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Abstract

This thesis uses several remote sensing techniques to study properties of the boundary
layer and lower troposphere.

For historical reasons, radiosondes are the standard atmospheric sampling technique
which other observations are compared against. However, they are limited in time and
space and only provide a ‘snapshot’ of the atmosphere. Due to the remoteness of many
areas in Australia, there is a need to obtain more meteorological data than the sporadic
radiosonde and surface weather station information provide. As a consequence, differ-
ent ground-based remote sensing systems are used to increase the spatial and temporal
resolution of atmospheric sampling. Radar, Radio Acoustic Sounding System (RASS),
Global Positioning System (GPS) and surface weather data are studied to evaluate their
potential for remote sensing. If successful, these techniques could compliment current
radiosonde observations and be used in forecasting models.

A RASS system was integrated with the two VHF radars at the Buckland Park field site
in order to obtain high-resolution temperature profiles of the lower atmosphere. Initial
testing showed that the manufacturer’s stated orientation of the RASS speakers was
incorrect. Changing their orientation increased the power transmitted skyward. RASS
echoes were recorded with the Stratosphere-Troposphere radar (ST) RASS system up to
6 km under calm conditions. The Boundary Layer Radar (BLR) measured echoes up to
2.5 km.

An existing acoustic ray-tracing algorithm was expanded into two dimensions and
modified for use with the ST radar to allow prediction of the acoustic spot’s movement.
This facilitated beam-steering of the radar to track the acoustic spot so that it was within a
beam. Implementation of this algorithm met with partial success. Beam-steering enabled
some RASS measurements to higher altitudes than only using the vertical beam, under
meteorologically disturbed conditions. However, the ST radar is still limited by only
permitting beam-steering in the cardinal directions. No datasets of sufficient quality were
obtainable with either VHF radar, due to acoustic spot distortion and movement. The
BLR-RASS coverage was very sensitive to increased wind speeds, due to the small size of
the receiving antenna.

The Bureau of Meteorology operates a UHF radar in Western Sydney, which also
has a RASS capability. A seven day dataset from this radar was used to study the
thermodynamics and structure of the boundary layer below 1 km. A strong diurnal

temperature component was evident, the strength of which decreased with increasing

XV



altitude. Second order parameters such as heat flux and Brunt-Vaisala frequency were
calculated and results were in general agreement with the structure of the boundary
layer. Comparisons between the UHF radar and two VHF Boundary Layer Radars (one at
Adelaide and the other at Sydney airport) revealed a better coverage of wind observations
in the lowest 1500 m with the UHF. Above this height, the VHF BLRs measured a greater
proportion of winds than the UHF radar.

Microwave signals from GPS satellites are delayed in the troposphere due to the effects
of water vapour. Certain GPS processing packages calculate this tropospheric delay as a
by-product of position determination. Consequently, high temporal resolution estimates
of precipitable water vapour (PWV) can be made with GPS. Adelaide-specific regres-
sion parameters were derived from the local climatology to increase the accuracy of the
GPS PWYV. The values of the PWV compared favourably with established radiosonde
calculations of water vapour. A study of the passage of a cold front over the Buckland
Park field site showed that the changes in water vapour agreed with measurements of
other parameters including rainfall and synoptic-scale wind field changes. An annual pre-
cipitable water vapour spectrum was dominated by synoptic events, with summer and
autumn exhibiting the largest changes in water vapour quantity. Currently, GPS cannot
detect the sea-breeze as the uncertainties are too large. Research into real-time estimates
of water vapour has shown it to be of sufficient quality for potential use in forecasting
models. This is believed to be the first demonstration of real-time GPS feasibility in the
Australian region.

Two case studies of gravity waves emitted by cold fronts are also presented. VHF
BLR data as well as a network of surface Automatic Weather Stations (AWS) were used
to determine the wave parameters. Both waves preceded the fronts by at least one hour
and propagated perpendicularly to the background wind field. Neither gravity wave event
appeared to be associated with observed precipitation. The first event in January 2003 had
excellent BLR radar coverage, allowing use of the wind perturbations for wave parameter
calculations. However, during the second event (in March 2003), the BLR had a low
signal to noise ratio, resulting in large data gaps. This meant that AWS data was relied
on for wave parameter calculations. Radar data of insufficient quality resulted in no other
waves being identified during other frontal events.

In summary, the limits of the VHF-RASS systems were reached during these studies.
In their present configurations, the VHF radars are not able to consistently observe tem-
perature profiles. The GPS water vapour measurements and the gravity wave detection
from radar wind data demonstrated the success of these techniques for obtaining infor-
mation. Further investigation of these methods may enable a better understanding of the

weather in Australia and potential integration into the observation network.
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