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Preface
This is a special issue of the bulletin of the Hong Kong
Meteorological Society dedicated to the acid rain project in which
secondary school students in Hong Kong were given the unique
opportunity to understand the atmospheric environment through their own
observations.
Meteorology is much more than weather forecasting. It is
.about studying the atmosphere as it relates to our lives. Human
activities in the last two to three centuries have influenced substantially
the course of evolution of the atmosphere. The human race is so
powerful that it could bring about measurable and indeed disturbingly
significant changes to the chemical composition of the air we breathe and
the water that comes out of the sky as rain.
Readers of this issue will be surprised how much apparently
simple measurements made by students, properly regulated and
persistently done. over a period of time, could be revealed about the acid
rain sitlultion in Bong Kong. -I sincerely hope that student participants
in this project would proudly feel that they have contributed to the
enhanced scientific understanding of the subject in Hong Kong. If some
of them are eventually motivated to pursue the study of the atmosphere as
their career in the future, we would be more than satisfied.
This project was supported by the Environment
Conservation Fund, for which we are most grateful. We thank the Hong
Kong Observatory for its co-sponsorship. Members of the Hong Kong
Meteorological Society and teachers of the participating school spent
much time and effort guiding the participants and synthesizing the data
into an understandable pattern. We thank them all.

(CYLam)
Chairman
Hong Kong Meteorological Society

2

HKMetS Bulletin Vol. 13 Nos. 1/2, 2003

Hong Kong Secondary Schools Acid Rain Survey
Lam C.Y., Kyle W.J., Chan YK. Lam K.S., Lam H.Y. David, Olivia Lee, Lau K.H. Alexis; Cfare nee
Fong

1. Abstract
A territory wide acid rain survey was conducted and completed by the Hong Kong Meteorological
Scociety. The project operated between October 2001 and July 2003. Three workshops were hold
on 3 November 2001,29 June 2002 and 28 June 2003. The attendance exceeded 100 teachers and
students. The workshops introduced basic knowledge of acid rain, provides basic training on field
operations, share and analyze the results of their hard work. Souvenirs, prize and certificates were
distributed. Altogether 24 secondary schools participated and 20 schools have submitted data. A
standardized rain collector, pH papers and plastic funnels were distributed to each participating
schools. The students measured the pH of the rain collected everyday around noontime. Once every
month, they submitted the data to the society. Altogether a total of 748 pH data were submitted.
The minimum of the pH is 3.4, the average is 5.7 and the maximum is 7.2. Most of the measured
pH values (84%) were between 5 and 6. Only 14% had pH values lower than 5. On the high side,
only 2% of the pH values were higher than 6. It appears that the rain in winter and spring seasons
were more acidic. On average, most of the districts in Hong Kong do not have acid rain problem.
Tin Shui Wai, Tuen Mun, Kwai Chung, Tseung Kwan 0 have acid rain problem.

2. Background
The Hong Kong Meteorological Society has for many years been conducting activities to promote
public interest and public awareness of issues related environmental protection and climate change.
These activities include public lectures, short courses conducted by staff of Hong Kong Observatory
and university lecturers, field trips, summer camps and visits. The Society has over two hundred
members and a good connection with most schools and universities in Hong Kong. In the year 2000,
as part of a drive to further promote public awareness of the need for environmental protection, the
Society expressed a willingness to coordinate a large-scale acid rain survey with the assistance of
secondary schools in Hong Kong. About twenty schools responded to our invitation and participated
in an introductory meeting held in the Headquarters of the Hong Kong Observatory. Members from
more than ten schools have sjnce committed to participation in the field program.

3. Introduction
It is well known that the air pollution have been deteriorating in Hong Kong. Consequently, the
emission of various atmospheric pollutants is considerable. The impact of these pollutants on public
health and the environment has become a subject of increasing public concern. In order to help
combat the problem of deteriorating air quality, it is essential to have public support and co-operation.
At present, there is little doubt regarding the public consciousness· of the need for environmental
protection. However, to encourage the public to make a determined effort (e.g. to change habits) to
improve the environment, much education· is still needed. The Hong Kong Meteorological Society
has therefore proposed the organization of an SAR-wide acid rain survey which will provide for
active participation by secondary school students in assessing one aspect of the present state of our
atmospheric environment. Through measurement of the acidity of rainfall and discussions on its
causes and impacts, students and teachers will have the opportunity to increase their awareness of
some of the problems and issues related to air quality.
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4. Aims and Objectives
a) To organize a field operation to measure the spatial and temporal variation in
the acidity of rain in Hong Kong.
b) To promote among teachers and students in secondary schools an
understanding of the acid rain problem and an appreciation of the utility of
field operations and their applications in acquiring data of value.
c) To promote public awareness and interest in environmental protection.
d) To encourage collaboration
Meteorological Society.

among

members

of

the

Hong

Kong

5. Methodology and equipment

About twenty secondary schools joined together to form a voluntary acid rain observation
network for twenty months. Each participating school collected rain samples once each day when
there is rain. The acidity of the rainfall collected was measured using pH paper. The pH values
of the rain were then submitted to the Hong Kong Meteorological Society for checking and
dissemination via internet. To ensure that the results are reI iable, a number of basic steps have
been standardized. All schools used the same rain collectors, same pH paper, same plastic funnel
and they collect sample at around the same time between 12:00 and 14:00 in the afternoon .

...

pK-Fill o.o-a.o
~~

pH paper

Rain Collector

Plastic funnel

Figure 1: Sample Equipment used in the study
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The Hong Kong Observatory manufactured 26 rain collection posts. It was a 1.2 metre high
stainless steel post mounted on a concrete base. 2 stainless steel hoops were fitted for the seating
of a plastic assembly. The rain collection vessel was a 1 litre plastic soft-drink bottle which was
put inside a 2 litre bottle. The top half of the bottles was trimmed away to make a cup. The
plastic bottles were hold in place by the two stainless steel hoops. A 120 mm diameter plastic
funnel was placed on top of the bottles. One hundred boxes of pH papers (pH from 1 to 6) were
acquired. Deionised water or distil water were used to rinse the bottle after measurements. The
Acid Rain Project Webpage was established under the webpage of the Hong Kong
Meteorological Society for communication, information dissemination and data submission.
Materials were delivered to all schools by the committee members of the Society. For the two
schools in Cheung Chau, materials were delivered to Tai Kwok Tsuisea transport terminal.

6. Events of the Acid Rain Survey
The acid rain survey commenced on 1st October 2001 and completed on 31 st July 2003.

Invitation: An invitation letter was sent out to all secondary schools in Hong Kong on 8 October
2001. Twenty-four schools replied and expressed interest in joining the project.
Opening Workshop: The first workshop was hold on 3 November 2001. Teachers and students
from twenty-four secondary schools attended the first acid rain project preparatory meeting. The
history of acid rain survey in Hong Kong, its significance, objectives, daily operations, quality
assurance and quality control were discussed in the meeting.
Second Workshop: The second workshop was organized on 29 June 2002. pH data collected
from January 2002 to June 2002 were presented in the meeting. The proper use of pH paper and
pH meter was also demonstrated in this workshop. An open forum was hold to discuss
difficulties met in daily operations.
SARS Episode: All schools in Hong Kong were suspended between April and June 2003 due to
SARS outbreak. Most of the acid rain monitoring activities were stopped during this period. A
few schools still managed to provide pH data during this period.
Closing Workshop: The closing workshop was organized on 28 June 2003. All pH data
collected from January 2002 to June 2003 were presented in the meeting. An open forum was
held to review the collaboration and discuss the way forward.
Data Analysis: Air pollution and meteorological interpretation of the acid rain over Hong Kong
were carried out jointly by the Hong Kong Observatory (HKO), the Hong Kong Polytechnic
University (HKPU), and the Hong Kong University of Science and Technology (HKUST).
KS. Lam of HKPU compiled and archive the data, he also carried out basic statistical analysis.
Alexis KH. Lau of HKUST analyzed the data from air pollution perspective. Y.K Chan and
David H.Y. Lam of HKO studied the data from meteorological perspective.

7. Results
a) Overview
Twenty schools -participated in the project and submitted rainfall pH data to the Society during
the period January 2002 to June 2003. Figure 2 shows the locations of the schools. It can be seen
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that the schools distribute quite widely over Hong Kong; only the northeastern part of the New
Territories and the LantaLl Island were not covered.

The twenty schools are:
l.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Baptist Wing Lung Secondary School
Caritas Chan Chun Ha Field Studies Centre
CCC Kwei Wah Shan College
Cheung Chau Government Secondary School
CNEC Christian College
Cognitio College (Hong Kong)
Hoi Ping Chamber of Commerce Secondary School
Holy Family Canossian College
Hong Kong True Light College
King's College
N.T. Heung Yee Kuk Tai Po District Secondary School
N.T. Heung Yee Kuk Yuen Long District Secondary School
Po Leung Kuk 1983 Board of Directors' College
Queen Elizabeth School Old Students' Association Second School
Sing Yin Secondary School
St. Mary Canossian College
The Methodist Lee Wai Lee College
Tin Shui Wai Heung To Middle School
Tseung Kwan a Government Secondary School
TWGHs Wong Fut Nam College

[~;$~±AJ

Figure 2. Location of participating schools
6
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A total of 748 counts of pH data were collected. The minimum of the pH is 3.4, the average is
5.7 and the maximum is 7.2. Natural rainwater is slightly acidic with a pH of5.5, as a result of
absorbing ambient carbon dioxide to form weak carbonic acid. Typically, precipitation is
considered as 'acid rain' when the pH value is lowered than 5. The number and percentage
occurrence of the pH data as a function of pH ranges is listed in Table 1. The percentage
occurrence is plotted in Figure 3. By far, most of the measured pH values (84%) were between
5 and 6, and that is the pH value we expect for natural rain water. Only 14% had pH values
lower than 5. On the high side, only 2% of the pH values were higher than 6.
pH range

Number of Counts

Percentage

3 to 4

17

2%

4 to 5

91

12%
.

.

5 to 6

626

6 to 7

13

2%

7 to 8

1

0%

84%

Table 1. Number and Percentage of occurrence of pH values measured as a function of pH
ranges

100%
(I)

U

=
(I)

~

80%

U
U

0

·60%

C+-l

0

(I)

00 :40%
~

'E
(I)

U

$-t

20%

(I)

~

0%

3 to 4

4 to 5

5 to 6

6 to 7

7 to 8

pH measured
Figure 3. Percentage of occurrence of pH values measured as a function of pH ranges.
Using standard statistical test, we found that the distribution of the recorded pH values is
significantly different from a normal distribution (around 5.5), and skews towards lower, more
acidic values. This finding shows that, strictly speaking, Hong Kong does have an acid rain
problem, but it appears that the problem is not serious.
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b. Temporal and Spatial variations
Figure 4 shows the pH values recorded by all the schools as a function of time. Seasonally, it
appears that lower pH values are observed in winter and spring. The lowest pH values for the
entire study were recorded in the first four months of 2002, and pH values recorded in the first
three months of 2003 are lower than those recorded between May and June of 2003 (not much
data was taken during April 2003 because of SARS). There are many possible reasons for this.
It is possible that the acidity of the rain in spring 2002 is really more acidic than spring 2003 or
that the students who took the data had changed between 2002 and 2003 and different students
could have judged the pH values differently. On the other hand, the difference may also be
related to the very different rainfall amount during these periods. Records from the Hong Kong
Observatory showed that 268.3 mm of rain was recorded in the first three months of 2002
(nearly twice the normal amount), while only 75.4 mm was recorded in the first three month of
2003 (about half the normal amount). With four times more rain, it is not surprising that there
are many more data points in the early part of 2002 than in 2003.
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4/1/02

6130/02

9/28/02

12/27/02

3/27103

6/25/03

Time series of the pH values.

c. Spatial Distribution of Acid Rain
Spatially, lower pH values are more often found on the western side of Hong Kong. Tin Shui
Wai and Tuen Mun each had more than 20 days with rainfall pH values lower than 5, Lam Tin
and Tseung Kwan 0 had 12 days, Kwai Chung had 7 days, Hong Kong West had 2 days while
Cheung Chau and Kowloon had none.
To clearly show the spatial variations, the lowest pH value recorded at each site is shown in
Figure 5; the average pH value recorded at each site is shown in Figure 6. Red colour is used to
depict pH values lower than 5.
Figure 5 shows that, Hong Kong West has one red figure. Tseung Kwan 0 & Lam Tin has two
red figures, Kwai Chung has 2 red figures, Tin Shiu Wai and Tuen Mun has 5 red figures. The
maximum acidity recorded (between 3 and 4) is indeed very acidic.
Figure 6 shows that in average term, Tin Shiu Wai, Tuen Mun. Tseung Kwan 0 & Lam Tin has
acid rain. On average, most of the districts in Hong Kong do not have acid rain problem.
8
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Figure 5.

Lowest pH value recorded at each school.

Average pH recorded in each school

Figure 6.

Average pH value recorded at each school.
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8. Students' Experience
a. Rain(all problem
Acid rain survey is a demanding job. It requires vigilance and long term commitment. In Hong
Kong, winter is a dry season but the continental outflow during this period will bring acid rain.
When the idling period became too long it is doubtful whether students tend to forget the
operation. The data in Figure 4 revealed the enthusiasm of the students at the beginning of the
project and a few schools reported that they were actually waiting for rain all the time and
became very excited when the first rain came. On the other hand, there are tremendous amount
of rainfall in summer. Occasionally, they found it difficult to access the rain collector in
summer due to heavy rain and thunder storm and they ask why they could not measure the pH at
home, they believe it should be the same rain. Also, sometimes the rain collector overflows.

b. Siting of rain collectors
Another difficulty met is the siting of the rain collector. A few schools are lucky enough to be
able to put their rain collector on the roof top but some schools forbidden roof activities due to
safety consideration. Eventually, individual schools have to seek their own solutions. A few
schools have to suspend the survey work during summer vacation due to construction works.
Some rain collectors have moved locations several times.

c. Operation problems
One major operational problem is about the continuous effort. It turns out that no school is able
to take measurements on all holidays especially during summer holiday. When rain came before
long holidays, it is difficult to keep schedule. Only a few schools are able to provide Saturday
and Sunday measurements. Students' turnover is another problem. In some schools, the students
who participated in the acid rain survey graduated in summer 2002; They have to recruit new
students when school started again in fall.
Some schools reported that their funnels were lost due to storm wind and some reported theft.
More common is the aging of the funnel and plastic bottles due to weathering.
Another operational problem is that the students expressed that they do not know how to read
wind speed, wind direction and volume of rainfall. Some fundamental training was provided in
the second workshop.

d. Quality Assurance and Quality Control
The readil1gof the colour of pH paper should be straight forward. Nevertheless, it involves
subjective judgement. Students reported that natural deposition can cause bias to their results.
One case reported that a small leaf was found inside the bottle and the pH value of that rain was
7.2 which is the maximum value of the entire data set. Since it is a conscious and genuine data,
it was not deleted. A demonstration of different colours from I to 6 pH values was carried out in
the second workshop. Students experience different colour by dipping the pH paper lnto
different solution such as vinegar, dilute sulphuric acid, tea and soft drinks. Two to three
schools checked their pH values using pH meter. Based on the authors' judgement, Tin Shui
Wai Heung To Middle School and Cheung Chau Chan Chun Har maintained the highest data
quality. They also demonstrated perseverance because they submit pH data from the beginning
until completion. Many schools also demonstrated perseverance and should be complimented
but Heung To and Chan Chun Har have the longest records.

10
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e. Submission of Data
Students expressed their ignorance on internet culture. It is rather surprising that the Society
ultimately was unable to standardized the format of data submission. The intention was to
distribute an excel file and wishfully hope that students can fill in the excel file regularly and
submit data through email. A few schools have no problem and did it right away. Quite many
schools were unable to get through. A data entry submission form was put up on the Society's
webpage. Two to three schools adopted this channel but most others do not. Eventually, the
society accepted any kind of data submission. Some send by fax, some use the internet data
entry form, most of them by email but not as an excel file but as text typed in email message.
This does not present any problem to the administrator, it is just a little additional labour. This
problem reflects a general lack of knowledge in information technology and a lack of computer
resources in secondary schools which is so urgently needed in this information era.

9. Conclusion
A territory-wide field operation to study the spatial and temporal variation of acid rain in Hong
Kong was successfully conducted. Altogether twenty-four secondary schools participated and
twenty schools submitted rain pH data.
Three workshops have been organized. Each workshop attracted an attendance of over one
hundred students and teachers. Lectures and tutorials have provided basic training on the
understanding of the acid rain problem and an appreciation of the utility of field operations and
their applications in acquiring data of value.
The average pH of rain in Hong Kong is 5.7. Overall, acid rain is not significant in the whole of
Hong K0ng. However, in localized regions such as Tin Shui Wai, Tuen Mun, Kwai Chung and
Tseng Kwan 0, the rain is more acidic than the other districts. The season variation indicates
that the rain is more acidic in winter and spring season.
A network linking the secondary schools, the government and universities has been successfully
built up for the purpose of education-and promotion of environmental awareness.

10. Acknowledgements
The Hong Kong Meteorological society would like to thank the Environment and Conservation
Fund for their funding support and precious comments. The Society also thanks the Hong Kong
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A Case.Study of Acid Rain Episode in Hong Kong
from the Meteorological Perspective
H. Y. Lam': Alexis K.H. Lau' and C. Y. Lam"
~

.Hong Kong Observatory
•Center for Coastal and Atmospheric Research, Hong Kong University ofScience and Technology

Abstract

The Hong Kong Meteorological Society acquired the Environment and
Conservation Fund, Woo Wheelock Green Fund to study the relationship between acid
rain and local weather in 2001. A project called "Hong Kong Secondary Schools Acid
Rain Survey" was designed to help students and teachers learning field operation and data
collecting skills. Through analysis of collected data, participants can gain knowledge
about acid rain problem in Hong Kong.
Hong Kong is located in the sub-tropical region. Abundant rainfall is received
between May and October every year due to active southwest monsoons and approaching
tropical cyclones. Acid rain therefore is not a problem during summer and autumn as
acidic substances are greatly diluted by heavy rain. However, light rain condition in .'
winter and early spring does make the worst impact of acid rain problem in Hong Kong.
In this paper, analysis result of an episode case on 4-5 February 2002 is presented mainly
from the meteorological prospective. Result indicated that the concentrations of acidic
. substances increased rapidly within a few hours around the passage of the front edge of
the monsoon replenishment over Hong Kong. These pollutants followed the flow near
surface and were transported over Hong Kong from upstream Guangdong region. The
acidic substances were then dissolved in tiny raindrops and fell over the territory.
Degraded visibility was observed during the passage of the monsoon boundary.

1.

Introduction

Acid rain is one of the environmental problems in many parts of the world.
The effects of acid rain are observed almost everywhere, from the corrosion of limestone
statue in Greece to dead vegetation related to high acidity at our backyard. It is
generally believed that acid rain is the consequence of increasing human and social
To better understand the local acid rain problem, the Hong Kong
activities.
Meteorological Society (HKMS) applied for the Environmental and Conservation Fund,
Woo Wheelock Green Fund in 2001 to conduct a territory-wide survey project in the
following one and a half years. This project aims to promote public awareness and
interest about acid rain problem and its relationship with local weather, which has not
been widely examined in the past. Through this survey, teachers and students from
participating schools canle~.s.killsonJield operation and data collection, and eventually
gain knowledge about acid rain problem in Hong Kong.

12
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Altogether 24 secondary schools from various districts in Hong Kong joined the
project and 20 of them submitted data eventually. Figure I shows the locations of the
schools that participated in the survey.

Figure 1 (left).
Figure 2 (right).

2.

Locations of participating schools in Hong Kong Secondary Schools
Acid Rain Survey.
pH values of recorded rainfall on 4-5 February 2002.

Case Study

During the whole survey period, acid rain was recorded by participating schools
in several occasions. A case in February 2002 provided a good example to demonstrate
the relationship between weather and the mechanism of acid rain formation. In this
paper, an acid rain episode occurred on 4-5 February 2002 was investigated. Three
schools located at Tin Shui Wai, Yuen Long and Tuen Mun recorded acidic precipitation
with pH values ranging from 3.4 to 5.5. This is an interesting case to study as acid rain
only observed in the northwestern part of Hong Kong, while schools in other districts
received rainfall with higher pH values of 6, which are in the normal level. Figure 2
shows the pH values recorded by the schools around Hong Kong during this particular
episode. Analysis result suggested that acid rain can occur when air mass with acidic
constituents from upstream Guangdong moves across Hong Kong, provided that the
rain-making mechanism is in place.

3.

Air Quality

The Environmental Protection Department (EPD) is the official authority in
Hong Kong to monitor the local air quality. There are 15 air quality monitor stations
(AQMS) within the territory functioning 24 hours a day to sample the air that we are all
breathing in. The constituents in the air that EPD is monitoring include, but not limited
to, sulphur dioxide (S02), carbon monoxide (CO), nitrogen dioxide (N0 2), ozone (0 3 )
and respirable suspended particulates (RSP). Among these pollutants, S02 and RSP
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seem to link closely with the formation of acid rain, while the content of CO in the air is
insignificant that it is c~nsidered having no contribution in making acid rain.
In this paper, concentrations of S02 and RSP from Yuen Long, Tung Chung,
Tsuen Wan and Shatin AQMS were studied in terms of their spatial and temporal
difference during the episode.

3.1 Sulphur Dioxide
Sulphur dioxide is a gas which mainly produced by car exhausts. While most
vehicles in Hong Kong are using low sulphur fuel, cars in mainland China are considered
to be the main source. S02 can dissolve in water and form sulphurous and sulphuric
acids. During drizzle condition, minute raindrops will combine with sulphur dioxide
particles and form acid rain. On the night of 4 February 2002, when the front edge of
the monsoon replenishment was approaching, sulphur dioxide content at Yuen Long and
Tung Chung started to rise at about 2000 HKT, while Tsuen Wan and Shatin lagged by
two and five hours respectively (Figure 3). The S02 concentrations increased rapidly up
to 10 folds in Yuen Long, from about 6 ppm before the rise to over 60 ppm after.
Similar trends were also observed at Tung Chung, Tsuen Wan and Shatin.
Concentrations dropped considerably when rain set in at around 0400 HKT and acid rain
was received.
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3.2 Respirable Suspended ParticUlates
Respirable suspended particulates are minute particles with diameters less than
or equal to 10 microns. These are normally referring to exhausts from diesel fuel and
...-:dust from .the illdustries. On the night of 4 February 2002, RSP concentrations were
about 70 to 80 ppm over the whole territory before the arrival of the monsoon
replenishment. Figure 4 shows the time series of RSP concentrations in Yuen Long,
Tung Chung, Tsuen Wan and Shatin. RSP contents commenced to rise quickly from
ambient level at about 2000 HKT, same time as the S02 concentrations was rising. It is
interesting to notice that the RSP concentrations also followed a similar decreasing trend
as S02 had. Time series shows that RSP concentrations fell even lower than the
previous -ambient level, which was more significant in Tsuen Wan and Shatin, suggested
the rainout effect cleaned up the atmosphere and settled the tiny particles to the ground.
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Figure 4.

4.

Time series of hourly concentrations of RSP at Yuen Long (top left), Tung
Chung (top right), Tsuen Wan (bottom left) and Shatin (bottom right) on 4-5
February 2002.

Synoptic Weather Situation

To understand the relationship between acid rain and weather, one should first
investigate the large-scale weather situation, both at the surface and the atmosphere aloft.
Figures 5(a-b) show the daily surface weather maps at 0800 HKT on 4 and 5 February
2002, respectively. It was shown that southern China was controlled by a weak
northeast monsoon. Nearly calm wind condition was dominating over southern China
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on 4 February. Then a high pressure area developed over Sichuan and nearby provinces
during the day and gave lise to a replenishment of the winter monsoon at night. Winds
in Guangdong turned to more northerly that night owing to the developing anticyclone
located in inland China. GOES-5 visible satellite imagery (not shown) indicated that a
broad cloud band associated with the low level moisture stretching from Vietnam through
South China Coastal Area and nearby Taiwan, all the way to Japan. This is related to the
trough at 850 hPa level. Figures 6(a-b) shows the streamlines and relative humidity
analysis fields at 850 hPa level on the morning of 4 and 5 February 2002, respectively.
The charts show that the trough located at the central part of southern China edged
southward during the 24-hour period and moisture was also pushed to the south following
the northerly winds at this level. Light to moderate rain was observed along the coastal
areas of Guangdong associated with this low level trough.

Figure 5(a-b).

Daily surface weather charts at 0800 HKT on 4 (left) and 5 (right)
February 2002.

Figure 6(a-b).

5.

JMA global model streamline and relative humidity analysis charts at
850 hPa at 0800 HKT on 4 (left) and 5 (right) February 2002.

Local Weather

Under the influence of the winter monsoon, it was generally cloudy with light
Figure 7 shows the
ram patches in Hong Kong during the episodic period.
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meteorograms of Hong Kong Observatory (HKO) and Hong Kong International Airport
(HKIA) in the 24-hour period starting from 1600 HKT on the 4 February 2002.
Meteorograms indicated that winds were moderate easterlies, both at HKO and HKIA, in
the late afternoon on 4 February. Winds started to turn northeast then northwest after
dusk at HKIA meaning the early arrival of the monsoon replenishment to the western part
of the territory. At 2100 HKT, haze was reported at the airport for one hour and mist
followed while relative humidity increased. Visibility dropped to below 3000 metres
before and after the arrival of the monsoon replenishment due to mixing. Visibility
trend at HKO also deteriorated with mist commencing few hours later, when the monsoon
replenishment pushed further eastward and passed over the urban areas after midnight.
Rain was then reported after 0400 HKT on 5 February 2002 and temperatures stayed at
about 15°C during daytime.
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5.1 Wind
Studying the wind field of Hong Kong not only tells the wind speed and wind
direction over the territory at a particular time, sometimes it also provides the best
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estimation of the pollutant movement. During the acid rain episode, the advancement of
the monsoon replenishment front edge acted as the mover of the pollutants. The
convergent line helped pushing the pollutants from north to south, following the flow near
the surface. It was signified by the southerly winds ahead of the boundary and northerly
winds behind it and was easily identified in 2-dimensional wind fields. The densely
distributed automatic weather station network set up by HKO helps putting this imaginary
meteorological feature into understandable graphical format.
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across Hong Kong.
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Figure 8 shows the sequence of the movement of the monsoon boundary and
the corresponding wind field on 4 and 5 February 2002. It is clearly seen that the front
edge arrived Hong Kong from the west shortly after dusk on 4 February 2002. The air
mass boundary continued to advance eastward through the night and reached the city
center around midnight. It could be observed from the sequence that the march was
retarded and the boundary line was deformed when it crossed over the urban areas. The
air mass boundary finally passed Hong Kong before dawn and winds around the territory
strengthened from the general northerly direction.

5.2 Rainfall
Although the monsoon replenishment arrived on the night of 4 February 2002,
no rainfall was recorded until the next morning. Figure 9 shows the GOES-5 visible
satellite picture on the morning of 5 February that a broad cloud band associated with the
low level moisture lingered along the south China coastal areas. Light echoes with
rainfall rate of less than J mm per hour were picked up by the Tai Mo Shan Doppler radar
at the same time (Figure 10). As shown in Figure 7 previously, rain started to fall at
around 0400 HKT at HKIA and 0500 HKT at HKO. There was a null period of about
three hours that only mist was observed. Rain then resumed before noon time. Figure
11 shows the total rainfall distribution map of Hong Kong on 5 February 2002. It is
observed that rain mostly concentrated at the northern half of the territory, while little or
nil rainfall was recorded south of the urban areas. About 3 to 5 mm of rainfall were
recorded in the urban areas, but more to 10 mm was measured at the northern part of the
New Territories, such as Tin Shui Wai and Lau Fau Shan. The light rainfall helped
removing the acidic substances from the atmosphere and settling them to the ground,
while acid rain was the result of the scavenging process with little dilution effect.

Figure 9 (left).
Figure 10 (right).

GOES-5 visible satellite imagery at 1032 HKT on 5 February 2002.
HKO Tai Mo Shan Doppler radar reflectivity at 1100 HKT on 5
February 2002.
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Figure 11.

Period 20020205 OO.OOH to 20020205 24,00H

Rainfall distribution map of Hong Kong on 5 February 2002.

5.3 Visibility
Visibility reports from ships within the Hong Kong waters are received by the
Marines Department when visibility is lower than 5000 metres. During the acid rain
episode, visibility deteriorated after the arrival of the monsoon replenishment. Poor
visibilities related to haze and mist were reported at HKIA on the night of 4 February
2002 as discussed in Section 5. The degraded visibility was the result of light scattering
by increasing number of minute pollutant particles. Figures 12 shows the visibility
report before the passage of the monsoon replenishment. It was observed that ships
around Hong Kong waters reported visibility down to 2700 metres at Ulmston Road and
generally worse to the western part of the territory. The front edge of the monsoon just
liked an imaginary convergent line that pollutants tended to accumulate along the
boundary. Therefore, when this line was edging from the north, visibility worsened.
Figure 13, however, shows the visibility condition when the monsoon front
edge was right over the urban areas. No precipitation was reported during that time and
low visibility was due to mist as reported at HKIA. General deterioration in visibility
was observed over the territory, from west to east. Visibility down to 1800 metres was
reported near Western Anchorage of the Victoria Harbour. This can be understood as air
mass north of the monsoon front edge bears more pollutants and affected the visual range.
Discussions in Section 3 reassured this as concentrations of S02 and RSP were higher
after the passage of this convergent line.
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Figure 12.

Visibility repOits within Hong Kong waters at 1800 HKT on 4 February
2002

1001 - 3000 •

Figure 13.

Visibility reports within Hong Kong waters at 0100 HKT on 5 February
2002 (bottom)

6.

Conclusion

Through the results from the case study, it was observed that acid rain problem
does exist in Hong Kong, especially during winter and early spring seasons. Acid rain
episode seems to occur when a convergent line, either a front edge of monsoon
replenishment or a frontal zone, crosses over Hong Kong and brings the acidic substances
from upstream Guangdong. Under favourable rain-making mechanism and through the
rainout process, these substances can dissolve in tiny raindrops and form acid rain.
However, due to the small rainfall amount, little dilution was made and therefore
raindrops bear high acidity. Meanwhile, wind field provides a good estimate of the
pollutant movement and helps in understanding the origin of the source that caused acid
raID. In the episode, visibility is hampered as higher pollutant content scattered the light.
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Closing workshop of Acid Rain Project
Dr. Lam gives us lots of support!
Whenever we have any pl"oblems, just call
him and he will come speedily to help us!

We would very much like to
continue the measurements.
That's great fun!

The biggest problem is the
fact that the funnel is easily
blown away!

It's best to have more
gatherings during the course

-

of the project. We can share
experience to revise
equipment and measurement
methods.
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Long Term Sea Level Change in Hong Kong
WT. Wong, K. W Li, K.H. Yeung
Hong Kong Observatory

1.

Introduction
One of the consequences of global wanning is the rise in sea level due to

thennal expansion of the upper layer of the ocean and melting of polar ice caps and
mountain glaciers. The rise of sea level has a potential impact on coastal regions, such as
increased coastal erosion, more extensive coastal inundation, higher stonn surge flooding,
landward intrusion of seawater in estuaries and aquifers, and changes in surface water
quality and groundwater characteristics.

In the third assessment report of the

Intergovernmental Panel on Climate Change (IPCC), it was estimated that the global
mean sea level had risen by 1.0 to 2.0 millimetres per year in the 20th century and was
projected to rise 0.09 to 0.88 metres from 1990 to 2100 (IPCC, 2001).
The sea level observed at a location is in a continuously changing state. It can
be considered as the superposition of tide and meteorological residuals on the mean sea
level (IOC, 1985). The principal tidal forcing is the gravitational pull by the Moon and
the Sun. This is influenced by the rotation of the Earth, the relative motions among the
Moon, the Sun and the Earth, the declination of the Moon's and Earth's orbital planes to
the Earth's equatorial plane, and variable distances among these celestial bodies. These
influences are manifested in the approximate semidiurnal, diurnal, half-monthly, monthly,
semi-annual, annual, and 18.6 years periodicities of tidal height variations (Godin, 1988.
Kantha et ai, 2000)..
Tides along coastal basins are strongly affected by geometry of the coastline,
bathymetry and hydrology of estuaries.

The eastern side of Hong Kong is open to

influences of the coastal cold current that carries colder water from the East China Sea
along the Taiwan Strait to the south China coast in winter, and the Kuro Shio current that
transports wann water from the Pacific across the Luzon Strait into the South China Sea
in springtime. During summer months, the Hainan current that carries wann water up to
the northeastern coast of the South China Sea prevails. The western side of Hong Kong is
at the Pearl River Estuary.

Fresh water discharge via the Pearl River Estuary and

sedimentation distribution at the Estuary exert an influence on the Hong Kong waters.
This influence declines from west to east. The western part of Hong Kong waters is
estuarine while the eastern part is predominantly oceanic; between the two is a region of
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mixing (Hong Kong Geological Survey, 2000).
The observed tides in open oceans have ranges of about 1.0 metre, which
spread onto the shallow coastal shelves with higher tidal ranges. In Hong Kong, tides are
mixed and mainly semi-diurnal, having two high tides and two low tides in a day for most
days of a month.

The tidal cycle begins in the southeast and propagates to the

northwestern part of the Hong Kong waters. The mean delay in the tidal cycles between
southeast and northwest is about one and a half hour. The mean tidal range between
adjacent high and low waters is about 1.0 metre in the southeast and about 1.4 metres at
the northwestern coast of Hong Kong. The mean differences between the higher high
water and lower low water are about 1.5 and 2.1 metres for these areas respectively.
Meteorological residuals are the irregular non-tidal components due to the
weather that remain after removing the tides by analysis. The major meteorological
elements are atmospheric pressure and wind stress. A decrease of 1 hectopascal of the
atmospheric pressure raises the sea level by about 1 centimetre. The drag of the wind on
the sea surface increases approximately as the square of the wind speed which pushes the
water up the shore when the wind blows in that direction, or pull the water down when
wind is seaward. In extreme conditions such as storm surges during the passage of
typhoons, the rise in seaJevel due to meteorological effects can be more than 3 metres
above the tide level.
In this study, the annual mean sea levels measured at various tide gauge stations,
including stations along the eastern and western coasts of Hong Kong, will be presented.
The sea level trends will be compared to those in the open sea, the South China Sea. The
long term sea level change in Hong Kong for the past 50 years will be determined.

2.

Tidal Measurements
Since the 1950s, a number of automatic tide gauges were installed at sites along

the coast of Hong Kong. Figure 1 shows the locations of these tide gauge stations. The
periods of operation and data availability rates of these stations are given in Table 1.
Hourly tidal records are available from the North Point tide gauge station for
the period 1954 to 1985. The station was built on reclaimed land and the tide gauge was
installed on a sea wall. Monitoring of land settlement was carried out by the Port Works
Division of the Civil Engineering Department (Mott MacDonald, 1990). The height of
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the tide gauge benchmark was measured by precise levelling, a land surveying technique
based on trigonometric calculations, against the Hong Kong survey benchmarkNote I to an
accuracy of about 4 millimetres. In view of settlement of the sea wall and revaluation of
the tide gauge benchmark, the gauge was reset in 1954, 1956 and 1958 (Watts, 1959).
In 1985, the tide gauge station was relocated to Quarry Bay, a new reclaimed
site about 500 metres east of the original station at North Point. The Quarry Bay tide
gauge station has been put into operation since 1986. Monitoring of settlement of the
station was carried out by the Port Works Division of the Civil Engineering Department
(Mott MacDonald, 1990).
The results of settlement measurement at the North Point tide gauge station are
given in Figure 2(a). The rate of settlement was about 6 millimetres per year in the 1950s
and decreased to about 2 millimetres per year in the 1980s. The results of settlement
measurement at the Quarry Bay tide gauge station are given in Figure 2 (b). The rate of
settlement was about 6 millimetres per year in the 1980s and decreased to about 2
millimetres per year near the turn of the century.
Ip et al compared the tidal records at North Point and Quarry Bay and found no
noticeable difference (Ip et ai, 1990). Hence, the tide gauge data from these two stations
are regarded as belonging to the same series. The North PointJQuarry Bay (NPQB) tide
gauge station provides the longest tidal records in Hong Kong.
In contrast to NPQB, other tide gauge stations were not built on reclaimed land.
Regular settlement measurements for these stations have been carried out since
December 1991. The measurements showed that the tide gauge benchmarks fluctuated
within a vertical range of about 2 to 10 millimetres and no significant trends were
observed during the observation periods.
Due to telecommunication problems, data availability for some tide gauge
stations was not satisfactory particularly in the earlier years. In this study, only tidal
records from NPQB, Tai Po Kau, Lok On Pai and Shek Pik tide gauge stations where the
data availability exceeds 80% are presented.
NPQB and Tai Po Kau are located on the eastern coast of Hong Kong and more
Note I The datum of Hong Kong survey benchmark is called the Principal Datum (PD), which is about 0.88
metre below the Yellow Sea Datum. Tide heights are measured in metres above the Chart Datum, which is
0.146 metre below the Principal Datum.
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affected by the northeast monsoon in winter, the oceanic currents from the east, and storm
surges for typhoons that pass the south of Hong Kong, i.e. oceanic effects play an
important role in affecting the hydrology at these locations. Lok On Pai and Shek Pik are
Close to the Pearl River Estuary. Fresh water discharge and sedimentation from the Pearl
River affect the sea levels at these sites and shallow water effects on the tide are also more
important. The maximum storm surges above tide level at NPQB, Tai Po Kau, Lok On
Pai and Shek Pik are given in Table 2.

3.

Data Analysis
Daily mean sea levels are computed from hourly tidal records using a sea level

data processing software package developed by the University of Hawaii Sea Level
Centre (Caldwell, 1998). Short data gaps less than or equal to 24 hours are filled with
linear interpolation via the predicted tide data. A two-step filtering is applied to remove
the periodic changes associated with tides. First, the dominant diurnal and semi-diurnal
tidal components are removed from the hourly tidal records.

Secondly, a 119-point

convolution filter centred on noon is used to remove the remaining high frequency energy.
Monthly means are computed from the daily mean sea levels if not more than 7 days of
data are missing in the month.
Monthly mean sea levels at North Point between 1954 and 1957 are corrected
for the error due to reset of the tide gauge based on the correction table from Watts (Watts,
1959). It was assumed that the error in the gauge was constant from one reset to the next
and the amount of error was the difference between the mean of the recorded tides and the
mean of the predicted tides over the period between resets.
~

Settlement correction based on Figures 2(a) and 2(b) is applied to the monthly
mean sea levels at NPQB between 1958 and 2003. Data in Figure 2(a) and 2(b) are fitted
by second order polynomials. No correction for settlement is applied to the monthly
mean sea levels at Tai Po Kau, Lok On Pai and Shek Pik as settlement has been found to
be insignificant.
Annual mean sea levels are computed from the monthly means if at least 10
months of monthly mean sea levels are available. The trend of long term annual mean sea
level is obtained using a least squares linear fit.
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4.

Results and Discussion
The annual mean sea levels at NPQB, Tai Po Kau, Lok On Pai and Shek Pik are

given in Figures 3(a) to (d).
During the 50 years period from 1954 to 2003, the annual mean sea level at
NPQB has risen at a rate of 2.3 ± 0.6 Note 2 millimetres per year. This is similar to the rate
of sea level rise of 2.3 millimetres per year at an island station Zhapo in the South China
Sea in the past 50 years (State Oceanic Administration, 2004). These rates are slightly
higher than the global mean sea level rise of 1.0 to 2.0 millimetres per year for the 20th
century (IPCC, 2001).
From 1954 to 1987, the annual mean sea levels at NPQB show a general falling
trend at a rate of 2.0 ± 0.5 millimetres per year. From 1987 to 1999, the annual mean sea
levels rose rapidly at a rate of 22.1 ± 2.3 millimetres per year. From 1999 to 2003, the
annual mean sea levels fell sharply at a rate of 21.0 ± 5.1 millimetres per year. Since the
amplitude of the 18.6 years cycle for tides in Hong Kong is about 20 millimetres (Ding et
aI, 2001), the rate of rise or fall in the annual mean sea level due to this astronomical

component is of the order of 2 millimetres per year, which is an order of magnitude
smaller than the observed trends since 1987.
At Tai Po Kau, the annual mean sea level has risen at a rate of 3.0 ± 0.7
millimetres per year from 1963 to 2003. The corresponding annual mean sea level at
NPQB has risen at a rate of 4.2 ± 0.8 millimetres per year during the same period. Similar
to NPQB, there was a steep rising trend since the late 1980s and it became a falling trend
from 2001 to 2003.
The annual mean sea level at Lok On Pai shows no significant trend from 1982
to 1998.

I!

The length of the record of mean sea level at Shek Pik (from 1998 to 2003) is
too short for any meaningful long term trend to be evaluated. Similar to NPQB and Tai
Po Kau; the annual mean sea level declined from 2001 to 2003.
The trends of sea level change observed at NPQB and Tai Po Kau since the
1990s are remarkably similar to the sea level trends over the South China Sea from 1993

Note 2
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to 2003, when satellite altimetry measurements of the oceans are available.
The TOPEXIPoseidon (TIP) satellite is ajoint venture of France and the United
States to measure the global sea level with respect to the centre of the Earth. An altimeter
onJ:>oard the satellite sends radar pulses to the ocean surface and measures the time taken
for bounced off pulses to return to the satellite. The TIP mission provides sea level data
from 1993 to 2001 with an accuracy of 4 to 5 centimetres. Jason-l is successor to the TIP
mission and provides sea level data since 2002.
Figure 4 shows the average annual mean sea level over the South China Sea for
the period 1993 to 2003 from the TIP and Jason-l satellites published by the University of
Colorado (http://sealevel.colorado.edu/). The annual mean sea level has risen rapidly
from 1993 to 2001 and fell sharply from 2001 to 2003, with an overall rising rate of 7.4 ±
2.4 millimetres per year. The rising rate is considerably higher than the global mean sea
level rise of 2.8 millimetres per year for the period 1993 to 2003. The sea level rise over
the South China Sea was partly offset by a fall in the sea level in some other parts of the
world.
From 1993 to 2003, the annual mean sea levels at NPQB and Tai Po Kau rose at
a rate of 7.6 ± 3.8 and 3.4 ± 3.1 millimetres per year respectively. Notwithstanding the
fact that these sea levels were referenced to the local tide gauge benchmarks instead of the
centre of the Earth and hence did not take account of any local or regional crustal
movements, the rates agree with the rate of sea level rise over the South China Sea within
the error limits, i.e. the waters near NPQB and Tai Po Kau have responded to oceanic
changes in the sea level. It therefore appears likely that the long term sea level change in
the eastern waters of Hong Kong is driven by the sea level change in the South China Sea.
Coa'stal effects including influences due to geometry of the coastline, bathymetry and
large scale coastal projects would have affected the tidal currents and contributed to the
differences.
Since the availability of TIP and Jason-l satellite observations in 1993, a
similar rising trend was not observable at Lok On Pai and Shek Pik on the western coast
of Hong Kong though the annual mean sea level at Shek Pik also shows a declining trend
since 2001. Apart from the geometry of coastline and bathymetry, fresh water discharge
and sedimentation from the Pearl River might have influenced the response to the
progress of oceanic currents in the western waters of Hong Kong.

Extensive

hydrographical measurements and modelling would be required to better understand the
influence from various sources to the sea level at these locations, and are beyond the
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scope of this study.
How much global warming had contributed to the observed long term sea level
rise in Hong Kong is difficult to determine. While the global mean sea level rise due to
global warming depends mainly on the thermal expansion of the upper sea layer and the
amount of melting of polar ice caps and mountain glaciers, regional variations in the sea
level are additionally dependent on variations in the regional weather pattern and oceanic
circulation which are affected by global warming. This is a complex problem which
requires extensive monitoring and modelling of atmospheric and oceanic circulations to
shed light on, and is outside the scope of the current study.
It is however worth noting that the large fluctuation in the annual mean sea

level at NPQB since the mid-1980s, i.e. a rapid rise from 1987 to 1999 and an equally
rapid fall from 1999 to 2003, coincided with the rapid rise in global mean surface
temperature during the same period (IPCC, 2001), suggesting that the two phenomena
might be related.
It should also be noted that the observed sea levels at the tide gauge stations in

Hong Kong are referenced to the local tide gauge benchmarks. As pointed out by Yim,
movement of the local earth crust would affect the observed sea level (Yim, 1992).
Techniques based on differential Global Positioning System (GPS) are now available
(lOC, 1994) to determine the vertical ground movement of the tide gauge stations with
respect to the centre of the Earth to an accuracy at the centimetre level. The Hong Kong
Observatory has embarked on a project to measure the long term vertical ground
movement at Quarry Bay, Tai Po Kau and Shek Pik by GPS techniques starting 2004. In
time, the effect of local crustal movement on sea level measurement can be determined
and taken into account.

5.

Conclusion
During the 50 years from 1954 to 2003, the annual mean sea level at NPQB has

risen at a rate of 2.3 millimetres per year. This is similar to the rate of sea level rise of 2.3
millimetres per year in the South China Sea in the past 50 years as reported by State
Oceanic Administration of China and slightly higher than the global mean sea level rise
of 1.0 to 2.0 millimetres per year for the 20th century as reported by IPCC.
Since satellite altimetry measurements of the oceans became available in 1993,
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the annual mean sea level at the South China Sea rose rapidly at a rate of about 7
millimetres per year and the sea levels at NPQB and Tai Po Kau responded accordingly.
It appears that the long term sea level change in the eastern waters of Hong Kong is driven

by the sea level change of the South China Sea.
The large fluctuation in the mean sea level at NPQB since the mid-1980s
coincided with the rapid rise in global mean surface temperature.

It hints that the

contribution of global warming to long term changes to the local sea level is probable.
But this
~

requir~s
.
.

further study.

To determine the absolute change in local sea level requires information on
local crustal movement. A Hong Kong Observatory project has commenced whereby
vertical ground movement at selected tide gauge stations in Hong Kong will be regularly
monitored by GPS measurement of the ground level.
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Station Name

Latitude and
Longitude

Chi Ma Wan

22°14'N 114°00'E

1963 - 1997

67%

Ko Lau Wan

22°28'N 114°22'E

1974 -1995

58%

Operation Period Data Availability

I

Lok On Pai

22°22'N 114°00'E

1981 -1999

87%

North Point!
Quarry Bay

22°18'N 114°12'E/
22°17'N 114°13'E

1954 - 1985/
1986 - 2003

98%

22°13'N 113°54'E

1997 - 2003

89%

Tai Miu Wan

22°16'N 114°17'E

1994 - 2003

71%

TaiO

22°15'N 113°51'E

1985 - 1997

48%

Tai Po Kau

22°27'N 114°11'E

1963 -2003

94%

Tamar

22°17'N 114°10'E

1984 -1990

56%

Tsim Bei Tsui

22°29'N 114°01'E

1974 -2003

75%

Wag1an Island

22°11'N 114°18'E

1976 -2003

45%

Shek Pik
I

II

I

Table 1 Tide Gauge Stations in Hong Kong,
Their Operation Periods and Data Availability Rates
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Locatwn

Maximum Storm Surge
above Tide Level
(metres)

Name of Tropical Cyclone
and Time of Occurrence

North Point/Quarry Bay

1.77

Wanda, September 1962

Tai Po Kau

3.23

Hope, August 1979

Lok On Pai

1.34

Koryn, June 1993

Shek Pik

1.09

Imbudo, July 2003

I

Table 2 Maximum Storm Surges above Tide Level Recorded at
North Point/Quarry Bay, Tai Po Kau, Lok On Pai and Shek Pik
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Figure 1 Locations of Tide Gauge Stations in Hong Kong
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Figure 2(b) Land Settlement at Quarry Bay Tide Gauge Station
(1986 - 2003)
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Figure 2(a) Land Settlement at North Point Tide Gauge Station
(1955-1989)
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Figure 3(a) Annual Mean Sea Level at North Point/Quarry Bay
(1954-2003)
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Figure 3(b) Annual Mean Sea Level at Tai Po Kau
(1963-2003)
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Figure 3(c) Annual Mean Sea Level at Lok On Pai
(1982-1998)
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Figure 3(d) Annual Mean Sea Level at Shek Pik
(1998-2003)
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Figure 4 Mean Sea Level Anomaly for the South China Sea
Measured by TOPEXIPoseidon and Jason-l Satellites (1993-2003)
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