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Executive Summary

Digital technologies have the potential to fundamentally transform the way food and fibre is
produced, traded and consumed.

A new wave of technologies is enabling farm operators to manage farms with a much higher
degree of precision than has been feasible in the past, and when combined with the power of
modern computers and big data analytics, is driving the development of sophisticated
decision-support tools that allow businesses to make better data-driven decisions.

The overall objective of this research is to develop a business case and clear value
proposition for Australian producers, agribusinesses, RDCs, and governments about the
potential benefits of decision agriculture.

This is the first project to be supported by all fifteen rural Research and Development
Corporations (RDCs), whose levy-paying members reflect the diversity of food and fibre
production in Australia. In doing so, it takes a whole-of-agriculture approach to the adoption
of digital agriculture technologies and systems, and explores opportunities for improved
cross-sectoral industry research collaboration. Recommendations from this report are
intended to guide ongoing investments and coordinated action in areas that are likely to
address current constraints and accelerate the shift from precision agriculture to decision
agriculture.

This report presents results from research covering two broad areas.

Firstly, an analysis of the potential benefit to the Australian economy from the
implementation of decision agriculture. This research was conducted with support from the
Centre for International Economics (CIE). Findings from this report provide an overview of
the potential value to the Australian economy of a 'fully-enabled' decision agriculture. By
quantifying the 'size of the prize' and analysing the impact of constraints, this project provides
a high-level and strategic overview of the broad opportunities for government and industry to
invest in digital agriculture.

Secondly, an analysis of the various aspects that will impact the delivery of those benefits to
farmers are reported including likely business models for the delivery of decision agriculture
products and services. This includes a review of international developments in decision
agriculture and an analysis of their implications for the Australian agricultural industry. Input
from AgThentic and US-based consultancy firm Prassack Advisors helped inform this
review.

Currently there is a gap in knowledge about the potential economic costs and benefits of
digital agriculture, and their impacts on the Australian economy. This report estimates that
the unconstrained implementation of decision agriculture would result in a lift in the gross
value of agricultural (including forestry and fisheries) production of $20.3 Billion (a 25%
increase on 201415 levels). In addition, the benefits of unconstrained decision agriculture
would have major flow-on effects to other parts of the economy and deliver an overall



increase of $24.6 Billion to national gross domestic product (GDP) (a 1.5% increase on
2014-15 levels).

The benefits and drivers of decision agriculture vary by sector, but there are consistent
messages about the value of digital agriculture applications such as remote sensing and
automation, objective measurement, variable rate management, and improving regulatory
compliance. The common challenges and opportunities facing many agricultural sectors
reinforce the need for cross-sectoral collaboration in areas that will facilitate the development
of decision agriculture.

This project is primarily focused on how technology and data impacts on-farm decision-
making. However, many of the biggest changes associated with decision agriculture will
occur at other points in the value chain. There are a number of 'push and pull' factors
influencing how farmers, processors, retailers and other businesses utilise data and
technology to improve decision-making and business profitability. The structure of the value
chain, including the size of businesses and the level of business integration between
production and retail stages, has a significant effect on the potential for decision agriculture.

The combination of several technological, social and business trends is changing the way
businesses in all sectors of the economy operate. We are witnessing the rise of digital
entrepreneurs and the proliferation of start-ups, driven in part by changes to the financial
sector (e.g. private equity trends). This is leading to digital disruption and the rise of new
players who are challenging traditional business models (think Uber in the taxi industry or
Airbnb in the hotel industry). The ubiquity of digital technology is leading to the emergence
of new business models in agriculture and the development of an AgTech' sector.

Currently, the development and uptake of digital agriculture technologies has been
underwhelming compared to the associated hype. The Australian market for decision
agriculture products and services is in its relative infancy compared to the scale and pace of
developments occurring in other parts of the world, notably the United States and Israel.
However, the transformation of the Australian agriculture sector into a smart, high-tech
industry is showing strong signs of interest and growth. Increasingly, investors and
technology developers not traditionally associated with agriculture are recognising the
opportunities associated with decision agriculture. As a consequence, the

Australian AgTech market is rapidly expanding, with new business models emerging and
successful Australian start-ups positioning themselves to benefit from global market
opportunities.

The likely emergence of decision agriculture business and service delivery models varies by
sector and is shaped by several factors including the market size, potential international
technological spillover, and the digital maturity of the sector. Together these factors suggest
the potential economic impact of digital agriculture, the specific challenges facing the sector,
and readiness of producers to adopt new technology.

! The term decision agriculture is used throughout this report to describe a specific set of digital technologies
and the purpose of their use. In the investment community, the technologies that are involved in decision
agriculture are often described as AgTech.



There are a broad range of data-driven applications and support tools that help guide
production decisions using real-time data. This includes supporting decision-making in areas
such as nutrient requirements, land use, animal health, climate risks, water efficiency and
other production related factors. Products available to farmers extend from general
operational and business support systems to more complex and specific, data intensive tools
that use algorithms to generate quantitative information (i.e. prescriptive analytics). Decision
support tools generate data and provide information for farmers to help solve practical
problems and help assess outcomes in a risky farming environment. The challenge for
developers is ensuring products are relevant to farmers' needs, simple and easy to use, and
perhaps most importantly, deliver a return on investment.

Digital agriculture is a global phenomenon. The international spillover of products, services,
and their business models will play a major role in accelerating decision agriculture in
Australia. For some products currently available in other markets there are no obvious
technology or data limitations to their use in Australia. However, there still may be factors
which limit their attractiveness in the Australian market such as market size or lack of
partnership opportunity. The successful adoption of other products require integration

with specific data sets that may not be readily available in Australia (e.g. soils information),
are specific to regulatory compliance for another country, or require a very high level of
connectivity infrastructure.

In general, there is expected to be a greater level of activity in globally significant sectors.
For example, the grains industry is a major global industry whereas the wool and sheepmeat
industries are relatively small by comparison. While this is reflected in terms of where global
investment in AgTech is targeted, there are other factors influencing the level of applicability
of products to the Australian market.

An important factor in international spillover of technology is the level of similarity in
production systems (including genetics, environment, and management practices) between
Australia and the country of origin of the product or service. This affects the suitability and
transferability of products to meet user needs. For example, Australia's intensive livestock
industries (e.g. pork, eggs, chicken meat and dairy) are more similar to those in Europe or
North America than is the case for the extensive livestock industries (e.g. beef, sheepmeat,
wool). This means it is more likely that 'off the shelf' products or 'plug and play' business
models from Europe or North America could be applied in the intensive livestock industries.

Extensive livestock industries and the cropping sector have unique agronomy and
environmental challenges and often require integration with datasets specific to the
Australian landscape and production context. Corresponding with these differences, the
rice, grains, cattle and sheep, and forestry sectors were perceived to have less immediately
applicable decision agriculture products and services than other sectors.

Ultimately, it is unlikely that the full economic potential of decision agriculture will be
realised until several existing interconnected constraints are addressed, including:

e Issues regarding the availability of appropriate data for analysis e.g. the role of
foundational public and cross-sectoral datasets, as well as data governance challenges.



e The availability of decision support tools and analysis capability to make use of the
data acquired.

e Issues regarding telecommunications infrastructure and connectivity e.g. addressing
both technical and service delivery aspects of connectivity infrastructure.

e Legal and trust issues regarding the systems and protocols governing digital
information e.g. clarifying data ownership, control and access issues to facilitate data
sharing between multiple participants.

e A lack of a clearly-defined value proposition to potential technology users e.g. the
need for commercial validation of a technology’s effectiveness (e.g. return on
investment).

These constraints affect both the adoption of existing decision agriculture technologies and
practices, as well as the likely emergence of new business models (and their associated
products and services). In other words, to enable on-farm innovation and innovative business
models it is critical that these constraints are addressed.

To support the acceleration of precision agriculture to decision agriculture, there must be
initiatives that simultaneously target each barrier. Furthermore, these actions must
acknowledge the complex interaction between each of the barriers e.g. to optimise the use of
data analytics and decision-support tools there must be, at the same time, improvements to
connectivity infrastructure, the underlying foundational datasets, and the resolution of trust
and legal issues surrounding data sharing.

The value proposition for decision agriculture will remain substantially as potential rather
than delivered until these barriers are addressed. Fortunately, as the potential is understood to
be significant (as demonstrated in the economic analysis section of this report), there is
considerable pressure to resolve each constraint.

This pressure is being expressed through commercial and market activity (particularly in the
field of telecommunications infrastructure) and policy and strategy development from
governments and research funders. Resolving each of the barriers described above will result
in a marketplace where decision agriculture product developers and service delivery
providers will be able to participate to provide solutions which deliver tangible value to
agriculture.

Industry (particularly RDCs) and governments have a critical role in facilitating decision
agriculture. Given the strategic importance of digital technologies to the future profitability
and competitiveness of Australian agriculture, a timely and coordinated response is needed.

This research will help guide ongoing investments by government and RDCs in areas that
reduce current barriers to decision agriculture. It will also assist with targeting investments in
areas in which there is a strong business case or high-impact productivity and profitability
benefits for decision agriculture.

Collaboration between industry stakeholders is essential. New partnerships must be
developed between RDCs, advocacy organisations, and industry to address the core cross-
sectoral issues at the heart of decision agriculture.
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Definitions and Glossary

What is Decision Agriculture?

It is important from the outset to define the differences between decision agriculture, digital
agriculture and precision agriculture that have been used by the Accelerating Precision
Agriculture to Decision Agriculture (P2D) program. Most people would be familiar with or at
least would have heard of digital agriculture however decision agriculture is likely to be a
new concept. An understanding of why the term decision agriculture was coined for this
project is useful as it informs approaches to this project’s methodology and scope,
particularly in relation to the economic analysis study reported here.

The P2D program has defined decision agriculture as analysis of digital farm data along with
other relevant digital datasets such as soils and environmental data which leads to improved,
data-driven decision-making by farmers, and enables the use of data-driven technology.

Decision agriculture is enabled by tools and technologies including precision agriculture, the
internet of things, digital monitoring systems, cloud computing and many other digital
technologies and supporting functions. Decision agriculture is directly enabled by a broad
suite of digital technologies and indirectly supported by accumulated knowledge arising from
research and development and scientific endeavour.

This definition of decision agriculture was determined in the context of this report as
something different from digital agriculture as it recognises that the next step from the use of
digital technology (and its associated data) is practice change as a result of analysis of the
data acquired. The economic modelling reported here does not focus on the effects of the
application of specific technologies but rather the impact of practice and systems change that
occur as a consequence of digital agriculture. The ‘shocks’ that have been applied to the
Centre for International Economics (CIE)-Regions Food Processing (FP) model are the
estimated accumulated changes that result from multiple digital technologies which together
lead to better, data-driven decision-making and adoption of data-driven technology i.e.
decision agriculture.

Table 2.1 lists some key terms that are sometimes used interchangeably in the discussion of
decision/digital agriculture with the definitions that have been adopted for the purpose of this
report.

Analysis of the economic benefit and strategies for delivery of digital agriculture in Australia | November 2017
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Table 2.1 Glossary of key terms

Term Meaning

AgTech Commonly used in the investment community to describe digital
technologies used in agriculture.

Big Data Computerised analytics systems that interrogate extremely large databases of

information in order to identify particular trends and correlations.

Cloud computing
services

Cloud storage is a model of data storage where the digital data is stored in
logical pools, the physical storage spans multiple servers (and often
locations), and the physical environment is typically owned and managed by
a hosting company.

Decision
agriculture

Conclusion or action resulting from the application of knowledge and/or
information that may be derived from digital agriculture.

Digital agriculture

Digital agriculture typically involves both the collection and analysis of data
to improve both on- and off-farm decision making leading to better business
outcomes.

Digital disruption

Digital and associated technologies that 'disrupt the status quo, alter the way
people live and work, rearrange value pools, and lead to entirely new
products and services', often in a relatively short period of time (Manyika et
al., 2013).

Information and

ICT is a broad term used to refer to technologies that involve the use of

communication computers, computer networks, telephone networks and internet networks to

technologies (ICT) | manage data and information.

Internet of Things Devices such as sensors, machines, and other digital instruments which are
connected to each other and the internet so that they are able to collect and
exchange data with each other.

Open Data Data that is:

1. freely available to download in a reusable form. Large or complex data
may be accessible via a service or facility that enables access in-situ or
the compilation of sub-sets

2. licensed with minimal restrictions to reuse

3. well described with provenance and reuse information provided

4. available in convenient, modifiable and open formats

5. managed by the provider on an ongoing basis.

Precision Farming practices that involve precise spatial management through the use of

agriculture GPS (Global Positioning System) technologies. This can include variable

rate seeding and fertiliser application, yield mapping, and animal location
and analysis.
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Introduction

The Research Question / Context

The Accelerating Precision Agriculture to Decision Agriculture Rural R&D for profit
program (P2D) is investigating a range of enabling functions that will support decision
agriculture (Figure 2.1). These include:

e the availability of appropriate data;

e the availability of decision support systems that can utilise that data,

e data connectivity;

e aclear understanding of the value propositions arising from adoption; and
e trust in systems and protocols used to manage digital information.

These functions have all been identified as essential for the benefits of decision agriculture to
be realised.
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Figure 2.1 P2D Program Framework

Business models that are utilised to deliver the associated products and services of decision
agriculture, whether they are delivered by small start-ups, large companies, research agencies
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or governments, will all in some way be constrained by the enabling functions listed above
and how those vary within agriculture sectors and geographies.

For research funders, including Rural Research and Development Corporations (RDCs), to be
able to develop informed options that ensure investment activities facilitate the development
of decision agriculture for relevant stakeholders, it is important that they have a clear
understanding of the potential business models and platforms for delivery of decision
agriculture products and services.

Project Scope

This project explores the role and potential impact of digital technologies in improving
decision-making for businesses in Australia's agricultural, forestry and fisheries industries. It
is the first project to be supported by all fifteen RDCs, whose levy-paying members reflect
the diversity of food and fibre production in Australia. It seeks to provide an overview of the
potential value to the Australian economy of a 'fully-enabled' decision agriculture. In doing
s0, it discusses the (opportunity) costs associated with major constraints to digital agriculture,
including: the availability of appropriate data, and the availability of decision support systems
that can utilise that data; data connectivity; a clear understanding of the value propositions
arising from adoption; and, trust in systems and protocols used to manage digital

information.

By quantifying the 'size of the prize' and analysing the impact of constraints, this project
provides a high-level and strategic overview of the broad opportunities for government and
industry to invest in digital agriculture. This project will help inform ongoing research and
investment in areas that will support the acceleration of precision agriculture to decision
agriculture.

This project is primarily focused on how technology and data impact on-farm decision-
making. However, it also recognises that many of the biggest changes associated with
decision agriculture will occur at other points in the supply chain. There are a number of
'push and pull' factors influencing how farmers, processors, retailers and other businesses
utilise data and technology to improve decision-making and business profitability. The
structure of the supply chain, including the size of businesses and the level of business
integration between production and retail stages, has a significant effect on the potential for
decision agriculture.

One of the key drivers for this project is the need to identify a strong business case and value
proposition for decision agriculture. This project investigates the likely business and service
delivery models that will develop decision agriculture products and services. Currently, the
development and uptake of decision agriculture has been underwhelming compared to the
associated hype. The report considers international experiences in decision agriculture, with a
particular focus on the US and Europe. Decision agriculture and related Big Data applications
are more advanced in the cropping sector of the US than is the case in Australia, and are
generally more developed in the cropping than livestock sectors. In some Australian sectors,
there is potential for the international 'spillover' of technologies from other regions.



Project Outputs

The overall objective of this research is to develop a business case and clear value
proposition for Australian producers, agribusinesses, RDCs, and governments about the
potential benefits of decision agriculture. The key outputs from this project are an estimate of
the potential benefit of decision agriculture to the Australian economy, as well as information
about the likely business models that will deliver the products and services through which
these benefits will be realised.

Report Structure

The remainder of this section provides a Background on key concepts discussed in the report
and outlines the project’s Methodology, including how the economic modelling and business
model analysis was conducted.

The remainder of this report is structured as follows:

Section 3 The potential economic impact of decision agriculture presents key findings of
the economic modelling, including the potential impact of unconstrained decision agriculture
on the Gross Value of Production (GVP) of individual sectors and the wider impact on the
Gross Domestic Product (GDP) of the Australian economy.

Section 4 Business and Service Delivery models for decision agriculture reviews recent
literature on business models, value propositions and Lean and Agile approaches to business
development. This section also summarises key findings about factors affecting the
emergence of new business models for decision agriculture in Australia, including market
size, international spillover, and the digital maturity of a sector.

Section 5 The impact of current constraints on decision agriculture discusses how a range
of constraints are influencing the current utilisation and future development of digital
agriculture.

Section 6 provides a Conclusion summarising key findings from the report. It also outlines
Recommendations that industry (including RDCs) and government stakeholders can
implement to accelerate the development of decision agriculture.

In addition, there are five Appendices:

Appendix I provides further information on the CIE Food Processing Model — a general
equilibrium model used to forecast the economic benefits of decision agriculture to individual
sectors and their flow-on effect to the wider Australian economy.

Appendix 2 contains the results of the Economic Impacts of Decision Agriculture by
sector. This includes an overview of the sector, the key drivers of decision agriculture, the
potential economic impacts of decision agriculture, and the implications for business and
service delivery models.

Appendix 3 provides an extensive review of products and services currently available in the
Australian AgTech market.
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Appendix 4 discusses the Global Impact of Digital Agriculture with a focus on key
international developments, and their implications and potential spillover to Australian

agriculture. This work was undertaken by US-based consultancy firm Prassack Advisors
LLC.

Appendix 5 provides three detailed digital agriculture Case studies from the US (Agrian,
Farmers’ Business Network, and HarvestMark). This work was undertaken by Australian
agricultural technology consultancy firm AgThentic.
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Background

The development of digital technology for agriculture capable of generating objective
information about the status of soil, water, crops, pasture and animals is quickly changing the
ways in which farm businesses can be managed. Digital technology has the potential to
enable producers to manage enterprises with a much higher degree of precision than has been
feasible in the past. When combined with the power of modern computers and Big Data
analytics, it has enabled the development of sophisticated decision-support tools that can
assist farm managers to make better data-driven decisions.

This project examines the mechanisms by which precision agriculture is being accelerated to
decision agriculture, by defining the economic case for its adoption, and listing the barriers
preventing the complete realisation of the prospective benefits. It also explores the potential
value proposition(s) being offered to farmers in support of decision agriculture products and
services.

Industry consultations conducted as part of this project highlighted the wide acknowledgment
of the potential for decision agriculture to fundamentally change food and fibre production
and their associated value chains. However, identifying where, when, and by how much
decision agriculture will impact production and the subsequent implications is less clear.
Rapid advances in digital technology and data applications are emerging to support
production management decisions, maintain and report on biosecurity issues, support quality
assurance and credence systems, map and analyse land use and crop performance, monitor
and manage water, track markets and sales transactions and purchases.

Agriculture has experienced several major revolutions over the past century (7able 2.2). The
first was the mechanical revolution that occurred in the years between the first and second
world wars, during which time, horse power was replaced by mechanical power, leading to
dramatic improvements in productivity. The second was the scientific revolution (often
referred to as the green revolution), which occurred over the period of the late 1960s to the
late 1990s, and involved the application of well-developed science including chemistry, again
resulting in significant productivity increases. The third wave of agricultural innovation,
arguably, was the development of precision farming technologies and techniques, of which,
the initial uses involved GPS positioning of machinery to introduce operating efficiencies and
precise control. Subsequent developments in precision agriculture have involved the use of
proximal and remote imagery, precise application of inputs and remote animal monitoring
and measurement. Some have suggested that we are now entering a fourth wave of
agricultural innovation, where, as the cost of digital technology reduces and computing power
increases, the capability to collect, aggregate and analyse huge amounts of data from digital
and precision agriculture is creating entirely new opportunities for providing insight into
agricultural business and production, and assisting with decision-making.
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Table 2.2 The four revolutionary waves of agricultural innovation. (Source: Zuckerberg &
Kennes, 2017)

Wave Description

First Mechanisation (seed drill, cotton gin, reaper/binder, combined harvester-
Wave thresher, tractor)

Second | Agricultural chemistry (nitrogen fertiliser, pesticides)

Wave

Third Precision farming (biology, plant and animal genetics, GPS)

Wave

Fourth Digital agriculture (smart hardware, analysis of temporal layers of spatial
Wave data, weather, and remote sensing to evaluate crop conditions)

The flood of digital information that can now be generated as a part of normal farm
operations is leading to questions about how the information should, or can, be stored,
managed and utilised in ways that enhance productivity and profitability. The early
indications are that the digital revolution will create very important opportunities for
productivity gains, but will require a combination of scientific knowledge, computing
applications and human resource development for those gains to be realised through decision
agriculture (the practice change resulting from digital agriculture).

The ability of digital agriculture to assist in more intensive and data-driven farm management
decisions enables farmers to economically change from paddock and herd average
management, to square metre and individual animal management, with consequent increases
in farm productivity. This project provides a robust analysis of the likely economic impact of
technology on-farm productivity, and the flow-on value effect on supply chains and the wider
economy.

November 2017 | Analysis of the economic benefit and strategies for delivery of digital agriculture in Australia
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Project Objectives

The primary objective of this research is to describe a clear value proposition for Australian
producers, RDCs, and other supply chain actors in relation to the delivery of the potential
benefits of decision agriculture.

This research includes a structural analysis of each agricultural sector (including fisheries and
forestry), and examines the enabling factors most likely to facilitate a move from precision
agriculture to decision agriculture. This research will estimate the potential economic gains
for the agricultural sector and associated supply chains arising from the adoption of decision
agriculture. It will also explore the business models and strategies that are likely to support
the continued development of products and services supporting decision agriculture in
Australia.

Drivers of Decision Agriculture

There are a number of 'push' and "pull' factors which are driving developments in digital
agriculture (Table 2.3). Many of the push factors relate to technological advances, which are
reducing existing barriers (e.g. connectivity, data storage, and data analytics) and creating
opportunities for innovation. At the same time, there are several pull factors which are
encouraging users to adopt new digital technologies. These include business/ market drivers,
such as opportunities to improve business decision-making, and public drivers, such as the
role of food safety and traceability regulation.
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Table 2.3 A summary of Push and Pull factors driving Decision Agriculture. (Sources:
Wolfert, Ge, Verdouw, & Bogaardt, 2017; Beecham Research, 2014)

Push factors Pull factors

L[]
(]

O O O OO e O O

General technological developments
Internet of Things (IoT) and data-driven
technologies

Precision Agriculture

Rise of AgTech companies

Sophisticated technologies

Global Navigation Satellite Systems
Satellite imaging

Advanced (remote) sensing
Robotics

Unmanned Aerial Vehicles (UAVs)

Data generation and storage

Improved data management technologies e.g.
cloud-based storage

Process-, machine- and human-generated
Interpretation of unstructured data

Advanced data analytics

Digital connectivity

Roll-out of National Broadband Network (NBN)
Development of new connectivity technologies
and private networks

Computational power increases

Innovation possibilities

Open farm management systems with specific
apps

Remote/ computer-aided advice and decisions
Regionally pooled data for scientific research
and advice

New business and supply chain models

@)

o O 00O (e}

O O O e

Business drivers

Efficiency increase by lower cost price or better
market price

Improved management control and decision-
making

Better local-specific management support
Better cope with legislation and paper work
Deal with volatility in weather conditions
Growing demand (and price premiums) for
products with certain quality traits e.g.
provenance information

Declining cost of sensors and computational
technologies

Public drivers

Food and nutrition security
Food safety and Traceability
Sustainability

General need for more and better
information

Shift from experiential decision-making to data-
driven decision-making (‘you can’t manage
what you can’t measure’)

November 2017 | Analysis of the economic benefit and strategies for delivery of digital agriculture in Australia




SECTION 2: Introduction [SI&]

The Age of Data and Analytics

The shift from precision to decision agriculture is fundamentally about the new ways in
which data is being collected and analysed to give users greater management insight. Figure
2.2 illustrates some of ways that data is collected across the agricultural landscape.

High

()
&V

FREQUENCY
Medium

=
o
Low Medium High
COVERAGE
Cost per area Use case effectiveness
B low [0 Medium [I] High @ Lower score ) Higher score

Figure 2.2 Data collection dimensions; frequency, coverage, use case effectiveness and
cost. (Source: Prassack Advisors, 2017)

The data collected from these processes are used to describe two categories of outcomes —
performance and cost:

e Improve performance: e.g. increase crop yield, improvements in quality, higher
utilisation of equipment, etc.

e Manage costs: e.g. reduce (or optimise) key input costs (fertiliser, pesticides, seed,
water etc.)

Secondary focus areas include environmental impact (e.g. nitrogen run-off, water
conservation), risk management, and information for provenance, compliance and traceability
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purposes. Much of the data (irrespective of the platform) will be collected via sensors. Figure
2.3 describes some sensor categories and their applications.

= Weather data is remote and land-based
sensors to enable modeling of pest, disease,
and crop maturity for in season decisions.

= Satellites and manned flights will remain
important in forecast projections, in field
vegetative indexes and insurance incidents.

= Analytics automation will enable grower
alerts for in season response to nutrient, water
and crop protection opportunities

= UAVs suit need for research, small automated
scouting and applications

Sensing platforms will add layers
of data and analytics to enable

grower value and subsequently
higher vendor revenue streams.

« Static sensors dominate moisture sensing
and irrigation management applications but
have been cost prohibitive

= Sensor to applications - focus on i
measuring, monitoring and responding to ln Fleld
plant available water and nutrients. Data

= Usability - New easy to install and manage
offers with $500 gateways; $150 repeaters
and $30-80 sensors with mobile app alerts
have the potential to drive adoption.

= Next challenge: connectivity!

Machine -onn :
D ata = Vehicle and pivot-mounted sensors can

enable improved data granulariy and response.
= On-vehicle systems are evolving to enable
autonomous implement management
= Robotics are solving harvest labor shortages

Coverage of primary use cases

Figure 2.3 Sensor categories. (Source: Prassack Advisors, 2017)

Once data has been collected the critical step of analytics is required to convert the data into
actionable information and ultimately knowledge. Analytics is slowly shifting its focus
towards real-time, predictive, and prescriptive analytics. Technologies and business models
are emerging that give users deeper and more timely information that can drive proactive
decision-making.

Currently, the focus of most digital agriculture products and services is on the area of
Descriptive or Diagnostic Analytics. This is generally focused on answering questions such
as what happened in the past and why. Users gain insight from historical data using reporting,
benchmarking etc. For example, this could involve understanding the correlation between
fertiliser application rates and crop yields.

There is growing interest in Real-Time Analytics, which describes what is currently
happening. For example, this could include the visualisation of the current status of
equipment. Developments in sensors and remote monitoring technologies are driving major
opportunities for businesses using real-time analytics.

The area of Predictive Analytics has the potential to drive major productivity improvements
on farms and across supply chains. Predictive analytics focuses on understanding what could
happen. This could entail algorithms that engage in the forecasting of future incidents (e.g.
predicted yield). The main goal of predictive analytics is to identify potential issues before
they occur. Most often predictive analytics use statistical and machine learning techniques.

The most complex, but potentially valuable area of analytics, is Prescriptive Analytics.
Prescriptive analytics answers the 'what should happen' type of question and provides advice
on the best possible actions that the end-user should take. Prescriptive analytics requires a
predictive model with two additional components: actionable data and a feedback system that
tracks the outcome produced by the action taken. For example, an algorithm which suggests
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the optimal recipe of inputs to produce the most profitable crop. Figure 2.4 summarises the
key features of the four types of analytics.

Descriptive/ Real-time Predictive Prescriptive

diagnostic analytics analytics analytiscs
analyti
What happened? What is happening What could What should
now? happen? happen?
ee.g. correlation ee.g. The ee.g. The prediction se.g. The
between fertiliser visualisation of of equipment optimisation of
application rate curent equipment failure inputs to produce
and crop yield status the right amount
of output (at the
right time)

Figure 2.4 The shift towards real-time, predictive, and prescriptive analytics.
(Source: 1oT Analytics, 2016)

An example of extent of data collection and analysis possible as applied in a cropping
scenario is demonstrated in Figure 2.5.

Soail and Detect soil variability and fiekd Prescriptions  Develop Rx based on high quality Benchmarks Develop for seed by soil type and
T phy ! data collection confirmed by climate aﬁsds_ nutrient and water usage
el oG Stcitacy B et of directed field scouting Zones Refine micronutrient and biclogics for
Collection collecting as planted, as applied Zones Increase decisions with 1 