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Key Points
1. Earth Observations from Space (EOS) are a critical data source for an ever growing number of Australian
government and industry programmes.
2. EOS-dependent programmes contribute around $5.3 billion to the Australian economy annually.
3. EOS services are estimated to have created more than 9000 jobs in 2015, and are projected to generate over
15 000 by 2025.
4. Australia continues to be entirely reliant on foreign owned and operated satellites for EOS data.
5. While continuity of supply risks have been reduced with the launch of new ‘public-good’ satellites, government
programmes would be severely impacted were there significant interruptions to the supply of key EOS data
streams.
6. Supply risks could be mitigated through the development of algorithms and systems that are less dependent
on specific sensors and by making analysis ready data available to Australian EOS users.
7. Australia’s data storage requirements are expected to increase dramatically over the next decade. To support
a sample set of 140 operational government programmes, a cumulative storage capacity of approximately
44 PB will be required by 2025.
8. The cost of storing this volume of data is estimated to be between $4–11 million per year.
9. Urgent action is required to put in place arrangements and systems for effective and efficient data
management and analysis in order to realise the benefits of this huge volume of data.
10. Australia must continue to engage with international partners such as the United States Geological Survey,
European Space Agency and the Japan Aerospace Exploration Agency to ensure ongoing access to critical
sources of EOS.
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Executive Summary
Introduction
Earth observations from space (EOS) are one of the richest sources of information about the Earth system, and
are informing decisions and activities across sectors as diverse as mining, community safety and healthcare.
Australia’s need for EOS is increasing rapidly as government and private sector decision makers come to rely on
its ability to provide accurate and timely information about the natural and built environment, and downstream
industry incorporates EOS into its supply and value chains.
In 2014/15, studies1 examining Australian EOS use found over 140 Commonwealth, state and territory
government programmes were dependent on EOS to deliver their outcomes and that commercial users were
increasingly using EOS to pursue business objectives. The 2015 report, The Value of Earth Observations
from Space estimated the economic impact of EOS on the Australian economy in 2015 to be $5.5 billion, with
predicted growth of up to $8.8 billion by 2025. As Australia’s EOS use matures and expands, this impact is
expected to increase.
Australia’s Satellite Utilisation Policy2 identifies Earth observations from Space as a space application of national
significance, and identifies the need for investment in EOS to be driven by requirements and priorities. This report
together with the 2014 Study on the Economic Value of Earth Observations from Space to Australia and Access to
Enabling Data3 aims to establish an evidence base for future investment decisions.

Purpose of Report
This report, titled Australian Government Earth Observation Data Requirements to 2025, examines the current and
projected EOS requirements of Australian government programmes, and updates the 2011 Continuity of Earth
Observation Data for Australia: Operational Requirements to 2015 for Lands, Coasts and Oceans (CEODA-Ops) report
on expected availability of EOS to 2025. As with the CEODA-Ops report, research and development activities are
outside the scope of the study, however unlike the earlier report, meteorological applications are considered.
Data requirements and availability are assessed for seven categories of EOS sensors: low resolution optical;
moderate resolution optical; high resolution optical; synthetic aperture radar (SAR); LiDAR; atmospheric sounders
and ‘other’. Use of data from aerial platforms is recorded but not considered in the comparative analysis.
Five primary questions are addressed:
1. What are Australia’s current EOS data requirements?
2. How have Australia’s EOS data requirements changed since 2011?
3. What are Australia’s EOS data requirements likely to be by 2025?
4. What are the implications of a lack of access to required EOS data?
5. What is the scale of the data management challenge facing Australia to 2025?
In particular, this report focuses on the EOS requirements of the most significant Australian Commonwealth,
state and territory government EOS programmes as assessed by Geoscience Australia in consultation with
programme owners, the Australian Government Earth Observations from Space Working Group (AGEOSWG) and
the Australian Earth Observation Community Coordination Group (AEOCCG). This consultation builds on the list
of 92 programmes identified by the (former) National Remote Sensing Technical Reference Group members for
the CEODA-Ops report. The consultation identified 140 EOS-dependent government programmes of national
significance which are used as a sample set to forecast Australian EOS requirements to 2025. Research and
development requirements are not considered in this analysis.

Earth Observations from Space
Earth Observations from Space (EOS) refers to the range of observations of Earth systems made by satellites that
orbit the Earth. Satellites orbiting the Earth are uniquely positioned to make routine observations of a variety of

1. 2015, ACIL Tasman, The Value of Earth Observations from Space; 2015, Geoscience Australia and Bureau of Meteorology, Australian Government Earth Observation Data
Requirements to 2025
2. 2013, Australian Government, Australia’s Satellite Utilisation Policy
3. 2014, Bureau of Meteorology, Commonwealth Scientific and Industrial Research Organisation, Geoscience Australia, ACIL Allen, Symbios, 2014 Study on the Economic
Value of Earth Observations from Space to Australia and Access to Enabling Data
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physical characteristics over very large geographic areas and over extended periods of time. The scale of these
observations is such that they cannot be provided as effectively and efficiently by aircraft or unmanned aerial
vehicles or in-situ systems such as ground-based observatories.
The routine nature of EOS enables us to build a view of Earth systems over long periods of time. This view then
enables us to detect changes to those systems and predict future changes with a greater degree of accuracy.
This in turn means we are able to plan for and respond to changes in ways that maximise opportunities for gain,
and minimise any potentially harmful effects resulting from the predicted change.
The number and variety of EOS sensors and the observations they make is increasing rapidly. The World
Meteorological Organization’s, Observing Systems Capability Analysis and Review Tool (‘OSCAR’) records 176
operational satellites supporting over 200 different instruments. EOS from these sensors support a growing range
of Australian government and private industry programmes.

Australian EOS use
Australia is a significant user of EOS. In 2010/11, the CEODA-Ops and ACIL Tasman reports found that EOS
underpinned over 90 government programmes, and that for the relatively modest annual expenditure of
$105 million, EOS returned approximately $3.3 billion to the economy; a return of 30:1 on government investment
in EOS. In 2015, ACIL Allen (formerly ACIL Tasman) revisited this analysis and found significant growth in both
the use of EOS and the contribution it makes to the Australian economy. The new report, titled Value of Earth
Observations from Space found that EOS now returns approximately $5.5 billion to the Australian economy and
the use of EOS-services has generated around 15,000 new jobs in 2015. The report predicts growth of up to
$8.8 billion, with more than 80 000 employed as a direct result of EOS services by 2025.
As Australia’s understanding of the capability of Earth observing satellites has matured, so too has our use of EOS
for a variety of government programmes and, consequently, our dependency on EOS as a critical data source has
increased. The sample set of 140 programmes demonstrates the diversity of Australian EOS use both in the types
and the applications of the data. Examples of Australian government EOS use include activities such as: weather
forecasting; disaster mitigation and management; climate and water cycle modelling; land use and land cover
monitoring; forestry; carbon accounting; mapping inland and estuarine water quality; coastal habitats; seagrass
and coral reefs; mineral mapping; hydrology; cartography and cadastral mapping; sea surface temperature; and
biodiversity monitoring.
Most importantly, Value of Earth Observations from Space report found that the value of Earth observation to
Australia is expected to continue to increase over the next decade as higher resolution and more frequent data
from space become available and as the applications and products that build on the data increase.

Data requirements to 2025
As was the finding of the CEODA-Ops report, it is expected that coverage of all geographic regions by each of
the sensor types considered will be required to meet the needs of the sample programmes in 2025. The temporal
coverage requirements will vary depending on the region and type of data, from hourly coverage of all regions
in low resolution optical data, to monthly coverage of all regions in SAR and medium resolution optical data, to
annual coverage of continental Australia in high resolution optical data. The temporal and geographic coverage
requirements of the sample programmes are summarised in Table 2.3 and the resulting data storage capacity
estimates in Figure 4.13.

Data Availability in 2025
Australian government programmes currently use data from 42 sensors. This is a significant increase over the
usage estimated by the CEODA-Ops report and is attributed to the inclusion of ad-hoc use of operational sensors
in the ‘used’ category in this report. Ad-hoc sensor usage is common in many programmes, particularly where
data from a specific sensor is required to supplement data from routine data sources. A good example of this
type of usage is the acquisition of high resolution optical data (e.g. WorldView-2) to supplement routine low and
medium resolution optical data (e.g. MODIS and Landsat) for land use monitoring.
In 2011, the CEODA-Ops report concluded that by 2015 the likelihood of significant data continuity gaps for
most data types was high, if not certain4. This conclusion was based in part on the then lack of contiguous EOS
programmes providing medium and high resolution optical and SAR data. However, the launches of Landsat-8 in
2013, Sentinel-1A (2014), Sentinel-2A (2015), Sentinel-3A (2015) and the upcoming launches of Sentinel-1B (2016)

4. 2011, Geoscience Australia, Continuity of Earth Observation Data for Australia: Operational Requirements to 2015 for Lands, Coasts and Oceans, Page 3.
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and Sentinel-2B (2016), and Sentinel-3B (2017) under free, full and open licensing arrangements mean the risk of
data continuity gaps is far lower today than it was in 2011.

Programme Implications
Although the likelihood of data continuity gaps has been greatly reduced since the writing of the CEODA‑Ops
report, the fact remains that Australian government programmes would be severely impacted were there
significant interruptions to the supply of key EOS data streams. While alternate sources of Earth observation data
(such as airborne sensors) are available for some data types, these sensors cannot offer the regular, long-term
coverage of large geographic areas provided by EOS sensors.
As was the case in 2011, many of the current EOS-dependent programmes contribute to national disaster
mitigation and response strategies, international agreements, and resource programmes with both national and
international implications. Therefore any extended denial of key EOS data sets to these programmes would not
only be economically costly to Australia it may also compromise existing agreements with other nations and
international organisations.
Risks to critical EOS supply chains could be mitigated through the development of algorithms and systems that
are less dependent on specific sensors and by working with international suppliers to make analysis ready data
available to Australian EOS users.

Data Volumes
An expected (but largely unplanned for) consequence of the increasing availability of EOS under free, full and
open data licensing arrangements such as the Sentinel data access policy5 is the volume of EOS data that
Australian government agencies will be required to manage.
In 2011, the CEODA-Ops report projected the annual storage volume required for all data types, including three
levels of processing, would be approximately 1.2 PB per year by 2015. However, largely due to the increased
volume of data from Landsat-8, Himawari-8 and Sentinel-1A the total data storage required by the 140 samples
programmes is expected to be around 1 PB per year for unprocessed data alone, with a cumulative storage total
of approximately 8.8 PB by 2025. The additional volume required for data processing (3 levels) and back‑up
(2 copies) brings this cumulative total to approximately 44 PB by 2025. Downlinking, storing, processing and
analysing this data will be costly, and urgent action is required to put in place arrangements and systems for
effective and efficient data management in order to fully realise its benefits.

Conclusion
Australia continues to be heavily dependent on the supply of EOS from foreign-owned and operated satellites.
Interruptions to the supply of EOS would seriously compromise outcomes for not only the 140 sample
programmes considered in this report but the EOS-dependent industries in Australia. Although risks to EOS
supply have been substantially reduced since 2011 with the launch of new Earth-observing satellites and the
planned launch of future missions, data continuity remains a significant issue that Australia must address.
Ongoing engagement with the international EOS community is vital to ensure critical EOS sources remain
available to Australian end users.
Alongside continued engagement to ensure data continuity, Australia must plan for the vastly increased volumes
of EOS expected to be available by 2025. New missions such as Himiwari-8 and Copernicus represent significant
challenges to Australia’s existing infrastructure and data management capabilities. Annual data storage volumes
in the petabyte range are already required and will only grow as new sensors and missions come online in the
lead up to 2025. Urgent action is required to put in place arrangements and systems for effective and efficient
data management and analysis in order to realise the benefits of this huge volume of data.

5. Sentinel data access: https://sentinel.esa.int/web/sentinel/sentinel-data-access
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1. Report Context
1.1 Objective
This report, entitled Australian Government Earth Observation Data Requirements to 2025 aims to address five
primary questions:
1. What are Australia’s current EOS data requirements?
2. How have Australia’s EOS data requirements changed since 2011?
3. What are Australia’s EOS data requirements likely to be by 2025?
4. What are the implications of a lack of access to required EOS data?
5. What is the scale of the data management challenge facing Australia to 2025?
Questions 1, 2 and 3 are addressed in Section 2, Question 4 in Section 3, and Question 5 in Section 4.

1.2 Scope
The report considers both current EOS usage by Australian Commonwealth, state and territory government
programmes and the projected usage in 2025. In the context of this report, the terms ‘EOS’ and ‘EOS data’ are
limited to data derived from space-based Earth observing sensors. Therefore, the report does not consider data
from airborne or in-situ sensors in the analysis.
This report focuses on the EOS requirements of the most significant Australian Commonwealth, state and territory
government EOS programmes as assessed by Geoscience Australia in consultation with programme owners,
the Australian Government Earth Observations from Space Working Group (AGEOSWG) and the Australian Earth
Observation Community Coordination Group (AEOCCG). This consultation builds on the list of 92 programmes
identified by the (former) National Remote Sensing Technical Reference Group members for the CEODA-Ops
report. The consultation identified 140 EOS-dependent government programmes of national significance which
are used as a sample set to forecast Australian EOS requirements to 2025.
Local government and research and development requirements are not considered in this analysis, but are likely
to be the focus of a future study.
Details of the 140 sample programmes can be found in Appendix C.

1.3 Data Category Definitions
For the purposes of this report, EOS sensor groups have been simplified and optical sensors are segmented into low,
medium and high spatial resolution groupings to provide comparability with the 2011 CEODA-Ops study. Only those
instruments used by the 140 Australian EOS programmes are included in the analysis. The instrument groups are:
1. Low Resolution Optical (>80 m)
2. Medium Resolution Optical (10 m - 80 m)
3. High Resolution Optical (<10 m)
4. Synthetic Aperture Radar (SAR)
5. LiDAR
6. Atmospheric Sounders
7. Other EOS (includes: radar altimeters; microwave imaging radiometers; cloud and precipitation radars; special
scanning or non-scanning microwave radiometers).
Use of airborne sensors such as aerial LiDAR, high resolution optical cameras and hyperspectral sensors is
noted but not included in the analysis. It is anticipated that future studies will address the use of aerial Earth
observations, particularly at the Australian state, territory and local government levels.

1.3.1 Low Resolution Optical
Low resolution optical sensors are broadly classified as ‘regional scale’ sensors that record reflectance in the
visible and infrared (including thermal) wavelengths, and have a geometric pixel size greater than 80 m. Such
sensors include IMAGER (Himawari-7), AHI (Himawari-8/9) AVHRR/3 (Metop-A/B/C and NOAA-19), VIIRS
(Suomi‑NPP) and MODIS (EOS-Aqua and EOS-Terra).
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Most low resolution sensors are operated for the public good. Their data are widely used for operational support
in meteorology, oceanography, fire monitoring, disaster management, climate and water cycle modelling, and
broad area land cover monitoring.

1.3.2 Medium Resolution Optical
Medium resolution optical sensors record visible and infrared (including thermal) wavelengths with a geometric pixel
size greater than 10 m and less than or equal to 80 m. They are commonly considered as ‘paddock scale’ sensors.
These sensors, such as Landsat ETM+ and OLI, have traditionally been operated for public good and scientific
observation purposes, although a number of commercial sensors, such as SLIM-6 (UK-DMC-2) are available
in this category. Data from Medium Resolution Optical sensors can be used for a wide range of applications
including agriculture, forestry, carbon accounting, disaster mapping, regional geology and lithology, and
environmental monitoring and management. Landsat TM data are being increasingly used for mapping inland
and estuarine water quality, coastal habitats, seagrass and coral reefs. The range of uses of medium resolution
optical sensors is continually expanding.

1.3.3 High Resolution Optical
High resolution optical sensors record optical wavelengths (visible and infrared, including thermal) with a
geometric pixel size of up to 10 m.
Unlike the coarser data sensors, high resolution optical sensors, such as WV110 (WorldView-2), NAOMI (SPOT‑7),
REIS (RapidEye) and BGIS-2000 (Quickbird), are usually operated as commercial ventures. High resolution
optical data can be used in a wide range of applications, including civil planning, enforcement, defence and
security analyses, digital terrain modelling, mineral mapping, hydrology, cartography and cadastral mapping,
emergency response, asset evaluation, demographic studies, change detection, precision agriculture, agricultural
forecasting, and monitoring water quality.

1.3.4 Synthetic Aperture Radar
Synthetic Aperture Radar (SAR) sensors, also known as imaging microwave radars, are active radar systems
that transmit pulses of radio waves at a target and measure the echo waveforms returned to the sensor. Different
wavelengths and polarisations are used to discern particular target properties.
EOS SAR sensors are useful for atmospheric studies, physical oceanography, geological surveys, topographic
mapping, measurement of surface movement following earthquakes, direct measurement of above-ground
biomass, and mapping of flood areas and storm damage. SAR data have particular application to studies of
ice motion and dynamics and in determining soil moisture content. Radar observations have the advantage of
being relatively unaffected by illumination and weather conditions (including cloud and smoke), so useful data
can be acquired at any time. This feature is particularly advantageous in tropical and other persistently cloudy
environments.
Sensors in this category comprise a mix of commercial and public good sensors including: SAR-X (TerraSAR-X
and TanDEM-X), PALSAR-2 (ALOS-2), and SAR-C (Sentinel-1A/1B/1C).

1.3.5 LiDAR
Satellite-borne LiDAR (LIght Detection And Ranging) instruments are a family of sensors operating in the
ultra‑violet, visible, near-infrared and short-wave infrared (IR) spectrums with spatial resolution in the range
of 100 m. LiDAR sensors are useful for tracking aerosol and air molecules, measuring cloud top height and
identifying atmospheric discontinuities.
Currently the only operational instrument in this category is CALIOP (CALIPSO), but its use by several weather
and climate monitoring programmes makes it a significant data source.

1.3.6 Atmospheric Sounders
This data type includes cross-nadir scanning short wave (SW) and infrared sounders, microwave (MW) sounding
radiometer, cross-track scanning, and short wave and infrared sounders. Instruments in this category take
measurements of the atmosphere in the microwave and infrared spectrum. These observations can be used to
derive temperature and measure water vapour and trace gases at various levels within the atmosphere.
Advanced TIROS Operational Vertical Sounder (ATOVS) data have been shown to have a significant positive
impact on numerical weather prediction (NWP) in both hemispheres. Sensors in this category include AMSU-A
(on board NOAA-18/19, Aqua, Metop-A/B), AMSU-B (on board NOAA-18/19, Metop-A/B), and ATMS (on board
Suomi-NPP, and JPSS in future).
6
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Hyperspectral infrared sounders of the AIRS (Aqua), IASI (Metop-A/B/C) and CrIS (SNPP, JPSS-1/2/3/4)
generation allow a considerable progress in accuracy and vertical resolution.

1.3.7 Other EOS
This data type includes radar altimeters, microwave imaging radiometers, cloud and precipitation radars, and
special scanning or non-scanning microwave radiometers.
Sensors in this category comprise a mix of commercial and public good sensors including: Poseidon-3
(JASON-2), SIRAL (CryoSat-2), AMSR-E (EOS-Aqua), CPR (CloudSat) and Aquarius (SAC-D). These sensors are
useful for a range of meteorological and oceanographic applications such as climate change modelling, wave
height estimation, sea surface temperature and biodiversity monitoring.

1.4 Data Coverage Categories
1.4.1 Spatial Coverage
For the purposes of this report, Australian data coverage requirements are considered in terms of the following
spatial categories:
• Continental Area: the land area of Australia’s States and Territories including the island areas within the
respective jurisdictions. Approximately 7.7 million square kilometres.
• Australian Exclusive Economic Zone: the marine area as defined in the Seas and Submerged Lands Act 1973
(‘the SSL Act’—including the amendments to that Act made by the Maritime Legislation Amendment Act
1994). Approximately 10 million square kilometres.
• Australian Area of Interest: the area of interest defined by Australia’s regional interests and responsibilities
and the geographic extents of the 140 Australian government programmes considered in this report.
Approximately 92 million square kilometres. Area of Interest (AOI) derived as follows:
»» Boundary has been snapped to nearest whole lat/long line in most places.
»» Boundary does not follow territorial and/or political boundaries except along the northern edge of
Myanmar, Laos and Vietnam.
»» Environmental Systems Research Institute (ESRI) world administrative boundaries file used as a baseline
for delineation of the above mentioned countries and elsewhere to inform region of interest.
»» Australian Maritime Safety Authority (AMSA) search and rescue region fully incorporated into region of
interest.
»» Baseline for region of interest originated from Geoscience Australia’s National Earth Observation ALOS
Region of Interest (ROI) which was adapted in early 2014 to become the Geoscience Australia National
Earth and Marine Observation Landsat ROI.
»» Countries/Territories covered (in full or part) by ROI
»» Andaman and Nicobar Islands, Australia, Brunei, Cambodia, Fiji, Indonesia, Kiribati, Laos, Malaysia,
Micronesia, Myanmar, Nauru, New Caledonia, New Zealand, Palau, Papua New Guinea, Philippines,
Samoa, Singapore, Solomon Islands, Thailand, Timor-Leste, Tonga, Tuvalu, Vanuatu, Vietnam
• Marine Zone: that part of the Australian Area of Interest that is exclusively ocean or sea. Approximately
72 million square kilometres.
• Land Zone: that part of the Australian Area of Interest that is exclusively land. Approximately 19 million square
kilometres.
• Antarctic Area: that part of Antarctica that lies within the Australian Area of Interest. Nominally:
»» Australian Antarctica Territory; French Antarctic Territory; that part of the New Zealand Antarctic Territory
that lies within the AMSA region (~11%).
• Full Disc: the observable Hemisphere as viewed by the Himawari-8 AHI sensor. Like all geostationary satellites
it images 40% of the Earth’s surface. Approximately 256 million square kilometres.
• Global: the observable surface of the Earth. Approximately 510 million square kilometres.
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Figure 1.1 Australian Area of Interest.

1.4.2 Temporal Coverage
Temporal requirements are considered in terms of six categories.
• Hourly: new data every hour
• Twice-daily: new data twice a day
• Daily: new data every day
• Monthly: new data every month
• Seasonally: new data seasonally (4 times per year)
• Annually: new data every year
• Ad-hoc: new data as required (on an irregular basis).
The temporal requirements of different applications may vary widely from hourly to annually, while some may
only require data on an ad-hoc basis. To allow for potential data loss due to cloud cover, reception problems or
other issues, data is often acquired more frequently than the temporal requirement of an application. Additionally,
some programmes may produce infrequent products that are composites of data acquired more frequently,
e.g. an annual mapping product derived from data acquired on monthly basis. Therefore, the temporal categories
listed above show the frequency of data acquisition required to support the programmes, rather than the delivery
frequency of any products derived from that data.

8
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2. EOS Data Requirements
The EOS data projections in this section are based on the current operational and desired future requirements
of the 47 Commonwealth and 93 state and territory programmes identified by Geoscience Australia (2014).
These sample programmes are summarised in Appendix C. It is important to note that these scenarios may
differ from the projected data volume scenarios in Section 4, as the data volume scenarios attempt to quantify
the actual capabilities of current and future sensors within practical acquisition parameters.
As noted in Section 1, neither local government requirements nor those of research and development
programmes are considered in the sample.

2.1 Data Coverage Requirements
In 2011, the CEODA-Ops report found that based on the usage of the 92 government programmes in the report
sample set, and the predicted trend towards increased reliance on EOS data, that coverage of all geographic
regions in all data types considered in the report would be required to meet the programme needs in 2015.
In 2014, the predicted reliance on EOS as an essential data source has been realised with 140 Australian
government programmes now found to be dependent on EOS as a critical input.
Furthermore, the increased use of EOS in multiple application areas means the geographic coverage
requirements are greater than ever before. The Australian governments’ ‘area of interest’ as defined by regional
responsibilities and the geographic requirements of the programmes within the sample set, now extends from the
Australian Antarctic Territory throughout most of the Asia-Pacific region and, in the case of weather and climate
monitoring programmes, may require data from the full disc if not the globe.
As was found in 2011, it is expected that coverage of all geographic regions by each of the sensor types
considered will be required to meet the needs of the sample programmes in 2025. The temporal coverage
requirements will vary depending on the region and type of data, from hourly coverage of all regions in low
resolution optical data, to monthly coverage of all regions in SAR and medium resolution optical data, to annual
coverage of continental Australia in high resolution optical data. The temporal and geographic coverage
requirements of the sample programmes are summarised in Table 2.3.

2.2 Programme Data Dependencies
Table 2.1 summarises the EOS dependencies of the 140 government programmes used as a sample set for
this report. A dependency is defined as an operational requirement for data that cannot be met by other than
space-based sources of Earth observation data. Programmes may have dependencies on multiple data types
and the meeting of one dependency will not necessarily mean that all programme dependencies are addressed.
For example, the dependencies of a programme requiring high and medium resolution optical data and SAR to
achieve its outcomes will not be fully met by the acquisition of high resolution optical data alone.
Table 2.1 Data Requirements: Summary of Data Dependencies.

Programmes

Low spatial
resolution
optical
(>80 m)

Medium
spatial
resolution
optical
(10 – 80 m)

High spatial
resolution
optical
(<10 m)

SAR

LiDAR

Atmospheric
Sounders

Other
EOS

Commonwealth

47

29

24

16

9

2

2

8

State

93

35

55

44

15

1

0

10

Total

140

64

79

60

24

3

2

18

As was the case in 2011, in 2014 the overall picture of Australian data usage as painted by the sample
programmes is one of heavy reliance on optical data with a lesser (but increasing) need for SAR and other types
of EOS. This is unsurprising given the importance of optical data to land-based monitoring programmes such as
those that comprise the majority of Australian government EOS-dependent activities (see Appendix C for details).
Table 2.2 compares the data dependencies of the 92 CEODA-Ops (2011) programmes with the 140 making up
the sample set in this report. It should be noted that the ‘Other EOS’ category includes the CEODA-Ops ‘Passive
Microwave’ category, but that unlike the earlier analysis no passive microwave dependency was found in 2014.
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Table 2.2 Data Requirements: Comparison of Data Dependencies.
Measure of
usage

Low spatial
resolution
optical
(>80 m)

Medium
spatial
resolution
optical
(10 – 80 m)

High
spatial
resolution
optical
(<10 m)

SAR

LiDAR

Atmospheric
Sounders

Other EOS

Total

2011 (%)

44 (25%)

72 (41%)

40 (23%)

14 (8%)

0 (0%)

0 (0%)

6 (3%)

176

2014 (%)

64 (26%)

79 (32%)

60 (24%)

24 (10%)

3 (1%)

2 (1%)

18 (7%)

250

Figure 2.1 Data Requirements: Proportion of Programme Dependencies by Data Type (2014).

2.3 Low Resolution Optical Sensors
As detailed in Section 1.3.1, low resolution optical sensors provide ‘regional scale’ observations with a pixel size
of 80 m or coarser. Characteristic sensors in this class include MODIS (Aqua and Terra), AVHRR/3 (NOAA-18/19,
Metop-A/B/C), and VIIRS (Suomi-NPP). Data from low resolution optical sensors is used by 64 of the 140 sample
programmes for a variety of monitoring activities, including:
• Disaster mitigation and management, including bushfires, floods, earthquakes, and storms
• Land use monitoring, land cover, native vegetation, wetland health, salinity and water availability, agriculture,
greenness, environmental conditions, drought impact
• Managing fisheries, reefs and marine parks
• Oceanography, sea surface temperature and height, chlorophyll and phytoplankton
• Climate studies and weather forecasting
• Carbon accounting.
The desired spatial and temporal coverage requirements for Low Resolution Optical data in 2025 are illustrated
in Figure 2.2. Based on current requirements, the projected need is for coverage of all regions at hourly intervals.
It is anticipated that Himawari-8 will provide better than hourly coverage (imaging the full disc every 10 minutes)
and that platforms such as EOS-Aqua and EOS-Terra will continue to provide daily coverage of continental
Australia.

10
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Figure 2.2 Data Requirements: Low Resolution Optical Spatial and Temporal Coverage.

Figure 2.3 details the low resolution optical sensors currently in use by Australian programmes and their expected
end of life. Where a sensor is to be carried by multiple flights of the same mission, the end of life of the sensors is
given as the expected end of life of the final flight of that mission.

Figure 2.3 Data Requirements: Continuity of Low Resolution Optical Sensors.
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2.4 Medium Resolution Optical Sensors
As detailed in Section 1.3.2, medium resolution optical sensors provide ‘paddock scale’ observations with a pixel
size of 10–80 m. Characteristic sensors in this class include ETM+ (Landsat-7), OLI (Landsat-8/9), ASTER (Terra)
and LISS-3 (ResourceSat-1/2/2A). Also included due to spatial resolution are newer hyperspectral sensors such
as Hyperion (NMP-EO-1) and MSI (Sentinel-2).
Since the early 1970s, the Landsat mission has provided the majority of medium resolution optical imagery for
Australian programmes and with the launch of Landsat-8 in 2013 this continues to be the case today. Data from
medium resolution optical sensors is used by 79 of the 140 sample programmes for many land applications
including:
• Disaster mitigation and management, including fires, floods, earthquakes and storms
• Mapping and land use monitoring, water availability, wetland health, groundwater quality, pollution, agriculture,
salinity, native vegetation, drought support and impact, soil exposure and erosion
• National inventories of forests, greenhouse gases, wildlife, endangered species, maritime boundaries, land
cover, carbon sinks, rangelands
• Management of forests, floodplains, catchments, reefs
• Monitoring of mining and dredging
• Monitoring of specific areas: Antarctica, Mornington Peninsula.
The desired spatial and temporal coverage requirements for Medium Resolution Optical data in 2025 are
illustrated in Figure 2.4. Based on current requirements, the projected need is for:
• Daily coverage of continental Australia and all maritime regions
• Monthly coverage of the Australian Antarctic Territory.

Figure 2.4 Data Requirements: Medium Resolution Optical Spatial and Temporal Coverage.

12

Australian Government Earth Observation Data Requirements to 2025 

Figure 2.5 details the medium resolution optical sensors currently in use by Australian programmes and their
expected end of life. Where a sensor is to be carried by multiple flights of the same mission, the end of life of the
sensors is given as the expected end of life of the final flight of that mission.

Figure 2.5 Data Requirements: Continuity of Medium Resolution Optical Sensors.

2.5 High Resolution Optical Sensors
As detailed in Section 1.3.3, high resolution optical sensors provide ‘urban scale’ observations with a pixel size of
10 m or finer. Characteristic sensors in this class include NAOMI (SPOT-6/7), WV110 (WorldView-2), OSA (Ikonos)
and REIS (RapidEye). Data from high resolution optical sensors is used by 44 of the 140 sample programmes for
diverse range of programmes including:
• Mapping of dredging activity, seagrass, maritime boundaries, shallow water bathymetry
• Compliance monitoring of wildlife, native vegetation, water use, urban development
• Regional risk assessments, landslides, volcanoes
• Management of land and marine parks
• Carbon accounting.
The desired spatial and temporal coverage requirements for High Resolution Optical data in 2025 are illustrated
in Figure 2.6. Based on current requirements, the projected need is for:
• Monthly coverage of main population centres (population 10 000 or more)
• Annual coverage of continental Australia
• Ad-hoc coverage of specific project areas.
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Figure 2.6 Data Requirements: High Resolution Optical Spatial and Temporal Coverage.

Figure 2.7 details the high resolution optical sensors currently in use by Australian programmes and their
expected end of life. Where a sensor is to be carried by multiple flights of the same mission, the end of life of the
sensors is given as the expected end of life of the final flight of that mission.

Figure 2.7 Data Requirements: Continuity of High Resolution Optical Sensors.
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2.6 Synthetic Aperture Radar
As detailed in Section 1.3.4, SAR sensors are active radar systems that transmit pulses of radio waves at a target and
measure the echo waveforms returned to the sensor. Different wavelengths and polarisations are used to discern
particular target properties. SAR data is currently used by 24 of the 140 programmes for activities such as:
• Monitoring of oil spills, ground deformation, woody vegetation, native vegetation, species distribution,
sea surface temperature
• Disaster mitigation and risk reduction, flooding landslides and volcanoes
• National inventories of elevation data.
The desired spatial and temporal coverage requirements for SAR data in 2025 are illustrated in Figure 2.8.
Based on current requirements, the projected need is for:
• Monthly coverage of all regions
• Ad-hoc coverage of specific continental project areas.

Figure 2.8 Figure 2.8 Data Requirements: SAR Spatial and Temporal Coverage.

Figure 2.9 details the SAR sensors currently in use by Australian programmes and their expected end of life.
Where a sensor is to be carried by multiple flights of the same mission, the end of life of the sensors is given as
the expected end of life of the final flight of that mission.
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Figure 2.9 Data Requirements: Continuity of SAR Sensors.

2.7 Atmospheric Sounders
As described in Section 1.3.6, atmospheric sounders take measurements of the atmosphere in the microwave
and infrared (IR) spectrum. These observations can be used to derive temperature and measure water vapour
and trace gases at various levels within the atmosphere.
Data from atmospheric sounders is critical for the national weather and climate research programmes managed
by the Bureau of Meteorology and is currently used in two of the 140 sample programmes for:
• Weather warnings and forecasts
• Numerical weather prediction
• Atmospheric, weather and climate research.
The desired spatial and temporal coverage requirements for Atmospheric Sounder data in 2025 are for
twice‑daily global coverage.
Figure 2.10 details the Atmospheric Sounders currently in use by Australian programmes and their expected end
of life. Where a sensor is to be carried by multiple flights of the same mission, the end of life of the sensors is
given as the expected end of life of the final flight of that mission.

Figure 2.10 Data Requirements: Continuity of Atmospheric Sounders.

2.8 LiDAR and Other EOS
LiDAR, as detailed in Section 1.3.5, are a family of sensors operating in the ultra-violet, visible, near-infrared and
short-wave infrared spectrums with spatial resolution in the range of 100 m. LiDAR is useful for tracking aerosol
and air molecules, measuring cloud top height and identifying atmospheric discontinuities and is currently used
by three of the 140 sample programmes for a range of climate monitoring and weather forecasting applications.
Currently, the only LiDAR data available to Australian programmes is provided by the NASA/CNES-owned
CALIPSO mission; however a number of potentially accessible LiDAR missions are planned for launch over the
next five years.
16
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In addition to LiDAR, Australian programmes make use of a data from a diverse range of other EOS sensors
including, radar altimeters, microwave imaging radiometers, cloud and precipitation radars, special scanning or
non-scanning microwave radiometers (see Section 1.3.7). Data from these other EOS sensors is used by 21 of the
140 sample programmes.
The desired spatial and temporal coverage requirements for LiDAR and Other EOS data in 2025 are outlined in
Figure 2.11. Based on current requirements, the projected need is for monthly coverage of all regions.

Figure 2.11 Data Requirements: LiDAR and Other EOS Spatial and Temporal Coverage.

Figure 2.12 details LiDAR and other EOS sensors in use by Australian programmes and their expected end of life.
Where a sensor is to be carried by multiple flights of the same mission, the end of life of the sensors is given as
the expected end of life of the final flight of that mission.
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Figure 2.12 Data Requirements: Continuity of LiDAR and Other EOS Sensors.

2.9 Summary
The desired spatial and temporal requirements of the 140 sample programmes in 2025 are summarised
in Table 2.3. Larger geographic regions are assumed to incorporate smaller regions within their boundaries
(i.e. ‘All Regions includes ‘Continental’, ‘Continental’ includes ‘Queensland, Tasmania etc.’).
Table 2.3 Data Requirements: Summary of Spatial and Temporal Requirements.
Low spatial
resolution
optical
(>80 m)

Medium spatial
resolution optical
(10–80 m)

SAR

LiDAR

Atmospheric
Sounders

Other
EOS

All regions

Hourly

Continental, All
maritime regions

Daily

Continental, All
maritime regions

Global

Australian Antarctic
Territory, Tasmania,
New South Wales,
Queensland

Monthly

All regions

All
regions

Continental

Seasonally
Continental

Continental

Continental
(As required)

All regions

Continental
(As required)

All regions
(As required)

Continental
(As required)

All regions
(As required)

Annually
Ad-Hoc

High spatial
resolution
optical
(<10 m)

2.9.1 Societal Benefit Areas
The diversity of Australian government EOS-dependent programmes, and the critical importance of Earth
observation data to programmes of regional and national significance, is clearly illustrated in Table 2.4 and
Figure 2.1.
Table 2.4 categorises the 140 sample programmes according to the Global Earth Observation System of Systems
(GEOSS) Societal Benefit Areas (SBAs). The SBAs are the nine environmental areas of global significance around
which the GEOSS project is coordinating its efforts. The areas are: Agriculture, Biodiversity, Climate, Disasters,
Ecosystems, Energy, Health, Water and Weather.
Table 2.4 Data Requirements: Programmes by Societal Benefit Area.
Disasters

Health

Energy

Climate

Agriculture

Ecosystems

Biodiversity

Water

Weather

Cwlth

16

1

9

25

18

23

15

27

7

State

38

12

13

20

49

71

28

59

10

Total

54

13

22

45

67

94

43

86

17

Figure 2.1 illustrates the aggregated proportions of state, territory and Commonwealth government programmes
in each of the Societal Benefit Areas.
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Figure 2.13 Data Requirements: Proportion of Programmes by Societal Benefit Area.

2.9.2 Summary of Sensor Usage
Table 2.5 summarises the numbers of used and unused operational sensors in each data type (see Appendix D
for details). In the context of the report:
Used:

Currently operational sensor whose data is used for active government programmes. Usage may
be routine or ad-hoc.

Not used:

Currently operational sensor whose data is not used by any operational government programme.

Table 2.5 Data Requirements: Summary of Sensor Usage.
Low spatial
resolution
optical
(> 80 m)

Medium
spatial
resolution
optical
(10 – 80 m)

High spatial
resolution
optical
(<10 m)

SAR

LiDAR

Atmospheric
Sounders

Other EOS

Used

11

7

11

5

1

6

7

Not used

27

17

26

5

0

33

9
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3. Data Availability
3.1 Data Continuity
In 2011, the CEODA-Ops report concluded that by 2015 the likelihood of significant data continuity gaps for
most data types was high, if not certain6. This conclusion was based in part on the then lack of contiguous EOS
programmes providing medium and high resolution optical and SAR data. However, the launches of Himawari-8
and Landsat-8 (2013), Sentinel-1A (2014), Sentinel-2A (2015), Sentinel-1B (2016) and Sentinel-2B (2016), under
free, full and open licensing arrangements mean the risk of data continuity gaps is far lower today than it was
in 2011.
Although planned launches of future missions in each of the data categories presents a more positive outlook
for data availability to 2025, the presence of ‘similar’ sensors in each class does not always provide absolute
continuity. While instruments within a class or category of sensors will acquire similar measurements, the
interchangeability of the data will depend on quality and coverage (both spatial and temporal). Switching from
one sensor to another is a non-trivial task that can consume significant resources.
In 2010, the Economic Value of Earth Observation from Space (ACIL Tasman) report estimated the impact of
unplanned source shifting to be in the order of $100 million per year, highlighting the need to secure ongoing
access to reliable and resilient sources of EOS data that will meet the requirements of Australian programmes.

3.2 Alternative Data Sources
Sources of Earth observation data are not limited to satellites. Many forms of data, particularly high resolution
optical and (increasingly) LiDAR and hyperspectral are available from aerial platforms. However, aerial sensors
cannot match the frequency of coverage of vast geographic areas over extended periods offered by EOS data.
Furthermore, the cost of obtaining comparable data from aerial platforms may be significantly higher than that
of EOS.
Since 2011, commercial EOS sources have increased dramatically and for many programmes, data from
commercial suppliers supplements public good EOS. Commercial EOS alternatives are examined in detail
in Section 5.

3.3 Data Category Availability
3.3.1 Low Resolution Optical
It is anticipated that in addition to the ongoing availability of data from the Himawari, Feng-Yun and Metop
missions, that the launches of Sentinel-3A (2015) and Sentinel-3B (2017) will address the majority of Australia’s
low resolution optical data requirements until 2025.
The following table outlines the newly operational, planned and commissioned missions carrying low resolution
optical sensors to 2025. For each flight a rating of the likelihood of data being made available to Australian
programmes is given. This rating is based on current availability of data from the mission, the existence of a
formal agreement, partnership or joint project with the satellite owner/operator, and the nature of the licensing
arrangements (free, open licensing, or otherwise) for data from the mission.
Table 3.1 Data Availability: Low Resolution Optical Missions to 2025.
Agency

Mission

Launch

EOL

Access

ESA/EC

Sentinel 3A

2015

2022

Very likely

JAXA

GCOM-C1

2016

2021

Very likely

ESA/EC

Sentinel 3B

2017

2024

Very likely

JAXA

GCOM-2

2018

2023

Very likely

JAXA/MOE

GOSAT-2

2018

2023

Very likely

EUMETSAT/ESA

Metop-C

2018

2024

Very likely

6. 2011, Geoscience Australia, Continuity of Earth Observation Data for Australia: Operational Requirements to 2015 for Lands, Coasts and Oceans, Page 3.
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Agency

Mission

Launch

EOL

Access

KMA/KARI

GEO-KOMPSAT-2A

2018

2029

Very likely

CMA/NRSCC

FY-2G

2014

2018

Likely

CMA/NRSCC

FY-3D

2015

2020

Likely

CMA/NRSCC

FY-2H

2016

2020

Likely

CMA/NRSCC

FY-4A

2016

2022

Likely

ESA/JAXA

EarthCARE

2017

2020

Likely

ISRO

OceanSat-3

2017

2022

Likely

CMA/NRSCC

FY-4B

2018

2025

Likely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS HICO

TBD

TBD

Unlikely

NSOAS/CAST

HY-1C/D

2014

2017

Unlikely

CNSA

GF-4

2015

2023

Unlikely

ISRO

INSAT-3DR

2015

2023

Unlikely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS DESIS

2017

2024

Unlikely

ISRO

GISAT

2017

2024

Unlikely

3.3.2 Medium Resolution Optical
The ongoing availability of data from the Landsat mission (Landsat-7 and Landsat-8) and the launches of
Sentinel‑2A (2015) and Sentinel-2B (2016) is expected to address the majority of Australia’s medium resolution
optical data requirements until 2025. In particular, Sentinel-2A and 2B are expected to transform many land
applications due to the frequency of the repeat cycle of the paired satellites (global coverage in 4-5 days), the
capability and resolution of the MSI sensor (10 m VIS, 20 m NIR, 60 m SWIR) with its large swath (290 km) and
the availability of the data under free, full and open licensing arrangements.
The following table outlines the newly operational, planned and commissioned missions carrying medium
resolution optical sensors to 2025. For each flight a rating of the likelihood of data being made available to
Australian programmes is given. This rating is based on current availability of data from the mission, the existence
of a formal agreement, partnership or joint project with the satellite owner/operator, and the nature of the licensing
arrangements (free, open licensing, or otherwise) for data from the mission.
Table 3.2 Data Availability: Medium Resolution Optical Missions to 2025.
Agency

Mission

Launch

EOL

Access

ESA/EC

Sentinel-2A

2015

2022

Very likely

ESA/EC

Sentinel-2B

2016

2023

Very likely

CAST/INPE

CBERS-4

2014

2017

Likely

ISRO

ResourceSat-2A

2016

2021

Likely

ISRO

OceanSat-3

2017

2022

Likely

CMA/NRSCC

FY-3E

2017

2023

Likely

CMA/NRSCC

FY-3F

2019

2025

Likely

Roscosmos
RosHydroMet

KANOPUS-V2

2014

2019

Unlikely

INPE

Amazônia-1

2016

2019

Unlikely

DLR

EnMAP

2017

2022

Unlikely

ISRO

CartoSat-3

2017

2022

Unlikely

ISRO

GISAT

2017

2024

Unlikely

INPE

Amazônia-1B

2019

2022

Unlikely

3.3.3 High Resolution Optical
The majority of high resolution optical sensors are operated by commercial EOS suppliers, thus data access and
continuity depends in part upon the willingness and ability of users to meet the costs of purchase. Historically,
government programmes have tended to favour data from the WorldView, Quickbird and SPOT missions for
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which future flights are planned, or have recently been launched. Consequently, it is expected that government
programmes will continue to have access to high resolution optical data until 2025 depending on budget
availability.
The following table outlines the newly operational, planned and commissioned missions carrying high resolution
optical sensors to 2025. For each flight a rating of the likelihood of data being made available to Australian
programmes is given. This rating is based on current availability of data from the mission, the existence of a
formal agreement, partnership or joint project with the satellite owner/operator, and the nature of the licensing
arrangements (free, open licensing, or otherwise) for data from the mission.
Table 3.3 Data Availability: High Resolution Optical Missions to 20257
Agency

Mission

Launch

EOL

Access

Skybox

SkySat-2

2014

2019

Very likely

DigitalGlobe

Worldview-3

2014

2021

Very likely

GeoEye

GeoEye-2

2014

2021

Very likely

Spot Image

SPOT-7

2014

2024

Very likely

JAXA

ALOS-3

2015

2020

Very likely

CAST/INPE

CBERS-4

2014

2017

Likely

ISRO

ResourceSat-2A

2016

2021

Likely

ASI

PRISMA

2017

2022

Likely

KARI

KOMPSAT-3A

2014

2018

Unlikely

NARSS

EgyptSat-2

2014

2019

Unlikely

CNSA

GF-2

2014

2019

Unlikely

USEF/NEC/METI

ASNARO-1/2

2014

2019

Unlikely

ASAL

AlSat-2b

2014

2019

Unlikely

Roscosmos

Resurs-P2

2014

2019

Unlikely

Roscomos
RosHydroMet

KANOPUS-V2

2014

2019

Unlikely

Kazcosmos

KazEOSat-1/2

2014

2021

Unlikely

Elecnor Deimos

Deimos-2

2014

2024

Unlikely

ISRO

CartoSat-2C

2015

2020

Unlikely

CDTI
ESA

SEOSat/Ingenio

2015

2022

Unlikely

CNES/ISA

Venµs

2016

2020

Unlikely

ISRO

CartoSat-2D

2016

2021

Unlikely

ISRO

CartoSat-3

2017

2022

Unlikely

3.3.4 Synthetic Aperture Radar
Historically, the majority of SAR sensors have been operated by commercial EOS suppliers and data accessibility
and continuity, as is the case with high resolution optical data, has been dependent on the ability of users to meet
the costs of commercial acquisition. However, the launch of Sentinel-1A in April 2014, and the upcoming launches
of Sentinel-1B in 2016 and Sentinel-1C in 2019, is set to dramatically increase the availability of SAR data under
free, full and open licensing arrangements. It is anticipated that the Sentinel programme will meet the majority of
Australia’s SAR needs once the programme is fully operational within the next one to two years.
The following tables outline the newly operational, planned and commissioned missions carrying synthetic
aperture radar (SAR) sensors to 2025. For each flight a rating of the likelihood of data being made available to
Australian programmes is given. This rating is based on current availability of data from the mission, the existence
of a formal agreement, partnership or joint project with the satellite owner/operator, and the nature of the licensing
arrangements (free, open licensing, or otherwise) for data from the mission.

7. Availability of data from commercial sensors will depend on willingness of end users to meet commercial distiribution costs.
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Table 3.4 Data Availability: SAR Missions to 2025.
Agency

Mission

Launch

EOL

Access

ESA/EC

Sentinel-1A

2014

2021

Very likely

ASI

CSG-1

2016

2023

Very likely

ESA/EC

Sentinel-1B

2016

2023

Very likely

ASI

CSG-2

2017

2024

Very likely

DLR

TSX-NG

2017

2024

Very likely

CSA

RCM-1/2/3

2018

2025

Very likely

ESA/EC

Sentinel-1C

2019

2026

Very likely

JAXA

ALOS-2

2014

2019

Likely

ISRO

RISAT-1A

2019

2023

Likely

MDE/CDTI

SEOSAR/Paz

2014

2019

Unlikely

RosHydroMet
Roscosmos

Meteor-M N2

2014

2021

Unlikely

CNSA

GF-3

2015

2023

Unlikely

CONAE

SAOCOM-1A

2015

2020

Unlikely

CONAE

SAOCOM-1B

2016

2021

Unlikely

RosHydroMet
Roscosmos

Meteor-M N3

2018

2023

Unlikely

CONAE

SAOCOM-2A

2019

2024

Unlikely

CONAE

SAOCOM-2B

2020

2025

Unlikely

3.3.5 Atmospheric Sounders
It is expected that the ongoing availability of data from the Metop, JPSS and Feng-Yun missions to will address the
majority of Australia’s low atmospheric sounder data requirements until 2025.
The following table outlines the newly operational, planned and commissioned missions carrying atmospheric
sounders to 2025. For each flight a rating of the likelihood of data being made available to Australian programmes
is given. This rating is based on current availability of data from the mission, the existence of a formal agreement,
partnership or joint project with the satellite owner/operator, and the nature of the licensing arrangements
(free, open licensing, or otherwise) for data from the mission.
Table 3.5 Data Availability: Atmospheric Sounder Missions to 2025.
Agency

Missions

Launch

EOL

Access

NASA

OCO-2

2014

2017

Very Likely

ESA

Sentinel-5P

2016

2022

Very Likely

NASA

ISS OCO-3

2017

2022

Very Likely

NOAA/NASA

JPSS-1

2017

2024

Very Likely

EUMETSAT/ESA

Metop-C

2018

2024

Very Likely

NOAA/NASA

JPSS-2

2021

2028

Very Likely

EUMETSAT/EC/ESA

MTG-S1

2021

2029

Very Likely

NOAA/NASA

JPSS-3

2026

2033

Very Likely

EUMETSAT/EC/ESA

MTG-S2

2029

2037

Very Likely

CMA/NRSCC

FY-3A

2008

2016

Likely

JAXA/MOE

GOSAT

2009

2016

Likely

CMA/NRSCC

FY-3B

2010

2016

Likely

ISRO

INSAT-3D

2013

2021

Likely

CMA/NRSCC

FY-3D

2016

2021

Likely

CMA/NRSCC

FY-4A

2016

2023

Likely

JAXA/MOE

GOSAT-2

2017

2023

Likely

CMA/NRSCC

FY-3E

2018

2024

Likely

CMA/NRSCC

FY-4B

2018

2025

Likely
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Agency

Missions

Launch

EOL

Access

CMA/NRSCC

FY-3F

2019

2024

Likely

CMA/NRSCC

FY-4C

2020

2027

Likely

CMA/NRSCC

FY-3G

2021

2026

Likely

CMA/NRSCC

FY-4D

2023

2030

Likely

RosHydroMet/
Roscosmos

Meteor-M N2

2014

2019

Unlikely

Roscosmos

Ionosphere N1 & N2

2016

2019

Unlikely

Roscosmos

Ionosphere N3 & N4

2016

2019

Unlikely

Roscosmos

Zond

2016

2019

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-1

2016

2021

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-2

2016

2021

Unlikely

CDTI

SEOSat/Ingenio

2016

2023

Unlikely

ISRO

INSAT-3DR

2016

2024

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-3

2019

2024

Unlikely

KMA/KARI/ME/MLTM

GEO-KOMPSAT-2B

2019

2030

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-4

2020

2025

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-5

2021

2028

Unlikely

ISRO

INSAT-3DS

2022

2029

Unlikely

3.3.6 LiDAR and Other EOS
The following table outlines the newly operational, planned and commissioned missions carrying LiDAR, radar
altimeters, microwave imaging radiometers, cloud and precipitation radars, special scanning and non-scanning
microwave radiometers sensors to 2025. For each flight a rating of the likelihood of data being made available to
Australian programmes is given. This rating is based on current availability of data from the mission, the existence
of a formal agreement, partnership or joint project with the satellite owner/operator, and the nature of the licensing
arrangements (free, open licensing, or otherwise) for data from the mission.
Table 3.6 Data Availability: LiDAR and Other EOS.
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Agency

Mission

Launch

EOL

Access

NASA

SMAP

2015

2018

Very Likely

NASA/CNES/
EUMETSAT/NOAA

JASON-3

2015

2020

Very likely

ESA/EC/EUMETSAT

Sentinel-3A SRAL

2015

2022

Very Likely

NSPO/NOAA/UCAR

Cosmic-2 (1-6)

2016

2023

Very Likely

NASA

IceSat-2

2017

2022

Very Likely

JAXA

GCOM-W3

2020

2025

Very Likely

NSOAS/CAST

HY-2B

2016

2019

Likely

NOAA/NASA

JPSS-FF-1

2016

2021

Likely

ESA/JAXA

EarthCare

2017

2020

Likely

NOAA/NASA

JPSS-1

2017

2024

Likely

JAXA/MOE

GOSAT-2

2018

2023

Likely

NSPO/NOAA/UCAR

Cosmic-2 (7-12)

2018

2025

Likely

NASA/INPE/JAXA

GPM Core Observatory

2014

2017

Unlikely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS CATS

2014

2017

Unlikely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS CATS

2014

2017

Unlikely

Roscosmos

Ionosphere N1 & N2

2014

2017

Unlikely
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Agency

Mission

Launch

EOL

Access

NASA/CSA/ESA
JAXA/Roscosmos

ISS RapidScat

2014

2019

Unlikely

DoD/NOAA

DMSP-F19

2014

2025

Unlikely

NASA

MMS

2015

2017

Unlikely

Roscosmos

Ionosphere N3 & N4

2015

2018

Unlikely

Roscosmos

Zond

2015

2018

Unlikely

ISRO

ScatSat-1

2015

2019

Unlikely

RosHydroMet/
Roscosmos

Arctica-M N1

2015

2020

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-1

2015

2020

Unlikely

RosHydroMet/
Roscosmos

Electro-L N2 & N3

2015

2022

Unlikely

ISRO

INSAT-3DR

2015

2023

Unlikely

ESA

ADM-Aeolus

2016

2019

Unlikely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS LIS

2016

2021

Unlikely

NASA/CSA/ESA/
JAXA/Roscosmos

ISS SAGE-III

2016

2021

Unlikely

NASA/INPE
/JAXA

GPM-Brazil

2016

2021

Unlikely

RosHydroMet/
Roscosmos

Arctica-M N2

2016

2021

Unlikely

NASA/DLR

GRACE-FO

2017

2022

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-3

2017

2022

Unlikely

RosHydroMet/
Roscosmos

Electro-L N4

2017

2024

Unlikely

CNSA/CNES

CFOSAT

2018

2021

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-4

2018

2023

Unlikely

CNES

MERLIN

2019

2022

Unlikely

NSOAS/CAST

HY-2C

2019

2022

Unlikely

RosHydroMet/
Roscosmos

Meteor-M N2-5

2019

2024

Unlikely

DoD/NOAA

DMSP-S20

2020

2025

Unlikely

NSOAS/CAST

HY-2D

2022

2025

Unlikely

3.4 Summary
As noted in Section 3.1, analysis in 2011 concluded that the likelihood of continuity gaps for most data types
was high due to the lack of contiguous EOS programmes providing medium and high resolution optical and SAR
data. However, the launches of Himawari-8 and Landsat-8 in 2013, Sentinel-1A in 2014, Sentinel-2A in 2015, the
continued availability of free and unrestricted data from many atmospheric sounders under WMO Resolution 40,
and the launches of Sentinel-1B (2016), Sentinel-2B (2016), Sentinel-3A (2015) and Sentinel-3B (2017) under free,
full and open licensing arrangements mean the risk of data continuity gaps is far lower today than it was in 2011.
The continuity of supply for the primary data types (low, medium and high resolution optical) is particularly strong
with new sensors coming online to supplement historical sources such as the Landsat and MODIS programmes.
Of great significance to Australia are the Himawari-8 and Copernicus programmes which are set to transform
many meteorological and land applications due to the frequency of the data and the capability and resolution
of the new sensors.
In addition to the transformational capabilities of the Himawari and Copernicus programmes for optical data,
the launch of Sentinel-1A in 204 and the upcoming launch of Sentinel-1B in 2016 will dramatically increase the
availability of SAR data which has historically only been available through commercial sources.
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High resolution optical data continues to be largely dependent on sensors operated by commercial EOS
suppliers, thus data access and continuity depends in part upon the willingness and ability of users to meet
the costs of purchase. Historically, government programmes have tended to favour data from the WorldView,
Quickbird and SPOT missions for which future flights are planned, or have recently been launched. Consequently,
it is expected that government programmes will continue to have access to high resolution optical data until 2025
depending on budget availability.
While these new data sources present significant opportunities in a number of application areas, improvements
to existing ground segment and data handling infrastructure are required to ensure Australia is able to maximise
the benefits of data. As noted in the Risks to Data Supply from Earth Observations from Space for Australia
(Symbios Communications, 2015) report:
It appears that platforms like the Australian Geoscience Data Cube (AGDC), in combination with the National
Computational Infrastructure (NCI), can offer scalable solutions to data handling and processing challenges by
managing much of the data handling and processing on centralised infrastructure…
Cloud computing technologies hold the promise of removing much of the data handling burden, enabling the
generation of products from time series that weren’t previously practically feasible, and also help to streamline
source switching - meaning that applications could start to make themselves ‘sensor agnostic’. The development
of these solutions and supporting infrastructure will require significant investment, and will carry a continuing
operating cost.
Planning for future Landsat standard products appears likely to lead to the generation of ‘analysis ready data’,
generally with atmospheric corrections applied (i.e. processed to surface reflectance). Other data providers like
Sentinel-2 have indicated they are planning to move in the same direction for their standard products. If data
providers handle processing to an ‘analysis ready’ standard, and make products available to end users via a
platform like the AGDC, users could focus on their applications and algorithms, rather than on data handling
and pre-processing.
Table 3.7 Data Availability: Summary of Continuity Risk Profiles.
Low spatial
resolution optical
(>80 m)

Medium spatial
resolution optical
(10–80 m)

High spatial
resolution optical
(<10 m)

C-Band SAR

L-Band SAR

No

No

No

No

Yes

Public-good

Public-good

Public-good and
commercial (aerial
and satellite)

Public-good

Commercial

Low

High

High

High

High

Open licensing
arrangements
standard.

Some increase in
open licensing.
Increased data
sharing among
government users.

Commercial
licensing standard.
Increased data
sharing among
government users.

Some increase in
open licensing.

Commercial
licensing standard.

Mission changes
since CEODA 2011

Improved. New
missions launched
and/or approved.

Improved. New
missions launched
and/or approved.

Improved. New
missions launched
and/or approved.

Improved. New
missions launched
and/or approved.

Improved. New
missions launched
and/or approved.

Continuity risk

Low

Low

Moderate

Low

High

Data gap expected
before 2025?
Data source
Relative
infrastructure cost
Licensing
arrangements

X-Band SAR

LiDAR

Atmospheric
Sounders

Other EOS

No

No

No

Possible

Commercial

Public-good

Public-good and
commercial

Public-good and
commercial.

High

High

Varies

Varies

Licensing arrangements

Commercial licensing
standard.

Some increase in open
licensing.

Varies

Varies

Mission changes since
CEODA 2011

Improved. New
missions launched and/
or improved.

Improved. New
missions launched and/
or approved.

Improved. New
missions launched and/
or approved

Varies

Continuity risk

High

Moderate

Moderate

Varies

Data gap expected
before 2025?
Data source
Relative infrastructure
cost
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4. Data Volumes
The EOS data volume projections in this section are based on the current operational requirements of the
47 Commonwealth and 93 state and territory programmes identified by Geoscience Australia (2014). These
sample programmes (summarised in Appendix C) make use of a diverse range of EOS over large areas with
varying observation frequencies.
For the purposes of the study, only those sensors that have been identified as supplying data to currently
operational programmes have been modelled. As with the data availability projections in Section 3, where a
sensor is to be carried by multiple flights of the same mission, the end of life of the sensor is given as the expected
end of life of the final flight of that mission. Following the end of life of a given sensor it is assumed that the data
from the mission will be stored, thus adding to the cumulative total. This is represented in the tables below by a
‘plateauing’ of the data volume for that sensor.
For each data category, assumptions about the spatial and temporal coverage required of each sensor are
made based on the requirements of the sample programmes, the capabilities of the sensors and the practical
applications of the data. For example, in the Low Resolution Optical category, coverage from Himawari-8 is
assumed to be every 10 minutes over the full disc, whereas coverage from SPOT-5 is expected to be an annual
coverage of the Australian continent.
All data volume projections are for the storage of Level 0 unprocessed data using simple, lossless compression
and therefore represent an upper bound for likely data volumes. It is important to note that modern file formats,
such as the JP2 format used to store Sentinel-2 data, have demonstrated compression of nearly four times that
of lossless file formats. When calculating storage volumes and costs it is important to consider file formats and
whether compression will be a factor.
Upper bounds for processed data storage requirements (discounting compression) can be estimated by
multiplying the Level 0 figures to the level of processing required for each data type, i.e. Level 0 x 2 if storing Level
0 and Level 1 (orthorectified), Level 0 x 3 if storing Level 0, Level 1 and Level 2 (e.g. data processed for surface
reflectance correction).
In the sub-sections below, the spatial and temporal requirements for each sensor are provided along with a
graphical representation of cumulative data volumes. The spatial and temporal requirements refer to the following
code tables; full descriptions of the Geographic Regions are provided in Section 1.4.1.
The methodology adopted for the data volume calculation, and how the methodology was validated against
actual data volumes, is explained in detail in Appendix E.
Table 4.1 Data Volumes: Geographic Regions.
Code

Description

Size (km2)

A

Australian Continent

B

Australian Exclusive Economic Zone

10 190 000

C

Continental Area + EEZ

17 882 024

D

Marine Zone

72 419 000

E

Land Zone

19 467 000

F

Marine Zone + Land Zone

G

Hemisphere (Full Disk)

255 934 000

H

Global

510 000 000

7 692 024

91 886 000

Table 4.2 Table 4.2 Data Volumes: Temporal Frequencies.
Code

Description

A

Hourly

B

Daily

C

Monthly

D

Seasonally

E

Annually

F

Maximum Possible

Observations per year
8 766
365.25
12
4
1
Maximum
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4.1 Low Resolution Optical
As outlined in Section 2.3, data from Low Resolution Optical sensors is used by 64 of the 140 sample
programmes for a variety of monitoring activities. The projected spatial and temporal coverages required of the
currently utilised sensors are outlined below.
Table 4.3 Data Volumes: Low Resolution Optical Spatial and Temporal Requirements.

Area

Himawari-6 (JAMI)

Himawari-7
(IMAGER)

Himawari-8 (AHI)

Metop-A (AVHRR/3)

Feng-Yun 3A
(MERSI-1/VIRR)

G

G

G

F

G

Freq

F

F

F

F

F

% of
Area

100%

100%

100%

100%

100%

Suomi-NPP (VIIRS)

NOAA-18/19
(AVHRR/3)

Aqua (MODIS)

Terra (MODIS)

SPOT-5 (Vegetation)

Area

F

F

F

F

A

Freq

F

F

F

F

F

% of
Area

100%

100%

100%

100%

100%

The projected data storage volumes for Low Resolution Optical data to 2025 are given in Figure 4.1. The
anticipated annual storage volume for data in this category is approximately 328.3 TB, rising to a cumulative total
of 3.9 PB by 2025.
The principle contribution to storage volumes in this class of data is expected to be made by Himawari-8 as it
images the full disc every 10 minutes, generating 266.9 TB per year, rising to a cumulative storage total of 3.2 PB
by 2025.

Figure 4.1 Data Volumes: Cumulative Annual Low Resolution Optical Storage Volume (PB).
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Figure 4.2 Data Volumes: Proportion of Low Resolution Optical Storage Volume by Sensor (2025).

4.2 Medium Resolution Optical
Data from Medium Resolution Optical sensors is used by 79 of the 140 sample programmes for a variety of
land and resource monitoring and management activities, as detailed in Section 2.4. The projected spatial and
temporal coverages required of the currently utilised sensors are outlined below.
Table 4.4 Data Volumes: Medium Resolution Optical Spatial and Temporal Requirements.

Area

NMP-EO-1
(Hyperion)

Terra
(ASTER)

Landsat-7
(ETM+)

Landsat-8
(OLI/TIRS)

ResourceSat1/2/2A (AWiFS)

ResourceSat1/2/2A
(LISS-3)

Sentinel2A/2B
(MSI)

A

C

A

A

A

A

A

Freq

E

B

B

B

B

B

B

% of
Area

1%

100%

100%

100%

100%

100%

100%

The projected data storage volumes for Medium Resolution Optical data to 2025 are given in Figure 4.3. The
anticipated annual storage volume for data in this category is approximately 132 TB, rising to a cumulative total
of around 1.2 PB by 2025.
Over the last decade, the Landsat missions have been the most significant supplier of Australia’s medium
resolution optical data. With the launch of Sentinel-2 in 2015, this is set to change (at least by volume) with
Sentinel-2A and Sentinel-2B expected to contribute approximately 91 TB per year to data storage volumes by the
time both flights are active in 2020, with a cumulative Level 0 storage total of around 733 TB by 2025.
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Figure 4.3 Data Volumes: Cumulative Annual Medium Resolution Optical Storage Volume (TB).

Figure 4.4 Proportion of Medium Resolution Optical Storage Volume by Sensor (2025).

4.3 High Resolution Optical
As outlined in Section 2.5, data from High Resolution Optical sensors provides ‘urban scale’ observations to 44 of
the 140 sample programmes for a range of mapping and compliance monitoring activities. The projected spatial
and temporal coverages required of the currently utilised sensors are outlined below.
Table 4.5 Data Volumes: High Resolution Optical Spatial and Temporal Requirements.
Quickbird (BGIS2000)

30

WV-1
(WV60)

WV-2 (WV110)

Ikonos (OSA)

SPOT-5 (HRG/HRS)

Area

A

A

A

A

A

Freq

E

E

E

E

E

% of
Area

1%

1%

1%

1%

5%
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RapidEye (REIS)

GeoEye-1 (GIS)

ZY-3 (MSC)

ResourceSat-1/2/2A
(LISS-4)

SPOT-6/7 (NAOMI)

Area

A

A

A

A

A

Freq

E

E

E

E

E

% of
Area

1%

1%

1%

1%

20%

The projected data storage volumes for High Resolution Optical data to 2025 are given in Figure 4.5. The
anticipated annual storage volume for data in this category is approximately 18.8 TB, rising to a cumulative total of
184.7 TB by 2025.
The most significant contribution to high resolution data volumes is anticipated to be the NAOMI sensor aboard
SPOT-6 and SPOT-7. Data from this sensor is expected to require storage volumes of approximately 5.5 TB per
year, rising to a cumulative total of 120.3 TB by the platform’s expected end of life in 2024. The significantly
greater contribution of the SPOT missions to data volumes is likely due to its use in regular annual state-wide
monitoring programmes.

Figure 4.5 Data Volumes: Cumulative Annual High Resolution Optical Storage Volume (TB).
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Figure 4.6 Data Volumes: Proportion of High Resolution Optical Storage Volume by Sensor (2025).

4.4 Synthetic Aperture Radar
Synthetic Aperture Radar (SAR) data is used by 24 of the 140 programmes for a variety of monitoring and disaster
mitigation activities (see Section 2.6). The projected spatial and temporal coverages required of the currently
utilised sensors are outlined below.
Table 4.6 Data Volumes: SAR Spatial and Temporal Requirements.

Area

CSK-1/2/3/4
(SAR-2000)

RadarSat-2
(SAR)

ALOS-2
(PALSAR-2)

Sentinel-1A/1B
(SAR-C)

TerraSar-X
TanDEM-X
TSX-NG
(SAR-X)

F

F

F

F

F

Freq

C

C

C

C

C

% of
Area

100%

100%

100%

100%

100%

The projected data storage volumes for SAR data to 2025 are given in Figure 4.7. The anticipated annual storage
volume for data in this category is approximately 343.3 TB, rising to a cumulative total of 3.2 PB by 2025.
As highlighted in Section 3.3.4, the launch of Sentinel-1A in April 2014, and the upcoming launch of Sentinel-1B
in 2016, will dramatically increase the availability of SAR data. Not unexpectedly, the principle contribution to
SAR data storage requirements over the next decade will come from the Copernicus missions. Sentinel-1A and
Sentinel-1B are expected to deliver approximately 230.5 TB per year once both flights are operation in 2015, with
a cumulative storage requirement of approximately 2.4 PB by 2023.
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Figure 4.7 Data Volumes: Cumulative Annual SAR Storage Volume (PB).

Figure 4.8 Proportion of SAR Storage Volume by Sensor (2025).
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4.5 Atmospheric Sounders
Data from atmospheric sounders is critical for the national weather and climate research programmes managed
by the Bureau of Meteorology and is currently used in two of the 140 sample programmes (see Section 2.7).
Table 4.7 Data Volumes: Atmospheric Sounders Spatial and Temporal Requirements.

Area

Metop-A/B/C
(IASI)

Aqua
(AIRS)

Suomi-NPP
JPSS-1/2/3/4
(CrIS)

Suomi-NPP
JPSS-1/2/3/4
(ATMS)

NOAA-15/16
(ATOVS)

H

H

H

H

H

Freq

B

B

B

B

B

% of
Area

100%

100%

100%

100%

100%

The projected data storage volumes for Atmospheric Sounders data to 2025 are given in Figure 4.9. The
anticipated annual storage volume for data in this category is approximately 8.9 TB, rising to a cumulative total
of 250 TB by 2025.
Historic data from the ATOVS sensor suite (AMSU, HIRS/3 and AVHRR/3) aboard NOAA-15 and NOAA-16 has
been estimated in the modelling by combining data volumes from AMSU-A, AVHRR/3, and HIRS/3.

Figure 4.9 Data Volumes: Cumulative Annual Atmospheric Sounder Storage Volumes (TB).
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Figure 4.10 Data Volumes: Proportion of Atmospheric Sounder Volume by Sensor (2025).

4.6 LiDAR and Other EOS
As outlined in Section 2.7, data from LiDAR and sensors in the ‘Other EOS’ category is used by three of the 140
sample programmes for a range of climate monitoring and weather forecasting applications. The projected spatial
and temporal coverages required of the currently utilised sensors are outlined below.
Table 4.8 Data Volumes: LiDAR and Other EOS Spatial and Temporal Requirements.
HY-2A/
2B/2C/2D
(ALT)

SARAL
(AltiKa)

SAC-D
(Aquarius)

JASON-2
(Poseidon-3)

CloudSat
(CPR)

Aqua
(AMSR-E)

CryoSat-2
(SIRAL)

Calipso
(CALIOP)

Area

F

F

F

F

F

F

F

F

Freq

C

C

C

C

C

C

C

C

% of
Area

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Because of the nature of observations made by LiDAR and radar altimeters, and the way the data is stored, it is
not possible to apply the same methodology used for optical data to calculate storage volumes for data in this
class. In addition, the monitoring requirements of the programmes using data from this category (often only a
handful of measurements over a few specific areas over the course of a year) make it difficult to accurately model
the spatial and temporal extents. The spatial and temporal requirements detailed in Table 4.8, therefore, are an
aggregate estimate of the overall programme requirements.
Due to these limitations, data volumes for the LiDAR and Other EOS category are not provided. However, the
nature of the programmes suggests that volumes from these sensors are likely to be significantly lower than those
of the other data types and in the order of tens rather than hundreds of terabytes.

4.7 Copernicus
The Copernicus programme is likely to represent the most significant change in data availability for Australian
government activities since the advent of the Landsat missions in 1972. Data from the Sentinel satellites, the first
six of which are expected to be launched before 2025, will be made available under free, full and open licensing
arrangements. Mission data will comprise SAR (Sentinel-1A/1B), medium resolution optical (Sentinel-2A/2B), and
low resolution optical (Sentinel -3A/3B) therefore offering a series of potential data streams for the majority of
Australia’s programme requirements.
Because of the significance of this new data source, the expected spatial and temporal coverages of the Sentinel
sensors are outlined below. This scenario assumes full, as frequent as possible coverage of the Australian
Continent by every flight of the Copernicus mission, but coverage of the Australian Area of Interest on only every
fourth pass by Sentinel-1A/1B, every third pass by Sentinel-2A/2B and every second pass by Sentinel-3A/3B.
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This scenario differs from the scenarios presented in Section 2.6. Whereas the earlier scenarios examine desired
coverage based on current programme requirements, this scenario attempts to anticipate the actual coverage
possible during the early phases of operation of the Copernicus programme.
Table 4.9 Data Volumes: Expected Sentinel Acquisition Scenario.
Sentinel-1A/1/B

Sentinel-2A/2B

Area

A

F

A

E (ex. Antarctica)

Sentinel-3A/3B
A

F

Freq

F

4th pass

F

3rd pass

F

2nd pass

% of area

100%

100%

100%

100%

100%

100%

For the Australian Continental coverage, the anticipated data volumes in this scenario are approximately 0.1 PB in
2015, rising to 0.3 PB once all 6 flights are operational in 2020, with a cumulative storage requirement of 1.3 PB
by 2025.

Figure 4.11 Data Volume Projections: Expected Coverage Scenario Cumulative Australian Data Volumes (PB).

For the Regional coverage, the anticipated data volumes in this scenario area approximately 0.3 PB in 2015, rising
to 1.5 PB once all 6 flights are operational in 2020, with a cumulative storage requirement of around 2 PB by
2025.

36

Australian Government Earth Observation Data Requirements to 2025 

Figure 4.12 Data Volume Projections: Expected Coverage Scenario Cumulative Regional Data Volumes (PB).

4.8 Data Management
Data management is, unfortunately, not as straightforward as multiplying an anticipated data volume by a
dollar‑per-terabyte amount to arrive at a figure that can budgeted for, and purchasing the required amount
of storage media. The choice of storage media is only one component in a comprehensive data management
strategy that must also consider aspects such as personnel, training, file system software, data processing,
bandwidth for data transmission, backup copies, electricity needs, server rack space, ground stations and
other hardware and infrastructure associated with the storage and handling of large data volumes. The need
to ensure access to archived data is maintained as technologies change is another critical consideration for all
data curators.
This section presents an overview of the types of storage media available, the costs associated with them, and
several storage scenarios based on the data volume projections made in Section 4. The media descriptions
and data storage costs presented in this section are indicative only and should not be used as a basis for
calculating data management costs. Rather, the costs are presented in order to convey the need to put in place
arrangements and systems for effective and efficient data management and analysis in order to realise the
benefits of this huge volume of data.

4.8.1 Storage Media
The choice of storage media will often be dictated by data access requirements; faster access (e.g. fast disk)
for time-critical applications such as computation; slower access (e.g. tape) for storage of data archives where
timeliness is less of an issue. Selecting the right mix of media can be complex, but is essential to ensure that the
chosen solution meets current requirements and is also sufficiently scalable to meet future needs. Examples of
the different types and tiers of storage media are given below8.
4.8.1.1 Tier 0 Storage
Media:

Flash Memory

Description: Flash memory is an electronic non-volatile computer storage medium that can be electrically
erased and reprogrammed. Flash offers very high access speeds suitable for heavy input/output
(IO) computation and high performance computing.

8. Tier hierarchy provided by Geoscience Australia’s ICT IS division. Hierarchies and storage media may differ depending on organisations and providers.
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4.8.1.2 Tier 1 Storage
Media:

Serial Attached SCSI (SAS) – Small capacity disk

Description: Serial Attached SCSI (SAS) is a point-to-point serial protocol that moves data to and from computer
storage devices such as hard drives and tape drives. SAS offers data transfer rates in excess of 3
gigabits per second (Gbps) with potential rates of 10 Gbps or more. Smaller capacity disks offer
high access speeds.
4.8.1.3 Tier 2 Storage
Media:

Serial Attached SCSI (large capacity disk) or Near Line SAS (small capacity disk)

Description: Serial Attached SCSI (SAS) is a point-to-point serial protocol that moves data to and from computer
storage devices such as hard drives and tape drives. SAS offers data transfer rates in excess of
3 gigabits per second (Gbps) with potential rates of 10 Gbps or more. Larger capacity disks offer
marginally slower access speeds than smaller capacity SAS drives.
Near Line SAS (NL-SAS) are enterprise SATA drives with a SAS interface, head, media, and
rotational speed of traditional enterprise-class SATA drives with the fully capable SAS interface
typical for classic SAS drives. Speeds are slower than SAS drives, but still relatively high.
4.8.1.4 Tier 3 Storage
Media:

Near Line SAS (large capacity disk)

Description: Near Line SAS (NL-SAS) are enterprise SATA drives with a SAS interface, head, media, and
rotational speed of traditional enterprise-class SATA drives with the fully capable SAS interface
typical for classic SAS drives. Speeds are slower than smaller capacity NL-SAS drives.
4.8.1.5 Tier 4 Storage
Media:

Object Storage

Description: Object Storage (also known as object-based storage) is a storage architecture that manages data
as objects. Each object typically includes the data itself, a variable amount of metadata, and a
globally unique identifier. Object storage systems allow relatively inexpensive, scalable and selfhealing retention of massive amounts of unstructured data.

4.8.2 Storage Costs
The following storage costs are based on the current ‘full cost’ rates charged by the National Computational
Infrastructure (NCI). It should be noted that these costs are indicative estimates only, and the following
assumptions have been made in calculating the costs:
• Standard hard disk prices are assumed to halve every 18–36 months.
• NCI storage costs do not include GST and are heavily discounted through education and/or bulk pricing and
therefore do not reflect standard commercial rates.
• None of the manufacturers of disk/tape/computers are Australian-based, meaning costs are heavily impacted
by fluctuations in the exchange rate.
• The cost of storage includes the cost of staff and electricity, both of which usually increase over time and are
therefore dependent on inflationary pressures and initial base costs.
• Costs are capital costs amortised over three years to derive a capital cost per year.
• The ‘full cost’ is an estimate of the full cost recovery over three years.
The NCI defines three categories of storage: Block, Lustre and Tape. Each category incorporates a mix of
different types of storage media and files systems as described below:
Block:

Primarily 7,200 RPM SATA drives. Serial attached SCSI and solid state drives used as required.
Block storage is used with VMware hosts9 for web servers, some OpenStack10 virtual machines and
for Ceph11 storage. In the context of this report, block can be considered as being analogous with
standard enterprise-level hard disk storage.

$/PB:

$381 601 (2015)

9. VMware http://www.vmwareinc.com/
10. OpenStack https://www.openstack.org/
11. Ceph http://ceph.com/
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$216 200 (2025, projected)
Lustre:

Lustre12 is a type of file system used in large-scale cluster computing. In the context of this report,
Lustre can be considered as being analogous with ‘fast’ disk storage.

$/PB:

$549 257 (2015)
$264 900 (2025, projected)

Tape:

The NCI employs a Hierarchical Storage Management (HSM) system13 for its tape archive. The
HSM has a large disk cache and files are first written to hard disk then copied onto tape in the
background. This improves the performance and the speed of the system. For the purposes of this
report, the NCI HSM system can be considered as being analogous with standard enterprise-level
tape storage.

$/PB:

$172 896 (2014)
$81 000 (2025, projected)

4.8.3 Storage Scenarios
As outlined above, the choice of storage solution will largely depend on budget and the requirements of a given
project or programme. It is likely that a mix of storage technologies, rather than a single homogenous data store,
will be required to service Australian programme requirements. For example, a mix of disk and tape might be
used in a high performance computing environment where data is moved to ‘fast’ disk for heavy computation and
then back to ‘slow’ tape for longer term storage.
By way of example, to produce its current range of Earth observation products, Geoscience Australia currently
employs a mix of spinning disk and tape to manage and process approximately 1.8 PB of data at the Australian
National University’s National Computational Infrastructure (NCI). Data is archived on tape but kept on disk when
undergoing processing or when needed for real time web services.
The following scenarios are hypothetical examples based on the data volume projections in Section 4. For each
scenario, three solutions from least to most costly are presented for the storage required to manage the volume
of data anticipated by 2025. Each scenario assumes the need for intensive data processing to deliver next
generation EOS products, and therefore the Lustre price is used to determine disk storage costs. It is worth noting
again, that all data volume projections are for the storage of Level 0 unprocessed data using simple, lossless
compression, and that the choice of data management solutions will differ from agency to agency. Additionally, it
should be noted that the projected 2025 values have been rounded to the nearest $10 000.
1. 10% Lustre, 90% Tape
2. 50% Lustre, 50% Tape
3. 90% Lustre, 10% Tape
4.8.3.1 Low Resolution Optical
As outlined in Section , the anticipated cumulative storage volume for data in this category is approximately
3.9 PB by 2025. Indicative costs for storing this volume of data are provided below.
Table 4.10 Data Volumes: Low Resolution Optical Storage Costs.
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

3.9

$388 000

$675 000

$961 000

12. Lustre http://lustre.opensfs.org/
13. HSM http://en.wikipedia.org/wiki/Hierarchical_storage_management
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4.8.3.2 Medium Resolution Optical
As outlined in Section 4.2, anticipated cumulative storage volume for data in this category is approximately 1.3 PB
TB by 2025. Indicative costs for storing this volume of data are provided below.
Table 4.11 Data Volumes: Medium Resolution Storage Costs.
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

1.3

$129 000

$225 000

$320 000

4.8.3.3 High Resolution Optical
As outlined in Section 4.3, the anticipated cumulative storage volume for data in this category is approximately
0.2 PB by 2025. Indicative costs for storing this volume of data are provided below.
Table 4.12 Data Volumes: High Resolution Optical Storage Costs.
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

0.2

$20 000

$35 000

$49 000

4.8.3.4 Synthetic Aperture Radar
As outlined in Section 4.4, anticipated storage volume for data in this category is approximately 3.2 PB by 2025.
Indicative costs for storing this volume of data are provided below.
Table 4.13 Data Volumes: Synthetic Aperture Radar Storage Costs.
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

3.2

$318 000

$553 000

$789 000

4.8.3.5 Atmospheric Sounders
As outlined in Section 4.5, anticipated storage volume for data in this category is approximately 0.2 PB by 2025.
Indicative costs for storing this volume of data are provided below.
Table 4.14 Data Volumes: Atmospheric Sounders Storage Costs.
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

0.2

$20 000

$35 000

$49 000

4.8.3.6 LiDAR and Other EOS
As outlined in Section 4.6, because of the nature of observations made by LiDAR and radar altimeters, and the
way the data is stored, it is not possible to apply the same methodology used for optical data to calculate storage
volumes for data in this class. Due to these limitations, data storage costs for the LiDAR and Other EOS category
are not provided. However, the expectation is that data in this category will cumulatively require tens of terabytes
of storage by 2025, so costs are likely to be modest in comparison to other data types.
4.8.3.7 Copernicus
Because of the likely importance of the Copernicus mission to the future of Australian EOS-dependent
programmes storage costs based on the data volume projections for the expected spatial and temporal
coverages of the Sentinel sensors (as presented in Section 4.7) are provided below.
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Table 4.15 Data Volumes: Copernicus Programme Storage Costs
Cumulative Data Volume
by 2025 (PB)

10% Lustre / 90% Tape
($ per year)

50% Lustre / 50% Tape
($ per year)

90% Lustre / 10% Tape
($ per year)

3.3

$328 000

$571 000

$813 000

4.8.4 Data Management Case Study - Water Observations from Space
Water Observations from Space (WOfS) is a web service provided by Geoscience Australia that displays historical
surface water observations derived from satellite imagery for all of Australia for the period 1987 to present. WOfS
displays the detected surface water from the Australia-wide Landsat-5 and Landsat-7 satellite imagery archive.
The aim of WOfS is to better understand where water is usually present; where it is seldom observed; and where
inundation of the surface has been occasionally observed by satellite.
Surface water is detected from satellite images using an automated water mapping algorithm created by
Geoscience Australia. The water detected for each location is summed through time and then compared to the
number of clear observations of that location (i.e. observations not affected by cloud, shadow or other quality
issues). The result is a percentage value of the number of times water was observed at the location. This provides
relatively seamless historical water coverage for Australia, as observed by satellite. The colouring of the summary
layer indicates how often water was observed in each cell of a 25 metre by 25 metre grid across Australia.
Possible floods appear in the low values (red to yellow colours) while consistent water bodies such as lakes and
dams have high values (blue to purple colours).

Figure 4.13 Data Management: Water Observations from Space Landsat-5 Image of Menindee Lakes, NSW.
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Satellite surface water mapping provides consistent large scale information to Government, industry and the
community on issues including flood management and safety, wetland management, agricultural innovation and
infrastructure development. By comparing water observed during floods in an area with the amount of water that
is usually observed for that area, satellite imagery can help to identify areas at risk of flooding. It can also be used
to detect changes in the landscape that alter the way water moves, such as levees and dams.
Delivering products such as WOfS requires a significant investment in data management, storage and high
performance computing (HPC). To produce WOfS, Geoscience Australia draws on an archive of over half a
petabyte of Landsat data processed at the Australian National University’s National Computational Infrastructure
(NCI) facility.
Each new version of the product requires 20 ksu (a measurement of computing cycles14) and between three
and twenty-four hours of processing on the NCI’s peak system, Raijin, during which the system processes over
180 000 Landsat scenes. Storing the data to deliver the WOfS web service requires 10 TB of spinning disk, with
additional volumes of 10 TB of disk and 20 TB of tape to store backups of the current and previous WOfS data.
The need for high performance computing to deliver Earth observation products does come at a cost. Following
the implementation of the National Collaborative Research Infrastructure Strategy investment framework in 2007,
a funding agreement between the ANU and Commonwealth Government established the NCI with an initial
investment of $26 million. Since 2007, further investments totalling approximately $370 million15 have been made
to support a range of programmes under the Government’s Super Science initiatives.
However, without the facilities provided by the NCI, it is estimated that producing WOfS would take approximately
4.5 years of computing time in a standard parallel server environment. Maintaining and developing high
performance computing is critical to delivering the next generation of Earth observation products and ensuring
Australia realises the benefit of the wealth of EOS that will become available over the coming decades.

4.8.5 Data Management Case Study—Himawari-8
Launched in 2014, Himawari-8 is a next-generation geostationary meteorological satellite operated by the Japan
Meteorological Agency. Like other Earth observing satellites, the most valuable function of meteorological
satellites is their ability to monitor characteristics on land, oceans, and in the atmosphere over very large
geographic areas and over extended periods of time. The scale and frequency of these observations is such that
they cannot be provided as effectively and efficiently by aircraft or unmanned aerial vehicles) or in-situ systems
such as ground-based observatories.
Himawari-8’s new sensor, the Advanced Himawari Imager (AHI), will provide significant improvements over the
current generation MTSAT imager, including:
• Higher temporal resolution—full disk every 10 minutes as opposed to hourly coverage
• Larger number of imaging channels—16 versus 5, including ‘true’ colour functionality;
• Higher radiometric resolution—4 times improvement; and
• Increased spatial resolution—4 times improvement.
• As Australia’s national weather, climate and water agency, the Bureau of Meteorology will be the only point of
entry for real-time Himawari-8 data into Australia. The Bureau will be the principle Australian user of the data,
but will redistribute the data to other satellite data users in Australia.

14. National Computational Merit Allocation Scheme https://usersupport.nci.org.au/ncmas/
15. National Computation Infrastructure, The NCI Years (2007 onwards) http://nci.org.au/about-nci/history/the-nci-years-2007-onwards/
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Figure 4.14 Data Volumes: First True Colour Image from Himawari-8, © Japan Meteorological Agency.

The increased spatial and temporal resolution will enhance the Bureau’s weather watch capability and improve
its warning capability in tracking and subsequently predicting changes in weather conditions. It will also improve
services related to climate monitoring, natural disaster prevention and safe transportation.
Among other benefits, the Bureau expects Himawari-8 data to offer:
• Improved capacity to locate the centre of tropical cyclones over the ocean, leading to improved forecast tracks
and more reliable intensity estimates.
• Improved resilience and business continuity from satellite backup to radar-based tropical cyclone tracking
near the coast to support the forecast and warning process.
• Dramatically improved satellite imagery available for web and mobile channels.
• Improved fire weather services through manual identification and tracking of secondary wind changes.
• Enhanced detection and prediction of severe storms, especially for areas outside radar coverage; Improved
volcanic ash detection leading to earlier identification of threat areas for aviation.
• Increased instrument sensitivity will improve the resolution and accuracy of satellite derived wind models,
further improving the accuracy of numerical weather prediction.
• Enhanced ability in determining icing conditions.
As is the case with Geoscience Australia’s Water Observations from Space product, the Bureau’s ability to
maximise the benefit of data from Himawari-8 does not come without the need for significant investment in
data management, storage, high performance computing, transmission and analysis, staff training, product
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development and validation techniques. The Bureau estimates the cost of establishing the infrastructure and
operationalising the Himawari-8 data to be approximately $11.2 million over the next five years.
If the Bureau did not invest in Himawari-8, it would leave Australia without an effective geostationary satellite
coverage, especially across the eastern states by 2015 with the planned decommissioning of MTSAT. Without
Himawari-8 a wide range of the Bureau’s satellite-derived services would be degraded, including tropicalcyclone services for Queensland coast. Australia would also lose the opportunity to benefit from the enhanced
Himawari-8 data stream for both meteorological and non-meteorological applications.

4.9 Summary
Over the next ten years, the volume of EOS data available to Australian programmes is set to grow by an order
of magnitude, taking our storage requirements from the terabyte to the petabyte scale by 2016, if not before.
Based on current estimates, the Copernicus programme and the Himawari-8 mission will make up over 50% of
Australia’s total storage volumes by 2025, requiring approximately 6.5 PB of cumulative storage for the Level 0
data alone.
Estimates of the cumulative storage volume required to host Level 0 data for the 140 sample programmes
considered in this report are in excess of 8.8 PB by 2025; if data from the full Copernicus programme is included,
the estimate rises to around 12 PB. These estimates are conservative as they do not include possible new
programmes or potential new sources of EOS that may become available before 2025, nor do they account for
the volume required to store processed data or make back-up copies of critical datasets.
These additional volumes can be estimated by multiplying Level 0 storage requirements to account for the
desired processing levels (x3 for Level 0, 1 and 2) and number of back-up copies (x2). Taking this approach to the
data requirements of the 140 sample programmes suggests a cumulative storage volume of approximately 44 PB
will be required to meet current programme needs by 2025.
The need to put in place arrangements and systems to effectively and efficiently manage, process and analyse
this huge volume of data to maximise its potential benefits are likely to be the most significant challenge faced by
the EOS sector in Australia in this decade.

Figure 4.15 Data Volumes: Cumulative Annual Storage Volume – All Data Types (PB).
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Figure 4.16 Data Volumes: Proportion of Total Data Volume by Data Type (2025).
Table 4.16 Data Volumes: Cumulative Data Storage Costs by 2025.
Annual Area
(Million km2/yr)
Low Resolution
Optical

Annual Data
Storage (TB)

Cumulative
Data Volume
by 2025 (PB)

10% Lustre /
90% Tape
($ per year)

50% Lustre /
50% Tape
($ per year)

90% Lustre /
10% Tape
($ per year)

91.9

328.3

3.9

$388 000

$675 000

$961 000

Medium
Resolution
Optical

7.7

132.1

1.2

$129 000

$225 000

$320 000

High Resolution
Optical

1.5

188.6

0.2

$20 000

$35 000

$49 000

SAR

91.9

343.2

3.2

$318 000

$553 000

$789 000

Atmospheric
Sounders

510

8.9

0.3

$20 000

$35 000

$49 000

Copernicus

91.9

396.2

3.3

$328 000

$571 000

$813 000

Total (ex.
Copernicus)

703

1001.1

8.8

$875 000

$1 523 000

$2 168 000

Total (incl.
Copernicus)

794.9

1397.3

12.1

$1 203 000

$2 094 000

$2 981 000
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5. Commercial Alternatives
While the majority of Australian government programmes’ requirements are met by public good EOS data,
commercial EOS plays an important role in supplementing and addressing needs that are not met by these
sources. Of particular importance to Australia is the commercial supply of very high resolution optical data
(<2.5 m spatial resolution16) and synthetic aperture radar (SAR) for programmes as diverse as vegetation
monitoring, disaster prediction and recovery, and oil spill detection.
Although not considered in this report, aerial platforms providing very high resolution optical and LiDAR data
further supplement commercial EOS sources, and are of particular significance to a number of state and territory
programmes.

5.1 Licensing
Since 2011, there has been some movement towards less restrictive licensing of commercial EOS. Notably
in 2012, Geoscience Australia negotiated the purchase of a continental coverage of Australia from DMC
International Imaging Ltd. under a Creative Commons Attribution 3.0 Australia licence. Also in 2012/13,
Geoscience Australia and the CSIRO engaged DigitalGlobe to acquire very high resolution coverage of areas
of the Great Barrier Reef under licensing arrangements that allow research partners to access and use the data
more freely.
While these acquisitions do highlight the increasingly positive relationship between government and commercial
suppliers, and the willingness of all parties to consider licensing arrangements that suit programme needs,
standard industry end user licensing agreements (EULAs) remain the norm for most commercial EOS purchases.

5.2 Data Sharing
When acquiring commercial EOS, the Commonwealth government makes every effort to purchase data under
arrangements that allow the widest possible use by Commonwealth, state and territory agencies; however this is
not without cost. The standard uplift costs that have been observed are as follows:
• Whole of Commonwealth licensing 30%–60%
• All levels of government licensing 60%–90%
Historically, data sharing between government agencies has been project specific and ad-hoc, with data being
shared between project partners only, but an increasing number of coordinating initiatives, such as the state and
territory imagery working groups and the ANZLIC Foundation Spatial Data Framework17 aim to improve access to
EOS data.

5.3 Costs
The figures below are based on a hypothetical single capture of the specified area. It should be noted that while
several states and territories do have annual capture programmes within their jurisdictions, there are currently no
consistent national programmes to capture commercial EOS in regions and volumes detailed below. The figures
are presented as a baseline for comparison with public good data acquisition and infrastructure costs. All costs
have been rounded to the nearest ten thousand.
All costs are based on the price per square kilometre made available to users of the Optical, Geospatial, Radar,
and Elevation Supplies and Services Panel18 by the respective satellite owner/operators as at October 2014.
Discounts for large areas of high resolution optical imagery (<10 m spatial resolution) can start at 5000 km2 and
be about 30%, these discounts have been applied where appropriate. It is likely that further discounts would be
available should purchases of this volume become part of a regular observation programme. See Section 5 for
additional information on current commercial pricing of satellite imagery.
Costs are not provided for low resolution optical data as this data type is not available from commercial suppliers
in Australia. Nor are costs provided for atmospheric sounder data as the principle sources of this type are freely
available under World Meteorological Organisation Resolution 4019.

16.
17.
18.
19.
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ANZLIC, Foundation Spatial Data Framework, Imagery Theme, http://www.anzlic.gov.au/foundation-spatial-data-framework/imagery
ANZLIC, Foundation Spatial Data Framework http://www.anzlic.gov.au/foundation-spatial-data-framework
Optical, Geospatial, Radar, and Elevation Supplies and Services Panel, http://www.tenders.gov.au (SON SON355807)
https://www.wmo.int/pages/about/exchangingdata_en.html
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5.3.1 Medium Resolution Optical
Table 5.1 Commercial Alternatives: Medium Resolution Optical Costs.
State/Territory/Region

Area (km2)

New capture cost*

Archive cost**

Western Australia

2 529 875

$1 587 000

$529 000

Queensland

1 730 648

$1 112 000

$371 000

Northern Territory

1 349 129

$853 000

$284 000

South Australia

983 482

$591 000

$197 000

New South Wales

800 642

$486 000

$162 000

Victoria

227 416

$143 000

$48 000

68 401

$54 000

$18 000

2 358

$1 400

$471

Continental

7 692 024

$4 620 000 (incl. 30% discount
for area over 2m km2)

$1 540 000 (incl. 30% discount
for area over 2m km2)

Exclusive Economic Zone

8 148 250

$5 220 000 (incl. 30% discount
for area over 2m km2)

$1 740 000 (incl. 30% discount
for area over 2m km2)

Tasmania
Australian Capital Territory

*Base rate of $7 per km2 based on SPOT6/7 1.5m resolution 4 band pricing (min order of 1000 km2)
** Base rate of $5.5 per km2 based on SPOT6/7 1.5m resolution 4 band pricing (min order of 1000 km2)

5.3.2 High Resolution Optical
Table 5.2 Commercial Alternatives: High Resolution Optical Costs.
State/Territory/Region

Area (km2)

New capture cost*

Archive cost**

Western Australia

2 529 875

$18 519 000

$14 551 000

Queensland

1 730 648

$12 968 000

$10 190 000

Northern Territory

1 349 129

$9 947 000

$7 815 000

South Australia

983 482

$6 891 000

$5 414 000

New South Wales

800 642

$5 666 000

$4 452 000

Victoria

227 416

$1 663 000

$1 307 000

68 401

$635 000

$499 000

Tasmania
Australian Capital Territory

2 358

$17 000

$13 000

Continental

7 692 024

$53 900 000

$42 350 000

Exclusive Economic Zone

8 148 250

$60 900 000

$47 850 000

*Base rate of $7 per km2 based on SPOT6/7 1.5m resolution 4 band pricing (min order of 1000 km2)
** Base rate of $5.5 per km2 based on SPOT6/7 1.5m resolution 4 band pricing (min order of 1000 km2)

5.3.3 Very High Resolution Optical
Table 5.3 Commercial Alternatives: Very High Resolution Optical Costs.
State/Territory/Region

Area (km2)

New capture cost*

Archive cost**

Western Australia

2 529 875

$63 495 000

$37 038 000

Queensland

1 730 648

$44 463 000

$25 937 000

Northern Territory

1 349 129

$34 103 000

$19 894 000

South Australia

983 482

$23 625 000

$13 781 000

New South Wales

800 642

$19 427 000

$11 332 000

Victoria

227 416

$5 703 000

$3 327 000

68 401

$2 178 000

$1 271 000

Tasmania
Australian Capital Territory

2 358

$57 000

$33 000

Continental

7 692 024

$184 800 000

$107 800 000

Exclusive Economic Zone

8 148 250

$208 800 000

$121 800 000

* Base rate of $24 per km2 based on Pleiades 0.5m res 4 band pricing (min order 100 km2)
** Base rate of $14 per km2 (based on Pleiades 0.5m res 4 band pricing) (min order 25 km2)
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5.3.4 Synthetic Aperture Radar
Table 5.4 Commercial Alternatives: SAR Costs.
State/Territory/Region

Area (km2)

New capture cost**

Archive cost***

Western Australia

2 529 875

$688 000

$344 000

Queensland

1 730 648

$487 000

$241 000

Northern Territory

1 349 129

$369 000

$185 000

South Australia

983 482

$256 000

$128 000

New South Wales

800 642

$210 000

$105 000

Victoria

227 416

$62 000

$31 000

68 401

$24 000

$12 000

2 358

$613

$307

Continental

7 692 024

$2 002 000

$1 001 000

Exclusive Economic Zone

8 148 250

$2 262 000

$1 131 000

Tasmania
Australian Capital Territory

*TerraSAR per scene prices have been converted to per km2 for consistency
**Base rate of $0.26 per km2 based on TerraSAR-X 20m ScanSAR/inSAR pricing (based on a 100 x 150 km scene price)
***Base rate of $0.13 per km2 (based on TerraSAR-X 20m ScanSAR/inSAR pricing (based on a 100 x 150 km scene price)

5.4 Summary
Commercial EOS will continue to play an important role in supplementing public good EOS and in addressing
needs that are not met by these sources to 2025. However, the high cost of the data and the generally restrictive
nature of commercial end user licensing agreements mean it is not a fully viable replacement for public good
sources.
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6. Conclusion
Australian government programmes demonstrate the diversity of Australian EOS use both in the types and the
applications of the data. Examples of Australian government EOS use include activities such as: weather forecasting;
disaster mitigation and management; climate and water cycle modelling; land use and land cover monitoring; forestry,
carbon accounting; mapping inland and estuarine water quality; coastal habitats; seagrass and coral reefs; mineral
mapping; hydrology; cartography and cadastral mapping; sea surface temperature; and biodiversity monitoring.
Many of the current EOS-dependent programmes contribute to national disaster mitigation and response
strategies, international agreements, and resource programmes with both national and international implications.
Therefore any extended denial of key EOS data sets to these programmes would not only be economically costly
to Australia it may also compromise existing agreements with other nations and international organisations.
In 2011, the CEODA-Ops report concluded that by 2015 the likelihood of significant data continuity gaps for
most data types was high, if not certain20. This conclusion was based in part on the then lack of contiguous EOS
programmes providing medium and high resolution optical and SAR data. However, the launches of Landsat-8
in 2013, Sentinel-1A in 2014, the continued availability of free and unrestricted data from many atmospheric
sounders under WMO Resolution 40, and the launches of Sentinel-1B (2016), Sentinel-2A (2015), Sentinel-2B
(2016), Sentinel-3A (2015) and Sentinel-3B (2017) under free, full and open licensing arrangements mean the risk
of data continuity gaps is far lower today than it was in 2011.
Although the likelihood of data continuity gaps has been greatly reduced since the writing of the CEODAOps report, the fact remains that Australian government programmes would be severely impacted were there
significant interruptions to the supply of key EOS data streams. While alternate sources of Earth observation data,
such as airborne sensors, are available for some data types, the regularity and length of temporal coverage over
large geographic areas offered by EOS sensors is currently unmatched.
Some of the risk posed by interruptions to critical EOS supply chains could be mitigated through the development
of algorithms and systems that are less dependent on specific sensors. A more ‘sensor agnostic’ approach would
insulate Australian programmes against potential outages and supply gaps and allow for better failover and
redundancy planning. Such an approach would require significant collaboration between Australian agencies
working in partnership with each other and international data suppliers to make analysis ready data available to
Australian EOS users.
As outlined in Section 2, it is expected that coverage of all geographic regions by each of the sensor types
considered will be required to meet the needs of programmes in 2025. The temporal coverage requirements will
vary depending on the region and type of data, from hourly coverage of all regions in low resolution optical data,
to monthly coverage of all regions in SAR and medium resolution optical data, to annual coverage of continental
Australia in high resolution optical data.
An expected (but largely unplanned for) consequence of the increasing availability of EOS under free, full and
open data licensing arrangements such as the Copernicus data access policy21 is the volume of EOS data that
Australian government agencies will be required to manage on an annual basis.
Over the next ten years, the volume of EOS data available to Australian programmes is set to grow by an order
of magnitude, taking our storage requirements from the terabyte to the petabyte scale by 2016, if not before.
Based on current estimates, the Copernicus programme and the Himawari-8 mission will make up over 50% of
Australia’s total storage volumes by 2025, requiring approximately 6.5 PB of storage for the Level 0 data alone.
In 2011, the CEODA-Ops report projected the annual storage volume required for all data types, including 3 levels
of processing, would be approximately 1.2 PB per year by 2015. However, largely due to the increased volume of
data from Landsat-8, Himawari-8, Sentinel-1A and Sentinel-2A the total data storage required by the 140 samples
programmes is expected to be around 1 PB per year for unprocessed data alone, with a cumulative storage total
of approximately 8.5 PB by 2025. If the storage requirements of the Copernicus programme scenario presented
in Section 4.7 are included, the total rises to around 12 PB by 2025. This coming ‘deluge’ of EOS data presents a
significant challenge for government data curators in the short term, let alone by 2025.
The need to effectively and efficiently manage and analyse this huge volume of data in order to realise its benefit
through products such as Geoscience Australia’s Water Observations from Space, and the Bureau of Meteorology’s
Himawari-8 initiative, is likely to be the most significant challenge faced by the EOS sector in Australia in this decade.

20. 2011, Geoscience Australia, Continuity of Earth Observation Data for Australia: Operational Requirements to 2015 for Lands, Coasts and Oceans, Page 3.
21. CEOS Database: http://database.eohandbook.com
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7. Glossary
7.1 Glossary
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Term

Definition

AAD

Australian Antarctic Division (GA)

ABARES

Australian Bureau of Agricultural Resource Economics and Sciences

ABS

Australian Bureau of Statistics

ACT

Australian Capital Territory

AEOCCG

Australian Earth Observation Community Coordination Group

AGD

Attorney General’s Department (Australia)

AGEODR 2025

Australian Government Earth Observation Data Requirements to 2025. This report.

AGEOSWG

Australian Government Earth Observations from Space Working Group

AGO

Australian Geospatial Intelligence Organisation

AGOS

Australian Geophysical Observing System

AGRIC (WA)

Department of Agriculture and Food (Western Australia)

AHI

Advanced Himawari Imager

AIMS

Australian Institute of Marine Science

AIS

Automatic Identification System

ALOS-2

SAR satellite operated by JAXA

AMSA

Australian Maritime Safety Authority

AMSR-E

Advanced Microwave Scanning Radiometer for EOS

ANU

Australian National University

ANZLIC

Australian New Zealand Land Information Council

AOI

Area of Interest

Aquarius

Microwave radiometer

ASAL

Agence Spatial Algerienne (Algeria)

ASI

Agenzia Spaziale Italiana (Italy)

ASTER

Advanced Spaceborne Thermal Emission and Reflection radiometer

AVHRR/3

Advanced Very High Resolution Radiometer/3

BGIS-2000

Ball Global Imaging System 2000

BNSC

British National Space Council (UK)

BoM

Bureau of Meteorology

Cal/val

Calibration and validation

CALIOP

Cloud-Aerosol Lidar with Orthogonal Polarisation

CALIPSO

Lidar satellite operated by NASA and CNES

CAST

Chinese Academy of Science and Technology (China)

CAWCR

Centre for Weather and Climate Research (Australia)

CDTI

Centro para el Desarrollo Tecnológico Industrial (Spain)

CEODA-Ops

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

CEODA-R&D

Report. Continuity of Earth Observation Data for Australia: Research and Development Dependencies to 2020.
Commonwealth of Australia (CSIRO) 2011.

CEOS

Committee on Earth Observation Satellites.

CFA (VIC)

Country Fire Authority (Victoria)

CloudSat

Cloud profiling satellite operated by NASA

CMA

China Meteorological Administration (China)

CNES

Centre National d’Etudes Spatiales (France)

CNSA

China National Space Administration (China)

CONAE

Comisión Nacional de Actividades Espaciales (Argentina)
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Definition

CPR

Cloud Profiling Radar for CloudSat

CRCSI

Cooperative Research Centre for Spatial Information

CRESDA

China Centre for Resources Satellite Data and Application (China)

CryoSat-2

2nd flight of the CryoSat programme operated by ESA

CSIRO

Commonwealth Scientific and Industrial Research Organisation

CSK

COSMO SkyMed. Series of commercial emergency management satellites operated by ASI

CU

Curtin University (Australia)

DAFF

Former Department of Agriculture, Forestry and Fisheries (Australia)

DAFWA

Department of Agriculture and Food (Western Australia)

DCCEE

Former Department of Climate Change and Energy Efficiency (Australia)

DEHP (QLD)

Department of Environment and Heritage Protection (Queensland)

DEM

Digital Elevation Model

DEPI (VIC)

Department of Environment and Primary Industries (Victoria)

DEPIPWE (TAS)

Department of Primary Industries, Parks, Water and Environment (Tasmania)

DER (WA)

Department of Environmental Regulation (Western Australia)

DEWHA

Former Department of Water, Heritage and Agriculture (Australia)

DEWNR (SA)

Department of Environment, Water and Natural Resources (South Australia)

DFAT

Department of Foreign Affairs and Trade (Australia)

DFES (WA)

Department of Fires and Emergency Services (Western Australia)

DIISR

Former Department of Innovation, Industry, Science and Research (Australia).

DIPE (NT)

Former Department of Infrastructure, Planning and Environment (Northern Territory)

DIRD

Department of Infrastructure and Regional Development (Australia)

DLPE (NT)

Department of Lands, Planning and the Environment (Northern Territory)

DLR

Deutsches Zentrum für Luft- und Raumfahrt (Germany)

DNRM (QLD)

Department of Natural Resources and Mines (Queensland)

DNSC

Danish National Space Centre (Denmark)

DoA

Department of Agriculture (Australia)

DoC

Department of Communication (Australia)

DoD

Department of Defence (USA)

DoD (Aus)

Department of Defence (Australia)

DoE

Department of the Environment (Australia)

DOF (WA)

Department of Fisheries (Western Australia)

DoI

Former Department of Industry (Australia)

DoT

Department of Transport (Australia)

DPaW (WA)

Department of Parks and Wildlife(Western Australia)

DSITIA (QLD)

Department of Science, Information, Technology and Innovation ( Queensland)

EC

European Commission (Europe)

EIAST

Emirates Institution for Advanced Science and Technology (United Arab Emirates)

EO

Earth observation

EODS

Earth Observation Data Store (GA)

EOS

Earth Observations from Space

EOS-Aqua

Earth observing satellite operated by NASA, JAXA and INPE

EOS-Terra

Earth observing satellite operated by NASA, JAXA and INPE

EPA (WA)

Environmental Protection Authority (Western Australia)

ESA

European Space Agency

ESRI

Environmental Systems Research Institute

ETM+

Enhanced Thematic Mapper Plus

EUMETSAT

European Organisation for the Exploitation of Meteorological Satellites

Feng-Yun (FY)

Series of Chinese meteorological satellites operated by CMA and NRSCC

GA

Geoscience Australia
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52

Term

Definition

Gao Fen (GF)

Series of Earth observing satellites operated by CNSA

GB

Gigabyte. 10003 bytes.

GEO

Geostationary Earth Orbit

GEOSS

Global Earth Observation System of Systems

GHz

Gigahertz

GISTDA

Geo-Informatics and Space Technology Development Agency (Thailand)

GNSS

Global Navigation Satellite System

GSQ

Geological Survey of Queensland (Australia)

GST

Goods and Services Tax (Australia)

GSWA

Geological Survey of Western Australia

Hai Yang (HY)

Series of ocean observation satellites operated by NSOAS and CAST

Himawari-7

Geostationary weather satellite operated by the Japan Meteorological Agency

Himawari-8

Geostationary weather satellite operated by the Japan Meteorological Agency

HPC

High Performance Computing

HPD

High Performance Data

Hyperion

Hyperspectral sensor

ICSM

Intergovernmental Committee on Survey and Mapping (Australia)

Ikonos

Commercial satellite operated by GeoEye

IMAGER

Low resolution optical sensor aboard Himawari-7

IMOS

Integrated Marine Observing System (Australia)

INPE

Instituto Nacional de Pesquisas Espaciais (Brazil)

IR

Infrared

ISRO

Indian Space Research Organisation (India)

JASON-2

Hoint Altimetry Satellite Oceanography Network - 2. 2nd flight of JASON series operated by NASA, CNES,
EUMETSAT, NOAA

JAXA

Japan Aerospace Exploration Agency

JCAB

Japanese Civil Aviation Bureau

JMA

Japan Meteorological Agency

KARI

Korea Aerospace Research Institute (Republic of Korea)

Kazcosmos

Kazakhstan National Space Agency (Kazakhstan)

kB

Kilobyte. 1000 bytes.

KMA

Korea Meteorological Administration (Republic of Korea)

Landsat

Satellite/s in the Landsat programme operated by the United States Geological Survey

LEO

Low Earth Orbit

LiDAR

Light Detection and Ranging

LISS-3

Linear Imaging Self-Scanning Sensor - 3

LOSAMBA

Law of the Sea and Maritime Boundaries of Australia (GA)

LPI (NSW)

Land and Property Information (New South Wales)

MB

Megabyte. 10002 bytes.

MDBA

Murray Darling Basin Authority (Australia)

MDE

Ministerio de Defensa (Spain)

METI

Ministry of Economy, Trade and Industry (Japan)

MLTM

Ministry of Land, Transport and Maritime Affairs (Republic of Korea)

MODIS

MODerate Resolution Imaging Spectrometer.

MOE

Ministry of the Environment (Japan)

MTSAT

Multifunction Transport Satellite. Series of geostationary meteorological satellites operated by JMA and JCAB.
Also known as the Himawari series.

MW

Microwave

MWIR

Medium-wave infrared

NAOMI

New AstroSat Optical Modular Instrument

NARSS

National Authority for Remote Sensing and Space Science (Egypt)
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NASA

National Aeronautics and Space Administration (USA)

NASRDA

National Space Research and Development Agency (Nigeria)

NCAS

National Carbon Accounting System (Australia)

NCI

National Computational Infrastructure (ANU)

NCRIS

National Collaborative Research Infrastructure Strategy (Australia)

NEC

Nippon Electric Company (Japan)

NIR

Near-Infrared

NIR

Near-infrared

NL-SAS

Near Line Serial Attached SCSI

NMP-EO-1

New Millennium Program Earth Observing – 1. Hyperspectral land observing satellite operated by NASA and
USGS

NOAA

National Oceanic and Atmospheric Administration (USA)

NRL

Naval Research Laboratory (USA)

NRSCC

National Remote Sensing Centre of China (China)

NRSTRG

National Remote Sensing Technical Working Group

NSAU

National Space Agency of Ukraine

NSOAS

National Satellite Ocean Application Service (China)

NSPO

National Space Organization of Taiwan (China)

NSW

New South Wales (Australia)

NT

Northern Territory (Australia)

NTU

Nanyang Technological University (Singapore)

OEH (NSW)

Office of Environment and Heritage

OGRE

Optical, Geospatial, Radar, and Elevation Supplies and Services Panel (GA)

OLI

Operational Land Imager

OSA

Optical Sensor Assembly

OSCAR

Observing Systems Capability Analysis and Review Tool (World Meteorological Organisation)

PALSAR-2

Phased-Array L-band Synthetic Aperture Radar - 2

PB

Petabyte. 10005 bytes.

Poseidon-3

Radar altimeter

QLD

Queensland (Australia)

QuickBird

Commercial satellite operated by DigitalGlobe

RADAR

Radio Detection and Ranging

RapidEye

Commercial satellite operated by BlackBridge

REIS

RapidEye Earth Imaging System

ResourceSat

Series of land observing satellite operated by ISRO

RFS (NSW)

Rural Fire Service (New South Wales)

ROI

Region of Interest

Roscosmos

Russian Federal Space Agency (Russian Federation)

RosHydroMet

Russian Federal Service for Hydrometeorology and Environmental Monitoring (Russian Federation)

SA

South Australia

SAC-D

Satélite de Aplicaciones Cientificas – D. Land observation satellite operated by CONAE and NASA

SAR

Synthetic Aperture Radar

SAR-C

Synthetic Aperture Radar (C-band)

SAR-X

Synthetic Aperture Radar (X-band)

SAS

Serial Attached SCSI

SBA

Societal Benefit Area. Nine environmental areas of global significance identified by the GEOSS project.

SCSI

Small Computer System Interface

Sentinel

Satellite/s in the Copernicus programme operated by the European Space Agency

SIRAL

SAR Interferometer Radar Altimeter

SLIM-6

UK-DMC-2 camera (red, green, NIR bands)
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54

Term

Definition

SNSB

Swedish National Space Board (Sweden)

SPOT

Satellite Pour l’Observation de la Terre. Earth observing satellite/s operated by CNES

SST

Sea Surface Temperature

Suomi-NPP

Suomi National Polar-orbiting Partnership satellite operated by NASA and NOAA

Supply chain

The process of all parties involved in fulfilling a customer request

SW

Short-wave

SWIR

Short-wave infrared

TanDEM-X

Commercial SAR satellite operated by DLR

TAS

Tasmania (Australia)

TB

Terabyte. 10004 bytes.

TERN

Terrestrial Ecosystem Research Network (Australia)

TerraSAR-X

Commercial SAR satellite operated by DLR

TIR

Thermal Infrared Radiometer or instruments operating in the thermal infrared part of the spectrum

TIRS

Thermal Infrared Sensor

TM

Thematic Mapper

TSX-NG

TerraSAR-X New Generation. Commercial SAR satellite operated by DLR

TÜBITAK-UZAY

Scientific and Technological Research Council of Turkey - Space Technologies Research Institut (Turkey)

UCAR

University Corporation for Atmospheric Research (USA)

UK

United Kingdom of Great Britain and Northern Ireland

UK-DMC-2

Commercial satellite owned and operated by DMC International Imaging

UQ

University of Queensland (Australia)

USA

United States of America

USAF

United States Air Force

USEF

Institute for Unmanned Space Experiment Free Flyer (Japan)

USGS

United States Geological Survey (USA)

USGS

United States Geological Survey

UTAS

University of Tasmania (Australia)

UV

Ultraviolet

UWA

University of Western Australia

Value chain

A set of interrelated activities a company uses to create a competitive advantage

VHF

Very High Frequency

VIC

Victoria (Australia)

VIIRS

Visible/Infrared Imager Radiometer Suite

VIS

Visible spectrum

WA

Western Australia

WMO

World Meteorological Association

WOfS

Water Observations from Space. Historical surface water observations product (GA)

WorldView-2

Commercial satellite owned and operated by Digital Globe

WV110

WorldView-110 camera (combined panchromatic and 8-band multispectral)

WV60

WorldView-60 camera (panchromatic imager)

X-Band SAR

X-Band Synthetic Aperture Radar

Zi Yuan (ZY)

Series of Earth observing satellites operated by CAST and CRESDA
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Appendix B. WMO OSCAR
Instrument Categories
The data categories considered in this report are a subset of those defined by the World Meteorological
Organisation’s Observing Systems Capability Analysis and Review Tool (‘OSCAR’). Details of satellites, sensors
and programmes are available from the WMO OSCAR website: http://www.wmo-sat.info/oscar (WMO 2011-2014).
The WMO categories are:
1. Moderate-resolution optical imager
2. High-resolution optical imager
3. Cross-nadir scanning SW sounder
4. Cross-nadir scanning IR sounder
5. SW and IR sounder
6. MW imaging radiometer, conical scanning
7. MW sounding radiometer, cross-track scanning
8. MW imaging/sounding radiometer, conical scanning
9. Special scanning or non-scanning MW radiometer
10. Limb-scanning sounder
11. Broad-band radiometer
12. Solar irradiance monitor
13. GNSS radio-occultation sounder
14. Lightning imager
15. Cloud and precipitation radar
16. Radar scatterometer
17. Radar altimeter
18. Space LiDAR
19. Imaging radar (SAR)
20. Positioning system
21. Gravity sensing system
22. Solar processes monitor
23. Solar wind and cosmic radiation monitor
24. Magnetosphere/ionosphere sounder
25. Aurora imager
26. Platform environment monitor
27. Data collection system
28. Search and rescue system
Sensors from categories 1, 2, 3, 4, 5, 6, 7, 9, 15, 17, 18 and 19 are considered in this report. Sensors in the remaining
categories are not considered as there is no record of data from them currently being used by the 140 operational
Australian Commonwealth, state and territory government programmes that are the focus of this report.

B.1 Instrument Category Definitions
The following definitions and additional detail on the instruments belonging to each category considered in this
report are available from the WMO OSCAR website: http://www.wmo-sat.info/oscar (WMO 2011-2014).

B.1.1 Moderate-resolution optical imager
Wide range of instruments with the following general characteristics:
• Operating in the VIS, NIR, SWIR, MWIR and TIR spectral bands, i.e. from ~0.4 to ~15 μm.
• Discrete channels, number from a few to a few tens, separated by dichroics, filters or spectrometers, with
bandwidths from ~10 nm to ~1 μm.
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• Imaging capability, i.e. continuous and contiguous sampling, with spatial resolution in the order of 1 km,
covering a swath of several 100 km to a few 1000 km.
• Scanning law generally cross-track, sometimes multi-angle, sometimes under more polarisations.
• Applicable in both LEO and GEO.
Depending on spectral bands, number and bandwidth of channels, and radiometric accuracy, the application
fields may include: cloud observation, surface variables, ocean colour, aerosol, and cloud-motion winds.

B.1.2 High-resolution optical imager
Instruments with the following general characteristics:
• Spatial resolution in the range of less than 1 m to a few 10 m.
• Covered wavelengths in the VIS, NIR and SWIR bands, i.e. 0.4 to 3 μm, with possible extension to supporting
MWIR and TIR.
• Variable number or channels and bandwidths:
»» single channel (panchromatic) with around 0.4 μm bandwidth (e.g., 500–900 nm)
»» 3 to 10 (multispectral) channels with around 0.1 μm bandwidth
»» continuous spectral range (hyperspectral) with typically100 channels of around 10 nm bandwidth;
• Imaging capability, i.e. continuous and contiguous sampling, covering a swath ranging from a few 10 km to
some 100 km, often addressable within a field-of-regard of several 100 km.
• Applicable in LEO (GEO not excluded but not yet exploited).
Depending on the spectral bands, number and bandwidth of channels, and steerable pointing capability, the
application fields may include:
• panchromatic: recognition, stereoscopy;
• multispectral: land use/cover, vegetation classification, disaster monitoring;
• hyperspectral: vegetation process study, carbon cycle.

B.1.3 Cross-nadir scanning SW sounder
Spectrometer with the following main characteristics:
• Covered wavelengths in the UV, VIS, NIR and SWIR bands, i.e. 0.2 to 3 μm.
• Spectral resolution ranging from a fraction of nm to a few nm.
• Spatial resolution in the order of 10 km.
• Horizontal sampling not necessarily continuous and contiguous.
• Scanning capability varying from none (nadir-only) to a swath of a few 1000 km.
• Applicable both in LEO and in GEO.
Covered application fields depending on spectral bands and resolution:
• UV basic for ozone;
• extension to VNIR includes some Cl compounds and several NOx;
• extension to SWIR includes some green-house species, more accurately measured if supporting MWIR and/
or TIR bands are associated.

B.1.4 Cross-nadir scanning IR sounder
Radiometer or spectrometer with the following main characteristics:
• Covered wavelengths in the MWIR and TIR bands, i.e. 3 to 15 μm, with possible extension to FIR up to 50 μm,
and auxiliary channels in VIS/NIR.
• Spectral resolution in the order of 0.1 cm-1 (very high) or 0.5 cm-1 (hyperspectral) or 10 cm-1 (radiometer).
• Spatial resolution in the order of 10 km.
• Horizontal sampling not necessarily continuous and contiguous.
• Scanning capability varying from none (nadir-only) to a swath of a few 1000 km.
• Applicable both in LEO and in GEO
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Covered application fields mostly depending on the spectral resolution, as follows:
• radiometers: coarse vertical resolution temperature and humidity profiles;
• hyperspectral: high vertical resolution temperature and humidity profile, coarse ozone profile and total column
or gross profile of few other species, mostly green-house;
• very-high resolution spectrometers: profiles of several species of atmospheric chemistry interest, including
CFC’s and other aggressive species.

B.1.5 SW and IR sounder
Spectrometer with the following main characteristics:
• Covered wavelengths in both short-wave (VIS/NIR/SWIR and long-wave (MWIR/TIR).
• Spectral resolution in the order of 0.2 cm–1 in both SW and LW bands.
• Spatial resolution in the range of less than 1 km to a few 10 km.
• Horizontal sampling not necessarily continuous and contiguous.
• Scanning capability varying from none (nadir-only) to a swath of a several 100 km.
• Applicable in LEO.
The purpose of this type of instrument is to observe greenhouse gases with signatures in both SW and LW to
improve the profiling vertical resolution in the PBL.

B.1.6 Microwave Imaging Radiometer (Conical Scanning)
Radiometer with the following main characteristics:
• Covered frequencies from 1 to 200 GHz (wavelengths 1.5 mm to 30 cm), operating in atmospheric window
channels of bandwidths from some 100 MHz to some GHz.
• Spatial resolution from a few kilometres to some 100 km, determined by antenna size and frequency.
• Horizontal sampling continuous and contiguous, over a swath of some 1500 km.
• Conical scanning, providing two or more polarisations.
• Applicable only in LEO.
• Covered application fields mostly depending on the frequency and the spatial resolution (i.e., the
antenna size):
»» sea-surface salinity and volumetric soil moisture from lowest frequencies;
»» sea-surface temperature, surface soil moisture, wind speed from low-medium frequencies (wind vector
by full polarisation);
»» precipitation, snow, ice from higher frequencies.

B.1.7 MW sounding radiometer, cross-track scanning
Radiometer with the following main characteristics:
• Covered frequencies from 20 to 200 GHz (wavelengths 1.5 to 15 mm), operating in absorption bands split
in several channels of bandwidths from a few MHz to some GHz.
• Spatial resolution from some 10 to some 100 km, determined by antenna size and frequency.
• Horizontal sampling not necessarily continuous and contiguous.
• Cross-track scanning, providing single or dual polarisations over a swath of some 2000 km.
• Applicable only in LEO (possibilities in GEO being studied).
Covered application fields depending on the exploited frequency bands:
• nearly-all-weather temperature profile from oxygen bands (e.g., 54 GHz, 118 GHz);
• nearly-all-weather humidity profile from water vapour bands (e.g., 183 GHz);
• precipitation also observed.
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B.1.8 Special Scanning or Non-Scanning Microwave Radiometer
Family of radiometers without mechanical scanning. Several categories:
• Imaging, by synthetic aperture or real-aperture multi-beam antenna:
»» operating in L-band (typically 1.4 GHz)
»» spatial resolution in the order of 50 km with swath of a few 100 km (multi-beam) or some 1000 km
(synthetic aperture)
»» applicable only in LEO
»» for sea-surface salinity and volumetric soil moisture.
• Imaging, by cross-track electronic scanning:
»» operating in K-band (typically 19 GHz)
»» spatial resolution in the order of 20 km with swath of some 3000 km
»» applicable only in LEO
»» for sea ice and heavy precipitation over the sea.
• Nadir-pointing radiometers:
»» operating on frequencies from 15 to 40 GHz (wavelengths 7.5 mm to 2 cm), across the water vapour
absorption band around 23 GHz by two or three channels with a bandwidth of several 100 MHz
»» spatial resolution of some 20 km and near-continuous sampling along the track
»» applicable only in LEO
»» to provide information on total-column water vapour to correct for the atmospheric path delay induced on
the signal of the radar altimeter.
• Imaging from GEO by real or synthetic aperture antenna:
»» operating in absorption bands of oxygen (e.g., 54, 118, 425 GHz) and water vapour (e.g., 183, 380 GHz)
»» spatial resolution changing with frequency, e.g. 50 at 54 GHz
»» to provide sub-hourly sampling of nearly-all-weather temperature and humidity sounding, and liquid and
solid precipitation.

B.1.9 Cloud and Precipitation Radar
Family of instruments with the following main characteristics:
• Operating frequencies in Ku (~14 GHz), or Ka (~35 GHz), or W (~94 GHz) bands. Ku and Ka bands often flown
together.
• Pulse repetition rate such as to result in a vertical resolution of a few 100 m.
• Spatial resolution 2 to 5 km; horizontal sampling continuous and contiguous, swath from only nadir (W-band)
to several 100 km (Ku and Ka bands).
• Applicable only in LEO.
• Applications depending of the exploited frequency:
»» Ku-band suitable for heavy rain (liquid, with droplets that may exceed 1 cm)
»» Ka-band: suitable for light rain (from stratiform clouds) and snowfall
»» W-band: suitable for non-precipitating clouds (droplets < 0.1 mm).

B.1.10 Radar Altimeter
Instrument with the following main characteristics:
• Operating frequencies in Ku-band (~14 GHz) or Ka-band (~36 GHz), with supporting C (~5 GHz) or S (~3 GHz)
to correct for signal rotation in the ionosphere.
• Very accurate ranging measurement, supported by co-flying MW radiometer in the 23 GHz water vapour band
for path delay correction.
• Observation essentially nadir (large-swath possibly to be performed by interferometry of signals from two
parallel antennas); spatial resolution in the order of 20 km, possible to be improved to hundred metres
along‑track by SAR-like processing.
• Applicable only in LEO.
• Applications:
»» sea-surface height (ocean topography), significant wave height, sea-surface wind speed, sea-ice thickness;
»» geoid (by analysis of measurement series and the support of precise orbitography).
60
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B.1.11 Space LiDAR
Family of instruments with the following main characteristics:
• Operating wavelengths in the UV (e.g., 355 nm), or VIS (e.g., 532 nm), or NIR (e.g., 1064 nm), or SWIR
(e.g., 1600 nm); possible dual-wavelength, two receivers (for Mie and Rayleigh scattering), polarimetry.
• Spatial resolution in the range of 100 m, often degraded up to 50 km in order to collect enough de-correlated
samples; vertical resolution in the range of 100 m (a few 10 cm for LiDAR altimeters).
• Non-scanning; either nadir-viewing or oblique.
• Several designs for different purposes:
»» Doppler LiDAR generally operating in UV, for both Mie and Rayleigh scattering, to track aerosol and air
molecules; oblique view for radial wind in clear-air and aerosol;
»» Backscatter LiDAR operating at one (in UV) or two (VIS and NIR) wavelengths, often with more
polarisations; nadir view for aerosol profile, cloud top height and atmospheric discontinuities;
»» LiDAR altimeter operating at two wavelengths, VIS and NIR; nadir view, very high vertical resolution
(for sea-ice elevation) and horizontal resolution (for ice boundaries);
»» Differential absorption LiDAR (DIAL), operating at one wavelength centred on the absorption peak of one
trace gas (e.g., O3, H2O and CO2), and nearby windows; nadir-view.

B.1.12 Imaging radar (SAR)
Family of instruments with the following main characteristics:
• Operating frequencies in P (~0.4 GHz), L (~1.3 GHz), S (~2.7 GHz), C (~5.3 GHz), X (~9.6 GHz), or Ku
(~17.2 GHz) band - the mostly used bands being L, C and X.
• Several combinations of polarizations in transmission and reception possible to be implemented: HH, VV,
VV/HH, HH/HV and VV/VH.
• Spatial resolution can be traded-off with swath: from 1–30 m associated to swath of 30–100 km; and
100–1000 m associated to swath of 300–500 km.
• Pushbroom, side-looking generally on one side, keeping high resolution within a field-of-regard of several
100 km.
• Wide range of applications for every frequency band, with variable effectiveness:
»» P-band most suited for biomass monitoring and hydrological mapping
»» S-band best suited for volumetric soil moisture
»» C-band covering the widest range (sea-ice, wave parameters by spectral analysis of image segments,
surface soil moisture, snow parameters, glaciers, ground water, etc.)
»» X-band providing the best spatial resolution, thus best suited for surveillance
»» Ka-band specifically suited for snow, that is semi-transparent at lower frequencies
»» interferometry of the signals from one SAR at different times or two SARs flying in tandem enables
measuring the Digital Elevation Model (DEM) and detecting changes of contours and elevation.
• Applicable only in LEO.
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Appendix C. Australian EOS
Dependencies
The following tables detail the 140 operational Australian Commonwealth, state and territory programmes whose
EOS data requirements form the basis of this report. This information is derived from the programme information
compiled by Geoscience Australia (2014).
Table C.1 Australian Programmes Dependent on EOS: Commonwealth Programmes (2014).
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Lead
portfolio

Agency/s

Programme and Description

DIRD, DoT

AMSA

Satellite Synthetic Aperture
Radar Oil Spill Monitoring and
Surveillance
Detecting and locating spills
quickly offshore allow pollution
response authorities to minimise
impacts, reduce clean-up and
response costs, and increase
the likelihood of catching the
polluter. Satellite-based Synthetic
Aperture Radar (SSAR) imagery
can identify potential oil spills
over large areas in near-realtime of 90 minutes or less. This
service, provided by the Norwaybased Kongsberg Satellite
Services, was trialled in 2012
and 2013 to verify the feasibility
of using Satellite Synthetic
Aperture Radar imagery as a
long term oil spill monitoring and
surveillance tool over Australian
waters. AMSA has now
concluded the Tender to select
a service provider to deliver the
service longer term, and has
engaged the services of the
Norwegian company Kongsberg
Satellite Services (KSAT).

Low
res
optical

Med
res
optical

P
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High
res
optical

SAR
P

LiDAR

Other
EOS

Aerial

Low
res
optical

Lead
portfolio

Agency/s

Programme and Description

DIRD, DoT

AMSA

Detection of ships’ Automatic
Identification System
transmission by satellites
(S-AIS)
AMSA utilizes detection of
ships’ AIS VHF * transmissions
by low-earth orbiting satellites
for the following purposes:
receiving vessel information
for the Modernised Australian
Ship Tracking and Reporting
System (MASTREP), enhancing
maritime domain awareness,
examining traffic patterns for
subsequent nautical advice
to proponents of resource
exploration and production,
planning ship routeing systems,
assisting in search and rescue
operations, assisting in response
to oil spills, assessment of
navigational requirement for aids
to navigation for commercial
shipping and providing a backup to Australia’s terrestrial AIS
network. The exactEarth satellite
AIS data is provided to AMSA
under contract via exactEarth
AIS packages on satellites in low
earth orbit (LEO). * Very High
Frequency.

DoE

BoM

Warnings and weather
forecasts
The Bureau of Meteorology
is concerned with all aspects
of climate and weather. It
provides information for primary
producers and natural resource
managers, marine and aviation
services, a tsunami warning
system, and specialised
research activities. The BoM
identifies remote sensing as
the most important of all inputs
into weather modelling and
prediction.

P

DoE

BoM

Warnings and weather
forecasts
Satellite altimetry provides
accurate measurements of
altitude and heights, ocean
heights, observation of sea-level
rise, Antarctic topography, and
tsunami warnings in real time.

P

DoE

BoM

Warnings and weather
forecasts
Satellite imagery used for sea-ice
monitoring

P

DoE

BoM

Warnings and weather
forecasts
Darwin Volcanic Ash Advisory
Centre (VAAC)
Satellite imagery used for
volcanic ash monitoring and
warnings

P

Med
res
optical

High
res
optical

SAR

LiDAR

Other
EOS

Aerial

P
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Low
res
optical

Med
res
optical

Water Information Research
and Development Alliance
(WIRADA)
Evapotranspiration monitoring
for regional and national scale
water budgets. The science
is now sufficient to allow
operational monitoring of ET on
a daily basis from satellites.

P

P

BoM

Centre for Weather and Climate
Research (CAWCR)
CAWCR is a partnership
between CSIRO and the Bureau
of Meteorology. It is responsible
for the Australian Community
Climate and Earth System
Simulator (ACCESS), and a
number of atmosphere, weather
and climate science programs.

P

DoE

BoM

eReefs Marine Water Quality
Dashboard - inclusive of
ReefTemp next generation
products
Satellite sensors provide
measurements of chl_a, NAP,
kd_490, CDOM, secchi depth
and SST.

P

DIISR

CSIRO, BoM,
DEWHA,
DIISR

Centre for Weather and Climate
Research (CAWCR)
CAWCR is a partnership
between CSIRO and the Bureau
of Meteorology. It is responsible
for the Australian Community
Climate and Earth System
Simulator (ACCESS), and a
number of atmosphere, weather
and climate science programs.

P

DoE

UTAS, CSIRO
BoM

IMOS Satellite Remote Sensing
The Integrated Marine Observing
System (IMOS) is an NCRISsupported capability area
providing research infrastructure.
The satellite remote sensing
facility delivers sea surface
temperatures and ocean colour
products. SSTs are input to
ocean models and numerical
weather prediction. The ocean
colour products are primarily for
biological oceanography and
bio geochemical modelling.
Additionally the facility supports
in-situ infrastructure that
delivers cal/val data for SST,
ocean colour and altimetry into
international programs that gives
Australian researchers a seat on
the instrument science teams
and access to data. Integrated
from open ocean into coast,
and across physics, chemistry
and biology. All data openly
accessible for use by the marine
and climate science community
and its stakeholders.

P

Lead
portfolio

Agency/s

Programme and Description

DoE

BoM

DoE
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LiDAR

Other
EOS
P

P

P

P

P

Aerial

Low
res
optical

Med
res
optical

High
res
optical

Lead
portfolio

Agency/s

Programme and Description

DoE

BoM

Sea Surface Temperature
(product linked to IMOS)
Cal/val - http://imos.org.au/sst.
html
Product delivery - http://imos.org.
au/sstproducts.html
http://oceancurrent.imos.org.au

P

DoE

CSIRO

Ocean Colour (product linked
to IMOS)
Cal/val - http://imos.org.au/ljco.
html
http://catalogue-123.aodn.
org.au/geonetwork/srv/eng/
metadata.show?uuid=28f8bfedca6a-472a-84e4-42563ce4df3f
Product delivery - http://imos.
aodn.org.au/imos123/home
http://oceancurrent.imos.org.au/

P

DoE

UTAS

Sea Surface Height (Altimetry)
(product linked to IMOS)
Cal/val - http://imos.org.au/
srscalval.html
Product delivery - http://
oceancurrent.imos.org.au

DoE

CSIRO

Sea Surface Salinity (product
linked to IMOS)

DoI

CSIRO, State
geological
surveys, GA,
state Ag Dept

International Hyperspectral
Imaging Satellite Programs
Covered under international
agreements such as those
with Japan Space Systems
(Japan) and GFZ (Germany),
CSIRO and collaborating
Australian/State government
departments are using Australia
for (1) establishing southern
hemisphere vicarious calibration
capability; (2) public geoscience
information products and related
(inter)national standards.

P

P

DoI

GA, CSIRO,
State
Geological
Surveys

Pre-competitive Mineral
Prospecting Research
Geoscientific surveys of
Australia’s mineral provinces to
identify areas of new mineral
potential that may be of
exploration interest. Geoscience
Australia markets these
opportunities domestically and
internationally.

P

P

DoI

GA, CSIRO,
State
Geological
Surveys

Mineral Map of Australia
Mineral maps of surface
composition and abundances
produced from 3,500 ASTER
imagery developed with the
state Geological Surveys and
GA delivered as pre-competitive
geoscience data

P

China

CSIRO, Yantai
Institute
of Coastal
Research

Algal Bloom Mapping
Evaluation of algal blooms in
Yellow and Bohai Seas and
Australian waters

SAR

P

LiDAR

Other
EOS

Aerial

P

1

P
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Lead
portfolio

66

Low
res
optical

Agency/s

Programme and Description

International

CSIRO,
PML (UK),
Hokkaido
Uni (Japan) +
others

PFT intercomparison working
group
Evaluation of phytoplankton
functional type (PFT) satellite
algorithms through an
international working group with
space agency support.

P

Japan

CSIRO,
Hokkaido Uni,
JAXA

PFT algorithm for GCOM-C
Japanese space agency
(JAXA) science team project for
GCOM-C mission developing
and implementing a PFT
algorithm ahead of launch in
2015

P

DoE

DoE

Approvals and Wildlife
Remote sensing is critical
for day-to-day compliance
monitoring. It is cost effective
when compared to field
inspection, and provides the
ability to compile time series.

DoE

DoE, DAFF

Native Vegetation Information
System (NVIS)
The Native Vegetation
Information System provides
information on vegetation types
in the Australian landscape. The
NVIS provides land managers
with up-to-date and reliable
information about the extent
and distribution of vegetation
types, to aid in the development
of long-term solutions for the
Australian environment.

DoE

DoE

Parks Australia
Remote sensing is increasingly
used for park management, for
example whole of park imagery
twice or three times per year.

DoE

DoE, States

State of Environment (SOE)
National Environmental
Information and Accounting
State of the Environment reports
provide information about
environmental and heritage
conditions, trends and pressures
for the Australian continent,
surrounding seas and Australia’s
external territories. The main
purpose of the Reports is to
provide relevant and useful
information on environmental
issues to the public and
decision-makers, in order to
raise awareness and support
more informed environmental
management decisions, leading
to more sustainable use and
effective conservation of
environmental assets.

P

P

Med
res
optical

High
res
optical

P

P

P

P

P

P

P

P
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SAR

LiDAR

Other
EOS

Aerial

P

P

Lead
portfolio

Agency/s

Programme and Description

DoE

DoE (ERIN)

Sustainable Environment and
Water Use
Environmental Resources
Information Network
(ERIN) aims to improve
environmental outcomes by
developing and managing a
comprehensive, accurate and
accessible information base
for environmental decisions.
Information is drawn from many
sources and includes maps,
species distributions, documents
and satellite imagery, and covers
environmental themes ranging
from endangered species to
drought and pollution.

DoE

DoE, CSIRO

National Carbon Accounting
System (NCAS)
The National Carbon Accounting
System provides accounts for
the emission and removal of
greenhouse gases from landbased activities. This requires
knowledge of the dynamics
of carbon (for carbon dioxide
and methane emissions) and
nitrogen (for nitrous oxide
emissions) in the landscape.
The NCAS estimates emissions
through a system that combines
thousands of satellite images to
monitor land use and land use
change since 1972, updated
annually; monthly maps of
climate information; maps of soil
type and soil carbon; databases
containing information on plant
species, land management, and
changes in land management
over time; and ecosystem
modelling - the Full Carbon
Accounting Model (FullCAM).

DoI

GA

AuScope AGOS
The Australian Geophysical
Observing System is an NCRIS
funded program to develop
earth science infrastructure.
GA is involved in the geospatial
component of AGOS which
from an EO perspective includes
the building of a radar corner
reflector network for ground
deformation monitoring and a
repository of synthetic aperture
radar data.

DoI

GA, AusAID

Regional Risk in Papua New
Guinea
Radar data is being used as
part of the regional risk program
to assess ground deformation
at numerous PNG volcanoes
and landslide affected regions.
Optical data is being used to
classify areas prone to landslide

Low
res
optical

Med
res
optical

High
res
optical

P

P

P

P

P
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LiDAR

Other
EOS

Aerial

P

P

P

P
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Lead
portfolio

68

Agency/s

Programme and Description

DoI

GA, AGD,
DFAT & State
agencies

LOSAMBA
The LOSAMBA project defines
Australia’s national maritime
boundaries, provides advice
on the definition of offshore
jurisdictional limits, maritime
boundaries and geoscientific
aspects of the Law of the
Sea. The project also involved
in the administration and
enhancement of web-based
information systems, in particular
the Australian Marine Spatial
Information System (AMSIS)
and the spatial framework for
offshore resource activities;
provision of advice including
written boundary descriptions,
digital data and supporting
maps to assist Government
Agencies with administrative
processes in Australia’s maritime
jurisdiction; advice and support
to Pacific Island Countries
through the Secretariat of the
Pacific Community (SPC) on
offshore jurisdictional related
issues. Access to highresolution, spatially controlled
earth observation data is
essential to maintaining a high
definition digital representation
of Australia’s coastline, and
significantly reduces the
maintenance cost of this task.

DoI

GA

Sentinel Hotspots
Sentinel is a national bushfire
monitoring system, which allows
users to identify fire locations
where there is a potential risk
to communities and property.
Sentinel obtains data from
satellites which orbit the Earth
collecting data in a path 2330
km wide, at least once a
day. The data is received by
Geoscience Australia’s Data
Acquisition Facility at Alice
Springs. Locations of high
temperature are identified and
extracted to a small text file and
transmitted from Alice Springs to
Canberra where they are fed into
a spatial database. From there,
the data can be queried and
added to dynamically-created
maps using a web-based
mapping system.

Low
res
optical

Med
res
optical

P
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SAR

P

P

LiDAR

Other
EOS

Aerial
P

P

Low
res
optical

Med
res
optical

Lead
portfolio

Agency/s

Programme and Description

DoI

GA

Antarctic Geoscience Program
Geoscience Australia is seeking
to develop, with the AAD, an
‘Antarctic Data Cube’ to help
understand how Antarctic
is changing over time. The
data-cube would organise all
geoscience data for Antarctica
in a high-performancecomputing domain. It would
allow close monitoring of
Antarctica through time-series’
of radar and optical images
to track glaciers and other
phenomena, and would provide
a common high performance
computing environment for data
management and modelling.
The data cube would provide a
common science resource for all
Antarctic nations

P

DoI

GA

Regional risk
Geoscience Australia provides
technical support for regional
Disaster Risk Reduction (DRR)
activities in collaboration with the
Department of Foreign Affairs
and Trade and the national
governments in the Asia-Pacific
Region (such as the AustraliaIndonesia Facility for Disaster
Reduction). Earth observations
from satellites are used to
detect urban change (and
associated exposure to natural
disasters); to detect and model
landslides, volcanic eruption
and other geological and
hydrometeorological hazards.

P

DoI

GA

Water Observations from
Space
Water Observations from Space
forms part of the National
Flood Risk Information Portal.
It displays geographic areas of
Australia where Landsat satellites
have observed surface water at
least once in the period 19982012. In conjunction with other
information from the Portal (such
as flood studies), it provides
guidance to homeowners,
insurance companies, and
others interested in flood risk.

DoI

GA, States

National Topographic Data
National broad-scale mapping
based on satellite images, used
to detect change in topographic
features, and to create up to date
topographic data.

P

High
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LiDAR

Other
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Aerial

P

P

P

P

P
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Lead
portfolio

70

Low
res
optical

Med
res
optical

National Land Cover Mapping
(link to FSDF)
Land-cover mapping at
Geoscience Australia provides
a national dynamic mapping
system placing current land
cover status and changes in a
historical context at a national,
regional and local scale, and to
support and facilitate a national
standard baseline for change
detection and environmental
reporting, emergency
management and aid in
Natural Resource Management
decisions.

P

P

DoA, DoE,
MDBA, NT
DIPE, QLD
DSITIA, SA
DEWNR, VIC
DEPI, TAS
DPIPWE

Australian Collaborative
Land Use Mapping Program
(ACLUMP)
ACLUMP promotes the
development of nationally
consistent land-use through
land use mapping coverage
for Australia at both continental
and catchment scale, and
by developing a national
information system for land
management practices.
ACLUMP also facilitates
national technical standards,
including the Australian Land
Use and Management (ALUM)
Classification; a national
land use data directory and
the maintenance of land use
datasets on Australian and State
government data repositories;
and regional and national
reporting of land use and land
management practices.

P

P

P

ABARES

National Landcare Program
(former Caring For Our
Country)
The National Landcare
Programme is to provide a
simple, local and long-term
approach to land Environment
management so communities
across Australia can take
practical action to improve
their local environment
and productive landscapes
across regional Australia. The
Programme will consolidate
natural resource management
investments, primarily sourced
from the Natural Heritage Trust,
under the banner of a single
National Landcare Programme.
It is jointly managed by the
Department of the Environment
and the Department of
Agriculture. A significant
proportion of the investment
is provided to natural resource
management bodies in regional
and remote areas. The program
outcomes are dependent upon
the best available information,
and an ongoing and significant
dependence on multiple sources
of earth observation information.

P

P

P

Agency/s

Programme and Description

DoI

GA, ABARES,
ABS, DoC

DoA

DoA
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SAR
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Other
EOS

Aerial

Lead
portfolio

Agency/s

Programme and Description

DoA

ABARES

National Forest Inventory
The National Forest Inventory
(NFI). The NFI is a partnership
between the Commonwealth
and all state and territory
governments, and combines onthe-ground measurement with
aerial and satellite technologies.
It aims to provide a single
authoritative source of forestry
data at the national level; ensure
the development of sound forest
policies; ensure the viability of
Australia’s forest industries; and
to ensure the development of
effective forest conservation
strategies.

DoA

ABARES

Reef Trust and related
investments
In the 2014-15 Budget the
Australian Government will
establish the Reef Trust with
an initial contribution of $40.0
million. The Trust will combine
Australian Government
investment with Queensland
Government and private funds to
focus on key threats to the Reef
by improving coastal habitat
and water quality throughout
the Great Barrier Reef and
adjacent catchments. The
Trust will operate alongside
the existing Reef Programme
investments, which means land
managers along the central
and northern Queensland
coast will continue to be
supported to adopt improved
land management practices
that reduce the discharge
of nutrients, sediments and
pesticides into the Great Barrier
Reef. Research to address the
threats of declining water quality
and climate variability will also
be enabled. The Programme
is jointly managed by the
Department of the Environment
and the Department of
Agriculture
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Lead
portfolio

72

Low
res
optical

Agency/s

Programme and Description

DoA

ABARES,
CSIRO, GA

GEOGLAM (The Global
Earth Observations Global
agricultural monitoring
program)
GEOGLAM uses earth
observation data to reinforce
the international community’s
capacity to provide high
resolution, timely, transparent
and objective information
on crop areas, condition
and the impact of significant
events. GEOGLAM, through
its international Crop Monitor
Group, provides monthly reports
to the Agricultural Market
Information System (AMIS)
on global condition of wheat,
maize, soy and rice. ABARES
is a contributing member of
this group. AMIS includes a
summary of this data in its
Market Monitor reports.

P

DoA

ABARES

Drought program support and
climate impact assessment of
agricultural productivity.
ABARES uses remotely
sensed greenness anomalies
(Normalised Differential
Vegetation Index or NDVI) as an
effective indicator for assessing
production, meteorological
and environmental conditions.
ABARES also utilises various
true and false colour satellite
images into assessment of
climate impact such as flood
events.

P

DoE

MDBA, GA

Basin Plan
The Basin Plan relies on
comprehensive on-ground and
satellite monitoring. The Basin
Plan, developed under the Water
Act 2007, specifies limits on the
amount of water (both surface
water and groundwater) that
can be taken from Basin water
resources on a sustainable
level. Through a monitoring and
evaluation framework that used
compliance audits, water quality
and salinity target measures and
a review of the Environmental
Watering Plan, the Basin Plan
is refined as needed. The
vegetation mapping and water
from space products developed
using multi-temporal Landsat
imagery are examples of inputs
used as part of this framework.

Med
res
optical

P

P
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Other
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Aerial

Lead
portfolio

Agency/s

Programme and Description

DoE

BoM, (used
and modified
accordingly
by Vic CFA,
NSW RFS
users of this
product)

Grasslands curing assessment
Satellite derived vegetation
indices may be used to quantify
vegetation condition. These
indices use a combination of
wavelength bands to highlight
specific features of the
vegetation. The most common
of these is the Normalised
Difference Vegetation Index
(NDVI) that is sensitive to
vegetation chlorophyll content
and cover: The NDVI has
been used to map various
characteristics of vegetation
such as biomass, vegetation
health and phenological stage.
It is this latter application that
makes the index of particular
interest in the area of grassland
curing. The Grassland curing
product is based on NDVI
and other MODIS spectral
information.

DoI

GA, AGODoD,
AHS-DoD,
MDBA, BoM,
DRNM (Qld),
DEPI (Vic),
DEWNR (SA),
Landgate
(WA), DoW
(WA), LPI
(NSW), DLPE
(NT), ANZLIC,
ICSM

National Elevation Data
Framework
The National Elevation Data
Framework (NEDF) is a
collaborative framework used to
increase the quality of elevation
data that describes Australia’s
landform and seabed. The aim is
to optimise investment in existing
and future data collections and
provide access to a wide range
of digital elevation data to those
who need them.
This land and seafloor
topography information
underpins: coastal climate
change adaptation; water
management strategies in the
Murray-Darling Basin; flood
mitigation; natural resource
exploration and monitoring; road
transport and communication
planning; nautical and air
navigation; Civil Aviation Safety
Authority (CASA) regulations;
subsidence monitoring; natural
hazard (tsunami, flood, fire,
severe wind) modelling; climate
forecast modelling; surface
and ground water research,
modelling and monitoring;
search and rescue/recovery
(MH370); town planning; marine
and land habitat protection;
communication infrastructure
planning.
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P

P

LiDAR

Other
EOS

Aerial

P

P

P

Australian Government Earth Observation Data Requirements to 2025 

73

Lead
portfolio

74

Low
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optical

Med
res
optical

AusCover TERN
The Terrestrial Ecosystems
Research Network (TERN)
will provide a network for
terrestrial ecosystem research
to coordinate national
observational information
and encourage research
collaboration and cooperation
nationally, to facilitate improved
access, including by electronic
means, for researchers to quality
assured observational data;
and to identify future needs
for research and strengthen
the capability of the terrestrial
ecosystem community across
Australia.

P

P

Pastures from Space
Pastures from Space is a farm
management tool. Satellites orbit
the earth twice a day collecting
the infrared response of
pastures. The data is then used
to estimate the rate of pasture
growth during the growing
season. Farmers can navigate
and zoom-in to their paddocks
by using map layers such as
road and town names. Weekly
data is also downloadable for
use in estimating pasture growth
rates of paddocks which can
help calculate feed and livestock
quantities to keep on the farm.

P

Agency/s

Programme and Description

DIISR

CSIRO, TERN,
DEWHA

DIISR

CSIRO,
Landgate
(WA). AGRIC
(WA)
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Table C.2 Australian Programmes Dependent on EOS: State and Territory Programmes (2014)
Low
res
optical

Med
res
optical

High
res
optical

Lead
portfolio

Agency/s

Programme and Description

QLD

DSITIA

Biomass monitoring
Mapping of above-ground biomass
of woody vegetation using ALOS,
Landsat and ICESAT data.

P

QLD

DSITIA

Groundcover monitoring
Land managers, pastoralists,
policy and planning staff can
make important management
decisions based on satellite derived
information on groundcover

P

QLD

DSITIA

QLUMP land-use program
Queensland Land Use Monitoring
Program (QLUMP) mapping
is performed according to
the Australian Land Use and
Management Classification (ALUM).
The methodology is fast, reliable
and accurate, and makes the best
use of available databases, satellite
images, and aerial photos

P

P

QLD

DSITIA

Queensland Wetland mapping and
Classification
The Queensland Wetland Mapping
and Classification project provides
a comprehensive coverage of
wetlands, mapped at a scale and
level of detail that can guide the
implementation of management
actions and support management
decision-making. It is also part
of a larger project involving the
development of a wetlands
inventory database. The water body
mapping for Queensland been
completed using satellite imagery,
combined with other data sources
to form the water body layer of the
final wetlands mapping product.The
program also includes the Wetlands
function and values assessment.

P

P

QLD

DEHP

Estuarine and Marine habitat
classification and mapping
The program is aiming to develop
and implement standardised
estuarine and marine habitat
mapping to support decisionmaking at a range of scales.

P

P

QLD

DSITIA/UQ

Moreton Bay Seagreass Mapping
Mapping and monitoring of Moreton
Bay Seagrass on a three-yearly
basis is a requirement under the
Healthy Waterways Partnership. The
mapping uses satellite imagery and
extensive field survey and is based
on mage classification and manual
interpretation.

P

P

QLD

DSITIA

Reef Catchment Monitoring (RCM)
eef Catchment Monitoring to
characterise land use, gully erosion
and the extent of riparian vegetation.
The baseline data is to be updated
in five years or earlier.

P

P

SAR

LiDAR

P

P

Other
EOS

Aerial
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Agency/s

Programme and Description

QLD

DSITIA

Regional ecosystem mapping
Regional ecosystem maps describe
the extent and conservation
status of remnant vegetation
as regional ecosystems. They
provide information crucial to the
preparation of an application to
clear vegetation, particularly for
developing a property vegetation
management plan.

P

QLD

DSITIA

Soil exposure assessment
Land degradation problems persist
in large areas of rural and regional
Australia. Generally, these problems
have resulted from a trial and error
approach to land management, and
the imposition on the Australian
environment of agricultural systems
that have significantly altered
hydrology and soil properties, and
have caused a loss of biodiversity.
Satellite imagery and DEMs are
important to monitor and remediate
these areas.

P

QLD

DSITIA

Statewide Landcover and Tree
Study (SLATS)
SLATS is a major vegetation
monitoring initiative to investigate
the overall cover of woody
vegetation, and to report on the
previously unquantified extent of
land clearing in Queensland using
scientifically developed and tested
methods. These methods combine
field verification and computer
processing using state-of-the-art
remote sensing and Geographic
Information System (GIS)
technologies

P

QLD

DNRM

Queensland Globe
The Queensland Globe is a
customised version of Google
Globe and one of the main
mechanisms for providing access to
Qld Government spatial data under
the Open Data initiative. Statewide
Spot-5 imagery is being used and
higher resolution aerial imagery
where available.

WA

Landgate

Agimage - SW of WA
Agimage provides land
management professionals access
to satellite maps and an extensive
archive of biomass images since
1993 covering Western Australia’s
South-West, used at paddock
level to determine variations in
crop growth. Farmers and land
management professionals can use
this information at large paddock
scale to estimate crop yield and
pasture growth rates, and to
forecast potential crop yield.

High
res
optical

P

P
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High
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CarbonWatch
Landgate has developed a suite
of online carbon accounting tools,
designed specifically for forest
carbon sink projects. CarbonWatch
is aimed at making it easier for
project owners to plan, monitor,
quantify and report on carbon
sequestration projects.

P

P

P

Landgate,
DFES, Police

Emergency management
Operational staff use the Shared
Land Information Platform
Emergency Management (SLIPEM) services to assist decision
making during incidents. The
WA emergency management
community in collaboration with
strategic information providers (i.e.
Bureau of Meteorology, Landgate
and others) collaborated in the
development of SLIP-EM to ensure
each agency is able to effectively
share authoritative and current
spatial information.

P

P

WA

DPaW

Fire Mapping and Modelling
The mapping and locations of
fire patterns within the DPaW
Estate. Information on precise
fire boundaries, burn intensities
and occurrences are vital for fire
management and understanding

P

P

WA

Landgate,
DFES, DPaW

FireWatch Program
Satellite imagery is an important
component of fire management.
The FireWatch map service provides
emergency services personnel
with an online map application to
help in the management of bush
fires over the whole of Australia.
Datasets include fire hotspots, burnt
area maps since 1997, greenness
images updated daily and weekly,
lightning data and other useful map
layers. Fire spread prediction is also
provided.

P

P

WA

Landgate

FloodMap Program
FloodMap provides emergency
services personnel with datasets
and an online map to help in the
management and mitigation of
floods over Australia. Datasets
include current surface water
derived from MODIS, historical
flooding, flood risk products, soil
moisture from AMSRE, soil moisture
saturation index and profile available
water from MTSAT

P

P

WA

DPaW

Land Audit and Compliance
Audit and compliance of native
vegetation. Appropriate image
sets are sighted to checked
native vegetation compliance with
appropriate applications. Major
focus has been within the SW but
development occurring to the rest of
the State.

Lead
portfolio

Agency/s

Programme and Description

WA

Landgate

WA

P

SAR

LiDAR

Other
EOS

Aerial

P

P

P

P

P

P
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Agency/s

Programme and Description

WA

Landgate,
CSIRO, DPaW,
DAFWA, DoW,
DPI, Water
Corp.

Land Monitor Project - SW of WA
Land Monitor is a coordinated
initiative originally under the
National Dryland Salinity Program.
The project originally aimed to
systematically monitor salt-affected
land and remnant vegetation
change over the agricultural area
of south west of Western Australia.
Land Monitor phase III is aimed at
vegetation monitoring on an annual
bases across the SW of WA. There
is interest in extending Land Monitor
more broadly across the rangelands
of WA using Landsat.

WA

DPaW

Marine Mapping and Monitoring
Monitoring for measuring success
of management actions towards
objectives (of Marine Protected
Areas management plans and
marine fauna conservation
programs) and for applying active
adaptive management principles to
marine conservation is a priority for
WA’s marine science program.

WA

Landgate

OceanWatch Program
OceanWatch provides access to
sea surface temperature, optical
attenuation, and chlorophyll
products and in the future, a range
of other satellite derived ocean
products.

WA

Landgate,
DPaW, Water
Corporation,
Local
Government,
DoW, DPI,
CSIRO,

Urban Monitor
High resolution multi-spectral
imagery over greater Perth metro
area for range of analyses options

WA

DPaW, Dept
Lands,
Landgate

Vegetation Monitoring.
Key DPaW responsibilities
include broad roles in conserving
biodiversity and protecting,
managing, regulating and assessing
many aspects of the use of the
State’s natural resources. Many
operational tasks require ongoing
accepted monitoring procedures
that use consistent, repeatable
imagery. A new initiative is to use
Landsat to monitor Pastoral Lease
vegetation condition across WA’s
rangelands.

WA

Landgate

VegetationWatch Program
VegetationWatch produces
greenness image maps over
Australia. MODIS and NOAA
satellite images are processed to
provide greenness images at 250m
and 1km resolution. Greenness
images from MODIS are available
within 3 hours of the overpass and a
fortnightly composite over Australia
is available weekly.
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Programme and Description

WA

Landgate

WALIS
WALIS is a partnership of
government agencies working with
business, education and the general
community to manage and promote
the State’s geographic information.
Data captured through the State
Land Information Capture Program
(SLICP) can range from aerial
photography, topographic data,
satellite imagery, bathymetry, LIDAR,
infrastructure, to 3D surveys, soils,
ortho-imagery and any other type
of spatial data required. The data
requested through SLICP provides
an opportunity to drive decision
making on important issues such
as climate change, planning, mining
and health. Landgate has both
simplified the SLICP process and is
seeking to expand the capabilities
and funding of SLICP to address
the future needs of the state’s land
and spatial information.

DIISR

CSIRO,
GSWA, GSQ,
Ausscope,
UWA, Curtin
University,
Industry, GA

WA Centre of Excellence (CoE) for
3D Mineral Mapping (C3DMM)
Led by CSIRO, the five year
C3DMM CoE is supported by the
WA government (provides $1 for
every $3 contributed by others
to the CoE), UWA, government
departments, industry and CSIRO.
The main aim of C3DMM is to build
capabilities that deliver publicly
accessible 3D mineral mapping
products from a new generation
of remote sensing and drill core
logging hyperspectral technologies
of value to the Australian Resources
sector. C3DMM is working with
Australian/State geosurveys to
generate new public-accessible
precompetitive geoscience products
of the Australian continent from a
new generation of remote sensing
systems (e.g. HyMap and ASTER).

WA

Landgate

Pastures from Space
Pastures from Space delivers
weekly Pasture Growth Rates from
MODIS data covering the South
West Agricultural area of WA.
Measures are also produced for
every paddock within the coverage
area. Pastures from Space allows
farmers to better manage their
properties .

WA

DEC - This is
now part of
the Dept of
Environmental
Regulation
(DER)

Land Audit and Compliance
Audit and compliance of native
vegetation. Appropriate image
sets are sighted to checked
native vegetation compliance with
appropriate applications. Major
focus has been within the SW but
development occurring to the rest of
the State.
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P

P

P

Agency/s

Programme and Description

WA

Landgate,
CSIRO, DEC,
DAFWA, DoW,
DPI

Land Monitor Project - SW of WA
Land Monitor is a coordinated
initiative originally under the
National Dryland Salinity Program.
The project originally aimed to
systematically monitor salt-affected
land and remnant vegetation
change over the agricultural area
of south west of Western Australia.
Land Monitor phase III is aimed at
vegetation monitoring on an annual
bases across the SW of WA.

WA

DPaW
(Formerly DEC)

Forest Management Plan
The Forest Management Plan 20142023 identifies remote sensing
as a key information source for
monitoring and public reporting
of key trends in forest health. Also
where appropriate, for mapping the
extent of episodic drought, frost and
insect pest impacts on the condition
of the forest canopy.

P

WA

DPaW
(Formerly DEC)

Rangeland Monitoring
In the WA rangelands there
are considerable areas of ex
pastoral estate now managed as
conservation estate. Management
actions to conserve the natural
values require monitoring to
understand the dynamics of the
landscape and report on the impact
of management actions.

P

WA

DPaW
(Formerly DEC)
CSIRO MIS
China National
Administration
of Surveying
Mapping and
Geoinformation
(NASG)

ZY-3 application development
Development of applications
using the ZY-3 sensor to map
and monitor natural resources in
Western Australia. Examples include
high resolution woody vegetation
mapping and monitoring salinity
affected catchments.

WA

DPaW
(Formerly DEC)

Fire Mapping and Modelling
The mapping and locations
of fire patterns within the DEC
Estate. Information on precise
fire boundaries, burn intensities
and occurrences are vital for fire
management and understanding

WA

DPaW (formerly
DEC)

Marine Mapping and Monitoring
Monitoring, with evaluation and
reporting, is the key feedback
mechanism in a ‘best practice’
natural resource adaptive
management approach. Hence,
it is primarily the responsibility
of management agencies.
Monitoring, for measuring success
of management actions towards
objectives (of Marine Protected
Areas management plans and
marine fauna conservation
programs) and for applying active
adaptive management principles
to marine conservation, will be a
priority for WA’s marine science
program.

SAR

P

P

P

P
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Vegetation Monitoring.
Key DEC responsibilities include
broad roles in conserving
biodiversity and protecting,
managing, regulating and assessing
many aspects of the use of the
State’s natural resources. Many
operational tasks require ongoing
accepted monitoring procedures
that use consistent, repeatable
imagery.

P

P

P

DPaW
(Formerly DEC)

Marine Mapping and Monitoring
Monitoring, with evaluation and
reporting, is the key feedback
mechanism in a ‘best practice’
natural resource adaptive
management approach. Hence,
it is primarily the responsibility
of management agencies.
Monitoring, for measuring success
of management actions towards
objectives (of Marine Protected
Areas management plans and
marine fauna conservation
programs) and for applying active
adaptive management principles
to marine conservation, will be a
priority for WA’s marine science
program.

P

P

P

WA

CSIRO

Hi-Res Landmonitor SW WA
This project will map and estimate
the extent of woodlands including
reserves, creekline and wetland
fringing vegetation, as well as
environmental plantings for the
Landmonitor region using high
resolution satellite data, having a
nominal ground sample distance of
2 m. The project willcomplement the
established time-series of Landsat
data already in service and provide
the Landmonitor partners a new
management tool for updating
cartographic mapping at 1:50000
scale. The project will establish
the methodology, and apply the
methodology to the Landmonitor
region. The project will produce,
for the first time, region-wide
information for creekline and
wetlandfringing vegetation, as well
as environmental plantings.

WA

CSIRO, DoI

AISRF Bio-optical floats in the
Indian Ocean
India-Australia research partnership
to deploy robotic floats equipped
with new sensors in the Indian
Ocean. The Indian Ocean contains
vast fisheries and mineral resources
that are of strategic importance to
both Australia and India. It also plays
a direct role in driving the climates
of its surrounding regions, which
are home to more than 16 per cent
of the world’s population. The new
‘Bio Argo’ floats, to be launched in
mid-2014, will enhance the already
successful Argo float technology
to measure large-scale changes in
the chemistry and biology of marine
ecosystems below the Indian
Ocean’s surface.

Lead
portfolio

Agency/s

Programme and Description

WA

Dpaw (formerly
DEC)

WA

Low
res
optical

LiDAR

Other
EOS

Aerial

P

P

Australian Government Earth Observation Data Requirements to 2025 

81

Lead
portfolio

82

Low
res
optical

Med
res
optical

High
res
optical

Agency/s

Programme and Description

WA

CSIRO, UWA
and UQ

Carbon Biogeochemistry Cluster
This Wealth for Oceans project will
analyse historical ocean colour data
with a view to better understanding
oceanic net primary productivity

P

WA

CSIRO, CU,
DPAW, DOF

WAMSI Kimberley Node - Remote
Sensing
This project will use RS to
develop indicator and historical
baseline products for use by
WA state government agencies
in the Kimberley to support the
Management of Marine parks.

P

WA

CSIRO, UWA,
AIMS

WAMSI Kimberley Node - Marine
Biogeochemistry
Using satellite estimates of
chlorophyll and suspended
sediments with biogeochemical
modelling of the Kimberley marine
waters.

P

WA

CSIRO, CU,
EPA

WAMSI Dredging Node
Mapping the effect of marine
dredging off the Pilbara coast

P

WA

CSIRO

OCE Post Doc
Phytoplankton variability in the
South Indian Ocean

P

SA

DEWNR

Fire Management Program
Fire Scar Mapping, Fire Detection,
Fire Monitoring, Fire Severity, Fire
Fuel Hazard Modelling, Fire Spread
Prediction, Grassland Curing

P

P

SA

other
States(WA, Qld,
NT), SA CFS

Northern Australia Fire Information
(NAFI)
Fire Detection, Fire Scar Mapping,
Fire Monitoring

P

P

SA

DEWNR

Red-tailed Black Cockatoo Habitat
Monitoring Project
Canopy Scorch Mapping

DAFF

BRS, DAFF,
CLWRA,
MDBA,
DCCEE,
DEWHA, NT
DIPE, QLD
DNRM, SA
DEWNR,
VIC DPI, TAS
DPIWE

Australian Collaborative Land Use
Mapping Program (ACLUMP)
ACLUMP promotes the
development of nationally consistent
land-use through land use mapping
coverage for Australia at both
continental and catchment scale,
and by developing a national
information system for land
management practices. ACLUMP
also facilitates national technical
standards, including the Australian
Land Use and Management
(ALUM) Classification; a national
land use data directory and the
maintenance of land use datasets
on Australian and State government
data repositories; and regional and
national reporting of land use and
land management practices.

P

P

P

VIC

DEPI

Native vegetation type, extent, and
condition
Remote sensing is an essential
component of native vegetation
monitoring. The types, health
and conservation status of native
vegetation is vital to natural
processes that we rely on for clean
air and water, for natural heritage
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VIC

DEPI

Distribution of native flora and
fauna species
Remote sensing is an essential
component in the development
of Species Distribution Models for
the majority of Victoria’s flora and
fauna taxa. These models are widely
used in the regulation of native
vegetation clearing application and
environmental offsetting, as well
as for a range of other planning
and regulatory needs in for fire
suppression and management,
water management, and other
natural heritage values.

VIC

CRCSI, Parks
Victoria
and local
government
councils:
Mornington
Peninsula,
Frankston,
Bass Coast,
Cardinia, Casey

Mornington Peninsula and
Westernport Biosphere (under the
UNESCO Man and the Biosphere
Program)
The MPWPB provides a means
of monitoring an area subject to
population pressures that have the
potential to overwhelm desirable
natural characteristics. Remote
sensing is providing a useful way for
the area to be monitored holistically/
regionally -- i.e., across jurisdictional
boundaries -- in a coordinated
manner.

P

TAS

DPIPWE

Digital Soil Mapping
DSM (Digital Soil Mapping) is
being undertaken during 2013/
2014 and ongoing for the entire
State of Tasmania in 2013/ 2014
at 80 m resolution, as well as key
irrigation areas at 30 m resolution.
The modelling uses soil point
source information with spatial
environmental predictors to inform
soil property predictions where no
samples occur in the landscape.
These include elevation models and
derivatives, gamma radiometrics,
and multispectral satellite imagery
products. Products include NDVI,
FVC and persistently bare or green
areas. Recent and continued
scenes are desirable to capture
soil property changes due to
long-term land-uses, and minimise
cloud impact and undesirable
modelling artefacts caused by fire
or intermittent intense land-use
changes. This is a dynamic product,
released as new versions as new
data/ modelling becomes available,
which would benefit from up to date
imagery.

P

TAS

DPIPWE

Land Cover Program
New program currently being set up
with help from Qld SLATS team to
replace the Monitoring Vegetation
Extent Program. This program is
designed to determine accurate
estimates of total forest cover for
Tasmania but will also facilitate the
update of vegetation mapping, the
establishment of landscape burn
histories and will be used to monitor
long term trends and short term
impact events on Tasmania’s woody
vegetation.

P

LiDAR

Other
EOS

Aerial

P
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Low
res
optical

Agency/s

Programme and Description

ACT

Environment
and
Sustainable
Development
Directorate
(formerly
ACTPLA)
and ACT
Emergency
Services
Agency

Land Planning and ACT
emergency services
Land planning and land use
monitoring predominately
relies on high resolution aerial
photography. ACT emergency
services however rely on any
remote sensing data they can
get access to, this includes earth
observation and meteorological
satellite data including and/or
airborne hyperspectral scanning
and photography. Used to provide
situation awareness and alert
communities of any emergencies,
such as floods and fires as well as
used to model, predict severity and
monitor these events.

P

NSW

OEH

DustWatch
The DustWatch Program monitors
aerosols, focusing on dust, across
southern Australia using field
monitoring stations, and MODIS
derived groundcover, fire and dust

P

NSW

OEH

Elevation and vegetation structural
mapping
Wetland and water resource
management are programs which
make use of ground surface
elevation . Vegetation structure
derived (from LiDAR) is increasingly
used as in a variety of programs
including vegetation mapping and
fire modelling

NSW

OEH

Plant Community Type mapping
Plant communities mapped on a
state wide catchment scale using
digital analysis of Spot imagery and
available ADS 40/80 imagery.

NSW

OEH / Office of
Water

Groundwater Dependent
Ecosystems (GDE) Water Balance
Groundwater dependant ecosystem
location mapping and hydraulic
modelling (e.g. evapotranspiration
levels) undertaken by the NSW
Office of Water.

NSW

OEH / Office of
Water

Groundwater Quality and Coastal
GDE Mapping
Mapping of coastal groundwater
dependant ecosystems (GDE) as
inputs to catchment hydraulic and
water balance modelling.

NSW

OEH

Inland wetland inventory and
monitoring
The Inland Wetland Inventory
is a storehouse of standardised
information on wetlands in a
management area. Inventory data
may be generated from available
data sources (tenure, climate,
population, land use etc) or
collected through surveys (flora,
fauna, water quality etc) involving
the use of field observation and
satellite imagery.
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NSW

OEH

Mapping Wetland Inundation
Histories for Iconic NSW Wetlands
Mapping wetland inundation
histories for adaptive management
of environmental water

NSW

OEH

Marine Monitoring Reporting and
Evaluation
Chlorophyll estimates are required
to support reporting against NSW
natural resources management
marine targets

NSW

OEH

NSW High-Resolution Vegetation
Extent Monitoring Program
The High-Resolution Program
complements the SLATS (Landsat)
Program and enables monitoring
and reporting of vegetation extent
change to about 5% crown cover
using scientifically developed and
tested methods. These combine
field verification and computer
processing using state-of-the-art
remote sensing and Geographic
Information System (GIS)
technologies.

NSW

OEH

NSW Woody Vegetation
Monitoring Program (NSW SLATS)
SLATS (Moderate resolution eg
Landsat) is a major vegetation
monitoring initiative to investigate
the overall cover of woody
vegetation, and to report on the
previously unquantified extent
of land clearing in NSW using
scientifically developed and tested
methods. This program uses similar
approaches to the NSW HighResolution Vegetation Monitoring
Program.

NSW

OEH

Rural Floodplain Management
Remote sensing is an essential
component of rural floodplain
management. Data is used to
determine floodways and flooding,
map vegetation communities and
delineate floodplain habitats.

P

NSW

OEH/Industry

Sea Surface Temperature and
Height Anomaly
Manly Hydraulics Laboratory
provides access to sea surface
temperature products, and a
range of other satellite derived
ocean products from CSIRO that
receives data from a number of
environmental satellite instruments
including MODIS, AVHRR and
SeaWifs.

P

NSW

LPI

NSW Standard Coverage
Aerial imagery covering central and
eastern NSW flown at 50cm GSD
in RGBN

P

NSW

LPI

NSW Town Coverage
Aerial imagery covering major towns
and cities in NSW flown mainly at
10 cm GSD in RGB (optional N)

P

SAR
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Aerial
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NSW

LPI

NSW Project/Emergency
Coverage
Aerial imagery covering major
emergency events in NSW flown
mainly at 10 cm GSD in RGBN

P

NSW

LPI

NSW Surface
Surface data covering coastal and
riparian areas of NSW

P

NSW

LPI

Satellite Baselines
Baselines covering NSW (Procured
through OEH)

NSW

LPI

Digital Topographic Database
The Digital Topographic Database
(DTDB) contains spatial and aspatial
data representing the State’s
topographic features including
natural, physical and cultural. It
is divided into the four themes:
Cultural, Hydrography, Physiography
and Transportation. Each of these
themes is made up of various
Feature Classes (or layers) that
contain the relevant spatial data
and their associated attributes and
relationships.

NSW

Department
of Trade and
Investment

Geological survey regional
mapping

NSW

Department
of Trade and
Investment

Disaster recovery, especially
bushfire and flood damage
assessment

NSW

Department
of Trade and
Investment

Biosecurity planning, response
and recovery

NSW

Department
of Trade and
Investment

Fisheries management, native fish
habitat protection and fisheries
compliance

NSW

Department
of Trade and
Investment

Mine planning, subsidence,
rehabilitation

NSW

Department
of Trade and
Investment

Marine park management

NSW

Department
of Trade and
Investment

Agricultural and soil conservation
extension services, and farm
planning

NSW

Department
of Trade and
Investment

Regional local land services:
catchment management

NSW

Sydney
Catchment
Authority

Pollution Source Risk
Assessments for Water Quality
A range of satellite image derived
products, such as native vegetation
condition, riparian condition,
pasture cover and variability,
cropping extent and type and
impervious urban mapping. If data
was unavailable this program would
not be viable.

P

P

P
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P

SAR

LiDAR

Other
EOS

Aerial

P

P

P

P

P

Lead
portfolio

Low
res
optical

Med
res
optical

High
res
optical

Programme and Description

NSW

Sydney
Catchment
Authority

Bathymetric Modelling
Bathymetric surveys of water
storages combined with LiDAR data
to model dam inundation zones. If
data was not available, inappropriate
DEMs would be used to combine
with bathymetric surveys, or
alternative expensive ground
surveys would be conducted.

P

NSW

Sydney
Catchment
Authority

Flood Modelling
Creation of digital elevation models
suitable for modelling the extent
of flood levels from natural events
and possible dam breaks. If
data was not available expensive
ground surveys would be done, or
inappropriate scaled DEMs would
be used.

P

NSW

Sydney
Catchment
Authority

Bushfire Planning, Emergency
Management and Recovery
Satellite imagery is used to derive
bushfire related products, such
as fire fuel loads, fire extents and
severity and monitor recovery rates.

P

P

NSW

Sydney
Catchment
Authority

Mining monitoring, subsidence,
rehabilitation
Satellite imagery is used to monitor
the impacts of underground mining
on native vegetation, especially
sensitive upland swamps and
wetlands. If data was unavailable,
expensive ground surveys would be
conducted.

P

P

P

NSW

NSW Rural Fire
Service

Bush Fire Prone Land Mapping
Mapping of Bush fire prone
vegetation

P

P

NSW

NSW Rural Fire
Service

Phoenix Rapid Fire: Fire modelling
Modelling fire progression during
bush fire incidents.

P

NSW

NSW Rural Fire
Service

Vegetation Modelling
Utilising vegetation change
information analysis form NSW
OEH.

P

NSW

NSW Rural Fire
Service

Bushfire Risk Assessment
Assessing the risk of bush fires on
NSW Communities

P

P

P

P

NSW

NSW Rural Fire
Service

Post fire impact assessment
Assessing the impact of bushfire on
NSW eg: Burnt Residence, Assets
and vegetation.

P

P

P

P

NSW

NSW Rural Fire
Service

Sentinel Hotspot
Fire ignition points

P

NSW

NSW Rural Fire
Service

Development application
assessment
Development application
assessment

P

P

NSW

NSW Rural Fire
Service

Incidents
Bush fire incidents

P

P

P

SAR

LiDAR

Other
EOS

Agency/s

P

P

Aerial

P

P
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Lead
portfolio
NSW

88

Agency/s

Programme and Description

NSW Rural Fire
Service

Hazard Complaints
Assessment of vegetation for hazard
reduction.

Low
res
optical

Med
res
optical
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High
res
optical
P

SAR

LiDAR

Other
EOS

Aerial
P

Appendix D. Operational Sensors
Sensor and mission information in this report is compiled from two principle sources: the CEOS Database22 and
the WMO Observing Systems Capability Analysis and Review Tool (OSCAR)23.
In the tables below, the ‘Usage’ column indicates the current usage status of operational sensors by Australian
government programmes. In the context of the report:
Used:

currently operational sensor whose data is used for active government programmes. Usage may be
routine or ad-hoc.

Not used:

currently operational sensor whose data is not used by any operational government programme.

D.1.1 Low Resolution Optical Sensors
Table D.1 Operational Sensors: Low Resolution Optical Sensors.
Space Agency

Satellites

Sensor

Study Usage

Launch

Expected EOL

CAST

HJ-1A

HSI

Not used

2008

2014

CAST

HJ-1B

IRMSS

Not used

2008

2014

CMA

FY-2D
FY-2E

S-VISSR

Used

2004

2014

CMA

FY-2F

S-VISSR

Used

2012

2016

CMA

FY-3A
FY-3B
FY-3C

MERSI-1

Used

2008

2018

CMA

FY-3A
FY-3B
FY-3C

VIRR

Used

2008

2018

CNES

CALIPSO

IIR

Not used

2006

2015

CNES

PROBA-V

Végétation-P

Not used

2013

2016

CNES

SPOT-5

Végétation

Used

2002

2014

CONAE

SAC-D

HSC

Not used

2011

2016

CONAE

SAC-D

NIRST

Not used

2011

2016

DoD

DMSP-F13
DMSP-F14
DMSP-F15
DMSP-F16
DMSP-F17
DMSP-F18
DMSP-F19

OLS

Not used

1995

2019

ISRO

INSAT-3A

CCD

Not used

2003

2015

ISRO

INSAT-3A
Kalpana-1

VHRR

Not used

2002

2015

ISRO

INSAT-3D

IMAGER

Not used

2013

2021

ISRO

OceanSat-2

OCM

Not used

2009

2014

ISRO

CartoSat-1 (IRS-P5)

PAN

Not used

2005

2014

ISRO

IMS-1

HySI-T

Not used

2008

2014

JAXA

GOSAT

TANSO-CAI

Not used

2009

2014

JAXA

ALOS-2

CIRC

Not used

2014

2019

JMA

Himawari-6 (MTSAT-1R)

JAMI

Used

2005

2015

JMA

Himawari-7 (MTSAT-2)

IMAGER

Used

2006

2017

KMA

COMS-1

MI

Not used

2010

2019

MLTM

COMS-1

GOCI

Not used

2010

2019

NASA

EOS-Terra

MISR

Not used

1999

2014

22. WMO OSCAR: http://wmo-sat.info/oscar
23. Sentinel data access: https://sentinel.esa.int/web/sentinel/sentinel-data-access
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Space Agency

Satellites

Sensor

Study Usage

Launch

Expected EOL

NASA

EOS-Aqua
EOS-Terra

MODIS

Used

1999

2014

NASA

TRMM

VIRS

Not used

1997

2014

NASA

NMP-EO-1

LAC

Not used

2000

2014

NASA

Landsat-8

TIRS

Used

2013

2018

NASA

Suomi-NPP

VIIRS

Used

2011

2016

NOAA

GOES-13
GOES-14
GOES-15

IMAGER

Not used

2006

2020

NOAA

Metop-A
Metop-B
NOAA-15
NOAA-18
NOAA-19

AVHRR/3

Used

1998

2018

NSOAS

HY-1B

COCTS

Not used

2007

2014

NSOAS

HY-1B

CZI

Not used

2007

2014

Roscosmos

Electro-L N1

MSU-GS

Not used

2011

2018

Roscosmos

Meteor-M N1
Meteor-M N2

MSU-MR

Not used

2009

2019

D.1.2 Medium Resolution Optical Sensors
Table D.2 Operational Sensors: Medium Resolution Optical Sensors.

90

Space Agency

Satellites

Sensor

Usage

Launch

Expected EOL

ASAL

Beijing-1
Deimos-1
NigeriaSat-X
UK-DMC-2

SLIM6

Not used

2005

2019

BNSC

PROBA-1

CHRIS

Not used

2001

2014

CAST

VRSS-1

WMC

Not used

2012

2017

CNSA

GF-1

WFV

Not used

2013

2018

GISTDA

THEOS

MS

Not used

2008

2014

ISRO

IMS-1

Mx-T

Not used

2008

2014

ISRO

ResourceSat-1 (IRS-P6)
ResourceSat-2

AWiFS

Used

2003

2016

ISRO

ResourceSat-1 (IRS-P6)
ResourceSat-2

LISS-3

Used

2003

2016

KARI

STSat-3

COMIS

Not used

2013

2015

KARI

STSat-3

MIRIS/MEOC

Not used

2013

2015

METI

EOS-Terra

ASTER

Used

1999

2014

NASA

NMP-EO-1

ALI

Not used

2000

2014

NASA

Landsat-7

ETM+

Used

1999

2014

NASA

Landsat-8

OLI

Used

2013

2018

NASA

NMP-EO-1

Hyperion

Used

2000

2014

NASRDA

NigeriaSat-2

MRI

Not used

2011

2018

NSAU

SICH-2

IREI

Not used

2011

2016

NTU

X-Sat

IRIS

Not used

2011

2014

Roscosmos

KANOPUS-V1

MSS

Not used

2012

2017

Roscosmos

KANOPUS-V1

MSU-200

Not used

2012

2017

Roscosmos

Meteor-M N1
Meteor-M N2

KMSS

Not used

2009

2019

TÜBITAK-UZAY

RASAT

OIS

Not used

2011

2014
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D.1.3 High Resolution Optical Sensors
Table D.3 Operational Sensors: High Resolution Optical Sensors.
Space Agency

Satellites

Sensor

Usage

Launch

Expected EOL

ACE

SSOT

NAOMI

Not used

2011

2016

ASAL

AlSat-2
VNREDSat-1A

NAOMI

Not used

2010

2018

CAST

TH-1
TH-1B

MS

Not used

2010

2015

CAST

TH-1
TH-1B

PAN

Not used

2010

2015

CAST

VRSS-1

PMC

Not used

2012

2017

CAST

ZY-1-2C

HRCC-2

Not used

2011

2016

CAST

ZY-1-2C

HRPC-2

Not used

2011

2016

CAST

ZY-3A

MSC

Used

2012

2017

CNES

Pléiades-1A
Pléiades-1B

HiRI

Not used

2011

2017

CNES

SPOT-5

HRG

Used

2002

2014

CNES

SPOT-5

HRS

Used

2002

2014

CNES

SPOT-6
SPOT-7

NAOMI

Used

2012

2024

CNSA

GF-1

PMS

Not used

2013

2018

DigitalGlobe

QuickBird

BGIS-2000

Used

2001

2014

DigitalGlobe

WorldView-1

WV60

Used

2007

2014

DigitalGlobe

WorldView-2

WV110

Used

2009

2016

DLR

RapidEye (5 sats)

REIS

Used

2008

2015

EIAST

Deimos-2
DubaiSat-2

HiRAIS

Not used

2013

2024

EIAST

DubaiSat-1

DMAC

Not used

2009

2014

GeoEye

GeoEye-1

GIS

Used

2008

2015

GeoEye

Ikonos

OSA

Used

1999

2014

GISTDA

THEOS

PAN

Not used

2008

2014

ISRO

CartoSat-2
CartoSat-2A
CartoSat-2B

PAN

Not used

2007

2015

ISRO

ResourceSat-1 (IRS-P6)
ResourceSat-2

LISS-4

Used

2003

2016

KARI

KOMPSAT-2

MSC

Not used

2006

2014

KARI

KOMPSAT-3

AEISS

Not used

2012

2016

Kazcosmos

KazEOSat-1

NAOMI

Not used

2014

2021

Kazcosmos

KazEOSat-2

KEIS

Not used

2014

2021

NARSS

EgyptSat-2

MSI

Not used

2014

2019

NASRDA

NigeriaSat-2

VHRI

Not used

2011

2018

NRSCC

Beijing-1

CMT

Not used

2005

2014

NSAU

SICH-2

MBEI

Not used

2011

2016

NSPO

FORMOSAT-2

RSI

Not used

2004

2014

Roscosmos

KANOPUS-V1

PSS

Not used

2012

2017

Roscosmos

Resurs-P1

Geoton-2

Not used

2013

2018

Skybox

SkySat-1
SkySat-2

SkySat

Not used

2013

2019

TÜBITAK-UZAY

Göktürk-2

EOS-C

Not used

2012

2017
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D.1.4 SAR
Table D.4 Operational Sensors: SAR Sensors.
Space Agency

Satellites

Acronym

Usage

Launch

Expected EOL

ASI

CSK-1
CSK-2
CSK-3
CSK-4

SAR-2000

Used

2007

2015

CAST

HJ-1C

SAR-S

Not used

2012

2015

CSA

RadarSat-2

SAR

Used

2007

2014

DLR

TanDEM-X
TerraSAR-X

SAR-X

Used

2007

2015

ESA

Sentinel-1A

SAR-C

Used

2014

2021

ISA

RISAT-2

SAR-X

Not used

2009

2014

ISRO

RISAT-1

SAR-C

Not used

2012

2017

JAXA

ALOS-2

PALSAR-2

Used

2014

2019

KARI

KOMPSAT-5

COSI

Not used

2013

2018

RosHydroMet

Meteor-M N1
Meteor-M N2

Severjanin-M

Not used

2009

2019

D.1.5 Atmospheric Sounders
Table D.5 Operational Sensors: Atmospheric Sounders.
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Space Agency

Satellites

Sensor

Usage

Launch

Expected
EOL

CDTI

SEOSat/Ingenio

UVAS

Not used

2016

2023

CMA

FY-3A
FY-3B
FY-3C

IRAS

Not used

2008

2018

CMA

FY-3A
FY-3B

MWHS-1

Not used

2008

2016

CMA

FY-3A
FY-3B

MWTS-1

Not used

2008

2016

CMA

FY-3A
FY-3B
FY-3C

SBUS

Not used

2008

2018

CMA

FY-3A
FY-3B
FY-3C

TOU

Not used

2008

2018

CMA

FY-3C
FY-3D
FY-3E
FY-3F
FY-3RM-1

MWHS-2

Not used

2013

2025
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Space Agency

Satellites

Sensor

Usage

Launch

Expected
EOL

CMA

FY-3C
FY-3D
FY-3E
FY-3F
FY-3RM-1

MWTS-2

Not used

2013

2025

CMA

FY-3D
FY-3F

GAS

Not used

2016

2024

CMA

FY-4A
FY-4B

GIIRS

Not used

2016

2025

CMA

FY-3D
FY-3E
FY-3F

HIRAS

Not used

2016

2024

CMA

FY-3E

OMS-nadir

Not used

2018

2023

CNES

Metop-A
Metop-B
Metop-C

IASI

Used

2006

2021

CNES

Megha-Tropiques

SAPHIR

Not used

2011

2016

ESA

Metop-A
Metop-B
Metop-C

GOME-2

Not used

2006

2021

ESA

Sentinel-5P

TROPOMI

Not used

2016

2022

EUMETSAT

Metop-A
Metop-B
Metop-C
NOAA-18
NOAA-19

MHS

Not used

2005

2021

INPE

Aqua

HSB

Not used

2002

2016

ISRO

INSAT-3D
INSAT-3DR

SOUNDER

Not used

2013

2024

JAXA

GOSAT

TANSO-FTS

Not used

2009

2016

JAXA

GOSAT-2

TANSO-FTS/2

Not used

2017

2023

MOST

TANSAT

ACGS

Not used

2016

2018

NASA

Terra

MOPITT

Not used

1999

2016

NASA

Aqua

AIRS

Used

2002

2016

NASA

Aura

TES-nadir

Not used

2004

2016

NASA

ISS OCO-3
OCO
OCO-2

OCO

Not used

2009

2022

NASA

JPSS-1
SNPP

ATMS

Used

2011

2024

NASA

JPSS-1
SNPP

CrIS

Used

2011

2024

NASA

JPSS-1
SNPP

OMPS-nadir

Not used

2011

2024

NASA

TEMPO

TEMPO

Not used

2018

2021

NIVR

Aura

OMI

Not used

2004

2016
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Space Agency

Satellites

Sensor

Usage

Launch

Expected
EOL

NOAA

NOAA-9
NOAA-10
NOAA-11
NOAA-13
NOAA-14
NOAA-16
NOAA-17
NOAA-18
NOAA-19

SBUV/2

Not used

1984

2016

NOAA

GOES-8
GOES-9
GOES-9 (GMS backup)
GOES-10
GOES-10 (S-America)
GOES-11
GOES-12
GOES-12 (S-America)
GOES-13
GOES-14
GOES-15

SOUNDER

Not used

1994

2020

NOAA

Aqua
Metop-A
Metop-B
Metop-C
NOAA-15
NOAA-16
NOAA-17
NOAA-18
NOAA-19

AMSU-A

Used

1998

2021

NOAA

NOAA-15
NOAA-16
NOAA-17

HIRS/3

Used

1998

2016

NOAA

Metop-A
Metop-B
NOAA-18
NOAA-19

HIRS/4

Used

2005

2018

Roscosmos

Meteor-M N2
Meteor-M N2-1
Meteor-M N2-2
Meteor-M N2-3
Meteor-M N2-4

IKFS-2

Not used

2014

2025

Roscosmos

Zond

Ozonometer-3

Not used

2016

2019

Roscosmos

Ionosphere N1 & N2
Ionosphere N3 & N4

Ozonometer-TM

Not used

2016

2019

UKSA

NOAA-15
NOAA-16
NOAA-17

AMSU-B

Used

1998

2016

D.1.6 LiDAR
Table D.6 Operational Sensors: LiDAR.
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Space Agency

Satellites

Sensor

Usage

Launch

Expected EOL

NASA

CALIPSO

CALIOP

Used

2006

2015
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D.1.7 Other EOS
Table D.7 Operational Sensors: Other EOS Sensors.
Space Agency

Satellites

Sensor

Usage

Launch

Expected EOL

CMA

FY-3A
FY-3B
FY-3C

MWRI

Not used

2008

2018

CNES

JASON-2

Poseidon-3

Used

2008

2015

CNES

SARAL

AltiKa

Used

2013

2018

CONAE

SAC-D

MWR

Not used

2011

2016

DoD

Coriolis

WindSat

Not used

2003

2014

DoD

DMSP-F13
DMSP-F14
DMSP-F15

SSM/I

Not used

1995

2014

ESA

CryoSat-2

SIRAL

Used

2010

2014

ESA

SMOS

MIRAS

Not used

2009

2014

ISRO

Megha-Tropiques

MADRAS

Not used

2011

2016

JAXA

EOS-Aqua

AMSR-E

Used

2002

2014

JAXA

GPM Core
Observatory

DPR

Not used

2014

2017

JAXA

TRMM

PR

Not used

1997

2014

NASA

CloudSat

CPR

Used

2006

2014

NASA

TRMM

TMI

Not used

1997

2014

NASA

SAC-D

Aquarius

Used

2011

2016

NSOAS

HY-2A

ALT

Used

2011

2014
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Appendix E. Data Volume
Calculation
The data volumes calculation is designed to reflect the storage size on media of earth observation data. This is
distinct from the data transmitted from the satellites as storage formats are different to transmission formats and
programme requirements often call for multiple versions of a product to suit the programme needs. The volumes
are calculated by computing a data volume per square kilometre based on the expected resolution of the data
when stored, the number of required image files (essentially the number of spectral bands), and the required
storage format (8-bit, 16-bit, etc).
The formula for data volume per square kilometre in MB for a set of same-resolution bands is thus:
Where is the stored resolution of the data in the X and Y dimensions in metres, is the number of bits required to
store one pixel, is the number of bands having the same spatial and radiometric resolution for the sensor, and is
the number of polarisations for SAR sensors. For the case of optical sensors, we set to 1.
Where a satellite acquires multiple data types (such as Landsat where visible—infra-red, thermal and
panchromatic are acquired at different resolutions) the calculation is performed for each sensor type and then
summed. The total data volume per square kilometre in MB for a satellite thus sums the components from each
set (1 to n) of same-resolution bands:

P
Vol km = XY × 8 × 106 × B×S
–2

106

For example, for Landsat-8 data:

�
n

Sat Vol km

–2

=

1

PnBnSn

8XnYn

Table E.1 Data Volume Calculation: Example of Data Volume Calculation for Landsat-8.
Sensor set

Resolution X
(m)

Resolution Y
(m)

Storage
Bits

Bands in
Set

Polarisations

Vol km2
(MB)

Panchromatic

15

15

16

1

1

0.0089

Visible-IR

25

25

16

8

1

0.0256

Thermal

25

25

16

2

1

0.0064

Total Vol
km2 (MB) for
satellite
0.0409

The total data volume in TB for a region for a specified period of time is thus given by multiplying the per
kilometre volume by the area and the number of coverages. However, as the swaths of satellite data overlap, the
apparent revisit over a given area varies depending on swath width and orbital period compared to the Earth’s
circumference. This is calculated as:
For example the swath width of Landsat-8 is 185 km and it orbits 14.6 times per day. This computes to an apparent
revisit time of 14.9 days on average. In comparison Terra MODIS has a swath width of 2330 km at the same orbital
period, resulting in an apparent revisit of 1.2 days on average. The number of coverages per year is then:
The apparent revisit can then be used to calculate the increase in required storage for an area due to the overlap
between satellite paths by calculating the ratio of satellite revisit to apparent revisit. This provides a ‘side-lap’
factor. An additional factor needs to be included to account for the north-south overlap caused by satellite
imagery being stored as scenes. Using Landsat as an example, a 5% factor was found to be reasonable, and is
included as a general factor for all sensors. The overlap allowance factor is thus:

L=

96

(Satellite revisit)
× 1.05
(Apparent revisit)

Australian Government Earth Observation Data Requirements to 2025 

Where the side-lap is less than 1, it indicates a sensor that doesn’t cover the entire globe per satellite revisit cycle.
This typically results from small-swath sensors such as high resolution optical satellites. For such cases it is
assumed that the ability to point the satellite will enable full coverage of any area of interest and hence the side-lap
factor is set to 1.
Hence to calculate the total data volume in TB for a region the equation becomes:

Area Data Vol = V × A × C × L × 10-6
Where is the satellite data volume per square kilometre, is the area of the region, is the number of coverages,
and is the scene overlap allowance. For the Australian continental area (7687717.11 square kilometres), for one
year (approximately 27 coverages at maximum possible Landsat-8 acquisition frequency) this equates to roughly
18 TB of data per year.

E.1 Testing the Volume Model
To assess the validity of the data volume model, volumes were calculated from the model for a single
orthorectified Landsat-8 scene containing all bands, and the total of all stored orthorectified Landsat-8 data in the
Geoscience Australia Earth Observation Data Store (EODS) containing all bands. A single orthorectified scene is
235.025 km x 227.025 km, or 53356.5 sq. km. Table E.2 shows the results.
Table E.2 Data Volume Calculation: Comparison between Modelled and Measured Storage Volumes.
Total Files

Measured Size (GB)

Modelled Size (GB)

Single LS8

1

2.39

2.39

EODS LS8 Archive

16268

36.9

38.9

The testing indicates an over-estimation of data volume of approximately 5%.
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