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05 Introduction

Less well known is that everyday technologies found on 
Australian farms and on boats are powered by technology 
from space – including satellite imaging, low-bandwidth 
sensors, GPS tracking, autosteer machinery, paddock-level 
imagery and weather forecasts. These technologies are a 
consequence of recent advances, though the scope and 
opportunity for rural industries is only just being realised. 

The application of space technology has already translated 
to safer farms, more digitally enabled and connected 
rural businesses, improved environmental management, 
increased water efficiency, better input management 
and better market integration. Importantly, industry 
experiencing these benefits encourages a more global 
mindset. The opportunities are limitless. 

But what else does it mean? As space technology evolves 
and offers new ways of doing business, producers are 
grappling with the scope and scale of opportunity. We are 
only now on the cusp of realising the extent to which these 
technologies can be pathways to increased productivity, or 
ways to solve producer pain points. 

This report delves into technologies already deployed in 
rural industries – from livestock farming, horticulture and 
broadacre crops to fishing, aquaculture and forestry. It aims 
to consolidate and prioritise space technologies with the 
greatest potential and to understand barriers to adoption.

It is designed as a resource for producers and industry so 
they can understand the various uses of space technology, 
and for technology developers so they are aware of the 
needs of industry. It analyses the technical and practical 
considerations of technology adoption. It also scans for 

innovations with the potential to benefit the sector over a 
five-to-10-year horizon and determines their relevance and/
or transferability to Australia’s rural industries.

Overall, this report arms producers, industry, governments 
and technology developers with a better understanding and 
appreciation of the breadth and depth of opportunity that 
space technologies offer rural industries, as well as what’s 
coming, and delivers practical guidance on pathways to 
adoption.   

This report has been produced under AgriFutures Australia’s 
National Rural Issues (NRI) Program. Part of the National 
Challenges and Opportunities Arena, NRI focuses on 
thought-provoking and horizon-scanning research to inform 
debate and policy on issues of importance across rural 
industries.

Most of AgriFutures Australia’s more than 2,000 publications 
are available for viewing, free downloading or purchasing 
online at www.agrifutures.com.au.

Foreword

Michael Beer 
General Manager, Business Development 
AgriFutures Australia

Space technology globally is becoming increasingly 
accessible as hardware becomes cheaper, more satellites  
are launched and its applications are improved and expanded. 
While traditionally sectors like defence and mining have 
been testing grounds for frontier space technology, recent 
advances, namely in satellites, have opened a wealth of 
opportunity for Australia’s rural industries.  
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We are only now on the 
cusp of realising the 
extent to which space-
based technologies 
can be pathways to 
increased productivity, 
or ways to solve 
producer pain points.
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Abbreviations 

agri-tech Agricultural technology 

ANU The Australian National University 

CEAT  Centre for Entrepreneurial Agri-Technology 

CSIRO  Commonwealth Scientific and Industrial  

  Research Organisation 

ESA  European Space Agency 

GNSS  Global Navigation Satellite Systems 

GPS Global positioning system 

GRACE  Gravity Recovery and Climate Experiment 

IoT Internet of things 

LiDAR  Light detection and ranging 

LPWAN Low Power Wide Area Network 

NASA  National Aeronautics and Space Administration 

NBN  National Broadband Network 

NavIC  Navigation with Indian Constellation 

NDVI  Normalised difference vegetation index 

POES)  Polar-Orbiting Environmental Satellites 

RDCs  Research and Development Corporations 

RD&A  Research, Development and Adoption 

SPOT  Satellite Pour l’Observation de la Terre – Satellite for  

  observation of Earth 

SBAS  Satellite-based Augmentation System  

SMOS  Soil Moisture Ocean Salinity  

SWOT  Surface Water Ocean Topography  

VRT Variable rate technologies
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 Machine learning can transform low resolution images to high.  

 Modified ESA Copernicus Sentinel data CC BY-SA 3.0 IGO

 Landsat imagery of eastern Australia acquired during the January 2020  

 bushfires. USGS/NASA Landsat, public domain

 Sentinel-2 image of Channel Country, a pastoral region in QLD.  

 The image was processed to include near-infrared, which makes vegetation  

 appear bright red. Modified Copernicus Sentinel data (2019) processed by  

 ESA, CC BY-SA 3.0 IGO

 Virtual fencing systems use GPS satellites and collars that emit a sound when  

 cattle approach a ‘fence’ boundary. CSIRO/David McClenaghan, CC BY 3.0

 Satellite-connected sensors track groundwater use in one of the largest  

 aquifers in North America. Flickr/IBM Research CC BY-ND 2.0

  

 A satellite-backhaul system 70 km out to sea provides effective two-way  

 communication with instruments such as temperature buoys and cameras.  

 Australian Institute of Marine Science, CC BY 3.0 AU

 Satellite launches planned over the next five years. 
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A farmer’s morning in 2050
Jamie Blakeman gets up with the rise of the sun and switches on her 
computer. A quick check of the water tank levels indicates that tank 
6E is getting low, so she opens the irrigation program and transfers 
300 L water to it from the upper reservoir. 

Next, she refreshes the soil moisture map of her property and notices 
that the light rain squall in the past week has wet the north-western 
paddock. Seeing that an updated satellite pass has become available, 
she downloads the new grass quality data and compares it with the 
soil moisture. 

The correlation is good. It’s clear that it’s time to move the stock into 
that pasture. She reconfigures the virtual fencing app and starts 
the process of moving the stock from paddock 4 across to the 
pasture. Knowing that it will take half an hour for the animals to be 
encouraged along by the moving virtual fence, she gets up from her 
desk and goes into the kitchen for breakfast.

After breakfast, she checks the real-time cameras to verify that the 
stock has moved, checks the soil moisture in paddock 4 and decides 
to irrigate only the lower third. She switches on the system, setting it 
for a 30-minute watering. 

With the immediate operational tasks complete, she turns her 
attention to longer-term issues of weather prediction for the next 
week and purchasing fertiliser and seed in preparation for the next 
round of planting.

All the above is plausible through the application of existing 
technologies, which have the potential to revolutionise the  
working day of tomorrow’s farmers.

All this is plausible 
through the application 
of existing technologies, 
which have the potential 
to revolutionise the  
working day of 
tomorrow’s farmers.
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Space-based technologies 
have the potential to transform 
Australia’s rural industries and 
enable innovation across the 
agri-food value chain.

Executive summary

While this offers great opportunity, there are also barriers to 
adoption that need addressing for industry to fully harness 
the available opportunity.

To remain internationally competitive while meeting broad 
social, economic and environmental goals, Australia’s rural 
sector needs to ensure that it is making the best use of 
space-based technology. 

Previous reports have assessed the impact and potential 
of individual space-based technologies for particular 
industries. This report consolidates this information to 
identify the technologies and applications that are suitable 
for the Australian context. This report focuses on three main 
components of space-based technologies that can help 
address challenges in the rural sector – remote sensing, 
connectivity and geolocation.

This report is for anyone working in Australia’s rural sector 
with an interest in understanding the opportunities 
available through the application of space-based 
technology. It introduces key ideas and gives examples 
of how these technologies can be applied to agriculture, 
forestry and fisheries. 

The report is supported by a series of fact sheets on  
space-based technologies for:

• broadacre crops

• extensive livestock

• intensive livestock

• horticulture

• fisheries

• forestry

This project aimed to provide producers and industry with 
information on the depth and breadth of opportunities 
from space-based technologies, current use cases and 
an understanding of the scope of opportunity arising from 
space-based technologies now and into the future.

This report explores pathways for agriculture, forestry and 
fishery industries to engage with space-based technologies 
and service providers. It includes technical and practical 
considerations when adopting space-based technologies. 

•  The large-scale nature of extensive livestock farming 
and broadacre cropping in Australia lends itself well 
to space-based remote sensing, as satellites can 
scan large areas relatively quickly. In contrast, more 
intensive farming systems – including horticulture 
and dairy – can be better served by drones or in-field 
technologies. 

•  Earth and marine observing (including satellites, 
drones and sensors) had an estimated value to 
agriculture, fisheries and forestry in the Asia-Pacific 
region of $37 billion in 20191. Improvements to 
geolocation could benefit agriculture by  

$2.2 billion over a 30-year period2. Satellite 
connectivity will assist in furthering the application of 
internet-enabled technologies, with such technologies 
having the potential to add $15.6 billion to gross value 
of production in agriculture, fisheries and forestry 
industries each year3.

•  Existing and emerging satellite and communications 
technologies have been used to efficiently monitor 
our vast swathes of ocean and to improve forecasting 
of events affecting the management of commercial 
fishing. 

Who is the report targeted at?

Aims/objectives

Results/key findings

14

1Australian Government/Asia-Pacific Economic Cooperation, Current and future value of earth and marine observing to the 
Asia-Pacific region, https://www.industry.gov.au/sites/default/files/2019-11/current-and-future-value-of-earth-and-marine-
observing-to-asia-pacific-region.pdf, Australian Government, 2019. 2Frontier SI/EY, SBAS Test-bed Demonstrator Trial, Frontier 
SI, 2019. 3NBN, Connecting Australia, Future of farming [PDF], NBN, 2020.

100b 2030

Space-based technologies and associated products 
and services will need to play an increasing role 
in rural businesses and value chains if Australian 
agriculture is to reach its goal of being a  
$100 billion industry by 2030. 

https://www.industry.gov.au/sites/default/files/2019-11/current-and-future-value-of-earth-and-marine-observing-to-asia-pacific-region.pdf
https://www.industry.gov.au/sites/default/files/2019-11/current-and-future-value-of-earth-and-marine-observing-to-asia-pacific-region.pdf
https://frontiersi.com.au/project/sbas/
https://www.nbnco.com.au/content/dam/nbnco2/2020/documents/media-centre/nbn-connecting-australia-agriculture-v2.pdf
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The following implications are identified in the report: 

•  Space-based technologies are already being used in 
rural industries to create better value for producers, 
but many opportunities are being underutilised.

•  New satellites are being launched regularly, ranging 
from nanosatellites for sensing water to an improved 
positioning system that is accurate to a few 
centimetres. The rural sector will need to keep across 
advances in the rapidly developing space sector if it 
hopes to remain internationally competitive.

•  Data from existing satellites is being used in new ways. 
Machine learning and artificial intelligence make it 

possible to quickly tease out insights from data and 
make them accessible to producers to inform timely 
on-ground decisions.

•  In 2025, a major change to Australia’s use of global 
positioning system (GPS) will improve real-time 
positioning accuracy from a couple of metres to  
about 10 cm, opening opportunities for applications 
such as virtual fences and automated vehicles.

•  Some satellite technologies, such as GPS, are already 
embedded in agricultural solutions. Possible uses of 
new technologies and return on investment is often 
unclear. Demonstration sites and field trials can  
assist with local validation.

Implications for relevant stakeholders

•  In the case of forestry, satellite observations can 
provide information to foresters on canopy height and 
density, vegetation cover and accurate locations of 
individual trees. There is great potential  
for existing precision agriculture and geolocation 
solutions to be adapted for forestry. 

•  The adoption of research and development outcomes, 
and subsequent products and services, in the rural 
sector is a multifaceted and complex issue. Barriers  
to adoption for space-based technologies include:

•  solutions that are complex and do not fit within 
existing production systems 

•  solutions that do not integrate easily, or at all,  
with existing software or infrastructure

•  solutions that only address one need of many that 
would otherwise have been done on a single trip, 
and hence do not save a producer much time (for 
example, checking water levels in a tank could be 
done while checking on livestock)

•  producers have limited time available to source  
and trial new technologies

•  adoption requires skills or training to implement  
and/or use 

•  rural locations may lack enabling technology,  
such as a reliable internet connection

•  the identified pain point is not operation-critical 

•  investment to solve other problems provides a  
better return.

• The technologies that have seen broad uptake have the 
following characteristics:

•  integrate relatively seamlessly into existing 
production systems and infrastructure

•  often involve incremental improvement on an 
existing activity or practice

•  are robust and effective and have a clear value 
proposition and return on investment 

•  make operations easier, more efficient, reduce risk  
or provide peace of mind

•  products have local service support or associated 
distributors or advisor networks.

The objective of this project was to identify the current and 
emerging ways that the Australian rural sector can benefit 
from space-based technologies. 

For the rural sector to benefit from space-based 
technologies, it is recommended to:

1.  Develop industry data standards and architecture to 
facilitate the establishment of data interoperability 
and common frameworks for data sharing.

2.  Establish demonstration sites to showcase practical 
implementation and integration of space-based 
technologies, so that return on investment can be 
understood and validated.

3.  Improve connectivity for the rural sector. Connectivity 
solutions need to be reliable, fast and cost-effective. 
Without appropriate connectivity, many technologies 
have limited practical value despite their theoretical 
capability.

4.  Address skills and capability gaps to capture the value 
of space-based technology applications. Mechanisms 
also need developing to increase the agricultural 
literacy of solutions providers from other sectors,  
to reduce barriers to entering the rural sector.

5.  Provide incentives and support greater collaboration 
and coordination across the agricultural innovation 
ecosystem to maximise the value that these 
opportunities provide. Existing rural sector Research, 
Development and Adoption (RD&A) networks, such 
as farming systems groups, universities, CSIRO, 
state primary industry departments, agronomists 
and other rural advisors, can be useful resources for 
tech companies seeking advice and feedback as they 
develop new solutions.

6.  Support engagement activities between the Australian 
rural sector and the growing domestic space industry 
to support development of products and services 
optimised for the Australian market. 

Recommendations

In 2025, a major change to Australia's use of 
global positioning system (GPS) will improve 
real-time positioning accuracy from a couple 
of metres to about 10 cm.

•  Reliable, robust and fast internet connections are vital 
so that the rural sector can access data, information 
and telecommunication services. This is a major barrier 
to the uptake of some space-based technologies. 
Emerging satellite connectivity technologies may  
also provide a solution to this challenge.

•  Just as producers require assistance to navigate 
the increasingly complex and crowded technology 
market, tech companies need assistance to navigate 

networks in the rural sector. Greater collaboration 
and coordination are required across the agricultural 
innovation ecosystem to maximise the value that  
these opportunities provide.

•  Growth in Australia’s domestic space industry has 
created opportunities for the rural sector to engage 
directly with space technology companies and  
service providers.
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Space-based technologies, enabled by easier access to space 
and the rapid growth of the commercial space sector, are an 
exciting aspect of that innovation. This report focuses on three 
main components of space-based technologies that can help 
address agricultural challenges – remote sensing, connectivity 
and geolocation.

Remote sensing uses sensors and cameras to detect 
characteristics of an area from a distance, usually through 
observations of Earth taken by satellites, aircraft or other 
high-altitude platforms. These could be images of crops, 
pastures, forests or coral reefs, and can provide information on 
temperature, water currents, vegetation cover, crop health,  
water quantity and soil moisture. 

Connectivity is the ability of sensors, devices and computer 
systems to communicate with each other. It enables people 
to access data, video or voice services from their computer, 
phone or other devices. In remote areas, satellite services allow 
greater connectivity to support decision making, environmental 
monitoring and land management.

Geolocation is information on positioning, navigation and timing, 
including the real-time location of fishing vessels, vehicles, 
equipment, paddocks and livestock. Satellite technologies deliver 
precise information, which unlocks applications such as virtual 
livestock fencing, precision agronomy and autonomous vehicles. 

The Australian space sector

Australia has largely been an end user of satellite technology, 
benefiting from free and publicly available data from missions 
launched internationally.

Australian scientists and engineers have contributed to missions 
by creating instruments and software. Among our greatest 
contributions are ground-based measurements that calibrate  
in-orbit sensors and validate the accuracy of satellite 
observations. Australia’s ground stations, such as the Parkes 
telescope, are important for collecting and distributing data. 

Section 1

Innovation is key to the success of Australia’s rural sector, and 
agriculture, fisheries and forestry industries are embracing 
technology to sustainably manage land and marine environments.

4Australian Government Department of Industry, Innovation and 
Science, SmartSat Cooperative Research Centre, Supporting 
Australia’s Space Industry [PDF], Australian Government 
Department of Industry, Innovation and Science, 2020. 5CSIRO, 
Space Roadmap, CSIRO 2018 6KPMG, Investment in the Australian 
Space Sector [PDF], KPMG, 2020

The space sector in Australia is growing, with the Australian 
Government identifying the importance of the sector and 
allocating $260 million in the 2018 Federal Budget to develop 
satellite technologies. The SmartSat CRC leveraged $55 million 
from the Australian Government, with $190 million in partner 
investment, to develop a seven-year, $245 million research 
program in advanced telecommunications, intelligent satellite 
systems, Earth observation and remote sensing analytics4.

The Australian Space Agency was established in 2018 to develop 
the civil space sector through strategy, policy, coordination and 
legislation in high-priority areas. It also leads our engagement with 
international space agencies, such as the United States’ National 
Aeronautical and Space Association (NASA) and the European 
Space Agency (ESA). The Australian Space Agency has a mandate 
to triple the size of the domestic space industry by 20305.

The Australian Space Agency does not build satellites nor launch 
missions into space. Rather, the agency leads the development of 
the Australian space sector through strategy and technical road 
maps so that industry can make decisions on where to invest time 
and energy. 

While a long-term and fully-operational satellite space mission 
can cost hundreds of millions – or even billions – of dollars, the 
expense can be eclipsed by the value that such a mission can 
deliver to a sector like agriculture. The key to getting high-cost 
missions funded is to create a compelling business case for 
government or venture capitalists, demonstrating the value of  
the proposition. This is not easy and requires sustained effort  
over many years, working towards a single vision.

Developments in satellite and rocket technology over the past 
decade have enabled the launch of cost-effective small-scale 
satellites. Lower capital requirements and shorter development 
and launch timeframes have led to an increase in private sector 
investment in an area which had previously been the domain of 
large government-led initiatives. 

An increase in government and private sector investment in 
Australia’s domestic space industry has created an environment 
where a vibrant local space startup ecosystem has emerged6. This 
provides an opportunity for the rural sector to engage directly with 
locally based satellite companies to develop solutions optimised 
for Australian deployment to meet specific industry needs. 

Satellite sizes

There is a surprising variety of satellites in our skies today. The 
International Space Station is so large that six people live in it, 
while the smallest satellite could sit on the palm of your hand.  
For producers, there are benefits to using large-scale and small-
scale satellites, as both have strengths and weaknesses. 

Large-scale satellites take about 10 years from initial planning 
to launch. This inhibits quick solutions to industry challenges, 
however the quality of data produced is excellent. Industry 
sometimes finds new, unexpected uses for such data. For 
example, GPS technology was first developed for military 
purposes – not for many of the things we use it for today. 

Small satellites, such as cubesats and nanosats, are relatively 
new and provide cheaper and quicker access to space. They can 
be built and launched for less than one million dollars, which 
opens the possibility of small and medium enterprises and 
university groups being able to launch their own satellites. 

While small satellites may be cheaper, they have shorter lifespans 
as they cannot carry thrusters and fuel to keep them in orbit. 
The mission duration of these small satellites is typically 4-12 
months, rather than 3-20 years for large-satellite missions. 

Small satellites also have smaller sensors, requiring them to 
be in low Earth orbits to collect good quality data. In low Earth 
orbits, it takes days for a satellite to return to the same place 
over the Earth, meaning it can be days between measurements 
in particular locations on the ground. A constellation of small 
satellites, rather than a single satellite, can overcome this 
problem by providing more frequent repeat measurements, but it 
is an expensive solution. 

Nonetheless, small satellites are an exciting addition to the sky. 
There are launches each year of satellites of all sizes. A blend of 
missions of big and small satellites will be important in the future.

The number of satellite-enabled solutions available to 
Australian rural industries has increased recently, and there are 
opportunities for adoption. Satellites have the potential to make a 
greater impact on Australian agriculture if we can: 

• improve connectivity

• make demonstration sites and outcomes more accessible

• clarify the value proposition

• simplify the way people access data. 
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260m

245m

190m

55m

Allocated in the 2018 
Federal Budget to 
develop satellite 
technologies

Value of a seven-
year research 
program in advanced 
telecommunications, 
intelligent satellite 
systems, Earth 
observation and remote 
sensing analytics

Partner investment in 
the seven-year research 
program

SmartSat CRC investment 
in the seven-year research 
program, leveraged from the 
Australian Government

The space sector  
in Australia is growing

https://smartsatcrc.com/app/uploads/SmartSat-Brochure.pdf
https://smartsatcrc.com/app/uploads/SmartSat-Brochure.pdf
https://www.csiro.au/en/work-with-us/services/consultancy-strategic-advice-services/CSIRO-futures/Futures-reports/Space-Roadmap
https://assets.kpmg/content/dam/kpmg/au/pdf/2020/investment-in-the-australian-space-sector.pdf
https://assets.kpmg/content/dam/kpmg/au/pdf/2020/investment-in-the-australian-space-sector.pdf
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Methodology

Section 2

This report has been developed through a process of 
identifying, in existing literature, the technologies and 
applications that are suitable for the Australian context. 
A summary of key reports is included in Appendix A.

We solicited input from industry representatives, 
primary producers and end users through public 
workshops held in 2020. More than 100 people  
from industry, government and academia attended  
these workshops.

Through this process, we were able to identify problems 
facing different industries, barriers to adoption of  
new technologies, and challenges for which solutions  
already exist. 

We engaged with an expert panel to seek independent 
advice on the collated information. The expert panel 
members were Darren Price and Sean Starling (Price 
Rural Management), Graeme Kernich (Frontier SI), 
Professor Bob Furbank, Dr Tim Brown and Dr Luigi 
Renzullo (ANU College of Science) and Associate 
Professor Salman Durrani (ANU College of Engineering 
and Computer Science).

Space-based 
innovations present 
unlimited opportunities 
for rural industries 
through fine tuning 
of food and fibre 
production, connectivity 
efficiencies, data 
collection, food 
traceability, and 
improved monitoring 
and response to natural 
disasters, water 
management and land 
degradation.
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Satellite-based technologies have the potential to significantly 
increase the productivity, sustainability and profitability of the 
sector. It is estimated that:

• Earth and marine observing (including satellites, drones and 
sensors) had a value of $37 billion to agriculture, fisheries and 
forestry in the Asia-Pacific Region in 20197

• improvements to geolocation could benefit agriculture by $2.2 
billion over a 30-year period8

• satellite connectivity will assist in the increased application of 
internet-enabled technologies in the rural sector, which could 
add $15.6 billion to the agriculture, fisheries and forestry 
industries’ gross value of production each year9.

Agriculture

Australian agriculture (excluding fisheries and forestry) is a 
diverse sector, operating on more than 58% of the continental 
land mass10, and contributing more than $60 billion per annum to 
the Australian economy11. 

Satellites have applications in a variety of farming types, 
including broadacre farms growing cereal and other crops, 
horticulture businesses, and farms where the focus is livestock 
production. The large-scale nature of broadacre and livestock 
farming in Australia lends itself well to remote sensing, as 
satellites can scan large areas relatively quickly. By contrast, 
small-scale farming, including horticulture and small-scale dairy, 
may be better served by drones or on-field technologies.

Fisheries

Australian fisheries and aquaculture is a $3 billion industry12. 
While the proportion of aquaculture has grown steadily over the 
past two decades, wild catch fisheries still account for most of 
the industry’s gross value of production. 

Globally, commercial fishing covers more than four times  
more ocean surface than land area used for agriculture13.  
High consumer demand for fish in Australia and internationally  
brings with it the need to efficiently harvest our oceans, and  
to sustainably manage our fish and seafood stocks. 

Existing and emerging satellite and communications technologies 
have been used to efficiently monitor our marine estate and to 
improve forecasting of events that affect the management of 
commercial fishing. 

Data on weather patterns, visible identification of runoff to 
predict algal bloom events, fish migration patterns, and tracking 
of fishing vessel activity have been instrumental in improving the 
sustainability of fish stocks and fisheries.

For the fisheries sector, satellite technology is being used to 
build more accurate pictures of commercial fishing globally. 
Geolocation is used to precisely position fishing vessels and  
to track migratory species. 

Section 3

The space industry in Australia is rapidly growing. Australia 
has an emerging satellite communications ecosystem 
but relies heavily on resources from other countries and 
commercial partners for remote sensing satellites. Satellite 
data is crucial for managing Australia’s agriculture, fisheries 
and forestry industries. 

7Australian Government/Asia-Pacific Economic Cooperation, Current and future value of earth and marine observing to the Asia-Pacific 
region [PDF], Australian Government, 2019. 8Frontier SI/EY, SBAS Test-bed Demonstrator Trial, Frontier SI, 2019. 9NBN, Connecting 
Australia, Future of farming [PDF], NBN, 2020. 10T Jackson, S Hatfield-Dodds, K Zammit, Snapshot of Australian Agriculture 2021, ABARES, 
2020 11Australian Bureau of Statistics (ABS), Value of agricultural commodities produced, Australia, ABS, 2020 12AH Steven, D Mobsby, R 
Curtotti, Australian fisheries and aquaculture statistics 2018, Fisheries Research and Development Corporation project, ABARES, 2018.  
13D Kroodsma et al, “Tracking the global footprint of fisheries”, Science Vol: 359, Iss: 6378, pp. 904-908, 2018. 14L Whittle, Snapshot of 
Australia’s forest industry, ABARES, 2018

Forestry

Forestry contributes $9.2 billion to Australia’s economy annually14. 
Sustainability continues to be a key factor in the management 
of Australia’s forests, with space-based technologies potentially 
able to assist in best practice management processes. 

Satellite data can be used to track changes in the forest, such 
as monitoring recovery after bushfires or harvesting, stand 
inventory and environmental monitoring. Satellite data has been 
used to count trees in forests and in plantations, with the aim of 
improving harvesting decisions.

Summary

Agriculture, fisheries and forestry industries can benefit from space-based technologies.  
The technologies that can benefit the rural sector fall into three main categories:

• technologies to view land and sea (known as remote sensing)

• technologies to locate us (known as geolocation)

• technologies to connect us (known as connectivity).

The following three sections look at each of these technologies in the areas of:

• costs and benefits

• the missions and key satellites

• solutions on the market.

Case studies are included throughout to show how the technologies have been applied. 

Space-based technologies  
and the rural sector

Space-based technologies and the rural sector

Strategically placed networks of sensors could also enable 
individual tree health parameters to be sent to a central platform 
for better stand management.

In addition, satellite observations can provide foresters with 
information on canopy height and density, vegetation cover, and 
accurate locations of trees. There is great potential for existing 
solutions in the areas of precision agriculture and geolocation to 
be adapted for forestry.

https://www.industry.gov.au/sites/default/files/2019-11/current-and-future-value-of-earth-and-marine-observing-to-asia-pacific-region.pdf
https://www.industry.gov.au/sites/default/files/2019-11/current-and-future-value-of-earth-and-marine-observing-to-asia-pacific-region.pdf
https://frontiersi.com.au/project/sbas/
https://www.nbnco.com.au/content/dam/nbnco2/2020/documents/media-centre/nbn-connecting-australia-agriculture-v2.pdf
https://www.nbnco.com.au/content/dam/nbnco2/2020/documents/media-centre/nbn-connecting-australia-agriculture-v2.pdf
https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australian-agriculture-2021
https://www.abs.gov.au/statistics/industry/agriculture/value-agricultural-commodities-produced-australia/latest-release
https://www.agriculture.gov.au/abares/research-topics/fisheries/fisheries-and-aquaculture-statistics
https://science.sciencemag.org/content/359/6378/904
https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australias-forest-industry
https://www.agriculture.gov.au/abares/products/insights/snapshot-of-australias-forest-industry
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Historically, satellite-based remote sensing has been of limited 
use to the rural sector due to the high spatial resolution required 
for decision making. The number of satellite-based remote 
sensing solutions available on the market has significantly 
increased recently, due to advances in instrumentation and 
computational power, the launch of new commercial satellites, 
and enabling technologies such as machine learning. 

Visible light cameras can map crop distributions at local to 
national scales. Infrared cameras can give insights into plant 
health, vegetation moisture content and soil moisture content. 
Other sensors can detect the temperature of land and water. 

Satellites can estimate plant growth by using the normalised 
difference vegetation index (NDVI), which measures the difference 
between the near-infrared light reflected by green vegetation and 
the red light absorbed by green vegetation. A higher value on  
NDVI indicates more green plants. 

NDVI can show which fields are performing best and worst, and 
help identify stressed plants. Some pests and diseases can be 
spotted in remotely sensed data using NDVI, along with  
other calculations. 

Costs and benefits

Remote sensing can be used to track sea level and temperature, 
as well as wave and ocean current activity. This is useful for fish 
migration modelling, which benefits researchers and fishers.

Section 4

Space-based remote sensing technologies are increasingly 
used to quantify many components of the Earth’s ecosystems, 
including vegetation types, land coverage, soil moisture and 
changes in water resources. There is significant scope to 
improve the management of agricultural, fisheries and  
forestry industries by exploiting existing and future data.

Key Terms

  Precision agriculture refers 
to methods of making farming 
techniques more accurate through 
technology. Remote sensing supports 
precision agriculture through precise 
positioning and as a means of creating 
maps of variation across the land. 

  Variable rate technology is one 
example of precision agriculture in 
action. It allows farmers to deliver 
different amounts of inputs such as 
pesticides, herbicides and fertilisers 
across areas. Inputs are applied where 
they are needed most, improving 
sustainability, saving costs on inputs 
and/or increasing yield.

In forestry, remote sensing can partially replace manual surveys 
and site visits, resulting in considerable cost savings. Satellites 
can image an entire stand, replacing manual counting of a  
sample area and extrapolation of data. 

There are also fewer risks to employees by them not being in the 
field. It will become possible to identify a particular tree from its 
spatial location, then quickly retrieve the history of the tree.

Examples of how remote sensing satellites are used in  
agriculture include:

• crop mapping and classification

• yield mapping and forecasting

• soil, water and pasture monitoring

• pest and disease detection

• plant and tree health

• support of precision agriculture and variable rate technology.

Some satellite products are free and publicly available, but 
these have limited usefulness because their coarse resolution is 
generally 5 m. Examples of the different resolutions needed for 
different purposes include:

• variable rate technology requires 5-10 m spatial resolution

• biomass and yield estimates require 1-3 m resolution

• weed detection requires 5-50 cm resolution15.

Technologies to view land and sea

15R Sishodia, R Ray, S Singh, “Applications of remote sensing in precision agriculture: A review [PDF]”, Remote Sensing, 2020, 12, p 3136. 

While free satellite images are generally low-resolution, image 
processing can actually improve the resolution even after an 
image has been captured. Because satellites repeatedly visit the 
same area, small differences in multiple low-resolution images 
can be used to build high-resolution images. Machine learning is 
driving improvements in this area.

To produce images of higher value, computers can also integrate 
satellite imagery with other data sets, such as visual images and 
soil moisture estimates. The latter are insensitive to cloud cover 
but have very low resolutions. Combining them with visual images 
creates a more useful product.

On-demand remote sensing by satellites is another option to 
obtain high-resolution images, but these come with a price tag. 
Costs depend on how much land needs to be imaged and the  
type of sensor needed. 

Figure 01. Machine learning can transform low-resolution images to high. Modified ESA Copernicus Sentinel data CC BY-SA 3.0 IGO

Technologies to view land and sea

https://www.mdpi.com/2072-4292/12/19/3136/pdf
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Remote sensing without 
satellites

 Satellites aren’t the only technology 
available for remote sensing. Aircraft 
and drones can do it too. 

 Aircraft and drones can provide 
more detail over smaller areas, while 
satellites can image more land in 
less detail. Satellites can give regular 
reports on the same area, showing 
changes over time. Drones and aircraft 
can operate on cloudy days, when 
satellite images would be impacted. 
Costs are variable and depend on the 
size and location of a farm. 

 It can be difficult to decide which 
technology is right for the job. Here, 
individuals need to determine what 
success would look like and think 
about what resolution they might need. 
This might include a farmer asking 
questions such as: “Do I need to see 
individual trees?” or “Is it useful to  
have one image that captures a  
whole paddock?”

 It may be necessary to try a few 
options to find which work best for 
given needs. Combining different 
services might provide the most 
benefit.

16NSW Government Department of Planning, Industry and Environment (NSW DPIE), The Google Earth Engine Burnt Area Map, NSW DPIE, 2020.

Figure 02. Landsat imagery of eastern Australia acquired during the January 2020 bushfires. USGS/NASA Landsat, public domain

Meet the missions behind  
remote sensing

Several key existing satellite systems are described below.  
Some commercial products/services/companies are named 
to provide examples of how the data is used. The list is not 
exhaustive and is not meant as an endorsement of any particular 
product or enterprise.

Landsat 

Landsat is the longest Earth observation program in operation, 
providing a half-century record of global land cover and land-use 
change. There are two Landsat satellites in operation (Landsat 7 
and Landsat 8), with a third (Landsat 9) scheduled for launch in 
September 2021. 

Google Maps and Google Earth images are based on enhanced 
and colour-balanced Landsat imagery. Landsat data is freely 
available from the US Geological Survey (USGS) website and 
Geoscience Australia website. 

Resolution: 15-100 m, revisits every eight days.

Case study — Rapid mapping  
of wildfire damage 

Data from Landsat satellites was used 
in Australia during the 2019-20 NSW 
bushfires to map the extent of wildfire 
damage. The Google Earth Engine 
Burnt Area Map measures colour 
change in vegetation before and  
after a fire, and was a rapid way to 
support environmental management 
decisions and to understand impacts 
on forestry resources.  

Technologies to view land and sea34

https://www.environment.nsw.gov.au/research-and-publications/publications-search/google-earth-engine-burnt-area-map
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Sentinel

Sentinel missions include radar and multi-spectral imaging for 
land, ocean and atmospheric monitoring. There are six missions 
in the Sentinel family, and each is based on a constellation of 
satellites to fulfil coverage requirements. Sentinel-2 is the most 
relevant to agriculture as it monitors plant growth and land cover. 
Sentinel data is publicly available.

Resolution: 10 m, revisits every five days.

Figure 03.Sentinel-2 image of Channel Country, a pastoral region in QLD. The image was processed to include near-infrared, which  
makes vegetation appear bright red. Modified Copernicus Sentinel data (2019) processed by ESA, CC BY-SA 3.0 IGO

17Geoscience Australia, Frontier SI, Digital Earth Australia, Harvesting the benefits of Earth observation [PDF], Digital Earth Australia, 2020 
18Australian Government Business, FluroSat – growing better crops through remote sensing, Australian Government Business, 2020. 19European 
Commission, NEREUS, ESA, The ever growing use of Copernicus across Europe’s regions: a selection of 99 user stories by local and regional 
authorities, European Commission, NEREUS, ESA, 2018  20European Commission, NEREUS, ESA, The ever growing use of Copernicus across 
Europe’s regions: a selection of 99 user stories by local and regional authorities, European Commission, NEREUS, ESA, 2018  21European 
Commission, NEREUS, ESA. 22European Commission, NEREUS, ESA.

Sentinel data is being used to support  
a range of agricultural activities. 

  Sentinel in action

Livestock: Sentinel-2 optical imagery, updated every five days, is 
being used by CiboLabs to monitor land condition and to provide 
advice on stock rates for available pastures. Technologies can 
reduce operational and feed management costs by up to 9%, 
depending on the type of livestock17.

Crops: Early signs of crop stress can alert growers to potential 
pest and disease outbreaks, irrigation issues, soil nutrient 
deficiencies and weeds, among other pressures. FluroSat creates 
insights into crop health, which are derived from free Sentinel 
data or from on-demand high-resolution images from satellites 
such as KOMPSAT-2 and TripleSat. Case studies have shown  
yield improvements of 10-25%18. 

Farmers in Denmark and Sweden can use CropSAT to view 
biomass maps of farms to assist with precision agriculture and 
inputting nitrogen fertiliser as required, reducing input costs  
and harmful runoff .

An integrated smart farming platform in Greece, Gaiasense, 
uses Sentinel imagery to calculate vegetation, plant health and 
soil moisture, and is reported to have increased crop production 
by 10% and to have decreased the application of inputs (water, 
fertiliser, herbicides) by 19% over two years. Data is being used to 
help shape farming subsidy policy and food security policies20.

Forests: The UK Government is exploring the use of Rezatec to 
identify and track outbreaks of sweet chestnut blight in England. 
Sentinel data is used to distinguish sweet chestnut trees from 
oak trees and to identify stressed sweet chestnut trees for 
targeted inspection21.

Fishing: In Greece and North Macedonia, the Satellite Near 
Real Time Monitoring Network uses Sentinel data to produce 
maps of sea surface temperature and water transparency. This 
provides decision support for fishers and fish farms in the area by 
monitoring algal events and water quality22.

Sentinel missions include radar and multi-
spectral imaging for land, ocean and atmospheric 
monitoring. There are six missions in the Sentinel 
family, and each is based on a constellation of 
satellites to fulfil coverage requirements. 

Technologies to view land and sea

https://assets.kpmg/content/dam/kpmg/au/pdf/2020/investment-in-the-australian-space-sector.pdf
https://www.business.gov.au/grants-and-programs/entrepreneurs-programme/customer-stories/flurosat
http://www.vliz.be/en/imis?module=ref&refid=304508
http://www.vliz.be/en/imis?module=ref&refid=304508
http://www.vliz.be/en/imis?module=ref&refid=304508
http://www.vliz.be/en/imis?module=ref&refid=304508
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Terra/Aqua

Terra and Aqua are a pair of satellites that collect multi-spectral 
imaging of land, sea and sky. Over land, they can monitor surface 
temperature and estimate the rate of photosynthesis across the 
globe. Over water, they detect ocean colour and phytoplankton. In 
the sky, they detect cloud properties and greenhouse gases in the 
atmosphere. Data is publicly available.

Resolution: 250 m to 1 km, revisits every two days.

 
Polar-orbiting Operational  
Environmental Satellites (POES)

POES are a constellation of weather satellites that monitor severe 
weather and ocean events. Data is freely available and used 
by the Australian Bureau of Meteorology. Applications include 
monitoring cloud cover, fire detection, sea surface temperature, 
ice, snow and vegetation cover. 

Resolution: 1-20 km, revisits twice daily.

 

Himawari-8/Himawari-9

Himawari-8 and Himawari-9 are geostationary satellites with 
coverage over Japan that provide information on weather events 
for the Japan, East Asia and Western Pacific regions. Himawari-8 
provides the core of the Australian Bureau of Meteorology’s 
satellite data intake. Data is freely available. 

Section 4

Key term: Geostationary 

  A satellite in geostationary orbit 
is orbiting Earth around the equator 
at the same rate as the Earth spins, 
so that the satellite remains above 
the same point on the Earth’s 
surface at all times.

23A Forghani, S Reddy, C Smith, Evaluating SPOT-5 satellite imagery for national mapping division’s topographic mapping program 
[PDF], Geoscience Australia, 2003. 24S Doshi, Bark beetles are decimating forests: Satellite data can help, Planet, 2019. 25 Interpine, 
Automated cutover mapping with satellite imagery – case study, Interpine, 2020.  26O Csillik et al, “Monitoring tropical forest carbon 
stocks and emissions using Planet satellite data”, Scientific Reports, 9, 2019.  27Queensland Government Business Queensland, 
Satellite imagery, Queensland Government, 2020. 

Gravity Recovery and Climate  
Experiment (GRACE)

GRACE measures changes in total water storage on Earth, 
including melting of polar ice sheets, ocean mass increase and 
groundwater depletion. Data has been used to quantify drought 
in Australia.

Improved accuracy in root-zone and groundwater stores has led 
to improved prediction of vegetation state up to five months in 
advance, which could aid preparations for fire seasons. 

Resolution: 200-300 km but can be downscaled to tens of 
kilometres when used in conjunction with other data sets. Data 
products are typically monthly estimates. 

Soil Moisture Ocean Salinity (SMOS)

SMOS measures the amount of soil moisture in the top 5 cm layer. 
When used in conjunction with land surface/hydrology modelling, 
observations of the soil moisture content improve the accuracy of 
modelling shallow, root zone and groundwater resources.

Resolution: 10-25 km, revisits every three days. 

Surface Water Ocean Topography (SWOT)

Scheduled for launch in September 2021, SWOT will survey 
Earth’s surface water and ocean topography. The mission will be 
capable of resolving changes in heights of water bodies wider 
than 100 m.

Resolution: Initially about 250 m but expected to improve to 
about 100 m. 

Technologies to view land and sea

SPOT Image

SPOT satellites can be reactively programmed to meet client 
requirements. SPOT satellites are commercially available in 
Australia through SPOT Imaging Services. Australian agencies 
have used SPOT-5 imagery for mapping land cover, forestry, 
topography and water23.

Resolution: 1.5-6 m, revisits 2-3 days. 

 
Digital Globe

Digital Globe offers satellite imagery and radar that can be 
integrated with other maps. Data is commercially available 
and has applications for autonomous vehicles, disaster 
response and crisis management, defence and intelligence, 
telecommunications, and security.

Resolution: 30 cm to 2 m, revisits 1-3 days. 

 

PlanetScope

All Planet Labs satellites are CubeSats (small satellites under 
5 kg). They operate about 150 optical satellites and they launch 
new satellites into orbit every year. PlanetScope’s ‘Doves’ satellites 
make up the world’s largest constellation of Earth-imaging 
satellites.

PlanetScope data is commercially available. PlanetScope market 
their imagery as providing tools to boost agricultural productivity 
and profitability. Their data is used for monitoring crop growth and 
health, yield forecasting, precision agriculture and as a tool for 
deforestation compliance. 

Resolution: 5 m, revisits up to 12 times daily.  

Case study — Forestry and  
bark beetles 

Planet Labs’ PlanetScope and SkySat 
constellations provide high-resolution, 
high-frequency satellite imagery for 
forestry. The data is used for early 
identification of bark beetle infection in 
forest stands in the Czech Republic24, 
forest inventories for Pan Pac Forest 
Products in New Zealand25, and to 
monitor forest carbon stocks and 
emissions26. 

The Queensland Government has an 
agreement with Planet Labs for whole-
of-government subscription-based 
access to PlanetScope imagery27.

http://www.ga.gov.au/webtemp/image_cache/GA2743.pdf
https://www.planet.com/pulse/bark-beetles-are-decimating-forests-satellite-data-can-help/
https://interpine.nz/automated-cutover-mapping-with-satellite-imagery-case-study/
https://www.nature.com/articles/s41598-019-54386-6
https://www.nature.com/articles/s41598-019-54386-6
https://www.business.qld.gov.au/running-business/support-assistance/mapping-data-imagery/imagery/satellite
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Solutions on the market

Remote sensing applications in agriculture have the potential to 
improve crop productivity while minimising the use (and cost) of 
resources and environmental impacts. 

There are many service providers of remote sensing for farm 
enterprises. Examples include: 

• Digital Agriculture Services, in partnership with CSIRO, 
delivers rural intelligence through satellite imagery. It 
provides a powerful visualisation tool, allowing people to 
geo-locate farms, rivers, dams and buildings, and assess 
yield and soil type. 

• FluroSat uses remote sensing of NDVI to create crop health 
reports and to send automatic crop stress alerts to farmers. 
Their high-resolution images allow farmers to see individual 
trees, meaning the service is suited to orchards, vineyards and 
high-value crops on drip-irrigation. 

• DataFarming uses Sentinel data to identify where crops are 
performing well.

• Hummingbird Technologies provides broadacre farmers in 
Australia with insights into drought damage to soy and maize 
crops, grass weeds in canola and wheat fields, and nitrogen 
needs for barley.

• FarmMap4D uses high-resolution imagery from DigitalGlobe 
and other digital tools to provide land managers with online 
access to detailed maps of their properties.

• Farm Doctors, a precision agriculture company, uses remote 
sensing of NDVI to measure plant health. 

• Cibolabs uses remote sensing data coupled with machine 
learning to provide farmers with information on pasture 
productivity, land condition and stocking rates. 

• Pasture.io uses satellite imagery to improve pasture 
management. 

• Indufor uses satellite imagery to monitor forest and landscape 
changes, including continuous plantation monitoring. 

This is not an exhaustive list and is provided to show the variety  
of offerings in Australia.

Summary

There are many applications of remote sensing technologies, particularly in 
agriculture. New advances in machine learning are making it easier for people to 
access and use data from existing satellites to make on-farm decisions. Remote 
sensing has a strong role to play in understanding and monitoring the environment, 
including that of marine estates and forests. 

As the precision and coverage of space-based remote sensing continues to advance, 
and development and deployment costs reduce, these technologies are likely to become 
more cost competitive with drone imagery solutions. Remote sensing is an active area 
of growth and exploration, and the adoption of these technologies has not been fully 
realised across the rural sector. This represents a great opportunity for Australia.

This represents a  
great opportunity 
 for Australia.

The adoption of 
remote sensing 
technologies has not 
been fully realised 
across the rural sector.
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Australian farmers were world leaders in the application of 
Global Navigation Satellite Systems (GNSS) for tractor auto-steer 
applications in the mid-1990s. However, uptake of geolocation 
technologies has been limited to areas with internet/mobile 
coverage, as this is required for precise point positioning with 
approximately 3 cm accuracy. 

GPS is the most widely accepted GNSS, but there are others 
that provide the space-based infrastructure that allows people 
to determine their position, velocity and time. Each system 
uses satellites that send out signals. A receiver, such as a 
mobile phone, uses the signals to calculate its distance from 
the satellites. The receiver can work out its location once it has 
signals from four or more satellites. 

Signals for geolocation use microwave frequencies, which 
operate day and night and through clouds. 

Costs and benefits

Geolocation can be used for:

• fishing vessel navigation and tracking

• search and rescue for maritime vessels

• autonomous machines and vehicles

• recording position of seedlings

• tagging livestock or fish to track their location

• virtual fences for livestock

• precision agriculture.

Geolocation through satellites allows for accurate fishing zone 
maps and sea vessel tracking. This allows people to support 
sustainable fishing and to provide origin tracing for sales. 

In agriculture, geolocation can be used to map paddocks and 
to guide autonomous machines and vehicles. Emerging uses 
include virtual fences that can keep stock in certain areas without 
needing electric fences. 

In forestry, geolocation provides more transparency for forest 
managers. People in the field can record the position of each 
seedling using GPS and create maps of seedling and mound 
locations. Forest managers can check such maps for missed 
areas and to ensure trees are planted the right distance away 
from streams and lakes to avoid impacts on environmentally 
sensitive areas.

The genetic stock of seedlings can also be located accurately 
using GPS, meaning that the growth and success of seedlings 
can be accurately tracked. In the future, foresters may be able to 
stand next to a tree and view its history with a mobile device. 

Section 5

Satellites used for geolocation provide information on 
positioning, navigation and timing, with applications 
including the real-time precision-augmented location of 
vehicles, equipment and livestock. 

28Kondinin Group, Autonomous tractors – the rise of the robots, 
Kondinin Group, 2017. 29Grains Research and Development 
Corporation (GRDC), Case study – Optical spot spraying, GRDC 2019. 
30J Lowenberg-DeBoer et al, “The impact of swarm robotics on arable 
farm size and structure in the UK” [PDF], 93rd Annual Conference of 
the Agricultural Economics Society, 2019.

Meet the missions behind geolocation

There are four Global Navigation Satellite Systems (GNSS) in 
operation, of which GPS is the most well-known and widely 
adopted. The global systems are:

• GPS (USA)

• GLONASS (Russian Federation)

• Galileo (European Union)

• BeiDou Global (People’s Republic of China)

Combined, these GNSS constellations provide more than  
100 satellites for positioning purposes.

GPS is engaged in a modernisation program and has deployed 
new satellites since the start of 2018. 

Galileo was the first GNSS constellation to feature a search  
and rescue capability, including the provision of a return link  
to people in distress, which allows them to know their alert has 
been received. This has reduced the time taken to detect a person 
lost at sea from three hours to just 10 minutes after a distress 
beacon is activated. 

Several regional constellations have been deployed, such as 
Navigation with Indian Constellation (NavIC) in India and the 
Quazi-Zenith Satellite System (QZSS) in Japan. These systems 
offer independent geolocation services across local regions. 

Satellite-based Augmentation System (SBAS)

A SBAS is a system that improves the accuracy and precision of 
location data for a region. It uses infrastructure on the ground 
and in space to correct transmitted GNSS signals. Several regions 
of the world have their own SBAS, and one is in the pipeline for 
Australia and New Zealand. 

Technologies to locate us

Case study — Autonomous  
cropping 

The Australian grains industry has used 
GPS technologies through applications 
in auto-steer for more than two 
decades. Recent advances in robotics 
and machine vision have enabled the 
development of autonomous vehicle 
platforms. 

SwarmFarm, a Central QLD-based 
business, has developed a 1400 kg 
diesel-powered autonomous spray 
platform. The platform can carry 600 
kg of product, which is applied using 
an 8 m spray boom which they deploy 
as a commercial field contracting 
service28. The system uses optical 
spray technology. Sensors on the 
boom identify weeds then spot-spray 
herbicide directly on the plant rather 
than the entire field, reducing herbicide 
use by up to 95%29. The SwarmFarm 
platform uses real-time kinematic 
positioning and is controlled remotely 
uses an iPad.

Automating tractor-driving activities 
reduces the need for economies of 
scale to maximise the return on labour 
through larger tractors. This is achieved 
by allowing multiple small platforms 
to operate simultaneously in the place 
of one large machine. This also has 
several advantages, including reduced 
labour cost, easier transport and less 
soil compaction. A recent study in the 
UK found that these technologies are 
already economically feasible30.
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https://www.farmingahead.com.au/digital_assets/eee4d8df-ebd0-4e93-a472-39a985d78f47/Research-Report-Autonomous-tractors-88.pdf
https://grdc.com.au/__data/assets/pdf_file/0013/400360/Optical-Spot-Spraying-Case-Study-updated-05052020.pdf
https://hau.repository.guildhe.ac.uk/id/eprint/17421/1/James%20Lowenberg%20DeBoer%20ImpactofSwarmRobotics%20upload.pdf
https://hau.repository.guildhe.ac.uk/id/eprint/17421/1/James%20Lowenberg%20DeBoer%20ImpactofSwarmRobotics%20upload.pdf
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Solutions on the market

Geolocation for precision agriculture is relatively easy for dense 
crops such as viticulture, and geolocation technologies have a 
low barrier to entry. Real-time kinematic position (the capability 
to know one’s location in real time with an accuracy of 2-20 cm) 
offers many possibilities for crop and animal management. 

Some examples include: 

• Agersens provides a GPS virtual livestock fence system to 
enable automated movement and control of livestock. 

• Smart Paddock provides GPS tracking for livestock using a 
lightweight sensor collar/ear tag.

• Ceres Tag uses direct-to-satellite ear tags to deliver GPS 
locations of animals to farmers.

• SwarmFarm supplies autonomous systems for a variety of 
farming applications.

• Risutec uses GPS for precision forestry and agriculture, 
using crane-mounted or handheld devices to mark and map 
planting locations. 

This is not an exhaustive list and is provided to show the variety of 
offerings in Australia.

31Frontier SI/EY, SBAS Test-bed Demonstrator Trial, Frontier SI, 2019. 

Summary

Geolocation is an embedded technology across agricultural systems and is widely used 
in our lives for navigation and positioning. Importantly, it provides a vital safety service for 
fishing vessels in the ocean. The new SBAS for Australia and New Zealand in 2025 will 
create opportunities in agriculture and forestry industries by improving GPS precision 
from metres to about 10 cm. Virtual fencing and autonomous operations are likely to be 
more practical and effective as a result. 

Figure 04. Virtual fencing systems use GPS satellites and collars 
that emit a sound when cattle approach a ‘fence’ boundary. 
CSIRO/David McClenaghan, CC BY 3.0

Big boost to positioning 
accuracy for Australia

  A new SBAS for Australia and New 
Zealand, currently in test mode, is due 
to be commissioned in 2025. 

 In Australia, GPS delivers real-time 
accuracy of around one metre. The 
new SBAS will improve accuracy down 
to 10 cm. 

 The new SBAS will unlock 
applications across the agricultural, 
forestry and fisheries sectors, enabling 
virtual livestock fencing, variable rate 
technologies, precision agronomy and 
autonomous operation. 

 One of the SBAS Test-bed 
Demonstrator Trials, run by Central 
Queensland University, showed that 
SBAS will have the accuracy to enable 
livestock virtual fencing, also known 
as geofencing. In the case of dairy, 
enhanced pasture use through virtual 
fencing could save producers up to 
$100 per cow per year – about $780 
million for the entire Australian and 
New Zealand dairy sub-sector over a 
30-year period.31.
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Technologies to connect us

Given Australia’s low population density across rural and remote 
areas, communities have relied on satellite services to meet their 
telephony and internet needs due to the high cost associated 
with the delivery of fixed line and cellular networks. A survey of 
the agricultural sector showed more than 75% of respondents 
thought that internet connectivity was moderately to extremely 
important to their business, with more than 25% relying on 
satellite services, and 6% having no connection32. The importance 
of connectivity will only increase as the sector continues to adopt 
digital technologies. 

Mobile and data connectivity is a fundamental requirement for 
adopting new technology. Big data is only useful if users can 
access it. Ensuring rural and remote farms have adequate mobile 
and data connections is crucial to enabling the adoption of many 
new technologies. 

Recent technical advances and cost reductions have resulted 
in a rapid increase in the availability of satellite connectivity-
enabled solutions for application in agriculture, fisheries and 
forestry industries. Satellite platforms are increasingly used 
to connect automated and/or smart devices that can transmit 
acquired data wirelessly to end users and be integrated into 
decision support platforms. This has been achieved through a 
mix of telecommunication technologies which utilise different 
frequencies and bandwidths, and each has benefits and 
drawbacks. The growth of Internet of Things (IoT) applications 
through the use of low-power, low-bandwidth connectivity 
solutions has also allowed sensing and monitoring technologies 
to be deployed in the absence of high-speed broadband  
data services.

Connectivity is crucial to ensure Australian agriculture remains 
globally competitive, yet it remains a major challenge in rural and 
remote areas. On remote farms, forests or far out to sea, satellite 
communications can allow people to stay connected and safe.

Costs and benefits

Examples of how connectivity is used include: 

• providing people with access to communication  
and data services

• synchronising data from the office to the field

• monitoring soil moisture and temperature

• monitoring levels in water tanks

• livestock identification, location, weight and health

• precision agriculture, using weather and climate  
monitoring and irrigation management

• supply chain management and provenance

• ocean water quality, temperature and  
nutrient monitoring.

Section 6

Connectivity through satellites has been commercially 
available since the launch of INTELSAT in the 1960s, with 
mobile phone and data services coming online in the late 
1980s. However, commercially viable uses in the Australian 
rural sector have been limited due to cost constraints and 
unreliable coverage in remote areas.

32D Lamb, Accelerating precision agriculture to decision agriculture [PDF], University of New England and Cotton Research and Development 
Corporation, 2017.
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Internet of Things

  The Internet of Things (IoT) is the 
connection of multiple sensors and devices 
to  monitor a variety of parameters, including 
water tank levels, livestock health and soil 
moisture.

 Advances in electronics and data have 
made it possible to create small sensors at 
low cost, making it feasible to place them in 
each water tank or on every sheep. 

 IoT networks can operate without the 
internet. For example, a broadacre farm in 
a remote area could have multiple water 
sensors in the soil that send data to local 
sprinkler systems. Sensors can tell the system 
to switch off when the soil is sufficiently wet. 

 While the system works, adding the 
internet allows data to be sent to the farmer, 
who can adjust settings if required. Tank water 
levels can be monitored remotely, reducing 
the need to visit the tanks. 

 In remote areas, satellite technology 
may be the only option for connecting IoT 
to the internet. 

 Satellite constellations in low Earth orbit 
have the potential to provide IoT services 
to maritime environments or areas 
with cliffs or mountains that can hinder 
connectivity by land.

Figure 05. Satellite-connected sensors track groundwater use in one of the largest aquifers in North America. Flickr/IBM 
Research CC BY-ND 2.0

https://www.crdc.com.au/sites/default/files/P2D%20telecommunications%20-%20UNE%20Final%20Report.pdf
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Meet the missions in connectivity

There are more than 3000 active satellites in space, with about 
2500 of those being in low Earth orbit33. This number is projected  
to increase by tens of thousands if planned missions from 
SpaceX, OneWeb, Amazon and Telesat are deployed on schedule 
in coming years34.

To determine which type of satellite communication service 
to use, it is useful to consider three key factors: Satellite orbit, 
transmission frequency band and network type. 

Satellite orbit: A satellite in a high orbit can cover more of the 
Earth’s surface at once, but it takes longer to transmit data.  
This transmission delay may mean that some satellite 
services are unsuitable for applications that require real-time 
transmission and feedback, e.g. voice communication services. 
Different orbits also take different amounts of time to circle 
the Earth, which means that satellites in lower orbit (closer to 
the Earth) require networks of multiple satellites to achieve 
continuous service coverage.

Transmission frequency: Mobile satellite systems can share 
the same spectrum as land-based networks, but potential 
interference needs to be carefully managed. Australian 
farmers, fishers and foresters can use satellite-based IoT 
devices manufactured overseas, however compatibility with 
Australian regulations and spectrum allocations needs to be 
checked. In Australia, the regulatory agency is the Australian 
Communications and Media Authority.

Traditionally, satellite communications use the very high 
frequency range (1-50 gigahertz) to transmit and receive signals. 
Satellite frequency ranges are usually identified by  
letters. Signals are either: 

• low range (L-, S- and C- bands), transmitted with low  
power and requiring larger antennas to receive signals

• high range (X-, Ku-, Ka- and V- bands), transmitted with  
high power and only requiring small antennas to receive 
signals. Figure 06. A satellite-backhaul system 70 km out to sea provides 

effective two-way communication with instruments such as 
temperature buoys and cameras. Australian Institute of Marine 
Science, CC BY 3.0 AU

Advances in Low Power Wide Area Network (LPWAN) technologies 
have opened up opportunities to utilise lower frequencies (less 
than 1 gigahertz) for data transfer. The rapid growth of LPWAN 
technologies and applications in land-based IoT networks has led 
companies to deploy this technology on satellites. The limitation 
of LPWAN technologies is that they have very low data transfer 
rates and can only send very small packages of data per message.

Network type: There are two primary types of satellite 
connectivity services:

• direct-to-satellite: a device sends a signal directly to  
a satellite. 

• satellite backhaul: a device sends data to a wireless network, 
where it is aggregated and sent to a satellite-enabled hub.  
The hub then sends data to a satellite. 

There are many connectivity service providers, from 
multinationals to startups. On the next page are a few examples 
that service the Australian market. Some commercial products/
services/companies are named to provide examples of how  
these services are used. The list is not exhaustive and is not 
meant as an endorsement of any particular product  
or company.

Fleet Space Technologies 

Fleet Space launched its first nanosatellites in 2018 and also 
produces IoT devices. It uses a satellite backhaul model to 
support a variety of sensors, which enables wireless connectivity 
over distances up to 15 km. There is a cost per device to use its 
services, plus a subscription for connectivity. 

Myriota 

Myriota uses a direct-to-satellite model, allowing IoT devices to 
be directly connected to their nanosatellites, which removes the 
barriers of geography and ground-based infrastructure. Each 
IoT device supported by Myriota receives at least four satellite 
passes per day.  

NBN Sky Muster 

Two geostationary communications satellites operated by NBN 
Co Ltd were launched in 2015 and 2016 and provide broadband in 
very remote areas of Australia and offshore. 
 

Iridium 

Iridium operates a system of 66 active satellites that are used 
for worldwide voice and data communication, including hand-
held satellite phones and IoT applications. Fishing vessels can 
communicate privately with other vessels in the fleet and can 
access weather information with the Iridium Certus service.

 

Case study — Water tanks

In 2019, Myriota water level sensors 
were installed in water tanks as part 
of the Australian Livestock Spatial 
Innovation Program. Farmers were able 
to monitor tank levels on their mobile 
phones, saving the time and money it 
would take to drive out and inspect the 
tanks. The sensor data also allowed 
users to limit overflow and to decrease 
the risk of livestock dehydration35.

Inmarsat

Inmarsat operates 14 satellites in geostationary orbit above  
Earth and provides a variety of satellite services, including 
enabling IoT solutions that send data from paddock to platform. 
It covers an area that includes Australia’s marine estate and 
provides continuous alert services for distress and safety.  
Vessel monitoring systems using Inmarsat satellites are  
used by the Australian Fisheries Management Authority to  
track fishing vessels. 

 

Globalstar 

Globalstar Inc. operates a low-Earth-orbit satellite constellation 
for satellite phone and low-speed data communications, 
somewhat similar to the Iridium satellite constellation. 
Globalstar provides commercial IoT solutions around the  
world, supported by the Globalstar satellite network.

35Myriota, Case study: World-first water tank monitoring, Myriota, 2019.  

33Union of Concerned Scientists, UCS Satellite Database, Union of Concerned Scientists, 2005 (updated 2021). 34 J O’Callaghan, Amazon 
is going to add 3,000 more satellites into Earth’s orbit – and people are not happy, Forbes, 31 July 2020.   
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https://myriota.com/2019/03/15/world-first-water-tank-monitoring-2/
https://www.ucsusa.org/resources/satellite-database
https://www.forbes.com/sites/jonathanocallaghan/2020/07/31/amazon-is-going-to-add-3000-more-satellites-into-earths-orbit--and-people-are-not-happy/?sh=23323bb87628
https://www.forbes.com/sites/jonathanocallaghan/2020/07/31/amazon-is-going-to-add-3000-more-satellites-into-earths-orbit--and-people-are-not-happy/?sh=23323bb87628
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Solutions on the market

The connectivity missions outlined are often delivered indirectly 
to producers via a third party, as part of an in-field sensing or 
monitoring service or product. Some examples of businesses 
providing satellite-enabled IoT solutions include: 

• Farmbot provides IoT-enabled water management solutions 
to farmers, and is partnered with Inmarsat and Pivotel. 

• Goanna Ag provides low-cost and low-power satellite IoT 
connectivity to optimise farm water management, and has 
partnered with Myriota for its satellite connectivity. 

• PLF Australia provides IoT devices for precision livestock 
farming, such as real-time monitoring of water levels and 
flow, soil moisture and temperature, as well as animal 
monitoring. Data can be sent via Iridium, Inmarsat or 
Globalstar satellites. 

• BlueSenz provides IoT devices to track fishing activities, 
using GPS/Iridium satellites.

• ICT International provides IoT devices to monitor plant 
growth, plant water use and soil moisture, applicable for 
forestry and tree cropping systems. Data can be sent to 
Iridium satellites for connectivity in remote areas.

This is not an exhaustive list and is provided to show the variety  
of offerings in Australia. 

Summary

IoT is an active area of innovation, and a variety 
of new sensors and devices are being developed 
– driven by advances in microchips, which have 
become smaller and cheaper. Satellites are 
becoming part of the IoT landscape, as they 
support the effectiveness of devices by providing 
rapid data transfer in remote areas, both on land 
and in the ocean. Connectivity is an enabling 
technology. Without reliable connectivity, the rural 
sector cannot access or use data effectively to 
make decisions. Voice and video services also 
provide essential safety and monitoring functions 
for rural businesses.

Technologies available to Australian producers 
have different connectivity requirements due 
to the amount of data they need to transfer and 
the timeliness of data transfer. While LPWAN 
connectivity is suitable for small packets of data, 
video applications require broadband solutions. 
Voice services require real-time transmission 
and feedback with uninterrupted connectivity, 
while water level sensors may only require a few 
measurements to be sent over a day. Satellite-
based solutions are emerging as an economically 
viable connectivity option for rural industries, 
however individual businesses need to identify 
connectivity solutions which are suitable for their 
operating requirements.  

Connectivity is a critical barrier to technology 
adoption that must be addressed if Australia is to 
benefit from the opportunities provided through 
space-based technologies. 

Economic analysis of 
Ceres Tag showed that 
on-animal sensors can 
increase revenue by 
5-7%, in addition to  
cost savings.

55

Case study — Livestock tracking

On-animal sensors can track animal 
behaviour and location through a 
combination of GPS and satellite 
communications technologies. These 
allow farmers to detect livestock theft, 
predation or escape, to monitor animal 
welfare and to assess pasture and land 
use. Economic analysis of Ceres Tag 
showed that on-animal sensors can 
increase revenue by 5-7%, in addition  
to cost savings36.

36PWC, Valuing the benefits of the Ceres Tag platform (January 2021 
update) [PDF], PWC, 2021.

https://www.cerestag.com/wp-content/uploads/2021/01/PwC-Report_2021-01.pdf
https://www.cerestag.com/wp-content/uploads/2021/01/PwC-Report_2021-01.pdf
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Previous chapters in this report have outlined applications that 
are already showing a return on investment and are delivering 
significant economic and labour-saving benefits to users. 

While previous reports have estimated the potential additional 
value to Australian rural industries by adopting satellite-based 
technologies, translating this opportunity into impact requires 
these solutions to be adopted and integrated into agricultural, 
fishery and forestry enterprises. 

The adoption of research and development outcomes, and 
subsequent products and services, in the rural sector is a 
multifaceted and complex issue. There are several factors that 
affect whether a new technology or management practice is 
adopted, including: cost, ease of implementation, social norms, 
financial capability, technical skill required, availability of  
advisory services and support networks. 

There have been decades of study in the area of technology 
adoption and practice change in the rural sector. This report 
focuses on areas of relevance to the application of space-based 
technologies.

Lack of integration

While technological advances have created opportunity and a 
diversity of options and choice for producers, the explosion of new 
offerings in the market and the lack of interoperability between 
services and platforms have created complexity and increased 
cost through duplication. 

End users want solutions that can seamlessly integrate different 
capabilities into their existing infrastructure and decision 
support platforms. There are already examples of companies 
collaborating and working with platform integrators to address 
this issue, however a lack of direction due to an absence of 
industry data standards and data systems architecture is an 
ongoing impediment to interoperable solutions.

Not meeting needs

The emergence of a vibrant agri-tech ecosystem in Australia has 
brought new ideas, skills and investment to address challenges in 
the rural sector. To harness the potential this offers, approaches 
that address the misalignment of  participants' needs along the 
value chain and the innovation ecosystem are required. 

Startups are agile and can rapidly bring new products and 
services to the market, however they need to monetise these 
offerings quickly and may need to take them to market before 
they have had time to refine the product. Producers are time-poor 
and need solutions that are turnkey and deliver value out of the 
box. They are reluctant to invest in products and services that they 
feel are still undeveloped. 

For example, advances in remote sensing and new satellite 
missions have increased the resolution and reduced the revisit 
frequency of space-based imaging data. While this has allowed 
companies to develop products suitable for on-farm applications, 
it is essential that imaging data is validated against ground data 
to ensure it is accurate and calibrated for Australian conditions. 
Without calibration for local conditions, the available capability is 
of limited use and will continue to be underutilised. 

Unclear return on investment

Producers are using information from these technologies to make 
decisions that could return (or cost) them hundreds of thousands 
of dollars. They need to be confident that the information is 
robust, given the significant financial risk involved.

Section 7

Advances in the capability of space-based technologies and 
reductions in the cost of launching new technologies into 
space have created opportunities to develop new products 
and services to solve challenges in the rural sector.

While several industry reports have identified the significant 
return on investment to the agricultural, fisheries and forestry 
sectors from adopting satellite-based technologies and 
associated digital enablers, these studies have been at an 
industry or macro level, rather than at an enterprise level. There 
remains a lack of information about return on investment of 
applications in rural enterprises and few opportunities to see the 
technology demonstrated in the field over a period of time. 

There is an opportunity for the agri-tech sector to collaborate with 
existing industry networks and programs to field test and validate 
solutions at scale and demonstrate them in practice. For example, 
this was done through Meat and Livestock Australia’s Smart Farm 
initiative demonstration sites at Carwoola and Romani. Through 
this program, industry is co-investing with solutions providers 
to demonstrate the technologies available to the Australian red 
meat sector under on-farm conditions. Similar demonstration 
sites, pilots and trials have also been implemented by various 
state departments, including: 

• eConnect Grainbelt program – Western Australia 
Department of Primary Industry and Regional Development 

• FarmDecisionTECH program – New South Wales 
Department of Primary Industries 

• on-farm IoT trial – Agriculture Victoria 

• AgTech demonstration program – South Australia 
Department of Primary Industries and Regions (under 
development).

Lack of connectivity 

Adoption of satellite-based technologies and their integration 
into solutions for the Australian rural sector requires multiple 
enabling technologies. Without reliable connectivity between 
devices, user platforms, the off-site client and value chain 
partners, many technologies have limited practical value to  
rural businesses despite their theoretical capability. 

Reliable connectivity remains an ongoing constraint to the 
adoption of new data-driven technologies. In this respect, 
satellite-based connectivity has the potential to be a key driver 
of technology adoption in the sector. Current satellite-based 
connectivity solutions are expensive; however, projected growth 
in the space sector and an increasing number of satellite and 
space-based connectivity providers in the next five to 10 years 
will likely result in critical mass. Increased competition in the 
market and technology maturity should deliver price reductions 
for customers over time.

Need for new skills

While the digitisation of the agricultural value chains offers 
great potential to the rural sector, implementing these new 
technologies and systems often requires the development or 
acquisition of skills to effectively use these tools. 

In smaller enterprises, the time required to re-skill, and the 
associated opportunity cost (other activity that time could be 
spent doing), may not provide sufficient return on investment to 
justify adoption. 

Large operations with economies of scale have the ability to 
spread the fixed cost of training their staff in a skill (or hiring staff 
that have the required skillset) over a larger production base, 
reducing the cost per unit of production. 

Smaller producers may find it more cost-effective to use 
contracting services rather than purchasing the equipment 
themselves, as the contractor is able to spread the cost over more 
hectares with multiple clients. This is not without its own risks, as 
there is a degree of control taken away from the producer which 
may affect the timeliness of the operation. Outsourcing skills can 
be an easier and more affordable option, but it can also increase 
business risk. 

While there is a need to increase the digital and technical 
capacity of the rural sector to build the capability to implement 
and use new technologies, there is also a need to increase the 
agricultural literacy of the space and agri-tech sectors. This will 
help to reduce barriers to entry and attract skills and talent from 
other sectors of the economy, allowing the rural sector to access 
that capability and expertise to solve challenges.

Barriers to adoption

Barriers to adoption



0060

Need for local support

Identification of the technology user, as opposed to the end 
consumer of the technology, is an important differentiation for 
solutions providers to make when identifying the size and scale of 
their potential market and the best business model for delivery. 

In many cases, while the end user of the product or service will be 
the agricultural, fishery or forestry enterprise, they may access 
the service or product indirectly from a consultant or local service 
provider. The geographic location of support services is also likely 
to influence the use and subsequent adoption of the associated 
products and services.

Historically, products and on-farm support have been provided 
by a local dealer or supplier, whereas many modern technologies 
tend to be provided by city-based or online overseas companies. 
The loss of local support for maintenance, troubleshooting and 
servicing is keenly felt by primary producers and is seen as an 
impediment to the uptake of space-based technologies. 

The rural sector has strong social networks and adoption of 
technology is often driven at a local and regional level. This may 
require companies to develop indirect pathways to market and 
engage in on-selling relationships with local service providers to 
deliver their products and services.

Need for consultation

To ensure products and services are meeting a need and 
addressing industry pain points, solutions providers need 
access to advice from the rural sector, end users and value chain 
partners with whom to iterate and refine their designs. However, 
producers are time-poor and ‘consultation fatigue’ has been 
identified as an emerging issue inhibiting progress on  
technology adoption. 

This is a challenging issue to address, as industry feels that 
solutions are not fit for purpose or meeting their needs; however, 
they also don’t have the time to engage with solutions providers  
to help them define the key problems they need addressed,  
nor to help them refine the subsequent product offerings. 

To address this barrier, agri-tech businesses can engage and 
collaborate with partners in the well-established rural sector 
RD&A ecosystem to increase their understanding of the sector 
and the challenges it faces. This ecosystem includes farming 
systems groups, consultants, advisors, suppliers and value chain 
partners, state primary industry departments, CSIRO, Research 
and Development Corporations (RDCs), and universities. These 
organisations and individuals have a deep knowledge of the 
industry and extensive experience collaborating with producers, 
and can identify the key challenges they face and develop RD&A 
programs to address them. 

Just as producers require assistance navigating the increasingly 
complex and crowed technology market, tech companies need 
assistance to navigate the networks in the rural sector. There is a 
growing market for these intermediary services, with a number of 
consultants and organisations servicing the agri-tech market.

60006060 Section 7

It is essential that 
space-based imaging 
data is validated against 
ground data to ensure 
it is accurate and 
calibrated for Australian 
conditions.
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Many new satellites will be launched into space in the next five years, as shown in the figure below:

Swarm Technologies: 
Telecommunication 
satellites for 
communication 
network.

OneWeb: 
Broadband 
satellite 
communications.

SpaceX: Hundreds 
more satellites in its 
constellation providing 
internet connectivity.

Myriota: CubeSats in late 2020-
21 as part of constellation rollout 
for direct-to-satellite  
IoT connectivity. 

Spiral Blue: Space Edge Zero 
mission to establish end-to-end 
image acquisition, processing 
and delivery. 

NASA and CNES: Surface Water 
Ocean Topography mission to resolve 
changes in heights of water bodies 
wider than 100 metres. 

CSIRO: Moniters forest canopy 
water content, soil moisture, 
pasture biomass and growth 
monitering at 120-metre ground 
resolution, and also studies 
clouds with tropical cyclones. 

Figure 7 
Satellite launches planned over the next five years.
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ANU and Fireball 
International: Fuel 
moisture and firefront 
monitoring, with a 
resolution of 30 to 50 
metres. Relevant to 
vegetation moisture 
in agriculture. 

Geoscience Australia: 
Improves geolocation 
accuracy to about 
10 cm in real time 
anywhere in Australia 
and New Zealand.

NASA: Measures 
total water storage 
changes at the 200 to 
400-kilometre scale.

CASIC: 
Broadband 
mobile 
connectivity

CNES: Space gravity 
mission for precise 
measurements of 
mass change. 

CSIRO-SmartSat: Ground-
to-space water quality 
monitoring technology 
for Australia's waterways, 
reservoirs and coastal 
environments.

Optus: Flexible 
broadcast satellite 
network.

Telesat: 
Innovative 
broadband 
satellite 
network. 

Connectivity 

Remote Sensing

Geolocation

Barriers to adoption

2023 2024 2025 2026
and beyond launch

Optus 11

Lightspeed Hongyan

OZFuel-
FUEGO

MCM

MARVEL

AquaWatch

SBAS
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37Frontier SI/EY, SBAS Test-bed Demonstrator Trial, Frontier SI, 2019.  38Amazon, Amazon receives FCC approval for Project Kuiper satellite 
constellation, Amazon, 2020.

One of the most exciting satellite advances is the new SBAS, 
which will deliver precise geolocation data – accurate to about 
10 cm – across Australia and New Zealand. An independent 
economic benefits analysis by Ernst and Young set the benefit 
of improved positioning technology at $2.2 billion over 30 years 
for the agriculture industry alone37. This will be a key enabler of 
advances in automation and robotics, which have the potential 
to significantly reduce labour costs, operate 24-7 and change 
the nature of how we farm in the future. The application of fully 
autonomous platforms (aerial and land-based) will also be 
influenced by the legal and regulatory frameworks which govern 
their use. 

As the spatial and temporal resolution of space-based remote 
sensing continues to increase, and the cost of deploying these 
technologies decreases, satellite remote sensing will become 
more cost competitive with drone-based services. In the next 
10 years, this has the potential to reduce the cost of acquiring 
remote sensing data and to increase its accessibility.

The deployment of low-latency, high-bandwidth satellite-based 
internet services with continuous global coverage has the 
potential to transform the rural sector and the lives of people 
living in rural and remote regions. Currently, SpaceX (StarLink) 
and OneWeb have only launched a fraction of the total number 
of satellites that they have planned for their ‘mega constellation’ 
satellite networks, with Amazon (Kuiper Systems) and Telesat 
yet to launch satellites for their respective networks. These are 
ambitious and expensive initiatives, with Amazon estimating the 
Kuiper project will cost US$10 billion to deploy its network of 
3,236 satellites38. 

However, if successful and economically viable, this capability 
could expand the use of cloud computing or data-intensive 
technologies like video monitoring and associated analytics in 
remote locations. This will depend on the costs of these services. 
In the short term, the use of edge computing and on-site data 
processing, combined with LPWAN connectivity, may remain a 
more cost-effective solution.

It is crucial that developers work with the industry to ensure 
products are meeting real needs and solving problems. With cost 
and difficulty of use being major barriers to adoption, it is critical 
to show the value of space-based technologies in improving on-
ground decisions. 

The future of space-based technologies is on the horizon, as is 
emerging artificial intelligence and machine learning – both are 
engines that can transform and analyse data to make actionable 
insights in a timely manner. Smaller and lower-cost sensors in 
space and on the Earth’s surface allow people to combine data 
sets and to gain knowledge. 

The impact of new space-based technologies on our use of land, 
rivers and sea has yet to be seen. The impact of GPS, weather and 
climate predictions, and sea vessel tracking has been immense 
for rural and ocean industries. The next big thing is not just 
around the corner – it is already orbiting above. 

Not only will these new satellites deliver new data to 
rural industries, there are constant improvements being 
made in the ways that data from existing satellites is 
used. Making more data accessible and useful will open 
possibilities for the nation. 

Future scoping

The next big thing is 
not just around the 
corner – it is already 
orbiting above.
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A National Space Policy: Views from  
the Earth Observation Community 

Geoscience Australia, 2010

Summarises Australia’s space and Earth observation dependency 
over the past 50 years and the application of data for scientific, 
environmental and emergency management communities.

Advancing Space: Australian Civil Space 
Strategy 2019–28

Australian Space Agency, 2019

Outlines a plan to transform and grow Australia’s space industry 
over 10 years, including activities in positioning, navigation and 
timing to enhance the competitiveness of rural sectors, and the 
application of advanced Earth observation satellite data. 

State of Space Report

Australian Government Space Coordination Committee, 2019 

Highlights areas in which Australia is increasing its international 
connections, and details services and agencies in remote sensing, 
geolocation and connectivity. It provides information on the Open 
Data Cube, which facilitates the public to access remote sensing 
data from Sentinel satellites for free.

Five-year spectrum outlook 2020–24 

Australian Communications and Media Authority, 2020

Looks at how technology and trends will affect the need for, 
and management of, radiofrequency spectrum in coming years, 
including satellite communications for IoT.

Digital Earth Australia Industry Strategy

Frontier SI on behalf of Geoscience Australia, 2019

Outlines a strategy to lower barriers to using Earth observation 
data by making offerings that are easy to use, providing education 
for more Earth-observation-skilled professionals, and increasing 
awareness of the purpose of data in a variety of markets. As part 
of this strategy, Geoscience Australia, through Frontier SI, runs 
a small-scale, targeted incubator to support startups that use 
satellite data. 

Geoscience Australia website

Geoscience Australia’s website hosts a variety of Earth 
observation data archives, with data from MODIS, ASTER, 
Sentinel, Landsat and GNSS available for download.

Space Roadmap

CSIRO, 2018

The Space Roadmap seeks to support industry growth by 
identifying opportunities in the Australian space sector. 

Appendix A – Further reading

71

Glossary

Big data large, complex data sets that are not easily analysed, stored and used with traditional methods. 
Improvements in computing technology, especially machine learning, allow end users to access and use 
information built from big data sets. 

Cubesats miniature satellites that are inexpensive to make and launch, and have been in use for just over 15 years. 

Geofence a virtual perimeter that uses GPS technology and sensors to track stock movements through areas and is 
able to keep them in certain areas by using audible cues when animals reach the boundary.

Geostationary orbit satellites in geostationary orbit travel above the equator from west to east at the same rate as the 
rotation of the Earth. This means that they always remain in the same position in the sky and must be 
about 36,000 km from the Earth’s surface. As the satellites are so distant from the surface, they cover 
more area, and so only three are needed to have total coverage of Earth.

Light detection and 
ranging (LiDAR) 

a remote sensing method using pulsed lasers to measure variable distances to Earth, generating precise 
information about the shape of the Earth and its surface characteristics, in three dimensions.

Low Earth orbit  satellites in low Earth orbit travel at an altitude of less than 1,000 km and as low as aboutz 160 km. The 
direction of travel of low Earth orbit satellites can vary at any angle about the Earth (unlike geostationary 
and polar orbiters), and the satellites travel very quickly, allowing them to circle Earth in about 90 
minutes. Their proximity to the Earth and speed mean they are very useful for imaging but less so for 
telecommunications as they are difficult to track by ground stations.

Machine learning a method of data analysis that builds analytical models to allow systems to learn from data to identify 
patterns within and to help make decisions with minimal intervention.

Nanosatellites satellites that are between 1-10 kg.

Normalised 
difference 
vegetation index 
(NDVI)  

an indicator of the health of vegetation. Calculated as the normalised difference in the amount of near-
infrared light and visible light reflected from areas on the surface of Earth. Healthy vegetation absorbs 
most of the visible light that hits it and reflects large portions of the near-infrared spectrum. Unhealthy 
vegetation reflects more visible light and less near-infrared. Changes in the NDVI can indicate changes to 
plant health.

Polar orbit  course of satellites travelling around the Earth longitudinally from pole to pole rather than west to east, 
roughly passing over the North and South poles.

Precision 
agriculture  

refers to methods of making farming techniques more accurate through technology. Remote sensing 
supports precision agriculture through precise positioning and as a tool for creating maps of variations 
across the land. 

Variable rate 
technology  

one example of precision agriculture in action. It allows farmers to deliver different amounts of inputs, 
such as pesticides, herbicides and fertilisers, across areas. Inputs are applied where they are needed 
most, improving sustainability, saving costs on inputs and/or increasing yield.
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