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1. INTRODUCTION

Climatological standard normals are defined as “averages of climatological data
computed for consecutive periods of 30 years” (World Meteorological Organization (WMO)
Technical Regulations). The following periods have been recommended by WMO to
facilitate international comparison : 1 January 1901 to 31 December 1930, 1 January 1931 to
31 December 1960 and 1 January 1961 to 31 December 1990.

Tables of Climatological Standard Normals (CLINO), a widely demanded reference
publication of climatological data, have been prepared using the periods of 30 years as
specified above. It is recommended by the Commission for Hydrology, WMO to follow this
practice when analyzing medium to long range series of rainfall data for the sake of
uniformity with other climatological data and products.

In Hong Kong, there had been only very few rainfall stations until 1952 when about
30 stations were set up. The number of stations then steadily increased to about 120 in 1982.
This made 1953-1982 the earliest 30-year period available for a detailed analysis of the mean
rainfall in Hong Kong (Kwan and Lee 1984).

This Note therefore intends to update the previous work by Kwan and Lee to cover the
standard reference period 1961-1990.



2. DATA

(a) Rain-gauges

Daily rainfall from ordinary rain-gauges and monthly rainfall from monthly gauges
were mostly used. For stations equipped with both ordinary and autographic rain-gauges,
data from ordinary gauges were used in preference to those from autographic records because
records from autographic gauges were disrupted from time to time due to mechanical faults in
the gauges. However, at the following two stations where only autographic gauges were
installed, data extracted from autographic charts were used.

Aberdeen Lower Reservoir (Station 10)
Tai Lam Country Park Comp. 16 (Station 73)

Siphoning losses inherent in autographic gauges were discussed by Cheng and Kwok
(1966). These losses were not taken into account because they amounted to only 2% of the
rainfall recorded for an intensity of 100 mm/h over a duration of 15 minutes and this intensity
is very infrequent. The return period for this rainfall intensity is estimated to be about 2 years
(Lam and Leung 1994).

Monthly rainfall data from automatic tipping-bucket rain-gauges were sometimes
used in the estimation of missing records.

(b) Rainfall-observing practices at outstations

It was observed that the maximum frequency of rainfall in Hong Kong occurred in the
morning and the minimum in the afternoon (Bell and Chin 1968). Hence during the standard
normal period of 1961-1990, the observing period of 24-hour rainfall was made daily at 3
p-m. Hong Kong Time at most outstations. Daily rainfall thus referred to the 24-hour rainfall
total ending at 3 p.m. on that day.



3. METHOD OF ANALYSIS

(a) Estimation of missing records

To fill in missing data over a period of one or a few days, the corresponding rainfall
amount from a nearby, topographically similar station was substituted (McKay 1970).
Missing monthly data were estimated by one of the following two methods :

(1) inference, if possible, from the distribution map for the month, taking into account
the mean distribution (Kwan and Lee 1984); or

(ii) substitution of monthly values from a nearby, topographically similar station, also
taking into account the mean distribution.

The available data periods of some stations were also extended by merging the records
from nearby topographically similar stations.

(b) Adjustment of mean values from different lengths
of records to the common period of 1961-1990

A number of “control” stations with full and reliable records from 1961 to 1990 was
selected for the adjustment of mean rainfall at stations with less than 30 years of data. These
stations are shown in Figure 1. Control stations were chosen based on the following
considerations : the amount of missing data at these stations was minimal and the consistency
in data from these stations had been confirmed during the routine analysis of monthly
distribution of rainfall in the 30-year period. The data for stations with less than 30 years of
data were adjusted with data from nearby control stations of topographically similar
locations. The following formula was adopted (Wiesner 1970) :

Ny
Nazo= “Neso
Ny
where
a stands for the station of interest,
c stands for the control station,

N,3o 1is the estimated 30-year monthly mean of the station,

N30  is the 30-year monthly mean of the control station,

N,y is the available y-year monthly mean at the station, and

Ny is the corresponding y-year monthly mean at the control station.

The use of the above formula in the analysis was supported by a high correlation
coefficient (greater than 0.95) between the observed annual precipitation for the stations
considered McKay 1970).

The computed mean monthly and annual rainfall figures are presented in Table 1. The
monthly and annual spatial distributions of rainfall in Hong Kong are given in Figures 2 to
14.



4. RESULTS AND DISCUSSIONS

(a) Spatial distribution of rainfall

The total annual rainfall in Hong Kong ranges from below 1 400 millimetres in the
northwest and southeast to over 3 100 millimetres at Tai Mo Shan. The Royal Observatory,
situated near the centre of the territory, receives 2 214.3 millimetres of rainfall in a year, very
close to the mean of these two extremes. Considering the whole territory, the mean rainfall
from all stations is about 1 900 millimetres.

The pattern of rainfall distribution is very similar to that found in previous analyses
(Kwan and Lee 1984, Peterson 1964) in that generally more rainfall is recorded over higher
grounds than the lowland.

(b) Seasonal distribution of rainfall

Rain in Hong Kong is mainly contributed by monsoon troughs and tropical cyclones.
Other contributors include heat thunderstorms, upper-air disturbances, easterly waves and
frontal systems.

Monsoon troughs are most active in May and June. Records show that they brought
the heaviest downpours in Hong Kong, like those in June 1966 and in May 1992.

Tropical cyclones contribute about one third of the annual total rainfall. They affect
Hong Kong mostly from May to October each year. In July to September, more than half of
the rainfall is brought by tropical cyclones. The monthly mean tropical cyclone rainfall
(1961-1990) is tabulated below for reference. Tropical cyclone rainfall is defined as the total
rainfall recorded at the Royal Observatory from the time when a tropical cyclone was centred
within 600 km of Hong Kong to 72 hours after the tropical cyclone has dissipated or moved
outside 600 km of Hong Kong (Royal Observatory 1995).

Monthly mean tropical cyclone rainfall in millimetres (1961-1990)
Jan | Feb | Mar | Apr | May { Jun | Jul | Aug | Sep | Oct | Nov | Dec | Year
00 00| 00| 1.0 |366 474 |1754]|196.9(176.3| 89.5 | 11.3 | 6.6 |741.0

In Figure 15, the plotting of accumulated rainfall based on Royal Observatory mean
daily rainfall data (1961-1990) shows that the year can be roughly segmented into four
seasons according to the rate of rainfall accumulation.

In the first season from late October to March, the slope is rather flat and corresponds
to the dry season when Hong Kong comes under the influence of the continental anticyclone.

The second season starts from April until early May and the slope is moderate. This
corresponds to the spring transition.

From then until early September, the third season, the slope is steep when Hong Kong
comes under the influence of monsoon troughs and tropical cyclones.



From mid September until late October, the fourth season, the slope moderates. This
corresponds to the autumn transition.

Taking Royal Observatory as representative of Hong Kong, we may define the rainy
season as beginning from mid May and ending in mid September.

The months with heaviest rain are June, July and August. The average total rainfall
collected in these three months is about half of the annual total. About three quarters of the
annual rainfall is collected during the months from May to September.

(c) Rainfall regions in Hong Kong

Figures 16-18 show the monthly rainfall amounts recorded in different areas of Hong
Kong. The distribution of rainfall during the year at Ta Kwu Ling indicates a single peak in
August. On the other hand, both the Royal Observatory and Happy Valley show double
peaks in June and August, but the Royal Observatory distribution shows more rainfall in
August while the Happy Valiey distribution has it in June.

Although Hong Kong is quite a small place, we can divide the whole territory into
different rainfall regions according to the mode of occurrence of maximum monthly rainfall
amounts represented by the above three stations. Figure 19 shows this division into Types I,
ITa and IIb.

Most areas in Hong Kong exhibit a double-peak rainfall distribution, like that at the
Royal Observatory and Happy Valley, with maxima in June and August. It may be due to the
fact that in July, the subtropical ridge over the Pacific often extends westwards bringing a fine
spell to Hong Kong resulting in a temporary decrease in rainfall (Cheng 1978). However,
more detailed analysis shows that in a belt running southwest-northeastwards across the
northern part of the New Territories, the distribution exhibits a single peak (Type I). Most
stations in this belt have their maximum in August and they receive relatively less rain in
June than other parts of the territory. Individual stations have their maximum rainfall in June
or July but they do not have two peaks in their rainfall distribution like the majority of
stations in Hong Kong. The reason for this is not clear and the underlying factors would
require further studies.

For areas with double peaks in June and August, a further division can be made
according to whether the higher peak occurs in June or in August. The central part of the
Hong Kong territory, including the Royal Observatory, has a higher peak in August (Type
ITa). The eastern part of the territory, most of Hong Kong Island and the eastern part of
Lantau, on the other hand, have their higher peaks in June (Type IIb).

Histograms of the above three types of rainfall distribution at selected stations are
presented in Figures 20-22 to illustrate the variation among different regions in greater detail.
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Accumulated mean daily rainfall for the Royal Observatory

Figure 15.
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Figure 16. Mean monthly rainfall for Ta Kwu Ling Pig Breeding Centre
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Figure 17. Mean monthly rainfall for the Royal Observatory

Figure 18. Mean monthly rainfall for Happy Valley Race Course
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Mean monthly rainfall for selected stations of Type I



Total Reintal

Total Raintail

Total Ralnfall

5000

“0c 0

3000

2000

5000

3000

2000

5000

3000

2000

Mean monthly rainfall for Jubiles Reservoir
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Mean monthly rainfalt for Cheung Chau Meteorological Station

Figure 21.
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Mean monthly rainfall for Waglan Lighthouse Mean monthiy rainfall for Cape Collinson Correctional institution
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Figure 22. Mean monthly rainfall for selected stations of Type IIb
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