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The image on the front cover shows the ARA Grob G109B research aircraft measuring fluxes of CO2 and
other quantities over the semi-arid landscape on Sturt Meadows Station in Western Australia. The inset in
the top left corner shows the Sturt Meadows Airstrip during a dust storm. The inset on the bottom right
shows the view from the G109B’s cockpit.
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Overview

The year 2002 was dominated by intense field work and some dramatic developments in terms of staff.
In continuation of last year’s work, another set of flights with the G109B aircraft was carried out for the
ARC Profiler Intercomparison Project with Adelaide University in January. At the same time, some
additional flights were carried out with the Egrett for Dr Jim Whiteway/University of Wales.
As in previous years, the South Australian Department for Environment and Heritage used the ARA King
Air for regular aerial photographic surveys under a multi-year contract. This contract had been renewed in
2002 and will – at this stage – continue until August 2003. Although this activity is not linked to scientific
tasks, it is a very important on-going activity which has enabled ARA to bridge low usage times of the
King Air.
In early February the Grob G109B aircraft went to Gladstone/Queensland to study the flow over some
coastal hills just inland of an industrial complex. In March, the Cessna 404 continued to be used in the
project with James Cook University remotely sensing sea surface salinity over the Great Barrier Reef
between Townsville and Cairns.
In March, another measurement campaign investigating 'ducting' of electromagnetic waves for DSTO at
Streaky Bay/South Australia using the G109B was successfully completed. Later in April, the Cessna 404
and the G109B were flown simultaneously to measure ‘ducting’ within a strong atmospheric inversion
over land.
In late March and October, the Grob G109B was used to study the uptake of CO2 by trees planted in the
semi-arid areas around Leonora in Western Australia in the context of a long-term research project by a
Japanese research team. ARA’s involvement in this project opened up a new application for facility with
the addition of a new and state-of-the-art CO2 sensor (funded by a donation from the late Joyce Schultz).
In June, the Egrett was deployed to Woomera/South Australia to measure high altitude turbulence and
wind for the trials of the Japanese Super-Sonic Transport development project NEXST.
In August, the fifth measurement in the context of the Refractive Turbulence Project for the US Air Force
took place in Adelaide using the Egrett fitted with three turbulence probes.
In October, the Cessna 404 was the key research tool for the Gulf Lines Experiment (GLEX 2002) over
Cape York Peninsula and the Gulf of Carpentaria operating out of Weipa in Far North Queensland. The
study was a collaborative project between the Bureau of Meteorology Research Centre, Monash
University, the University of Munich/Germany and ARA. One flight was also carried out to investigate the
famous “Morning Glory” over the southern parts of the Gulf. During this mission, one of the most stunning
views from the aircraft I have ever seen was encountered when the Morning Glories collided over Sweers
Island, see Figure 20.
The work in 2002 culminated in the deployment of the Egrett and the King Air to Darwin/Northern Territory
in November and December for the EMERALD-2 study to investigate the cirrus outflow from ‘Hector’, the
intense thunderstorm occurring regularly at this time of the year over the Tiwi Islands, north of Darwin.
Apart from the many campaigns as listed above, 2002 also brought several other dramatic events.
In early April, ARA lost one of its most competent technicians, Mr Bob Walker, in a diving accident. His
sudden death was a great loss to ARA. Bob not only played a key role in the development of the BATProbe electronics, but had always been an astute and enthusiastic supporter of ARA.
In January 2002, the ARA Chief Scientist attended a Conference (as one of the organisers) about using
Small Aircraft for Research in Idaho Falls/USA. The Conference was very successful and brought
together, for the first time, most operators of such aircraft worldwide. During the Conference, this
community agreed to keep in close contact. To enable this, NAERS was founded - Network of Airborne
Environmental Research Scientists. NAERS cemented the very close relationship between ARA and the
NOAA Field Division under the leadership of Dr Tim Crawford, one of the most outspoken and competent
scientists using small aircraft for research. Unfortunately, Tim died later in the year from a massive stroke
while piloting the NOAA LongEZ small research aircraft near Martha’s Vineyard in the USA. Tim’s death
was a terrible loss to this community, but his legacy will live on in the growing use of that technology.
In 2002, following on from 2001, the Managing Director of ARA, Mr Pat Cunneen, in an attempt to
address the on-going financial problems at ARA, continued to reduce the permanent staff at ARA to an
absolute minimum, and probably below. As of the beginning of the year, the only two other scientists at
ARA, Dr Ewenz and Dipl-Phys Lieff, were no longer employed, but only called in on a casual basis. In the
http://www.AirborneResearch.com.au
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course of 2002, this led to increasing problems in the areas of data processing, project planning and
instrumentation maintenance.
In 2002, also in the light of the on-going financial difficulties, the ARA assets were re-evaluated in “pure
commercial terms” resulting in a drastic reduction in value.
In March, the Managing Director of ARA, Mr Pat Cunneen, resigned. A/Prof John Browett was appointed
Acting managing Director for the remainder of the year.
In March, Dr Jackie Craig and Dr Mike Manton resigned from the ARA Board, while Mr Mark Deuter and
Mr David Twiss joined it.
To save further expenses, the Chief Scientist took many weeks of unpaid leave while engaged in
research projects in Europe.
In October, a “hibernation” strategy was presented by the Chief Scientist to the Board of ARA as a plan to
overcome the on-going financial difficulties. Key elements of this strategy were – after a hibernation
(mainly in terms of staff) – to re-focus ARA on its core activities and mission and the changed climate in
research funding in Australia.

Figure 1: Remnants of 'Hector" at Darwin during the EMERALD-2 campaign.

Figure 2: The Ultra-fast temperature sensor of the BAT-Probe ("Best Aircraft Turbulence Probe")
mounted under the wing of the Egrett.
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Projects
2.1. Airborne Measurements near Gladstone/Queensland

From 8th to 11th of February 2002, four survey flights, with a total of 16 hours, were carried out with ARA's
Grob G109B research aircraft over an area to the east of a petro-chemical plant located at the coast near
Gladstone/Q. The purpose of the flights was to validate data from a numerical model describing the
airflow over some ridges inland of the plant. The project leader was Pacific Air & Environment Pty Ltd of
South Brisbane.
Flights were carried out along a valley and across the two ridges as shown in Figure 3. For these
transects, mean and turbulent quantities of relevant atmospheric parameters (wind, air temperature and
humidity) were calculated and plotted as shown in Figure 4 and Figure 5.
Capt Roediger piloted the G109B aircraft, while Dr Hacker acted as field scientist and support person at
Gladstone. Dr Ewenz processed most of the data.

Petro-chemical
plant

Water
Terrain
contours

Figure 3: Flights near Gladstone/Q., Australia. The star shows the location of the petro-chemical
plant. The yellow lines in the bottom diagram show the flight track along the valley and across the
two ridges.
http://www.AirborneResearch.com.au
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Figure 4: Data from a flight stack across the two ridges.
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Figure 5: Data from flight stack along the valley.
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2.2. The Sturt Meadows Project
Estimating the uptake of CO2 by vegetation is one of the hottest topics in land-surface research. Budgets
of CO2 emissions and uptake are a very important factor in all Global Change considerations and many
countries are conducting large scale comprehensive studies and monitoring programs to establish such
budgets.
A special aspect is the issue of 'Carbon Credits', which form an important part of the Kyoto Protocol, or in
other words the question, what is the net amount of CO2 that a nation emits and how is this balanced by
the CO2 uptake in this country, or by activities within the country. As many human activities emit CO2,
there are a limited number of processes which remove CO2 from the atmosphere. In the Kyoto Protocol,
an attempt is made to put the balance between CO2 emission and uptake into monetary terms which
means that if a nation emits much more CO2 than what it removes from the atmosphere, it might have to
pay a financial penalty. So, again in other words, any successful venture that removes CO2 from the
atmosphere is worth money and can potentially even be turned into a business.
One option for considerable CO2 uptake would be planting of trees on a large scale. As Australia – due to
its small population – has vast areas which could potentially be used for such plantations, there might be
an opportunity to collect “carbon credits” through such a venture. Yet, as most of these areas are either
arid or semi-arid landscapes, it might be difficult to maintain such plantations.
This whole issue and its implications and possibilities have been recognised by a group of Japanese
scientists and engineers several years ago already. They submitted a large application for funding to the
Japanese Science and Technology Fund (JS&T) to carry out a project in the semi-arid areas of Western
Australia to investigate the options to plant large numbers of trees in such areas. The project has been
funded so far at more than A$7M and substantial research infrastructure has been set up on Sturt
Meadows Station near Leonora/WA.
The Japanese team, under the leadership of Professor Koichi Yamada from Shinshu University at
Ueda/Japan, has studied all aspects of tree planting using engineering, hydrological, soil science, plant
physiological and atmospheric sciences methods. A number of dedicated plots of trees were established
and are being monitored, as well as plots of native trees.
One of the crucial parameters to be measured in the project obviously is the uptake of CO2 by these plots
of trees under the various conditions. This is a major challenge and a number of different approaches are
being assessed, such as flux towers and airborne methods.
ARA with its capabilities of airborne flux measurements was the obvious partner for the airborne
measurements and was highly recommended to the Japanese team by Professor Tom Lyons of Murdoch
University, a long-standing collaborator and user of the ARA (and earlier FIAMS/AARG) capabilities.
In 2002, two measurement campaigns were carried out using the ARA Grob G109B research aircraft. In
March and April, the ARA Chief Scientist, A/Prof JM Hacker and one of his PhD students, Mr Peter Isaac,
spent 12 days at Sturt Meadows. A total of approximately 30 mission hours were flown over Sturt
Meadows Station. Funding for the campaign was partly directly from the Japanese project and partly from
a small ARC project of A/Prof Hacker to investigate land-surface processes in Western Australia.
In October/November, the same team spent another 8 days at Sturt Meadows flying about 20 mission
hours.
While the first campaign had two aims, (1) to determine CO2 fluxes and (2) to generate high resolution
maps of the normalised differential vegetation index NDVI of the tree plots and surrounding areas, the
second campaign focused totally on CO2 fluxes.
During the fist campaign, the primary instruments for measuring CO2 were a NOAA open-path infra-red
gas analyser (IRGA) and a LiCor 6262 closed-path analyser. As the area had not received any rain for
the past months, the CO2 fluxes were very small and very close to the detection limit of these instruments.
Nevertheless, valuable experience was gained about flight strategies and the special conditions of the
atmospheric boundary layer in the area. The sparseness of the vegetation in general, and the small size
of the tree plots also required special efforts to come up with valid results.
First results from this campaign were presented by A/Prof JM Hacker on Sunday, 12 May, to the
Japanese science team at Tokyo University in Japan.
For the second campaign, a new fast infra-red gas analyser, a LiCor 7500, was fitted to the aircraft. The
instrument had been purchased at more than $30k from consulting funds of A/Prof Hacker and Prof
Schwerdtfeger and was made available for the campaign. The measurements from this instrument proved
to be a dramatic improvement on those from the previous instrumentation. However, as no rain had fallen
http://www.AirborneResearch.com.au
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over Sturt Meadows for the whole year, the CO2 fluxes were even smaller, but could still be confirmed by
the measurements. To test the instrument for condition where high CO2 fluxes could be expected, a flight
was carried out over an irrigated grape farm near Wiluna – with the expected results, strong downward
fluxes of CO2 and upward fluxes of water vapour ('evapotranspiration') over the farm and near zero fluxes
in the surroundings, where the energy balance was dominated by very high sensible heat fluxes.
In February and March 2003, considerable amounts of rain fell at Sturt Meadows and a third
measurement campaign will take place in April 2003.
The survey flight with the ARA/AWI Tri-Spectral Scanner during the first campaign yielded superb NDVIimages of the tree plots and other areas at Sturt Meadows.

Figure 6: Impressions from Sturt Meadows. Left to right, top to bottom: Plot of irrigated trees
('Site C'); Doyle Creek, where flights were carried out over native vegetation; Sturt Meadows
airstrip and homestead; plot of non-irrigated trees ('Site D'); Grob G109B aircraft and calibration
van at Sturt Meadows Airstrip; NOAA IRGA and MetPod on the right-hand wing of the G109B.

http://www.AirborneResearch.com.au
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Figure 7: Impressions from Sturt Meadows (continued). Right to left, top to bottom: Sturt
Meadows signpost with Grob G109B in the background; BAT-Probe (for turbulence), UFT
(Ultrafast temperature) sensor and LiCor 7500 mounted under the left-hand wing of the G109B
aircraft; aerial view of Sturt Meadows homestead; dinner with the Japanese research team at Sturt
Meadows homestead.

http://www.AirborneResearch.com.au
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Figure 8: NDVI image of central part of Sturt Meadows Station as composite from scans with the
AWI/ARA Tri-spectral scanner flown on the Grob G109B aircraft. The dark area at the bottom of
the image is Lake Raeside, a dry salt lake. The distance from the top to the bottom of the image is
approximately 50km.

http://www.AirborneResearch.com.au
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Figure 9: Fluxes of sensible heat, water vapour (“evapotranspiration”) and CO2 over an irrigated grape
2
2
plantation near Wiluna/WA. Top: Sensible heat flux (H) in W/m ; centre: Evapotranspiration (H) in W/m ;
2
bottom: CO2 flux in µmol/ (m *s). Data are averages over 11 transects across the grape plantation shown in
Figure 10. Dotted lines show the flight tracks. Size of the dots is proportional to the magnitude of the flux.
Only fluxes larger than the threshold (see top of each diagram) are shown. Fluxes are averages over 100m.
Distances are in km from Sturt Meadows Airstrip. The centre of the plantation is located at x=61.1km/y=231.3km. Left panels: upward fluxes only; right panels: downward fluxes only.
http://www.AirborneResearch.com.au
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The transport of sensible heat, water vapour and especially CO2, is rather complex and of a very turbulent
and intermittent nature. The net transport is made up of large up- and downward fluxes on length scales
from metres to kilometres. It is therefore difficult, again especially for CO2, to identify source/sink regions
on the Earth’s surface. There is a process called “Footprinting” which attempts to identify such regions
using Boundary Layer scaling techniques, but it is questionable if this technique would work for the
conditions at Sturt Meadows with the prevailing low wind and highly convective conditions.
To enable at least a qualitative analysis to outline source/sink regions or, in other words, regions of
enhanced flux, the data were analysed and plotted in a specific way as shown in Figure 9. Upward and
downward fluxes are shown separately and fluxes are only shown if they are larger than a threshold. Flux
estimates are composites of fluxes over all 11 transects. The fluxes are estimates over 100m which is a
very short distance for flux computations.
It can be seen that the sensible heat flux is distributed more or less equally over the region, while upward
fluxes of water vapour and downward fluxes of CO2 are only prevalent in a region slightly to the SW of the
plantation. This is consistent with the prevailing wind which was a moderate North-Easterly. The
maximum of the upward fluxes of water vapour is much broader and stronger than that of the downward
flux of CO2.

Figure 10: Irrigated grape plantation near Wiluna,
over which the measurements shown in Figure 9
were taken

Figure 11: NDVI-image of tree plantation at
Sturt Meadows ('Site C').

Figure 12: Fluxes of sensible heat, water vapour (evapotranspiration) and CO2 over Doyle Creek.
Left to right: Aerial photograph of Doyle Creek with flight track (red); fluxes of sensible heat (H) in
W/m2; fluxes of latent heat (E) in W/m2; fluxes of CO2 (FC) in µmol/(m2*s).;

http://www.AirborneResearch.com.au

14

Annual Report 2002

Airborne Research Australia - MNRF

2.3. Wind and Turbulence Measurements for the NAL/NEXST Project
The National Aerospace Laboratory of Japan (NAL) is developing a supersonic transport aircraft of the
next generation under the acronym NEXST (see http://www.nal.go.jp/eng/research/sst/index.html). To
test the aerodynamic configuration of the SST, an 11m-long unpowered model of the aircraft will be
launched by a rocket to approximately 20km altitude and then glide back to the ground performing various
manoeuvres. The tests were to take place within the Woomera Test Range in South Australia in July and
August 2002.
It is important to know exactly the state of the atmosphere through which the model aircraft flies. For this
purpose, a VHF wind profiler was installed near the launch site. The wind profiler can measure wind
speed and direction to altitudes of about 20km. It also is able to detect layers of turbulence, the existence
and strength of which is also very important for the flight trials.
To verify the profiler measurements, flights were carried out with ARA’s Grob G520T Egrett which is
equipped with high resolution wind and turbulence sensors and can reach altitudes up to 14.7km. In June
2002, three research flights of approximately 5 hours duration each, plus one 1-hour instrumentation test
flight were carried out over the Woomera area for this purpose.
In addition to the wind measurements, the Egrett was also equipped with two transponders, supplied by
NAL, identical to the ones that will be used in the SST-model aircraft. Parts of the flights were used to test
the tracking equipment and instrumentation at the Woomera Test Range, as well as to give the tracking
operators an opportunity to test their skills in a real situation.
Unfortunately, the flight of the NEXST model aircraft failed later in the year, as the model separated
prematurely from the launch rocket. Another trial is planned for 2003.

Figure 13: Left: The ARA Grob G520T Egrett with wind and turbulence probes installed. Right:
Sketch of the NAL NEXST trials.
Apart from the wind profiler, there are also regular GPS radiosonde launches from the Bureau of
Meteorology’s office at Woomera. The launch point is close to the airport. Sondes are launched twice a
day, at 23:30UTC and at 11:30UTC. The sonde takes approximately 30 minutes to reach an altitude of
15km. As all three measurement flights commenced at approximately 09:30LT (i.e. 00:00UTC), the initial
ascent normally coincided well with the radiosonde.
Figure 14 shows an example of the aircraft wind and air temperature profiles plotted together with those
from the GPS-sonde. The profiles agree remarkably well.
The ultimate aim of this project was to compare the wind data from the VHF-profiler with the wind data
from the aircraft.
Profiles of wind direction and speed are available from the VHF profiler every 10 minutes. Profiles falling
into the same time periods as ascents/descents of the aircraft were analysed and an example is shown in
Figure 15.
As can be seen, the data agree reasonably well. However, at altitudes above 10km, there seems to be an
increasing number of faulty estimates from the profiler. A closer inspection of the profile shows that the
VHF profiler does not resolve the vertical structure of the wind as well as the aircraft, but gives a
smoother vertical profile. This was to be expected, as the vertical resolution of the profiler is about 150m.
http://www.AirborneResearch.com.au
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Figure 14: Radiosonde data from launch at 23:30UTC on 23/06/2002 (blue) and corresponding aircraft data for
period 01:02 – 02:23UTC on 24/06/2002 (red). Shown are, from left to right: air temperature in °C; wind
direction in °true; and horizontal wind speed in m/s.

Figure 15: Wind profiles as measured from the aircraft (red) 24 June 2002 between 010230UTC and
022345UTC and the VHF-Profiler during the same time period (blue). Times for the profiles from the VHF
profiler are every 10 minutes from 010930UTC to 023930UTC. Profiler measurements with a signal-to-noise
ratio smaller than –13.0 are not plotted.

http://www.AirborneResearch.com.au
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It might be a good opportunity to introduce here the data system installed in the Egrett and in all other
ARA aircraft as well. The software was developed by Dr Sigrid Hacker-Thomae. The system consists of:
an EMI-proof Pentium PC with dedicated EISA interface cards for communication with the REMBoxes (remote analogue/digital converter units), MUX-box (digital multiplexer unit for REM-boxes)
and the three GPSs
a 166MHz Pentium CPU, 64Mb of memory, a 2Gb hard disk, an Ethernet networking card
a TFT screen in the rear cockpit
a small keyboard
a built-in IOMEGA ZIP-drive for data exchange
The PC runs under the DOS 6.0 operating system. The FIAMS/ARA real-time data acquisition program
DAMS and the testing program REMTEST, both written in the PASCAL-Language are installed and used
to collect the data and to test the installation. Watchdog timers are implemented to monitor gaps in the
incoming data stream and report any failures to the operator for action.
The A/D system was developed by FIAMS/ARA to provide high speed, high resolution, multi-channel data
logging. The system consists of four REM-units, each containing two filter boards with an anti-aliasing
filter for each of eight channels combined with an 8 channel multiplexer, and an intelligent 16 bit A/D
board. The three boards in each REM-unit together comprise a signal conditioned, 16 channel, 16 bit A/D
system with serial output, yielding a total of 64 analogue input channels in the overall system. A custom
ISA serial board provides an intelligent interface to the PC. The noise level on the 16 bit A/D converters is
less than 1 bit RMS.
The hardware and firmware are configured to provide 55Hz data output from the 64 channels. Each of the
channels is first conditioned by the 8 pole 30Hz low pass (anti-aliasing) filter. Then it is interrogated or
over sampled 32 times by the 16 bit A/D. The resulting data is averaged and then serially transmitted and
timed tagged to ±1ms based on the 1sec pulse available from the GPS receiver.
The ARA/FIAMS-developed A/D part of the system, called BAT-REM, is used in many other research
aircraft world-wide, from the small Italian SkyArrow to the NOAA P3 Orion Hurricane Reconnaissance
aircraft. The BAT-REM was developed over many years by ARA technicians Graham Wilkins and Bob
Walker.
The raw data are logged onto a 20Gb hard disk. All data from the sensors and systems, as well as
derived parameters such as flight track, vertical profiles, wind and turbulence can be monitored on the
screen in the rear cockpit. The derived parameters are not logged.
The operator has a facility to insert time-tagged event marks into the data stream to mark special events
or sections of the flight.
Examples of screens available to the operator are shown in Figure 17.

Figure 16: Data screen in the rear cockpit of the Egrett.

http://www.AirborneResearch.com.au
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Figure 17: Examples of screens of the data monitoring system available to the operator. Top to
bottom: 'F1'-display showing 16 individual channels or derived parameters on the l/h side and
status information on the r/h side of the screen. 'F2' screen showing time traces of four channels
or derived parameters on the l/h side of the screen and numerical values of six further channels or
parameters on the r/h side. 'F4'-display showing the flight track and waypoint information, as well
as event markers on the l/h-side of the screen, waypoint details and some other information in the
right centre, and six channels/parameters on the r/h side of the screen. There are several other
screens available.

http://www.AirborneResearch.com.au
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2.4. Impact of Elevated Atmospheric Structures upon Radio-Refractivity and
Propagation
Following from work in 1999 in this field, research continued in collaboration with DSTO. In 2001 and
2002, the work consisted of numerical simulations of atmospheric conditions conducive to 'ducting' of
electro-magnetic radiation – often linked to so-called 'radar holes' – and also some field work.
In April 2002, a pilot experiment was carried out using the former ARA Cessna 404 equipped with a
microwave transmitter and the ARA G109B to receive the signals and – at the same time – to fly
soundings through a strong inversion layer.
The numerical simulations using aircraft soundings were carried out by Dr Cäcilia Ewenz. An example of
the results is shown below.

Figure 18: Poster presented at the WARS '02 Conference at the Mercure Resort, Leura, Blue
Mountains, NSW, Australia.

http://www.AirborneResearch.com.au
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2.5. The Gulf Lines Experiment Phase I (GLEX 2002)
In October, the former ARA Cessna 404 took part in the Gulf Lines Experiment Phase I (GLEX 2002) over
Cape Yorke Peninsula and the Gulf of Carpentaria. GLEX is a collaborative study between the Bureau of
Meteorology Research Centre, Monash University, the University of Munich/Germany and ARA. The main
focus of GLEX are the so-called North Australian Cloud Lines (NACL), their lifecycle and the role they
play in generating thunderstorms over Australia’s 'Top End'. An ancillary focus is the structure of the
'Morning Glory' cloud lines occurring frequently at that time of the year in the early morning near
Normanton located at the coast of the Gulf.
One of the most important and challenging problems for the weather forecaster in tropical regions is the
prediction of severe weather resulting from thunderstorms. While many types of storms may be
intrinsically unpredictable, the more organised systems, which are usually the most severe, may have
some useful measure of predictability. GLEX aims to establish the limits of predictability of one of the
most organised types of squall-line systems that occurs in the tropics, namely the North Australian Cloud
Line. It seeks also to understand the structure of the various types of cloud systems that constitute the
line, including the squall lines that sometimes form.
Specific aims of GLEX Phase I included the validation of the Bureau of Meteorology’s Limited Area
Prediction System (LAPS) simulations of the cloud lines that form during the 'dry' season; a study of the
seabreeze structure and evolution prior to the convergence line generation; and the interaction between
the seabreeze and convergence line, and subsequent evolution of the convergence line.
11 flights were carried out with a total of 60 mission hours. The Cessna was piloted by Capt Kalotay, the
mission scientists were Rudi Gaissmaier or Jörg Hacker together with personnel from BMRC or the
University of Munich. The aircraft was based in Weipa/Queensland. Several different mission types were
flown:
stacks of horizontal traverses plus occasional vertical soundings across Cape Yorke Peninsula to
study the structure of the seabreezes;
stacks of horizontal traverses plus occasional vertical soundings across cloud lines over the Gulf of
Carpentaria;
survey patterns across Cape Yorke Peninsula and the Gulf to study the meso-scale structure; and
a specific pattern to study the 'Morning Glory' over the south of the Gulf and the adjacent coastal
areas.

Figure 19: Satellite images of the Morning Glory. Left: 20:32UTC; right: 22:25UTC.
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Figure 20: Morning Glory clouds near Sweers Island coincident with the satellite images shown in
Figure 19.
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2.6. The EMERALD-2 Experiment
As reported in the ARA Annual Report 2001, the EMERALD study took place in September 2001 over
South Australia. In EMERALD-2, the investigation of cirrus cloud continued using basically the same
'toolkit', but a very different geographic area and atmospheric environment. The 'toolkit' again consisted of
two ARA aircraft, the B200T Super King Air and the G520T Egrett fitted with an identical set of
instruments as flown in EMERALD. While EMERALD took place in the basically benign climate over
South Australia, in EMERALD-2 the focus was on the cirrus outflow from a severe thunderstorm,
nicknamed ‘Hector’, which occurs nearly daily in November and December over the Tiwi Island to the
north of Darwin in tropical Northern Australia. The overseas experiment team was the same as in
EMERALD, with scientists, students and technicians from the University of Wales at Aberystwyth/UK
(UWA), the University of Manchester Institute of Technology (UMIST)/UK, Imperial College in London/UK
(IC), the German Aerospace Centre (DLR). On the Australian side, apart from the ARA team, the Bureau
of Meteorology Research Centre contributed observations and assistance to the project, mainly in terms
of radar observations and forecasts. With Darwin being one of the intense observation sites for the longterm US-funded ARM program (‘Atmospheric Radiation Measurement – www.arm.gov’), scientists from
ARM also contributed to EMERALD-2 in preparation for a planned major ARM field experiment to be
conducted in 2005 or 2006 in Darwin.
As in EMERALD, the acronym stands for 'Egrett Microphysics Experiment with Radiation Lidar and
Dynamics'. Below is an excerpt from the application for funding for EMERALD-2 outlining the scientific
background and objectives:
One of the most challenging problems in climate change prediction is to quantify the influence of deep
convection on the distribution of water, in vapour and condensed phase, in the tropical upper troposphere.
The main focus of this project will be on the cirrus cloud systems that form as a direct consequence of deep
convection. A cirrus cloud is an active regenerating dynamical system in which there is strong coupling
between humidity, particles, thermodynamics, dynamics, turbulence, and radiation. This complexity
illustrates a large part of the difficulty in accounting for the influence of cirrus clouds in the Earth’s radiative
balance and climate. There is presently only a limited understanding of the microphysical-dynamical-radiative
interaction, and the cloud structure that manifests from these processes is extremely sensitive to changing
environmental conditions. Thus, the uncertainty in climate prediction that is related to cirrus clouds requires
advancement in our understanding of cirrus as a strongly coupled regenerating dynamical system.
The overall aim of EMERALD-II is to advance our understanding of how deep convection influences the
distribution of water vapour and the properties of cirrus clouds in the tropical upper troposphere. This will
be achieved by conducting an airborne campaign with a variety of complementary measurements that
together will reveal the interaction between particle microphysics, humidity, thermodynamics,
dynamics/turbulence, and radiation. The scientific issues to be addressed in EMERALD-2 can be divided
into the following strongly connected categories.
i) Water Vapour. What is the effect of deep convection on the distribution of water vapour in the tropical
upper troposphere? How is this related to the intensity and meso-scale structure of the convection? Does
deep convection moisten or dry the upper troposphere? The Egrett will carry two instruments for
measuring water: one for vapour, the other for total water content. Flight patterns and timing will be
designed for sampling around an entire circumference of a convective system at different stages in its
evolution and also following the outflow. This will include vertical profiles. Water vapour measured with
radiosondes launched at the Darwin ARM site will also be available. Another issue is to determine how
the dynamics of cirrus clouds redistributes water. The measurements of cloud structure, dynamics and
humidity will be used to observe how water vapour is redistributed by convective cells, turbulence and
precipitation within the cirrus.
ii) Microphysics. What controls the microphysical structure of tropical cirrus clouds? Measurements
within the cirrus clouds will provide the phase, concentration, size distribution and crystal habit. The
variations in microphysical properties will be put into the context of the overall cloud structure by
comparison with the lidar measurements. The lidar depolarisation ratio will be related to the direct
measurements of particle phase and shape, so that the lidar can give a more unambiguous view of cloud
microphysical structure. The cloud structure will also be related to the dynamics/turbulence
measurements within the cloud. These measurements will provide input to detailed microphysical
modelling that will be applied to understand the processes controlling the life cycle of cirrus particles: from
nucleation through to precipitation and sublimation.
iii) Dynamics. What are the characteristics of the dynamical processes that are important for the
generation, regeneration and dissipation of tropical cirrus clouds? How do environmental conditions affect
the dynamical activity that is important for maintaining the clouds that are detached from the convective
system? The turbulence probes carried on the Egrett will detect a wide spectrum of motions: eg gravity
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waves, Kelvin-Helmholtz instability, convection, and turbulence. This will include processes normally
occurring in clear air, as well as the activity induced by cirrus generation and regeneration. Comparison
with the lidar measurements will show how the dynamical activity is influencing the cloud structure.
Comparison with measurements of particle microphysics and thermodynamics will reveal the interaction
between dynamics and particle generation. Ozone measurements on the Egrett will be used as an
indicator of airmass origin for meso-scale and long range transport.
iv) Relationship with the Meso-scale Convective Systems. The basic underlying theme of the
experiment is to determine the influence of the convection on each of the above processes. It is in this
respect that the ground based measurements form the Darwin ARM site will be indispensable. For
example the ARM radars will map the meso-scale structure of the convection and also the in-cloud
dynamics. These measurements will also provide a guide for flight planning.
v) Radiation and Climate Context. How is the spectrum of IR radiation related to the distribution of
water vapour and the microphysical structure of cirrus clouds? In EMERALD-2, the radiative properties of
cirrus will be measured in the far IR to improve existing models and provide a basis for the specification of
future satellite instruments. These measurements will be related to in-cloud sampling of droplets and ice
crystals, and also the cloud geometrical structure that is being revealed by lidar measurements. The
radiative properties of clear-sky will also be measured in order to provide a data set from which the
uncertainty in the water vapour continuum can be assessed.
Of all the field experiments in which ARA aircraft have taken part, the environmental and climatic
conditions prevailing in Darwin at the start of the wet season were the most difficult. The very high
humidity, coupled with the frequent thunderstorms, was an immense challenge for flight planning, as well
as for the instrumentation in – and indeed the crews of – the research aircraft, particularly in the Egrett.
For the Egrett, the flights led from getting ready and taking-off in tropical condition to extremes at the
other end of the scale at altitude, with outside air temperatures as low as -60˚C and in-cockpit
temperatures of around 0˚C. To cope with such environmental conditions was also a major challenge for
the instrumentation and other electronics. Despite these challenges, few failures were encountered and a
very unique and comprehensive data set was collected during 50 mission hour over 14 flights with both
aircraft.
The operations base for EMERALD-2 was an open hangar/shelter on the RAAF Base Darwin plus two
office containers which proved to be an ideal and perfect environment.
As in EMERALD, the basic flight pattern consisted of both aircraft flying the same flight track at the same
time with the Egrett below, within or above the cirrus cloud at altitudes between 7 and 15km, and the King
Air flying approximately 4 to 6km below. A typical flight path and altitude plot is shown in Figure 22

Figure 21: Flight strategy used in EMERALD-2.

Although the experiment was only undertaken in December 2002, impressive results have already been
presented at Conferences and Workshops. An example is shown in Figure 25
More results and information about EMERALD-2 are available on the website at the University of Wales
at http://users.aber.ac.uk/ccc97/darwin/Emerald_II.htm.
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Figure 22: Flight path and altitude plots for both aircraft. Blue: Egrett; red: King Air. The red
square in the map marks the experimental area.
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Figure 23: The Egrett and King Air parked in an open hangar at the RAAF Base Darwin.

Figure 24: Impressions from EMERALD-2.

http://www.AirborneResearch.com.au

25

Annual Report 2002

http://www.AirborneResearch.com.au

Airborne Research Australia - MNRF

26

Annual Report 2002

http://www.AirborneResearch.com.au

Airborne Research Australia - MNRF

27

Annual Report 2002

Airborne Research Australia - MNRF

Figure 25: Poster presented at the EGS-AGU-EUG Joint Assembly, Nice, France,
06-11 April 2003, by the EMERALD-2 team (see text on the first page of the poster).
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Staff
3.1. Full time and fractional full time staff

ARA Job Title

Person

Comments

Chief Scientist

A/Prof Jörg M. Hacker

Managing Director

Mr Pat Cunneen

until March 2002

Acting Managing Director

A/Prof John Browett

from March 2002

Chief Pilot and Operations Manager

Capt Noel Roediger

Development Engineer

Mr Rudi Gaissmaier

Senior Pilot

Capt Gabriel Kalotay

Senior Administrative Officer

Ms Rachel Urbon

Director of Safety
(until June 2002)

3.2. Casual Staff
Administrative Assistant

Ms Danen Lush

Pilot

Mr Trevor Hartmann

until December 2002

3.3. Contractors/Consultants
Chief Engineer

Mr Bruce Ramsay

Software Development

Dr Sigrid Hacker-Thomae

Senior Scientist

Dr habil. Cäcilia Ewenz

Remote Sensing Specialist

Dipl-Phys Wolfgang Lieff

Chief Electronics Technician

Mr Graham Wilkins

Electronics Technician

Mr Bob Walker

Auscan Aviation

Until April 2002

3.4. Senior Advisers
Prof Peter Schwerdtfeger

Retired, formerly founding
Professor of Meteorology,
Flinders University

Prof Neville Clark

Professor of Chemistry,
Flinders University

3.5. Higher-Degree Students at ARA
Student

Degree

Wolfgang Lieff

PhD

Flinders/SOCPES

Hacker

Peter Isaac

PhD

Flinders/SOCPES

Hacker

Stuart Matthews

PhD

Flinders/SOCPES

Hacker

Justin Peters

PhD

Monash/Mathematics

Hacker
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ARA Board

Chairman
Mr Austin Taylor
Grant Thornton Chartered Accountants
99 Frome Street
ADELAIDE SA 5000
Dr John Browett
Head
Faculty of Social Sciences
Flinders University of South Australia
GPO Box 2100
ADELAIDE SA 5001
Dr Jackie Craig (until Feb 2002)
DSTO
Surveillance Services Division
PO Box 1500
SALISBURY SA 5108
Mr Pat Cunneen (until Mar 2002)
Managing Director
Airborne Research Australia
PO Box 335
SALISBURY SOUTH, SA 5105

Mr Rob Lewis
Executive Director
SA Research & Development Institute
GPO Box 397
ADELAIDE SA 5001
Dr Mike Manton (until Feb 2002)
Director
Bureau of Meteorology Research Centre
GPO Box 1289K
MELBOURNE VIC 3001
Prof Jason Middleton
School of Aviation
University of NSW
SYDNEY NSW 2052
Mr David Twiss (from Mar 2002)
Playford Capital
EDS Centre, 108 North Terrace
ADELAIDE, SA 5000
Company Secretary:
Mr Darrel O’Brien (until July 2002)

A/Prof Jörg Hacker
Director of ARA
Airborne Research Australia
Flinders University of South Australia
GPO Box 2100
ADELAIDE SA 5001

Mr Barry Colyer (from July 2002)
Manager, HR Systems
Flinders University
GPO Box 2100
ADELAIDE, SA 5001

Mr Mark Deuter (from Mar 2002)
Pitt Research Pty. Ltd.
3/39 Holland Street
THEBARTON SA 5031
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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 2002 is given.
Siems/Monash University, Hacker/ARA, Mills/Bureau of Meteorology, Gras/CSIRO and
Schultz/NOAA/USA applied to the ARC for a Discovery Grant to fund 'The Southern Ocean Frontal
Passage Experiment – SOFPEX'. The ARA King Air research aircraft was to be the principal
research tool flying from Tasmania. Approximately $380k was requested for work in 2003, 2004 and
2005. The application failed.
Isaac/Flinders University, Hacker/ARA and Leuning/CSIRO applied to the ARC for a Discovery Grant
entitled 'Estimating regional scale budgets of H2O and CO2 by integrating observational programmes
and numerical modelling studies'. Central items in the application were a Research Fellowship for
Peter Isaac and a field campaign using the Grob G109 research aircraft. Approximately $300k was
requested for work in 2003, 2004 and 2005. The application failed.
Fraser/Melbourne University, Dare/Melbourne University, Jones/RMIT and Hacker/ARA applied to
the ARC for a Linkage Grant entitled 'Integrated mapping technologies for the enhanced
management of dieback in native forests', in which the ARA/AWI Tri-Spectral Scanner was to be
flown in the Grob G109B aircraft. Approximately $200k was requested for work in 2003, 2004 and
2005. The application failed.

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

(1

: not owned by ARA
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Publications relating to ARA projects
7.1. Papers in Refereed Journals

Bradshaw, N.G., G. Vaughan, R. Busen, S. Garcelon, R. Jones, T. Gardiner and J.M. Hacker, 2002:
Tracer filamentation generated by small-scale Rossby wave breaking in the lower stratosphere. J.
Geophys. Res. Vol. 107, NO. D23, 4689, doi:10.1029/2002JD002086, 2002
Burrage, D.M., M.L. Heron, J.M. Hacker, T.C. Stieglitz, C.R. Steinberg and A. Prytz, 2002: Evolution and
dynamics of tropical river plumes in the Great Barrier Reef: An integrated remote sensing and in situ
study. J. Geophys. Res. 10.1029/2001JC001024,30 November 2002 (Special Issue on Salinity).
Dare, P., A. Zerger, C. Pickett-Heaps, 2002: Comparative Evaluation of Ikonos, Airborne Linescanner
and oblique-looking Video for Mapping Manna Gum (Eucalyptus viminalis) Health in South-Eastern
Australia. Asian Journal of Geoinformatics, Vol. 3, No. 1, 63-70.
Higurashi, A., and T. Nakajima, 2002: Detection of aerosol types over the East China Sea near Japan
from four-channel satellite data. Geophys. Res. Lett., 29(17), 1836, doi:10.1029/2002GL015357.
Ishizaka, Y and M. Adhikari, 2003: Composition of cloud condensation nuclei. J. Geophys. Res., 108,
D4, 4138 (AAC 2-1, 16)
Matthews, S., P. Schwerdtfeger and J.M. Hacker, 2002: Use of albedo modelling and aircraft
measurements to examine the albedo of Nauru. Aust. Met. Mag. 51, 229-236.
Nakajima, T., M. Sekiguchi, T. Takemura, I. Uno, A. Higurashi, D.H. Kim, B.J. Sohn, S.N. Oh, T.Y.
Nakajima, S. Ohta, I. Okada, T. Takamura, and K. Kawamoto, 2002: Significance of direct and indirect
radiative forcings of aerosols in the East China Sea region. J. Geophys. Res., in press.
Pavelin, E., J.A. Whiteway, R. Busen and J.M. Hacker, 2002: Airborne observations of turbulence,
mixing and gravity waves in the tropopause region. J. Geophys. Res. – Atmospheres, 107, D10,
10.1029/2001JD000775, 2002.
Schwerdtfeger, P, 2002.: Interpretation of airborne observations of the albedo. Environmental
Modelling and Software 17, 51-60
Takemura, T., I. Uno, T. Nakajima, A. Higurashi, and I. Sano, 2002: Modeling study of long-range
transport of Asian dust and anthropogenic aerosols from East Asia. Geophys. Res. Lett., 29, 2158,
doi:10.1029/2002GL016251.

7.2. Chapters in Books
Schwerdtfeger, P., 2002: Climate (of Kangaroo Island) (in) Natural History of Kangaroo Island (Eds.
Davies, Twidale & Tyler). Roy. Soc. SA. 47-53.
Schwerdtfeger, P., 2002: Climatology of South Australia (in) Wakefield Companion to South
Australian History. (Eds. Prest, Round & Fort) Wakefield Press. 2pp.

7.3. Conference Papers
Hermann, J.A., A Kulessa, C. Lucas, R.A. Vincent, J.M. Hacker and C.M. Ewenz, 2002: Impact of
elevated atmospheric structures upon radio-refractivity and propagation. Proceedings of WARS’02
(2002 Workshop on Applications of Radio Science), 20-22 February 2002, Mercure Resort, Leura, Blue
Mountains, NSW.
Higurashi, A., and T. Nakajima, 2002: Aerosol type classifcation with SeaWiFS four-channel
radiance data. Proc. 11th Conf. on Atmospheric Radiation, Amer. Met. Soc., 3-7 June 2002, Ogden,
Utah, 59-62.
Kim, D.-H., B.J. Sohn, T. Nakajima, I. Okada, and T. Takamura, 2002: Aerosol radiative forcing
estimated from ground-based radiation measurements at GAME/AAN sites. Proc. 11th Conf. on
Atmospheric Radiation, Amer. Met. Soc., 3-7 June 2002, Ogden, Utah, 119-122.
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Nakajima, T., H. Kumagai, T.Y. Nakajima, T. Takamura, A. Uchiyama, I. Uno, B.C. Choi, A. Higurashi, D.
Kim, H. Masunaga, S. Ohta, and APEX Science Team, 2002: An overview of the Asian Atmospheric
Particle Environmental Change Studies (APEX). Proc. 11th Conf. on Atmospheric Radiation, Amer.
Met. Soc., 3-7 June 2002, Ogden, Utah, 39-42.
Peter, J.R, S.T. Siems, J.B. Jensen, P.B. Krummel and J.M. Hacker, 2002: Microphysical Observations
of a Cold Front Passage during ACE-Asia. Proceedings of the 13th AMS Conference on Cloud Physics,
Salt Lake City, USA, June 2002.
Peter, J. R., S. T. Siems, J. B. Jensen and P. B. Krummel, 2002: Microphysical observations of a cold
frontal passage during the ACE-Asia Experiment. Proceedings of the 9th National Conference of the
Australian Meteorological and Oceanographic Society, 18-20 February, 2002, Melbourne, Australia, p. 59.

7.4. Other Publications
Hacker, J.M, 2002: Airborne Measurements near Gladstone/Q, 8-11 February 2002. ARA Technical
Report No. 6-2002, 13pp.
Hacker, J.M., 2002: Wind and Turbulence Measurements for the NAL/NEXST Project at
Woomera/South Australia in June 2002. Final Report. ARA Technical Report No. 5-2002, 56pp
Hacker, J.M., 2002: Airborne Measurements of a Strong Inversion on 27 April 2002. Project Report.
ARA Technical Report No. 7-2002, 20pp
Jensen, J., 2003: Report on the King Air Flights in APEX-E2/ACE-Asia: Final report to Japan
Science and Technology. CSIRO Report, CSIRO Atmospheric Sciences, 136pp.
Kulessa, A.S., Ewenz, C.M., and Hermann, J.A., 2002: Aspects of Mesoscale Atmospheric Modelling,
Turbulent Phenomena and RF Propagation within the Littoral Environment. DSTO Report Number
DSTO-RR-0232, March 2002, 26 pp.
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APPENDIX 1: List of Acronyms
ACE

Aerosols Characteristics Experiment

AFOSR

US Air Force Office of Scientific Research

AIMS

Australian Institute of Marine Science

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

CASA

Civil Aviation Safety Authority

CCN

Cloud Condensation Nuclei

CI

Chief Investigator

COSSA

CSIRO Office of Space Science Applications

CSIRO

Commonwealth Scientific and Industrial Research Organisation

DAMS

Data Acquisition and Monitoring System

DEH (DEHAA)

Department for Environment and Heritage (formerly also Aboriginal Affairs)

DIAL

Differential Absorption Lidar

DLR

German Aerospace Agency

DSTO

Defence Science & Technology Organisation

FIAMS

Flinders Institute for Atmospheric & Marine Sciences

FIAMS/AARG

FIAMS Airborne Atmospheric Research Group

FUSA

Flinders University of South Australia

GPS

Global Positioning System

MNRF

Major National Research Facility

NDVI

Normalised Differential Vegetation Index

NERC/UK

National Environmental Research Council (UK)

NOAA

National Oceanic & Atmospheric Administration (USA)

NOAA/ATDD

NOAA Atmospheric Turbulence & Diffusion Division (Oak Ridge/Tennessee)

PI

Principle Investigator

SAC

Scientific Access Committee

SARDI

South Australian Research & Development Institute

SLFMR

Sea Surface Salinity Microwave Radiometer

SRS

Southern Remote Sensing Pty Ltd

TSLS

Trispectral Scanner System

USAF

United States Air Force

USNRL

US Navy Research Laboratory

UTLS

Upper Troposphere / Lower Stratosphere Program (NERC)
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