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About this report 

This report is based on the premise that Australia is committed to active participation in the space-
based economy and Earth Observation applications are considered to be a key focus of national 
significance1. 

The strategic importance of Australia’s commitment to a national space industry has substantial 
benefits to justify investments in the technology development and business engineering required 
before Australia can be recognised as internationally competitive in space. The strategic drivers for 
such benefits include policies for; 

 Knowledge Working Economy – in all advanced industrialised economies it has been the 
technology and knowledge based industries that have driven the rise in jobs and exports2. 

 International Technology Advancement – commitment to being less dependent on importing 
key technologies and skills required for local industry development. 

 Economic Development – leveraging innovation, technology and skills to maximise export and 
foreign investment potential. 

 International Relations – active participation in Global Earth Observation initiatives to foster 
political, social, environmental and financial relationships with developed and developing 
nations. 

An appropriate vision statement that could provide context and alignment with the principles for a 
national space industry is suggested as follows. 
 

To develop Australia’s resilience in earth observations from space in the acquisition, analysis and 
application of satellite SAR (synthetic aperture radar) data. 

 

The purpose of this report is to provide the Australian Government with an assessment of the need 
for the development and operation of a space-based Synthetic Aperture Radar (SAR) imaging 
capability in Australia. 

The question this report addresses is: 

What would be the most appropriate SAR satellite technology and infrastructure to meet Australia’s 
needs and how can this best be achieved? 

Two adjunct reference documents compliment this report, which are available on the CRCSI Radar 
Research Facility website:  http://crcsi.com.au/Research/Radar-Research-Facility 

1. SAR Sensor Specifications (Adjunct Reference Document #1) 
2. SAR Application Case Studies (Adjunct Reference Document #2) 

 

                                                           
1
 http://www.space.gov.au/SpacePolicyUnit/Documents/Principles for a National Space Industry Policy.pdf 

2
 Design in the knowledge economy 2020 – Hutton (2012) 

http://crcsi.com.au/Research/Radar-Research-Facility
http://www.space.gov.au/SpacePolicyUnit/Documents/Principles%20for%20a%20National%20Space%20Industry
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1 Executive Summary  

Australia is highly reliant on Earth Observation from Space (EOS) data3. However, the nation’s 
complete dependence on the international space community to supply these data on a fee-for-service 
basis or as a matter of goodwill has heightened the need for government to examine options for future 
supply. 

The Department of Industry, Innovation, Science, Research and Tertiary Education (DIISRTE) has 
commissioned this report through its Space Policy Unit (SPU) to examine the development and 
operation of a space-based Synthetic Aperture Radar (SAR) imaging capability in Australia, with a 
particular emphasis on civil applications. 

This report investigates the technical and operational capability of SAR in an Australian context and 
provides insight into the limitations associated with current accessibility and utility of SAR imagery as a 
remote sensing technology appropriate for Australian conditions. Potential ownership models for 
developing and operating SAR satellites in Australia have been considered and alternative strategies 
are outlined and discussed. 

Why Synthetic Aperture Radar (SAR)? 

Traditional passive optical remote sensing satellites have been under development for 40 years, 
starting with the pioneering Landsat system in 1972. Synthetic Aperture Radar (SAR) on the other hand 
is a relatively recent technology, coming to prominence over the past decade. SAR is a more complex 
form of imaging, offering a suite of operating modes for different applications. Unlike passive optical 
remote sensing, radar systems provide their own source of illumination. Consequently SAR can 
operate day and night with an all-weather data acquisition capability since cloud, fog, rainfall, aerosols 
and smoke are largely transparent to the majority of radar frequencies.  

SAR has found a growing market overseas for a range of applications. Thirteen SAR satellite sensors are 
planned for launch by overseas countries over the next five years making it one of the fastest growing 
sensor types. Australia is still developing its understanding of the best use of SAR but it is increasingly 
likely that SAR will become the sensor of choice for a number of applications including:  

 Disaster management, where quick access to the all-weather SAR data acquisition capability 
over wide areas is critical for rapid damage assessment and incident response management as 
was found with the Queensland floods of early 2011. 

 Coastal and marine surveillance, where the all-weather, 24 hour capability of SAR is used for 
monitoring ship movements, oil spills from vessels and off-shore drilling operations, illegal 
border crossings and defence intelligence gathering. 

 Environmental and natural resource management, where SAR imagery offers unique 
capabilities in the penetration of heavily forested areas to determine topographic surfaces and 
geomorphology; for mapping forest structure and biomass for carbon estimation, and for 
detecting soil moisture and sub-surface channels for trans-boundary water resource 
monitoring. 

Several case studies are referenced in this report, which demonstrate the advantages of SAR 
technology and its potential contribution to addressing national challenges. 

                                                           

3
 Australian Strategic Plan for Earth Observation from Space (ATSE,2009) 
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SAR data supply and demand  

Australian users currently have access to SAR data either directly through the relevant international 
space agencies or their local distributors (see section 4.1 SAR data access). Of the current operational 
SAR systems, X-band data can be acquired from the TerraSAR-X and TanDEM-X satellites (DLR, 
Germany) and from Cosmo-SkyMed (ASI, Italy). C-band data can be acquired from RADARSAT-1 and 
RADARSAT-2 (CSA, Canada). 

Demand for SAR data is strongest in the government and research sectors where most technical 
expertise is currently concentrated. Given the relatively immature nature of the capability for 
exploiting the benefits of SAR in Australia, there is a need to develop a business case for investing in 
SAR analysis capabilities and associated infrastructure.  

In the short term, the continued purchase of SAR data from foreign owned satellite providers is the 
most realistic and cost beneficial option for satisfying Australia’s SAR needs. In the longer-term, the 
nation is likely to become more dependent on SAR, creating the need for an alternative supply 
strategy. On present trends the cost of purchasing imagery is likely to increase. Subject to the strength 
of our reliance on SAR there may be sound reasons for the nation to consider a range of options to 
secure the supply of SAR imagery, including fractional ownership of selected SAR sensors.  Such an 
approach would secure additional benefits such as satellite tasking rights over Australian territory. 

There is a growing case for Australia to  take advantage of current SAR sensor programs in 
collaboration with agencies both domestically and internationally on new and emerging sensor 
developments. Suggestions for potential collaborations pathways are set out in the report. 

This study finds that satellite SAR technology holds significant potential to meet Australia’s needs for 
EOS data over the next 30 years and can make a considerable contribution to identified national EOS 
priorities areas (ATSE, 2009).  

Opportunities for improvement in Australian SAR capability 

A key consideration in the development of a robust EOS industry is security of data supply. Australia’s 
relatively slow uptake of SAR imagery is due to a number of factors including; lack of awareness 
amongst end users of the role that SAR is playing overseas, lack of processing expertise amongst users 
(Defence, government agencies, etc), suppliers (private companies) and trainers (research agencies, 
universities), and the relative immaturity of proven applications under Australian conditions.  

There is strong evidence that the future use of SAR is promising4. High data costs, limited access and 
expertise is impeding the development of this capability.  An integrated strategy of targeted R&D in 
promising applications together with a capacity building program through training courses at 
educational institutions is recommended. In time, investing in proven high value SAR satellite 
infrastructure may also be warranted. 

Key findings of this study are: 

 Those nations that have a relatively high supply rate of SAR imagery have more rapidly 
developed high value applications, particularly in the northern hemisphere.  

                                                           

4
 Continuity of Earth Observation Data for Australia: Research and Development Dependencies to 2020, CSIRO, 
January 2012. 
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 Recent studies of EOS requirements and local capacity confirm that Australia is unlikely to 
meet its current, or indeed exploit future needs while remaining reliant on foreign EOS data 
sources5.  

 No single type of SAR imagery will meet Australia’s needs in terms of capability. Early 
indications are that a combination of high frequency (X-band and C-band) and low frequency 
(L-band) sensors are most promising.  

 There is currently no source of satellite SAR L-band data anywhere in the world. With the 
failure ALOS PALSAR in April 2011 and the failure of ENVISAT in March 2012, there exists a 
need to secure ongoing access to SAR L-band data beyond 2012, otherwise there is a risk that 
data gaps will hamper the development and operation of promising programs and research.  

 There is a need to strengthen Australia’s technical expertise in SAR. The current capability is 
dispersed and struggling for critical mass. The establishment of a dedicated national SAR 
facility to concentrate the efforts of highly capable professionals from the local and 
international SAR communities could be considered. 

 Given the relatively low level of maturity of the Australian SAR industry and the level of 
investment required to establish a more resilient SAR capability, there is a compelling 
argument for having a strategic alliance with an established international space agency and a 
skills transfer commitment to develop local capability and capacity. 

 Generally, the operational life of an EOS satellite is 5 to 15 years. The planning and design 
phase can be up to 5 years prior to launch, which means that collaborating in building, and 
operating a SAR satellite and sensor platform can be a 20 year commitment. If ownership of 
SAR assets is to be considered, one way of reducing the lead up cost is to consider fractional 
ownership. This model shares the costs of purchase, launch and operation of one or more 
satellites with other national space agencies; minimises the risks to Australia and accelerates 
knowledge transfer. This report identifies a number of opportunities for establishing 
partnership agreements with international space agencies. 

 Leveraging experience and expertise within Defence organisations can be a useful strategy for 
building capacity. Many of those nations that are now SAR-capable have used joint Defence-
civilian programs of collaboration, particularly for airborne systems, in advance of developing a 
satellite capability. The knowledge and experience gained from such programs have proven 
invaluable in the design and development of satellite SAR systems. 

 Developing SAR satellite capability represents an important step toward a more mature EOS 
industry. Australia should take advantage of political and economic alliances internationally to 
leverage more than 50 years of investment in space by potential partners. These could provide 
short-to-medium-term benefits through ongoing access to contemporary X-band SAR data and 
enable longer-term continuity of SAR data supply. This presents an opportunity for Australia to 
be involved in new technology development and innovations in L-band SAR taking advantage 
of knowledge and technology transfer from world leaders in SAR systems, and contributes to 
building a well-informed business case for proving up applications. 

 Taking a strategic approach to the development of SAR capability in Australia will also provide 
the vendor community with more certainty, increasing the likelihood of complementary 
investment and support. 

                                                           

5
 Australian Strategic Plan for Earth Observations from Space,  Australian Academy of Science and Australian 
Academy of Technological Sciences and Engineering, 2009 
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 The Australian Government’s Ground Receiving Stations, including the newly built DCCEE 
facility in Darwin, could be tasked to download SAR data over areas of interest to Australia 
including the northern Australian-Asian region in the immediate future. By entering into an 
alliance with existing SAR satellite providers, these operational receiving facilities (note that 
the Darwin Station is as yet uncommissioned) could service the needs of maritime surveillance 
and the mining, oil and gas industry for  detecting oil spills in the north west shelf area and for 
monitoring shipping lanes across Northern Australia and in the  Great Barrier Reef. 

Development strategy and recommendations 

The following recommendations address the requirements of this study. These recommendations and 
are discussed in greater detail in Section 8. 

Recommendation 1 

Australia should develop a strategic plan to inform the development of high value satellite SAR 
applications and capability. The Plan should target those application areas with high potential, such as; 
coastal and maritime surveillance in the northern regions; biomass estimation of wooded vegetation 
for national carbon accounting; and soil moisture monitoring in the Murray Darling Basin. These 
application areas should encourage collaborative research effort from our current application 
development community. The strategic plan should involve the education and training sector to 
ensure a good supply of emerging expertise and rapid knowledge transfer. Federal, state and territory 
involvement should be sought to ensure it is a national plan. Collaboration with the local vendor 
community should be strengthened to help markets grow in promising application areas. Collaboration 
with specific overseas organisations should be prioritised to ensure supply of data, access to expertise, 
and technology transfer. The Plan would lead to the development of a business case that would 
demonstrate, or otherwise disprove, the value of further investment by the nation in SAR activities, 
including space-based SAR infrastructure. 

 

Recommendation 2 

Leading on from Recommendation 1, the development of a national test-bed for further developing 
joint civilian and defence SAR capabilities should be considered. This may best be progressed through 
the creation of a joint research facility. 

 

Recommendation 3 

Investigate imminent potential for collaboration with a consortium of satellite system providers to 
acquire SAR imagery through Australian Ground Receiving Stations. 

This will reduce dependency on data purchases and lift the level of maturity of SAR capability in 
Australia whilst enabling an objective assessment of potential partnership arrangements with the 
international EOS community. 
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2 Introduction  

Australia’s Space Industry Innovation Council (SIIC), established by the former Minister for Industry, 
Innovation, Science and Research to provide space industry advice to Government, has been 
researching the need for a greater investment by Australia in space based capabilities. Investigations 
by the SIIC Synthetic Aperture Radar (SAR) Working Group support the argument for a significant 
investment in this industry. Their key recommendation was to focus on space-based SAR imaging, with 
particular emphasis on assessment of capability and capacity to service civilian (non-defence) 
applications in Australia. 

2.1 Project background and scope  

The Australian Government has recognised the growing importance of space capability and is currently 
developing a comprehensive space policy. This policy will promote consideration of a range of 
opportunities for Australia to develop its space capability. 

Earth Observations from Space (EOS) are an essential component of Australia’s space policy. 

Space-systems and space derived data is used for many applications and services; these data are used 
to assist the Australian Government in its decision making. A primary objective of the Australian 
Government is to develop Australian capability and ensure secure access to EOS data. 

The Defence White Paper of 2009 has energised debate around the need for Synthetic Aperture Radar 
(SAR) Satellite technology within the next 10 years. 

2.2 Objectives 

This study explores Australia’s current technical capability, available data streams and the need for 
SAR imagery in a civilian application context. It identifies and reports on: 

a) key operational and technical capabilities offered by SAR imagery from existing and emerging 
civilian applications in Australia; 

b) what products and information data streams are available now and in the future to support 
Australian activities; and 

c) options to address any shortfalls in data availability. 

This study compares current and future supply and demand of SAR imagery and explores potential 
future ownership models. Suggested models for space-based imaging could include: 

1. Purchasing SAR imagery from third parties; 

2. Purchasing new civilian capability constellation; 

3. Australian civil/military dual use SAR imaging capability; and 

4. Stand-alone SAR imaging capability. 

Analysis of these options and recommendations for a preferred strategy leads to a roadmap for 
implementation of satellite based SAR capability to meet Australia’s requirements. 
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2.3 Approach 

The approach taken in preparing this report has been guided by the Space Policy Unit (SPU) of DIIRSTE 
to provide the following information: 

• Identify the key technical and operational capabilities offered by SAR imagery, that would 
assist Australian users with a focus on civilian applications;  

• Identify the demand or need for SAR imagery in Australia from existing and emerging civilian 
applications; 

• Identify the extent of SAR data currently accessible to Australian users and how the data when 
integrated can support various civilian services;  

• Conduct a gap analysis on potential deficiencies within SAR data accessible to Australian users 
to determine how best to fill gaps regarding data availability;  

• Identify and discuss potential ownership models for developing and operating SAR satellites in 
Australia including analysis of options;  and 

• Provide budget estimates for any recommendations contained in the report.  

This approach considers the EOS value chain (outlined in Section 7.3) including both downstream and 
upstream markets in building the case for investment in acquiring a SAR capability for Australia. An 
Australian and International Reference Group was established, which included (upstream) national 
space agencies and commercial operators to contribute expert opinion and evidence related to uptake 
and inhibitors in existing markets. This group also included (downstream) technical experts and 
representatives from the existing and potential consumer marketplace to solicit case studies and 
evidence related to the current state, potential applications and benefits assessment in the local 
market. A Reference Group list of contacts is attached in Appendix A. 

Further to this, an industry workshop was held with participants invited from government, defence 
and commercial operators to canvas issues in arriving at a preferred approach for Australia in building 
SAR capability. A list of workshop participants is also attached in Appendix A. 

Criteria were developed to assess the preferred SAR technology and potential ownership models 
based on the detailed technical knowledge of the consulting team and extensive communications with 
international space agency representatives. 

2.4 Policy Guidelines 

Australia’s national space industry policy intentions are outlined in the Principles for a National Space 
Industry Policy6. These core principles recognise that Australia will: 

a. continue to rely to a substantial degree on international support for critical national security 
and civilian functions enabled by space systems; 

b. continue to accept a substantial degree of dependence on global supply chains for space 
system capability; and 

c. need to cooperate and partner with other countries, including for joint activities, that are 
essential to Australia’s engagement with space. 

                                                           

6 Commonwealth of Australia, Space Policy Unit (2011) 

http://www.space.gov.au/SpacePolicyUnit/Documents/Principles for a National Space Industry Policy.pdf 

http://www.space.gov.au/SpacePolicyUnit/Documents/Principles%20for%20a%20National%20Space%20Industry
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3 Assessment of the current state of SAR 

Investigations into Australia’s domestic space capabilities (SKM, 2011)7 suggests that the Australian 
space industry is very small when compared with other industries within the Australian economy. And, 
in this respect the demonstrated capability within the space industry is equally small and is contained 
within a small number of organisations. SKM further states that: 

“The strongest of the observed capabilities is in the area of Earth Observation value adding. Specifically 
within the Earth Observation category, Australia demonstrates that it is strongest in the area of 
Geospatial Information Systems, Earth Observation data integration and analysis. This is driven by the 
demand within the Australian economy. Whether it is for resources, water and environmental 
management, agriculture, social infrastructure, weather or defence, the demand for spatial data and 
analysis is very high”. 

In the context of a modest Australian EOS industry, the application of SAR technology has not been 
exploited to anywhere near its full potential in meeting the national priorities of Agriculture, Forestry 
and Ecosystems; Climate Change; Water Availability; Natural Disaster Mitigation; Safe and Secure 
Transport; Energy and Resource Security; Coasts and Oceans, National Security and National Mapping 
(discussed further in Section 3.3 -  SAR alignment with Australian National Priorities). 

3.1  Background 

Numerous recent reports on Earth Observation (EO) in the Australian context all draw attention to the 
importance of satellite data for resource assessment and Australia’s continuing and future economic 
growth and development. These reports include… 

Australian Strategic Plan for Earth Observations from Space,  Australian Academy of Science and Australian 
Academy of Technological Sciences and Engineering, 2009. 

Report on Economic Value of Earth Observation from Space – A Review of the Value to Australia of Earth 
Observation from Space. ACIL Tasman 2010. 

Australian Government, Earth Observations from Space (EOS) National Infrastructure: Priorities for Australia’s 
Space Policy. Draft V2.4, June 2011. 

Continuity of Earth Observation Data for Australia: Operational Requirements to 2015 for Lands, Coasts and 
Oceans (CEODA-Ops) Geoscience Australia, 2011. 

Continuity of Earth Observation Data for Australia: Research and Development Dependencies to 2020, CSIRO, 
January 2012. 

National Earth Observations from Space Infrastructure Plan (NOES-IP) Discussion Papers, Geoscience Australia 
and Bureau of Meteorology, 2011. 

Priorities for Investment in Remote Sensing Satellite Technology for Australia, CRCSI, October 2011 

No attempt is made to summarise all the arguments made or the conclusions drawn in these 
reports. Independent reading and evaluation is recommended. The following discussion however is 
aimed at highlighting major concerns raised therein; to show the increasing recognition of the 
importance of EOS by the Australian Government to ongoing and future national development, and 
to stress the need to address a nationally coordinated space science and applications program. In 
the discussion below reference is also made to recent events in the space EOS arena as they impact 
on the likely options available to Australia and the rationale underlying this Report.  

                                                           

7 Australia’s Niche Space Industry Capability – Sinclair Knight Merz 2011 
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The following observations are drawn from these reports: 

• EOS is of significant economic importance to Australia’s well-being. Current estimates indicate 
there are government programmes (Federal and State) totalling more than $1.3 billion in 
annual expenditure that have an explicit dependency on EOS. The commercial sector 
comprises approximately 35 small to medium enterprises with estimated combined annual 
sales of between $30 million and $40 million in 2010. (ACIL Tasman 2010). 

• Australia is totally reliant on foreign satellites for EOS data. Most of the EOS data streams 
utilised are sourced from public-good missions flown by major space-capable nations, such as 
the USA, Japan, China and Europe and commercial providers.   

• Of the 22 EOS sensors currently being used for operational programs in Australia, 19 (86%) are 
expected to cease functioning by 2015. There is increasing uncertainty regarding the 
replacement missions fuelled by the unstable international economy. In contrast with this 
projected rapidly decreasing access to EOS data, Australia’s EOS requirements are expected to 
increase significantly over the next decade. 

• Australia has no consistent policy on EOS with respect to ensuring current access. Nor does 
Australia have certainty with respect to maintaining or securing continuity of data acquisition  
to meet Australia’s needs into the coming decade. This observation applies to both current 
data streams deemed crucial to the maintenance of existing national programs, and those 
needed to meet the increased projected data demands for future EOS research and 
applications in the period to 2020.  

• In addition, Australia’s continued access to EOS data is subject to increased risk: 

(i) the recent permanent failure of prime satellite sensors ALOS PALSAR (April 2011) and 
EnviSAT (March 2012), Landsat (degraded), and the  slowdown in the  launching of 
replacement systems; 

(ii) policies being pursued by international space agency data providers to increase the 
centralisation of data reception and distribution activities in preference to maintaining 
regional and foreign owned data reception facilities;  

(iii) the move towards more commercially operated remote sensing systems; 

(iv) the increasing tendency for tasking conflicts that prioritise the needs of satellite owners 
before commercial clients like Australia. Provisioning imagery for the military purposes of 
states that own the satellites also results in a downgrading of priority for commercial 
clients; and 

(v) the move towards greater cost recovery models being implemented by governments  
sponsoring  EOS programs  for public good. 

 

• Given a review of 92 Australian Federal and State Government programs that are based on the  
use of EOS data, those employing low-resolution optical systems and SAR  face the greatest 
risk of losing  immediate data supply . 

• This risk is further exacerbated by Australia’s reluctance to take action to commit to 
agreements with data providers to ensure access or obtain secure buy-ins of data quotas from 
existing suppliers for supply into the next decade. 

• Delays are likely in the launch schedule for new and replacement systems brought about by 
current economic restraints in Europe, Japan and the USA. The Landsat Follow-on Mission, 
ALOS-2, ESA Sentinel GMES and the Radarsat-2 Constellation programs are all subject to 
funding reviews. 
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• The GA CEODA (2011) study reported that after Low Resolution Optical Data, SAR was the next 
most widely used data type in Australia and that the use of both is expected to grow 
substantially. The report also concluded that these two data types are the most likely to 
experience data gaps in the immediate future.   

• The failure of Australia to have consistent policies in place  in relation to EOS data access and 
acquisition has had  a major impact on  EOS research and development in Australia by pushing 
programs, both research and operational, towards the use of “free data” sources which may 
not be optimal  for the particular applications  sought. Much of the data analysed in research 
and innovation programs in Australia comes through individual or institutional membership in 
international research programs with little or no funding support emanating from Australian 
sources. 

 

These reports taken collectively provide strong support for the need for a national strategy to secure 
continued EOS data supply by formalising agreements with overseas space agencies or suppliers for 
both existing satellites and future satellites. In addressing the strategic national needs Australia would 
ensure a greater degree of certainty for end users, and for investors who will carry the risk of 
developing the next generation of products.  These earlier reports and studies give only cursory 
examination of options forming consortia to build or in sub-contract construction of our own satellite 
platforms and sensors. 

 

3.2 The SAR advantage 

Imaging radar is the most rapidly developing of the current remote sensing technologies. In the areas 
of science, technology and applications, radar research and development activities outstrip other EOS 
systems. More than 13 new satellite-borne SAR sensors are planned for launch over the next five 
years. 

Unlike optical remote sensing systems, radar systems provide their own source of illumination. They 
can therefore operate day and night. In addition, radar has an all-weather data acquisition capability 
with cloud, fog, rainfall, aerosols and smoke all transparent to the majority of radar frequencies.  

A further advantage of synthetic aperture radar collection is that it enables spatial resolution to be 
independent of distance to the ground surface, thereby providing fine pixel resolution from both 
airborne and space systems, down to less than 0.3m and 3m respectively, depending on the mode of 
operation.  

Radar signals are sensitive to a) the physical and geometric parameters of surface features such as 
roughness, slope and orientation of objects relative to the radar beam direction, b) dielectric 
properties which depend strongly on water content (soil moisture, green vegetation biomass) and, to a 
lesser extent, c) the density and conductivity of soil and rock materials, thereby providing clear 
advantages over other EOS technologies in extracting this information from terrestrial observations.   

3.2.1 Technical overview 

The following discussion introduces technical terms referenced in this report, which demonstrate the 
various sensor types and the range of applications uniquely suited to SAR as a remote sensing 
technology. 
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Imaging radars sense in multiple 
wavelengths (bands) outside the visible and 
infrared regions of the electromagnetic 
spectrum (i.e., “Radio” at far left in Figure 
1), transmitting and receiving polarised 
energy in wavelengths ranging typically 
from 3cm (X-band) to 100cm (P-band). 

 
 

 

 

Microwave band designations most commonly used in satellite and airborne SAR systems include: 

Table 1- SAR band allocation and examples of SAR satellite sensor platforms. 

Band Name Frequency 
range 

Wavelength 
range 

Sensor Platform 

VHF Very High Frequency 
 

30-300MHz 1-10m CARABAS I, II (airborne) 

UHF 
(P) 

Ultra High Frequency 
(includes P-band) 

0.3-1GHz 0.3-1m 
(60-100cm) 

BIOMASS++, GeoSAR, LORA, RAMSES, 
SETHI, OrbiSAR (airborne) 

L Long Wave 1-2GHz 15-30cm SIR-C, JERS, ALOS PALSAR, 
 UAVSAR (airborne) 

S Short Wave 2-4GHz 7.5-15cm NovaSAR+++ 

 

C Compromise  
(between S and X) 

4-8GHz 3.75-7.5cm ERS-1 & -2, RADARSAT I & II,  
Envisat ASAR 

X X (crosshair, WWII) 8-12GHz 2.5-3.75cm TerraSAR-X, CosmoSymed 
 

 ++Built but yet to be launched, proposed date 2013. 
+++Proposed but not yet approved, ESA Surrey 

 
Increasingly radar data are becoming available in full polarimetric and interferometric modes, i.e. 
 Polarimetric (polarimetry is the study of single image) data are sensitive to the structure and 

spatial arrangement of surface and vegetation features. Radar scattering properties can be used to 
retrieve geophysical and biophysical parameters such as soil dielectric constant and ground 
surface roughness and slope as well as forest height and biomass and provide structural 
information of features. 

 Interferometric radar data (InSAR – is the study of two images usually acquired simultaneously 
over the same area) are valuable for DEM generation and the geophysical monitoring of natural 
hazards, in particular monitoring subsidence and structural stability. A recent development is the 
monitoring with multiple passes over a 1-2 year period of the vertical change of permanent (or 
persistent) scatterers (PSInSAR – is the study of multiple images acquired over the same area) to 
measure with millimetre accuracy ground subsidence due to, for example, the extraction of 

(Source: http://labs.ciid.dk/workshops/physical-spectrums-
of-perception/attachment/electromagnetic-spectrum/). 

 

Figure 1- The electromagnetic spectrum 
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groundwater from urban aquifer and the effect of coal seam gas extraction.  Combinations of 
InSAR data at different frequencies can yield information on forest height and this has been 
exploited in Papua New Guinea using GeoSAR, and currently in the Amazon where the tropical rain 
forest is being mapped using the OrbiSAR system. 

 Differential Interferometry (DInSAR – is the study of at least two images and the use of DEMs 
sometimes known as 2-Pass),can identify sub-centimetre ground deformations due to earthquakes 
and continuing follow-up seismic activity and detection of ground subsidence over underground 
mine-sites. A prerequisite for this type of application is the acquisition of coherent data 
immediately before and after the event.  

 Polarimetric Interferometry SAR (Pol-InSAR) is an established remote sensing technique that 
combines the advantages of both SAR polarimetry and interferometry to measure the height and 
depth of vegetation from the same dataset. For example, layers (trunks, branches, leaves) within a 
forest structure from ground level to top-of-canopy can be readily determined. Together with field 
data and allometric models (that measure shape and size), this information can be used to 
estimate biomass and forest carbon stock. 

The current state assessment of SAR capabilities, their applications, level of uptake (whether 
research, applied or routine) is summarised in Table 2, which indicates that: 

 There is sufficient knowledge in single and dual Polarimetric SAR for their routine use in 
mapping and monitoring surface features and biophysical properties.  

 Applied research in InSAR and DInSAR for DEM (digital elevation model) generation and 
detecting surface change is available but not used routinely.  

 Further research and development is required to exploit full polarimetry and Pol-InSAR for 
application in detailed surface cover mapping and estimation of structural properties.  

 PSInSAR is largely experimental at this stage but shows promise in monitoring surface 
change with millimetre accuracy over long time periods. 

 

Table 2 - Summary of SAR capabilities and applications 

Technology Measurement Application Current status 

Single 
polarimetry 

Target identification, 
dielectric properties 

Feature identification and mapping, 
change detection, ship and sea ice 
detection 

Routine 

Dual 
polarimetry 

Target structure,  surface 
dielectric properties  

Feature identification and land cover 
mapping, surface roughness, ocean 
currents and wind fields, change 
detection 

Routine 

Full 
polarimetry 

Detailed target structure 
and  spatial arrangement, 
dielectric properties 

Detailed land cover mapping, change 
detection, forest biomass  and 
structure, soil moisture 

Research/not applied 

Interferometric 
SAR (InSAR) 

Height DEM generation, topographic 
modelling, hazard monitoring, forest 
biomass  

Research/applied 
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Technology Measurement Application Current status 

Polarimetric 
interferometry 
(Pol-InSAR) 

Height and depth Target structure, tree height and 
biomass, topographic modelling, 
hidden target and coherent change 
detection 

Research/not applied 

Differential 
interferometry 
(DInSAR) 

Change in height(cm 
detection) 

Sub cm ground deformation, 
landslip, and hazard monitoring 

Research/applied 

Permanent 
Scatterers 
interferometry 
(PSInSAR) 

Change in height (mm 
accuracy) 

Subsidence monitoring, mining and 
groundwater extraction impacts 

Research/experimental 

 

SAR measurement data can be complementary to optical, visible and infra-red remote sensing 
measurements, which are sensitive to chemical composition and thermal properties respectively. The 
synergistic use of radar, optical and thermal data has the potential to provide another level of detail 
and understanding of surface features and environmental processes and will be subject to intense 
research in coming years.  

 
Major technological advances in the design and construction of a range of different sensor types and 
satellite platforms currently taking place are providing an increasing capability of retrieving 
geophysical parameters and precise metric information about earth surface features in a way that was 
not possible previously. Such calibrated observations and information can be incorporated directly into 
environmental modelling routines and used to monitor and measure changes taking place on the 
earth’s surface and atmosphere.  

Further technical information and more detailed specifications of current operational and proposed 
satellite and airborne SAR sensors, including those having reached end of life, can be accessed from 
the CRCSI Radar Research Facility website. A dedicated web page has been provided to support this 
study (http://crcsi.com.au/Research/Radar-Research-Facility), where the following adjunct reference 
document (SAR Sensor Specifications) provides the following tables. 

Table A - Operational satellite SAR sensors and specifications 

Table B - Future and proposed satellite SAR sensors and specifications 

Table C - Operational airborne SAR sensors and specifications 

Table D - Decommissioned satellite SAR sensors 

 

3.2.2 The global SAR community 

There are currently 15 operational X-band SAR satellites, compared with three C-band, two S-band, 
eight L-band and three multi-frequency systems (Figure 2). Ownership and operation of these systems 
is limited to just eight countries, distributed amongst Europe, Russia, Asia, the Middle East and 
Canada. 

http://crcsi.com.au/Research/Radar-Research-Facility
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Figure 2 - Currently operational SAR satellites by country. 

More than 32 satellite borne radar sensors have been proposed or are in early stages of development 
(as of April 2012, CEOS EOS Handbook), with at least 13 planned for launch over the next five years, 
making it one of the fastest growing remote sensing technologies.    

Appendix B – SAR System and Timelines outlines the history and timeframe of the  launch and 
operation of SAR satellites arranged by the various sensor types continuing into the next decade. 

 

There is a high level of interest and commitment by many countries that are choosing to invest in SAR, 
including developing nations, so the question must be asked; “what should Australia do”? 

 

3.3 SAR alignment with Australian National Priorities 

The Australian Strategic Plan for Earth Observation from Space (ATSE, 2009) lists eight national priority 
areas. 

1. Agriculture, Forestry and Ecosystems  
2. Climate Change 
3. Water Availability 
4. Natural Disaster Mitigation 
5. Safe and Secure Transport 
6. Energy and Resource Security 
7. Coasts and Oceans  
8. National Security 

Out of these eight priority areas: 

 six are identified having current SAR 
applications (1, 3, 4, 5, 7, and 8);  

 one is identified as having a need for more 
R&D into the application of SAR (6:Energy 
and Resource Security); and 

 one is identified as lacking in operational 
use of SAR (2:Climate change). 
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Many Australian government agencies, commercial operators and the SAR research community have 
already made significant contributions to the operational use of SAR in contributing outcomes in most 
of these National Priority areas. 

Case studies of various SAR projects can be accessed from the CRCSI Radar Research Facility website. A 
dedicated web page has been provided to support this study (http://crcsi.com.au/Research/Radar-
Research-Facility), where the following SAR application case studies are presented as Adjunct 
Reference Document #2. 

1. International Forest Carbon Initiative (IFCI): Tasmania National Demonstrator 

2. Forest Above Ground Biomass (AGB) estimation using SAR, northern Australia 

3. Mapping wetland inundation patterns 

4. Flood disaster response: QLD/NSW flood monitoring using SAR 

5. InSAR and deformation monitoring arising from Sichuan earthquake, China 

6. Subsidence monitoring using Persistent Scatterer Interferometry (PSI) 

7. Modelling of landforms using InSAR DEMs 

8. Civilian and Defence Maritime surveillance 

9. The Australian Antarctic Division (AAD) mapping program 

Some specific examples of the application of SAR technologies that demonstrate the technical and 
operational capabilities offered by SAR imagery in servicing Australia’s national priorities are described 
below as Case Studies #4, #8, #2 and #6 respectively. 

3.3.1 Disaster Management 

Natural disasters and emergency response events call for immediate access to remote sensing data to 
assess the situation quickly and guide the effective deployment of resources most efficiently. SAR can 
operate day and night with an all-weather data acquisition capability penetrating cloud, fog, rainfall, 
aerosols and smoke. Having such a capability to quickly obtain imagery over wide areas in crisis is 
extremely useful for emergency management and damage assessment.  

Flood disaster response: QLD/NSW flood monitoring using SAR (Case Study #4) 

Under the influence of Cyclone Tasha and La Nina, the December 2010 - January 2011 flood events 
brought widespread devastation to vast extents of eastern Australia, particularly Queensland. There 
was varied use of spatial information including satellite radar imagery in post-disaster response 
activity. 

Radar's all-weather, cloud penetrating, day/night observation capability renders it a viable tool in flood 
emergency response and pre- and post-flood extent mapping and ground operations. The ability to 
capture useful imagery over extensive areas during heavy cloud days when aerial imagers cannot is 
invaluable. 

During the 2010/11 flood event, radar imagery acquired by Cosmo-SkyMed, TerraSAR-X and 
RADARSAT-2 were used primarily to map flood extents (Figure 3), inform disaster recovery activities, 
and support high-level response planning. The high resolution of the radar imagery and accuracy of 
mapped flood zones was deemed useful in its own right and as a useful complement to aerial imagery 
in building situational awareness during the flood event. Relying on traditional data sources to supply 
SAR imagery contributed to latency in obtaining the data and lack of familiarity with the data and 
products.   

http://crcsi.com.au/Research/Radar-Research-Facility
http://crcsi.com.au/Research/Radar-Research-Facility
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Figure 3 - Flooding in Rockhampton, Queensland 

a) Left - Optical image taken prior to 
flooding 

b) Right - Radar derived (Cosmo-SkyMed) flood extent 
map for 5 Jan 2011 overlain on optical image.  

Source: http://www.bbc.co.uk/news/world-asia-pacific-12138010 

3.3.2 Coastline and Marine Surveillance 

Australia has one of the largest Exclusive Economic Zones (EEZ) in the world. The total area being 
larger than the nation’s land area. Parts of the EEZ extend from Heard and McDonald Islands in the 
southwest to Norfolk Island in the east and from the Arafura Sea in the north to the Australian 
Antarctic Territory in the south. Between November 2007 and March 2008 more than 1100 ship 
detection reports were recorded by the Border Protection Command (BPC)8. 

SAR imagery can detect the presence of shipping activity by the metallic signature of the vessel, 
surface disturbance caused by the ship’s wake and identification of polluting emissions such as oil 
discharges. The all-weather, 24 hour capability of SAR has applications for monitoring fisheries, impact 
of shipping lanes through national marine parks, oil spills from off-shore mining, illegal boarder 
transgressions and defence intelligence gathering.  

Case Study #8 - Civilian and Defence Maritime surveillance 

Australia’s Coastwatch program employs satellite technology for national maritime surveillance. SAR is 
most useful during long periods of heavy cloud cover which negate the use of optical satellites. Radar 
data from satellites such as RADARSAT-1 are being used to locate relatively large ships and track their 
movements over a number of days. Satellites are also used for surveillance in areas such as Cocos 
Islands, Christmas Island and other offshore areas. Australian Defence and Customs have trialed the 
use of High Frequency Surface Wave Radar (HFSWR) to detect surface vessels and low-flying aircraft. 
This has potential to provide 24-hour wide-area coastal surveillance of aircraft, ships and boats 
travelling in the Torres Strait. Unmanned Aerial Vehicles (UAV) with various imaging payloads are also 
used for prolonged surveillance to identify and verify targets detected from HFSWR and other sources 
SAR X-band, C-band and potentially S-band imagery offers the most appropriate specifications suited 
to this application area. 

                                                           
8
 Source: Geoscience Australia - http://www.ga.gov.au/ausgeonews/ausgeonews200809/satellite.jsp 
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Radar data from satellites such as TerraSAR-X and Radarsat are being used to locate relatively large 
ships and track their movements over a number of days. Ships can be detected through direct 
measurement of backscatter from reflective surfaces using: 

 

 

 

 

 

Reference: Brusch,S.,  Lehner,S.,  Fritz,T.,  Soccorsi,M.,  Soloviev, A., and  van Schie., S. Ship Surveillance with 
TerraSAR-X, IEEE Transaction of Geoscience and Remote Sensing, vol 49, no 3, March 2011,pp.1092-1103. 

 

 

 

 

 

 

 

 

 

 

 

Source:  www.ga.gov.au/ausgeonews/ausgeonews200809/satellite.jsp 

On 21 August 2009, the Montara offshore oil platform in the 
Timor Sea started leaking oil. Over a period of ten weeks, more 
than two million litres of oil were lost into the sea, forming a 
2000 square kilometre slick. 

This TerraSAR-X image (Figure 6) at right, was acquired by 
Astrium on 21 September 2009 in ScanSAR mode. The 
resolution is 18 metres and the image covers an area of 100 by 
150 kilometres. The oil well was closed at the beginning of 
November. 
 

Source: DLR Web  Portal News Archive - TerraSAR-X image of the month: Oil disaster off the Australian coast 27 Nov 2009 
(http://www.dlr.de/en/desktopdefault.aspx/tabid-6214/10201_read-20853) 

Australia currently has no dedicated satellite surveillance capability, although Defence has capacity to 
access classified allied satellite intelligence (Bateman 2007).  

a) High resolution Spotlight 
mode;  

b) Scansar mode 18m res. c) Dual polarisation mode 
4m res 

 

Ships can be detected through direct measurement of 
backscatter from reflective surfaces or indirectly by 
detecting the ship’s wake. Measurements of a ship’s 
direction and speed from SAR imagery must be available as 
soon as possible after the satellite overpass to be useful for 
intervention measures. 

The ship’s wake creates turbulence and areas of smoother 
water that stand out from the surrounding ocean in a SAR 
image. The bow of a ship when pushing the water aside also 
creates a wave known as the Kelvin wake (Figure 5). This 
wave emanates from either side of the bow and forms a 
distinct part of the ship’s SAR signature. 

Figure 4 - Ship detection using TerraSAR-X imagery 

Figure 5 - Detection of ship’s wake (Kelvin wake) 
using RADARSAT-1 data 

Figure 6 - Montara oil spill in Timor Sea 2009 
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3.3.3 Environmental and Resource Management 

Australia’s vast landmass and diversity in landforms, vegetation and geology requires the effective use 
of EOS technologies to monitor land use practices, property development activities and the impact of 
climate change. Applications for SAR imagery as an effective tool in environmental and resource 
management include: 

 Biomass estimation for carbon accounting purposes; 

 Vegetation clearance monitoring; and 

 Elevation modelling for national mapping programs. 

SAR imagery offers unique capabilities in penetration of heavily forested areas especially in tropical 
regions of northern Australia and New Guinea and especially in areas where ever present clouds 
prevent optical imagery capture.  

SAR L-band and X-band imagery is the appropriate wavelength and frequency for this application area. 
However, extensive research into P-band InSAR promises additional outcomes. 

Case Study #2 - Forest Above Ground Biomass (AGB) estimation using SAR, northern Australia 

Deforestation is occurring at a rate of around 13 million hectares per year: an area about 50 times the 
size of Luxembourg or 180 times the size of Singapore (FAO, 2007). As well as being a major cause of 
biodiversity loss, tropical deforestation also results in the release of (mostly) carbon dioxide: a major 
contributor to climate change.  

Improved observation of forest and land cover change, 
including changes in Above Ground Live Biomass (AGLB), will 
provide valuable input to countries’ Monitoring, Evaluation and 
Reporting (MER) systems and future climate change policies 
focusing on reducing deforestation emissions from developing 
countries (REDD+)9. AGLB is recognized as an essential climate 
variable in emissions accounting from forest and land cover 
change. Using SAR data, the AGLB of forests has been retrieved 
through statistical relationships with ground data or 
interferometric measurements of height. 

Ongoing research in Queensland has established strong 
relationships between ALOS PALSAR L-HH and HV 
backscattering coefficient and field measured AGB (Lucas et al., 
2010). Soil moisture was found to have a significant effect on 
biomass estimates at L-band, and it was concluded that PALSAR 
data acquired with minimal soil moisture and rainfall would 
permit better estimation of AGB. An interim AGB map for 
Queensland (Figure 7) has been generated and is currently 
undergoing validation.  

Alternative methods for estimating AGB involve extensive and 
labour intensive ground sampling in areas that are generally inaccessible and frequently obscured by 
clouds that prevent the use of optical imagery.    

The successful application of SAR for wide-area AGB estimation across Queensland State is 
encouraging for routine implementation and national carbon accounting, both in Australia and 

                                                           
9
 REDD - Reducing Emissions from Deforestation and forest Degradation (http://www.un-redd.org) 

Figure 7 - Total Above Ground 
Biomass (AGB) for eastern Australia 
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elsewhere. Time-series radar also facilitates detection and mapping of various levels of forest 
degradation, regrowth and recovery over large areas. 

Reference: Lucas, R., Armston, J., Fairfax, R., Fensham, R., Accad, A., Carreiras, J., Kelley, J., Bunting, P., Clewley, 
D., Bray, S., Metcalfe, D., Dwyer, J., Bowen, M., Eyre, T., Laidlaw, M. and Shimada, M. 2010. An evaluation of the 
ALOS PALSAR L-band-Above ground biomass relationship Queensland, Australia: Impacts of surface moisture 
condition and vegetation structure. IEEE Journal of Selected Topics in Applied Earth Observations and Remote 
Sensing, 3,4: 576-593. 

Case Study #6 - Subsidence monitoring using Persistent Scatterer Interferometry (PSI) 

PSI makes measurements of ground movement on naturally occurring permanent scattering points 
such as the roofs of buildings, metallic structures and prominent natural features. This InSAR 
technique is ideally suited to observations in urban and semi-urban areas of surface changes where 
point scatterers are abundant. Uniquely, this technique provides the motion history (for the period of 
the data archive which can be 10 or so years) for each individual persistent scatterer. Movement of 
individual or clusters of scatterers can be measured with millimetre accuracy.  

An ongoing application of PSI is for monitoring ground subsidence due to groundwater extraction from 
local aquifers and mining subsidence (Figure 8). Both PSI and DInSAR techniques can be used to 
measure displacements arising from these activities. 

 

 

 

 

 

 

 

 

 

 

 

This application of PSI examines subsidence of Sydney over period April 1992 to April 1997 using 18 
ERS radar scenes. The location points of the many thousands of permanent scatterers are colour-
coded according to the subsidence measured for the 6 year period. The highest deformation rate 
(colour Red) is up to -9mm/year, located in the Eastern Suburbs over a principal groundwater site, the 
Botany Sands aquifer.    

Reference: Ng, A.H-M. and Ge, L., 2007. Application of persistent scatterer in InSAR and GIS for urban subsidence 
monitoring. IEEE Int. Geoscience & Remote Sensing Symposium, Barcelona, Spain, 23- 27 July, paper 1296. 

Figure 8 - Land Deformation in Sydney due to groundwater extraction 
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3.4 Expanding SAR applications in Australia - Potential 

The CSIRO CEODA (2012) Report notes that of the 91 most significant Australian Government 
programs (both federal and state) identified, 14 are dependent on SAR and another seven list SAR as 
“advantageous” or “promising”. These 91 programs do not include meteorological applications or R&D 
investigations of SAR. 

The nine Societal Benefit Areas (SBA’s) of EOS information proposed by the international GEOS GEOSS 
Program have been used as a reference base in both the Geoscience Australia CEODA (2011) and 
CSIRO COEDA (2012) reports and are shown in Table 3.  

Table 3 - EOS dependent SBA Programs10 

GEOS Societal Benefit Area (SBA) Number of 
Programs 

SAR Sensor Data 
Required 

Potential SAR 
contribution 

1. Disasters 25 3 3 

2. Health 5 - - 

3. Energy 6 2 5 

4. Climate 8 6 4 

5. Agriculture 24 - 8 

6. Ecosystems 20 2 13 

7. Biodiversity 1 1 13 

8. Water 3 - 4 

9. Weather - - - 

TOTAL 91 14 50 

 

A first order tabulation of the priority areas used in the 91 listed programs is based on the first listed 
SBA shown in Appendix E -EOS Dependencies of the GA CEODA Report.  

While Table 3 does not show that more than one SBA may be addressed in any or each of the 
programs identified, it does highlight the primary SBA’s where SAR data are currently being used.  
Further analysis of the 91 Programs shows that the 14 SAR application areas listed included the 
mapping and monitoring of floods, land use, forest carbon, sea ice, marine borders, mineral resources, 
sea level, subsidence, woody vegetation and soil moisture. X-band is used in two programs; C-band in 
three programs and L-band in eight programs.  

Based on an analysis of SAR applications already in operation overseas, it is considered that SAR and 
passive microwave could contribute to an additional 50 out of the current 91 programs identified in 
the CSIRO report.  

 

 

 

                                                           

10
 The final column in Table 3, “Potential SAR contribution”, has been interpreted based on identified programs in 

the GA CEODA Report. 
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Table 4 presents a summary of the 91 programs (as identified by Geoscience Australia - 2011), current 
data types in use, and an indication of the potential to include SAR data sources in 50 existing 
programs. The yellow highlighted programs indicate where SAR could make a significant contribution 
to the spatial information being sought.  

Table 4 - Australian remote sensing programs dependent on EOS data. 

Program Brief description 
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EMA Assistance in disaster response  √ √ √ √ √ 

ACLUMP National land use mapping program   √ √  √  

Caring For Our Country  Frequency large scale ground cover monitoring √ √    

National Fisheries DB  Fisheries management √     

National Forest Inventory  National level forestry data   √    

Land & Water Res. Audit Assess changes in natural resources over time.  √ √    

IFCI Contribution to REDD implementation.  √ √ √ √  

NCAS Greenhouse emissions accounting  √ √   

Approvals and Wildlife  Compliance monitoring  √    

AAD Antarctic research program  √ √ √ √ √ 

Murray Darling Basin Plan  Monitoring of basin water resources  √ √ √ √  

NVIS Native Vegetation Information System    √    

National climate data  BoM weather & climate information √     

Parks Australia  Park management    √   

POAMA/ReefTEMP Coastal and reef management  √ √ √   

Satellite Altimetry Oceanic monitoring  √     

State of Environment  National environmental accounting √ √ √   

Supervising Scientist  Environmental change analysis  √ √ √  

Sustainable Environ/Water Environmental Resources Information Network   √ √ √   

WIRADA Evapotranspiration monitoring, water budgets √ √  √ √ 

Border Protection  Communications, surveillance, marine rescue    √  

AusCover TERN Terrestrial ecosystem research √ √  √  

Biomass monitoring  Agriculture and landscapes modelling  √ √    

Weather/Climate Research  Atmosphere, weather and climate science  √   √ √ 

Hyperspectral Imaging Prog. Calibration, products and data standards  √ √   

Ocean colour monitoring  Large area monitoring of marine resources √ √    

Pastures from Space Farm management tools √     

3D Mineral Mapping  3D mineral mapping products   √ √   

Coastal monitoring  Estuaries and coastal waterways mngt.  √ √   

LoSaMBA National maritime boundaries and AMSIS  √ √   

National Land Cover Prog. National dynamic land cover mapping system  √ √    

National Topographic  Prog. Operational topographic mapping   √ √   

Petroleum Acreage/Release Detection of natural hydrocarbon release √ √ √ √  

Mineral prospecting  Geoscientific surveys   √ √   

Sentinel hotspots  National bushfire monitoring system √     

Electoral mapping  Household electoral boundaries monitoring  √    

ACT Land Planning  Land use and bushfire monitoring  √    

DEM and surface modelling  National Elevation Data Framework    √   

DustWatch Monitors aerosols and dust  √     

Electronic House Code Pilot  e-Planning tool for residential housing DA’s  √    

Elevation and vegetation  Wetland, water & veg resources management   √    

Groundwater Depend. Ecos. GDE location mapping and hydraulic modelling  √     

GW Quality & Coastal GDE  Coastal GDE mapping, water balance modelling   √    
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Inland wetland inventory  Standardised information on wetlands  √ √ √   

Wetland inundation  Mapping wetland inundation histories   √    

Marine monitoring  Reporting, Chlorophyll estimation  √     

State of the catchments  Measuring and reporting on state-wide targets  √    

Vegetation monitoring  SLATS reporting on vegetation extent change   √ √   

Woody vegetation Prog. SLATS woody veg cover and land clearing   √    

Rural floodplain Mngt. Floodways and floodplain mapping  √ √ √   

SST and height anomaly Access to satellite derived ocean products √   √  

Topographic mapping Prog. Mapping topographic features  √ √   

Valuation for taxation  Satellite data for taxation valuation purposes √ √ √   

Grassland monitoring Crop acreage and detect plant stress √ √ √   

Monitoring and Compliance  Managing the Crown Estate in Western Division   √    

Grasslands curing  Veg condition, phenological stage and biomass √     

Radar Watch  Mine, City, Earthquake, Bushfire, Flood Watch  √  √  

Rangeland monitoring  Natural resource management in NT  √    

Fire mapping Bushfire containment and management  √ √    

Biomass monitoring  Measuring AGB of woody vegetation     √  

Groundcover monitoring  Ground cover for decision making  √    

QLUMP land use program  Land use mapping and monitoring   √    

Queensland wetlands Wetlands and water body mapping   √    

Reef Catchment Monitoring  Reef & riparian vegetation monitoring   √    

Regional eco mapping Remnant veg extent & conservation status   √    

Soil exposure assessment  Monitoring and remediation in degraded lands  √    

SLATS Woody vegetation, land clearing activities  √    

Imagery baseline data  Integrated water security and environ mngt.  √ √   

Statewide native vegetation  Land cover mapping & verification    √ √   

TASVEG State-wide vegetation mapping    √   

Bushfire areas  Mapping fire impacts at landscape scales  √ √ √   

ET modelling  Pasture evapotranspiration modelling   √    

Land use  Agricultural land use monitoring  √ √ √   

Native vegetation extent  Native vegetation monitoring  √ √    

Agimage  Crop yield and pasture growth rates   √    

Carbon Watch  Online forest carbon accounting tools  √ √ √   

Emergency management  Assisted decision making during incidents  √ √ √   

Fire mapping and modelling  Mapping and locations of fire patterns  √ √    

FireWatch program  Online fire hotspot & burnt area mapping  √ √ √   

FloodMap program  Management and mitigation of floods  √ √ √   

Land Audit and Compliance  Audit and compliance of native vegetation  √ √   

Land Monitor Project  Systematic monitoring of salt-affected land/veg √ √ √   

Marine mapping  Marine monitoring and conservation   √    

Groundwater decline Monitoring salt-affected/low productivity land   √ √   

OceanWatch program  SST, attenuation and chlorophyll products √ √ √   

Urban Monitor High resolution MS imagery    √   

Vegetation monitoring  Land monitor products   √    

Vegetation monitoring  Change in forest cover, forest management   √ √   

Vegetation monitoring  Conservation of biodiversity, NRM  √ √   

Vegetation Watch Program  Produces greenness image maps over Australia  √ √ √   

WALIS State Land Information Capture Program  √ √ √   
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The preceding discussion does not include the use of SAR data in Australian Defence related activities 
which are undeniably driven by a national priority: the defence of the nation. Details regarding the 
precise nature of these activities are not available due to security sensitivities. However, with the 
necessary security clearances discussions could be instigated and Defence needs incorporated into a 
whole of government approach to a SAR procurement strategy for Australia.  

It can be concluded that SAR data is currently under-utilised in Australia particularly in programs 
involving natural resource management, vegetation and land use mapping, agricultural yield 
monitoring, wetlands and water resource monitoring, disaster management, coastal studies, 
topographic and geological mapping, climate services, and border protection/surveillance.  

 

Given that Australia demonstrates leadership in specific SAR-based application areas of national 
importance, if greater access to SAR data could be secured, then these and new application initiatives 
identified in Table 4 could form part of ongoing programs linked to meeting national priority 
information needs. The increasing use of SAR data in routine monitoring is essential given Australia’s 
size, coastline extent, diverse and dynamic vegetation and land cover, and topographic diversity. 
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4 The case for change 

Any case for Australia to develop a national satellite sensor program, including operating its own SAR 
facility, must be based on the capacity of that program to more than justify the cost and effort  
through its contribution to the economic, environmental and social benefit to Australia. 

4.1 SAR data access 

Australian users currently have access to X-band, C-band and L-band SAR data either directly through 
the relevant space agencies (see Table 5 and Table 6) or their distributors (see Section 4.2.3.). Of the 
current operational SAR systems, X-band data can be acquired from the TerraSAR-X and TanDEM-X 
satellites and from Cosmo-SkyMed. C-band data can be acquired from RADARSAT-1 and RADARSAT-2. 

Data access is typically constrained, with user registration and contribution to mission/scientific 
objectives required or through commercial purchasing agreements. There is opportunity to submit 
tasking requests for specific data collects at additional charge. Depending on the system, SAR data is 
available from the various modes of operation and as raw or processed products (e.g., geocoded, map 
oriented). Annual coverage of Australian regions is possible through wide or ScanSAR modes of 
operation, while fine-medium resolution products, i.e., Spotlight or StripMap modes offer more 
targeted coverage.  

 

Table 5 - SAR data availability for currently operational systems 

Sensor 
and 
(Distributor) 

Data availability over Australia Data products and costs  

X-BAND 

TerraSAR-X 
(Astrium) 

   
SpotLight (SL) 2007-2011    StripMap (SM) 2007-2012 

 
ScanSAR (SC) 2007-2012 
 

Data costs: (archive-new) 
SpotLight HS: AUD 4,050 - 
8,100  
SpotLight SL: AUD 4,050 - 
8,100  
StripMap: AUD 2,250 – 
4,500  
ScanSAR: AUD 1,650 – 3,300  
Programming: 
+30 % med priority 
+70 % high priority 
Restrictions: open access 
 

TanDEM-X 
(DLR) 

DEM Restrictions: constrained 
access 

Cosmo-
SkyMed 
(ASI/e-geos) 

Modes: Spotlight-2, StripMap, ScanSAR 
 

Restrictions: constrained 
access 
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Sensor 
and 
(Distributor) 

Data availability over Australia Data products and costs  

C-BAND 

RADARSAT-1 
(MDA) 

   
Fine, 2004-2008                      Standard, 2003-2008 

 
ScanSAR Wide, 1996-2008 
Modes: Fine, Standard, Wide, ScanSAR narrow, ScanSAR wide, 
Extended High, Extended Low  
 

Processing level: Path img, 
Path img+, Map image, 
Precision Map image, Signal 
data, SLC 
 
Data costs:  
CAD $3,600 
CAD $4,500 (precision) 
CAD $1,500 (prior to Jan 
2008) 
Programming:  
CAD $1,350 Emergency 
CAD $675 Priority 
CAD $405 Meteo 
CAD $135 Basic  
Restrictions: constrained 
access 

RADARSAT-2 
(MDA) 

   
Fine, 2009-2012                      Standard, 2008-2012 

 
ScanSAR Narrow, 2008-2012  
Modes: Spotlight, Fine (UF, WUF, MLF, WMLF, F, WF), 
Standard, Wide, ScanSAR (ScN, ScW), Extended (EH, EL), Quad 
Pol (F, WF, S, WS) 

Processing level: SLC, SGF, 
SGX, SSG, SPG  
Data costs:  
CAD $8,400 (Spotlight) 
CAD $3,600 - 7,800 (Fine) 
CAD $3,600 - 3,800 (Std) 
CAD $3,600 - 3,800 (Wide) 
CAD $3,600 - 3,800 
(ScanSAR) 
CAD $3,600 (Extended) 
CAD $5,400 - 7,800 (QP) 
Precision (SPG): +CAD $900 
Programming:  
CAD $120 Non Time Critical 
(NTC) 
CAD $600 - 1,800 Time 
Critical TC) or Guaranteed 
TC 
CAD $3,800 Emergency 
Restrictions: constrained 
access 
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Table 6 - Archive SAR data availability for previous systems. 

Sensor 
and 
(Distributor) 

Data availability over Australia Data products and costs 

C-BAND 

ERS-1/-2 
(ESA/SARCOM) 

 
ERS-2 Image, 1995-2010 

Mode: Image 
Processing level: Raw, SLC, 
PRI, GEC  
 
Data costs:  
EUR 180 (AUD $230) 

Envisat ASAR 
(ESA/SARCOM) 

   
ASAR AP, 2006-2012            ASAR Image, 2006-2012 

 
ASAR WS, 2010-2012 
Modes: Image, Alternating Pol, Wide Swath  

Processing level: Raw, SLC, 
PRI, GEC  
 
Data costs: EUR 300 (AUD 
$385) 
Restrictions: constrained 
access 

L-BAND 

ALOS PALSAR 
(RESTEC) 

   
FBS coverage 2007               FBD coverage 2007  

   
WB1 coverage 2007              PLR coverage 2007  
Modes: Fine, ScanSAR, Polarimetric  

Processing level:  
1.0, 1.1, 1.5 Geo-ref, 1.5 
Geo-cod  
 
Data costs: YEN 52,500 
(~AUD $659) 

JERS-1 
(RESTEC) and 
GA 

Archival data extending from 1992-98 is available from RESTEC 
in Japan or GA Australia. 

Processing levels: 0, 2.1  
Data costs:  
Yen 2,600 (L0) (~AUD$300 
Yen 2,500 (L2.1) 
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According to the GA CEODA report, in 2011, Australia was routinely acquiring data from just one of the 
17 available SAR sensors (ENVISAT). ENVISAT however ceased operations on April 2012 and currently 
there are no any formal arrangements in place to access any SAR sensor data or products. 

Extensive C-band and L-band data archives are available from those sensors no longer operational. 
Australian users can access the C-band ERS-1/-2 (1991-2000; 1995-2011) and ENVISAT ASAR (2002-
2012) archives through ESA/SARCOM, and L-band data acquired by ALOS PALSAR (2007-2012) and 
JERS-1 (1992-1998) through JAXA/RESTEC.  

The current data supply model is to purchase data on a user needs basis directly from the relevant 
space agency or distributor. There has been limited Australian Federal and State Government bulk 
purchase of SAR data. This is in contrast with optical imagery, (e.g., NSW SPOT-5 purchase now 
discontinued) where substantial bulk purchases of several million dollars of imagery have been made 
in recent years. Geoscience Australia (GA) secured the rights to JAXA's ALOS PALSAR  Australian 
acquisition and archive but ceased data reception at the end of 2010.  For a period GA was licensed to 
access RADARSAT-2 data through the Canadian Space Agency.  

Given the disparate nature of the SAR data supply chain, there is no easy way of determining how 
much data is ordered by Australian agencies and users nor of calculating the total  cost of SAR imagery 
brought into Australia each year. 

At present Australia has limited capacity for receiving, storing and distributing SAR data. There is 
therefore  an urgent need to address these shortfalls in response to the growing awareness and 
interest in utilising SAR data in national programs. 

4.2 Demand for SAR 

The following section identifies Australian groups involved in the processing, analysis and application 
of SAR data.  While the list is not exhaustive it provides an overview of how these datasets are 
currently being used in Australian research and applications, and represents somewhat the maturity of 
the use and market for SAR in Australia. 

4.2.1 Government groups 

a) Australian Defence Force (ADF) – have an interest in acquiring a satellite with a remote sensing 
capability, most likely to be based on high-resolution, cloud-penetrating SAR (announced in 
ADF White Paper, May 2009) for probable use of SAR data in global operations. 

b) DSTO Intelligence Surveillance and Reconnaissance Division – supporting the ADF through 
expert knowledge and: 

i. actively exploring the benefits of repeat-pass SAR interferometry and bistatic SAR at X-
band, high resolution; and 

ii. developing an airborne, L-band radar for the collection of full-polarimetric amplitude 
data and repeat-pass interferometry.  System will complement existing INGARA X-
band system. 

c) DIGO – developing 1:50,000-scale topographic, landcover and landuse maps of PNG from  
GeoSAR airborne radar data and potentially other unrevealed uses. 

d) CSIRO Land and Water– investigating passive microwave remote sensing for soil and 
vegetation moisture observation, rainfall and soil moisture observations for hydrological 
estimation, and flood mapping. 
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e) CSIRO Mathematical and Information Sciences – analysis of SAR data for the purpose of 
assessing vegetation trends over time. 

f) CSIRO Livestock Industries – collaborating with UNSW to develop radar imagery for 
monitoring annual pastures in Western Australia. 

g) Queensland Department of Natural Resources and Mines in collaboration with the Institute 
of Geography and Earth Sciences, University of Wales, Aberystwyth – developing methodology 
and techniques involving use of L-band radar and Landsat-derived foliage projective cover 
(FPC) for characterizing, mapping and monitoring the structural diversity and biomass of 
wooded savannas in Queensland.  

h) Queensland Herbarium - wetland mapping coastal in collaboration with Institute of 
Geography and Earth Sciences, University of Wales Aberystwyth – application of PALSAR L-
band radar for characterizing, mapping and detecting change in forests and coastal wetlands in 
the tropics and sub-tropics of Queensland. 

i) CRC for Spatial Information (CRCSI), Radar Research and Application Facility, – research 
projects include: 

i.  Developing algorithms, a software toolkit, operational procedures, and sample 
products for InSAR (Interferometric Synthetic Aperture Radar), DInSAR (differential 
InSAR), and PSInSAR (permanent scatterer InSAR), for use in commercial applications; 

ii. Measurement of vertical movements to provide geo-referenced ground surface 
settlement information using radar imagery; 

iii. Measurement of horizontal movements over areas adjacent to long-wall mining 
activity using satellite based radar interferometry.  Airborne laser scanner and radar 
interferometry for digital topographic modelling in coastal environments of NSW for 
improved topographic survey, flood risk assessment, town planning and disaster 
mitigation; 

iv. Papua and New Guinea (PNG), Kokoda  DEM ,Vegetation, Land Cover and Biomass 
Estimation Project; 

v. International Forest Carbon Initiative and GEOS National Demonstrator Project; and 

vi. Northern PNG Terrain Sea Level Mapping Project. 

j) Geoscience Australia: 

i. Partner in CRCSI investigating InSAR, DInSAR and PSInSAR; 

ii. Regolith-landform mapping and terrain analysis in the Tanami Block and Birrindudu 
Basin region of NT; 

iii. Developed methodology for detection of oil and gas seeps in shallow and deep waters 
off the coast of Australia using Synthetic Aperture Radar data; 

iv. Assessment of crop damage from Tropical Cyclone Larry using Radar data; 

v. Reassessing potential origins of Synthetic Aperture Radar slicks from the Timor Sea 
Region of the North West Shelf on the basis of field and ancillary data; 

vi. Coral spawn and bathymetric slicks in Synthetic Aperture Radar  data from the Timor 
Sea, north-west Australia; 

vii. AGOS-SPA radar reflector array deployment for international space-SAR calibration; 
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viii. SAR product processing workflow implementation for the provision of IFCI SAR 
products; and 

ix. Client radar data sourcing  through the ORGE Panel mechanism. 

k) Geological Survey of WA – evaluation of ALOS-PALSAR data for terrain mapping in the Eastern 
and North-eastern Goldfields, WA (Landgate distributor for e-GEOS Cosmo SKYMed data). 

4.2.2 Universities 

a) University of Melbourne , Department of Infrastructure Engineering: 

i. Soil Moisture Active Passive; 

ii. Simulator (SMAP-sim) with the USA - development of a dual polarization L-band 
airborne active-passive radiometer comprising six parallel radiometer channels with 
selectable V/H polarization input for soil moisture or salinity mapping; and 

iii. A soil moisture monitoring, prediction and reporting system for sustainable land and 
water management.  

b) University of New South Wales (UNSW), School of Surveying and Geospatial Engineering:  

i. INSAR, DINSAR and PSI studies for ground deformation studies; and 

ii. Annual 5-day Radar Remote Sensing courses to industry participants. 

c) University of NSW, School of Biological, Earth and Environment Sciences: 

i. InSAR and POLInSAR applications of TerraSAR-X; 

ii. Terrain morphology, land cover and elevation in Australian Antarctic Territory; 

iii. Mapping and interpreting inundation patterns of NSW wetlands; 

iv. Developing guidelines on both spatial standards from, and the merging of, digital 
terrain data for Emergency Risk Management planning; and 

v. Optical and radar remote sensing for mangrove characterisation. 

d) University of Sydney, School of Archaeology – Greater Angkor Project - use of airborne radar to 
map the extent and hydrology of Angkor city and local environments, and to determine the 
reason(s) for its demise. 

e) University of Adelaide, Radar Research Centre – Radar Systems for Surveillance and Radar 
Signal Processing. 

4.2.3 Commercial operations 

Mostly includes suppliers who order data from a space agency on behalf of a client. However, several 
small geospatial services companies use SAR data and benefit from an informal network of data 
sharing involving government agencies, universities and research teams on low budget projects. 

a) AAM Pty Ltd. (Adelaide, Brisbane, Canberra, Darwin, Hobart, Launceston, Mackay, Newcastle, 
Perth, Townsville, Wollongong) provide value adding services in the EOS with SAR projects and 
applications in Disaster Management, Mining and Environmental monitoring. 

b) Astrium GEO-Information Services, Australia, (Canberra) market and distribute parent 
company TerraSAR-X related products and offer access to value adding processing  carried on 
off-shore for Australian customers. 

http://microwave-workshop.jpl.nasa.gov/files/2-37%20J.%20Walker.pdf
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c) Fugro Spatial Solutions (Adelaide, Brisbane, Melbourne, Perth, Sydney) has been involved with 
radar acquisition from planes and satellites.. Fugro –Earth Data International in Washington DC 
owns and operates its own aircraft with radar capability (GeoSAR).  Fugro also supplies 
associated products and solutions that can be derived from the radar data.  

d) GeoImage Pty Ltd. (Brisbane, Perth, Sydney) is a value add supplier of remote sensing data 
offering a range of sensor data including ERS, JERS, RADARSAT-1 and 2, and PALSAR. For some 
client projects SAR remains the most valuable data source.  Recent projects where radar data 
was sourced and/or analysed include: 

• Multi-date PALSAR L-band for interferometry, offshore Western Australia; 
• Multi-scene PALSAR and JERS L-band for large area imagery coverage, PNG and 

Indonesia i.e. cloud affected areas; 
• PALSAR L-band for structural work, variable topography, high altitude, equatorial 

South America; and 
• Regular capture for ship detection in an exclusion zone, Australian coastal waters. 

e) Geospatial Intelligence Pty Ltd. (Canberra) represent MDA in Australia and are agents for 
Radarsat.   

f) Horizon Geoscience Consulting Pty Ltd. (Adelaide, Perth and Sydney) are actively involved 
value adding; developing and managing acquisitions of satellite and airborne radar in Australia 
and South East Asia; conducting training; applying airborne and spaceborne radar for wetland, 
flooding, land cover and forestry mapping, archaeological studies, terrain analysis and 
hydrological modelling; experience in tropical regions and consulting to Australian and 
overseas governments on SAR related matters. 

g) Sinclair Knight Merz (Adelaide, Brisbane, Cairns, Canberra, Darwin, Hobart, Launceston, 
Melbourne, Newcastle, Perth, Sydney and many offices overseas) provide value adding 
services using SAR data which represents a minor commercial activity for this large engineering 
company for client project requirements. 

 
Market research indicates that ongoing and significant opportunities for using radar data in Australia 
will be driven by tightening compliance in the mining sector, the carbon tax legislation and heightened 
territorial protection. Some of the expected higher demand commercial uses of SAR include: 

• Increased usage of interferometry work for surface subsidence as a result of ground water 
extraction and  mining in Queensland and New South Wales; 

• DEM generation in cloud affected areas; 
• Use within Future Forestry/Vegetation Biomass Studies; and 
• Maritime domain awareness. 

 
The following SAR sensor characteristics are seen to be most valuable: 

• L-band:  especially for forestry mensuration, canopy penetration and wetlands; 
• C-band:  for coastal monitoring; 
• Medium to fine resolution (15m to 3m) for most applications; and 
• Higher resolutions for ship detection and interferometry. 
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4.3 Gap assessment 

The Australian remote sensing user community has been slow to incorporate SAR data into their 
investigations and application routines relative to grow in Europe and North America. 

Inhibiting factors that limit the development of SAR capability for Australia include: 

1. Lack of familiarity with SAR 
• Historically, optical imagery systems preceded radar by many decades. Radar was less 

mature as EOS application until very recently and many still considered it inferior to optical 
remote sensing, especially in Australia where summer or dry season conditions are 
suitable for the collection of airborne and satellite optical datasets. 

• Lack of trained SAR personnel available to support the research and implementation of 
radar applications, particularly the use of polarimetric and interferometric data. 

• Radar polarimetry, radar interferometry, differential interferometry, permanent scatterer 
interferometry and polarimetric interferometry each require a high level of understanding 
before they can be used with confidence. 

• Radar is a fast developing technology requiring substantial time commitment to stay in 
touch with new advances in microwave science and applications. It offers a far broader 
range of technology options than comparable optical or LiDAR sensing. 

• Current lack of awareness amongst remote sensing  applications personnel of SAR 
potential. 

2. Lack of Industry support 
• History of non-use/lack of interest in the application of radar data in Australia. 

• Minimal radar data processing and data interpretation know-how available in the 
commercial or industrial environment. 

• Reluctance by potential users to exploit radar value-added products due to inadequate 
data processing infrastructure required. 

• Organisations not yet convinced on the viability of supporting a SAR applications 
capability. 

3. Lack of project opportunities 
• Probable competition for funds with optical-based remote sensing groups currently active 

in resource inventory and monitoring programs such as crop monitoring and forest 
inventory. 

• Applications for which radar is exceptionally efficient at observing and monitoring, such as 
deformation/subsidence studies resulting from groundwater extraction, are a long-term 
monitoring prospect requiring 1-2 analyses per year.  Co-seismic events are opportunistic 
and cannot be relied on for extensive operational-time input.  

4.3.1 Current Deficiencies 

Australia’s EOS community is becoming aware of the potential of SAR but there is limited uptake of the 
technology in priority program areas. Applied research is undertaken in niche markets funded by 
academia, defence and government but there is a distinct lack of skilled personnel available outside 
these areas. Australia’s current deficiencies and proposed solutions to improving SAR capability is 
summarised in Table 7 below.   
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Table 7 - Gap analysis on deficiencies with SAR data accessible to Australian users. 

Deficiency  Issues Solution 

Knowledge 
gap 

• Less familiarity compared with optical 
systems 

• Limited knowledge on capabilities, 
processing and product generation 
(e.g., calibrated terrain corrected 
mosaics) 

• Limited promotion and value-adding 
(industry) 

• Limited studies on sensor 
interoperability (OpticalSAR, SARSAR) 

• Contribution limited to specialised 
groups in Australia  

• International exchange programs with 
key SAR experts in engineering & 
applications 

• Dedicated Conferences/Workshops 
for information exchange 

• SAR training courses and skills 
development, inclusion in tertiary 
programs 

Spatial & 
temporal 
coverage 

• Fragmented high resolution coverage 

• Temporal gaps problematic for 
seasonal studies 

• Integration of data from multiple 
sensors 

• Investigation into systems with 
equatorial orbit 

Access 
restrictions 

• Strict licensing and constrained access 
by space agencies 

• Ongoing dialogue between CEOs and 
space agencies to secure data for 
national programs 

Inadequate 
reception, 
storage & 
distribution 

• Receiving stations not optimised for 
SAR data or integration with optical 
data, or handling large data volumes 

• Upgrade existing ground receiving 
stations 

• Infrastructure investment in 
computing hardware/software 

Expense • Cost limiting to broad areas studies  

• Competition with free optical data  

• Cost of software, limited open source 

• Bulk purchase  

• Greater data sharing between 
organizations (subject to licensing 
constraints) 

• investment in packaging open source 
algorithms for non-expert user 

Ongoing 
commitment 

• Lack of feasibility studies into 
operational use of SAR in line with 
national priorities/programs 

• No formal arrangements with space 
agencies to secure future access to 
data 

• Initiate dialogue with 
relevant/strategic space agencies or 
industry partners 

• Up-skilling with agencies  

Ownership of 
system 

• Limited prioritised tasking • Consider fractional ownership model  

Unavailability 
of system 

• No viable or alternative system to 
meet user needs  

• Simulation studies to determine 
optimal system parameters to guide 
future satellite design specifications 

• Consider civilian/military dual use 
model for airborne or satellite SAR 
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While a case can be made for  action to be taken in the interest of national priorities to secure access 
to satellite SAR data into the next decade and beyond, consideration  should be given to the feasibility 
of entering into collaborative arrangements with selected satellite data providers in order to achieve 
equity in existing space programs;  in evaluating opportunities to fund or  co-fund the development,  
launch and operation of an Australian satellite and sensor system; and in assessing the desirability of 
establishing a national satellite sensor development program. This consideration should also address 
the promotion of SAR applications and the development of a value-added market in Australia with the 
ability to participate in a global value-adding market.  

The case is strengthened by the recognition that much of Australia’s planned defence capability and 
security program also has a critical dependence on space-based observation.  Defence is a global issue 
of critical importance to all nations, and SAR observations of territory beyond Australia’s borders are 
already of significant importance to the defence of Australia and are set to increase in importance. 

4.4 SAR alternatives 

It is well recognised that Australia’s remotes sensing needs will include a range of EOS technologies to 
meet its needs. Alternative EOS technologies including LiDAR, optical and hyperspectral sensors are 
however, not considered as viable replacements for SAR, particularly for supplying national wide-area 
coverage. 

LiDAR  

Terrestrial and airborne LiDAR have demonstrable potential for 3D extraction and modelling of target 
structure. With a greater number of providers and increased uptake of LiDAR data, cost is less of a 
limiting factor in broadscale NRM studies. LiDAR has contributed to high resolution DEM generation, 
forest inventory (stocking, stand volume), fire fuel loads estimation, flood and erosion risk assessment, 
urban modelling, powerline/assets mapping and biodiversity studies. LiDAR shows potential in scaling 
studies (e.g., plot/ stand/regional scale forest inventory) and as a data source for interpretation, 
validation and calibration of SAR data.  

With the NASA GLAS instrument no longer operational, there is currently only one spaceborne LiDAR 
instrument CALIOP (NASA) suitable for aerosol and cloud profiling. There are seven proposed LiDAR 
systems, largely designed for meteorological studies. Satellite LiDAR does not offer the ground 
resolution and feature extraction capabilities offered by SAR imagery to be a cost-effective alternative 
and is not a viable replacement for the SAR applications mentioned in this report for the foreseeable 
future.  

Optical/hyperspectral data 

A number of options exist for the ongoing supply of fine to coarse resolution optical data. Continuity 
missions such as the LDCM for Landsat will come online in the next 2 years, however the delay in 
timing creates a data supply gap which must necessarily be filled by other sensors.  

Optical data is a useful complement to SAR data but cannot replace it. Imaging spectroscopy is 
available from airborne (CASI, HyMap) and spaceborne platforms (Hyperion, CHRIS) but cost and 
processing demand is high.  

Airborne sensors are limited in coverage, incur high setup and mobility costs, and require rigorous 
atmospheric correction and calibration.  

Hyperspectral information is considered ‘enhanced chemical sensing’, providing 2D information on 
target structure and bio-geo-chemistry. It has demonstrated potential to contribute to diverse 
applications such as water quality monitoring, mineral and vegetation species identification, and 
detection and monitoring of canopy nitrogen and plant water stress. 
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4.5 Emerging technologies 

Technical innovation will drive the EOS industry to develop satellite platforms and sensors that are 
smaller, cheaper, faster and capable of higher resolution images at greater data transmission rates. 
Examples include: 

Small Satellites 

Small satellites are defined primarily in terms of their deployed mass. The term can be applied to any 
satellite configuration with an in-orbit mass of less than 1000kg. 

• mini satellites  < 1000 kg 
• micro satellites  < 100 kg 
• nano satellites  < 10 kg 
• pico satellites  < 1 kg 

Unlike the small satellites of the space era of the 1960’s, today’s small satellites are not limited by 
launch weight. By taking advantage of on-going improvements in electronics, microprocessors, solar 
cells and batteries to improve the quality of sensors and imaging instruments that can be deployed, 
small satellites can now compete with much larger satellite-sensor payloads and platforms. Only the 
shorter wavelength SAR sensors can be deployed on small satellites (longer wavelengths imply heavier 
sensor payload requirements). 

The Surrey Disaster Management Constellation (DMC) is the first formation of small satellites under 
100kg each to be launched and is used for rapid response mapping and disaster management. A S-
band SAR sensor could be  

However, development of small satellites and sensors payload design is still embryonic, committed 
stakeholders are few outside universities and research institutions and operational uses for EOS are 
yet to be fully demonstrated and verified. 

Reference: Sandau, Rainer (ed.), 2006. International Study on Cost-Effective Earth Observation Missions. A. A. 
Balkema Publishers, Leiden ,160 pp. 

Unmanned Aerial Vehicle (UAV) 

Unmanned Aerial Vehicles or UAV’s are defined as small aircraft controlled by an on-board 
microcomputer or by remote control from the ground or a nearby aircraft. The attraction of UAV’s in 
EO  stem from their ability to stay aloft for long periods (hours or days); cover large areas; undertake 
repetitive surveillance of the same target area and provide rapid downloading capability in near-real 
time. 

Recent advances in UAV technologies emerging from the military requirements have generated 
interest for civilian and commercial deployment. Applications suited to UAV use include tracking 
severe weather events, fire mapping, border security observation, flood monitoring, mapping seismic 
activity and undertaking reconnaissance in search and rescue operations. 

NASA Jet Propulsion Laboratory (JPL) have developed the most advanced SAR system for use on a UAV. 
This L-band fully polarimetric and interferometric sensor is currently being trialled on a Gulfstream G-
III aircraft in readiness for deployment on a Global Hawk UAV platform. A P-band sensor to fly in the 
same pod is also under development. 

Limitations to the use of UAV’s in EO come not so much from sensor-platform design  scenarios but 
from flight operation standards, policies and regulations not yet in place to ensure that there is an 
equivalent level of safety in their operation to that existing with conventional manned aircraft. 
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5 Potential future ownership models for developing SAR 
capability in Australia 

Options for potential ownership models for developing and operating SAR satellites in Australia 
include: 

a) buying SAR imagery from third parties; 

b) fractional ownership of civilian capability with other nations; 

c) Australian civilian / military dual-use SAR imaging capability; and 

d) stand-alone civilian SAR imaging capability. 

Background for the following discussion is drawn from desktop research; face to face interviews with 
senior representatives of overseas space agencies; commercial providers and private industry sector 
companies, and from feedback from Workshop Participants (see Appendix A).  

5.1 Option 1: Buying SAR imagery from third parties 

Securing access to and ensuring continuity of current EOS data sources, both optical and SAR, is the 
highest priority for current users, whether they be government agencies of private parties. There are 
however, several approaches to purchasing data, including: 

A. Direct data purchase 
from satellite 
providers or their 
agents. 

Currently in Australia SAR data can be purchased through a small 
number of “source only” firms acting as agents or as representatives for 
overseas SAR providers. There is currently limited commercial support 
for any downstream activities such as calibrated processing, image 
analysis and value adding. With direct purchase, price per item is 
generally high to the user, with low sales volume to the provider which 
means the market for data overall remains relatively small and the 
incentives for expansion muted. 

B. Bulk buy-in of data 
quotas from satellite 
providers. 

The bulk buy-in of data occurs when a guaranteed number of images are 
provided by a satellite provider over a contract period for a set price. 
Depending on user demand the quota may or may not be expended.  
The advantages of a buy-in approach are realised when there is a need 
for large datasets and repetitive coverage.  Favourable arrangements can 
be negotiated with the data provider in respect to sharing data between 
multiple-users. Priority access to programming of acquisitions and 
reduced delivery times can also be negotiated. 

C. Dedicated ground 
receiving facilities and 
direct reception. 

Ground receiving stations can be commissioned using variety of 
commercial models to build, own and operate. It is becoming more 
common these days to establish a "public-private partnership" 
arrangement for such infrastructure investments. Business case 
considerations would include construction, maintenance and operational 
costs; ownership and governance; telemetry, license to download, store, 
archive and data delivery, all being critical to the operation of such a 
facility. 

Dependency upon buying data from third parties is recognised as the first step in the process to 
introduce and stimulate the use and application of SAR in Australia. In fact the reality is that for the 
time being Australia will continue with this approach. Such a strategy is currently not stimulating the 
growth of the use of SAR commensurate with the benefits on offer compared with those nations in the 
northern hemisphere who both own and operate SAR satellites. 
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The use of existing Ground Receiving Stations for the downloading of SAR data provides a more direct 
route to image acquisition and approach to a guaranteed supply than relying on data purchasing 
contracts.  

Such an opportunity presents itself with the newly built DCCEE Satellite Ground Receiving Station in 
Darwin which could be tasked to download SAR data over the northern Australian-Asian region. This 
would be done by entering into an alliance with existing SAR satellite providers. This receiving facility 
(as yet uncommissioned) was established  to support Australian efforts in assisting countries in the 
South East Asian region, especially Indonesia and Papua New Guinea. Its primary purpose is to map 
and monitor forest resources in order to develop more effective National Carbon Accounting systems 
and MRV  REDD+ compliance mechanisms. This is part of government-to government Forest Carbon 
Partnerships11.  

Strong support for such an operational facility servicing northern Australia could be expected from the 
mining, oil and gas industry given its capacity for detecting oil spills in the north-west shelf area and for 
monitoring shipping lanes in the Great Barrier Reef. 

Participating in such a production-partner-alliance would serve as a significant first-step to Australia 
becoming more self-sufficient in the supply of SAR data, in engaging with the EOS international 
community and in providing increasing support for Australian programs throughout the South East 
Asian region. 

5.2 Option 2: Fractional ownership of civilian capability with other 
nations 

Various partnership scenarios exist within the framework of fractional or full ownership models, with 
equity and priority access being largely commensurate with the level of investment made. Also within 
this option, purchaser’s rights and partnership agreements can be negotiated within the context of a 
global network or constellation of satellites so that all benefit from such arrangements. 

The outright procurement of a SAR system includes a dedicated satellite-sensor space component and 
a ground segment, with rights to program the satellite, determine downloads and access to data, as 
well as participating in research, innovation and infrastructure development and a share in the 
applications resulting from membership within a global community of the satellite owners. 

Joint ownership rights are determined by the level of commitment. This extends from obtaining rights 
to secure partial downloads of data and access to other satellites in a consortia, to owning outright a 
satellite-sensor and the rights to manage the operations of that satellite within the constraints of a 
larger partnership constellation.  The level of technology transfer that accrues is usually contingent on 
the level of the commitment and equity. 

The benefits of investing in an already operational SAR system are worth consideration and can be 
summarised as follows:  

• Likely control over tasking rights covering Australian sovereign territory; 

• Capitalises on a mature technology with proven system performance; 

• Acquire contractual obligations that requires the provider to keep the system operational; 

                                                           
11

 The Forest Carbon Partnership Facility (FCPF) assists developing countries in their efforts to reduce emissions 
from deforestation and forest degradation and foster conservation, sustainable management of forests, and 
enhancement of forest carbon stocks--called REDD+--by providing value to standing forests. 
http://www.forestcarbonpartnership.org/fcp/  

http://www.forestcarbonpartnership.org/fcp/
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• Results in immediate technology transfer to the purchaser; 

• Technical and capital risk are minimised due to the historical-experience factor; 

• Provides opportunities for local industry development and spin-offs; 

• Reduces time for accessing innovation and can enhance  industry productivity; 

• Local technical and scientific training is enhanced; 

• Initiates participation in the joint development and coordination of space, ground and service 
segments; 

• Opens up opportunities to be involved in next generation SAR system development; 

• Provides access to constellation of satellites giving shorter revisit time for image acquisition; 

• Partnership in a global supply chain gives access to already developed value-adding routines;  
expanded data sales and shared market enhancement through the  consortia,  and  partnering 
in continued application R&D; and 

• Provides possible  access to already existing Defence linkages (e.g. MGCP–Multinational 
Geospatial Co-Production Program12). 

Co-operative investment in existing technologies also has its advantages in the short lead time to 
launch and in the options for prioritised tasking and data sharing. High investment in ground 
infrastructure would be required however, in order to secure rapid access to and the storage of large 
volumes of data. While the ground segment component relating to the programming of the satellite is 
usually included in the purchase of a system, Australian receiving stations may need upgrading in order 
to facilitate the download of data and to improve the rapid dissemination and delivery rate to 
customers.   

The opportunity also exists for further collaboration with space agencies and overseas research 
organisations to share in the development of advanced airborne systems such as UAVs (unmanned 
aerial vehicle). Entering into a civilian satellite capability partnership would enhance capability, 
facilitate technology transfer and improve data sharing for scientific and commercial gain. 

A fractional ownership model for Australia presents a sensible entry point to developing a robust and 
viable SAR capability. This model shares the costs of purchase, launch and operation of one or more 
satellites with other national space agencies and minimises the risks to Australia. 

5.3 Option 3: Australian civilian/military dual use SAR imaging 
capability 

SAR has been under development for military purposes since the 1950s and defence organisations are 
sophisticated users of SAR sensors and data. Traditionally defence applications have focused on target 
detection in the presence of background clutter and consequently this has driven defence towards 
high-resolution (<1m) high-frequency (X-band) SAR with little emphasis on the exploitation of 
polarimetry and/or interferometry.  

The increasing availability of SAR data and the need for military intelligence has seen increased 
defence interests and technical innovation. Examples include; bistatic13 SAR configurations; foliage 

                                                           
12

 MGCP is an international collaboration to develop and maintain a global geospatial database. 

13
 Bistatic radar is the name given to a radar system which comprises a transmitter and receiver which are 

separated by a distance that is comparable to the expected target distance. Many long-range air-to-air and 

surface-to-air missile systems use semi-active radar homing which is a form of bistatic radar. 

http://en.wikipedia.org/wiki/Radar
http://en.wikipedia.org/wiki/Air-to-air_missile
http://en.wikipedia.org/wiki/Surface-to-air_missile
http://en.wikipedia.org/wiki/Semi-active_radar_homing
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penetration and the detection of concealed targets using low frequency SAR (VHF/UHF/P-band); 
investigation of polarimetric interferometric SAR (PolInSAR) techniques at intermediate wavelengths 
(L-band); and the exploitation of phase information through coherent change detection methods.  
Change detection techniques, for example, used to assess damage due to storms, fires, floods, 
malicious damage, or any other environmental changes have significance in both defence and civilian 
applications.  

Conflicting priorities have the potential to compromise on performance if a single sensor is asked to 
satisfy the requirements of a commercial enterprise and at the same time those of defence. Such 
compromises could pose a significant barrier to the development of a civilian military dual use SAR 
imaging capability, although this has not proven to be the case with the COSMO-SkyMed  system being 
built for France (see Section 6). Indeed it is possible to envisage a single sensor satisfying both 
commercial requirements, and defence needs for enhanced products (e.g. at enhanced resolution), 
whilst secure access is preserved for defence to restricted data. 

In the development of a joint national SAR facility it will be necessary, from the very start, to engage 
with Defence at a secure level and some provision must be made for this. In the USA and UK, for 
example, the relationship between government defence departments and contractors is mature, and 
commercial company operatives are security-cleared and trusted, and sufficiently knowledgeable 
concerning defence needs to engage meaningfully in defence issues. This situation would need to be 
fostered in Australia. 

The main issues associated with a civilian/military option can be summarised as: 

 National SAR facility resources such as deployed infrastructures, ground-stations, operational 
management systems, including mission planning, would need to be created and maintained 
at a secure level, possibly alongside civilian systems; 

 Creation of a joint civilian/military management group would be required to oversee system 
planning and coordination, in order to harmonise operations for joint users;  

 System customers will fall into two categories: high-priority (e.g. defence, civil threat) and 
standard (routine system users). The system operation should be capable of managing 
resource conflicts, and should take into account the customer category when doing so; and 

 Third party arrangements resulting from the purchase of a SAR satellite sensor system from 
overseas space data providers would be subject to military declassification and secure 
downlinks. Models and agreements may already exist between defence organisations and 
space providers that can be suitably adapted. 

Experimental studies using airborne SAR sensors are a precursory hallmark of all nations that have 
developed a satellite SAR capability. The Defence Science and Technology Organisation (DSTO) in 
Australia have developed an airborne fully polarimetric X-band SAR system, 'INGARA', which has a 
spotlight SAR mode capable of very high resolution and which has been used for coherent change 
detection and feature extraction studies. The INGARA system is under further development to operate 
at L–band and will be used as test-bed for scientific investigations of proposed defence SAR 
applications.  

Australia would obviously benefit in the development of any satellite SAR capability by leveraging 
DSTO’s experience  
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5.4 Option 4: Stand-alone civilian SAR imaging capability  

In this scenario, Australia would either buy off-the-shelf satellite technology or channel funds towards 
engineering its own solution.  Buying “off-the-shelf” implies that resident expertise would need to be 
identified and resources commited  to  developing all five of the EOS value chain subsystems 
(Platforms and Sensors, Mission Control, Receiving Stations, Processing Centres and Consumer 
Markets) outlined in Section 7.3 . 

The lead time required to design and build a SAR instrument as well as undertake the necessary 
verification programs needed to ensure that the sensor will function in a space environment before 
launch and operation, is estimated to be 10 year minimum.  Pursuing this option would mean that an 
Australia’s SAR satellite would not be launched until the 2025-30 time period, by which time advances 
in the next generation of Smart Multi Aperture Radar Techniques (SMART)14 will have become 
operational. This then presents the very distinct and real possibility of the SAR instrument and 
therefore the applications that can be derived being superseded by more advanced systems launched 
into space.  

In respect to engineering our own solution, the GARADA project15 is tasked with developing a business 
case, design and technologies for an L-band SAR spacecraft to fill the gap in medium resolution L-band 
SAR data. Major application drivers will be drawn from soil moisture monitoring, forest change 
detection, flood monitoring, border projection, oil spill detection, agricultural monitoring, and ocean 
surface current mapping. This project includes a study of the orbits and ground station design to 
downlink data and improve data return from polar orbiting satellites. 

It is unlikely that Australian industry is ready to meet this challenge in the short to medium term and 
consultation and employment of overseas commercial SAR design and manufacturing companies 
would be required. The cost of building, launching and establishing all the ground operations of a 
single SAR satellite payload would be of the order of $500 million plus annual operating costs and, is 
prohibitive.  

 

 

 

 

 

 

 

 

                                                           

14 SMART (Smart Multi Aperture Radar Techniques) next generation SAR sensors equipped with digital beam 

forming capabilities. 

15
 GARADA (http://www.garada.unsw.edu.au) is a collaborative space engineering research project at the 

Australian Centre for Space Engineering Research (ACSER) UNSW, looking at the design and technologies for a 
constellation of low cost and lightweight SAR spacecraft. The research consortium consists of UNSW, Astrium Ltd., 
Curtin University of Technology, Delft University of Technology, General Dynamics and BAE Systems. A report to 
the Space Policy Unit is expected in mid-year 2013. 
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6 Opportunities for collaboration 

Preliminary investigations and general discussions with various international space agencies have 
identified several SAR satellite programs that would interest Australia and offer opportunities for 
collaboration. Time constraints related to this study precluded face to face discussions with 
representatives from Chinese, Japanese and Indian space agencies to try and identify possible 
partnership opportunities. 

The following programs represent viable alternatives for establishing strategic alliance arrangements 
with advanced SAR satellite providers that could benefit Australia. Further detailed investigations of 
technical and operational requirements will be required to better understand the commercial, 
economic and political implications of proceeding along this path. 

NovaSAR-S  

NovaSAR-S is a first generation S-band SAR sensor operating at 8cm wavelength and is scheduled for 
launch in early 2014. This system is seen as a low cost solution to SAR imaging and will be the first 
commercially operated S-band sensor flown in space. NovaSAR-S is suitable for launch in either a polar 
or equatorial orbit and is promoted as a rapid response small satellite with a revisit capability of 3-4 
days in a polar orbit. Three satellites in the same constellation orbit would allow daily access to most 
locations on the globe. 

The payload instrument has been built by Astrium UK and the satellite platform by Surrey Satellite 
Technology Ltd (SSTL) UK. Both companies have impressive records in the space industry with the 
platform and core satellite sub-systems now operational in 36 satellites, including the 7 optical 
satellites in the Disaster Monitoring Constellation (DMC) rapid response monitoring network. 

NovaSAR-S is available for independent ownership or it can be purchased and operated with partners 
within a proposed constellation, which includes access to the existing DMC consortia. The UK 
Government has contributed £21 million (AUD$32.5 million) towards an estimated budget of £65 
million needed to bring the satellite to launch. Opportunities exist to buy into this satellite or into the 
NovaSAR program which will be flown in a DMC compatible orbit. 

Resolution, polarization modes and applications of S-band are as yet unproven providing both a 
challenge and an opportunity to participate in a new program and also to advance SAR science, 
technology and applications in collaboration with the partners and the UK Space Agency. 

TerraSAR-X and the WorldSAR Program  

The TerraSAR-X satellite is the result of a PPP (private, public partnership) in which the German 
Aerospace Centre (DLR) built the SAR instrument,  Astrium EADS Gmbh constructed the platform and 
ground segment,  and InfoTerra Gmbh (a subsidiary of Astrium) developed the commercial marketing 
of the data along with value added services and applications support.    

TerraSAR-X was launched in 2007. It operates in 4 different imaging modes with resolutions between 
1m and 18 m and offers single or dual polarizations with an experimental full polarimetric mode.  

TanDEM-X the second satellite in the constellation was launched into the same orbit in June 2010. The 
two satellites operating in interferometric mode provide digital elevation models (DEM) of the earth’s 
surface which are due for commercial release in the near future within a marketing program called 
WorldDEM.   

A third satellite TerraSAR2, with a resolution of 0.5m is under preparation and will become the prime 
instrument in the WorldSAR Alliance described below. It is due for launch in 2016. 
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The WorldSAR Alliance is being established as a cooperative venture in which the owners of TerraSAR2 
type satellites will be able to leverage all satellites in the consortia in order to capitalize on near-real 

time direct data reception and to share in applications R&D. They will also be able to collaborate in 
the commercial marketing of products and be involved in joint mission planning and control initiatives. 
Participation in the WorldSAR Alliance and a proposed Space Data Highway (EDRS) would provide 
entry into a proven and mature technology system and a growing network with an already well 
developed market and value added chain. 

A feasibility study is currently being carried out by DLR and NASA Jet Propulsion Laboratory (JPL) into 
the development of a Tandem-L Mission which involves the deployment of two closely orbiting 
satellites to acquire Pol-InSar imagery and interferometric data at this longer wavelength. The Pol-
InSAR and repeat-pass acquisition modes provide a unique data source to observe, analyse and 
quantify a wide range of dynamic and mutually interacting processes in the biosphere, lithosphere, 
hydrosphere and cryosphere. The addition of an L-band capability within the overall TerraSAR program 
will greatly enhance capacity for developing multi-band and multi-modal data analysis of 
environmental features. 

COSMO-SkyMed 

COSMO-SkyMed is an existing constellation of four small X-band spacecraft built by Agenzia Spaziale  
Italiania and funded by the Italian Ministry of Research and Ministry of Defence. The satellites 
launched between June 2007 and November 2110, occupy the same orbit (620km) being displaced by 
90o. In this configuration they can provide re-visit capabilities at the equator four times a day and at 
latitude 40o approximately every 8 hours. Resolutions of the five imaging modes available on the 
sensors range between 1m and 100m. 

COSMO-SkyMed is a dual use program designed to fulfil both civilian and defence requirements and 
can be operated independently to meet the different needs of the users in respect to system 
performance and control, request priority, response time, data products and confidentiality and 
security. Pipeline dual use systems are also under construction through agreements with France 
(ORFEO) and Argentina (SISGR). 

ESA - Sentinel 1 GMES Program 

The European Sentinel Project proposes to launch a series of five satellites in the next decade and  is 
seen as  an integral component of the European Global Monitoring for Environmental Security (GMES) 
Program. GMES is designed to provide reliable and timely EOS information for environmental 
management, disaster assessment, climatic change and civil security over Europe. It is funded by the 
European Commission in partnership with ESA and the European Environmental Agency.  The five 
satellites when operational will provide data for the characterization of the land surface, oceans and 
the composition of the atmosphere.  

Sentinel-1 the first satellite in the series will carry a C-band SAR and is scheduled for launch in 2013. It 
is intended this will give continuity to and build upon the experience of both the European ERS-1, ERS-
2 and Envisat radars and the Canadian Radarsat systems. Sentinel-1 will operate in 4 modes with 
varying swath widths between 80 to 400kms with resolutions ranging from 5m to 40 m. 

Operation, access and applications are designed primarily to meet European and member state 
requirements. Despite securing a launch timetable, European Union funds have not yet been secured 
to operate the satellite in space after launch. 
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RADARSAT Constellation Mission (RCM) 

The RCM is currently in preparation stage and is designed to  ensure C-band continuity for Canada, 
especially in relation to marine applications,  improve reliability of existing data-streams and foster 
new applications for the use of radar that are achievable through using a satellite constellation. 
Initially three satellites smaller and less costly than Radarsat-2 are planned for launch sometime after 
2016 with the possibility of another three satellites being added to the constellation in the future.  

These first three satellites will provide complete daily coverage of Canada’s land surface and adjacent 
oceans at a 50m resolution as well as extensive global coverage at resolutions of between 5m and 
100m depending on the imaging beam mode selected. 

The constellation is conceived as a Canadian Government owned system and is being built by 
MacDonald, Dettwiler and Associates (MDA). However, in late March 2012, MDA announced that as a 
result of a review of the Canadian Federal Budget, sufficient funds may not be available to continue 
the production schedule as originally envisaged and that the RCM program is under review. 
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7 Foundation for future SAR capability 

Were Australia to make a strategic commitment to a national space industry including SAR, substantial 
benefits would need to be identified to justify investments in the critical areas of the SAR value-chain; 
research and technology development, and business engineering. The question should also be asked; 
does Australia wish to be recognised as internationally competitive in space, and is SAR the entry point 
for this recognition? 

The strategic drivers for this strategic commitment would include: 

 Knowledge Working Economy – in all advanced industrialised economies it has been the 
technology and knowledge based industries that have driven the rise in jobs and exports16; 

 International Technology Advancement – commitment to being less dependent on importing 
key technologies and skills required for local industry development; 

 Economic Development – leveraging innovation, technology and skills to maximise export and 
foreign investment potential; and 

 International Relations – active participation in Global Earth Observation initiatives to foster 
political, social, environmental and financial relationships with developed and developing 
nations. 

An appropriate vision statement to provide context and alignment with the principles for a national 
space Industry is suggested as follows. 
 

To develop Australia’s resilience in earth observations from space in the acquisition analysis and 
application of satellite SAR data. 

SAR capability in Australia can be characterised using a five state capability assessment scale 
represented as follows: 

Maturity Level Description of EOS value system capability 

1. Unaware  Isolated research mostly in other jurisdictions supported by individuals with 
specific technical expertise  

2. Aware Increasing knowledge of technology and applications being applied in niche 
markets such as defence and government funded research programs with an 
emerging skill base.  

3. Developed Investment in key value chain infrastructure elements stimulating development 
of commercial applications for primary markets where projects are relatively 
expensive, long-term and stimulated by government. 

4. Competent All elements of the value chain are operating effectively and capable of 
delivering integrated solutions with minor inconsistencies. 

5. Excellent Strong competitive market pushing the boundaries with local technical 
innovation generating export income across wide market segments supporting 
an active value adding services sector. 

 

                                                           

16 Design in the knowledge economy 2020 – Hutton (2012) 
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Based on the observations set out in this report and other investigations of the Australian EOS 
capability in general, it is suggested that the maturity level of SAR is in the early stages of 
development, roughly level 2 – 3. It is in Australia’s best interests to consider partnering strategically 
with an overseas agency or agencies of maturity 4 – 5 to develop its SAR capability and capacity. 

Resilience in the EOS industry can be achieved in the medium term with a focus on lifting the current 
maturity (level 2 - Aware) over the next 9 to 12 years to the next level (level 3 – Developed). 

7.1 Remote sensing strategy alignment  

Ultimately, the basis for a successful strategy will be the breadth, depth and importance of the 
applications. The fundamental applications reliant on EOS data by the current and future Australian 
user base will dictate the sensor and imaging requirements. From here, it can be determined whether 
existing EOS sources are adequate to meet both current and future data needs and where the 
shortfalls are. Where existing sources are sufficient, ongoing access to data and unrestricted licensing 
must be secured. 

In mapping the benefits of investing in SAR satellite capability, as shown in Figure 9, a clear line of sight 
can be demonstrated in linking the National Priority drivers to the enablers required for change. 
National priorities generate government policies that drive the application for EOS technologies to 
support evidence based policy objectives. These national priorities and outcome objectives have been 
well documented in Section 3.3 and related appendices to this report. 

Benefits derived from the application of SAR technology, as shown in the SAR Benefits Map below are 
quantifiable in terms of economic, social and environmental outcomes that represent a return on the 
investment in SAR.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 - SAR Benefits Map 
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7.2 Enablers of change 

The focus of this study is to advance the argument for investing in developing SAR satellite capacity as 
a key strategy in building Australia’s EOS capability in the international space community. Enablers of 
change, as shown in the above SAR Benefits Map, will be required to improve SAR capability in 
contributing to the realisation of potential benefits. 

The three enabling technology considerations fundamental to this strategy are clearly: 

1. Collaborate with SAR satellite suppliers; 

2. Improve ground segment capability; and 

3. Improve data networks capacities. 

Technology transfer strategies will be essential to a successful SAR satellite program and each enabling 
technology must be supported by a skills and industry development programs that attract 
international expertise and stimulate innovation.  

7.3 EOS value chain system 

The EOS industry comprises several interconnected value chains that have been broadly categorised by 
the British National Space Centre17  as upstream (providers of space technology) and downstream 
(users of the technology) markets. 

By taking this a step further to descibe the EOS industry in terms of a value-chain model, Porter, (1985) 
extends the model to include a global network of activities representing a value-system.   

The following diagram (Figure 10) segments the EOS value system into  five subsystems defined by the 
interaction of: 

a. Infrastructure Assets where investment capital is required to build 

and operate EOS systems: 

• Orbital Systems;  

• Ground Segment Systems; and 

• Processing Systems.  

 

b. Delivery of Services that realise a return on this investment through 

financial, social and environmental benefits: 

• Satellite Services; 

• Data Services; and 

• Application Services. 

These five EOS value chain subsystems define the market segments for upstream suppliers and 
downstream channels and customers. This provides a framework for establishing policies, guidelines 
and governnace for developing  an EOS industry in Austraila and a context for examining the required 
capability relevant to satellite SAR technologies.  

 

 

                                                           

17
 BNSC - Size and health of the UK space industry, 2008 
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As indicated in this EOS value chain system, different stakeholders are active participants in the 
infrastructure provision and/or service delivery. Optimal value from EOS is realised through the 
exploitation of the data in the applications services required by a Consumer Market that can 
contribute to the financial, environmental and social outcomes for Australia. Financial returns 
therefore need to flow from the consumer market back along the entire value chain to the satellite 
systems providers. 

A fully functional EOS SAR value chain system for Australia will require significant investment in EOS 
Infrastructure Assets and strategic development of an EOS Service Delivery industry capable of 
leveraging the infrastructure investment. 

Australia’s investment in EOS infrastructure assets is limited to several Receiving Stations and basic 

Processing Centres to support an active Consumer Market for EOS products. Australia’s capability in 

the EOS industry is limited to providing data and application services based on external suppliers of 

satellite services. Australia has no capability regarding Platforms and Sensors nor with Mission Control 

Systems. 

Investment in SAR technology and related infrastructure will increase the level of control over 
technology developments suitable for Australian requirements; present more deployment options; 
and has the potential to deliver better commercial returns in building a more resilient national EOS 
capability. 

7.3.1 Infrastructure Assets 

In referring to Figure 10 above, current state of EOS infrastructure capabilities suitable for SAR 
development can be summarised as follows: 

Figure 10 - Earth Observations industry model 
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EOS Value System 
dimension 

Current EOS Capabilities suitable for SAR 
In
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Orbital 
Systems 

Australia has no involvement or investment in any operational EOS satellite 
platforms or sensors.  

Ground 
Segment 
Systems 

There are currently 16 EOS ground station sites in Australia with limited (single 
sensor) downlinking capability, being: AIMS-Townsville, Geoscience Australia-
Alice Springs, Bureau-Brisbane, Bureau-Casey, CSIRO-Hobart, Bureau-Crib Point, 
Bureau-Darwin, Bureau-Humpty, Bureau-Davis, DCCEE-Darwin, Bureau-
Melbourne, Bureau-Perth, Bureau-Sydney, TERSS-Hobart, WASTAC1-Perth, and 
WASTAC2-Perth.  

Recent investigations by GA and BoM recommend that these facilities be 
rationalised into 6 sites covering the Australian continent and surrounding 
Exclusive Economic Zone and territories18. 

Data 
Processing 
Systems 

Specialised software and processing streams are required to transform raw SAR 
data into calibrated image products. A handful of Government agencies, 
universities and research institutions have data and batch processing capability, 
either through purchase of commercial software or in-house software 
development using open source code. Cost of commercial software can be 
limiting however, and the required processing routines are not always available 
as open source or packaged in a user-friendly way. 

7.3.2 Data Services 

The current state of EOS data services capabilities suitable for SAR development can be summarised as 
follows: 

EOS Value System 
dimension 

Current EOS Capabilities suitable for SAR 

Se
rv

ic
e

 D
e

liv
er

y 

Satellite 
Services 

Australia provides no EOS satellite services. 

Data 
Services 

Supply of SAR data is generally direct from the satellite operator with reseller 
activity limited to a few general purpose EOS data operators. 

Application 
Services 

Value-adding and SAR data applications development is limited primarily to 
government and research institutions. There is a shortage of skilled personnel 
outside these facilities, and consequently a low level of SAR application services 
available within Industry. SAR data is being used in a few State-wide monitoring, 
programs often tied to national priority areas (water and forests), but not used 
operationally elsewhere. SAR application development in areas of 
interferometry and differential interferometry has been applied to ground 
deformation studies and hazard monitoring in Australia and worldwide (e.g., 
China, Japan), but is not used routinely in national programs. 

                                                           

18
 National Earth Observation from Space Infrastructure Plan (GA and BoM, 2011) 
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As the myriad of applications and potential benefits of SAR technology are realised, there will be a 
need to invest in appropriate infrastructure to support rapid access, storage and distribution of data. 
High infrastructure costs will be associated with improvement and expansion of existing ground 
receiving stations, including those based at Darwin, Alice Springs, Tasmania and Perth. Upgrades will 
be necessary to ensure rapid access to available satellite data, support the integrated reception of 
optical and SAR data, and store and distribute large data volumes. Upgrade of supercomputing 
facilities and high bandwidth communications are also required to transfer the high data volumes 
expected from next generation of EOS satellites. 

7.4 Strategies to get to target state (2018 – 2025)  

With reference to the EOS value chain system a roadmap to a more mature SAR satellite industry for 
Australia will require various levels of investment in all aspects of infrastructure assets and service 
delivery value chains operating in this system. The following transition activities (Table 8) are 
suggested to build capacity and capability to achieve a target state of maturity development in SAR by 
2018 through to 2025. 

 

Table 8 - Target state transition activities 

INFRASTRUCTURE 
ASSETS 

Transition Activities Target State 2018-2025 

Orbital Systems Collaborate with leading 
international space agency provider 

Fractional or full ownership of at 
least one SAR platform 

Ground Segment 
Systems 

Leverage and technology transfer Full up-link and down-link capability 

Data Processing 
Systems 

Leverage software and training 
support 

Calibrated datasets, batch 
processing, distribution 

 

SERVICE DELIVERY Transition Activities Target State 2018-2025 

Satellite Services Develop mature ground segment 
structures 

Shared tasking with overseas 
partners 

Data Services Data acquisition on demand Local and overseas commercial use 

Application Services Anchor projects and sponsored 
research 

Commercially sustainable value 
adding network 
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Developing a SAR satellite acquisition strategy represents an important step toward a more mature 
EOS capability and Australia should take advantage of political and economic alliances to leverage 
more than 50 years of investment in space by potential partners. 

The following strategies outlined in Figure 11 describe several alternative and possibly complimentary 
collaboration strategies that should be explored in more detail. 
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Figure 11- SAR satellite collaboration strategies 

 

Potential collaborative strategies and indicative costs have been identified based on general 
discussions with international space agencies regarding current and proposed satellite SAR programs 
that could be of interest to Australia. These are outlined as follows: 

STRATEGY A 

A1 – Enter into a strategic alliance partnership with Astrium/DLR to develop and launch advanced 
design TerraSAR-X 2 system scheduled for 2016. Initial development phase 2013-16 estimated at 
$25M per year. On launch 2016 approximate, $135M investment required, plus $50M per year 
operating costs.       

A2 – Leverage the strategic alliance partnership by negotiating with DLR and NASA for collaboration 
and equity in the design, manufacture and launch of the proposed Tandem-L satellite. This 
strategy underpins longer term objective supporting applications development requiring L-band 
capability as well as X-band (A1 strategy).  Contractual commitment required to complement A1 
in the order of $10m per year until expected launch date of Tandem-L in 2019. On launch an 
additional $135M investment required, plus $50M per year operating costs. 
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STRATEGY B 

B1 – Immediate availability, with an option to buy-in or secure total ownership of a TerraSAR X clone 
satellite  operating within the WorldSAR Constellation sharing infrastructure. Fractional buy-in 
option is negotiable based on access requirements, suggested investment in the order of $50M 
per year.  Launch option requires $200M investment plus $40M per year operating costs. 

 

STRATEGY C 

C1 – NovaSAR S-band, immediate availability, shared ownership and infrastructure with Surrey 
Satellite Technologies Ltd. The first commercial S-band SAR sensor to be launched into space 
and placed into the present Disaster Monitoring Constellation (DMC) of optical satellites.  
Scheduled launch date 2013 requiring immediate commitment prior to launch $40M and $20M 
per year operating costs.  

C2 – purchase and operate own SAR satellite within the DMC constellation, timeframe flexible, 5-7 
year operating life. Launch proposal with lead time of 2-3 years, estimated cost at $100M and 
$20M per year operating costs. Could seek partnership arrangements. 

C3 – capacity to provide the platform and launch of an Australian purpose built micro sensor payload, 
as required, estimated $60M launch, $20M per year operating costs. 

 

STRATEGY D 

D1 – Airborne SAR development in conjunction with DSTO to operate a national SAR research 
program, involving civilian and military applications in conjunction with strategic alliance 
partners identified in strategies A, B or C. $2M infrastructure establishment and $200,000 per 
year moving to full cost recovery within 7 years. In addition, four recommended "anchor 
projects" designed to boost Australian capacities in SAR would require a further $800,000 per 
year for three years. Suggested application areas include; coastal and maritime surveillance in 
the northern regions; biomass estimation of wooded vegetation for national carbon accounting; 
and soil moisture monitoring in the Murray Darling Basin. 

The DSTO airborne platform could serve as a useful test-bed for developing specifications,  
design and construction of an Australian satellite SAR.  

However, following strategy D in isolation to the any other commitment for investing in satellite 
infrastructure is akin to continuing to buy SAR data and rely on foreign countries EOS services, 
which is unsustainable and not recommended. 

 

7.5 A way forward 

No single SAR will meet Australia’s needs in terms of capability. Ideally, a combination of high 
frequency X-band or C-band and low frequency L-band with at least dual but ideally full polarimetry 
and interferometric capability, is required to complement existing EOS initiatives in climate change, 
water availability, disaster response, agriculture, forestry, maritime surveillance and national security.  

Given the relatively low level of maturity of the Australian EOS SAR industry and the level of 
investment required to establish a more resilient capability, it is strongly recommended that a 
strategic alliance partnership with an established international space agency be formed.  
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Partnering with the German Space Agency, Astrium and NASA appears to offer the most benefits to 
Australia in acquiring SAR satellite technology for the following reasons: 

 Provides short-to-medium-term benefits through ongoing access to contemporary X-band SAR 
data in a well-structured program with continuity missions and cutting edge technology.  

 Enables longer-term continuity of SAR data supply and an opportunity for Australia to be 
involved in new technology development and innovations in L-band SAR and takes advantage 
of knowledge and technology transfer from world leaders in SAR systems. 

 Satisfies the need to build a business case around joint civilian/defence requirements for 
applications using SAR X-band and L-band capabilities. 

 Represents the best technology pathway to suit applications for the Australian conditions and 
national priorities. 

 Offers the best opportunities for technology transfer from the established international space 
agencies to… develop a more mature EOS capability in Australia. 

At the same time Australia also needs to move to a more strategic plan for the purchasing of 
complementary priority SAR products on an on-going basis. This approach is likely to result in lower 
costs, more consistent coverage for the increasingly valuable time-series coverage, more certainty for 
the vendor community, systematic growth in the research and education community and a more 
measured growth in the national capacity to handle all aspects of the SAR value chain system. 

7.6 Cost considerations 

Developing a SAR satellite capability as part of a strategic initiative in building Australia’s resilience in 
EOS, requires a long-term planning horizon and economic commitment. Investment profiles based on 
the fractional ownership model are shown in Table 9 for whole-of-life (9 to 12 years) spanning 2013 
through to 2025. These cost estimates are indicative only and have been compiled from information 
supplied by relevant space agencies and other potential stakeholders. 

 

Table 9 - SAR satellite whole of life estimated investment 

SAR 
Strategy 

Objective Develop Launch 
Operate  
(9 years) 

Lifespan 
Cost 

A1 Strategic alliance partnership with ESA 
to own and operate SAR X-band 
satellite sensor scheduled for launch in 
2016 (TerraSAR 2). 

$25M $135M $50M/yr $610M 

A2 Leverage A1 to collaborate with ESA 
and NASA on the SAR-L project for 
shared equity scheduled for launch in 
2019. (Tandem-L). 

$10M $135M $50M/yr $595M 

B Opportunistic buy-in to an ESA launch 
of a TerraSAR-X  clone scheduled for 
2013   (variable equity possible) 

Full ownership possibility 

 $50M 
 
 

$200M 

$25M/yr 
 
 

$40M/yr 

$275M 
 
 

$560M 
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SAR 
Strategy 

Objective Develop Launch 
Operate  
(9 years) 

Lifespan 
Cost 

C1 Shared access to S-band as part of DMC 
constellation 

 $40M $20M/yr $220M 

C2 Own and operate S-band as part of 
DMC constellation 

$20M $100M $20M/yr $300M 

C3 Platform launch and purpose built 
sensor to Australian specifications 

 

$100M $60M 20M/yr $340M 

D Research facility for building capability 
and competency in SAR technology and 
stimulate local industry. 

 

$2M  7 x $200K/yr 

3 x $800K/yr 

$5.8M 

 

Additional costs associated with ground based infrastructure, processing, storage and support services 
will require a more thorough investigations and consideration of other national programs requiring 
scientific computing infrastructure. 
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8 Conclusions 

Having presented a detailed assessment on the technical and operational capabilities of SAR satellite 
technology and after conducting extensive investigations into current capabilities in Australia, a 
comprehensive assessment has been made of the options that represent opportunities for developing 
resilient capabilities in the acquisition analysis and application of satellite SAR data. 

8.1 Key findings 

The key findings and recommendations of this report are:  

1. Those nations that have a relatively high supply rate of SAR imagery have more rapidly 
developed high value applications, particularly in the northern hemisphere.  

2. Recent studies of EOS requirements and local capacity confirm that Australia is unlikely to 
meet its current, or indeed exploit future needs while remaining reliant on foreign EOS data 
sources19.  

3. No single type of SAR imagery will meet Australia’s needs in terms of capability. Early 
indications are that a combination of high frequency (X-band and C-band) and low frequency 
(L-band) sensors are most promising  

4. There is currently no source of satellite SAR L-band data anywhere in the world. With the 
failure ALOS PALSAR in April 2011 and the failure of ENVISAT in March 2012, there exists a 
need to secure ongoing access to SAR L-band data beyond 2012, otherwise there is a risk that  
data gaps will hamper the development and operation of promising programs and research.  

5. There is a need to strengthen Australia’s technical expertise in SAR. The current capability is 
dispersed and struggling for critical mass. The establishment of a dedicated national SAR 
facility to concentrate the efforts of highly capable professionals from the local and 
international SAR communities could be considered. 

6. Given the relatively low level of maturity of the Australian SAR industry and the level of 
investment required to establish a more resilient SAR capability, there is a compelling 
argument for having a strategic alliance with an established international space agency and a 
skills transfer commitment to develop local capability and capacity. 

7. Generally, the operational life of an EOS satellite is 5 to 15 years. The planning and design 
phase can be up to 5 years prior to launch, which means that collaborating in building, and 
operating of a SAR satellite and sensor platform can be a 20 year commitment. If ownership of 
SAR assets is to be considered, one way of reducing the lead up cost is to consider fractional 
ownership. This model shares the costs of purchase, launch and operation of one or more 
satellites with other national space agencies; minimises the risks to Australia and accelerates 
knowledge transfer. This report identifies a number of opportunities for establishing 
partnership agreements with international space agencies. 

 

                                                           

19
 Australian Strategic Plan for Earth Observations from Space,  Australian Academy of Science and Australian 
Academy of Technological Sciences and Engineering, 2009 
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8. Leveraging experience and expertise within Defence organisations can be a useful strategy for 
building capacity. Many of those nations that are now SAR-capable have used joint Defence-
civilian programs of collaboration, particularly for airborne systems, in advance of developing a 
satellite capability. The knowledge and experience gained from such programs have proven 
invaluable in the design and development of satellite SAR systems. 

9. Developing SAR satellite capability represents an important step toward a more mature EOS 
industry. Australia should take advantage of political and economic alliances internationally to 
leverage more than 50 years of investment in space by potential partners. These could provide 
short-to-medium-term benefits through ongoing access to contemporary X-band SAR data and 
enable longer-term continuity of SAR data supply. This presents an opportunity for Australia to 
be involved in new technology development and innovations in L-band SAR taking advantage 
of knowledge and technology transfer from world leaders in SAR systems, and contributes to 
building a well-informed business case for proving up applications. 

10. Taking a strategic approach to the development of SAR capability Australia will also provide 
the vendor community with more certainty, increasing the likelihood of complementary 
investment and support. 

11. The Australian Government’s Ground Receiving Stations, including the newly built DCCEE 
Satellite Ground Receiving Station in Darwin, could be tasked to download SAR data over areas 
of interest to Australia including the northern Australian-Asian region in the immediate future. 
By entering into an alliance with existing SAR satellite providers, these operational receiving 
facilities (note that the Darwin Station is as yet uncommissioned) could service the needs of 
maritime surveillance and the mining, oil and gas industry for  detecting oil spills in the north 
west shelf area and for monitoring shipping lanes across Northern Australia and in the  Great 
Barrier Reef. 
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8.2 Recommendations  

These recommendations are aimed at achieving Australia's resilience in the EOS industry in the 
acquisition, analysis and application of satellite SAR data; 

Recommendation 1 

Recommendation 1 

Australia should develop a strategic plan to inform the development of high value satellite SAR 
applications and capability. The Plan should target those application areas with high potential, such as; 
coastal and maritime surveillance in the northern regions; biomass estimation of wooded vegetation 
for national carbon accounting; and soil moisture monitoring in the Murray Darling Basin. These 
application areas should encourage collaborative research effort from our current application 
development community. The strategic plan should involve the education and training sector to 
ensure a good supply of emerging expertise and rapid knowledge transfer. Federal, state and territory 
involvement should be sought to ensure it is a national plan. Collaboration with the local vendor 
community should be strengthened to help markets grow in promising application areas. Collaboration 
with specific overseas organisations should be prioritised to ensure supply of data, access to expertise, 
and technology transfer. The Plan would lead to the development of a business case that would 
demonstrate, or otherwise disprove, the value of further investment by the nation in SAR activities, 
including space-based SAR infrastructure. 

A key consideration in the development of a robust EOS industry is security of data supply and 
a degree of control or influence throughout the satellite value chain systems. Australia’s 
relatively slow uptake of SAR imagery is largely due to a lack of critical mass of expertise 
amongst the purchasers (Defence, government agencies, etc), suppliers (private companies) 
and trainers (research agencies, universities). This needs to be addressed via an integrated 
strategy of; R&D using purchased imagery for high yielding applications, capacity building into 
training courses at educational institutions, and in time, investing in our own SAR satellite (this 
provides a substantial acceleration of activity and awareness). 

Strategic planning should take a 10 to 15 year horizon and include a more thorough 
examination of commitments, benefits and opportunities presented by the fractional 
ownership model for Australia as an investment strategy in SAR satellite infrastructure.  

During the course of the strategic planning activities, further investigations will be required to: 

• Confirm the most appropriate SAR system and orbit characteristics; 
• Monitor economic benefits accrued through SAR data availability; 
• Develop a SAR satellite infrastructure plan with staged growth; and 
• Undertake financial and economic cost-benefit analysis for infrastructure investment. 

Any credible business case assessment for investment in satellite SAR infrastructure should not 
be restricted to domestic applications. The utility of global SAR observation data required for 
allied defence intelligence and for overseas aid to forest carbon programs is a significant factor 
in contributing to financial, economic, social and environmental outcomes for Australia. 

Estimated effort and timing required for a SAR Strategic Planning exercise is subject to the overall SPU 
program of work and delivery schedule. Provision should be made for at least 12 months of duration to 
complete with a budget of around $380K. 
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Recommendation 2 

Leading on from Recommendation 1 the development of a national test-bed for further developing 
joint civilian and defence SAR capabilities should be considered. This may best be progressed through 
the creation of a joint research facility. 

There is an emerging need for better access to SAR data, technical expertise, associated 
technologies, policy development and governance arrangements. One way this can be 
overcome is to establish a dedicated national SAR facility to concentrate the efforts of highly 
capable professionals from the local and international SAR communities. 

This is an early-stage initiative designed to lift the level of awareness and define the 
intergovernmental processes and procedures to coordinate resources and responsibilities of 
key stakeholders.  

The Defence Science and Technology Organisation (DSTO) in Australia have developed an 
airborne SAR system, 'INGARA', which could be used as test-bed for scientific investigations of 
proposed defence SAR applications. 

Leveraging the experience and expertise within Defence organisations for a joint national SAR 
facility is a key factor in capability building. Support for experimental studies using airborne 
SAR sensors has been a successful strategy of all nations that have developed a satellite SAR 
capability. The knowledge and experience gained from such activities have proven to be 
essential for the design and development of satellite SAR systems. 

It is estimated that $2M would be required for infrastructure establishment and at least $200,000 per 
year for technical and business support. In addition, up to four recommended ‘anchor projects’ should 
be designed to boost Australian capacities in SAR which would require a further $800,000 per year for 
three years with the intent to move to a full cost recovery model over 7 years. 

 

 

Recommendation 3 

Investigate imminent potential for collaboration with a consortium of satellite system providers to 
acquire SAR imagery through Australian Ground Stations.  

This will reduce dependency on data purchases and lift the level of maturity of SAR capability in 
Australia whilst enabling an objective assessment of potential partnership arrangements with the 
international EOS community. 

The use of an existing ground receiving stations for the downloading of SAR data provides a 
more direct route to image acquisition and approach to a guaranteed supply than relying on 
data purchasing contracts.  

Such an opportunity presents itself with the existing receiving stations, including the newly 
built DCCEE Satellite Ground Receiving Station in Darwin, could be tasked to download SAR 
data over the northern Australian-Asian region.  

Participating in such a production-partner-alliance would serve as a significant first-step to 
Australia becoming more self-sufficient in the supply of SAR data, in engaging with the EOS 
international community and in providing increasing support for Australian programs 
throughout the South East Asian region. 

Initial investigations into the feasibility and implications would need to: 
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• assess the technical feasibility;  
• meet with and discuss operational and costing models with potential suppliers 

including satellite tasking;  
• identify the needs for proprietary processing systems; 
• have preliminary discussions on data licensing models; 
• document the products and product standards that could be produced through 

analysis of the data; 
• identify the systems that would be used to produce the products from the data; 
• engage with anticipated end users on likely applications, pilot studies, and possible 

future business models; and  
• prepare an approach to market. 

Immediate action is suggested to progress this initiative and determine potential budget implications 
required to enable selected Receiving Stations with SAR capability in the next financial year. Estimated 
provision for initial investigations would be around $180,000 and should be completed within three to 
four months. 

--------------------oo000oo-------------------- 
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Appendix A – Consultation List 

 

International-Australian Reference Group List 

Contact Organisation Country 

Andrea Celentano * e-GEOS Cosmo International Development  Rome, ITALY 

Yves-Louis Desnos * ESA/ESRIN ITALY 

Benjamin Stern * Surrey Satellite Technology Ltd Surrey, UK 

David Hall * Astrium Satellites Surrey, UK 

Dr. Masanobu Shimada  Japan Aerospace Exploration Agency Tokyo, JAPAN 

Dr. Alberto Moreira * German Aerospace Centre (DLR) GERMANY 

Prof Huadong Guo Chinese Academy of Sciences Beijing, CHINA 

Dr.Scott Hensley NASA JPL Radar Laboratory, Pasadena, USA 

Prof Richard Lucas Institute of Geography & Earth Sciences Aberystwyth,  UK 

Douglas Bancroft  Canada Centre for Remote Sensing  Ottawa, CANADA 

Dr Ake Rosenqvist JAXA Radar Program Tokyo JAPAN  

Leong Kwoh, * Centre for Remote Imaging, Sensing and Processing SINGAPORE  

Dr. David Goodenough * Pacific Forestry Centre Victoria, CANADA 

Dr. Alex Held * CSIRO Land and Water CS Christian Lab Canberra,AUST 

Dr. Nick Stacy * Defence Science and Technology Organisation Adelaide, AUST 

Dr. Adam Lewis * Geoscience Australia Canberra,AUST 

Di Harris * Defence Imagery Geospatial Organisation Canberra,AUST 

Barry Peterson * MDA Corporation, Surveillance Missions Richmond. CANADA 

William B.P. von Kader * Astrium (Satellites) GmbH  GERMANY 

Joerg Herrman * Astrium (Strategy) Gmbh, Friedrichshafen GERMANY 

Robert Waters * UK Space Agency, Business, Innovation and Skills London,UK 

Craig Dobson Radar Consultant, NASA HQ Washington,USA 

Guy Seguin Canadian Space Agency St.Hubert, Canada 

* Interviewed 
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Industry Workshop Attendees List 

Contact Organisation 

Rob Lees Astrium 

Prof Andrew Dempster Australian Centre for Space Engineering Research 

Peter Woodgate CRCSI 

Kimberley Clayfield CSIRO 

Dr. Shanti Reddy Department of Climate Change and Energy Efficiency 

Peter Kinne Digital Globe 

Dr Nick Stacy DSTO Intelligence, Surveillance & Reconnaissance Division 

Eric Richards DSTO Intelligence, Surveillance & Reconnaissance Division 

Medhavy Thankappan  Geoscience Australia 

Rob Coorey MDA 

Alan Forghani Murray Darling Basin Authority 

David Hocking Spatial Information Business Association (SIBA) 
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Appendix B – SAR Systems and Timelines  

Generally the operational life of an EOS satellite is from 5 to 10 years. The planning and design phase 
can be up to 5 years prior to the launch date, which means that investing in the satellite and sensor 
platform is a 20 years commitment. The timeframes for launch and operation of SAR satellites of 
varying frequency are shown in Figure 12 to Figure 17 and  discussed below. 

 

 

 

 

Germany and Italy lead the way with the majority of X-band tandem systems and/or constellations. 
TerraSAR-X, launched in 2007 and with an expected life of ~6 years, was developed through a Public 
Private Partnership between DLR and EADS Astrium. Designed for scientific and commercial use, 
TerraSAR-X is a multi-modal steerable radar capable of acquiring fine resolution (< 5m) data over 
narrow to coarse swaths. The satellite is in a near-polar orbit at an altitude of 514 km and can revisit 
each site on the earth's surface at least every 11 days. As a follow-on and extension to TerraSAR-X, DLR 
launched TanDEM-X in 2010. Both systems have near identical capability, and when flown together in 
close formation, provide interferometric imaging for global DEM generation. TanDEM-X is also an 
experiment in new applications using along-track InSAR (e.g., measuring ocean currents), pol-InSAR, 
monostatic and bistatic processing and formation flying. The two systems are expected to have a 

Figure 12 - Timeframes for launch and operation of X-band SAR satellites. 
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minimum 3 years of tandem operation. Germany also operates a 5-satellite military constellation, SAR-
Lupe 1-5 for provision of high resolution X-band imagery for military reconnaissance.  

Italy own and operate the Cosmo-SkyMed dual-use X-band SAR constellation. There are 4 SAR 
satellites (and 3 optical) in the constellation, launched successively into sun-synchronous polar orbits 
between 2007 and 2009. The system was co-funded by the Italian Ministry of Research and Ministry of 
Defence, with day-to-day operations the responsibility of the Italian Space Agency (ASI). The 
constellation facilitates daily revisit times, with an average revisit time of 3.5 - 4.5 hours at European 
latitudes. This rapid access to data is most advantageous in disaster monitoring and intelligence 
gathering/military surveillance operations. X-band data can be acquired in selectable single and dual 
polarisation modes, at resolutions ranging from fine (1 m) to coarse (100 m) and over a range of 
swaths. Bilateral international agreements, in place between France-Germany and France-Italy, mean 
that data access rights will be exchanged between the second generation Helios-2 military optical 
reconnaissance system and the German SAR-Lupe and Italian Cosmo-SkyMed constellations.  

Other nations with X-band satellite capability include Russia with Meteor-M N1 (comprising a varied 
payload of microwave and optical imagers, microwave radiometer and multispectral spectrometers), 
China with IGS-7A (dual-use military/civilian SAR), India with RISAT-2 (primarily for military 
reconnaissance but also scientific EOS applications), and Israel's TecSAR (for low earth orbit 
reconnaissance). 

 

 

 

 

Two nations currently have C-band SAR capability: Canada and India. RADARSAT-1 has been 
operational since 1995, far exceeding its nominal 5-year design life. The system is multi-modal, with 7 
selectable imaging modes acquiring data at fine to coarse resolutions, for a range of viewing angles 
and over narrow to extended swaths. The satellite was launched into a sun-synchronous near-polar 
orbit providing repeat visit every 24 days. Since its deployment, RADARSAT-1 has contributed to 
operational government programs in earth observation, disaster management, oceanography, forestry 
and agriculture, and also generated much commercial interest worldwide. To ensure continuity and 
enhance operational use of C-band data, the Canadian Government and Industry partnered in a 
commercial venture to develop and launch RADARSAT-2 in 2007. The primary objective of the 

Figure 13 - Timeframes for launch and operation of C-band SAR satellites. 
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RADARSAT-2 mission was to ensure that supply and distribution of SAR data and products would meet 
present and future needs. Mission success was basically guaranteed by leveraging the knowledge and 
experience gained through RADARSAT-1 and taking advantage of new technologies. Through 
RADARSAT-2, Canada sought world class leadership in developing a profitable and sustainable EOS 
business, as well as fostering public good aspects for resource management, environmental 
monitoring, support for Canadian sovereignty in the Arctic and defence policy worldwide. RADARSAT-2 
provides improved capabilities in multi-modal imaging and left or right looking modes.   

India also has C-band satellite capability with RISAT-1, a multi-modal, near polar orbiting satellite, 
launched in 2012. It was designed to complement and supplement the existing and follow-on optical 
payloads on board ISRO's IRS satellite series, with a focus on operational remote sensing, and in 
particular, for agriculture and disaster support applications. RISAT-1 operates in single, dual and quad 
polarisation modes, at fine to medium resolution and over a range of narrow to wide swaths. The 
satellite has a mission life of ~5 years and nominal 12 day repeat visit.  

 

 

 

 

There is limited understanding of the utility of S-band frequencies in operational remote sensing. Both 
Russia and China operate S-band satellite SARs. Kondor-E was launched in 2012 by the Russian Federal 
Space Agency (Roscosmos). It is a dual purpose system, with military applications in navigation and 
reconnaissance, and earth observation capability to meet the needs of agriculture, forestry, 
environmental monitoring, geology and mineral exploration. Kondor-E was recently launched into a 
polar orbit, and is capable of imaging in spotlight, stripmap and scansar modes in both left and right 
looking directions. China operate the HJ mini-satellite constellation, comprising 2 optical satellites (HJ-
1A and -1B) and 1 radar satellite (HJ-1C), purpose built for disaster monitoring and mitigation. In 2007, 
China's National Space Administration joined the International Charter "Space and Major Disasters", a 
joint initiative to provide emergency response satellite data free of charge to those affected 
worldwide. This includes the HJ series. HJ-1C acquires S-band data in stripmap and scansar modes of 
operation for fine-medium resolution data over medium-coarse swaths.      

Figure 14 - Timeframes for launch and operation of S-band SAR satellites. 
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With the recent system failure of JAXA's ALOS PALSAR, China is the only nation with L-band SAR 
capability. The Yaogan series of satellites launched successively between 2007 and 2011 are dual use, 
with applications in intelligence gathering, surveillance and reconnaissance for military operations, and 
earth observation for land survey, disaster forecasting, crop yield estimation and urban planning. The 
systems operate in spotlight and scansar modes of operation, providing fine-medium resolution L-band 
data over medium-coarse swaths. 

 

 

 

 

 

Figure 15 - Timeframes for launch and operation of L-band SAR satellites. 

Figure 16 - Timeframes for launch and operation of P-band SAR satellites. 
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There are few multi-frequency SARs in operation. Two identified systems originate in Russia, with the 
X-band or C-band Smotr system, and the L-band and S-band Priroda system. Smotr, launched in 2009, 
consists of 4 low-orbit satellites, built primarily for monitoring oil/gas pipelines but also earth 
observation. The constellation consists of 2 radar and 2 optical satellites. The SAR payload is capable of 
acquiring X-BAND or C-band data in 2 modes, high resolution (1-3 m) and low resolution (5-15 m) over 
medium to coarse swaths respectively. The system has an estimated lifetime of 7-10 years. Priroda 
comprises both microwave and optical imagers and a radiometer, and launched and installed on the 
MIR space station in 1996. It continues to acquire medium resolution L-HH and S-VV polarisation data 
for applications in geoecology, land surface and ocean exploration.    

    

 

 

 

 

Figure 17 - Timeframes for launch and operation of multi-band SAR satellites. 
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Global SAR community   

There are currently 31 SAR satellites in operation (Table 10), with 32 proposed or currently in the 
development phase. SAR satellite development is on the increase compared to high resolution optical, 
hyperspectral imagers and LiDARs. The current economic climate may delay the launch and 
implementation of some SAR programs, e.g., ESA Sentinel and the CSA Radarsat Constellation Mission.  

Table 10 - Number of current and proposed EOS satellites.   

Sensor type Operational Proposed/under development 

Imaging radar 31 32 

Microwave radiometers 11 12 

Radar altimeters 6 3 

Scatterometers 5 4 

High resolution optical  20 20 

Imaging MS radiometers 45 49 

Hyperspectral imagers 1 4 

LiDARs 1 7 

There are a total of 15 currently operational X-band SAR satellites, compared with three C-band, two S-
band, eight L-band and three multi-frequency systems (Figure 18). Ownership and operation of these 
systems is limited to just eight countries, distributed amongst Europe, Russia, Asia, the Middle East 
and Canada. 

 

Figure 18 - Currently operational SAR satellites by country. 



  Appendix B – SAR Systems and Timelines 

 

  Robust Imaging from Space  
 Satellite SAR Final Report 69 

 

Proposed/planned SAR development 

More than 32 satellite borne radar sensors have been proposed or are in early stages of development 
(as of April 2012, CEOS EOS Handbook), with at least 13 planned for launch over the next five years, 
making it one of the fastest growing remote sensing technologies (Figure 19). Numerous agencies 
worldwide are committed to future launches for continuity of operational applications and exploration 
of new imaging capabilities, including wide surveillance modes and extending interferometric 
applications. Provided they come on stream as planned, they will ensure ongoing access to SAR data to 
meet Australia’s needs into the future. These include continuity C- and X-band missions and a second 
L-band PALSAR system. Both S- and P-band systems have also been proposed.    

New players are emerging on the global SAR market space. Countries including Spain and Korea have 
proposed launches of X-band SAR satellites, Argentina has partnered with Italy to launch and jointly 
operate an L-band SAR, and the UK have proposed an S-band SAR. A number of countries are boosting 
capability through additional launches of systems utilising frequencies not on-board their existing 
platforms. For example, Germany has proposed an L-band SAR, whereas their existing constellations 
employ X-band. Italy currently operates X-band SARs and is looking to launch a C-band constellation. 
China currently operates L-band and S-band SARs, and has proposed a multi-frequency SAR. India has 
an X-BAND and C-band SAR and is looking to develop an additional X-band and 2 L-band SARs. The US 
has proposed 2 L-band SARs and 1 multi-frequency SAR. Many countries are choosing to invest in SAR, 
including developing nations, so the question must be asked, why not Australia? 

 

Figure 19 - Proposed/planned SAR satellites by country. 

Ongoing access to C-band SAR data seems ensured with the proposed CSA Radarsat Constellation 
Mission (RCM) and ESA's Sentinel program if these systems proceed to launch. The RCM comprises 3 
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EOS satellites with probable launch dates of 2014 (C1 and C2) and 2015 (C3) and expected lifetime of 
around 7 years. Following on from RADARSAT-2, data will be acquired in multiple imaging modes at 
low-high resolution to suit a diversity of applications. ESA's Sentinel-1 mission comprises 2 C-band 
satellites, with a third under consideration, with anticipated launch dates of 2013 (1A), 2015 (1B) and 
2019 (1C). Given ESA's open data policy, free access to C-band data will continue.   

Continuing access to X-band SAR data also seems ensured, with the proposed ASI Cosmo-SkyMed 
Second Generation and DLR TerraSAR-X2 systems. The CSG-1 and CSG-2 satellites have proposed 
launch dates of 2015 and 2016 respectively, and will provide continuation from the existing 4 satellite 
Cosmo-SkyMed constellation. DLR has indicated a commercial follow-on to the existing TerraSAR-X 
mission, with a proposed launch in 2015. Spain also intends launching an X-band satellite called PAZ, a 
TerraSAR-X clone, in 2012, but this is unlikely to be a fully commercial system since it was funded by 
the Spanish Defence Agency. Korea (KARI) also propose launching an X-band system KOMPSAT-5, in 
2012. China has a dual frequency (X-BAND and C-band) HY-3 series constellation planned, however 
access to data from this source is uncertain.    

SSTL in the UK have developed an S-band system NovaSAR-S for launch in 2013. It can be launched into 
either a sun-synchronous or low inclination equatorial orbit. NovaSAR-S provides moderate resolution 
data (6 - 30 m), suitable for a range of natural resource and disaster management applications.   

Regarding an L-band continuation, the Japanese Space Agency (JAXA) has approved ALOS PALSAR-2 for 
launch in 2013. However, the data access policy has not yet been determined. Argentina (CONAE) and 
Italy (ASI) have also proposed the launch of an L-band system SAOCOM for 2014. This could prove to 
be an alternative source of supply of L-band data. The US have proposal for two L-band systems (SMAP 
and DesDNyl), however funding approval in the present climate seems uncertain. Germany (DLR) is 
also considering a TanDEM-L satellite (with NASA JPL) as a complement to their current X-band 
constellation.  

There is the potential for the supply of P-band data through ESA's BIOMASS initiative if this is chosen 
for development and launch in the 2018+ time period. 
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Appendix C – Glossary of Terms and Abbreviations 

 

Terms Descriptions 

ADF Australian Defence Force 

ASI Agenzia Spaziale Italiana (Italian Space Agency) 

BoM Bureau of Meteorology 

CRC-SI Cooperative Research Centre for Spatial Information 

CSIRO Commonwealth Science Industry Research Organisation 

DEM Digital Elevation Model 

DCCEE Department of Climate Change and Energy Efficiency 

DIGO Defence Imagery and Geospatial Organisation 

DIISRTE Department of Industry, Innovation, Research, and Tertiary Education 

DInSAR Differential Interferometry 

DLR Deutsches Zentrum fűr Luft- und Raumfahrt (German Aerospace Centre) 

DSTO Defence Science and Technology Organisation 

EOS Earth Observation from Space 

GA Geoscience Australia 

GEOS Group on Earth Observations 

GEOSS Global Earth Observation System of Systems 

InSAR Interferometric SAR 

ISRO Indian Space Research Organisation 

JAXA Japanese Space Agency 

LiDAR Light Detection and Ranging (laser technology) 

LULUCF Land Use, Land Use Change and Forestry 

MER (MRV) Monitor Evaluation and Reporting – term used in vegetation management 

NSL National SAR Laboratory 

Pol-InSAR Polarimetric Interferometry SAR 
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Terms Descriptions 

PPP Public Private Partnership 

PSInSAR Persistent scatters InSAR 

Radar Radio Detection and Ranging technology 

REDD United nations collaborative programme on Reducing Emissions from Deforestation 
and Forest Degradation. 

Roscosmos Russian Federal Space Agency   

SAR Synthetic Aperture Radar 

SBA Societal Benefit Areas as defined by GEOSS 

SMART Smart Multi Aperture Radar Techniques refers to next generation SAR sensors equipped 
with digital beam forming capabilities 

SPU Space Policy Unit in DIISRTE 

  

   

   

    

   

   

   

 


