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1. INTRODUCTION

Upper-air observations in Hong Kong have been made at King's
Park Meteorological Station since 1951. The elevation of the
station floor beneath the bagometer iso66 metres above mean sea-
level and the position is 22719'N, 114710'E. A brief history of
the development of upper-air soundings made in Hong Kong prior to
1971 can be found in a previous report (Leong 1976).

This report presents the monthly as well as the annual mean
and extreme values of various elements observed during the period
1971-1980. The sounding instruments used and the method of computation
adopted are also described.



2. SOUNDING INSTRUMENTS

The Vaisala RS 1% radiosondes brought into use on 1 January
1969 were used in the upper-air measurements scheduled daily at
0800 hours and 2000 hours Hong Kong Time ( GMT + 8 ). On 18
November 1974 they were replaced by the Vaisala RS 18 radiosondes.
The two types of radiosondes employed basically the same sensors:
a nickel alloy aneroid capsule for pressure, a bimetallic thermometer
for temperature and a piece of chemically treated hair for relative
humidity. The carrier frequency of the transmitter signal was modulated
by the output of each sensor in turn. Thus the frequency of the
transmitted signal was a function of pressure, temperature and relative
humidity of the air at the corresponding atmospheric level. The only
significant difference between these two types of radiosondes lay in
the pressure sensors. The RS 18 employed two pressure sensors, one for
sensing pressures up to the 100-millibar level and the other above the
100-milliber level while the RS 13 used only one pressure sensor
for all levels.

Upper wind measurements were made four times a day: combined
radiosonde~-rawinsonde ascents at 0800 and 2000 hours using 0.7
kilogram balloons, and rawinsonde ascents at 0600 and 1800 hours
using 0.5 kilogram balloons. The balloons carried the Vacuum Reflex
type 336W corner reflectors of about one metre hypotenuse. Japanese
and local aluminium foil corner reflectors were sometimes used on
dry days. The balloons were tracked by a 30-mm Plessey WF-2 wind-
finding radar which was in use since May 1960. Whenever the wind-
finding radar was unserviceable, upper-winds were determined by
pilot balloons and single theodolite provided that the cloud base
was sufficiently high.



5. METHOD OF COMPUTATION
(a) Computerization

For day to day operational use, various parameters such as
heights of isobaric surfaces above mean sea-level, tropopause,
freezing level, dew-point temperatures, inversions etc. were computed
menually from pressures, temperatures and relative humidities
measured by radiosondes. However, since 1970 these elements were
re—computed for the purpose of climatological record using computer
in order to achieve higher accuracy in the computation and better
quality control of the data. It also facilitated the printing of
the annual volume of Meteorological Results, Part II— Upper-air
Observations. Data input for each ascent consisted of three time
curves for pressure, temperature and relative humidity together with
the surface data, termination data and winds at various standard
heights and pressure levels. The methods of computation of the various
elements are described below.

(b) Geopotential height

The geopotential height of an isobaric surface was calculated
as the sum of the thickness of successive strata in each of which
the lapse rate of temperature was nearly constant. The thickness
of each stratum was computed in units of geopotential metres from
observations of pressure, temperature and relative humidity using
the following formula :

where @ = thickness of the stratum in geopotential
&np metres,
TV = mean virtual temperature of the stratum in
kelvins,
o = pressure at the base of the stratum in
millibars,
Py = pressure at the top of the stratum in millibars.



(c) Air temperature

Air temperatures were corrected for effects due to incident
solar radiation. The corrections were based on procedures recommended
by Vaisala ( Vaisala 1967 ). No lag corrections were applied to the
observed temperatures. It was estimated that the lag corrections
amounted to only 0.3 to 0.5 degrees Celsius in the troposphere when
the lapse rate was dry adiabatic.

(d) Dew-point temperature

Dew-point temperatures were computed from the corrected air
temperatures and relative humidities. Due to the inaccuracy of
humidity measurements in the higher troposphere, dew-points were
not computed at levels where the air temperatures were lower
than -40 degress Celsius.

(e) Mixing ratio

Humidity mixing ratios were computed from the following
formula :

621.97 fweW
I'W = y
P - T8y
where ry = the saturation mixing ratio over water at dew-
point temperature,

e, = the saturation vapour pressure in millibars
over water in the pure phase at dew-point
temperature,

fW = the correction factor for the departure of the
mixture of air and water vapour from ideal gas
laws ( Table 89, Smithsonian Meteorological
Tables — Sixth Revised BEdition ),

p = the total pressure in millibars.



(f) Wind

Upper-wind measurements were made by means of a tracking
radar. The ranges, angles of elevation and azimuths were determined
at intervals of one minute. The calculated plan positions were
plotted on a 1:50 OO0 chart. the wind at a given height or pressure
level was measured over an interval of two or three minutes so chosen
that the midpoint almost coincided with the instant at which the
balloon attained that particular height or pressure level. The rate
of ascent was approximately 6 metres per second.



a.

b.

4. IBRIEF NOTES ON THE TABLES

Wind speeds are given in knots and directions in degrees from
true north.

Constancy , defined as 100 V_ / Vs , 1s given in percentage,
where Vr is the vector mean gpeed and VS is the scalar mean
speed.

S.V.D. stands for standard vector deviation which is defined
as the positive square root of mean square of the modules of
the vector deviations from the mean vector velocity. It is
computed from the equation

S.V.D. = {(2V2 /N ) - 2]1/2

r

where V is the speed of each vector, N the total number of
vectors and Vr the vector mean speed ( Brooks et al 1953 ).

S.D. stands for standard deviation with N - 1 degrees of freedom.

. Heights are given in geopotential metres ( gpm ).

Dates given in connection with maximum or minimum values
refer to the dates when the maximum or minimum values were
first observed within a month or in the year.

. Temperatures are given in degrees Celsius.

Dew-point temperatures are given in degrees Celsius. Due to

the limitations of the humidity sensor, dew-point temperatures
are not presented whenever the computed values are lower than
-50.0 degrees. Thus mean dew-point temperatures are not

included in those levels when more than 5 per cent of the
observations are without data. Besides, the minimum and S.D.
values are not given for those months and levels with one or more
dew-point temprature below -50.0 degrees.

Relative humidity is given in percentage while humidity mixing
ratio is in grams per kilogram.

Data for tropopause refers to the lowest tropopause.

Lapse rate is obtained by dividing the difference in temperatures
at the base and at the top of the layer concerned by the thickness
of the layer obtained in each ascent.

Hong Kong Time ( HKT ) is 8 hours ahead of GMT.
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