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1. . General:

WASTAC consists of the CSIRO, Bureau of Meteorology,
Department of Land Administration and Curtin University
of Technology. The Consortium was formed during 1985
with the objective of establishing a NOAA/AVHRR Earth
Observation Satellite data receiving, processing and
archive facility in Perth to service the resource
management needs of the State. Facilities were

officially commissioned on 3rd July 1987 by the Federal
Minister for Science and the State Minister for Lands.
Operational data was not received until December 1st
1987. From 1st December 1987 to 31st December 1988 some -
390 passes were archived.

A legal agreement stating the objectives,

responsibilities and financial arranges of the

Consortium members was negotiated during 1987 and 1988,
with the final Deed being signed on 24th January 1989.

The objectives are:
"(a) to acquire operate and maintain the facility;
(b) to maintain an archive of remotely sensed data
acquired by the Facility from satellites of the

National Oceanic and Atmospheric Administration
(hereinafter called "NOAAY");

(c) to provide remotely sensed data for the
day-to-day operational requirements of the
Bureau;

(d) to provide facilities and remotely sensed data

for the parties here to conduct research and
development projects from time to time;

(e) to provide in accordance with the provisions of
this Deed remotely sensed data to members of
the Consortium for their own requirements or
purposes or for supply by them to those to whom
they may be responsible or for sale by them to
their respective customers or clients as the
case may be on terms and conditions determined
by the Board of Management hereinafter referred
to:"

A copy of the Deed is at appendix 1. For information on
pre-WASTAC data archive refer Pearce (1 989).




WASTAC Board

The Board for 1989 comprised:

DOLA (archive): Mr H. J. Houghton (Chairman), Mr
R. Stovold (Secretary)

CSIRO: Mr A. Pearce (Oceanography), Dr A.
Gabell (Exploration Geoscience)

Curtin University: Assoc. Prof. M Lynch, Dr D. Myers

Bureau of Meteorology: Mr L. Broadbridge, Mr R Quigley

Operational Status

WASTAC facilities consist of antenna and antenna
controller at _Curh’n University of Technology, process
computer, disk and magnetic tape drive at Bureau of
Meteorology with a microwave link and dial up link
between the two sites for realtime satellite data relay
and acquisition scheduling respectively. Photographic
slides of each pass are recorded by Bureau staff and the
digital record and slides passed to DOLA (Remote Sensing
Applications Centre) for archive, indexing and
distribution. During the year a microwave link was
successfully installed between Curtin University and the
Eutreau allowing remote operation and programming of the
ntenna.

As of January 1989 the Dual computer and disks were 4
years old and had a history of un-reliability. Due to
increasing problems in both hardware and software
combined with a lack of local maintenance support it was
decided to examine options to provide users

(particularly the Bureau of Meteorology) with a more
satisfactory operational system.

In June 1989 PCM Electronics (Melbourne) were
commissioned to design and construct a NOAA Receiver
Interface (formatter) compatible with a new computer

environment. Delivery of this component i
for May 1080, ry p is scheduled

Resulting from equipment failures acquisitions were not
possible for periods during June, October and December.
Despite these problems, and due to the dedicated efforts
of Rod Quigley (Bureau) and Ron Craig (DOLA RSAC) over
620 passes were recorded for the year, with night passes
regularly acquired from June 1989, and special passes
programmed in response to particular requests.

The archive is currently on 6250 b.p.i. magnetic tape

each tape containing two passes. This media is

expensive and causes storage problems (space and tape
exercising). WASTAC is proposing higher density storage
using video cassette (8mm) tapes with a capacity to

store 20 passes resulting in considerable media cost and
storage reductions. This conversion would mean WASTAC

" archive equipment was compatible with DOLA - RSAC

facilities. DOLA - RSAC maintain a "quick look" 35mm
slide archive and database of acquisitions. Orders for
digital data are provided on 6250 or 1600 b.p.i.

magnetic tape in raw or SHARP (band interleaved or band
seqguential internationally compatible) format.

WASTAC computer and peripheral upgrade is scheduled for
May 1990.

Applications:

While the major purpose of WASTAC is to provide a

reliable and regular supply of NOAA/AVHRR and TOVS data
to its members, each Consortium member is responsible
for developing applications. Significant progress in

several applications has occurred and a number of
"one-off' applications serviced.

41 CSIRO:

Oceanography - study of ocean circulation and sea
surface temperature as influenced by the Leeuwin
Current. WASTAC provides the regular data necessary
to derive this information. Pearce (1988) and Prata
(1986) describe these techniques.

The Leeuwin Current is a warm, relatively strong
boundary current which flows southward off the
Western Australian coast (in contrast with the cool
northward currents found off the west coasts of
southern Africa and South America). It is
responsible for the presence of coral reefs off our
coast, and for the transport of tropical marine
larvae into southern waters. It flows most strongly
during the autumn and winter months, and there is
evidence that it weakens during periods of El
Nino/Southern Oscillation (ENSO) events (Pearce and
Phillips 1988); these authors have also shown that
the annual settlement of rock lobster larvae along
the West Australian coast seems to be associated
with fluctuations in the Leeuwin Current.



Following an early satellite study of the Leeuwin
Current (Legeckis and Cresswell 1981),
locally-received NOAA/AVHRR satellite imagery has
been used to examine the structure and seasonality

of the Leeuwin Current (Prata et al. 1986, Pearce

1989). The warm tropical water in the Current can be
monitored in AVHRR thermal bands 4 and 5, which also
permit the absolute temperature of the sea to be
computed using established algorithms (Pearce, Prata
and Manning 1989).

The Leeuwin Current is clearly evident as a band of
warm water extending southwards along the West
Australian continental shelf from Northwest Cape (22
S), around Cape Leeuwin and eastwards into the Great
Australian Bight. While the flow generally follows

the edge of the shelf as a current jet, it

periodically meanders away from the coast in large
"waves" which can become detached as separated
warm-core eddies. Associated with these waves are
both shorewards and offshore currents, confirmed by
current measurements using free-drifting buoys and
current moorings along the shelf-break (Pearce,
Phillips and Crossland, 1990); these zonal currents
may contribute to cross-shelf exchange of water
masses and hence marine larvae.

Collaborative and/or funded work between the CSIRO
and other organisations has included a study of the
climatology of the Leeuwin Current (Marine Sciences
and Technology grant, Prata et al., 1986), an
analysis of eddy pairs along the south coast (with
the Australian National University, Griffiths and
Pearce 1985a,b), observations of a nearshore plume
(with the University of W. Australia, Hearn and
Pearce 1985), a study of the mesoscale variability
off the west coast (CSIRO/Australian National
University grant, Pearce and Giriffiths, in prep.),

and the influence of the Leeuwin Current on the
Abrolhos Islands (CSIRO/University of W. Australia
grant, in prep.).

Exploration Geoscience/Oceanography - developed a
proposal for an operational NOAA/AVHRR sea surface
temperature distribution system for Western

Australia targeting the fishing industry. This
application requires further research and
development and a reliable data source before the
market can be successfully exploited. A proposal
summary is at Appendix 2. Geological studies in the
Canning Basin and Kimberley have been undertaken.

4.2 Bureau of Meteorology:

System reliability is essential before operational

use of NOAA data is possible. The data will be down
loaded (realtime) to Melbourne for use in the
Bureau’s forecasting service.

4.3 Curtin University of Technofogv:

Various atmospheric and oceanographic research
studies are supported with NOAA data.

Remote Sensing of Aerosol Optical Depths - This is a
collaborative research project with the Naval
Postgraduate School Monterey supported by the
Surveillance Research Laboratory, Defence Science
and Technology Organisation (DSTO), Salisbury, SA.
The intention is to use AVHRR data together with an
estimation of Rayleigh scattering, derived from
atmospheric thermodynamic profiles, to determine the
scattering aerosol component and hence the aerosol
optical depth. Work will concentrate initially over
ocean regions. Such data will be used to estimate
atmospheric visibility but additionally has the
potential to be applied as a correction to visible
channel readiness.

Retrieval of Atmospheric Temperature and Moisture
Profiles using the NOAA TOVS and MSU sensors -
Retrieval research is a joint project with the

CIMSS, Space Science and Engineering Center (SSEC),

University of Wisconsin supported by the Radio Wave
Propagation Group, Environmental Research
Laboratory, DSTO, Salisbury, SA. The ability of the
TOVS sensor to recover vertically resolved
information on atmospheric temperature and moisture
is under evaluation. A synthetic retrieval package

has been constructed and used extensively to
investigate retrieval performance. A data set

comprising radiosondes, released from HMAS COOK and

coincident NOAA satellite data recorded in the
Indian Ocean region are being employed to study the
quality of retrieved products from real atmospheres.

Cloud Climatology - Climate models increasingly are

demanding improved knowledge of cloud systems. This

project is being undertaken jointly with Dr Paul
Menzel, NOAA/NESDIS Satellite Applications
Laboratory, Madison, Wisconsin. The approach using
the carbon dioxide channels on the NOAA TOVS to
estimate cloud heights, cloud amounts and cloud
emissivity. Present activities involve software
development and evaluation. Once operational the
intention is to build a cloud climatology for the

Indian Ocean region.



4.4

Ozone Estimates from NOAA TOVS Data - the 9.6 mi
channel on the TOVS instrument senses the ozonemlcron
thermal emission. While the sensor was not designed

to measure ozone (better sensors exist) its spatial
coverage, observation frequency and relative

simplicity make it attractive to investigate

further. For example ozone maps and ozone dispersion
might be possible products which could have value in
trackmgrthe motion of the ozone hole, and possibly
forecasting UV exposure on a daily basis. In order

to measure the total column of ozone it is essential
initially to have good quality temperature and

moisture profiles.Normalisation of the ozone level
estimated from the TOVS would be possible using data
;‘LOFTE Et?'ne NASA Automated Dobson spectrometer operated

Sea Surface Temperature (SST) - A program to
evaluate the accuracy of SST retrievals, especially

in tropical and subtropical regions, has been
underway for several years. Activities include deep
ocean cruises and the deployment of ship-based
radiometric and temperature measuring equipment, as
well as radiosonde releases to evaluate atmospheric
parameters. This work is now being extended to form
part of a study of air-sea thermodynamics.

DOLA - Remote Sensing Applications Centre

The major applications have been for demonstration
purposes or disaster monitoring. The appointment of
a scientist conjointly with CSIRO will strengthen

the research component for renewable resource
management purposes. Nonetheless several studies
have been successfully undertaken.

Sea surface temperature studies - to assist CALM
surveys of dugong habitat, Shark Bay and the
relationship with ocean temperature gradients.

Cyclone damage assessment - pre and post cyclone
assessments of vegetation damage in the Pilbara for
several state authorities.

Drought Studies - use of historic NOAA data to
validate NOAA data vegetation indices with known
drought events.

Geological Mapping - using night thermal data,
enhanced NOAA information for various areas of
Australia have been provide to a number of mining
companies.

Australian Mosaic - RSAC has produced an Australian
mosaic in picture and digital format for "National
Geographic" and in response to an Australia - wide
demand.
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Bushfire Monitoring - during severe bushfires in the
Kimberley region of the State, NOAA data was used to
track extent and spread. A study of fire fuel loads
(biomass) was commenced in collaboration with the

local Bushfires Board.

Consultancies

With increasing interest by the scientific community and
general public in global change WASTAC commissioned Dr
K. McCracken (former Director, CSIRO Office of Space
Science Applications and member Australian Space Board)
to prepare a position paper on the role of remote

sensing technology, and specifically data from the Earth
Observation System of the mid - 1990’s, in providing
baseline earth 'system science data. The objective was

to gain a perspective of WASTAC's future role and
research strategy. The study will be completed in early
1990, a summary statement is at Appendix 3.

Initiatives

In addition to the Earth System Science Gentre
investigation described at Appendix 2, WASTAC provided
input to the Australian Liaison Committee on Remote
Sensing by Satellite (ALCORSS) concerning NOAA data
format and exchange. A summary of that report is at
appendix 4.

DOLA and CSIRO have recognised the need to develop
research and application strategies and accordingly have
jointly appointed Dr Richard Smith to undertake studies
into drought effect and prediction and bushfire

modelling using NOAA data and other complementary
information. This appointment is for an initial period

of 3 years.

The Consortium have also responded to an announcement of
opportunity by the Australian Space Board to establish a
Space Industry Development Centre. This proposal was
developed in cooperation with private industry (Steedman
Science and Engineering, Geoscan and World Geoscience),
and addresses coastal zone and tropical waters

monitoring and management.

In November the Chairman attended an International
NOAA/AVHRR Workshop in Argentina. The workshop
addressed technical issues of calibration and
navigation, and discussed future NOAA and European Space
Agency Satellite programmes and their impact. A summary
is at appendix 5.



Assets Register

As of 31st December 1989, WASTAC equipment consisted of:

1) Curtin University of Technology (Kent St Bentley)

1 x NOAA Receiving System (PCM Spec. 180/85/1)
comprising: '

1 - Antenna Mount comprising:

Antenna With RHC Feed
Tracking Mount

Trial Motor Control Panel
Manual Control Panel
Signal Interface

1-LNC

1 - Antenna Controller

1 - Decoder - Demodulator
1 - NOAA Formatter Card

1 - Manual over-ride module

1 x Set of Handbooks:

5 off installation manuals
5 off maintenance manuals
30 off operating manuals

1 set of Spare Gear Comprising:-

1 - DC Servo Motors, Model STMOT-1

1 - Dual Worm Gear Reducer, Model STGER
1 - Bearings Kits, No. STBER-1

1 - Reed Switch - Magnetic kit, No. STSW - 1
1 - Shaft Encoder, Model STSE-1

2 - Bearings seals kit, STBS-1

2 - Gaskets Kit, STG-1

1 - Belt, Azimuth encoder, STBE-1

2 - Motor control board, STPM-280

1 - Power supply module, STPS-1

1 - 10 Transistor Kit, STTC-1

2 - Relay Type, STR-1

1 - Complete Module, Mitec Model Stina-2

1 - Power supply module, No. STPOW-1

1 - Cooling Fan, Model STFAN-1

1 - Power Supply Kit, No. STJPOW-3

1 - Power Supply Kit, No. STPOW-4

1 x Microwave Transmitter (Macom) and Cabling
(Installed June 1990)

1 x Dial up modem coupler

2)  Bureau of Meteorology (Wellington St, Perth)

1 x Microwave Receiver (Macom) and Cabling
(installed June 1989)

1 x Control Computer comprising:

- 1 - Dual Systems Chaparral 4 Computer (68020
processor rack mounted)

2 - Fujitsu 337 F disk drives (each 300 megabyte)
1 - Alpha numeric Terminal

1 - 8 bit colour terminal (VGA screen with colour
card)

1 - CDC 92185 1600/6250 b.p.i. Magnetic Tape Drive
Keystone 46/180, Model serial No. 13363 and
interface.

1 - Dial-up modem coupler.
Software DUALIX V2.2 Release 1.0, SCHED and ACQR.

3.  Remote Sensing Applications Centre (DOLA):
(Jardine House, Perth)

WASTAC NOAA/AVHRR archive (Magnetic Tapes WO to W
520 inclusive to 31st December 1989).

Support services provided by DOLA - RSAC and the Bureau
of Meteorology include at least one man year of

technical support, DOLA - RSAC archiving facilities -

SUN 4/280 S computer and peripherals. A complete

listing of NOAA passes recorded during the year is at
appendix 6.

Annual Budget

The Board resolved at its 16th May 1989 Meeting to
purchase a NOAA interface formatter board compatible
with a replacement UNIX - based computer (and
peripherals) with appropriate software; while

contributions to meet running costs were established at
$10,000 per annum per member and were approved by the
18th September meeting.



Estimated expenditure was based on the following

information:
Item Per annum
1) 7 Telecom Rental 2000
2) Magnetic Tapes 9000
3) Tape drive maintenance contract 2500
4) Telecommunications License of facility 500
5) Photographic quicklook costs 3000
6) Consultants (in lieu of maintenance
contract for DUAL computer) 5000
7) Sundries, consumable 5000
8) Travelling - airfares ' 5000
9) Provision for equipment replacement 8000
Total 340000
WASTAC Budget estimate for 1990: $40,000
(Contribution of $10,000 per member)
9, Financial Statement: (Appendix 7)

Major running expenses for the year included magnetic
tape drive maintenance, film processing for "quick look"
images, magnetic tapes for archive and staff expenses
(not charged to WASTAC). The microwave link ordered in
1987 was finally successfully installed and the

outstanding capital expense retired. A consultancy to
Jellore Technologies for an Earth System Science Centre
study was funded by the State Government through the

Technology Industry Development Authori
of $10,000. ry P ity to an amount

Major revenue was through member contributions, with
some data sales, mainly to mineral exploration
companies.
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10.

Audit Report and Recommendations (Appendix 8)

The Curtin University Auditor raised a number of queries
concerning WASTAC's operations. The following summary
clarifies audit queries and recommendations relevant to

the Deed between Consortium members (Appendix 1):

1)  WASTAC appoint an Auditor: The Board resolved to
appoint the Curtin University auditor to review the
annual financial statements. Financial statements
are currently prepared by Curtin University
consequently this action was felt to be appropriate.
Clauses 7(d) and 18(e) of the Deed.

2)  Annual Report: To be prepared each year ending
31st December Clause 18(f). Note the Deed between
Consortium members was formally signed on 24th
January 1989, consequently the inaugural Annual
Report was for the year ending 31 December 1989.

3)  Annual Budget: Clause 18(h). An Annual Budget for
1990 was prepared and agreed at the Board’s 18th
September meeting and is contained in section 8.

4)  Equal sharing of Costs (Clause 8): Invoices for
outstanding contributions were issued in September
1989. Fees for 1990 were established at the Board’s
September 1989 meeting at $10,000 per member based
on budget estimates.

5) Expenditure in Excess of $10,000. Clause 17(a)(i)-
Purchase of one way Video link. This equipment was
originally ordered in 1986 prior to the Deed and at
the time of original equipment order. Due to
problems of supply, delays in installation and
change of supplier the equipment was only installed
during 1989. Equipment upgrades currently proposed
were unanimously endorsed by the Board at its 16th
May 1989 meeting.

6) Revenue/Expenditure Invoicing: Clause 6(a) (vii).
All invoices are now raised by Curtin University.

7)  Earth System Science Centre: Letters at appendix 9
details the terms of a consultancy funded by TIDA
and administered by WASTAC for a ESSC proposal. A
separate expenditure item has been maintained by
Curtin University for expenses against this item.

8) Assets Register: A detailed listing of assets and
their location is now maintained by the Secretariat
and is reported at Section 7. All assets are
recorded in Board minutes, correspondence or
original purchase records.

11



9)  Moneys from CSIRO. CSIRO have been requested to d R.W. Griffiths (in prep). The surface
provide details concerning payments to WASTAC in Pearce A.F. an

1988 and early 1990. Payments relate to credits gg%ﬁt;;ewomgz,;:e% iQeCs“Jéﬁ%eﬁattglEi}_eei?ggﬁg.aggs.
from original equipment purchase and an amount for

payment of a replacement microwave link. Prata, A.J., A.F. Pearce, J.B. Wells and J.M. Carrier (1986).

i nts of the Leeuwin
Satellite sea surface temperature measureme
Current. Proc. First Austr. AVHRR Conf. Perth, 22-24 October

1986, 237-247.

Appendices:
. : C Deed.
2n j\pnl 1990 | 1 WASTA N
r 2 Development of an Operational Satellite image
' Distribution System for Western Australia.
e | 3 Earth System Science Centre Summary Statement.
o | ) - NOAA/AVHRR Data
- LCORSS (January 1989) -
Grifiths, RW. and A, Pearce (1985a). Satelite images of R Bving o Diswibuion.
an unstable warm eddy derived from the Leeuwin Current.

Deep-Sea Res. 32(11), 1371-1380. 5 International NOAA/AVHRR Workshop - Bariloche Argentina
' 1989.

Griffiths, R.W. and A F. Pearce (1985b). Instability and eddy November

pairs on the Leeuwin Current south of Australia. Deep-Sea . WASTAC Acquisitions 1989.

Res. 32(12), 1511-1534. o
[ ial Statement as of 31st December :
Hearn, C.J. and A.F. Pearce (1985). NOAA satellite and Financial S

air-borne sensing of a small-scale coastal tidal jet. Aust.

' d Recommendations.
J. Mar. Freshw. Res. 36, 643-653. Audit Report an

© 0 =N o

Science Centre Consultancy - Terms.
Legeckis, R. and G.R. Cresswell (1981). Sateliite Earth System Sci

observations of sea-surface temperature fronts off the coast
of western and southern Australia. Deep-Sea Res. 28, 297-306.

Pearce, A.F. (1989). A catalogue of NOAA-AVHRR satellite
imagery received in Perth, Western Australia, 1981-1987.
CSIRO Marine Lab. Rep. 203, 36pp.

Pearce, A.F. and B.F. Phillips (1988). ENSO events, the
Leeuwin Current, and larval recruitment of the western rock
lobster. J. Cons. int. Explor. Mer. 45, 13-21.

Pearce, A.F., AJ. Prata and C.R. Manning (1989). Comparison
of NOAA/AVHRR-2 sea surface temperatures with surface

measurements in coastal waters. Int. J. Remote Sensing 10(1),
37-52.

Pearce, A.F., B.F. Phillips and C.J. Crossland (1990).

Oceanic processes, puerulus settlement and recruitment of the
western rock lobster Panulirus cygnus. Proc. Boden Research
Conf., Thredbo NSW, February 1990.
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INTRODUCTION

The Westem Australian Satellite Technology and Applications
Consortiumn (WASTAC) comprising the Curtin University of
Technology (CUT), CSIRO, Department of Land Administration
(DOLA) and the Bureau of Meteorology, has been established
specifically to acquire and operate a satellite tracking station for the
reception of National Oceanic and Atmospheric Administration
(NOAA) satellite data.

WASTAC will acquire, archive, computer process and analyse NOAA
data. Products can be supplied in computer compatible tape format
or as a photographic image.

PRIME ACTIVITIES

M Establish and maintain the NOAA facility.

B Maintain an archive of remotely sensed data from the NOAA
receiver, specifically Advanced Very High Resolution Radiometer
Data (AVHRR) and TIROS Operational Vertical Sounder
(TOVS) data.

B Provide data for operational requirements of the Commonwealth
Bureau of Meteorology: Also, use the data for research,
applications and education.

W Provide remotely sensed data to customers of the Consortium.
Depending on the application, NOAA data can be used in a pictorial

format or analysed using interactive computer systems. The choice
is up to the user,

FOLAR STEREQGRAPHIC FROJ
EAMDES: -3

¢ REGTIFIET

\gricultural and pastoral regions. Image distortions have been
emoved and rectified to a polar stereographic projection. NOAA was

overage and a diversity of applications.

APPLICATIONS:

Fire mapping
Flood monitoring
Drought and vegetation assessment
Sea surface temperature
B \Weather forecasting
Geological

TC FRANK 24-12-84 esizz TCED

: DROUGHT DETECTION—1985
o Shire boundary detail integrated with
ISR MOAA imagery of the south-west of the
Licy State depicting spatial extent of drought
- 3 for the winter of 1985. Drought affected
A Dennrrmhent areas appear inland (white) in contrast to
et i tien. healthier moist crops and pasture (red).
s Terrace Regional weather and vegetation cover
' information merged with local agricultural
and farm detail provides a valuable analysis
package for drought assessment, seasonal
crop progress and crop yields.

CYCLONE MONITORING

Brightness temperatures derived from an
A/HRR image of Tropical cyclone Frank,
December, 1984. Coldest temperatures
(blue) indicate regions of highest cloud and
greatest convective activity. Estimates of
tropical gyclone position, intensity and
movernent can be monitored four times
per day. Meteorologists face a demanding
task predicting the movement and
intensity of tropical cyclones.
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FISHING WITH NOAA/AVHRR

Sea surface temperature measurements derived from the &/HRR on
board the NOAA satellites have been used to delineate ocean fronts.
These fronts are often associated with enhanced biological activity
and indicate conditions suitable for locating schools of bluefin tuna.

The NOAA image of WA dated 26.3.86 depicts the warm Leeuwin
current swirls (green) among the cooler water (blue) of the Indian
Ocean. The sea surface temperature data enables fishing operations
to locate valuable catches of fish.

Oceanographers derive considerable benefit from satellite
measurements of sea surface temperature.

VEGETATION MONITORING

B

NOAA SENSOR SPECIFICATIONS

M Sun synchronous, near polar orbit 833-870 kilometres high.

B Orbital view about 2,700 km wide.

B Two satellites operational, currently NOAA-S and NOAA-10.

B The Advanced Very High Resolution Radiometer (AVHRR)
provides data twice daily.

B AVHRR/2 ground resolution is 1.1 km.

W AVHRR/2 has 5 spectral bands.

BAND WAVELENGTH (Microns)

1 0.58-0.68

2 0.725-1.10

3 3.55-393

4 10.3-11.30

8 11.5-12.5 (NOAA-7 and NOAA-Q only)
BAND 1

Visible, reflected light. Measures albedo; defines snow and ice
features; terrain features; vegetative cover: and meteorological
(cloud) features.

BAND 2

Near-infrared, reflected infrared. Defines snow and ice conditio
and melt; allows vegetation assessment (highly sensitive to the
presence of chlorophyll); and meteorological (cloud) monitoring.
BAND 3

Thermal mid-infrared. Sensitive to extreme heat sources; forest
fire detection; sea surface temperature analysis; and night-time
cloud mapping.

BAND 4

Thermal infrared. Day and night land temperatures; volcanic
plumes; meteorological cloud features; and river, lake, and ocean
surface temperatures.

BAND 5

Thermal infrared. Day and night land temperatures; volcanic
plumes; meteorclogical cloud features; and river, lake, and ocean
temperatures.

1
i

PERTH REWOTE SORSINE .

GEOLOGICAL TARGETS

egetation indices can be computed and used operationally to assess climatic effects on An AYHRR image of the Canning Basin in
vegetation and crops. The coloured image (left) covering the agricultural portion of the State  the dry north-west of WA, re-mapped toa
is a normalised difference vegetation index dated 23rd December, 1985. Blue areas represent  Lambert Conformal Projection. This night-
inland dry vegetation. Healthier actively transpiring vegetation in wetter regions is coloured time image shows palaecdrainage channels
dark purple. Vegetation condition is related to the reflectance of chlorophyll in green leaves in detected from differences in the themmnally
the visible and near infrared bands of the NOAA/AVHRR sensor. Land cover assessment and emitted surface radiation.

monitoring of critical fire fuel condition is practical using NOAA data. Additionally, regional fire Identification of fossil drainage systems has

and flood positions can be accurately determined and ronitored.

FURTHER INFORMATION

assisted exploration for minerals, while
geological structure recognition aids
exploration for hydrocarbons and

For further information specific to the WASTAC Consortium, contact: groundwater aquifers.
Remote Sensing Applications Centre, Department of Land Administration
8th Floor. Jardine House, 184 St. George's Terrace

Perth, Western Australia 6000.

Telephone: (09) 323 1520. Telex: AAS3784. Fax: (09) 321 8576.
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THIS DEED is made the QJ{? day of gﬁw’wg/ 1989

BETWEEWN:

- CURTIN UNIVERSITY OF TECHNOLOGY a body corporate established by the
Curtin University of Technology Act 1966 of Bentley in the State of Wexittn
Australia (hereinafter called "CUR TIN") of the first part

THE MINISTER FOR LANDS a body corporate constityted by the Land Act iv¥*%3
of 60 Beaufort Street, Perth in the said State (hereinafter called "LAND §") af the
second part

COMMONWEAILTH SCIENTIFIC AND INDUSTRIAL RESEARCH ORGANISA TION
a body corporate established under the Science and Industry Research Act 1949
(Commonwealth) of Private- Bag P.O. Wembley in the said State (hereinafter
called "CSIRO") of the third part AND

THE COMMONWEALTH OF AUSTRALIA of C/- Director of Metearolouys
150 Lonsdale Street, Melbourne in the State of Victoria (hereinafter called "the

Commonwealth") of the fourth part.

WHEREAS :
Al The Commonweal th-
(i) has, by its Parliament, power to make laws for the peace, order winl
good government of the Commonwealth with respect (O
meteorological observations,
(ii) is @ contracting State tg the Convention of the wurld

Meteorological Organisation the purposes of which include 1he
facilitation of worldwide meteorological netwarks, the praomoltlon
of centres for meteorological services, the rapid exchangr ol
meteorological information and the application of meteoroloyy !9
human activities, and

(iii) has, by the Meteorology Act 1955 established the Commonwenlih

Bureau of Meteorology ("the Bureau") to perform certain functiont

g

s
in meteorological matters under the charge of the Director of
Meteorology ("the Director") and has given the Director certain
powers including the taking and recording of meteorological
observations and the transmission of related reports and
information.

B. For the purpose of discharging certain of their respective statutory
functions the parties hereto are desirous of forming a consortium for the
establishment operation and maintenance in Perth for their mutual benefit
of a permanent operational automated Satellite Tracking Station for the
reception processing analysis archiving and dissemination of remotely
sensed data from satellites of the National Oceanic and Atmospheric
Administration (hereinafter called "the Facility™).

C. Each of the parties hereto has contributed the sum of SEVENTY FIVE
THOUSAND DOLLARS ($75,000) for the establishment of the Facility and
CSIRO has contributed an additional sum of NINE TEEN THOUSAND NINE
HUNDRED AND NINETY SIX DOLLARS (§19,996).

NOW THIS DEED WITNESSES as follows :-

1.  The parties hereto hereby associate themselves in a joint  venture

(hereinafter called "the Consortium") in the manner and subject to the terms and

conditions hereinafter provided for a term of five (5) years from the date of this

Deed for the following purposes :-

(a) to acquire operate and maintain the Facility;

(b) to maintain an archive of remaotely sensed data acquired by the Facility
from satellites of the National Oceanic and Atmospheric Administration
(hereinafter called "NOAA");

(c) to provide remotely sensed data for the day-to-day operational
requirements of the Bureau;

(d) to provide facilities and remotely sensed data for the parties hereto to

conduct research and development projects from time to time;
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2.

- 3.
to provide in accordance with the provisions of this Deed remotely sensed
data to members of the Consortium for use by them for their own
requirem.ents or purposes or for supply by them to those to whom they may
be responsible or for sale by them to their respective customers or clients
as the case may be on terms and conditions determined by the Board of
Management hereinafter referred to;

The parties shall carry on business hereunder under the names and styles of

"THE WESTERN AUSTRALIAN SA TELLLITE TECHNOLOGY AND APPLICA TIONS

CONSORTIUM" and "WASTAC.," CSIRO shall make application for and do all

things necessary to have the said names registered as Business Names in Western

Australia.

3. The Facility shall be comprised of -

(a) an Antenna and Antenna Controller presently located at the premises of
CURTIN at Bentley;

(b) a Control Computer presently located at the premises of the Bureau at 127
Wellington Street, Perth;

(c) an Archive presently located at the Remate Sensing Applications Centre of
LANDS at 184 St. George's Terrace, Perth.

(d) all other property (real and personal) apparatus equipment materials and
things hereafter acquired by the Consortium for the purposes of this Deed.

4. The location of the Facility or any part thereof may be varied at any time

and from time to time by agreement of all the parties hereto.

5.

(a)

Each member of the Consortium shall-

permit all other members of the Consortium to have reasonable access at
all reasonable times to such portion of the Facility as shall be upon the
premises of ar under the control of that member and shall notify all other
members seeking access as aforesaid of all conditions (if any) subject to

which access will be permitted;

(b)

(c)

(a)

-4 -
keep such portion of the Facility as shall be upon its premises or under its
control available and accessible continuously throughout each and every
day and night during the continuance of this agreement for the purpose of
carrying out any necessary maintenance or repairs thereto;
at all times act in good faith in the interests and for the benefit and
advancement of the Consortium and shall not at any time engage in unfair
competition with other members of the Consortium.

The respective responsibilities of the parties hereto shall be as follows :-

CURTIN through its Division of Engineering and ;Science shall within a

reasonable time or at such other time or.times as shall be appropriate in

the circumstances -

(i) provide a suitable site with horizon-to-horizon traverse for the
Antenna system of the Facility;

(i) provide a suitable room for housing the control equipment and such
other facilities as shall be requisite and necessary for effective
acquisition of data by the Facility;

(iii) permit all necessary maintenance personnel to have access to the
Facility at all times;

(iv) undertake the constructi-un and supervision of all siteworks relative
to the installation of the Antenna system and ancillary matters.

(v) provide temporary emergency assistance and support facilities in
the event of a calamity;

(vi) supply suitably qualified staff to attend to specialised repairs of
the Facility from time to time.

(vii) carry out all administrative financial and reporting obligations of
the Consortium

ILANDS through the Remote Sensing Applications Centre of the

Department of Land Administration shall within a reasonable time or at

such other time or times as shall be appropriate in the circumstances -



(c)

(D)

(ii)

(iii)

(iv)

(v)

(i)

B
provide archival facilities for the data acquired by the receiving

equipment of the Facility;

arrange the physical transfer of datg acquired by the Facility to
the archive;

provide facilities for the translation of the archival tape into
various other CCT tape densities;

operate a centre for the distribution of dats acquired by the
Facility;

implement and maintain on the Facility's computer a data base
pertaining to the archived data and products derived therefrom;
implement maifjtain and distribute a "quicklook" library of all data

acguired by the Facility.

CSIRQ through the Western Australian Remote Sensing Group within the

Division of Exploration Geoscience shall within a reasonable time ar at

such other time or times as shall be appropriate in the circumstances -

(i)

(ii)

(iii)

(iv)

(v)

design write and implement in conjunction with the Bureau all
software for the Facility's Control Computer as shall be necessary
for the extraction display and archival of the rem otely sensed dats
by the Facility;

assist members of the Consortium with their product development
and maintenance of computer software;

be responsible for matters of a scientific nature in connection with
the Facility as shall be necessary to ensure integrity of the
remotely sensed data;

be responsible for products derived from the remotely sensed data
by the Facility for use by third parties;

liaise with NOAA and the National Environmental Satellite Data
and Information Service with respect to the status of their

respective satellite or satellites and the calibration and

»

(dy
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performance of relevant instruments and for this purpose shall
maintain a regular dialogue via the Electronic Bulletin Board.

The Commonwealth through the Bureau shall within a reasonable time or at

such other time or times as shall be appropriate -

(i) provide suitable accommodation and environment for the Control
Computer of the Facility at the office of the Bureau at 127
Wellington Street, Perth;

(ii) provide proper continual and uninterrupted operation of those
portions of the Facility under the control of the Bureau or for
which the Commonwealth is responsible;

(iii) subject to Cl;ause 16 hereof and to the full extent of resources
reasonably available in Western Australia repair and maintain the
Tracking Antenna the Microwave Link and the Control Computer of
the Facility with power to recover additional costs from other
members of the Consortium;

{iv) administer the provision of consumable items necessary for the
proper operation of the Facility (including without limitation
computer tapes and photographic film) and recover the cost of such
items from the Consortium;

(v) design write and implement in conjunction with CSIRO all software
for the Facility's Control Computer as shall be necessary for the
extraction display and archival of the remotely sensed data by the
Facility;

(wi) co-ordinate the implementation of the objects of the Consortium.

{a) The ownership and property in the Facility and all things

comprising the Facility and incidental or ancillary thereto shall be
held by all parties hereto as tenants in common in equal shares.
(b) The Archive together with the copyright therein shall be the

property of the members of the Consortium as tenants in common



(c)

(d)

(e)

(f)

(g)

(h}

-
in equal shares. The expression "Archive" when used herein shall
mean the medium upon which or whereby the data is for the time
being stored.
Each member of the Consortium shall keep proper and adequate
records and accounts of all costs properly incurred by it in carrying
out its responsibilities pursuant to Clause 6 hereof.
The Board shall appoint an auditor to conduct an audit of the
accounts of all or any of the members of the Consortium pursuant
to subclause (c) hereof,
Except as expressly herein provided to the contrary the respective
responsibilities and functions of each of the members of the
Consortium pursuant to Clause 6 hereof shall be deemed to be of
equal value so that no member shall be considered as contributing
to the Consortium more or less by way of responsibility functions
or effort than any other member or members and no accounting
shall be required or taken between them.
Each member of the Consortium shall be entitled to receive such
number of tapes of the data as the Board shall determine from time
to time.
Nothing in this Deed shall be taken as precluding the Bureau from
supplying images for meteorological purposes to the public or the
media free of charge in conformity with the functions of the
Bureau under the Meteorology Act 1955 and its established
procedures and operations,
No member of the Consortium shall make a profit from the sale or
supply of Archive acquired by the Consortium PROVIDED
HOWEVER that each member shall in utilising the data in

accordance with Clause 1 hereof be entitled to make to its

+ 8=
consumers such charge for the value added to the data by that
member as shall be appropriate in the circumstances.

8.  Unless otherwise provided herein all costs expenses and outgoings both of a

”cafjita! or revenue nature shall be borne by the parties hereto in equal shares.

9. Neither this Deed nor the interest or obligations of any one or more of the

parties hereto shall be capable of being assigned transferred mortgaged charged

encumbered subcontracted or sublet in whole or in part without the prior
agreement or consent in writing of all parties hereto.

10. _Each party hereto shall employ and pay such persnnne.l as shall be necessary

for the proper performance of its respective obligations hereunder and such

personnel shall remain at all -times and for all purposes the servants or employees
of that party. The Consortium shall not be the employer of any personnel.

11. (a) CURTIN LANDS and CSIRO acknowledging the power of the
Parliament of the Commonwealth to make laws relating to
meteorology, the Commonwealth's espousal of the purposes of the
World Meteorological Organisation and acknowledging the functions
of the Bureau IT 1S MUTUALLY AGREED by the parties hereto
that execution by the Commonwealth of this Agreement does not
constitute an endorsement by it of the involvement of the other
parties in a meteorological satellite data service other than in
pursuance of the Director's powers under the Meteorology Act 1955
to make arrangements for taking recording communicating and
receiving meteorological observations reports and information,

(b) to the intent of subclause (a) above, CURTIN LANDS and CSIRO
acknowledge that this Agreement is without prejudice to and
subject to
(i) the power of the Parliament of the Commonwealth to make

laws for the peace order and good government of the

Commonwealth with respect to meteorological
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observations PROVIDED THAT the same shall not vary or
abrogate this Agreement either wholly or in part, and

(ii) the power of the Director in performing the functions of
the Bureau to establish an automated tracking station or
stations in addition to and separate from the Facility,

(c) notwithstanding anything to the contrary contained in this
Agreement CURTIN LLANDS and CSIRQ shall not r:elease in real
time other than to another member of the Consartium any data to
be used for meteorological purposes obtained through the Facility
without the consent of the Director or his delegate first had and
obtained on each éccasion,

(d) the expression "real time" when used herein shall mean within
twenty four (24) hours after the receipt by the Facility of the data
referred to.

12, In determining the fees and charges to be paid by consumers for the provision
of data by members of the Consortium the parties hereto shall take into account

the matters contained in Clause 11 hereof.

13. _ The Facility shall be so designed constructed operated and maintained as to
be sufficiently robust and flexible in a technical engineering sense to meet the
stringent round-the-clock requirements of the Bureau at all times.

14, If in the opinion of the Director of Meteorology a cyclone gale storm or any
other weather condition likely to endanger life or property is threatened or
imminent the Bureau shall have absolute priority of access to the Facility until
the Director is satisfied that any such weather condition as afaresaid or the threat
thereof has passed.

15.  The Bureau shall bear all charges for the use of the Facility when used
exclusively for the requirements of the Bureau under Clause 14.

14. The members of the Consortium shall contribute in propaortion to their

respective interests in the Consortium towards the cost of replacement or

- 10 -
reinstatement of the Facility or any part thereof or any equipment apparatus

property or material compriging the same which may be lost damaged or

destroyed.

>l?.'_ (a) The Facility will be managed by a Board of Management ("the
Board") bﬂnsisting of eight members two of whom shall be
nominated in writing by each of the parties hereto. A substitute
member shall also be nominated by each party hereto.

(b) The Board will elect one of its members to be Chairperson to serve
for a period of two years. The Chairperson will have the same
voting rights as the other Board members. Each member shall have
one vote.

{c) (i Resolutions of the Board shall be by sirmple majority of
members present and voting at a meeting EXCEPT in the
following cases which require a unanimous resolution
namely-

(A) discussions involving expenditure in excess of
$10,000
(B) variation of the scope of the Consortium's
activities
() admission of new members of the Consortium
(D) any additional matters determined by the Board.
Only members and substitute members may vote upon a
resolu tion.
(i) Four members (being one member from each party hereto)
shail constitute a quorum for any meeting of the Board.
(iii) Absent members may vote by proxy.
(d) The Board shall have no power or authority to make any contract or

agreement or to give any legally binding undertaking or warranty

on behalf of or in the name of the parties hereto or any of them;
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(e) The Board may permit other persons to attend Board meetings but

such persons shall not vote upon any matter.

~18. The Board will be responsible for :

(a) Making recommendations for the acquisition, installation, testing and
acceptance of the F acility;

(b) The overall management and operation of the Facility;

(c) Arrangements for the maintenance and replacement of the Facility
equipment;

(d) Megotiation of agreements and arrangements with organisations not parties
to this Agreement; . l

(e) The maintenance of appropriate financial records for the Consortium with
respect to the Facility., Auditors shall be appointed annually at the first
Board meeting of the calendar year to audit the annual accounts of the
Consaortium,

(f) The preparation of an annual report on all aspects of the Consortium's
activities with respect to the F acility by 1st March each year;

(g) Setting of conditions and charges for the provision to consumers of data

acquired by the Facility;

th) Preparation of an annual budget and approval of expenditure of Consortium
funds;
(D The consideration of proposals for the enhancement of the Facility and

reporting thereon to the parties hereto.
19. Any party hereto may withdraw from the Consortium and this Agreement
upon giving twelve (12) months' notice in writing to all other parties hereto of its
intention so to do and subject to payment by that party of all monies due and
payable by it in respect of its share of the outgoings and expenses of the
Consortium up to the date of withdrawal.
20, Upon receipt of notice of a party's intention to withdraw from the

Consortium the remaining parties hereto shall meet and determine whether:

T

o i A
(a) the Consortium shall be dissolved or
(b) the remaining parties shall continue to carry on the Consertium pursuant to
this Deed or ‘
(c) a new party or parties shall be invited to join the Consortium and, if so, the

terms and conditions to be attached to the said invitation.
21.  Upon a dissolution of the Consortium all property and monies of the
Consortium remaining after the payment and satisfaction of all outstanding debts
liabilities obligations and expenses of the VCunsurtium shall be divided equally
among the parties hereto.
22, _Upon the withdrawal of any party hereto from the Consortium the liability of
that party to contribute to future outgoings and expenses of the Consortium
incurred or accruing after the date of withdrawal shall ceaserat that date. The
nett value of that party's share of the assets and property of the Consortium shall
be determined and paid to it at the expiration of the term of this Deed.
23. _Any new party to the Consortium shall upon joining the Consortium execute a
deed of covenant with the existing parties to the Consortium to observe perform
and be bound by the provisions of this Deed and shall make such contribution to
the capital and assets of the Consortium as the existing parties may determine,
24. No relationship of employment agency or partnership shall be created or be

deemed to exist between the parties hereto or any one or more of them.
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IN WITNESS whereof the parties hereto have executed this Deed on the day and
DISTRIBUTION SYSTEM FOR WESTERN AUSTRALIA

year first hereinbefore written.

THE COMMON SEAL of CURTIN
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by the authority of the
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William Zillman the Director of
Meteorology for the time being in

the presence of :

%4,.:4\_ ; CSIRO W A Remote Sensing Group

&
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DEVELOPMENT OF AN OPERATIONAL SATELLITE IMAGE DISTRIBUTION SYSTEM
FOR WESTERN AUSTRALIA

BACKGROUND

- T

The Western Australian Satellite Technology and Applications Consortium

(WASTAC), comprising CSIRO, Department of Lands Administrationm, Curtin

University and the Bureau of Meteorology, has the capability of receiving

image data from up to & AVHRR passes, each day, covering 90% of the

Australian coastline. These data can be processed to show Sea Surface

Temperatures (SSTs) on geometrically rectified grids, for subscenes of

specific interest to a particular marine industry. These images may be
transmitted, by various means, in '"near real-time'" to enable management

decisions specific to the relevant marine operatioms.

There are normally two NOAA satellites which scan every part of the earth's
surface twice per day (Schwalb, 1978). The Advanced Very High Resolution
Radiometer (AVHRR) on these satellites provide image data from which the
average SST of the ocean, over one kilometre square pixels, can be computed
1986).

temperature, but given normal ocean conditioms such measurements reflect

to within 0.5°C (Prata et al., this is the ocean skin

Striectly,
the upper'ESU metres of ocean water movements (Godfrey and Ridgeway, 1985).
Studies in other parts of the world have shown a relationship between SST

and structure to fish catch. (Fielder et al. 1984 and Laurs et al. 1984) .

For Australia, with 12,000 km of coastline and fisheries that are diverse
and quite widespread, satellites are potentially important and may offer
substantial economic benefits. Figure 1l shows the total acquisition elipse
whiech can be recezived from the facility located in Perth and a typical NOAA

swath over Western Australia. The area of the frontispiece is highlighted.

r
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Figure 1. Acquisition elipse, NOAA swath and the area shown on
frontispiece.

ATMS

L To set up the mechanisms to routinely make available NOAA-AVHRR data

from the WASTAC Facility to the Fishing Industry. This involves the
establishment or updating of image processing software, hardware and

communications links.

To draw together groups of companies to contribute to those modules of

the project which will have direct relevance to their fishing

operations.

To draw together companies which may contribute to the processing,

communication or entrepreneurial aspects.

To attract "seed" funding from Government Research Gramts covering the

designated high priority categories of "Remote Sensing”, "Maritime

Resources' and "Communications'.

To facilitate Fishing or Oceanography Research dependant upon the

analysis of temporally relevant satellite data.
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PROCEDURES

There are four separate processes that must be implemented to achieve the

first Aim:
1. The down-loading of raw data from the WASTAC Receiving Facility.

2. Selection of Eiéﬁa;f¥ee

preparation of image file for transmission.

acquisitions, ©processing to SST and

3. Transmission of digital or photographic products to remote users.

4., Interpretation and/or enhancement of images by skippers/managers.

Step 1

The WASTAC receiver is currently receiving data and the standard formats
are being adopted to enable the use of these images for meteorological and
other uses. At this point data covering the areas of interest need to be
viewed and separated from the total acquisition and stored in a format

suitable for processing.

Step 2

The processing stage involves calibration, geometric rectificationm,
derivation of 5STs, subsetting requested areas and then either production

of a photographic or digital product.

Step 3

Where a photographic product is required these would be despatched by mail
or courier in a form to be determined. The digital product would be sent
via modems conmected to telephome, or satellite links, to either fishing

ports or to shipboard receivers.

|- e e e

r

Step &

Involves minor interpretive instruction for photographic products but a
more complex procedure 1s envisaged for digital data. The reception of
digital éat; will require a PC,linked to a modem,with specially adapted
software to enable interactive enhancement, roaming, zooming and dynamic

comparisons.

Due to the nature of the fishing industries it is considered important to
modularise the project. This would optimise computer processing time and
also enable tailoring of segments of images to be specifically enhanced to
the preferred requirement of the participants. A module covers a specific
area, for which regular (determined by the mnature of the industry)
acquisitions would be processed and supplied. Each module could encompass
up to approximately 500 km square centred on a major fishing location e.g.
Esperance, Albany, Fremantle, Dongara, etc. A single company may wish to

take up more than one module.

The cost of a module should reflect the true cost of the data and
subsequent processing. It would be misleading to subsidize data cost but
there should also be no attempt to recover capital cost of the WASTAC
Facility. Different modules obviously reflect different fishing operations
some of which may require concentrated coverage for intense periods, others
may only require 1 or 2 passes each week throughout a season. These

requirements must be determined by industry representatives.

ORCANISATION

CSIRO could undertake to:

negotiate with groups or companies to define the modules, satisfy

research status criteria and act as the secretariat;

=3

define tasks and write specifications to establish an operatiomnal

facility;



B appoint contractors or allocate appropriate technicians or scilentists,

to achieve these tasks;

4, keep participants informed of developments in other rTemotely sensed
data sets, i.e. Airborne Scanning Ocean Colour satellites, etc. as
data becomes available and to perform research tasks in line with its

charter, and;

B oversee the transfer of the technology developed into operational

hands, with or without equity at an agreed time.
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Figure 2(A).

Raw data showing Eddy feature near Bremer Bay

Figure 2(B).
Unprocessed raw data {512x512)

Figure 2(C).
sST and geolocation overlay
ready for transmission

Transmitted image on Personal
computer and the telephone
modem link. This image is
then stored on floppy disk for
subsequent redisplay
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APPENDIX 3

PREDICTING AND MANAGING
GLOBAL CHANGE

PREPARING FOR THE
NEEDS OF THE FUTURE

A Strategic Plan for a Western Australian
Earth System Science Centre
based upon
Comparative Advantage
and
National Need

Developed by the Western Australian Satellite Technology
Applications Consortium (WASTAC) 1990

Members:

*  Western Australian Department of Land Administration
*  Curtin University of Technology

* Bureau of Meteorology

* CSIRO

Supported by Technology Industry Development Authority



1. EXECUTIVE SUMMARY

THE WESTERN AUSTRALIAN
EARTH SYSTEM SCIENCE CENTRE

The Need

There is an urgent need to understand those factors
which contribute to global environmental change, and
more particularly, those which influence the Australian
environment.

- The Vision
“To develop an applied research community of

international standing in the measurement and
prediction of global environmental change and its
consequences.

The Task

To develop an understanding of key features of global
environmental change, and to develop operational
methods to measure it and predict its conseguences.

The Geographic Opportunity

Perth is ideally located to make a major contribution
to the science and technology of this task. It is located
in proximity to three areas which have major yet little
understood influence on the national, and the world
climate. Those areas are the Indonesian - NW
Australia “hot spot”; the Indian Ocean; and the
circumpolar atmospheric & oceanic circulation.

The Human Resource

Perth already has the greatest strength in Remote
Sensing in the nation, with personnel in State, Federal
(CSIRO and Meteorological Bureau), University, and
private organisations.

The co-ordination between these organisations is
already excellent, and there is a demonstrated history
of commercialisation of the research and development
in remote sensing.

The Technical Opportunity

The three major international space agencies will fly
new generation satellite missions to address the
problem of measuring climate change in the 1990’s.
Calibration of satellite data is vital on a world wide
basis, and Perth, because of its proximity to the
regions mentioned above, could achieve “favoured
collaborator” status. This would greatly assist in the
development of products with a world wide market.

The Social and Economic Benefits

The ESSC will provide the world wide linkages, the
access to data, and the intellectual knowledge to assist
the public and private sectors to anticipate and
manage environmental change. As such, it will provide
value-added products of world-wide applicability.

The Strategic Goals

% To quantify the responses of the new generation
of remote sensing instruments to the vegetation,
and terrain types of Western Australia and the
tropics to the north, and therefore develop
optimum vegeiation indices.

% To establish state-of-the-art capability to interpret
sea surface temperatures and wind stress in the
region of Western Australia and use them to
develop an understanding of the effect of the
Indian Ocean upon El Nino; and upon the NW-SE
cloud band, and its influence on the climate of
continental Australia.

* To quantify the performance of the new
generation of meteorological sensors, with
particular emphasis upon those that measure |
surface air temperature, tropospheric air
temperature, and tropospheric water vapour over
land and ocean.

Looking Back and Looking Forward

Research into, and management of global change is
vitally dependent upon the possessors of adequate
baseline data. Further, the newer forms of data (eg
satellite) must be acquired over a sufficiently long
period to be able to assess their accuracy and to
optimise their use. WASTAC has already started the |
process through developing long term archives of data
from existing earth observation satellites. l'
Consequently, an important function of the ESSC will
be the maintenance of adequate data archives to ?
address the stated strategic goals. |

The Resources

The ESSC will require progressive installation of
equipment for satellite interrogation, processing and
research and, more importantly, the intellectual
resource necessary to analyse and apply these data to
the global change issues of the 1990's. The proposal
calls for these resources to be in place by the mid
1990's when satellites from the Earth Observation
System programme are scheduled for launch. It is
imperative that this occur, otherwise the research,
social and commercial benefits envisaged will not be
realised. Estimated ESSC funding is $20 million over
five years with some revenue projected from year
three onwards. |

APPENDIX 4

REPORT TO ALCORSS - NOAA/AVHRR DATA ARCHIVING AND DISTRIBUTION

NOAA/AVHRR Stations as detailed on attachment 1.

INTRODUCTION

The July 1988 ALCORSS meetin
g resolved that a Work;
be convened to examine NOAA/AVHRR data Arci?i?ggPazzg

distribution format for i i i
information rece i i
The Terms of Reference were to: ke
- determine archive and di i i i
istribution policies
used by Australian ground stations ° SRR

= report on a recommended archive fo s
: > r Austr i
Exclusive Economic Zone (EEZ) alia s des

August 1988 information was requested from all known

1.1 The responses _were summarised and are recorded at
attachment 2, with a coverage map at attachment 3

DISCUSSICN

2.1 Coverage

The coverage map indicates that Australia and its EE7Z
1s totally covered from existing stations in Melbourne
Ho}?art, T?wnsville and Perth. Additional stations a1':
Alice Springs, Darwin and Casey in Antarctica slightl
extend that coverage and provide some backup. . Y

2.2 Archive Policy

Most s?atlon archive policies are a compromise between
the prime _station operator's purposes (demand) and
budget_ limitations, however there is at least one hinh
ele?atlcn ?loud free pass archived per week for tge
entlre region. Several sites indicated an intention t

record all passes and archive daily. 0ol

2.3 Archive Storage Format

A11 archives record full resolution data and include
gll necessary orbit ephemeris data and calibration
information, in HRPT format. These archives

currently either on 1600 or 6250 b.p.i ity

i ; densit

E:g?etlc(Eiige with a move to 8 mm 2 giegabyte storagg
a YTE) at Townsvill v

(existing) . €, Perth and Hobart



2.4 Data Distribution Format

There are several formats used for data distribution:
ZIP (Zero Image Processing), DISMP, SHARP and a
McDonald Dettwiler format. Major influences are
currently the constraints of existing user's equipment
and application reguirement (ie. many applications do
not need calibration data). Distribution to major
research facilities (which in turn are receiving
facilities) seems to favour ZIP format; ie. a direct
copy ©of the - original archive with no unpacking or
reformatting - this is normally done by the user.

2.5 Future Requirements

The main comments relate to:

- *user survey to define needs and archive frequency

- charging policy

- archive form, centralised, decentralised

- support, in the form of software (for other user
sites), to read distributor's format

= cheaper, higher density storage recommend

*Such a survey is more directed to specific uses, projects where
a value added output may be regquired. Surveys are more likely
to be instigated by individual facility operators.

3. Recommendations

It has been concluded that all stations exist to satisfy a
primary purpose - research or weather forecasting. Any
additional requirement must cause minimal impact on the

operations of the facility. Consequently as a minimum, the
following recommendations are made.

3.1 Each facility archive the optimum overhead day and
night pass each week (ideally daily).

3.2 The archive be in HRPT format; ie. zero
(currently the case at all existing facilities)

level

3.3 Data distribution between facilities be in zero level

and at nominal cost (media plus time) w-u4»~anF,qwuq.
yfd;a' ﬂ*?“h

3.4 The SHARP format be adoptedffor distribution to users,
its use to be encouraged ''by making available the
necessary software to generate SHARP from zerc level
archives (refer also to letter from ESA - EARTHNET
attachment 4) at this stage available in the C-language
suitable for VAX Computers.

3.5 Consideration be
archive which can
ACRES: ie.

given to a common format quick-loock

be copied to a central site such as
a 512 x 512 single band (band 2 day, band 5
night) file for each archived pass regularly forwarded
to ACRES for microfiche output similar to _the existing
LANDSAT micro image fiche. thﬁi Lok Bosnsis

3.6 ACRES act as a central contact point for information on
data available through each facility.

3.7 A «niform. pricing policy is essential for data sales.
The prices must be consistent with prices for similar
products from ESA and NOAA. These are currently
approx. $480.00 and $150.00 for a typical 16 minute
pass respectively. . Australian charges vary, depending
on the application ($50 - $200). The basis of charging
should be to recover, in part, operating costs.

3.8 The wuse of high capacity (low cost) storage media would
reduce cost and encourage facilities to acquire a
minimum long term archive.

3.9 Secondary sale of data will require consideration of

royalty payment, conditions of use (difficult given
AVHRR data is public domain). Such considerations are

more relevant to wvalue-added products rather than the
raw data.

CONCLUSION

The importance of a long-term NOAA/AVHRR archive over RAustralia

and 1its EEZ is acknowledged as a data source for a multitude of
studies relating to macro - level changes in climate, oceans and
land resources. These uses are very obviously "public good" and
accordingly ALCORSS should support positive action to implement
the recommendations of the Working Party. The security of a
NOARA/AVHRR archive is a national responsibility which can be

achieved through ACRES in close collaboration with the operators
of Australian facilities.

H. J. GHTO
NOAA/AVHRR WORKING PARTY CONVENOR

January 27, 1989

ATTACHED : 1. Letter to NOAA/AVHRR Station Operators
2. Summary of responses received
3. NOAA/AVHRR Coverage Map of Australia
4. Letter _from ESA (Earthnet Programme Office)
concerning SHARP format
5. NOAA data distribution format

T
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Keith Muirhead,
Earthnet Programme Office,
ESA/ESRIN,
- via Galileo Galilei,
00044 Frascati, ITALY
= phone: +39(6) 94180 353
telex: 610637 ESRIN I
email: KMUIRHEEA@ESRIN

215t September 1988
Dr R.L. Craig,

Remote Sensing Applications Centre,
Department of Land Administration,
Central Government Buildings,
Cathedral Avenue,

Perth, W.A. 6001,

Australia

Dear Dr Craig,

Thank you for your letter of 8th August to Dr Fusco concerning the SHARP format. We
would like to heartily applaud your initiative in introducing SHARP to Australia and
wish you success in your efforts to persuade other AVHRR distributors to implement this
standard. You obviously feel, as we do, that a commeon distribution format can only be

to the benefit of everyone and SHARP has all the necessary bits and pieces to serve this
function.

As a simple test for compatability I have provided one of our tapes - a Maspalomas ac-
quisition covering the Mediterranean Sea and North Africa. If you spot any discrepancies
in relation to your own format, please let us know. It would be useful for us to conduct a
similar examination of your data so an Australian scene would be greatly appreciated. A
cloud-free Perth would be particularly welcome because I was born in the original Perth,
in Scotland, and have never seen the errant offspring.

Finally, can you please let us know what machine you use for SHARP formatting. Expe-
rience has taught us that it will be necessary to maintain a number of slightly different
versions of the software (which was written by DFVLR, Oberpfaﬁenhéfen}. At present
it runs operationally on Perkin Elmer and SUN machines, and we are looking to a VAX-
compatible version. The next release, by the way, will include TOVS processing.

We look forward to hearing from you.

Yours sincerely, /

Keith Mui rheafi

copy: L. Fusco
enclosures: one SHARP cct
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0, then that channel was not selected. If the byte is set to 1, then that
channel has been selected. The channel number is indicated by the position
of the byte (e.g., Channel 4 would be found in byte 4 of the field).

However, channel select HIRS data are not ordered chronologically from 1 to

20, They are in the order indicated in Section 4.1.2.1 (i.e., byte 2 would
indicate Channel 17, etc.).

Table 2.1.1-1 contains the character code conyversion from hexadecimal
to ASCII code. "This may be useful when reading the TBM Header Record.

The format of the Data Set Header is described in Section 2.0.2. Note
that the Data Set Header Record will always contain the same number of bytes
as a full channel data record. ~“For full data set copies, the format of

each type of data record is described in Sections 3 and 4 for AVHRR and TOVS,
respectively.

[2.2_Level 1b Data Record Formats]

This section describes two general types of data formats which can be
obtained from SDSD. The first format is the most commonly used and is called
.ne packed data format. The packed format is the format in which the data are
archived by SDSD. It takes up the least amount of tape but is more difficult to
use because of it's compressed nature. This format is described in Section
2.2.1. The second format is known as the "16-bit unpacked format" and is
described in Section 2.2.2. 1t consists of the video (channel) data being
"unpacked" into two 16-bit words in four bytes (32 bits), right justified.
Originally, this format was available for the Level 1b channel selection only.

It is now available for all channels (i.e., you can request that all channels be
unpacked instead of just one or two).

2.2.1| Packed Data Format]

The packed data format is the standard format in which the data are received
from NESDIS and in which they are ultimately archived by SDSD. It is the
default if the user does not request a specific format. Because of the sheer
volume of satellite data, the packed data format is preferred for storing large
quantities of data. However, due to the method of packing it is more difficult
Lo write software to handle this data, Basically, the packed data format con-
*ains the data arranged with as few spaces or gaps between the data elements as

»ossible. This means that it is usually not possible to directly read the data
on word or half-word boundaries.

In the case of the AVHRR data, the video (channel) data are packed as three
10-bit samples in four bytes, right-justified. The first two bits of each four-
byte group are zero. The channels are interleaved, so the samples have the
following order: scan point 1 (Channels 1, 2, 3, 4, 5), scan point 2 (Channels
1, 2, 3, 4, 5), etc. The detailed packed data format can be found in Section
3.1.2.1 for GAC data and in Section 3.2.2.1 for LAC/HRPT data. Appendix B

should be helpful in unpacking this data format. Figure 2.2.1-1 illustrates the
packed data format for AVHRR data.

2-8
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12345678911111111112222222222333

0123456789012345678 9012

Bytes |< ----- locaeeo )1< ----- 2mmmmmme )I( ----- K )1 R L )l
Scan point 1 Scan point 1 Scan point 1

| 0 ﬂ| <---Channel 1----4{ <---Channel 2---ﬁ| <--Channel 3-=---- %

(10 bits) (10 bits) (10 bits)

Figure 2.2.1-1 Packed AVHRR Data Format

Since the TOVS data are generated by three distinct instruments, their
packed data format is more compTex and will not be discussed here. For detailed
information on the TOVS packed data format, refer to Sections 4.1.2.1, 4.2.2.1,
and 4.3.2.1 for the HIRS/2, SSU, and MSU data, respectively.

2.2.2 [16-bit Unpacked Data Format]

The 16-bit unpacked data format is an ideal format for the occasional
satellite data user with a small area and period of interest. The video data
are unpacked into two 16-bit words (Integer*? words, FORTRAN 77 standard) in
four bytes using SDSD's software. The channel data are contained in the ten
least significant bits and the six most significant bits are zero-filled. This
unpacked data format requires more storage on magnetic tape but considerably
less investment in software development. The specific formats for the 16-bit
unpacked data format vary according to data type and are fully described in the
“Full Data Set Copy" subsection for each data type in Sections 3 and 4.

Figure
2.2.2-1 illustrates the 16-bit unpacked data format for AVHRR data.

T e T T T T R A, LI

Bits 123456789

111171111112 222222222 333
012345678901234567890¢0 12
Bytes | <----- lomemeas A €emmnn 2-mmmeee Ay <=meen i PRS- A <mmmeme ' SR A
Scan point 1 Scan point 1
| 00000 0| <----Channe] J--400000 0| <---Channel 2----
10 bits (10 bits)

Figure 2.2.2-1 16-bit Unpacked AVHRR Data Fommat
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2.3 [Data Volume per Tape] _

This section contains information concerning the size of data records
for each instrument, the amount of data (in minutes) which will fit on
either 9-track 1600 BPI1 or 6250 BPI CCTs, and the normal lengths (in

minutes) of each type of data set. The approximate amount of data requested can \ CRRRARS ; Y\
also be computed by determining the number of minutes over a specific area using N\ X \}l > Par AW JV\

: AWLLLLLLERI L ] ] /f, _ -f..'_l'f_ AR
1 " K- pika . s Y . i a3 g7 Ny o _.-.
the spinner described in Section 1.2. %ﬁ"“\\‘ 5 “ml - «d58E ! - -; -1 % o 2
e L e , i -
Table 2.3-1 shows the record length (in bytes) for each type of . s
instrument, depending on whether the data desired is full copy or channel

select. It also shows the number of records per scan and number of scans
per minute for each instrument.

Tables 2.3-2 and 2.3z3 contain the number of minutes of each type
of Level 1b data (full copy or channel select) in the packed and unpacked data
format which can be written onto a 9-track 1600 BPI and 6250 BPI CCT, respec-
tively. The following assumptions were made in order to generate these tables:
1) a CCT contains 2200 feet of tape (this helps compensate for the variable
length of leader and for tapes which are actually less than the nominal 2400
feet), 2) the inter-record gap is 0.30 inches and 0.60 inches for a 6250 BP]

and 1600 BPI CCT, respectively. Refer to Section 2.2 for more information on
select options.

Typical lengths of data sets in minutes are approximately 110 minutes
for GAC and all TOVS data sets, 11 to 13 minutes for HRPT, and 10 minutes
for LAC.

S
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APPENDIX 5

NOAA/AVHRR 2nd International Workshop Nowvember 27 - 29th 1989,

Bariloche, Argentina (H. J. Houghton)

L.

NOAA/AVHRR

Representatives from Australia, U.S.A., Argentina, Chile
and Europe attended the Workshop to discuss the existing
satellite programme, its future, data
processing and applications. A 1list of attendees is
attached as appendix 1. This report summarises discussions
and major recommendations to NOAA, a complete record is to
be forwarded by--M. Matson (NOAA) later this month.

It  was resolved that the proceedings of the Workshop be
widely circulated through international journals
(Photogrammetric Engineering and Remote Sensing) and
national newsletters (Australia: COSSA and WARS).

General Information

3.1 A number of publications were tabled by NOAA
representatives. These are to be circulated to
attendees, together with all ongoing NOAA
newsletters. A 1list of NESDIS Product Owversight
Panels contact points is at Appendix 2.

* Automatic Picture Transmission {(APT) Information
Notes 80-2 Satellite Updates:
contact: Nancy Everson
NOAA/NESDIS
World Weather Bldg Room 601
Washington D.C.
20233 U S.A.

% NESDIS Publication 45 (June 1989) Post NOAA-K, L and
M.

* NESDIS Publication 107 and errata sheet for NOAA-10

* NORZ Satellites Into the 21st Century - John Hussey
(NESDIS) .

3.2 Status:
AVHRR Operational Status and Proposed schedule.

NOAA-9 (pm) Still wused: ozone and Earth Radiation

Budget purposes {non-operational). Good data,
Melbourne is still tracking. NOAA-9 has good
radiometer.

NOAZ-10 {am) Operaticnal 406 Mhz, ssarch and rescue

and ERBE failed.

NOAR-11 {pm) Launched Sept. 24th 1988 Operational,
19th Sept 1989 a roll gyro failed.

Proposed:

NOAA-D {(am) February 7th 1990 (no split Thermal
band)

NOAA-I (pm) April 1891

NOARA-J (am} September 1992

NOAA-E (pm) November 1993 (5 Channel, split band 3)

NOAA-L (am) April 1995

NOAA-M (pm) June 1996

After 1996 the Eurcopean Space Agency will be

responsible for am flights, ESA-EPOP, transmitting

continuous broadcast (S-Band), 9.30 to 10.30am local

time overpass. NASA/EQS and E0OS free flyer for pm

passes after 1996.

Navigation:

Discussion on the quality of supplied T-Bus data, and
a move to generate digital T-Bus data (from 1978)
based on the best ephemeris model. Need to make
these - data awvailable daily, easily wvia an electronic
bulletin board or fax. Need for a technical manual,
archive of parameters and corrections and public
domain software. There is a NOAA- Nawvigation
oversight panel who will consider these issues.

Calibration:

A Radiometric meeting is proposaed fro 17-18 January
1990, World Weather Bldg Washington to consider SST

Calibration, prelaunch sensor calibration , AVHRR -
SPOT, calibration results, calibration drift for
NOAA-6, 7 and 9, radiation transfer model.

Proceedings are to be published. Contact Peter Abel
Ph: 301 763 8136. Telemail U.S.A. PABEL/ORA/NESDIS.

Since launch the radiometric characteristics for
NQOAA-11, Channel 1 and 2 have dropped 28% and 32%
respectively. Post launch calibration data for

MNOAA-11 have not vwyet been published. There is a

Calibration Owversight Panel at NESDIS.



3.5 Data Reception:
HRPT Stations:
South America: {Chile north of Santiago) 33¢s
71°W coverage 15°S to 54°S wusing an ex—-NASA 12
metre dish.
Argentina = Buencs Aires (Hewlett Packard 1000
System) 35°16'S 58°W, coverage 10°S to 55° 8.
Brazil -*Rio de Janerio (south ) 22°S.
Station at Panama City operated by U.S. Airforce,
data through NOAA.
Easter Island (Chile) - ©proposed (no funds) 27°S§,
109° E.
Fiji (Australia) proposed.
Luigi Fusco (ESA) explained the European facilities
and networking.

3.0 User Products:
SHARP formatted data from ESA L. Fusco acknowledgsd a
processing overhead but stressed the need for a SHARP
type format for International data gxchange. NOAA
use their "1B" format, most countries record HRPT
data, although Chile stores on analogue tapes.
The Committee on Earth Observation Satellites {(CEOS)
has two working groups -

% Calibration and Validation
¥ Data

The latter group is considering formgts = _usinq
standards established by Landsat (SHARP 1s con51st?nt
with these standards) . cat319gues (Bill
Carricott-NOAA) and User Interface (Minyon — NOAA).
Proposed that standards for AVHRR interchanges be
referred to CEOS.

3.7 Operational Products (Refer attachment 2)

Winds: Cloud vector motion at low middle and high
leveals 60° S to 60°N over oceans, produced
interactively and distributed via GTS fax map
form.

Soundings: NOAA vertical temperaturs profiles {o?er GTS)
text format for national weather service a%so
TOVS (Sharp will include processed TOVS data for
use in calibration of AVHRR data) .

Ozone: Images and computer output - NASA/NOAA 10 year
data set held by NASA.Al Arking has a wvideo of
this data set.

Land: NDVI (GAC data - digital) and snow cover over
the Northern Hemisphere back to 1966, and
Antartica sea ice.

Precipitation: Derived from geostationary satellite data,

“temperature of cloud tops and estimated
rainfall. Not a global product.

Oceans: SST global data set. Larry Stowe has an
experimental data set over ocean areas,
aerosols, atmospheric thickness.

Clouds: Jamie Hawkins, Products Systems Branch (NOAZA),
Federal Building 4, Room 3041. Since 1983
(July) ISSCP Ms Lola Olson NASA Climate Data
Centre.

In Europe (ESA) are developing a fire map product in

collaboration with Dr K.D. Singh to produce detail over

Indonesia, New Guinea and Malaysia for input to a Global model.

Other applications include ESA - Meteosat SST products and NDVI

cover. Land surface temperature (to SST accuracies using day -

night pairs and ground control sites - research

temperature
project by CSIRO. '

The EDC (Doug
through NOAA.

Bennie) provide data sets not held or awailable
Their main activity is geometric registration of

data sats and cloud - free data compositing.
NDVI maps of North Africa in near real time for plague locust
identification. NDVI maps over Brazil for locust cutbreak.

Operational fire danger modelling over central U.S.A. States.

3.8 Scheduling:
NOAA will schedules non-U.S.A. coverags on regquast.
No obligation to purchase. Refer Attachment 3.

3.9 Archive:
Chiles: analogus tape. Afternoon pass, abowve 20°,
7 days/week, no night passes (except 6 months 1in
archive).
NOAA: 1978 - 85 high resclution data is of dubious

gquality., GAC
all passes.

is available since 1978. NOARA archive
LAC and GAC are complete since 1985.



3.10 NOAA's Climate and Global Change Programme links to
the ESSC - NASA research proposals. In Australia
Dawvid Johnson - Canberra Geologist/Geophysicist and
Robin Gallagher CRA are involved with global data
sets over Australia.

Global Change Atlas: Dr B. Pfeiffer

Senior ISY Official
ESA-ESTEC-Code H/ISY

=St s NOORDWIJK, THE NETHERLANDS

Ed

Projects proposed by the panel of experts on Ear?h Science
and Technology (objectives and Planning) leading to the
1992 International Space Year.

Sea Surface Temperature: NASDA (Japan) Seiji Tanaka (STA)
BNSC (UEK) Dr Llewellyn - Jones
(RAL)

Generate improved algorithms and data exchange procedureas,
merged data sets of selected areas by 1992,

Rate of Deforestation

Improved reliability of space data in measuring forest
extent, classification and change (AVHRR, Landsat, SPOT,
and SAR data).

Intended 1992 Results - Composite maps of tropical
wvegetation indices of agreed format and media.
Lead persons: Dr M. Barbosa (INPE)

Prof. Guerriero (ASI)

Productivity of the Global Ocean

To distribute the CZCS Glcobal Ocean Chlorophyll data set_tc
begin multi-national development of improved processing
algorithms.

Intended 1992 Result: Historical CZCS archive, ongoing
data base of global pigment distributions and related data.
(wind speeds, wave height spectral.

Canada (CSSA) and EEC (JRC).

Global Consesguences of Land Cover Change

Establish the foundation for the prediction of the
conseqguences of land cover <change and by 1992 assess
change trends in selected areas.

1992 Result: Thematic maps of selected areas for_each ygaf
1975 to 1989. Numerical analysis of data. Lead agencies
{(potential)

USSR/Australia/Brazil

r

P.C. Technology. Peru have an MDA Meridian System.Chile
and Argentina operate ERDAS systems with developed modules
to display and process AVHRR data.

IDIDAS software by NOAA VSN4 (will be in C language)
(requires a letter to Michael Matson) re availability and
documentatioql Includes "A PC Based Interactive Graphics
System to Perform Satellite - derived Oceanographic Thermal
Analysis" Marcig*ﬂeaks, Kim Buttleman and W.B. Campbell.

Future Svstems AVHRR, AMRIR.

NOoAA -K, L, M and AMRIR phase A and B studies are

complete. AVHRR Channel 2 will be narrower to help
vegetation index <calculation. Channel 3 will be 3.8
micrometre, night and 1.6 micrometre day for cloud and snow

cover discrimination.

Post NOaAA - K, L & M:

* NOAA will continue afternoon Metsat service with a
NOARAZ - N (sames as K, L and M) and a complete new
series beginning at NOAA - O.

* Eurcope will assume responsibility for morning Metsat
service with the EPOP series in 1997 (includes a
AVHRR type sensor - to be defined June 1990). No

tape recorder, outside direct read out stations
TDRSS will be used.

* NMASA to assume responsibility for developing a
prototype operational instrument on NPOP.

® NPOP, EPCP and NOCAA-QO series to have standardised
instrument interfaces.

Proposed Post K, L, M, sensors:

- Advanced MSU

- AMRIR to replace AVHRR and HRIS

= Global Ozone Monitoring Radiomet {GOMR.)

- Mew operational Common Interface Instrument for
NOAA-O and EFOP.
NASA Prototype
NPOP's:

Operational instruments for

- Altimeter

- Scatterometer

- Passive Microwave Images

- Ozone and Trace Gas Limb Scanner
- Advanced Infrared Sounder

- Earth Radiation Budget Instrument



b

7. Specifications for AMRIR (Advanced Medium Resolution Imaging
Radiometer)
CHANNEL BAND SPEC. 50% RESPONSE S/N
1 665.0 = 2.0 £55.00 + 1nm 10:1
to give better information on aerosols
2 855.0 % 2.0 840 + 2 10:1
870 + 2
Qut of -water wvapour contamination
s
3 1.61 + 0.01 micron 1.58 + 0.01 20:1
1.64 + 0.01
4 1030 + 40 cm—! Total 50% BW 25cm~! 0.2*K
Total ozone
5 2210 + 4.4 cm~! " 15cm-! 0.2*K
B 2250 + 4.4 cm-t " 15cm—1 0.2°K
7 735 + 1.8cm™ L " gcm! 0.2°K
8 3.72 + 0.06 micron 3.63 £ 0.06 0.1°K
- 3.83 £ 0.086
fire discrimination
9 4.01 + 0.06 micron 3.92 + 0.06 0.1°K
4.10 + 0.06
SST Improvement
10 10.8 + 0.06 10.3 £+ 0.06 0.1*K
11.3 + 0.06
1 0 12.0 + 0.06 11.50 0.086 0.1°K

System Features:

Replaces two instruments with one (Mass and power)
4 year life verses 2 years for AVHRR/HIRS

Designed for flight on the next generation of satellites.

I

Imaging Features:

Increase spatial resclution from 1100 to 800 metres.

~-Wisible channel calibration for quantitative applications.

Dedicated channels for fire detection and

discrimination.

snow/cloud

2Additional Chanyei for SST (split window at 3.8 micron)

Increased radiometric precision from 10 bit to 12 bit
(improves sensitivity for aerosol, radiation budget,and SST
calculation)

(Note: with spartial Improvement plus name coverage, pixel

increase to 2800)

Sounding Features:

Increased spatial 21.0 km to 3.75 km.
Increased geographic coverage from 47* to 56°.

Programatic Features:

ITT and Westinghouse have developed phase B designs

Recommendations:

3.1 Navigation:

Define best sphemeris model for navigation

If not NOAA model explore other sources

Ephemeris daily wvia Bulletin Beoard

retrospective parameters for T-Bus

Technical manual for these new navigation paramsters
Produce public domain navigation software.

international navigation models to Dbe
the 1st AVHRR Workshop working party (F.

Report on
finalised by
Prata) .

8.2 Calibration:

Proceeding of
distributed

January 1990 NOAA meeting to be

No global calibration tables exist

Produce past launch calibration data for NOAA-11




8.3 Data Reception:

Map of known HRPT Stations (digital)
Table of address, etc

NOAA should continue to disgminate details on AMRIR
progress to ease transition.

encourage user discussion on possible problems caused
by changes--
= 4

8.4 Data Processing

Questionnaire on data ingestion and processing
software awvailable

Post K, L, M, simulation data for ground station
processing testing {not for spectral evaluation)

8.5 Scheduling and hrchlvlnq

Standard data archive

Data Exchange format, encourage the development of a
flexible standard, including a standard P.C. image
format.

NOoRRA-K, L, M split channel switching by programme not
terminator.

] Foughlo

H J HGUGHTGN

Manager
Remote Sensing Applications Centre

6th December 1989




Report on the 2nd AVHRR Internaticnal Werkshop
Barilacha, Argentina
No?gmbe: 27 - 29, 13989

Highlightl

l. The goals of tha meeting were: ta} raview the current AVHRR .

status and launch schedule, (b) discuas AVHRR navigaticn and
calipration, (i) discuss AVHRR data reception, procasaing,
cperational products, and archival, (d) sxamine PC image
ptocessing technology, and (e) reviaw NOAA-X,L,M and AMRIR.

2« The Latin American Society of Remote Sensing Specialists
(SELPER) sponsored the workshop. ' '

3. Bixteen invited pa:ticiranta attended the meeting,
reprasenting Australia, ths Eurcpean Space Agency, Ar?tntina;
Geological Burvey, Louisiana State University,

Chile, thae U.8
the University of Nabraska, NASA, and NOAA. -

4, To impra?:lthl AVHRR navigation, the internaticnal users
requasted NESDIS identify tha best sphameris model and use it.

5, Tha international users recommsnded NESDIS update the
ephemaris dataldaily and distribute this informatien via the
Electronic Bulletin Beard or by facsimile machine.

6. The NOAA=ll AVHRR post-launch calibration information is
nseded by the user community. It has been over a year since the
launch of NOAA=1l, but this information has not been distributad
by NESDIS, | :

7. The inteznition&l users recommended NESDIS prapare a map with
addresses of HRPT ground stations. The users fslt this would aid
NESDIS in distributing information affecting the ground stations
and raeceiving fhtdback from HRPT xtations.

8. Simulated AMRIR data will be neaded by the users to evaluats
the impact of the new Zormat on data procassing at HRPT stationa.
9,  The intearnatiocotial users racommended the NOAA-K,L.M

3.8 micrometer (channal be laft on at all times for the mornin
satellites, instead of being turned off for the 1.6 micrcmeter
channel during |daylight hours for snowmapping. The usera nased
the 3.8 micromstar channel for fog detection, Zire mapping, and
minegral sxploraticn, Eince the snowmapping would be dene using
the aftarnoon satallita, the users 8o not see the need for
turning on the 1.6 miorometar channel for the morning satellitas,
sxospt in the qnln cf a #ailura of tha afterncon satellite.

T

| 2

10, With the new emphasis on using satellitavdata to suppert t
global change grogram, the users recommendsd AVHRR data Egt =
continuity be maintained throughout changes in the NOAA polar
gatellitea program, ,
1l. The Scuthrﬁmlrican AVHRR users want Hﬂ&h-ta know ti '
conslder the TIROS-N matellites to be the “poor pncplsz?.y
satallite." Bacause of NOAA's open access to AVERR data, many
gouth America countries ars abls to jein the international

community in daveloping satsllits produ
B oenties. - Ping sa ilite p sducts to support their

12, The intnrg&tinnal ugers bellave with SPOT and Landsat feas
increasing, more countriem will be turning to AVHRR data for
theiz remote senaing needs, ’

Actions Taken or Planned
|

The mestinyg participants asked the NESDIS Product Ovarsight
Fenels to address the following items:

1, Determine bast ephameris model Zor - AVHRR navigation.
Acticn: Navigation Oversight Panel '

2., Determine if a digital TBUS. archive from 1378 to the presant
can be creatad, - '

Action: Navigation Oversight Panal

3, Datearmine i& dally ephemeris data can be put on the
Elactronic Bulletin Board, _
Action: Navigation Oversight Panel

4. Determine i: sttituda in!crmjtion is in tha lavel 1B dats.
Action: Navigation Overaight Panel

5, Publish and distribute NOAA-11 podt~launch calibration
information.

Action: Calibration Oversignt Panal

|
In addition, the participants raguested NESDIS addrsss the
following imszug; .
. |
l. Create 2 map and addrass liast of HRET stationa.
Action: NE;DIS Data Collection and Distribution Branch

Hichasl Mataon ﬁuo&a) will provida ltaﬁus reporta o the meeting .

Participants on the actions listed abova,



. 3 |

Although this meeting was somewhat smaller than the

lst Intarnational AVERR Workshop, the snthusiasm of the
participants about the valua of AVHRR data was just as great.
NOAA has trsmendous international support for its open access to
AVHRR data;, and if thay ever need support for ths program tha :
international community would quickly respond. Bouth America is
using AVHRR data but locks to NOAA for further technical aupport,
Chile has a robust AVERR program supporting their fisherigs
Program and Braell is using AVERR data for operaticonal fire
monitoring in support of deforestation evaluations,. Argentina's
program 1s primarily aesociated with meteorologieal support,

They de have a| PC image processing system and the NESDIS’
Intaractive Processing Branch will be sending them a copy of the
IDIDAS softwars so they can use AVHRR data on it, 'The President
of BELPER asked how the Scuth American countriaes could rsceive
AVERR technical support from the United Btates. Michael Matson
suggestad thny|contact the NESDIS International Affairs Office
for 1n£ornatin? about Science and Technology exchange agrsements,

Australia is aotively involved in many applications of AVHRR data
including geologic mapping, volecanic ash detsction for aviation
warnings, land |surface temperatures, £ire hagards, precipitation,
vegetation monitoring, and sea surface tenperature atudigs. Ths
U.8. Geological Burvey is working with firs fuel loading uaing
the vegetation index, vagetation menitoring in Africa #or locust
outbreaks, and supporting river basis snew mapping in North
Amsrica, Louisiana State University is using the AVHRR sea
surface temperature data to support oll operatiens in the Gulf of
Mexico and for studying sediments in the dalta area of the
Migsisaippi Rivar. The University of Nabraska is using the
vagetation index for climate analysis, BESA is active in AVHRR
data archival, data exchangs methodologias, and Zuropean and
African HRPT station networking and coordination.

Copies of NOAA information on the current NOAA polar satellites,
NOAA=X,L,M, and the NOAA "free flyer" pclar satallites is
attached to this repert. 5
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 CURRENT POLAR-ORBITING SATELLITE INSTRUMENTS

||J
><IE~ Advanced Very High Resolution moamoimﬁmq

HIRS - High Resolution Infrared Sounder
| mw: m#gcmbrmao Sounding Unit __
MSU - : Microwave Sounding Unit 1

mms Space Environment Monitor

ERBE - Eorth Radiation Budget Experiment |
SBUV - Solar Backscatter Uitraviolet |
b DCS - Data Collection System (ARGOS)

| - | USAR-- -$earch-and mmmn:m GARSATY " = - === [

® NOAA-D (AM)  FEBRUARY 7. 1990

® NOAA-I (PM)  APRIL1991
e _m,,_o>>...._ 9_5 SEPTEMBER 1992

® NOAA-K M) NovEmEER 199
© NOAA-L (AM)  APRI 1995
® z__0>>..z_.. (PM)  JUNE 1996




PROPOSED POST NOAA K.L.M PROGRAM

i . ZO>>,_3 continue afternoon Metsat service with a NOAA-N |

(same as NOAA K,L,M) and a ncsumﬂma new series
_8@_::5@ at zo_p} 0.

®  Europe to assume ..mmﬁo:m_ca_@ for morning Metsat service
with mno_u series in 1997.

® - NAGA _o assume responsibility for Qm._a_ov:_mi of
uaﬂcgum operational instruments on z_uo_u.

'~ @®  NPOP's, EPOP's, mzn_ "NOAA-O" series to have ﬂm:amaﬁma
: . _=m===,_m:~ interfaces.

NOAA K.LM POLAR-ORBITING SATELLITE INSTRUMENTS

AVHRR/3 - Advanced Very High Resolution Radiometer
HIRS - :_@: Resolution infrared moc:aoq
"AMSU >. B - Advanced Microwave moz:ﬂ.:@ Units
SEM - Space Environment _So:_—n: | -
_9BUV_- Solar Backscatter- C?QSOET_ ST

DCS - Data Collection and roonu:o: meﬁfm_: (ARGOS)
SAR - search and Rescue Am}_w@pd

\,

™
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SQUNDING .
o INCREASED spm:az. RESOLUTION FROM 21.0 KM TO 3. 75 K (MORE

SYSIEX .
& REPLACES TWO INSTRUMENTS WITH ONE (!'HLEE AND PGWER}

0 DE’SIGHED FOR FOUR YEAR LIFETIME V5. 2 YEARS FOR AVHRR/HIRS

o EPECIFICLLI!H DESIGNED FOR FLIGET ON NEXT GENERATION BPECECH&FT

et
»
T

IMAGING
o zncmzn s]pnm RESGL‘EJ‘TIGN FROM 1100 METERS TO 800 nz:mns
o VISIBLE CEA|RI#EI: CALIERATION FOR Qumzm*rzvz APPLICATIONS

© UPGRADED BLACK BODIES FOR IMPROVED THERHAL ClLIBR&TION

|
o DEDICATED CHMINELS FOR FIRE DETEGTIOH AND SNOW/CLOUD

DESCRININAT IOH :

o AN ADDITIOH&L CHANNEL FOR SBT DETMRLTIDH CSPLIT WIHDOH AT 3.8

EICRON) o
(v IHQREAEEB RADIEHETRIC: PRECISION FROM 11'.'! BIT TO 12 BI'I.‘ { IH?RO?ES

SENSITIVITY FOR AEROSOL, RADIATION BUDGET, -AND 88T DETERMINATIONS)
|

CIQUD FREE RETRIEVAES}

& INCREABED RETRIE?AL YIELD A.HD hCCURﬁEY IN PARTLY CLQ!JDY "EEGIUHE _

o IHCREASED WINDOW CMEL CAE'ABILITY
© INCREASED GEOGRAPHIC COVERAGE (FROM 49 DEG E*‘.".AH TO 5§ DEG)

[ : .
© ABSOLUTE COTLLIGHHEHT WITH IH&GING CHANNELS
DESIGNED FOR COREGISTRATION WITH AMSU FIELDS OF VIEW { PRECISELY
GNE QUARTER AHEU-E Fov) .

© ITT AND WESTINGEOUSE HAVE_-DEV'EL-QPED PHAEE B DESIGNS

©  ALLOWS FOR -RECOMPETITION OF IMAGER/IR SOUNDER RATHER THAN
CONTINUING PRESENT SOLE SOURCE ARRANGEMENT
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CQHPLETEDLBY AEROJET GENERAL CORP., JUNE 1589

.- | -
GOMR'STUBF COMPLETED BY HONEYWELL/PERKIN ELHER; HAY 1588

ANSU-A STUDY ON MODIFICATIONS FOR UPPER ATMOSPHERE SOUNDINGS

AMRIR PHASE A/B STUDIES TO BE COMPLETED BY ITT AND

_ HESTIHEHOFSE. OCTOBER- 1989
- ADVANCED HRPT STUDY COMPLETED BY ORI CORP., JULY 1989

(NESDIS TFCHNICAL MEMO #45) '

BUDGET SUBMITTED FOR FY91 PHASE C/D START FOR COMMON
INTERFACE| INSTRUMENTS FOR EPOP, NOAA-N "CLONE", NEW

- NOAA-O SERIES, AND SUPPORTING GROUND SYSTEM

SEPT 89
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ADVANCED MEDIUM RESOLUTION IMAGING RADIOMETER .-
T U MRIR)
_ - James €, Fischsr
' J Advanced systams Division
Natlonal Environmantal Satalllts, Data and Informatien Bexvioe

Tha AMRIR has besn specified and designad to raplace and improve
- the  Advance Very High' Resoclution Radiomater (AVHRR) and the Righ
resolution Infrared Radiometer Hounder (HIRS). . The AMRIR contains

tha sixz spactxal| channels. that wers contained:in.the AVHRR, NOAA

Xy L, ¥ verasion, :mm{z with scma miner  adjustmants to. ths
spectral bkands. | In add ’:'.fun to the six AVARR channels that ars

contained in the AMRIR, -thera have baan added thras sounding .

channels, a total ogona channel and an additional sea surfaces
temparatura channal. Simulation of sounding deta has shown that
this :nmhina.tiunlo:‘. channals, when combined with tha twenty AMsU
channels, offar a seunding acocuracy that is comparable to tha
HIRS/AMBU combination on NOAA X, L, M sarias. ' :

Tha spectral 6hirn=tlriatian of tha AMRIR are as .' tnliuw-u

CHANNEL ~ CENTER FREQUENGY - EB0% RESPONSE BW 84X
" 655,0 2,0 nu .. 8BEB.0 1,0 nm 1012
I . (875,0 1.0 nm :
a- . 855.0 £2.0 hm . 840.0 %2.0 nn 1011

. 870.0 %3.0 nm

3 . 1.6 £0,01 micren  1.88 #0.0L micren 201l
1 o - 1.64 £0.01 micren

 Total 50% BW 38 em™ > 0.2°K

Total 50% BW 18 em™> 0.3'XK
Tokal B0t BW 15 em * 0.2°'K
1

Total 0% BW % om

4 1e£u-£4.o'um‘1
5 2310 4.4 om™t
& | :25%'ii.4 em”*
¥ 735.5 1.8 em™ -
8 " 3.72 £0.06 micren
e - 3.83 £0,08 nlcoren

9 " 4,01 *0.08 micron 3.92 £0.08 micron 0.1'K
i 4.10 20,08 mioron .

10 10.8 20,06 micron 10,30 £0.08 mioron 0.1°'K
L O '11.30 *0,06 mieren
11l : 12.0 %0.06 micron  11.80 #0.08 micren 0.1°'K

12.50 %0,06 mizron

0.2'K
3.83 £0.06 mioron  0.1°'K

vhm
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Tha inltlﬁﬁﬁhtaul £iald~of=view (IFOV) at nlﬁir—farfuhanhti; « Jjh i;---

3, 8,-9, 10 and 11 is 800 meters., The signal-to-noiza spacified

for thesa channals 1a for the 800 nmater IFQOV. Tha IFOV- for.

| channels 4 through 7 is specified at 3,75 Xn. Tha.3.75 Xka IFOV for

channela 4.through 7 i= darived from tha rsgquiramsnt that tha AMRIR
IFOV ba ona fourth the IFQV of the ANSU=BE. .The signal-to=nolse for
channaels 4" threugh 7 is bassd on a 3,75 km IFOV. - .

The saelection’ of the spectral bands, IFOV and signa.-to=-ncise was .
pasad on the follewing rsquiremants Zor the various channels:

- fﬁnﬁuaﬁs derived freom. thisz channsl inglude visihla
imaging products such as cleouds, snoew, lea, vegatatison, hydrolegy,
wvatar and floods. Quantitatlve products includs ZFarth radiation

pudgat and aarcsols. This channael is a raplacament for tha AVERR

ehannal 1 with| tha spectril bandwidth being narrcwar to provide
bettar information on aerasols. ' : .

| ﬁ.mmj.__l? = Products derived from this channel 'inﬁlud; .?ilibll
a

ging products such as clouds, snovw, lee, vegetation, hydrolegy,
vatar and floods. Quantitative products, include Earth radiation
budgat and zeresecls, This channal 15 a replacamant 2a¥ the AVERR
channel 2 with the spectyal bandwidth baing narrewar to provida
batter information on asrosols and +to /' avoid - watsr vapor .
contamination frem tha watar vapor line at 250 nm,

Id. mﬁ—-l ' -‘ Purposs of this chanmel i  for snow/cloud

il:_:: im.tian.i Channal is identical te channal 3A on the AVHRR/2,

1 4 = Total Ozone monitering channsl, Carzycver frem the

HIRS and ‘is equivalant o channel & of the HIRS., Srovidas ozone

éniamtinn in '|hh- infrared regicn that ia not available Zrom SEUV
ata. : : _ _

ghannel ¥ - Atmospheric sounding channal.' Equivalent XTIRS channel
is 14, This channel is used in conjunetion with channels 4, &, 7
and the windew|channels 8, §, 10 and 11 to previds atmeapheric
soundings, |- . : : o

- 1 ,
Shannel € - Atmeospheric sounding channsl. Egquivalsnt HIRE channsl

is 15. This channel iz used in conjunction with channals 4, 5, 7
ind thae windcw|ahsnnnls 8, 9, 10 and 11 to previds atmospharic
icundings. : _ - - :

Channel 7 = Atmospharic seunding channel. No egquivalant HIRS

channel. This channel was salactad to provids maximun in!nmlti?n

and high accuracy with minimum spectral xegions for atmospheric

tounding. This |channael is used in conjunctien with channala 4 :{ 7

§ and the windew channels 8, 9, 10 and 11 to provide a sounding
| ,
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pr’"nduct which [is of hi nr auuurlcy thun tha HI.‘as,r‘HstI cembination

.on pre=NOAA K-era aatellitas. 'The combinaticn .of AMRIR/AMSU

provides tamphraturn Iaundings aeﬁparnhu to, that’ of EIRS/AMSU

cembination.- |

- - ﬂindcw ¢hannnl used for reasuring sea —auzzan
tamperatura and temparaturas sounding.

~acouracy of 0.5'K." Equiwra.lent chmndl on AVHRR/3 ‘wam 3B,

Channel 9 = |Window channel’ used for measuring sea muriace -

tampsrature and tampsraturxe scunding., This is & new Shannal and
thers im not an e:g.liva.lln* channal 'oen ths AVHRR/23. This channel
" was added to :p:wi

nfE'Kf

- - Window channal used far -nfrarld maqinq, sea surface
L - tmparatu:a, tazparaturs sounding and nighttim clouds, Equivalant
channtl en AVHRR/3 was channel 4. - .

= Windew channal used for _nrrand imaqinq; sea surfaca

‘Channel 11
- tempsraturs, tamperaturs ssunding and nighttima alaudl. Equivalsnt
channal en the AVHRR/3 was channel B.

The AMRIR has bsen spacifiad ta improva the aw:-nl:l. capubility of
- the AVERR and tha HIRS. Soma of tha majer additicnal bam:‘ ts of
tha AMRIR ars r; follow: -

-= Inersased imaging spatial "ualut en fron llﬂﬂl'ﬁi‘tlrl -1~
g00 mtlrl.

- Incrnsad radiomatric unlit vity, AMRIR will havs a l2-
it digital resclution varsus 10-bit for the AVHRR.

== Increased scunding spatial resolution from 21 Kilemsters

for tha EIRS %o 3.75 kilematezs for the AMRIR.

e Imprw;d tharmal ual.hntin-:.

- ?isihln cu:.ihratiun w:Lll ba available in tha AMRIR whersas
the Am had no vi:ihlu calibration. ‘

- }u:nnluta ccalignnent of imaging and sounding chanhals,

|
== Increassd sensitivity in the window channels for 0.1'K in
the AMRIR versus 0. 23'R in the AVHRR

-~ Increased gaeographic coverage for sgundings, AMRIR scans
aut to |55' f¥om nadir versus 45" for HIRS, '

. This channel, used in .
. conjunction with channel 5, will provids a sea surfaca temperature = =
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Nil 62483 12/12/89 1652 nizht J1 E 44500 0 T WA SATELLITE TECHNOLOGY AND APPLICATIONS CONSORTIUM
H49S Nil &273  13/12/8% 0659 39 | 4504 0 , - ——
- N1l 4279 13’1"“ 1641 night 26 E 4600 0 ' FINANCIAL STATEMENT: YEAR ENDED 31 DECEMBER 1989
H4D 4 N1l &280 /12789 1821 night 33U 4600 0 3P
Ni1 4287 14!12;9? 04649 48 W . 44600 0 ‘
W497 N1l 4294  14/12/89 1811 nisght a1 W 4500 0
N1l 4301  15/12/89 0438 &1 W 4400 O
H4E M11 &308 15/12/89 1B00 nidht 53 W A& 060 4] | HMHTENANCJEACCDUHT }_ 3
Nil 4315  1&/12/89 062 78 W 4600 0
WA Nil 6322  16/12/89 1749 nisht &5 W 4600 0 Balance as at 31 December 1988 65,756.00
N1l &329  17/12/8%9 0617 97 E 4600 O &
WS 00 N1l 6336 17/12/89 1738 nisht a5 W 4600 O
N1l 4343  18/12/8% 0406 5% E 4500 1
WSo1 M1l 4344  18/12/89 0748 14 W 4232 1989 Incom o
N1l 4350  18/12/8% 1728 night 29 B 4500 0 AR Leae e
Wtk Nl ednt  ABs12/89  1FLL nieny L 7740 1.1.1989 - 11.12.1989 (Previous Financial Statement)  12,927.00
' N1l &3357 1#/12/789 0855 a21..E 4500 { E\Eﬁjimaﬂe Pt}" Ltd 250.00
WS4 M1l 6358  19/12/8% 0737 17 W 4444 0 Newmont Aust. Ltd 230.00 13,407.00
N1l A344 19712789 1717 nisght 40 E 4&0G0 0 - 79,163.00
HE0S M1l 6345  19/12/89 1900 nisht 14 1 4322 0
N1l 4371  20/12/8% 0545 41 E 4600 1
WS04 M1l &372  20/12/85% 0724 22 W 4400 0 1F 1389 Expenditure
s e BOITY  EaNdeeR KAl RIS E Jere 1.1.1989 - 11.12.1989 (Previous Financial Statement)  18,988.34
HEe e e oot oL B T e i A Control Data - Equipment Maintenance (Jan - Mar 1390) 560.7¢
B N1l 4385  21/12/89 0534 32 E 4600 0 9F | Fiim Processing - December 1989 5250
Wave QL odfe  ElulEew ile 27 jo00 0 | Adjustment - Kokak Aust. Pty Ltd - Film (1.00)
oy AR ‘3333 ;‘21"’15"’93 Lan? sl 98 & fG00 0 | Receiver Licence Annual Fee 183.00
S0 i SRt e e e e Pt | Ccontribution for Attendance at second NOAA/AVEFRR
MS10 +  N11 4400  22/12/89 0704 14 W 0 0 3OF Conference 2 370.00 22 753.63
© N1l 4406 22712789 1644 night 0 E 4600 0 ' - H Houghton et e nsans
ME11 N11 46407 22/12/89 1824 nidght 29 I 4400 O
Ni1l 6414  23I/12/89 0653 43 W 4600  © Balance as at 31.12.1983 56,410, 3%
WE12 M11 &420  22712/B9 1434 nisht 24 E 4598 0
M1l &421  23/12/8% 1815 nisht 17 W 4600 0
4 -~ £ FEnEwl [ L]
HE ::ﬂ i:}i :iﬁii ;ic 1;:ﬁ nfeivk ;i 'i. iifgz g = N.B. Interest for second half of financial year will be determined when accounts
WS 14 N11 46447 qq,lmm 0:5'5: - 48 I 2500 0 have been closed down - Mid-March 1990.
N1l 8449 25/12/8% 1754 nisht 59 W 4600 O
HS1S N1l 6454  24/12/B9 Q&2 a2 4600 0 1F
N1l 4443  24/12/8% 1742 nisht 70 W 4600 0
WS16 N11 &47C¢  27/12/89 0&11 73 E 2500 0 Invoice Yet Pgid
N1l 6477  27/12/8% 1732 night Q7 4600 0
WE 17 jﬂf ::84 ngjlaﬂw 0400 LA 5o F_E 4530 ,E; Contribution towards Consortium on-going costs for
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MAJOR NT A T
Balance as at 31 December 7988

1989 Income

1.1.1989 - 31.12.1989 (Previous Financial Statement)

1989 Expenditure .

1.1.1989 - 31.12.1989 (Previous Financial Statement)
Adjustment - Microwave Link Purchase

Balance as at 31/12/1989

H s
28,789.90

14,982.53 14,882.53

43,772.43

42,374.00
_1,261.00  _43,635.00
137.43

N.B. Account for additional %1,291 recetved on 11/12/89 due to increase in cost

through US$ exchange rate fluctuatien.

EARTH SYSTEM SCIENCE CENTRE

1989 INCCME
1.1.1989 - 23.10.1983 (Previous Financial Statement)

1989 Expenditure .

1.1.1989 - 23.10.1989 (Previous Financlal Statement)
Jellore Technologies (Consultancy - Dr M G McCracken)

Balance as at 31/12/1989

N H Buckingham
ADMINISTRATIVE OFFICER
DIVISION OF ENGINEERING AND SCIENCE

8791K

3 3
10,000.00 10,000.00
3,365.65

_4,901.65

5,098.35

1,536.00

CURTIN UNIVERSITY OF TECHNOLOGY

APPENDIX 8

T10: Professor J de Laeter, BeuutvﬁvfféiﬁﬁiﬁtETTﬁﬁ
FROM: P J Perriam, University Auditomn:SiON OF FHEZNT
SUBJECT: W A SATELLITE TECHNOLOGY AND APPCICATIONS COI
FILE:

FT

An internal audit review of the above Cﬁnsbrtium has recently .been

completed. The period covered by the review was primarily 1 January
to 31 August 1989. .. _.__

o

2. AUDIT PE

2.1

22

2:3

The audit covered the activities of the Consortium relative to:

- the requisitioning and purchase of goods and services and
the resultant expenditure thereon;

- the raising of charges for services performed and follow up
to ensure that moneys due are received by the Consortium;

- the receipting, banking and correct accounting for moneys
received;

- project budgeting and costing;
- recording and secure handling of equipment items purchased:

- the provision of accurate and timely management information
to persons identified as having a need for such information;

- control of accountable forms:
- control of any change or petty cash floats held.

The review also examined the Deed establishing the Consortium to
ascertain that it is within the guidelines specified by Council
relative to Centres (Council Resolution C 8/86).

The review considered, relative to the Consortium, the
requirement for Centres to seek re-approval by Council within
five years of the date of initial approval.

AUDIT OBJECTIVES

To evaluate internal controls designed to ensure that:

goods and services are obtained which are of adequate quality at
an economic rate with such purchases receiving prior approval
from a delegated officer;

adequate charges are raised and collected for services performed
by the Consortium on behalf of bodies both outside and within
the University environment, in circumstances where it is
appropriate to raise and collect such charges:

all moneys received are correctly accounted for, promptly banked
and protected from theft or misappropriation:



..

- project costs are adequately budgeted and costed to provide for,
at a minimum, a breakeven situation;

- project expenses are expeditiously and correctly recorded
against relevant projects;

- equipment items purchased are adequately recorded and securely
-~ - held against loss or misappropriation;

- accountable forms are adequately secured and accounted for and
utilised correctly;

- petty cash and7or change floats are held securely, adequately
accounted for, and utilised correctly;

- relevant and accurate management information is provided to
persons requiring such information, in a timely manner;

- the five year re-approval review is conducted in a timely manner
and is supported by accurate and relevant data in the Council
approved format.

4. AUDIT FINDINGS AND RECOMMENDATION

4.1 A summary of audit findings and recommendations for action
appears at Attachment 1.

5. CONCLUSION

5.1 In general, adequate financial controls are in place to
facilitate the efficient operations of the Consortium. However,
adoption of the audit recommendations should assist in improving
financial control and management of the Consortium in addition
to ensuring compliance with the requirements of the Deed and
University policy.

6. Your comments on the internal audit findings and recommendations,
together with details of corrective action taken or proposed, would
be appreciated please by 22 September 1989.

7. The cooperation and assistance of Assoc Prof M Lynch and
Mr N Buckingham during the conduct of this audit was appreciated.
Both officers have been advised previously of audit findings.

G >

eqTam
P J Perriam
UNIVERSITY AUDITOR

Copy to: Assoc Prof M Lynch, Applied Physics
Mr N Buckingham, Admin. Officer (Engineering & Science)

2897r
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f 2T A FPLAWULNgY AL REVAMMENUA T LUNY

AUDITABLE AREA: WASTAC FINAL REPORT ISSUED: Sept. '89 AUDITABLE AREA: WASTAC FINAL REPORT ISSUED: Sept. '89
FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS *A AM CARI CR FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS *A AM CA RI CR
1. COMPLIANCE WITH DEED
o RECOMMENDATION:
FINDING: 1.2 The University request that the Consortium provide an
. annual report, including an audited financial report, for
To date it appears-that the Consortium has not complied with the each year ending 31 December. Such report to be provided
following clauses ©f the Deed between Consortium members dated in sufficient time to enable inclusion in the University's
24 January 198X 9 : internal Annual Report. This would then provide compliance
. with the University's policy on reporting by Centres (E&GPC
1.1 Clauses 7 d) and 18 e) - appointment of an auditor. Doc. No. 4502/86 (Clause 6.5) of 17 February 1986 refers).
1.2 Clause 18 f) - preparation of an annual report
1.3 Clause 18 h) - preparation of an annual budget. [N.B. EGPC Doc. No.4535/88, headed "Status Report on
Centres", dated 13 July 1988 indicates at Attachment 1 that
the Consortium is a Centre at Curtin Universityl.
EXPOSURE : _
1.3 The University should request that th
1.1 Management of the member organisations will not have the an annual budget in accogdance wighttﬁeCEgzgrtium prepare
assurance that financial statements prepared on behalf of
the Consortium present fairly the financial position and The budget for the upcoming year should be agreed by
the results of operations of the Consortium. members of the Board of Management at one of its meetings
in the last quarter of the current year.
1.2 Management of the member organisations may not be kept
appraised of the operations and activities of the
Consortium nor of its financial position and results of
operations over the year covered by the report.
1.3 Financial planning for the future operations will not be
facilitated.
RECOMMENDATION:
1.1 The Consortium appoint an auditor to review the annual
financial statements prepared for the Consortium and
provide the necessary audit certificate.
Whilst the financial statements are prepared at Curtin
University it may be appropriate for the University's
Internal Audit department to provide that service. That *A - Accepted AM - Accepted with modification
department is independent from University representatives RI - Rejection Inappropriate CA - Consideration Accepted
on the Consortium Board of Management and the officer CR - Consideration Rejected
prepdaring the financial statements.
*A - Accepted AM - Accepted with modification

RI - Rejection Inappropriate CA - Consideration Acgepted
CR - Consideration Rejected



SUMMARY QF FINDINGS AND RECOMMENDATIONS

AUDITABLE AREA: HASTAC FINAL REPORT ISSUED: Sept. '89

FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS *A "M CA RI CR

2. MEMBER CONTRIBUTION

FINDING:

pr WP

"all costs expenses and outgoings both of a capital or
revenue nature shall be borne by the parties hereto in
equal shares".

This is effected by each of the four member organisations
of the Consortium making an agreed contribution (equal for
all members) to the Consortium on an annual basis.

2.2 As at August 1989 it was noted that the following
contributions for 1988/89 had not been made:

- Bureau of Meteorology $15,000
- CSIRO 15,000
- Dept. of Land Administration 8,000

2.3 Also at that date fees for 1989/90 had not been agreed to
by member organisations.

EXPOSURE:

There may be insufficient funds available to meet the ongoing
operating costs of, and capital purchases desired by the
Consortium. [Appendix A gives an indication of the financial
position of WASTAC as at 28.08.89)]

RECOMMENDATION:

2.1 Every effort be made to ensure that outstanding fees for
1988/89 are paid in a timely manner.

2.2 Fees for 1989/90 be established during, or as a consequence
of the budget setting process mentioned at recommendation

SUMMARY QOF FINDINGS AND RECOMMENDATIONS

AUDITABLE AREA: WASTAC FINAL REPORT ISSUED: Sept. '89

FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS *A AM CA RI (R

3.- EXPENDITURE IN EXCESS QF $10.000

FINDING:

3.1 Clause 17(¢a)(i)(A) of the Deed requires a unanimous

decision of the Board of Management for expenditure in
excess of $10,000.

3.2 A review of Board minutes for 1988 and 1989 did not provide

evidence of such unanimous decision for the purchase of the
following item:

M/A - Com MA 23cc 23 GHZ One way Video Link $19,044.00
Voucher 28316 )

Requisition for Purchase 385629 ) refer
Purchase Order 17235 )

EXPOSURE:
Should a unanimous decision not have been reached or not have

been suitably documented, one or more Consortium members may

argue that they have no obligation to contribute funds towards
the purchase cost.

Unsuitable items may be purchased.

RECOMMENDATION:

Board of Management minutes should adequately document decisions
as required by Clause 17(a)(i).

1.3.
*A - Accepted AM - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Accepted

CR - Consideration Rejected

*A - Accepted AM - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Accepted
CR - Consideration Rejected



SUMMARY OF FINDINGS AND RECOMMENDATIONS |

——

FINAL REPORT ISSUED: Sept. '89

——

*A AM CA RI CR

—_—

AUDITABLE AREA: WASTAC

FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS

4. REVENUE
FINDING:
4.1 Clause 6(a)(vii) of the Deed provides that Curtin University shall

"carry out all administrative financial and reporting
obligations of the Consortium®.

4.2 In effect this has resulted in the University

a) maintaining a cost centre for the Consortium on its general
ledger (i.e. 1198);

b) raising purchase requisitions/orders for all purchases requiring
same;

c¢) preparing allonges/cheque payment vouchers and processing
payments through its expenditure system; and

d) preparing a monthly financial report to the Board of Management,
via the Administrative Officer (Engineering & Science).

4.3 However, invoices are raised by the Secretary, WASTAC on WASTAC
letterhead stationery. Such invoices are not serially numbered. No
action is taken by the University until payment is made to the debtor
and a receipt is issued by the Central Administration Cashier.

EXPOSURE:

Whilst the number of invoices raised in any year is small (i.e. 1988 (6),
1989 to August (8)),outstanding invoices could be lost sight of and moneys
not received.

RECOMMENDATION:

The Consortium give consideration to having invoices raised via the
University's computerised accounts receivable system. This would have the
benefits of:

a) providing interest credits to the Consortium from the date the
invoice is raised, rather than from the date cash is received;

b) a regular reminder to the debtor via issuance of a monthly statement;

c) follow up of long standing debts (i.e. over 60 days), with use of a
debt collection agency if considered necessary; and

d) having all transactions for expenditure and revenue processed by the
University.

*A - Accepted AM - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Acgepted
CR - Consideration Rejected

SUMMAKY UF FINULNGS AND RECOMMENDATIONS

AUDITABLE AREA: WASTAC FINAL REPORT ISSUED: Sept. '89

FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS *A AM CA RI CR

5. EARTH SYSTEMS SCIENCE CENTRE

FINDING:

5.1 An amount 0of-$10,000 has been provided b
~¥10, y the Technolo
and Industry Development Authority (TIDA) for consu]taggy

work associated with the proposed ;
above Centre. Rrop establishment of the

It is understood that to date no formal agreem
ent bet
WASTAC and TIDA has been tabled at a HASTEC Board meezggn.

but that a response from TIDA to a pro g
been received. proposal by WASTAC has

EXPOSURE:

Terms and conditions associated wi .
be adhered to. with the $10,000 funding may not

RECOMMENDATION:

5.1 As far as is practical terms and conditions i i
: associated with
the funding should be formalised and should incorporate:

a) the end result or product that TIDA expects from th
e
consultancy (e.g. reporting requiremen%s);

b) any time constraints for production of the report:

€) any requirements for reporting on the expendit
funds and auditing thereof, and P ure of

d)  any requirements as to how the funds are to be spent.
5.2 Adequate records will need to be maintained by the

University to ensure that expenditure against the T
funding can be readily determined. : ° TR

*A - Accepted AM A cer i
- : . - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Accepted

CR - Consideration Rejected
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SUMMARY QF FINDINGS AND RECOMMENDATIONS

——

AUDITABLE AREA: FINAL REPORT ISSUED: Sept. '89

WASTAC

—

*A AM CA RI CR

—

FINDINGS, EXPOSURE, RECOMMENDATIONS, MANAGEMENT COMMENTS

6. ~EQUIPMENT

FINDING:

6.1 Equipment Item No. 13588.00 Computer System Satellite
Tracking Station, and accessories, is recorded on an
Equipment List dated 01.09.89 for Cost Centre 1010 sub
centre 01 (WASTAC) as being located in Building 204, Room
500.

From discussions it is understood that the computer system
has been transferred and is now physically located at the
Bureau of Meteorology.

6.2 It is understood that an assets register format for the
Consortium has not been assembled to date.

EXPOSURE :

6.1 Inaccurate management information. Difficulty may arise in
locating the equipment at the time of the annual stocktake.

6.2 Difficulties in complying with Clauses 7(a), 21 and 22 of
the Deed.
RECOMMENDATION:

6.1 The Equipment List be updated to reflect the current
location of the computer system.

6.2 An assets register for the Consortium as a whole be
developed and implemented as soon as possible.

*A - Accepted AM - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Accepted
CR - Consideration Rejected

SUMMARY OF FINDINGS AND RECOMMENDATIONS

AUDITABLE AREA: WASTAC

FINAL REPORT ISSUED: Sept. '89

FINDINGS, EXPOSURE, RECGHHEHﬁATIONS, MANAGEMENT COMMENTS

*A AM CA RI CR

7. MONEYS FROM CSIRQ

FINDING:

7.1 Prior to Curtin University taking over responsibility for
purchasing/expenditure on behalf of the Consortium that
activity was undertaken by CSIRO utilising the initial

amount of $319,996 provided by Consortium members pursuant
to Clause C of the Deed (page 2).

7.2 On 20 July 1988 the CSIRO provided a statement of
expenditure and receipts (copy at Appendix B) indicating
that $22,688.54 was available to the Consortium and would
be transferred to the Curtin University Account.

7.3 On 7 December 1988 an amount of $28,789.90 was received
(Receipt No. 301052) from CSIRO with a covering letter
(dated 22.11.88) indicating that it represented the balance
of funds from the CSIRO account "NOAA Satellite Receiving

Facility". No statement as to how that figure was arrived
at accompanied the letter.

7.4 The Board of Management minutes of 3 March 1989 indicated
at clause 2.3 that

“an amount of approximately $33,000 is to be
transferred to the WASTAC account from CSIRO".

7.5 On 15 March 1989 an amount of $14,982.53 was received
(Receipt 4181) from CSIRO. Again there was no accompanying
statement to indicate how that figure had been arrived at.

EXPOSURE:

Inability to ascertain that all funds due to WASTAC from CSIRO
have been transferred to the Curtin University account.

RECOMMENDATION:

CSIRO be approached to provide statements in support of their
payments of $28,789.90 and $14,982.53 to WASTAC.

*A - Accepted AM - Accepted with modification
RI - Rejection Inappropriate CA - Consideration Accepted
CR - Consideration Rejected
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APPENDIX A

W A SATELLITE TECHNQLOGY AND APPLICATIONS CONSQRTIUM

RETAINED FUNDS

" e et

$
Retained Funds 01.01.89 94,546.35
Less: Expenditure to 28.08.89 28.811.74
65,734.61
Plus: Revenue to 28.08.89 34.749.14
100,483.75
Less: Major Commitments
a) Order 21688 522,3OD
b) Possible Sun System Order 90.000 112.300.00
$(11,816.25)
Plus: 1988/89 Fees Outstanding 38.000.0
$26,183.75

..184 St George's Terrace

APPENDIX 9

DEVELOPMENT AUTHORITY
OF WESTERN AUSTRALIA

170 St George's Tenmace.
Perih. Weslemn Australic

Mr Henry Houghton

Chairman

Western Australian Satellite Technology
Applications Centre

c/- Remote Sensing Applications Centre

Posial Address
Box DI6Q, GP.O., Perth,
Westemn Austrciia 4001

Telephone: (09) 327 5555
Telex: AADASE]

PERTH WA 6000 Facsimile: 327 5542

Dear Mr Houghton

I refer to WASTAC involvement in assisting Curtin University
with a proposal to establish a NASA Earth System Science Centre
(ESSC) in Perth as outlined in a letter from Mr Geoff Bebb,

Chairman of the Geographic System Technology Institute, dated
June 14, 1989.

TIDA has approved $10,000 funding of a consultant to develop a
ESSC proposal for Curtin University. This funding is based on
attaining financial contributions from other relevant agencies
including CSIRO and DOLA.

I understand that you have agreed to WASTAC and TIDA joint
development of:

terms of reference;
. a process for selection of a consultant; and
. appropriate progress briefings by a consultant.

A chegue for $10,000 will be forwarded to you shortly to be
used for develcpment of a ESSC proposal.

I look forward to further development of this initiative.

Yours sincerely

_,"’
/l"f.-
- o 7 7
'I..I" .ur‘\ . /I
MR REECE WALDOCK
DIRECTOR, TECHNOLOGY DIVISION

June 16, 1989

Enc.
ka02679:mj



T OWASIAC

Westermn Australian Satfellite lechnology and Applications Consortium

Postal: The Secretary, WASTAC

C/ Remote Sensing Applications Centre
8th Roor, Jardine House

184 5t. George's Temace

PERTH wWa 6000 -

Tel: (09) 323 1520 Fax: (09) 321 8576
Telex LANDS AA93784

V52 i
N

Dr Ken McCracken
15/1 Elamang Ave
KIRRIBILLI NSW 2061

Dear Ken,

EARTH SYSTEM SCIENCE CENTRE PROPOSAL (PERTH)

As discussed, I

have put together some thoughts for further
discussion.
Background:
The State Government through the Technology and Industry
Development Authority (TIDA) and the West Australian Satellite
Technology and Applications Consortium ((WASTAC)) have funded a
study

to examine the feasibility of establishing an Earth System
Science Centre (ESSC) in Perth Western Australia. The ESSC

concept was developed by a USA National Aeronautice and Space
Administration (NASA) Committee who:

- reviewed the science of the

Earth
system of interacting components

as an integrated

- recommended

an implementation strategy for global Earth
studies

- defined NASA's role in such a programme of Earth System

Science.
As part of that Committee's recommendations it was acknowledged
that any programme must

be part of an effective international

collaboration in Earth remote sensing systems and other research
activities. More specifically ESS aims to use global
observations, new Space technology and quantitative models tgo
probe the complex, interactive processes

of Earth evolution ang

global change. Further, the ESS Committee identified that
research for the global future must include world wide
observations, documentation

of Global Change, predictive models
to anticipate future globe trends and the assembly of

information necessary for effective decision making to respond
to the consequences of global change.

P 1

¥ Ao i
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TRY
TECHNOLOGY & INDUST

DEVELOPMENT AUTHORITY
OF WESTERN AUSTRALIA

170 S1L George's Ternace.
Perh. Westemn Australia

Chairman

TAC . ) )
iﬁi Remote Sensing Application

Centre (RSAC)

Jardine Housel
184 St George's Terrace

PERTH WA 6000

Dear Henry

i : e from
As previously acknowledged in correnpondenc

i tor
eece Waldock, Direc ;
?gag, please find attached a cheq

esta
consultant to develop a propo§alPZz{h.
System Science Centre (ESSC) 1in
This is conditional up

the terms of reference;

i ultant;
a process for selection of a cons ;

stal Address
ng DI&C. GPO. Perth.
western Australia 6001

Telephone: (O9) 327 5355
Telex: AAP458]
Facsimile 327 5542

' Division on June 16,
TEChHOll%gr $10,000 funding for a
o blish a NASA Earth

TIDA and WASTAC joint development of:
on

iefi sultant
appropriate progress briefings by a con

I will contact you shortly to furt

Yours sincerely

Mr K Anthonisz
SENIOR PROJECT OFFICER

Jl.l].j!r 25, ]:989
ka02766:mj

her develop this initiative.
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WASIAC

Westem Australion Satellite Technology and Applications Consortium

Postal: Telephone

The Secretary, WASTAC (09).387 0236
C/oCSIRO Telex AMQ2178
Private Bag, PO. Fax: (09) 387 6046

Wemibtley: 014 WA

Dear Reece,

EARTH SYSTEM SCIENCE CENTRE (ESSC) CONSULTANCY

The development of a NASA accredited ESSC in Perth as part

of

the Remote Sensing Industry Development and Education Centre
(WARSIDEC) has been discussed with a number of interested

organisations and some progress towards implementation

has
occurred. To date, terms of reference have been defined,

a

strategy outlined, a consultant identified and detailed scoping

documents prepared.

The criteria for selection of an appropriate consultant included

exXxtensive knowledge of the aerospace industry, proven record

in

national and international science and technology forums and a

high profile in space science.

Dr K McCracken, former CSIRO

Chief, former director of COSSA and member of the Australian
Space Board has agreed to undertake the consultancy, to address

the following terms of reference:

- To define the scope of the proposed ESSC and its overall

crganisation

- To identify the level of USA/NASA commitment to the concept

of ESSC's and their expectations of international ESSC'

particularly Wester Australia.

s L

< To outline the social and commercial benefits that will

accrue to Western Australia and Australia through
establishment of a Perth ESSC.

the

= To develop a strategic plan to establish a State, National
and International 1lewvel of commitment and support for a

Perth-based ESSC.

- To define a three vyear implementation Budget including

respective contributions (financial or otherwise)
establishing and operating an ESSC in Perth.

YeASTAC memibers

Bureou of ivietecrcio GPC 30w 1235 Melboura Lo A0
Western Sustrgtion Deportme ot long Actmirsstaty e dddne Sis sa
B2 S Zrae s lemmze Pert L4 w00

R e s e T Ty
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Page 2

Initial scoping documents addressing the terms of reference are
being prepared by WASTAC members and Dr McCracken as the basis
for discussions proposed for September 20th - 22nd in Perth.
These meetings are to be arranged as both briefing sessions for
senior industry and Government personnel, and as information

gathering workshops to prepare detailed documentation for
national and international lobbying.

Perth groups to be contacted include TIDA, Curtin University,

" Geoscan, respondents to the WARSIDEC proposal, members of the

Geographic Systems Technology Institute, CSIRO and the Bureau of
Meteorclogy.

Subject to your concurrence, the Consultant can be appointed and
the meetings suggested convened. Preparation of a detailed
document addressing the terms of reference is anticipated to be

completed by September 29th. 2 progress report will be supplied
at that time.

I have attached copies of WASTAC correspondence with Dr

McCracken and a summary of his strategy. Please contact me
should you have further queries.

Yours sincerely,

7th September, 1989.

encl.




K.6.McCRACKEN
Jellore, Spring Hill Rd.
vig [litiagong, NSw, 2575
FACSIMILE MESSAGE
FROM FAX (048) 785121 |
T0o FAX (04) 3%1857¢ DATE 13/q /89,

FOR H. H&‘_.-_;,ﬁ-fau :

Number of pages including this sheet...... @ .

Phone (048) 785121
Alternate Ph (02) 9557010, 15/1 Elamang Ave Kirribilli NSw 2061

MESSAGE
The Chairman,
WASTAC, Perth.

Dear Henry,
EARTH SYSTEM SCIENCE CENTRE CONSULTANCY

Thank you for your letter of 13/9/89, outlining the task to which |
will contribute, and the financial arrangements.

| understand that | will contribute , with others, to all the tasks
defined in the terms of reference,under the direction of yourself,
acling as project manager for the task.

| am pleased to accept the proposed consultancy,

| Took forward to the discussions on 20-22 Sept.

Yours sincerely

K.G.McCracken

= -









