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1. INTRODUCTION

Site-specific wind fluctuation measurements are fundamental to
the estimation of dispersion of windborne material. However, such wind
fluctuation data are not usually available. Pasquill (1961) related these
parameters to observed surface meteorological variables and expressed them
as functions of six atmospheric stability classes designated 'A' to 'F'.
'A' represents the most unstable conditions, 'D' neutral and 'F' the

most stable.

The Pasquill stability classes are specified in terms of wind
speed, insolation (during day time) and cloudiness (during night time).
Insolation is classified rather qualitatively as slight, moderate and
strong. Turner (1964) suggested a version of Pasquill's scheme in which
the insolation is classified in terms of the sun's elevation, cloud amount
and height. However, if insolation measurements are available, Smith's
(1973) nomogram based on Pasquill's original formulation is preferred,
because Turner's scheme tends to underestimate the frequency of very
unstable conditions (Turner 1985). Smith's nomogram is shown in Fig. 1. In
Smith's nomogram there is an additional stability class 'G'. This was
introduced by Turner (1964) to include night-time occasions with very
light winds and clear sky, when vertical dispersion is even less than for
class 'F' and when a plume emitted from a surface source is unlikely to

have any definable travel in the horizontal direction.



This report presents results of statistical analysis of
atmospheric stability in the eastern Victoria Harbour area. Wind and cloud
data observed at the Hong Kong International Airport, together with
insolation data obtained at King's Park, were used to determine the

atmospheric stability using Smith's nomogram.



2. DATA

The present analysis covers a 6~year period from 1979 to 1984.

Wind speeds and directions obtained at the southeast end of the
Hong Kong International Airport runway are mean values for the 10 minutes
ending on each hour. Wind directions are given in tens of degrees. A
description of the site and the anemometer used can be found in Chen

(1975).

Visual observations of the cloud type and amount are made every

hour at the Airport.

Hourly values of global solar radiation have become available on
an hourly basis since December 1978. Measurements by means of a
thermoelectric pyranometer are made at King's Park, which is about 4 km to
the west of the southeast end of the Airport runway. A description of the
instruments used can be found in the Royal Observatory "Meteorological

Results Part I - Surface Observations".



3. METHODOLOGY AND RESULTS

(a) Determination of atmospheric stability

For daylight hours, the atmospheric stability is determined from
the insolation and the 10-metre wind speed using the left-hand side of
Smith's nomogram shown in Fig. 1. For night time, the right-hand side of
the nomogram relating the cloud cover and wind speed to the atmospheric

stability is used.

According to Pasquill (1974), 'night' refers to the period from
one hour before sunset to one hour after sunrise. The times of sunset and
sunrise in Hong Kong were determined to the nearest clock hour using the
solar data presented by Peacock (1978). As the day and night hours
determined in this manner can be in error of up to half an hour, it was
noticed during analysis that there were a few occasions (on average less
than 15 per year) just before sunrise and just after sunset when the

insolation exceeded the value of 100 W m 2

which, according to the
nomogram, signify day time occasions. In the present analysis, these

occasions were treated as day-time occasions.

Also, extremely stable conditions, 'G', do not normally occur in
urban areas because of the influence of a city's larger surface roughness
and the release of stored heat from structural surfaces, i.e. urban heat
island effect (see for example, USEPA 1977). In the present analysis, 'G'

occasions derived from the nomogram were combined with 'F' occasions.



(b) Stability-wind rose

A stability-wind rose is constructed the same way as an ordinary
wind rose, except that the wind data are stratified according to unstable
(*A' to 'C'), neutral ('D') and stable ('E' to 'G') conditions. The
16-point (22.5-degree sector) stability-wind rose for these conditions are
shown in Fig. 2. Also shown in Fig. 2 is the overall wind rose, which

depicts the predominant east winds at the Airport.

During day time, sea breezes from the southeast are often noticed
at the Airport. This is evident from the higher percentage frequency of
winds from this general direction under unstable conditions than that
under stable conditions. Also, such sea breezes are comparatively higher

in wind speed than the night~time, stable flow.

It is also observed that southwest winds are more frequently

associated with unstable conditions than with stable conditions.

(c) Stability-wind summary

Normally referred to as 'STAR' data for input into the widely-used
UNAMAP (User's Network for Applied Modelling of Air Pollution) system
organized by the U.S. Environmental Protection Agency, the stability-wind
summary provides frequencies of occurrence of six wind-speed classes by 16

wind directions and by six stability classes.



The six wind-speed classes normally used are 0-1.5, 2.0-3.0,
3.5-5.0, 5.5-8.0, 8.5-11.0 and >11.0 m s—l (0-3, 4-6, 7-10, 11-16, 17-21

and >21 knots) (USEPA 1977).

As mentioned in Section 2, wind direction is given in tens of
degrees, i.e. 36 directicns. This cannot readily be resolved into 16 major
directions (22.5-degree sectors). A scheme similar to that suggested by
Lea et al. (1971) was adopted and is illustrated by the following example

for winds from the northeast quadrant:-~

Wind direction (degree) Method of counting

360 1 count to N

010 0.625 count to N
0.375 count to NNE

020 1 count to NNE

030 0.875 count to NNE
0.125 count to NE

040 1 count to NE

050 1 count to NE

060 0.125 count to NE
0.875 count to ENE

070 1 count to ENE

080 0.375 count to ENE

0.625 count to E

090 1 count to E.



It is also desired to distribute calm and variable wind occasions
among the 16 direction classes. The scheme suggested by USEPA (1975) was
adopted and is described as follows. If ch is the total number of calm
or variable wind occasions, N, is the total frequency of winds in the

0.5-3.5 m g1

(1-7 knots), and n, is the frequency of winds in the
0.5-3.5 m s_1 range for one direction, the number of calm or variable

wind occasions assigned to this direction will be:

The stability-wind summary for each month is presented in Tables

1 to 12. The annual stability-wind summary is given in Table 13.

(d) Monthly and annual stability distribution

The monthly and annual percentage frequency distributions of
different stability classes were summarized from the results given in

Tables 1 to 13, and is presented in Table 14.

Decreased cloudiness early in the cool season (October to
December) causes the highest occurrences of stable conditions. On the
other hand, increased cloudiness coupled with relatively higher wind speed
late in the cool season (February to April) results in more occurrences of
neutral conditions and less occurrences of stable conditions. Unstable
conditions are most frequent during the warmer months (June to August)

because of stronger insolation.



A brief summary of stability distribution in other places of the
world can be found in Koo et al. (1984). In comparison there are generally

more occasions of neutral condition in the eastern Victoria Harbour.



4. DISCUSSION AND CONCLUSIONS

Atmospheric stability classifications useful for dispersion
modelling have been compiled for the eastern Victoria Harbour area. They
were determined from Smith's nomogram, using wind, insolation and cloud
data as input. The stability classifications obtained were then analysed
with respect to the wind direction and wind speed. Stability-wind roses
and stability-wind summaries were also presented. To facilitate direct
use by dispersioh modellers, the stability-wind summaries were compiled in
a format readily applicable to most of the commonly used Gaussian computer

models.

Smith's nomogram (Fig. 1) is based on an aerodynamic roughness of
0.1 m. To estimate the dispersion of windborne material in a terrain
likely to have a different roughness, Smith recommended that correction
factors be made to the suggested values of the wind fluctuation in the
vertical direction for each stability class. Representative values of
roughness for different types of land use can be found in Counihan (1975).
Lettau (1969) also proposed a useful formula to estimate the roughness
from the effective height of the obstacle, the subtended area encountered

by the wind, and the area covered.

Data presented in this paper can be directly applied to simple
and commonly used atmospheric dispersion models. Over the years many other
dispersion models have been developed, some for application to special
environs such as shorelines and highly developed urban areas. Before
applying the presented stability-wind data to estimate dispersion, users
should ascertain the need, if any, to adjust stability classes as required

by individual dispersion models to suit the particular applications.
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Stability-wind roses for Hong Kong International Airport (1979-1984)
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TABLE 14.

Month
Jan

Feb

Apr
May
Jun
Jul
Aug
Sep
Oct

Nov

Year

PERCENTAGE FREQUENCY DISTRIBUTION OF ATMOSPHERIC

STABILITY FOR HONG KONG INTERNATIONAL AIRPORT
(1979-1984)

Stability

0.7
0.6
0.3
1.0
1.5
1.7
3.8
3.2
3.1
2.8
1.7

1.1

1.8

6.8
3.4
3.4
6.1
7.2
9.5
12.1
12.1
9.9
10.2
8.4

8.2

8.1

39

13.7
10.9
10.9
12.1
15.4
17.5
16.5
15.7
14.1
14.1
14.2

14.7

14.2

46.8
67.1
70.9
61.7
50.9
41.0
31.0
34.1
38.3
35.0
36.7

33.7

45.5

13.0
9.4
9.7

12.4

15.3

17.7

18.1

18.5

15.3

13.3

14.1

14.0

14.2

F+G

19.0
8.6
4.8
6.7
9.7

12.6

18.5

16.4

19.3

24.6

24.9

28.3

16.2



