Australian Academy of Science

4/4/2007

Working Group on Remote Sensing of Earth and other Planetary Environments
Under the “Australian Decadal Plan for Space Science”
[image: image1.jpg]CALPSO  clouasar
3115 et

PARASOL
1





[image: image3.jpg]


[image: image4.jpg]


[image: image5.jpg]



Chair: A. Held - CSIRO

Participants: 

Dr. Peter Woodgate (CEO CRC for Spatial Information)


Dr. Stuart Phinn, (University of Queensland)

Dr. Richard Smith (WA Department of Land Information)


Tony Wheeler (Sinclair-Knight & Merz)

Professor Tony Milne (University of New South Wales)

Others invited to contribute were:

Sue Barrell (Bureau of Meteorology)

Adam Lewis (Geoscience Australia)

DSTO

Summary and Recommendation Statement from the WG
Remote sensing, the science of measurement without direct contact with the objects or surfaces being measured, has advanced considerably in recent years with the advent of ever improving detection systems, better sensitivity in detector materials, improved computing capacity and miniaturization.  This working group has focused primarily on Earth-based remote sensing science issues, thus complimenting the work by the other NCSS planetary science working-groups. 

By virtue of our low population and large territory (including the EEZ), Australia is one of the largest users of earth-, and planetary observation data, down-linking ten’s of terabytes per month, often for free, and we are considered world-class in the analysis and value-adding of some of this data.  In terms of Australia’s regional influence, we are also in a very good position to play a leading role in strategic planning for new satellite missions, and to be an active participant in regional security, environmental and disaster-response satellite projects.
World-wide, earth observation technologies continue to be launched into space for use in monitoring and measurement of the various components of the earth system and our changing environment, and to support defense and security applications. Space agencies in over 16 countries plan around 170 earth observing missions alone, over the next 15 years with over 340 sensors. Australia is regularly invited to take part in such missions of high scientific interest or national benefit. The working group therefore considers that over the next decade covering this plan, to retain and grow Australia’s scientific capabilities and innovation in this field, our current ground-segment infrastructure, our data-processing capability and our experience should be built-on further via a set of measures, including the establishment of a growing portfolio of highly targeted space-instrumentation and science/education projects in remote sensing. 
Such active participation in deployment and use of key international earth observation science exploration missions, would raise our standing in space science and international goodwill, and provide a catalyst for enhanced national interest by our youth in science, mathematics, chemistry and physics. Modest additional co-investment in selected ‘operational’ earth observation programs (e.g. climate, national mapping and mineral resource mapping) would also provide significant leverage and ‘shutter-control’ over these missions that are vital to our societal well-being and the Australian economy.
Key Science Questions of interest to this WG

· The most pressing issue in Earth Observation Science at present is: How to best observe and quantify from space the fundamental impacts of climate change on Australia’s rural, coastal and urban landscapes? 

· Which measurements from space are most suited to observe some of these large-scale changes across Australia? 

· How can we efficiently integrate earth observation data streams efficiently into Earth System Models and move to full 3D modeling of the climate and landscape response, including sub-models that describe impacts on the water cycle, biological cycles, climate cycles and disaster cycles (flood, fire, rising sea levels, cyclones etc). 
· Specific questions related to climate change include:

· Rate at which the Antarctic ice sheets are melting due to global warming
· How do habitat loss and changes in Australia’s bio-diversity affect the carbon cycle?

· Is there a growing trend in worsening air quality (dust, haze) impacting rural and urban human health?
· Are continental fire regimes and drought changing, and what are the causes of this to health, biodiversity, agricultural productivity, etc?

· What are the spatial and temporal variations in land use and biological productivity as a result of drought and climate change?
· Can we observe changes in ocean currents, sea-level height, turbidity and productivity?
· Can we comprehensively monitor the state of coral reefs and sea grass beds around the nation?
National Policy Issues
The view among this WG is that Australia’s current approach to market-driven satellite-data access may be causing unnecessary fragmentation and duplication of effort across the various users of such data, and is also undervaluing the need for dedicated support for a robust indigenous space science and industrial capability. Such dependence on foreign technologies and data is seen as not in Australia’s long term national technological, strategic and economic interests. Therefore the working group considers that establishment of a ‘central desk’, or a ‘space coordinating authority’ with a clear national mandate, funding and with a clear underlying policy context would be desirable, to manage this new portfolio of space projects, and to better represent Australia’s wide civilian space interests nationally and internationally. This agency would also assist government with streamlining and facilitation of procurement of vital foreign satellite data for operational uses, and to develop nationally-agreed priorities for investment in operational space infrastructure, education and research. It is also recommended that Australia consider analysing in more detail the relative costs and benefits of engaging more actively with other national space agencies or a multi-national space agency, such as the European Space Agency, to better engage in global programs and benefit scientifically and technologically from multi-national space missions. 

In the working group’s view, such modest steps, would stimulate industrial development in the Australian space and earth observation sectors, improve international exchange of ideas, talent and technologies, and find better ways to attract local and foreign investment and partnerships through a single government point of contact. Significantly, efficiencies and reductions in duplication of effort would also be gained from improved central coordination for, among others, satellite data procurement and streamlining of space-related national R&D programs.

In Summary, in the next ten years, Australia should:

1. Co-invest into future multinational observing and planetary exploration missions in the form of:

a. Development of niche sensors (as an Australian contribution) for earth-based or planetary geostationary, polar-orbiting spacecraft with optical and microwave imaging payloads, including;

i. Optical imaging spectrometers (especially thermal spectroscopy and associated IR detectors) 
ii. Microwave imagers for soil moisture monitoring 

iii. Radar Altimeters ocean-state characterisation

b. Support of Australian participation as part of ‘Science-Teams’ for selected space missions of high science value or national benefit

2. Support Australian active participation in international coordinating initiatives such as GEOSS.

3. Improve data-downlink capabilities through better networking of current regionally distributed satellite downlink/archive infrastructure

4. Improve national access to historical satellite observation databases for use in testing and validation of climate, water resource and terrestrial 

5. Improve national capabilities and skill-base in related science & engineering through targeted earth observation funding programs

6. Establish a central coordination office that manages the portfolio of space science projects and acts as Australian government representative nationally and internationally.

7. Foster mechanisms that will improve profitability of the spatial-, and satellite-data value-adding’ industry.
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Sample satellite image of South East Australia during the Victorian Fires, January 11, 2007. Red polygons indicate image pixels with anomalous high-brightness temperatures. Image acquired by the Moderate Resolution Imaging Spectrometer - MODIS on NASA's Aqua polar-orbiting satellite.

Key Issues for Earth Observation
The use of satellite-derived services for earth observation now permeates many levels of government, science and private operations.  As such, space is seen by many governments as a valuable resource, expanding their national sovereignty, and from which they can provide a number of basic services (surveillance, resource mapping, environmental monitoring, communications and navigation). Investments in space-related infrastructure (ground-, and space-borne) are considered by these governments as part of other vital infrastructure, seen as underpinning operational government services, and no longer only ‘science infrastructure’.  

Government expenditure world-wide is increasingly required to be well justified against national benefit, and the need to coordinate often complementary space programs with partner nations. Thus internationally within the earth science and satellite earth observation communities, there is an increasing emphasis being given to better inter-agency coordination of satellite missions, and demonstration of “societal benefit”. For instance, in 2005 the intergovernmental Group on Earth Observation (GEO) has initiated a 10-year implementation plan for development of a “Global Earth Observation System of Systems (GEOSS)”. The key delivery goal of GEOSS lies through 10 areas of societal benefit - disasters, health, energy, climate, water, weather, ecosystems, agriculture, biodiversity and commonalities - with compelling reasons for advances in earth observation. The role of GEOSS is placed within a broad framework of provision of observations and analysis to decision frameworks that assist policy and management decisions with the coupled human-environment system.  Up to now, such benefits had only been available to the meteorological and weather monitoring community under the umbrella of the World Meteorological Organisation (WMO). Thus Australia should support the GEOSS initiative strongly, as it has the potential to offer improved coordination and data-access benefits across all other key areas of study of the earth system (atmosphere, land and oceans).
Sadly, despite our strong reliance on often long-term past and future records of remote sensing data for climate and water resources research and environmental monitoring, we have essentially no say in priority satellite data acquisition over our territory (e.g. in relation to  disasters), nor any influence on the early design or manufacture of these imaging instruments. Apart mainly from civilian and defense-related communications satellites, Australia has chosen to rely mostly on other countries’ public investments and budgetary decisions, or foreign companies to provide many of the space-derived services. We have therefore lost much of our early momentum in this area of space innovation and industrial development, and have become a user of everyone else’s technology and net exporter of skilled labor and IP in this field, rather than reaping the benefits of an innovation economy in this field of space technology. Other challenges and threats to the further development of the Australian space sector include Australia’s internal lack of coordination in international engagement, inefficient procurement of space-derived services across government, and insufficient educational, research and professional opportunities for young people aspiring to work in this sector. 
Many of these challenges, however, can be overcome through the establishment of  the aforementioned portfolio of highly targeted space-instrumentation projects and the ‘federation’ of the coordination and international representation tasks through a single ‘space body’.
Addendum:
“High-level issues” stated by participants in the WG

The view among this WG is that Australia operates largely through a very unclear policy environment, which is unwise and not in Australia’s national interest. The decadal plan document should in some way help focus the debate on this, and in doing so be directed, so that we come to position of mutual agreement over the next 6 months – like the astronomers have done.

Options for Australia are: Should Australia adopt a policy that does one of these?:

1. Australia should activate a government subsidized program of designing, building, and launching from Australian territory its own earth observing satellites. These should be in niche expertise programs such as hyperspectral satellites that cover the visible, near, middle and thermal infrared part of the electromagnetic spectrum. (We need to consider the spatial resolution, repeat frequency, number of satellites and a host of other issues in here as well).

Or

2. Australia should activate a government sponsored program of collaborative design of earth observation satellites with one or more strategic partner countries (e.g. consider membership of ESA). 

Or 

3. Australia should activate a government sponsored program of collaborative testing and development of new information products from earth and planetary observing satellites in partnership with one or more countries which operate and develop new satellites (e.g. USA, Europe, China, Japan, India, and South Africa). This will permit Australia to maintain a position of leadership in development of advanced applications of earth and planetary imaging.

This Decadal Plan also needs to very clearly specify distinct project/missions which will improve or provide unique national capabilities in routine operational mapping or monitoring services by government agencies as well as selected ‘discovery’ projects which will advance our understanding on the earth system or other planetary bodies (e.g. MARS Explorers etc.)  Politically both are very important to retain in the plan as ways to demonstrate ‘societal benefit’, but they should be treated slightly differently.

Additional Comments/Views by WG participants:

Space infrastructure supports government services
Globally the space-sector is a USD$42 Billion p.a. activity (57% of this in the civilian market), estimated to grow at a rate of 2 - 5% p.a. (Euroconsult 2004). This growth is the result of a rapid uptake of space technologies and associated ground infrastructure by governments, to satisfy a growing need for space-derived services (e.g. mapping, navigation, telecommunications, security).  The benefit has been delivery of a range of public benefits much more efficiently and comprehensively than before. These technologies are helping solve a range of complex societal and environmental challenges for federal and local governments (e.g. state-of the-environment (SoE) reporting, remote coastal surveillance, wide-area natural resource mapping, disaster relief, rural communications, remote navigation, etc.). However, the high upfront costs and risks, combined with the prevailing perception of a ‘technology-push’ for joining the ‘space race’ has been a barrier to the development of this sector in Australia. Against the world-wide trend, this area of endeavour is not yet accepted here as part of the national infrastructure expenditure, and fundamental to supporting key government services. In contrast, the majority of OECD countries, and some developing nations like South Africa, clearly accept the need for active government involvement in this sector, as it is not only supporting delivery of vital services, but  also expected to fuel the local innovation sector and improve these countries’ industrial competitiveness.

Australia is one of the largest users of foreign satellite information. Due to our vast landmass and low population density, use of satellite-derived remote sensing data has become a ubiquitous source of geospatial information across various sectors of the national economy (including in agriculture, fisheries, water resources monitoring, weather monitoring, mining, environmental monitoring, transport, defence and security). Nationally, government agencies are by far the largest buyers and users of space goods and services, including satellite imagery to support a variety of functions including routine weather prediction, bushfire tracking, greenhouse accounting, national mapping programs, mineral exploration and ocean-state forecasting. To access such data several government agencies operate ground-based satellite-reception facilities, associated data analysis teams and computer facilities; yet Australia does not make any significant contributions to global public-good space-borne satellite observation programs, the frequent source of often free data used in Australia. 
A first priority for the Decadal Plan should also be to ensure that Australian scientists, industries and management agencies have the means to capitalise on the data streams that presently go under-utilised. In some cases this will require investment in further ground stations and data storage facilities. In others it just requires funds to support salaries. Full utilisation of these data would handsomely repay the investment, by streamlining the operations of a host of industries whose bottom-line is impacted by insufficient knowledge of environmental variability. Failure to keep up with the rest of the world will mean that they know more about conditions here than we do, with obvious market-place competition consequences.
National ground-infrastructure is aging and needs coordination in its use. One key competitive advantage for Australia, is our strategic geographical location for ground-segment infrastructure, ground-based observations and data downlink, which in some cases is also used in the form of ‘data-nodes’ in support of other nations’ space missions (e.g. USA, Europe and Japan). Supporting such infrastructure has allowed Australia gain a seat at selected international space committees.  This infrastructure however, is not operated or managed with a single national data acquisition strategy in mind. Traditionally, such facilities have been managed and maintained under direct treaties or MOU’s with foreign space agencies, of operated through independent consortia of state and federal agencies which require the data for their own internal requirements. Over the last few years, to partially overcome real-time access limitations and standardisation challenges, key agencies like Geoscience Australia, CSIRO, the Bureau of Meteorology and local state agencies have begun regular meetings aimed at improving the coordination of these issues. However these meetings do not result in pooling of the necessary funding, and do not always represent the full range of users of such data, nor possible private sector participants. Thus in the long-term, greater national coordination is also needed across government, to support maintenance of this rapidly aging infrastructure and make the data-distribution backbone more effective, in particular to make it more accessible to everyone in Australia.

Internationally, as a result of our fragmented activities in the region, at present there is wide confusion among our neighbour-country agencies and their commercial sectors, as to which agency in Australia has the mandate and corresponding capacity to coordinate and implement collaborative international R&D programmes or industrial partnerships.
Appendix 1. Collection of detailed questions/answers by individual WG participants:

What are the Uses and urgent NEEDS of this Technology in Australia (eg Benefits, and cost if suddenly not available or free access)
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“…. Senator Chapman paper starts to address these. The big ticket items here are: 
· national defence (and our complete reliance on satellite instruments completely owned by overseas countries and organisations. The risk is that they be turned off to us, leaving us ‘blind’ in our own region.

· national security and counter terrorism: eg coastal surveillance

· global climate change and associated water resources budgeting: meteorological and weather forecasting, 

· greenhouse accounting and land-use change impacts monitoring (Gary Richard’s National Carbon Accounting System; BRS)

· disaster warning and emergency management: tsunami’s, cyclones, fire monitoring etc

· commodities trading: eg intelligence about likely agricultural yields from Australian products and prediction of markets. Five countries overseas routinely monitor Australia’s grain crops during the growing season in order to predict likely yield to give them a competitive advantage in futures trading. The US uses more imagery of Australia that our own government.
So the arguments here relate to the need for an increased level of self-sufficiency in access to imagery and in the skills required to intelligently analyse that imagery. We need to recognize the current and future levels of risk associated with our current policies and determine if that risk profile is acceptable to the nation.

A WA State Government perspective: Earth observations from space provide an increasingly diverse and critical range of  information on  the conditions of the land, ocean and atmosphere. Such information is an essential tool for the sustainable management of environmental pressures resulting from economic development,  population growth and climate change (Report of World Summit on Sustainable Development, 2002).  The  impacts of these pressures on Western Australia are evident from changing rainfall,  increasing floods and wildfires, water shortages, salinization, loss of bio-diversity  and agricultures’ declining terms of trade. The need for sustainable management is central to WA Government Policy (DPC, 2003).

· Eg. National Mapping programs (how many terabytes a day?)

· Weather forecasting (impact of not having data for this?)

· Surveillance (area covered, targets?, terabytes a day)

· Carbon accounting (policy context, no. of scenes or terabytes per year, cost)

· Bushfire monitoring (value estimate of prevention and monitoring vs. recovery?)

· Shipping, fishing, etc.

· More?


Future growth of EOS sensors (CEOS, 2005)

Agencies in over 16 countries plan around 170 EO Missions over the next 15 years. These satellites will carry over 340 sensors to provide the following:

-
Atmospheric chemistry, temperature and humidity 

-
Cloud profiles and rain radars

-
Earth radiation budget radiometers

-
High resolution optical imagers

-
Imaging multi-spectral radiometers in VIS/IR

-
Imaging multi spectral radiometers passive microwave

-
Imaging microwave radars (active microwave) 

-
Lidars

-
Multiple directional and polarisation instruments

-
Ocean Colour intruments

-
Radars altimeters (sea level height)

-
Scatterometers (sea state)

-
Gravity, magnetic and geodynamic instruments

What are the big Science questions that this technology can help solve?

Firstly: they contribute in a fundamental way to our understanding of the impact of climate and land use in our landscape. So we need to move to full 3D modeling of the landscape, including models that describe the water cycle, biological cycles, climate cycles and disaster cycles (flood, fire, rising sea levels, cyclones etc). Remote sensing provides us with a source of synoptic, near-real time, high resolution information. There is no more pressing issue than this at present. 

Questions:

•
Rate at which the artic, antarctic ice snow sheets are melting due to global warming

•
Habitat loss and condition impacting bio-diversity.

•
Air quality trends (aerosols) impacting human health

•
Continental fire regimes and their impact on CO2 emissions, bio-diversity and risk to life and property.

•
Spatial and temporal variations in land use and biological productivity impacting the economy of the rural sector.

•
Ocean currents, turbidity and productivity

•
Fate of coral reefs and sea grass beds

•
Sea level rise and trends in coastal erosion

(Sample Questions we may be able to ask):
i) Assess accurately and remotely from orbit the environmental conditions in Australia, Antarctica and their environs over the last 20+ years. 

ii) Discovery of Australian past geological environments

iii) Indications of landscape-scale human impacts before and after European colonization?

iv) Water on Mars?

What is our NICHE in this field (ie. in what area of remote sensing are we well known internationally and how to we measure this fame ?)
· E.g. Imaging spectroscopy (0.4 – 12 micons)? (No. of citations, contracts, etc.)

· Manufacture of optical focal planes for imaging spectrometers?

· Synthetic Aperture Radar Applications development? Yes

· Hyperspectral applications development? Yes

· Monitoring of Mediterranean environments

· •
Managing a vast continental area with a sparse population mainly centred on the urban fringes.

· •
Imaging Spectroscopy and instruments (Hyvista, Specterra)

· •
Developing receivers for other nations satellites (e.g. ES&S, Melbourne)

· •
Developing applications for carbon accounting, agriculture, native vegetation and fisheries management, disaster mitigation.

· •
Assisting our Asian neighbors use EOS to achieve sustainable development.

· •
A picture is worth a thousand words – Use of EOS to raise public awareness of sustainability issues.
What unique technologies and projects should Australia invest into?(Note suggested principles below for prioritizing this list)

Area for the development of EOS to address sustainability issues:

The future sustainability issues where EOS  will be important will be focused in the following areas:

· Declining terms of trade requires use of EOS to increase  agricultural productivity (eg. AgImage, Pastures from Space and Crops from Space).

· Loss of bio-diversity from loss of habitat (eg. Land Monitor)

· Excess CO2 emissions is causing climate change impacts which requires EOS to manage: 

· Extreme weather causing increased intensity of fires, floods and droughts (eg. FireWatch, FloodMap and Vegetation Watch).

· Rainfall redistribution  from the south to the north of the continent impacting water supply to large urban communities

· Rising sea level impacting coastline and creating environmental refugees.

· Ocean warming causing decline of coral reefs and fisheries

· Air-quality associated with CO2 emissions 

· Declining oil, gas and  minerals is generating increasing demand for  renewable resources from recycling, wind and solar power, bio-fuels and bio-materials. EOS is recognised as important for quantifying the amount and location of potential bio-fuel and bio-material feed stock.
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(Sample)

· E.g. Microsatellites for repetitive monitoring of bushfires, coastal conditions and vegetation cover yes – with thermal IR capabilities in particular

· Thermal infrared imagers for sea surface temperature monitoring

· Satellite Altimeters for ocean state and water body measurement

· Seamless reconstruction of satellite data archives from various sensors for Australia for the last 30+ years.

· Do we put geostationary satellites here?

· •
Research is needed to extract the information from the spectral information to be collected by the generation of future sensors (see above). Some niches would exist within these sensors.

· •
Some investment in developing micro-satellites would be of value for building Australia’s space capacity.

· •
Network of satellite receiving stations to provide comprehensive coverage of Australia’s zone of economic, environmental and defence interests.

· •
High speed network linking the receiving stations.

· •
National archive and storage facilities for EOS data.

What are the additional infrastructure and operational requirements?

(Sample)
· E.g. Efficient networking and delivery systems from current and future satellite reception stations

· Questions: are our coms links from our reception dishes and to the processing labs fast enough to support real-time delivery of imagery from future satellites with 50 times or more data volumes and downlink requirments (Ka band?). Is our telecommunications to remote users fast enough to support real-time applications? 
Cost if Australia doesn’t do anything

(Sample) 

· E.g.Potential loss of mapping capability due to failure of foreign satellites or delay in launch of follow-ups

· E.g. Continued delay in acquiring real-time data from key sensors (e.g. NPOESS?)

· •
Declining skill base in science, engineering and applications.

· •
Missed opportunities in the knowledge economy

· •
Dependence on overseas skills and companies (negative trade balance).

· •
Loss of mapping and monitoring capability because of over dependence 
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Yes this must be part of our strategy. But with 60 countries already in space, geopolitically we seem to be losing status and therefore influence on these profoundly important emerging technologies.

Proposed Science Projects that can be done (most efficiently) with these technologies:


(Sample Projects)
· Is there evidence in the satellite record for significant change in the Australian landscape (vegetation cover, bushfire frequency, land subsidence, etc.) due to climate variations (temperature, rainfall) over the last 30+ years?

· Quantifying linkages between Indian Ocean and Pacific sea surface temperature historical satellite records and terrestrial (e.g. land –cover) signals over the last 25 years.

· remote sensing of environmental and geological features (sprites/thunderstorms?, magnetic perturbations due to ore bodies?)

· More ??

Remote sensing is an enabling component of the suite of information communication technologies. Therefore proposed projects will need to be multi-sensor. I feel most strongly about our need to develop technologies that can map our soils at fine scale (sub-paddock) because soil is the ‘capital’ on which all terrestrial life ultimately depends and we are running ours down badly. The priority will be our agriculture regions. 
Proposed Australian Facilities:  

(Sample) 

· E.g. Center of Excellence for Imaging Spectroscopy yes

· E.g. National satellite image data archive – what about all the data held by the state agencies and the private sector – it is unlikely that these will be aggregated into one spot.

· •
CRC for Applications of Earth Observations.

· •
National Remote Sensing Research Centre 

· •
National Satellite Image Archive for Monitoring Environmental Change.

Opportunities for Collaboration on International Projects

(Sample)

· Placement of Australian technical experts into key global program (e.g. GEO, IGOS) working groups 

· E.g.Placement of an Australian-built thermal multi-spectral imager on a German hyperspectral satellite?

· E.g. Co-investment into the NASA Flora (hyperspectral) mission

· Co-investment into proposed “Water Elevation Recovery Mission” program the US and ESA countries, as it is of inmense value to Australia for water resources monitoring and 

· E.g. Co-investment into a disaster micro-satellite constellation (UK-DMC, Germany-FIRES, Japan, China), 

· Definitely focus on China and on collaboration in there satellite build-launch-test  program. We have a number of potential options there: Chinese Academy of Sciences, China Disaster Reduction Centre, China Earthquake Administration.

· •
Join an international consortium eg. ESA

· •
Co-investment with a micro-satellite constellation consortium for environmental monitoring and disaster management.

· •
Scientific exchange with countries with advanced space programs.

Short of contributing payloads to missions, the logical way for Australia to buy into international satellite missions is via the ground segment. Without doing this, our right to capitalise on the data streams is just a privilege, at risk of disappearing. Being remote from the rest of the world, we are well-placed for calibration and validation studies. The environmental parameters here are often atypical of those found at other cal/val sites, providing valuable constraints for both dynamical and empirical algorithms that interpret the satellite measurements in terms of geophysical quantities. Doing this work is especially valuable for Australia because it results in the global fields being more accurate in our region than they otherwise would be. Australia should be increasing effort in this area, not reducing it.

Industry and Government Projects 

Very important. Our awareness in the public needs for operational government services need to be substantially lifted.

i) Development of an effective Public Outreach program and Speakers Bureau for space science. [Government]

· public is generally unaware of Australian expertise in space science. 

· effective speakers on space science would be a valuable resource for the nation, as well as relevant constituencies like scientists, industry, and Government

•
Support for State Government initiatives through co-location of Commonwealth Scientists

•
Integration of Military and Civilian Remote Sensing Requirements.

•
Speakers Bureau

•
Scholarships

•
Support University Chairs in Remote Sensing

•
Public education of events in Australia’s sphere of interest through a web site similar to NASA’s Images of the Day (http://modis.gsfc.nasa.gov/gallery/index.php)

•
AusAid – Overseas support for the application of Earth Observations to sustainable development in SE Asia.

Appendix: Remote Sensing Primer
“ Remote sensing relates to the use of electromagnetic radiation as a carrier of information, to deduce the properties and spatial relationships of chemical compounds in rock, soil, vegetation, water and the atmosphere on earth and other planetary objects. Images derived from remote sensing instruments were initially used as analog prints from photographic film, but today most commercial remote sensing instruments produce images in digital format, which are visualized and manipulated using computers. Digital remote sensors are commonly onboard satellites, space probes or aircraft, and detect the reflected or emitted radiation in a number of specific, well-defined wavelengths of the electromagnetic radiation spectrum (EMS)(Figure 1). 
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Figure 2. The electromagnetic spectrum. (Source: Harrison and Jupp, 1989)

A number of commonly used earth satellite sensor systems (e.g. Landsat MSS & TM, Spot HRV), measure reflected light in the visible (400 – 700 nm), near infra-red (700 – 1300 nm), and in the case of Landsat, also in the shortwave infra-red (1300 – 3000 nm) part of the EMS. Numerous planetary probes also contain such instruments on-board for remote or proximal sensing of various aspects of these bodies’ composition. 

While most sensors use the sun’s reflected radiation as the light source for their measurements, some also detect radiation emitted from the ground in the thermal infra-red portion of the electromagnetic spectrum. All these sensors are generically considered as ‘passive’, while other sensors, called ‘active sensors’, generate their own energy, which is transmitted towards the ground, and its interaction with objects or surfaces on earth or planets is then measured and interpreted.  Active systems which operate in the microwave part of the spectrum and are called ‘Radio Detection and Ranging’ - RADAR sensors, while those which operate in optical frequencies, using mostly concentrated laser pulses, are called ‘Laser Detection and Ranging – LIDAR’ systems.  By virtue of the EMS frequencies involved, most optical – thermal passive systems provide information primarily on the chemical nature of the surfaces they originate from, while the radar and laser systems provide information predominantly on the three-dimensional nature and structure of the objects they encounter. 

Sensor Types: Optical Sensors

The general principle behind the use of a number of the optical sensors has its foundation in a laboratory technique for material identification and quantification known as ‘spectroscopy’. Here, materials are illuminated with a source of light of known spectral characteristics and brightness, and the radiation absorbed, transmitted or reflected by the material is analysed for its identification. The absorption of radiation by materials is mainly due to the effects of photons on chemical bonds in molecules. This technique has been used for laboratory analysis and for identifying the makeup of stars in astronomy for over a century, and is now a common quality-control measurement technique in areas of industrial manufacturing, food production and medicine. 

Early spectrometers on satellite and airborne platforms, designed mainly for geological exploration and weather monitoring, consisted of a single line of adjacent spectrometers with broad spectral sensitivity in a number of spectral regions, also called spectral bands. These sensors rely on the sun as the primary source of illumination, recording the light reflected off the surface - or in the case of atmospheric remote sensing the air column or cloud tops.  The forward motion of the platform would then allow for generation of a two dimensional spectral measurement of the earth’s surface (Figure 2). 
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Figure 3.  Diagram of a typical earth observing satellite (Landsat MSS). (From Harrison and Jupp, 1989)

It did not take very long for these instruments to increase their sensitivity and increase the number of spectral bands. Satellite sensors in use today, such as those on the Landsat TM and SPOT HRV satellites, are essentially of this nature, and collect two dimensional images of the earth’s surface in up to seven bands. Each two-dimensional digital image produced by these sensors is composed of thousands of picture elements (pixels), each containing digital information on the radiance measured at the different wavelengths. When extrapolated to the ground, the pixel size or spatial resolution in most commonly used satellites, ranges from 10 m to 1000 m, while in airborne systems, the pixel size can be as small as 10 or 20 cm, depending on the altitude of the aircraft and the field of view of the instrument.  Satellite data of the earth’s surface has been collected since the mid-1970’s (e.g. ERTS -1), hence a good satellite image archive is now available for investigation of changes in vegetation cover and land-use from early ERTS, AVHRR, Landsat MSS and Landsat TM sensors (see table 1, below). 

With the evolution of electronics, integrated circuits and miniaturisation of detectors, systems composed of thousands of detectors, arranged as linear or two-dimensional arrays, are being used with the required focusing fore-optics, to create two-dimensional imaging spectrometer systems. These instruments collect reflected radiation in 50 or more spectral bands, forming a continuous reflected radiation spectrum, and are now becoming more accessible for operational applications. It could be argued that all preceding work in applied remote sensing and sensor development has been leading ultimately toward doing spectroscopy of terrestrial targets from space. The principle being that the full visible, near and shortwave infrared spectrum (350 – 2500 nm), and the full thermal spectrum (3.5 – 20 um) in the future, sufficiently sampled to create near continuous spectra provides the maximum information content that can be made available for product development. The advantages of some of these so-called  ‘hyperspectral’ instruments, as opposed to the ‘multispectral’ sensors with only 4-7 broad spectral bands, is that the true principles of spectroscopy can be applied to better distinguish the small chemical differences between objects (Curran, 1994; Van der Meer, 2001). With multispectral systems, the effects of atmospheric absorption of the reflected radiation are difficult to quantify and subtle differences between materials are more difficult to differentiate. Naturally, work with hyperspectral imaging systems and their larger amounts of information requires more computer memory and more powerful systems. Although widely used for mineral exploration and geological mapping (e.g. Hunt and Ashley, 1979), the use of hyperspectral sensors for studies of vegetation dynamics (e.g. Miller et al., 1991; Ustin et al., 1993), vegetation biochemical composition (e.g. Wessman, 1989; Kumar et al., 2001), stress detection (Rock et al., 1996; Merton 1999) and for plant species discrimination (e.g. Clark et al., 1995), is still an active area of research. A number of optical sensors, some of which were launched in late 2000, are listed, along with their general specifications in Table 1, below.

	Sensor Name
	Airborne or Satellite
	Country or

Agency
	Spectral Range

Wavelength (nm)
	Repeat Cycle
	Number of Bands
	Ground Resolution (m)

	Landsat 7
	Satellite
	NASA/USGS
	450 – 12,500
	16 days
	7
	30 (60 m, thermal)

	SPOT
	Satellite
	France

Spot Image
	500 – 1,750
	4-3 days
	4
	20

	AVIRIS
	Airborne
	NASA
	410 - 2450
	As needed
	224
	5-20

	casi
	Airborne
	Canada - Itres
	410 - 925
	As needed
	228/19
	0.8 - 5

	Hymap
	Airborne
	Australia

Integrated Spectronics
	400 - 2543
	As needed
	59
	3 - 5

	QuickBird
	Satellite
	USA

Digital Globe
	500 – 700

400 - 1000
	3-4 days
	1

4
	0.6

2.5

	Ikonos
	Satellite
	USA 

Space Imaging
	500 – 700

400 - 1000
	3-4 days
	1

4
	1

4

	Modis
	Satellite
	USA
	405 – 14,385
	1-2 days
	36
	250-1000

	DAIS
	Airborne
	Germany

DLR
	400 - 2500
	As needed
	72
	5

	Hyperion
	Satellite
	USA

NASA
	400 - 2500
	16 days
	220
	30


Table 1: Characteristics of current airborne and spaceborne optical sensors.

Other optical sensors such as LIDAR systems available from commercial operators permit very detailed terrain mapping as well as forest structure mapping over thousands of hectares per day. These systems are based on rapidly pulsating laser systems (1 laser pulse per nanosecond or more), scanning like brooms across the landscape as the aircraft passes over. Built on the basis of the airborne laser systems designed for topographical mapping, an experimental airborne LIDAR system developed by NASA, called LVIS (Blair et al. 1999), has also been designed to collect information on forest heights and structure (see also Leckie, 1990 and Lefsky, et al., 1999). 

Radar Imagers

In par with the evolution of better, more sensitive optical sensors, radar-based systems have also evolved to become important components of the constellation of earth monitoring sensors. Radar, which stands for ‘Radio Detection And Ranging’, has its origins in wartime applications early in the 20th century, where radio, or now better known as ‘microwaves’, were transmitted in a particular direction and their return to the detectors was accurately timed to measure the distance and size of various objects. A fundamental difference between radar and optical sensors is that radar-based sensors are active systems i.e., they produce their own illumination source, and therefore can be accurately calibrated to detect intrinsic backscattering properties of different objects and materials. An additional advantage of these active sensors is that night-time data acquisitions with radar are possible and frequencies, or wavelengths, can be selected where clouds and precipitation events in the atmosphere are practically transparent, making radars suitable for mapping of areas frequently affected by cloud cover. 

Radars fundamentally operate in two modes; transmission and receive. In transmission mode, they transmit a signal with specific known properties such as amplitude, wavelength (or frequency), polarization etc. In receive mode, the antenna receives and records that part of the signal that is reflected back to the radar which is called backscatter. A number of commonly used frequency bands in radar remote sensing are X-, C-, L-, and P-band. These bands roughly correspond to wavelengths of 3cm, 5cm, 23cm, and 63 cm respectively. Research is also being carried using even lower frequencies (longer wavelengths) typically in the Very High Frequency Range (VHF) with wavelengths in excess of several meters (e.g. Imhoff, 2000). Polarization is the orientation of the wavefront with respect to the sensor and in more advanced systems (e.g. AIRSAR), the polarization can be selected separately for both the transmitter and receive modes.

The attributes of the backscatter are a result of many factors including the original wavelength and polarization of the transmitted signal, but also of the dielectric and geometric properties of the targets scattering the microwaves back at the instrument. High dielectric constants commonly found in well-watered vegetation, make for good radar reflection. In addition, the strength of the return for a given wavelength is generally in proportion to the size of the canopy components. The strength of the interactions between the incident microwaves and components of the forest canopy depend strongly on the relative polarization angle of the incident microwaves and the orientation of the canopy branches and, to a lesser extent, the leaves. For example, a radar recording backscatter with an HH configuration transmits the signal with a (H)orizontal orientation and received backscatter in the same H-orientation. Many combinations of transmit and receive polarizations are possible and each combination will react differently to canopy geometry. As an example, a branch oriented at a 45 degree angle, relative to the incident polarization, will cause the scattered wave to have components in both the incident and the cross-polarized component, which are of similar magnitude. This can be contrasted to interactions with bare soil, where a low cross-polarized component will be present in the scattered field. This feature of radar has been used extensively with good results to map vegetation types with different canopy architectures (e.g. van Zyl, 1993), but in order to fully exploit polarisation information, radar systems must be capable of receiving the return wave in a fully polarimetric mode (e.g., SIR-C or AIRSAR). An more detailed introduction to radar polarimetry can be found in Ulaby and Elachi [1990]. 

The use of radar for mapping forest canopy properties has been investigated extensively in the last fifteen years, and continues to be an area of active research (e.g. Ulaby and Elachi 1990, Saatchi, et al., 2000, Rosenqvist et al., 2002).  Synthetic Aperture Radar (SAR) systems, now allow for detailed forest mapping at spatial resolutions, which can vary from a few meters to a hundred meters, depending on the radar sensor.  Table 2 summarizes the characteristics of some recent  airborne and spaceborne radar sensors,  which have provided useful data for the study of forests.

	Sensor Name
	Country or

Agency
	Frequency/

Wavelength
	Polarimetry
	Interferometry

	ERS 1 and 2
	ESA
	C-band

(5.6 cm)
	No
	Repeat Pass

	Radarsat
	Canada

RSA
	C-Band

(5.6 cm)
	No
	Repeat Pass

	JERS
	Japan 

NASDA
	L-Band

(23 cm)
	No
	No

	SIR-C/X-SAR
	USA/Germany
	L-Band (23cm)

C-Band (5.8cm)

X-Band(3.1cm)
	Yes
	Repeat Pass

	SRTM
	USA

NASA
	C-Band

(5.8 cm)
	No
	Yes

	AIRSAR
	USA

NASA
	P-Band (80cm)

L-Band (23cm)

C-Band (5.8cm)
	Yes
	Yes


Table 2: Characteristics of some current airborne and spaceborne radar sensors.

Another technique, being actively explored for hydrological applications is radar interferometry. Here the traditional radar system is enhanced with an additional antenna, and the results from the two channels are combined in a coherent fashion, and the phase difference between the radar returns are calculated adding the ability to resolve height differences. This technique requires extremely well calibrated systems and traditionally, it has been used for the creation of Digital Elevation Models (DEM’s), (see ‘Terrain Attributes’ section, below) which can subsequently be used as inputs to hydrologic models. A comprehensive global DEM, at spatial resolutions of 90 m or better, is being derived from radar data using interferometric techniques (Figure 3), and is to be released by NASA in the near future. New analysis techniques are now also using precision interferometric radar for canopy structure mapping (Rodriguez et al., 1996; Treuhaft, et al., 1996).  
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Figure 3. Diagram depicting the use of a second antenna on the Space Shuttle, which was used in early 2000, for interferometric mode data collection during SRTM. Source: NASA

Image Analysis

Once the digital image data is downloaded from optical airborne/satellite sensors or purchased from commercial vendors, it requires what is called ‘base processing’, before it can be used for analysis and forest classification. Base processing of image data usually entails some radiometric correction for atmospheric and sensor calibration factors, masking of cloud-affected areas and geo-rectification to the geographic coordinates of interest. Some of these processes, in some cases including atmospheric correction, are carried out by the data suppliers. During the atmospheric correction phase, the data is converted from ‘at-sensor radiance’ to ‘target-leaving’ radiances.  At this point, the data can be either used for physically-based modelling and estimation of material concentrations, or used for classification into the different materials or vegetation types visible in the data.  Traditionally, image classification has been carried out using statistical procedures, assuming that pixels are composed of pure materials, and images are produced here where pixels are ‘binned’ into a range of typical categories or classes of land-cover, to represent the spatial distribution of these vegetation types. 

When normalised by the incident spectral irradiance, the atmospherically corrected image data is transformed into reflectance images and can then be used for detailed spectral mapping purposes. This later process commonly entails comparing the observed reflectance values in the imagery to those observed from ground-based measurements of known, typical species or often pure materials.  Unfortunately, image pixels even as small as 1x1m, are seldom composed of pure materials or a single plant species, but represent a mix of  ‘spectral signatures’. For this reason new techniques of analysis of image data have been developed to characterise the mixed nature and composition of the pixels. Recently the concept of ‘sub-pixel spectral unmixing’ has been introduced (e.g.Kruse, 1999), which disaggregates each pixel’s characteristic spectral signature into a set of possible pure ‘endmember’ signatures, provided these are available as part of an input ‘spectral library’ for the analysis. In the case of vegetation, spectral libraries can be composed of reflectances of sample sunlit and shaded leaf, wood and litter material for key species expected in the geographical region of interest. 

In turn, radar image analysis and interpretation is guided by a good understanding of the  interactions between the microwaves and objects on the ground (see Ulaby and Elachi [1990] or Ulaby et al. [1986] for an introductory review). 
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Figure 4. Schematic graph depicting different interactions between the radar signal and the ground surface. Source: NASA/JPL.

These interactions can be separated into the following broad components:
1) single scattering return from the leaves at varying incidence angles; 2) single scattering from the branches or trunk; 3) double bounce scattering from ground-to-trunk to sensor or ground-to-leaf canopy interactions; and 4) other multiple scattering within the canopy. The relative amount of these different backscattering mechanisms for particular vegetation types, depends on the structure of the canopy and the radar wavelength. In broad terms, lower wavelengths (e.g., C-Band) will interact more strongly with the upper canopy components and can be substantially attenuated at the bottom of the canopy. In contrast, longer wavelengths (e.g., P-band) will penetrate further through the tree canopy and have a scattering mechanism which is dominated by either ground-trunk double bounce scattering (for smooth terrain), or by interactions with the large branches and the trunk. Intermediate wavelengths (e.g., L-Band) can show a combination of both of these characteristics, depending on the canopy type and canopy closure.

Remote sensing in the marine environment

Remote sensing is particularly valuable for the marine sector because the cost of operating ships is so high. Autonomous instruments (buoys, neutrally-buoyant floats, etc) are becoming more numerous but the need for quasi-synoptic, high resolution maps of ocean properties, which can only be obtained by remote sensing, will always remain.

The list of ocean properties that can currently be sensed from space is longer than most people realise. Many are now familiar with the images of Sea Surface Temperature (SST) that first revealed, in the 1970s, how turbulent and richly structured the world’s ocean currents are. Today, these images are available on a daily basis on the internet and are relied on by many agencies and marine operators in a number of ways. The Bureau’s forecasting system has long depended on satellite SST estimates for correctly forecasting the weather, both in the short and long-term. More recently, SST imagery is being used by GBRMPA to better understand the threats to the Great Barrier Reef, especially that posed by global warming. 

Some marine operators use SST ‘nowcasts’ in the same way that many terrestrial operators factor weather forecasts into their operations. The usefulness of this thermal imagery data is limited, however, by the presence of cloud. To find a good image one must often look many days in the past, which may be of little use in predicting conditions for an operation to be carried out in the future. 

Work is ongoing to develop computer models to make short-term forecasts, based on satellite observations of the ocean’s present state. The ocean property of most value for initialising large-scale computer models of the ocean is sea level, for the same reason that a weather map shows atmospheric pressure. This is why, in the 1980s, the first generation of experimental radar altimeters (Seasat and Geosat) were launched. Encouraged by the results of these, NASA and CNES partnered to launch Topex/Poseidon, which flew from 1992 to 2005, producing a much longer, and more accurate, set of global observations than was hoped for. The follow-on mission Jason-1 is also providing excellent data. The pair of satellites was judged by NASA to be their most successful earth-observation mission. The transition from experimental to operational status has, however, been less successful. The third satellite in the series, Jason-2 or OSTM (Ocean Surface Topography Mission), is at risk of not being launched in time for a period if inter-calibration. The Australian contribution to the Topex/Poseidon Science Team has arguably been disproportionately significant. Our calibration site is one of the three principal sites world-wide, our research on global sea level rise is of the highest standing and our use of those data for an ocean forecasting system is more developed than those of all but the most advanced centers.

The next most recent addition to the suite of ocean properties measured from space is ocean colour. Many geophysical properties of the ocean can be determined from the spectral information but compared with SST and sea level, the exploitation of this information resource is much less advanced, both here and around the world. The earliest industrial/health application of ocean colour imagery is detection of Harmful Algal Blooms but HABs are not as much of a concern in Australia as they are in some countries. Monitoring of the levels of primary productivity is another promising application with implications for fisheries and environmental management in general. The most important application, however, is possibly to the broader question of the ocean’s role in the global carbon dioxide budget. We know how much CO2 is being released by combustion of fossil fuels and we know how quickly the concentation is rising in the atmosphere but in order to project that rate of increase into the future, we need to know more about the ocean’s ability to absorb carbon. To do this we need to develop dynamical models of the bio-geochemistry of the upper ocean. Ocean colour is a key data set for guiding the development of these models.

Other quantities that can be measured from space include winds, waves, ice cover and soon, salinity. Water depth can be inferred from gravimetric missions.
We need to demonstrate and possible quantify, a clear need in Australia for such data (e.g. show the “user pull’) from e.g. the science community and importantly also for e.g. operational government & private requirements, geopolitical reasons, sovereignty issues etc. The arguments should also be strong to help support investment into systems that either produce unique and new types of information and insight into previously unexplained processes.





Suggested Principles for participation in particular research areas: 





Should be closely aligned with Australian national research priorities, 


where we can leverage Australia's limited funds so that participation adds unique value and benefits to Australia and, ideally, the international community


in which we can share, buy into, co-own, or participate in international projects when this is the most cost- and benefit-effective approach.





Playing devil’s advocate here: “ So, what! If there are so many satellites passing over Australia collecting imagery, and there is often no cost to the data, why not just switch to these other sources, rather than risking development and launch of our own systems ?” 





These are preferably directly relevant to some of the current National Research Priorities (e.g., An Environmentally Sustainable Australia, Frontier Technologies for Building and Developing Australian Industries, and Safeguarding Australia) but are more general. This is important since the National Research Priorities are likely to evolve on a decadal time scale and the themes must be sufficiently "big picture" to remain relevant. They must also be achievable in a mix of sub-decadal and multi-decadal time scales. 








