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The image on the front cover shows the ARA Super King Air (VH-LAB) and the ARA Grob G109B 
(VH-HNK) parked at Horsham Aerodrome during the study investigating radar holes caused by strong 
atmospheric inversions (see Section 2.3). Note the meteorological instrumentation package featuring the 
BAT-Probe under the wing of the G109B. The microwave receiver was mounted inside the underwing pod 
of the G109B. The microwave transmitter was mounted inside the nose cone of the King Air. 
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1. Overview 
 

2003 was another challenging year for ARA. Due to severe financial problems, the staff was 
reduced to the bare minimum leaving just 3 full-time staff at the end of 2002. As already 
indicated in the 2002 Annual Report, the Board adopted a hibernation strategy for the year, as 
proposed by the Chief Scientist. However, this strategy turned out to be anything but 
hibernation for the ARA staff who had one of the busiest times ever just to cope with the work 
that needed to be done. 

Despite the hibernation, the aircraft took part in several field projects. In addition, extensive 
data processing and reporting was carried out, to clear the backlog of unprocessed data built 
up from measurement campaigns over the past two years due to lack of staff resources. 

In January/February, the ARA G109B aircraft was the primary observation tool for a 
comprehensive study of regional evaporation in the Nanneella Irrigation District near Echuca 
in Victoria. The project was a collaborative study with Melbourne and Newcastle Universities 
and some local state agencies in the district. The overall aim was to verify algorithms for 
deriving evaporation from satellite data. 

In mid-February, the final campaign was flown with the Scanning Low Frequency Micro-Wave 
Radiometer (SLFMR) to remotely sense sea surface salinity over the Great Barrier Reef. As 
the Cessna 404 aircraft that was used as the platform for the instrument was sold in 2002, 
arrangements had to be made with the new owners (Skytrans Aviation in Cairns) for the use 
of the aircraft. Although the arrangements with Skytrans worked well, it turned out that this 
was the last time the aircraft could be made available for this purpose, because directly after 
the experiment, all modifications necessary to fly the instrument on the aircraft were 
permanently removed to save weight. 

It should also be mentioned here that the 3-year work with the SLFMR was very fruitful in 
terms of publications as can be seen in the List of Publications in Section 7. Work with the 
data continues at James Cook University and also at the Stennis Space Centre in the USA. 

In mid-May, another set of airborne measurements was carried out in the context of the long-
term study of anomalous propagation of electromagnetic waves under specific atmospheric 
conditions. In a world-first, two aircraft were used to study the effects of a strong atmospheric 
inversion over land. Flying in the inversion layer, the ARA King Air carried a micro-wave 
transmitter, while the ARA G109B equipped with a receiver and meteorological sensors flew a 
vertical saw-tooth pattern through the inversion layer between 20km and 100km in front of the 
King Air. Although the initial analysis of the data showed excellent and very interesting 
features, a detailed analysis of this unique data set has to wait until further funding becomes 
available. 

Directly following this study, in mid-May the ARA G109B was ferried to Western Australia, 
where the third airborne measurement campaign of the Sturt Meadows Project took place 
near Leonora/WA. As already reported in previous Annual Reports, this project investigates 
the possibility of planting native trees on a large scale in a semi-arid landscape and is nearly 
exclusively funded from Japanese sources. 

In June and September, the ARA King Air carried out aerosol and radiation measurements in 
a project funded by DSTO and in collaboration with CSIRO Atmospheric Research and 
Queensland University of Technology. A comprehensive set of instrumentation was fitted to 
the aircraft which was based at RAAF Darwin/NT. The measurements were carried out 
around Jabiru/NT. 

As mentioned above, a large backlog of data was processed throughout the year. Most 
notable was the release of the data reports for the GLEX and EMERALD 2 projects described 
in the 2002 Annual Report. Dr. S Thomae was employed on a contractual basis to assist the 
Chief Scientist in much of the processing. 

A withdrawal of Government funding resulted in the closure of the Mapping Branch in of the 
South Australian Department for Environment and Heritage. This unit has been using the 
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ARA King Air for many years a platform for their aerial camera. The closure of the unit meant 
the end of the contract and consequently the King Air flew its final mission for this contract in 
September 2003. The end of this work was the final trigger for the decision to sell the aircraft. 

One of the most important events of 2003 was the arrival of a second senior scientist at ARA, 
Dr. Paul Dare, a specialist in Remote Sensing. His arrival has dramatically re-invigorated this 
area at ARA with new applications for funding and research collaborations. Paul also is an 
enthusiastic pilot which is important for the future strategy of ARA regarding the use of small 
aircraft piloted by pilot/scientists.  

The Chief Pilot and Operations Manager of ARA who also was the only pilot endorsed to fly 
ARA’s high altitude research aircraft, the Grob G520T Egrett, left ARA at the end of 2002. 
This left ARA without a pilot for this aircraft. Fortunately, there was no project work scheduled 
for the Egrett over this period which enabled the ARA management to carefully evaluate the 
options with CASA on how to proceed. After several iterations, CASA finally amended the 
legislation by removing the Egrett from the list of aircraft requiring a type endorsement. This 
enabled ARA to implement a training program for two pilots to become familiar with the 
aircraft. In December 2003, the Chief Pilot of ARA, Capt. Gabriel Kalotay and an RAAF 
Engineering Test Pilot and airline pilot, Captain Alf Jonas successfully completed this training 
and are now fully qualified to fly the Egrett. 

In March 2003 the ARA administrative duties were handed over from Rachel Urbon to Karen 
Raymond who has since looked after these activities with great enthusiasm and in a most 
pragmatic manner. 

In April, the Chief Scientist attended one of the largest science meetings in Europe. The EGS-
AGU-EUG-Joint Assembly (http://www.copernicus.org/egsagueug/) held in Nice/France 
brought together more than 10,000 scientists from a wide range of disciplines. Several ARA-
related papers were presented by ARA collaborators, while the Chief Scientist manned a 
display booth show-casing ARA capabilities, in particular ARA’s Egrett. Many new contacts 
were made which without doubt will lead to collaborations in the future. 

In June, the Chief Scientist visited Diamond Aircraft in London/Ontario/Canada to finalise the 
arrangements for the delivery of Flinders University’s new small research aircraft, an 
HK36TTC ECO-Dimona. Earlier in the year, the University had approved the use of a bequest 
made to the Atmospheric Research Group (from which ARA emerged) by their long-term 
supporter, the late Mrs. Joyce Schultz, to purchase and set-up such a research platform. The 
ECO-Dimona will not be an ARA-owned aircraft, but will be used for ARA projects and also 
play a key role in the strategy proposed by the Chief Scientist to bring ARA back into a 
financially and otherwise viable future for the coming years. It is interesting to note that the 
aircraft which established the credentials of Airborne Research at Flinders University many 
years ago had been donated by Mrs. Schultz’s late husband, Dr. Don Schultz. Without his 
support at the time, ARA would certainly not exist and there can be no doubt that today the 
bequest has enabled ARA to embark on a promising new strategy. 

In the context of the ECO-Dimona, it is also important to report that the Chief Scientist in 
collaboration with the University of Melbourne, Newcastle University and James Cook 
University was able to gain substantial ARC funding for setting up a micro-wave receiver and 
IR-imager on the aircraft. The combination of sensors will enable scientists to remotely sense 
soil moisture and sea surface salinity and possibly some other parameters. The fit-out of such 
a small aircraft with this sensor suite is another world-first, as comparable instrumentation has 
until now only been flown on much larger multi-engine aircraft. 

Furthermore, it is noteworthy to report that this most exciting new research collaboration was 
developed during the above mentioned project at Nanneella in early 2003 which, in turn, 
would not have been possible without having the G109B aircraft available for such work. 

In mid-October, the Chief Scientist attended the annual Conference/Workshop of the NAERS 
consortium (Network of Airborne Environmental Scientists) in Trento/Italy. ARA, under the 
leadership of its Chief Scientist, is one of the initiators of this network which promotes the use 
of small environmental research aircraft world-wide with many members in Europe and the 
USA. As a result of this meeting, the NAERS website was set-up through ARA at 
www.naers.org.  
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2003 saw many discussions about the future structure and activities of ARA. After the 
decision to sell the King Air, DEST requested an ARA stakeholder meeting to be held in 
March to get feedback from this group about the sale. The key outcome of this meeting was, 
that DEST agreed on the plan to sell the King Air, provided that ARA has access to the 
aircraft for scientific tasks in the future. DEST also made it very clear that it does not have any 
funds to support ARA, yet conceded that the “model” for the MNRFs set up in the first round 
(100% self-funding) was in many cases unachievable. The representatives from the 
stakeholder organisations present (CSIRO, BoM/BMRC, some Universities) stated that their 
organisations would not have funds available for unspecified ARA support, nor could there be 
a hard commitment to anything (this means, that ARA cannot expect any “unqualified” or 
“automatic” funds being made available as base funding for the foreseeable future). However 
it was a great satisfaction for the individuals who have dedicated their professional life to ARA 
to get confirmation from the participants of the meeting that ARA has done very valuable work 
and that all efforts should be made for it to continue. 

As an outcome of this meeting, DEST and the University requested that a Business Plan be 
compiled outlining the strategy for the MNRF after the sale of the King Air aircraft.  

In summary, it can be said that 2003 will hopefully mark the end of a very difficult time for 
ARA trying to become self-funded whilst carrying along very expensive research tools such as 
the King Air. In 2004, ARA will concentrate on specific capabilities involving platforms that are 
not available from commercial operators in Australia. It is hoped that this will enable ARA to 
have a greater research focus and – excluding the Egrett - become self-funding at the same 
time. 

 

 

Figure 1: ARA display booth at the EGS-AGU-EUG Joint Assembly at Nice /France, April 2003. 
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2. Projects 

2.1. Nanneella Project 
 
The Nanneella Project is a collaborative study of the Nanneella Irrigation District near 
Echuca/Victoria. Partners in the study are the University of Melbourne’s Centre for 
Environmental Applied Hydrology, the Environmental Engineering Group in the University of 
Newcastle, the Shepparton Irrigation Region Implementation Committee of the Goulburn-
Broken Catchment Management Authority and Flinders University/ARA. Funding for the study 
was granted by the Australian Research Council. 

The overall description in the ARC application (by Kalma at al) for the study reads: “Efficient 
management of water in irrigation systems is a key requirement for achieving sustainability of 
irrigated agriculture. Excessive water application can lead to production and environmental 
problems associated with rising water tables, soil salinisation and degradation of the quality of 
water leaving the irrigation system.  

Detailed studies of water use at irrigation bay scales have led to much improved 
understanding of the relative merits of different irrigation practices for specific soils and crop 
types but these are difficult to scale to regional levels. At a regional scale, water use efficiency 
has been assessed through surveys of irrigation practice. However such surveys have 
several limitations, which include reliance on the validity of general conclusions drawn from 
farm-specific studies; and a lack of quantitative measures directly related to water use 
components.  

This project aims to develop actual evapotranspiration (AET) mapping techniques and to 
combine these with water delivery information to develop quantitative indices of water use 
efficiency. This will provide a quantitative picture of variations in water use efficiency at the 
farm scale across an irrigation district.  

A key problem in obtaining AET estimates across an irrigation district is that 
evapotranspiration is highly variable in space due to the mix of irrigated and dry land 
paddocks, variations in soil type, vegetation type and condition, and in on-farm water 
management. It is noted that spatial variability is crucial to the understanding and description 
of hydrologic processes, but at the same time poses significant problems in terms of acquiring 
sufficient and representative data. Effective land and water management strategies are 
almost exclusively predicated on simulation, monitoring and subsequent re-evaluation and 
modified simulation of alternatives and their consequences. In practice the ability to relate 
monitoring data to modelled data has been weak due to limited spatial data sets. 

Remote sensing is a greatly under-utilized source of spatial information for use in hydrological 
analyses. Remote sensing has a major advantage over ground-based approaches in that 
large areas can be mapped at high resolutions.”  

The use of Remote Sensing for determining AET requires algorithms to be developed which 
translate the remotely sensed parameters into AET. These algorithms need testing and 
validation. In the Nanneella Study, airborne and ground-based measurements of AET and 
other relevant parameters are used for this purpose. The airborne measurements were 
carried out in early 2003 using the ARA Grob G109B research aircraft as the main platform. 
The aircraft measured AET via the in-situ eddy-correlation method, as well as remotely 
sensed ndvi (normalised differential vegetation index) and surface temperature over several 
field sites, as well as over the whole Nanneella Irrigation District. The flights were scheduled 
to coincide with overpasses of the LandsatTM satellite. 

Some examples of the results from the airborne measurements are shown in Figure 4 and 
Figure 5. 
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Figure 2: Irrigated paddock in the Nanneella Irrigation District 

 

 

Figure 3: Dr. Andrew Western from the University of Melbourne inspecting an automatic 
weather station on an irrigated paddock near Nathalia. 
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Figure 4: Fluxes, surface temperature and ndvi for one of the transects across the Nanneella 
Irrigation District. Data from the flight on 28 Jan 2003 between 13:11 and 15:17LT; fluxes 

averaged over 2km. Flight track (red) plotted over ndvi scanner image taken on 28 Jan 2003 
using the ARA/AWI Tri-spectral scanner; also shown is ndvi as measured by the FIAMS Veg-

meter (thin red line) and mean horizontal wind as arrows (light blue). 
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Figure 5: Fluxes, surface temperature and ndvi for the site at Nathalia. Data from the flight on 27 Jan 2003 between 11:17 and 11:50LT; fluxes averaged over 
1km. Flight track (red) plotted over ndvi scanner image taken on 31 Jan 2003 using the ARA/AWI Tri-spectral scanner; also shown is ndvi as measured by the 

FIAMS Veg-meter (thin red line) and mean horizontal wind as arrows (light blue). 
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2.2. Third Airborne Campaign of the Sturt Meadows Project 
 
In 2003, another field campaign was carried out in the context of the Sturt Meadows project. 
The background of this project has already been described in detail in the ARA Annual Report 
2002 and more information is available on the ARA website. 

The project as such is nearly exclusively funded by a grant from the Japanese Science and 
Technology Agency given to a consortium of Japanese Universities under the leadership of 
Professor Koichi Yamada from Shinshu University at Ueda.  

The overall aim of the project is to investigate all aspects of growing native trees on a large 
scale in semi-arid lands in Australia. The question is being investigated in all of its aspects, 
including irrigation strategies and other engineering topics. Test plantations have been set up 
on Sturt Meadows Station near Leonora/WA and just about everything that can be monitored 
in terms of tree growths, plant physiology, soil and atmospheric parameters, as well as 
irrigation technology are continuously being monitored by the Japanese team. 

ARA’s contribution to the project are airborne measurements of evaporation and CO2 fluxes 
over the tree plantations and also over native vegetation, as well as taking some remote 
sensing measurements with the ARA/AWI tri-spectral scanner. This year’s campaign took 
place from 13 to 22 May. As for the previous campaigns, ARA’s Grob G109B research aircraft 
was used and flew approximately 40 hours of survey. To transport equipment and other 
personnel to Western Australia, a second aircraft accompanied the research aircraft, piloted 
by Professor Schwerdtfeger. Professor Clark from Flinders University was also present at 
Sturt Meadows Station. 

For this campaign, most of the aircraft time was spent on flying across-wind traverses on the 
downwind side of the Site C (where the largest plantation of trees is located) and the flux 
tower at Doyle Creek (a natural creek bed featuring tall Eucalyptus trees). Mean flying altitude 
was 20m above terrain for all flux transects. 

Substantial rain had fallen over Sturt Meadows Station during the preceding months leading 
to markedly different conditions as had been encountered during the previous campaigns. 

On 15 May, the weather conditions were dominated by cloudy skies and a strong northerly 
wind. During the afternoon of 15 May and on 16 May, substantial rain occurred over the area, 
preventing measurement flights. On 17 May, conditions improved allowing a flight in the 
afternoon under overcast skies. The conditions were dominated by a strong westerly wind. On 
18 May, the wind had turned Southerly, but the overcast conditions remained. On 19 May, the 
wind was still southerly, but with clear skies. 

This change in weather enabled the study of the effects of recent rainfall and subsequent 
changes in available soil moisture on the fluxes. 

To illustrate the work done, the results from the last day of flying are presented here. 

Four sets of 10 traverses each were flown over Site C and over Doyle Creek between 10:15 
and 15:16WST. All traverses were flown across the wind on the downwind side of Site C and 
the Doyle Creek flux tower, respectively. Average length of the traverses was 6km. Each set 
took approximately 35min to complete. The first set was flown over Site C, the next one over 
Doyle Creek, then over Site C, and so on. 

 

Site C (planted trees) 

The transects over Site C started approximately 4km west of the site over a large patch of 
native vegetation. After approximately 1km, an 800m wide bare clay pan was crossed, 
followed by some bands of vegetation and passing just north of Site B (another small tree 
plantation). Bands of vegetation continued until crossing Site C directly downwind of the 
northern edge of the site. Approximately 500m east of the eastern boundary of Site C, a patch 
of very green and actively growing vegetation was crossed. Further east, the terrain started to 
rise to a ridge running NE to SW followed by more patchy native vegetation. 
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Figure 8 shows typical flight tracks plotted over aerial photographs taken in May 2000 and 
over the ndvi image taken early on 19 May using the ARA/AWI Tri-spectral scanner flown on 
the G109B. It is important to note that the scanner images were taken relatively early in the 
day which means at a low sun angle. This leads to shadows showing up on the images, 
especially in the ndvi image. It is possible to eliminate these effects to a large degree, but 
there has been no time to do this yet. 

Figure 9 shows the same transect as shown in Figure 8, but in the form of a false colour 
image, as seen from the Tri-spectral scanner. Also shown are enlarged ndvi and false colour 
images of Sites B, C and D. 

Figure 10 shows the CO2 fluxes in µmol/m2/s, the horizontal wind vector in the form of arrows 
and ndvi along the track. The track line is plotted in red. The fluxes are averages over 10 
traverses and over 500m distance, thus representing mean estimates over approximately half 
an hour. Wind vectors and ndvi are instantaneous values averaged over 10 traverses each. 
To assist in interpreting the image, the fluxes are colour-coded, with negative sections of the 
graph shown in green (downward flux) and positive sections in purple (upward flux). The wind 
arrows are plotted upwind of the track indicating the source region for the fluxes in a 
qualitative manner. The mean wind was decreasing from approximately 3m/s to 2m/s over the 
time of the flights. 

Site C is clearly visible in the ndvi trace, as are the other features along the flight track as 
described above. Overall, there is a good relationship between the vegetation features and 
the CO2 fluxes. At the western end of the transect, over the patch of native vegetation 
between Eastings of 301.8 to 306.6km, values are –5 to -10µmol/m2/s and then dropping to 
close to zero over the clay pan. There is also a very clear signal from the green and active 
patch of vegetation near Easting of 306.4km with CO2 fluxes as large as -12µmol/m2/s.  

Downwind of Site C, in most cases there is an enhanced downward flux of CO2, but it is 
smaller (up to -8µmol/m2/s) than the flux related to the active patch to the east.  

As the mean wind was weak and convection relatively strong, the source region for the fluxes 
was close to the track. Therefore there is a reasonable relationship between the block-
averaged ndvi and the CO2 and other fluxes. It is also noticeable that there is a loose 
relationship between the water vapour flux (latent heat flux E) and the CO2 flux, in a sense 
that where E shows large upward water fluxes (“high evaporation rate”), there is often also a 
comparatively large uptake of CO2, indicated by negative fluxes. 

The average fluxes of sensible energy (H), water vapour (E) and CO2 (Cm) over the landscape 
crossed by the traverses for the for time periods are listed in Table 1.  

 

Time (WST) H 
(W/m2) 

E 
(W/m2) 

Cm 
(µmol/m2/s) 

Tsf 
(ºC) 

10:13 – 10:44 133 33 -3.1 22.0 
11:35 – 12:07 170 41 -3.6 26.6 
12:50 – 13:23 159 45 -3.3 28.2 
14:06 – 14:38 132 30 -3.0 26.5 

Table 1: Mean fluxes and infrared surface temperature for the 4 sets of transects across Site C. 
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Figure 6: Trees planted on Sturt Meadows Station at Site C. 

 

 
Figure 7: Site C transect as seen from the western end. 
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Figure 8: Typical flight tracks across Site C on 19 May 2003. Flight tracks are shown in red. Sites are marked in green. Top: flight tracks over ndvi image taken on 19 May 

with the ARA/AWI Tri-spectral scanner. Bottom: flight tracks plotted over aerial photograph taken in May 2000. 
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Figure 9: Sites B, C and D.  The large image shows the location of the sites on a false colour image. The small insets show the individual sites as enlarged false colour 

images and ndvi images. All data were sampled with the ARA/AWI tri-spectral scanner on 19 May. 
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Figure 10: CO2 fluxes in µmol/m2/s and related parameters along Site C transect. Data are 

averages over approximately 10 individual runs. Fluxes are averages over 500m. Flight track is 
shown in red. ndvi is shown in red on an arbitrary scale. Horizontal wind vectors are shown in 
light blue; the scaling arrow on the right shows a 2m/s southerly wind. Scale for the CO2 fluxes 

are indicated by the grid shown in white. For further explanations, see text. 
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Doyle Creek (naturally grown tall Eucalyptus trees) 
 
As depicted in Figure 12, the transects over Doyle Creek started approximately 3.5km west of 
the site. From there for the next 2.8km, the flight track crossed over a mixture of strips of 
vegetation interspersed by nearly bare patches of soil. Between Easting 299.6 and 300.6km, 
the track crossed the wide creek bed of Doyle Creek densely covered by tall Eucalyptus 
trees. For the next 700m, the track crossed mainly bare areas before crossing a narrow creek 
bed with some tall trees. The remainder of the track led over relatively bare areas with a few 
small patches of native vegetation. At the eastern end, the track finished over the slopes of a 
small hill and rocky outcrop.  

Figure 13 shows typical flight tracks plotted over aerial photographs taken in May 2000 and 
over the ndvi image taken early on 19 May. Figure 14 shows the same transect as shown in 
Figure 13, but in the form of a false colour image, as seen from the ARA/AWI tri-spectral 
scanner. Also shown are enlarged ndvi and false colour images of the Doyle Creek area 
around the flux tower, as well as an aerial photograph taken from the G109B on 19 May 2003. 
The shadow effects in the ndvi image, as mentioned earlier, are clearly visible here, and are 
also more pronounced, because of the much taller vegetation. 

Figure 15 shows the CO2 fluxes in µmol/m2/s, the horizontal wind vector in the form of arrows 
and ndvi along the track, displayed in the same way as explained for the Site C transects. 

The mean wind over the Doyle Creek area was similar to the wind at Site C, but on average 
0.3 – 0.5m/s higher. This is probably a consequence of the slightly higher flying altitude with 
regard to the ground for the Doyle Creek transects due to the considerably taller vegetation. 

The actively growing tall trees at Doyle Creek are clearly visible in the ndvi trace, as are the 
other features along the flight track as described above. As for Site C, there is a good overall 
relationship between the vegetation features and the CO2 fluxes.  

By far the largest (downward) fluxes of CO2 are in the direct Doyle Creek area, and directly 
downwind of it, obviously caused by the actively growing Eucalyptus trees. Maximum CO2 
uptake reaches 20µmol/m2/s while remaining below 5-10µmol/m2/s for most of the other 
sections of the flight track. 

The average fluxes of sensible energy (H), water vapour (E) and CO2 (Cm) over the landscape 
crossed by the traverses for the for time periods are listed in Table 2. As the values shown 
are averages over the whole transect, they include the effects of the tall trees at Doyle Creek.  

 

Time (WST) H 
(W/m2) 

E 
(W/m2) 

Cm 
(µmol/m2/s) 

Tsf 
(ºC) 

10:58 – 11:27 169 36 -6.0 23.7 
12:11 – 12:46 190 51 -6.1 26.2 
13:28 – 14:02 148 51 -5.5 25.9 
14:42 – 15:16 98 26 -3.2 22.9 

Table 2: As Table 1, but for the 4 sets of transects across Doyle Creek. 

Averages for the immediate area around the flux tower at location “T” marked in Figure 13 are 
listed in Table 3. 

 

Time (WST) H 
(W/m2) 

E 
(W/m2) 

Cm 
(µmol/m2/s) 

Tsf 
(ºC) 

10:58 – 11:27 144 64 -13.7 22.1 
12:11 – 12:46 186 127 -13.7 24.1 
13:28 – 14:02 116 94 -14.1 23.2 
14:42 – 15:16 64 34 -8.9 20.6 

Table 3: As Table 2, but for the 500m wide block around the Doyle Creek flux tower only. 
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Figure 11: The flux tower at Doyle Creek 

 
Figure 12: Transect across Doyle Creek as seen from the G109B - looking approximately north. 
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Figure 13: As Figure 8, but for Doyle Creek. 
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Figure 14: As Figure 9, but for the Doyle Creek transect. 
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Figure 15: As Figure 10, but for Doyle Creek. For further explanations, see text. 
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Figure 16: The two aircraft on the Sturt Meadows Airstrip with Dr. Neville Clark inspecting the CO2 sensor 
on the G109B aircraft. 

 

 

Figure 17: Some members of the research team. Professor Koichi Yamada, the overall project leader, on the 
right-hand side in the front row. 
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2.3. Measurement & Analysis of Radio Signals within Elevated Refractive 
Structures in the Atmosphere 

In continuation of earlier joint projects with DSTO and the US Air Force Research Laboratory (AFRL), a 
set of flights was carried out to study anomalous propagation of electromagnetic waves in the vicinity of a 
strong atmospheric inversion in the boundary layer over land. The study covered four days of 
measurements in early May 2003. 

A micro-wave transmitter was flown in the ARA King Air aircraft (VH-LAB) and a receiver in the underwing 
pod of the ARA G109B aircraft (VH-HNK). The G109B also carried a full set of meteorological 
instruments. The two aircraft flew along a straight line covering several hundreds of kilometres with the 
King Air between 10km and 100km behind the G109B. While the King Air stayed in the inversion layer, 
the G109B flew a vertical saw tooth pattern. One of the flight patterns is shown in Figure 19. 

To the best knowledge of the participants, this is the first time such measurements have been made. A 
first analysis clearly shows the effects of the inversion layer on the electromagnetic propagation. The 
phenomenon informally called radar holes can clearly be identified. Much more detailed processing of the 
data is in progress and further studies are scheduled for 2004 and 2005. 

To identify suitable atmospheric conditions, the atmospheric profiler operated by Adelaide University at 
Buckland Park was also part of the measurement program. 

As an example for the measurements, some early results from May 4 are shown. 

On 4 May 2003, HNK and LAB flew a 350km long straight line from Bonfire Hill near Nuriootpa in the 
Barossa Valley to Horsham/Victoria (Figure 19). LAB flew one orbit to let HNK get ahead. LAB then flew 
at approximately 1000m MSL in the inversion layer while HNK flew a saw tooth pattern between 
approximately 500m and 1500m MSL (Figure 20). The distance between the two aircraft varied from 
approximately 100km to less than 10km (Figure 21). The signal strength as measured by the receiver 
mounted in HNK is shown in Figure 22.  

Two measurement runs are marked in Figure 21 and Figure 22. For Run 1, the distance between the two 
aircraft decreases from approximately 75km to 35km; for Run 2 from approximately 100km to 10km 
shortly before landing in Horsham. The effect of the overall strength of the received signals can clearly be 
seen in Figure 22. During times where the transmitter in LAB was not pointing towards HNK (mainly 
outside of Runs 1 and 2), the signal strength drops to very low levels. 

The altitude dependency of the signal strength is clearly visible in Run 2. It should be noted that the 
receiver data shown are totally uncorrected for angular dependencies. With more thorough analysis, it will 
be possible to take the pitch and yaw angles of both aircraft into account and correct for that influence.  

In the further analysis, each individual ascent and descent will be inspected and then all ascents and 
descents will be combined and displayed together with the atmospheric data along the track. This should 
reveal the structure of the received signals and indicate where possible radar holes are located. This 
analysis can then also be used to verify numerical simulations. 

 

Figure 18: Temperature inversion causing radar holes over the Little Desert Conservation Park in Victoria. 
Note the scars from recent bushfires in the mallee vegetation below 
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Fi
gure 19: Flight track of HNK (red) and LAB (blue). Coastline is shown in green. 

Figure 20: Altitude plot for HNK (red) and LAB (blue). 
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Figure 21: Distances between HNK and LAB in km.  

 

Figure 22: Data from the Sensors in the G109B. Top: Power of received pulses in dB. Bottom: flying altitude. 

 

 

Figure 23: DSTO technician "Wombat" watching the performance of the microwave transmitter in the ARA 
King Air aircraft.
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Figure 24: Scars from recent bushfires in the Little Desert Conservation Park in the Victorian mallee 
photographed from the G109B aircraft during the radar hole study. 
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3. Staff 

3.1. Full and part-time staff 
ARA Job Title Person Comments 

Chief Scientist / Managing Director A/Prof Jörg M. Hacker MD from April 2003 

Acting Managing Director A/Prof John Browett Until April 2003 

Senior Scientist Dr. Paul Dare From October 2003 

Chief Pilot and Operations Manager Capt Noel Roediger Until January 2003 

Development Engineer Mr Rudi Gaissmaier  

Senior Pilot / Chief Pilot Capt Gabriel Kalotay CP from January 2003 

Senior Administrative Officer Ms Rachel Urbon Until February 2003 

3.2. Casual Staff 
Office Coordinator Ms Karen Raymond From March 2003 

3.3. Contractors 
Engineering Test Pilot Capt. Alf Jonas  

Chief Engineer Mr Bruce Ramsay, Auscan 
Aviation 

Until September 2003 

Software Development, 
Data Processing and Website 

Dr Sigrid Thomae  

Electronics Technician Mr Graham Wilkins  

3.4. Senior Advisers 
Prof Peter Schwerdtfeger Retired, formerly founding 

Professor of Meteorology, 
Flinders University 

 

Prof Neville Clark Retired, formerly 
Professor of Chemistry, 
Flinders University 

 

 

3.5. Higher-Degree Students at ARA 
Student Degree  Co-Supervisor at ARA 

Wolfgang Lieff PhD Flinders/SOCPES  Hacker 

Peter Isaac PhD Flinders/SOCPES Hacker 

Stuart Matthews PhD Flinders/SOCPES Hacker 

Justin Peters PhD Monash/Mathematics Hacker 

Cressida Savage PhD University of Melbourne Hacker 
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4. ARA Board 
 

 

Chairman 

Mr Austin Taylor 
Grant Thornton Chartered Accountants 
67 Greenhill Road 
WAYVILLE  SA  5034 

 

Professor John Browett 
Executive Dean 
Faculty of Social Sciences 
Flinders University of South Australia 
GPO Box 2100 
ADELAIDE  SA  5001 

 

A/Prof Jörg Hacker 
Chief Scientist/Managing Director 
Airborne Research Australia 
Flinders University of South Australia 
PO Box 335 
SALISBURY SOUTH  SA  5106 

 

Dr Rob Lewis 
Executive Director 
SA Research & Development Institute 
GPO Box 397 
ADELAIDE  SA  5001 

 

 

 

Prof Jason Middleton (until April 2003) 
School of Aviation 
University of NSW 
SYDNEY  NSW  2052 

 

Mr David Twiss 
Investment Manager 
Playford Capital 
EDS Centre, 108 North Terrace 
ADELAIDE  SA  5000 

 

Company Secretary: 

Mr Barry Colyer 
Manager, HR Systems 
Flinders University 
GPO Box 2100 
ADELAIDE  SA  5001 
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5. Submissions for Funding 
 
To illustrate the attempts of ARA to secure funding from Australian and overseas sources, the following 
list of applications for research funding in 2003 is given. 

 

• Involvement in the TWP-ICE international field experiment in Darwin in early 2006. Proposed to 
participate with all ARA aircraft. Funding from the US Dept. of Energy (ARM program), NASA and 
the Bureau of Meteorology Research Centre (BMRC). Quoted ARA cost approximately $600k. 
Granted so far approximately $300k for the participation of the King Air (back from the purchaser 
for this study) and the ECO-Dimona. Egrett funding still pending. 

• Walker/Melbourne University, Kalma/University of Newcastle, Heron/James-Cook University and 
Hacker/Flinders University: ARC LIEF application to fit a microwave receiver and IR-Imager to the 
Flinders University ECO-Dimona; requested ~$600k. Grant successful. 

• Beringer/Monash University and ~20 collaborators including Hacker/Flinders University: ARC-
LIEF application: The OZFLUX CO2 measuring network; requested ~$700k. The application 
failed. 

 

There were no applications to the ARC for Discovery Grants involving ARA aircraft, because there were 
no resources left at ARA (in terms of time available to staff) to compile such applications or to work 
together with collaborators to apply. This situation has changed drastically in 2004, as will be reported in 
the 2004 Annual Report. 

 

 

 

 

 

6. Usage of Aircraft 
 

 G109B C404(1 B200T Egrett Total 

All year 2001 11 80 301 99 491 

All year 2002 178 ~120 269 138 705 

All year 2003 121 ~30 180 21 352 
(1: not owned by ARA 
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7. Publications 

7.1. Papers in Refereed Journals 
 
Burrage, D.M., M.L. Heron, J.M. Hacker, J.L. Miller, T.C. Stieglitz, C.R. Steinberg and A. Prytz, 2003: Structure and 
influence of tropical river plumes in the Great Barrier Reef: Application and performance of an airborne sea 
surface salinity mapper.  Remote Sensing of Environment 85(2), 204-220. 

Whiteway, J.A., E.G. Pavelin, R. Busen, J.M. Hacker and S. Vosper, 2003: Airborne Measurements of Gravity 
Wave Breaking at the Tropopause. Geophys. Res.Lett., 30 ( 20), 207010.1029/2003GL018207 

Reeder, M.J., R.K. Smith, R. Goler, J. Beringer, N.J. Tapper, T. Keenan, P. May, H. Richter, G. Jackson, B. 
Seymour and J.M. Hacker, 2003: Gulf Lines Experiment 2002. Bulletin of the Australian Meteorological and 
Oceanographic Society, Vol. 16, 74-79. 

Ray, D.K., U.S. Nair, R.M. Welch, Qingyuan Han, Jian Zeng, Wenying Su, Tokio Kikuchi, and T.J. Lyons: 2003: 
Effects of land use in Southwest Australia: 1. Observations of cumulus cloudiness and energy fluxes. J. 
Geophysical Res.  Vol. 108, No. D14, 4414, doi:10.1029/2002JD002654, 2003 ACL 5 1-20. 

 

7.2. Conference Papers 
 
Cook, C., J. Whiteway, T. Choularton, M. Gallagher,K. Bower, M. Flynn, P. Green, R. Busen, J.M. Hacker, 2003: 
Anatomy of a Cirrus Cloud. Proceedings of the EGS/EGU Conference, Nice/France, April 2003, Geophysical 
Research Abstracts, Vol. 5, 06155, 2003. 

Gallagher, M.W., Bower, K.N., Connolly, P., Whiteway, J.R., Saudners, C..P.R., Cook, C., Flynn, M., Choularton, 
T.W., Figueros-Nieto, D., 2003: Microphysical Observations of Sub-Tropical Cirrus & Anvil Clouds in 
EMERALD: Aggregation Enhancement in Anvil Clouds by Electric Fields. Invited Talk, Royal Meteorological 
Society Specialist Meeting on Mixed Phase Clouds, UMIST, June 5-6th , 2003. 

Whiteway ,J.A., Cook, C., Choularton, T., Gallagher, M., Bower, K., Figueras-Nieto ,D. and Flynn, M., 2003: 
Results from the EMERALD airborne cirrus measurement campaign. Proceedings of EGS ILCS (lidar 
conference) meeting, Nice, April 2003. 

J. Whiteway, T. Choularton, J. Harries, M. Gallagher, K. Bower, R. Busen, R. Aspey, P. Connolly, C. Cook, M. 
Flynn, J. Hacker, J. Murray, and G. Straine, 2003: Airborne Measurements in the Cirrus Outflow from 
Tropical Convection, Vol 5, 06156 Proc of European Geophysical Society Nice, April 2003. 

 

7.3. Theses 
 

Matthews, S., 2003: An observational and modelling study of the atmospheric flow over Nauru. Ph.D. Thesis, 
Flinders University, 244pp.  

 

7.4. Other Publications 
 

Hacker, J.M. and P.R. Isaac, 2003: Airborne Measurements at Sturt Meadows 25 October – 3 November 2002, 
Interim Project Report. ARA Technical Report No 01-2003, 21pp. 

Hacker, J.M, 2003: Airborne Measurements of Evapotranspiration at Nanneella and Nathalia 27 January – 1 
February 2003. ARA Project Report No 02-2003, 18pp. 

Hacker, J.M. and Thomae, S., 2003: Gulf Lines Experiment 2002 GLEX02. Aircraft Data, Final Report. ARA 
Technical Report No. 03-2003, 17pp. 
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Hacker, J.M., 2003: Airborne Measurements at Sturt Meadows 15 – 19 May 2003, Project Report. ARA 
Technical Report No 04-2003, 44pp. 

Hacker, J.M. and Thomae, S., 2003: Egrett Data from the EMERALD-2 Experiment in Nov/Dec 2002. ARA 
Technical Report No. 05-2003, 58pp. 

Hacker, J.M. and Thomae, S., 2003: Capturing Incidences of Severe Refractive and Clear Air Turbulence above 
and below the Jet Stream Core over Southern Australia during Austral Winters 2001 and 2002. Final Report. 
ARA Technical Report No. 06-2003, 41pp. 

Whiteway, J.R., Cook, Gallagher, M.W., Bower, K.N., Connolly, P., C., Flynn, M., Choularton, T.W., Figueros-
Nieto, D., 2003: LIDAR, Turbulence and Microphysical Measurements from EMERALD-1 & 2. Invited Talk, 
Royal Meteorological Society Specialist Meeting on Mixed Phase Clouds, UMIST, June 5-6th, 2003. 
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8. Financial Statement 
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APPENDIX 1: List of Acronyms 
 
AET Actual Evapo-Transpiration 

AFOSR US Air Force Office of Scientific Research 

AGU American Geophysical Union 

AFRL US Air Force Research Laboratory 

AOARD Asian Offices of Aerospace Research & Development (Division of AFOSR) 

ARA Airborne Research Australia Pty Ltd 

ARC Australian Research Council 

AWI Alfred Wegener Institut, Germany (Polar Research Institute) 

BAT-Probe ‘Best Aircraft Turbulence’ - Probe 

BMRC Bureau of Meteorology Research Centre 

BOM Bureau of Meteorology 

CASA Civil Aviation Safety Authority 

CSIRO Commonwealth Scientific and Industrial Research Organisation 

DEST Department for Education, Science and Training  

DEH (DEHAA) Department for Environment and Heritage (formerly also Aboriginal Affairs)  

DSTO Defence Science & Technology Organisation 

EGS European Geophysical Union 

EUG European Union of Geosciences 

FIAMS Flinders Institute for Atmospheric & Marine Sciences 

FUSA Flinders University of South Australia 

GPS Global Positioning System 

MNRF Major National Research Facility 

MSL Mean Sea Level 

NAERS Network of Airborne Environmental Scientists 

ndvi Normalised Differential Vegetation Index 

NOAA National Oceanic & Atmospheric Administration (USA) 

SARDI South Australian Research & Development Institute 

SLFMR Scanning Low Frequency Microwave Radiometer 

USAF United States Air Force 

 


