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SUMMARY

A total of 23 automatic weather stations (AWS) has been
set up in Hong Kong during the past few years. These stations
have provided comprehensive information of the wind conditions in
Hong Kong. The longest duration of these records has accumulated
to about 4 to 5 years.

Comparison of the data collected with that collected by
conventional methods shows that the AWS are reliable.
Climatological analyses of data were carried out following the
conventional methods.
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1. INTRODUCTION

During the years 1984 to 1989, a total of 23 automatic
weather stations (AWS) was set up at different locations in Hong
Kong. Wind measurements are taken at all these stations. At
some of these stations other meteorological elements are also
measured. The AWS data are telemetered to the Royal Observatory
Headquarters on a real-time basis and are utilized operationally.
A system of quality checks is implemented on a non real-time
basis. The data are then input and stored on magnetic tapes.
This network of automatic stations provides simultaneous records
of wind information useful for studying the wind distribution
over Hong Kong. This network of automatic stations together
with the conventional stations thus provide a comprehensive view
of the wind flow in Hong Kong.

This preliminary study has three objectives: firstly,
to provide information on availability of surface wind data in
Hong Kong; secondly, as a preliminary analysis, to evaluate the
reliability of wind data of AWS by comparison with conventional
data; and lastly, to compile wind statistics for some of the
automatic stations with records for at least a year.



2. WIND STATIONS IN HONG KONG

(a) Instrumentation

Different types of anemometers are used in Hong Kong to
measure winds at the AWS. They are

(1)

(i1)

(iii)

(iv)

(v)

Meteorological Office Mk 4 or 5 cup anemometers
manufactured by R.W. Munro Ltd. They are widely
used in Hong Kong.

Teledyne Geotech WS201 cup anemometers used at
many of the AWS.

Yokogawa wind transmitter used at Hong Kong
International Terminals.

Gill propeller anemometers manufactured by R.M.
Young Co. used in the network of anemometers
on Tsing Yi. These are three-dimensional
anemometers which sample wind speeds along the
east-west, north-south as well as the vertical
directions.

Dines pressure tube anemograph used as
backup at Waglan Island. (The anemograph was

replaced by an Teledyne anemometer 1in August
1989) .



(b) Station background and topography

During the years 1984 to 1989, several AWS were set up
and some of the existing wind stations were automated. A brief
description of each of these stations is given below.

(i) THE ROYAL OBSERVATORY AWS (RO) : anemometer 72 m above MSL

The Royal Observatory Headquarters' anemometer was
automated in July 1984. While conventional wind data recorded
with a Mk4 cup-generator anemometer and vane installed on top of
a mast near the western end of the RO compound are still used as
the official record, direct read-outs of gusts and one minute
winds from the same sensor are also available as AWS data. A
stand-by Mk4 cup-generator anemometer and vane is also erected on
the roof top of the Royal Observatory Centenary Building.

Details of topography around RO are listed on page 15
in Royal Observatory Technical Note No. 41.

(ii) SHA TIN AWS (SHA) : anemometer 16 m above MSL

The station was originally located on the racecourse
about 1 km southwest of Sha Tin Hoi. It is surrounded by sloping
hills on three sides but is most exposed to the northeast.

No data are available from 1400H 6 February to 1630H
11 March 1985 during which all instruments were resited to the
present exercise area about 50 m away from the original site.

The high hills around the stations are

Ma On Shan (702 m) 5 km to E

West Buffalo Hill (604 m) 4 km to SE

Beacon Hill (452 m) 7 km to SW

Tai Mo Shan (957 m) 9 km to W

Needle Hill (532 m) 5 km to WSW

Grassy Hill (645 m) 4 km to WNW

Kau To Shan (399 m) 1.8 Km to WNW
(iii) CHEK LAP KOK AWS (CLK) : anemometer 65 m above MSL

The station is located on the northern side of the
island. A manned station was set up in June 1979 but was
destroyed by Typhoon Ellen in September 1983. An automatic

station was set up in September 1984 at the same location.



The station is most exposed from west to northwest and
also east-northeast. The high hills around the station are

Castle Peak (583 m) 8 km to N
Hill on Lantau (465 m) 6 km to ESE
Sunset Peak (869 m) 7 km to S
Lantau Peak (934 m) 8 km to SSW
Hill on Chek Lap Kok (121 m) 1.6 km to SW
Nei Lak Shan (751 m) 7 km to SSW

(iv) HONG KONG INTERNATIONAI, TERMINALS AWS (HIT)
anemometer 45 m above MSL

An anemometer had already been installed at HIT before
the AWS was in operation. In May 1985, the instrument was
converted to an automatic station to relay real-time data back to
the Royal Observatory.

A new building was constructed adjacent to the
anemometer since July 1987. The anemometer was subsequently
resited on 11 May 1988 away from the building.

The station is most exposed to the south and southwest
with a range of hills from northeast to northwest. The high
hills around the station are

Tai Mo Shan (957 m) 8 km to N

Beacon Hill (452 m) 4 km to E

Hill on Tsing Yi (334 m) 3 km to WSW

Ha Fa Shan (474 m) 6 km to NW
(v) LAU FAU SHAN AWS (LFS) : anemometer 50 m above MSL

The station is situated about 5 km from Yuen Long and
is adjacent to Hau Hoi Wan. Fish ponds are located to the
immediate east of the station and the nearest hills are located
to the south-southwest. Therefore, the station is most exposed

to the west and north.

The high hills around the station are

Kai Keung Leng (572 m) 10 km to E
Castle Peak (583 m) 9 km to SSW
Hill near Tuen Mun (350 m) 7 km to SSW

(vi) TA KWU LING AWS (TKL) : anemometer 28 m above MSL

The station is situated at a Government farm about 4 km
northeast of Sheung Shui. The farm is a pig breeding centre on a
5 ha lot of land. The land is undulating and about half of the
area is used for growing fruit trees of about 10m high and the
rest for raising livestock. There are hills to the east,



southeast and southwest and the highest peak is 511 m to the
southeast.

The high hills near the stations are

Wong Mau Hang Shan (245 m) 3 km to NE
Wo Kang Shan (280 m) 2 km to ENE
Kwa Tau Leng (486 m) 4 km to ESE
Pat Sin Leng (511 m) 9 km to SE
Ma Tau Leng (164 m) 2 km to SSW

(vii) MOBIL OIL DEPOT AWS (MBL), HONG KONG UNITED DOCKYARDS AWS
(HUD) and CHING PAK HOUSE AWS (CPH)

The three stations form a network of anemometers on
Tsing Yi Island. Although data have been available since August
1986, the network was not declared operational till April 1987.
A range of hills are situated to the north of the stations.

The high hills around the stations are

MBL : (anemometer 18 m above MSL)

Tai Mo Shan (957 m) 8 km to NNE
Beacon Hill (452 m) 6 km to E
Hill on Tsing Yi (334 m) 1 km to WSW
Shek Lung Keng (473 m) 5 km to NNW
HUD : (anemometer 43 m above MSL)
Hill on Tsing Yi (334 m) 2 km to SE
Tai Mo Shan (957 m) 8 km to NNE
Beacon Hill (452 m) 9 km to E
Shek Lung Keng (473 m) 4 km to N
CPH : (anemometer 136 m above MSL)
Hill on Tsing Yi (334 m) 1.6 km to SSW
Tai Mo Shan (957 m) 7 kKm to NNE
Beacon Hill (452 m) 6 km to E
Shek Lung Keng (473 m) 4 km to NW
(viii) TUEN MUN AWS (TUN) : anemometer 68 m above MSL

The station 1is situated on the roof top of Tuen Mun
Government Offices Building. It is sheltered to the east and
west by mountains and most exposed to the north-northeast and the
south.

The high hills around the station are

Hill near Yuen Long (297 m) 5 km to NE
Hill near Tuen Mun (507 m) 2 km to E
Castle Peak (583 m) 2 km to W



(ix) CHEUNG SHA WAN AWS (CSW) : anemometer 30 m above MSL

The station is situated at the Cheung Sha Wan Vegetable
Wholesale Market. It is exposed to the south and southwest
except being slightly blocked by Stonecutters Island. However,
it is sheltered from the north by a range of hills. The high
hills around the station are

Tai Mo Shan (957 m) 9 km to NNW

Bedacon Hill (452 m) 2 km to NE

Hill on Tsing Yi (334 m) 5 km to W

Ha Fa Shan (474 m) 9 km to NW
(x) TAMAR (TMR) : anemometer 15 m above MSL

The station is situated at the Headquarters of the
British Forces on the northern side of Hong Kong Island. The
anemometer 1is obstructed to the southwest by a tall building and
occasionally to the north by docked ships. The high hills near
the station are

Mount Gough (479 m) 1.6 km to SSW

Mount Cameron (439 m) 2 km to SSE

Victoria Peak (554 m) 2 km to WSW
(xi) TATE'S CAIRN (TC) : anemometer 588 m above MSL

The station is located on the top of Tate's Cairn about
575 m above mean sea level. Although wind data started to be
telemetered to the Royal Observatory since December 1987, manual
wind observations continued to be taken at Tate's Cairn and
entered onto weather log books. Chart recordings of the wind
conditions were also available. Further details of the station
could be found on page 40 of Royal Observatory Techrical Note No.
41.

(xii) TAI MO SHAN (TMS) : anemometer 969 m above MSL

The station is situated on the highest mountain in Hong
Kong. There is no obstruction to the anemometer in any
direction. Chart recordings of the wind conditions were also

displayed in the Central Forecasting Office at the Royal
Observatory besides the digital data received through the AWS
network.



(xiii) WAGLAN ISLAND (WL/WGL) : anemometer 75 m above MSL

The station was fully automated on 22 August 1989
with the Mark IV anemometer replaced by a Teledyne anemometer.
The stand-by pressure tube anemometer was also replaced by
another Teledyne anemometer. Chart recorders were installed both
at Waglan Island and the Central Forecasting Office at the Royal
Observatory. Details of the station before automation can be
found on page 12 of Royal Observatory Technical Note No. 41.

(xiv) STAR FERRY (SF) : anemometer 17 m above MSL

The station is sheltered to the north by the nearby
high buildings and thus wind speeds during northerly winds are
very light and direction variable. However, the station is well
exposed to the east and west. The information is relayed to the
Central Forecasting Office by telephone lines. The record began
in 1972 and chart recorders were installed at the Central
Forecasting Office. The station joined the AWS network in
December 1987 and data in both chart and digital form were then
available. Further details of the station could be found on
page 42 of Royal Observatory Technical Note No. 41.

The five stations -- Tamar, Tate's Cairn, Tai Mo Shan,
Waglan Island and Star Ferry were automated in December 1987,
with real-time wind information being relayed back to the Royal
Observatory, in addition to data collected by conventional
methods. Waglan was further automated in August 1989 to take
measurements of other meteorological elements in addition to
wind.

A list of all the wind measuring stations in Hong Kong
is given in Table 1 and the location of the stations are shown in
Figures 1(a) and 1(b).

For brevity, stations will be mentioned by their three-
letter codes. The codes are listed in Table 1.



3. THE DATA SET

Although 23 AWS were set up between 1984 and 1989, only
summaries for 16 of them have been compiled for this report due
to the short data period for the rest of the 7 stations. Of the
16 stations, 7 of them were set up in late 1987 and 1988 (see
Table 1) providing data for a relatively shorter period. The
data periods of all stations start from their operational dates
up to the end of December 1988. Thus the data period of each
individual station differs, varying from one to four years.

Before being used, wind data from AWS were checked for
consistency and reliability. Due to resource constraint, only
preliminary checks have been made. Erroneous data were ejected
from the analysis.

Computation of mean winds for different averaging
periods follows the methods used for conventional stations as far
as possible. One-minute wind velocities are available from AWS
and are used to compute the hourly prevailing wind directions and
mean speeds (ending on the hour) for the present study. Methods
of computation can be found in Appendix 3 of Royal Observatory
Technical Note No. 75.

Data capture rates for various weather elements vary.
For example, in December 1988, data capture rate was as high as
99% for Royal Observatory AWS wind data but as low as 75% for
wind data from Hong Kong International Terminals AWS. Missing
data often led to complications in interpretating the results.
Therefore, tables showing the actual number of days with a

particular event should be interpretated with care. In this
case, tables showing the percentage of days are more
representative.



4. COMPARISON OF AWS DATA AND CONVENTIONAL DATA
AT THE ROYAL OBSERVATORY

To compare the AWS data and conventional wind data
measured from the same sensor at the Royal Observatory

Headquarters 1is the second objective of this study. In this
analysis, 10-minute mean wind directions and speeds for the two-
year period from 1987 to 1988 were used. The results were

presented in the two-way distribution tables in Tables 2(a)-(d).

It can be seen from the tables that, in general AWS and
conventional winds are 1in good agreement. However, RO AWS
appears to slightly underread (by 1 - 2 m/s) wind speeds (see
Table 2(d)), especially when wind speeds are 4 m/s or more, but
overread wind directions for about 10-20 degrees (see Table 2(a)
and 2(c)).

On an hourly basis, the maximum hourly mean wind and
maximum gust recorded by RO AWS (1984-88) were 13.9 m/s and 30.5
m/s respectively during Typhoon Tess in 1985. They compare well
with the corresponding values of 14.5 m/s and 31.0 m/s recorded

by the conventional station. This again proves the reliability
of AWS.



5. PRELIMINARY WIND STATISTICS

5(a) Percentage of days and hours with
wind speeds exceeding specified limits

The periods of observation for different AWS vary
widely and the longest period is only about 4 years.
Nevertheless preliminary wind statistics can still be compiled
for various stations to provide some information to wusers in
urgent need.

Tables of percentage (tables of actual numbers omitted)
of days and/or hours with hourly speeds exceeding specified
limits are produced in Tables 3(a) to 3(g). The percentages of
days and hours with hourly wind speeds of Force 6 or above at the
various AWS are also shown in Figures 2(a) and 2(b).

The percentage of days and hours with hourly mean wind
speeds exceeding Beaufort Force 6 clearly shows the effect of
topography. TMS reported strong winds (>=11.5 m/s} in nearly
half (above 46 %) of the days in a year while it was generally
less than 1% in most low-level land stations in a year. The
picture is generally the same when percentage of hours is used in
the analysis. The percentages of hours exceed 10% in TC and TMS.
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5(b) Gust factors of AWS

Gust factors were computed for all the AWS as follows

(1) Obtain hourly mean wind speeds and hourly
gusts from tapes.
(ii) Calculate gust factor for each hourly

wind observation.

(iii) classify gust factors into 12 groups of
Beaufort Force 1 to 12 according to the mean
hourly wind speed.

(iv) Compute the average of gust factors for each
wind group.

Gust factors of all AWS are calculated up to December
1988 (Table 4).

The following results are observed from the gust factor
analysis

1. Gust factors are largest under light wind
conditions, and generally decreases with
increasing wind speeds. The gust factor reaches
a maximum of 8.6 when the mean speed is only
Force 1 at SHA and falls to a minimum of 1.3 in
the Force 7 and 8 winds at TMS.

2. Urban and sheltered areas such as RO, SHA, TKL,
MBL, CPH, TUN, SF and CSW are generally gusty
with factors exceeding 1.7 in all wind
conditions probably due to high-rise buildings
in the vicinity.

3. In off-shore and exposed places such as CLK,
LFS, TMS, TC and WL, the gust factors are gener-
ally below 1.7 for winds of F4 and above.

4. When gale force winds are blowing (F8-9), the
gust factor is constant at around 1.3 to 1.4.

Owing to the relatively short period of observations,

classification of gust factors under different wind directions
were not computed.
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5(c) Wind frequency tables

The total number (Tables 5(a)) to 5(q)) and percentage
frequencies (Tables 6(a) to 6(q)) of occurrence of concurrent
wind speed and direction were computed. Two sets of tables, one
with 10-degree sectors and the other with 30-degree sectors are
available. The tables include the monthly ones and also annual
ones. However, only the annual ones in 10-degree sectors have
been presented here for brevity.

Although the RO AWS started operation in July 1984,
wind frequencies for the station could only be calculated for
data from February 1985 onwards due to malfunction of the wind
direction sensor in the previous months.

Table 7 shows the monthly and annual prevailing wind
directions and the corresponding frequencies. The values were
derived from the 30 degrees-sector tables.

Much information can be deduced from Table 7.
Annually, most stations show prevailing wind directions from the
east to northeast while the rest from the southeast. Oon a
monthly basis, there are large fluctuations. Easterlies are
prevalent inside the Victoria Harbour and Chek Lap Kok almost
throughout the year. SHA, HIT, LFS, MBL, TMS, TC, TMR and WL

all show a shift of wind direction from easterly or northeasterly
in winter to southeasterly, southerly or southwesterly in summer.
Also, the frequencies of easterlies reach a maximum during late
winter or early spring and is 73% at Star Ferry.

The easterlies change to westerlies at RO in July. Two
of the stations, TKL and TUN, have their wind flow affected by
local topography significantly. TKL, situated in the gap between
higher mountains to its east-northeast and southeast, has its
predominant wind direction from the east-southeast throughout the

year. TUN, which is sheltered by mountains on both its eastern
and western sides, shows either a northerly or southerly flow in
all months. Due to the short period of data in CSW, no

conclusion can be deduced for this station.

12



5(d) Wind roses

Wind roses of the various AWS (Figures 3(a) - 3(9))
were constructed albeit the periods of observation were
relatively short.

Figures 4(a) to 4(e) show the annual wind roses for the
conventional and automatic stations at RO, CLK, TC, WL and SF.

The annual wind roses for RO and RO AWS (Figure 4 (a))
look similar, but the frequency of easterly winds in AWS is
greater than that of the conventional station by 16% (48%
compared with 32%). This can be explained by the difference in
observation periods.

The annual wind rose of CLK and CLK AWS (Figure 4 (b))
look almost identical despite different periods and lengths of
observation. They both have prevailing winds from the east (28%
in conventional and 29% in AWS and all other directions have
similar frequencies).

The rest of the stations, TC and TC AWS, SF and SF AWS
as well as WL and WL AWS (Figures 4(c) - 4(e)) also show similar
results, even though the periods of observation are different.
Thus, it can be assumed that the data collected by AWS are
comparable to conventional data for general climatological
purposes.

13



5(e) Maximum hourly mean wind speeds and gusts recorded by AWS

The maximum hourly winds and maximum gust recorded at

the various stations since first operation are tabulated in Table
8.

The highest value is found at CLK and the lowest at
SHA, MBL, HUD, TMR and CSW. The maximum speed of 27.0 m/s and
gust of 39.4 m/s at CLK were recorded during Typhoon Tess in
September 1985, Most other stations also have their maximum
speeds recorded during tropical cyclones.

14



5(f) spatial variation of winds in Hong Kong

As pointed out in earlier studies by Chen (1975), under
light wind conditions, surface winds in different parts of Hong
Kong could vary significantly because of topography. In the
present study, the spatial variation of winds in Hong Kong was
studied with RO AWS as the reference station. The wind speeds
were compared with that of RO when the directions at both
stations were the same (divided into four categories : northerly,
easterly, southerly and westerly, according to the 8-point
compass) . Tables of mean wind speeds at various stations
corresponding to specified speeds at RO AWS are shown in Tables
9(a) to 9(d).

The method employed is to sum up the speeds of a
certain station corresponding to the wind speed at RO AWS
(reference station) at intervals of 1 m/s. The sum is then
divided by the number of observations to obtain the mean. The
tables show that the speeds at exposed AWS exceed that of RO AWS
significantly. For example, a mean speed of 7 m/s at RO corre-
sponds to a mean speed of 13 m/s at CLK when winds are from the
north at both stations. Of course, individual speeds can fluc-
tuate much from the calculated mean. Correlation coefficients
between the mean wind of RO and that of the other stations are
generally over 0.9.

As noted by Chen (1975), 1low speed winds far
outnumbered the occurrence of high speed winds as winds of high
speeds occurred only rarely. The method of averaging in the

present study eliminates the above problem.
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6. CONCLUSIONS

Comparison of AWS data with conventional stations at
several stations showed that they were in good agreement in
general. Thus AWS data from other stations might be treated as
reliable sets of wind data under normal circumstances.

Strong winds are rare at sheltered AWS, but frequent at
exposed AWS. Gust factors vary significantly at various
stations. Despite the effect of topography, wind roses show a
predominance in the easterly and northeasterly sector.

The results presented must be used with care and
discretion in view of the limited period of data now available.
In particular, monthly and annual values may not be
representative because all available data were taken in this

study and hence the data sets for the AWS may not cover complete
years.
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COMPARISON OF WIND BETWEEN THE MANNED AND AUTOMATIC STATION

AT THE ROYAL OBSERVATORY

TABLE 2(a).

ABSOLUTE DIFFERENCE OF WIND DIRECTIONS
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INDICATE THE TOTAL NUMBER OF OCCURRENCES
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INSIDE THE TABLE
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COMPARISON OF WIND BETWEEN THE MANNED AND AUTOMATIC STATION

AT THE ROYAL OBSERVATORY

TABLE 2(b).

DIFFERENCE OF WIND SPEEDS

1987 DEC 1988
INDICATE THE TOTAL NUMBER OF OCCURRENCES
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INSIDE THE TABLE
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COMPARISON OF WIND BETWEEN THE MANNED AND AUTOMATIC STATION AT THE

TABLE 2(c).

NUMBER OF OCCURRENCES OF DIFFERENT WIND DIRECTIONS

ROYAL OBSERVATORY

1987 DEC 1988
INDICATE THE TOTAL NUMBER OF OCCURRENCES

JAN

INSIDE THE TABLE

FIGURES

ROYAL OBSERVATORY MANNED STATION

in degrees
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cont'd

TABLE 2(c).
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INDICATE THE TOTAL NUMBER OF OCCURRENCES
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INSIDE THE TABLE
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Fig. 3(a) Wind rose for the Royal Observatory AWS.
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Fig. 3(b) Wind rose for Sha Tin AWS.
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Fig. 3(c) Wind rose for Chek Lap Kok AWS.
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Fig. 3(d) Wind rose for Hong Kong International Terminals AWS.
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Fig. 3(e) Wind rose for Lau Fau Shan AWS.
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Fig. 3(i) Wind rose for Ching Pak House AWS.
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Fig. 3(3) Wind rose for Tuen Mun AWS.
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Fig. 3(m) Wind rose for Tamar AWS.
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Fig. 3(n) Wind rose for Waglan Island AWS.
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WINO ROSE FOR ROYAL OBSERVATORY AWS
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Fig. 4(a) Comparison of wind roses between conventional

stations and AWS :
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WIND ROSE FOR CHEK LAP KOK ANWS
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Fig. 4(b) Comparison of wind roses between conventional

stations and AWS
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Comparison of wind roses between conventional

stations and AWS
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WIND ROSE FOR WAGLAN ISLAND AWS
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Fig. 4(d) Comparison of wind roses between conventional

stations and AWS : WL and WL AWS.
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