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Note from CAPI

CAPI undertook this White Paper initiative to provide a better understanding of the effects of animal agriculture,
from the broadest of perspectives, so that an audience involved in the policy dialogue - but not necessarily
ensconced in animal agriculture — could identify and understand the essential strategic elements in a holistic
manner, and so that a database and accompanying analyses could allow the industry to formulate proactive
strategy more easily.

To facilitate this, CAPI developed an extensive framework with sufficient breadth and a balance sheet-type of
structure that accounts for stocks and flows, as well as multiple dimensions through which to evaluate
outcomes: environmental, human health, economic, and social. It allows the capital stocks deployed in animal
agriculture to connect with flows of outputs — farm products and wastes — which may then be organized into
supply chain discussions.

The resulting White Paper report involves a literature review, data analysis and visualization, and interpretation,
leading to a SWOT analysis (strengths, weaknesses, opportunities, and threats). In so doing, this document
attempts to strike a balance between the granular detail of original research and specific mechanisms and
relationships with high-level overview and strategic perspective.

Key Takeaways

Animal agriculture in Canada is a complex and interconnected system, and while there are differences,
many challenges and opportunities are shared. Its value and impact cannot be measured with simple
metrics and requires a comprehensive approach.

e Improving economic, environmental, and social sustainability across animal agriculture requires common
solutions, including growth-oriented policies, investments in research and innovation and
in transportation and infrastructure, and an enhanced data framework.

e Risks facing animal agriculture, such as disease, loss of grassland, markets, and extreme weather, are
increasing and require greater focus and innovative policy solutions.

e Export-oriented and domestically focused value chains both have growth opportunities, but each faces
unique barriers. A constructive, strategic dialogue is needed on how to unlock each value chain's full
potential.

e Canadian animal agriculture has among the lowest emissions intensities in the world. Policies that
integrate sustainability, food security and growth can help meet climate targets and SDGs, and build
Canada’s comparative advantage.
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1.

Executive Summary

CAPI undertook a White Paper initiative to help provide a better understanding of the effects of animal
agriculture in Canada. It addresses an audience that is involved in the policy dialogue — but not necessarily
ensconced in animal agriculture — to help in identifying and understanding the essential strategic elementsin a
holistic manner, and by providing a database and accompanying analyses to formulate proactive strategy more
easily. The White Paper was developed in consultation with key stakeholders, benefiting from their insights and
expertise. It led to a well-informed SWOT analysis (strengths, weaknesses, opportunities, and threats) that
subsequently allowed CAPI to develop a set of strategies and thematic policy recommendations as options for
industry and government stakeholders.

The key findings were the following:

Canada’s meat, poultry and egg, and dairy producers and processors contribute significantly to the
Canadian and provincial economies, to the profitability of Canadian farmers, ranchers and other players in
the chain, as well as to the health and well-being of rural communities and Canadian and international
consumers. In 2022, animal agriculture directly generated $89.5 billion in sales: $33.6 B from livestock
farm cash receipts, and $55.9 B from meat, poultry, egg and dairy product manufacturing shipments. It
employed over 164,000 people and generated GDP of $14.7 billion (Agriculture and Agri-Food Labour
Statistics Program, 2023; Statistics Canada, 2023b). If the indirect and induced multiplier effects of this
economic activity are added, animal agriculture contributed another $32.4 billion in GDP and a further
394,000 jobs.

Canada benefits from an abundance of natural resources that support animal agriculture. Availability of
fresh water, healthy soils, natural grasslands, permanent pastures on marginal land, and a temperate
northern climate with regional variation are significant aspects. Canada'’s agricultural land base of 154
million acres facilitates spatial dispersion of animals and mitigation of animal disease spread, especially
in western Canada, which supports significant capacity. In turn, Canada’s arable land allows for a
comparative advantage in low-cost feed grain production

Canadian animal agriculture operates at a global standard. It has managed impressive improvements in
productivity, quality, and efficiency metrics related to feed conversion, output relative to the size of the
breeding/foundation herd, and GHG emissions relative to production (GHG emissions intensity): Canada
is one of the most GHG emissions efficient animal producers in the world. These are supported by past
investments in science, new knowledge, innovation, and human capital. Animal agriculture also benefits
from a well-connected supply chain structure and industry and marketing associations and other
institutions that engender trust, help avoid or resolve disputes effectively, and promote best management
practices and marketing of safe and sustainable products. Canada is also relatively free of foreign animal
diseases that would limit trade, hamper productivity improvements, and impact animal welfare.

The international market upon which Canadian pork and beef rely has become less friendly for a small
economy that is a net exporter of agri-food products like Canada. This environment is evident in the non-
functional WTO dispute settlement appeals body and in the increase in concerns raised before the WTO.
More generally, protectionism is on the rise, with investments in animal agriculture and food processing
dependent upon access and a pricing model based on international markets, making these investments
structurally riskier.

While international demand for animal proteins is expected to grow, and Canada has few competitors
capable of supplying to it, Canada’s productive capacity in beef and pork production has stagnated. The
beef cow herd has been in decline since 2008, recently stabilizing at around 3.7 million head in 2021. The
Canadian sow herd declined from just over 1.4 million head in 2008 to under 1.2 million head in 2011, and
has held steady at around 1.2 million head ever since, limiting increases in Canada’s pig crop to
improvements in reproductive efficiency over time. With these complex and shifting sets of dynamics
along with animal disease concerns, elevated risks have made it more difficult to make a business case
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for investment and capital expansion in beef and pork. The challenge may be to simply retain the existing
capital stock in these industries.

e Canadais a highly efficient, low-emissions producer of animal products, having lower emissions
intensities than many other regions in the world for beef, milk, pork, and poultry. For instance, Canada has
lower emissions of COze per kg of protein than South America countries for beef. Because food security
is such a pressing need and animal foods are such a core component of food security, this is not just a
matter of international competitiveness. If the objective were to minimize global GHG emissions, Canada
would be one of the preferred producers and net exporters, and higher emitting countries could import
animal products from Canada to meet their demands and global emissions would be reduced.

e Animal agriculture in Canada is a complex and interconnected system; isolated facts or reductionist
measures typically cannot characterize its challenges and accomplishments, nor its needs from policy.
Rather, a portfolio of information and measures frame the policy needs of animal agriculture.

Conclusions

Animal agriculture needs to operate — and be seen as operating— in harmony with its base of natural capital, to
improve animal productivity but not at the expense of biological systems overload, and to manage complex
supply chains that are resilient to a range of conditions and stresses. Government policies that support industry
communities, facilitate new industry organizations where they are needed, and enhance responsible industry
freedom to operate, are consistent with this ongoing and shifting need. Also, government policies are needed that
support industry competitiveness, such as: an enabling environment; regulatory modernization; investments in
transportation infrastructure and in research and innovation; and data and information that can provide a
balanced view of the role of animal agriculture in Canada’s future economic, social and environmental
sustainability.

A portfolio of beneficial attributes — especially biodiversity and carbon sequestration — are tied to grasslands,
and grassland will readily flip into other land uses on a market basis that does not reflect the value of these
attributes, and can be detrimental to them. Governments can explore policy measures that prevent the
conversion of grasslands and the grazing sector, such as by facilitating conservation easements that retain land
in pasture, or by providing payments for ecological goods and services (EG&S) such as carbon and biodiversity
credits and management practices which increase the efficiency and profitability of beef cattle production.

The imminent threat presented by African Swine Fever has had the effect of chilling investment throughout the
pork supply chain. Governments and industry associations have been very active on this issue, but the dimension
of threat justifies greater action. In particular, public action on the problem of wild pigs as vessels of infection
and a permanent reservoir of disease remains inadequate, apparently caught between jurisdictional restrictions
in provincial departments with a wildlife mandate, and federal/provincial departments of agriculture. This
presents an opportunity for coordinated federal-provincial-territorial action and policy implementation based on
One Health principles.

Both pork and beef have suffered from the erosion of rules-based trade and gaps in bilateral trade agreements.
Canada has led efforts to rejuvenate and strengthen multilateral rules-based trade, and these efforts should be
redoubled. Enforcement efforts on market access provisions of trade agreements, notably the CETA between
Canada and the EU, appear to have left gaps for Canadian beef and pork. The entry of the U.K. into the CPTPP
agreement is another opportunity for Canada to more assertively position itself for beef and pork market access.
In addition to market access, the federal government can provide enhanced market development support,
especially in markets where Canada’s presence in beef and pork has historically been small.

Much of the success of domestic-focused industries has been in their collaborative adaptation to changes in
markets, technology, and policy. This needs the freedom to continue as, like all aspects of animal agriculture,
there are problems to address and improvements to make. Federal and provincial governments are key
stakeholders and can act to support and encourage industry development within their existing regulated
structures.
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Canada has been active in discussion on climate change policy, taking a whole-of-economy approach to it
domestically and being heavily engaged in the international dialogue, both climate change and sustainable
development goals. Canada thus has the platform, and the interest, to apply a food security filter to both national
and international climate change policy, and advocate for change. Canada’s comparative advantage in
sustainable animal agriculture creates alignment with UN sustainable development goals (SDGs) #2 (Zero
Hunger) and #12 (Responsible Production and Consumption). However, downsizing or impairing the efficiency of
Canadian animal agriculture with strict emissions constraints would run contrary to the advancement of these
SDGs.
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2. Introduction

Animal agriculture is an essential part of the Canadian agricultural economy, serving as a foundation for farm
family livelihoods and vitality in rural areas, supporting the social and cultural fabric in regions across Canada
and underlying the value-addition in agri-food supply chains. It also is expected to be called upon further in the
future as the demands and opportunities for animal-based products grow and expand. Equally, farm animals play
a crucial role in the various facets of sustainable agriculture. This applies across many aspects: greenhouse gas
(GHG) emissions, water quality, biodiversity, soil health, grasslands preservation, land use, and many others. As
an example, soil can be a major factor in climate change mitigation through carbon storage, and also improved
water retention through soil organic matter. Undisturbed agricultural lands have the best carbon-capturing
capacity, such as natural prairies (grasslands). Cropland and tame pastures also have potential to store more
carbon than they produce by implementing specific management practices such as no-till and prevention of soil
erosion (Wood-Bohm, 2018).

Animal agriculture has a role in transforming inedible biomass and crop residues into edible nutrients for human
consumption and into natural fertilizers for plant nutrients. This process is known as “upcycling” and makes use
of products which would otherwise be returned to the ground as waste, and would emit GHGs as they slowly
decompose. Instead, the digestive systems of animals generate human edible products and expedite the process
of turning these waste materials into nutrients which are readily available for crops.

Despite differences across regions and species, in terms of production systems and industry structure, many of
the challenges facing animal agriculture are held in common and do not fragment themselves across
commodities (species) or regions, yet others are very location or species-specific. Climate change figures
prominently, as do changing consumer preferences, animal welfare, food security, global competitiveness, and
economic viability and resilience of key players in the system. An important aspect of this relates to the
economic and environmental role of farm animals in anchoring agricultural and agri-food systems and in
sustaining rural areas. Another is the contribution to healthy human diets and the problem of hunger addressed
by animal-based foods. Increasing the understanding of how livestock fits into agricultural systems, providing
needed economic development, and contributing critically to human health, food security, social and cultural well-
being and sustainable production is essential as the livestock sector continues to evolve, investing in new
technologies and practices to improve its economic, environmental, and social sustainability for future food
production.

This White Paper is an attempt to provide a better understanding of the effects of animal agriculture, from the
broadest of perspectives so that an audience involved in the policy dialogue- but not necessarily ensconced in
animal agriculture- could identify and understand the essential strategic elements in a holistic manner, and to
provide the database and analysis that could allow the industry to formulate proactive strategy more easily.

2.1 Objectives of this White Paper initiative

The purpose of this White Paper is to serve as a discussion document that provides an overview of the animal
agriculture value chain and system in Canada, describes the challenges and opportunities it faces and discusses
future industry strategies and policy solutions that can ensure the future sustainability, viability and resilience of
animal agriculture in Canada.

The specific objectives are to:
e Provide an economic overview of animal agriculture in Canada and the regions;
e Describe and explain the role of animal agriculture in the Canadian agriculture and agri-food system,

including its socio-economic and environmental impacts and the resources it requires and generates;
e Describe Canada in the global context of animal-based production, exports, supply and demand;
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¢ Identify the challenges, opportunities and potential strategies for animal agriculture in Canada and in the
regions; and
e To synthesize the findings and place the results in context for industry and government decision-makers.

2.2 Approach

The White Paper begins with a review and careful consideration of analytical framework. From this, the
dimensions of information and analysis and its extent are determined for the core of the study. The bulk of the
White Paper populates the framework for assessment with data and analysis. It concludes with an analysis of
strengths, weaknesses, opportunities and threats (SWOT) for Canadian animal agriculture based on the findings
in the paper.

2.3 Scope

This paper takes on a vast topic; making it tractable requires setting limits and focusing within them. First, we
focus on the major categories of animal agriculture- beef, dairy, pork, and chicken. In places this is extended to
include the broader cross-section of poultry and eggs. This passes over small ruminants, aquaculture, bees, and
fur-bearing animals. Secondly, the depth at which the paper can get into in any one aspect is limited.
Accordingly, much of the literature referenced is structured reviews and meta-analyses rather than original
research papers.

2.4 White Paper Process

This study is conducted as a White Paper process. The process of white paper development involves the
participation of a steering committee to advise and an external group of review panellists who can provide
critical input and insight into the study. The steering committee was established at the beginning of the project
and has provided invaluable guidance and direction for the paper. In addition, a series of consultations with
external reviewers will help keep the project on track and informed with the latest and most accurate data and
information. This provides for a responsive process to generate a report validated by a diverse group of experts
fully engaged in the study.

2.5 Audience

The intent of the project is to develop an accessible paper for all who have an interest in animal-based foods and
animal agriculture. Three specific audiences for the report’s findings are industry associations, and government
decision-makers (federal, provincial and municipal) and the public. Animal industry associations are frequently
called upon to develop strategies or strategic plans for the industries that they represent and to communicate
these effectively so they can inform government and industry decision-makers and consumers. Well-done
strategies will address the nuances of the specific animal species, region, and customers that industry interacts
with while leveraging more general knowledge that is common across regions and species. The study aims to
provide up to date facts and information that can be used to facilitate better dialogue and make informed
decisions.
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3. Background and Context

3.1 Animal Agriculture in Canada

Animal agriculture around the world faces challenges as countries strive to adapt to climate change while also
addressing the environmental impacts of livestock production on soil, water, land use, GHG emissions and
biodiversity. At the same time, animal agriculture is increasingly seen as essential to human health and farmer
livelihoods but consumers are increasingly concerned about the environmental footprint of meat consumption
and new plant-based products and even lab-based meats and poultry are emerging to compete with meat
production. Other challenges for animal agriculture include the emergence of zoonotic diseases transmitted from
animals to humans (e.g. Avian Influenza) and vice-versa, animal care practices, and the rise in antimicrobial
resistance that is blamed in part on antibiotic use in livestock production, all influencing consumer perceptions
and management practices. In addition, global trade distortions from unfair trade practices and geopolitical
tensions have disrupted global meat markets and trade. Hence, efforts are being made to ensure livestock
production can continue to respond nimbly and flexibly to these challenges and become as sustainable as
possible, economically, environmentally and socially. Much progress has been made, particularly in developed
countries, to lower the environmental footprint of animal agriculture, respond to animal disease and antibiotic
resistance and improve animal welfare through research, new technologies and production practices, feeding
regimes and animal health, welfare and safety. But more is required.

Canada has a reputation as a producer and exporter of high quality, safe and sustainable animal products. On
January 1, 2023, Canada reported an inventory of 11.3 million head of cattle, 13.9 million hogs, 809 million
chickens and turkeys, and 854,400 sheep and lambs on 76,796 farms with livestock across Canada. In 2022,
Canadian livestock producers earned $33.6B in farm cash receipts, exported $11.5B worth of live animals and
animal products and imported $5.4B of the same. At an estimated $56 billion in sales, Canada’s meat, poultry
and dairy processors contributed significantly to Canada’s GDP, employment and to the availability of safe,
healthy food for Canadians. With a GDP of $14.8B in 2022, animal production and meat, poultry and dairy product
manufacturing contributed to the profitability of Canadian farmers, ranchers, agribusinesses, processors and
distributors and to the health and well-being of Canadian and international consumers. Retail sales of meat,
poultry, and dairy products grew to $35 billion in 2022.

The livestock industry in Canada has made substantial progress over the past two decades in responding to the
challenges it faces from climate change, animal disease, consumer perceptions of livestock and the environment,
human and animal health and welfare, and society as a whole. While there is still much work to be done, the
industry and all players within the animal value chain are pushing the limits to find new ways of feeding,
producing, transforming and marketing animal products to ensure these challenges are addressed. For a
sustainable and resilient animal agriculture industry in Canada, innovative solutions and strategies will be
required that are built on strong research foundations as well as science-based information and analysis that can
be communicated effectively. This will be strengthened by a supportive enabling environment where government
policies and regulations help ensure animal agriculture in the future can be prosperous, resilient and sustainable.
This white paper is an attempt to advance this goal.

3.2 Canadian Policy Environment and International Commitments

Canada has a reputation as a producer and exporter of high quality, safe, and responsible food products, based
on a strong, reliable regulatory system. Canada is a committed participant as a signatory in many international
fora that promote animal health, (i.e. the World Organization for Animal Health, formerly OIE; see Weaver et al.,
2017), food safety (i.e., Codex Alimentarius and WTO SPS), fair trade (i.e. World Trade Organization), human
health (i.e. the World Health Organization), biodiversity ( i.e. the Convention on Biological Diversity), and climate
change (i.e. the IPCC and the Paris Accord). Canada, as a signatory to the Paris Climate Accord and subsequent
COP summits, has committed to reducing national net GHG emissions by 40 to 45 percent below 2005 levels by
2030 and to achieving net-zero emissions by 2050 (Government of Canada, 2023). These net zero commitments
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were enshrined in the Canadian Net-Zero Emissions Accountability Act which received Royal Assent in June 2021.
Canada also signed onto the Global Methane Pledge with a strategy to reduce economy-wide domestic methane
emissions by more than 35% by 2030 compared to 2020 (Government of Canada, 2023). Finally, at the recent
COP15 to the UN Convention on Biological Diversity (CBD) in Montreal in December, 2022, 196 countries
including Canada agreed on an historic Global Biodiversity Framework (GBF) that set goals and targets to
safeguard nature and halt or reverse biodiversity loss around the world, putting nature on a path to recovery by
2050 (Environment and Climate Change Canada, 2022b).Canada played an important role in the event,
committing resources to support these goals, including a promise to protect 30% of lands and waters by 2030,
respecting the rights and roles of Indigenous peoples and addressing the drivers of biodiversity loss, such as
pollution and overexploitation of nature.

Canadian agriculture, being a contributor to GHG emissions, at 10% of the Canadian total, is also expected to play
its part in mitigating and adapting to climate change. The national fertilizer emission reduction target announced
in December 2020 to reduce fertilizer emissions by 30% by 2030, is a commitment to curbing nitrous oxide (N20)
emissions from agriculture, having experienced an increase over the past 15 years (Agriculture and Agri-Food
Canada, 2023b). At the same time, improvements in soil management practices, such as no-till, cover cropping,
4R, and precision farming leading to carbon sequestration have helped offset some of these emissions. Both
Fertilizer Canada and grain and oilseed producers across the country are working to help reach this goal. The
animal agriculture industry is doing its part to reduce GHG emissions through research, and farming practices
such as precision farming practices and technologies, manure management, rotational grazing, new feeding
regimes and formulations, improved animal health, increased feed efficiency and improved nutrition and animal
genetics that reduce environmental impacts.

Federal-provincial-territorial (FPT) Ministers of Agriculture have prioritized a more sustainable, viable and resilient
agriculture and agri-food sector with their 2023-2028 five-year Sustainable Canadian Agricultural Partnership
(SCAP) funding agreement, signed in July 2022 (Agriculture and Agri-Food Canada, 2022a). This new agreement,
providing $3.5 B over 5 years, sets strong targets for reducing GHG emissions by 3 to 5 MT over the period, and
aims to improve biodiversity and protect sensitive habitats as well as increase sector competitiveness, revenue
and exports within an inclusive and sustainable (economic, environmental and social) agriculture and agri-food
industry ecosystem. Many provinces have introduced their own policies and programs to boost sustainable
agriculture, including Quebec’s Sustainable Agriculture Plan 2020-2030 (Québec, 2020) and British Columbia’s
Sustainable Agriculture Strategic Framework (British Columbia Ministry of Agriculture and Food, n.d.)

More recently, Agriculture and Agrifood Canada (AAFC) finalized the first phase of consultations on its
Sustainable Agriculture Strategy (SAS) that will set a shared direction for collective action to improve
environmental performance in the sector over the long-term, support farmers livelihoods and strengthen the
business vitality of the Canadian agricultural industry (Agriculture and Agri-Food Canada, 2023c). AAFC's
Strategic Plan for Science is the Department’s vision for the future of research and development (R&D) to adjust
to the new reality and tackle the challenges of today and tomorrow (Agriculture and Agri-Food Canada, 2022b).
The change begins with a paradigm shift toward sustainable agriculture, which takes into consideration the
environmental, social, and economic context in which all of our scientific activities are conducted.

Because of the growing importance of sustainability as identified by governments, industry and consumers, there
is also a great need to be able to measure, monitor and report on progress being made. Organizations such as
the Canadian Roundtable for Sustainable Beef (CRSB, 2023), Dairy Farmers of Canada with their Pro-Action
program and the Egg Farmers of Canada with their plans for sustainability have placed much effort in developing
the means to verify and certify sustainable agriculture production. This is motivated by the growing market
demands by consumers and by major corporate players in the agriculture and agri-food space to deliver verifiable
sustainable food products in domestic and global markets. This has led to the development of important metrics
for sustainability. The National Index on Aari-food Performance is one such initiative that is attempting to help
Canadian producers, processors and retailers communicate clearly and consistently how Canadian agriculture
and food products measure up on sustainability both at home and abroad. These initiatives will go a long way in
ensuring Canada can market and deliver sustainable food products, including animal-based products, to the
world and to domestic consumers.
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4. Conceptual Framework for Animal Agriculture in
Canada

The crucial first step in developing an assessment of animal agriculture in Canada is to establish its frame of
reference, or conceptual framework. To develop the appropriate frame of reference for this study, selected
studies that have developed analogous frameworks are reviewed. These are then evaluated for the Canadian
animal agriculture, and the essential framework developed.

4.1 Focused Initiatives on Animal Agriculture

4.1.1 The U.S. Farm Foundation Future of Animal Agriculture in North America

The Farm Foundation in the US developed an initiative on the Future of Animal Agriculture in North America
(Farm Foundation, 2004; 2006; Halbrook et al 2006). The initiative employed a white paper approach, with broad
engagement from industry, government, not-for profit organizations, and academics. The focus of the initiative
was on issues facing animal agriculture obtained through consultation, rather than to develop a fulsome
framework and then use the framework with stakeholders to identify issues. The project identified seven key
challenges to US animal agriculture (1) Economic viability of production, processing, and marketing; (2)
Environmental concerns; (3) Shifts in consumer demand in North American and global demand; (4) Food safety,
biosecurity, and animal health; (5) Animal welfare; (6) Community and labour issues; and (7) Global
competitiveness and trade. The initiative developed options for the future under each of these headings, and
further focused them into the following cross-cutting themes:

e Markets, structure, and competition

e Value in integrated markets

e Increasing demand

e Environmental regulation and litigation

¢ Immigration and labour

e Animal identification and traceability systems
e Community impacts

There are some remarkable similarities between this initiative and the current project, notably its white paper
structure and broad nature of consultation. The issues identified remain, almost 20 years on, although some have
changed significantly. For example, immigration and agricultural labour issues affecting animal agriculture have
only intensified and become more urgent. There have been great advances in animal identification and
traceability. Conversely, the environmental issues and fear of repressive or nuisance regulation and litigation have
shifted significantly, in both substance and tone, especially with greater understanding and experience with
climate change. The topic of integrated markets and trade does not contemplate the devolution of multilateral
trade institutions, geo-political tensions, and greatly enhanced awareness around food security and the demand
for proteins. More generally, the Farm Foundation initiative did not attempt to approach animal agriculture as a
cohesive system with broad interrelated effects as we do here, electing instead to capture these implicitly in
stakeholder consultations.

4.1.2 The National Academy of Sciences (NAS) Framework for Assessing the Food
System

Committees operating under the US National Academies of Science published work in which analytical
frameworks were developed, relevant to the assessment of animal agriculture. In A Framework for Assessing
Effects of the Food System (Nesheim et al., 2015) the NAS undertook an ambitious effort to fully characterize the
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effects of the food system and also how the food system is affected by influences external to it. The committee
began its work by defining the following principles:

e Principle 1: Recognize Effects Across the Full Food System

e Principle 2: Consider All Domains and Dimensions of Effects

e Principle 3: Account for System Dynamics and Complexities

e Principle 4: Choose Appropriate Methods for Analysis and Synthesis

These principles were adopted by defining domains of effect and dimensions of effect of food systems. These
are summarized in Table 4.1 below. The task was to document and assess the quantity, quality, distribution, and
resilience associated with health effects, environmental effects, social effects, and economic effects of the food
system.

Table 4.1. Domains and dimensions of effects

Dimensions of Effect

g Quantity | Quality Distribution Resilience
Y
W | Health
Y
(o]
@ | Environment
‘©
E | Social
o
a
Economic

As a means of using the above paradigm for assessment, the food system was conceived as a complex adaptive
system, defined as “a system composed of many heterogeneous pieces, whose interactions drive system
behaviour in ways that cannot easily be understood from considering the components separately.” It consists of
individual adaptive actors, feedback and interdependence across multiple levels, heterogeneity, spatial
complexity, and dynamic complexity.

Also in 2015, a separate initiative by the US National Academies of Science was charged with assessing the
future needs for animal science research (National Research Council, 2015). The committee’s observations on its
scope and assumptions are pertinent to this study:

"animal agriculture in the 21st century faces increasing and persistent challenges to produce
more animal protein products in the context of an emerging, globally complex set of conditions
for sustainable animal production. This, in turn, requires the rethinking of the very nature of
animal science. In addition to the increasing demand for animal products in the context of
globalization of food systems, these challenges include, but are not limited to, consequences for
individual country and regional concerns about food security, such as the impact of geopolitical
strife on food production and distribution, the intensification of production systems in the context
of societal and environmental impacts, the development and maintenance of sustainable animal
production systems in the face of global environmental change, and the multidecadal decrease in
public funding in real dollars for animal science in the United States and variable funding
worldwide" (page 51).

The committee based its work on three basic assumptions to guide its work:

e global animal protein consumption will continue to increase based on population growth and increased per
capita animal protein consumption
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e restricted resources (e.g., water, land, energy, and capital) and global environmental change will drive
complex agricultural decisions that affect research needs.

e current and foreseeable rapid advances in basic biological sciences provide an unparalleled opportunity to
maximize the yield of investments in animal science R&D

The committee identified the following specific challenges as key for meeting sustainable agriculture targets by
2050.

e Growth in demand for animal protein due to:
o Population growth
o Increasing global affluence
o Increase in per capita animal protein intake
e Impact of global environmental change on:
o Climate
o Habitats
o Animal feedstocks
e Water and land scarcity
e Changes in consumer preferences
e Changes in national and international regulatory requirements reflecting public concerns about animal
agriculture practices
e Role of trade barriers and other governmental actions on animal agriculture in different regions of the world
e Health considerations, such as emerging infectious diseases and foodborne pathogens
e Lack of research funding in the future

The assumptions and challenges envisioned for sustainable animal agriculture for the basis for the framework
were used to assess need in animal science research.

4.1.3 The Economics of Ecosystems and Biodiversity (TEEB) Accounting Framework

The United Nations Environment Programme conducted a broad initiative on The Economics of Ecosystems and
Biodiversity’ (TEEB); one area of focus was on agriculture and food (TEEB, 2018). Through this initiative, a
comprehensive framework was developed to assess the agri-food system. The report explains that

“The Framework is designed for use in two complementary but different ways. First, it can be used to describe
eco-agri-food systems to ensure that different stakeholders involved — from farmers and manufacturers to
consumers and local communities — have a common understanding of where they are within the system and
how that system is functioning. Without a common language to describe eco-agri-food systems, there is limited
potential to achieve the integrated, cross-sectoral decision-making that is required. Second, the Framework can
be used to support various forms of analysis. For example, the Framework supports the assessment and
comparison of trade-offs from agricultural and food policies, analysis of land use and consumption choices, and
consideration of decisions concerning public and private investments.”

In developing the framework, the following guiding principles were employed:

(1) universality: no matter the entry point or application, the same Framework can be used for assessing any
eco-agri-food system, and can be used equally by policymakers, businesses, producers and citizens

(2) comprehensiveness: both in terms of encompassing the entire value chain, and in terms of including all
stocks, flows, outcomes and impacts within an eco-agri-food system

(3) inclusivity: in supporting multiple approaches to assessment, including in quantitative and qualitative
terms.

The TEEB framework employs elements of stocks, flows, outcomes, and impacts consistent with the above
principles, and also with an accounting orientation (Figure 4.1). The stocks refer to capital- natural, human,
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produced (e.g. machinery and equipment), and social (e.g. institutions and networks). The flows in the system
relate to conversions that occur through the use of capital- intentional and unintentional. The outcomes are given
by the changes in the capital base. Outcomes are the values generated- some measured as economic output,
others more difficult to measure. The TEEB report illustrates an application of the framework, based on the palm

oil supply chain.

Figure 4.1. Elements of the TEEBAgriFood Evaluation Framework
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4.1.4 The SUSFANS Model

Ingram and Zurek (2018) discuss the needs for food systems analysis in the future, and document the evolution
of food systems frameworks, leading up to the SUSFANS model developed for the EU. They note that the context
for food security has shifted from hunger alleviation to nutrient provision- from risk of starvation to
nutrition/health. This is an important development as it allows for both problems of over- and under-consumption
in food systems analysis. They note that, “even though the world currently produces enough food for all, the
number of food-hungry and undernourished people worldwide reveals that our understanding and approaches are

insufficient.”
The authors discuss the SUSFANS project, which has built an approach for enabling an informed debate across

different EU stakeholder groups underpinned by the latest scientific evidence. SUSFANS identified several steps
in delivering an integrated approach to assessing the sustainable food and nutrition security of the EU food

system and evaluating innovation options for the system:

(1) Develop a conceptual framework mapping the driving forces, actors, activities, outcomes, and goals for
the EU food system;
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(2) Devise a set of performance metrics for assessing the food system’s status and innovation options
across four key policy goals formulated by food system actors;

(3) Use modelling to quantify the sustainability status of food and nutrition security in the EU and to assess
the potential impacts of innovation options across policy goals; and

(4) Use visualization to allow food system actors to assess the outcomes and associated trade-offs of
possible innovation options in an integrated manner across policy goals.

4.1.5 The Food Sustainability Compass

Hebinck et al. (2021) developed a food sustainability framework intended for policy integration. They focused on
the use of agri-food sustainability frameworks for use in policy processes. As such, they emphasize the
importance of a framework supporting “mediation of diverse value judgements to seek broad societal support,’
allow for “multi-actor deliberation towards a ‘shared vision” and economic trade-offs, and be evidence-based.

The paper provides a review of existing food systems frameworks. In reviewing food systems frameworks, it
draws a distinction between “metrics-based frameworks that assess the ‘status’ of food systems and those that
additionally aim to offer actionable policy insights” (Hebinck et al., 2021). It is also noted that frameworks based
on metrics (i.e. what can be measured) are limited by drawing boundaries to exclude elements of the system that
are not measured- but perhaps are conceptually understood, and important. These non-measured elements can
include social justice/equity, animal welfare, food waste, and food industry structure and performance.

The authors develop a food sustainability compass, related to the European SUSFANS model. It contains four
universal societal goals (1) Healthy, adequate, and safe diets, (2) Clean and healthy planet, (3) Economically
thriving food systems supportive of the common good, and (4) Just, ethical, and equitable food systems. The
indicators that inform these goals are

e Pragmatic: pragmatic solutions (e.g. use of proxies) are necessary when data is not available or accessible.

e Unique: redundancy and double counting of variables are avoided.

e Relevant: indicators need to capture the essence of the problem rather than be guided by data availability or
previous existence of indicators; in some cases, composite indicators are necessary.

Figure 4.2 presents the graphic visualization of the food sustainability compass. It contains an inner ring
consisting of the four societal goals, an intermediate ring identifying issues of concern, and an outer ring of
indicators.
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Figure 4.2. Food Sustainability Compass

Source: Hebinck, A., Zurek, M., Achterbosch, T., Forkman, B., Kuijsten, A., Kuiper, M., Ngrrung, B., Veer, P. van 't, & Leip, A. (2021). A Sustainability Compass for
policy navigation to sustainable food systems. Global Food Security, 29, 100546—100546. https://doi.org/10.1016/j.gfs.2021.100546

4.1.6 Canada’s National Index on Agri-Food Performance

Canada’s National Index on Agri-Food Performance, although not designed specifically for an animal agriculture
system, provides an overview of the sustainability of Canada'’s agri-food sector “from food production to retail”
(National Index on Agri-Food Performance, 2023b). The four pillars of the Index are the environment, the
economy, food integrity, and societal well-being. Themes within these pillars range from soil and water to
sustainable growth to food safety as well as food security (National Index on Agri-Food Performance, 2022, fig.
3). The following metrics in the Index are directly related to livestock: GHG intensity by species (National Index on
Agri-Food Performance, 2023a, p. 30); water use in animal production (p. 25); genetic biodiversity in livestock
species (p. 17); the state of biodiversity in native grassland habitats (p. 20); the use and safe disposal of livestock
medications (pp. 42, 45); the use of medically important veterinary antimicrobials (p. 55); the number of cases of

Animal Agriculture in Canada and its Regions: A White Paper on Livestock 22


https://doi.org/10.1016/j.gfs.2021.100546

animal disease (p. 59); and the number of species which have an animal care code of practice under the National
Farm Animal Care Council (p. 100).

Certain gaps have been observed in Canada’s National index on Agri-Food Performance; here we will mention
those related to livestock data. Canada’s National Inventory Report (NIR), which proved a rich source of data for
the Index, reports GHG emissions for crops as including forage and silage, which may be better classified under
livestock. The NIR values on GHG emissions could therefore be overstated for crops and understated for
livestock. For this reason, the Index did not use the GHG emissions values reported in the NIR (National Index on
Agri-Food Performance, 2023a, p. 17).

Some metrics appear in the Index’s inventory, but data have not been compiled due to some limitations. The
status of biodiversity in native grasslands was not measured in the Index due to a lack of suitable data. Models
developed by AAFC may be used in future Index updates. Another example is genetic biodiversity in livestock, or
an analysis of the various livestock breeds (National Index on Agri-Food Performance, 20233, p. 31).

The recent creation of the National Index on Agri-Food Performance may be seen as Canada'’s response to other
global or national indices of food system sustainability, such as the Global Reporting Initiative (founded in 1997
by the United Nations Environment Programme, Tellus Institute, and CERES), the World Benchmarking Alliance
(founded in 2015 by Aviva, Index Initiative, the UN Foundation, and the Business and Sustainable Development
Commission), and the Sustainability Assessment of Food and Agriculture systems (SAFA, founded by the FAQ), to
name a few (National Index on Agri-Food Performance, 20234, p. 18). Some perceived benefits of a holistic
measurement the sustainability of Canada’s agrifood system include: increased consumer trust in Canada’s
brand, support for sustainability claims which help access global markets (National Index on Agri-Food
Performance, 20233, p. 4), and ESG reporting for agri-food sub-sectors, companies, and producers (Marshall,
2022, p. 2).

4.2 Synthesis

The focused survey of food system frameworks, which is broader than frameworks for animal agriculture, reveals
the following:

e The assumptions observed about animal agriculture, where they are explicit, vary in their application
today. This is particularly evident from the Farm Foundation initiative in the early 2000's.

e ltis striking how accurate its assumption about scarce labour is today, and yet how far the dialogue has
come regarding environment and (especially) climate change, and also protein demand relative to the
assumptions of 20 years ago.

e The assumptions made by the NAS committee on animal science research priorities seem well
positioned for today, right down to the worry of cumbersome trade barriers that go some way toward
characterizing the geo-political situation today.

e There are pronounced similarities in terms of the scope of frameworks. All of the observed frameworks
stressed the importance of evaluating the full range of effects- a scope consistently defined across
frameworks as health, environment, social, and economic effects.

e All frameworks also indicate that effects that are empirically measurable and those that are not readily
measurable, or are measurable only using proxy measures or concepts, warrant inclusion. This defines
the boundaries of the systems, and these boundaries define the outcomes the framework is accountable
to, and the metrics of performance that must be developed and tracked.

e Each of the frameworks observed identifies as a complex-adaptive system. Nesheim et al. (2015) are
quite specific about this, and the more recent work done on TEEB and SUSFANS essentially incorporate
the complex, interconnected and adaptive characterization. This makes for a complex model containing
a large number of stages, players, relationships, and feedback loops that capture the interconnectedness
of systems that can create unintended consequences when one thing changes, resulting in ripple effects
and the necessity to adjust or adapt (see NAS, 2015, p. 233).

e The frameworks envisaged both accounting-type frameworks, and others that resemble simulation
models. Potential advantages exist with each. Simulation models present the prospect of being able to
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predict, with high resolution and detail, the effects of a particular change on the system as a whole.
However, they are very demanding with regard to parameters. To some degree, implementing a
simulation model requires invoking an objective pursued by segments of the system- such as profit or
output maximization, or conservation. An accounting framework places more attention on capital stocks,
has elements of simulation to estimate flows, and then estimates the change in the capital stock and the
effects/valuation of the flows. This would appear less demanding in terms of modelling parameters and
prescribing objectives, but more demanding in terms of data on the various forms of capital stock.

4.3 Implications for this Study

Drawing together the above, the following conclusions were drawn. Frameworks that deal with animal agriculture
and food as distinct from the food system must be narrower in scope. For example, whereas health is a
fundamental element of food systems frameworks, the observed benefit/burden of health cannot be attributed
distinctly to animal foods. Rather, it is certain aspects, such as prevention of certain dietary deficiencies, or
certain food borne illness that can relate to animal foods. This applies more generally as certain environmental
effects cannot be attributed to animal agriculture as distinct from agriculture more broadly (while others can).

Frameworks can both characterize/describe animal production systems and simulate the effects of changes.
However, the first step is to develop a baseline of status, relationships and effects. This should be the focus here.
The detail can be accumulated and built in to create the prospect of simulation of effects- both conceptually and
empirically.

The complexity of simulation modelling of a complex-adaptive system is beyond the scope of this study. The
data exist, at least to a large degree, to describe the initial (or current) stocks of the various forms of capital, and
also the flows associated with these stocks. To these can be added technical parameters/relationships that
characterize effects for which the data are unmeasured or non-empirical. This implies more of an accounting
framework, similar in concept to the TEEB framework.

Finally, it is clear that creative and novel visuals depicting the logic and linkages in the framework will be useful in
facilitating a broad discussion.

Figure 4.3 presents the implied framework structure for use in this study. Its structure is analogous to the TEEB
framework, but with more specifics identified that relate to animal agriculture.
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Figure 4.3. Framework for the white paper
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Image produced internally.

Beginning from the bottom of the figure, we have the initial base capital that defines the nature and capacity of
the system: the soils/land base, water, and biodiversity that comprise the natural resource capital stock; the
farms and workforce that populates human capital; the capital stocks that are created: breeding animals,
farmland, equipment and finances; and the capital stock of relationships, networks, and institutions that frame
interactions and cooperation.

From these are driven animal-based farm product outputs- livestock marketings, milk marketings, egg
marketings, etc. These are produced supported with selected inputs provided from outside the capital stocks,
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such as some feeds, animal health products, and a range of supplies. It also entails the generation of non-
product flows of outputs- manure, emissions, non-marketable products.

The arrows that move from stocks to flows into the value chain — with inputs and outputs, as well as along the
value chain - represent technical coefficient that characterize conversions. This includes productivity measures
such as stocking rates, feed conversion, usage rates, emission rates, et cetera.

These farm product output flows enter a value or supply chain where they are exported, or combined with
processing inputs, processed into animal-based foods, and then sold domestically in retail or foodservice, or
exported.

The nature of the flow of animal-based products and outputs influences ending period capital stocks. In general,
production of flows that exceed carrying capacity will diminish the capital stock; conversely, flows can be altered
to expand the inventory of capital in the various categories.

Finally, the top layer of the figure considers alternative dimensions through which to value the flows and changes
in capital stocks. The level and portfolio of flows impact human health, environment, social wellbeing, and the
trade-offs among flows given individual preferences, and flows relative to inputs and secondary outputs. These
dimensions of valuation similarly impact the assessment of changes in capital stock.

The use of the framework is at least two-fold. First, the data and information compiled within the framework
allow for a detailed, and ideally comprehensive, baseline of the size and scope of animal agriculture in Canada.
Secondly, it allows for a visual and logical basis to trace the impacts of discrete changes that occur at specific
points. This includes changes due to pressures on the system (e.g. from demand, policy changes, competition,
disease, weather events, climate change et cetera).

To illustrate, consider the effects of restrictions on use or lack of access to specific animal health products,
either on an acute/contingent basis (only an effect if there is a disease peril), or on a therapeutic/acute basis. The
direct effect could be the flow of farm products that can be obtained from the capital stock, which impacts
marketings and farm costs and returns- either on an incremental basis if the product is therapeutic, or as more of
a sudden shock if an acute disease peril occurs. This causes farms to draw down financial capital in order to
continue operating under an increased cost/reduced revenue situation. There are a broad range of secondary
effects. The reduced flow of farm products shorts the value chain relative to existing capacity, creating costs to
the downstream value chain from lost sales and from lost economies of size. The broader attempts to reduce the
impact of the disease peril can result in culling, which reduces both marketing flows and the breeding herd stock
and future flows going forward, and in turn reduces the demand for feeds. While culling ultimately reduces the
supply of animal product flows, which will ultimately increase prices. The increase in value chain costs makes
Canadian products less competitive, creating greater scope for imports and reduced cost competitiveness in
export markets. Over time, the effects can spread more broadly, possibly impacting all aspects of the framework,
so this survey of effects that draws upon the relationships in the framework is likely to be simplistic.

More generally, it will be difficult for the relationships embodied in the arrows in the framework to capture the full
breadth of actual situations. For example, the stock of beef cows that ultimately generates slaughter steers can
be managed under several different systems. Weaned calves can be fed solely on grass/hay to a slaughter
weight, or conversely can be fed finished on a concentrated grain diet- with significant differences in daily gain,
feed conversion, age/time to marketing, beef characteristics/quality, and greenhouse gas emissions. There is
great diversity in how beef cattle and other animals are raised; this can also be true of other segments of animal
agriculture.

The challenge engaged in subsequent sections is to give this conceptual framework meaning by populating it
with the actual data and information relevant to animal agriculture in Canada, and for Canada relative to its peers
in animal agriculture.

Animal Agriculture in Canada and its Regions: A White Paper on Livestock 26



5. Capital stocks in Canadian animal agriculture

In keeping with the framework described above, there are four types of capital stocks in animal agriculture, which
are listed and defined below:

(1) natural capital — water, soil, climate, and biodiversity;

(2) human capital — farms, households, labour, and educational resources;

(3) created capital — the breeding herd, the agricultural land base, physical capital such as equipment,
financial capital such as total assets; and

(4) social capital - institutions, communities, and other networks related to animal agriculture.

5.1 Natural capital

5.1.1 Surface water

Surface water levels and flows are tracked at station level across Canada. Samples are taken at streams by
federal or provincial workers, and data are available as far back as 1860 (although in that year, there were only
two stations: Sault Ste. Marie and the Niagara River) (HYDAT, 2023, calculations performed internally). Data were
restricted to May through August in order to avoid incomplete data through the winter months (Schindler &
Donahue, 2006).

Data for the last ten years are pictured here and show that the monthly mean of daily flows of surface water
fluctuate year by year. For instance, many provinces saw an increase in the monthly mean daily levels in 2020
(BC, AB, SK, MB, NB, NL), but all provinces saw a decrease from 2020 to 2021 because 2021 was a particularly
hot and dry year. In some cases there are multiple consecutive years of reduced flows- for example, Ontario and
Quebec 2020-22- but mostly the water flows alternate on an annual basis.

Figure 5.1. Percent change in monthly mean of surface water daily flows, by province
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Image created internally. Data source: (HYDAT, 2023, calculations performed internally). National Water Data Archive: HYDAT [Service description].
https://www.canada.ca/en/environment-climate-change/services/water-overview/quantity/monitoring/survey/data-products-services/national-archive-

hydat.html.
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5.1.2 Water quality

AAFC publishes an index of risk of water contamination, with 100 representing no risk (a “perfect score”). Data
for 1981 through 2016 are presented in Table 4.1 below, showing that water quality indices across Canada have
declined somewhat, indicating heightened risk due to water quality. Of the four components of Canada’s national
water index (nitrogen, phosphorus, coliforms, and pesticides), the greatest contributor to the decrease from 1981
to 2011 was nitrogen, with a decline in the score from 88 to 74, indicating an increase in risk of water
contamination by nitrogen (AAFC, 2021). The risk of nitrogen contamination worsened the most in Alberta (the
Red Deer and Qu'Appelle River basins), Saskatchewan, and Manitoba (the Carrot River and South Saskatchewan
River basins) (AAFC, 2021, fig. 3).

Table 5.1. Index of risk of water contamination, by component (AAFC).

1981 1986 1991 1996 2001 2006 2011 2016
Nitrogen 79* 64* 69* 74*
Phosphorous 75*% 71* 72* 69* 70%* 68* 68* 73*
Coliforms 78* 77* 76* 79*
Pesticides 71 -
*GOOD (60-79) **DESIRED (80-100)
Sources:

(1) Agriculture and Agri-Food Canada. (2022, June 16). Nitrogen Indicator.
https://agriculture.canada.ca/en/agriculture-and-environment/agriculture-and-water/nitrogen-indicator

(2) Agriculture and Agri-Food Canada. (2021aa, June 3). Phosphorus Indicator.
https://agriculture.canada.ca/en/agriculture-and-environment/agriculture-and-water/phosphorus-indicator
(3) Agriculture and Agri-Food Canada. (2022c). Pesticides Indicator.
https://agriculture.canada.ca/en/agriculture-and-environment/agriculture-and-water/pesticides-indicator
(4) Agriculture and Agri-Food Canada. (2022b). Coliforms Indicator.
https://agriculture.canada.ca/en/agriculture-and-environment/agriculture-and-water/coliforms-indicator

5.1.3 GDDs (growing degree days)

Growing degree days are a standard way of measuring the heat units in an area. Annual cumulative GDDs (May
through September) are pictured here for Lacombe, Alberta, and Harrow, Ontario for the past century. GDDs are
calculated with a base of 10 for Ontario (corn GDDs), whereas for Alberta, the mean temperature is used, which is
equivalent to wheat GDDs. Each image clearly identifies which years were omitted due to missing data
observations. Data were gathered from daily weather station temperature readings (Environment and Climate
Change Canada, 2023a), and images were created internally.

Both figures here show an increase in variability in recent years. The red arrows have been added to draw
attention to extreme swings from year to year which were not experienced for most of the 20t century. For
instance, Figure 5.2 shows that in Alberta, 1998 was a very warm year (cumulative GDD=2,252), followed by a
cold year (GDD=1,851 in 1999). Other instances of yearly swings include a jump from 2000 to 2001 (1,892 GDDs
t0 2,056 GDDs) and 2010 to 2011 (1,803 GDDs to 2,056 GDDs).
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Figure 5.2. Growing degree days (wheat), Lacombe, Alberta (1908-2022).
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Image created internally. Data source: (HYDAT, 2023, calculations performed internally). National Water Data Archive: HYDAT [Service description].
https://www.canada.ca/en/environment-climate-change/services/water-overview/quantity/monitoring/survey/data-products-services/national-archive-
hydat.html.

Figure 5.3 shows that GDDs have experienced greater fluctuation in Ontario since the 1990s. While GDDs seemed
to cluster and not change much from year to year in the ‘60s, ‘70s, and ‘80s, drastic swings were seen between
1999, 2000, and 2001 (GDDs = 1,627 to 1,208 to 1,535) and from 2009 to 2010 (GDDs = 1,184 to 1,644). In
addition to the sheer jump in GDDs between two consecutive years, these swings tend to move in opposite
directions (one hot year followed by a cold year, followed by a hot year), and they happen after years which are
unseasonably warm or cold.
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Figure 5.3. Growing degree days (corn), Harrow, Ontario (1918-2022).
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Image created internally. Data source: HYDAT. (2023). National Water Data Archive: HYDAT [Service description]. https://www.canada.ca/en/environment-
climate-change/services/water-overview/quantity/monitoring/survey/data-products-services/national-archive-hydat.html.

Other jurisdictions are presented in the appendix (PEIl; Lennoxville, Quebec; Baldur, Manitoba; and Outlook,
Saskatchewan) and generally depict the same trends as described above for Ontario and Alberta.

5.1.4 Precipitation

Precipitation data are available by weather station across Canada. Precipitation, whether snow or rain, is an
important factor, but not the only factor contributing to the amount of moisture available in the growing season;
other factors include snowpack in the watershed, snow retained by crop residue, drainage, soil health, and root
penetration. Frequency of precipitation also matters.

The Canadian Drought Monitor (CDM), pictured here, produces monthly maps which describe drought conditions.
Drought conditions take into consideration many factors: precipitation, temperature, satellite imagery of
vegetation, stream flows, and drought indicators from the agriculture, forestry, and water management sectors
(Agriculture and Agri-Food Canada, 2023d).

As pictured here, the colouration varies from grey — no drought — to red, meaning extreme drought (Agriculture
and Agri-Food Canada, 2023d). The year 2021 had extreme drought conditions (as measured in September), with
red spots also in 2015 and 2017.
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Figure 5.4. Canadian drought monitor, September snapshots

Source: (Agriculture and Agri-Food Canada, 2023a). Canadian Drought Monitor—Open Government Portal (Addition resources: Pre-packaged maps) [dataset].
Government of Canada. https://open.canada.ca/data/en/dataset/292646cd-619f-4200-afb1-8b2c52f984a2.

5.1.5 Soil

Soil can be a major factor in climate change mitigation through carbon storage, and also improved water
retention under increased levels of soil organic matter. Undisturbed agricultural lands have the best carbon-
capturing capacity, such as natural prairies (grasslands). Cropland and tame pastures also have potential to store
more carbon than they produce by implementing specific management practices such as no-till and prevention of
soil erosion (Wood-Bohm, 2018). Figure 5.5 shows the estimated SOC levels throughout the world, with red
indicating the lowest levels (0 to 25 tonnes of carbon per hectare) and blue, the highest (60 to >300 tonnes). The
majority of Canada is green (50 to 55 tonnes per hectare), with blue areas in the southern Prairies and eastern
provinces (FAQ, 2020).
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Figure 5.5. Estimates of SOC (tonnes of carbon per hectare)

Source: Global Soil Information System, FAO.

Soil health and carbon capture are complex systems. Focusing solely on carbon storage may have unintended
consequences on outcomes such as crop yields, moisture retention, biodiversity, and economic returns of the farm
(Samson, 2021; Smukler, 2019).

5.1.6 Biodiversity

As the global population of humans increases and agricultural production expands to feed them, areas of mature
forests and natural lands are projected to shrink by 13% by 2050 (FAO, 2017). Land use changes, including
deforestation, settlement, conversion to large annual crop areas and increased pesticide use, are increasingly
putting pressure on biodiversity globally. Polluted streams and waterbodies are also contributing to the decline.
According to the OECD, about one-third of biodiversity in rivers and lakes worldwide has already been lost (OECD,
2012). The insect population, which is another indicator of biodiversity health, is globally in decline. Also,
increasingly, humans are coming into contact with wildlife that is contributing to zoonotic risks of diseases
spreading from animals to humans to create pandemics like COVID.

Agriculture and Agri-Food Canada (AAFC) compiles an index on wildlife habitat capacity on agricultural land,
defined as the ability of the landscape to support breeding for wild terrestrial vertebrates. The wildlife habitat
capacity on agricultural lands index score for breeding ranged from 35.48 in 2000 to 34.27 in 2015, a small
decline. A score of 100 means that all land is highly suitable for the reproduction of all potentially occurring land
species.

More generally, biodiversity in Canada has declined, as documented by the Canadian Endangered Species
Conservation Council (2022). Their report observed that:

At the national level... 873 species are critically imperiled, 1,245 are imperiled, 2,765 are
vulnerable, 9,562 are apparently secure, and 10,038 are secure. Among those species, 20% (one
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in five) have some level of risk in Canada” (Canadian Endangered Species Conservation Council,
2022).

Figure 5.6 is reprinted from the Council's most recent report. It shows that, compared with 2015, in 2020 there
was reduction in species reported as secure, and an increase in the proportion reported as apparently secure,
with the proportion of imperiled and critically imperiled steady. The survey includes wild species that could be
present on agricultural lands, as well as others unlikely to be on agricultural lands (such as marine animals).

Figure 5.6. Proportion of each rank category at the national level in the reports of the Wild Species series.
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Source: Reprinted from Canadian Endangered Species Conservation Council. (2022). Wild species 2020: The general status of species in Canada. National
General Status Working Group. https://wildlife-species.canada.ca/species-risk-registry/virtual_sara/files/reports/Wild%20Species%202020.pdf.

In its 2017 report on Canada, the World Wildlife Fund (WWF) reported that half of our monitored species are in
decline, with an average decline of 83% over the 1970 to 2014 period (WWF, 2017). Some wildlife groups have
experienced larger declines than others: 54% of mammals, 51% of fish, 48% of birds and 50% of amphibians and
reptiles. There has been some improvement in certain bird species, such as raptors and waterfowl (Figure 5.7).
For species at risk (SAR) in Canada, populations declined by 43% between 1970 and 2002, with a 28% decline
after legislation was introduced in 2002.While some measures introduced, such as restrictions on pesticide use,
limits on fishing and hunting, and restored wetlands, there are still measures that are needed to prevent further
declines. Agricultural producers play a role through adopting a range of best management practices (BMPs) that
protect habitat and lead to greater biodiversity, while government and voluntary sector initiatives such as Ducks
Unlimited (DUC), Nature Conservancy of Canada (NCC), and Alternative Land Use (ALUS) can also help protect
wildlife habitat. (See Yildirim et al., 2019 for a description of these initiatives.)
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Figure 5.7. World Wildlife Fund Index of Bird Populations
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Source: Reprinted from (World Wildlife Fund, 2017, fig. 13, p. 24). Living Planet Report Canada. https://wwf.ca/report/Iprc-2017/

5.2 Human capital

Human capital in animal agriculture industries includes farm operators, unpaid and paid farm household
members, labour on farms and labour throughout the value chain, from farm inputs such as feed, feed
specialists, fuel and veterinarians, to processors, distributors, and retailers.

5.2.1 Veterinarians

Veterinarians support animal health in a variety of roles, notably as practitioners. Increasingly, there is a
separation in specialization between food animal practitioners and companion/small animal veterinarians.

There are five vet colleges in Canada: (1) the Atlantic Veterinary College at the University of Prince Edward Island;
(2) Faculté De Médecine Vétérinaire at Université de Montréal; (3) the Ontario Veterinary College at the University
of Guelph; (4) the Western College of Veterinary Medicine at the University of Saskatchewan; and (5) the Faculty
of Veterinary Medicine at the University of Alberta.

The number of veterinarians in 2022 was 15,322 (Canadian Veterinary Medical Association, 2023). In 2017, 10%
of veterinary practices were “large animal” practices (363 + 3467), compared with 64% companion animal
practices (2218) and 26% mixed (909) (Weaver, 2017, tbl. 13). A 2020 study found that there were needs for more
food animal vets in six provinces: BC, Saskatchewan, Manitoba, Ontario, Quebec, and New Brunswick (Canadian
Veterinary Medical Association, 2020, p. 23). More specifically, in Quebec in 2019, the following figures represent
the share of veterinarians who spend at least 10% of their time working with these food animal species: 14%
dairy (382 + 2646); 2% beef (44); 1% swine (34); and 1% poultry (20) (Canadian Veterinary Medical Association,
2020, p. 25).

Dairy and beef provide the largest demand for acute care veterinarian services. Figure 5.8 shows that the time
spend by new graduates with bovines (dairy and beef cattle) has been decreasing. In 2014, 30% of new
graduates’ time was spent with bovines; in 2018, this had dropped to approximately 15% (Canadian Veterinary
Medical Association, 2020, p. 32). This data comes from surveys of new graduates, and areas of specialty may
be inferred from this data.
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Figure 5.8. Time allocation of new graduate veterinarians
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Source: Canadian Veterinary Medical Association. (2020). 2020 CVMA Workforce Study: Final Report. Page 32.
https://www.canadianveterinarians.net/media/ak3lonad/2020-cvma-workforce-study-final-report.pdf.

5.2.2 Employment

According to industry associations, approximately 822,732 persons are employed in the four major sectors of
animal agriculture (beef, dairy, pork, and chicken/eggs), representing 36% of all workers in agri-food in Canada.
Table 5.2 shows the breakdown of employment by sector, as reported by respective industry associations. These
figures represent employees earning salaries or wages, as well as self-employed persons, working in primary
agriculture and food processing. This does not include food retailers, food wholesalers, or foodservice providers.

Table 5.2. Employment in animal agriculture
Jobs (direct and indirect)
347,352
195,115 (2021)

134,000
Chicken | 101,900 (2018)

| Eggs | 18,544 (2018)

*31,000 on farm and 103,000 off farm
Sources: Beef Cattle Research Council, 2021; (Dairy Farmers of Canada, 2021); Arnason, 2023 (Manitoba Pork); Chicken Farmers of Canada, 2020; Canadian
Pork Council, 2023.

5.2.3 Temporary foreign workers

The number of TFWs in agriculture and agri-food has increased by 44% since 2017, reaching 212,838 workers in
2022 from 147,914 in 2017 (not pictured here; Statistics Canada, 2023e). This includes primary production of
crops and livestock as well as food and beverage manufacturing (Agriculture and Agri-Food Labour Statistics
Program, 2023b). Figure 5.9 shows that the subsectors which employ the greatest number of TFWs in agriculture
and agri-food are greenhouses, vegetable and melon farming, and fruit and tree nut farming. From a livestock
perspective, cattle and ranch farming employ the greatest number of TFWs in the animal agriculture sector, but
only represent 4.42% of all TFWs working in agriculture and agri-food. Hog and pig farming employed 3,948 TFWs
in 2022; poultry and egg, 3,316; and other animal production, 3,298 (Agriculture and Agri-Food Labour Statistics
Program, 2023b).
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Figure 5.9. TFWs in agriculture and agri-food, 2022
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Image created internally. Data source: (Agriculture and Agri-Food Labour Statistics Program, 2023b). Temporary foreign workers in the agriculture and agri-food
sectors, by industry (Table 32-10-0218-01) [dataset]. Statistics Canada. https:/www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210021801.

The stock of human capital that motivates flows into the agri-food value chain includes the adjacent industries
involved in supplying and processing raw animal products. Figure 5.10 presents estimates of the stock of
employees engaged in feed (animal food) manufacturing, dairy and ice cream processing, red meat primary
processing, rendering and meat further processing, and poultry processing. The table shows that, across the
manufacturing segments, in 2021 there was a stock of about 86,000 in direct labour roles manufacturing animal-
based food products and feed, and just over 25,000 in non-manufacturing roles.

Figure 5.10. Persons Employed in Animal-based Food Processing and Feed Manufacturing, Canada, by
NAICS code
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Image created internally. Data source: (Annual Survey of Manufacturing and Logging Industries, 2023)

Table 5.3 shows the total number of salaried employees in agriculture, including the number of full-time and part-
time workers, seasonal employees, on agricultural operations with at least one employee (Agriculture and Agri-
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Food Labour Statistics Program, 2023a). The number of operations in dairy and milk, beef and feedlots, and hog
and pig farming has decreased since 2016, while the number of poultry and egg operations has increased
(Agriculture and Agri-Food Labour Statistics Program, 2023a). Simultaneously, the total number of employees
has increased in each commodity except beef and feedlots, which saw a decrease by 6% of total employees from
2016 to 2021 (Agriculture and Agri-Food Labour Statistics Program, 2023a).

The number of employees per operation has increased from 2016 to 2021 for dairy and milk operations, beef and
feedlots, and hog and pig farming. This may be a symptom of increasing farm sizes in Canada as the industry
consolidates and as the average age of farm operators increases (Statistics Canada, 2022f).

Table 5.3. On-farm employment per operation, by sector, 2016 to 2021

Number of employees (full-
Agricultural operations with time, part-time, and
at least one employee seasonal) Employees per operation

Dairy and milk 6,597 6,166 4 7% 31,104 31,717 2% 47 5.1 9%
Ee1e2f18?]feedlots 4,591 4,022 412% 15606 14,642 L 6% 3.4 3.6 ™%
I[:;Ic;lli:(lrll]and egg 2,050 2,114 3% 15,006 15163 ™% 7.3 7.2 L2%
E;gzi]nd pig[1122] 1,264 1,140 410% 10,977 11,031 70.5% 8.7 9.7 ™M1%

Table created internally. Data source: (Agriculture and Agri-Food Labour Statistics Program, 2023a). Employees in the agriculture sector, and agricultural
operations with at least one employee, by industry (Table 32-10-0215-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210021501.
Percentage change and employees per operation computed manually.

Although not shown here, the breakdown of full-time, part-time, and seasonal employees is also available. The 2%
increase in the number of employees in dairy and milk was associated with a 7% increase in full-time employees,
offset by a 2% decrease in part-timers and a 3% decrease in seasonal employees from 2016 to 2021. In beef and
feedlots, the 6% decrease in total employees was associated with a 16% decrease in seasonal employees. In
poultry and egg production, total employees increased by only 1%, the product of an 8% increase in full-timers
offset by decreases in part-time and seasonal employment. In hog and pig farming, part-time employment fell by
21%, while full-time and seasonal employment increased by 4% and 5% respectively, for a net result of a 0.5%
increase in the total number of employees (Agriculture and Agri-Food Labour Statistics Program, 2023a).

Table 5.4. Change in employment (FT, PT, and seasonal) by agricultural operation type, 2016 to 2021
Dairy and milk Beef and feedlots Poultry and egg Hog and pig [1122]

[11212] [11211] [1123]
2016 “ 2021 2016 2021 \ 2016 \ 2021 \ 2016

Total 31,10 | 31,717 15,606 14,642 (-6%) 15,006 | 15,163 10,97 | 11,031
employees | 4 (+2%) (+1%) 7 (+0.5%)
Full-time | 1509 | 16,100 7,547 | 7,535(-0.2%) | 7,979 | 8597 (+8%) 7,284 | 7,563 (+4%)

8 (+7%)
Part-time | 7,844 | 7,707 (-2%) | 3,49 | 2,954 (-6%) 3401 | 3200 (-6%) | 1,619 | 1,283 (-21%)
Seasonal | 8,179 | 7,909 (-3%) | 4918 | 4,153 (-16%) | 3,636 | 3,367 (-7%) | 2,086 | 2,185 (+5%)
employees
Table created internally. Data source: (Agriculture and Agri-Food Labour Statistics Program, 2023a). Employees in the agriculture sector, and agricultural

operations with at least one employee, by industry (Table 32-10-0215-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210021501.
Percentage change computed manually.

5.3 Created capital

Created capital in animal agriculture includes the foundation or “mother” herd, the agricultural land base, physical
capital such as equipment, and financial capital such as total assets.
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5.3.1 Breeding herd

As at January 1, 2023, there were 3,562,000 beef cows; these cows were located on beef operations according to
the Livestock Survey (Statistics Canada, 2023h). The 2021 Census of Agriculture reported 3,776,389 beef cows
(Statistics Canada, 2022b). This discrepancy of approximately 200,000 head can be explained by the fact that the
Census of Agriculture asks producers to report the number of head on May 11, 2021 (Statistics Canada, 2022e),
while the Livestock Survey reports the number of head on January 1, 2023.

As at January 1, 2023, there were 969,000 dairy cows, and they were all located on dairy operations, according to
the Livestock Survey (Statistics Canada, 2023h). There were 1,231,000 sows and gilts over 6 months of age, and
7,852,035 layer and broiler breeders (Statistics Canada, 2023h).

Figure 5.11. Breeding herd size, 2023

Beef cows 3,562,000
Dairy cows 969,000

Sows and gilts 1,231,000
Layer and broiler breeders (pullets and hens) 7,852,035

Source: Statistics Canada. (2023, February 28). Cattle statistics, supply and disposition of cattle.
Livestock Survey. https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210013901

As a time series, the breeding herd in Canada has been in gentle decline and has not increased for all livestock
groups studied here, with the exception of chicken (laying hens and broiler breeders). The image here shows
year-over-year declines in red, and increases in green. Cattle are represented by circles (beef on the top row, dairy
on the bottom row), hogs by squares, and chickens by diamonds. Beef cows, dairy cows, and hogs have
decreased in 2022 and 2023 (as at January 1%t each year); this decrease has been less than 1% each year with
the exception of beef cows which decreased by 2.5% from 2022 to 2023. The mother herd for poultry and egg
production, however, rose by 19.58% from 2011 to 2016, and by 18.45% from 2016 to 2021. From 2011 to 2021,
the number of pullets and hens rose from 5,543,889 birds to 7,853,999 birds (not pictured here). From 2014 to
2023, the number of beef cows fell from 3,828,100 to 3,562,400 and the number of dairy cows fell from 1,184,000
10 969,000. The number of sows and gilts six months of age and over increased from 1,179,000 to 1,231,000
(2014 to 2023).

Livestock breeding herds have not always been on the decline. Hog numbers increased from 2014 to 2018 and
again in 2021, peaking at 1.246M sows and gilts. The latest figure (1.231M at January 1, 2023) is not far below
this peak. Beef cows have declined most years over the past decade, but dairy cows made modest gains from
2017 through 2020.
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Figure 5.12. Breeding herd sizes, 2014-2023

Beef cows & Dairy cows, On all cattle operations, Canada, At January 1

S 4000
§3500 3,82;3 1(2;;/000) 3,710 (x1,000) 3,675 (x1,000) 3,686 (x 1,000) 3744 (x1,000) 3,742 (x1,000) 3,668 (x 1,000) 3,711 (x1.000) 3653 (x1,000) 3562 (x 1,000)
S3000 O ° -3.088% -0.935% 0.294% 1.568% -0.056% -1.959% 1.164% 1.571% " 2 475%
hel . 0
el
& 2500
kol
& 2000
)
1500 959 (x 1,000) 946 (x 1,000) 944 (x 1,000) 945 (x 1,000) 975 (x 1,000) 976 (x 1,000) ~ 979 (x 1,000) 975 (x 1,000) 969 (x 1,000) 969 (x 1,000)
(s}
Pt -0.909% -1.438% -0.201% 0.138% 3.185% 0.113% 0.307% -0.480% -0.523% -0.093%
§ 1000 o o [ [
£ 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Hog time series, Sows and gilts, 6 months and over, Canada, At January 1 Chickens (layer and broiler breeders), Canada
1250
. M
1240 [ ] 1246k 3 7y 7,853,999
81230 Bk W 1.038% 1,240K H 18.445%
=] 1236K 0405% 1,235K  1.233K -0.498% 5 6M 6,630,901
%1220 1.703% -0.492% -0.113% 121K g 19.580%
z : -0.742% @ 5M oUo
g1210 1,215K 2 am
1200 2.514% 3M
1190 1,179K
0.349% E
1180 1,185K 1M
u 0.543% oM
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2016 2021

5.3.2 Agricultural land base

Canada has a total farm area of just under 154 million acres, as of the 2021 Census of Agriculture: 93.6 million
acres in crops, 11.9 million acres in tame/seeded pasture, 1.3 million acres in summerfallow, and 46.8 million
acres classified as “other land,” which includes natural pasture (Census of Agriculture, 2022b). Figure 5.13 shows
the pasture land (tame or seeded as well as natural land for pasture) by province in 2021. In terms of pasture
land acres, Alberta has the largest endowment at 20.4M acres, comprising 41% of the province’s total farm area
(land in crops, Christmas trees, natural land for pastures, tame or seeded pasture, summer fallow and chem
fallow, woodlands and wetlands, and “other” land such as acres too wet to seed) (Census of Agriculture, 2022c).
British Columbia has the largest share of its agricultural land in this category, with 62% of total farm area (3.5M
acres in pasture) (Census of Agriculture, 2022c). Saskatchewan has the second largest pasture area, with 16.3M
acres of pasture land, making up 27% of its total farm area (Census of Agriculture, 2022c¢). “Total farm area”
includes land in crops, Christmas trees, natural land for pastures, tame or seeded pasture, summer fallow and
chem fallow, woodlands and wetlands, and “other” land such as acres too wet to seed (Statistics Canada, 2022c).
Alberta had the greatest area of pasture (natural and tame) in 2021: 20,376,045 acres, followed by Saskatchewan
with 16,324,537 acres. Pasture represents 41.45% of all of Alberta’s farm area, and 27.09% of Saskatchewan'’s
(Census of Agriculture, 2022c).
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Figure 5.13. Pasture land and as share of total farm area by province, 2021

British Columbia Alberta Saskatchewan Manitoba
3,518,133 acres 20,376,045 acres 16,324,537 acres 4,046,835 acres
62% 41% 21% 24%

*

1,825 acres
4%

B
23,61 b; acres|

A ,588 acres

4%
* Is comprised solely of tame or seeded pasture (no natural land for pasture

Image produced internally.
Data sources:
(1)  (Census of Agriculture, 2022b). Land use, Census of Agriculture, 2021 (Table 32-10-0249-01) [dataset]. Statistics Canada.
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210024901.
(2) (Census of Agriculture, 2022c). Land use, Census of Agriculture historical data (Table 32-10-0153-01) [dataset]. Statistics Canada.
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=321001530.

The two panels below show the change from 2011 to 2021 in natural land for pasture (panel A) and tame or
seeded pasture (panel B) at the census division level. The red shapes represent losses and the green represent
gains, with deeper colours representing more acres. The greatest losses of grasslands (native and managed)
being converted to cropland are in Saskatchewan and Alberta because these provinces have the greatest number
of acres to lose.

Figure 5.14. Change in pasture land
A B

Natural land for pasture (2011 to 2021) Tame or seeded pasture (2011 to 2021)

Canada

Images produced internally.
Data sources:
(1) (Census of Agriculture, 2022b). Land use, Census of Agriculture, 2021 (Table 32-10-0249-01) [dataset]. Statistics Canada.
https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210024901.
(2) (Census of Agriculture, 2017). Land use, Census of Agriculture, 2011 and 2016, inactive (Table 32-10-0406-01) [dataset]. Statistics Canada.
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210040601.
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5.3.3 Financial capital

Farms raising food animals account for extensive capital investment. The most direct measure of this investment
is in the value of livestock themselves. The most up to date source of data on the capital stock of livestock on
farms is collected in the Farm Financial Survey on a biannual basis. This is presented below in Figure 5.15. The
figure shows that investment in livestock on farms in Canada increased from 2009 to 2015, and has been
relatively stable since, valued at just over $16 billion. The inventory value of market livestock has broadly
increased since 2009, while the value of breeding stock peaked in 2017 and has decreased gently since (Farm
Financial Survey, 2023a).

Figure 5.15. Value of Livestock on Farms, Canada, 2009-2021 biannual data
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Image produced internally.
Data source: (Farm Financial Survey, 2023a). Farm financial survey, Canadian and regional agricultural balance sheet (gross farm revenue equal to or greater than

$25,000) (Table 32-10-0101-01) [dataset]. Statistics Canada. https:/www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210010101.

Figure 5.16 below provides an aggregate estimate of the value of capital on farms identified as beef, dairy, hog
and pig, poultry and egg, and other animal production (Farm Financial Survey, 2023b). The figure shows that in
2021, an estimated 44,000 farms in Canada are livestock farms based on the principal source of revenue
identified in the Farm Financial Survey. While the number of livestock farms estimated has been in decline since
20009, the aggregate value of assets deployed in animal agriculture has been increasing, recently valued at $191
billion in assets, and about $143 billion in net worth.
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Figure 5.16.Total Aggregate Assets and Net Worth: Beef, Dairy, Hog and Pig, Poultry and Egg, and Other
Livestock
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Image produced internally. Aggregates computed by multiplying average per farm by the number of farms for each farm type, then summing the five types
(beef, dairy, hog/pig, poultry/egg, other animal production).

Data source: (Farm Financial Survey, 2023b). Farm financial survey, financial structure by farm type, average per farm (gross farm revenue equal to or greater than
$25,000) (Table 32-10-0102-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210010201.

Financial Returns in Animal Agriculture

Financial returns are commonly assessed based on operating profitability and on returns on assets. For example,
a common measure of operating profitability is the ratio of earnings before interest, taxes, depreciation, and
amortization (EBITDA) to sales. A variety of measures financial returns performance exist, such as return on
assets or return on equity, and most are dependent upon financial structure.

The public database regarding farm financial performance is contained in the Farm Financial Survey (FFS), and
the performance metrics that can be obtained from it are limited based on the data that are collected. The best
proxy for operating profitability in the FFS is net cash farm income. Sales is constructed based on “farm sales”
and “program payments” collected in the FFS. Total assets are also collected in the FFS.

The FFS data is presented since 2001. However, prior to 2009 the data was reported as an average per farm for
farms exceeding $10,000 in gross farm income on an annual basis; for 2009 to 2021 the data are averages per
farm are for farms exceeding $25,000 in gross farm income. The data are fragmented by major farm type. The
beef cattle farm category encompasses all segments- cow-calf, backgrounding, and feedlots; because these
segments operate under very different economic models, the results for cattle present some difficulty in
interpretation. The other animal production category likewise takes in a broad range in farm enterprises, and also
presents some limitations with regard to interpretation.

Figure 5.17 below presents the ratio of net cash farm income/(farm sales + program payments), as a proxy for
EBITDA/sales. The figure shows this ratio ranging from 20 to 25 percent for dairy farms (grey bars) to under

5 percent for other animal production. The figure shows dairy farms (grey bars) and poultry and egg farms (dark
bars) with the highest ratio, averaging 20 to 25 percent for dairy farms and 15 to 20 percent for poultry and egg
farms, on a generally stable basis. Hog farms (bright green lines) have a ratio that is lower than either dairy or
poultry and egg farms, and is much more variable over time. Cattle (hollow lines) and other operating returns
have been generally lower than the other commodity segments (Farm Financial Survey, 2017, 2023b).
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Figure 5.17. Farm Operating Returns versus Operating Revenue, Average per Farm
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Image produced internally. Prior to 2009, data are for farms >$10,000 gross farm revenue, annual basis. For 2009-21, data are for farms >$25,000 gross farm
revenue, biannual basis.
Sources:
(1) (Farm Financial Survey, 2017). Farm financial survey, financial structure by farm type, average per farm (gross farm revenue equal to or greater than
$10,000) (Table 32-10-0287-01) [dataset]. Statistics Canada. https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210028701
(2) (Farm Financial Survey, 2023b). Farm financial survey, financial structure by farm type, average per farm (gross farm revenue equal to or greater than
$25,000) (Table 32-10-0102-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210010201

Figure 5.18 presents the ratio of net cash farm income to total assets. It shows that financial performance
relative to the value of assets is comparatively stronger for hog, cattle and other animal farms. Since 2009,
financial returns for hog farms have generally been the highest, mostly 4-5 percent, although the returns are
clearly the most variable for hog farms. Returns against assets were stable but comparatively lower for dairy and
poultry and egg farms, mostly ranging around 3 percent.

Figure 5.18. Farm Operating Returns versus Assets, Average per Farm, 2001 to 2021

Ratio of net cash farm income = total assets, 2001 to 2021
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Image produced internally. Prior to 2009, data are for farms >$10,000 gross farm revenue, annual basis. For 2009-21, data are for farms >$25,000 gross farm
revenue, biannual basis.
Sources:
(1) (Farm Financial Survey, 2017). Farm financial survey, financial structure by farm type, average per farm (gross farm revenue equal to or greater than
$10,000) (Table 32-10-0287-01) [dataset]. Statistics Canada. https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210028701
(2) (Farm Financial Survey, 2023b). Farm financial survey, financial structure by farm type, average per farm (gross farm revenue equal to or greater than
$25,000) (Table 32-10-0102-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210010201
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The difference between Figure 5.17 and Figure 5.18 lies solely in the denominator. Effectively, the results show
that for a unit of operating revenue, dairy and poultry farms are clearly return the most in operating earnings, and
do so on a stable basis. Conversely, a unit of assets generate lower operating earnings in dairy and poultry versus
hogs, though the hog returns are much more volatile. Put differently, it takes a higher level of assets employed in
dairy and poultry to generate the same earnings as in hogs, ignoring the effect of earnings volatility that
negatively influences hog farm returns.

5.4 Social capital

James Coleman, the creator of the term “social capital,” explained the concept in the following way:

Social capital... comes about through changes in the relations among persons that facilitate
action. If physical capital is wholly tangible, being embodied in observable material form, and
human capital is less tangible, being embodied in the skills and knowledge acquired by an
individual, social capital is less tangible yet, for it exists in the relations among persons. Just as
physical capital and human capital facilitate productive activity, social capital does as well. For
example, a group within which there is extensive trustworthiness and extensive trust is able to
accomplish much more than a comparable group without that trustworthiness and trust.
(Coleman, 1988, p. S100).

Social capital, as a stock influencing how participants in the livestock sector interact, is comprised of
relationships developed in organizations, collective activities, and networks (Reimer, 2005). Some of the
outcomes of social capital are mutual trust, reciprocity, collective identity, a sense of shared future, and
cooperation (Flora, 2007). These outcomes can also loop around and become part of the capital stock as an
asset or a liability (Reimer, 2005). The manifestation of these are a sense of community- emphasizing a common
project, a common identity, a common historical narrative, and common loyalty (Brooks, 2019).

Social capital can be arranged into four categories: market, bureaucratic, associative, and communal (Reimer,
2005). Norms of behaviour, values, perspectives and ways of operating surround each of them in such a way that
particular expectations emerge to reinforce the legitimacy of action. These norms become formalized into law
with associated methods of enforcement. Some take longer to develop than others, and some are more difficult
to change. Some of them are particularly relevant for the livestock sector. This includes market relations and
associative relations.

Market relations are based on the exchange of goods and services within a relatively free and information rich
context, explained by a classical economic market. They are about individuals bringing surplus goods, searching
for those things they desire and striking an exchange that is mutually exclusive (Reimer, 2002). These relations
are developed when producers and other players decide to participate in the value chain as buyers or sellers. A
case study of the beef value chain in Alberta found that beef producers developed a degree of trust with their
buyers and others in the value chain, and that this social capital contributed to the success of the supply chain
(Lipton & Spyce, 2011). Economic benefits can ensue from this type of social capital, such as farms hiring locals
as farm workers (Lipton & Spyce, 2011, p. 1).

Associative relations are based on shared interests (Reimer, 2005, p. 5); examples include clubs, spectator events,
online forums, and any other location (in-person or virtual) where participants have shared interests and valued
outcomes. These types of relations usually have focused objectives and have various degrees of structure
(Reimer, 2005, p. 5).

Bureaucratic relations are based on a rationalized division of labour and the structuring of authority through
general principles and rules (Ibid.). They are more impersonal and formal, where individuals relate more through
the roles they are assigned than through individual characteristics. A critical feature of these relations is the
explicit or implicit articulation of rights and entitlements founded on formal charter or legal document and
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backed up with law and access to enforcement. The level of social capital is strongly related to the ability of
institutions to enforce rights.

Communal relations are based on strongly shared identity where members are treated equivalently based on
characteristics like birth, ethnicity, or location as a basis for equivalence. Family, friendship, and clan
relationships are common examples. Communal relations require a high level of trust and loyalty, especially
where exchanges are long term or if objects of exchange are unclear (Reimer, 2005). Communal relations exist in
Canadian agriculture, especially when farms of the same type (such as cow-calf operations or dairy farms) are
located near each other. Table 5.5 shows the distribution of livestock farms in Canada by type (Statistics Canada,
2022a). The vast majority of beef farms are located in Alberta; Quebec and Ontario have the vast majority of dairy
farms and hog/pig farms; Ontario and BC are the leaders in poultry and egg producers; and Ontario is by far the
leader in sheep and goat farming (Table 5.5).

Table 5.5. Distribution of livestock farms by farm type and province, 2021
Beef ranching and Dairy cattle Hog and Poultry Sheep Total
farming, including and milk pig and egg and goat  Other livestock
feedlots production farming production farming animal farms

NS

Quebec

| Alberta |

Alberta

The definition of a census farm is: “a unit that produces agricultural products and reports revenues or expenses for tax purposes to the Canada Revenue
" (Statistics Canada, 2022a).
Table created internally. Data source: (Statistics Canada, 2022a). Farms classified by farm type, Census of Agriculture, 2021 (Table 32-10-0231-01) [dataset].

https://www150.statcan.gc.ca/t1/tbl1/en/cv.action?pid=3210023101

Valued outcomes are important in social capital, for shared values foster cooperation and communication.
Examples of outcomes achieved through high social capital include climate adaptation (Fletcher et al., 2020) and
technology adoption (Micheels & Nolan, 2016), especially in the Prairies, and profitability. This latter outcome is
not always the most important outcome, as evidenced by the existence of some animal agricultural operations
which continue to operate, despite continued low or negative profits. One way to understand such operations is
the strong link between animal agriculture and culture or social capital.

The members of social capital networks can vary, depending on the type of relation (market, bureaucratic,
associative, and communal). A suggested list of members in the livestock sector’s social capital network is
displayed here.

Figure 5.19. Members of the social capital networks, by type of relation

Market relations Bureaucratic relations Associative relations Communal relations
Buyers and sellers All levels of government  4-H Family
Labour force (non-family)  Industry associations Farm management clubs  Friends

Local institutions
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5.4.1 Institutions

Social capital is difficult to measure because it refers largely to relationships and trust. A prospective indicator of
trustworthiness and trust are the institutions that are maintained in animal agriculture. They facilitate knowledge
transfer and mobilization; coordinate farm products marketing through producer marketing boards; and support
farmer education and extension such as through breed associations, soil and crop improvement associations,
women’s’ institutes, and farm safety associations. Farm supply and marketing cooperatives are collective
responses to market access issues. Farmers also collaborate under quasi-judicial alternate dispute resolution
institutions; and organizations to support farmers in difficulty such as farm debt review boards.

The multitude of institutions form a complex network, each with unique abilities to strengthen the livestock
industry and help it to produce goods and services, both animal products and environmental goods and services.
The list of institutions in the appendix serves not as a comprehensive list, but as an illustration of the breadth and
depth of institutions that are involved in animal agriculture.

A related aspect is the ability of animal sectors to change or create new institutions — an indicator that sufficient
trust exists for animal industries to create and support new industries to meet new collective demands, or reform
existing institutions to meet changing demands. Several important examples exist in animal agriculture. Animal
industries in multiple provinces created farm animal councils to address issues of public perception of animal
agriculture; some of them have merged with plant agricultural organizations to broaden their base, and the
provincial farm animal councils were instrumental in establishing the Canadian Centre for Food Integrity. A
National Farm Animal Care Council was established several years ago to establish standards and harmonize
welfare and handling standards for farm animals. More recently, Animal Health Canada was developed to
coordinate provincial efforts in animal health policy and provide a national umbrella to address animal health,
disease, and welfare issues.

5.4.2 Implications related to social capital

Animal agriculture is endowed with institutions that facilitate many of its complexities: markets, product
standards, acceptable processes for animal health and welfare, etc., built up over a very long period of time.
These have had the robustness and security of a community within and across industry segments, even as it has
had to evolve over time. However, this cannot be taken for granted, and social capital can fall into decline.
Mussell and Hedley (2021) observed long-term structural shifts in farm structure in Canada (including livestock
farms): “wide swaths of farms are being left behind-previously viewed as viable family businesses - in the wake
of rapid growth in the large and very large segments” (pg. 8). Mussell (2021) worried that “a collapsing middle of
the distribution of farms... threatens the community constituted by agriculture, with its commonality of interests
and views, and institutions developed to support them” (p. 2). Moreover, targeted campaigns can be very
effective at swaying public opinion toward or away from animal agriculture (see section 8.2). Constant work is
required to renew social capital, and queue up new issues to be addressed and determine the most appropriate
manner to address them.

Social capital which fosters trust is also key to ensure that animal agriculture, the food system and its products
are well perceived and accepted by consumers and the public. This is sometimes captured by the concept of
“social license.” In the context of animal agriculture, social license allows livestock operations situated near
urban areas to continue to operate despite odours, noise or citizens’ views of animal welfare, and livestock
production. Consumers’ positive perceptions and willingness to purchase meat, poultry and dairy products is
influenced by social capital related to the public’s trust in the food system.

Public trust in agriculture, the food system and its products is a concern of many in the animal agriculture
industry. Public opinion surveys are regularly conducted by industry and governments who strive to strengthen
the public’s trust in the industry. The Canadian Centre for Food Integrity (CCFI) is responsible for monitoring
public sentiment around agriculture and food. In its most recent poll, CCFl identified how trust in the agriculture
and food system remains relatively strong and farmers are considered the most trustworthy of all other food
system stakeholders (Figure 5.20). In 2022, 42% of those Canadians polled expressed a high level of trust in
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farmers. This was followed by trust in scientists and small independent producers at 35% and 33%. Politicians
and food processors/manufacturers were the least trusted stakeholders, at 8% and 14% of respondents.

Figure 5.20. Trust in the Canadian agriculture and food system

Whom do Canadians trust? (2022)

Farmers 56% 2%

Scientists 59% 6%

Small Independent Producers 64% 3%
University Researchers 64% 5%
Canadian Agriculture 68% 4%
Canada's Food system 70% 5%
Grocery Stores 74% 5%

Restaurants 77% 6%

Government Agencies 66% 21%
Food Processors and Manufacturers 76% 10%
Politicians 51% 41%
m 8-10 High level of trust 4-7 Neutral 1-3 Low Level of Trust

“Thinking of the Canadian food system, how would you rate your trust in the following groups?” Base: All respondents (n=2918). Reproduced from Canadian
Centre for Food Integrity, 2022.

Another public opinion poll conducted by the Saskatchewan Ministry of Agriculture in 2020 also sought the
public’s perceptions of agriculture in the province (Government of Saskatchewan, 2022). Because of the
importance of cow-calf operations in Saskatchewan, some results were relevant for perceptions around animal
agriculture operations in the province. Residents were asked to rate their trust in Saskatchewan farmers and
ranchers and their behaviour: 85% reported that they trusted Saskatchewan farmers and ranchers and 70%
trusted them to take care of the environment. 71% reported they agreed that livestock are treated humanely by
farmers and ranchers and 60% supported the growth of intensive livestock development in their communities.

CCFl also asked Canadians about their perceptions of food production in Canada. Some of the responses that
are relevant to animal agriculture are provided in Figure 5.21. When asked about the humane treatment of
animals, 59% of respondents reported they have no problem consuming meat, milk and eggs if farm animals are
treated humanely. Less than half (42%) are concerned about companies “greenwashing” or providing misleading
information when labelling their products as environmentally friendly. The same share of respondents (42%) were
concerned about hormone use in farm animals while 37% were concerned about antibiotic use and 34% believed
animals should be given antibiotics if they are sick. A similar share of respondents (34%) believed that Canadian
meat, milk and eggs are in fact derived from humanely treated animals. It continues to be important for those
players in animal agriculture, from scientists, to veterinarians, to producers and processors to ensure they do not
lose the public’s trust in their industry for the future prosperity and sustainability of animal agriculture in Canada.
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Figure 5.21. Public Perceptions of Food Production and Animal Agriculture

Perceptions about Animal Agriculture (2022)
m 8-10 (Agree) 3-7 (Neutral) 0-2 (Disagree)
If farm animals are treated humanely, | have no | 4%
problem consuming meat, milk and eggs ‘
| am personally concerned about "greenwashing"” or 59
misleading information about a company's products ‘
| am personally concerned about the use of hormones 6%
in farm animals ‘
Canadian farmers are good stewards of the 39
environment ‘ i
I am concerned about the use of antibiotics in farm 7%
animals ‘ .
| believe animals should be given antibiotics if they 5%
are sick ‘
Canadian meat, milk and eggs are derived from 5%
humanely treated animals. ‘

Reproduced from Canadian Centre for Food Integrity, 2022

5.5 Governance and regulations

The animal agriculture industry is regulated by a broad array of regulations operating at federal and provincial
levels. The federal Health of Animals Act serves as an umbrella that establishes standards for the welfare of farm
animals with respect to disease, toxic substances, and transport, care and handling. It also establishes the
authority for inspection of premises, regulation of facilities, and compensation for losses associated with
animals ordered destroyed.

With regard to meat, meat products, milk, and dairy products, federal regulations operate under two main
legislative frameworks. First, all meat and meat products sold in Canada must comply with the Food and Drugs
Act and Food and Drugs Regulations made under this Act. The Food and Drugs Act, which is overseen by Health
Canada, prohibits the sale of unsafe food products and establishes minimum health and safety provisions for all
foods sold in Canada. It prohibits the sale of unfit or poisonous food (s. 4(1)), prohibits the manufacture,
preparation, preservation, packaging, or storage of food for sale under unsanitary conditions (s. 7), and makes it
unlawful to label, package, treat, process, sell, or advertise any food in a manner that is false, misleading, or
deceptive or is likely to create an erroneous impression regarding its character, value, quantity, composition,
merit, or safety (Food and Drugs Act, n.d., sec. 5(1)). The Food and Drugs Act grants Parliament the power to
make regulations for “carrying the purposes and provisions of this Act into effect” (s. 30(1)).

Products destined for interprovincial and international trade fall under the federal Safe Food for Canadians Act
and its Regulations (SFCA + R), which apply to slaughter and processing activities. Prior to December 2018, meat
production was overseen by the federal Meat Inspection Act and its regulations. In response to recommendations
that the federal government “simplify and modernize federal legislation and regulations which significantly affect
food safety" (Government of Canada, 2009, p. 88), the different authorities administered and enforced by the
Canadian Food Inspection Agency (CFIA) (the Meat Inspection Act, the Fish Inspection Act, the Canada Agricultural
Products Act, the food provisions of the Consumer Packaging and Labelling Act, and the 14 sets of associated
regulations) were consolidated into a single statute and accompanying set of regulations.
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Dairy and poultry products fall under a range of federal legislation regulations dealing with farm products
marketing, including the Canadian Dairy Commission Act, the Farm Products Marketing Agencies Act, and the
Agricultural Products Marketing Act. The federal government regulates approval of animal health products and
feeds under Health Canada (Veterinary Drugs Directorate) and the Canadian Food Inspection Agency,

Provinces also have extensive authorities with regard to animal agriculture, notably under provincial meat
inspection regulations, provincial milk acts, and provincial farm products marketing regulations.
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6. Farm product flows

The flows of livestock products embody transformations from inedible or low-value products, as feedstuffs, to
edible and higher value products to be consumed by humans. This process, also known as upcycling, draws upon
the various capital stocks with the addition of inputs. Upcycling draws from the concept of trophic levels in
biology, illustrated in Figure 6.1. The lowest trophic level (#1) contains all plant life; these plants capture the sun’s
energy and convert it into digestible nutrients through photosynthesis. In turn, consumers at trophic levels 2 and
3 consume these plants. Upcycling takes place when a lower trophic level consumes the leftovers, or waste, from
a higher trophic level. As Figure 6.1 shows, this can be plants absorbing nutrients from animal dung; or, in the
case of livestock upcyclers, they consume leftovers from humans (such as apple cores). Other feedstuffs which
count as upcycling include crop residues and other plant products unfit for human consumption. The upcycling
process is complete when humans, in turn, consume animal products such as meat, dairy, and eggs.

The conversions extend beyond upcycling of energy as Figure 6.1 suggests. As animals consume feeds, they
upcycle energy, nutrients, and protein from plants. As this occurs, there are emissions that move outside of the
system, and are not entirely captured by decomposers. In particular, these include greenhouse gases (GHGs)
associated with global warming, nitrogen and phosphorus compounds linked to eutrophication, and mortalities or
dead stock.

Figure 6.1. Upcycling and trophic levels
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Source: Van Zanten, H. H. E., Herrero, M., Van Hal, 0., R66s, E., Muller, A, Garnett, T., Gerber, P. J., Schader, C., & De Boer, I. J. M. (2018). Defining a land
boundary for sustainable livestock consumption. Global Change Biology, 24(9), 4185-4194. https://doi.org/10.1111/gcb.14321

6.1 Characterizing stock-flow dynamics

The upcycling of energy and protein contained in feeds by farm animals occurs in a dynamic system, in which
feeds are required to maintain the stock of breeding animals, power the growth of production animals -
accounting for the needs to replace culled breeding animals and mortalities with young stock — and the trade-off
of production animals with animals retained for breeding purposes. Figure 6.2 below, reprinted from Peters et al.,
2014, provides an illustration of the structure and dynamics of the system. Breeding animals give rise to young
animals that are either retained as breeding replacements or moved into grow and finish stages as production
animals. Throughout the system, there are losses associated with mortalities, essentially representing losses of
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energy and protein obtained from feeds lost from breeding animal replacement and production into human

foods.

Figure 6.2. Flows and the dynamics of animal stocks
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Table 6.1 below summarizes the production parameters characterizing the system above for beef, dairy, swine,
chicken, eggs (layers), and turkey production. These present a physical baseline reference of animal and product

flows, from which the discussion of feed and feed efficiency powering these flows can be built.

Table 6.1. Performance metrics of animal product systems
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Head per cycle 37.1
Weight, kg 7.5
Kg per cycle 10500

Eggs per cycle 16.4

Source: Peters et al., 2014.

6.2 Efficiency in energy and protein conversion

A central concern of animal agriculture is feed efficiency: the rate of transfers of energy, nutrients, and protein
between trophic levels (such as from plants to farm animals), and associated losses. This is complicated by the
range of digestive systems in farm animal species and the range of nutrient contents in prospective feedstuffs.
Table 6.2 provides an illustration, based on basic macronutrient parameters of selected common feedstuffs. The
table shows that the energy and crude protein content vary across feedstuffs, and that digestibility and
conversion of feedstuffs also vary according to species and digestive tracts. For example, the metabolizable
energy in grains is generally the highest in swine across feed types, followed closely by chicken. Ruminants (such
as cattle) have the lowest levels of metabolizable energy in all feed categories displayed here, save barley silage.
However, ruminants have a broader range of feeds that are lower in dry matter content that can provide a source
of nutrition, notably forages and ensiled feeds. The preparation of feeds through milling, cracking/rolling, steam
extrusion, et cetera, also impacts digestibility.

Table 6.2. Nutrient values in feeds
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Emphasized numbers represent the species most easily digests each type of feed, indicating the greatest feed efficiency in each column.

Sources: National Research Council, United States-Canadian Tables of Feed Composition: Nutritional Data for United States and Canadian Feeds, Third
Revision (1982).

The nutritional requirement of farm animals also varies by species. This is summarized in Table 6.3 for swine,
chicken, the feedlot segment of beef production (growing steers), and dairy. The most fundamental aspects are
dry matter (DM) requirement, energy, and protein. In order for an animal to self-limit feed intake, it must feel full
from eating; this is summarized in the dry matter requirement, which is generally tied to an animal’s body weight.
The table shows that the dry matter requirement is highest for dairy cows (20.65 kg per head per day weighing
650 to 800 kg) followed by growing steers (13.62 kg per head per day; growth in the range of approximately 400
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to 700 kg), hogs, and then broiler chicken. Energy and protein are required for an animal’s basic bodily
maintenance requirements, growth, and milk or egg production.

Table 6.3. Basic nutritional requirements of livestock species, adapted from NRC estimates (dry matter
basis)
Feed Ingredients Market Broiler Beef (growing Dairy (large

Hogs Chickens steer) frame)
3539 3596 2841.409692 2600
0 0 0.1 0.5
0 0 0.098 0.18
0.0011 0.0013 0.0000 0.0000
0.0074 0.0112 0.0035 0.0090
0.0000 0.0000 0.0021 0.0045
0.0028 0.0039 0.0000 0.0000

i 0.

monogastrics (per kg of feed)

ruminants (per kg of feed)

Max. meat and bone meal + pork meal + 0.05 0.05 0.035 0.035
poultry meal (per kg of feed)

Dry matter (DM) intake, kg/day/head 0.7 0.008 13.62 20.65
Dry matter intake, tonnes/year/head 0.275 0.0031 49713 7.53725
Max. roughage, percentage DM 21% 21%

DM Feed requirements, 0.275 0.0031 4.4 9.8185
tonnes/animal/growing period

animal growth rate on feed, measured as average daily weight gain for a given diet in an animal relative to its
feeding period. Associated metrics are: fat and protein-corrected milk (FPCM) yield for dairy cows (milk
production per time period on a given diet), and the lay rate in hens (per feed input). Another metric is feed
conversion ratio, usually stated as the mass of feed per mass of animal gain, with variants that consider feed
relative to milk production (FBCM/dry matter intake) or egg output vs. feed. Alternatively, its reciprocal measures
the amount of gain for a given feed input. A final measure is residual feed intake (RFI), which measures actual
feed consumption relative to predicted feed consumption for an animal’s maintenance functions.

Most commonly, feed efficiency measures are applied to distinct grow-finish segments of the production
systems. However, Peters et al. (2014) estimate feed conversion for the overall animal system for beef, dairy,
swine, chicken, turkey, and eggs. This is presented in Table 6.4, fragmented by specific feed ingredients. Feed
conversion ratios (in pounds of feed per pound of liveweight) are the lowest for monogastric animals — poultry
(3.069 for turkeys, 2.812 for layers, and 2.189 for broilers) and swine (2.938) — while feed conversion ratios are
much higher (less efficient) for the ruminants — beef (14.971) and dairy cattle. The table also shows that
monogastric animal diets are based on corn and soymeal as feedstuffs, while the feedstuffs in ruminant diets
heavily involve forages: pasture grazing, hay, alfalfa silage, and corn silage.

Table 6.4. Whole-cycle feed conversion, by major feed ingredient

Mid- Grazed Corn Alfalfa Corn Soymeal Minerals TOTAL
Maturity forages Silage Haylage

Grass Hay

2.010 0.566 0.235 2.812

1.431 0.677 0.081 2.189
1.995 0.972 0.102 3.069



_ 5.088 7.611 2.141 0.132 14.971
_ 0.243 0.956 0.418 0.133  0.074 1.8223
_ 1.415 0.598 0.262 1.793  0.252 4.319
Swine (meat) 2365  0.573 2.938

Source: Peters et al. (2014) Supplementary dataset

A multitude of studies exist that assess and/or test interventions to improve feed efficiency. A small selection of
Canadian studies, conducted with a range of objectives — but useful as benchmarks - are presented in Table 6.5.
Because there is no single defined measure of feed efficiency (Seymour et al., 2020), multiple metrics are used,
recognizing that RFl is primarily used for ordinal comparisons of animals within a single species, and not as a
benchmark across species. Similarly, while average daily gain can be used to calculate rates of gain at a point in
time, the magnitude is dependent upon the relative weight of the species.

The table shows that conversion of concentrated dry feedstuffs is generally most efficient in chicken; Zuidhof et
al. (2014) observed a whole lifecycle feed conversion of 1.92 kg of dry matter intake per kg gain in commercial
broilers. Feed conversion was less efficient (2.5 kg DMI per kg gain) in swine, observed by Patience (2015);
however, the data were for the grow-finish component of the production cycle and omit the (short) period from
weaning through the nursery stage where feed conversion is relatively efficient. Feed conversion in beef cattle is
less efficient than swine; however, this focuses on the portion of cattle feed using dense grain diets, and omits
the pre-wean and backgrounding phases. Seymour et at (2020) found that dry matter feed intake/FPCM settled
into a steady range of about 0.625 kg dry matter intake per kg of fat- and protein-corrected milk production in
Holstein heifers in the first half of their lactation. It can be anticipated that feed efficiency will fall in the later half
of the lactation, with decreases in FPCM.

Table 6.5. Selected studies of feed efficiency in Canada

KgDMI/kggain  1.918 2.5 6.35
KgDMI/FPCMkg 0.625
"ADGkg/day = 0.07425 1.02 1.82
FPCMkg/day 32
_ 56 82 123 40-135 days in milk
I'Start Weight (kg)~ 0.044 31.0 418
"End Weight (kg)  4.202 115.0 644
- (M. J. Zuidhof etal,  (Patience et al., Data compiled from  Seymour et al., 2020
2014) 2015) >200 studies, 2011-
16 by Feedlot Health
Mgmt. Inc.

A relatively new metric of feed efficiency breaks macronutrients down into human digestible and non-digestible,
to orient the feeding of farm animals relative to direct human use of products in feed. Mottet et al (2017)
considered feed efficiency, based on feed conversion, differentiating between feedstuffs that are consumed by
humans versus human inedible feedstuffs, and inedible byproducts derived from a human edible product. The
effect was to separate into categories inedible feedstuffs (grasses, fresh legumes, and silage) and edible
feedstuffs (grains and oilseeds), inedible feedstuffs produced on land convertible to edible feedstuffs, and
inedible feedstuffs supplied as a byproduct of edible feedstuffs (soymeal). Using this distinction, they observed
that “to produce 1 kg boneless meat requires 2.8 kg human edible feed in ruminant systems and 3.2 kg in
monogastric systems” (Mottet et al., 2017). This finding underscores the importance of interpretation on the
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meaning of feed conversion ratios and how they are utilized in calculations of the overall efficiency of various
forms of livestock protein production.

6.3 Improvements in growth productivity

Zuidhof et al (2014) compared a range of biometric and allometric measures using two University of Alberta
Meat Control strains unselected since 1957 and 1978, and a commercial Ross 308 strain (2005). The study
compiled a range of results, including feed conversion ratio (grams of feed per grams of body weight gain) as
well as daily gain. The results showed that the 2005 commercial strain had a cumulative feed conversion ratio at
56 days on feed of 1.918 versus 2.135 for the 1978 strain, and 2.854 for the 1957 strain. The results for daily gain
are presented in Figure 6.3 and show that the 2005 strain had a body weight of 4.202 kg at 56 days; the 1978
strain had a body weight of 1.808 kg; and the 1957 strain had a body weight of 0.905 kg. This represents a
99.78% increase from 1957 to 1977, and a 132.41% increase from 1977 to 2005.

Figure 6.3. Absolute and relative weights of broiler chickens, by strain
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1978, and Ross 308 broilers (2005).

Source: Reprinted from Zuidhof et al., 2014.
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Patience et al. (2015) reviewed the effect of energy in feeds and feed intake and conversion in swine. Drawing
from data obtained by Beaulieu et al. (2009) in both research and commercial settings, it was observed that when
feeder pig starting and finishing weights were held constant, feed conversion ratio (kg feed per kg gain)
decreased (improved) as the energy in the diet was increased, with daily gain almost unchanged. For the diets
tested, feed conversion ratios ranged around 2.5 kg of feed per kg of weight gain, with average daily gain ranging
in a tight band around 1.0 kg per day.

In assessing the economic sustainability of Canadian cattle segments, the Canadian Roundtable for Sustainable
Beef (CRSB) observed that “[i]n the cow-calf sector pounds weaned per cow averaged 553 lbs in 2013, up 28 lbs
from 1998 with an average growth of 1.87 Ibs per year. The measurement method of pounds weaned per cow
accounts for changes in reproductive efficiency, death loss and weaning weight. This is primarily driven by
changes in genetics and management. In the feedlot sector, feed efficiency has improved from 10 pounds of feed
needed to produce every pound of beef (10:1) in the 1950s to 6:1 in the 2010s (BCRC, 2012). All other practices
being consistent, steer carcass weights have increased on average 7 pounds per year. Beef quality has also
improved over time (Canadian Roundtable for Sustainable Beef, 2016).

Feed efficiency also has a great variation across regions of the world. This was estimated by Herrero et al.
(2013). They considered comparative feed efficiency, greenhouse gas emissions, and a range of outputs for beef
cattle, dairy cattle, small ruminants, swine, and poultry. Their results showed marked differences in feed
conversion for a given animal category across countries. This variation is shown in Figure 6.4 below, illustrating
feed conversion in beef and dairy production across region and production system. The figure shows that the
feed conversion ratios in Europe and Russia (EUR), North America (NAM), and Oceania (OCE) are much lower in
terms of kg DMI per kg of protein produced (and therefore more efficient) than South Asia (SAS) and sub-Saharan
Africa (SSA) in beef, and Southeast Asia (SEA) and SSA in dairy, almost regardless of production system.

Figure 6.4. Feed efficiency in beef and dairy production by region and production systems
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Production regions: Europe and Russia (EUR), Oceania (OCE), and North America (NAM), and the developing regions of Southeast Asia (SEA), Eastern Asia
(EAS), South Asia (SAS), Latin America and the Caribbean (LAM), sub-Saharan Africa (SSA), and the Middle East-North Africa (MNA).
Source: Herrero et al., 2013.

6.4 Emissions and losses

Livestock manures contain a portfolio of nutrients in volumes and consistency that range across species. These
are summarized in Table 6.6 below. Farm animals generate emissions: manure macronutrients (nitrogen,
phosphorus, and potassium); atmospheric emissions from manure in storage (mainly methane); atmospheric
emissions from enteric fermentation in the form of methane (in ruminants); and coliforms contained in manure.
Manure volumes are essentially proportional to animal weight, with dry matter content highest for poultry,
followed by swine, and lowest for ruminants. Manures contain a suite of macronutrients nitrogen (N), phosphate
(P20s), and potash (K20) consistent with fertility in plants and uptake by crops.

The fate of these emissions is important in assessing environmental effects. The macronutrients contained in
livestock manures are, in effect, recycled as nutrients taken up by crops and substituted for chemical- or mineral-
based fertilizers. The methane emissions are described by the biogenic carbon cycle, in which methane emitted
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decomposes to CO; in the atmosphere in about 12 years and is absorbed by plants, which are then consumed by
ruminants, restarting the cycle (recall Figure 6.1). This differs from methane emissions emitted by petroleum,
comprised of long-sequestered methane newly released to the atmosphere, external to the biogenic cycle.

GHG emissions can also leak out of the system, and standards and effective manure management are crucial.
Greenhouse gas emissions of manure in storage can be influenced by storage facility type and application
method; increasingly, feed additives are being developed that mitigate methane emissions; genetic selection for
low GHG emissions is a new dimension in animal breeding. Excessive applications of manure can result in offsite
losses of phosphorus that contribute to eutrophication of waterways and leaching of nitrogen contained in
manure into groundwater. The relative balance of manure applications with the land base used to produce the
feed depends upon the nutrient content of the manure, the agronomic requirements of the crop, and whether
agronomic balance is rated on nitrogen or phosphorus.

Table 6.6. Animal Manure Typical Volume, Dry Matter, and Nutrient Analysis

~ Manuredepositon | Manure Nutrient Analysis**
. Kg/day* Approx. Dry Matter %** kg/tonne dry matter
‘BeefCowW 55 29.5 6.4 10.5 23.7
‘BeefCalf 22 31.7 10.7 17.7 21.5
Dairy LactatingCow 68 27.3 8.4 13.2 23.8
‘DairyDryCow 38 27.3 8.4 13.2 23.8
‘DairyCalf150kg 85 27.3 8.4 13.2 23.8
Dairy Heifer440kg 22 27.3 8.4 13.2 23.8
‘DairyVeal118kg 35 31.7 7.3 11.4 20.5
‘Lajer 0088 40.9 40.1 435 27.4
‘Swine Gestating Sow 200kg 5 29.7 1.4 30.0 20.2
‘Swine Lactating Sow 192kg 12 29.7 11.4 30.0 20.2
SwineBoar200kg = 338 29.7 1.4 30.0 20.2
Slaughtercattle ~ 29.41 31.5 9.5 16.5 21.0
‘Broiler 01 62.8 27.1 32.8 28.7
‘Turkey-male | 027 51.9 29.3 46.4 33.1
' Turkey-Female ~  0.16 61.0 36.4 34.3 24.9
‘Swine NurseryPig 133 29.7 1.4 30.0 20.2
‘Swine Grow-Finish 29.7 11.4 30.0 20.2

Box 6.1. Crops feed livestock, and livestock feed crops

A grain corn crop in Ontario has an expected yield of 174 bushels/acre, or about 10.9 tonnes/ha. Based on total
life cycle utilization of corn for hogs, broiler chickens, and dairy cows, this hectare (10.9 tonnes of corn)
supplies the grain corn portion of the diet for about 42 market hogs, 3,234 broilers, 8.4 beef steers, or 126 milk
cows. Based on the nutrient content of manure and the fertility requirements of corn, the nitrogen fertility for
this hectare can be provided by about 30 market hogs, or 279 broilers, or 5.4 beef steers or 3.2 dairy cows.

However, in practice, manure is applied to meet phosphorus fertility requirements. The phosphorus removal of
grain corn per hectare is provided by 5 market hogs, or 106 broilers, 1.4 beef steers, or 1 dairy cow, and the
residual nitrogen fertility demand is supplied by commercial fertilizer.

Thus, the upcycling of corn into pork, chicken, beef, and milk generates nutrients that help replace the fertility
nutrients embodied in the corn consumed, and provides surplus nutrients that can be applied to other crops -
both connected directly with and grown in rotation with feed crops, and others distinct from animal agriculture.
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6.5 Livestock, life-cycle analysis and the environment

There has been substantial research on understanding the impact of livestock on the environment, including GHG
emissions, water and soil quality, carbon sequestration and biodiversity. In Canada, the most recent estimates of
GHG emissions from agriculture and livestock production are available from Environment and Climate Change’s
(ECCC) National Inventory Report (NIR) (Environment and Climate Change Canada, 2023b, pt. 1). In 2021, GHG
emissions from agriculture (including on-farm energy use) were 69 MtCOze, down slightly from 2020 but up from
64 MtCO2e in 2005 (Figure 6.5) (Environment and Climate Change Canada, 2023b, pt. 1). Agriculture accounted
for 8% of Canada’s total emissions (Figure 6.6) or 10% when including on-farm fuel use; these shares of total
Canadian emissions were unchanged from 2020. Livestock (that is, enteric fermentation — mainly ruminant
digestion — and manure management) contributed 5% of all GHG emissions in Canada in 2021 (Figure 6.6). At 35
MtCO2e, GHG emissions from animal production (beef and dairy cattle, swine, poultry, and others) from all
sources of GHG emissions (i.e., CO2, CH4, and N20) accounted for 51% of agricultural emissions (including on-
farm energy use), relatively unchanged over the past decade.

Emissions from animal production come primarily from methane (CH4) from enteric fermentation from
ruminants and from the anaerobic decay of manure. These were estimated at 28 Mt COze in 2021, down from 42
Mt CO2e in 2005. According to ECCC (2022), agriculture is responsible for 30% of Canada'’s total methane
emissions, with 71% of that being attributed to beef production (Environment and Climate Change Canada,
2022a). Enteric fermentation resulting from the digestive process in ruminants, such as cattle, goats and sheep,
accounts for 86% of Canadian’s agricultural methane emissions, while stored manure emissions account for the
remaining 14%. One reason for the dramatic decline in methane emissions since 2005 is related to the reduction
in the size of the beef cattle herd over this period. Other reasons relate to improved genetics, feeding regimes and
faster weight to market (Legesse et al. 2015). Nitrous oxide (N20) from manure management accounted for an
additional 3.9 Mt COze (Environment and Change Canada, 2023b, pt. 1, p. 149). Emissions from crop production
were down in 2021 due to the drought on the Prairies and emissions from on-farm energy use were unchanged in
2021 at 14 Mt CO2e.

Figure 6.5. GHG emissions from agriculture by Canadian economic sector, 1990 to 2021
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Data source: (Environment and Climate Change Canada, 2023b, tbl. 2—12). National Inventory Report 1990-2021: Greenhouse gas sources and sinks in Canada.
Government of Canada. https://publications.gc.ca/collections/collection_2023/eccc/En81-4-2021-1-eng.pdf. Image created internally.
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Figure 6.6. Emissions in Canada by IPCC sector, 2021
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Image produced internally. Does not include carbon offsets from land use, land use change, and forestry, which totalled negative 17.3 Mt CO2e in 2021. Does
not include on-farm fuel use (see Figure 6.5).

Source: (Environment and Climate Change Canada, 2023b, Table 2-3). National Inventory Report 1990-2021: Greenhouse gas sources and sinks in Canada.
Government of Canada. https://publications.gc.ca/collections/collection_2023/eccc/En81-4-2021-1-eng.pdf

6.5.1 Life Cycle Assessment of Environmental Impacts of Beef Production

In Canada, animal production varies by region, with the Prairies dominating for beef cattle production, combining
both intensive production systems with high animal densities finished in feedlots, and low-density pasturing
systems for cow calf operations (ECCC, 2023, part 1, p. 151). Grassland pastures that support grazing cattle
represent a significant carbon stock, with the potential for additional carbon sequestration under appropriate
practices, yet still represent a net contributor to emissions (Pogue et al., 2018). Feedlot cattle produce lower
amounts of enteric CH4 than grazing cattle due to the shorter retention of grain-rich feedlot diets in the rumen.
Hence Legesse et al. (2015) argued that the cow-calf sector accounts for about 80% of total GHG emissions from
a typical Western Canadian beef production system when considering all emissions from cows, bulls and their
progeny, from the cropland that supplied forage/feed, on-farm energy use and the manufacture and application of
inputs (fertilizer, herbicides) (Legesse et al., 2015).

Over time, Canadian beef production efficiency has improved and hence is now some of the most GHG-efficient in
the world (Figure 6.7). In the study by Legesse et al. (2015), using the HOLOS model, a life cycle analysis (LCA)
estimated that from 1981 to 2011 GHG emissions per kilogram of beef produced declined from 14 kg CO2e/kg to
12 kg CO2e/kg live weight between 1981 and 2011 (by 14%). This was the result of increased average daily gain
and slaughter weight, improved reproductive efficiency, reduced time to slaughter, increased crop yields and a
shift towards high-grain diets that enabled cattle to be marketed at an earlier age. Canadian cattle GHG intensity
is now about 30 % below the international average (Legesse et al., 2015).

6.5.2 Life Cycle Assessment of Environmental Impacts of Pork Production

Swine production, too, which takes place in high-density, intensive production facilities primarily in Quebec,
Ontario and Manitoba, has become much more GHG efficient with developments in genetics, management, and
feed efficiency. Figure 6.7 shows that North America (Canada and the United States) has the lowest emissions
intensity (approximately 4.7 kg CO.e/kg carcass weight) compared to other regions in the world (Gerber et al.,
2013, fig. 19). This figure is supported by the Canadian Pork Council, who reported that Canada’s emissions
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intensity figure is 4.43 kg CO.e/kg CW (Groupe Agéco, 2018, p. 15). Notably, Spain (located in West Europe) is the
#1 net exporter of pork in the world (see Figure 10.16), and yet West Europe has a relatively high emissions
intensity (approximately 6.7) — higher even than the world average of approximately 6.0 kg CO2e/kg CW (Gerber
etal., 2013, fig. 19).

Research shows how progress has been made in improving other environmental performance indicators of pork
production around the world. Andretta et al. (2021) analyzed how a precision feeding system that fed pigs
individually according to individual nutrient requirements, could reduce lysine intake by up to 26%, and nitrogen
and phosphorous excretion by 30 and 14% respectively without affecting the productive pig performance
(Andretta et al., 2021). Hence production costs could be reduced by 10% and risks of eutrophication and
nitrification mitigated. Andretta et al. argued that a precision feeding system that fed pigs individually was able to
reduce the impact of climate change by 7% in swine (Andretta et al., 2021).

Figure 6.7. GHG emissions of pork by region of the world, 2013
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Source: Reprinted from Gerber, P. J., Steinfeld, H., Mottet, A., Opio, C., Dijkman, J., Falcucci, A., & Tempio, G. (2013). Tackling climate change through livestock: A
global assessment of emissions and mitigation opportunities. Food and Agriculture Organization of the United Nations, FAO.
https://www.fao.org/3/i3437¢/i3437e.pdf

6.5.3 Life Cycle Assessment of Environmental Impacts of Dairy Production

Similarly, dairy production in Canada is relatively low GHG intensive compared to many other countries. Most
dairy production takes place in Eastern Canada in intensive facilities and production has intensified significantly
since 1990, affecting both milk productivity and management approaches. Vergé et. al (2013) estimated that milk
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produced in Canada has an environmental footprint of 1.0 kg CO2e per kg of milk, whereas the global average is
2.4 kg CO2e per kg produced.

The Canadian dairy industry has traditionally focused on improving attributes related to production such as milk
yield, reproduction, health, longevity and their overall shape (Hailu, 2018, p. 8). This led to a significant increase in
productivity in the dairy industry, with milk yield increasing by 122.5% between 1956 and 2017; and by 10.5%
between 2007 and 2017. This lowered GHG emission intensity as a result (Hailu, 2018). Dyer et al. (2007) found
that GHG emissions per kilogram of milk decreased by 35% between 1981 and 2001, from 1.22 kg CO2e/kg to
0.91 CO2e/kg, primarily as a result of a 57% reduction in the dairy cow population while total milk production
increased. As a result of continued focus on improving genetics and feed efficiency, while also targeting methane
emission reductions, such as in Quebec through funding for a new Living Laboratory (Agriculture and Agri-Food
Canada, 2023e), dairy farmers are expected to see further improvements in the GHG emissions intensity of dairy
production in Canada.

More recent research by Groupe AGECO for the Dairy Farmers of Canada updated a Life Cycle Assessment (LCA)
for Canadian dairy production in 2016 that saw the sector’s carbon footprint, water consumption and land use
associated with milk production decrease significantly (Figure 6.8). An LCA is an internationally recognized
approach to assess the impacts associated with all of the stages of a product’s life. Their approach assessed the
life cycle of milk production in Canada from raw material extraction to milk transport from the farm to the
processor’s gate. They considered key resources needed during this process, from the resources and energy
requirements as well as the emissions related to the production and use of on-farm inputs, such as fertilizers,
electricity, barn infrastructure, feed production, on farm activities such as growing crops and storing manure and
transport activities. The results are presented in Figure 6.8 below.

The carbon footprint, water consumption, and land use associated with milk production decreased by 7.3%, 5.6%
and 10.9% respectively, between 2011 and 2016. Livestock management was deemed the main contributor to the
reduction in the carbon footprint because of the role of enteric fermentation for methane emissions. Due
primarily to increased cow productivity, enteric emissions decreased from 0.47 to 0.44 kg CO2e per kg of milk
between 2011 and 2016. However, for water consumption and land use impacts, the environmental impacts of
crop production played an important role.

Figure 6.8. Relative contribution of life cycle stages to the average environmental profile of dairy
production, 2011 and 2016

Relative contribution of the life cycle stages to the average environmental profile of producing
one kilogram of Canadian milk
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Source: Groupe AGECO for Dairy Farmers of Canada (2018)
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6.5.4 Life Cycle Analysis of the Canadian Poultry Industry

For poultry, Vergé et al. (2009) found that between 1981 and 2006 total GHG emissions from the Canadian
poultry industry increased by 40%, primarily due to rising nitrous oxide (N20) emissions from feed (Vergé et al.,
2009). However, because of productivity gains over the same period that increased market live weights and
higher turnover cycles, the GHG emission intensity of chicken meat decreased by 19%, from 1.19 to 1.0 kg of
CO02e/kg live weight (p. 220). Turkey production also became more GHG efficient, falling by 50% from 2.16 to 1.44
over the period, and the GHG emissions in egg production fell by 8%. Because of the importance of N2O
emissions in estimating GHG emissions intensity on a life cycle basis, the authors argue that the most important
target for enhancing current mitigation efforts would be management of the poultry diet with respect to N
efficiency. This would require crops with low N application rates, high yields, or both as well as with high feed
value. Also because poultry production involves intensive housing, heating and ventilation are significant fossil
fuel energy terms and are good targets for GHG mitigation. Hence future research should include monitoring of
the heat flows in and out of poultry barns as well as the energy balances of these buildings (Vergé et al., 2009).

Chicken Farmers of Canada commissioned Groupe AGECO to undertake a life cycle analysis of chicken
production in Canada (Chicken Farmers of Canada, 2018a). The study was designed to measure the
environmental and social performance of Canada’s chicken sector, from hatching egg to processor. The study
found that since 1976, environmental performance significantly improved because of major productivity gains
and significant improvements in feed conversion ratios. Per kilogram of chicken, the carbon footprint of Canadian
chicken is lower than that of other livestock commodities produced in North America, based on FAO's
assessment of global livestock emissions (Table 6.7). Also, in the last 40 years, the carbon footprint of the sector
was reduced by 37% and water consumption was reduced by 45% (Figure 6.9). Currently 62% of the entire
sector’s energy use comes from renewable sources, with chicken feed accounting for the bulk of renewable
energy consumption (Chicken Farmers of Canada, 2018b, p. 3).

Table 6.7. Emissions intensity of chicken production, 2017
Country/region Emissions (kg CO-e per kg of chicken)

2.4
3.0
4.4
4.4
5.0
5.1

East Asia and Southeast Asia 6.7

Source: Reproduced using figures from Chicken Farmers of Canada. (2018b, p. 2). Sustainability assessment of the Canadian chicken value chain.
https://www.chickenfarmers.ca/wp-content/uploads/2018/08/CFC_ENG_F_Simple.pdf. Based on data from FAO’s GLEAM, 2017.

Figure 6.9. Improvements in sustainability in Canadian chicken farming
LOWER ENVIRONMENTAL FOOTPRINT

Over the past 40 years, the work conducted by Canadian
chicken farmers resulted in the following reductions:
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Source: Chicken Farmers of Canada. (2018b, p. 1). Sustainability assessment of the Canadian chicken value chain. https://www.chickenfarmers.ca/wp-
content/uploads/2018/08/CFC_ENG_F_Simple.pdf.
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6.6 Synthesis of farm product flows: feed and environmental effects

Farm animals are the essential upcyclers of solar energy captured by plants into food products that are edible for
humans. Feed and feed efficiency is the fundamental tie between animals and agricultural land use. The
characteristics of the agricultural land base and conditions influencing crop yields and quality determine the
feasibility of various forms of farm animal production. Regions with high quality soils and a supportive climate
for grain crops used as feeds can support greater numbers of farm animals in grain feeding stages, especially
monogastric animals (like poultry and swine) that require a diet composed heavily of grain ingredients.
Conversely, ruminants can make use of a broader range of feedstuffs, much of which can be produced from
lesser quality soils and harsher climates.

The relationships among farm animals, feed crops, and the land base are complex. The stock represented by the
breeding herd must be constantly fed and replaced due to culling and mortality; as such, the breeding herd and
the subsegments of replacements represent a type of “overhead” that must be carried by the flow of production
animals and products, and the associated feed. The larger the animal and the longer the breeding cycle and grow-
finish period, the greater the overhead cost of the sustaining breeding herd.

The feedstuffs range in their density of nutrients. The nutrient requirements of the animals vary by species, not
just in proportion to body weight and the demand for dry matter in feeds. In general, monogastric animals extract
greater energy efficiency in feedstuffs compared with ruminants; however, ruminants can digest a much greater
range of feedstuffs — notably forages — and as such, inedible materials can be used as a source of energy and
protein in a ruminant’s diet in place of grains and proteins edible by humans. However, these relationships are
complex: for example, digestibility of feedstuffs can be altered through feed preparation (e.g., cracking, grinding,
roasting of feedstuffs). This means that basic feed efficiency — feed conversion - requires careful interpretation.

In turn, feedstuff nutrient content and digestibility contributes to the nutrient content of manure excreted, which
also varies by species and the physiology of digestive systems. Manure can provide the nutrients for fertility of
crops and a critical element of synergy to the livestock-crop mixed farm. At the same time, this dynamic can
generate offsite losses: atmospheric, through runoff, and through leaching. An interesting observation is that
while conversion rates of feedstuff energy into gain, based on feed conversion ratio, are the highest with poultry,
after adjusting for dry matter variances in manure, poultry manure contains relatively high levels of nutrients,
especially nitrogen and phosphate.
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7. Animal agriculture value chains

Animal agriculture value chains are just one of many value chains that make up the Canadian agriculture and
agri-food system (AFS). As described in Section 4.1.2, the NAS Food System Framework is a complex, adaptive,
and dynamic system (Figure 7.1). While animal agriculture value chains are just one component of the Canadian
AFS, they are highly integrated with other value chains, particularly crops, as a source of feed and destination for
manure and other by-products. They are also highly dependent on many agri-businesses, including veterinarians,
feed specialists and machinery and equipment providers and are important contributors to the broader
economic, biophysical and socio-political context in which the AFS operates.

The Food system framework also emphasizes the importance of the various actors involved in the system and
the role these actors play, given their diverse goals and interests in producing farm and food products profitably,
while also improving the health of plants, animals and humans and protecting the environment (NAS, p.44). All
actors in the system make decisions that shape the food system each day with positive or negative
consequences for health, the environment, the economy, or society.

Figure 7.1. Framework for assessing effects of the food system
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Reprinted from: Committee on a Framework for Assessing the Health, Environmental, and Social Effects of the Food System et al., 2015

Traditionally, the value chain or supply chain is presented in a linear direction, as shown in Figure 7.1, beginning
with farm inputs (and agribusiness services) that provide the raw materials for primary agricultural production,
followed by their transformation through manufacturing or processing into higher-value food and non-food
products that are then transported and distributed by wholesalers, retailers and food service providers to
domestic consumers or through exports to international markets. In this particular diagram, there are two
important flows that move in opposite directions: the left-to-right flow reflects the flow of goods and services
from raw product towards consumers as they are transformed with added value. At the same time, there is an
opposite flow of money or compensation to the actors involved in the value chain, along with information about
consumers’ preferences and market demands for their products.
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Of course, traditional value or supply chains are self-contained and make no reference to the natural, human,
created, or social capital that the system depends upon. These are visualized below. Canada has a competitive
advantage inasmuch as the country is well endowed with an abundance of these natural resources (water, land,
climate) and infrastructure, a well-educated workforce, and a stable economy benefiting from democratic rule of
law and relative trust in political institutions, governance, and an enabling business and policy environment.

The importance of science, its institutions, R&D and the innovation ecosystem that supports the Canadian
agriculture and agri-food system have also been important for animal agriculture. New knowledge and
technology, developed through scientific research, and transmitted throughout the animal agriculture value chain
have contributed to its progress, building up created capital. Scientific knowledge generated in public or private
(educational) institutions and laboratories have been particularly important over the past century in developing
new genetic breeds, new feed formulations, pharmaceuticals and animal disease treatments. Animal agriculture
has benefited significantly from this science, knowledge and technologies that continue to help the industry
improve animal health, quality, productivity, and environmental impacts for the benefit of producers, consumers,
the environment and the economy. Other innovations such as precision farm practices for livestock, digital
applications, and new feed formulations that raise productivity and reduce GHG emissions are just a few of these
promising new developments.

7.1 The Structure of Animal Agriculture Value Chains

The animal agriculture value chain, like other value chains in the AFS, starts with raw materials and inputs that go
into primary production, before being transformed through processing, transportation, distribution by
wholesalers, retailers and foodservice to reach consumers in both domestic and international markets. Given the
unique nature of animal agriculture compared to crops, there are unique actors involved in animal agriculture
industries Figure 7.2 illustrates the structure of this animal agriculture value chain, beginning with farm inputs
which feed into primary production, leading to processing (meat packing, rendering, and further processing),
ending with distribution, both domestic and exports markets.

In 2021, 41% of all farms in Canada reported raising livestock (Statistics Canada, 2022d). The average expense
per farm on feed/supplements, bedding, vets/medicine, and breeding was highest ($1,326,297) for pig farms; this
does not include the actual purchase of livestock (Agriculture Taxation Data Program, 2023).

The processing panel in Figure 7.2 shows that dairy processing contributed $17.4B of GDP in 2022, and meat
processing, $38.5B (see Table 7.3) (Monthly Survey of Manufacturing, 2023).
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Figure 7.2. Animal agriculture value chain
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7.1.1 Farm Inputs

In addition to traditional farm inputs, such as land, labour and energy, animal agriculture also requires inputs such
as specialized feed, breeding stock, veterinarian and feed specialist services as well as some very unique
machinery, equipment and technologies, all well-grounded in science. This is to ensure that Canada'’s livestock
are healthy, productive and welfare standards are maintained.

For animal agriculture, feed is perhaps the single most important
input in animal production and the key point of integration with crop
agriculture. According to the Animal Nutrition Association of Canada
(ANAC), Canadian livestock consumed approximately 28.8 million
tonnes of feed in 2020, two thirds of which was purchased from
around 470 commercial feed mills, with another one third produced
in on-farm feed mills (ANAC, 2021). A significant portion of feed for
ruminants are provided through forages and from grazing, and this
feed supply can only be estimated.

The primary purpose of feed mills is to meet the animals’ nutritional
needs to optimize health and production efficiency (ANAC, 2021, p.
11). Least-cost formulation is an important tool to ensure that
finished feed products have the desired properties while making use
of available ingredients and meeting the goals of the livestock
producer, all while keeping costs as low as possible. A range of
ingredients, including domestic agricultural products and by-
products as well as non-feed ingredients (e.g., medications), feed
additives, and specialty products are utilized to create different feed
products for various livestock species and categories within species.
The different types of prepared feeds include complete feeds,
supplements, and premixes. According to data obtained from income
tax records, purchased feed costs can account for up to 20% of total
expenses for beef cattle farms, up to 54% for hog farms, up to 41%
for poultry farms and up to 29% for all animal production. The
comparative cost of feed is the critical determinant in competition
among producers for feeder livestock, and the location of livestock
feeding, as explained in Box 7.1.

Box 7.1. Based on economics, livestock move to feed

Feed conversion ratios well over 1.0 dictate that it will invariably cost more to transport feed to animals than
it does to transport animals to feed. This causes livestock feeding to occur in areas where feedstuffs are
produced and available at low-cost.

To illustrate, suppose a group of 100 feeder steers are being raised from 800 Ibs to 1400 Ibs on a barley diet,
and the feed conversion ratio is 6.

Total barley required is:

If a truck can transport 40 to 50 tonnes, then it would take approximately 4 trucks to move barley to cattle:

To bring feeder cattle to barley, with 50 head per truck, it would take 2 trucks to bring livestock to feed:

This difference in transportation cost is leveraged into competitive bids for feeder animals: the regions with
the most available and lowest-cost feed can sustainably pay the most for feeder livestock.




The Canadian feed industry is a critical partner in animal value chains. A collaborative effort is required between
nutritionists, feed manufacturers, distributors, suppliers, and farmers to optimize animal health and production
through economic feeding practices. The manufacturing process of each mill is unique, complex, and utilizes a
wide range of ingredients and inputs to formulate a customized product to meet individual animals’ nutritional
requirements as well as the needs of different farm operations.

Table 7.1. Feed ingredients

Feed ingredients Key livestock species
Cereals and pulses
Wheat Cattle, poultry, swine
Barley Cattle, poultry, swine
Corn Cattle, poultry, swine
Grain by-products
Pea/lentil screenings Cattle, poultry, swine
Oat hulls Cattle, poultry, swine
Soy hulls Cattle, poultry, swine
Bakery meal Cattle, poultry, swine
Wheat shorts Cattle, poultry, swine
Plant-based proteins
Canola meal Cattle, poultry, swine
Soybean meal Aquaculture, cattle, poultry, swine
Distillers’ grains with solubles Cattle, poultry, swine (dependent on life stage)
Pulses Aquaculture, cattle, poultry, swine
Animal-based proteins
Fish meal Cattle, poultry, swine
Meat and bone meal Poultry, swine
Fats/oils
Vegetable oil All livestock
Grease All livestock
Tallow All livestock
Trace minerals
lodine, iron, manganese, selenium, zinc All livestock
Cobalt All livestock except poultry and swine
Copper All livestock except sheep
Macro-minerals
Calcium, phosphorus, magnesium, sodium, potassium All livestock
Sulphur Cattle, goats, sheep
Vitamins
Water soluble (vit. B, C) Calves, horses, poultry, swine
Fat soluble (vit. A, D, E, K) All livestock

Table created internally. Data source: ANAC. (2021). Fundamentals of the Commercial Feed Industry in Canada. Animal Nutrition Association of Canada.
https://www.anacan.org/feed-industry/public-resources/fundamentals-of-the-commercial-feed-industry/.

Not all feed is suitable for humans

The feed industry is a major user of Canada’s domestic grain supply with 80% of barley, 60% of corn, and 30% of
wheat grown domestically being utilized in Canadian feed manufacturing (ANAC, 2021, p. 6). The feed industry
provides grain and oilseed farmers with a consistent market for the sale of their products. It also provides a cost
recovery stream for waste and by-products of other agriculture and agri-food production, or products that are
below human grade that, if not fed to animals, would otherwise have minimal economic value and might end up
in landfill, where their GHG impact is far higher (Holder, 2022). A study by Mottet et al. (2017) argues that about
86% of livestock feed at the global level is not suitable for human consumption and if it were not consumed by
livestock, such as crop residues and by-products, it would be wasted as human population grows and consumes
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more and more processed food (FAQ, 2022a). Globally, only about 13% of global livestock dry matter intake is
from grains which are also be eaten by people (Figure 7.3). These grains represent about one third of global
cereal consumption (FAO, 2022a).

Figure 7.3. Global sources of livestock feed
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Source: FAO. (2022). More fuel for the food/feed debate. Food and Agriculture Organization of the United Nations, FAO.
https://www.fao.org/3/cc3134en/cc3134en.pdf.

Ruminants play an important role turning products that are inedible by humans into edible, nutrient-dense
proteins (Canadian Cattle Association, 2023b). In the Canadian context, weather-damaged crops (e.g., feed grade
wheat), potato waste, apple waste, and other agricultural by-products (malting barley from the beer brewing
process) would otherwise pose a disposal problem, and instead become feedstuffs for feedlot cattle. At the
national level, an inedible product that Canada has a natural abundance of is grass and forages. Grasslands,
which may be either unsuitable for crop production and/or are critical to wildlife populations and biodiversity
habitat, are grazed and converted into a protein source. Finally, ruminants play an integration role and can
increase the efficiency of existing systems. For example, sheep and goats graze marginal lands or orchards,
thereby increasing the efficiency while “giving back” in the form of manure (Canadian Cattle Association, 2023b).

Beyond meat and dairy products: livestock also provide by-products that provide nutrition and other
consumer products

The feed industry also makes use of by-products from the animal agriculture industry, such as meat and bone
meal, beef tallow and grease — products of the rendering industry, that provide energy, fats and protein for animal
nutrition. Livestock are referred to as “up-cyclers,” upgrading inedible plants and plant by-products to high-quality
protein and essential micro-nutrients, vitamins and minerals (Ominski et al., 2021, p. 596). In addition to serving
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as a valuable source of nutrients, numerous by-products used for consumer products are garnered from
livestock. This includes hides, tallow, blood, hooves, horns, organs and bones which are used to produce
marketable commodities including pharmaceuticals, cosmetics, leather, brushes, adhesives, charcoal, shampoo,
glass, and pet food (Ominski et al., 2021, p. 596). In this way, livestock are the original “circular economy” (Figure
7.4).

Figure 7.4. Livestock and the circular bio-economy
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7.1.2 Breeding stock

Breeding stock is another key input into the animal agriculture value chain. Through animal genetics research and
breeding, the animal industry has been able to make impressive gains in productivity, feed use efficiency, meat
quality and environmental performance. Productivity gains have allowed animal agriculture to produce more
output with a decreasing number of inputs, hence contributing to the sustainable intensification of animal
agriculture. Genomic selection of animals in the dairy and beef industries have recently been targeting feed
efficiency and reduced methane emission traits, in addition to increased productivity, thereby leading to improved
environmental performance of Canadian animal products. Greater feed efficiency in particular has resulted in
dramatic increases in productivity and reduced GHG emissions intensity. For example, over a 30-year time period
(1981 to 2011), Canadian beef producers have reduced GHG emissions per kg carcass weight by 15%, ammonia
emissions by 17%, water use by 20% while using 24% less land (Legesse et al., 2015). Similarly, Vergé estimated
that GHG intensity (CO2e/kg) decreased by 19% for chicken meat, by 8% for eggs, and by 50% for turkey meat,
between 1981 and 2006 (Vergé et al., 2009). Hailu (2018) found that improving feed efficiency through genomic
technologies simultaneously boosts industry competitiveness by lowering input costs and enhancing
environmental sustainability. Quebec and Ontario, which account for the bulk of milk production in Canada, are
increasingly focusing research on reducing methane emissions from dairy cows. Quebec, as an example, recently
announced research that targets reducing methane emissions for each kilogram of milk produced in Quebec
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dairy herds by 14 % to 16 % between now and 2028. This research will make use of a tool that measures methane
in samples of milk collected from different farms across the province.

7.1.3 Animal Product Processing

In terms of value added, meat, poultry and dairy manufacturing added an additional $9 billion to GDP, accounting
for about one third of food processing industry GDP. This is in addition to the animal food (feed) manufacturing
industry which contributes $1.6 B to GDP. Estimates of the beef, chicken, and dairy sectors’ contributions to the
Canadian economy have been reported by industry associations and are presented in section 9.

Of the 977 meat product manufacturing establishments in Canada in 2022, (including rendering, poultry
slaughtering and prepared meat products), the bulk of them are small (432) with 5to 99 employees, and medium
(118) with 100 to 499 employees (Table 7.2) (Innovation, Science and Economic Development Canada, 2023b).
About 115 of them are considered micro establishments, with fewer than 5 employees. The remaining 25
establishments are large with 500 and more employees. These are generally owned by large meat processors
that slaughter and prepare meat products to market outside the province or in international markets, as federally
inspected plants. Some of these larger companies include Maple Leaf Foods, Cargill Ltd, JBS Food Canada Ltd,
Harmony Beef Company Ltd., and Atlantic Beef Products Inc.

Table 7.2. Establishments producing meat and poultry, by employment size, 2022
Province/territory Micro (1-4 Small (5-99 Medium (100-499 Large (500+

employees) employees) employees) employees)
[ Ontario |
Labrador
(Nunat 0 0
115 432 118 25

Table created internally. Data source: Innovation, Science and Economic Development Canada. (2023, May 25). Meat product manufacturing—3116—
Businesses. Canadian Industry Statistics. https:/ised-isde.canada.ca/app/ixb/cis/businesses-entreprises/3116.

Federally inspected plants are inspected by the Canadian Food Inspection Agency (CFIA) according to federal
standards in order to be able to export interprovincially or internationally. According to AAFC, there were 19
federally inspected plants processing beef in Canada in 2022 with 7 in Alberta, 1in B.C. and 1 in Manitoba, 6 in
Ontario, 1 in PEl and 3 in Quebec (Agriculture and Agri-Food Canada, 2021b). There were 25 federally inspected
hog plants in 2022, distributed primarily in Quebec and the Atlantic (10), B.C and Alberta (6), Saskatchewan/
Manitoba (5) and Ontario (4). Some of these included Maple Leaf Foods Ltd, Olymel L.P,, HyLife Foods LP,
Conestoga Meat Packers Ltd., and Les Viandes Du Breton Inc. among others.

Meat processing is considered fairly concentrated in Canada. During the COVID pandemic, when some of the
Canadian meat packing plants were forced to close down due to employee iliness and supply bottlenecks and
farm level prices of cattle fell as supplies became backlogged, there was increased concern that meat
processing in Canada had become too concentrated, with too much market power, leading to risks of price
gauging, vulnerability and potential shortages. Rude (2020) analysed the issue for CAPI and explained that the
top four beef and pork processors at the time accounted for 96% and 78% of sales respectively (Rude, 2020). In
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terms of beef, Cargill's High River and Guelph plants, JBS-Lakeside’s (Brooks, Alberta) and the much smaller
Harmony (Balzac, Alberta) plant made up the top four plants in this sector, while Olymel and Maple Leaf Foods
dominated hog slaughter, with most of the operations in Quebec. However, in a Canadian context, feedlots and
other producers have the option to export their live animals for slaughter in the US. So, when analysis was done
re-estimating concentration adjusted for trade, the resulting shares of sales for the top 4 plants declined to 78%
and 68% respectively. Rude argued that because the border remained open during the COVID pandemic, the
industry adjusted after some initial difficulties leading to resilience. Cargill-High River and JBS Brooks each
process over 1.1 million animals a year which is comparable to large plants operating in the US. These plants are
highly efficient and low cost, able to produce high volumes for the large retailers (Rude, 2020, p. 5). Small and
medium processors would have a cost disadvantage and a hard time competing on price unless selling niche
products. Thus, Temple Grandin argues “(t)he bottom line is, there will always be a trade-off. Big suppliers are low
cost efficient and fragile. More numerous local producers are more high cost and expensive, but the entire supply
is more robust with both” (Grandin, 2020). In a sense, having both structures serves as a risk mitigation strategy.

In 2022, manufacturing sales from meat and dairy product processing rose to $38.5 and $17.4 billion
respectively. Meat and poultry processing remains the most important food manufacturing industry in Canada, at
27% of the total.

Table 7.3. Manufacturing shipments for Meat Processing and Dairy Processing

Manufacturing sales for meat and dairy processors, by NAICS code, 2022 (billions of dollars)

 Manufacturing31-33] 0000 IO
141.6
11.9
203

17.4
38.5
38.5
10.7
9.7
6.1

Source: (Monthly Survey of Manufacturing, 2023). Manufacturers' sales, inventories, orders and inventory to sales ratios, by industry (dollars unless otherwise
noted) (Table 16-10-0047-01) [dataset]. https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1610004701.

7.1.4 Food distribution, retail, and food service

The large multinational meat and poultry processors supply most of the large domestic retail outlets in Canada
with meat and poultry and dairy products including Overwaitea Foods Group, Loblaw Companies, Costco, and all
the other major retailers. Supplying large retail outlets requires consistent supply and uniform product. The larger
federal packers produce the volume necessary to service these markets (Serecon Inc., 2022).

7.1.5 Consumer Demand for Meat, Poultry and Dairy Products in Canada

Meat, poultry and dairy products continue to be an important food item for Canadian consumers. In 2022,
Canadian meat sector retail sales (including beef, chicken, lamb, pork, packaged or fresh turkey, and other similar
meat categories) were $17.5 billion in 2022, while retail sales of eggs and dairy products were another $17.2
billion, according to Statistics Canada’s retail commodity survey (Retail Commodity Survey, 2023). Consumer
prices were up significantly for these products in 2022, due to the spike in overall inflation that has seen food
price inflation persist. Red meat prices were up 8% in 2022, as were poultry (7%), eggs (10.7%), and dairy product
prices (8.6%). Higher commodity prices as well as supply chain disruptions raised costs leading to these price
increases (Statistics Canada). Per capita availability, which reflects consumption, are displayed in Figure 7.5.
Values reflect retail weights and are not adjusted for loss, spoilage, or waste at the retail, restaurant, or household
levels (Retail Commodity Survey, 2023). Chicken consumption per person has risen steadily since the 1970s;
from 2021 to 2022, the increase was 3%, from 34.43 to 35.38 kg/person/year (Statistics Canada, 2023d). Beef
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and veal consumption fell from the late “70s to 2015 and has been relatively steady since, with a 3% increase
from 2021 to 2022 (17.75 to 18.24 kg/person/year) (Statistics Canada, 2023d). The story is similar for pork,
though with more volatility apparent in Figure 7.5, and a 7% gain from 2021 to 2022 (14.38 to 15.33
kg/person/year) (Statistics Canada, 2023d). Dairy and egg consumption are shown in Figure 7.6.

Figure 7.5. Consumption of beef/veal, pork, chicken, and mutton/lamb, Canada, 1970-2022
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Image created internally. Data source: (Statistics Canada, 2023d). Food available in Canada (Table: 32-10-0054-01) [dataset].

The consumption of eggs and dairy are shown here in terms of kilograms. For dairy, units are kg milk solids,
which is made up of butterfat and non-fat solids such as protein and other solids (Statistics Canada, 2021). Dairy
is measured on the left axis and eggs, separately on the right axis, as the units are not meant to compare the
consumption of dairy vs. eggs. The units do, however, allow for trends analysis. Dairy consumption per capita
(the dark line) has fallen since the ‘70s, with a 4% decrease from 2021 to 2022 (24.30 to 23,26 kg/person/year).
Egg consumption dipped considerably from the ‘70s to the ‘90s, but has since recovered to approximately the
1970 level; consumption rose by 1% from 2021 to 2022 (15.24 to 15,33 kg/person/year) (Statistics Canada,
2023d).
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Figure 7.6. Consumption of eggs and dairy, Canada, 1970-2022
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Image created internally. Data source: (Statistics Canada, 2023d). Food available in Canada (Table: 32-10-0054-01) [dataset].
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=3210005401.
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As a share of household spending, meat accounted for 14% of average household spending on food, with beef at

4%, pork at 1.4%, poultry at 3.4% and processed meat products at 5.3%. Dairy products accounted for 8% of

household spending and eggs at 1% in 2019.

7.1.6 Trade in Animal Products

Some animal agriculture products in Canada are important traded commodities. Canada was the fourth largest
exporter of pork and beef in the world in 2021 (Workman, 2022). In 2022, Canada exported $ 11.5 B in beef, pork,
poultry and dairy products. Fresh and chilled beef and pork exports accounted for the bulk of these exports at

$3.3 B and $3.8 B respectively. Poultry and dairy production in Canada operate under a supply management

system where production levels target domestic requirements and exports are quite small. Imports of live
animals and meat, poultry and dairy products were $5.4 B in 2022, with live animals, fresh and chilled beef and

pork and dairy products accounting for the majority of imports at $ 0.8 B, $ 0.9B, $ 0.7B and $1.3 B for these

categories, respectively.
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7.2 Beef Value Chain

Figure 7.7. Beef value chain
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Image produced internally.

The beef value chain describes the value-added activities and interactions that lead to the transformation of beef
cattle from breeding to feeding and ultimately to marketing safe, healthy and sustainable beef products that are
sold to Canadian consumers and in international markets. These activities are dependent upon the health of the
sector along the supply chain, by all players from producers in the cow/calf sector, to the feedlots and the meat
packers to the research scientists, feed specialists, veterinarians, meat inspectors, auctioneers and truck drivers
who get the product to market. The foundation of this value chain includes the individuals who operate Canada’s
60,000 beef farms, ranches, and feedlots, making important management decisions that protect the land
resources, working with it in a beneficial way to sustain cattle production for the long term (Canadian Cattle
Association, 2023a).

Key challenges for the beef value chain include labour shortages, feed costs, access to capital, climate change
that has led to drought and extreme weather events, meat processing concentration, interprovincial trade barriers
from regulations, market access issues and consumer health and environmental concerns with red meat
consumption and growing plant-based protein products.

7.2.1 Primary Production

According to the 2021 Census of Agriculture, there were 39,633 beef farms, ranches and feedlots in Canada,
accounting for 21% of the 189,000 farms (including livestock, grains and oilseeds, horticulture, et cetera).
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However, if one considers any farms reporting beef cattle, the number rises to 63,000 farms in 2021, according to
the Census.

As of January 1, 2023, there were 9.4 million head of cattle and calves on beef operations, including cow-calf,
feeder and stocker operations; there were an additional 1.9 million cattle and calves on dairy operations. This
beef operation number was down 2.4% from a year ago (January 1, 2022) and 2.3% from the previous three-year
average (2020 to 2022). Canadian cattle inventories have been on a general decline since January 2013, although
they have been flat since 2016. Alberta held the largest cattle inventories on January 1, 2023, contributing 42.7%
to the national total, followed by Saskatchewan (19.3%) and Ontario (14%) (Statistics Canada, 2023g).

Supply and disposition statistics report that international imports of live cattle averaged 317,200 head in 2022,
while live cattle exports were 754,000, almost entirely to the United States for breeding, feeding, and processing.
Feeder cattle exports to the US represented 26% of live exports, according to AAFC, reinforcing the significant
integration between the two countries’ agricultural trade (Agriculture and Agri-Food Canada, 2021a).

Livestock receipts from cattle and calves in 2022 were $ 11.9 B, up from an average of $9.6 B over the 2019 to
2021 period. Cattle and calf receipts accounted for over 40% of total livestock receipts. While cattle marketings
were fairly constant over this period, the increase in prices, up 14% over 2021, drove these higher receipts.

Beef operation costs were also affected by the recent run up in commaodity prices, as feed costs tend to be a
fairly significant component of farm costs. According to 2021 tax filer data, the average beef farm (including
feedlots) spent 20% of average operating expenses on feed, supplements, straw and bedding. Livestock
purchases were a significant expense for these farm types, at 73% of the total. According to the Animal Nutrition
Association of Canada (ANAC):

In 2020, Canadian livestock consumed approximately 28.8 million tonnes of feed; roughly two
thirds produced in close to 470 commercial feed mills with the remaining one third produced on
on-farm feed mills... (ANAC, 2021)

7.2.2 Meat Processing

If cattle are not exported live or held back as breeding stock, then they are backgrounded, and sold to
aggregators for finishing in feedlots to be fed out and slaughtered for meat. In 2022, 3.7 million head of cattle
were slaughtered in Canada, contributing to sales (shipments) of $31.7 B and $10.1 B in value added by Canada’s
meat product manufacturers. Meat processing is the largest food manufacturing industry in Canada, accounting
for almost one third of food manufacturing shipments. Meat processing plants can be found in all provinces of
Canada (except the territories) but the largest ones are primarily in Alberta, Ontario, B.C., Quebec, Saskatchewan,
and Manitoba. According to AAFC, there were 19 federally inspected cattle slaughtering plants in Canada in 2022,
with most in the Prairie provinces, primarily Alberta, but 6 in Ontario and 4 in Quebec and the Atlantic (Agriculture
and Agri-Food Canada, 2021b). Some of the larger firms include Cargill Ltd, JBS Food Canada Inc., Harmony Beef
Company Ltd, Atlantic Beef Products Inc. and Jacques Forget Ltée, among others.

Table 7.4. Federally Inspected Cattle Slaughtering Plants in Canada, 2013-2022
Number of plants by province — cattle

| 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 |

Western

. 6 8 9 8 10 10 10 10 10 9
provinces

| Ontario [N 7 6 6 6 6 6 5 6 6

Quebec/Atlantic 6 6 6 6 5 4 4 3 3 4

19 21 21 20 21 20 20 18 19 19

Source: Agriculture and Agri-Food Canada. (2021b, June 15). Distribution of Slaughtering Activity. Red Meat and Livestock Market Information.
https://agriculture.canada.ca/en/sector/animal-industry/red-meat-and-livestock-market-information/slaughter-and-carcass-weights/distribution-slaughtering-

activity.
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7.2.3 Retail and Food Service Sales of Beef and Consumer Demand for Beef

Canadian consumers continue to purchase meat products primarily at retail and at restaurant chains. AAFC
reported that in terms of retail sales, purchasing fresh meat from over the counter was the largest preferred
consumer choice, followed by chilled raw packaged and processed meat (Agriculture and Agri-Food Canada,
2019, sec. “Retail market in the beef industry”). Furthermore, frozen meat is expected to be the fastest growing
category in volume terms with a CAGR of 2.6%, followed by continued growth in the fresh meat — counter (1.7%)
and chilled raw packaged and processed meat (1.7%) during 2018-2023.

The beef foodservice industry in Canada pulled in US$S2.6 billion in 2018, which includes the on-trade of beef
varieties such as burgers and grills, meatballs, ribs, sausages and other beef products. Foodservice profit
operators selling beef products represented 87.0% of the market share distributed mainly in the restaurant
services, while institutional non-profit operators held the remaining market share of 13.0% distributed mainly in
the education services in 2018 (Agriculture and Agri-Food Canada, 2019, sec. “Retail market in the beef
industry”).

7.3 Pork Value Chain

Similarly, the pork value chain describes the value-added activities and interactions that lead to the
transformation of pork from breeding to feeding and ultimately to marketing pork products that are sold to
Canadian consumers and exported internationally. These activities are dependent upon all participants in the
chain from research scientists, feed specialists and veterinarians, to producers of market hogs and weanlings to
the meat packers, to the meat inspectors, and truck drivers who get the product to market. The foundation of this
value chain includes the individuals who operate Canada’s 3,016 hog and pig operations.

Key challenges for the pork value chain include the threat of a foreign animal disease, such as African Swine
Fever, trade disruptions and volatile markets, high feed and energy costs, labour shortages, access to capital,
access to processing capacity, interprovincial trade barriers from regulations, and environmental policies.
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Figure 7.8. Pork value chain
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7.3.1 Primary Production

Canadian hog producers reported 13.9 million hogs on their farms on January 1, 2023, down 1.7% from the same
time last year, with Quebec, Ontario and Manitoba accounting for over 80% of the hogs. Hog production has
become a more concentrated industry, with more large farms with an average of 1,963 hogs per farm in 2021
compared to 902 hogs in 2001.

Supply and disposition statistics report that international imports of live hogs averaged 4,400 head in 2022, while
live hog exports were 6.5 million head, overwhelmingly to the United States for feeding, processing, and breeding
stock. Livestock receipts from hogs in 2022 were $ 6.5 B, up from an average of $5.2 B over the 2019 to 2021
period.

Operating costs on hog farms were adversely affected by the recent run up in commodity prices, as feed and
energy costs tend to be a fairly significant component of farm costs. According to 2021 tax filer data, the average
hog farm spent 46% of average operating expenses on feed, supplements, straw and bedding. Livestock
purchases were also a significant expense for these farm types, at 21% of the total.

7.3.2 Pork Processing

In 2022, 22 million hogs were slaughtered in Canada, contributing to sales (shipments) of $31.7 B and $10.1 B in
value added by Canada’s meat product manufacturers.
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Table 7.5. Federally Inspected Hog Slaughtering Plants in Canada, 2022

Number of plants by province - hog - 2022
Province 2022
British Columbia/Alberta 6
Saskatchewan/Manitoba 5
Ontario 4
Quebec/Atlantic 10
Canada 25

Source: Agriculture and Agri-Food Canada. (2021b, June 15). Distribution of Slaughtering Activity. Red Meat and Livestock Market Information.
https://agriculture.canada.ca/en/sector/animal-industry/red-meat-and-livestock-market-information/slaughter-and-carcass-weights/distribution-slaughtering-

activity.

There were 25 federally inspected hog plants in 2022, distributed primarily in Quebec and the Atlantic (10), B.C
and Alberta (6), Saskatchewan/ Manitoba (5) and Ontario (4). Some of these included Maple Leaf Foods Ltd
(Manitoba and Alberta), Olymel L.P. (Quebec and Alberta), HyLife Foods LP (Manitoba), Sofina (Ontario)
Conestoga Meat Packers Ltd. (Ontario), and Les Viandes Du Breton Inc. (Quebec) among others. However, there
are no federally inspected hog plants in Atlantic Canada, restricting out-of-province exports. Canada was one of
the top three exporters of pork products in 2021, with exports of fresh, chilled or frozen pork products worth
$3.8 B in 2022. Canada exports to many countries around the world including Japan, South Korea as well as the
U.S. According to Rude (2018), pork processing is less concentrated than beef processing in Canada, although
this is evolving. AAFC estimates of concentration as measured by the share of sales accounted for by the top
four largest pork processing companies (CR4) was estimated at 64% compared to beef companies 95% in 2022
(Agriculture and Agri-Food Canada, 2021b).

Consumption of pork remained strong in 2022, averaging 15.33 kg per person, up from 14.4 kg/person in 2021.
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7.4 Dairy Value Chain

Figure 7.9. Dairy value chain
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The Canadian dairy value chain is one of the key contributors to the Canadian economy. This industry operates
under a regulated milk supply management system to address problems of chronic milk surpluses, unstable
prices, and fluctuating producer and processor revenues that were common in the 1950s and 1960s (Jones,
2018).

Milk supply management has three primary functions: production discipline, administered pricing, and import
discipline. The Canadian Dairy Commission sets prices based on demand, market conditions and cost of
production, while simultaneously taking into consideration the perishability of the final product (Dairy Processors
Association of Canada, 2023). Provincial marketing boards allocate production quotas and are involved in
determining prices and production.

The dairy value chain describes the value-added activities and interactions that lead to the transformation of
dairy products from breeding to feeding and ultimately to marketing safe, healthy, and sustainable milk and dairy
products that are sold to Canadian consumers. These activities are dependent upon all players in the chain from
research scientists, feed specialists and veterinarians, to dairy producers and their products, and to milk, cheese
and dairy product processors, inspectors, and truck drivers who get the product to market. The foundation of this
value chain includes the individuals who operate Canada’s 9,403 dairy farms operations. The average farm had 87
dairy cows in 2021, up from 48 in 2001.

Key challenges for the dairy value chain include higher costs of production related to feed and energy, labour
shortages, market growth and pressure from imports, impacts of climate change, environmental policy, and
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responding to consumer perceptions around environmental impacts and competition from non-dairy milk
substitutes in the domestic marketplace.

7.4.1 Primary Production

Canadian dairy producers reported 969,000 dairy cows on their farms on January 1, 2023, down 1.2% from the
same time last year, with Quebec, Ontario and the Atlantic provinces accounting for over 80% of the dairy cows.

Milk produced on farms is sold for either the fresh, fluid market or for the industrial market where it is
transformed into cheese, yogurt and other processed dairy products. Approximately one third of milk produced
on farms is used for fluid milk purposes and the remaining two thirds is sold for dairy product manufacturing
(Statistics Canada, 2023f).

Farm cash receipts for dairy operations averaged $8.2 B in 2022, up significantly from a year earlier (11.5%) and
compared to the previous three-year average (15.6%). Operating costs on dairy farms were also affected by the
recent run up in commodity prices, as feed and energy costs tend to be a fairly significant component of farm
costs. According to 2021 tax filer data, the average dairy farm spent 29% of average operating expenses on feed,
supplements, straw and bedding. Livestock purchases were also a significant expense, at 5.3% of the total.

Under milk supply management exports of dairy products are sharply limited and dairy imports are constrained
by Tariff Rate Quotas. Canadian imports of dairy products have increased under trade agreements with the EU
(Comprehensive Economic and Trade Agreement (CETA)), under the Comprehensive and Progressive Agreement
on Trans-Pacific Partnership (CPTPP), and under the Canada-US-Mexico Agreement.

The Canadian dairy industry is known for its high-quality dairy genetics and hence exported live cattle, embryos
and semen in the amount of $143 M ($24.7 M, $4.3 M and $114M respectively) to countries around the world
(Canadian Dairy Information Centre, 2022).

7.4.2 Dairy Product Manufacturing

In 2022, there were more than 406 dairy processing plants across the country, most centred in Ontario and
Quebec (Table 7.6). 275 of them were federally licensed, while 232 were provincially licensed. ! By size, 16.5 %
(67) were micro plants (with fewer than 5 employees), 65% (265) were small plants (with between 5 and 99
employees), another 16.5% (67) were medium-sized plants, (with 100 to 499 employees) and the remaining 2%
(7) were large plants, with 500 and over employees. Most were centred in Ontario and Quebec, but most
provinces had some small processing plants to look after regional needs. Dairy processing plants process
everything from fluid milk to yogurt to cheese to sour cream and ice cream.

Milk quota was originally distributed to the provinces according to national milk production shares in the period
when milk supply management was initially established in the early 1970’s. For this reason, Ontario, Quebec and
B.C. have most of the milk quota. Some of the major players in the dairy processing sector include Saputo,
Agropur, Lactalis, Becker’s and Ultima Foods. The dairy processing sector is the second largest food
manufacturing sector, employing over 27,000 in 2022 (Canadian Dairy Commission, n.d.).

Consumption of dairy products slowed in 2022. Per capita consumption of butter and cheese fell to 3.57 and
14.8 kg/person respectively, while fluid milk and yogurt fell to 45.06 litres/person and 8.89 litres per person in
2022. Retail commodity sales of dairy and egg products reached $17.2 M in 2022 based on Statistics Canada’s
retail commodity survey.

Table 7.6. Dairy Product Manufacturing Number of Establishments by Size, 2022
Province/territory Micro (1-4 Small (5-99 Medium (100-499
employees) employees) employees)
| Ontario | 25 93 22
21 96 24 3

Large (500+
employees)
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13 36 7 0
5 15 6 0
1 3 3 0
L 6 1 0
L 1 1 0
0 9 2 0
0 4 1 0

Newfoundland and 0 2 0 0
0 0 0 0
0 0 0 0
| Nunavut | 0 0 0 0
67 265 67 7

Percent distribution (%) 16.5 65.3 16.5

Data source: Innovation, Science and Economic Development Canada, 2023a.
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7.5 Chicken Value Chain

Figure 7.10. Chicken value chain
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Canadian chicken, turkey, and egg value chains are part of the poultry value chain, which also operates under a
supply management system. This value chain includes organizations that govern the industry including the
Chicken Farmers of Canada, the Turkey Farmers of Canada, the Canadian Hatching Egg Producers, the Canadian
Broiler Hatching Egg Producers, the Egg Farmers of Canada and provincial organizations.
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The chicken value chain described above shows the value-added activities and interactions that begin with
breeding of broiler and layer chickens, to hatching eggs, to feeding and ultimately to marketing safe, healthy and
sustainable chicken products sold to Canadian consumers and for industrial uses. These activities are dependent
upon all players in the chain from research scientists, feed specialists and veterinarians, to broiler and layer
chicken producers, and to chicken processors, inspectors, and truck drivers who get the product to market. The
foundation of this value chain includes the individuals who operate Canada'’s 2800 farms. The average farm
produced 633,000 kg of chicken in 2001.

Key challenges for chicken and egg producers are primarily related to animal disease, such as Avian Influenza,
which has seen whole flocks exterminated throughout the country in recent breakouts, as well as the cost of
feed, energy and labour, due to labour shortages.

7.5.1 Primary production

The supply chain for Canadian chicken begins with broiler breeder farms that supply hatching eggs to hatcheries.
Hatcheries supply day-old chicks to broiler chicken farms for placement on feed. Canadian chicken producers
reported 782 M birds on their farms on January 1, 2023, down 1.2% from the same time last year, with production
in Quebec, Ontario, Manitoba and B.C., accounting for the majority of farms.

Farm cash receipts for chicken operations were $3.8B in 2022, up significantly from a year earlier (14.2%) and
especially compared to the previous three-year average (25.9%). Chicken appears to continue to be a sought-after
protein source for Canadian consumers, with such growth.

Operating costs on poultry and egg farms were also affected by the recent run up in commodity prices, as feed
and energy costs tend to be a fairly significant component of farm costs. According to 2021 tax filer data, the
average poultry farm spent 39% of average operating expenses on feed, supplements, straw and bedding.
Livestock purchases were also a significant expense for these farm types, at 23% of the total.

7.5.2 Chicken manufacturing

According to the Chicken Farmers of Canada, in 2022, there were 173 chicken processing plants across the
country, most centred in Ontario and Quebec. 36 of these plants were federally licensed, implying they can market
interprovincially or internationally, while 137 were provincially licensed (Chicken Farmers of Canada, 2022b).

Chicken production is distributed across all provinces in approximate proportion to the consumer market and due
to Canada’s system of supply management. State-of-the-art poultry plants that slaughter and process up to
25,000 broiler chickens per hour account for the majority share of poultry meat output. Among the largest
processing companies are: Lilydale Foods (Sofina) (Alberta, Saskatchewan and British Columbia), Maple Leaf
Poultry (Ontario and Alberta), Maple Lodge Farms (Ontario, New Brunswick and Nova Scotia), Olymel (Québec,
N.B. and Ontario), Exeldor (Québec, Manitoba) and Sunrise Poultry (British Columbia, Alberta, Ontario and
Manitoba). Most poultry processors operate their own egg hatcheries that sell chicks to producers who then sell
the finished birds back to the processors on a live-weight basis (The Canadian Encyclopedia, 2015).

Consumption of chicken continued to grow in 2022, despite price increases. Per capita availability (consumption)
of chicken rose to 35.4 kg/person while eggs rose to 15.3 kg/person in 2022. Turkey consumption on the other
hand was down slightly to 3.34 kg/person.

7.6  Contribution to human health

The effect of animal-based foods on human nutrition and health is becoming increasingly recognized in recent
research (see Beal et al., 2023; FAQ, 2023; Haile & Headey, 2023; Leroy et al., 2023; Moughan, 2021). Topics of
study range from the health benefits of eating meat and dairy to the dangers of eliminating these foods from the
human diet, and much more. This section can by no means cover the extant literature on the correlation between
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human health outcomes and the plethora of diet choices; rather, this section provides an overview of the different
ways these correlations are measured and understood in the literature.

7.6.1 Red meat: nutritional composition and global deficiencies

Figure 7.11 shows how important meat is in the human diet and the expected impacts on health if intakes are
reduced. Animal-based foods provide high-quality and readily digestible protein, are rich in energy and provide
readily absorbable and bioavailable micronutrients, more easily obtained from animal-based foods than from
plant-based foods. An inadequate intake of some of the major micronutrients relative to what is recommended
during pregnancy and childhood, such as iron, zinc and calcium, can lead to health problems that affect growth

and educational attainment (FAO, 2018).

Figure 7.11. The role of meat in human nutrition and potential complications without it
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Reprinted from Leroy, F., Smith, N., Adesogan, A. T., Beal, T, lannotti, L., Moughan, P, & Mann, N. (2023). The role of meat in the human diet: Evolutionary
aspects and nutritional value. Animal Frontiers, 13, 11-18. https://doi.org/10.1093/af/vfac093.

Recent FAO statistics show that one tenth of the global population is affected by undernutrition, with three billion
adults and children unable to afford healthy diets. Micronutrient deficiency or “hidden hunger” affects more than
two billion people worldwide and nearly a third of women of reproductive age suffer from anaemia (FAQ, 2023).
Specific nutrient demands differ by life stage. So for example, pregnant and breastfeeding women, infants,
children and adolescents have higher demands per kilogram body weight for most, but not all, essential nutrients
than adult men, non-pregnant and non-breastfeeding women or the elderly. Malnutrition in early childhood can
affect the child’s growth and physical and intellectual development, labour productivity during adulthood and
even lead to increased disability and a lower lifespan. Poor maternal nutrition impairs fetal development and
contributes to low birthweight and subsequent child malnutrition. Hence, in this era of growing food insecurity
around the world, more nutrient dense food, not just more food, will be required to sustain and ensure the world’s
population can achieve higher quality of life and less poverty and hunger, as set out in the UN Sustainable

Development Goals (United Nations, 2023).

With almost 800 million people globally facing hunger and nearly one in three people in the world affected by
moderate or severe food insecurity in 2022 (FAOQ, 2023), it is important to recognize how animal agriculture
contribute to food security, healthy diets and improved nutrition.

Also, as the world’s population grows and food demand increases and as the demand for protein and higher
value food products rises over the next 25 years, it will be particularly important for animal agriculture to play a
role in boosting nutrition for the world’s population at the same time that it addresses their environmental

impacts.
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7.6.2 Vitamins, macronutrients, and micronutrients

Vitamin B12

Vitamin B12 is important for the body’s red blood cell formation and nerve function (Health Canada, 2012). Itis
the only vitamin created by bacteria (University of Kent, 2013), such as the bacteria present in ruminants’
stomachs (Watanabe & Bito, 2018). Although it cannot be made by either humans or animals, vitamin B12 can
accumulate in animal tissues and then be consumed by humans. Vitamin B12 is often added to livestock feed as
a supplement; humans then acquire this B12 when consuming meat, dairy, and seafood.

Absorption of vitamin B12 is complex and is affected by the condition of the stomach and gut, such as the
presence of enzymes (Health Canada, 2012). Malabsorption increases with age and certain medications which
are more common in elderly populations (Kolber & Houle, 2014). Vitamin B12 deficiencies can lead to anemia and
fatigue.

The recommended daily intake of vitamin B12 is 2.4 micrograms for persons aged 14 and older, and 1.8
micrograms for children aged 9 to 13 years (Health Canada, 2023c). The foods with the highest vitamin B12
content per serving are clams (84 micrograms per 3-ounce serving), liver (71 mcg/3-ounce serving), and fortified
cereal (6 mcg/1-cup serving) (Harvard Health Publishing, n.d.). The bioavailability of vitamin B12 is thought to be
three times higher in dairy products than in meat, fish, and poultry; and it is 50% more bioavailable in supplement
form than in food sources (Allen, 2010; Vogiatzoglou et al., 2009; Tucker et al., 2000; as cited in National
Institutes of Health, 2022).

Iron

The daily recommended intake of iron is 11 mg for children aged 7 to 12 months, 10 mg for ages 4 to 8, 8 mg for
male adults and females aged 51 or older, and 18 mg for females aged 19 to 50 (Health Canada, 2023b). The
RDA is 1.8 times higher for vegetarians due to lower bioavailability of iron from plant-based foods compared to
animal sources (Health Canada, 2023b). A diet with sufficient iron helps prevent iron deficiency anemia, a
condition where the body’s blood lacks red blood cells, the carriers of oxygen from the lungs to the body’s tissues
(Mayo Clinic, 2022). The level of iron in the body can be affected by intake of iron-rich foods, the condition of the
gut or small intestine, pregnancy, blood loss (usually through regular menstruation or blood donating), and the
intake of vitamin C, which enhances iron absorption (Mayo Clinic, 2022).

The 2019 Global Burden of Disease project estimated the prevalence of anaemia in 15- to 49-year-old non
pregnant females globally at 30% and 13% in high income countries. Canadian studies estimate this number at
between 9.1% and 9.6% for women in this age group (Cooper et al., 2023). Estimates for anaemia prevalence in
children under 5 years were 40% globally and 12% in high income countries, with Canadian estimates below 5.9%
(Cooper et al., 2023).

These findings for Canada are based on research showing how some Canadians, particularly women of child-
bearing age, teen girls and children, are suffering from nutrient deficiency in iron and need to eat more animal-
based products. Nutrient deficiency occurs when people consume less than recommended amounts identified by
health professionals and the FAO and the World Health Organization (WHO). Cooper et al. (2023) estimated the
prevalence of iron deficiency and anemia in Canada for specific age and gender groups. Table 7.7 shows how
10.5% of boys and girls 3 to 4 years of age suffer from iron deficiency while 5.9% suffer from anemia, based on
the Canadian Health Measures Survey cycles 3-6 (2012-2019). Particularly striking is the prevalence of iron
deficiency in women of childbearing years (19 to 50). Females in this age group reported higher prevalence of
iron deficiency (20.4%) compared to males at 1.0%. Similarly, teen girls, ages 14 to 18 reported iron deficiency in
22.4% of girls, compared to only 3.8% in boys of the same age group. Elderly females and males reported iron
deficiency in only 3.8% and 0.9% of cases.

Table 7.7. Prevalence of Iron Deficiency and Anemia in Canada by Age and Gender

Canada, by age and gender Prevalence of anemia Prevalence of iron deficiency

Boys and girls, 3-4 yrs 5.9% 10.5%
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Males, all ages 4.0% 2.0%
5-13 yrs 4.5% 6.9%
4.2% 3.8%
2.2% 1.0%
51-79 6.2% 0.9%
Females, all ages 8.3% 13.4%
5-13 yrs 5.1% 9.0%
9.1% 22.4%
9.6% 20.4%
51-79 7.2% 3.8%

Total 6.1% 7.4%
Table created internally. Data source: Cooper, M., Bertinato, J., Ennis, J. K., Sadeghpour, A., Weiler, H. A., & Dorais, V. (2023). Population Iron Status in Canada:
Results from the Canadian Health Measures Survey 2012-2019. Table 4 and Table 3. The Journal of Nutrition, 153(5), 1534-1543.
https://doi.org/10.1016/j.tjnut.2023.03.012.

Calcium

Calcium is important for healthy bone growth and maintenance (Farrell & Houtkooper, 2017). Adequate calcium
intake is especially important in adults over the age of 50, when the body’s bone remodelling process slows
Osteoporosis Canada, 2023). The daily recommended intake of calcium is 700mg for children aged one to three
years, 1,000 mg for ages 4 to 8, and 1,000 to 1,300mg for adults, depending on age, gender, and pregnancy
Health Canada, 2023b).

A~ A~

According to Health Canada, in 2009, 19.2% of women and 3.4% of men aged 50 or older reported having been
diagnosed with osteoporosis in Canada reflecting calcium deficiency. Canada's Community Health Survey,
conducted by Statistics Canada and Health Canada, reveals a concerning decline in calcium intake across an 11-
year span, coinciding with reduced dairy consumption. Consequently, 68% of Canadians do not consume enough
calcium (Dairy Farmers of Canada, 2023). Fortified beverages have the greatest amount of calcium per calorie
(~12 mg of calcium per calorie), followed by lambs’ quarters (8mg/calorie), cooked greens (~4mg/calorie), and
skim milk (~3.5mg/calorie) (Dietary Guidelines for Americans, 2019; rates calculated internally). In terms of
servings, the foods with the highest calcium content per serving are dairy products (such as plain yogurt, 332mg
per 175mL), fortified beverages (such as fortified plant-based milk, 300mg per 250mL), and seafood (such as
salmon with bones, 240mg per 105g) (Osteoporosis Canada, 2023).

Calories

With regard to meat and calorie consumption, many countries, particularly high-income countries in the EU,
Canada, the United States, Australia, New Zealand, and Brazil consume excess calories and protein beyond
recommended daily amounts, contributing to both health impacts (i.e., obesity and chronic diseases such as high
blood pressure, diabetes, and heart disease) and environmental impacts (i.e., GHG emissions, land use concerns,
water contamination by animal agriculture). Out of 15 dietary risk factors for diet-related deaths at the global
level, the consumption of processed meat and red meat were ranked as 13" and 15™ (Afshin et al., 2019, as cited
in OECD, 2020, p. 12). It is estimated that while 1.9 billion persons live with food insecurity, even more people are
overweight or obese (OECD, 2020, p. 12). In Canada, 64.7% of the adult population (18.8 million persons) is
overweight or obese: 30.0% are obese (8.7 million adults) and 34.7% are overweight (10.0 million adults)
(Canadian Community Health Survey, 2023). The number of obese or overweight adults in Canada increased by
9% from 2018 to 2022 (Canadian Community Health Survey, 2023). Many studies, from Searchinger et al. (2019),
Willett et al. (2019) and the EAT-Lancet diet, to Poore and Nemecek (2018), and Health Canada in its recent
Canada Food Guide (Health Canada, 2023a), recommended substantially reducing protein and meat
consumption as well as eating fewer calories to improve environmental and health outcomes.

Traditionally, food adequacy has been measured by calorie intake. According to FAO data, about two thirds of all
countries are consuming sufficient calories to meet average per capita daily food energy requirements (Figure
7.12). Each bar on the x-axis represents one country or territory ranked by calorie consumption. Average daily
energy requirements of 2,353 kcal/capita/day are recommended by the FAO and shown by the red line. Individual
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energy requirements vary of course depending on age, sex, height, weight, pregnancy/lactation, and level of
physical activity as well as by rural or urban location and income. According to these results, just one third of
countries fail to consume average recommended daily calories per day per person and are undernourished. The
remaining two-thirds are overconsuming calories.

Figure 7.12. Average calorie consumption vs. daily energy requirement, kcal/capita/day
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Reprinted from (Ranganathan et al., 2016) and FAO; as cited in Vaughn Holder presentation to the Beef Farmers of Ontario (Ontario Beef, 2023, March 8). BFO
AGM 2023 Keynote Speaker—Dr. Vaughn Holder. https://www.youtube.com/watch?v=GWxO0lgJMpMI

Protein

Protein is important for growth, including building and repairing cells and tissues (Health Canada, 2019a) and
making enzymes and hormones (HealthLink BC, 2019). Animal-based proteins are known to be more readily
digestible than plant-based proteins, but consuming a mix of plant proteins may actually increase the digestibility
of plant proteins (Herreman et al., 2020, tbl. 3). Factors such as processing, extrusion, and cooking can also
increase or decrease the digestibility of amino acids in foods (Bailey, Mathai, Berg, & Stein, 2019; Friedman,
Gumbmann, & Masters, 1984; as cited in Herreman et al., 2020).

A chart similar to Figure 7.12 was developed by ranking countries by average daily per capita protein
consumption and showing them relative to their recommended daily amounts (Figure 7.12). This chart shows
how average daily protein consumption per capita exceeds the recommended daily average of 50 g/capita/day in
most countries when “gross” protein is used. Countries such as Brazil, the EU, the U.S., and Canada are on the far
right of the chart, showing how much greater actual consumption is relative to the recommended levels.
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Figure 7.13. Average protein consumption per capita (plant and animal) vs. daily requirement, using
“gross” protein
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Source: IFPRI, Ranganathan et al. 2016 and Moughan, 2021 and FAO.

However, more recent research has demonstrated that the use of “gross” protein, such as shown above, does not
adequately reflect the fact that animal-based protein tends to be more readily absorbed by individuals than plant-
based protein. Moughan (2021) showed how average daily protein consumption adjusted for “quality,” as
measured by protein digestibility and amino acids (lysine), was lower than average daily protein requirements in
more countries (Figure 7.14 B). This is primarily because plant-based proteins are of a lower quality given their
incomplete amino acid profiles and lower digestibility (Moughan, p. 1). By re-estimating these numbers based on
“quality” protein, Moughan was able to show how indeed insufficient protein is being consumed by citizens of
more countries and particularly in countries that have greater nutrient deficiency and food security issues (i.e.,
India, Sub-Saharan Africa (SSA) and China) (Figure 7.15). Adjusted for “quality” (amount of lysine), average daily
protein consumption in SSA was below daily requirements. He also estimated the change in the impacts of
animal-based proteins on GHG emissions, water use, and land use relative to plant-based proteins by using the
quality-adjusted proteins in his calculations, shown in Figure 7.16 and Figure 7.17.
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Figure 7.14. Protein consumption vs. requirement (g protein/capita/day) for 103 countries based on gross

protein
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Figure 7.15. Protein consumption vs. requirement (g protein/capita/day) for India, SSA and China based on
gross protein (A), or corrected for protein utilizability (B)
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Source: Moughan, 2021.

The relative impact on GHG emissions (Figure 7.16B) shows how wheat, rice, and maize’s relative carbon
footprints were higher than eggs and pork after adjusting for protein quality. So for example, after quality
adjustment, the carbon footprint of rice and maize was higher at 4.6 t and 4.7 t of COe per kg of digestible lysine
than for eggs (4 t) and pork (4.1t). This was similarly the case for water use and land use impacts (Figure 7.17
and Figure 7.18) where wheat, rice, and corn were more intensive users of land and water when reporting per kg
of digestible protein. Hence, as Moughan argues, “the metrics matter,” and actually can make a difference in
estimating nutrient availability and environmental impacts of animal products.
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Figure 7.16. GHG emissions of adjusting protein from animal- and plant-based foods for quality
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Figure 7.17. Estimates of impacts on water use of adjusting protein from animal- and plant-based foods
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Figure 7.18. Impacts on land use of adjusting protein from animal- and plant-based foods for quality
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Thus, when estimates include the impact of the “quality” of protein from animal-based products, the conclusions
change to reflect the greater digestibility and nutrient content of animal- based versus plant-based proteins in
feeding the world and for determining environmental impacts. Metrics matter and attempts to reduce animal-
based food products in the diets of the world's population will have serious implications, beyond what has up
until now been presented. It is therefore important to continue to evaluate the role of animal agriculture for global
food security and human health for a more sustainable future.

The role of animal agriculture in the US: A case study

White and Hall (2017) estimated the nutritional and GHG emissions impacts of removing animals from U.S.
agriculture in a scenario modelling exercise. By eliminating animals from US agriculture, they found that indeed
GHG emissions were reduced by 28%, but this did not fully counterbalance the animal contribution of GHGs (49%)
in their model. This is because of the important role livestock plays in disposing of a large amount of feed
processing by-products. Also, N, P, K and S fertilizer previously sourced from manure would need to be
synthesized for crop needs. And additional crops would need to be produced on land previously used by animals,
where possible.

They found that while a plant-only US agriculture produced 23% more food, it met fewer of the US population’s
requirements for essential nutrients including calcium, protein, vitamin A and vitamin D, as well as iron and zinc
(White & Hall, 2017). At the same time, removing animals from US animal agriculture resulted in the US having a
greater exportable surplus in foods (and therefore nutrients) which could help with food security in other
countries. Increases in exportable food energy would be of use in developing countries where calories are often a
limiting factor in achieving food security. Based on these mixed results, they concluded that modifications to
agriculture systems (such as shifting away from animal agriculture in certain countries) must be based on the
direct and indirect effects on the complete diet, rather than focussing on a specific nutrient (White & Hall, 2017).
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8. Research and innovation

Research and innovation has helped the livestock sector in Canada to find the optimal use of scarce resources,
all while combatting animal disease and responding to the rising global demand for protein. This section outlines
some of the ways that livestock R&D has advanced in North America in terms of production and yield of animal
products, as well as improved animal welfare and environmental sustainability.

8.1 Challenges in Animal Agriculture Confronting Innovation

The livestock industry in Canada has made substantial progress over the past two decades in responding to the
challenges it faces on all fronts from the environment, from human and animal health and welfare concerns, on
the trade and consumer demand front and from society as a whole. We present here the Dublin Declaration as a
summary of the challenges for livestock and the importance of meeting these challenges through research and
innovation.

8.1.1 The Dublin Declaration of Scientists and the Societal Role of Livestock

The Dublin Declaration (2023) was the result of an agreement that was made at the International Summit on the
Societal Role of Meat in Dublin, Ireland in the fall of 2022. The goal of this initiative was to provide the latest
evidence and developments in knowledge around the societal role of meat. As of September 25, 2023, 1,145
persons have signed the Dublin Declaration (The Dublin Declaration, 2023), with the purpose of giving a voice to
scientists around the world who do research in various disciplines to improve and innovate for the future of
animal agriculture. Findings from the symposium have been published in the April 2023 volume of the journal
Animal Frontiers, providing up-to-date evidence on meat as it relates to human nutrition and health, culture, socio-
economic factors, the environment, and ethics.

The Dublin Declaration focused its objectives around five themes in an effort to prioritize the research around five
issues:

Challenges for livestock. This theme focuses on the dual challenge for livestock: to increase supply in response
to rising global demand for animal-sourced foods that address nutritional gaps, while doing so within the
constraints of climate change, biodiversity, nutrient flows, and animal health and welfare to secure livestock-
dependent livelihoods and address sustainability challenges through evidence-based solutions.

Livestock and human health. This theme draws out the critical dietary and health role for livestock products, to
counter some of the negative press around its link to cardio-vascular diseases and cancer, drawing on bio-
evolutionary, anthropological, physiological, and epidemiological research that underscores the importance of
regular consumption of meat, dairy, and eggs as part of a well-balanced diet that is advantageous for human
beings.

Livestock and the environment. This theme researches the benefits of farmed and herded animals for
maintaining a circular flow of materials in agriculture, through the recycling of inedible biomass generated as by-
products of plant-based foods in the human diet. Livestock also play a role valorising marginal lands not suitable
for growing crops for human consumption. It is also important for generating environmental benefits, including
biodiversity, carbon sequestration, improved soil health, and watershed protection as important ecosystem
services. There is no doubt that more research and action is needed to reduce climate change impacts of
livestock production. It is also important to communicate those findings effectively to a broader audience. This is
to inform one-size-fits-all agendas which are currently calling for drastic reductions in livestock numbers and
more serious environmental problems globally.

Livestock and socioeconomics. This theme addresses the historical and future role of livestock for providing
food, clothing, power, manure, employment, and income as well as assets, collateral insurance, and social status
to millions around the world in both developed and developing countries. In some communities, livestock is one
of the few assets women can own as an entry point to gender equality, family and community welfare, and food
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security. Livestock is a long-proven method to create healthy nutrition and secure livelihoods deeply embedded in
cultural values everywhere.

Outlook for livestock. This final theme argues that livestock will continue to provide solutions for remaining a
critical bedrock of societies for staying within the Earth’s safe operating zone of planetary boundaries well into
the future.

8.1.2 Efficiency and Sustainability in Resource Use

In the introduction of his 2002 article, Vaclav Smil remarked that “Von Liebig noted in his most famous book
[published in 1840] that agriculture’s principal objective is the production of digestible N” (Smil, 2002, p. 126).
Digestible nitrogen would be referred to today as protein or amino acids. Under this conception of agriculture,
field crops and horticulture are somewhat limited with key gaps in the supply of amino acids; animal agriculture
is the element that converts feedstuffs from products either inedible for humans or low/deficient in
protein/amino acids, to animal products higher or more complete in protein/amino acids. The efficiency of
conversion — from the land base to feedstuffs, and from feedstuffs to animal proteins — is of paramount
importance.

This is especially important because efficiency in animal conversion of feedstuffs interfaces with crop feedstuff
yields. In this regard, Zulauf (2022) analyzed the problem of global yield drag: the proportion of growth feedstuff
demand that cannot be satisfied by crop yield growth, and must instead be met by introducing new land into
production. Figure 8.1 below, reprinted from Zulauf, shows that, starting from the early 1980’s, for global feed
grains (corn, barley, oats, and sorghum), yield growth in these crops was only able to keep up with demand up
until 2000; since then, additional land has been needed to supplement yield growth in order to provide the
production to meet demand.

Feed grains are intermediate products, primarily supplying animal agriculture as an end use. As such, efficiency in
animal conversion of these feedstuffs has a direct effect on demand for feedstuffs, and influences yield drag and
the associated need to bring additional acreage into cultivation to meet animal protein demand.

Figure 8.1. Trend Yields, Actual Yields, and Yield Drag: Global Feed Grains*

Figure 3. Yield Comparison, World Feed Grains, 1982-2022
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*Feed grains are barley, corn, millet, oats, and sorghum.

Reprinted from: Zulauf, C. (2022). The World’s Increasing Need for Cropped Land. Farmdoc Daily, 12(173). https://farmdocdaily.illinois.edu/2022/11/the-
worlds-increasing-need-for-cropped-land.html.
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8.1.3 Access and Expense of Workforce

A significant problem across agricultural segments is access and cost of labour, and animal agriculture is
affected along with other segments. Technology and innovation has developed to substitute for labour on farms,
and this remains an ongoing process driving innovation in animal agriculture. Examples include robotic milking,
cameras, and other precision technologies (see section 8.3).

8.1.4 Extreme Weather and Climate Change

Animal agriculture is subject to the effects of extreme weather and climate change. This is the case in a variety of
respects. There are at least three distinct aspects. Extreme weather and climate change can impact the nature
and feasibility of feed crops that support animal agriculture. Changes in temperature and extreme weather events
causing adverse situations such as flooding directly impact the growth and welfare of farm animals. Animal
pathogens can fluctuate in response to climate change, and foreign animal diseases can become a greater threat
as a result.

For example, a review Thornton et al. (2014) observed “Changes in climate variability and in the frequency of
extreme [climate] events may have substantial impacts on the prevalence and distribution of pests, weeds, and
crop and livestock diseases” (Thornton et al., 2014, p. 3319).

A recent study of vulnerability to climate change in Ontario drew from the scientific literature in arriving at the
following illustration of the effect extreme weather on dairy cows:

Dairy cows are particularly sensitive to high air temperatures due to additional metabolic heat
generated during lactation. Exposure to heat over 32°C results in heat stress causing impacts
such as reduced feed intake, lower milk yields (12 kg/day per cow), and reproductive problems
(e.g. 26% lower conception rate), impacting farm revenue and timing of operations such as
calving... Additionally, heat stress compromises cows’immune systems, making them vulnerable
to disease, while extreme levels of heat stress result in an increased likelihood of mortality (27%
greater mortality rate compared to a period with no heat stress) ... Carryover effects of stress are
known to persist even after the heatwave ends” (Ontario Ministry of the Environment,
Conservation and Parks, 2023, p. 114).

Significant adverse effects were also observed for beef cattle, swine, and poultry, and each of dairy, beef, swine,
and poultry were classed as high climate risk by 2050 (Ontario Ministry of the Environment, Conservation and
Parks, 2023)

8.1.5 Disease Threats

Animal agriculture in Canada faces ongoing threat of disease, in multiple dimensions. Animal diseases cause
morbidity or death of animals are a source of reduced growth, increased costs, decreased revenue, and
decreased welfare for affected animals. Many of these are production limiting diseases that are left to the
individual producer and veterinarian to bring under control, and can undermine the financial viability of producers
affected. A subset of these diseases must be immediately notified to the Canadian Food Inspection Agency, as
they “are diseases exotic to Canada for which there are no control or eradication programs”’ and CFIA can
undertake control measures.

T For a list of immediately notifiable diseases, see https://inspection.canada.ca/animal-health/terrestrial-
animals/diseases/immediately-notifiable/eng/1305670991321/1305671848331.
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Another subset are Reportable Animal Diseases under the federal Health of Animals Act and are reported
internationally to the World Animal Health Organization?. For these diseases, CFIA immediately takes
responsibility to bring the disease under control, and other countries can limit imports in response to the disease.
As aresult of the limitations on trade, it is not only the affected producer that is adversely impacted by the
disease — whole industries can be greatly impacted.

With Canada’s overwhelming exporting interest in pork and also in beef, the occurrence of a reportable disease
could be disastrous on affected industries. Canada had this experience following the discovery of Bovine
Spongiform Encephalopathy (BSE) in 2003. The key threats today are African Swine Fever (ASF-pork), and Foot
and Mouth Disease (pork, beef, and dairy). African Swine Fever poses an especially ominous threat, exacerbated
by the presence of wild pigs, not native to Canada, that present a vessel of infectious agent in the wild if ASF
were to occur in Canada- making eradication of the disease much more difficult. Avian influenza also poses a
major threat to poultry industries.

8.1.6 Environmental Sustainability

Productivity and efficiency in the output of animal products relative to the land base are essential for
environmental sustainability. There are also specific aspects that are issues for animal agriculture and the target
for research and innovation. Livestock are large components of agricultural greenhouse gases, especially
methane. Livestock manure is an important source of nitrogen and phosphorus deposition, and can be a source
of runoff and pollution of waterways. Livestock manure can also be associated with nitrogen leaching into
ground water. Manure-borne pathogens, notably coliforms and E. coli, can also contaminate waterways and
ground water.

8.1.7 Animal Welfare

Grandin (2014) identified two types of animal welfar