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ABSTRACT

This report presents the 30-year averages of upper-air parameters measured over Hong Kong
based on ascents made at King's Park Upper-air Station at 08 hours (00 UTC) during the period
1961-1990. Levels included in this report are more than those standard levels required in Part A and
Part C of the TEMP bulletins specified by World Meteorological Organization so that a more
detailed picture of the vertical distribution of the parameters can be visualized. A brief account of
changes of instruments and data archives during the period is also included.
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1. INTRODUCTION

This report presents the 30-year normal of upper air data measured in Hong Kong during the
period from 1961 to 1990. All ascents were made at King's Park Upper Air Station which was
inaugurated in June 1951. The position of the station is at 22° 19’ N, 114°10" E and the elevation of
the station floor beneath the barometer is 66 metres above mean sea-level.

Only the 00UTC* ascent data were used to compile this report because the other ascents did
not cover the whole 30-year period. The following table shows the frequency of routine radiosonde
ascents made during the period. A tick means ascents available.

Hour 1961-68 | 1969-30 | 1981-83 | 1984-90
HKT [ UTC
02 18 N
B0y d v y
4 | 06 y
20 12 3 N N




2. INSTRUMENTS

This 30-year period covers employment of different kinds of radiosondes and different ways
of obtaining wind data.

In 1961, the radiosonde in use was of Kew MK IIB type. Every moming, a radiosonde, a
radar reflector and a parachute were lifted by a hydrogen-filled balloon. The sensors (barometer,
thermometer and hygrometer) in the radiosonde sequentially controlled three variable frequency
audio oscillators. The signal was transmitted to the ground station at 27 MHz where actual values of
pressure, temperature and humidity at different altitudes were computed.

At the same time, the radar reflector was followed by 2 wind-finding radar. The range,
azimuth and elevation of the reflector were determined every minute. The wind at a given height or
pressure level was measured over an interval of two or three minutes chosen so that the mid-point
coincided as closely as possible with a standard level.

A GL II 100-mm radar was employed to track the reflector attached to the balloon since
1954. Tt was replaced by a Plessey WF2 30-mm wind finding radar in May 1962. Whenever the
wind finding radar was unserviceable, upper air winds were determined by theodolite.

On 1 January 1969, Vaisala RS13 radiosondes were brought into use. The Vaisala sensors
used a nickel alloy aneroid capsule for pressure, a bimetallic thermometer for temperature and
chemically treated human hair for humidity. The sensors controlied the frequency of the transmitter
directly between 23.6 and 26.2 MHz with no audio oscillators. The actual values of pressure,
temperature and humidity at different altitudes were computed more directly from calibrated curves.

On 18 November 1974, Vaisala RS18 radiosondes replaced RS13. The sensors of these two
types of radiosondes were basically the same. However, the RS18 employed two pressure sensors,
one for sensing pressure up to 100 hectopascals(hPa) and the other above 100 hPa while the RS13
used only one sensor. The use of a second sensor ensured values above 100 hPa level to be
determined more accurately.

The wind data were continued to be computed from the location of the balloon tracked by the
30-mm Plessey WF2 wind finding radar.

An automatic sounding system, the MicroCORA, was commissioned in January 1981. The
system acquired pressure, temperature and humidity data and transmitted them back to the ground
station at 403 MHz. Data reduction was carried out automatically in real time by a minicomputer.

For computation of wind data, the system made use of the world-wide Omega navigational
network. During sounding, the radiosonde received VLF signals from Omega stations and relayed
them to the ground station. The location of the radiosonde was calculated from the phase differences
of the relayed signals. The upper-air winds were then computed by a cross correlation algorithm.

The MicroCORA was replaced by the DigiCORA in July 1993.

* UTC is Co-ordinated Universal Time. The time used in this publication is Hong Kong Time (HKT) which is 8 hours ahead of UTC.



3. DATA SOURCE
3.1 Publication

Results of the radiosonde ascents were published annually in "Meteorological Results Part IT
- Upper-Air Observations” from 1949 until 1980. From 1981 onwards, only summaries of the data
were presented and published in the series 'A Summary of Radiosonde-radiowind Ascents Made at
King's Park, Hong Kong'. However, data at selected levels for individual ascents were archived on
magnetic tapes.

3.2 Magnetic Tape

Between 1956 and 1980, the upper-air data at selected levels were also stored on magnetic
tapes. Since then, data at the surface, and for the highest freezing level, tropopause, as well as levels
of lowest temperafure and maximum wind were archived on tapes. In addition, data at 50-hPa
interval from 1000 hPa to 200 hPa, at 25-hPa interval from 175 hPa to 100 hPa and at every 10-hPa
level upwards were also archived on tapes.

3.3 Database

A climatological database using ORACLE was established in 1993. Upper-air data archived
on tapes were loaded into the database in early 1995. Quality check procedures were applied to
guarantee internal consistency of data. To ensure that data loaded into the database were correct,
monthly means and extremes for each year were computed and checked against those figures
published in the annual publications. Some of the parameters were re-computed, this includes dew
point temperatures which were stored as -50 on tape whenever it was lower than -50°C.



4. DATA
4.1 Pressure, temperature and geopotential height

In the earlier days, although pressure, temperature and geopotential height were computed
to the nearest 0.1 hectopascal, 0.1 degree and metre for each ascent for the compilation of TEMP
bulletins for global data exchange over the Global Telecommunication System, they were archived
on tapes and in printed form to the nearest hectopascal, whole degree and decametre respectively.
Since 1970, data were archived to the nearest 0.1 hectopascal, 0.1 degree and metre respectively.

4.2 Relative Humidity and Dew Point Temperature

In the earlier days, relative humidity sensor could not serve its purpose at temperatures lower
than -40°C, therefore dew point temperatures were not always available for 250 hPa level and totally
not available for levels higher up.

The current humidity sensors are able to indicate dew point temperatures below -50°C. Hong
Kong has followed the practice of many other nations to report dew point temperatures well below
-50°C since 1981.

Like temperature, dew point temperature was archived in whole degrees before 1970 but in
0.1 degree thereafter.

The following table shows the availability of relative humidity and dew point data kept in the
database. A tick denotes data available and a cross means data not available.

Level Jan61- Jan66- Jan70- Jan81- |Auggl-
{hPa) Dec65 Dec69 Dec80 Julgl {DecS0

surface -
400
350 ¥
300 v ]
250 - [paoeC v
200-100 X

90
80
70-10
tropopause

4.3 Wind

Wind directions were in degrees from true north. Wind speeds were archived in knots before
1981. These speeds were converted to the nearest 0.1 metre per second by multiplying the factor
0.514. From 1981 onwards, wind speeds were computed and archived in 0.1 metre per second.



Precision of data is summarized in the following table.

Element | 1961-69 | 1970-80 | 1981-90
pressure hPa 0.1 hPa
height decametre metre
Teﬁperature °C 0.1°C
&
dew point
wind speed knot | 0.1 ms
wind degrees from mnorth
direction
relative per ceat
humidity

4.4 Surface Data ~

Surface observations were taken using the conventional meteorological instruments at the
station. Station level pressure was read from a Kew pattern barometer, temperature from
thermometer housed in a Stevenson Screen and relative humidity calculated from dry-bulb and
wet-bulb temperatures. Winds were read from a counter anemometer in the earlier days and from
the chart recorder of a Mark IV anemometer since 1971.

4.5 Standard Levels

The standard levels refer to those isobaric surfaces reported in Part A and Part C in the TEMP
reports.  They are 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30,20 and 10
hectopascals. The 925 hPa level is not included because it was only introduced in the recent years.
The means for 10-hPa level is computed based on very limited number of data because ascents
seldom reached that level.

4.6 Special Levels

Data for freezing level, tropopause, minimum temperature and maximum wind are also
prepared.

Freezing level refers to the highest freezing level while tropopause refers to the first
tropopause reached.

Minimum temperature refers to the lowest temperature recorded in the ascent. However, if
the lowest temperature occwrred at the end of the ascent, then the minimum temperature is
considered as not reached and therefore not included for computation.

In the archive, only one record of maximum wind was stored for each ascent, to eliminate the
effect of tropical cyclones or strong monsoon near the surface and to be in line with the criterion set in



the '"Manual on Codes’ for reporting maximum wind, only those located above the 500-hPa isobaric
surface were considered for computation. Comparing this table with those vector winds in the
stratosphere, we can see that these two data sets for the summer months are not agreeable, this is
because the stratospheric easterly jet occwrred at a very high altitude and our ascents seldom reached
that level. Maximum winds in summer were often located at the end of the ascent where the level of
maximum winds were not reached.

4.7 Other Levels
Data at every 50 hectopascals from 1000 hectopascals level upwards were available since
1961.

4.8 Lapse Rate

Lapse rates between different levels were also prepared.

4.9 Temperature Inversion

Bases and tops of temperature inversions which were at least 20 hPa thick or the change in
temperature was at least 2.5°C were archived on magnetic tape for the period 1966-1980. Frequency
distribution of temperature inversions at different layers was analysed based on this set of data.



5. METHOD OF COMPUTATION

As recommended by WMO-TD/No. 341, monthly mean values are first computed from the
individual ascents stored in the database. For those levels that are not available in the database,
monthly mean values are taken from the "Meteorological Results Part II - Upper-Air Observations”.
The monthly standard normals for each parameter are computed from the set of 30 monthly values.
Annual normals-are calculated by averaging the 12 monthly normals.

The table on the following page shows the periods for which monthly mean data instead of
daily values were used in the computation.

Level Jan61- | Jul6l- | Jul62- | Jan66- | Jan8l- |Aug8l-
(hPa) Jun61 | Jun62 | Dec65 | Dec80 | Jul8l | DecB0
Surface

1000-950 Monthly |

900 - 400

350 Monthly !
300- 100

90 Monthly Nil

80

70 Monthly

60 Monthly ;

50

40 |

30 !

20-10

freezing Monthly

level
tropopause |

The geopotential height, temperature, relative humidity, dew point, vector wind, scalar mean
speed and constancy together with the extremes and their dates of occurrence are computed for each
standard and special level. The dates are represented by a six-digit number with two digits each for
year, month and day. The vector mean wind is computed from the north- and east-components of
the daily wind. They are shown in Tables 1-33.

The scalar wind speed is the arithmetic mean of the daily wind speeds, so as the means for
other elements.

Constancy is the ratio of the vector mean speed to the scalar mean speed expressed in
percentage.

The maximum and minimum values are the absolute extremes occurred during the period
1961-1990. If the same absolute value occurred more than once, only the earliest date is shown.

The number of observations shown against each element can indicate the availability of data
used for computation. Generally speaking, whenever pressure, temperature and relative humidity
are available, geopotential height for each isobaric level can be calculated.

Standard deviation in Table 34 is calculated with n-1 degrees of freedom.



6. DATA PRESENTATION

The monthly and annual mean values are shown in Tables 1-33. Data not covering the whole
30-year period are indicated at the bottom of each table.

For easy reference, graphical representations of vector wind, temperature and relative
humidity are shéwn in Figures 1-3.



7. DECADAL DATA

Decadal means for the periods 1961-70, 71-80 and 81-90 for different elements at the
standard levels are shown below for comparison. For levels at very high altitudes, large
discrepancies is probably due to the small number of data available for computation.

1961 - 1970 1971 - 1980 1981 - 1990

Level (hPa) | Pressure/ |Temp| Vector | Pressure/ | Temp | Vector | Pressure/ (Temp| Vector

Height Wind | Height Wind | Height Wind

(kPa/gpm)| (°C) j(deg m/s)| (hPa/gpm)| (°C) |(deg m/s}{(hPa/gpm)i (°C) |{deg rs)

Surface 1006.2f 21.6 079 2 10059] 21.6( 090 2] 10059} 215 0951

1000 118 21.1| 080 3 116f 21.1] 075 3 117) 211} 093 2

850 1511 146f 162 2 1509 149] 163 2 1512 152| 162 2

700 3136f 7.8] 254 4 3136] 80 2305 3139 83| 247 4

560 5842 -6.4| 2629 5846 -5.8; 261 9 5848 -5.8] 260 9

400 7534| -16.6] 263 12 7561 -16.1] 262 12 7563 -16.0 261 12

300 9658| -30.9] 264 18 9667 -30.6 263 15 9669| -30.5| 263 14

250 10927} -40.5| 264 16 10937} 40.1] 263 15 10939 -40.2] 264 15

200 12410( -52.06| 263 16 12423| -51.5] 261 15 12423} -51.81 263 15

150 14217( -65.4| 263 13 14232 -64.9] 262 12 14229| 653} 263 13

100 16598] -782| 2775 16626| -76.9] 284 4 16611| -77.7} 277 4

70 18640{ -74.7] 064 2 18687 -725| 078 3 18660 -73.5) 077 3

50 20644 -652| 085 6 20714 -63.0 084 7 20677) -63.5| 084 6

30 23837] -55.3| 090 10 23927| -54.1| 090 11 23889 -54.3 089 10

20 26484| -502| 097 10 26564) -48.1| 097 11 26516 -492( 095 11

10 30985 449 083 8 31208| -37.8| 08811 31106| 41.7] 092 13

Freezing level 4657 4789 4767

Tropopause 168611 -80.2 16493 -78.0 16730 -794
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