs,sky) 
 
Figure C3-4 shows that the monthly mean daily 
global solar radiation (24-hour mean) from the 
sky (dotted line) varied from 9.26 MJ.m-2.day-1 
in March 2007 to 20.71 MJ.m-2.day-1 in July 
2007. It should be noted that the hourly global 
solar radiation becomes zero from 8 pm to 5 am 
in the following day. In general, global solar 

radiation is higher in summer and lower in 
winter. The result is generally consistent with 
the results of Lam and Li (1996), which 
reported the monthly mean daily global solar 
radiation varying from 8.5 MJ.m-2.day-1 in 
March to 18.4 MJ.m-2.day-1 in July in urban area 
of Hong Kong between 1991 and 1993. 
 
4.2.2.  Global solar radiation reflected 
from the ground (Qs,gd) 
 
The monthly mean daily global solar radiation 
(Qs, gd) reflected from the ground surface is 
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shown in Figure C3-4. The curve of Qs,gd is 
separated into two parts due to a change of 
measurement location and land surface in 
August 2007. The first part from March to July 
2007 represented the radiation characteristic 
over the grass surface (Qs,gd,g). The second 
part from August 2007 to February 2008 
showed the radiation variation over the concrete 
surface (Qs,gd,c). Figure C3-4 shows that the 
monthly mean daily global solar radiation 
reflected from the grass surface (green dotted 
line with hollow circle marks) ranged from 1.52 
MJ.m-2.day-1 in March 2007 to 3.97 
MJ.m-2.day-1 in July 2007 and the associated 
range over the concrete surface (orange dotted 
line with solid circle marks) was between 1.98 
MJ.m-2.day-1 in February 2008 and 2.92 
MJ.m-2.day-1 in November 2007. The seasonal 
difference in global solar radiation reflectance 
over the two different surfaces was relatively 
small. 
 
4.2.3. Infrared radiation (QL,sky, QL,gd) 
 
The seasonal variations of monthly mean daily 
infrared radiation from the sky and infrared 
radiation emitted by the ground surface are 
shown in Figure C3-4. The sky infrared 
radiation (red solid line) was between 29.89 
MJ.m-2.day-1 (in February 2008) and 37.95 
MJ.m-2.day-1 (in June 2007). The infrared 
radiation emitted from the grass surface 
QL,gd,g (purple solid line with hollow square 
marks) ranged from 35.86 MJ.m-2.day-1 (in 
March 2007) to 41.60 MJ.m-2.day-1 (in July 
2007) and the corresponding radiation ranged 
over the concrete surface QL,gd,c (blue solid 
line with solid square marks) was between 
31.28 MJ.m-2.day-1 (in February 2008) and 
39.29 MJ.m-2.day-1 (in August 2007). There is a 
distinct seasonal variation pattern of infrared 
radiation. Both sky infrared radiation and 
ground emitted infrared radiation showed a 
higher level in summer and a lower level in 
winter following the variation of surface air 
temperature. The infrared radiation emitted 
from the concrete surface was generally lower 
than that from the grass surface. This indicates 

that land surface change affects the emission of 
infrared radiation.  
 
4.3.  Diurnal Variations 
Monthly mean hourly values of the four 
radiation components namely, Qs,sky (which 
equals to Qs,TKL), Qs,gd, QL,sky and QL,gd 
are shown in Figures C3-5a to C3-5d 
respectively. Four selected months January, 
March, July and October are displayed based on 
the peak value in each season. The data of 
March and July 2007 were based on the grass 
surface (lines without square markers) while the 
data of October 2007 and January 2008 were 
based on the concrete surface (lines with square 
markers).   
 
The diurnal variations of the monthly mean 
hourly global solar radiation from the sky 
Qs,sky shows rather smooth bellshape curves 
(Figure C3-5a). In general, Qs,sky is directly 
related to the solar zenith angle. In Hong Kong, 
solar zenith angle reaches zero degree at solar 
noon in June and increases to 45 degrees at 
solar noon in December. Figure C3-5a shows 
that in July 2007 the peak value of averaged 
Qs,sky was 2.78 MJ.m-2.hr-1 (772 W/m2) and it 
was 1.50 MJ.m-2.hr-1 (417 W/m2) in March 
2007.  
 
The diurnal variations of Qs,gd was very similar 
to Qs,sky (Figure C3-5b) since the sky radiation 
is the source for ground reflection. However, 
the magnitude of Qs,gd was much smaller than 
Qs,sky. A substantial amount of solar heat was 
absorbed by the ground. 
 
The diurnal variations of the monthly mean 
hourly infrared radiation QL,sky and QL,gd are 
quite different from Qs. QL,sky and QL,gd are 
theoretically related to the temperatures of the 
atmosphere and the ground surface respectively 
according to the Stefan–Boltzmann law. Thus 
both QL,sky and QL,gd exhibit diurnal change 
that resemble change in air temperature and 
ground surface temperature respectively. As 
QL,sky depends on the infrared radiation 
emission from all layers of air above it, the 



 

37 
HKMetS Bulletin Vol. 19, 2009 

 

diurnal change of QL,sky is much less 
pronounced than that of QL,gd (Figures C3-5c 
and C3-5d). Furthermore, the time of 
occurrence of maximum QL,gd is generally 
around one hour later than that of Qs,sky, due to 
the heat transfer delay. The averaged QL,sky at 
1:00 pm in July 2007 reached 1.63 MJ.m-2.hr-1 
(453 W/m2) and it dropped to 1.28 MJ.m-2.hr-1 
(356 W/m2) at 1:00 pm in January 2008. The 
infrared radiation emitted from the ground 
QL,gd was generally higher than the incoming 
infrared radiation from the sky, QL,sky. QL,gd 
in the afternoon at 2:00 pm reached 1.90 
MJ.m-2.hr-1 (528 W/m2) in July 2007 (grass 
surface) and it dropped to 1.42 MJ.m-2.hr-1 (394 
W/m2) at 2:00 pm in January 2008 (concrete 
surface). 
 
4.4.  Difference between the grass and 
the concrete surfaces 
 
Average hourly solar and infrared radiations 
emitted from the ground over the two different 
surfaces are shown in Figures C3-6a and C3-6b 
respectively. The measured solar radiation at 
night was near zero. The available radiation 
data over the grass and concrete surfaces was 
grouped into 2 different periods and named as, 
hot and cold seasons. The period of hot seasons 
was from 15 April to 14 October and that of 
cold seasons from 15 October to 14 April. This 
was defined according to the parameter 
definition in numerical models in the Northern 
Hemisphere, such as MM5 (Dudhia et al., 2005). 
For the grass surface, 5404 data of 1-hour mean 
values were available in the hot seasons and 
2112 data in the cold seasons while it was 2552 
data and 6548 data over the concrete surface.   
 
As shown in Figure C3-6a, the mean hourly 
Qs,gd decreased from 0.13 MJ.m-2.hr-1 (grass) 
to 0.11 MJ.m-2.hr-1 (concrete) during the hot 
seasons and the corresponding value increased 
from 0.06 MJ.m-2.hr-1 (grass) to 0.10 
MJ.m-2.hr-1 (concrete) during the cold seasons. 
The percentages of change were around -15% 
and 67%. The standard deviation of the mean 
hourly solar radiation over the concrete surface 

was about 0.15 MJ.m-2.hr-1 during both hot and 
cold seasons. This value over the grass surface 
changed from 0.18 MJ.m-2.hr-1 during hot 
seasons to 0.11 MJ.m-2.hr-1 during cold seasons. 
The results suggest that ground surface with 
grass is more shiny than concrete in hot seasons 
and this shininess diminishes in cold seasons. 
Also, solar radiation reflected from the grass 
surface changes considerably from summer to 
winter whereas solar radiation reflected from 
the concrete surface remains rather constant. 
 
Regarding infrared radiation emitted from the 
ground QL,gd, changing the surface from grass 
to concrete, the mean hourly QL,gd decreased 
from 1.68 MJ.m-2.hr-1 (grass) to 1.60 
MJ.m-2.hr-1 (concrete) during hot seasons and 
decreased from 1.49 MJ.m-2.hr-1 (grass) to 1.39 
MJ.m-2.hr-1 (concrete) during cold seasons. The 
standard deviations over both grass and 
concrete surfaces were around 0.11 MJ.m-2.hr-1 
throughout the year. This shows that the change 
of land cover will possibly cause a change in 
QL,gd throughout the year. Overall, over the 
concrete surface, less heat loss associated with 
the out-going infrared radiation is observed 
compared with the grass surface. This is one of 
the main factors contributing to the heat island 
effect. 
 
4.5  Albedo over different surfaces 

Albedo is the factor indicating the absorption of 
the incoming solar radiation by the ground 
surface. Albedo varies with the change of 
ground surface materials. In this study, the 
albedos over grass and concrete surfaces during 
hot and cold seasons were determined. The 
results are shown in Figure C3-7. 
 
The albedos were calculated based on the 
daytime period from 9:00 am to 4:59 pm. The 
findings show that, during the hot seasons when 
the surface changed from grass to concrete, the 
average value of the mean hourly albedo 
decreased from 0.17 (grass) to 0.16 (concrete). 
Albedo decreased by about 6%. During the cold 
seasons, the corresponding albedo value 
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increased from 0.15 (grass) to 0.19 (concrete) 
(about 27% increase). The standard deviation of 
albedo over the concrete surface was similar in 
both hot and cold seasons whereas the 
corresponding standard deviation over the grass 
surface was larger in hot seasons. Such change 
in albedo value could be explained by the water 
content in the grass surface. One possible 
reason may be that greenish grass reflects much 
more solar radiation during hot seasons whereas 
withered grass does less during cold seasons. 
Another possible explanation is that the water 
content itself on the ground surface could affect 
albedo. Nevertheless, the results show that both 
the seasonal change and the surface cover 
change from grass to concrete do not cause a 
large significant variation of albedo but there 
are subtle differences. This supports that albedo 
exhibits small seasonal change and less than 
20% of solar radiation is generally reflected 
throughout the year no matter where it is over 
grass and concrete surfaces. The albedos 

reported in this study could be useful in 
verifying the albedos used in numerical models. 
 
Additional albedo measurements over different 
surface materials such as roof concrete, brick, 
leaf, bare soil had been taken between 
December 2006 and February 2007. A pilot 
study was conducted in Hong Kong a few 
months just before the measurement at Ta Kwu 
Ling. The same set of instrument was deployed 
over different surfaces at urban areas (PolyU 
campus) and rural areas (PolyU’s research site 
at Hok Tsui). The albedos over brick, concrete, 
leave and bare soil surfaces were selectively 
computed on sunny days during cold seasons. 
Table 3-1 below summarizes the albedos over 
different surfaces. For surfaces in urban 
environment, the albedo ranged from 0.15 to 
0.21. For surfaces in non-urban environment, 
the albedo ranged from 0.15 and 0.21. In 
general, the albedo over many different surface 
materials are quite similar in order of magnitude.

 
Table 3-1 Albedo measured over different surfaces on sunny days during the pilot study in 
2006/2007  

Land cover type Maximum 
albedo 

Minimum 
albedo 

Land surface examples 

Urban 0.21 0.15 Brick, concrete pavement surface 
Non-urban 0.21 0.15 Leave, bare soil 

   
 
Regarding the application of albedo value in 
numerical models, MM5 model was taken as a 
reference. In summer seasons, MM5 adopted 
albdeo value 0.19 over grass surface and 0.15 
over concrete surface. In winter seasons, MM5 
adopted albedo value 0.23 over grass surface 
and 0.15 over concrete surface (Dudhia et al., 
2005). It is interesting to note that MM5 
assumes a higher albedo in winter over grass 
surface, whereas that over concrete surface does 
not change with season. However, local 
measurements at Ta Kwu Ling show that the 
albedo over grass surface is higher in summer 
though the seasonal difference is not significant. 
Over the concrete surface, the measurements 

results at Ta Kwu Ling were quite similar to 
MM5 data except having a small seasonal 
change. 
 
4.6  Net radiation 

Net radiation heat gain Q* in MJ.m-2.hr-1 is 
defined as Qs,sky + QL,sky – Qs,gd – QL,gd. 
Table 3-2 shows that the daytime monthly mean 
Q* (sum of hourly Q* from 5:00 am to  7:59 
pm) dominates the surface energy budget. Over 
the grass surface, Q* increased from 0.43 
MJ.m-2.hr-1 in March 2007 to 1.05 MJ.m-2.hr-1 in 
August 2007. Over the concrete surface, Q* 
decreased from 0.79 MJ.m-2.hr-1 in September 
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2007 to 0.40 MJ.m-2.hr-1 in January 2008. In 
general, daytime Q* is higher during hot seasons 
and lower during cold seasons. There is some 
indication that during daytime Q* over the grass 
surface is slightly larger than Q* over the 
concrete surface but the difference is not 
apparent. During nighttime, in the absence of 
solar radiation, Q* is dominated by outgoing 
infrared radiation and no obvious seasonal 
variation pattern is observed. Over the grass 
surface, nighttime Q* ranged between -0.07 
MJ.m-2.hr-1 and -0.13 MJ.m-2.hr-1. Over the 
concrete surface, nighttime Q* ranged between 
-0.04 MJ.m-2.hr-1 and -0.14 MJ.m-2.hr-1. On 
average, the grass surface was gaining 9.66 
MJ.m-2day-1 during daytime due to solar 
radiation and loosing 0.80 MJ.m-2day-1 during 
nighttime due to outgoing infrared radiation. 
Concrete surface gained 7.84 MJ.m-2day-1 
during daytime and lose 0.67 MJ.m-2day-1 
during nighttime. There is also some indication 
that nighttime Q* over the grass surface is 
considerably larger than nighttime Q* over the 
concrete surface. It would imply that grass 
surface loses heat more efficiently than concrete 
surface. Furthermore, nighttime Q* over both 
the grass and concrete surfaces is nearly one 
order of magnitude smaller than daytime Q*. 
Overall speaking, daytime heating has a 
stronger effect than nighttime cooling. There is 
thus a net heat gain on the ground surface. The 
greenhouse effect is also observed from the 
magnitude of QL,sky. It can be seen in 
Table 3-2 that QL,sky is of about the same 
magnitude as QL,gd but always smaller. 
Therefore, in terms of infrared radiation, heat is 

always radiated out to the Space 
round-the-clock no matter during daytime or 
nighttime. If the atmosphere is taken away, 
QL,sky would be eliminated and Q* would be 
very different. 

 
5.  Conclusion 
 
This study reports the measurement results of 
four radiation components near ground surface 
at Ta Kwu Ling. The difference of albedo over 
the grass and concrete surfaces is characterized 
by studying the seasonal trends and diurnal 
profiles. It is concluded that the difference of 
albedo over the grass and concrete surfaces is 
not significant though there are subtle 
difference. Albedo over the grass surface is 
higher than that over the concrete surface during 
the hotter months from mid-April to 
mid-October. Concerning net radiation, solar 
radiation from the sky is the primary source of 
heat gain and it is found that less than 20% of 
the incoming solar radiation is reflected by 
either grass or concrete surfaces. The ground 
loses heat through the out-going infrared 
radiation but much of it is re-radiated back to 
the ground from the atmosphere through the 
Greenhouse effect. Regarding surface heat 
budget, the heat loss through infrared radiation 
during nighttime is roughly an order of 
magnitude smaller than the solar heat gain 
during daytime. On the whole, ground surface 
gains heat throughout the year. 
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Table 3-2  Monthly mean hourly net radiation in MJ.m-2.hr-1 observed at Ta Kwu Ling between 
March 2007 and February 2008 
 

Daytime 5:00 am to 7:59 pm Nighttime  8:00 pm to 4:59 am MJ.m-2.hr-1 

Qs,sky Qs,gd QL,sky QL,gd Q* Qs,sky1 Qs,gd QL,sky QL,gd Q* 

Mar 0.62 0.10 1.42 1.51 0.43 0.00 0.00 1.40 1.46 -0.06

Apr 0.79 0.13 1.43 1.57 0.52 0.00 0.01 1.40 1.48 -0.09

May 1.07 0.18 1.52 1.68 0.73 0.00 0.01 1.47 1.57 -0.11

June 0.96 0.19 1.60 1.77 0.60 0.00 0.01 1.55 1.61 -0.07

July 1.38 0.26 1.59 1.80 0.91 0.00 0.01 1.52 1.62 -0.11

G
ra

ss
 

Aug 1.39 0.22 1.57 1.69 1.05 0.00 0.01 1.49 1.61 -0.13

Aug 0.89 0.13 1.59 1.67 0.68 -0.01 0.01 1.54 1.56 -0.04

Sep 1.08 0.18 1.53 1.64 0.79 -0.01 0.01 1.49 1.53 -0.06

Oct 0.94 0.18 1.44 1.58 0.62 -0.01 0.01 1.43 1.49 -0.08

Nov 0.94 0.19 1.26 1.48 0.53 -0.01 0.01 1.26 1.38 -0.14

Dec 0.76 0.16 1.27 1.46 0.41 -0.01 0.01 1.26 1.35 -0.11

Jan 0.64 0.13 1.26 1.37 0.40 -0.01 0.01 1.25 1.29 -0.06

C
on

cr
et

e 

Feb 0.66 0.13 1.24 1.32 0.45 -0.01 0.01 1.25 1.27 -0.04
1 Negative value may be measured during the nighttime due to an instrument discrepancy. The accuracy of 
measured value is about 10% of daily totals. 
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