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The measurement of wind speed and direction is sensitive to local
influences and when undertaking analyses based on these data
over long periods it is essential that an assessment is made of the
impact of any instrument changes, instrument bias and changes in
the location or exposure of the anemometer. This has become sig-
nificantly more important with the increasing use of meteorologi-
cal data in environmental studies to support costly development
projects. In this study, the climatic wind record for Sydney
Kingsford Smith Airport for the period 1940-1995 is examined and
previously unrecognised data quality concerns are identified. The
anemometer has been replaced and relocated in this period, there
have been changes in the exposure at the anemometer site result-
ing from development on the airport, and the wind speed was
under-reported for an extended period due to an instrument bias.
We determine the magnitude of the instrument bias and the impact
of exposure changes resulting from development on the airport and
site changes. Calculation of this latter component is based on the
classic logarithmic wind profile in the surface layer, a subjective
estimate of the change in effective surface roughness length and the
assumption that winds representative of an ‘open flat terrain’ are
required. The analysis provides some progress towards the devel-
opment of a reliable and homogeneous climatological wind record.

Introduction

Meteorological agencies around the world gather and
record observational data, including wind observations,
for operational forecasting requirements and to maintain
the climatic record. Quite apart from monitoring cli-
matic variations, meteorological data are used for a wide
range of applications including meteorological, environ-
mental and engineering studies in support of develop-
ment projects. The use of these data is predicated on the
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fact that observations have been taken in a consistent
manner over an extended period and that required
observing standards have been met. However, climate
studies have shown that variations in the way data are
collected, due to instrument or site changes or poor
observing practices, can introduce changes in measured
parameters which greatly exceed the magnitude of any
underlying real change and some effort has been made
to determine appropriate corrections, primarily for tem-
perature (Easterling and Peterson 1995; Plummer et al.
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1995; Torok and Nicholls 1996). Wind records, in par-
ticular, are amongst the worst in terms of homogeneity
over long periods (Nicholls 1995). The measurement of
wind speed and direction for any location is quite sensi-
tive to local factors at the specific observing site and the
representativeness and integrity of the climatic wind
record can be degraded due to instrument changes, poor
site selection, changes in the location of the anemome-
ter and changes in exposure or upstream surface rough-
ness resulting from development or the growth of vege-
tation.

World Meteorological Organization (WMO) and
International Civil Aviation Organization (ICAO) guide-
lines specify that wind observations should include the
10-minute mean wind direction and speed to minimise
the effect of local eddy structures or wind gusts and pro-
vide a wind which is representative of an area within a
few kilometres (Wieringa 1980; Dutton 1975, 1976).
The recommended accuracy for the wind reports is +10
degrees for the wind direction and +1 knot for speeds up
to 10 knots or +10% for speeds above 10 knots.
Guidelines for the height at which the wind should be
measured are less well-defined. 'WMO recommends
measurements should be taken at a height of 10 metres
over open flat country and that the distance-to-height
ratio for nearby obstacles is at least a factor of 10, or
else, the wind should be measured at an ‘effective
height’ of 10 metres. In the first case, studies have
shown the wind speed at the recommended distance
from obstacles can be 20 to 30 per cent less than for
nearby open flat terrain (Plate 1971) and that a rarely
achievable homogeneous terrain with a distance-to-
height ratio in excess of 100 is required for fully adjust-
ed wind speeds. Thus, changes in the exposure over
extended periods will impact on the climatic wind
record. In the latter case, there can be considerable dif-
ficulty in determining the ‘effective height’ as the shel-
tering may not be homogeneous with direction.

In 1989 the Australian Government announced a
decision to increase the capacity of the Sydney
Kingsford Smith Airport (KSA), Australia’s primary
international airport, by constructing a third runway
‘subject to completion of normal environmental impact
study processes’. As the construction of the third run-
way would result in a significant change in air traffic
management procedures at the airport, some estimate of
runway usage under different operating scenarios was
required. The third runway was subsequently construct-
ed and more recently there has been a further review of
air traffic management procedures at the airport due to
aircraft noise concerns in nearby residential areas.
These studies required an analysis of runway availabili-
ty which is largely dependent on the prevailing winds.
In this analysis, three-hour synoptic observations of
wind direction and speed, provided by the Bureau of

Meteorology, were used to determine the percentage
time that given runway configurations would be avail-
able for aircraft operations. In association with the more
recent review the climatic wind record for KSA was
examined in some detail and this revealed data-quality
concerns, resulting from a previously unrecognised
instrument bias and from development on the airport.
This report presents the results of this analysis.

The anemometer data available for the analysis of
winds at KSA are described, including the Bureau of
Meteorology climatic wind record and additional data
which have been collected in more recent years. The
climatic wind record is then examined, the variation in
wind across the airport based on the additional wind
data is analysed, and data quality concerns are identi-
fied. The magnitude of the instrument bias is deter-
mined and an appropriate adjustment to the climatic
wind record suggested. Changes in the exposure of the
observing site due to development on the airport are also
discussed together with the impact on the wind record.
An adjustment to the record is suggested, based on the
objective method developed by Wieringa (1976, 1986)
and some concluding remarks are presented.

Wind observations for Kingsford
Smith Airport

The Sydney Kingsford Smith Airport, originally known
as Mascot Airport, is located on the shore of Botany Bay
just eight kilometres from the city centre in an area that
was originally open fields and swamp. In the period
since 1939, the earliest that wind records are available,
there have been substantial changes with the expansion
of the airport size, and the development of facilities on
the airport grounds and in surrounding areas (Gall
1986).

In the period 1947 to 1954 there were major changes
to the runway layout to accommodate the increasing
amount of aviation traffic. The size of the airport was
increased substantially by diverting the Cooks River and
reclaiming the land, and the original runway configura-
tion was changed to an east-west runway together with
a shorter north-south runway. A new Control Tower was
constructed near the intersection of the east-west and
north-south runways and a main road was built on the
shoreline of Botany Bay. During the 1960s and 1970s
the north-south runway was progressively extended into
Botany Bay to its current length of 3962 m to accom-
modate larger aircraft. Also, new international terminal
facilities were constructed in the northwest part of the
airport, the domestic terminal in the northeast was
expanded and a number of large aircraft maintenance
hangars, administration and service buildings were con-
structed around the airport.
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In November 1994, a third runway, parailel to the current runway configuration with the east-west runway,
original north-south runway, was officially opened to the intersecting north-south runway and the new parallel
further increase airport capacity. Figure 1 shows the north-south runway.

Fig. 1 Map of Sydney Kingsford Smith Airport on the shoreline of Botany Bay showing runways and airport buildings. The

anemometer sites are indicated as Dines (D1 and D2 representing sites before and after 1989), Synchrotac (S), and
Measurement Technology (M1-M6). The Bureau Observing Office locations before and after 1976 are shown as O1
and O2.
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