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Rural industries are significantly impacted by extreme 
weather events and bushfires.  Natural disasters, such as 
floods, tropical cyclones and bushfires, directly impact the 
ongoing economic growth and environmental sustainability 
of the agriculture, fisheries and forestry sectors. 

Better managing natural disasters is more than an economic 
consideration. Impact on people and livestock should not be 
overlooked.  The human consequences of simple things like 
the inability to collect data to substantiate insurance claims 
is an example of a disaster management issue in need of a 
practical solution.

The aim of this report is to help rural industries and 
governments understand how innovation and technology 
can provide such practical solutions and improve 
management of the key phases of natural disaster - 
preparedness, response, and recovery.  

It examines the opportunities and barriers to 
implementation of these new technologies.  For example, the 
need for reliable connectivity, not just at the homestead or 
farm office but across farms and out to sea is a fundamental 
requirement, underpinning the reliability of technology in 
disaster management and warning systems.

Shared responsibility for connectivity solutions, from the 
role of international collaborations accessing satellites to 
privately owned new generation satellites. 

The role of social media as an early warning alert system 
and for data collection is another example of an innovative 
approach to disaster management that demonstrates the 
opportunities to collaborate and respond in real time.

Improving information flow, coordination and definition of 
roles and responsibilities of the many response agencies 
(government and non-government organisations), within 
and across jurisdictions, presents a real and achievable 
opportunity to better manage natural disasters.  Maintaining 
a strong focus on practical activities is of high importance 
for rural industries, regional and metropolitan communities 
and businesses.

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

Most of AgriFutures Australia’s over 2000 publications  
are available for viewing, free downloading or purchase 
online at www.agrifutures.com.au

Michael Beer
General Manager, Business Development 
AgriFutures Australia

Rural industries are significantly impacted by extreme 
weather events and bushfires.  Natural disasters, such as 
floods, tropical cyclones and bushfires, directly impact the 
ongoing economic growth and environmental sustainability 
of the agriculture, fisheries and forestry sectors. 
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BCR Benefit Cost Ratio
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CRA Coastal Risk Australia

CRC Cooperative Research Centre
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Research Organisation
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FUEGO  Fire Urgency Estimator in Geostationary 
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GDD Growing Degree Days

GEFS Global Ensemble Forecast System

GEO Geostationary Earth Orbit
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GRDC  Grains Research and Development 
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HRRR High Resolution Rapid Refresh
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NOOA  National Oceanic and Atmospheric 
Administration

NWP Numerical Weather Prediction
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ROVs  Remotely Operated Underwater Vehicles
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WSN Wireless Sensor Network
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Australian rural industries must 
better manage natural disasters 
if they are to grow and be 
environmentally sustainable.  At 
stake is the ability to support the 
agriculture, fisheries and forestry 
sectors to maintain the trajectory 
of these rural industries and 
regional communities towards 
a $100 billion sector and a core 
pillar of Australia’s economy.

Executive Summary

12
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This report examines how technologies and innovation can 
help the agriculture, fisheries and forestry sectors, and 
government, improve resilience and viability in the face of 
natural disasters, in all three key management phases –
preparedness, response, and recovery. It suggests enhanced 
data gathering, analysis and communication is at the core 
of better natural disaster preparedness, response and 
overall resilience. Providing rural industries with tailored 
information earlier, will enhance local decision-making. To 
realise this overall objective, the report considers:

• Existing use of technologies and innovations across rural 
industries in Australia

• New innovations and technologies - and their potential 
return on investment

• Potential regional and policy barriers to adoption. 

The report is the result of a comprehensive desktop review 
of available literature and targeted engagement with industry 
and government stakeholders conducted in early 2020. This 
included an online survey, direct contact with agencies such as 
the Bureau of Meteorology as well as an appraisal of various 
innovations and technologies via a case study linked to this 
report focussed on the 2019 Queensland monsoon trough. 
This case study explores the economic impact of the event and 
the potential benefits to rural industries with enhanced early 
warning systems to demonstrate the potential opportunities.

Survey results highlight the need for quality data analytics 
that can be shared locally in a timely and meaningful way.  For 
example, advance warning of impending natural disasters 
allows all government agencies, emergency services and rural 
industries potentially impacted by the event critical time to 
make optimal risk-based decisions that can materially mitigate 
event-related losses. 

Extreme weather events, such as floods, bushfires and 
tropical cyclones, can affect the sustainability of rural 
industries. Impacts vary from catastrophic (e.g. the 2019 
Queensland monsoonal trough and the 2019/20 Black 
Summer bushfires in Queensland, New South Wales 

and Victoria), to localised events (e.g. storm damage and 
flooding). At a national level, Australia is prone to natural 
disaster events every year. Table 1 presents, at a high-level, 
the frequency and prevalence of key natural disasters 
across the country regardless of scale:

Key findings

The role of Government  
and new technology investment

The interplay between government agencies is important, 
as evidenced by the recently completed New South Wales 
Bushfire Inquiry and the ongoing Royal Commission into 
Natural Disaster Arrangements. A natural disaster is 
often multi-jurisdictional and, as such, will require greater 
intragovernmental coordination.

Coordination and communication: This is a critical area 
across all levels of government in preparing for managing 
and responding to natural disaster events. Australia, unlike 
other countries, does not have overarching laws that enable 
the Federal Government to automatically be involved in the 
offering of assistance in the event of a disaster. Currently, 
states and territories must request this before assistance 
can be provided.

Government priorities will influence investment: 
Government, at all levels, will be a major investor in new 
innovations and technologies. However, their priorities may 
differ. Federal, State and Local governments each have their 
own jurisdictional responsibilities and requirements. They 
may, therefore, be concerned with different aspects of each 
of the phases of disaster management. These differences 
of emphasis will inform the development and adoption of 
innovations and technologies by various jurisdictions and 
their local and regional application.

Event 2011 2012 2013 2014 2015 2016 2017 2018 2019

Bushfires 6 28 20 15 11 10 15 29 27

Floods 24 16 9 12 13 26 15 10 7

Cyclones 3 1 4 4 5 3 6 3

Source: Australian Disaster Resilience Centre (events regardless of scale)

Table 1

Number of selected natural disasters in Australia from 2011
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Industry bodies as change advocates: Industry bodies are 
concerned with the sector’s economic wellbeing, ongoing 
viability and sustainability.  They serve an advocacy role 
with government, and advisory role for rural industries. 
Industry bodies are unlikely to be significant investors in 
innovation and technology. However, they will need up-to-
date information and understanding to fulfil their advocacy 
and advisory roles.

Using technology to improve emergency responses: 
Emergency services are likely to be early adopters and 
investors in new innovations and technologies that improve 
disaster management performance. Government is likely 
to be a significant investor in large, or critical technology 
infrastructure to support emergency services.

Data analytics

Data analytics is the analysis of various types of information 
and data to make considered decisions about that data.  
Whilst some of this analysis can be automated, it requires 
highly skilled individuals to analyse key insights that might 
otherwise be missed in the volume of information.  Data 
analytics will not only support the preparation phases 
of natural disasters but also assist in the management 
and response phases, especially in the area of loss 
assessments. Key opportunities include:

Using data for disaster preparedness: Stakeholders, be 
they government agencies or individual producers, appear 
to put most of their efforts into natural disaster response 
and recovery. More data analytics and modelling in the 
preparation phase could enhance risk-based decision 
making as shown in Figure 1. Concurrent development 
of processes and techniques to exploit available data 
effectively, and quickly, will ensure the best possible 
intelligence and actionable insights reach emergency 
services and decision makers in time to make a difference. 

Improving interpretation: Bushfire analytics, though 
well established and evolving, were tested in the 2019/20 
bushfires. The mapping of other hazard and disaster events 

Collective producer investment to enable technological 
uplift: Producers may invest in new innovation and 
technology, in financial terms proportionate to their size. 
Smaller producers, ordinarily, are less able to invest than 
larger enterprises and this is often cited as a significant 
barrier to adoption. Producer co-investment could overcome 
this barrier, where producers at a local or regional level 
perceive mutual benefit.

such as flooding requires development and implementation 
of more robust techniques. Manual interpretation of data 
for various applications is a popular mapping solution, 
but unlikely to be suited to rapid response and emergency 
events, particularly during concurrent crisis more possible 
in the future.

Ensuring the availability of sufficient data skills: High 
quality data analytical capabilities are a specialised, and 
increasingly vital requirement both for natural disaster 
management and rural industries, generally. It is essential 
that rural industries are well served by sufficiently skilled 
resources who are available to meet local needs, and these 
resources are not denuded by overseas demand, or “brain 
drain”.

Integration of data sharing: A substantially integrated 
system of data sharing could provide a “single source of 
truth” for understanding and managing risk and impacts 
before, during and after an event.  This may also assist in 
communications as different stakeholders require different 
information at different times, for different purposes.
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Digital connectivity

Regional and remote Australia is generally less disaster-
resilient than major metropolitan centres. This relates, 
in part, to digital connectivity and infrastructure 
constraints. Better digital connectivity can bolster 
natural disaster management, while also benefitting 
broader business management, health and education. 
Key opportunities include:

Social media for faster communication: Social media can 
enhance disaster management communication within the 
vast Australian landscape. However, social media channels 
are not used by all people and should not replace current 
approaches to disaster-management communication. 
Examples of existing communications include warning 
signs on roads or local radio for those who may be driving or 
without mobile phone reception, or digitally disconnected 
or disinclined. A multiplicity of communication channels 
ensures broad coverage across demographics which is a key 
initiative to encourage resilience. 

Greater digital connectivity: Digital connectivity 
and communication channels in regional and remote 
areas, away from or without reception, are a continuing 
impediment to comprehensive communication coverage. 
There are many areas of regional and remote Australia 
and marine locations where there is limited digital 
connectivity away from main roads or homestead 
infrastructure.  This creates a reliance on ultra-high 
frequency radios and emerging satellite technologies. 

15

Collect  
data

AnalysisCollect  
data

Collect  
data

Communication

Actions

Actions

Decision 
making

Decision 
making

Disaster 
management 
authorities / 

organisations

Community

As an example, the continued roll out of the Mobile 
Blackspot Program will assist in this area and improved 
digital connectivity is a baseline requirement to unlock 
the potential for many of the technologies outlined in 
this report.  More broadly this is also about inclusion and 
accessibility for these communities.

Impact

The report and case study explore the potential positive 
impact of innovation and technology, including non-digital 
innovations or practices that were also highlighted in the 
survey results such as buffer fodder reserves or back-up 
generators. By way of example, two areas noted are risk 
management strategies and early warning systems:

Risk management strategies: Rural industries in areas 
prone to natural disasters require robust risk management 
strategies.  Central to this is the need for quality information 
about the potential for events so that appropriate risk-
based decision making can be undertaken.

Early warning systems: The ability to provide early warning 
of a potential natural disaster event can have a high impact 
in terms of minimising potential losses.  This can range from 
moving livestock and machinery to decisions around early 
harvest if possible.

Types  
of data

Sources  
of data 

Figure 1  

Pathway of data collection, analysis and upstream communication

Source: GHD
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Conclusions

Natural disasters in Australia are a perennial threat, the scale and intensity of which 
can be enormous. They are indiscriminate in effect. Their immediate impacts can 
be devastating to life and environment, but also to the economic viability of rural 
industries. The costs associated with management and recovery of catastrophic 
events are significant, and impact all levels of government, regional communities 
and individual producers.  

More sophisticated data gathering, analysis and communication is central to better 
natural disaster management – to organisational and individual decision-making, 
preparedness and response.

Three key stakeholder groups need better information:

•  Governments: to inform predictive modelling and develop optimal policy 
and emergency response strategies, and to allocate funding and resources, 
appropriately. This should include considerations for highly specialised data 
analysts that can disseminate information in a timely and meaningful way for 
use at a local level

•  Disaster management organisations and emergency services: to improve 
predictive modelling, prevention, and preparedness. They also need real-time 
data and analytics to respond effectively during a natural disaster, and in the 
aftermath and recovery period

•  Rural industries: need reliable, timely information in all phases of disaster 
management to enhance risk-based decision making.  This will assist individual 
producers develop risk management plans and strategies in areas prone to 
natural disaster events.

Increasingly sophisticated technology and innovations are available to help 
us gather and use data more effectively to prepare earlier, decide better and 
emerge stronger. Investing, learning and sharing in this area will create immense 
opportunities for Australia to take a leading role in managing the impacts of 
natural disasters, to create resilient, sustainable and economically successful rural 
industries and communities.

16
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This chapter covers the background and objectives of the report 
and summarises the importance of rural industries in Australia 
through contribution to social, economic, environmental and 
innovation outputs.  Natural disasters can impact these positive 
contributions regardless of the scale of the event. 

The scope of this report excluded discussion or analysis around 
drought and climate change so as to focus on natural disaster 
management and also in recognition that other agencies were 
undertaking work in these areas.

Background and objectives

Australian rural industries must better manage natural disasters 
if they are to grow and be environmentally sustainable.  At stake 
is the ability to support the agriculture, fisheries and forestry 
sectors to maintain the trajectory of these rural industries and 
regional communities towards a $100 billion sector and a core 
pillar of Australia’s economy.

Extreme weather events, such as floods, bushfires and tropical 
cyclones, can affect the sustainability of rural industries. Impacts 
vary from catastrophic (e.g. the 2019 Queensland monsoonal 
trough and the 2019/20 Black Summer bushfires in Queensland, 
New South Wales and Victoria), to localised events (e.g. storm 
damage and flooding).

This report examines how technologies and innovation can help 
the agriculture, fisheries and forestry sectors, and Government, 
improve resilience and viability in the face of natural disasters, in 
all management phases – preparedness, response, and recovery.

Section Introduction1

Specifically, this report provides rural industries and 
government with an analysis of:

•  Existing technologies and innovations in use across rural 
industries 

•  Emerging innovations and technologies 

•  The potential benefits of these technologies for 
agricultural, fisheries and forestry businesses, and their 
potential return on investment 

•  The potential barriers to adoption, including an analysis of 
the regional and policy environment

•  An in-depth case study of the  2019 Queensland monsoon 
trough, to demonstrate how technology and innovation 
could improve agricultural industries’ natural disaster 
management, recovery and resilience.

  If Australia’s rural industries are to reach a 
GVAP of $100 billion, their ability to prepare for, 
manage and recover from natural disasters, of 
whatever scale, will be key.
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Rural industries contribution to Australia

Rural industries are a significant contributor to the Australian 
economy with approximately 70% of production exported 
(depending on which commodity).  The National Farmers’ 
Federation (NFF) Farm Facts highlights the important role of 
Australia’s agriculture, fisheries, and forestry sectors in the 
following four key areas:

Social: As of June 2018, there were about 85,483 agricultural 
businesses in Australia, employing 318,600 people (by August 
2019). At that time, Australians own 88% of agricultural land, 
and control 87% of water entitlements with the balance held by 
foreign investors. 

Economic: Gross value of agricultural production (GVAP) in 
2018/19 was $62.2 billion but this fell to approximately $59.4 
billion in 2019/20 due to drought conditions.  Almost 70% of the 
GVAP was still exported and this underlines the importance of the 
sector as a pillar of future economic growth, particularly in a post 
COVID-19 environment.

Environmental: Agricultural businesses occupy and manage 
51% of Australia’s landmass. Rural industries also maintain 
the landscape in which they operate delivering environmental 
outcomes such as management of soils, erosion and nutrient 
run off for community benefit and long-term sustainability. 

The management of fisheries and aquaculture activities 
within jurisdictions are constantly evolving to protect aquatic 
habitats and maintain biological diversity and processes within 
ecosystems. Ecological sustainable development (ESD) is now 
included in the legislative and regulatory instruments of all 
Australian fisheries and aquaculture management jurisdictions. 

Equally the forest and wood product industry of Australia has a 
mission to increase productivity across the value chain through 
the delivery of strategies and programs that will ensure positive 
environmental and social outcomes. 

Innovation: Australian rural industries have a long track record of 
applying research and technology-derived improvements across 
all spheres of production. This has contributed to overall average 
productivity growth of 2.7% per annum, maintained over 30 years.

The total value of Australia’s agricultural production is expected 
to increase by 24%, by 2030 (Table 2). Horticultural and livestock 
products are expected to grow most, while forestry products 
are predicted to decline by almost 7% (AgriFutures/ACIL Allen 
Consulting, 2019) - a decline considered conservative, now, 
following the 2019/20 bushfires.

Table 2

Agriculture sector forecasted change in production value from 2016/17 to 2029/30

Sector 2016-17 2029-30 Change

A$ millions A$ millions A$ millions %

Grains, oil, seeds, pulses 17,781 18,181 400 2.25%

Industrial crops 4,791 4,800 9 0.19%

Horticulture 9,762 14,592 4,830 49.48%

Other crops 1,660 2,403 743 44.76%

Livestock 20,330 25,901 5,571 27.40%

Livestock products 8,008 11,799 3,791 47.34%

Forestry products 2,539 2,362 -177 -6.97%

Fishery products 2,910 4,238 1,328 45.64%

TOTAL 67,781 84,276 16,495 24.34%

Source: AgriFutures ACIL Allen Consulting, 2019
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The project methodology comprised the following phases:

•  Landscape review: The first phase developed a baseline 
understanding of relevant existing technologies and 
innovations used across rural industries. 

•  Horizon review: The second phase identified innovations 
and technologies on the local and international horizons, to 
assist rural industries to prepare for, respond to, and recover 
from natural disasters in Australia. 

•  Impact and potential return on investment: The third 
phase explored the potential effects of these technologies 
on agricultural, fisheries and forestry businesses, including 
their potential return on investment, with a focus on early 
warning systems.

•  Barriers to adoption and policy review: The fourth phase 
drew on the survey results to identify barriers to technology 
adoption such as cost or connectivity, and how this 
translates to policy frameworks. 

Section Methodology2

•  Case study: A case study of the 2019 Queensland monsoon 
trough demonstrates the state of natural disaster 
management, recovery, and resilience in rural industries, and 
how technology and innovation might bolster the approach.

•  Stakeholder survey and consultation: Alongside the phases 
of the project described above, GHD also undertook a broad 
survey of government, industry and individual stakeholders 
focused on natural disaster preparation and planning, 
management and response, and recovery.  Industry bodies 
and government agencies across Australia were surveyed 
online, with follow up telephone interviews, to better 
understand:

 –     Rural industries’ key priorities for natural disaster  
                   management 

 – Technologies and innovations in use, and imminent

  – Potential benefits and barriers to adoption.
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The frequency and intensity of major natural disasters have 
increased in the last few decades and impact rural industries 
in all areas of Australia.  This chapter details high level impacts 
of selected natural disasters for broad context then details the 
phases of natural disaster management and explores disaster 
resilience indices in Australia as developed by the Bushfire and 
Natural Hazards Cooperative Research Centre (CRC).

The impact of natural disasters

The Australian Bureau of Statistics (ABS) note that natural 
disaster events like bushfires, storms and floods, while very 
different natural events, all have similar impacts. They can 
reduce production and income, damage and destroy assets 
within specific geographic areas, while also leading to a spike in 
insurance claims, potentially increased payment of government 
benefits and an increase in public and private expenditure as part 
of the recovery effort.

For example, tropical cyclone Yasi in 2011 in North Queensland 
caused an estimated $300 million loss in crops. About 75 per cent 
of banana crops were damaged, resulting in a rise of over 400 per 
cent in the price of bananas over the twelve months to June 2011. 

Equally, in March 2017, tropical cyclone Debbie caused damage to 
several key vegetable growing regions in Queensland. Bowen, one 
of the largest winter cropping regions, was severely affected with 
vegetable industry damage estimated at $100 million, with the 
main affected crops being tomatoes, capsicums, melons, beans, 
eggplants, pumpkins and zucchinis (ABS, 2017).  

Section Natural disaster management in Australia3

  Some natural disasters such as bushfires 
are sudden and wide scale, which makes 
planning challenging. Disasters such as 
floods and cyclones, in contrast, can be 
mapped more easily, permitting industries 
to prepare and mitigate, especially where 
events are common. 

Bushfire 163

Flood 161

Cyclone 35

Monsoonal trough 15

Tropical low 10

Tornado 4

Figure 2  

Australian natural disasters (2006 to 2020)

Source: Department of Home Affairs, 2020

Figure 2 shows The Department of Home Affairs records from 
March 2006 to April 2020 of major natural disasters in Australia.
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Phases of natural disaster management

To provide context for this report natural disaster management is 
based on the following phases: 

Preparedness: When disasters strike, there is little time to put 
in place additional arrangements, acquire new skills or the 
necessary resources and supplies. Disaster preparedness aims 
to eliminate last minute actions which in themselves may prove 
detrimental or inadequate. Rather, preparing in advance allows 
for an adequate response to a disaster.

Response: The response function of emergency management 
includes actions to limit injuries, loss of life, property damage, and 
the environment. These actions can happen before, during, and 
immediately after a hazard event. Response processes begin as 
soon as it becomes apparent that a hazard event is imminent and 
lasts until the emergency is declared over.

This is the most complex of the emergency management 
functions, taking place under pressure and stress, often with 
limited information and resources. The requirements for saving 
and sustaining lives, and preventing property and environmental 
damage, are diverse. Response incorporates both the activities 
to meet these immediate needs (e.g. first aid, search and rescue, 
and provision of shelter), and the facilitative coordination and 
support systems. Response requires the rapid resumption 
of critical infrastructure (e.g. opening transportation routes, 
restoring communications and electricity, and ensuring food 
and clean water distribution), to foster recovery. The quality of 
response depends on adequate resources, good information and 
timely coordination.

Recovery: The recovery function is how communities rebuild and 
regain what has been lost due to the natural disaster and, how 
they insulate protect themselves against future events. Recovery 
actions are the most diverse and expensive of all the disaster 
management functions.

Natural disaster management in Australia

Disaster resilience in Australia

The Bushfire and Natural Hazards CRC has developed a tool 
to better understand and assess the resilience of Australian 
communities to natural disasters.  The tool, known as the 
Australian Natural Disaster Resilience Index (ANDRI), provides 
a nationally standardised assessment to estimate disaster 
resilience in Australia. Findings from ANDRI provide an indication 
of current coping and adaptive capacities in Australia, including in 
remote and rural communities.

Coping capacities relate to the use of available resources and 
abilities for communities to “prepare for, absorb and recover 
from a natural hazard event”. Adaptive capacity involves the 
arrangements and processes that allow for flexibility through 
learning, adapting and transforming (Parsons et al., 2020a). This 
is captured in Figure 3 and detailed in full in Appendix 3. 
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From Appendix 3, eight key themes are used to summarise community resources and assess the ability to prepare for,  
respond to, and recover from natural disasters. These are:

1. Social character (15 demographic indicators)

2. Economic capital (15 demographic indicators)

3. Emergency services (13 demographic indicators)

4. Planning and the built environment (10 demographic indicators)

5. Community capital (11 demographic indicators)

6. Information access (3 demographic indicators)

7. Social and community engagement (6 demographic indicators)

8. Governance and leadership (4 demographic indicators) 

Adaptive Capacity
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Context for disaster resilience 
Hazard type and occurrence

Context for disaster resilience 
External drivers and linkages

Figure 3

Capacities of the ANDRI

Source: Parsons et al., 2020a

Coping capacity: Adaptive capacity:
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ANDRI relies on 2048 Statistical Area Level 2 (SA2) areas in Australia, 
as defined by the Australian Bureau of Statistics (ABS).  ABS SA2s 
generally have a population range of 3,000 to 25,000 persons and an 
average population of about 10,000 persons.  There are some SA2s 
outside these target population ranges, due to the:

•  Relative sparseness of the population in remote regions

•  Need to avoid arbitrary subdivisions of otherwise coherent 
regions, such as large regional towns.

The 77 indicators above were used  across the eight themes in 
accordance with the SA2 divisions. 130 SA2 divisions were excluded 
due to low or no population, such as national parks, or because of 
inconsistent data.  These areas still need to be considered though in 
the context of disaster resilience.  For example, native forest activities 
are often in areas of low population bases and the consequences 
of major bushfire events in these areas can have severe impacts, 
exacerbating the impacts in these regional areas.

ANDRI is measured in the value range of 0 to 1, where an index of 0 
translates to lower disaster resilience, and an index of 1 to higher 
disaster resilience. Spatial visualisation of these values of the 
Index can be viewed on maps such as Figure 4. This demonstrates 
that low capacity for disaster resilience is often assessed in outer 
regional, remote and very remote areas. These areas face constraints 
associated with five of the eight themes of the ANDRI as detailed in 
Appendix 3:

• Economic capital

• Planning and the built environment

• Emergency services

• Information access

• Governance and leadership

Figure 4

Disaster resilience capacity in Australia

Source: Bushfire and Natural Hazards CRC
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Figure 5

Adaptive capacity in Australia

Source: Bushfire and Natural Hazards CRC

For catastrophic natural disasters, remote areas can require 
longer, and more complex disaster recovery efforts. In part, this is 
driven by distribution of the population, but these areas may also 
experience higher disruptions to the regional economy, under-
resourced or geographically distant government services, limited 
digital services and localised information access. However, this 
remoteness may also mean stronger cohesion and social capital 
within communities as a result of community bonds that may 

drive self-generated support and resources throughout the three 
phases of natural disaster emergencies (Parsons et al., 2020b). 
This sense of stoicism though should not be taken for granted or 
create gaps in service availability compared to major metropolitan 
centres.  The ANDRI index for adaptive capacity in Figure 5 and 
coping capacity in Figure 6 demonstrates that both capacities are 
still generally low in remote and regional areas across Australia.
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Figure 6

Coping capacity in Australia

Source: Bushfire and Natural Hazards CRC
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The project methodology included a stakeholder survey and 
supplementary consultation that was designed to frame the  
key sections of this work. Refer to Appendix 1 for a full list of  
survey questions. 

In response to the survey, stakeholders submitted 35 online 
survey responses with the ability for free text. Online survey 
responses were received from the following organisations and 
agencies (refer to Appendix 2):

• State government departments and agencies (32%)

• Industry representative bodies (17%)

• Local governments or organisations (14%)

• Research Organisations (14%)

• Farmers (14%)

• Individuals (6%)

• Consultants (3%)

An additional 15 direct consultations were then undertaken  

by phone and covered the following:

• Federal government departments and agencies (4)

• State government departments (3)

• National farmer organisations (1)

• State farmer organisations (2)

• Research entities (2)

• Individuals (3)

Section Stakeholder Survey4

Most survey responses came from Western Australia and 
Queensland. There were no responses received from state or 
territory agencies from South Australia or the Australian Capital 
Territory (refer to Appendix 2). Whilst there is some bias towards 
Western Australia and Queensland the results assisted with the 
Case Study and in telephone consultations the broad survey 
results were consistent with the conversations held.  Equally 
the results appear to be consistent with the ANDRI indexes for 
coping and adaptive capacity noted above.  That is, the online 
survey responses were in the low to moderate ANDRI index which 
provides relevance and context to the results.

Whilst the survey analytics allowed a level of detail available  
for broad identification of location or agency, the survey  
and supplementary consultations were completed on the basis  

of anonymity. 

Summary of survey findings

Stakeholders were asked to rate their organisation’s relative 
level of focus on the phases of a natural disaster event: (a) 
preparedness; (b) response; and (c) recovery. Around 41% of 
respondents indicated that preparation for natural disasters was 
a high, or very high focus for their organisation. By contrast, the 
response phase was a key focus area for 84% of organisations, 
with  63% for the recovery phase. The results indicate a 
natural tendency for organisations to focus on response and 
recovery over preparation, for extreme events. Although most 
organisations surveyed allocated some focus to all three phases.

Stakeholders were asked to outline their organisation’s main 
priorities during each of the three phases of a natural disaster. 
The results summarised in Table 3 demonstrate the need to 
improve early communication and build resilience capacity in the 
preparation phase. This finding is further supported by the ANDRI 
index presented in the previous section.
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Phase Priorities (highest percentage of responses highlighted in bold)

Preparation • Understanding of what the probability of an event might be at any given time

• Communication when an event is imminent

• Response and contingency planning

• Building staff capacity and training

• Building effective networks

• Simulation exercises/event planning

• R&D to inform decision-making 

Response • Animal welfare

• Managing safety of people

• Protecting infrastructure

• Determining and reporting impacts, and identifying priorities for action

• Provision of funding to impacted stakeholders 

• Communication with impacted stakeholders/mental health support

• Protecting assets and income generation (e.g. crops/livestock)

• Mitigating impact on natural resources (e.g. soil loss, land degradation)

• Facilitate farm business continuity (e.g. addressing supply chain interruption,  
           fuel delivery, milk tankers etc.)

• Assisting local governments and other agencies

• Maintaining market and customer confidence (e.g. ensuring that the impact on export  
           supply is understood and not exaggerated) 

Recovery • Rapid analysis of impacts on people

• Loss assessment

• Restoring production

• Restoring communications and power 

• Coordinating recovery activities between agencies and volunteers

• Impact assessment (business, regional, state, industry scale)

• Providing funding (or identifying funding sources) for affected businesses

• Providing information, advice and mental health support to affected businesses

• Preventing degradation of natural resources

• Maintaining business continuity and key infrastructure 

Table 3

Organisational priorities during natural disasters
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Table 4 provides a high-level summary of the key findings from 
the stakeholder consultation and surveys along with the literature 
review completed as part of this report.

Surveyed organisations had direct, or indirect, involvement in 
all phases of natural disasters and nominated their key areas 
of focus.  The highest reported natural disasters were bushfires 
(91%), flood (81%), hail (63%) and cyclones (69%). Many 
respondents nominated other natural disasters with which they 
had experience, including:

•  Drought and heat wave (it was noted in the survey 
introduction that drought was excluded from the study)

• Pandemic (COVID-19)

• Biosecurity event

• Storm

• Extreme wind

•  Storm surges (impacting fisheries and coastal agriculture) 
– note this is a rising of the sea as a result of wind and 
atmospheric pressure changes associated with a storm (as 
opposed to a tsunami)

• Erosion

• Frost.

Broadly, stakeholder consultation found a range of agencies 
and industry organisations are engaged in natural disaster 
management, utilising a wide range of technologies and data 
sources. Organisations are generally seeking innovations to 
allow their activities in this area to be more efficient, targeted, 
coordinated and data driven. There are, however, a range of 
factors that often limit the suitability of technology, including:

•  Organisations often have limited funding; therefore, 
technology solutions need to be cost-effective and proven

•  Technology is typically used by a range of internal and 
external stakeholders with different levels of technical skills; 
therefore, it needs to be user-friendly

•  Data is often shared across various organisations and 
systems; therefore, compatibility is critically important

•  Technology must work in remote locations where 
connectivity can be limited.

Organisations are generally seeking innovations to allow 
their activities to be more efficient, targeted, coordinated 
and data driven. There are, however, a range of factors  
that often limit the suitability of technology.
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1 The most recent recorded tsunami events affecting the Australian coastlines dates back to 2009, 2010 and 2011. (http://www.bom.gov.au/
tsunami/history/index.shtml). 2 Hazardous material and pandemic/biosecurity events are not considered natural disasters for the purpose of 
this report, however similar learnings apply. 

Survey element Summary of key consultation findings

Organisational 
involvement in  
natural disasters 

• Bushfires

• Flood

• Hail

• Cyclone

• Other (heatwave, storm/wind, tsunami1, frost, hazardous material, pandemic/biosecurity event2) 

Preparation phase 
priorities

• Prediction/early warning

• Contingency planning/simulation

• Capacity building (staff, networks, infrastructure)

Response phase  
priorities

• Animal welfare

• Human safety

• Quantifying impacts

• Coordinating response

• Facilitating business continuity

Recovery phase  
priorities

• Loss assessment

• Financial assistance

• Restoring supply chains and key infrastructure

Information  
and data sources

• Combination of new and traditional media and data sources currently used

• Opportunities for networked weather stations and remote sensing

Future data sources  
and technology

• Data relating to frequency and intensity of events

• Drones

• Advanced spatial technology and satellite imagery

Key factors  
in technology selection 

• User-friendly

• Work in remote locations

• Compatible with existing systems

• Improve communications

• Privacy (needs to be maintained without compromising effectiveness)

Knowledge sharing •  Via research organisations, government agencies, IT specialists, field-days, conferences and own research

•  Learnings adapted from other disaster situations (e.g. COVID-19), Defence force, infrastructure 
management and technology sectors. There are opportunities for increased cross-sectoral 
engagement and learnings

Non-tech innovations •  A range of simple and practical innovations for improved disaster preparation and management 

• Connectivity is fundamental in improving natural disaster management 

Table 4

Summary of key survey and consultation findings
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Key focus areas for government and rural industries

The analysis in the survey and consultations have identified several key focal areas for all tiers of government and rural industries in 
Australia relating to natural disaster management.  These are summarised in Table 5 and expanded on in Section 5 of the report.

Stakeholders Key focus areas

Government (three tiers) Collaboration across jurisdictions and knowledge-sharing.  This extends to communication  
and coordination between government and non-government organisations.

Technology and investment – particularly investment into spatial, remote sensing and 
forecasting systems along with early warning systems in remote and regional areas.

Investment in greater data analytical capacity to allow meaningful information to be 
communicated at a local level.

Improving digital connectivity in regional and remote areas.

Availability of utilities as soon as possible after a natural disaster, especially power and 
telecommunications. 

Rural industries Continued education and awareness of emerging technologies that have ability to assist  
in natural disaster management.

Consideration of collective or co-operative producer investment to enable technological uplift  
in remote and regional areas.

Greater awareness of initiatives and developments outside of own commodities lines, such as 
Wine Australia’s “Climate Atlas” and research such as Coastal Risk as highlighted in Appendix 4.

Consideration of investment into on-farm connectivity solutions subject to completion of 
individual risk management plans and rigour around the costs and benefits of these potential 
benefits.

Engagement with social media platforms for awareness as a communication tool in natural 
disasters beyond text messages 

Table 5 

Key focus areas across government and rural industries



Collaboration across 
jurisdictions and 
knowledge-sharing,  
is one of the key 
focus areas across 
government and  
rural industries
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Alongside the stakeholder survey and consultation, a broad 
literature review explored innovation and technologies in use, 
in rural industries in Australia and internationally, relating to 
natural disaster management. The review’s focus included data 
gathering, information sources, and communications.  Through 
this chapter there is an exploration of research linking key survey 
findings with analysis, key focal areas for government and rural 
industries and conclusions. 

Landscape review

Information technologies are a fundamentally critical element 
of disaster management and are enabled by data gathering, 
processing and analysis, exchange, and distribution. As these 
technologies mature and advance, they will continue to improve 
natural disaster management.

Data collection and communication of advice or warnings is 
instrumental for effective disaster management and response. 
More climatic extremes, such as cyclones, bushfires and floods, 
heighten the need to address gaps in disaster management by 
enhancing existing technologies, and deploying new capabilities 
(Tomaszewski, 2020).

The ability to provide advance warnings for any natural disasters 
can have a material impact in reducing potential losses. 
Technological advances, such as social media and mobile phones 
communicate critical information to a large audience in a timely 
manner.  As, these communication channels are supported by 
satellite imagery, remote sensing, and unmanned aerial vehicles 
(UAVs, or drones) they are helping to address these disaster 
management gaps.   

Section Innovations and technologies  
in natural disaster management

5

3 Results	reflect	an	amalgamation	of	responses	from	survey	questions	10	and	11.		4 http://www.climatekelpie.com.au/

Survey findings

Survey responses revealed that organisations rely on a 
combination of traditional and new media information sources 
 in the preparation and response phases (see Figure 7).

Current research programs in Australia

There are various research programs in Australia relating to 
weather forecasting.  An example of two long running research 
programs specific to rural industries that are supported by Rural 
Research and Development Corporations and the BOM are:

Managing Climate Variability (MCV) program

•  The MCV program aims to: (1) improve the accuracy of 
weather forecasting on timeframes; (2) provide climate 
information for managing climate risk; and (3) increase the 
knowledge and confidence of primary producers and natural 
resource managers to adopt risk management measures

•  The climate forecasting research aims to improve seasonal 
climate forecasts, from multi-week to intra seasonal periods, 
by investing in improved modelling capabilities

•  Outputs of the climate forecasting research are translated 
into products and services (for e.g. making better predictions 
of summer wet seasons) through information access and 
delivery for the Australian agricultural industry. This is readily 
available via the Climate Kelpie website that details weather 
forecasts, regional climate guides and decision support tools 
(Climate Kelpie, n.d.a).4
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1 2 3 4 5

Applications (e.g. smartphone apps)
Australian websites

International websites
Internet news (e.g. ABC online)

Television news (free to air/pay to view)
Radio news

Email alerts
SMS alerts

Social media

Very Low  Very High

Forewarned is Forearmed program 

Forewarned is Forearmed is a Rural R&D for Profit project that 
is currently supported by the MCV program and by funding from 
the Australian Government Department of Agriculture, Water and 
Environment. The project aims to provide forecasts of extreme 
climate events to farmers and to equip them with information 
and tools to be forewarned and prepared for extreme events 
weeks to seasons ahead (Climate Kelpie, n.d.b).  The pre-cursor 
to this project was Improved Seasonal Forecasting led by 
AgriFutures (2015-18).

Existing technologies  

A range of technologies and innovations, in Australia and 
internationally, enable natural disaster modelling, visualisation, 
and prediction, using analytics and machine learning (refer 
to Table 6 and Table 7, with Appendix 4 providing more detail). 
Existing technologies and innovations in Australia, mostly 
supported by government agencies, are geared towards advanced 
weather warnings and natural disasters.  

Figure 7

How reliant are you on the following information/data sources to help you prepare,  
respond and recover from natural disasters? (Weighted average response)3

Source: Bushfire and Natural Hazards CRC
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Table 6

Existing technologies and innovations in Australia

Technology and 
innovation

Owner Use Cases Considerations for 
government and rural 
industries

Australian Community  
Climate and  
Earth- System  
Simulator-Seasonal 
(ACCESS-S)  
(BOM, n.d.a)

Bureau of 
Meteorology 

Advanced weather warning systems, especially 
with enhanced future version ACCESS-S2.

Government – continued 
resourcing and focus on  
early warning systems and 
data analytics. 

Rural Industries –  
awareness through programs 
like MCV above.

AMICUS
(CSIRO Data 61, n.d.a) 

CSIRO Data61 New software tool, which trained fire analysts 
can use to predict bushfire behaviour.  Future 
development will allow infield use via tablets and 
smartphones.

Emergency services –  
reliance on digital connectivity 
on fire grounds.

SPARK
(CSIRO, 2015)

CSIRO Combines current fire behaviour knowledge 
with simulation science to produce statistics, 
predictions and visualisation of bushfire spread.

Communications to potentially 
impacted rural industries 
to allow for timely decision 
making.

Emergency Response 
Intelligence Capability 
(ERIC)
(CSIRO Data 61, n.d.b) 
 

CSIRO Data 61 Automates situation reporting during large-scale 
emergency events. A single web-based map 
interface, which integrates emergency event data 
from state and federal agency sources, and social 
media reports. Enables CSIRO staff to see, in real 
time, how conditions are affecting an area, allowing 
more informed responses. 

Interaction between government 
agencies and rural industries to 
allow real time information and 
decision making.  

Contingent on digital 
connectivity.

3D	flood	modelling
(CSIRO Data 61, n.d.c)

CSIRO Data 61 Produces a visual model of a flood event  
(i.e. fluid flow impacts) at a local level,  
enabling mitigation planning.

Consideration for rural industries 
to seek modelling in remote 
areas where extensive flooding 
can have large impacts.

Emergency Situation 
Awareness Software 
(ESA) (CSIRO Data 61, 
n.d.d)

CSIRO Data 61 Detects any unusual or abnormal behaviour on 
social media and alerts users when a disaster 
event is being broadcast. It reveals emerging topics 
and flags them for investigation. The software 
uses data mining techniques to provide situation 
awareness. Potentially, ESA can provide evidence of 
pre-incident activity, firsthand reports of incident 
impacts, near real-time notice of any incidents 
occurring, and gauge community response to an 
emergency warning.

In regional and remote 
areas this will rely on 
digital connectivity and 
an understanding by rural 
industries that increasingly 
social media will be relied 
upon for natural disaster 
management in conjunction 
with traditional means like 
radio and text messages.
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Technology and 
innovation 

Owner Use Cases Considerations for 
government and rural 
industries

MetEyeTM 

(BOM, n.d.b)
Bureau of 
Meteorology

Geographical Information System (GIS) online 
mapping tool is used to visualise weather 
observations and forecasts. Designed to better 
represent local weather through combining 
Australian and international models, MetEye can 
display forecasts one to seven days ahead, and is 
routinely updated twice daily. 

Consideration by rural 
industries via individual 
business plans of tools 
available to assess risk at a 
localised level and explore 
appropriate mitigations.

Doppler Radar Ball 
(BOM, 2017)

Bureau of 
Meteorology

The antenna scans at low altitudes for 
rainfall and higher altitudes for early severe 
weather warnings. It provides reliable four-
day predictions for farmers and emergency 
services, allowing better preparation for severe 
weather events (Mochan & Bennett, 2019). It is 
recommended for use alongside other Bureau 
services, such as observations, satellite images, 
forecasts and warnings.

Discussed in the Economic 
benefit of early warning 
systems section as an area 
of potential investment by 
government (both federal 
and state) and use by rural 
industries to make risk-
based decisions.

Artificial	Intelligence	(AI) CSIRO 
Universities

Researchers are applying artificial intelligence 
to good quality datasets to accurately predict 
natural disasters, buying life and property-saving 
preparation time. AI can also aid disaster response. 
Drones, robots and sensors can provide intelligent 
and accurate information about landscapes 
and damaged infrastructure to inform loss 
assessments. 

Rural industries need to be 
increasingly aware of these 
developments to decide on 
applicability in local settings for 
natural disaster management.

A range of technologies and innovations, in Australia 
and internationally, enable natural disaster modelling, 
visualisation, and prediction. 
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Technology Owner Use cases

Australian Community Climate and  
Earth- System Simulator-Seasonal 
(ACCESS-S) 
(BOM, n.d.a)

Bureau of Meteorology The development of ACCESS-S was in partnership with the 
UK Met Office’s GloSea5-GC2 (Global Seasonal forecast 
system version 5 using Global Coupled model configuration 
2) and was used to replace the Predictive Ocean 
Atmosphere Model for Australia (POAMA) as the official 
seasonal forecast system of the BOM.

Global Agricultural and Disaster 
Assessment System (GADAS) - USDA

United States 
Department of 
Agriculture

GADAS has worldwide monitoring and tracking capability. 
It also provides pre- and post- natural disaster agricultural 
assessments.

Soil Moisture Active Passive (SMAP) 
(Rasmussen, 2019)

US Air Force NASA’s SMAP spacecraft gathers real-time data by 
measuring the top five centimetres of surface soil and 
applying numerical techniques to model the weather and 
climate (Rasmussen, 2019). The SMAP system can also 
predict floods.

Fire Detection in the US (Smoke D) 
(Lenihan, 2018)

The US Department  
of Interior

SmokeD is an artificial intelligence (AI) computer with 
a camera that can detect fires 10 miles away (~16 km). 
Users can download an app which issues alerts for fires 
detected nearby. Solar-powered drones monitor wildfires 
with infrared cameras and other sensors to provide 
real time surveillance and imaging. This technology 
integrates wildfire-related data, computing, modelling and 
visualisation.

Shanghai Multi-Hazard Early Warning 
System (MHEWS) 
(Choy et al., 2018)

China An integrated weather climate and forecasting, and 
risk-warning system, implemented at a city to community 
level (Choy et al., 2018). MHEWS focuses government 
coordination and cooperation for joint response capability.

Supercomputers 
(Government of the United  
Kingdom, 2020)

UK Government  
Met Office 

The UK Government has committed $1.2 billion for a new 
supercomputer that predicts severe weather and climate 
change impacts. The system will be able to forecast storms, 
choose optimal flood defence locations, and predict 
global climate changes. The Met Office will manage the 
supercomputer, which is expected to boost communities’ 
preparedness for weather disruptions. 

There are also existing technologies and innovations emerging globally as detailed in Table 7.

Table 7 

Examples of existing technologies and innovations globally
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Technology Owner Use cases

Australian Community Climate and  
Earth- System Simulator-Seasonal 
(ACCESS-S) 
(BOM, n.d.a)

Bureau of Meteorology The development of ACCESS-S was in partnership with the 
UK Met Office’s GloSea5-GC2 (Global Seasonal forecast 
system version 5 using Global Coupled model configuration 
2) and was used to replace the Predictive Ocean 
Atmosphere Model for Australia (POAMA) as the official 
seasonal forecast system of the BOM.

Global Agricultural and Disaster 
Assessment System (GADAS) - USDA

United States 
Department of 
Agriculture

GADAS has worldwide monitoring and tracking capability. 
It also provides pre- and post- natural disaster agricultural 
assessments.

Soil Moisture Active Passive (SMAP) 
(Rasmussen, 2019)

US Air Force NASA’s SMAP spacecraft gathers real-time data by 
measuring the top five centimetres of surface soil and 
applying numerical techniques to model the weather and 
climate (Rasmussen, 2019). The SMAP system can also 
predict floods.

Fire Detection in the US (Smoke D) 
(Lenihan, 2018)

The US Department  
of Interior

SmokeD is an artificial intelligence (AI) computer with 
a camera that can detect fires 10 miles away (~16 km). 
Users can download an app which issues alerts for fires 
detected nearby. Solar-powered drones monitor wildfires 
with infrared cameras and other sensors to provide 
real time surveillance and imaging. This technology 
integrates wildfire-related data, computing, modelling and 
visualisation.

Shanghai Multi-Hazard Early Warning 
System (MHEWS) 
(Choy et al., 2018)

China An integrated weather climate and forecasting, and 
risk-warning system, implemented at a city to community 
level (Choy et al., 2018). MHEWS focuses government 
coordination and cooperation for joint response capability.

Supercomputers 
(Government of the United  
Kingdom, 2020)

UK Government  
Met Office 

The UK Government has committed $1.2 billion for a new 
supercomputer that predicts severe weather and climate 
change impacts. The system will be able to forecast storms, 
choose optimal flood defence locations, and predict 
global climate changes. The Met Office will manage the 
supercomputer, which is expected to boost communities’ 
preparedness for weather disruptions. 

Technology Owner Use cases

Artificial	Intelligence	for	Digital/Disaster	
Response

AIDR AIDR classifies social media posts from Twitter during 
disasters into user-defined information categories 
(e.g. needs, damage or number of posts). It processes 
these posts using machine learning and classification 
techniques, in real-time.

Qatar Computing Research Institute (QCRI) Qatar Computing 
Research Institute 
(QCRI)

QCRI aims to increase efficiency of agencies and volunteer 
services during disaster management by using machine 
learning to automatically identify texts and Twitter tweets 
that relate to particular crises. 

BlueLine Grid New York Police 
Department (NYPD)

BlueLine Grid is a mobile communications platform, which 
informs disaster rescue efforts by connecting users to an 
established network of first responders, security teams 
and police via voice, text, location and group services. It is 
effective because users can quickly find key stakeholders 
by geographic proximity, area or agency. It also fosters 
efficient connectivity, collaboration and communication.

1CONCERN One Concern (CA USA) 1CONCERN produces a common and comprehensive 
image of the event during emergency operations, which 
helps emergency operation centres allocate resources to 
rescue efforts. 

The UK Government has committed $1.2 billion for a new 
supercomputer that predicts severe weather and climate 
change impacts. The system will be able to forecast 
storms, choose optimal flood defence locations, and 
predict global climate changes. 
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5 Data exhaust is the data generated as a by-product of people’s online actions and choices.

Big data

Big data can be defined as extremely large data sets that may 
be analysed to reveal patterns or trends, often computationally.  
The age of big data has opened new options for natural disaster 
management, primarily because of the varied possibilities it 
provides in visualizing, analysing, and predicting natural disasters 
(Yu et.al 2018).

Big data sources in disaster management are vital for key 
agencies, and can include:

•  Remote sensing data (e.g. satellite and UAV images and videos) 

•  Physical sensing devices data (e.g. buildings and properties, 
cameras and sensors, dam water level sensors, etc.)

•  Digital/online content (social media and crowd sourcing)

•  Data exhaust5 (mobile-based, financial transactions, 
transportation, online traces) (Federal Geographic Data 
Committee (FGDC), 2016), United Nations (UN) (Data-Pop 
Alliance, 2015).

Satellite imagery, crowdsourcing, and social media data provide 
most of the big data for disaster management, as explored in 
Appendix 4.

Data Collection

Remote sensing, satellite and UAV imagery, Light Detection and 
Ranging (LiDAR), are the primary technologies used to collect data 
for the development of natural disaster management planning 
and response. Geospatial data contains geographic information 
of natural or artificial objects present in the affected region and 
can primarily be obtained by remote sensing. 

Current remote sensing technologies can provide high-resolution 
satellite imagery to cover broader areas of the disaster. Satellite 
imagery can be acquired from the geospatial data providers 
and UAV imagery. The most common, best understood, and 
operational of these uses is that of weather satellites for 
cyclones, storms and, in some cases, flash floods. These systems 
have certain, clear advantages such as:

•  There are many orbiting and geostationary satellite services 
available, and coverage of almost any part of the world is 
available in small timescales, ranging from hours to a few days 

•  Imagery from these satellites is relatively cheap,  
or freely available. 

Spatial resolution, image extent and spectral characteristics play 
a large role in determining whether a particular sensor or data 
type can detect individual hazards.

There are several other provisos regarding the ability of a satellite 
sensor to monitor a disaster. Data cannot be collected where 
imagery cannot be recorded on board the satellite, where there 
is no local receiving station coverage, or where a local receiving 
station is not licensed for a particular satellite.

For many parts of the world, medium to high resolution remote 
sensing satellites will only acquire data after the satellite has 
been programmed. In these circumstances, coverage of the 
affected area is likely to be delayed, even missed. When major 
disasters unfold, however, most satellite operators will schedule 
imagery collection, even without confirmed programming 
requests, either on humanitarian grounds or in the hope of data 
sales.

The use of remote sensing for mapping and monitoring natural 
hazards has diversified in recent years, owing to an increase 
in data availability and technological advances in their 
interpretation. 

  The age of big data has opened new 
options for natural disaster management, 
primarily because of the varied possibilities 
it provides in visualizing, analysing, and 
predicting natural disasters (Yu et.al 2018).
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  Despite the data benefits of social media 
and crowdsourcing, challenges arise in 
assessing the data.  This includes high volumes 
of data received quickly, outliers or data that 
has questionable credibility.

Airborne and terrestrial LiDAR is another method for obtaining 
accurate and high-resolution data, as compared to aerial and 
satellite imagery. Its high sensitivity to water and its ability to 
gather information on ground conditions during a natural disaster 
can provide valuable information during a disaster such as 
volcanic activity (Bisson et al., 2016), earthquake (Moya et al., 
2017), and water-related disasters such as hurricanes (Gong, 
2013) and floods (Costabile et al., 2015).

Wireless Sensor Network (WSN) involves physical sensors and 
mobile robots that can be used, in combination with mobile 
sensing data and UAV, to develop an early warning system for 
natural disasters, or provide reliable data transmission during 
and after, as part of response and recovery planning (Chen et al., 
2013, Tuna et al., 2014).

Data collection from online internet platforms, with content 
contributed by the public, is another source for analysis and 
use in disaster management. Whilst social media networks 
more passively gather data points, crowdsourcing relies on 
volunteering members actively contributing data sometimes 
referred to as “user supplied information”. 

Social media, through images and videos posted by users, 
provides useful information in disaster management processes, 
such as geolocation, narrative construction and crisis mapping. 
These functions are instrumental in disaster risk mitigation and 
response (Middleton et al., 2013).

Survey respondents elaborated on the above by listing a range of 
additional data sources, technologies or services on which they 
rely (refer to Table 8). This is a summary but details the range of 
sources that rural industries source information from. This list is 
not exhaustive and will likely change over time as new information 
and technologies appear.

  The increasing role of data analytics, 
and the ability to distribute meaningful 
information in a timely manner to allow risk-
based decision-making (either at a macro 
or localised level before, during and after an 
event), is a central theme that has emerged in 
the survey data and in this report. This is most 
prevalent via text messages from emergency 
services, or through apps (e.g. Fires Near Me 
in NSW), which alert to potential impacts or 
provide updates, in areas of imminent danger.
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Table 8

Other data sources, technologies, or services used by survey respondents

Specific	data	or	services

• BOM

• Weatherzone

• Integrated Marine Observing System (IMOS)

• Australian Antarctic Division (AAD)

• Australian Marine Safety Authority (AMSA)

• Australian Shellfish Quality Assurance Program (ASQAP) 

• CSIRO Satellite Data (Algal Blooms)

• Murray Darling Basin Authority (MDBA)

• Online platform for DRFA applications (SmartyGrants) 

• WA network of automated weather stations and radars operated by DPIRD

• CalcFDI - calculating fire hazard risks

• Broadcast Alert Respond Turnout (BART) - WA fire emergency response  

• Department of Agriculture, Water and the Environment (DAWE)

• Fires Near Me (NSW)

• Nursery and Garden Industry Queensland (NGIQ) spatial mapping portal with feed from BOM

• Emergency WA website

• Wine Australia vineyard mapping tool 

General data or services

• State and local government operational, information, tasking and incident management systems

• Spatial, remote sensing, property ownership/management database

• IoT on farm

• SMS alerts

• ComCentre - radio communication with central communications during a fire

• Flood Warning Systems

• Agency links into the Local, Regional and State Emergency response structure e.g. Local Emergency Management Committee

• Global/regional wave/wind/current circulation models/predictions

• Conversations with clients

• Rural media

• Field workshops where applicable

• Local and farm specific knowledge built up over generations, farmer networks, member networks 
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Horizon review

Survey responses highlighted that communication and digital 
connectivity is a key issue when preparing for, responding to, and 
recovering from natural disaster events. 

The loss of communication services and connectivity, especially 
in rural and remote areas, can severely impact rural industries 
through delayed warning messages and/or recovery services 
to disaster-affected communities. This also leads to major 
disruptions to rural production systems and increases the stress 
and emotional strain for agribusiness owners and landholders. 
Accessible technologies that enable continued communication 
through improved connectivity are therefore critical for natural 
disaster management and resilience.

Survey findings

Stakeholders surveyed are interested in data and technologies, 
which predict the frequency and intensity of events, including 
drones, advanced spatial technology and satellite imagery (see 
Figure 8), all of which rely on digital connectivity. 

The question asked was: “If the following data sources and 
technologies were available to help you manage a natural 
disaster, how likely are you to use them?”.

Figure 8  

Survey responses to emerging data and technologies

1 2 3 4 5

Data relating to frequency and intensity of events
Reporting relating to natural disasters

Increased access to satellite imagery
Machine Based Learning (AI for predictive modelling)

Stock management technologies
Virtual fencing

Advanced spatial technology
Advanced social media applications

Increased use of drones
Use of autonomous vehicles

Very Unlikely   Very Likely
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Table 9

Existing solutions with improved commercial viability

Telecommunications 
solution

Impact

Performance innovation in new telecommunications solutions

5th Generation  
technology (5G)

• Guaranteed quality of service for specific applications.

•  Same physical network can be partitioned into multiple virtual networks, each optimised for different 
applications. This will allow prioritisation and unique network characteristics to be applied to match 
application requirements.

Low Earth Orbit  
(LEO) satellites

•  Services are claiming the ability to deliver upwards of 1 Gbps connection speeds, well in excess of 
current NBN satellite capabilities.

•  More consistent signals, better performance and improved reliability.

Satellite based  
Internet of Things  
(IoT)

•  One implementation of this IoT solution includes the deployment of Low Power, Wide Area (LPWA) 
networking devices to enable ultra-low-cost connectivity.

•  Another solution is device-based, where the devices/modules have an integrated satellite 
communication chip built in, which allows them to transmit data to a satellite when it is overhead.

Reshaping data  
collection using Low 
Power Wide-Area 
Networks (LPWAN)

 •  LPWAN is a group of wireless communication protocols and systems that have low energy consumption 
and high transmission power for long-range communication of up to 10-40 km in rural zones.

•  Supports IoT applications and suitable for devices that require periodic transmission of small amounts 
of data; for example, a weather station sensor which may require transmission of a few times per hour.

• Suited to rural applications due to the ultra-low power consumption.

•  Although both the communication technology and the sensor technology are mature markets, the 
combination of the two to provide an integrated eco system is still emerging.

Edge computing •  The increased provision of greater computing power at the site that data is collected (i.e. edge 
computing) allows for transmission of the “processed data” rather than the entire data set, reducing the 
amount of bandwidth required to the field “edge” device.

•  These devices are increasingly automated, for example, a water level sensor based on a series of 
predefined rules, rather than sending data back to a central control system location many kilometres away. 

Improved commercial viability for existing telecommunications solutions

Unlimited data  
via satellite

•  Australian vendors are developing innovative approaches to utilise the limited satellite bandwidth to 
provide better value through data prioritisation in back-end systems. Increasingly resilient satellite 
communications methods are available to remote areas.

Mobile satellite hubs •  Portable hubs, installed in vehicles, are available at increasingly cheaper price points that enable the 
establishment of temporary telecommunications facilities to support remote working; for example, a 
central hub established to support the response phase of an emergency.

Reducing the cost 
of IoT messaging via 
Geostationary Earth  
Orbit (GEO) satellites

•  Use of GEO satellites for IoT applications, in order to provide wider coverage from a lower capital 
expenditure than LEO satellites, is challenging the existing price points for sensor data messaging 
costs in the market and promising a cheaper alternative. For wide-spread sensor networks with 
substantial sensor counts, this achieves a significant saving for a project and improves commercial 
viability, e.g. sensors in forestry operations. 

New technologies of interest to the rural sector, and available products that are expected to become increasingly cost-competitive in 
the next few years, are profiled in Table 9 (refer Appendix 4 for more details).
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Survey responses 
highlighted that 
communication and 
digital connectivity 
is a key issue when 
preparing for, 
responding to, and 
recovering from natural 
disaster events. 
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Analysis

The survey results suggest organisations value technology 
solutions which are user-friendly, work in remote locations, 
are compatible with existing systems, and can improve 
communications (refer to Appendix 2). Some stakeholders also 
cited a preference for technology solutions, which:

• Have readily accessible open source data 

• Locally useful and applicable 

•  Manage user privacy without inhibiting effectiveness.  
Note there was a view that while privacy is important,  
public safety is paramount in disaster situations.

The size of a natural disaster comprises geographical extent and 
degree of damage. Disasters range from the catastrophic, such 
as the Queensland monsoonal trough and 2019/20 bushfires, 
to smaller localised storm damage, or local flooding. The type 
of natural disaster also defines impact. Bushfires, flooding, 
cyclones, storms and frost for example will affect rural sectors, 
different producers, emergency services and government 
differently.

Irrespective of the nature of the disaster, effective management 
has common requirements. These include prevention, advance 
warning, early detection, early notification to producers 
and concerned authorities, response mobilisation, damage 
containment, and medical care and relief to affected people and 
animals. 

Local farmer organisations

Increasingly, localised farmer groups are boosting local productivity 
and knowledge sharing via forums that allow discussions ranging 
from financial benchmarking to new technologies. By sharing 
information in a preparation phase or from a risk management 
perspective, groups, such as the Birchip Cropping Group in Victoria, 
the Mingenew-Irwin Group in Western Australia and countless 
others, can potentially interact with key agencies like BOM.  This 
will assist with advanced warnings and promote localised risk-
based decision-making in the event of natural disasters.

Managing data in disaster management

Many of the technologies identified in this report either collect 
data or rely on the collection of data through avenues such as 
social media, to realise their potential.  Making effective use of 
data for better disaster management decision-making relies 
on three key functions: collection, analysis and communication. 
Data can be processed using AI, machine learning algorithms, 
information extraction, information retrieval, information filtering, 
data mining, and decision support. An overview of this disaster 
management data flow is provided in Figure 9.

Three key stakeholder groups require information relating to all 

phases of natural disasters.

•  Government requires predictive modelling and data in order 

to form policy, emergency response strategies, and to allocate 

funding and resources.

•  Disaster management organisations and emergency services 

require real-time data and analytics to respond effectively in all 

phases of a natural disaster.

•  Rural industries need information and data for all phases of 

disaster management.  
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Collect  
data

AnalysisCollect  
data

Collect  
data

Communication

Actions

Actions

Decision 
making

Decision 
making

Disaster 
management 
authorities / 

organisations

Community

Irrespective of the nature of the disaster, effective 
management has common requirements. These include 
prevention, advance warning, early detection, early 
notification to producers and concerned authorities, 
response mobilisation, damage containment, and medical 
care and relief to affected people and animals. 

Types  
of data

Sources  
of data 

Figure 9

Data flow in disaster management

Source: GHD
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Forecasting: Structural monitoring, disaster forecast, 
environmental monitoring and early warning system design 
are grouped together since their common goal is to predict and 
forecast the occurrence of a disaster. 

The groups of WSN and multi-UAV applications in disaster 
management considered in this project are the following:

• Monitoring, forecast and early warning systems
• Disaster information fusion and sharing
• Situational awareness, logistics and evacuation
• Standalone communication system
• Search and rescue missions
• Damage assessment

Social media and disaster management

Social media is changing the way people communicate during 
disasters. Engaging with and using such media may help 
organisations and individuals to respond better to disasters.

As with any new technology, there remain many hurdles 
between the current and optimal use of social media to yield 
most benefit. The use of social media is widespread but there 
are individuals and/or communities that have little exposure to 
social media which dramatically reduces the effectiveness of this 
communication tool.

Social media also raises reliability and trust issues. It is not 
always possible to verify social media users are who they claim, or 
if what they share is accurate, though correction by other users is 
often rapid. It can also be difficult to distinguish authentic crisis/
need from background noise and opportunistic scams. Privacy 
is a critical question and monitoring social media data requires 
careful corresponding consideration which may not be possible 
during natural disasters.

Satellites and remote sensing

Demand and expectations are growing for near-real-time 
monitoring and visual images to be used in the event of a natural 
disaster, as technology and monitoring satellites improve. 

New earth observation satellites are continually being launched, 
recognising the prospective market in disaster management. 
However, the provision of acquired image data in a rapid response 
situation remains a challenge both technically and financially. 
There is also the potential for increased use of airborne platforms 
to provide the first level of image data in an emergency by 
acquiring, processing and serving imagery in near-real time to the 
end-user. 

Terrestrial wireless sensor  
networks and UAV systems

There have been recent developments and advancements in 
wireless communication technologies, energy storage, computing 
power and UAV. This allows for a system composed of Wireless 
Sensor Networks (WSN) and multi-UAV.  It is considered that 
this combination will play an increasingly important role in 
natural disaster management in two key areas of forecasting and 
assessment (Chen et al., 2013, Tuna et al., 2014).

Quick assessment: Search and rescue response time is key 
to saving lives and infrastructure in disaster-affected areas. 
Situational awareness is most efficiently achieved through aerial 
assessment, allowing speedy access to affected areas and 
imagery capture.

  Remote sensing has proven useful 
for a range of applications including the 
detection of earthquakes, faulting, volcanic 
activity, landslides, flooding, bushfires, and in 
assessing the damages associated with each. 

  Whilst social media can bolster existing 
approaches to disaster management and 
communication, it should not supersede or 
supplant them.
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Social media is 
changing the way 
people communicate 
during disasters. 
Engaging with and 
using such media may 
help organisations and 
individuals to respond 
better to disasters.



50 SectionDrivers for growth

Collection of good 
data in close to real 
time, sound data 
analysis and strong 
digital connectivity 
is central to 
improving disaster 
management 
decision making. 
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Conclusions

This report examines innovations and technologies, which are 
predominately digital, and rely upon data from early warning radar, 
satellites, drones, and social media. Ultimately, collection of good 
data in close to real time, sound data analysis and strong digital 
connectivity is central to improving disaster management decision 
making. Effective data use can:  

•  Enhance risk-based decision making

•  Allow emergency services and rural industries to respond faster 
and deploy resources more effectively.

The investment required for data gathering technologies, 
infrastructure, and analytics is generally beyond the reach of most 
emergency services and individual producers. However relevant 
state and federal governments have the ability to shape policy 
development and investment.

Innovations and technologies in natural disaster management
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There are a number of areas relating to data and digital connectivity 
that this report has reviewed and summarised, including:

Data

•  Using data to prepare better: Stakeholders, be they government 
agencies or individual producers, appear to put most of their 
efforts into natural disaster response and recovery. More data 
analytics and modelling in the preparation phase could enhance 
risk-based decision-making. Concurrent development of 
processes and techniques to exploit available data effectively, 
and quickly, will ensure the best possible intelligence and 
actionable insights reach emergency services and decision-
makers in time to make a difference 

•  Improved interpretation: Bushfire analytics, though well 
established and evolving, were tested in the 2019/20 bushfires. 
The mapping of other hazard and disaster events such as 
flooding requires development and implementation of more 
robust techniques. Manual interpretation of data for various 
applications is a popular mapping solution, but unlikely to be 
suited to rapid response and emergency events

•  Ensuring sufficient data skills: High quality data analytic 
capabilities are a specialised and increasingly vital requirement, 
both for natural disaster management and rural industries 
generally. It is essential that rural industries are well served by 
sufficiently skilled resources who are available to meet local 
needs, and these resources are not denuded by overseas 
demand, or “brain drain.”

•  Integrating data sharing: A substantially integrated system of data 
sharing could provide a “single source of truth” for understanding 
and managing risk and impacts before, during and after an event.  
This may also assist in communications as different stakeholders 
require different information at different times.

Section 5



53

Digital connectivity

Regional and remote Australia is, generally, less disaster-resilient than 
major metropolitan centres. This relates, in part, to digital connectivity 
and infrastructure constraints. Better digital connectivity can bolster 
natural disaster management, while also benefitting broader business 
management, health and education.

•  Social media for faster communication: Social media can enhance 
disaster management communication within the vast Australian 
landscape. But social media channels are not used by all people and 
should not supplant current approaches to disaster-management 
communication. These include warning signs on roads or local 
radio for those, for example, who may be driving or without mobile 
phone reception, or digitally disconnected or disinclined, as notable 
among the older generation. A multiplicity of communication 
channels ensures broad coverage across demographics

•  Greater digital connectivity: Digital connectivity and 
communication channels in regional and remote areas, away 
from telecommunication towers, are a continuing impediment to 
comprehensive communication coverage. There are many areas of 
regional and remote Australia and marine locations where there is 
limited digital connectivity away from main roads or infrastructure. 
This creates a reliance on ultra-high frequency (UHF) radios and 
emerging satellite technologies. As an example, the continued roll 
out of the Mobile Blackspot Program will assist in this area and 
improved digital connectivity is a baseline requirement to unlock 
the potential for many of the technologies outlined in this report. 
More broadly this is also about inclusion and accessibility. 

Innovations and technologies in natural disaster management
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Assessing high-level economic  
impact of early warning systems

Assessing the high-level economic impact of early warning 
systems and improving data and communications is challenging.  
This also extends to innovation adoption generally due to 
uncertainties associated with the: 

• Frequency and magnitude of natural disasters

• Commercial cost of emerging technologies

•  Capabilities, range and uptake of emerging technology, 
particularly when applied to different regions or production 
systems along with ongoing operational costs, subscriptions 
or training.

The findings here are, therefore, indicative only and are based on 
best available information at this time.

Survey findings about early  
warning weather systems

The survey allowed for open comments about any aspect of natural 
disaster management that they would like to raise. Consistent 
themes emerged around early warning weather systems and 
communications infrastructure as high priorities such as: 

Section Potential benefits of investment 
in early warning systems

6

“Improved floodplain gauges to assist 
community protection”

“Better weather stations especially for western 
NSW e.g. predictions for NSW have usually impacted 
western NSW before they have been notified”

“We have installed our own internet towers for 
NBN services for farmers in the area that we will 
also make available to local fire fighters. We would 
love to install more localised weather stations and 
we are aggregating data from all of our weather 
stations for use by farmers and firefighters”

“Rapid availability of mapping and modelled impact”

“Better telecommunication coverage in regional areas”

Throughout this project there was consideration towards the 
potential impact of innovations and technologies for agricultural, 
fisheries and forestry businesses and potential return on 
investment.  The weighting of the survey results along with 
the landscape and horizon reviews focused attention on early 
warning systems as potentially having the highest impact.  This 
chapter discusses these themes and also presents an indicative 
self-assessment framework for illustrative purposes as a guide 
for individual producer decision making. 
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Economic benefit of early warning systems

In reviewing the potential economic impact and feasibility of 
investment, in line with the survey responses and literature 
review, the focus is on warning systems, improved seasonal 
weather forecasting and enhanced radar infrastructure. 

Whilst this also relies on digital connectivity and communication 
infrastructure the starting point is the potential economic 
benefits from early warning systems. Summarised in Table 10 are 
thefindings from a range of Australian and international studies 
exploring these investments. 

After taking into account implementation and operating costs, benefits beyond rural industries, cyclone frequency and costs 
associated with false alarms, the study estimated that implementing the early warning system would result in a benefit cost ratio 
(BCR) of 2:1. This estimate compares to a range of estimated economic returns from other potential EWS outlined in Table 11. 

Table 10

The effect of advanced warning time in reducing damages to rural industries 

Livestock Cropping/horticulture Fisheries Open sea fishing

Additional early  
warning provided

Reduced damages from baseline

24 hours -10% -10% -30% -10%

48 hours -40% -30% -40% -15%

Up to 7 days -45% -70% -70% -15%

Key benefits from  
early warning

Protection/movement  
of livestock, machinery 
and infrastructure

Early harvesting, 
protection of crops, 
implements and 
machinery   

Early harvesting, 
protection of nets and 
infrastructure

Fishing net and boat 
damage avoided

Source: Fakhruddin et al., 2019

Early warning systems: Fakhruddin et al. (2019) modelled the 
costs and benefits from implementing a cyclone Early Warning 
System (EWS) in Samoa, drawing on the experiences of Tropical 
Cyclone Evan in 2012. The modelling suggests that the provision 
of additional warning could have reduced damage by up to 70% 
(refer to Table 10). 
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Table 11

Economic returns from early warning systems

Innovation BCR Location Reference

Cyclone early warning system 2 Samoa Fakhruddin et al., 2019

Hurricane early warning systems 3 USA Teisberg and Weiher, 2009

Cyclone weather prediction system 25 Bangladesh Teisberg and Weiher, 2009

Flood early warning 1.18 (37% reduction in damages) Europe Pappenberger et al., 2015

Early warning systems 2-5 USA Price, 2018.

Enhanced hydrological and  
meteorological information

2-36 USA Price, 2018.

Table 12

Potential reductions in agricultural losses due to increased warning periods

Agricultural losses ($) Potential reduction in 
damage and losses if 1-2 
days additional warning  
could be provided 

Loss reducing activities  
which could be undertaken

Cyclone Yasi (2011) $300m, predominately  
bananas and sugarcane

At least $30m Early harvest (where possible), 
protection of farm machinery and 
infrastructure

Queensland	floods	(2019) $532m, predominately livestock At least $53m Livestock movement, protection  
of farm machinery and infrastructure 

Fakhruddin et al. (2019) found that an additional 1-2 days 
warning would have reduced the Samoan agricultural and fishing 
sector losses from the 2012 tropical cyclone Evan, by between 
10-40% (refer to  Table 10 ). Applying this to Australian conditions 
and assuming that a similar 1-2 days of additional warning was 
provided, and that it could have conservatively yielded at least a 
10% reduction in agricultural losses from cyclone Yasi and the 
2019 Queensland floods, then this would result in substantial 

This analysis does not take into consideration the potential for 
reduced non-agricultural losses from these events, including 
positive impacts on human life.

benefits (refer to Table 12). This high-level analysis is provided 
only as an indication of the potential magnitude of benefits, and 
significant further economic and technical analysis would be 
required to justify any specific investments in each sector.

Advanced radar infrastructure via Australia’s network of high 
resolution Doppler radars are generally prioritised towards 
population centres (over 90% of population covered) with less 
coverage in regional and remote areas (around 50% of landmass 
covered) (see Figure 10).
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Figure 10

 Australian radar coverage areas (2020 optimal coverage ~200 km radius) 

Source: BOM, 2020
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Over the years several studies have sought to estimate the 
marginal economic benefit from installing additional radars, 
in particular Doppler radars (capable of assessing the speed 
of weather fronts) in certain regional locations. A summary of 
relevant results in Table 13 suggests BCRs generally range from 
<1 to 21 depending largely on the value of production, frequency 
of adverse weather events and benefits to other sectors. 

Recent initiatives: Kragt et al. 2019 study, noted in Table 13, 
demonstrates a BCR of 1.5 for enhanced radar infrastructure in 
the Western Australia wheatbelt. By the end of 2020, the southern 
corner of Western Australia will have the most advanced weather 
forecasting network in Australia, upgrading from three Dopplers 
to eight weather radars. The Western Australia State Government 
also committed $23 million to accelerate its upgrade (DPIRD 
2020).

The radars will provide reliable four-day predictions for both 
farmers and emergency services and the real-time information 
provided will allow for better-informed decisions to be made. 
Furthermore, with the technology capable of detecting rainfall 
intensity within a 150 km radius, farmers and emergency services 
can better prepare for severe weather events. For instance, in 
an event of a flood, early flood advice or warnings may have 
potentially enabled graziers to move livestock to higher grounds 
(Mochan & Bennett, 2019).

In July 2020, the New South Wales State Government confirmed 
an investment of $24.5 million in three new Doppler radars in 
western New South Wales that currently have no coverage. These 
will be located in the Brewarrina, Parkes and Hillston-Ivanhoe 
regions. In line with the investments in Western Australia, this 
covers key areas of rural and regional New South Wales and 
when operational will provide a significant improvement in early 
warning systems (NSW Government, 2020a).

Table 13 demonstrates economic returns from enhanced 
radar infrastructure across various rural and remote regions. 
Population is a proportional variable in calculating economic 
return, consequently a lower population will result in a lower 
economic return. Interestingly, Mount Isa demonstrated the 
highest return and now also has a Doppler radar, but other 
surrounding areas that were impacted by the monsoonal trough 
in 2019 do not (refer Case Study).

In July 2020, the New South Wales State Government 
confirmed an investment of $24.5 million in three new 
Doppler radars in western New South Wales that currently 
have no coverage. These will be located in the Brewarrina, 
Parkes and Hillston-Ivanhoe regions.
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Table 13

Economic return from enhanced radar infrastructure

Region BCR Key weather risk(s) Reference

Mount Isa 21.4 Tropical cyclones BOM 2008

Upper West NSW 8.0 Flooding BOM 2008

Dubbo/Parkes 6.1 Severe storms BOM 2008

Hobart 3.0 Heavy rainfall BOM 2008

Darling Downs 2.7 Hail and thunderstorms BOM 2008

WA Wheatbelt 1.6 Heavy rain and severe wind BOM 2008

WA Wheatbelt 1.5 Heavy rain and severe wind Kragt et al. 2019

Lower Eyre Peninsula 1.3 Severe storms, bushfires BOM 2008

Mallee 0.7 Rain BOM 2008

SW WA 0.1 Super cells every 1-2 years BOM 2008

Table 14

Economic value of perfect rainfall or  
ENSO forecasts for agriculture

Innovation Increase on gross profit/gross 
margins

Grazing in NE Australia 15-27% of profit

Cotton/Sorghum in Dalby 14-19% of gross margins

Winter wheat Moree 3% of gross margin

Summer cotton Moree 44-71% of gross margin

Source: Ash et al., 2007

Improved seasonal climate forecasting 

Various studies have explored the economic benefits from 
improved seasonal climate forecasting, helping producers to 
predict/respond to both extreme weather events and non-
extreme weather patterns, in particular El Nino Southern 
Oscillation (ENSO).

CIE (2014) estimated that improved seasonal climate forecasts 
could realise an increase of between $958 million to $1.93 billion 
per annum across the cropping and livestock sectors (in 2012 
dollars). This represented 4.4% to 9% of the gross value added 
from the agricultural sector in Australia. 

This analysis drew upon a previous review (Ash et al. 2007) of 
studies which estimated the value of improved rainfall or ENSO 
forecasts for cropping, by simulating farm management decisions 
with and without this information. This study concluded that a 
perfect weather forecast (if available) would increase farm gross 
margins by 3% to 71% depending on the region. Table 14 provides 
an example of potential impact.



60 Section 6

Ongoing incremental 
improvements to 
Australia’s radar 
and weather station 
network and 
associated seasonal 
weather forecasting 
capability will likely 
yield considerable 
benefits for rural 
industries.  
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High-level return on investment 

The results from the above studies broadly demonstrate that 
targeted investments in early warning systems, radar, and 
improved weather forecasting, typically return positive BCRs 
(net economic benefits). However, returns will vary considerably 
depending on a range of factors including the particular 
technology being considered, intensity/value of production and 
additional benefits beyond rural industries. As such, individual 
investments need to be considered in isolation. 

The highest priority in natural disaster management is the 
preservation of human life and the ANDRI index demonstrates 
that resilience capacity is highest in major population centres. 
Whilst the BCRs in this analysis are positive, any investment 
decisions need to also take into consideration the broader public 
benefit with the potential to minimise loss of life. 

Ongoing incremental improvements to Australia’s radar and 
weather station network and associated seasonal weather 
forecasting capability will likely yield considerable benefits 
for rural industries. Additional investments may become more 
justified if/when technology costs decline. 

The findings above are broadly consistent with stakeholder 
feedback seeking improved forecasting and warnings of potential 
natural disasters. However, in considering potential investments 
care should be taken to ensure that collected data results in 
improved decision-making. To be successful investments will 
require:

•  Skills and capability to interpret data and translate into 
meaningful advice and warnings (e.g. avoiding excessive 
false alarms)

•  Digital connectivity to ensure adequate communication with 
stakeholders.

•  Stakeholder training and continuous improvement to 
maintain user uptake and acceptance.

On-farm considerations  
for technology investment

The above analysis considers the potential high-level return on 
investment for major investments with indicative returns from 
investment. However, individual farm enterprises may wish to 
estimate the likely benefits and costs from adopting a specific 
technology on their farm. 

Whilst an unexpected natural disaster event can have 
catastrophic impact on individual businesses this may 
be mitigated by robust business planning that should be 
undertaken in advance of any investment decisions. This moves 
beyond annual budgeting for finance purposes, or longer-term 
succession planning decision-making, and into an area that 
identifies and mitigates potential risks associated with natural 
disasters. Understanding the costs and benefits of different 
strategies and technology options that best suit, ensuring 
insurance policies are current and relevant, and scenario 
planning are all areas that may be discussed.

Provided in Table 15 is a framework template for undertaking a 
high-level assessment of costs and benefits to inform investment 
decisions at an on-farm/enterprise level.
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 Table 15 

Investment framework for assessing on-farm technology for natural disaster protection

Unit Value 
(example only)

Notes and calculations

Cost

a. Technology capital cost $ $20,000 Including purchase, installation and user training etc. 

b. Technology expected life years 10 Estimate keeping in mind the rapid rate of technology 
change and advancement

c.  Annualised capital cost of technology $ $2,000 = a / b excluding cost of capital or opportunity cost.

d. Annual technology operating cost $ $1,000 Including staff time, training, subscriptions, maintenance 
and inputs (data, power etc.)

e. Total annualised technology cost $ $3,000 = c + d (annualised cost)

Benefit

f.  Frequency of natural disasters years 20 Estimate keeping in mind the range of different types  
of disasters. 

g.  Annual probability of natural disasters % 5% = 1 / f

h. Value of at-risk assets $ $500,000 E.g. livestock, crops, fences and other infrastructure. 
Consider both the cost to replace and lost income.

i.  Likelihood (or extent) of natural disaster 
impact on assets without technology

% 70%
Consider the ability to protect assets through early 
warning, locating and managing assets, responding  
to threats and recovering from disasters.j.  Likelihood (or extent) of natural disaster 

impacting assets with technology
% 40%

k.  Reduced risk of impact on assets due to 
technology

% 30% = i - j

l.  Annualised value of technology in reducing 
impacts on assets from natural disasters

$ $7,500 = g x h x k

Investment Rationale

Net annualised benefit from technology 
adoption for natural disaster management

$ $4,500 = l - e  
A positive benefit generally indicates a sound investment, 
before considering potential additional benefits below.

List and consider any additional economic 
or social benefits from technology adoption 
for natural disaster management

E.g. 

• Insurance savings

• Mental health/peace of mind

• Staff, emergency service and community safety

• Reduced recovery time

List and consider any additional benefits 
to the farm, beyond natural disaster 
management

E.g. 

• Improved asset tracking and farm monitoring

• Increased productivity/profitability

• Staff retention
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Conclusions

This chapter of the report has reviewed the likely economic benefits 
from improved warning systems, radar, weather forecasting and 
communications and found that the benefits from targeted investments 
typically outweigh the costs (i.e. a positive economic return).

The research has also revealed that improved forecasting has the 
potential for improved productivity generating improved financial returns 
in both extreme and non-extreme events.

A key consideration from this research is that there appears to be 
opportunity for further in-depth economic analysis of the benefits 
of improved early warning weather systems, data analytics and 
communications in rural and regional areas of Australia that are prone to 
natural disaster events.

Building on current programs (such as Forewarned is Forearmed/
Managing Climate Variability) is a key opportunity to prepare for, manage 
and respond to natural disasters. The stakeholder survey highlighted 
the appetite for dissemination of meaningful information in a timely 
manner. This also underlines the need for data analysts noted above, and 
continued work to provide advance warnings of potential extreme events. 
Recent investments in Doppler radars in Western Australia and New South 
Wales are confirmation that there is broad benefit in enhancing coverage. 
Consideration of review and potential expansion into areas of Northern 
Australia is considered warranted (refer ANDRI index).
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Natural disasters in Australia are a perennial threat, the scale 
and intensity of which appears to grow by the year. They are 
indiscriminate in effect. Their immediate impacts can be 
devastating, to life and environment, but also to the economic 
viability of rural industries.

Section Barriers to adoption of 
innovation and technology

7

The costs associated with management and recovery of 
catastrophic events are significant, and impact all levels of 
government, regional communities and individual producers.

More sophisticated data gathering, analysis and 
communication is central to better natural disaster 
management for organisational and individual decision-
making, preparedness and response. However, there are many 
barriers to adoption of innovation and technology relating to 
natural disaster management.

This chapter explores the key survey findings relating to 
barriers to technology adoption, then looks into barriers 
relating to policy frameworks, general barriers that impact 
on farm adoption and also future considerations. Concurrent 
to this report there were commissions and inquiries being 
undertaken, namely the Royal Commission into Natural 
Disaster Arrangements and the NSW Bushfire Inquiry. The 
results from the NSW Bushfire Inquiry were released prior 
to completion of this report and the key findings relevant to 
natural disasters are incorporated into the following  chapter. 

Survey findings

The ability to share knowledge may present barriers to adopting 
new technologies or innovations. Only 35% of survey respondents 
cited examples of their organisation applying learnings from other 
industries such as military (army and navy). This highlighted the 
need for knowledge sharing and listed the following as sources 
of advice and knowledge with respect to emerging technologies 
and innovations in natural disaster management for their 
organisation:

• CSIRO, BOM, Australian Government 

• State government agencies/other jurisdictional agencies

•  Science community (domestic and international), subject 
matter experts/suppliers as well as attending conferences/
forum demonstrating these innovations 

• Stakeholders/NGOs/Peak representative bodies

• Personal contacts

• Private IT partners/SMEs

•  Research organisations (e.g. Rural Research 
 and Development Corporations)

• Field days

• Disaster Management Companies

• Online/media/own research

• Private sector consultants and specialists.
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Policy frameworks

The interplay between government agencies is important, as 
evidenced by the recently completed New South Wales Bushfire 
Inquiry and the ongoing Royal Commission into Natural Disaster 
Arrangements. Natural disaster is often multi-jurisdictional and, 
as such, will require greater intragovernmental coordination.

Coordination and communication: This is a critical area 
across all levels of government in preparing for, managing, and 
responding to natural disaster events. Australia, unlike other 
countries, does not have overarching laws that enable the 
Federal Government to automatically be involved in the offering 
of assistance in the event of a disaster. Currently, states and 
territories must request this before assistance can be provided.

Government concerns will influence investment: Government, 
at all levels, will be a major investor in new innovations and 
technologies. But their priorities may differ. Federal, State 
and Local governments each have their own jurisdictional 
responsibilities and requirements. They may, therefore, be more 
or less concerned with different aspects of each of the phases of 
disaster management. These differences of emphasis will inform 
the development and adoption of innovations and technologies by 
various jurisdictions and their local and regional application.

Governments will need to inform predictive modelling and 
develop optimal policy and emergency response strategies, and 
to allocate funding and resources, appropriately. This should 
include considerations for highly specialised data analysts that 
can disseminate information in a timely and meaningful way for 
use at a local level.

International and Australian frameworks

A broad visual representation of various international and local 
frameworks for disaster management is shown in Figure 11. 

At each interface between the various framework layers, and 
at the interfaces between tiers of government and supporting 
agencies, there is potential for misalignment in the priorities 
and approach to disaster management, as well as in the 
communication and implementation of disaster management.  
Although there is necessarily a level of complexity in managing 
disasters potentially across jurisdictions and government 
agencies, this complexity does present a potential barrier to 
implementation of new technologies in disaster management.
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At each interface between the various framework layers, and 
at the interfaces between tiers of government and supporting 
agencies, there is potential for misalignment in the priorities 
and approach to disaster management, as well as in the 
communication and implementation of disaster management.  

Although there is necessarily a level of complexity in managing 
disasters potentially across jurisdictions and government 
agencies, this complexity does present a potential barrier to 
implementation of new technologies in disaster management.

Section 7

Figure 11

 Frameworks for natural disaster management

Source: Royal Commission into National Natural Disaster Arrangements, 2020a
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Table 16 outlines the international agreement and national framework that forms Australia’s natural disaster arrangements, and Table 
17 lists the number of key agencies involved in natural disaster management, across all levels of government, all of which need to be 
coordinated in a major natural disaster event.

Table 16

International and national frameworks for natural disaster management

Frameworks

International  
Agreements

Sendai Framework outlines 4 global priorities for action to reduce disaster risk: 

• Understanding disaster risk

• Strengthening disaster risk governance to manage disaster risk

• Investing in disaster risk reduction for resilience

• Enhancing disaster preparedness for effective response/”Build Back Better” in recovery

The Paris Agreement and the 2030 Agenda for Sustainable Development aims to strengthen the global 
response to the threat of climate change.

Australian National 
Frameworks

National Strategy for Disaster Resilience is led by the principle of shared responsibility between all levels of 
government, business, industry and communities.

Australian Government Crisis Management Framework outlines the arrangements for how the Australian 
Government prepares for, responds to, and recovers from any crisis and also sets outs the roles and 
responsibilities of senior officials from various portfolios that range from emergency management personnel 
to generalist government employees.

National Disaster Risk Reduction Framework is designed to guide Australia’s efforts to reduce natural 
disaster risks. It translates the first three Sendai Framework priorities into action for the Australian context. 
This framework was endorsed by the Council of Australian Governments (COAG) in March 2020. 

Australian Disaster Preparedness Framework outlines the principles underpinned by national preparedness. 
This framework guides states and territories about capabilities required for Australia to prepare for 
severe disasters. A need to draw these capabilities from private, community and non-government sectors 
is emphasised. The Australia-New Zealand Emergency Management Committee (ANZEMC), the peak 
intergovernmental committee responsible for emergency management, oversees implementation of the 
framework.

Arrangements for Interstate Assistance (AIA) is a primary arrangement for mutual assistance in emergency 
management activities being conducted by Australian and New Zealand agencies. This allows assistance to 
be requested by Australian fire, emergency services and land management agencies from other states and 
territories in response to large scale events. AIA is managed by the Australasian Fire and Emergency Services 
Authorities Council (AFAC) National Resource Sharing Centre. 

The Disaster Recovery Funding Arrangements (DRFA) is a program that provides Australian government 
financial assistance to states and territories to assist in covering costs when a community is severely affected 
by a natural disaster. This is delivered by states and territories to individuals and communities. The states and 
territories determine areas for assistance. The DRFA is administered by the Department of Home Affairs. 

Source: Commonwealth, Royal Commission into National Natural Disaster Arrangements, 2020a

Barriers to adoption of innovation and technology
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Australian government  
and non-government agencies 

Appendix 5 gives the full names of key Australian agencies 
involved in natural disaster management. They are summarised 
by number in Table 17.  Coordination and communication across 
these agencies are critical for managing natural disasters, 
especially on the ground, during catastrophic events.

The role of the Federal Government, and its interaction with 
state jurisdictions, is important when considering the number 
of authorities and agencies involved in natural disaster 
management as detailed in Table 17. 

Table 17

Key Australian agencies and organisations involved in natural disaster management

Government level Number of departments/agencies

Federal level 12

State and  
Territory agencies

10 (including emergency services)

Local Governments 537 - Primary responsibility for restoring community infrastructure with the support  
of state, territory and Australian governments.

Other entities  
(non-government)

Charities

Critical infrastructure

Insurance

Professional bodies, capacity building and research organisations (e.g. Australian Institute for 
Disaster Resilience (AIDR), Bushfire and Natural Hazards Cooperative Research Centre (BNHCRC)

Source: Commonwealth, Royal Commission into National Natural Disaster Arrangements, 2020a
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Addressing policy barriers  
via national disaster risk reduction framework6 

The Department of Home Affairs (2018) has developed a 
national disaster risk reduction framework and with appropriate 
implementation is one potential means to addressing some of  
the policy alignment and coordination issues identified above. The 
2030 Vision for Disaster Risk Reduction in Australia is noted as: 

In Australia, we are enabled and supported to actively reduce 
disaster risk and limit the impacts of disasters on communities and 
economies. All sectors of society understand and respond to social, 
environmental, technological and demographic changes which 
have the potential to prevent, create or exacerbate disaster risks. 

This covers all sectors of Australian society to (a) make disaster 
risk-informed decisions, (b) be accountable for reducing risks 
within their control, and (c) invest in reducing disaster risk in order 
to limit the cost of disasters when they occur. A summary of the 

2030 Disaster Risk Reduction Goals are:

• Take action to reduce existing disaster risk 

•  Minimise creation of future disaster risk through decisions 
taken across all sectors 

•  Equip decision-makers with the capabilities and information 
they need to reduce disaster risk and manage residual risk.

In the context of rural industries and how individual businesses 

6 https://www.homeaffairs.gov.au/emergency/files/national-disaster-risk-reduction-framework.pdfand	choices.

can adopt a risk-based approach to decision-making, the 
framework has a number of guiding principles:

•  All sectors have shared but defined responsibilities to 
reduce disaster risk 

•  All sectors cultivate a culture of disaster risk reduction 
awareness and action

•  Efforts to reduce disaster risk must be integrated across 
sectors, not progressed in silos 

•  All sectors connect with diverse stakeholders to ensure 
inclusive decision-making leading to more effective 
solutions.

In Australia, we are enabled and supported to actively  
reduce disaster risk and limit the impacts of disasters  
on communities and economies.
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Further to this is that the benefit of Earth Observation from 
satellites is in the applications that utilise them and AI and IoT 
that turn them into useful information. This gap also sits at the 
tech developer level and in farmer adoption of using the apps and 
tech solutions that take time to build confidence and trust in new 
systems or practices.

Technology adoption: Whilst rural industries have a track record 
of adopting innovation and technology, there is also a “wait and 
see” approach to some adoption.  For example, advances in virtual 
fencing technologies are currently and increasingly going to play 
a role in livestock enterprises and may be of benefit in natural 
disaster events.  However, this also relies on digital connectivity 
with some questions around animal welfare issues, cost 
effectiveness (e.g. pulling down existing fence lines) and cyber 
security. There is also potential for system failures that may have 
adverse consequences in a catastrophic event if communication 
channels are down and stock cannot be herded to safety. Another 
area of concern is that whilst these technologies will apply to 
farmed animals, they do not prevent feral animals (e.g. wild dogs, 
pigs, camels, horses etc.) from roaming into farmed areas.

Future requirements

In preparing for future requirements relating to Natural Disasters 
the National Committee for Information and Communication 
Sciences (2019) report Preparing for Australia’s Digital Future 
notes three key areas for consideration moving forward:

•  Protocol and standards: cybersecurity, interoperability, data 
reuse, mitigation of technology lock-in and adoption of new 
technologies

•  Regulation and policy: protection of privacy, income 
inequality, universality of internet access, net neutrality, 
business, competition, IP, innovation policy settings

•  Corporate governance and investment: research funding, 
incentives for collaboration between researchers and end-
users, greater access to venture capital.

General barriers to innovation

There are many general barriers to adoption of innovation and 
technology that have been identified:

Digital connectivity in marine, regional, and remote areas: There 
are many areas of regional and remote Australia and marine 
locations where there is limited digital connectivity away from 
main homesteads or infrastructure. This creates a reliance on 
UHF radios and emerging satellite technologies.

The Australian Government Mobile Black Spot Program 
through the Department of Infrastructure, Transport, Regional 
Development and Communications is delivering improved mobile 
coverage outcomes and benefits to rural and regional areas. The 
program notes that base stations funded under the first five 
rounds of the Program are scheduled to be operational by 30 June 
2022.  This requires continued commitments to ensure coverage 
and support, also with an eye towards the role satellites will play 
in assisting in this area.

Funding: The cost of technology adoption at an individual 
producer level can sometimes be prohibitive and there is a 
reliance on government level initiatives.  Emergence of public/
private partnerships (e.g. Google, FDL, Minderoo Foundation 
as detailed in Appendix 7) are serving as examples to leverage 
funds and attract top talent to rapidly solve a variety of issues 
surrounding natural disasters. The philanthropy component of 
this is to be applauded and encouraged to help better leverage 
public funds for broader community benefit.

Growing localised talent in data analytics: It is recognised that 
high quality data analytical capabilities are a specialised skill set 
and this is an area of vital importance, not just for natural disaster 
management but rural industries generally.  Addressing this is a 
priority to ensure appropriate tailored skills are developed and 
fostered for local benefit and ensure there is not a “brain drain” to 
overseas opportunities.
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Table 18

Identified barriers to adoption of certain technologies

Key area Potential barriers

Digital connectivity Whilst digital connectivity is improving, the need to accelerate this in regional and remote areas is important, 
not just for natural disaster management but also for the economic multipliers this affords in general rural 
operations.  This is also important for talent attraction and retention for people employed in all facets of rural 
industries.

Intellectual  
property (IP)

The report Agricultural Innovation —A National Approach to Grow Australia’s Future report (EY, 2019). IP 
disputes between innovators also delay commercialisation or may result in the lockdown of IP. For this reason, 
some other countries discuss IP management in early stages to avoid disruptions during development and 
commercialisation stages. It is stated that the policy environment needs to provide both agility and long-term, 
system-wide solutions to produce a “more flexible and impactful innovation system” (EY, 2019).

Artificial  
intelligence (AI)

Specific policies relating to accountability and interpretability in automated decisions will be an area of 
increasing focus and government agencies are developing AI-specific practices. Frameworks to guide 
automated decision-making can assist in ensuring government bodies remain accountable to the public. 

Data sharing legislation will need to explore potential privacy issues and provide frameworks for adherence to 
ethical data stewardship. 

Transparency: predictive analytics using big data – lessons learnt overseas show there is a need for strong 
transparency measures (Dawson et al., 2019). 

Drones Agriculture Drone (UAVs) use is regulated by the Civil Aviation Safety Authority (CASA) under Part 101 of the 
Civil Aviation Safety Regulations 1988 (Cth) (CASR 101).In Australia, drones can only be flown in daytime 
within the line of sight at all times (Brennan, 2016, Williams, 2020). 

Data sharing  
and access

Commonwealth Privacy Legislation (Privacy Act 1988 (Cth) aims to promote the protection of the privacy 
of individuals whilst ensuring the protection is balanced with the interests of entities in carrying out 
their functions or activities. This legislation needs to keep up with ongoing digital technology advances in 
collection and data use.

The existence of multiple regulatory schemes severely impedes data sharing by the public sector across 
jurisdictions. This impacts the willingness of jurisdictions to participate in cross-jurisdictional research and 
projects due to multiple approval processes involved and the need to adhere to different legislations/policies 
related to data sharing 

Intellectual property rights may limit data sharing as businesses and governments cannot release or 
share certain data because a third party holds intellectual property rights over it. Or, if businesses and 
governments hold intellectual property rights over the data, they may use licences to limit the extent to which 
the data can be redistributed and reused. 

The surge of interest in agricultural data access and analysis has seen issues of program interoperability 
and proprietary data formats arise. Data generated by one type of software can sometimes not be viewed or 
aggregated in another type of software, making data pooling or sharing between individual farmers difficult 
(Productivity Commission, 2017).

Whilst these three points are broad markers, there are specific barriers to technology adoption that are extrapolated 
further in Table 18.
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Barriers to use of Earth Observation (EO): The EU science hub 
describes EO as the gathering of information about the Earth’s 
physical, chemical and biological systems via remote sensing 
technologies, usually involving satellites carrying imaging devices. 
EO is used to monitor and assess the status of, and changes in, 
the natural and manmade environment.

Table 19

General barriers to the use of Earth Observation (EO)

Barrier Description

Unclear value leading to  
the lack of trust in the industry

It is important to realise the value of EO through case studies and testimonials  
to gain trust within rural industries. 

Unsustainable solutions The willingness to invest both time and money in implementing and adopting 
EO data, systems and processes are driven by long-term sustainability and the 
confidence that value from investments will continue even if project funding ends. 
User experiences to date have identified that benefits of EO quickly fade away once 
funding ends, therefore once again causing the lack of trust in the sustainability of EO 
data for decision-making and risk management.

Skills gap Currently, there are few proficient users of EO data in rural industries. The industry 
is premised upon the notion of trust. Producers are more likely to take advice 
from trusted sources such as successful farmers, agronomists and agriculture 
consultants. Therefore, in order to increase technology uptake, it is critical to build a 
greater network of trusted advisors through up-skilling their use in EO technology. 

Source: FrontierSI, 2020

The recently released report from Digital Earth Australia: 
Harvesting the benefits of earth observation summarised the 
barriers to Earth Observation. These barriers are described in 
Table 19.
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Table 20

Data sharing across various natural disaster phases

Preparation • Understand risk

• Early warning systems

• Networked weather stations

• Remote sensing

Response • Identifying needs/inform policy response

• Coordination of agencies 

• Stakeholder communication

• Damage assesment

• Maintain critical infrastructure and business continuity

Recovery • Administer aid and assistance

• Verify damage for insurance claims

• Assure markets

Opportunities

While the survey and consultation identified a range of niche 
opportunities, there is a broad and over-riding opportunity to 
improve data sharing across various systems to achieve multiple 
aims across the preparation, response and recovery phases.  
This covers all jurisdictions, and a substantially integrated 
system of data sharing could provide a “single source of truth” for 
understanding and managing risk and impacts before, during and 
after an event. 

Such a system could incorporate data from different sources 
ranging from international agencies through to data collected 
at the local level via remote sensing, weather stations and 
crowdsourced stakeholder input. Table 20 provides a preliminary 
summation of the data sources and complementary aims of such 
a system. 

Social media networking sites can help individuals, communities, 
and agencies share emergency plans and establish emergency 
networks. Integrating these networks into a community’s 
preparedness activities for emergencies could help to build 
social capital and community resilience, making it easier for both 
professional responders and rural industries to be familiar with 
social media networks and tools in a crisis.

Early warning systems that allow information to be shared in 
a timely and meaningful way at a localised level has also been 
highlighted as a key theme in this report.  Ultimately, this will 
allow rural industries to be as prepared as possible and allow 
decisions to be made based on a risk analysis that may limit costs 
or losses associated with natural disasters.
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Conclusions

Improved ability to gather data, analyse and communicate is 
a key platform in all phases of natural disaster management.  
Central to this is policy and framework settings that can allocate 
resources efficiently to optimise information flow in natural disaster 
management.  This will increasingly rely in data analysts and ability to 
communicate information in a timely way to allow rural industries to 
make risk-based decisions.

The bulk of the innovations and technologies identified in this report 
are at a macro level and require government funding to support.  
These are often tied to national infrastructure priorities, but the 
benefits move beyond natural disasters and provide long-term 
benefit across a range of sectors. At an individual producer level 
some of the innovations and technologies add significant value to 
individual operations but ultimately rely still on digital connectivity.

There are a range of barriers and policy considerations that have 
been highlighted in this report but at the core, digital connectivity 
and communication channels in regional and remote areas are a key 
issue.  Whilst this has major impacts on natural disaster management 
the broader benefits in areas such as business management, health 
and education are equally important.

Equally important, as evidenced by recent inquiries and the Royal 
Commission, is the interplay between all agencies in government. 
Management and recovery of natural disaster events are often 
multi-jurisdictional and increasingly will require increased levels of 
coordination during major events.
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There will also be an increasing reliance on satellites. To ensure 
Australia has ongoing access and support for the operational uses of 
satellite systems, it must continue to foster strong partnerships with 
other nations. 

There is an increasing focus on “dual-use” technologies and 
services that can support defence and government capabilities, 
as well as civilian capabilities. The Australian Space Agency 
recognises this need and is working collaboratively with multiple 
Australian government departments and agencies within the 
Space Coordination Committee (SCC) to ensure there is alignment 
between civil and government related space activities. This will 
extend to natural disaster management.
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Section Recent commissions and enquiries8

At the time of submission of this report the findings and 
recommendations from the Royal Commission into Natural 
Disaster Arrangements were not finalised.  However, the final 
report of the NSW Bushfire Inquiry was released on 25 August 
2020 (NSW Government, 2020).  Whilst the focus of this inquiry 
was on bushfires, there are a number of recommendations 
that are relevant to natural disasters generally that are 
detailed in the Appendix 6, with key recommendations 
summarised in Table 21:

  The key findings noted above are in 
line with the broad conclusions of this 
report.  Namely, that data collection, 
analytics and communication of 
information in a timely and meaningful 
manner are critical areas.  It is also 
acknowledged that funding of 
innovation and technology is required 
at a government level for long term 
continuity of research and delivery  
of broad public benefit. 

Table 21

Summary of recommendations from the NSW Bushfire Inquiry

Focus area and existing barriers Recommendations (from NSW Bushfire Inquiry)

Spatial and remote sensing 
technology – to address barriers  
to data access and limitations  
in current remote sensing 
capabilities.

Establishment of a spatial technology acceleration program to maximise the information 
available from the various remote sensing technologies currently in use and to plan for inclusion 
of new remote sensing systems that can sense precisely and rapidly. This will require work 
within the State and with partners nationally and internationally.

Expansion of FRNSW’s Remotely Piloted Aerial Systems (RPAS) capability (both capital assets 
and trained operators) to major regional centres and ensure the NSW RFS and other NSW 
government agencies can access this capability as required.

Technology funding –  
a key barrier to development  
and adoption.

Establish NSW as a major world centre of bushfire research, technology development and 
commercialisation.

Investment in long-term ecosystem and land management monitoring, modelling, forecasting, 
research and evaluation.

Data – reinforcing the need  
for high quality data analysts.

Approach Australasian Fire and Emergency Service Authorities Council (AFAC) to establish a 
national bush fire database which would enable monitoring of trends in bushfire activity and 
impacts, track trends and identify patterns in associated weather and climate signals that 
contribute to severe bushfires/evaluation of the cost and effectiveness of risk mitigation efforts.

The finalisation of the Australian Warning System be prioritised to provide greater consistency 
in public information and warning.

During this project there were concurrent commissions and inquiries 
being undertaken, namely the Royal Commission into Natural Disaster 
Arrangements and the NSW Bushfire Inquiry.
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Focus area and existing barriers Recommendations (from NSW Bushfire Inquiry)

Communication and applications 
(apps) – requirements for app 
awareness and digital connectivity.

To ensure emergency response agencies can communicate across state and territory borders, 
the Commonwealth Government allocate 10 + 10 MHz as a dedicated spectrum for Public 
Safety Mobile Broadband (PSMB) at no cost to states and territories.

Incorporate information on fires in neighbouring states and territories into Fires Near Me 
NSW and collaborate with other states and territories to develop a national app as part of the 
Australian Warning System being developed through the AFAC.

General improvements in the Fires Near Me app such as text enlargement, noting limitations, 
prediction maps.

Digital Twin and LiDAR  
– cross jurisdictional 
 use and data analytics.

Create a single whole-of-government procurement and acquisition program for imagery and 
LiDAR and that Government accelerate the building of the State Digital Twin and associated 
Digital Workbench of owners/managers of assets in bush fire prone land to provide to the Digital 
Twin of up to date information and metadata of assets annually two months before the start of 
the fire season.

Availability of utilities –  
important in all phases  
of natural disaster management.

To minimise communication outages and extend basic communication coverage during 
bushfires, governments work with their relevant power and telecommunications regulatory, 
policy and market bodies, to: 

a) ensure there are sufficient redundancy options available (e.g. backup diesel generators, 
deployed temporary telecommunications facilities, etc.) to supply power to essential 
telecommunication infrastructure or alternative telecommunications infrastructure 

b) ensure there is appropriate auditing of distributors’ preparedness for risks arising from 
network assets being affected by bush fire, as well as the risk of networks initiating a fire 
facilitate cross-carrier roaming arrangements between carriers and the public for basic text, 
voice and data during the period of emergency in areas directly affected by fire.

Communication  
across jurisdictions.

At the start of each fire season, government provide a public statement with an evaluation 
of the likely fire season risk and the effectiveness of the planning and preparation for the 
upcoming season.

Training . Government support training initiatives to increase the capacity of fire authorities to fight the 
kind of mega fires seen in the 2019/20 season. The training initiatives should include:

a) targeted training in local weather effects for fire behaviour analysts who are embedded in 
Incident Management Teams

b) an increase in the number of trained fire behaviour analysts so that, should there be a repeat 
of the scale of these fires, all Incident Management Teams can have an embedded analyst and 
there is some redundancy under more normal conditions 

c) training of more meteorologists in fire behaviour so there are more expert resources available 
to embed within the NSW RFS State Operations Centre

d) dedicated training for firefighters in extreme fire behaviour

e) Resilience NSW, in consultation with local government, develop specific training that focuses 
on the role, responsibilities and expected functions of the Local Emergency Management 
Officer (LEMO), including regular ‘refresher’ components

f) Councils support their staff to participate in LEMO training on an ongoing basis, and ensure 
that staff who are LEMOs are appropriately senior and have the authority to commit resources.

Funding. Long-term funding certainty to AFAC, including the National Resource Sharing Centre (NRSC) 
and the National Aerial Firefighting Centre (NAFC). 
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Natural disasters in Australia are a perennial threat, the scale and 
intensity of which appears to grow by the year. They are indiscriminate 
in effect. Their immediate impacts can be devastating, to life and 
environment, but also to the economic viability of rural industries. 
The costs associated with management and recovery of catastrophic 
events are significant, and impact all levels of government, regional 
communities, and individual producers.  

More sophisticated data gathering, analysis and communication is 
central to better natural disaster management for organisational and 
individual decision-making, preparedness and response.

Section Conclusion9

Increasingly sophisticated technology and innovations 
are available to help us gather and use data more 
effectively to prepare earlier, improve decision-making 
and emerge stronger. 
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Three key stakeholder groups need better information:

•  Governments: to inform predictive modelling and develop 
optimal policy and emergency response strategies, and to 
allocate funding and resources, appropriately. This should include 
considerations for highly specialised data analysts that can 
disseminate information in a timely and meaningful way for use 
at a local level

•  Disaster management organisations and emergency services: 
to improve predictive modelling, prevention, and preparedness. 
They also need real-time data and analytics to respond 
effectively during a natural disaster, and in the aftermath and 
recovery period

•  Rural industries: need reliable, timely information in all phases of 
disaster management to enhance risk-based decision-making. 
Increasingly, this will assist individual risk management plans and 
strategies in areas prone to natural disaster events be better 
prepared and potentially minimise impact.
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Scope and limitations

This report is subject to the “Provider Agreement” between Rural 
Industries Research and Development Corporation trading as 
AgriFutures Australia and GHD Pty Ltd executed on 21 April 2020 for 
the project “Innovation and Technology to Improve Natural Disaster 
Management” (Project No. PRJ-012469). GHD has prepared this 
report for AgriFutures Australia and may only be used and relied on 
by AgriFutures Australia for the purpose agreed between GHD and 
AgriFutures Australia as set out in the main report. 

GHD otherwise disclaims responsibility to any person other than 
AgriFutures Australia arising in connection with this report. 

The services undertaken by GHD in connection with preparing 
this report were limited to those specifically detailed in the report 
and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this 
report are based on conditions encountered and information 
reviewed at the date of preparation of the report.  GHD has no 
responsibility or obligation to update this report to account for 
events or changes occurring subsequent to the date that the 
report was prepared.

The opinions, conclusions and any recommendations in this 
report are based on assumptions made by GHD described in this 
report (refer to the main report).  GHD disclaims liability arising 
from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information 
provided by AgriFutures Australia and others who provided 
information to GHD (including Government authorities)], which 
GHD has not independently verified or checked beyond the 
agreed scope of work. GHD does not accept liability in connection 
with such unverified information, including errors and omissions 
in the report which were caused by errors or omissions in that 
information.

Section 10
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Stakeholder survey

Thank you for taking the time to provide your input on the use of 
innovation and technology in natural disaster management for the 
rural sector.

The rural sector relies on the weather and climate to thrive and 
is therefore heavily impacted by natural events and disasters. 
Technologies and innovations thus provide more efficient and 
proactive methods to assist the rural, fisheries, forestry industries 
to prepare for, respond to and recover from natural disasters. 
Please note, this survey’s focus is not a response to the drought or 
recent bushfires.

Your input is highly valued as it will help us to better understand 
the current and future innovation and technology needs and 
opportunities which will help inform our research.

GHD respects and upholds rights to privacy protection. GHD 
recognises applicable local laws and regulations and relevant data 
protection standards in respect of the collection, use, disclosure 
storage and transfer of personal information from individuals. Any 
personal information collected, held, stored and disposed during 
stakeholder engagement activities for this project will be done so 
in accordance with the GHD privacy policy.

1. What organisation do you represent?

Farmer

Local Organisation (e.g. local SES)

State Organisation (e.g. Department of Primary Industry)

Federal Organisation

Industry Representative Body    

Research Organisation

Individual Stakeholder 

Other (please specify) 

3. Which of the following natural disaster 
risks is your organisation or key stakeholders 
exposed to?

Bushfires 

Flood 

Cyclone 

Hail

Other (please specify):

2. Where is your primary area of service  
or activity?

NSW  

QLD  

SA  

NT  

ACT

TAS 

WA   

 VIC

National Focus

Other (please specify) 
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5.  Considering the impact of natural 
disasters for your organisation/
stakeholders, what are your main  
priorities for the:

A) Preparation Phase?

Understanding of what the probability of an  
event might be at any given time 

Communication when an event is imminent

Other (please specify):

7. Considering the impact of natural 
disasters for your organisation/
stakeholders, what are your main  
priorities for the:

C)  Recovery Phase?

Rapid analysis of impacts on people 

Loss assessment

Restoring production

Restoring communications and power 

Other (please specify):

6. Considering the impact of natural 
disasters for your organisation/
stakeholders, what are your main  
priorities for the:

B) Response Phase?

Managing safety of people 

Animal welfare

Protecting infrastructure 

Other (please specify):

4. In considering natural disaster management, please rank your organisation/
stakeholders’ focus in relation to the following phases:

Very low focus Low focus Medium focus High focus Very high focus

Preparation Phase

Response Phase

Recovery Phase
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8. How reliant are you on the following information/data sources to help you prepare, 
respond and recover (or ‘manage’) natural disasters?

Very low or  
not Applicable

Low Medium High Very high

Applications (e.g. 
smartphone apps)

Australian websites

International 
websites

Internet news  
(e.g. ABC online)

Television news (free 
to air/pay to view)

Radio news

Email alerts

SMS alerts

Social media

 

9. What other data sources and technologies do you currently use to manage natural 
disasters? Please specify any specific on farm data sources and smartphone apps:
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10. If the following data sources and technologies were available to help you manage a 
natural disaster, how likely are you to use them?

Very unlikely Unlikely Not sure Likely Very Likely

Data relating to 
frequency and 
intensity of events

Reporting relating to 
natural disasters

Increased access to 
satellite imagery

Machine Based 
Learning (AI for 
predictive modelling)

Stock management 
technologies

 

11. In addition to the above, what other data sources and technologies would help you 
manage natural disasters (including on-farm)?

Virtual fencing

Advanced spatial technology 

Advanced social media applications 

Increased use of drones

Use of autonomous vehicles

Please specify any new or innovative products or approaches not outlined above:
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12. How important are the following factors to you in using appropriate technological 
solutions for natural disaster management?

Very low or  
not Applicable

Low Medium High Very high

Costs to develop  
and manage

Compatibility with 
existing systems

Privacy or other 
regulatory issues

Digital connectivity 
in remote locations

Ability to offer  
early warning

Ability to improve 
communications

Ability to model 
impacts

Data analytics

Ease of use

Other (please  
specify below)

 

13. Where does your organisation/stakeholders seek advice or knowledge from with 
respect to emerging technologies and innovations in natural disaster management?
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14. Have you applied learnings from other sectors that use innovations and technologies 
for natural disaster management to how you manage natural disasters? If yes, please 
provide details:

15. What on-farm innovations (non-tech) do you currently use to manage natural disasters?

16.  Are there any off/on farm innovations (non-tech) you aren’t currently using but would  
like to use for natural disaster management?

17.  (Optional) Please provide your contact details below if you would be interested in having 
a confidential follow-up discussion with GHD to expand on your response:

Thank you for your input to this important project.

GHD respects and upholds rights to privacy protection. GHD 
recognises applicable local laws and regulations and relevant 
data protection standards in respect of the collection, use, 
disclosure storage and transfer of personal information from 
individuals. Any personal information collected, held, stored 

and disposed during stakeholder engagement activities for this 
project will be done so in accordance with the GHD privacy policy. 
In accordance with this policy, personal information will only be 
collected when necessary and for the purpose of this project, and 
will be managed in an open and transparent way. The GHD privacy 
policy statement can be accessed on our GHD website.

Innovative fencing products/
techniques 

Improved road surfacing products Other (please specify):
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Telephone consultations  
or follow up calls

• Federal Government Departments  
 and Agencies (4)

• State Government Departments (3)

• National Farmer Organisations (1)

• State Farmer Organisations (2)

• Research Entities (2)

• Individuals (3)
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Figure 13

Organisational focus during phases of natural 
disasters (weighted average response)

Figure 12

 Response by state or territory (left) and response by stakeholder type (right)
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Figure 15

How important are the following factors to you in using appropriate technological solutions  
for natural disaster management? (Weighted average response)

Figure 14

Which of the following natural disaster risks is your organisation  
or key stakeholders exposed to?
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Other future data sources cited in open comments included: 

“ Improved floodplain gauges to assist  
community protection”

“ Better weather stations especially for  
western NSW e.g. predictions for NSW have  
usually impacted western NSW before they  
have been notified”

“ Virtual fencing linked to e-tags would be  
fabulous for ‘dropping’ fences so stock could get  
out across multiple farms if possible and then 
sorting afterwards.”

“ Online (paperless) DRFA application management 
(enables very quick payment of recovery funds).”

“ We have installed our own internet towers for ABN 
services for farmers in the area that we will also 
make available to local fire fighters we would love 
to install more localised weather stations and 
we are aggregating data from all of our weather 
stations for use by farmers and firefighters”

Appendix 2

“ Rapid availability of mapping and modelled impact”

“ Remotely Operated Underwater Vehicles (ROVs)”

“ Wine Australia’s collaboration to develop Global 
Automated Information Access (GAIA) software”

“ Mass testing for biosecurity risk”

“ Better telecommunication coverage  
in regional areas.”
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Direct feedback

In one on one discussions, recurring themes emerged: 

Reputational issues: with the scale of catastrophic natural 
disasters in Australia, significant international media coverage 
is generated.  This is appropriate but can cause concern in 
international markets that entire industries are under threat (e.g. 
wine industry in the bushfires). This triggers various marketing 
efforts at an industry and government level to manage reputational 
issues and assure international markets that supply chains are 
intact from other areas of Australia.

Loss assessments: the pressure on individual producers at 
the time of impact of a natural disaster is often overwhelming 
in a catastrophic event such as a bushfire, flood or cyclone.  
Immediately after an event there is a need to generate loss 
assessments for reporting to local, state and federal bodies, along 
with insurers and financiers. 

Aerial surveillance: Considerations towards regulatory reform 
such as ability for drones to fly out of line of sight for surveillance 
purposes.

National Parks: consideration of buffer fencing around National 
Parks has been raised.  The size of the buffer, who pays for it and 
owns/manages the buffer are difficult questions and not explored 
in the context of this report.

Business and risk management: there is no substitute for 
individual businesses to have robust business plans and risk 
management strategies in place.  This covers insurance, business 
continuity and contingency planning.  Ultimately this is about 
managing risk and ensuring individual businesses have timely 
and meaningful information available to them to allow risk-based 
decisions to be made.
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The current ANDRI indicated that most of the Australian population 
live in moderate or high disaster resilience areas as detailed in 
Table 22.  These are naturally located in areas of highest population 
densities being metropolitan and inner regional Australia.  

High disaster resilience areas are driven by enhanced coping 
and adaptive capacities as per Figure 16. The factors that drive 
these capacities include a range of factors including access to or 
provision of resources and services along with strong cohesion 
within the community 

Low capacity for disaster resilience is often assessed in outer 
regional, remote and very remote areas. However, these constraints 
are not confined to these regional or remote areas only but can 
also affect metropolitan and inner regional areas; noting that 9.5% 
of the metropolitan and inner regional areas have low capacity for 
disaster resilience. 

Appendix Themes and indicators of ANDRI3

Table 22

Distribution of disaster resilience in Australia

Low capacity Moderate 
capacity

High capacity

Distribution 
of assessed 
population 

16% 52% 32%

Source: Parsons et al., 2020b

  Disaster 
resilience 
(ANDRII)

  Coping 
capacity

  Adaptive 
capacity

 Social character

 Community capital

 Economic capital

 Information access

 Emergency services

  Social and community 
engagement

  Planning and the built 
environment

  Governance and 
leadership 4 Indicators

11 Indicators

6 Indicators

10 Indicators

15 Indicators

3 Indicators

13 Indicators

15 Indicators

Figure 16

Structure of the ANDRI (source: Parsons et al., 2020b)

A full breakdown of the themes and indicators of ANDRI (Parsons et al., 2020b) are detailed in Table 23

100



Table 23

Themes and indicators of ANDRI

Capacity Theme Relationship to disaster resilience Indicator

Coping 
capacity

Social character The social characteristics of a 
community refers to social and 
demographic factors. These 
factors influence a community’s 
ability to prepare for, respond to 
and recover from natural disaster 
events.

Social and demographic factors 
include: age, sex, household and 
family composition, education, 
employment, disability, language 
and length of residency.

•  % population arrived in Australia 2001 onwards 

•  % households with all or some residents not present a 
year ago 

•  % speaks English not well or not at all 

•  % population with a core activity need for assistance 

•  % one parent families 

• % households with children 

• % lone person households

• % group households 

• Sex ratio

• % population aged over 75 

• % population aged below 15 

•  Ratio of certificate/postgraduate educational attainment 
to Year 8-12 educational attainment 

• % of labour force unemployed

• % not in labour force 

•  % employed as managers and professionals 

Economic capital Economic characteristics of a 
community influences the ability 
to facilitate disaster resilience 
through reduction of losses 
from natural disaster events. 
Economic resilience is more likely 
to improve mitigation and risk 
management, individual flexibility 
and adaptation, and also drive 
recovery, market continuity and 
business continuity. 

Although the losses caused by 
disaster events may increase 
with greater economic capital, 
this increase may have potential 
to drive motivation for mitigation. 
High-levels of economic capital 
and high-levels of social character 
are often correlated. 

• % residents owning their home outright 

• % residents owning their home with a mortgage 

• % residents renting their home 

• Median weekly rent ($) 

• Median monthly mortgage repayment ($) 

• Median weekly personal income ($) 

• Median weekly family income ($)

• % families with less than $600 per week income 

• % families with more than $3,000 per week income 

• % employment in largest single sector 

• Economic Diversity Index 

• % businesses employing 20 or more people 

•  Retail and/or commercial establishments per 1,000 
people 

•  % population change 2001 to 2011

• Local government grant per capita
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Coping 
capacity

Emergency  
services

The presence and capacity for 
emergency services to respond 
to disaster events are integral to 
community resilience. Emergency 
management, a fundamental 
function of the Government, 
guides policies in disaster 
resilience and risk reduction. 
Increasing community remoteness 
often implies greater barriers to 
the provision of, and access to, 
emergency services. 

• Medical practitioners per 1,000 population 

• Registered nurses per 1,000 population 

• Psychologists per 1,000 population 

• Welfare support workers per 1,000 population 

• Available hospital beds per 1,000 population 

•  Ambulance officers and paramedics per 1,000 population 

•  Fire and emergency services workers per 1,000 population 

• Police per 1,000 population

•  Fire and emergency services and SES organisations funding 
per 1,000 population 

•  Ambulance organisations funding per 1,000 population 

• Fire service volunteers per 1,000 population 

• SES volunteers per 1,000 population 

• Distance to medical facility (km) 

Planning and  
the built 
environment

The planning and the built 
environment refers to legislations, 
plans, structures, or codes 
that are in place to protect the 
communities and their built 
environment through preparation.

Strategies in considered land-
use planning is core for hazard 
mitigation in built environments. 
Good planning policy is critical 
for risk reduction (both present 
and future) and the enhancement 
of community resilience. 
Building codes set standards in 
construction to reduce damages 
caused by natural hazards.  

• % caravan and improvised dwellings 

• % residential dwellings built post 1981

•  % commercial and industrial dwellings built post 1981 

• Emergency planning assessment score 

• Full-time equivalent council staff 

• Council area per full-time equivalent council staff 

•  Number of dwellings per full-time equivalent council staff 

•  New dwellings (2012-2016) as a proportion of 2011 
dwellings 

• New dwellings per week (2015-2016)

• Planning assessment score

Community  
capital 

Cohesion and connectedness 
of communities facilitate 
coordination and cooperation 
for mutual benefits. Community 
participation, community 
competency, pro-social behaviour 
and preparedness through 
collaboration to solve mutual 
local problems enhance disaster 
resilience in all three phases of 
disasters. Community capital is 
a resource that drives collective 
action for shared benefits.

• Offences against person per 100,000 population 

• Offences against property per 100,000 population 

•  Age standardised number of people per 100 population 
who feel safe walking in their neighbourhood 

•  Age standardised number of people per 100 population 
who are able to get support in times of crisis 

•  Age standardised number of people per 100 population 
whose household could raise $2,000 in a week 

•  Age standardised number of people per 100 population 
who had difficulty accessing services 

• % households with no motor vehicle 

•  Age standardised number of people per 100 population 
with fair or poor self-assessed health

• % residents in same residence for greater than 5 years 

• % population undertaking voluntary work 

• % jobless families

Capacity Theme Relationship to disaster resilience Indicator
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Themes and indicators of ANDRI

Capacity Theme Relationship to disaster resilience Indicator

Coping 
capacity

Information access Communities and the ability 
to engage with natural hazard 
information and the uptake of 
knowledge to prepare for and 
become self-reliant in the face 
of a disaster event is critical. 
Digital communication through 
telecommunication and internet 
access is essential for information 
sharing across all three phases 
of disaster management. 
Community engagement activities 
such as public participation in 
decision-making enables disaster 
resilience. The engagement 
of communities presented 
direct benefits for community 
resilience through awareness 
for preparation, empowerment, 
self-reliance, increased capacity, 
and also social cohesion and 
connectedness. 

• % area with excellent or good ADSL coverage 

• % area with mobile phone coverage 

• Community engagement score

Adaptive 
capacity

Social and 
community 
engagement

The capacity to learn and transform 
adaptively within communities 
signifies the available resources 
and support within communities to 
manage complex change. Adaptive 
communities have characteristics 
of social engagement, trust, 
cooperation, learning and well-being.

• % population with life satisfaction scale 70 and above 

• % population with high generalised trust 

• Migration effectiveness 2006-2011 

• % population with post school educational qualification

• % population over 15 in further education 

• % participation in personal interest learning 

Governance and 
leadership

The capacity to learn, evaluate and 
adjust adaptively in institutions 
drives the development of necessary 
skills, knowledge and culture 
needed for the management of 
complex change. Enablers for 
adaptive governance and leadership 
comprise of social learning, research, 
innovation and collaboration. The 
long-term design efforts in public 
leadership can facilitate the effective 
response to disaster events. 

• Presence of research organisations 

• Business Dynamo Index 

• Local economic development support 

• Emergency services governance, policy and leadership score 

Source: Parsons et al., 2020b
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Appendix Landscape and horizon review4

Wireless Sensor Network (WSN)

WSN is used as an essential part of Internet of Things (IoT) 
technologies to overcome challenges associated with the overall 
coordination of heterogeneous data sources and protocols from 
socio-techno-economic perspectives (Ray et al., 2015). IoT-
enabled devices (battery powered wireless devices) can be used to 
compensate for the poor infrastructure of a vulnerable population 
especially in developing countries as an alternative means of 
communication during disasters (Sakhardande et al., 2016). 

Mobile Global Position System (GPS)  
and Call Data Record (CDR)

Human mobility and behaviour monitoring during large-scale 
natural disasters using mobile sensing and monitoring data 
such as mobile Global Positioning System (GPS) and call data 
records (CDR) is another effective way to collect data and develop 
human mobility models (e.g., evacuations, inundations) after the 
occurrence of a disaster such as earthquakes (Horanont et al., 
2013).

The CDR data are continuously collected by the 
telecommunication companies to boost the productivity of their 
networks and cellular towers as it contains spatial-temporal 
tracing information about every phone call (or text message) 
location and time. Thus, CDR data can be used in disaster 
management to estimate population density and size in the 
affected area as well as their displacement and distribution 
before, during and after the event because it has the ability 
to characterise the individual’s mobility and social network 
behaviours at very fine scales.

CDR data can be used in disaster management to 
estimate population density and size in the affected area 
as well as their displacement and distribution before, 
during and after the event because it has the ability to 
characterise the individual’s mobility and social network 
behaviours at very fine scales.
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Low Earth Orbit (LEO) satellites)

LEO is an emerging satellite-based internet technology, where 
data networks are created with hundreds or thousands of 
small satellites. These satellites are different to traditional 
communications medium or high orbit satellites as they orbit closer 
to Earth to form a grid-like pattern, which will theoretically provide 
continuous and, in theory, ubiquitous internet coverage. Services 
are claiming the ability to deliver upwards of 1 Gbps connection 
speeds, well in excess of current NBN satellite capabilities.

Other advantages in comparison to normal satellite internet 
include coverage that covers the entire globe and reduced delays 
to around 20 milliseconds, in which it is hardly noticeable from a 
user’s perspective. Overall, this means more consistent signals, 
better performance and improved reliability.

Companies such as Facebook, SpaceX, LeoSat Enterprises and 
Amazon are working to enable these complex data networks 
and provide global internet coverage. For example, Space X 
are currently testing their first satellites to form their Starlink 
network which will be operational in some trial capacity from late 
2020 (expected 2021 for Australia). 

Satellite-based Internet of Things (IoT)

Nanosatellite IoT systems aim to create low-cost, low-power 
and efficient satellite connectivity for the IoT. The devices and 
modems from these companies are designed to have long battery 
life on a single charge and to be easily set up in a matter of 
minutes. 

One implementation of this IoT solution includes a gateway and 
a deployment of LoRaWAN devices to enable ultra-low-cost 
connectivity. The gateway connects to devices or sensors and 
is able to provide satellite connectivity for up to 1000 sensors 
within a range of approximately 15 km. This distance range is 
comparable to Wi-Fi towers and at a significantly lower cost.

Another solution is device-based, where the devices/modules 
have an integrated satellite communication chip built in, which 
allows them to transmit data to a satellite when it is overhead.

Nanosatellite constellation companies are currently in trial 
stages of developing their IoT offerings and are advertising prices 
comparable to mobile 4G data solutions. They aim to reduce 
costs compared to traditional satellites by utilising many small 
satellites at low earth orbit that are substantially cheaper to 
launch into space. 

Future plans for nanosatellite IoT technology include companies 
launching more satellites to expand their constellations. The 
applications of this technology and its associated devices will 
also be likely to expand to a broader range of activities such as 
weather stations, tank monitors, water meters and asset trackers. 

Nanosatellite IoT, which is currently provided by three main 
providers including Fleet Space Systems, Myriota and Hiberband, 
is expected to fill the current gaps within the market. The 
common goal of these nanosatellite constellation companies is 
to create a global network of efficient and affordable satellites to 
enable data to be retrieved from anywhere on earth.
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New and evolving analytical  
tools for rural industries

NBN™ satellite services

The NBN ™ Sky Muster™ Plus Satellite Service released in 2019 
provides NBN ™ broadband access networks to businesses and 
homes in regional and remote Australia. The Sky Muster Plus 
service offers unmetered data for online activities such as email, 
web browsing and smartphone or PC operating system updates. 
There will be metering for applications that are heavy data users 
such as video streaming, file sharing and online gaming, and 
also any online activities that are accessed via a Virtual Private 
Network (VPN). The Sky Muster™ Plus Satellite Service allows 
users to retain fast speed internet access for essential services 
that are unmetered even if their data quota has been exhausted 
(NBN Co, 2020). 

Although both NBN ™ Business Satellite Service and NBN ™ 
Sky Muster™ Plus Satellite Service have already been released 
as a wholesale product in 2019, the ongoing improvements to 
NBN satellite services will lead to fundamental shifts to better 
connectivity in rural and remote Australian communities. 

Broadband satellite systems 

Space Internet is expected to provide global internet coverage 
and reduced delays that will be hardly noticeable by users. 
Internet access through space systems will therefore provide 
opportunities for even more reliable internet access in rural and 
remote regions of Australia. With the increasing competitiveness 
of the market, this service is likely to transform from a high-cost, 
low reliability service into a more affordable and reliable one. 

Climate Atlas 

Climate Atlas, commissioned by Wine Australia and developed 
by the University of Tasmania, produced current and future 
climate projections for Australia’s wine regions. The Climate Atlas 
aims to provide grape growers and wine producers with detailed 
information about climate trends in the short, medium and long-
term out till 2100. The atlas informs good management decisions 
and also supports long-term strategic decision-making that may 
relate to the need to change varieties or vineyard sites within and 
between regions. This resource will reinforce the wine industry’s 
understanding of climate change and how it may impact grape 
yield, profitability and wine style across the nation in the future. 

In the development of the Climate Atlas, a set of standard 
climate indices was created to drive consistency in the analysis 
of historical data, and also in seasonal forecasting and climate 
projections. These indices were calculated for every Australian 
Geographic Indication (GI).

  The increased ability to access 
satellite services will potentially reduce 
communication disruptions, which will be 
essential for the management of natural 
disaster events. 

Appendix 4
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The set of indices covers four areas that include:

• Temperature 

 – Growing Season Temperature (GST) 

 – Growing Degree Days (GDD)

• Heat extremes 

 – Extreme heat factor (EHF) during a heatwave

 – Heatwave duration and intensity

 –  Number of days per year exceeding temperature 
thresholds (30°C, 35°C, 40°C, 45°C)

 – Frequency of days with high human heat stress

• Cold extremes 

 –  Number of days at risk of frost during the growing season

 – Daily minimum temperature

 – Annual chilling degree days

 –  Number of days per year temperature falls below 
temperature thresholds (<2°C, <0°C, <-2°C).

• Rainfall and Evaporative Demand

 – Annual, Monthly and Seasonal rainfall

 – Growing Season Rainfall

 – Number of rainy days during harvest

 – Annual, Monthly and Seasonal aridity

 – Number of dry spells before harvest

The Climate Atlas visualises future trends in climate conditions, 
variability and extremes using current and historical climate. The 
atlas produces high resolution maps and time series for each 
wine region to present projected changes in climate indices over 
time. These maps allow the visualisation of variability within and 
across wine growing regions of Australia (Harris et al., 2019).

Managing Climate Variability (MCV) program

The MCV program, established under the National Drought Policy 
in 1992 and extended under the Advancing Agriculture initiative 
in 1998, is a leading research and development program that has 
been running in Australia for over two decades. The MCV program 
involves project partner organisations, which include AgriFutures, 
Cotton Research and Development Corporation (CRDC), Grains 
Research and Development Corporation (GRDC), Meat Livestock 
and Australia (MLA) and Sugar Research Australia (SRA). The 
program provides primary producers and natural resource 
managers with climate knowledge and aims to assist in risk 
management and the exploitation of opportunities. 

Research and development supported by the MCV program is 
indicated as substantial by independent evaluations, with every 
dollar spent evaluated to yield a return of over $6.60. The latest 
2016 to 2020 funding period, MCV V, supports the research from 
the program’s consecutive funding periods MCV I, II, III and IV. 
Currently, the 2016 to 2020 strategy invests in four research areas 
including (Climate Kelpie, n.d.a) (Climate Kelpie, n.d.b): 

•  Climate Forecasting Research to deliver the MCV objective 
to improving the accuracy of forecasting on timeframes of 
value for primary production. 

•  Climate Forecasting Services translates the outputs from 
climate forecasting research into products and services for 
the Australian agricultural industry.

•  Climate Risk Management Tools for Agriculture supports 
decision-making (e.g. the CliMate app, which supports on-
farm climate risk management decisions).

•  Climate Knowledge and Communication aims to increase 
awareness and promote adoption of on-farm climate risk 
management practices through the Climate Kelpie webpage 
and other communication products. 

•  Forewarned is Forearmed program aims to provide 
forecasts of extreme climate events to farmers and to equip 
them with information and tools to be forewarned and 
prepared for extreme events weeks to seasons ahead. The 
project involves four work packages (or subprograms), as 
shown in Figure 17. 

•  Seasonal forecasting aims to improve the use of seasonal 
forecasting to increase farmer profitability. Key priorities are: 
valuing the forecast, using the forecast and enhancing the 
ACCESS-S forecasting model.

Landscape and horizon review
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Users
Work Package 3 

Interfacing to 
Industry decisions

Work Package 1 
User needs and forecast 

system development

Forecasts of weather and 
climate extremes needs to 

seasons ahead

End to end R&D with multi-
organisation collaboration

Rural R&D partners
Meat and Livestock Australia LTD

Grains RDC
Sugar Research Australia LTD

Cotton RDC
AgriFutures Australia 

Dairy Australia LTD 
Wine Australia 

Australian Pork LTD

Engaging industry 
reference groups and 

advisors

Reduced impact of weather and climate 
extremes on agriculture

Options and tools for industries 
to proactively plan and manage 

for extreme events

Broad industry 
and supply chain 

applicability

Work Package 2 
Extreme forcast products 
development and delivery

Feedback Feedback

Feedback Feedback

Feedback

Adoption

AdoptionAdoptionWork Package 4 
Extension and 

training

Figure 17

Forewarned is Forearmed program works packages

Source: Climate Kelpie, FWFA and BOM
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Fireball International

Fireball International’s early wildfire detection and assessment 
system is capable of detecting fires after ignition in three to 
five minutes. It evaluates and maps the growth and spread of 
the fires, and provides their clients (such as forestry, fire and 
emergency services, local and state governments, primary 
producers etc.) with alert notifications and imagery of fires in 
real-time. The Fireball intelligence system is compatible with a 
range of sensors and can utilise existing ground-based cameras. 
Fireball is also able to procure and maintain sensors in regions 
where there are no existing networks available. 

Fireball International is currently working in collaboration 
with UC Berkeley, Livermore Laboratories, USQ, ANU and 
others in developing FUEGO. FUEGO, which is designed and 
developed in collaboration with Australian universities and a 
company based in Queensland, is a real-time detection satellite 
technology dedicated to bushfires. The satellite technology 
is expected to launch by 2024 alongside an Australian 
telecommunications satellite into a geosynchronous orbit. This 
will allow the simultaneous monitoring of wildfires on Earth’s 
entire hemisphere and facilitate early warning detection and 
assessment. 

Coastal Risk Australia (CRA)

The coastal areas of Australia, especially on the East Coast, are 
home to a wide variety of rural industries including dairy, beef, 
fisheries and horticultural operations. These areas are vulnerable 
to tidal surges but also rising sea levels.

Coastal Risk Australia (CRA) (https://coastalrisk.com.au/home) is 
an interactive mapping tool used to visualise coastal inundation 
caused by rising sea levels. The tool utilises Google Earth Engine 
technology and the latest 3D models of the Australian coastline 
to enable users to investigate projected rising sea level scenarios 
for different locations up until the year 2100 (80 years away). CRA 
captures data through LiDAR technology to produce detailed 
digital elevation models (DEMs), which are modelled relative to 
the Australian height datum (AHD). The DEMs are integrated with 
inundation modelling to produce visualisations in the form of 
maps. 

In addition to exploring scenarios of sea level rise, CRA also 
provides users with the estimated height of high tides along the 
coastline through using a network of 12,000 ‘virtual tide gauges. 
CRA utilises the highest astronomical tides (HAT) values; which 
have been computed from the CANUTE tide model relative to the 
mean sea level (MSL), to provide estimates for the ‘virtual tide 
gauges’ that are distributed approximately 2.5 km around the 
coast. 
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Appendix Key Australian agencies and organisations5

Table 24

Key Australian agencies and organisations involved in natural disaster management

Jurisdiction Agencies

National Level Bureau of Meteorology (BOM)

Commonwealth Scientific and Industrial Research Organisation (CSIRO)

Department of Defence / Australian Defence Force

Department of Foreign Affairs and Trade (DFAT)

Department of Health

Department of Home Affairs

Department of Infrastructure, Transport, Regional Development and Communications

Department of the Prime Minster and Cabinet (PM&C)

Geoscience Australia

National Bushfire Recovery Agency (NBRA)

Services Australia

Treasury

State and Territory Agencies Communities and housing services

Department/Directorate of Premier/Chief Ministers

Emergency management agencies (e.g. Emergency Management Victoria)

Financial assistance to communities

Fire and rescue services (e.g. NT Fire and Rescue Services)

Health authorities

Parks and wildlife services (e.g. NSW National Parks and Wildlife Services)

Police services

Public works agencies

Treasury

Local Governments Primary responsibility for restoring community infrastructure with the support  
of state, territory and Australian governments.

Other entities (non-government) Charities

Critical Infrastructure

Insurance

Professional bodies, capacity building and research organisations (e.g. Australian Institute for 
Disaster Resilience (AIDR), Bushfire and Natural Hazards Cooperative Research Centre (BNHCRC))

Source: Commonwealth, Royal Commission into National Natural Disaster Arrangements, 2020a
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Appendix Impact of 2019/20 bushfires6

The genesis of this project was not as a result of the devastating 
2019/20 summer bushfires that ravaged Australia, but in the context 
of this report the scale of this event is a timely reminder of the 
broad impact of natural disasters on Australian rural industries. The 
Royal Commission and NSW Inquiry that followed have also been 
referenced in this report in Recent commissions and inquiries.

The scale of this event was enormous, resulting in biodiversity 
losses, animal losses and welfare issues as well as disruptions 
to the supply chain due to rural properties no longer being 
accessible and power outages. Damages to fodder sources that 
supply other agricultural industries consequently caused a 
supply shortage and price spikes, highlighting the connections 
between different rural commodities, and how disruptions in one 
production zone can lead to disruptions in another.

The impact in the dairy industry, by way of example, in New 
South Wales and Victoria affected approximately 150,000 dairy 
cows along with major disruptions to cold chain operations 
and dumping of milk as a result of inaccessible distribution 
routes and power outages. General disruption to broad livestock 
market access, destroyed feed sources such as grains, hay and 
grasses and increased input costs also impacted processors and 
exporters across the supply chain.

In the wine industry the total loss caused by smoke taint, loss of 
vineyards and tourism to the Australian wine industry as a result 
of the bushfires was estimated at approximately $100 million, 
with a potential wine shortage likely in 12 to 18 months’ time 
(KPMG, 2020a).

There were also severe impacts on fisheries.  For example, the 
processing facility at Mallacoota in Victoria was destroyed, 
severely impacting the ability of the industry there to maintain 
continuity of supply.  Follow on financial losses were also 
experienced with lost revenue in that area due to the exodus of 
tourism (seafood sold through local restaurants).

Forestry was also significantly impacted. It is estimated that 8.3 
million hectares of Australian native forests, 130,000 hectares of 
plantation and 22,000 hectares of other forests were burnt. 
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The scale of this event 
was enormous, resulting 
in biodiversity losses, 
animal losses and 
welfare issues as well 
as disruptions to the 
supply chain due to rural 
properties no longer 
being accessible and 
power outages. 
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Appendix Public Private Partnerships7

Minderoo Foundation’s fire and flood 
resilience initiative

Andrew and Nicola Forrest set up the Minderoo Foundation, an 
Australian philanthropic organisation, in 2001. The foundation’s 
initiative aims to reduce the impact of fires and floods in 
communities by fostering collaboration between communities, 
the government, industry, philanthropy and the research sector. 

The initiative’s mission, called Fire Shield7, aims to accurately 
detect fires as early as possible, share information in real time, 
forecast fire behaviour and respond quickly and effectively to 
reduce fire impact and scale. Its goal is to be able to extinguish 
dangerous fires within an hour. 

Minderoo Foundation works with Emergency Management 
Australia, and state-based fire services, to ensure integration of 
the outcomes of Fire Shield for optimal effect. The mission’s area 
of focus consists of four streams: (1) Detect, (2) Share, (3) Predict 
and (4) Respond. 

Technology companies

Google announced8 a new Australian Crisis Response and 
Recovery Fund on 17 July 2020. It comprises more than $4 million 
of grant funding, over the next three years, to support Australian 
projects that use technology to build future preparedness and 
long-term resilience to bushfires and other crises. Google will 
work with the Australian Government, academia and community 
groups to find and support non-profit projects that use 
emerging technology, particularly AI, to help with crisis response, 
preparedness and resilience.

7https://www.minderoo.org/fire-and-flood-resilience/fire-shield/ 
8Google Press Release Supporting technology projects that help with crisis response and resilience Friday, 17 July 2020 Contact: 
Alexander Lynch Public Policy and Government Relations Manager Google Australia

A tendency exists to turn to Government for large scale investment 
or funding of research projects to consider how better to prepare 
for and be resilient to natural disasters, but there is also evidence 
of emerging private investment.  This stems in part from corporate 
responsibility, community engagement and philanthropy.
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Frontier Development Labs (FDLs)  
- the NSW 2020 Bushfire Quest 

Each FDL, independently funded by space agencies and others, 
creates public-private commercial partnerships, with the likes 
of Google Cloud, IBM, NVIDIA and Intel, deriving the necessary 
expertise and the computing resources for rapid experimentation 
and iteration.

FDL Australia/New Zealand has been active since late 2019 and 
brings researchers together from the cutting edge of AI and data 
science. It teams them with counterparts in the space sector for 
an intensive research sprint, to create rapid results. A key aspect 
of success is the formation of small interdisciplinary teams 
focused on tackling specific challenges.

Google will work with the Australian Government, academia 
and community groups to find and support non-profit 
projects that use emerging technology, particularly AI,  
to help with crisis response, preparedness and resilience.

The 2020 bushfire quest focused on three research themes 
of: Fuel Assessment (two teams), Early Detection, and Fire 
Behaviours.  A focal area was whether AI, primed with data 
from multiple satellites and local sensor networks, can detect 
bushfires earlier, predict fire behaviour and help emergency 
services respond more effectively.  Partners included the 
Minderoo Foundation, NSW State Government (Treasury and 
Office of the Chief Scientist and Engineer), DUG Technology and 
ANU Institute for Space.
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