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Assessing Challenges and Barriers to
Digital Opportunities in Agriculture
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IN BRIEF

Canada is a major exporter of food and has an important role to play in achieving
global food security. At the same time, the agriculture sector accounts for about 10
per cent of Canada’s greenhouse-gas emissions and is a major contributor to soil
and water degradation. New technologies and services are emerging that offer the
potential to increase food production, reduce costs and carbon emissions, improve
food safety and achieve other benefits. But several hurdles stand in the way of their
adoption. This paper assesses the challenges and barriers to the development and
adoption of digital opportunities in agriculture and calls for an ambitious approach,
led by Canadian governments, to optimize the use of these promising technologies.

EN BREF

Le Canada est un grand exportateur de denrées alimentaires et a un réle important
a jouer dans la réalisation de la sécurité alimentaire mondiale. Le secteur agricole
représente toutefois environ 10 % des émissions de gaz a effet de serre du Canada
et contribue largement a la dégradation des sols et des eaux. De nouveaux services
et technologies émergent et offrent la possibilité d'augmenter la production
alimentaire, de réduire les co(ts et les émissions de carbone, d’améliorer la sécurité
alimentaire et d'obtenir d'autres avantages. Mais plusieurs obstacles s'opposent a
leur adoption. Cette étude évalue les défis et les obstacles au développement et a
I'adoption des solutions numériques dans I'agriculture et appelle a une approche
ambitieuse, menée par les gouvernements du pays, pour optimiser I'utilisation de
ces technologies prometteuses.
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KEY HIGHLIGHTS

Generating, sharingand using digital datais key to accelerating new scientificdiscovery,
innovation and efficiency in the global food system. Done well, digital technology
adoption should enable Canada’s agriculture and agri-food sectors to support some
of the most pressing Sustainable Development Goals adopted by the United Nations,
including reducing hunger, mitigating and adapting to climate change, optimizing the
use of arable land and water, and providing decent work and sustainable economic
growth. It can also support food security and affordability in Canada.

Canada has a comparative advantage in food security and is a major supplier of food,
feed andfibre to the world. Canada also has an advanced telecom sectorand is an early
innovator and adopter of many of the approaches farmers, scientists, industrialists,
governments and NGOs are hoping will realize this potential.

Artificial intelligence, the Internet of Things, big data and gene editing offer the
potential to increase production; reduce costs, emissions, water use, food waste
and risk; improve resilience and food safety; and provide consumers with more
information about the food they eat. New technologies and services are emerging in
a wide range of areas relevant to agriculture, including precision agriculture, variable-
rate technology, digital-farm management and digital animal-health management.
There are significant opportunities for economic growth for technology developers,
telecommunication companies, farmers and other companies along the supply chain
from farm to table.

There are, however, many challenges and barriers to the development and adoption
of these digital opportunities, including the readiness of the agriculture and agri-
food sector to adopt new technologies, incomplete markets for data, industrial
concentration and poorly defined data governance.

Canadian governments face a choice. They can follow the quintessential Canadian
model of passive technology adoption, which is both low risk and low return. They
can pursue a more proactive muddled approach, addressing easier barriers while
ignoring the harder ones. Or they can go for broke, with an ambitious high-risk, high-
reward strategy aimed at large-scale transformation.

The scale of the economic opportunity in growing global markets, combined with the
societal benefits of greater global food security and a more efficient, lower-emission
food-production system, justifies the ambitious strategy. This will require bold action
on several fronts, in collaboration with the private sector and academic institutions:

B A comprehensive agricultural skills strategy, which capitalizes on a looming
generational change to ramp up just-in-time, targeted training, certification
and microcredentials aimed at boosting digital literacy, and supply-chain and
on-farm readiness to adopt digital technologies.
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m A world-leading effort on food system cybersecurity, combining research,
regulation and co-ordination to address vulnerabilities.

m Expanded rural broadband connectivity to ensure that internet access grows
in line with technology adoption.

m Creating an agricultural data exchange with transparent pricing, similar to ex-
isting stock exchanges like the Toronto Stock Exchange. However, instead of
buying and selling stocks, participants would trade information collected on
farms. This gives data a clear value that farmers can sell, and technology pro-
viders can buy.

m  Countering the market power of large agricultural technology providers by
supporting homegrown competitors, collaborating with like-minded coun-
tries on data regulation, and accelerating early and rapid adoption of new
innovations.

m  Committing to a data-governance system that supports innovation, building
on lessons learned from Genome Canada’s Climate-Smart Agriculture and
Food Systems initiative.

Canada has the chance to succeed with a well-thought-out plan and the right mix of
investment, planning, collaboration and governance. Canada can do well by doing
good, increasing our economic returns from our world-class agri-food system, and
contributing to global food security and climate change goals. There is no time to
waste.
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FAITS SAILLANTS

La production, le partage et l'utilisation de données numériques sont essentiels pour
accélérer les nouvelles découvertes scientifiques, I'innovation et l'efficacité du systéme
alimentaire mondial. Si elle est bien menée, I'adoption des technologies numériques
devrait permettre aux secteurs agricole et agroalimentaire du Canada de soutenir
certains des objectifs de développement durable les plus urgents adoptés par les
Nations Unies, notamment la réduction de la faim, l'atténuation des changements
climatiques et I'adaptation face a ceux-ci, l'optimisation de l'utilisation des terres arables
et de 'eau, et la fourniture d'un travail décent et d'une croissance économique durable.
Elle peut également contribuer a la sécurité alimentaire et a l'abordabilité au Canada.

Le Canada dispose d'un avantage important en matiere de sécurité alimentaire et est
unimportantfournisseur de denrées alimentaires, d'aliments pour animaux et de fibres
au niveau mondial. Le pays dispose également d'un secteur des télécommunications
avancé et est un innovateur et un adepte précoce de nombreuses approches que les
agriculteurs, les scientifiques, les industriels, les gouvernements et les ONG espeérent
VOir se concrétiser.

L'intelligence artificielle, l'internet des objets, les mégadonnées et |'édition génomique
offrent la possibilité d'augmenter la production, de réduire les colts, les émissions, la
consommation d'eau, le gaspillage alimentaire et les risques, d'améliorer la résilience
et la sécurité alimentaire et de fournir aux consommateurs davantage d'informations
surles aliments qu'ils consomment. De nouvelles technologies et de nouveaux services
apparaissent dans un large éventail de domaines liés a l'agriculture, notamment
I'agriculture de précision, la technologie a taux variable, et la gestion numérique des
exploitations agricoles et de la santé animale. Il existe d'importantes possibilités de
croissance économique pour les développeurs de technologies, les entreprises de
télécommunications, les agriculteurs et d‘autres entreprises tout au long de la chaine
d'approvisionnement, de la ferme a la table.

Il existe cependant de nombreux défis et obstacles au développement et a I'adoption
de ces opportunités numériques, notamment la capacité du secteur agricole et
agroalimentaire d'adopter de nouvelles technologies, des marchés incomplets pour les
données, la concentration industrielle et une gouvernance des données mal définie.

Les gouvernements canadiens sont confrontés a un choix. lls peuvent suivre le modeéle
canadien par excellence de I'adoption passive des technologies, qui est a la fois peu
risqué et peu rentable. Ils peuvent adopter une approche plus proactive et confuse,
en s‘attaquant aux obstacles les plus faciles & surmonter tout en ignorant les plus
difficiles. Ou ils peuvent se lancer a corps perdu dans une stratégie ambitieuse, a haut
risque et a haut rendement, visant une transformation a grande échelle.

L'ampleur des opportunités économiques offertes par la croissance des marchés
mondiaux, combinée aux avantages sociétaux d'une plus grande sécurité alimentaire
mondiale et d'un systétme de production alimentaire plus efficace et moins polluant,
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justifie la mise en place d'une stratégie ambitieuse. Celle-ci nécessitera des actions
audacieuses sur plusieurs fronts, en collaboration avec le secteur privé et les institutions
académiques :

Une stratégie globale en matiére de compétences agricoles, qui tire parti d'un
changement générationnel imminent pour accélérer les formations ciblées dans
le « juste a temps », des certifications et des microcertifications visant a renforcer
la culture numérique, ainsi que la préparation de la chaine d’approvisionnement
et des exploitations agricoles a I'adoption des technologies numériques.

Un effort de premier plan au niveau mondial sur la cybersécurité du systéeme
alimentaire, combinant la recherche, la réglementation et la coordination pour
remédier aux vulnérabilités.

Elargissement de la connectivité rurale a large bande pour garantir que 'accés
a l'internet se développe parallélement a I'adoption de la technologie.

Créer une bourse d'échange de données agricoles avec une tarification trans-
parente, semblable aux bourses existantes comme la Bourse de Toronto.
Toutefois, au lieu d'acheter et de vendre des actions, les participants échange-
raient des informations recueillies dans les exploitations agricoles. Cela donne
aux données une valeur claire que les agriculteurs peuvent vendre et que les
fournisseurs de technologie peuvent acheter.

Contrer le pouvoir marchand des grands fournisseurs de technologies agri-
coles en soutenant les concurrents locaux, en collaborant avec des pays par-
tageant les mémes idées sur la réglementation des données et en accélérant
I'adoption précoce et rapide des nouvelles innovations.

S'engager a mettre en place un systeme de gouvernance des données qui
favorise l'innovation, en s'appuyant sur les enseignements tirés de l'initiative
Production bioalimentaire durable et adaptée au climat de Génome Canada.

Le Canada a la possibilité de réussir avec un plan bien pensé et la bonne combinaison

d'investissements, de planification, de collaboration et de gouvernance. Le Canada peut

faire mieux en faisant le bien, en augmentant le rendement économique de son systéme

agroalimentaire de classe mondiale et en contribuant aux objectifs mondiaux en matiére

de sécurité alimentaire et de changement climatique. Il n'y a pas de temps a perdre.
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INTRODUCTION

Canada is a key supplier of food to the world, one of the top five surplus-producing and
exporting countries and a leading-edge innovator. Canola crop yields have, on average,
doubled over the last 50 years, while cattle and hog carcass weights increased by about
40 per cent between 1980 and 2015 with the development of larger breeds that finish
at higher weights. By almost any measure, Canada has a legitimate and long-term role
to play in achieving global food security. But as much as Canada is important for food
security, it also has been a major contributor to the degradation of soil and water and
a historical heavy emitter of greenhouse gases (GHGs). Canadian farmers contribute
about 10 per cent of Canada’s GHGs, approximately half in the production of animals
(mostly methane from fermentation and manure management, especially for beef cattle)
and half from cultivating plants (especially nitrous oxide from fertilizer use) (see figure 1).

The good news is that many Canadian farmers are at the leading edge of developing
and using new production methods that both increase productivity and contribute
to Canada’s commitment to achieving net-zero emissions by 2050, as enshrined in
the Canadian Net-Zero Emissions Accountability Act (S.C. 2021, c. 22). Dryland crops
producers in the Prairies have adopted a bundle of agronomic, genetic and chemical
innovations to improve productivity, and now are on average sequestering more
carbon than they are emitting (Awada et al., 2021). Meanwhile, over the past 30 years,
genetics and breeding improvements, combined with tighter management of the
product life cycle, have resulted in production efficiencies for beef that have yielded a
14 per cent decline in CO, per kilogram of live weight (Terry et al., 2020).

Digitization in the agriculture, food production and processing sectors is expected
to enable technical optimization and help address societal concerns about farming,

Figure 1. Net agricultural GHG emissions in Canada per hectare of land, 2011

©® \Verylow (0to 500 kg CO,e ha')

O Low (501 to 1000 kg CO,e ha')
() Moderate (1001 to 1500 kg CO,e ha')
© High (1501 to 2000 kg CO,e ha')
® Veryhigh (> 2000 kg CO,e ha')

(O Not assessed

Source: Reproduced from Clearwater et al. (2016).
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including greater product differentiation (Dawkins et al., 2017), new ways to manage
animal health and welfare in livestock industries (Yeates, 2017) and data to control
the environmental impact of different farming practices (Balafoutis et al., 2017; Busse
et al.,, 2015). Getting there will require a mix of investments and policy innovations to
overcome infrastructure gaps and market uncertainties.

It is not yet clear which technologies, if any, will prevail and provide the best outcomes
for agriculture in Canada and around the world. There is so much diversity in the
sector, in Canada and globally, that few producers face the same opportunities and
constraints. This paper assesses the challenges and barriers to the development
and adoption of digital opportunities in agriculture and explores what Canadian
governments can do to optimize the use of these promising technologies.

THE AGRICULTURAL AND FOOD REALITY

Canada’s food system is inextricably linked to global production and trade. The global
system is made up of hubs of production and centres of consumption that increasingly do
not align. In many ways, Canada is not a centre for either, except in some discrete market
segments. Nevertheless, Canada has a historical and growing comparative advantage in
the export-directed parts of the farm and food system (especially grains, oilseeds and red
meats), and a potential for higher-value production and food processing. The global system
is stressed by rising and changing demands, and by ecosystem and climatic pressures,
including soil and water resources. Canada is susceptible to many of these risks. One major
complication is that agriculture is generally a low-margin industry with mostly limited market
power. Innovation is both pervasive and vital, but the gains to research are modest and often
widely distributed among innovators so that the incentives for rapid change are muted.

Agriculture in Canada varies widely, with approximately 190,000 farms in 2021
cultivating about 62 million hectares, equal to 6.3 per cent of Canada’s land area.
Primary agricultural operators generate almost $32 billion of gross domestic product
annually and employ about 241,000 workers. The primary sector exports abroad and
provides feedstock to the domestic food and beverage processing and hospitality
sectors, which collectively generate another $57 billion of GDP and employ more than
one million workers (Agriculture and Agri-Food Canada, 2022a).

Agri-food activity is distributed quite unevenly. The largest 10 per cent of farms
generate about two-thirds of all revenues. The nature of the output further defines
the scale of farming ventures (Agriculture and Agri-Food Canada, 2022a). The 65,000
farms cultivating field crops realized $32.7 billion in farm cash receipts in 2021, or
about $500,000 per farm, while 77,000 farms raising animals generated almost $30
billion ($390,000 per farm) and 17,000 horticultural enterprises posted $7.5 billion
($440,000 per farm) (Agriculture and Agri-Food Canada, 2022b).

Importantly, land and productive activity is regionally specialized. Saskatchewan alone
has 47 per cent of all cultivated land in Canada, while Alberta and Manitoba cultivate
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almost another 40 per cent. Ontario has about 9 per cent of cultivated acreage,
Quebec has 3.5 per cent, and the other five provinces and three territories combined
have only 1.2 per cent of the cultivated land. The Prairies generate the lion's share of
cattle and calves, canola, wheat and pulses, which are mostly exported, while the other
provinces differentially serve the domestic market — Ontario with dairy, horticulture
and soybeans; Quebec with dairy, hogs and poultry; and the Atlantic provinces with
potatoes and dairy (Agriculture and Agri-Food Canada, 2022b).

In the not-so-distant past, Canadian farms were small-scale, family-run operations
that used few purchased inputs and mostly sold to local markets, co-operatives or
public marketing agencies, which would then assemble and reposition volumes for
local use and export. In many ways, these enterprises exemplified what some have
now rebranded as “regenerative” or “circular agriculture” because they used animal
power and farmer-saved seeds, all the while returning animal and green manure to
the soil. While ecologically sustainable in their day, this model would not be able to
meet current or future food needs.

A challenge for farmers everywhere is matching production with demand. In earlier
periods, the supply chain managed this by blending and pooling, assembling
appropriate quantities for the market through a mix of farmer-owned co-
operatives, publicly managed marketing agencies and, in a few sectors, privately
owned wholesalers. The supply chain attempted to deal with uncertainties and the
opportunistic behaviour of actors through a range of intercompany investments and
contracts. In Canada, the wholesale, food processing and retail system is integrated,
with only a few enterprises bridging market demand and supply. For the most part,
farmers were left out of these relationships.

But this type of agriculture is fading fast. Mechanization and the chemical revolution
(fertilizers and pesticides) and genetics (hybrids, artificial insemination and genetic
developments) have transformed how farming operates, delivering strong positive
gains to yields and farm incomes, but at the expense of negative pressures on the local
and global environment. At the same time, the domestic system of grain-marketing
co-ops, food processers and government marketing agencies are engaged much
more directly with farmers through a range of production and marketing contracts.
This transformation is farther along in the U.S. than Canada, perhaps a signal of what
is to come (Burns & MacDonald, 2018).

In the United States, about 90 per cent of chickens, 74 per cent of hogs, one-fifth
of cattle, and 10 per cent to 60 per cent of various plant crops are raised under
production contracts (Whitt, 2022). Farmers under contract typically use their own land,
labour and capital but are provided with specifically selected genetics and breeding
materials (semen, hatchlings), feed and medications, production plans (feeding ratios
and target weights), and instructions on when and how to deliver their product. Some
contracts also direct farmers on how to deal with health risks, manure and other waste.
Farmers producing crops, fruit and vegetables are more likely to enter marketing
contracts, which usually set a price (or a pricing formula), product quantities and
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qualities, and a delivery schedule. Contractors increasingly offer bundles of inputs and
financing, but farmers usually have full discretion to decide how to meet the contract.
Marketing contracts are much less common than production contracts: about 45 per
cent of U.S. fruit and 40 per cent of vegetables are contracted, but dryland crops
such as maize/corn and wheat have less than 15 per cent of the area under marketing
contract (Whitt, 2022).

Two pressures are driving tighter relationships in the supply chain. First, regulators
require greater management of quality, risk and liabilities. Food safety failures in key
markets have driven regulators, retailers and large food processing companies to
invest heavily in hazard analysis critical control point (HACCP) programs, segregation
and traceability systems to ensure the safety of their products (Smyth & Phillips, 2003).
In the early stages, the goal was simply to avoid doing harm but, increasingly, firms
have found that these systems can drive efficiencies and deliver more differentiated
foods to serve specific consumer segments. Food wholesalers and retailers now
promise and deliver foods that comply with a range of organic, halal, kosher, ethical
and environmental standards, all which offer the possibility of extracting a premium
from the discriminating consumer.

Data also increases productivity, improves operating margins, manages risks
and tightens relationships in the supply chain. At the most basic level, greater use
of information from digital sensors and platforms offers prospects for continual
improvement of agricultural processes. The digital system offers established farmers
access to important information including seed and animal characteristics, climatic
and weather patterns, soil conditions, past agronomic performance, inventories
and market opportunities. This allows them to improve farm performance and more
effectively integrate their production with the supply chain.

Beyond improving productivity, digital systems promise to help gauge and address
risks arising from environmental stresses and market variability. If this works, farmers
should be able to proactively respond to conditions to protect short-term revenue
and, over the long term, work to enhance soil and environmental quality management
at the farm and system level (Shen et al., 2010).

THE TECHNOLOGICAL PROMISE AND ADOPTION CHALLENGE

As in much of the economy today, there is significant hype about what “cyber things”
could do for the agricultural sector. Undoubtedly, there are opportunities, but where
and how digital applications fitin the agricultural system requires careful consideration.
Digital platforms (Gawer & Cusumano, 2014; Kenney & Zysman, 2016) in agriculture
require a different conceptualization than social media platforms like Facebook and
X (formerly known as Twitter), or app-based companies like Uber and TaskRabbit
(Friedman, 2014). Unlike industries and clusters based in manufacturing and services,
which can be fragmented and modularized across global value chains (Wixted, 2009),
agriculture involves assets that are immobile — especially cultivated land and related
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improvements. Over the long-term, the threat to the sector will come not from foreign
competitors but from local and national competition for land, labour and capital
from other sectors that are growing and becoming more productive. Nevertheless,
agriculture will look and feel different as digital applications make inroads, and new
platforms, systems and landscapes emerge.

Conceptually, the biggest returns are projected to come from data that is derived from
and combined with sensors, processes, algorithms and institutions that allow farms
and the food system to do things better or differently (Pavitt, 1998; Wolfert et al., 2017
Zuboff, 1985). The scale and scope of change are characterized by the so-called “six
Vs" of the big-data world: volume, variety, velocity, value, veracity and visualization. The
challenge for agriculture is that currently about 95 per cent of data generated is in an
unstructured, raw format, and few if any firms or consumers are deriving much sustained
net value from the application of data in the production and marketing system.

Most of the things digital applications have been applied to are already reasonably
well organized, so the incremental benefits have been modest relative to the capital
costs of the new applications. Early adopters must have adequate resources and scale
to make adjustments so that the technology delivers value, which will differentially
privilege larger and more established operators. As with most early-stage innovations,
net gains should grow over time as adoption rises and the upfront costs are amortized
over a larger market.

The vision is that the digital revolution will bring about a cohesive, effective, sustainable
and responsive system. Studies suggest that the use of digital data, cloud-computing
technology, and big-data analysis in the realm of digital or smart farming enhances
productivity and income. These tools can enable farmers to make more precise
decisions through machine-generated instructions and utilize real-time, site-specific
information to streamline field operations and itineraries (Internet of Food & Farm,
2020; Poppe et al., 2015; Sundmaeker et al., 2016).

Oneareaoffocusisonbreeding, feed andseed. Accordingto oneview,the combination
of real-time data moderated by artificial intelligence will advance breeding in ways that
deliver infinitely differentiated, timely new varieties and pedigrees that will mitigate
the limits on productivity and deliver novelty in our foods.

This is still a work in progress. There are various teams in Canada and abroad working
on this (for example, the Plant Phenotyping and Imaging Research Centre in Saskatoon).
Despite promising applications, challenges remain in utilizing the potential of real-time
data for crop improvement and breeding. The adoption of digital tools in breeding is still
in its infancy and integrating data into breeding programs creates problems not yet clear
to many breeders. The need for big-data management tools is crucial (Awada et al., 2018).

One early prospect is the combination of data-enhanced breeding strategies with
gene editing (such as CRISPR-Cas?). According to one estimate, this could reduce
the cost and time so much that the break-even acreage is reduced by 96 per cent
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compared with genetically modified crops (Bullock et al., 2021). This would create a
host of niche applications that could whittle away at the commodity production space,
replacing it with high(er) margin possibilities.

A second area of focus is on sensors, GPS-managed equipment and artificial-
intelligence (Al) instrumentation, which will enable farmers to manage their farms while
reducing their environmental footprint. Commercially cultivated plants currently realize
only about one-quarter of their theoretical biological yield because the genetics are
not optimally matched with microclimatic conditions and farm operations. Precision
agriculture — doing “the right thing, in the right place, in the right time and in the
right way,” using a suite of tools (Pierpaoli et al., 2013, p. 62) — emerged in the 1990s
and is now embedded in the current system (Bramley, 2009; Hall, 2017). Precision
agriculture involves the monitoring, control and treatment of animals and crops at
the unit level to manage the spatial and temporal variability of soil, crop and animal
factors (Sundmaeker et al., 2016).

In the crop sector, digital services will facilitate the systematic customization of processes
to manage production operations, such as seed-mix combinations and proportions,
timing, sources and placement for seeds, fertilizers (and other chemicals), along with
tillage and harvesting practices. This targeted approach reduces risk and enhances
production efficiency (van Es & Woodard, 2017; Wolfert et al., 2017). Done properly, it
would transform every field into a crop trial, providing additional research information.
Beyond cost savings and productivity gains, the efficiency brought about by smartfarming
can also reduce waste and alleviate land degradation and greenhouse-gas emissions
resulting from unsustainable practices and inefficiencies (Soto Embodas et al., 2019).

At the other end of the food chain, there are opportunities for consumers to become
involved, by providing insight into what they value and want to buy. Supply-chain
logistical integrators can combine consumer and farm data to deliver just-in-time
products to processors and consumers, reducing the 30 per cent of food wasted
globally in the supply chain and in household fridges.

This has already started to happen. AgFunder, an online venture capital investment
platform, attracted US$150 billion from 2018 to 2022. Investments in climate
technology directed to farms accounted for about 35 per cent of all investment, rising
to over half of the activity in 2022. Investments in consumer food technologies (such
as e-grocery and in-store technologies) attracted about 56 per cent of this investment
over the period, albeit only about 40 per cent in the latest year. Investments in food
safety, traceability, logistics, transport and processing represent only about 10 per
cent of the activity in the past half-decade (AgFunder, 2023). U.S. companies make
about 42 per cent of all the investments while Canadian firms account for only 4.4
per cent. The sector appears to be maturing and there has been a shift to late-stage
investments from “seed stage” deals.

The scale of the data challenge is growing rapidly. Vast amounts of data have been
collected in recent years. In addition to a large volume of historical weather, market
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and farm-level production data, the breeding system is transforming into a data-rich
system. The University of Saskatchewan’s Plant Phenotyping and Imaging Research
Centre, for example, has been generating terabytes of data annually, including a mix of
microclimate measures, soil tests, phenotypic measures from field trials, crop imaging
and genetics. The centre reports accumulating around 230 terabytes of data since
2016, with 100 per cent to 120 per cent growth every year. About 90 per cent of the
data in its PlotVision platform is image data, of which about 70 per cent is processed
drone images. The other 10 per cent consists of information from the fields, GPS data
for flights and analysis metrics for researchers. It provides information for various crops
and the aggregators link up data from sensors in farm machinery, in the supply chain
and in the global ecosystem.

While digitalization is underway, it is far from clear if it will offer enduring value. This
means the policy response is crucial for defining the future.

POLICY CHALLENGES AND RECOMMENDATIONS

Realizing these visions will take investment and policy innovation. Four particular
policy challenges could limit the uptake and use of digital applications in agriculture:
industry readiness to adopt new technologies; incomplete markets for data; industrial
concentration and uneven distribution of gains; and poorly defined data ownership
and governance.

Industrial readiness

A mixed set of attitudes and capacities influences the use of technology. The 2021
agriculture census revealed that producers are on the way to actively adopting
technologies that provide precision in farm management. About half of grains and
oilseeds farmers were using soil testing and auto-steer, with about one in four using
variable-rate input application and geographic information system mapping. Fully
robotic milking was used by about one-quarter of dairy producers, while only about
7 per cent of greenhouse operators used robotic equipment (see figure 2). Although
the information is not available, one might expect that most of the early adopters are
the larger and better capitalized operations.

However, the adoption process is far from linear. Rogers (2003, p.172) describes the
process as “an information-seeking and information-processing activity, where an
individual is motivated to reduce uncertainty about the advantages and disadvantages
of an innovation.”

Rogers describes the adoption process as having five stages: awareness, persuasion,
decision, implementation and confirmation. Ugochukwu and Phillips (2018) identify
a host of other critical factors including the compatibility of the new technology
and evaluations of the benefits and costs of adoption. These can be affected by the
subjectivity of the risks, rewards, timing and social acceptability of the technology.
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Figure 2. Canadian producers are adopting technologies that provide precision in
farm management

Soil sample test 60,687 /107,822 farms

Auto-steer 50,917 /107,822 farms

Slow-release fertilizer 44,484 /107,822 farms
Variable-rate input 30,567 /107,822 farms
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GIS mapping 25,058 /107,822 farms

Fully robotic milkers 2,197 /9,403 farms
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Source: Calculations by the author using data from Statistics Canada, Table 32-10-0379-01, Technologies used on
the operation, Census of Agriculture, 2021; Statistics Canada, Table 32-10-0231-01, Farms classified by farm type,
Census of Agriculture, 2021.

Both the ability to trial a technology and the subjective evaluation of the benefits, costs
and risks are hurdles to adoption. Smaller enterprises are often unable or unwilling to
invest their time in testing the latest technology. As a result, there is a distribution of
adopters resembling a bell curve.

Innovators and early adopters tinker with the new technology and make it work in new
settings. They are followed by the majority of users, representing about two-thirds of
the market. Eventually, the so-called “laggards” embrace the new technology.

Theory and evidence suggest that innovators and early adopters are more likely to be
better educated, and have higher incomes and stronger social networks. In Canada,
many of these will be the 4 per cent of farmers who generate more than half of total
sectoral revenue (Chen & Clark, 2023). In agriculture, digital technology takes a lot
of investment both in learning by doing and in investing in assets (like sensors and
algorithms), and these won't have value if they fail to deliver or don't offer economies
of scale. This means that larger operations are more likely to be able to risk adoption.

A survey of innovation and business strategy reveals that agriculture industries and
downstream handling and processing sectors were more intensively innovating
between 2017 and 2019 than primary producers and at a rate above the national
average of all firms (Statistics Canada, 2021). However, given the data in figure 2, the
gap may be closing. The survey also examined the obstacles to innovation. Farmers
reported fewer economic concerns and instead, singled out uncertainty and risk, lack
of skills and market size as significant barriers to adoption.
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Other related concerns included low-probability but high-cost risks. For example,
the ability to better program and differentiate performance might destabilize the
regulatory and insurance systems, which tend to focus on average farm performance
rather than individual farm performance. As differences in individual farm performance
increase, the approach could be problematic. Some farmers fear they may face
tighter underwriting conditions while the entire agriculture sector is concerned about
compliance with market rules because regulators have a greater capacity to identify,
trace and assign errors and failures to individual actions (Wiseman et al., 2019). This
need not be a roadblock to adoption, but a better signal of if and how farm-level data
will be used in program design, implementation and enforcement can and probably
should be part of any data policy.

As well, there are concerns about the security of data itself. The rise of cyber risk,
including denial-of-service attacks, phishing, ransomware, Trojan horses, viruses and
malware remain an ongoing issue. As more digital platforms are wirelessly linked
through cloud computing, there is more exposure to threats. None of these are reasons
to avoid the technology, but they are considerations that are being watched carefully.
Including data security plans at both the farm and system level will be necessary, and
over time should be integrated in federal-provincial-territorial plans, policies and
programs targeted to farm resiliency.

While Canada has an advanced telecom sector thatis well capitalized and innovative,
there are some gaps in the service. One major challenge is poor rural connectivity.
Canada’s Auditor General (2023) reports that in 2021 almost everyone in urban
settings had access to minimum internet speeds, but only about 60 per cent of rural
and remote areas had access to internet speeds needed for running the sensing
and monitoring systems that drive digital agriculture. Governments and telcos are
investing in improving this and Starlink, an internet service provider, now offers
roaming/mobile internet service across a large part of rural Canada. The speed
(and cost) at which rural connectivity happens will determine the rate of digital
change in the agri-food system.

Rural connectivity is simply a matter of will and resources. Federal and provincial
governments must work together to sort out the appropriate financing of a more
extensive rollout. Currently, the focus seems to be on encouraging existing Canadian-
based telcos to make investments in providing better service to rural and remote
communities. Other remote, underserved regions in Africa and some communities
in northern Canada have found that satellite delivery is a faster and more cost-
effective approach. Telesat has developed a network of 198 Low Earth Orbit satellites,
integrated with on-ground data networks to begin to offer services in Canada and
abroad (The Peak, 2023). Starlink already has an active satellite network and marketing
program that targets farmers engaged in precision farming in Australia and the U.S,,
and the Canadian Federation of Agriculture (2023) partnered with Starlink in spring
2023 to offer an introductory package to Canadian farmers. There are undoubtedly a
range of options that can and should be explored to rapidly expand capacity at least
in Canadian farming regions.
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Incomplete markets for data

It is hard to generate a price for data. Valuing anything new, not just data, is fraught
with challenges. Without a clear and transparent value proposition, markets tend to
fail. Even if there is a valid price, adaptation is necessary to fit the data to individual
needs. Not everyone benefits equally. There will inevitably be some early adopters
who will blaze the path for others. Overall, the variations in respective valuations by
suppliers and users will mean that markets could fail to emerge.

Large data sets power smart farming platforms. A data set's accuracy and efficiency in
predicting statistical outcomes and providing services increase when there are more
variables. Economies of scale and scope emerge from large, fixed costs and low costs
of collecting and processing additional data (OECD, 2021). Large international firms
have competitive advantages in collecting and aggregating data across farms, crops,
locations and inputs because of their investments and established networks.

The high fixed cost of data collection and aggregation creates barriers to entry for new
firms. This means that a few firms dominate a specific data market, similar to other digital
platforms like Google and Amazon (Koutroumpis et al., 2020; Shapiro & Varian 1998).

This also creates an imbalance in the data market. The value of individual farm data is
low, and there are diminishing returns to scale and scope. Farmers often don't receive
much of a return for sharing their data in the market, but they still pay for data-driven
services (Atik & Martens, 2020).

Economies of scope in reusing data can be achieved to produce new types of products
or services. Multinational firms can spread fixed costs over a variety of products or
services, which can work as a barrier to entry for small firms. The sharing, joint utilization
and selling of data can also create economies of scope but could lead to economic
losses for the original firm if they generate competing services or products.

Awada and Phillips (forthcoming) built a model that measures the distribution of
surplus from data-driven technical change. The simulations demonstrate that farmers
who provide data receive a very low surplus regardless of the market structure.
Nevertheless, private rights are important for agriculture technology producers (ATP)
themselves and for the general uptake and use of the technology.

With assigned rights to data, consumers and ATPs share the bulk of the returns. Without
any private ownership of the data, the return to consumers increases slightly from 34
per cent to 35 per cent and for landowners from 20 per cent to 34 per cent, while the
return to ATPs drops 96 per cent — but no ATP would invest under these conditions.
What results is that good development is blocked by incomplete markets.

ltcan be challenging to strike a balance between equity and efficiency in the technology
market. While reducing concentration among producers may help farmers, some
level of concentration is needed to ensure the development of new technologies. The
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difference between the value of data perceived by farmers and its actual market value
can be so great that it impairs the market'’s ability to generate useful data. This gap
can be attributed to the endowment effect, where farmers value the data they hold
more highly than the data they have to buy (Jobe, 2019). To address this challenge,
policymakers must find ways to promote more equitable and efficient markets.

Data markets are incomplete mostly due to a lack of clarity of prices. Prices for digital
products are poorly managed in all parts of the sector. The recent disruptions in digital
currencies illustrate the harms that can arise from non-transparent pricing systems. A
mix of regulations and appropriately structured tax measures or subsidies should be
considered to advance transparent data markets in Canada.

Right now, most farm data contracts are confidential. Understanding prices would
help set conditions for new capital investment and more efficient contracting. In the
past, the federal government encouraged the development of transparent pricing in
commodity, stock and debt markets. Transparent commodity trading, with bid and
offer prices and volumes and timely reporting of effected transactions, is core to
creating an efficient and effective market.

Industrial concentration and uneven distribution of gains

Big-data algorithms, ontologies and norms offer significant, positive externalized
network effects that can create value for innovators and users. The challenge is that
network effects can and often do create lock-in, which can block successive innovation
and increase the market power of the innovator. This has already happened with
market leaders such as Alphabet, Amazon, Apple, Meta, Microsoft and their Chinese
analogues, which control the lion’s share of their specific markets.

Canada’s lack of leaders in the general digital world and among the leading firms investing
in agri-food innovation is a disadvantage. The U.S. dominates in almost all the key segments,
while the EU and China are duelling for regional influence. While there is much to gain from
connecting to global leaders, much can be learned from Brazil and Argentina, which have
recently engaged more responsively to new technology and gained modest benefits.

Digital-data markets, including those related to agriculture, often present significant
barriers to entry, resulting in market power for incumbent firms (Atik, 2021; Birner et
al., 2021; OECD, 2020). These barriers can be exacerbated by mergers, acquisitions
and partnerships among multinational corporations. The digital agriculture industry
has seen several large-scale mergers, including Bayer and Monsanto's US$63-billion
merger in 2018, and Dow Chemical and DuPont’s US$130-billion and ChemChina and
Syngenta’s US$43-billion mergers in 2017 (Verdonk, 2019).

Prior to the merger, Monsanto had already acquired several leading precision-planting
equipment firms. It also invested in emerging agricultural technology businesses, including
AquaTEK and AgSolver. Similarly, Bayer acquired ProPlant, a farm-management software,
sensing and Internet of Things provider, and Zoner, a geo-information system from IntelMax.
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In 2015, a subsidiary of Monsanto launched Climate FieldView, which now serves as the
platform for Bayer's digital activities. It provides agronomic services to farmers, which
guide their decision-making process through digital software tools that interact with
a farmer’s agricultural equipment. In 2021, the platform was used on more than 180
million acres (72 million hectares) in over 23 countries, and in 2022, Climate FieldView
partnered with more than 34 industry partners, including sensors, imagery, dealer
solutions, grain trading, farm-equipment manufacturers and insurance companies
(Climate FieldView, 2022). Climate FieldView has also signed application programming
interface agreements with equipment companies for data exchange for field- and
site-specific documentation. Recently, the company partnered with Microsoft Azure to
develop cloud-based digital tools and data-science solutions to support sustainability
across the food supply chain (Bayer Global, 2022).

In addition, Bayer launched a decarbonization program for agriculture in the U.S. and
Brazil in 2020 and in the EU in 2021. Through the Climate FieldView platform, Bayer
plans to offer a digital tool that enables farmers to claim carbon credits based on
verified field data and accurate estimates of stored soil carbon (Bayer Global, 2022).

These and other merging conglomerates have decreased the number of players
in the market and have created behemoths, which concentrate data in a few often-
incompatible systems. This creates lock-in, which is a major barrier to entry for small
startups, co-operatives or software developers not aligned with the large players. With
limited budgets to cover the high fixed costs of data collection, integration processes
and analysis, new entrants find it difficult to compete with established conglomerates
like Bayer, which can both skew the distribution of benefits and narrow the types of
innovation that are developed and used. In effect, the established system generates a
path-dependent world.

If these firms continue to dominate, there will be implications for policy. First, policies
and mechanisms to facilitate and maintain access to the latest machinery for everyone
should be considered. The U.S., China and the EU host the major manufacturers but some
countries, like Canada, operate in niche areas that provide access to the system. Canada'’s
particular strength is in specialized farm machinery equipment that is towed, especially
air seeders. This places the industry in a good position to advance variable seeding
technologies. Countries without indigenous machinery industries will have a more difficult
time incentivizing the development of technology that is attuned to local needs.

Second, because fear of losing autonomy is one of the major barriers to farmers fully
adopting these technologies, federal, provincial and territorial governments should
become more engaged in data regulation and privacy issues. Arguably, only the U.S. has
dominant agricultural players, so most other countries may have an interest in working
together to design policies that sustain access to aggregated data and their related returns.

Lastly, concentrated industrial structures, such as the Bayer system, increase the
possibilities of highly disruptive cyberattacks in agriculture. This could conceivably elevate
farm policy to the top of the national if not international security agenda in coming years.
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As mentioned, Canada and other second-tier players in digital agriculture could look
for lessons to countries that are not competing to be first movers. For example, Brazil
and Argentina have invested heavily in responsive regulatory systems to accelerate
the uptake and use of the latest genetic and production technologies in their key
crops. Their logic is that, even if they are not targeted as innovators by technology
developers, they can speed up market demand by quickly and efficiently reviewing
and approving new technologies. Faster uptake increases revenue for technology
developers and delivers higher margins for early adopters, which can encourage
multinationals to target breeding and technologies to the specific needs of these
smaller markets (Smyth, 2022). In effect, they take the “if you can't beat them, join
them” approach. Canada should adopt some of these tactics.

There are three ways governments can work to mitigate the effects of industrial
concentration. First, Canada has a few homegrown ventures with a decent foothold in the
market, which could offer some competition to the global aggregation that we are seeing.

Perhaps more importantly, Canada could exert more effort, both individually and in
collaboration with like-minded countries such as Australia, to manage the contestability
of the markets. Whether the market is served by a domestic or foreign firm, the only real
check on market power is that it is contestable. The inherent lock-in of digital markets
is at the heart of the issue. One way to address this is with regulations that improve
data interoperability through specification standards for metadata, vocabularies and
keywords. This will require a fair bit of work and investment.

Successive innovations are the best check on market power. Brazil and Argentina have
decided to work with whichever firm has a product ready for use and have structured
their regulatory systems to undertake their reviews as quickly as is safe. This ensures
that, while they may not own the intellectual property, they gain higher returns as
first movers and adopters. Over time, there is a sense that companies investing in
innovations are considering the needs of these early adopters in their research plans.
Canada has an excellent regulatory system for agriculture and food innovation, but it
is too slow. Studies suggest that every year of delay can reduce returns on investments
on research and design by up to 2 per cent, which is a major drag on investment (Smyth
et al., 2014). The Health Canada Pest Management Regulatory Agency, the Canadian
Food Inspection Agency and Health Canada should strive to deliver the fastest safe
decisions in the world. While that will require new processes and more funding, it
would encourage innovative firms anywhere around the world to see Canada as an
early adopting market and a target for cutting-edge technology, which would offset
the anticompetitive nature of digital transformation.

Data ownership and governance

Data governance refers to “the collective set of decision-making processes for the
use and value-maximization of an organization’s data assets” (Pierce et al., 2008, p.7).
Scholars (e.g., Brous et al., 2016; Khatri & Brown, 2010; Otto, 2011; Weber et al,,
2009) refer to data governance as the specification of accountability frameworks —
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policies, guidelines, standards and practices — and decision rights that shape people’s
behaviours about the use of data. Data governance creates standards and guidelines
for data quality management, defines roles and allocates responsibilities for decisions
(Weber et al., 2009). Effective data-management and sharing practices require that
data should be properly governed using appropriate institutional frameworks.

The question of data ownership is an entry point to exploring the governance
challenge. Who owns and controls the underlying data that drives the algorithms and
value of digital agriculture may be the most important policy variable (Bronson, 2018).
Unambiguously, data ownership, management and control are at the heart of the digital
play in agriculture, as in every digital transition. The industry is highly engaged with
these questions, but unlike consumers or large enterprises that may simply look for the
welfare-enhancing uses of data, farmers see data as a core asset of their operations.

Data ownership in agriculture is complex and evolving. While data itself cannot be
patented, copyrighted or trademarked, the algorithms, visualizations and business
models that use data can be protected by property laws. Data in smart farming can
be classified as non-personal under current data laws, allowing for ownership and
rights to be traded and transferred from farmers to agriculture-technology providers
through contracts.

To address this issue, the American Farm Bureau Federation (2014, 2016) and other
organizations developed a set of principles for agriculture technology providers to
ensure that farmers own and control the information generated by their machines.
Additionally, various agricultural data certification plans, such as those in Canada, New
Zealand and the EU, attempt to address these issues but may have limited effectiveness
without legal support (Sanderson et al., 2018).

Even if legally enforced, data-sharing codes of conduct do not guarantee the
ownership and data rights for farmers. The superior bargaining power of agriculture
technology producers in contractual negotiations can significantly influence the terms
of the contract, ultimately determining who possesses effective ownership, access and
usage rights over the data (Atik, 2021; Atik & Martens, 2020; OECD, 2020).

One example is agricultural machinery, which is equipped with sensors and interfaces
that give exclusive rightsto farm-level datato the machinery manufacturer. Dependence
on that data locks farmers into one provider and weakens their negotiating power.
Even when portability mandates are included in data contracts, some ATPs may
make user switching difficult and costly by using incompatible formats and protocols.
Exclusive control over historical farm data impedes entry of new firms that lack access
to nonreplicable or substitutable data.

In addition to exclusive access, service providers collect and store historical farm-
specific records for their clients, giving them extensive de facto control (Atik &
Martens, 2020). In crop production, ATPs dispense services through apps on mobile
or proprietary data-interface devices. Farmers are locked in once they buy a device,
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particularly if this device uses non-interoperable data formats and software design.
These then provide market power to incumbent ATPs.

Legislation or regulation at either the national or provincial level will be challenging,
as there is little likelihood that rules can drive competing systems to converge on a
single format. When this has happened in other digital sectors, it has arisen from the
strong network effects of dominant players, and not from the actions of regulators. The
downside of relying on this approach is that it will further enhance the market power
of the operator, which then becomes the industry standard.

Few operators can completely utilize the datathey own by themselves. Sharingis necessary
but faces institutional, legal and technical barriers. These obstacles arise from the lack of
governance and stewardship (Awada et al., 2021). To ensure quality, accessibility and
usability, it is essential to establish accountability and oversight mechanisms, as well as
an operational framework for efficient collection, analysis, ownership and distribution. By
doing so, semantic, technical and legal interoperability can be achieved, enhancing the
potential for data exchange and reuse (Awada et al., 2021).

Even when developed by public scientists, most data remains in the custody of research
institutions and is by default not open. Yet most researchers accept that open access
and exchange of data offer the best prospects for advancing science. In response, a
group of scholars developed and published the "FAIR guiding principles” to advance
more structured and purposeful data management and stewardship in agriculture
(Wilkinson et al., 2016). FAIR stands for “findability,” “accessibility,” “interoperability”
and “reusability”; these principles are used to guide producers and publishers in
maximizing value from the algorithms, tools and workflows that led to the data.

FAIR guiding principles have operated in some academic institutions in Europe for the
better part of a decade, and since 2016 they have been endorsed by the G7 (2017)
and a range of science funding organizations and national governments. They define
criteria that data must meet before being deposited in a digital repository to enhance
reproducibility and reusability.

These principles apply to all digital resources — data, software, protocols, images,
repositories, web services and others arising from research — which must be associated
with a unique and persistent identifier and rich metadata (for example, contextual and
supporting information) to enhance discovery, accessibility and reuse (Dumontier &
Wesley, 2018).

Each of the principles leads to a specific, actionable policy (Ugochukwu & Phillips,
2022). Making data easily found implies that potential (re)users can locate the data
online. To find or discover data, a globally unique and persistent identifier — such as
a digital object identifier (DOI), uniform resource locator (URL) or archival resource
key (ARK) — must be attached, including rich metadata that specifies the unique and
persistent identifier, catalogued or registered in a searchable resource (like Google)
and published in a credible and rightful repository.
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Data is often made accessible by both humans and machines via repositories.
From a practical perspective, interoperability — the “ability of two or more systems
or components to exchange information and to use the information that has been
exchanged” — requires technical compatibility of format and protocols, which requires
institutional (legal and regulatory) frameworks and metadata practices (IEEE, 1990).
Any framework will need to specify standards for security and protection, what can be
shared and integrated, and how information can be shared with other organizations
within the ambit of the law — potentially through a memorandum of understanding.

The use of community-accepted and recognized specification standards (schemas)
for metadata, vocabularies and keywords that precisely define concepts and qualities
is key to enhancing data interoperability. A standard metadata schema describes
elements (e.g., title, description, date of issue or modification, publisher, licence and
keywords) that should accompany a data set within a domain of application. Data sets
and metadata should be prepared using appropriate common, standardized and
recognized open-file formats for easy integration. The establishment and adoption
of standard controlled vocabularies and classifications at the design stage eliminates
ambiguities and strengthens semantic interoperability and exchange of knowledge.

Datareuseis contingenton severalfactors, including its discoverability, accuracy, clarity,
accessibility and availability of appropriate documentation and licence indicating
the type of reuse permitted (OpenAlIRE, 2021). For easy discovery and reuse, good
metadata should indicate where, when, what and how the data was collected; be clear
for easy interpretation; be well organized; disclose instruments used in collecting data
and calibrations used; define the table/row column headings, units of measurement
and codes used; explain how to locate and access the data; provide information on
whatto checkif the entire data setwasimported; include contact details for clarification;
and report strengths, weaknesses and limitations (Michener et al., 1997; Strasser et
al., 2012; Zimmerman, 2003, 2007). Information on survey protocols, instruments,
experimental processes and methodology is also vital. This too requires “clear and
accessible data usage license” (European Commission, 2018, p. 20) to enable third
parties to understand the terms and allowable types of reuses permitted. Ultimately,
this is facilitated if data is housed through suitable repositories.

The flip side of the FAIR system is the “"CARE" principles of scientific-data stewardship
to respect and support the interest of farmers and Indigenous Peoples who generate
the data. CARE means that the systems should deliver collective benefits, recognize
the creator’s authority to control use, be responsible for reporting how data is used,
and be guided by the ethical norms of the users and creators (Research Data Alliance
International Indigenous Data Sovereignty Interest Group, 2019).

The recent deluge of artificial intelligence (Al) applications may make much of this
discussion moot. As Al algorithms search out and train on available data, they begin
to lock in on lessons learned and require fewer inputs to begin to operate. Most of the
training data has not been formally acquired, which makes negotiations much harder.
It is unclear whether this has happened in agriculture, but it is a real risk.
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Canada is a major generator of agricultural data but has yet to fully commit to a data-
governance system that supports innovation. Data-certification plans such as those
operated by the American Farm Board are second-best approaches. While these plans
are creating a model for data ownership, without supporting legal and regulatory
authority, these are only best-efforts agreements. While laws and regulations cannot
define all aspects of governance, clarifying ownership will be necessary at some
point. In the absence of legislative direction, markets will either sort this to fit their
own interests or courts will be pressed into deciding the matter. Neither approach is
efficient. Other markets, like the EU, are already partway along the path to addressing
this in legislation. While getting ownership clarified may be necessary, it will not be
sufficient to realize the benefits of this technology.

Interoperability needs to be built into the governance system. FAIR and CARE
principles provide guidelines, butfew governments have made commitmentsto turn
these principles into action. The basic elements are well developed, but they need
resources and commitment. There is an opportunity to test this in Genome Canada’s
Climate-Smart Agriculture and Food Systems initiative, which is commissioning
a data co-ordination and collaboration hub to develop and implement a plan
for managing the data generated by nine funded research projects. Depending
how this works, it could be adapted to other government-funded research and
disseminated as a model to our research and market partners as a platform for
better data governance.

CONCLUSION

Canadian governments have three basic strategic options for dealing with the digital
future in agriculture: passive adoption, a proactive muddled approach or ambitious
action. As with many problems, we will likely need to trade off feasibility and impact.

The quintessential Canadian strategy for much of what is truly innovative is to just go
along with the practices developed around the world. Being a passive adopter and
letting others develop and test new applications is a low-risk, low-return option, but
it is eminently feasible. The slow rollout of internet connectivity in rural Canada may
force this option. In some ways, this makes sense because so much of the investment
and effort won't end up generating returns. It is often a good commercial strategy to
let others invest their money and work out the kinks before buying into and using a
new technology. But what makes sense at the firm level is not necessarily optimal at
the sector- or economy-wide level. Deferring to others will ensure Canada is always
playing catch-up, often paying more for technologies that offer a smaller return.
There is a sound argument to be made that this option would squander Canada's
comparative advantage and impair global food security.

A more aggressive, albeit muddled, strategy would be to proactively accelerate rural
connectivity while at the same time supporting growth in the domestic agricultural-
technology provider world by trying to scale our small- and medium-sized startup and
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growth firms (SMEs). This is the foundation for much of Canada'’s innovation policy
right now, with “scaling-up” the buzz phrase of the decade. The challenge is that
new market entrants and sub-optimally scaled ventures are highly unlikely to raise
enough capital to challenge the locked-in data behemoths that dominate the digital
agricultural sector. This may simply dissipate our limited development resources on
ventures that will never be able to set the global standard for our market segments.

The most ambitious option offers the potential for higher returns but puts more capital
at risk. This will require governments — and the federal government in particular — to
engage with technology leaders to become a foundational partner in their efforts.
This is a high-risk strategy. While Canada is important enough to global agriculture
to be worth working with, when push comes to shove, the global ATPs will do what is
in their interest. Nevertheless, an ambitious action approach would allow Canada to
strategically use its resources to build its interests into their programs, thereby helping
to spread the risk relative to working with SMEs. This should generate a higher return
for Canada'’s agri-food sector because partnerships with global innovation leaders
should enable it to push its own interests and, more importantly, to adapt and adopt
technologies as soon as they are ready.

The highest return from the digital agricultural play will be the value added on farms
and in the domestic supply chain and the related reductions in the environmental
footprint of the sector. While it would be nice to get a share of the innovator’s return,
this is inevitably going to be a relatively small share of the overall value generated
by digitizing agriculture. Moving from a laissez-faire to an ambitious approach is
possible but will require policy action on most if not all the policy challenges
identified in this paper.

Industry readiness for technology adoption may be a transitory problem, but if left
too long, it could dramatically influence how technologies develop and get used
in Canadian farming. There are three actionable items that should be addressed in
the near term. First, the farm industry is on the cusp of a generational change (the
average age of farm operators rose to 56 in 2021), which creates an opportunity to
at least partly address the lack of skilled employees. While the Canadian colleges
of agriculture and various polytechnics across Canada are turning out highly skilled
personnel, few of them are returning to the farm. More can and should be done to
improve the skill base in the sector. The Royal Bank of Canada (RBC, 2023) has called
for an agricultural skills strategy. In addition to education, there is a need for more just-
in-time tailored training by educators and the leading firms producing technology. To
be fully effective, incremental training should be certifiable and transferable, which
might require selected financial incentives, perhaps similar to some of the other
programs offered by Employment and Social Development Canada (such as the
Sectoral Workforce Solutions Program).

Second, cyberthreats are real. There was an effort to address security in the food
system following 9/11. U.S. Homeland Security Presidential Directives 7 and 9 defined
agriculture as critical infrastructure “vulnerable” to terrorist targeting and established
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a "national policy to defend the agriculture and food systems against terrorist attacks,
major disasters, and other emergencies.” Canada, on the other hand, relies on less
transparent and formalized policy responses led by the Canadian Food Inspection
Agency (CFIA) and targeted more to disease risks at the farm level (CFIA, 2023; Gilpen
etal., 2009). There is no explicit discussion of data and system security in either effort.
There is an opportunity for Canada to lead the world in this area, but this will require
industry, universities, Public Safety Canada and the Canadian Centre for Cyber Security
to proactively design a more resilient and secure system. A strategic mix of research,
regulation and co-ordination would go a long way to addressing the most vulnerable
parts of the system.

Third, governments will need to accelerate efforts to overcome the barriers to
widespread technology adoption. This includes expanding rural broadband
connectivity to achieve adequate internet speeds in rural and remote agricultural
areas. It means considering the creation of an agricultural-data exchange with
transparent pricing. Governments can also help counter the market power of large
ATPs with more support for homegrown competitors, collaboration with like-minded
countries on data regulation, and accelerated adoption of new innovations. The
federal government could also draw on lessons learned from Genome Canada’s
Climate-Smart Agriculture and Food Systems initiative to develop a data-governance
system that supports innovation.

Canada has an opportunity, economic interest and moral imperative to advance any
and all technologies that will increase yields, moderate risks and reduce the ecological
and environmental footprint of the global food system. Digital applications are the
current focus, but success will require a judicious mix of investment, planning and
governance that work to link its capacity to amplify and enhance the underlying
comparative advantages of the Canadian agri-food system.
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