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Editorial 
 
 

 

The first paper by C.Y. Lam of the Hong Kong Observatory was about providing ‘accurate 
and timely’ meteorological services. 

The second paper by T.C. Lee, W.H. Leung, and E.W.L. Ginn of the Hong Kong 
Observatory gives details of rainfall projections for Hong Kong based on the new and better 
data which became available after IPCC AR4. 

The third paper, also by C.Y. Lam, describes how public weather services support natural 
disaster mitigation. 

The fourth paper by Y.K. Leung and C.Y. Lam of the Hong Kong Observatory 
quantitatively analysed for the first time visibility impairment attributable to wind direction 
in Hong Kong. 

The fifth paper by H.N. Cheung and W. Zhou of City University of Hong Kong discusses 
about interdecadal variations of winter monsoon over South China.  

Following the very successful competitions in past years, a competition was organized in 
collaboration with the Hong Kong Society for Education in Art in 2008, for both primary and 
secondary school students, to represent climate change by painting and computer graphics 
respectively.  Again it received very enthusiastic support from schools.  The prize-giving 
ceremony was conducted on 13 September 2009.  The colour pages towards the end of this 
issue show the winning entries of the competition.  

 

 

About the cover 
The cover is a photograph showing Kelvin-Helmholtz (K-H) instability clouds taken on 1 November 
2005 at Tai Mo Shan by Dr. CM Cheng of the Hong Kong Observatory. 
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C.Y. Lam 
Hong Kong Observatory, Hong Kong, China  

Be relevant and effective – thinking beyond 
accuracy and timeliness 
 

Abstract 
The Hong Kong Observatory (HKO) is not just 
a “weather forecasting centre”.  It is a 
“meteorological service” which has to deliver 
services relevant to users.  This paper 
examines the phrase “accurate and timely”, the 
often-stated objective of meteorological 
services.  Public interest in current 
observations and forecasts several days ahead is 
used to explain why the phrase has to be 
interpreted depending on the context.  Several 
aspects of the work of HKO are then presented 
to illustrate how it makes its outputs relevant to 
the public at a wide range of time scales, from 
“now” to “decades”.  The focus on “people” is 
also emphasized.  On the basis of the Hong 
Kong experience, the paper advocates a 
requirement-driven model of the operation of 
national meteorological services, which would 
lead to an organization with greater strength and 
resilience. 

1.  Introduction 
For many years, I had the illusion that the Hong 
Kong Observatory (HKO) was essentially a 
“weather forecasting centre”.  The key task 
would be to deliver accurate weather forecasts 
in a timely manner.  In particular, severe 
weather should be anticipated in advance and 
warnings issued to enable people to respond to 
the threat.  As a corollary, HKO would need to 
acquire the best available equipment to observe 
the happenings in the atmosphere around Hong 
Kong.  This is however not always possible 
owing to the limitation of financial resource. 

As the years pass, it becomes clear that this is 
an over-simplified picture of the situation.  
People require not just weather forecasts.  
Individuals as well as the many different sectors 
of the society require meteorological 
information in many different forms in order to 
plan and organise their activities, spanning a 
wide range of time scales.  Thus, HKO is more 
like a “meteorological service”, delivering a 
spectrum of products to the various users.  
Furthermore, the world “meteorological” has to 
be interpreted in its very general sense, 
encompassing weather observation and 
forecasting, climatology and linkage with other 
disciplines.  A number of developments at the 
HKO in the past decade or so are presented 
below to illustrate how it has strengthened its 
position as a respectable service organisation in 
Hong Kong. 

2. “Accurate and timely” 

2.1 User perspective 

Let us have a look at the phrase “accurate and 
timely” which is often stated as the objective of 
meteorological services.  To determine what it 
exactly means, one has to know clearly who 
decides on whether a certain service is “accurate 
and timely”.  It is important to recognise that it 
is not the meteorological service itself who 
decides, but rather the users or recipients of the 
services. 

Traditionally, meteorological services place the 
focus of their work on the weather forecast for 
tomorrow.  “Timely” means that forecasts are 
issued in time for broadcasts on TV and radio in 
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the evening.  “Accurate” means that forecasts 
are verified to be mostly correct, in terms of 
rain, temperature, wind, etc.  However, once 
the HKO started operating its own website in 
1996, the statistics of hit rates revealed a very 
different picture.  We discovered that people 
were most interested in current observations 
(temperature and relative humidity), then the 
3-day forecast and then in third place, the 
forecast for tomorrow.  We had been focusing 
our effort in the third most important item; there 
were some catching up to do regarding the first 
two. 

In respect of current observations, at first sight, 
“accuracy” apparently presents little problem 
from the technical point of view because the 
sensors are typically well proven and calibrated.  
However, Hong Kong being a hilly, coastal city, 
significant regional variations occur.  
“Accuracy” is more a question of the 
applicability of the reading at a single spot to 
different districts.  To tackle this problem, we 
have to add readings from regional automatic 
weather stations (AWS) in the districts to our 
service.  Regarding “timeliness”, people 
expects the readings to be updated at least once 
every hour, and also within a few minutes of the 
reading being taken.  The service to deliver 
observation data therefore operates on a 
different time-space scale from the “forecast for 
tomorrow”. 

Regarding the 3-day forecast, through 
interactions with members of the public, we 
realize that “timeliness” takes on a very 
different meaning in this context.  There is no 
practical difference between issuing the forecast 
for “day+3” in the morning or in the afternoon 
today.  To the man in the street, “timeliness” is 
measured more in terms of whether the HKO 
could provide a forecast 5 days ahead or 7 days 
ahead.  Regarding “accuracy”, there is a good 
understanding among members of the public 
that as one goes further into the future, forecasts 
are subject to a higher degree of uncertainty.  
In their own words, their principal wish is to get 
a feeling of the broad trend towards the end of 

the forecast period, be it 5 days or 7 days.  
They have the good common sense of not 
expecting the forecast of every parameter to be 
quantitatively accurate so far ahead.  Thus, in 
technical jargon, the public actually accepts the 
trade-off between forecast range and accuracy.  
With this appreciation of the public mentality, 
the HKO expanded the 3-day forecast to a 5-day 
forecast in 2000 and then to 7-day in 2004. 

Being “accurate and timely” is a fluid concept 
with no fixed meaning.  It adapts itself to the 
context.  The key issue for the management of 
the HKO as meteorological services is to 
appreciate how the intended recipients of the 
services would evaluate the product HKO 
delivers.  In one word, we must know people’s 
“requirements”. 

2.2 Be relevant “now” 
For the meteorologist, knowing the current state 
of the atmosphere is the starting point of the 
process to forecast the future.  But among the 
general public the weather “now” specified in 
some quantitative way, such as temperature and 
relative humidity, is also the subject of great 
curiosity.  For meteorological services to be 
relevant to the public, we must be able to tell 
them, for example, what the temperature is 
“now” at the places where people live. 

In Hong Kong, this has been achieved by setting 
up a network of automatic stations starting in 
the 1980s (Figure C1-1 in COLOUR PLATES) 
in which readings are transmitted to the HKO 
headquarters by telephone lines and in a few 
cases via wireless links.  Hourly temperature 
readings from 14 stations are regularly extracted 
and communicated to TV and radio stations for 
broadcasting.  The same information is also 
presented in the dial-a-weather service in which 
members of the public could obtain the 
information by calling the designated phone 
number and selecting from the menu. 

The advent of the internet has allowed HKO to 
update the temperature readings (and those of  
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Figure 1-2  Webpage showing regional temperature readings 

other parameters) at 5-minute intervals in its 
webpage (Figure 1-2).  The sense of being 
“now” is therefore very real.  This web page as 
well as the dial-a-weather are the sources which 
parents would consult in the morning before 
they decide how much clothing to give to their 
children on their way to school.  On a cold 
winter day, dial-a-weather would handle around 
80,000 calls, nearly double that of an average 
day.  That illustrates how relevant regional 
temperature readings could be. 

Current meteorological readings are relevant in 
another important aspect.  That is, they enable 
the public to monitor the parameters of direct 
concern to them in potentially hazardous 
weather situations.  While the HKO do issue 
specific warnings for high winds and heavy rain 
in Hong Kong, such warnings are generic in 
nature and could not give much information on 
regional differences owing to the limited 
air-time available on radios.  But very 
localised heavy rainstorms do occur 
occasionally and a means has to be found to 
inform people about regional variation.  Based 

on the readings from the network of automated 
rain-gauges (Figure C1-3) as well as radar data, 
the webpage on hourly rainfall distribution 
within Hong Kong is generated and updated at 
15-minute intervals (see example in Figure 
C1-4).  It helps people relate what they 
experience to the territory-wide picture.  The 
information becomes relevant to their life. 

2.3 Be relevant “days ahead” 
Many more people than we might realize look 
several days ahead in connection with their 
business or leisure activities.  The event of 
concern might be an important step in a major 
construction project.  It might also be a less 
critical decision about how to spend the 
weekend at leisure.  All the same, people wish 
to know the broad trend of weather evolution in 
a few days.  If they see chances of significant 
changes in weather on the way, they could at 
least give themselves a few more options in 
preparation. 

To make ourselves relevant, HKO has 
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endeavoured to provide 7-day forecasts, making 
use of model outputs provided by advanced 
centres such as Japan Meteorological Agency 
(JMA) and European Centre for Medium-range 
Weather Forecasts (ECMWF).  For example, 
we convert forecast grid point values of JMA 
numerical models received via GTS into a time 
series showing the evolution of temperature, RH, 
rainfall, etc., in the coming days at selected grid 
points near Hong Kong (Figure C1-5).  We 
further apply regression and Kalman filter 
techniques to infer forecast daily minimum and 
maximum temperatures in Hong Kong.  We 
have even developed an algorithm to construct 
automated worded forecasts on the basis of 
JMA and ECMWF model outputs (Figure 
C1-6). 

We present the 7-day forecast to the public in 
the form of forecasts for seven individual days.  
We realize however that the public see the 
forecasts for the last couple of days more as an 
indicator of broad trends than as exact daily 
forecasts to be verified against the same strict 
standards applicable to the first few days.  
Thus, forecasters are asked to describe the 
weather of the first few days in a more detailed 
manner and that of the last few days in much 
broader terms.  So, a differentiated approach is 
adopted in formulating the forecasts of the 
individual days reflecting the expectations of 
the audience. 

2.4 Be relevant “in decades” 
Increasingly, one encounters reports on the 
changing climate in newspapers, magazines and 
television.  Increasingly, people ask whether 
climate changing is happening and how it would 
look like in the future.  It would be remiss of 
meteorological services not to recognise this 
information need and make an effort to have it 
met.  But how could this be done? 

In this case, the public sees “timeliness” as a 
matter of whether we could give them a 
prediction of the future climate a few decades or 
even a century from now.  The public is 

generally rather relaxed about “accuracy” since 
they do appreciate that the science has yet to 
mature fully.  Thus, meteorological services 
must do whatever they could to give people 
some indication of the future climate.  Again, 
timeliness is the priority criterion when the 
public judges whether a meteorological service 
is doing its proper job. 

The HKO has responded to this challenge by 
applying statistical downscaling to the outputs 
of seven models sourced from IPCC to infer the 
future temperature trend in Hong Kong up to 
the end of the 21st century (Leung et al., 2004).  
The results are further converted into a language 
which the man in the street understands.  Thus, 
apart from the technical statement that the 
annual mean temperature would rise by 3.5°C 
towards the end of the century, we show people 
how much the number of cold days (<12°C) 
would decrease within the century (Figure 1-7).  
We also tell people that there is more than 80% 
chance that there will not be a single cold day in 
any given winter then.  When this one-century 
forecast was announced, it received wide press 
coverage and captured the attention of all.  We 
have made ourselves very relevant with this 
ultra long-range forecast.  While the rigorous 
scientist might question its “accuracy”, there is 
no doubt about it being “timely” to the people 
we serve. 

2.5 Be relevant to “people” 
The one-century forecast illustrates the 
importance of being relevant, which influences 
how we interpret and apply the concept of being 
“accurate and timely”.  Apart from the 
perspective of time scales, we also have to 
ponder how we could be relevant to the various 
aspects of human lives. 

Health and safety are what most people see as 
their priority concerns.  How meteorological 
services could deliver information to and 
interact with the community to reduce the 
impact of hazardous weather is a big subject by 
itself.  A discussion in the Hong Kong context 
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Figure 1-7  Projected number of cold days in winter for Hong Kong 

is given in Lam (2004).  A conceptual 
discussion emphasizing the human side of the 
natural disaster reduction effort of national 
meteorological services is found in Lam (2005). 

An example of a relevant and effective warning 
service which costs virtually nothing to 
implement is the “cold weather warning” in 
Hong Kong.  It is issued whenever an 
overnight minimum temperature below 12°C is 
predicted in the urban areas.  From historical 
data analysis, 12°C is found to be a threshold 
value below which the daily mortality rate rises 
above average significantly.  Technically, it is 
an easy warning to operate.  Socially, it is a 
warning with great impact.  Whenever it is 
issued, the HKO makes precautionary 
announcements advising people to dress warm 
and to pay special attention to people with 
chronic diseases and old people living alone.  
The government opens shelters for street 
sleepers.  Social workers make phone calls or 
pay visits to the lonely and the weak.  Medical 
professionals appear on radio and in newspaper, 
cautioning people about the dangers of coldness 
to health. The whole society effectively 
switches into a state of alert, ready to handle 
telephone calls for emergency help.  Typically, 
some 1,000 persons a day would activate a 

special “call-for help” button and 50-100 
persons would have to be transported to the 
emergency wards of hospitals.  In this case, 
being technically “accurate and timely” presents 
little scientific difficulties.  The extra little step 
taken, that of labeling the service as a “cold 
weather warning”, has made all the difference.  
After the introduction of this warning, the HKO 
has been repeatedly praised by the community 
for caring about the old and the weak.  But for 
the meteorologist, it was actually a simple little 
job. 

Another aspect which people care about is the 
environment.  In Hong Kong, people have 
noticed an increasing number of days with haze 
in the sky and they relate it to increasing air 
pollution.  While the HKO is not the 
government department responsible for 
pollution matters, it does have to forecast 
visibility for the public and at the airport.  
Recognising the concern of the public, the HKO 
makes itself relevant by publishing the 
long-term trend in visibility deterioration, 
making real-time visibility observation data 
available in its website (Figure C1-8) and 
showing webcam images also in the website 
(Figure C1-9).  Our long-term trend statistics 
have served to confirm people’s perception and 
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to demonstrate our strength in terms of 
“accuracy”.  On the other hand, our website 
data fulfill the “timeliness” requirement. 

Tourism is a major revenue earner in Hong 
Kong.  The HKO makes itself relevant by 
providing climatological data for the planning 
of tourism-related projects, delivering 
forecasting services to operators of tourism 
facilities and supplying real-time weather 
information for favourite tourism spots.  
Specifically, a number of automatic weather 
stations have been set up at selected tourism 
spots (see Figure C1-1). Reading from these 
stations, together with the visibility information 
(Figure C1-9), give tourists a good idea of the 
weather to expect as they travel around Hong 
Kong.  Timeliness and accuracy present little 
problem to the HKO since the observations and 
related data processing are both automated. 

In the broad category which we might refer to 
as leisure activities, we consult people who 
engage in marine and aviation sports to find out 
their meteorological information needs.  We 
then develop new products and collate existing 
products into special web pages dedicated to 
these sports in the HKO website.  Again, being 
accurate and timely is a straightforward 
technical task.  The differences made are the 
increased relevance of the information to people 
and the ease of access. 

3. Building the capability 
The common thread linking the examples 
presented above is the “relevance” element.  
Another significant feature is the contribution of 
observation data from automatic weather 
stations.  The judicious use of forecast 
information available through WMO 
arrangements such as GTS or from open sources 
on the internet is another aspect worth noting. 

3.1 Model of operation 
The concept of being accurate and timely is 
rather illusive and context-dependent.  

However, it is achievable by steering ourselves 
in such way that makes our services relevant to 
the requirements of the users.  We must 
abandon the old linear model of operation in 
which the function of a national meteorological 
service is seen as a purely scientific endeavour 
in which data from equipment are transformed 
into forecasts to be sent to users (Figure 1-10).  
This equipment-driven model of operation does 
not motivate us to find out what the users 
require.  We tend to evaluate our performance 
using technical parameters like the root mean 
square error of 500 hPa height.  Unfortunately 
it has very little to do with the satisfaction of the 
users.  Governments cannot see why they have 
to spend money on equipment producing such 
statistics. 

Instead, we should link our thoughts and actions 
to the requirements of the users.  We should 
see our function as the delivery of products, not 
just forecasts per se, to serve users.  The 
requirements of users should drive us to design 
a diversity of relevant products.  They should 
also guide us in determining the kind of 
equipment required for our operation.  That is, 
we should go for a requirement-driven model of 
operation (Figure 1-11).  It would energise our 
mind to look for innovations to meet the 
identified user requirements, which might 
sometimes need little or no additional resource.  
It would also enable us to provide strong 
justifications for our bids for resource should it 
be necessary. 

3.2 Automatic weather station 
network 

The Hong Kong examples discussed above 
amply demonstrate how an automatic weather 
station network would enable a meteorological 
service like the HKO to deliver relevant 
services which meet a wide range of community 
information requirements.  Technological 
developments in the last decade or so have 
made it possible for automatic weather stations 
to be acquired or assembled at affordable cost,  
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Figure 1-10  The equipment-driven model of operation of national meteorological services 
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Figure 1-11  The requirement-driven model of operation of national meteorological services 

to be run using solar and wind energy (and 
therefore to be installed in remote places) and to 
be connected to the central processing station 
through multiple means including public mobile 
data services such as GPRS and 3G (Lee et al., 
2006).  Setting up a network of automatic 
weather stations is a very cost-effective step 
towards the development of a credible 
meteorological service.  It provides a solid 

foundation for accuracy and timeliness. 

3.3 External information 
sources 

In the past two decades, there have been an 
increasing number of arrangements under the 
auspices of WMO, which enable national  
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meteorological services to gain access to the 
forecast outputs of numerical models operated 
by advanced centres of the world.  For many 
years, the data are in the form of grid point 
values.  Lately there is a move towards the 
provision of forecast information for specific 
locations in the time series format like that 
shown in Figure C1-5. 

At the 13th session of Regional Association II 
(Asia) in 2004, a pilot project was established to 
implement such an idea making use of the 
internet for easy access, to enable all 
meteorological services to benefit from the 
power of sophisticated numerical models 
without the need to invest in expensive 
computers.  By the end of 2006, under the pilot 
project, forecast time series for 121 cities in 11 
RA II Members are routinely generated by HKO 
and advanced centres including Seoul and 
Tokyo.  An example of the products is given in 
Figure C1-12.  Recipients of these products 
have to apply post-processing techniques to 
derive quantitative forecasts of specific 
meteorological parameters.  A training course 
in this connection was conducted in Hong Kong 
in 2006. 

In 2006, ECMWF has also announced that 
forecast time series would be made available to 
all WMO Members which contribute 
observation data to the GTS.  An example of 
what ECMWF delivers is given in Figure C1-13.  
We have now entered an era in which any 
national meteorological service could deliver 
city-specific forecasts several days ahead with 
the help of external information sources under 
the WMO umbrella. 

 

 

 

4. Conclusions 
To deliver accurate and timely service to the 
users amounts to making the service relevant to 
users.  It depends fundamentally on the 
adoption of a requirement-driven model of 
operation so that user requirements are 
effectively satisfied.  To tackle the most 
common information needs, the setting up of a 
network of automatic weather stations is a 
practical cost-effective foundation.  
International cooperation especially the 
availability of model-generated city-specific 
forecast time series over the internet will enable 
all meteorological services to match public 
expectations in the “several days” time scale. 

There are many other areas in which relevant 
meteorological services could be developed and 
delivered.  It does not always require 
substantial additional resource input.  It 
depends more on a willingness to understand 
requirements and a determination to innovate in 
the search for solutions.  Areas which national 
meteorological services could go into and 
benefit from include climate change, health, 
environment, tourism, leisure activities, etc. 
 
A meteorological service which sees itself only 
as a weather forecasting centre is like a one-leg 
stool.  On the other hand, the meteorological 
service which delivers products covering a wide 
range of time scales to a diversity of sectors is 
like a multi-leg stool (Figure 1-14).  It is 
self-evident which has more strength and is thus 
more resilient to the inevitable occasional 
setbacks in its weather forecasts. 
 
For the sustainable operation of meteorological 
services, we must aim at being accurate and 
timely in a relevant and effective way.
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(a)  weak one-leg stool (b) strong multi-leg stool 
 
 

Figure 1-14  Relative strength of two different representations of a national meteorological service 
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T.C. Lee, W.H. Leung, and E.W.L. Ginn  

Hong Kong Observatory 

Rainfall Projections for Hong Kong based on 
the IPCC Fourth Assessment Report 
 

1. Background 
In 2005, the Hong Kong Observatory (HKO) 
carried out a study on rainfall projections for 
Hong Kong (Wu et al., 2005) based on the 
projections made in the Intergovernmental 
Panel on Climate Change (IPCC) Third 
Assessment Report (TAR) (IPCC, 2001).  
Since then, higher resolution and more 
sophisticated global climate models were 
developed and expanded data sets have emerged.  
These are reported in the IPCC Fourth 
Assessment Report (AR4) published in 2007 
(IPCC, 2007). 

In view of the new and better data which 
became available after IPCC AR4, the rainfall 
projections for Hong Kong have been 
re-assessed.  This paper describes the 
methodology and presents the main results. 

2.  Data and Methodology 

2.1 Data 
Historical rainfall data and rainfall projections 
made by global climate models were used in 
this study.  The historical rainfall data used is 
the monthly rainfall between 1951 and 2000 at 
the HKO Headquarters and 41 stations in 
southern China bounded by 20-30oN and 
105-120oE (Figure 2-1).  The data is sourced 
respectively from HKO and the National 
Climate Centre (NCC) of the China 
Meteorological Administration (CMA).  
Unless otherwise stated, the observed rainfall in 

Hong Kong, the rainfall anomaly, the projected 
rainfall anomaly and the projected rainfall in 
Hong Kong refer to the corresponding values at 
the Hong Kong Observatory Headquarters 
(HKOHq). 

Gridded monthly rainfall projections made by 
16 global climate models in AR4 are obtained 
from IPCC’s Data Distribution Centre Website 
http://www.ipcc-data.org/ (see Table C2-1 in 
COLOUR PLATES).  As the performance of 
global climate models in forecasting rainfall 
over East Asia varies widely (Xu et al., 2007),   
one approach to reduce the error in the 
calculation of ensemble mean projected rainfall 
is to discard less skilful models which are likely 
to produce large forecast errors.  In this study, 
we have assessed the performance of the 16 
IPCC AR4 models by comparing their 
simulations for 1950-2000 based on the 
historical greenhouse gas concentrations 
(20C3M scenario) with the actual rainfall 
observations over the area bounded by 20-30oN 
and 105-120oE.  Further details of the 20th 
century simulations of the IPCC AR4 models 
and the 20C3M scenario are respectively 
documented in the Program for Climate Model 
Diagnosis and Intercomparison website 
(http://www-pcmdi.llnl.gov/ipcc/about_ipcc.php) 
and the IPCC data distribution website.  Figure 
C2-2 (in COLOUR PLATES) shows the 
root-mean-square errors of the models in 
simulating the historical rainfall.  It can be 
seen that there are 4 models (namely CSMK3, 
NCCCSM, NCPCM and HADGEM) with 
projection errors exceeding one standard 
deviation (476 mm) of the annual rainfall of 
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HKOHq (1885-2008).  Data from these 4  

 

models with relatively large forecast errors is 
not used in the present study and only data from 
the remaining 12 models (as highlighted in 
Table C2-1) is used. 

The “Special Report on the 6 Emission 
Scenarios (SRES)” (Nakicenovic et al., 2000) 
for greenhouse gas employed in IPCC TAR 
remains applicable in AR4.  The 6 scenarios 
from low to high greenhouse gas emissions are 
B1, A1T, B2, A1B, A2 and A1FI.  The 
emission scenarios B1, A1B and A2 under 
which rainfall projections are available are 
listed in Table C2-1.  Unlike TAR, the gridded 
data of AR4 models for the remaining 3 
scenarios, viz. A1T, B2 and A1FI is, up to the 
time of writing this paper, not available on the 
Internet for access.   

As some of the models used in this study do not 
have forecasts for all three emission scenarios, 
there are a total of 26 combinations of emission 
scenarios and model forecasts available for this 
study (Table C2-1). 

 

 

2.2  Methodology 

2.2.1 Annual rainfall 
Statistical downscaling technique is used to 
generate local and regional scale climate 
projections from global climate model forecasts 
which are usually made at relatively low spatial 
resolution, typically 300 km x 300 km (e.g., 
Kilsby et al. 1998).  It has become popular 
because of its computational economy 
compared with the alternative approach of 
dynamical downscaling (see for example Fan et 
al. 2005), and has a level of skill on par with the 
dynamical approach (Murphy 1999).  Rainfall 
and temperature are two of the variables most 
frequently downscaled statistically (e.g., 
Hanssen-Bauer et al. 2005).  Regression is 
often employed in statistical downscaling (see 
for example Wilby et al. 2005). 

Statistical downscaling usually involves two 
main steps (e.g., Mullan et al. 2001).  Firstly, 
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Figure 2-1.   
Location of the Hong Kong 
Observatory Headquarters 
(indicated by the solid 
triangle) and 41 rainfall 
recording stations over the 
area bounded by 20-30oN 
and 105-120oE.  The 
rainfall anomalies of the 16 
stations over southern 
China (indicated by white 
dots) were found to have a 
statistically significant 
correlation (at 5% level) 
with that of Hong Kong 
Observatory Headquarters.



14 
HKMetS Bulletin Vol. 18, 2008 

 

an empirical relationship between a local or 
regional predictand, such as rainfall or 
temperature, and some large-scale predictors 
which may be sea level pressure, air 
temperature, geopotential height (von Storch et 
al. 1993, Kidson and Thompson 1998, Wilby 
and Wigley 2000) or rainfall (Widmann et al. 
2003) is established using historical data.  
Secondly, global model forecasts of the selected 
large-scale predictors are fed into a statistical 
model, such as linear regression, to give 
projected values of the local or regional 
predictand. 

Similar to the study on temperature projection 
for Hong Kong undertaken by Leung et al. 
earlier in 2008 (Leung et al. 2008), this study 
uses regression–based downscaling of the 
rainfall forecasts of global climate models to 
project Hong Kong’s annual rainfall to the end 
of the century. 

A linear regression relationship between annual 
rainfall anomaly at HKOHq as the predictand 
and the averaged annual rainfall anomaly over 
southern China as the predicator was 
established using historical data.  In this study, 
the annual rainfall anomaly for any station is 
defined as : 

∆ROBS = ROBS – <ROBS>  (1) 

where ROBS is the annual rainfall and <ROBS> is 
the average annual rainfall between 1980 and 
1999. The period 1980-1999 is used as it is 
chosen by IPCC AR4 as the reference period for 
the evaluation of projections into the 21st 
century. 

After a detailed examination of the data of the 
41 stations in the area bounded by 20-30oN and 
105-120oE, only the rainfall anomalies of 16 
stations over southern China (white dots in 
Figure 2-1) were found to have a statistically 
significant correlation (at 5 % level) with that of 
Hong Kong.  The average annual rainfall 
anomaly (relative to 1980-1999, similar to 
Leung et al. 2008) over southern China is 

defined as the average of the annual rainfall 
anomaly of the 16 selected stations where the 
annual rainfall anomaly of each station was 
calculated from equation (1).  The average 
annual rainfall anomaly of the 16 stations over 
southern China is adopted as the predictor 
because the occurrence of precipitation over 
southern China and Hong Kong is brought 
about by the same synoptic systems.  
Therefore the rainfall anomaly in southern 
China and that of Hong Kong should share the 
same trend to a large extent.     

Using the data from 1951 to 2000, the 
regression equation for annual rainfall anomaly 
(relative to 1980-1999) at HKOHq y  is 
established as   

50.255.1 += xy                    (2) 

where x  is the average annual rainfall 
anomaly over southern China.  The coefficient 
of determination R2 is 0.44.  That is, the 
proportion of variation in the annual rainfall 
anomaly at HKO Headquarters accounted for by 
the variation in x is 44% and the correlation is 
statistically significant at 5% level (Wilks 
1995). 

Compared with the regression method used 
earlier by Wu et al. in 2005 (Wu et al. 2005), in 
which two predictors (namely, the averaged 
annual rainfall anomaly over southern China 
and the averaged annual rainfall anomaly over 
central China) were used, the regression 
equation adopted in this study has a slightly 
higher coefficient of determination than that of 
the previous study (R2 = 0.42).  Furthermore, 
the regression equation used in the present study 
has been tested with the cross validation method 
(Neter et al, 1989; Jolliffe and Stephenson, 
2003) for different periods from 1951 to 2000.  
During cross validation, one year of data is 
omitted when establishing the regression 
equation and the resultant regression equation 
was applied to the omitted year to produce the 
validation rainfall forecast.  This procedure 
was repeated for each year between 1951 and 
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2000.  The validation forecast data were then 
verified using the actual rainfall observations to 
calculate the R2 and root mean square error. The 
R2 and root-mean-square error of the cross 
validation for the regression scheme of this 
study are 0.40 and 358 mm respectively.  The 
corresponding figures for the regression scheme 
used in the earlier study on rainfall projections 
in Hong Kong by Wu et al. in 2005 (Wu et al. 
2005) are 0.34 and 407 mm. This indicates that 
the regression scheme employed in this study 
has a slightly higher skill and lower root mean 
square error than that of the earlier work by Wu 
et al. 

Similar to Equation (1), the projected annual 
rainfall anomaly over southern China (∆RM-SC) 
is defined as: 

∆RM-SC = RM-SC – <RM-SC> 

where RM-SC is the average of the model grid 
point projected rainfall bounded by 20-30oN 
and 105-120oE and <RM-SC> is the average of 
RM-SC for 1980-1999 under the 20C3M 
scenario. 

Model grid point values bounded by 20-30oN 
and 105-120oE were used because it has been 
recommended by IPCC that the minimum 
effective spatial resolution for downscaling 
purpose should be defined by at least four 
model grid boxes, due to the lack of confidence 
in regional model estimates (IPCC-TGCIA, 
1999).   

This projected annual rainfall anomaly over 
southern China (∆RM-SC) is then fed into the 
regression equation (2) to give the downscaled 
rainfall anomaly for Hong Kong (∆RD-HK).  

∆RD-HK = 1.55∆RM-SC +2.5 

Furthermore, in order to adjust for the 
difference of variance between the observed and 
downscaled rainfall anomaly (e.g. Karl et al, 
1990; Huth, 1999), the downscaled rainfall 
anomaly for Hong Kong (∆RD-HK) is multiplied 

by a factor (σo/σd) to give the projected annual 
rainfall anomaly for Hong Kong, where σo and 
σd are the standard deviation of annual rainfall 
for Hong Kong in 1980-1999 and the standard 
deviation of downscaled rainfall anomaly for 
Hong Kong in 1980-1999 respectively.  The 
projected annual rainfall for Hong Kong (RHK) 
is then determined as the sum of the projected 
annual rainfall anomaly for Hong Kong and the 
normal annual rainfall for Hong Kong in 
1980-1999 (<RHK> = 2324mm).  That is : 

RHK = (σo/σd)∆RD-HK + <RHK> 

Similar to the approach in IPCC AR4, the 
multi-model ensemble mean approach was 
adopted in presenting and evaluating the results 
of this study as the use of multi-model 
ensembles has been shown in other modeling 
applications to produce simulated climate 
features that are improved over single models 
alone (IPCC, 2007). 

2.2.2 Extreme annual rainfall 
A common way of classifying extreme values is 
to use two standard deviations as boundary (e.g., 
Palmer and Räisänen 2002, Wang and Xu 1997).  
Adopting this classification and using the mean 
and standard deviation in the period 1885-2008, 
a year with an annual rainfall at HKOHq greater 
than 3187 mm will be classified as an 
“extremely wet” year in Hong Kong, and an 
annual rainfall at HKOHq less than 1282 mm as 
an “extremely dry” year.  Furthermore, the 
absolute maximum and minimum annual 
rainfall for the 124 years (1885-2008) of record 
at HKOHq are 3343 mm and 901 mm 
respectively.  The annual rainfall projection for 
each model and for each scenario is first found 
as in Section 2.2.1 and the number of years with 
annual rainfall outside the above thresholds is 
counted. 
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2.2.3 Number of heavy rain 
days 

The projected number of heavy rain days per 
year (Nh), viz., the number of days with hourly 
rainfall exceeding 30 mm at HKOHq is derived 
from the projected annual rainfall ( y ).  The 
linear regression equation, constructed from the 
number of heavy rain days and annual rainfall 
observed in the period 1951-2000 at HKOHq, is  

Nh = 0.0035 y  – 2.39        (3) 

The corresponding coefficient of determination 
R2 is 0.66, indicating that some 66% of the 
variation in Nh is accounted for by the variation 
in y. 

3 Results 

3.1  Past rainfall 
Rainfall record at the HKOHq dated back 124 
years to 1885 (data not available from 1940 to 
1946).  As shown in Figure C2-3, the annual 
rainfall at the HKO Headquarters has a rising 
trend of 25 mm (about 1.1%) per decade 
between 1885 and 2008 and this trend is 
statistically significant at 5% level.  Between 
1947 and 2008, the trend is higher at 56 mm per 
decade, but it is not statistically significant at 
5% level.  The 1980-1999 normal of annual 
rainfall is 2324 mm. 

3.2  Projected rainfall 

3.2.1 Annual rainfall 
Table 2-2, Table 2-3, Figure C2-4 and Figure 
C2-5 give the projected change in mean annual 
rainfall in Hong Kong relative to the average of 
1980-1999 for different models and emission 
scenarios. 

The multi-model ensemble mean annual rainfall 
anomalies in 2070-99 are positive for the three 

emission scenarios B1, A1B and A2 (see Table 
2-3 and Figure C2-4).  Past model simulation 
studies also pointed out that the rainfall in East 
Asia and China would increase under the 
scenario of doubled carbon dioxide 
concentration (Zhao et al. 2005).  Moreover, 
Ding et al. indicated that the annual 
precipitation of most parts of China would have 
an increasing trend in the 21st century (Ding et 
al. 2007).   

In the 30-year period 2070-99, 19 out of the 26 
(i.e. 73%) different scenarios and models 
combinations forecast the mean annual rainfall 
anomaly to be positive.  This is quite different 
from the case for temperature projection in 
which all scenarios/forecasts combination 
projected positive annual mean temperature 
anomalies (Figure C2-6).  For the scenario 
mean of different models (Table 2-3), 9 out of 
the 12 models forecast a positive mean annual 
rainfall anomaly in 2070-99.  Similar results 
have also been reported in IPCC AR4 that, for 
the A1B scenario, about 70% of the models 
project an increase in the precipitation in 
southern China (IPCC, 2007).   

Although the model average of the projected 
rainfall of Hong Kong increases in the 21st 
century, there are large variations between the 
model simulation results for the three emission 
scenarios.  Some of the models, such as 
GFCM20, projected that rainfall of southern 
China during 2070-2099 for the A2 (high 
emission) scenario would be less than that of 
the B1 (low emission) scenario (Figure C2-7).  
Simulations of MRCGCM and MIMR also have 
a similar characteristic (figures not included).  
Other simulation studies for East Asia (Bueh, 
2003; IPCC, 2007) suggested that global 
warming could enlarge the land-sea thermal 
contrast and enhance (weaken) the East Asian 
summer (winter) monsoon circulation, resulting 
in a more significant increase in precipitation 
over Yangtze River Basin and northern China 
(see Figure C2-8(a)).  In contrast, the projected 
precipitation change in southern China would 
be relatively small and the trends amongst 
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models were less consistent (see Figure 
C2-8(b)). 

As shown in Table 2-2, in the last 10 years 
(2090-2099) of the 21st century, the multi-model 
ensemble mean of the projected changes in 
mean annual rainfall in Hong Kong relative to 
the average of 1980-1999 for the A2, A1B and 
B1 scenarios (in a descending order of 
greenhouse gas emission concentration) are 
156.8 mm, 262.9 mm and 325 mm respectively.  
The ensemble mean of these three emission 
scenarios is 248.2 mm (say 248 mm), i.e. a 
10.7% increase relative to the 1980-1999 
average of 2324 mm.  This result is slightly 
higher than that of the projected 8% increase in 
rainfall over Guangdong in 2070-2090 as 
estimated by the Guangdong Meteorological 
Bureau based on AR4 (Guangdong 
Meteorological Bureau, 2007). 

3.2.2 Extreme annual rainfall 
In the 21st century, the multi-model ensemble 
mean number of extremely wet years (annual 
rainfall > 3187 mm) and extremely dry years 
(annual rainfall < 1282 mm) are expected to be 
9.7 and 3.6 respectively.  This is an increase 
from 3 extremely wet years and 2 extremely dry 
years during the period 1885-2008.  Figure 
C2-9 shows the mean number of extremely wet 
years and extremely dry years which would 
occur in three successive 30-year periods in the 
21st century.  It was found that the ensemble 
mean number of extremely wet year would rise 
to 5.1 in 2070-2099.  The mean number of 
extremely dry years would be 1.1 in 2070-2099.  
Also, the standard deviation for the distribution 
of the projected annual rainfall of Hong Kong in 
the 21st century for the three emission scenarios 
would increase to over 600 mm when compared 
to the 476 mm for the period from 1885 to 2008 
(Table 2-4).  The year-to-year rainfall 
variability in Hong Kong is therefore expected 
to increase during the 21st century. 

Moreover, the multi-model ensemble mean 
number of occurrences of extremely dry, 

extremely wet and alternative extremely dry and 
extremely wet year patterns in two consecutive 
years for the three scenarios are summarized in 
Table 2-5.  While these events have not 
happened in the 20th century, and indeed since 
records begin in 1885, the multi-model 
ensemble mean number of occurrences of 
consecutive extremely wet years would be 
about 2 in the 21st century.   The mean 
number of occurrences of two consecutive 
extremely dry years and alternative extremely 
dry and extremely wet year are both 0.4. 

In the past 124 years, the highest and lowest 
annual rainfall recorded at HKO Headquarters 
was 3343 mm and 901 mm respectively.  In 
the 21st century, the multi-model ensemble 
mean number of years of the occurrence of 
annual rainfall above 3343 mm is 6.9 while that 
of the occurrence of annual rainfall below 901 
mm is 0.8. 

3.2.3 Number of heavy rain 
days 

The number of heavy rain days was projected 
by using equation (3).  In 2070-2099, the mean 
number of days in a year with hourly rainfall 
greater than 30 mm will be 6.5 days, slightly 
higher than the 1980-1999 mean of 5.8 days. 

3.3  Comparison of the results 
with those based on TAR 

Table 2-6 summarizes the results in the present 
assessment with those based on TAR as 
presented in the report of Wu et al. (Wu et al. 
2005).  Compared with the average of 
1980-1999, the mean annual rainfall is projected 
to increase by 248 mm (i.e. +10.7%) in 
2090-2099.  This is higher than the projected 
increase of 106 mm (i.e. +4.6%) in the previous 
result using TAR.  The difference in the result 
could be attributed to the higher projected 
rainfall over southern China by the models in 
AR4 and the tuning of the downscaling method 
used in the study.  



18 
HKMetS Bulletin Vol. 18, 2008 

 

 

 

 

Table 2-2  Projected change in mean annual rainfall in Hong Kong for different models under A1B, 
A2 and B1 scenarios.  The change is with reference to the 1980-1999 average of 2324 mm.

BCM2 -296.3 -365.6 442.4 
GFCM20 -213.9 56.2 469.2 
GIAOM 40.7 239.8 -124.2 

HADCM3 23.8 329.5 665.2 
MIHR -397.8 4.9 546.4 
MIMR -229.6 -157.5 -47.5 

MRCGCM -202.5 172.5 275.7 
MPEH5 190.1 753.8 372.4 

B1 
 

Model ensemble mean for 
B1 (MB1) 

-135.7 129.2 325.0 

CGMR 115.3 207.1 679.4 

CNCM3 -581.4 -359.0 -560.9 

GFCM20 146.5 414.7 501.1 

GIAOM -543.7 113.3 -146.8 

HADCM3 17.0 464.0 911.3 

MIHR 216.9 833.7 559.4 

MIMR -119.8 87.7 -273.9 

MRCGCM -386.3 347.5 423.3 

ECHOG 87.9 190.7 584.3 

MPEH5 195.6 669.7 396.6 

INCM3 205.6 -34.9 -181.4 

A1B 

Model ensemble mean for 
A1B (MA1B) -58.8 266.8 262.9 

CNCM3 -273.7 -533.6 -240.2 

GFCM20 32.8 -16.8 440.2 

HADCM3 -101.4 647.6 866.5 

MIMR -445.4 -212.8 -268.0 

MRCGCM -501.3 -229.3 -8.0 

ECHOG -0.1 251.4 -69.1 

MPEH5 109.0 339.2 376.2 

A2 

Model ensemble mean for 
A2 (MA2)  -168.6 35.1 156.8 

Ensemble upper limit 216.9 833.7 911.3 
Ensemble mean for 3 scenarios

(mean of MB1, MA1B and MA2)
-121.0 143.7 248.2 

Ensemble lower limit -581.4 -533.6 -560.9 
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Table 2-3  Projected change in 30-year mean annual rainfall from 1980-1999 (2324 mm) to 
2070-2099 for different climate models and for different emission scenarios.  Scenarios are ranked 
according to the atmospheric carbon dioxide concentration from low to high, SRES B1 being the 
lowest and SRES A2 the highest. 

Scenarios Mean Standard Deviation 

B1 2448.6 621.8 

A1B 2469.7 649.2 

A2 2309.9 678.9 

Table 2-4  Mean and standard deviation of the projected annual rainfall for the three scenarios in 
2010-2099. Mean and standard deviation of annual rainfall of Hong Kong in 1885-2008 are 2235 
mm and 476 mm respectively. 
 

Scenarios Consecutive  
extremely dry 

Consecutive  
extremely wet 

Alternative  
extremely dry and 

extremely wet 
B1 0 1.6 0.5 

A1B 0.5 2.1 0.3 

A2 0.6 1.7 0.3 

Mean 0.4 1.8 0.4 

Table 2-5  Multi-model mean number of occurrences of extremely dry, extremely wet and alternative 
extremely dry and extremely wet year patterns in two consecutive years for the three scenarios in 
2010-2099 
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Parameter 
HKO 2008 

Assessment (based 
on AR4) 

HKO 2005 
Assessment  

(based on TAR) 
Annual rainfall in 2090-2099 
compared with 1980-1999  + 248 mm (+ 10.7 %) +106 mm (+ 4.6 %) 

Number of years with annual rainfall 
above 3343 mm in the 21st century 6.9 years 5.7 years 

Number of years with annual rainfall 
below 901 mm in the 21st century 0.8 years 2.9 years 

Annual number of days with  
hourly rainfall > 30 mm in 2070-2099 6.5 days 6.5 days 

Table 2-6 Comparison of the results (average of models and emission scenarios concerned) on 
the projected mean annual rainfall, number of years with annual rainfall above 3343 mm and below 
901 mm respectively, and the annual number of days with hourly rainfall exceeding 30 mm based on 
AR4 with that of the previous results based on TAR. 

As in the previous results using TAR data, the 
year-to-year rainfall variability is forecast to be 
higher in the future when compared with the 
past.  In the 21st century, the multi-model 
ensemble mean number of years of occurrence 
of annual rainfall above 3343 mm is 6.9, 
slightly higher than the 5.7 in the previous 
results using TAR.  On the other hand, the 
mean number of years of occurrence of annual 
rainfall below 901 mm is 0.8, less than the 2.9 
in the previous results using TAR.       

In 2070-2099, the mean number of days in a 
year with hourly rainfall greater than 30 mm 
will be 6.5 days, the same as the previous result 
based on TAR data. 

4 Conclusion 
Rainfall projections in Hong Kong for the 21st 
century were made by downscaling the global 
climate model projections of the IPCC AR4 for 
the three available greenhouse gas emission 
scenarios, namely A2, A1B and B1, giving a 
total of 26 sets of projections.    

Using the ensemble mean method, the projected 
changes in the mean annual rainfall for Hong 
Kong towards the end of the 21st century are 
positive for all of the three emission scenarios. 

Furthermore, relative to the 1980-99 average of 
2324 mm, the mean annual rainfall for Hong 
Kong will increase by 248 mm in the last 10 
years of this century (2090-2099).  

Another key finding in this study is that the 
year-to-year rainfall variability in Hong Kong 
would increase.  It is expected that in the 21st 
century, there would be 9.7 (say 10) extremely 
wet years with annual rainfall exceeding 3187 
mm and 3.6 (say 4) extremely dry years with 
annual rainfall less than 1282 mm.  Moreover, 
it would be possible to have 2 occasions with 
two consecutive extremely wet years in the 21st 
century.  The chances of having extremely dry 
condition in two consecutive years and that of 
alternative extremely dry/extremely wet 
condition in successive years are relatively low 
but could not be ruled out. 

For the number of heavy rain days, the number 
of days in a year with hourly rainfall exceeding 
30 mm in 2070-2099 would be 6.5 days, higher 
than the 1980-1999 mean of 5.8.   

Finally, it should be noted that the skills of 
global climate models in forecasting rainfall 
vary widely and the confidence in model 
estimates is usually low at the regional level 
(IPCC, 2007; Kharin, 2007).  Furthermore, the 
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choice of models and downscaling methodology 
would also affect the projected rainfall amount.  
The above rainfall projection results are 
subjected to higher uncertainties than those for 
temperature projections.  

The present study is an assessment of the 

rainfall projection for Hong Kong in the 21st 
century based on available monthly projection 
data of IPCC AR4.  Further studies would be 
conducted using higher temporal resolution 
model data, especially in the assessment of 
likely changes in extreme precipitation events. 
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Abstract 
National Meteorological and Hydro- 
meteorological Services (NMHSs) have a 
special role to play in the mitigation of natural 
disasters by issuing early warnings of hazardous 
weather, to enable government, the private 
sector and individuals to take actions to 
minimize risk or to avoid danger. As “natural 
disasters” arise from the interaction of natural 
phenomena and human societies, NMHSs must 
deal with both the scientific and human aspects, 
in order to ensure that its warning service is 
effective.  Having only accurate forecasts is 
not enough, NMHSs must pay attention to how 
the human society responds to weather 
information including warnings. 

The essential elements of effective weather 
warnings are: be relevant to the target audience, 
timely for the intended purpose, delivered 
effectively to reach a wide spectrum of 
recipients, capable of prompting actions, and 
suitably ‘graded’ to trigger matching actions by 
recipients. Warning systems and services should 
also be suitably adjusted from time to time to 
meet the evolving needs of users.  One critical 
element of a successful warning system is the 
trust that people place on it.  A well-run Public 
Weather Service, which routinely sends out 
information to the community, helps build up 
public confidence in the NMHS and serves as 
the foundation for an effective warning service 
for disaster mitigation. 

1. Introduction 
It is well established that the majority of the 
natural disasters worldwide are caused by 
hydrometeorological events.  National 
Meteorological and Hydrometeorological 
Services (NMHSs) have a special role to play in 
the mitigation of such disasters through the 
issuance of early warnings of relevant weather 
phenomena, so as to enable government, the 
private sector and individuals to take actions to 
minimize risk or to avoid danger.  It also 
involves providing real-time weather 
information while severe weather hits, to 
support decision making by individuals and by 
emergency response agencies as the situation 
evolves.  Furthermore, weather information 
helps government make decisions related to the 
organization of rescue and relief operations 
during the post-event phase. 

In terms of weather service for natural disaster 
mitigation, improving the accuracy of weather 
forecasts alone is not enough.  Indeed in spite 
of rapid global scientific and technological 
advancements (such as greatly improved 
numerical weather prediction products and 
advanced remote sensing capability), the 
number of people impacted by natural disasters 
has continued to rise in the last couple of 
decades (IFRC, 2005).  The cause of this 
deteriorating situation is very complex.   But 
one thing is clear: “natural disasters” arise from 
the interaction of natural phenomena and human 
societies (Figure 3-1) and that addressing only 
the scientific aspect of the issue would only be 
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half of the business to reduce impact.  To help 
reduce disaster impact, NMHSs must deal with 
the human aspect of the issue too (Figure 3-2), 
that is, one has to take into account how the 
human society responds to weather information 
including warnings. 

Warnings are not issued everyday and so it is 
not self-evident that people would listen to them, 
believe in them and act on them.  One critical 

element of a successful warning system is the 
trust that people place on it.  This has to rely 
on a long-term effort on the part of the NMHS 
to reach out to the target audience, to educate 
them and to convince them (Lam, 2005).  In 
this connection, we should see the operation of 
the Public Weather Service which routinely 
sends out information to the community as the 
foundation of this confidence-building effort.  
This will be elaborated further later. 

 
 

 

 
Figure 3-1  Weather systems interact with human societies to give rise to 
disasters (after Lam, 2005) 
 

 
Figure 3-2  Effective natural disaster reduction requires hard work on both the 
scientific and human aspects (after Lam 2005). 
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2. Weather Warnings 
For weather warnings to be effective, on top of 
being scientifically accurate, they should be : 

(a) relevant to the target audience,  

(b) timely for the intended purpose,  

(c) delivered effectively to reach the wide 
spectrum of recipients,  

(d) capable of prompting actions,  

(e) suitably ‘graded’ to trigger matching 
actions by recipients. 

2.1 Be relevant 
Being relevant is the over-riding consideration.  
This dictates the types/categories of warnings to 
be issued.   For each country or city, it 
depends on climate, geography, culture, history 
and degree of urbanization or development.  
The warning systems should meet the needs of 
the community and facilitate their effective 
responses.  As discussed in Lam (2007), such 
consideration would imply that NMHSs have to 
cover weather phenomena of a wide temporal 
spectrum, ranging from “now” to “decades”.  
Relevance consideration also motivates the 
introduction of new types of warnings as the 
social circumstances evolve. 

For example, Hong Kong was well served by a 
simple tropical cyclone warning system based 
on visual signals a century ago.  This worked 
on a time scale of a day or so. But as the 
increasing population pushed people to live on 
hill slopes and flood plains, rainstorms had 
increasing impact.  A heavy rain warning was 
first introduced in the 1960s, followed by a 
rainfall-based landslip warning in the 1970s.  
This moved the forecast operation into the time 
scale of hours.  As urbanization intensified, 
heavy rain episodes caused much greater 
interruptions to the running of a city heavily 
dependent on commuting and transport.  A 

colour-coded heavy rain warning system was 
introduced in 1992, to allow more systematic 
and graded responses to rain situations.  Lately, 
thunderstorm squalls generated an increasing 
number of incidents (see for example Lam 
2005), an alerting service based on automatic 
anemometer stations and operated via the 
internet has to be introduced, thus moving the 
forecast operation into the time scale of 
minutes. 

The increasing urbanization of Hong Kong has 
led to changing social structure and values.  
There is a growing population of old people 
living alone or chronically ill.  There are also a 
significant number of underprivileged people 
left behind by the rapid economic changes.  In 
this background, it was observed that 
unseasonally hot or cold weather spells 
impacted on these communities badly.  Thus 
cold and hot weather warnings were introduced 
in 1999.  Now, such warnings trigger the 
government into opening shelters, social 
workers and volunteers making calls to the 
elderly and the chronic ill, etc.  With the 
introduction of these warnings, the Hong Kong 
Observatory is seen positively by the 
community as a ‘caring’ service in a highly 
populated city.  That is the benefit of “being 
relevant”. 

2.2 Be timely 
“Being timely” for a warning service is a fluid 
concept with no fixed meaning.  It adapts itself 
to the context (Lam, 2007).  The key issue for 
the NMHS as a warning operator is to 
appreciate how the intended recipients of the 
services would evaluate the product delivered.   

For the NMHS, the lead time is determined by 
the time scale of the weather phenomenon 
concerned, the scientific forecast capability, and 
the time it takes for warning messages to reach 
the intended recipients.  However for the 
recipient, it is determined by the time required 
for him to take the necessary response action.  
There is no a priori reason why the two would 
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match.  Indeed the requirement is nearly 
always beyond what the NMHS could offer.  
In order to be perceived as delivering timely 
warnings, the NMHS have to manage user 
expectations, through education and outreach 
activities (Lam, 2005) in addition to adjusting 
the warning systems to reflecting changing 
circumstances as described above.  

2.3 Effective Delivery 
A major part of the weather warning process is 
the delivery, which includes the physical 
dissemination of warning messages and the 
communication of relevant information to 
recipients.  However, the recipients span a 
wide spectrum, ranging from the little-educated 
and the under-privileged to sophisticated users 
capable of assimilating large amounts of 
information themselves.  “Being effective” 
covers both the physical means of delivery as 
well as the contents of the information 
communicated to the users. 

For the former category of recipients, 
communication means which cost little to the 
user would have to be employed, such as 
loud-hailers and the basic radio.  In more 
developed countries, this would include 
television and telephone.  In terms of 
information contents, the message should be 
simple and easy to understand.  Visual 
symbols, numbered- or colour-coded warning 
status would suffice to trigger actions following 
the pattern established through years of 
familiarization, that is, local tradition.  This is 
an aspect NMHSs must not forget while adding 
advanced technology into their operation.  
Otherwise the most vulnerable sector of the 
community would be left out in the disaster 
mitigation effort. 

For the latter category of users, diverse 
communication means could be deployed, 
ranging from mobile phone, Short Message 
Service (SMS) and the internet.  The 
broadband capacity of the internet allows 
detailed information such as real-time 

observation data, radar and satellite images, 
predicted tropical cyclone tracks, etc. to be 
made available to the public.  This would 
enable the sophisticated user to assess for 
himself the risk associated with his particular 
circumstances and to devise response actions 
accordingly.   

An effective warning system therefore should 
embrace a judicious mix of communication 
means as well as different approaches to the 
presentation of information to the diverse user 
communities (Figure 3-3).  Figure 3-4 shows 
the trends of the usage of the telephone-based 
Dial-a-Weather service of the Hong Kong 
Observatory (HKO) versus that of its website in 
the past decade.  The rapid rise in internet 
usage has not diminished the use of telephone 
calls to get weather information.  It illustrates 
very well the persistent needs of a sector of the 
community which still relies on simple, cheap 
technology to access weather information. 

2.4 Prompting actions 
Issuing and disseminating weather warning is 
not the end of the story.  It is just the beginning.  
After all, the purpose of a warning service is to 
mitigate disasters by prompting appropriate 
actions by the government, the private sector 
and individuals.  It is thus essential that they 
all understand the warning messages, know how 
to incorporate the information into their 
decision making process, and most importantly, 
be prepared to take appropriate actions.   

Prior consultations with government 
departments and where appropriate private 
organizations (such as transport operators) are 
conducted by the Hong Kong Observatory to 
make sure that their contingency plans make 
good use of weather warnings as triggers for 
their response actions.  A good example is the 
Hong Kong Special Administrative Region 
Government’s Contingency Plan for Natural 
Disasters (Security Bureau, 2007; see also Lam, 
2004).  For example, following the plan, as a 
tropical cyclone approaches or as a rainstorm 
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Figure 3-3  Reaching the public through multiple means to communicate 
weather information of different volumes and degrees of detail. 
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Figure 3-4  The usage of telephone for weather information remained steady in spite of growth 
in internet usage. 
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situation develops, the Hong Kong society 
gradually gears up its state of alertness, takes 
prescribed collective actions to wind down the 
busy city and position itself in such a way that 
the loss of life and property is minimized while 
the disruption to the city’s complex daily 
activities is also avoided to the extent possible. 

In warning messages issued by the HKO, advice 
on precautionary actions to be taken to avert 
danger is always appended.  Taking the “cold 
weather warning” as an example, the 
precautionary announcements would prompt  
people to dress warm, to visit or phone old 
people living alone and people with chronic 
diseases and to be careful with the use of 
heating devices to prevent fire.  The warning 
also triggers actions by partner government 
departments, which would open shelters and 
distribute blankets.  The press would pay 
special attention to cases of coldness-related 
incidents, etc. A single-threshold system like 
this effectively switches the entire society into a 
state of alertness once the specified threshold is 
reached. 

2.5 Graded warnings 
A graded warning system, on the other hand, 
enables the community to build up its response 
commensurate with the risk involved as the 
weather situation develops.   

In Hong Kong’s rainstorm warning system, 
there are three colour-coded tiers.  The ‘amber’ 
alerts people to the possibility of a rainstorm 
with significant impact.  A ‘red’ indicates a 
situation where students should stay at home or 
if class is already underway, stay in school, until 
the rainstorm goes away.  The purpose is to 
avoid having a million students stuck on the 
roads while heavy rain pours.  A ‘black’ 
prompts people and workers to stay put or seek 
shelter if working outdoors.  Such a system 
enables a better balance between the risk and 
the socio-economic cost involved in preparing 
for severe weather. 

In Hong Kong’s number-coded tropical cyclone 
signal system, number “1” indicates general 
alert, “3” means primary school and 
kindergarten students having no school, and “8” 
means all schools closed and, by established 
tradition, most organizations releasing their staff 
to return home to guard the family against wind 
and rain.  Even law courts and the stock 
market close in a number “8”.  The city 
practically comes to a stop at number “8”; it 
reflects the great value which the community 
places on the life of individuals. 

3. Evolve to survive 
Figure 3-5 summarizes the history of how a 
number of weather warnings in Hong Kong 
evolved with time in response to changing 
circumstances.  The changes did not take place 
simply because of the emergence of new 
technology available to the NMHS.  Instead, it 
arose from regular interactions with the 
stakeholders, such as the public sector, the 
private sector, NGOs and individuals.  They all 
have different concerns and, for a warning 
service to work and meet people’s requirements, 
these concerns have to be addressed during the 
consultation process. 

The evolution of the tropical cyclone warning 
system in Hong Kong is a good example to 
illustrate how a weather service could change 
over time.  The system has been in existence 
since 1884.  Over the past 120 years, Hong 
Kong has evolved from a small fishing village, 
to a trading port and to an action-packed 
modern metropolis with 7 million people.  The 
tropical cyclone warning has evolved 
accordingly, reflecting the advancement of 
meteorological science and communication 
technology, the evolution of the built 
environment and the changing expectations of 
the society (Lam, 2000).  The system started in 
the form of the firing of a ‘typhoon gun’ in the 
early days, then evolved into a set of visual 
signals and eventually settled down as a 
numbered system.  However,  the system is 
now not just a set of numbers, but a total 
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Figure 3-5  The evolution of a number of weather warnings in Hong Kong. 

 

package including warning messages with 
detailed information and precautionary advice, 
predicted track and much related observational 
data on the HKO website, multiple means of 
information dissemination, as well as a complex 
network of interactions between HKO and the 
various sectors it serves.  Because of the 
immense impact of the number “8” signal on 
the running of the city, HKO’s decision is 
analyzed microscopically by all sectors 
concerned every time it is activated.  This is 
the source of immense political pressure.  The 
HKO survives only because it has been 
sensitive to the needs of all and maintains an 
open mind regarding adjustments which have to 
be introduced from time to time to meet 
changed circumstances. 

 

 

4. Public Weather Service as 
the builder of trust 

Severe weather does not strike often.  The 
functioning of a warning service might not be 
put to test as frequently as desirable.  A 
number of questions arise: Why would people 
believe in the warnings issued only occasionally?  
How to convince  them?  How to make them 
take action?  While some may turn to 
legislation, the best guarantee that a 
meteorological service could deliver effective 
warnings when severe weather hits is to 
exercise it everyday.  This is what the Public 
Weather Service (PWS) does as a matter of 
routine, through the delivery of useful weather 
forecasts to a wide spectrum of user 
communities.  Thus, it serves to: 

(a) establish and maintain the necessary 
scientific capabilities,  
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(b) establish good connections with users,  

(c) assure on a daily basis the integrity and 
readiness of the NMHS,  

(d) build up the credibility of the 
meteorological service among the users 

 

4.1 Maintaining scientific 
capabilities 

In spite of the emphasis on the human aspect of 
warning services so far, the scientific aspect is 
not to be forgotten.  No warning could be 
issued without being preceded by a good 
weather forecast.  Getting the right equipment 
and systems to monitor weather for the running 
of a sound PWS is thus a pre-requisite to any 
warning service.  Apart from hardware, the 
vigilance and the meteorological sense of 
front-line forecasters must be nurtured and 
maintained in a permanent state of readiness.  
Issuing forecasts everyday be it rain or shine, 
forecasters would be exercising themselves in 
terms of understanding the mechanism behind 
the weather forecast, the synoptic interpretation 
of NWP products, the appreciation of the 
differences among different sets of NWP 
products, the reconciliation between actual 
synoptic situations and NWP outputs, as well as 
balancing FAR and POD in situations of 
uncertainty.  Only then would forecasters have 
the strength and resilience to deal with a 
real-life severe weather situation adequately 
when it comes. 

4.2  Connection with users 
With good connections with users established 
during “peace time” in between “disasters”, 
their requirements would be better understood 
by meteorologists and matched by proper 
products and delivery modes.  The operation 
of PWS in close contact with the user 
community provides a bridge to the formulation 

of warning services fitting more closely the 
needs of the users.  At the HKO, related 
initiatives include: regular surveys on service 
performance, liaison or consultative groups for 
different user sectors, user visits to 
meteorological facilities to appreciate the 
strengths and limitations of the forecasting 
operation, and community networking such as 
‘joint-up’ weather monitoring to enhance 
coverage and early alert. 

4.3  Assuring readiness 
By running a PWS rigorously, with forecasts 
being issued for the public everyday, we have 
the opportunity to test on a daily basis various 
components of the whole process of generating 
meteorological information and delivering it to 
users.  It is comparable to going through a 
checklist test routinely as part of an ISO process.  
Then we are assured that when weather 
warnings are issued, the same machinery would 
work smoothly to deliver them to users.  
Indeed, it would be dangerous to see the 
issuance of a weather warning in support of 
natural disaster mitigation as a one-off, 
standalone activity.  That mindset will most 
likely end up having the warning system failing 
at the moment when it is most needed.  Instead, 
treat the warning function as an occasional 
fluctuation above the day-to-day continuum of 
operation, albeit a higher threshold is involved.  
Then everyday there is an opportunity to 
identify room for improvement, as is necessary 
in an ideal quality management process.  
Experience and expertise built up through 
regular exercises of forecasting and decision 
making serves as the solid foundation of a 
sound warning service. 

4.4  Building credibility 
Credibility takes time to grow.  But the 
credibility of the NMHS among the user 
communities, in particular the public, is 
essential so that they would indeed take 
response actions on receipt of warnings of 
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severe weather.  The PWS delivers weather 
forecasts to the public everyday and serves as 
the basic building block of this 
confidence-building effort. Of course the 
NMHS has to do PWS well over a period of 
years to achieve positive ratings by the public.  
But it is also important to use PWS as a banner 
for various outreach activities.  At the HKO, 
related initiatives include: popular science talks, 
workshops for various sectors, regular 
appearances on television and radio to project a 
positive image, production of education 
material on videos and webpages to spread the 
latest knowledge, and community events such 
as ‘Open Day’ to increase the transparency of 
service.  An example of how such outreach 
activities resulted in higher perceived 
performance ratings by the public is described 
in Lam (2005). 

 

5. Conclusions 
While natural hazards may not be totally 
eliminated, the integration of early warnings 
with appropriate response measures can prevent 
them from becoming disasters.  It takes two to 
ensure success: the weather service to issue 
warnings, and the recipient to respond with 
actions.  Effective natural disaster mitigation 
through weather warnings therefore requires 
hard work by NMHSs on both scientific and 
human aspects (Figure 3-2).  The provision of 
an accurate forecast is only half the business.  

The other half requires that the warning service 
be customer-focused and be relevant, that is, 
meeting the needs of the community.   

As customers span a wide spectrum, ranging 
from the little-educated to the sophisticated, a 
diversity of products disseminated over 
multiple channels are required to meet the 
different needs.  All the same, the warning 
message should always be clear and be easily 
understood by the intended audience. 

To help recipients decide on what actions to 
take, a warning may be like a simple “on/off” 
switch based on a single threshold, or a graded 
system allowing commensurate responses.  It 
is important that matching actions are linked to 
each warning and are carried out by the 
recipients. 

The Public Weather Service is the solid 
foundation of an effective warning service for 
disaster mitigation.  The daily issuance of 
forecasts serves to establish scientific 
capabilities and good connections with users, to 
assure the readiness of the NMHS, and to build 
up the credibility of the meteorological service 
among the users.  A well-run PWS wins for an 
NMHS the trust of its users by establishing 
itself as a trustworthy brand, through the 
delivery on a daily basis of useful weather 
forecasts to serve a wide cross-section of user 
communities.  This is the best guarantee that 
people would act on warnings to minimize the 
impact of hazardous weather.  
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Y.K. Leung and C.Y. Lam 

Hong Kong Observatory 

Visibility Impairment in Hong Kong –  
A Wind Attribution Analysis 
 
1. Introduction 
With the rapid economic development in the 
Pearl River Delta, the deteriorating trend in 
visibility of Hong Kong (Chang and Koo, 1986; 
Cheng et al., 1997; Leung et al., 2004a and 
2004b; Lam, 2006) has aroused much public 
concern.  

Visibility is defined as the greatest distance at 
which a black object of suitable dimensions can 
be seen and recognized when observed against 
the horizon sky during daylight or could be seen 
and recognized during the night if the general 
illumination were raised to the normal daylight 
level (WMO, 1992).  Apart from fog, mist, 
rain and other meteorological phenomena 
involving water droplets, reduced visibility 
occurs mainly as a result of the absorption and 
scattering of light by particulates suspended in 
the atmosphere.  Past studies for cities such as 
Beijing of China (Wang and Liu, 2006), Los 
Angeles (Adam et al., 1990) and Denver 
(Groblicki et al., 1981) of the United States 
show that there is a close relationship between 
visibility and the concentration of suspended 
particulate.  Visibility is therefore a good 
visual indicator of air quality.   In Hong Kong, 
Leung et al. (2008) show that visibility and 
suspended particulate with diameter  2.5 µm ≦
(PM2.5) have a strong reciprocal relationship 
with a correlation coefficient of 0.78, 
statistically significant at 5% level. 

Suspended particulates may be dust of purely 
natural origin (e.g. loess from northern China).  

It could also be formed as a result of human 
activities such as construction, vehicular traffic, 
fossil-fuel power generation, cooking and 
burning of vegetation coupled with 
photochemical processes (Zhou and Shu, 1994; 
Wang and Xu, 2001; Lam, 2006).  For Hong 
Kong, there has been an on-going debate on the 
relative significance of local and regional 
sources of suspended particulates in visibility 
impairment.  But the answer is complex, being 
quite different depending on how one 
approaches the subject (Lau et al., 2007).  It 
could be argued that some of the increased 
turbidity of the atmosphere in Hong Kong is 
transported to Hong Kong from outside.  But, 
considering the large consumption of energy 
within Hong Kong itself, which invariably 
involves combustion of one form or another 
with its attendant emissions, there is little 
question that some of this turbidity is locally 
generated by the urban form of living practised 
here (Lam, 2006). 

As suspended particulates are carried and 
dispersed by wind, visibility impairment is 
significantly influenced by this meteorological 
element.  Several past studies (e.g. Cheng et 
al., 1997; Leung et al., 2004b and 2008) have 
pointed out qualitatively or demonstrated by 
case studies the importance of wind, but there 
has been little systematic quantitative analysis.  
This paper quantitatively analyses for the first 
time visibility impairment attributable to wind 
direction in Hong Kong. 
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2. Data and Methodology 

2.1 Visibility and wind data 
This study is based on visibility and wind data 
in the Hong Kong Observatory archive.  
Currently, manned visibility observation 
stations are made at two locations in Hong 
Kong, one at the Hong Kong Observatory 
Headquarters (HKO) and the other at the Hong 
Kong International Airport (HKIA) at Chek Lap 
Kok.  HKO is located at Tsim Sha Tsui, an 
urban area location and HKIA, near Lantau 
Island on the eastern side of the Pearl River 
estuary.  At HKO, visibility observations are 
made hourly by trained observers since 1968.  
At HKIA, manual observations started in 1997 
and automatic instrument readings were made 
available to observers for reference in making 
visibility reports in November 2004.  Visibility 
observations at Chek Lap Kok Island were also 
conducted in 1980-1982 during which the 
meteorological conditions of the airport site 
were investigated.   

In line with the global trend towards automated 
observations including visibility, it has been 
decided that instrumental visibility readings at 
HKIA would be archived for climatological 
purpose from 2005 onwards.  Careful 
comparisons were conducted to ensure that the 
continuity of visibility climatology at HKIA is 
preserved in the transition from human 
observations to instrumental readings (Chan and 
Shun, 2008).   

Following Chang and Koo (1986), reduced 
visibility in this paper refers to visibility below 
8 km, excluding cases of rain, mist, fog and 
high relative humidity ( 95%).≧  

For the wind attribution analysis, wind data at 
HKO were not used because the anemometer 
exposure was handicapped by the many 
high-rise buildings nearby.  Instead, wind data 
at King’s Park (elevation of 65 m) located at a 
relative open location just 2 km to the north 
were employed. 

2.2 Trend analysis 
Long-term trend analysis was carried out for the 
occurrence frequency of reduced visibility.  
There are many statistical methods for 
calculating trends and testing their significance, 
including parametric methods such as 
regression and t-test (e.g. Easterling et al., 1997; 
Karl et al., 1993) and non-parametric methods 
such as Mann-Kendall test (e.g. Qian and Giorgi, 
2000; Quereda Sala et al., 2000).  This study 
adopted the most commonly employed 
regression method and t-test.  Linear 
regression lines were fitted to the parameters by 
least squares.  The long-term trend could then 
be inferred from the slopes of these straight 
lines.  Two tailed t-test was applied to test the 
statistical significance of the trends at 5% 
significance level. 

The test statistics t for testing the null 
hypothesis H0: trend = 0 against the alternative 
hypothesis H1: trend ≠ 0, is given by: 

21
2

r
nrt
−
−

=  

where r is the correlation coefficient and 
follows a t distribution with n-2 degrees of 
freedom. 

2.3 Wind attribution analysis 

A methodology has been developed to compare 
the occurrence frequency of reduced visibility 
in a specific year with that in a reference period, 
with a view to finding out the relative 
contributions of the changes in (a) the wind 
regime and (b) the source of suspended 
particulate.  This is referred to as a “wind 
attribution analysis”.  The methodology 
examines changes in the 12 wind sectors 
centred at 0°, 30°, 60°, …, 300°, 330°.    

Let fi be the number of hours of wind in sector i, 
and Pi be the probability of occurrence of 
reduced visibility when wind is in sector i.  
Then the total number of hours of reduced 
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visibility N can be expressed as 
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Using the subscript a to denote the average for a 
certain reference period of several years, j to 
denote a certain year, we have 
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Expressing  fij and Pij  as  fij = fia + ∆fi ,  Pij 
= Pia + ∆Pi  where ∆ denotes the change with 
respect to the reference period.  Then 
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The first and second terms in the above 
equation represent the change in number of 
hours with reduced visibility as attributed by (a) 
the change in wind frequency and (b) the 
change in probability of reduced visibility 
respectively.  The second term may also be 
interpreted, in layman term, as the change in 
reduced visibility arising from a change in the 
turbidity of the air such as that due to a high 
concentration of suspended particulate.  The 
last term is a second-order term in ∆fi and ∆Pi, 
usually small in magnitude and representing the 
interaction of the two above factors. 

2.4 Trajectory analysis 
Backward trajectory analysis is useful in tracing 
the source of air parcels reaching Hong Kong.  
This study made use of the Hybrid 
Single-Particle Lagrangian Integrated 
Trajectory (HYSPLIT) model from the US 
National Oceanic and Atmospheric 
Administration (NOAA), and also the Global 
Data Assimilation System (GDAS) data from 
the US National Centre for Environmental 
Prediction (NCEP) for the computation of 
backward trajectories.  The temporal and 
spatial resolution of the GDAS data are 6 hours 
and 1° x 1° respectively. 

HYSPIT model was adopted by many 
researchers (e.g. Chan et al., 2007; Leung et al., 
2008) to understand the location of sources of 
air mass.  Theoretical descriptions of how 
backward trajectories are derived and the 
operational details of the model are given in 
Draxier and Rolph (2003). 

3. Results 

3.1 Visibility trend 
The visibility observed at HKO from 1968 to 
2007 has a deteriorating trend (Figure 4-1).  In 
the first half (1968-1987) of the 40-year period, 
the rising trend was small (about 53 hours of 
reduced visibility per decade) though 
statistically significant at 5% level.  However, 
for the latter half (1988-2007), there has been a 
dramatic rise in reduced visibility with a 
statistically significant trend of 580 hours per 
decade, some eleven times that in the first half.  
The deteriorating rate accelerated further after 
2002.  By 2007, the frequency of reduced 
visibility was about four times that in the 
seventies and eighties. 

Figure 4-1 also showed that, at Chek Lap Kok 
where HKIA is now located, the occurrence 
frequency of reduced visibility has increased 
substantially in the last decade, compared with 
the early eighties.  The construction and 
operation of airport, the new town development 
at Tung Chung nearby as well as the proximity 
of HKIA to the rapidly developing area of Pearl 
River Delta are potential factors contributing to 
this change.  The frequency of reduced 
visibility observed at HKIA was generally 
higher than that at HKO.  The more frequent 
occurrence of haze at HKIA in comparison to 
the urban areas is consistent with the findings 
by Lam (1981a and 1981b) in the early 1980s.  
This regional difference could be due to wind 
convergence in the vicinity of HKIA as a result 
of the local sea breeze circulation pattern 
(Leung et al., 2004b; Chan and Shun, 2008). 
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3.2 Wind attribution analysis 
The frequency of reduced visibility observed at 
both HKO and HKIA fluctuated within a 
relatively narrow range in the period 1997-2002 
but then rose noticeably thereafter (Figure 4-1).  
For this reason, a wind attribution analysis for 
the last five years viz. 2003, 2004, 2005, 2006 
and 2007 was conducted using 1997-2002 as the 
reference period.  The results of the wind 
attribution analysis at HKO and HKIA are 
summarized in Table 4-1 and 4-2 respectively.  
In the tables, the 12 wind sectors mentioned in 
Section 2.3 are grouped broadly into three 
regions (Figure 4-2a and 4-2b): 

(a)  “West to North” region – air generally 
from areas such as the Pearl River Delta 
to the west and north of Hong Kong;  

(b) “Northeast to Southeast” region – coastal 
air mass generally from southeastern 

coastal areas of China to the east of Hong 
Kong; and 

(c)  “South” region – maritime air mass 
generally from the South China Sea. 

Table 4-1 and 4-2 show that at both HKO and 
HKIA, the increase in the annual number of 
hours of reduced visibility as compared to the 
average that in 1997-2002 was mainly due to 
the increase in probability of reduced visibility 
for the various specified wind sectors, in other 
words, turbidity of the air.  In the most recent 
period 2005-2007, its contribution exceeded 
90%.  The contribution from change in the 
wind frequency regime was much smaller (of 
the order of 10% or less).  The residual 
contribution arising from the interaction of 
changes in wind frequency and probability (that 
is, second-order term mentioned in Section 2.3) 
was also small. 

 

 

Figure 4-1   Time series of annual number of hours with reduced visibility observed at the Hong 
Kong Observatory Headquarters (HKO) and at Chek Lap Kok (now the Hong Kong International 
Airport (HKIA)) respectively.  Reduced visibility refers to visibility below 8 km excluding cases of 
rain, mist, fog and high relative humidity ( 95%).≧  
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At HKO, the change in the wind frequency 
regime accounted for only 6% or less for the 
change in the annual number of hours with 
reduced probability observed.  In contrast, the 
change in the probability of reduced visibility in 
specified wind sectors (that is, the “turbidity” 
factor) accounted for at least 88% in the 
individual years.  Figure 4-3 showed that the 
increases in this “turbidity” factor in recent 
years as compared with the 1997-2002 average 
was large, especially in the “West to North” and 
“Northeast to Southeast” sectors.  Because 
climatologically, winds at King’s Park were 
more frequent in the “Northeast to Southeast” 
sector than the “West to North” sector, the 
contribution of the “Northeast to Southeast” 
sector to the increase in the annual number of 
hours of reduced visibility amounted to 59-80%, 
which was higher than that of the “West to 
North” sector (14-34%).  The “South” sector 
only accounted for 2-12% (see item 2 in Table 
4-1).  

At HKIA, the change in the wind frequency 
regime and the change in the “turbidity” factor 
accounted for 4-16% and 81-91% respectively 
of the change in the annual number of hours 
with reduced visibility (Table 4-2).  Similar to 
the situation at HKO, the increase in the 
“turbidity” factor in recent years when 
compared with the 1997-2002 average (Figure 
4-4) was also large and occurred in nearly all 
directions.  In contrast to HKO, Figure 4-4 
also showed that the “turbidity” factor was 
much higher for the “West to North” sector than 
the “Northeast to Southeast” sector in 
1997-2002.  As in the previous study results on 
haze in 1979-1982 (Lam, 1981a and 1981b), 
this could be related to the geographical 
location of HKIA on the Pearl River estuary, 
with the Pearl River delta region located in the 
“West to North” sector.  In recent years, the 
increase in “turbidity” factor in the “Northeast 
to Southeast” region was prominent when 
compared with that of the 1997-2002 average.  
For example, as Figure 4-4 shows, the value of 
probability in the sector centred at 90° increased 
from 0.09 (1997-2002 average) to 0.28 and 0.24 

in 2006 and 2007 respectively.  It hints that the 
loading of suspended particulates in air from 
places to the east including the southeastern 
coastal areas of China as well as Hong Kong 
itself has increased.  Coupled with the fact that 
winds from the “Northeast to Southeast” sector 
is climatologically dominant, the contribution of 
the “Northeast to Southeast” sector is slightly 
higher than that of the “West to North” sector 
(see item 2 in Table 4-2). 

3.3 Backward trajectories 
By using the HYSPLIT model, daily backward 
trajectories were computed.  In Hong Kong, 
backward trajectories can be generally classified 
into three categories: continental, coastal and 
maritime (Leung et al., 2008).  Hong Kong is 
situated in the East Asian monsoon region.  In 
winter, under the dominance of northeast 
monsoon, the majority of the trajectories is 
continental.  However, under the southwest 
monsoon in summer, the trajectories are mainly 
maritime in nature.  

The daily positions of the air mass 24 hours 
before reaching HKO and HKIA at 100 m aloft 
at 8 a.m. of the individual days in 2007 were 
plotted in Figure 4-5 and 6 respectively.  For 
the cases with 12 hours or more of reduced 
visibility observed at HKO on the day of arrival, 
almost all the 24-hour positions were in 
continental or southeastern coastal areas of 
China (Figure 4-5).  Similar finding is also 
noted for the reduced visibility observed at 
HKIA (Figure 4-6). 

Similar analyses were conducted but for a 
height of 500 m (Figure 4-7 and 4-8) above 
Hong Kong.  The results also showed that 
most of the 24-hour positions were in 
continental or southeastern coastal areas of 
China.        

4. Conclusion and Discussion 
The visibility in Hong Kong has a significant 
deteriorating trend in the past 20 years.  By  
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* Owing to the very low wind frequency in the sector centred at 300°, the probability in this sector is computed as the 
average of that in the two neighbouring sectors centred at 270°and 330°. 

 
Table 4-1  Attribution analysis for the increase in the number of hours with reduced visibility 
observed at the Hong Kong Observatory Headquarters with respect to 1997-2002.  Reduced 
visibility refers to visibility below 8 km excluding cases of rain, mist, fog and high relative humidity 
(≧95%). 
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Table 4-2  Attribution analysis for the increase in the number of hours with reduced visibility 
observed at the Hong Kong International Airport with respect to 1997-2002.  Reduced visibility 
refers to visibility below 8 km excluding cases of rain, mist, fog and high relative humidity (≧95%). 
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(a) Hong Kong Observatory Headquarters 

 

(b) Hong Kong International Airport 

Figure 4-2  Division boundaries of the three regions: “West to North”, “Northeast to Southeast” 
and “South” for observations at the (a) Hong Kong Observatory Headquarters and (b) Hong Kong 
International Airport. 
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Figure 4-3  Relationship between probability of reduced visibility observed at the Hong Kong 
Observatory Headquarters and wind direction at King’s Park (Owing to the very low wind frequency 
in the sector centred at 300°, the probability in this sector is computed as the average of that in the 
two neighbouring sectors centred at 270° and 330°). 
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Figure 4-4  Relationship between probability of reduced visibility and wind direction observed 
at the Hong Kong International Airport. 
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Figure 4-5  Positions of air mass 24 hours before arriving at the Hong Kong 
Observatory Headquarters (HKO) at a height of 100 m aloft at 8 a.m.  For cases with 
daily number of hours of reduced visibility observed at HKO equal to 12 or above on the 
day of arrival, the positions are marked in black dots. 

Cases with 12 hours or more of reduced visibility on the day of arrival 
Other cases  
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Figure 4-6  Positions of air mass 24 hours before arriving at the Hong Kong International 
Airport (HKIA) at a height of 100 m aloft at 8 a.m.  For cases with daily number of hours of 
reduced visibility observed at HKIA equal to 12 or above on the day of arrival, the positions 
are marked in black dots. 

Cases with 12 hours or more of reduced visibility on the day of arrival 
Other cases 
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Figure 4-7  Positions of air mass 24 hours before arriving at the Hong Kong Observatory 
Headquarters (HKO) at a height of 500 m aloft at 8 a.m.  For cases with daily number of 
hours of reduced visibility observed at HKO equal to 12 or above on the day of arrival, the 
positions are marked in black dots. 

Cases with 12 hours or more of reduced visibility on the day of arrival 
Other cases 
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Cases with 12 hours or more of reduced visibility on the day of arrival 
Other cases 

Figure 4-8  Positions of air mass 24 hours before arriving at the Hong Kong International 
Airport (HKIA) at a height of 500 m aloft at 8 a.m.  For cases with daily number of hours of 
reduced visibility observed at HKIA equal to 12 or above on the day of arrival, the positions 
are marked in black dots. 
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2007, the frequency of reduced visibility (< 8 
km excluding cases with fog, mist, rain or 
relative humidity ≧ 95%) was about four times 
that in the seventies and the eighties.  The 
rising rate increased significantly after 2002.   

The wind attribution analysis results showed 
that in the most recent years (2003 – 2007), the 
increase in the number of hours with reduced 
visibility is mostly attributable to the “turbidity” 
factor in certain wind sectors.  The effect of 
inter-annual variations in the frequency of wind 
from different directions was rather small.   

According to the observations at the Hong Kong 
Observatory Headquarters in recent years, the 
probability of reduced visibility in the “West to 
North” and “Northeast to Southeast” sectors 
was much higher than that of the 1997-2002 
average.  The contribution of the changed 
“turbidity” factor in the “Northeast to 
Southeast” sector accounted for most of the 
significant increase in the number of hours with 
reduced visibility after 2002, at least 59% 
(2004). 

Similar analysis results were obtained for the 
Hong Kong International Airport.  However, 
the contribution to the increase in reduced 

visibility after 2002 of the “West to North” 
sector was comparable to that in the “Northeast 
to Southeast” sector.  This regional difference 
between the Hong Kong International Airport 
and the Hong Kong Observatory Headquarters 
could be related to their geographical locations.  

Computations of daily backward trajectories in 
2007 were carried out and the positions of the 
air mass 24 hours before arriving at Hong Kong 
were plotted.  The results showed that the air 
mass for days with high number of hours of 
reduced visibility mainly originated from 
continental and southeastern coastal areas of 
China.  

Apart from wind direction at the observation 
site, meteorological factors such as wind speed 
and atmospheric stability as well as mesoscale 
circulation patterns such as land/sea breezes 
also play an important role in the transportation 
and dispersion (or accumulation) of suspended 
particulates, with a bearing on visibility.  
Further attribution studies to take into account 
these factors would help to elucidate the 
problem further. 
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Abstract 
South China situates at the boundary between 
the Eurasian continent and South China Sea, 
which is part of East Asian monsoon region. In 
northern winter (December-February, DJF), 
cold surges often approach there resulting in 
significant drop of air temperature. However, 
their strength is usually weak when they arrive 
there. Since the specific heat capacity of the 
ocean is much larger than the land, the cold 
surges normally have smaller effect on South 
China Sea. In this study, the cold surge 
variations and the corresponding mechanisms 
for these geographical regions are explored on 
decadal timescales.  

Wavelet analysis is adopted to study winter 
monsoon variations. Data are collected from 
NCEP-NCAR reanalysis dataset and six local 
weather stations. Based on the gridding of the 
reanalysis dataset, South China is divided into 
three regions, which are (1) continent, (2) 
land-ocean boundary and (3) ocean. It is found 
that winter monsoon over South China might 
undergo interdecadal variation with dominant 
period around 32-64 years. It is also found that 
the continent part of South China might have 
teleconnections with Pacific Decadal 
Oscillation (PDO) and North Atlantic 
Oscillation (NAO) while the ocean part of 
South China might have teleconnections with El 
Niño/Southern Oscillation (ENSO). 

1. Introduction 
Many studies showed the linkage between East 
Asian winter monsoon and El Niño/Southern 
Oscillation (ENSO) (e.g. Li, 1990; Zhang et al., 
1996). However, recent studies pinpointed this 
relationship had changed since middle 1970s 
(e.g. Chang et al. 2000, Zhou et. al, 2007). 
Zhou et. al. (2007) pointed out this changing 
relationship was related to the phase 
relationship between ENSO and PDO, where 
PDO (Pacific Decadal Oscillation) is an El Niño 
like interdecadal oscillation that shifts every 
20-30 years (e.g. Mantua et al., 1997). On the 
other hand, the origin of cold-air mass in this 
monsoon region is a cold-core pressure system 
known as Siberian High. The multi-decadal 
oscillation in North Atlantic Ocean called North 
Atlantic Oscillation (NAO) has been found to 
have great influence on temperature over 
Siberia in winter (e.g. Hurrel et. al., 2003). 
Hence, ENSO, PDO and NAO may influence 
the intensity of cold surges from Siberian High. 
Being part of East Asian monsoon region, South 
China is under the influence of cold surges 
originating from the High. This study tries to 
explore their contribution on interdecadal 
variations of winter monsoon over South China. 

Annual mean winter air temperature is used for 
studying the variations of winter monsoon. The 
study is conducted by considering both 
continent and ocean part of South China. Apart 
from the intensity of cold surge, the frequency 
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of cold surge arriving South China is another 
factor affecting the temperature throughout a 
winter. The frequency depends on sea level 
pressure difference between Siberian High and 
South China. The relationship between this 
difference and temperature in South China will 
also be studied. 

In this paper, sources of data are presented in 
section 2. Then, interdecadal variations of 
winter monsoon over South China are described 
in section 3 and the corresponding possible 
mechanisms are described in section 4.  At the 
end, there is a summary of the findings in 
section 5. 

2. Data 
Air temperature and sea level pressure data of 
each region are collected from NCEP-NCAR 
reanalysis dataset. Air temperature data are also 
collected from six cities. The boundary 
condition of the three regions and source of data 
are summarized in Table 5-1 and Table 5-2 
respectively. The Siberian High of this project is 
defined as sea level pressure averaged over 
40-60oN, 70-120oE based on the data from 
NCEP-NCAR reanalysis dataset between 1948 
and 2007. ENSO and PDO indices are collected 
from Joint Institute for the Study of the 
Atmosphere and Ocean (JISAO) while NAO 
index is collected from Climate Research Unit 
(CRU), University of East Anglia, Norwich, 
U.K. The sources of three datasets are 
summarized in Table 5-3. 

3. Interdecadal variations of 
winter monsoon over 
South China 

It is not efficient to analyze every temperature 
dataset, so correlation analysis is adopted to 
reduce the number of datasets to be analyzed. 
The correlations among all unfiltered 
temperature datasets used in this project are 
summarized in Table 5-4. NCEP R1/R2/R3 
represents the NCEP-NCAR gridded region 

1/2/3 in this project. 

Data from Macao and Hong Kong are 
reasonable to generalize the variations of 
temperature in the continent part of South China. 
The lowest correlation among all local cities is 
0.832 between Shaoguan and Shanwei. Since 
the null hypothesis of no correlation between 
them having 53 degrees of freedom (DOF) is 
true only for correlation smaller than 0.323 for 
the right-tailed test at the 0.01 level of 
significance, the two cities are highly correlated. 
Other correlations between any 2 cities for null 
hypothesis are equal or smaller since their DOF 
are equal or larger than 53, so all cities are 
highly correlated. Macao has the longest 
continuous temperature record in South China 
while Hong Kong has the earliest temperature 
record among all datasets. The temperature of 
Macao and Hong Kong can describe the general 
features of South China with very high 
confidence. Similarly, data from NCEP-NCAR 
gridded region 1 can accurately describe the 
characteristics of the land and coastal cities in 
South China. The wavelet power spectrum and 
reconstructed time series of Macao are shown in 
Figure 5-1. 

 

Interdecadal variation of air temperature in the 
continent part of South China can be separated 
to six stages from 1885 onwards. Firstly, the air 
temperature is generally below-normal in late 
1880s and 1890s; secondly, it is close to normal 
between early 1900s and middle 1910s where 
above-normal events are slightly more; thirdly, 
it is generally below-normal between middle 
1910s and middle 1930s where the it is 
sometimes above-normal in 1920s; fourthly, it is 
often above-normal between late 1930s and 
early 1950s; fifthly, it is generally below-normal 
between middle 1950s and late 1980s; lastly, 
above-normal events are dominant afterwards. 

The ocean portion of South China (South China 
Sea) somehow behaves differently with the 
continent part. From Table 5-4, two 
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observations show that the coastal cities of 
South China behave more likely as the land 
region than the ocean region. Firstly, the 
correlation between the adjacent NCEP gridded 
regions, i.e. between NCEP R1 and R2 and 
between NCEP R2 and R3 (~0.9), is fairly 
higher than that separated by one region, i.e. 
between NCEP R1 and R3 (~0.7). Secondly, the 
local cities in both region 1 and 2 is most 
correlated with NCEP R1 among the three 
NCEP gridded regions. Since NCEP R2 
encloses much more ocean area than land area 
compared with the cities at the land-sea contrast, 
the average temperature of this gridded region is 
less affected by the cold surge.  

Since the correlation between NCEP R2 and 
NCEP R3 is very high (0.908) and NCEP R3 is 
purely ocean region, it is reasonable to use 
NCEP R3 to represent the interdecadal variation 
of cold surge in the ocean part of South China. 
The wavelet power spectrum of NCEP R3 is 
given in Figure 5-2. 

The winter monsoon of the ocean part of South 
China shows similar interdecadal variation as 
the continent part since 1950s. To begin with, 
above-normal events seem to be dominant 
before middle 1950s. After that, below-normal 
events are dominant between middle 1950s and 
late 1980s. Then, above-normal events are 
dominant again since late 1980s. However, the 
length of data available from NCEP-NCAR 
reanalysis dataset is too short to describe 
interdecadal variation. 

In short, interdecadal variation of winter 
monsoon in continent part and ocean part of 
South China may have similar pattern. The 
primary period might be around 32-64 years in 
the 20th century. As the length of data for the 
ocean part of South China is only 59 years 
(1949-2007), it is inadequate to arrive at this 
conclusion under the constraint of Nyquist 
frequency. 

 

4. Possible mechanisms 
Even though the winter monsoon variations of 
the continent and ocean portion of South China 
might be similar after 1950s, the two regions 
might have different possible mechanisms. 
Siberian High, Sea level pressure difference 
between Siberian High and South China (SLP 
(SMH-SC)), ENSO, PDO and NAO altogether 
may construct the possible mechanism for 
interdecadal variation of winter monsoon of the 
two regions. They all may have moderate or 
significant powers for the period around 32-64 
years (not shown). 

Firstly, SLP (SMH-SC) shows different 
correlations with air temperature in South China 
for the two regions. SLP (SMH-SC) has very 
weak correlations before 1980s with the 
temperature. Afterwards, the correlations are 
negative, which are strongest in region 1 (the 
continent part) and weakest in region 3 (Central 
South China Sea) (Figure 5-3). 

Secondly, air temperature in the continent 
portion and the ocean portion shows different 
relationship with ENSO and PDO (Figure 5-4). 
The temperature in the continent part* has 
positive correlation with both ENSO and PDO 
before 1930s but the correlation becomes weak 
afterward. The temperature in the ocean part, on 
the other hand, has positive correlation with 
ENSO before late 1980s but no correlation with 
PDO for all time. Meanwhile, the correlation 
between ENSO and PDO is quite high. 
Therefore, PDO may not have direct 
teleconnections with the winter air temperature 
in South China while ENSO may have direct 
teleconnections with the temperature in ocean 
part of South China. 

*Note that Macao is used for the substitute for 
NCEP gridded region 1 because Macao has 
longest continuous data and the two datasets 
have high correlation (Table 5-4). 

Thirdly, PDO has much stronger correlation 
with the SLP over Siberian High than ENSO  
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Region Gridded data from NCEP-NCAR Local weather station 
Guangzhou (23.17oN, 113.3oE) 
Shaoguan  (24.68oN, 113.6oE) 1 

Continent part of South China 22.5-25.0oN, 112.5-115.0oE 
Heyuan   (23.73oN, 114.7oE) 
Hong Kong (22.30oN, 114.2oE) 

Macao    (22.20oN, 113.5oE) 
2 

Northern South China Sea and 
Coastal area of South China 

20.0-22.5oN, 112.5-115.0oE 

Shanwei   (22.80oN, 115.4oE) 
3 

Central South China Sea 17.5-20.0oN, 112.5-115.0oE Nil 

 
Table 5-1: Grids of three selected regions in South China using NCEP-NCAR 
reanalysis dataset and six cities 

 

Dataset Earliest 
record 

Year of 
record used 

in this 
project 

Website 

ENSO index 1817 1850-2007 http://jisao.washington.edu/datasets/globalsstenso/ 
PDO index 1901 1901-2007 http://jisao.washington.edu/pdo/ 
NAO index 1821 1850-2007 http://www.cru.uea.ac.uk/~timo/projpages/nao_update.htm

 
Table 5-3: Source of ENSO, PDO and NAO indices 

 
Correlation(r) NCEP R1 NCEP R2 NCEP R3 Guangzhou Heyuan Shaoguan Hong Kong Macao Shanwei

NCEP R1 1                 
NCEP R2 0.907  1               
NCEP R3 0.693  0.908  1             

Guangzhou 0.861  0.813  0.677  1           

Heyuan 0.843  0.779  0.683  0.956  1         

Shaoguan 0.835  0.702  0.553  0.898  0.912  1       

Hong Kong 0.831  0.782  0.698  0.895  0.939  0.863  1     

Macao 0.868  0.797  0.633  0.944  0.910  0.887  0.938  1   
Shanwei 0.882  0.886  0.784  0.947  0.923  0.832  0.949  0.942  1 

Table 5-4: Correlations among unfiltered data from NCEP-NCAR and local stations 

Name of Organization Acronym Year of record Official website 
China Meteorological 

Administration CMA 1951 – 2007 http://www.cma.gov.cn/ 

Hong Kong Observatory HKO 1884 – 1941 

1947 – 2007 http://www.hko.gov.hk/ 

Macao Meteorological and 
Geophysical Bureau SMG 1901 – 2007 http://www.smg.gov.mo/ 

National Center for 
Environmental Prediction NCEP 1948 – 2007 http://www.cdc.noaa.gov/ 

 
Table 5-2: Source of meteorological data in South China 
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(a) Wavelet power spectrum 

 
 

(b) Reconstructed time series 
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Figure 5-1  Interdecadal variation of winter mean air temperature in Macao (1902-2007): (a) 
Wavelet power spectrum of the region using the Mexican hat wavelet (derivate of Gaussian; DOG 
m=2) and; (b) the anomalies of interannual data and reconstructed time series of the city, where the 
anomalies are represented by the bars, the timescale 8-16 year is represented by the solid line and 
that of 16-32 year is represented by the dashed line. Note that the long-term mean temperature of 
each dataset is shown at the top right hand corner of graph (b). The thick black curve in the 
spectrum indicates edge effects 
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(a) Wavelet power spectrum 

 
 

(b) Reconstructed time series 
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Figure 5-2  Interdecadal variation of winter mean air temperature in region 3 using NCEP-NCAR 
reanalysis dataset (1949-2007): (i) Wavelet power spectrum of the region and; (ii) the anomalies of 
interannual data and reconstructed time series of the region, where the anomalies are represented by 
the bars, the timescale 8-16 year is represented by the solid line and that of 16-32 year is represented 
by the dashed line. Note that the long-term mean winter air temperature of each area is shown at the 
top right hand corner of graph (ii). 
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Figure 5-3  Correlation between SLP (SMH-SC) and air temperature in South China for unfiltered 
data in a 31-year moving window: (a) NCEP gridded region 1; (b) region 2 and (c) region 3, where 
the 0.05 level of significance is represented by the black dotted line, the 0.01 level of significance is 
represented by the grey dotted line. 

(a) 

(b) 

(c) 
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Figure 5-4  Correlation between ENSO (solid line)/PDO (dotted line) and temperature in South 
China for unfiltered data in a 31-year moving window: (a) Macao; (b) NCEP gridded region 2 and 
(c) NCEP gridded region 3, where the 0.05 level of significance is represented by the black dashed 
line, the 0.01 level of significance is represented by the grey dashed line 
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Figure 5-5  Correlation (a) between ENSO and SLP over Siberian High (b) between PDO and SLP 
over Siberian High for unfiltered data in a 31-year moving window, where the 0.05 level of 
significance is represented by the black dashed line, the 0.01 level of significance is represented by 
the grey dashed line 
 
 

 

Figure 5-6  Correlation between NAO and temperature over Siberia for unfiltered data in a 31-year 
moving window, where the 0.05 level of significance is represented by the black dotted line, the 0.01 
level of significance is represented by the grey dotted line 
 

(a) 

(b) 
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Figure 5-7  Difference in (a) SLP and (b) air temperature in East Asia in 1970-1979 with the mean 
in 1949-2007; contour level: 0.5 unit (NCEP/NCAR reanalysis dataset). 

(a) 

(b) 
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does. From the correlation plot with a 31-year 
moving window, SLP over Siberian High is 
positively correlated with PDO while it is 
weakly correlated with ENSO between early 
1960s and early 2000 (Figure 5-5). The 
difference is probably due to the different action 
centers of ENSO and PDO. The intensity of 
Siberian High is partly affected by its difference 
in SLP with that in Aleutian Low. Since the SLP 
over Aleutian Low is affected by the phase of 
PDO, teleconnections might exist between the 
intensity of Siberian High and PDO. 

Fourthly, NAO does not have correlation with 
temperature over South China (not shown), but 
it has correlation with temperature over Siberian 
High after 1970s (Figure 5-6). NAO, on the 
other hand, has low correlation with SLP over 
Siberian High (not shown). Since different 
phase of NAO results in surface westerlies 
anomaly blown from North Atlantic Ocean to 
Eurasian continent, it would affect the cold air 
intensity over Siberia during winter if the phase 
persists for long time. Hence, NAO has higher 
correlation with the temperature over Siberia 
than the SLP over there. 

The possible mechanisms for the continent part 
and ocean part of South China may be different. 
On one hand, Siberian High might be 
responsible for the teleconnections between 
winter monsoon of South China in the continent 
part with the PDO and NAO. The strength of 
winter monsoon of the continent part of South 
China sometimes has a positive correlation with 
the SLP difference between Siberia and South 
China, SLP (SMH-SC). When SLP (SMH-SC) 
is large, the strength of winter monsoon might 
be stronger than normal and the temperature 
might be lower than normal, and vice versa.  

Furthermore, the SLP over Siberian High 
always has a positive correlation with the PDO 
since 1949. As PDO exhibits interdecadal 
variation, the SLP would change on decadal 
timescales. Then, the winter monsoon of the 

continent part of South China would also 
exhibit interdecadal variation. The mechanism 
connecting Siberian High and PDO can be 
explained by the SLP difference between 
Siberian High and Aleutian Low. When PDO is 
positive, the air temperature would be lower in 
Aleutian Low and the warm-core Low 
intensifies. The SLP gradient between Siberian 
and Aleutian Low would increase, “motivating” 
the intensification of the Siberian High such that 
the cold air is brought away from it. On the 
contrary, the Siberian High would be weaker 
when the PDO is in negative phase because of 
the smaller SLP gradient between the High and 
the Low. 

Moreover, Siberian High might have 
teleconnections with NAO. Indeed, NAO may 
not directly affect the intensity of Siberian High 
as PDO does. Previous studies found that strong 
NAO phase might affect the temperature in 
Siberian High. In particular, cold air was 
expected to bring to Siberia during 1960s and 
1970s because of the strong negative NAO 
phase. When there was more cold air 
accumulated over Siberia, we might expect that 
Siberian High would intensify. However, it has 
just mentioned that the intensity of SMH has a 
positive correlation with the PDO. PDO was in 
negative phase during that time, so the SLP 
gradient between Siberia and Aleutian Low was 
below-normal during this period (Figure 5-7a). 
That would explain the reason for a 
below-normal Siberian High during 1970s 
despite the air temperature over Siberia was 
below-normal (Figure 5-7b). 

On the other hand, the ocean part of South 
China is less affected by the cold surge 
originating from Siberian High. It might have 
higher correlation with ENSO than PDO. The 
ocean covers the major part of NCEP gridded 
region 2 and the whole region 3. Note that 
length of the NCEP gridded dataset is 59 years 
only (1949-2007), so their variation before 
1950s cannot be determined. Between 1950s 
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and 2000s, the temperatures of the two regions 
are usually positively correlated with ENSO and 
have no correlations with PDO. More precisely, 
their positive correlations with ENSO increase 
from 1950s to middle 1980s and decreases 
significantly afterwards. There is a tri-decade 
negative phase between middle 1950s and late 
1980s for the two regions and a positive phase 
since early 1990s (Figure 5-2). The temperature 
of South China Sea might show a large positive 
correlation with La Niña events and a weak 
correlation with El Niño events.  

During La Niña events, the equatorial Pacific 
has stronger easterlies than normal conditions. 
These would result in stronger southeasterly in 
South China Sea. More upwelling cold water 
would cool the water surface, and hence the air 
temperature would reduce. Conversely, the 
southeasterly would be weak in South China 
Sea during El Niño events. The air temperature 
over the ocean would be less affected by the 
equatorial Pacific Ocean, so the correlation 
would be low in El Niño events. Since ENSO 
and PDO are highly correlated in the past 100 
years, the correlation of NCEP gridded regions 
2 and 3 with ENSO might be an evidence of 

interdecadal variations of the two regions. 
However, this conclusion is not strong because 
the number of samples is comparable to the 
period of interdecadal timescales. 

5. Summary 
This paper examines the interdecadal variations 
of winter monsoon over the continent part and 
ocean part of South China and the 
corresponding possible mechanisms. Air 
temperature is used to dictate the monsoon 
variation. Its most probable period on decadal 
timescales is found to be around 32-64 years for 
the continent part, which may also be true for 
the ocean part. However, the possible 
mechanisms for the two regions might be 
diversified. The cold surge over the continent 
part of South China is often related to the SLP 
between Siberian High and South China while 
the SLP over Siberian High might have 
teleconnections with PDO and NAO. On the 
other hand, there is small influence of the cold 
surge on the ocean part of South China and this 
region might have teleconnections with ENSO. 
However, these observations have to be verified 
by longer continuous and high-quality data. 
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Painting and Computer Graphics Design Competition  
“Sky of 2050 - Climate Change and our Future” 

A competition was organized in collaboration with the Hong Kong Society for Education in 
Art in 2008 for both primary and secondary school students to represent their concerns for 
climate change by painting and computer graphics respectively.  It received very 
enthusiastic support from schools.  The prize-giving ceremony was conducted on 
13 September 2008. The following colour pages show the winning entries of the 
competitions. 
 

香港氣象學會主辦  香港美術教育協會協辦 
「2050 的天空 — 氣候轉變與我們的未來」 

繪畫及電腦動畫設計比賽 
香港氣象學會及香港美術教育協會在 2008 年舉辦了「2050 的天空 — 氣候轉變

與我們的未來」繪畫比賽(小學組)及電腦動畫設計比賽(中學組)，讓同學們利用

圖畫或電腦動畫來表達對氣候轉變的闗注。比賽反應熱烈，頒獎典禮已於 2008
年 9 月 13 日舉行。下頁是得獎作品。 
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「2050 的天空 — 氣候轉變與我們的未來」繪畫比賽 
 小學初級組冠亞季軍作品 

Painting Competition for Primary Students (1-3) 
“Sky of 2050 – Climate Change and our Future” 

 

 

冠軍 Champion 
 

鄭樂恩 
小畫家培養班 

 

亞軍 1st Runner-up 
 

劉洛銚 
拔萃小學 

 

季軍 2nd Runner-up 
 

 陳夕欣 
路德會梁鉅鏐小學 
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「2050 的天空 — 氣候轉變與我們的未來」繪畫比賽 
小學高級組冠亞季軍作品 

Painting Competition for Primary Students (4-6) 
“Sky of 2050 – Climate Change and our Future” 

 

 

冠軍 Champion 
 

陳孟寶  
聖公會聖安德烈小學 

 

亞軍 1st Runner-up 
 

郭綺晴 
秀茂坪天主教小學 

 

季軍 2nd Runner-up 
 

楊佩靈 
聖公會聖安德烈小學 
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繪畫比賽小學初級組優異獎作品 
Painting Competition (Primary 1 to 3) Merit Prize 

蔡鈺儀 
秀茂坪天主教小學 

 
唐穎琳 

瑪利諾修院學校(小學部) 

 
梁智淳 

小畫家培養班 

 
鄧海盈 

小畫家培養班 

 
李綺雯 

聖公會聖安德烈小學 

 
周衍正 

聖約瑟小學 

 
繪畫比賽小學高級組優異獎作品 

Painting Competition (Primary 4 to 6) Merit Prize 

 
洪嘉慧 

聖公會聖安德烈小學 

 
林敏柔 

秀茂坪天主教小學 

 
宋皓軒 

保良局梁周順琴小學下午校 
 

林曉一 
孫方中小學上午校及全日制 

 
莊翊琳 

嘉諾撒聖心學校 
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「2050 的天空 — 氣候轉變與我們的未來」 
電腦動畫設計比賽 (中學組) 冠亞季軍作品 

Computer Graphics Design Competition for Secondary Schools Students 
“Sky of 2050 – Climate Change and our Future” 

 

 

冠軍 Champion 
 

林杰勇 
中華基督教會全完中學 

 

亞軍 1st Runner-up 
 

劉嘉誠 
中華基督教會全完中學 

 

季軍 2nd Runner-up 
 

雷華康 
基督教香港信義會信義中學 
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電腦動畫設計比賽優異獎作品  
Computer Graphics Design Competition Merit Prize 

 
麥富康 

裘錦秋中學(元朗) 

 
賴玉蘭 

裘錦秋中學(元朗) 

 
薛家順 

沙田培英中學 

 

COLOUR PLATES 

 

Figure C1-1  HKO automatic weather stations in Hong Kong 
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Figure C1-3  Network of automated rain-gauges in Hong Kong  

 
Figure C1-4  Webpage showing a localized rainstorm based on  

 the merging of rain-gauge and radar data  
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Figure C1-5 Forecast time series of meteorological parameters generated by  
 HKO based on JMA model outputs 
 

  
 

Figure C1-6  Automated 7-day worded forecasts generated by  
  an algorithm developed by HKO based on JMA and ECMWF model outputs 
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Figure C1-8  Webpage showing visibility readings in Hong Kong 
 

 
Figure C1-9  Weather photo webpage in the HKO website 
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Figure C1-12  An example of time series products provided by KMA under the RA II pilot project 

 

 

Figure C2-2   A plot of the root mean square (rms) errors of the 16 models from IPCC 
AR4 in simulating the annual mean rainfall over the area bounded by 20-30oN and 
105-120oE during 1951-2000.  The red dots above the red line represent models with rms 
error more than 476 mm (one standard deviation of the annual rainfall of Hong Kong, 
1885-2008) and data from these models are not used in the present study. 
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Figure C1-13  An example of time series provided by ECMWF 
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Figure C2-3  Time series of the annual rainfall in Hong Kong from 1885 to 2008 (data not 
available from 1940 to 1946).  The 1885-2008 trend is statistically significant at the 5% level, but 
the 1947-2008 trend is not. 

 

 

Table C2-1  Rainfall forecasts sourced from IPCC AR4 for different global climate models and 
different emission scenarios.  A total of 26 combinations of emission scenarios and model forecasts 
(highlighted in green) are used in this study. 
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Figure C2-4  Projected changes in mean annual rainfall in Hong Kong based on different 
models under (a) A2, (b) A1B, and (c) B1 scenarios.  The rainfall change is with reference to the 
1980-99 average of 2324 mm.  The dark line joining the black dots denotes the multi-model 
ensemble mean. For the decade 2000-2009, actual observations for 2000-2007 and projected 
values for 2008-2009 are used. 
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Figure C2-5  Projected changes in mean annual rainfall in Hong Kong based on different 
models for all three scenarios (i.e. A1B, A2 and B1).  The rainfall change is with reference to 
the 1980-99 average of 2324 mm.  The dark line joining the black dots denotes the average of 
the multi-model ensemble mean of the three emission scenarios (see Figure 4). For the decade 
2000-2009, actual observations for 2000-2007 and projected values for 2008-2009 are used. 
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Figure C2-6.  Projected changes in 30-year mean annual rainfall and annual mean 
temperature in Hong Kong from 1980-1999 to 2070-2099 for different emission scenarios and 
models.  Dots represent projected changes based on different models under various scenarios. 
The cross denotes the ensemble mean of all the selected scenarios and models. 
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Figure C2-8(a) Fractional change in annual precipitation over Asia from the multi model data (A1B 
simulations) between 1980-1999 and 2080-2099, (b) Number of models out of 21 that project 
increases in annual precipitation. (Extracted from IPCC : “Climate Change 2007: The Physical 
Science Basis”, Figure 11.9) 
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Figure C2-9 Projected number of occurrences of extremely dry or extremely wet years in three 
successive 30-year periods in the 21st century. 

Figure C2-7 GFCM20 A2 scenario mean annual rainfall minus B1 scenario mean annual 
rainfall in 2070-2099. Red color indicates that A2’s rainfall projection is less than that for B1. 
The green box shows the area bounded by 20-30oN and 105-120oE.  
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