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Executive Summary
The summer of 2021 was not kind to agricultural producers on the Canadian Prairies. While
drought is a regular occurrence on the Prairies, the 2021 heat wave, accompanied by a weakened
jet stream, shattered records. It challenged the idea that climate change will only benefit Canadian
Prairie producers; heat, drought, floods, and severe storms are also part of the predictable picture.
But Canada’s agricultural producers have a complicated relationship with climate change that
goes beyond simply feeling impacts or adapting to them. The way we farm has impacts that are
large-scale enough to matter in Canada’s broader greenhouse gas (GHG) emission profile, for
better or worse.
This report is about finding solutions that hit the “sweet spot”: they reduce Prairie producers’
vulnerability to climate impacts, increasing their resilience and viability, while also allowing them
to contribute meaningfully to Canada’s overall efforts to mitigate climate change.

Canadian Prairie Agriculture: Where are we, and how did we
get here?
Coming to terms with the present demands that we understand our past. Prairie
agriculture was practiced well before the settlers arrived, but the treaties signed between 1870 and
1920 were designed to replace Indigenous semi-nomadic land management for cultivation and
hunting with a European-style agricultural economy based on exporting wheat to Europe.
Newly arrived settler farmers tilled and turned the centuries-old soil for the first time, using
methods more suitable for wetter areas, leaving them vulnerable to the drought and wind
conditions of the catastrophic dust bowl years in the 1930s. Those desperate years saw the
farmers that remained self-organizing, and establishing collective marketing and advocacy tools,
including wheat pools and farmers’ unions.
Government support eventually came in 1935 in the form of the Canadian Wheat Board—a solebuyer marketing and market support agency. That same year saw the establishment of the Prairie
Farm Rehabilitation Agency (PFRA), which helped farmers adopt farming methods better suited
to the Canadian Prairies.
The last 80 years have seen the evolution of prairie farming from a more cooperative model to an
industrial effort focused on maximizing agri-food production and exports. Government support
in the form of on-farm extension services and supporting research has dwindled, replaced mainly
by advice from commercial vendors of farm inputs.
The typical modern Prairie farm is caught in the cross-currents of multiple
fundamental changes. The number of farms continues to decline dramatically, while the
average farm size has more than tripled since 1970. Acreage under production has also increased
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with the conversion of rangeland, wetlands, and shelterbelts to cropland. Nitrogen fertilizer use
per hectare has increased around three-fold since the 1980s, and pesticide use has more than
doubled in the past two decades.
While farm receipts have been rising, in many types of operations, they have been matched or
overtaken by the rising costs of inputs, land, machinery and other expenses, and almost half
of Canadian farm operators supplement their farm income with off-farm work. The average
producer has been getting older, aging from 48 in 1991 to 55 in 2016. Many new producers do
not own their land, and there is a trend toward investor-owned land.
Climate change is another encroaching fundamental change. If farm operators are to be
fully engaged and prepared as a part of climate change solutions, policy-makers will have to start
from a place of understanding the pressures of the present and the history that has led us here.

Climate Change and Agriculture: Adapting to uncertainty
The world has cycled through ice ages and warm periods for millions of years, but our current
speed of warming is much faster than what we have experienced historically, and climate change
at that speed is disruptive. It is not just a matter of getting warmer; traditional growing seasons
and weather patterns will change, disrupting our established ways of life, including how we
produce our food.
The Prairies face a number of critical risks that, if unaddressed, could jeopardize
agricultural productivity and producer livelihoods. In Canada, the Prairies are warming
more quickly than any other region outside of the Arctic. We can expect longer growing seasons
and an increased extent of arable land moving north as a result.
Overall, precipitation will increase but will come mainly in the winter and spring—when wet
fields impede planting—and will give way to drier summers and falls. Summer precipitation will
be increasingly likely to come in intense storm events that lead to overland flooding, contributing
to erosion and loss of soil fertility. Heat waves and droughts in the summer will become more
common, as will the risk of wildfires. This will create a risk of heat stress for many crops (such as
canola, particularly at crucial plant germination stages) and livestock. Warmer winters will mean
increased overwintering and northward shifts in pests and diseases such as cereal rusts, striped
flea beetles, crucifer flea beetles, deer ticks, and biting midges.
Prairie producers may also be affected by the impacts of climate change policies in
export markets. For example, the European Union’s proposed “Farm-to-Fork” policies would
require the certification of sustainable and ethical practices in crop and livestock production and
processing and significant improvements in chain-of-custody regulations.
A final type of impact relates to the changing behaviour of consumers in response to
climate change concerns. As one example, we are seeing a small but rapidly growing demand
for protein alternatives to meat (driven by concerns for both animal welfare and climate impacts),
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which could represent an opportunity for pulse growers but a threat to producers of livestock,
especially beef.
Prairie producers are resilient and are already taking adaptive actions such as moving to no-till
and precision agriculture, changing seeding dates and cropping regimes, using drought- and heattolerant varieties, moving to mixed farming, and using crop insurance and climate data for farm
planning and risk assessment. Many of these practices not only boost resilience but they also have
better environmental outcomes.
But challenges remain. Coping with disruptive change is not just a farm-level effort. Communities
and social networks are important elements of resilience, and a smaller, older, more dispersed
population with financial stresses means that the community vulnerability of rural and farming
communities on the Canadian Prairies is relatively high. Individual producers and communities
need to be supported by the right policies, institutions, and infrastructure, informed by local
knowledge and an understanding of local realities.

The Impacts of Prairie Agriculture on Climate Change
Any major economic activity produces GHGs, and agriculture is no exception. Producing the
food that sustains us is one of the most significant human undertakings, and its impacts are on
par with its scale. Agricultural GHG emissions in Canada are 12% of the national total.
Of Prairie GHG emissions, approximately:
• 20% is from on-farm fuel use (mainly carbon dioxide from farm vehicle combustion
and fuel use in grain drying).
• 35% is from crop production (mainly nitrous oxide from synthetic nitrogen fertilizer
use and production, and carbon dioxide, both from energy used to produce fertilizer and
other chemicals, and from generating electricity for farm use).
• 45% is from animal production (primarily methane, mostly from cattle digesting grass,
and both methane and nitrous oxide from manure management).
Emissions vary across different operations and regions, but on average, canola has almost twice
the GHG emissions per kg of dry matter as spring wheat, which is twice again as GHG intense
as tame hay. Enteric fermentation in beef and dairy cattle (digestion gas) accounts for 88% of
Canada-wide agricultural methane emissions, with all livestock manure management accounting
for the rest.
We know how to reduce these emissions through so-called beneficial management practices
(BMPs). Indeed, many producers have already taken steps to improve efficiency and reduce
emissions on their farms, both because they see a payback and because they are innovators and
stewards of the land. No-till has been widely adopted, precision agriculture and “4R stewardship”
practices reduce nitrogen fertilizer use, and methane emissions from cattle have dropped since
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2005 due to changes in feed. But many BMPs need policy and industry support in order to make
them economically viable for producers.

Canadian Agricultural and Climate Change Policy
Government policy plays an important role in supporting farm-level changes to increase resilience
and reduce emissions in the ways discussed above. There is an extensive web of relevant federal
and provincial programming, but it bears noting that three fundamental barriers hamstring
effective Canadian policy in this space:
• There is no concrete national target for emissions reductions across the entire sector,
either at the provincial or federal level. Other countries have such high-level policy signals,
providing clarity for producers, communities, and industry on where the agricultural
sector must go.
• There is a lack of comprehensive planning and or a strategy on agriculture and
climate change across federal government departments and between different levels of
government. Best global practice includes comprehensive strategies to achieve their targets
for emissions reductions, areas of land under sustainable production, and livelihood goals
rather than one-off programs.
• There is a lack of program evaluation and transparency on environmental indicators and
low funding availability, meaning we know far too little about the efficacy of current agrienvironmental programming.
Agricultural policy in Canada is an area of shared jurisdiction between the federal government
and the provinces, which poses significant challenges to ensuring comprehensive climatecompatible policies and programs. Most federal funds to the agriculture sector flow through the
Canadian Agricultural Partnership, which has a budget of CAD 3 billion over 5 years ending in
2023. It includes federally funded programs, cost-shared programs delivered by provinces, and a
suite of business risk management programs.
Federal agricultural policy has only recently begun to fully mainstream climate change
considerations, and even now, the emphasis on resiliency and sustainability in Agriculture and
Agri-Food Canada programming is in the context of increasing growth and exports. There still
exists a basic tension between Canada’s national and international commitments on biodiversity,
climate change, and sustainable food practices—most of which are as yet unmet—and its focus on
increasing conventional agricultural production and exports.
Canada’s updated 2020 federal climate plan includes a target to reduce fertilizer use, sizable
budget commitments for such things such as clean agricultural technology, and support for
improved nitrogen management, cover cropping, and rotational grazing. Consultations are
underway on a federal offset program for large emitters that might include agricultural offsets.
Several adaptation and resiliency-focused programs outside of Agriculture and Agri-Food Canada
benefit rural communities and producers. However, much more is needed.
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No Prairie province has identified emissions reduction targets at the provincial level, and in
general, Prairie governments have not targeted the agricultural sector for emissions reductions.
While programs to incentivize more sustainable and resilient practices exist, they are limited in
scope and accessibility. Each province has some examples of positive and effective programming
to promote climate-resilient practices, but overall, climate change mitigation and adaptation have
not been fully mainstreamed across agricultural policies and programs. A significant challenge
for producers on the Prairies is the general lack of public extension services, especially those that
support climate resilience.
A number of innovative initiatives to address climate change impacts and opportunities in
agriculture have emerged at the community level, including the Alternative Land Use Service
(ALUS), which pays producers directly for eligible nature-based solutions. Another—the
Saskatchewan Soil Conservation Association—is a producer-based organization that supports the
uptake of new practices and technologies and that played a key role in promoting and facilitating
the adoption of low-till agriculture in the province.

Conclusions and Recommendations
Key findings of our research include:
• Emissions from Prairie agriculture are significant and increasing, despite the adoption of
BMPs such as no-till by many producers.
• Climate change-related impacts are intensifying, increasing vulnerability and risk for
Prairie producers on a number of fronts, including droughts, floods, heat waves, wildfires,
increased storm intensity, and migration of pests and diseases.
• Current public support and investment to address sectoral emissions are insufficient.
• The lack of sectoral targets means there is no predictable base for transformative
investment in the sector.
• Ensuring lasting change will require a shift in the culture of agriculture. By working with
producers, farm communities, and all levels of government and across departments,
policy-makers can help ensure that climate action becomes part of the culture of
agriculture.
We identify a number of on-farm practices that would increase the resilience and long-term
viability of farming operations while also producing environmental benefits:
• Reduced use of nitrogen fertilizer, following “4R Stewardship” principles, and planting of
pulses and other legumes.
• Better crop rotations, including the use of perennial crops, cover cropping, and
intercropping.
• Rotational and mob grazing to improve pastures.
• Use of crop and livestock rotations.
IISD.org
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• Improved livestock practices, including manure management, but also feed practices and
strategies to maximize herd health while reducing enteric fermentation.
• Lower operational energy-related carbon footprints, including fuel management, fuel
switching, energy efficiency, and renewable energy generation.
• Improved land stewardship practices, including shelterbelts and conservation of forests
and wetlands.
• Integrated management of soil, water, and land to deliver increased resilience, more
biodiversity (including healthy soils), and climate mitigation.
• Adaptation actions, such as improving on-farm infrastructure, changing planting practices,
strengthening water management, practising mixed farming, and using climate data in
planning.
Many beneficial farm-level and broader changes can be framed under an agroecology approach,
applying ecological principles to enable sustainable food systems. Some of these practices, like
4R (right source, right rate, right time, right place ) stewardship, have quick paybacks because of
input cost savings. Others, like more efficient equipment, may pay off over time but are significant
upfront investments. Others, like manure biodigestion and changes in feed, may have little
prospect of paybacks. In general, producers need financial and technical support to adopt these
sorts of practices and create systemic change. Drawing on our research and the recent work of
others, we identify several types of support as playing that role. Governments can:
• Reinstate funding for public extension services and research with a renewed focus on
agroecological practices and climate resilience.
• Introduce crop insurance discounts for BMPs to draw clear linkages between improved
practices and reduced climate risk.
• Establish incentives for improved livestock practices, including grazing BMPs, manure
management, and the reduction of enteric fermentation.
• Facilitate payment for ecosystem services and nature-based solutions.
• Improve and establish programs to support greening on-farm energy use.
• Ensure robust criteria and processes for agricultural carbon offsets.
• Identify and phase out harmful agricultural subsidies.
• Ensure financial, social, and environmental conditionalities in funding programs.
Industry can:
• Innovate for increased fuel efficiency and zero-emission farm equipment, as well as for
feed supplements to reduce digestive methane, and crop development and equipment for
techniques like intercropping.
• Support research and market development for sustainable food production.
• Set ambitious corporate targets and roadmaps for emissions reductions and sustainability.
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Non-governmental organizations and producer associations can:
• Scale up existing local and regional programs to compensate innovative and climateresilient producers for their leadership as trainers and mentors on BMPs in their
communities.
• Provide research and advocacy for policies that support producers in sustainable
transitions.
Partnerships with Indigenous communities to share Traditional Knowledge in support of climate
change mitigation and adaptation planning can result in:
• Land trusts, conservation, and the rehabilitation of farmland and pastures, including
pasture management of former PFRA lands.
• On-reserve gardening and small-scale farming that involve working with communities to
build skills, knowledge, and economic opportunities.
• Land Back efforts with individual farmers and communities.
Finally, the ongoing work to develop the Food Policy for Canada should incorporate climate
change as a focus. Comprehensive measures within and alongside the FPC are required to
transform agriculture on the Prairies and across Canada, including by:
• Adapting business risk management, the Canada Agricultural Partnership, and the next
agricultural policy framework in 2023 to fully integrate environmental issues, build
agroecology in Canada, and incentivize best practices.
• Ensuring domestic food and agricultural policies align with international commitments
on climate change and sustainability, including through target setting and reporting on
progress.
• Improving monitoring and evaluation of federal agricultural programs and supports.
• Ensuring adequate and ongoing consultation with relevant stakeholders, including public
consultations.
• Implementing and adequately funding the proposed National Adaptation Strategy in a
way that supports producers and surrounding communities.
• Empowering regional networks and local planning authorities to develop local solutions.
• Developing a pan-Canadian soil health strategy.
• Integrating and foregrounding equity, diversity, and inclusion policies and programs to
reduce barriers to entry in agriculture.
As Canada moves into an uncertain climate future, rethinking agriculture on the Prairies may
require some significant imagination, but this also provides us with an opportunity to go in
entirely new directions. Working with multiple stakeholders and Canadian communities, as well as
Prairie producers, will allow for a new, more sustainable vision of Prairie farming to emerge.
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The summer of 2021 was not kind to agricultural producers on the Canadian Prairies. Severe
drought conditions across much of the southern plains have meant widespread crop failure for
farmers, and shortages of feed have been catastrophic for many ranchers, in some cases forcing
them to sell their stock (Nickel, 2021; Rosen, 2021). This played out against the backdrop
of ongoing wildfires that plagued areas across Canada with smoke for much of the season
(Isai, 2021). Conditions for farming in Alberta, Saskatchewan, and Manitoba have posed
economic challenges for farmers, but also health and social challenges as farming families and
communities have struggled to cope with the stress.
Drought is a regular occurrence on the Prairies, with events expected every 20–30 years. But
the heat wave that gave rise to this event, accompanied by a weakened jet stream, shattered
records across Western Canada, playing out a script foretold by climate scientists who warn
that such events will become increasingly frequent. The 2021 season is a rebuttal to the idea
that climate change will only benefit Canadian Prairie producers; along with heat and drought,
floods and severe storms are also part of the predictable picture.
Canada’s agricultural producers have a complicated relationship with climate change that
goes beyond simply feeling impacts. The way we farm—for example, the type of tillage, the
application of fertilizer, the management of manure—has impacts that are large-scale enough
to matter in Canada’s broader greenhouse gas (GHG) emission profile, for better or worse. The
Prairie provinces are home to 80% of Canadian agricultural land; they are the “breadbasket” of
the country, a major contributor to international food exports, and a source of emissions. The
agricultural sector, like other economic sectors, faces a challenge to reduce these emissions to
ensure a climate-safe future.
This report is about finding solutions that hit the “sweet spot”: they reduce Prairie producers’
vulnerability to climate impacts and increase their resilience and viability while allowing them
to contribute meaningfully to Canada’s overall efforts to mitigate climate change. This is the
first of a two-part series that examines the interactions between agriculture and climate change
on the Canadian Prairies.
This first report asks how Prairie agriculture and climate change are related. We start
by looking at the ways climate change will affect, and is affecting, Prairie producers. Section 2
provides a “long view” of the history of agriculture on the Canadian Prairies with an emphasis
on the policy and economic changes that took place from colonization and early settlement, to
increasing industrialization, to today’s modern farming. That context allows us to better assess
where we are today and where we need to go. Section 3 then reviews the potential impacts of
climate change on agricultural production and rural communities and asks how communities
can adapt to these changes.
Section 4 looks at agricultural GHG emissions for Canada and the Prairies, describing the
trends and exploring the ways those emissions can be reduced. In Section 5, we describe and
assess provincial and federal policies that impact the agricultural sector’s ability to address
climate change.
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The sixth and final section summarizes the report’s findings and makes a series of
recommendations, building on the preceding analysis and work done by leading environmental
and farmer-focused organizations in Canada. The second report in this series will elaborate on
these recommendations in more detail to provide concrete pathways for policy change to enable
climate action in the Prairie agricultural sector.
Our objective is to enable producers, including farmers and ranchers, to act
individually and together, with the support of policy-makers and industry, to mitigate
and adapt to climate change on the Prairies. The scale of climate change requires
unprecedented action across all of society, and agriculture is no exception. To succeed, shifting
toward climate-safe approaches will require ingenuity, proactive planning, proper investment,
strong governance, and collaboration. In keeping with the tenets of sustainable development,
our vision of success is an environment and an economy that allow the children of today the
opportunity to become the prosperous producers of tomorrow.
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In order to develop effective climate change policies, it is important to understand the current
and historical social, economic, and cultural realities of farming communities on the Canadian
Prairies. In this section, we briefly survey the history of Prairie agriculture from pre-colonial time
to the present. Land use and farming on the Prairies has changed immensely over time, with
implications for producers and policy-makers. We examine how food has been produced and
harvested, who was involved, and how key organizations, institutions, and government policies
have impacted how agriculture on the Prairies was practised. Importantly, the history of settler
colonialism and ongoing socio-economic challenges contribute to unique vulnerabilities and
adaptive capacity within the Prairie agricultural sector.
While large-scale landscape changes are part of the history and current reality of the Prairies,
anthropogenic climate change presents a new and significant threat to Prairie communities and
agricultural livelihoods. Previous dramatic landscape changes on the Prairies, as outlined in this
chapter, illustrate the risks and socio-economic impacts that occur when environmental change
is neither prevented nor properly adapted to.
Key messages:
•

Policies to support producers in responding to climate change must build on lessons
learned from past agricultural and rural policies and their positive and negative effects
on rural populations (for example, the Prairie Farm Rehabilitation Administration [PFRA],
farmer collective approaches, etc.).

•

Key trends in 21st-century farming include increased farm size (with fewer total farms) and
cropland production, increased use of synthetic inputs, with links to ecosystem impacts
and climate change.

•

There are conflicting policies within governments that make it challenging for producers to
act to protect the environment.

Figure 1. Key events in the history of Prairie agriculture
PRE-SETTLER
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harvesting,
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1872
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Crow Rate
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2.1 Historic Land-Use Change
Prairie landscapes were once home to vast amounts of biodiverse native grasslands, with
millions of bison (a keystone species). Bison and grasslands had evolved together for centuries
before the fur trade began. Healthy grasslands and soils relied on the heavy but temporary
browsing of roaming bison herds and the trampling of their hooves (Savage, 2004).
Indigenous Peoples subtly changed the Prairie landscape before European exploration or
settlement.1 Most followed a primarily hunting way of life, alongside low-impact plant
cultivation, or agriculture, though it was not acknowledged as such because it did not resemble
European agriculture (Carter, 2016; Daschuk, 2013; Herriot, 2016). Indigenous communities
were primarily nomadic but visited the same territories at the same time each year, making
it possible to encourage and cultivate plants, including berries, root vegetables, and wetland
plants, through management processes that included controlled fires, digging, and sowing of
“wild” seeds (Davidson-Hunt, 2003, Massie, 2014).
In one of the first human-caused landscape transformations in the region, European fur
traders and First Nations and Métis hunters and trappers impacted the landscape through
the overharvesting of bison and beaver in the 19th century. Overharvesting of bison and the
intentional slaughtering by officials in both Canada and the United States eventually led to the
decimation of bison populations (Olson, 2019), alongside devastating impacts to Indigenous
communities, and marked the start of a longer transition from native grasslands to cultivated
agriculture in much of the Prairies.

2.2 Historic Farming Communities and Their Responses to
Environmental Change
The land on the Prairies is completely covered by numbered treaties. In the late 19th century,
settler farmers began to establish themselves across the Canadian Prairies. Seven treaties
were negotiated in the region between 1871 and 1921 (Epp, 2008; Russell, 2012). From the
perspective of the Canadian government, the treaties enabled the building of a railroad to
facilitate the arrival of settlers and the establishment of agricultural production, particularly
for exporting wheat to Europe (Russell, 2012). The federal government’s Dominion Lands Act
of 1872 sold a quarter section of land for CAD 10 to those who could plow the land and live
there as part of the government’s effort to establish a wheat export economy (Yarhi & Regehr,
2020). Tensions of land rights, access, and ownership have modern-day implications and should
be considered as governments develop agricultural climate change policies, particularly for
linkages with reconciliation with Indigenous Peoples.

These include the Siksika, Piikani, Kainai, Dakota, îyârhe Nakodabi (also known as Stoney Nakoda), Nehiyawak
(also known as Cree), Nakoda Oyadebi (also known as Assiniboine), Tsuut’ina, Ojibway, and Dene (Brasser, 2019).
1
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While periodic droughts had been well documented by early explorers, including in southern
Saskatchewan and Alberta, where the land was deemed unsuitable for agriculture (Palliser’s
Triangle), the federal government ignored these warnings in an effort to assert dominion
over the territory through settlement (Potyondi, 1995). Newly arrived settler farmers were
tilling and turning the centuries-old soil for the first time and using methods more suitable
for wetter areas. In the 1930s, they were hit hard by the lack of rain and by prevailing winds
that blew away valuable topsoil in “black blizzards” that reached as far as eastern Canada
(Cunfer, 2005; Owram, 1980). Many farmers did not stay and instead returned to Europe or
moved to urban centres; those that did stay migrated northward where conditions were more
favourable (Massie, 2014). The Dust Bowl years were a catastrophe in every sense—economic,
environmental, and social—and they continue to serve as a warning to both farmers and policymakers on the Prairies today.
As a result of the lack of government support, some farmers in the 1920s and 1930s took the
initiative to self-organize and establish collective marketing and advocacy tools, including wheat
pools and farmers’ unions, with some branching out to establish supporting infrastructure like
local banks and telephone lines (Atkinson & McCrorie, 2003). These strategies helped farmers
by establishing better prices and living conditions but also strengthened broader social supports
and communities (Eaton, 2013; Magnan, 2011). Cooperative tendencies dominated the
Prairies until the 1970s and 1980s and helped establish many farmer-led institutions (Eaton,
2013; Magnan, 2011; Skogstad, 1987).
The Crow Rate, or the Crowsnest Pass Agreement of 1897, saw the Canadian government pay
the Canadian Pacific Railway a cash subsidy and title to the mountain pass in British Columbia
(BC) in exchange for reducing, in perpetuity, eastbound rates on grain and flour (Norrie &
Regehr, 2014). While it was unsustainable in the long run, the Crow Rate was a concrete policy
expression of support for Prairie farmers at a time when few others existed, leading to an
increase in farm settlement (Norrie & Regehr, 2014).
As the Great Depression lingered, the federal government established several welfare policies,
including so-called “make work” projects, like the construction of dams to control water
supplies. In 1935, the Canadian Wheat Board was established, which acted as a marketing
agency on behalf of grain producers and eventually became the sole seller and buyer of select
Prairie grains, including wheat. That same year, the federal government also established the
PFRA to help Prairie farmers adapt to natural resource constraints (including drought) and
shift European agricultural approaches to farming practices that would work in the Prairie
context (Marchildon, 2009). The PFRA was a branch of the federal agriculture department
and supported farmers in the conservation of soils, the development of water resources, and the
management of community pastures. The PFRA also conducted extensive surveys of soils and
hydrological conditions and research on cultivation practices (Marchildon et al., 2008).
The PFRA was extremely successful in changing farming practices (Marchildon et al., 2008).
For example, one successful program distributed free trees to help farmers establish shelterbelts
to protect farmland from wind erosion while also supporting biodiversity and preventing
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localized flooding. There is also evidence that the tree-planting program helped lessen the
impacts of wind erosion from subsequent droughts in the 1980s and early 2000s (Marchildon
et al., 2008). Millions of trees were planted by the program’s end in 2013 (Amichev et al.,
2015). The PFRA also changed farming practices by ensuring that farmers knew how to
manage water systems on their farms, including building dugouts for livestock and growing
crops around seasonal sloughs (Marchildon. 2009). Even before the program was terminated
in 2013, attitudes and behaviours around farming practices were changing (Arbuthnott &
Schmutz, 2013).

2.3 The Modern Farming Sector and the Transition to
Conventional Production
Conventional agricultural production in Canada has become increasingly industrialized since
the 1940s, with a focus on maximizing agri-food production and exports. This transition
has been supported through both government policies and private interests, including the
privatization of the Canadian Wheat Board and the ending of the PFRA in the early 2010s. The
transition has meant larger farms with fewer farmers and farm workers or animal power, bigger
farm equipment, and increased synthetic input use (Isaac et al., 2018).
Transportation by rail of grains and oilseeds continues to dominate Prairie agriculture, but
it also continues to present a challenge to farmers, rail line companies, and governments. In
1983–1984, the federal government renegotiated the Crow Rate with the Canadian Pacific
Railway, and farmers began to pay more to move their products to international markets via
BC (Beingessner, 2003). Farmers were now being charged to maintain all rail lines, including
smaller branch lines, which contributed to tensions between farmers in the “hinterlands” and
those along main lines (Beingessner, 2003).
The 1980s and 1990s were dominated by the ideology that less government is better. In
agriculture, this meant a reduced role for government and increased cost of business for
many farmers (Atkinson & McCrorie, 2003; Eaton, 2013; Magnan 2011). This paradigm
also involved a shift wherein farmers identified themselves less as environmental stewards
supporting the common good, or members of collective and farmer-led organizations for
economic equality, and more as individual actors with increased pressure to stay afloat
(Burton, 2004; Kuyek 2007; Lind, 2003). Extension services and public research in Canada
were publicly funded by governments and universities well into the 1980s (Ontario Centre for
Climate Impacts and Adaptation Resources, 2017). Universities and provincial governments
cut funding to public research on crops and on-farm practices in the 1990s and 2000s (Milburn
et al., 2010; Tarnoczi & Berkes, 2010). The PFRA was eventually terminated in 2013. Public
extension services have been reduced and shifted toward more passive and less personalized
forms of assistance than field staff, such as online information sources (Milburn et al., 2010).
Private corporations have also filled the gap (Kneen, 1990; Kuyek, 2007), and their advice has
tended to direct farmers to use more of the seeds, fertilizers, and other inputs they happened
to be selling (Eaton, 2013). Many farmers have begun to access information from multiple
IISD.org
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sources, including private sector advisors (Fawcett-Atkinson, 2020a; Ontario Centre for
Climate Impacts and Adaptation Resources, 2017).
These trends, and the advent of new technologies, resulted in many changes to the Prairie
landscape as many farmers made changes to maximize cropland. Equipped with larger
machinery and able to farm more land, farmers removed shelterbelts to enlarge their fields
since the advent of no-till and direct seeding meant they no longer worried about soil erosion
(Argue et al., 2003). Many also installed drainage systems on their land to drain wetlands.
When a prolonged drought arrived in the 1980s, combined with high interest rates and
increased farm debt, a 1930s-style mass exodus of farmers happened again (Sommerville &
Magnan 2015). The loss and privatization of farmer-led institutions, including the Canadian
Wheat Board in the mid-2010s, further entrenched approaches that saw farmers as better
off seeking free-market opportunities than acting collectively (Magnan, 2011). This increase
in competition also resulted in the failure of some farms and contributed to a transition to
investor-owned farmland (Desmarais et al., 2017). Saskatchewan, for example, saw a 16-fold
increase in land owned by investors from 2002 to 2014 (though this is still less than 2% of total
land under cultivation) (Desmarais et al., 2017).

2.4 Prairie Farming in the 21st Century and Implications for
Climate Change
Today, the Prairie provinces are home to approximately 17% of Canada’s population (Statistics
Canada, 2017a), with a higher-than-average rural population. In addition, 39.2% of Canada’s
Indigenous population lives in the region.
Trends in Prairie farming in the 21st century illustrate the cumulative impacts of
the past decades of economic and environmental policies and subsequent landscape
changes. This includes the move toward high-input agriculture, the use of which often
represents high costs for farmers. On Canadian farms, nitrogen fertilizer has increased around
three-fold since the 1980s, and pesticide use has more than doubled in the past two decades
(Figures 2 and 3) (Food and Agriculture Organization of the United Nations [FAO], n.d.;
Qualman, 2019; World Bank, n.d.).
Currently, agricultural policy in Canada is dictated heavily by provincial policies and the
Canada Agricultural Partnership (CAP). Negotiated between the federal and provincial
governments, the CAP includes a variety of funding programs. Federal approaches, including
the CAP, have helped to orient the sector toward exports and have been criticized for
overemphasizing growth and technology without adequately considering sustainability
implications (Wilson, 2017). We explore these dynamics further in Section 5.
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Figure 2. Fertilizer consumption in Canada over time (kg per hectare of arable land)
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Figure 3. Pesticide use in Canada over time (kg per hectare of arable land)
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2.4.1 Decrease in Total Number of Farms
The portrait of the average Prairie farm as a small, family-run operation with one or more
commodities is changing. While many farms are still individual or family run, the number
of corporate farms is growing. In 1971, 97.6% of Canadian farms were categorized as sole
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proprietorships or partnerships, and 2.2% were corporations (family or non-family) (Statistics
Canada, 2017b). By 2016, the percent of incorporated farms increased to 25.1%. Corporations
may offer business and legal advantages as the size and complexity of a farm grows. These
corporate farms are still operated by families, with 22.5% reporting as family corporations
compared with 2.7% as non-family corporations in 2016 (Statistics Canada, 2017b).
The number of farms across Canada has decreased dramatically over the past 80 years, from
over 730,000 farms to an all-time low of 193,492 farms in 2016. That year, there were 14,791
farms in Manitoba, 34,523 farms in Saskatchewan, and 40,638 farms in Alberta (Statistics
Canada, 2017d) (see Figure 4).
Figure 4. Number of farms in Prairie provinces, 1921–2016
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Source: Data from Statistics Canada, 2017e

2.4.2 Increase in Farm Size, Agricultural Land Use, and Crop
Production
Farm size on the Prairies is considerably larger than the rest of Canada and massive when
compared to the average farm size in European countries. In 2016, the average farm on the
Prairies was 1,404 acres, compared to 820 acres for Canada (Statistics Canada, 2017b). In
1971, the average Canadian farm size was only 463 acres (Statistics Canada, 2017b).
Farmers are now farming more cropland than ever before, particularly as more farmers have
converted pastures from livestock production to cropland (Statistics Canada, 2017b). The
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expansion of agricultural land has significant implications for the ability of ecosystems to
sequester carbon and maintain biodiversity. Native grasslands in Canada are at a small fraction
of their original state and continue to decline on the Prairies, while wetlands continue to be
converted for agriculture (Office of the Auditor General, 2018). Most agricultural lands in
Canada have low capacity to support wildlife habitat (Office of the Auditor General, 2018).

2.4.3 Trends in Production
Current Prairie agriculture is somewhat diverse, with warm-weather crops such as corn and
soy grown in southern portions of Manitoba, more forage crops in the Peace River areas of
Alberta’s north, and diverse animal operations throughout the provinces. Around 46% of
Prairie farms are producing oilseeds and grains, in part due to the higher amount of arable land
available on the Prairies (Statistics Canada, 2017b, 2017c). The three main crops produced
on the Prairies are wheat, canola, and forage crops (especially alfalfa), with lentils coming in a
close fourth (Statistics Canada, 2017d). The three main livestock animals are cattle, horses, and
chickens (Statistics Canada, 2017d). The Prairie provinces are responsible for just over 80% of
the total beef cattle in Canada (Statistics Canada, 2017d).
From 2011 to 2016, the area of land seeded using no-till technology increased by 16.8% to
48.2 million acres (Statistics Canada, 2017b). This has resulted in a rapid decrease in the use of
summer fallow, with areas using summer fallow down by 57.1% since 2011 (Statistics Canada,
2017b). At the same time, the area of hay and alfalfa cropland has declined by 16.6% (-2.8
million acres), while the area of pasture decreased 4.4% (-2.2 million acres). The latter is due
in part to a smaller beef herd (beef and feedlot operations declined by 3.7% across Canada
from 2011 to 2016) (Statistics Canada, 2017b). Some of the land previously used for hay and
pasture has been converted to field crop production (Statistics Canada, 2017c). While the
number of pigs has increased in recent years, this was preceded by a significant decline in pork
production due to increased costs and lower prices.
Canada and the Prairie provinces rely heavily on both exporting and importing food. For
example, Canada exports half our beef, 70% of our soybeans, 70% of our pork, 75% of our
wheat, 90% of our canola, and 95% of our pulses (Canadian Agri-Food Trade Alliance, 2017).
Our current agricultural system is designed to maximize agricultural production and to export
it. For example, lentils are becoming a significant crop in Saskatchewan due to growing demand
from international markets (Statistics Canada, 2017c). This reliance on international demand
can make farmers vulnerable to international markets and trade relations, as we will discuss
later in Section 3.3.

2.4.4 Shifts in Producer Incomes
The 2016 Census of Agriculture found that 44.4% of all farm operators did some off-farm work,
usually as a means of supplementing their total income (Statistics Canada, 2017c). While farm
revenues have been increasing, the costs of inputs and other farm expenses have also increased,
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resulting in lower expense-to-receipt ratios (See Table 1). For example, farmers are reporting
larger and more expensive equipment as average farm sizes have grown (Statistics Canada,
2017c). Across Canada, the total value of farm machinery and equipment owned and leased by
farmers increased between 2011 and 2016 by 15.4%. Gross farm receipts were CAD 69.4 billion
in 2015, while operating expenses were CAD 57.5 billion (Statistics Canada, 2017c). The average
Canadian farm incurred 83 cents in expenses for every dollar in gross farm receipts in 2015 for
an expense-to-receipt ratio of 0.83. This varied by operation type (see Table 1).
Table 1. Operating expense-to-receipt ratio by operation type, Canada, 2010 and 2015
Expense-to-receipt ratio
2010

2015

Beef

0.93

0.90

Dairy

0.73

0.77

Hog and pig

0.92

0.90

Poultry and egg

0.84

0.84

Sheep and goat

1.01

0.96

Other animal

0.88

0.88

Oilseed and grain

0.76

0.79

Vegetable and melon

0.84

0.83

Fruit and tree nut

0.90

0.84

Greenhouse and nursery

0.86

0.85

Other crop

0.89

0.83

Operation type
Animal

Crop

Source: Adapted from Statistics Canada, 2017c.

2.4.5 Changes in Producer Demographics
The average age of farmers continues to climb in Canada. On the Prairies, the average farmer
in 2016 was 55, compared to 48 in 1991 (Statistics Canada, 2017d). However, there has been
a recent increase in the number of farmers under 35 years of age (Statistics Canada, 2017b).
Younger farmers are less likely to own the land they farm on, with approximately 50% renting
(Statistics Canada, 2017b). They are often renting from farmers over 70, who may be using the
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additional income to supplement them as they scale back their own operations and transition
into retirement (Statistics Canada, 2017b). The number of female farmers has continued to
increase since 1971 when the Agriculture Census in Canada first began monitoring this data
(before then, it was assumed that farmers were only men) (Leckie, 1993). These trends of
increases in young and female farmers may provide an opportunity for climate change policy
since these populations have been shown to prioritize environmental issues (Monllor, 2012;
Sachs et al., 2016).

2.5 How Do Historical and Socio-Cultural Trends in Prairie
Agriculture Intersect With Climate Change?
The changes on Prairie farms and agricultural land over past decades, including increased
production and the use of synthetic inputs, have resulted in significant environmental impacts,
including dramatic increases in farm-level GHG emissions (we explore this in more detail in
Section 6). However, individual farmers are not solely to blame for this increase, since farmlevel decision making has come under pressure from systematic changes in economies, societies,
and policy and regulatory landscapes. For example, the loss of the Crow Rate increased
transportation costs for many farmers and changed the way they made decisions about what to
grow and where to farm, with a greater emphasis placed on growing the most profitable crops
rather than on healthy crop rotations (Beingessner, 2003). As another example, the loss of
public extension services from governments and universities has resulted in private corporations
providing recommended application rates for fertilizers and pesticides, rates that may
maximize their profits rather than providing opportunities to save farmers money or protect the
environment (Kuyek, 2007).
When considering the climate change challenges facing Prairie agriculture, it is
important to remember that these issues go beyond the farm level and are part of a
broader culture and system of industrialization. For example, the PFRA is often lauded
as a policy success since it saw a significant change in farming behaviour and practices on the
Prairies and supported farmers in massive efforts to reduce soil erosion and improve water
retention on farms (Marchildon, 2009). Many social, economic, and policy changes have taken
place since the heyday of the PFRA, so future policy solutions must build on past successes
while addressing current realities. There has already been positive momentum in the past 25
years, as collaboration has increased between producers, researchers, and policy-makers to
improve climate resilience in the sector (Warren & Lulham, 2021).
Policies that push farmers to change without considering the systemic barriers that
challenge farmers to adopt sustainable and climate-friendly farming practices will
fail. These barriers include the lack of political power held by farmers and the overwhelming
influence of corporations in our agriculture and food systems (Dale 2020; Isaac et al., 2018).
In general, corporations benefit from maintaining the status quo since they already have a
large market share of inputs, transportation, processing, and retail facilities. Policies must be
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concerted, holistic, flexible, and based on processes that include farmers and communities
themselves. Since new farmers have an advantage when it comes to adopting sustainable
practices—as they are less likely to be path dependent (and are therefore more agile when it
comes to shifting practices as they are establishing their farms)—policies should also support
established farmers.
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This section outlines some of the current and expected impacts of climate change on agriculture
on the Prairies and how farm communities and producers can prepare.
Key messages:
•

Crop yields and livestock production will be increasingly impacted by climate change, and
producers must find ways to minimize risk.

•

Climate change will add additional challenges and may exacerbate other environmental
challenges, such as biodiversity loss and invasive pests.

•

Efforts taken by other countries to reduce emissions and adapt to climate change will
impact international markets and prices for Canadian producers. Both climatic changes
and the resulting economic shifts will impact how producers run their operations.

•

Vulnerability to climate change and the related impacts are a function of individual and
collective resilience. Policies that support long-term change on the Prairies are needed to
support on-farm practices that increase resilience and establish enabling environments
for success. Agroecology is the science, practice, and movement of sustainable food; it is
also an opportunity to adapt to climate change and ensure livelihoods for producers.

3.1 Projected Climate Change Impacts on the Prairies
Climatic conditions are the result of complex interactions between the atmosphere, land, water
bodies, global circulations, seasonal fluctuations, natural and man-made chemical cycles, and
other variables, all of which are entwined with multiple decadal and multi-decadal cycles.
Global-scale models are increasingly accurate, providing researchers and policy-makers with an
understanding of the changes we can expect as global temperatures continue to rise. It becomes
progressively more difficult to model climatic conditions and impacts as the focus gets more
localized and as the availability of high-quality regional data remains challenging. For example, it
can be difficult to predict the extent to which extreme weather events—including severe storms
and tornadoes, increased flood risk, and large wildfires—will increase in a specific community.
Below, we outline some of the changes projected in climate models that producers and
communities will need to grapple with as the climate warms. However, variability will also
increase as the climate changes, making predicting specific conditions in a given period of time
difficult (Bush & Lemmen, 2019). There may also be more rapid swings between wet and dry or
hot and cold weather. These inherent uncertainties make it challenging to assess the full extent of
direct and indirect impacts to the agricultural sector.

3.1.1 General Warming and Seasonal Shifts
Canada is warming almost twice as fast as the rest of the world, and the Prairies are warming
more quickly than any other Canadian region except the Arctic (Bush & Lemmen, 2019).
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Between 1948 and 2016, average temperatures in the region increased by 1.9°C, and winter
temperatures alone went up by 3.1°C (Zhang et al., 2019). How temperatures continue to
increase will depend largely on how rapidly Canada and the global community can reduce GHG
emissions. Current modelling indicates temperatures on the Prairies will increase by a median
of 6.5°C by 2081–2100 under a high-emissions scenario and 1.9°C in a low-emissions scenario,
generally compatible with the Paris Agreement (Zhang et al., 2019).
Linked to general warming are fewer cold days in winter and higher maximum temperatures
year-round. Daytime and nighttime temperatures are both expected to increase. General warming
may also increase mid-winter thaws, which can, in turn, impact the likelihood of flooding. As the
climate warms, seasons will shift. Growing season length is expected to increase due to shorter
winters and higher overall temperatures (Sauchyn et al., 2020).
General warming and longer growing seasons will force changes in practices such as shifts in
seeding dates and harvest times. Increased heat in summer may result in heat stress for many
crops, such as canola, particularly at crucial plant germination stages, yet it may expand the range
of certain crops such as soybeans (Jing et al., 2017; Sauchyn et al., 2020). Developing new heatand drought-tolerant cultivars may help producers adapt (Qian et al., 2018).

3.1.2 Changes in Precipitation and Related Risks
As the climate changes, we can expect significant changes in the intensity, frequency, and duration
of precipitation in Prairie provinces. High-emissions scenarios are projected to lead to severe
moisture deficits, including drought conditions, within the next 30 years across much of the
Prairies, causing a strain on the availability of groundwater or river water for irrigation (Warren &
Lulham, 2021). Droughts also impact soils through wind erosion, resulting in poor air and water
quality. Warmer temperatures will cause a decline in soil moisture levels due to an increase in
evaporation and transpiration in soils during growing seasons (Cohen et al., 2019).
This decline may not be offset by precipitation, depending on what season it occurs in. While
annual precipitation is expected to increase overall, it is expected to occur mainly in the winter
and spring, coming earlier in the year (Sauchyn et al., 2020). Wetter springs will likely give way to
drier summers and falls.
Since temperatures are rising, precipitation will be more likely to fall as rain rather than snow
(Kulshreshtha, 2019). Reduced snowfall in the winter will mean lower water levels in Prairie
wetlands, especially in the south, where these wetlands are already precarious.
At the same time, projections show that individual extreme rainfall events will increase in
frequency (Sauchyn et al., 2020). Floods may be increasingly linked to heavy rain or snow
(Pomeroy et al., 2015). Extreme rainfall can also have dangerous impacts on water quality, as
nutrient runoff can increase (Venema et al., 2010). Overland flooding resulting from either spring
runoff or heavy summer rainfall is a high risk for agriculture (Sauchyn et al., 2020), particularly in
areas of flat topography with poor natural drainage systems. Floods contribute to soil erosion and
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the deposition and concentration of sediments, including salts, that can have serious long-term
implications for soil fertility.
The upshot is a seemingly paradoxical increase in the risk of both drought and flooding across
the Prairies (Sauchyn et al., 2020). Due to the natural variability in precipitation on the Prairies,
it will become increasingly common for some areas to suffer droughts and grassland wildfires
while others are flooding. Farmers, municipal and provincial governments, and inter-regional
organizations have undertaken various strategies to address this increased risk, including proposed
irrigation projects, constructing dams and diversions, and improving flood forecasting (see
Section 5, for examples).

3.1.3 Extreme Weather Events
While average temperatures and conditions will shift gradually, extreme weather events will
become more likely and pose a great challenge for producers and communities to deal with,
even in the short term. Extreme weather events are already worsening on the Prairies (Sauchyn et
al., 2020). Beyond drought and flooding, events such as heat waves, wildfires, and severe summer
and winter storms (including hail, wind, or ice storms) will likely increase. Overall warming will
lengthen the wildfire season, while hotter and drier conditions increase wildfire fuels, making fires
more likely and their spread and burn more intense. According to Sauchyn et al. (2020, p. 19),
“almost none of the future scenarios include sufficient increases in precipitation to compensate
for the drying effect of warmer temperatures.”
While it is difficult to attribute recent extreme weather events to climate change, the techniques
to do so are improving. A preliminary study of the 2021 Pacific Northwest heat waves found the
high temperatures (including 49.6°C in Lytton, BC) to be “virtually impossible without humancause climate change” (Philip et al., 2021). There have been studies showing that natural hazards
on the Prairies were exacerbated by climate change, including the 2013 floods in southern Alberta
(Pomeroy et al., 2015) and the 2015 drought in Western Canada (Szeto et al., 2016). For the
former, increased temperatures in Alberta allowed for higher levels of precipitation to accumulate
in the atmosphere, which contributed to intense rainfall (Zhang et al., 2019).
Flooding and extreme weather could also impact grain handling and the transportation
network that Prairie producers rely on, and therefore the capacity of producers to ship goods to
market (Warren & Lulham, 2021). It may also create significant added costs for producers.
The social and economic impacts of extreme weather impacts can be severe. More than a few
consecutive years of drought would be devastating for Prairie producers and communities,
as illustrated by historic droughts such as those in the 1930s (see Section 2). The economic
impacts from extreme weather events are significant: Canadian Prairie droughts in 2001 and
2002 reduced agricultural production by CAD 2.97 billion (Wheaton et al., 2008), and flooded
agricultural lands in 2014 caused CAD 1 billion in damages in 2014 in the southeastern Prairies
(Szeto et al., 2014). Social impacts from these events are also severe; we explore human responses
and the social dimensions of resiliency in Section 3.5.
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3.1.4 Ecosystem Transition
In Canada and the Prairies, climate change will result in ecosystem transitions over time,
including a northward shift in the aspen parkland and grassland ecosystems at the expense of
the boreal forest. These transitions are likely to be the most significant in Alberta, where many
areas are already near a climate transition between forest and grassland (see Figure 5). Since
Saskatchewan and Manitoba receive more precipitation than Alberta, they may be less likely to
experience dramatic ecosystem transitions. However, ultimately, the extent of ecosystem transition
will depend on the rate and pace of climate change.
Figure 5. Ecosystem transitions for Alberta from 2005 to 20502

Source: Sauchyn et al., 2020, adapted from Schneider & Bayne, 2015

2

Based on a bioclimatic envelope model projection, using a medium emissions scenario (ECHAM5-A2).
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The potential to expand agricultural land as the result of ecosystem transition is significant
in Canada, with an estimated 4.2 million km2 available (Hannah et al., 2020). However,
expanding agriculture comes with significant risks that will need to be managed. Extending
agriculture in northern parts of the Prairies will require adapting farming practices to nutrientpoor forest soils (Sauchyn et al., 2020). As water deficits continue in certain boreal regions,
soil quality may become even further diminished (Warren & Lulham, 2021). Converting new
land into crop production will also have significant impacts on local ecosystems, such as the
potentially significant loss of biodiversity and habitat, which has its own negative impacts on local
communities and society at large (Sauchyn et al., 2020).

3.1.5 Impacts on Pollinators and Pests
Along with ecosystem transitions, there may also be species loss and shifts in ranges of
other species (Pearson et al., 2014). Ecosystem transitions have significant potential to disrupt
co-dependent species relationships, which could negatively impact the populations and diversity
of pollinators (and subsequently impact the crops that rely on them) (Sauchyn et al., 2020).
Changes in precipitation, including longer snow-free periods, may reduce water in wetlands,
which will further impact biodiversity, as wetlands are important breeding grounds for waterfowl
and other animals and insects (Savage, 2004). Healthy wetlands are important habitats both
for pollinators and for natural predators for pests, reducing the need for pesticides; they also
contribute to farm-level flood control, nutrient cycling, and ecological services (Lillo et al., 2019).
Effective wildlife management and conservation strategies will be vital to ensuring the resilience of
Prairie ecosystems and wildlife.
Low temperatures in the winter currently limit the range of pests, vector-borne diseases, and
invasive species on the Prairies. Increasingly, low temperatures will be less of a limiting factor as
climate change progresses. Combined, climate and biodiversity shifts could result in an
increase in pests, diseases, and invasive species, which can be a challenge for both crop and
livestock producers if this results in increased weed, insect, or disease pressure and reduced yields
(Walther et al., 2009). Pests and pathogens will be more likely to overwinter. Examples of pests
and diseases that modelling shows will increase or expand include cereal rusts, the striped flea
beetle, the crucifer flea beetle, the deer tick (which transmits Lyme disease), and the biting midge
(which transmits bluetongue disease) (Warren & Lulham, 2021).
The forestry sector has already seen these dynamics play catastrophically, with warmer winters
allowing an unprecedented spread of the mountain pine beetle in Western Canada (Kurz et al.,
2008). As producers face new challenges, they will need to invest in new knowledge, equipment,
and inputs to manage these pests, diseases, and invasive species.
Globally, 17%–30% of crop production is already lost to pests (Savary et al., 2019). East Africa
is currently fighting a locust infestation that has been exacerbated by climate change and has
pushed 42 million people into severe food insecurity (FAO, 2021). One analysis predicts that with
warming temperatures, crop losses due to insect infestations alone will account for 10%–25%
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of yield loss globally for major grain crops and that this will be disproportionately higher in
temperate regions such as Canada and Europe (Deutsch et al., 2018).

3.2 Implications for Production
There are potential economic benefits for the Prairie agriculture sector due to increased crop
yields and increases in farmland values (Warren & Lulham, 2021). However, while warmer
temperatures and longer growing seasons may, in theory, provide benefits such as higher yields,
these may be offset by negative climate impacts such as high temperatures (Sauchyn et al., 2020).

3.2.1 Implications for Crop Production
Projecting climate change impacts on specific crop yields or livestock is complex due to the
intersection of physical, biological, and agronomic factors. Most research on climate change
impacts focuses on four staple crops—wheat, rice, soy, and maize. Many studies do not account
for climate or extreme weather impacts on yields or land value (Warren & Lulham, 2021).
Rising temperatures associated with climate change have already affected crop yields globally,
with the negative impacts mostly outweighing the positive ones (Challinor et al., 2014; Deryng
et al., 2011; Lobell et al., 2011; Rosenzweig et al., 2013). However, it is important to note that
impacts on agriculture are uneven and depend on geographies, crop type, and the degree of
temperature increase.
Changes in the suitability of crops and livestock are impacted by off-farm factors such as
market prices and transportation and by on-farm practices such as seeding dates, fertilization,
irrigation, and more. For example, water availability historically has been the most important
factor in determining yields, and with recent improvements to water management practices and
new technologies, yields have improved in recent decades, even in drought years (Clearwater et
al., 2016).
Table 2 summarizes examples of simulations addressing climate change impacts on the yields of
major crops. In response to these changes, yields of spring wheat are expected to increase on the
Prairies while canola yields will decline, with yields of hay variable between the first and second
cuts. Based on various studies, including the one listed in Table 2, projections for spring wheat
yields on the Prairies vary between 8% and 37% or higher by the 2050s (He et al., 2018; Qian et
al., 2015, 2016; Smith et al., 2013). However, heat stress is expected to reduce canola yield in the
southern Prairies (Qian et al., 2018).
The impacts described in Table 2 are not comprehensive pictures of what will happen to those
crops but rather are partial estimates of impacts on specific crops of selected elements of climate
change used in each particular study.
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Table 2. Example simulations of climate change on yields of spring wheat, canola, and
tame hay (including alfalfa)
Crop

Spring wheat

Canola

Tame hay (includes
forages, alfalfa, etc.)

Anticipated change
in yield (and time
period)

Increase by 15%
–25% (2041–2070)

Decrease by 21%–
44% (2041–2070)
and 23%–74%
(2071–2100)

Timothy: increase of 24%
for the first cut and a
decrease of 31% for the
second cut (2040–2069)

Climate scenario

CanESM2 and
CanRCM4, RCP4.5,
and RCP8.5

CanRCM4, RDP4.5,
and RCP8.5

CGCM3 and HadGEM1,
SRES A1B and A2

Methodology and
location studied

Crop yield
modelling (DSSAT)
based on fieldwork
from 13 locations
across the Prairies

Crop yield
modelling based
on fieldwork in
Brandon, Manitoba

Crop yield modelling
based on fieldwork
(CATIMO) from four
locations from the
Prairies

References

Qian et al., 2016

Qian et al., 2018

Jing et al., 2013

Source: Adapted from Sauchyn et al., 2020.

One factor that may affect yields is carbon dioxide fertilization. Since carbon dioxide is a key
component in photosynthesis in plants, an increase in carbon dioxide in the atmosphere may lead
to increased yields through increased photosynthesis—the so-called carbon dioxide fertilization
effect. This effect is stronger in certain crops like wheat and maize. Overall, though, it is believed
to have a minor role in changing crop yields (Intergovernmental Panel on Climate Change,
2019). Further, the effect may be declining over time (Wang et al., 2020). Ultimately, the extent
that atmospheric concentrations of carbon dioxide may improve Canadian crop yields is not well
known and may be offset by other impacts of climate change, such as water scarcity or heat stress
during the summer.

3.2.2 Implications for Livestock Production
Climate change will impact livestock production mainly through shifts in water availability,
increased extreme heat events, and the spread of new diseases and pests. There are fewer
predictions of outcomes in livestock productivity due to the increased variability of management
practices in livestock operations. Livestock sectors on the Prairies are likely to be affected
by slower weight gain due to decreased water availability, animal death due to overheating
(particularly for confined animals like chickens), and extreme weather events. As summers get
warmer, heat waves could potentially increase livestock deaths, reduce milk production, and
affect productivity (Rojas-Downing et al., 2017). Increases in pests could also negatively impact
livestock health. Climate impacts that negatively affect the growth of forage crops and grazing
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capacity could have secondary impacts on livestock health if quality and availability of feed
change (Kulshreshtha, 2019).

3.3 Trade, Politics, Economics, and Global Responses to
Climate Change
Up to this point, we have explored how climate change might impact Prairie farmers by changing
Prairie growing conditions. But agriculture is a globally traded sector, and climate change will
also have impacts in an international context. There are at least three types of effects to consider:
• Climate change will change the productivity of Canada’s competitors in global markets.
• Climate change-related trade restrictions may affect markets for Canadian producers.
• Climate change-related changes in consumer behaviour will alter the markets for
Canadian products.

3.3.1 Climate Change Impacts for Global Competitors
The effects of climate change described in Section 3.1 will have different levels of impact in
other agricultural regions around the world. Impacts such as changing crop growth rates,
changing quality and quantity of livestock feed crops, crop losses to extreme weather shocks,
and pest infestations will be uneven across different regions and crop types internationally. As
these changes unfold, certain regions may gain comparative advantages over others in certain
agricultural products or play an increased role in ensuring global food security. For example,
according to the Intergovernmental Panel on Climate Change (IPCC), yields of wheat and
maize in the tropics will decline with 1°C and 2°C of warming (Porter et al., 2014), compared
to possible increases in yields of these crops in temperate regions such as Canada. Wealthier
countries such as Canada also have more resources for adaptation in the agricultural sector
(Warren & Lulham, 2021).
Extreme weather events have resulted in price spikes, export restrictions, supply chain
disruptions, and social unrest (Johnstone & Mazo, 2011). An example of the geopolitical impacts
of extreme weather events is the 2010 heat waves in Russia, which led to price spikes and supply
disruptions in the Middle East, contributing to the escalation of Arab Spring (Welton, 2010). In
addition, extreme weather shocks such as droughts and heat waves have led to reduced global
cereal production, with one analysis finding losses of 9%–10% globally between 1964 and 2007
(Lesk et al., 2016).

3.3.2 Climate-Related Trade Restrictions
Some countries are responding to climate change concerns by implementing policies to reduce
the environmental footprint of their food systems and promote sustainable farming practices. The
European Union (EU), for example, has taken steps to transition to a sustainable food system
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by addressing issues around governance, public health, transparency, and sustainability through
the development of their Farm to Fork Strategy (F2F), which is more comprehensive than any
preceding legislation (Schebesta & Candel, 2020).
Although the F2F and other anticipated regulations are designed to address domestic concerns
regarding healthy ecosystems, consumption patterns, sustainability, and resilience to climate
change, they will have effects far beyond their own borders (Beckman et al., 2020). As one of the
EU’s major agri-food trading partners—with exports valued at CAD 1.7 billion in the first half of
2020—the F2F regulatory framework could have significant implications for Canadian producers
(Government of Canada, 2020a).
Of particular note are the difficulties that will likely arise from the sustainable food labelling
mandated in the F2F, for which the framework will be published in 2024, which will work to
“harmonize voluntary green claims” around the nutritional, climate, environmental, and social
aspects of food products (Bolla, 2020). This scheme is also expected to include animal welfare
standards and labelling governing practices in animal husbandry, transport, and slaughter.
Given the ambitions of the F2F to see global changes in food system sustainability, labelling
initiatives could have major implications for Canada. The labelling schemes would require major
improvements in chain-of-custody regulations in Canada to ensure the traceability of products
through the value chain back to farms. It would also require the verification and/or certification of
sustainable and ethical practices regarding crop production, as well as animal rearing, slaughter,
and meat processing.
The standards will be challenging on two fronts. It is likely that they will require changes in
practice for Canadian producers that want to access the EU market. And, based on historical
experiences with the EU, in the context of trade under the Canada-EU Comprehensive Trade
Agreement and before, there may be challenges associated with having any improved practices
recognized by EU governing bodies.
Efforts are underway to improve transparency and traceability in Canadian food supply chains
as well as for verifying sustainability claims, which could be implemented to meet current and
upcoming regulatory standards. This includes whole supply chain approaches such as the Verified
Beef Production Plus program in livestock; national participation in sustainability roundtables;
adopting streamlined processes for sustainability assessment such as Field to Market and the
Fieldprint Calculator; creating emissions quantification protocols for agriculture carbon offsets;
and many other initiatives. Many of these initiatives are transboundary, with buy-in from many
countries, including EU member states, giving them more weight than national initiatives and a
higher likelihood of acceptance by the EU.
However, much remains to be done to harmonize chain-of-custody regulations going forward.
This will require developing frameworks for data collection and storing and sharing along the
supply chain, which could be accelerated through technologies such as blockchain (Sylvester,
2019). The food sector will need to demonstrate the green claims of their production practices
using verifiable standards that will be recognized by other bodies.
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If Canadian farmers want to keep or expand their market share as trusted and
sustainable suppliers of food, they will likely need to adapt their practices to meet
EU and other future standards. This will likely require reductions in crop protection
chemicals, reductions and efficiency in fertilizer use, greater adoption of organic standards, and
modifications to livestock management practices and interventions.

3.3.3 Climate-Related Changes in Consumer Behaviours
The future of the food system in Canada and the Prairies will also be affected by shifting
consumer concerns around equity, ethics, sourcing, and the sustainability of food products and
the food system. Customer preferences stem from an increasing awareness of the environmental
and social impacts of their food choices, including values about how food is grown and how
animals are raised. The impacts of some of these trends are already being realized, such as the
meteoric rise of alternative meats in response to ethical and environmental concerns around
livestock production (Bashi et al., 2019; Meticulous Research, 2020). With these significant
shifts in what individuals want in the food they purchase come both opportunities and risks for
Canadian producers.
3.3.3.1 ADOPTION OF SUSTAINABLE PRODUCTION PRACTICES
With increasing awareness of climate change and the environmental footprint of diets, consumers
are more selective in the food products they consume. Canada and Prairie provinces will be
required to demonstrate the sustainability of their food system—not only to continue to hold
market share in places such as the EU, which are increasingly scrutinizing food production, but
also to allay consumer concerns domestically. This presents a challenge for many farmers who
are engaged in intensive and conventional cropping practices. However, it is also an opportunity
to support producers in adopting more sustainable production practices and to highlight
existing actions that are underway to improve the sustainability of agriculture production.
These practices include sustainability or verification initiatives for both the livestock and crop
sectors; environmentally friendly practices such as reduced fertilizer or chemical inputs through
initiatives such as the “Keep it Clean” program3; or increasing the adoption of regenerative or
organic practices that can have improved ecological outcomes. The sector can also capitalize on
the ongoing quantification of the carbon and ecological benefits of practices producers engage
in—such as no-till, crop rotation, shelterbelts, and the use of technology such as the variable rate
application of inputs to demonstrate their commitment and contributions to the environment.
3.3.3.2 TRANSPARENCY: FARM TO PLATE
Conveying information is integral to Canada’s ability to demonstrate to consumers and trading
partners that producers are making sustainable choices in their production practices. One of
the main ways this can be communicated is through the development of labelling schemes that
provide transparency about how food was produced, processed, and transported. As mentioned,
3

https://keepitclean.ca/

IISD.org

26

Farming the Future: Agriculture and climate change on the Canadian Prairies

several efforts are already underway in Canada to develop the infrastructure to harmonize data
collection and conveyance along the supply chain.
Canadian agriculture and farmers are part of a much larger food system and are, therefore, not
immune to global dynamics. While considering the impacts of climate, trade, and the preferences
of consumers, it is key that Canadian farmers recognize the opportunities and risks that will arise
and how the food system can adjust and improve to meet these challenges.
3.3.3.3 PROVIDING PROTEIN
One of the largest consumer-driven climate-related trends is the shift to plant-based proteins as
part of a drive to decrease the carbon footprint of consumer diets. Canada is one of the foremost
producers of pulses: it was the largest exporter globally and produced over 8.7 million tonnes
in 2020 (Agriculture and Agri-Food Canada [AAFC], 2020a). Pulses are a key source of plant
protein, and this sector presents an opportunity for Canadian producers to increase their market
share. The current value of the plant-based protein market is estimated at USD 10.4 billion
and is projected to reach USD 15.6 billion by 2026, demonstrating the potential of the space
(MarketsandMarkets, 2021). There have already been several large investments in this area,
including the funding of the supercluster Protein Industries Canada and the construction of
several pulse-processing facilities on the Prairies—priming Canada to be a major player.
The increased interest in plant-based proteins has been mirrored by stagnation in the
consumption of meat products in many developed countries, which could impact the Canadian
livestock sector that supplies these high-value markets (Organisation for Economic Co-operation
and Development [OECD] & FAO, 2020). Heightened awareness from consumers, including of
the environmental impacts of high meat consumption, provides an impetus to improve domestic
livestock production techniques and maintain the viability of the sector. Demonstration of best
management practices for animal welfare and verification of sustainable practices are already
being developed through several of the initiatives mentioned above.

3.4 Increasing Resilience and Adapting to Climate Change
Impacts
“Resilience” has been defined in different ways but generally refers to a system’s capacity to
withstand stresses and shocks, as well as the ability to build capacity to manage and adapt
to change and to potentially transform (Bizikova et al., 2017; Bousquet et al., 2016). In the
agricultural sector, resilience is the capacity to manage climate change supported by both
technical capacity (equipment and infrastructure) and socio-cultural capacity (knowledge, social
capital, and more). Indicators to measure resilience in Canadian agriculture have been proposed
that take into consideration such factors as varying as population dynamics, the market and the
economy, rural infrastructure, the natural environment, and more (Bizikova et al., 2017).
The climate change impacts described in Section 3.1 will introduce new shocks and stresses for
Prairie producers, changing the way producers operate while creating increasing uncertainty.
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Producers will need to build capacity and adapt to and manage changes to growing season length
and precipitation, increases in extreme heat events and extreme weather events, and changes
in the distribution of pests and diseases, as well as in productivity, nutrient cycling, soil quality,
livestock reproductive rates, and more (Sauchyn et al., 2020; Sudmeyer at al., 2016). Producers
will also need to respond to subsequent shifts in transportation, processing, and consumer
demands, particularly as the rest of the world responds to climate change.
As the climate changes, agricultural producers and communities will need to invest in
infrastructure and knowledge dissemination to help them adapt and build resilience. Changes
in climate may also cause significant economic strain, especially for communities that are less
resilient and facing existing challenges.
Climate change will also lead to physical and mental health impacts. For example, extreme
weather events, such as tornadoes and thunderstorms, can be dangerous for human life, but so
can extreme temperatures through heat exhaustion. Farmers and agricultural workers face unique
mental health impacts from climate change, for example, stress related to drought (Yusa et al.,
2015). Farming communities are not the only ones facing these hardships: both urban and rural
(on reserve) Indigenous communities are already being adversely impacted by recent floods and
forest fires. For example, residents of Lake St. Martin First Nation, Manitoba, were evacuated in
2011, and many have yet to return to their homes (Unger, 2020).

3.4.1 Social Dimensions of Climate Change on the Prairies
One of the key components of understanding local climate change impacts is to recognize the
vulnerability of the people and communities who live there. Most vulnerability assessments focus
on exposure, sensitivity, and adaptive capacity, and as a result, tend to characterize communities
as experiencing vulnerability uniformly (Sauchyn et al., 2020). New research suggests that
vulnerability should be considered dynamic and resulting from multiple factors such as race,
income level, gender, (dis)ability, age, education, etc.
These factors, in turn, determine the social infrastructure, which is the collective ability
of institutions and organizations to support local economic and social well-being
(Sauchyn et al., 2020). Local knowledge and policies play a significant role in determining social
infrastructure and therefore adaptive capacity and community vulnerability. While vulnerability
and resilience are often described as technical issues to be resolved using technology and
improved infrastructure, ensuring that social-cultural and economic supports are also addressed
can help make resilience more effective and long term (Sauchyn et al., 2020).
Community vulnerability is one aspect of the culture of farming communities that plays a role in
how farmers both understand and address climate change. The community vulnerability of
rural and farming communities on the Canadian Prairies is relatively high. This is due
to a smaller population size that is both older and poorer than the rest of the population (Sauchyn
et al., 2020). Declining populations mean that government services have often disappeared.
However, social cohesion within these communities is often higher than in urban centres, which
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increases access to local supports. Similarly, electoral representation is also relatively high, which
can provide access to decision-making power (Sauchyn et al., 2020).
On the Canadian Prairies, social cohesion is strong among rural and farming communities, and
social capital is critical for adaptive capacity (Fletcher et al., 2020). However, trust and
reciprocity can also contribute to a strong tension with the “other,” which could include farmers
who are trying to change the culture of agriculture into something more sustainable. If sustainable
farmers feel that they are without peers in a community and are ostracized as a result, this may
dissuade them from continuing to practice these farming behaviours (Laforge & Levkoe, 2018).
Gender dynamics are particularly important to consider for Prairie agriculture due to
rigid gender roles historically associated with resource-based sectors (Sauchyn et al., 2020). For
example, men may experience unique physical and psychological risks in the wake of climaterelated disasters due to expectations of masculinity (Alston, 2012; Fletcher & Knuttila, 2016).
Research also finds that informal social capital on the Prairies may actually reinforce gender roles
and inequality and exclusion, posing a barrier to effective long-term adaptation (Fletcher et al.,
2020). Women play an important role on farms and in rural communities, including in response
to climate change and extreme weather events, and their contributions to climate planning will be
important for effective adaptation (Sauchyn et al., 2020).
Similarly, climate change impacts on agriculture will be experienced differently by Indigenous and
non-Indigenous producers and communities. For example, Sauchyn et al. (2020) explain how the
Blood Tribe Agricultural Producers in Alberta operate in a region vulnerable to periodic flooding.
Yet, First Nations producers may have particular strengths for adaptation and resilience due to
the diversity of products being produced, as well as methods such as harvesting native plants.
Canada’s agricultural and food production system is also heavily dependent on foreign workers,
many of whom face unique vulnerabilities due to their immigration status, lack of access to
health care, and often poor working conditions (CBC News, 2021; Migrant Rights Network,
2020). Current federal agricultural worker programs deny workers the means to permanently
move to Canada, despite the fact that many workers have been coming to the same farms for
decades. The working conditions of many of these workers were highlighted during the pandemic
when numerous meat processing plants had COVID-19 outbreaks.4 More needs to be done to
ensure the safety of both domestic and foreign workers, as working conditions are projected to
be increasingly unsafe due to rising health concerns correlated with climate change, including
extreme heat (Goldman et al., 2021; Yusa et al., 2015).

3.4.2 Adaptation Actions and Beneficial Management Practices
Many producers on the Prairies are already adopting changes in practices. Trends such as the
adoption of no-till agriculture and increasing farm size are two examples of how agriculture
The outbreak at Cargill’s High River plant in Alberta resulted in 945 cases and at least two deaths among workers,
including newcomers and temporary foreign workers (LeBel, 2021).
4
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has shifted already in recent years (Sauchyn et al., 2020). Examples of adaptation actions that
producers can take to increase resilience to climate change include (Sauchyn et al., 2020; Warren
& Lulham, 2021):
• Using crop insurance and climate data for farm planning and risk assessment
• Changing seeding dates and cropping regimes or types
• Improved water management, conservation, and storage
• Use of drought- or heat-tolerant crop varieties
• Mixed farming approaches
• Use of precision agriculture to facilitate adaptive actions
• Planning for crop production strategies by using soil and climate data
• Monitoring livestock during heat events and using heat-abatement strategies
• Improved livestock practices (e.g., breeding, feeding, feed stockpiling)
• Improving on-farm infrastructure.
Many of the above strategies are beneficial management practices (BMPs): agricultural
practices that reduce environmental risk. They are tools that farmers can use to manage and
reduce environmental pollution; conserve ecosystems; preserve and improve soil, water, and
air quality; and more. Often, they require only minor modifications to existing practices. We
go further in depth into many BMPs in Section 6.3, where we focus on those BMPs that can
significantly reduce on-farm GHG emissions. However, we stress here that many BMPs that
help reduce emissions also offer significant adaptation-related benefits and can help producers
increase resilience to climate change. For example, several BMPs can reduce input costs for
producers and help increase farm economic viability. Others help strengthen local ecosystems
and land management, which can increase resiliency to poor or extreme weather such as heavy
moisture or flooding.
Changing production practices is a long-term challenge, and some producers are better placed
than others to do so. Adaptation actions will also be inherently specific to the type of farm. For
example, mixed farms may be better placed to implement certain adaptation actions, such as
drought response practices, including reducing feed demand for livestock and related financial
burdens (Sauchyn et al., 2020). Adaptation actions must also consider other factors, such as the
economic pressures and trade and consumer trends outlined in Section 3.3, in order to avoid
maladaptive strategies that actually increase risk and vulnerability to climate change (Sauchyn
et al., 2020). There are also limits to the efficacy of certain adaptation actions. In many cases,
farmers require targeted policies and support to be able to adopt adaptation actions in an
economically viable way. Policies that support farmer knowledge include public research and
extension services, particularly when this work is farmer-led.
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Box 1. Water management, irrigation, and adaptation
Dealing with water scarcity will be one of the most significant climate change challenges
for Prairie producers, and one that will require effective governance and stakeholder
collaboration. Drought is a natural characteristic in the Canadian Prairies, and certain areas
are more susceptible than others (such as the area in southern Saskatchewan and Alberta
commonly referred to as Palliser’s Triangle) (Toth et al., 2009). Prior to the 2021 summer
drought, Saskatchewan had already ranked drought hazard risk as “high”; this risk could
grow to “high to extreme” under certain climate change scenarios (Wittrock et al., 2018).
As producers and communities look to manage drought and water scarcity, there will likely
be increasing interest in irrigation and water supplies for livestock as adaptation actions.
However, irrigation is a massive water consumer and can have its own environmental
impacts; it is also not a panacea. Despite most of Canadian agriculture not being irrigated,
existing irrigation levels still result in the sector consuming more water than any other
economic sector in Canada: annual gross water use of 4.7 billion m3 and consumed water
of about 3.5 billion m3 (consumed water is not returned to its original source) (Natural
Resources Canada, 2009). The vast majority of water withdrawals are for crop irrigation in
Western Canada, and 68% of Canada’s total irrigated area is in Alberta (Statistics Canada,
2019c). Recent data shows that more water is already being used to increase the resilience
of irrigated crops due to dry weather conditions. This trend is increasing: in 2018, farmers
used one third more water to irrigate their crops compared to two years earlier (Statistics
Canada, 2019d).
There may also be significant trade-offs to irrigation use: increased agricultural water
consumption could reduce water availability for other demands, impact flows in wetlands
and aquatic ecosystems, and have downstream impacts when river flows or reservoirs
have been reduced. For example, in the South Saskatchewan River Basin, irrigation is only
practised on 5% of the land base, and yet it accounts for 90% of water consumption in the
region and withdraws around 22% of natural river flow (Bruneau et al., 2009).
Irrigation alone will also not solve water scarcity challenges, as evidenced in the 2001/02
drought in Alberta, when producers lacked full water availability for their irrigation needs
(Wheaton et al., 2005). The severe decline of the Colorado River basin and Lake Mead
reservoir in the United States, as a result of overuse, aridication, and climate change, has
already prompted mandatory water cutbacks for Arizona, Nevada, and Mexico, as well as a
discussion of cutbacks for California (Wilson & James, 2021). Farmers in these regions that
rely on irrigation will face severe challenges as a result of the cutoffs and water shortage.
The use and expansion of irrigation and other water use as an adaptation action will need
to be carefully considered and managed as the climate changes in order to ensure wider
sustainability. Long-term and proactive planning for water management and governance
will be required for effective adaptation. As with flood management (Box 2), this will rely on
the involvement of relevant institutions (such as watershed organizations and provincial
and federal organizations) and active participation from local stakeholders and rights
holders (Wittrock et al., 2018).

IISD.org

31

Farming the Future: Agriculture and climate change on the Canadian Prairies

One of the challenges of traditional systems of extension services was the premise that “experts”
would educate farmers on farming practices without incorporating the deep knowledge of farmers
themselves or recognizing the diversity of farming realities in this country. Additionally, current
trends in extension services do not appear to align with the urgent need to provide accurate
and unbiased climate information to producers that incent more sustainable practices (Senate
Committee on Agriculture and Forestry, 2018).
Adaptation goes far beyond individual producer actions (for example, it makes no sense to
expect individual producers to manage impacts to transportation networks). Adaptation planning
requires effective governance at multiple levels, meaningful collaboration, and consideration
of diverse perspectives; local knowledge is critical to developing effective solutions (Warren &
Lulham, 2021). The main challenges to adaptation planning are not necessarily information gaps
(the availability and accessibility of climate change-related information continue to increase)
but rather a lack of financial and human resource capacity and poor planning processes and
frameworks (Waldick et al., 2017). Adaptation frameworks that improve informational flows,
facilitate locally focused research and decision making, and build local capacity through
government and sectoral programs are key (Waldick et al., 2017). We discuss additional economic,
policy, and governance barriers and solutions for producers to adopt adaptation actions in
Sections 5 and 6; this will be further explored in the second paper in this series.

3.4.3 Agroecology as an Approach to Agricultural Resiliency in
Canada
There is an opportunity to rebuild extension services and public research in Canada while
mainstreaming BMP adoption and supporting adaptation and stronger livelihoods among farmers
more generally within the framework of agroecology. Agroecology takes a holistic approach to
agricultural systems and practices by applying ecological principles to enable sustainable food
systems (Gliessman, 2007).5 It is explicitly multidisciplinary and can incorporate hard sciences
(such as agronomy and environmental science) as well as economic, social, and ethical issues
(Wezel et al., 2009).
As an agricultural practice, agroecology has grown in prominence since the 1980s. Wezel et
al. (2009) identify three “levels” for the application of agroecology: at the plot and field scale,
at the agroecosystem and farm scale, and at the food system scale. Agroecology presents a
valuable approach for the adoption of BMPs at the farm level, but it can also be applied as
governments develop or refine broader agricultural and food systems policies to support
producers and consumers.

The term is broadly used; in addition to referring to agricultural practices, it can also refer to a scientific discipline
or a set of scientific principles or social movements (Wezel et al., 2009). It also has strong links to the Global South; in
the social movement context, there are also links to the philosophies of Indigenous communities (for example, La Via
Campesina) (IPES-Food, 2016; Rosset & Altieri, 2017).
5
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Agroecology presents both practical and aspirational approaches to the challenges outlined in this
report by building farmer livelihoods, local economies, biodiversity, resilience, and equity (Isaac et
al., 2018). For example, there is significant evidence that low-input agriculture in Canada could
deliver cost benefits to farmers as well as energy efficiency, emission benefits, and comparable
yields when compared to conventional monocultures (Qualman, 2019). Yet, the key to an
agroecological approach is accounting not only for economic factors but also social and cultural
factors required to transition to more sustainable practices. For example, market-based policies
that encourage carbon sequestration, payment for ecosystem goods and services, or carbon offsets
may not be successful in the long term if they do not also address some of the social and cultural
factors of agriculture.
Agroecological practice and science lend themselves to a more participatory approach
that emphasizes building relationships between researchers and farmers and results in more
relevant research (Warner, 2008). Farmer-to-farmer learning can also help develop local farmer
knowledge in BMPs and agroecology, but these networks remain limited on the Prairies (Laforge
& McLachlan, 2018). One example that is already taking place in Canada is participatory plant
breeding. A program supported by the Bauta Family Initiative on Canadian Seed Security (n.d.)
and the University of Manitoba “supports farmers as early-generation plant breeders, selecting
for varieties that are adapted to their regional climate and farm needs. The program is focused on
wheat, oat, potatoes, and corn.”
Researchers with AAFC have called for more studies of agroecology in Canadian production,
which would also support research on climate change mitigation, adaptation, and conservation
(Brandt et al., 2010). Currently, very little research in Canada supports producers in the
complexities of establishing agroecological farms.6 Research has also tended to focus on
productivity comparisons between agroecological and conventional systems or environmental
services of agroecological practices, or they evaluate potential enhancements in biologically
diverse agroecosystems through practices such as intercropping and agroforestry (Isaac et
al., 2018). More could be done to establish organizations like the Ecological Farmers
of Ontario, which conducts significant farmer-led research projects (Isaac et al.,
2018). Likewise, the federal government funding for the Organic Science Cluster provides an
opportunity to expand research.

A small research program at the University of Manitoba does exist, but it is fairly limited (Laforge & McLachlan,
2018).
6
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Any major economic activity produces GHGs, and agriculture is no exception. This is
not surprising; producing the food that sustains us is one of the most significant human
undertakings, and its impacts are on par with its scale. Addressing climate change means that,
like other economic sectors, agriculture must undergo a low-carbon transition, including reducing
the use of fossil fuels and the inputs derived from them. While this presents a daunting challenge,
the good news is that many of the emissions caused by modern agricultural practices are
within the capacity of producers to control through management techniques that also benefit
producers, and there are policies that can support these practices. This chapter first looks at the
ways that agriculture on the Canadian Prairies contributes to the climate change challenge and
then explores the ways in which agricultural practice can help address that challenge, focusing
on ways that also contribute to farm-level viability and resilience.
Key Messages:
•

Cumulatively, agriculture in the Prairie provinces represents 64% of Canada’s agricultural
emissions and over 6% of Canada’s total emissions.

•

Agricultural emissions include methane, nitrous oxide, and carbon dioxide from a variety
of both on- and off-farm sources, including input use and production, livestock-related
practices, land management, and energy use.

•

Implementing improved management practices can significantly reduce on-farm emissions
while providing tangible co-benefits for biodiversity and producer and community
resilience.

4.1 Canadian Agriculture-Related Emissions
The Paris Agreement, the world’s legally binding agreement on climate change, aims to reduce
GHG emissions to limit global warming to below 2°C, striving for 1.5°C. Reducing agricultural
emissions is an integral component of this target. Research shows that if significant efforts are
not made to reduce emissions from global food and agriculture systems, it could be impossible to
achieve the 1.5°C target and would seriously jeopardize the 2°C target (Clark et al., 2020). As we
have seen in Section 3, even current levels of global temperature rise can have significant negative
impacts on farmers.
Across Canada, agriculture accounts for 8%–12% of the country’s GHG emissions.7 These
emissions mainly come in three forms:

This range exists since emissions accounting systems account for agricultural emissions in different ways. The
standard federal system disaggregates emissions by economic sector, unlike the IPCC approach, which does not include
on-farm fuel use in the agriculture category (Clearwater, 2016; Environment and Climate Change Canada, 2020b).
7

IISD.org

36

Farming the Future: Agriculture and climate change on the Canadian Prairies

• Nitrous oxide (N2O) comes mainly from nitrogen in our soils (which is mostly from
applying synthetic nitrogen fertilizer), with some from manure management and some
occurring naturally.
• Methane (CH4) comes mainly from cattle as they digest grass (enteric fermentation),8 as
well as manure management and decomposition.
• Carbon dioxide (CO2) comes mainly from burning fossil fuels on-farm; producing
electricity used on farms; producing farm inputs (fertilizers, chemicals, machinery, etc.);
and liming and urea application.
Emissions from nitrous oxide and methane have significantly higher global warming potential
than carbon dioxide—by factors of 21 and 310, respectively, over a 100-year time frame—
meaning that their impacts on climate are high. Agriculture accounts for 76% of Canada’s nitrous
oxide emissions and 31% of Canada’s methane emissions (Environment and Climate Change
Canada [ECCC], 2020b).
In this section, we use emissions data from the federal GHG emissions reporting system
(Clearwater, 2016; ECCC, 2020b). Canada uses an “economic sector” approach to measuring
emissions. In the “agriculture” category, they include nitrous oxide and methane emissions
from the sector, as well as on-farm fuel use from field operations, farm transport, and heating.
However, these statistics do not include agriculture-related emissions from electricity; certain
heating, such as grain drying; production of machinery and agrochemicals (e.g., fertilizer); and
certain land-use emissions.9

4.2 Agriculture-Related Emissions in Prairie Provinces
Agriculture-related GHG emissions in Prairie provinces represent the bulk of Canada’s
agricultural emissions. Table 6 gives a snapshot of on-farm Prairie emissions and their sources.
Total Prairie emissions have been trending upward: compared to 1990 emissions, they have
increased by 25% in Alberta, 81% in Saskatchewan, and 32% in Manitoba (ECCC, 2020a).
Since 2005, the reference year for the Paris Agreement, agricultural emissions have grown less
than 1% in Manitoba and have dropped by 8% in Alberta. However, they have grown 15% in
Saskatchewan, largely due to on-farm fuel use and crop production-related emissions (ECCC,
2020a) (see Figure 6). Increases in emissions since 1990 were primarily due to pronounced
increases in input use (see Figure 2) and the increase of certain types of production, including
canola. The adoption of no-till agriculture has helped to reduce emissions.

Over 95% of Canada’s enteric fermentation emissions come from cattle (Environment and Climate Change Canada,
2020b).
8

An estimate by the National Farmers Union that incorporated these emissions found that agriculture represented
12% of Canada’s total GHG emissions (Qualman, 2019).
9
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Figure 6. Agricultural emissions in Prairie provinces, 1990–2018 (Mt CO2e)
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Table 3. Prairie agricultural emissions by province and source, 2018
GHG emissions in the
Canadian Prairies (Mt CO2e)
Alberta

Saskatchewan

Manitoba

Prairie totals as
a percentage of
Canadian totals

On-farm fuel use

3.23

5.23

0.98

69%

Crop production

5.59

7.31

3.28

68%

Animal production

11.96

5.95

3.41

60%

Total

20.77

18.5

7.67

64%

Source: Data from ECCC, 2020a
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While the Prairies are significant in terms of absolute amount of emissions (Table 3), GHG
intensity per hectare of land is lower compared to other regions of Canada (Figure 7) (Clearwater
et al., 2016). Intensity per hectare increases in areas of livestock production. Many reasons for
regional variations in emissions intensity exist, including production methods as well as regional
climatic and land differences. For example, soil and climatic conditions on the Prairies are ideal
for no-till, while the wetter climate in Eastern Canada enables more nitrous oxide formation and
related emissions (Clearwater et al., 2016).
Figure 7. Net agricultural GHG emissions per hectare of land (kg CO2e ha-1), 2011

Very low (0–500 kg CO₂e ha-1)
Low (501–1,000 kg CO₂e ha-1)
Moderate (1,001–1,500 kg CO₂e ha-1)
High (1,501–2,000 kg CO₂e ha-1)
Very high (>2,000 kg CO₂e ha-1)
Not assessed
Source: Clearwater et al., 2016.

Thanks to decreases in emissions intensity, the rate of overall agricultural emissions growth has
slowed in more recent years. Over the past 30 years, increased uptake in no-till practices on the
Prairies has reduced soil disturbance and helped sequester carbon (Clearwater et al., 2016).

4.2.1 GHG Emissions for Specific Types of Production
Agriculture is highly regionalized across Canada—75% of Canada’s beef cattle and over 90% of
wheat, barley, and canola are produced on the Prairies (ECCC, 2020b). Each type of production
has different profiles and emissions rates. Table 4 shows average emission rates for the Prairie
provinces’ three main crops—canola, spring wheat, and tame hay—on both a per-crop-area
basis and per kilogram of dry matter (DM). These numbers are weighted averages that consider
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regional differences such as precipitation and soil conditions, as well as different farm-level
practices. Note that, on average, canola has almost twice the GHG emissions per kg of DM as
spring wheat, which is twice as GHG intense per weight again as tame hay.
Table 4. GHG emission rates for select crops in Canada
Canola

Spring wheat

Tame hay

kg CO2e/
ha

kg CO2e/
kg DM

kg CO2e/
ha

kg CO2e/
kg DM

kg CO2e/
ha

kg CO2e/
kg DM

Alberta

1,300

0.65

980

0.34

680

0.17

Saskatchewan

1,040

0.63

680

0.30

540

0.15

Manitoba

1,280

0.88

1,170

0.53

790

0.19

Canada

1,360

0.78

1,120

0.40

860

0.18

Province

Source: Clearwater et al., 2016.

Rates of emissions for livestock are much harder to estimate at a general level. This is due to the
differences in production practices, such as pasture-raising beef versus grain-feeding beef, but
also due to differences in how animals are used, including whether animals are harvested just for
meat or if they are processed for leather, offal, and rendering products. Thus, emissions intensity
rates for livestock are too complex to summarize and compare in the same way as is possible with
crops (such as in Table 4). However, there is evidence that emissions intensity has decreased with
beef production from 1991 to 2006 due to improved animal diet, lower GHG emissions for forage
crop production, and an increase in average carcass weight (Clearwater et al., 2016). In Western
Canada, this has resulted in a decline from 13.8 kg CO2e per kg (live weight) in 1991 to 8.4 kg
CO2e per kg (live weight) (Clearwater et al., 2016).

4.3 Reducing Emissions Through BMPs
Adopting sustainable production practices and farm management techniques, such as BMPs, can
have big impacts on GHG emissions. However, many of these changes need policy and industry
support in order to make them economically viable for producers. Some emissions reduction
efforts will require minor adjustments, and others will require significant on-farm changes in
production practices that will require new knowledge systems, equipment, and infrastructure,
while still others only require a minor adjustment in current practices.
Many Canadian farmers have already taken steps to improve efficiency and reduce emissions
on their farms because it is economically and financially useful to do so. Farmers are also
innovators and stewards—they know it is important to protect the soil, water, and air that they
rely on for their livelihoods and are committed to finding new ways to protect the environment
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for all Canadians. Organizations such as Farmers for Climate Solutions have demonstrated the
commitment of many Canadian farmers to this transition.
Below we go into more depth on the three main types of on-farm emissions and highlight some of
the ways they can be reduced.

4.3.1 Nitrous Oxide
Nitrous oxide is emitted from both anthropogenic and natural processes. Global human-induced
nitrous oxide emissions have increased by 30% over the last 40 years, rising faster than some
of the IPCC’s most pessimistic projected emissions scenarios (Tian et al., 2020). Reducing
emissions from nitrous oxide is a priority for producers and policy-makers since they are a major
portion of agricultural GHG emissions.
Nitrous oxide’s main agricultural sources are synthetic nitrogen fertilizer use and production,
and to a lesser extent, manure management.10 In 2018, synthetic nitrogen fertilizer use (not
production) accounted for 38% of agricultural nitrous oxide emissions in Canada, while manure
management accounted for 14% (ECCC, 2020b). Precipitation is one of the most significant
factors in determining emissions intensity; although higher precipitation results in higher yields, it
also results in higher nitrous oxide emissions.
Nitrogen fertilizer use has increased significantly in Canada (see Figure 2), including in Prairie
provinces, up 72% since 2005 and double that of 1990 levels (ECCC, 2020b).11 Manure-related
nitrous oxide emissions have also increased, although they are less than half of emissions from
fertilizer-related use, and the increase has only been 12% from 1990 levels (ECCC, 2020b).
Nitrogen fertilizer production is also an important source of GHGs; its manufacturing process
produces a stream of nitrous oxide waste, and it typically uses natural gas as a fuel for industrial
heat, producing significant amounts of carbon dioxide (Qualman, 2019; Tian et al., 2020). As well
as producing GHG emissions, nitrogen fertilizer use has other negative environmental impacts.
Nitrogen runoff from agriculture results in the over-nitrification of waterways, which can cause
“dead zones” where low oxygen levels result in the loss of biodiversity. Nitrous oxide is also a
significant ozone-depleting gas.
Nitrogen fertilizers are a significant input cost for farmers. They are most frequently used on grain
and some oilseed crops, with canola generally having the highest rates of application.12

Nitrous oxide is also emitted from agricultural soils through crop residue decomposition and other indirect or minor
sources (Environment and Climate Change Canada, 2020b).
10

Nitrous oxide (N2O) emissions occur when nitrogen (N) in ammonia is applied as a fertilizer and through the
processes of volatilization (nitrogen converted to a gas) and the subsequent leaching and runoff (nitrogen is dissolved in
water).
11

For example, suggested fertilizer application levels can be found in provincial crop planning guides (e.g., see
Saskatchewan’s 2019 Crop Planning Guide: https://publications.saskatchewan.ca/#/products/92833)
12
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However, research by Dale (2020) found that it is challenging for farmers to access and apply
adequate amounts of non-synthetic fertilizers in ways that are both feasible and ecologically
sustainable. Enriching soil through select crops, or “green manure,” requires land being out of
production for a given season, which can add significant economic pressure (Dale, 2020). In the
short run, or absent financial incentives, the easiest potential solution to reduce nitrogen fertilizer
use is the 4R nutrient stewardship. This BMP increases fertilizer efficiency and reduces emissions
by applying fertilizers:
• in the right place,
• at the right time,
• in the right amount, and
• using the right fertilizer formulation or product.
Subsurface placement of fertilizer at seeding time below the surface of the soil rather than
applying on the soil surface would optimize fertilizer placement (the right place) while also
reducing application rates (the right amount, which can also be facilitated through precision
agriculture). This would act to immediately cut emissions while reducing nitrogen losses and
delivering more nutrients to crops. Applying fertilizers in the spring rather than in fall also
reduces emissions (the right time). Public research on optimizing fertilizer types and coatings (the
right product) could help producers further reduce emissions. A critical component of the success
of this BMP is having public and independent soil scientists who support farmers in testing,
interpreting, and understanding the impacts of nitrogen use on crop yields, GHG emissions, and
pollution, and holistic approaches to soil health (Qualman, 2019).
The need for a comprehensive approach to reducing emissions and supporting soil health would
also include BMPs that support cover cropping or increase the production of pulses and other
legumes. Cover crops can reduce nutrient leaching, scavenge nutrients that other crops may not
be able to access, assist in reducing erosion, and improve soil organic matter (Chatterjee & Clay,
2020). Legume crops typically require no nitrogen fertilizer; rather, they fix nitrogen from the
air and bring it back into the soil, making this nitrogen available to crops in subsequent years.
Consumer demand for pulses and legumes is increasing, providing market demand that supports
farmers in making this BMP transition (Pratt, 2020). This could also include the use of “green
manure” applications: the incorporation of crops such as clover or beans into the soil before they
are mature to improve soil fertility. Younger legume crops can also be used as feed for cattle and
have been shown to reduce methane emissions in cattle because they are easy to digest (Qualman,
2019). However, the dynamics between cover crops and nitrous oxide emissions from soil are
complex: in some cases, cover crops can indirectly reduce nitrous oxide, but in others, they may
not (Basche et al., 2014). While cover crops provide a host of benefits, proper management
strategies will be needed to reduce potential increases of nitrous oxide emissions from their use
(such as controlling the timing and rate of inputs or limiting manure and legume crops in the
same location) (Saha et al., 2021).
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Improving manure management can also reduce nitrous oxide emissions. In fact, 51% of manure
management-related emissions in Canada are nitrous oxide (ECCC, 2020b). Manure handling
and storage emits both methane from anaerobic decomposition and nitrous oxide from storage
and application to soils (Government of Alberta, 2004). Nitrous oxide emissions are an indirect
result of volatilization when ammonia (NH3) and nitrogen oxides (NOx) are emitted from manure
(Montes et al., 2013).13 This is discussed further in the next section on methane since manure
management can also reduce emissions here.

4.3.2 Methane
Methane emissions are primarily the result of animal production, with cattle and other
ruminants14 being a major contributor. Methane is emitted when plant material and manure
decompose under anaerobic conditions, either within an animal’s digestive system or due to
ineffective manure management (Montes et al., 2013).
While enteric fermentation emissions grew substantially in Canada from 1990 to 2005, since
2005 they have dropped by 22% due to changes in feeding (ECCC, 2020b). As for manure
management-related emissions in Canada, beef cattle are responsible for 42% (30% methane
and 70% nitrous oxide) (ECCC, 2020b). Methane emissions from manure from swine are also
significant. Both beef and swine populations have decreased on the Prairies since 2005, although
overall, Canada has seen a population increase in these animals. Declining cattle and pork
populations on the Prairies are largely the result of reduced prices due to changes in consumer
demand (Clearwater et al., 2016).
Manure management systems in Canada are generally either liquid storage (common in swine
and dairy production), solid storage or drylot (most common in feedlot beef production), or
pasture and paddock (usually low-density pasturing), with biodigesters and composting being less
common (Clearwater et al., 2016; ECCC, 2020b). The two main factors that impact methane
emissions are the quantity of manure and the amount that decomposes anaerobically (Eggleston
et al., 2006). The former is impacted by the number and type of livestock, and the quantity,
quality, and digestibility of their feed (Government of Alberta, 2004). The latter is impacted by
how manure is stored, including moisture, temperature, and length of storage. Overall, methane
production can be anywhere from four to 20 times as high in liquid storage (e.g., in lagoons or
tanks) and handling compared to solid storage (e.g., in piles) (Eggleston et al., 2006). Manure
applied to soil generally means less methane is produced than when in storage.
On the Prairies, solid or composted storage is by far the most common method used. For
example, in 2016, 20,569 Prairie farms were using solid or composted manure, while under 2,000
farms were using liquid manure (Statistics Canada, 2018c). Of those using solid or composted
There are few direct nitrous oxide emissions from manure storage itself, but when manure is handled aerobically
and applied to pasture, both nitrification and denitrification processes can occur and form nitrous oxide (Montes et al.,
2013). Nitrous oxide can also be lost from open surfaces of beef and dairy feedlots (Montes et al., 2013).
13

14

Ruminants include all bovines, wild and domesticated, as well as sheep, goats, and deer.
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manure, 54% of farms were incorporating manure into the soil.15 Typically, farms spreading
manure need less fertilizer than those that do not. While there have been positive changes over
the past decade regarding better application and storage of manure, both emissions and nutrient
runoff from manure management represent a significant challenge for the sector and present
many options to improve on-farm practices (Clearwater et al., 2016).16
Acting to reduce methane emissions has an almost immediate effect since methane is relatively
short-lived in the atmosphere (Qualman, 2019). The BMPs for the reduction of methane
emissions break down into two streams: low-emission animals, mostly through feed management,
and low-emission manure handling (Henderson et al., 2020).
For feed management, this means avoiding the oversupply of feed protein. There is some
evidence that supplementing cattle feed with edible oils can reduce emissions from enteric
fermentation in ruminants, although the cost and logistics of supplementing remain barriers
(Bayat et al., 2018; Clearwater et al., 2016). Other forms of supplements, such as certain
species of seaweed, have also shown significant results in reducing methane emissions from
cattle (Roque et al., 2019). In poultry and swine production, reducing the overfeeding of
protein can also reduce methane in manure.
Better manure management includes low-emission application methods (i.e., injection or rapid
incorporation), composting, using biodigesters to collect methane for heat or electricity from
sealed manure-storage units, dry storage of manure, and storing manure for a shorter time. The
less time manure spends in storage before application and incorporation into soils, the lower
the amount methane produced from anaerobic decomposition. The easiest way to accelerate
incorporation is through rotational grazing of cattle on pastures, since the heavy hoof “traffic”
will integrate manure more than in regular grazing situations, particularly if pastures have
incorporated nutrient-dense legumes (Stinner et al., 1997). Rotational grazing, also called mob
grazing, can also help sequester carbon in the soil through the establishment of complex root
systems of pasture plants, particularly in carbon-poor soils (Dale, 2020).
Many of the methane-related BMPs require a financial investment by farmers in new equipment,
infrastructure, and knowledge—policies that support this transition are required for these
practices to become more common.

4.3.3 Carbon Dioxide
Federal statistics indicate that around a fifth of agricultural emissions on the Prairies come from
on-farm fuel use (ECCC, 2020b). This includes fuel used for on-site transport (tractors and

Nitrous oxide emissions from using manure as a fertilizer are captured in the “Agricultural Soils” category in federal
GHG emissions accounting. It is responsible for around 200 kt CO2e per year—relatively insignificant compared to
synthetic and organic nitrogen fertilizers (Environment and Climate Change Canada, 2020b).
15

Statistics Canada’s Farm Environmental Management Survey (2011) contains significant detail on trends in on-farm
practices. See: https://www150.statcan.gc.ca/n1/en/pub/21-023-x/21-023-x2013001-eng.pdf?st=zjvfrOkR
16
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other machinery) and process emissions where fuel is burned on-site (e.g., for grain drying).
Other carbon dioxide emissions from agriculture also come from electricity use and from offfarm sources such as machinery manufacturing and fertilizer production (these manufacturing
emissions are not counted in the one fifth figure cited above). Fuel and electricity costs for onfarm operations can represent substantial costs for farmers and ranchers, so reducing fuel use can
have double benefits: reducing both GHG emissions and operating expenses.
Rates of carbon dioxide emissions have declined somewhat in Canada in the past few decades due
to a combination of improved efficiency in farm equipment and changes in farm management
practices (Clearwater et al., 2016).
4.3.3.1 ON-FARM MACHINERY USE
Tractors provide the main source of power for on-farm operations. Over the past two decades, the
number of tractors per farm in Canada has increased, partly due to farm consolidation (Statistics
Canada, 2018d). While total numbers of tractors reduced slightly from 2011 to 2016, the
numbers of large tractors (above 149 horsepower) have increased substantially, including on the
Prairies (Statistics Canada, 2018a, 2018d). Since farm machinery tends to have an extended life
compared to other vehicles, it is common to find decades-old machinery on farms, in particular
on smaller operations (California Air Resources Board, 2018). Additional research is needed to
determine in what situations it may be more fuel efficient to use older versus newer machinery.
4.3.3.2 GRAIN DRYING
Most harvested grain is stored on-farm (Jayas & White, 2003). As grains with high moisture levels
are more likely to spoil, grain drying with heat is a crucial process for farmers to be able to harvest
and sell crops in wet years and years with late harvests. Grain drying with heat can be fossil fuelintensive since it is primarily done using propane or natural gas. The costs for producers can also
be significant. Grain drying emissions data for the Prairies are not readily available. However,
for comparison, the Government of Ontario (2017) has estimated that for 8.5 million tonnes of
corn grain produced each year in the province, 450 kt CO2e is produced from grain drying. A
20% reduction in grain drying fuel would reduce Ontario’s emissions the same amount as taking
19,000 passenger cars off the road (Government of Ontario, 2017).
4.3.3.3 MACHINERY MANUFACTURING EMISSIONS
While recent data on machinery manufacturing emissions is not readily available, Dyer &
Desjardins (2006) estimated machinery manufacturing emissions to be up to 6 Mt CO2e in
1996, with the energy required for manufacturing representing almost half the amount of
energy consumed by the machinery during farm field work. In 2011, machinery manufacturing
emissions accounted for 18% of all agricultural energy use and fossil fuel consumption emissions
(Clearwater et al., 2016). Machinery manufacturing emissions are heavily related to the type of
material used, and the largest reductions in emissions in recent years have come from the use of
recycled steel (Dyer & Desjardins, 2006).
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4.3.3.4 PESTICIDE USE AND PRODUCTION
The Prairies have a higher percentage of land treated with pesticides compared to other regions
in Canada. However, there is no disaggregated data readily available on GHG emissions directly
from pesticide production and application in Canada.17
Emissions from pesticides vary by crop and local conditions. On the Prairies, pesticide use in
durum wheat production is generally lower than for canola and pulses since there is a higher
likelihood of diseases in broadleaf crops (Gan et al., 2011). The adoption of no-till systems has
actually led to increased use of pesticides (Clearwater et al., 2016). As with other crop inputs,
pesticide application requires significant fuel. For example, the use of a 50-foot boom sprayer
uses 0.84 litres of fuel per hectare, while a sprayer pulled by a fuel-powered tractor would be even
higher (Brookes & Barfoot, 2017). Notably, pesticide application increases in response to invasive
species, which could become more of a threat under climate change. For example, a study in the
United States found annual emissions of 4 to 60 Kt CO2e related to the application of pesticides
in response to the soybean aphid, an invasive agricultural pest from Asia (Heimpel et al., 2013).
In an attempt to capture both manufacturing and use-related emissions, Audsley et al. (2009)
calculated emissions and the global warming potential of different pesticides. They tracked
both process energy (from energy used in manufacturing) and inherent energy (energy used in
production but maintained in the pesticide’s chemical structure), finding that around 9% of total
energy use for arable crops globally came from pesticide manufacturing—higher for potatoes and
lower for spring crops.
4.3.3.5 ADDRESSING ON-FARM CARBON DIOXIDE EMISSIONS
Reducing carbon dioxide emissions can result from:18
• Improving fuel efficiency for farm equipment and buildings
• Using alternative fuels (including electrification of vehicles and equipment)
• Reducing transportation distances for grains and livestock to be processed and for inputs
to be produced
• Equipment sharing to reduce the manufacturing emissions of new equipment.
On Prairie farms, farmers have always been improving efficiency, and leveraging this tendency can
help to reduce emissions. As equipment needs to be replaced and buildings upgraded, farmers
will generally choose the most cost-effective options, which includes factoring in the costs of
operating, including fuel costs. Without the manufacturing of fuel-efficient and affordable options,
there are limits to what farmers can do on their farms with respect to farm equipment and
Difficulty in assessing emissions related to pesticide manufacturing stems largely from a lack of data on pesticide
manufacturing processes and energy use (in particular from companies themselves) (Aktar et al., 2009; Audsley et al.,
2009).
17

Our focus here is on-farm emissions, and so we do not focus on processing emissions, and only on upstream (input
and equipment manufacturing) emissions to the extent that farm practice can reduce their end use.
18
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infrastructure, including buildings, pumps, refrigeration, lighting, etc. For example, electric cars
are becoming more common and have seen support from governments and industry in Canada;
however, fleets of electric tractors and farm equipment remain in early phases.
The emissions intensity of electricity is also an issue: while Manitoba’s electricity is powered
mainly through hydroelectricity, Alberta and Saskatchewan rely heavily on fossil fuels (coal and
natural gas). Thus, the emissions reductions from switching to battery-electric farm equipment
may be limited in those provinces until cleaner forms of electricity production are adopted.
Most of the routes to reduced carbon dioxide emissions are costly, at least in terms of upfront
costs, if not overall. In order to support farmers in reducing carbon dioxide emissions on their
farms, further policy supports are needed, including grants and financing for energy efficiency
retrofits for buildings, improving building standards for new homes and buildings, and even
establishing on-farm renewable energy production. Equipment sharing has a history on the
Prairies but faces ongoing challenges due to the short time periods in which equipment is used.

4.4 The Role of Soil, Water, and Land Management
Healthy soils and water mitigate climate change emissions. They can also insulate farmers from
climate-related impacts (discussed in Section 3). Increasing attention is being paid to how
properly managed agricultural lands can contribute to climate change mitigation while delivering
biodiversity co-benefits.
Healthy soils can act as carbon sinks and have lower rates of nitrous oxide and methane
emissions. Healthy waterways can support nutrient cycling, including nitrogen, and can also
protect producers from climate change effects by providing overflow for extreme flooding events
and storing water during low precipitation years. Healthy soil and ecosystems also promote
biodiversity, which gives producers an indirect advantage by providing more pollinators and soil
microbes. Soil and water systems are interconnected and require integrated management.
Put simply, healthy soils with more microbial and fungal organisms will sequester more carbon
than “dead” soils. Minimizing soil disturbance and ensuring healthy soil ecosystems, for example,
by planting cover crops, helps build soil organic carbon or sequester carbon (Dale, 2020). Proper
soil and water management can also improve farm productivity and limit erosion-related issues,
including pesticide runoff (Clearwater et al., 2016; Gan et al., 2011). It can also help build
resiliency to climate change, as practices like cover cropping help keep moisture in the soil and
reduce impacts from drought.
By contrast, practices such as conventional tilling, overuse of fertilizer and pesticides, and
increased production of annual crops or monocultures can lower soil cover levels and deplete soil
health by damaging critical rhizomes and microbes within the soil (Clearwater et al., 2016; Dale,
2020; Magdoff & van Es, 2010). Erosion causes topsoil to be removed by wind and water, and the
oxidization of soil organic matter contributes to soil-related GHG emissions.
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Soil cover levels (soil covered by vegetation or crop residue) have increased over the past 3
decades, largely due to decreased use of summer fallow19 and wider adoption of no-till and zerotill land management practices (Clearwater et al., 2016). On the Prairies in 2016, no-till or zerotill practices were applied on 65% of agricultural land prepared for seeding, compared to only
16% in 1996 (Statistics Canada, 2018b). Due to better soil and land management practices, soil
organic carbon levels have increased recently so that agricultural soils in Canada are no longer
the source of emissions they were in the 1980s, now representing a net carbon sink (see Figure
8). However, it is important to note that there are eventually diminishing returns on carbon
sequestration as healthy soils increase their carbon storage and reach a new equilibrium state
(Paustian et al., 2019). As well, effective soil carbon sequestration relies on ongoing management,
as carbon can be lost to the atmosphere due to changes in land management.
Figure 8. Annual soil organic carbon change in Canada (2011)

Large increase (>90 kg ha-1)
Moderate increase (25 to 90 kg ha-1)
No change (-25 to 25 kg ha-1)
Moderate decrease (-90 to -25 kg ha-1)
Large decrease (<-90 kg ha-1)
Not assessed
Source: Clearwater et al., 2016.

Shelterbelts—trees planted to reduce erosion—can contribute to soil health and farm viability by
reducing erosion while also limiting water contamination and supporting wildlife (Clearwater et
al., 2016). In 2011, 54% of Canadian producers were maintaining buffers on all cropland next
to waterways. However, producers are less likely to maintain riparian buffers around seasonal
The practice of weed control and an effort to increase moisture in soil by leaving a field without a crop for a period
of one year.
19
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wetlands, as these areas can sometimes be used for crop production. It should also be noted that
the expansion of agricultural land also has significant implications for the ability of ecosystems to
sequester carbon and maintain biodiversity—wetlands and native grasslands continue to decline
on the Prairies.
A recent study by Nature United shows that, across Canada, natural climate solutions in
agriculture (such as cover cropping, managing crop residues, tree intercropping and silvopasture,
and manure and nutrient management) could contribute 37.4 Mt CO2e per year in emissions
reductions by 2030—nearly half of what is achievable through all natural climate solutions across
Canada in the same time period (Drever et al., 2021). Supporting producers to maximize onfarm carbon sequestration and conservation is an important tool in the climate action toolbox.
The Alternative Land Use Service (ALUS) model (Section 5.4.1) demonstrates the successes that
can be achieved for climate change, biodiversity, and producer livelihoods when such an approach
is taken. There are also successful examples from other countries, such as New Zealand’s Hill
Country Erosion Programme (Government of New Zealand, 2020).
Pursuing holistic agricultural practices that directly tackle emissions while incorporating
biodiversity issues will be critical to ensuring healthy soils and water, supporting the sustainability
of the sector, and increasing producer resiliency in the face of climate change. It is important to
note that healthy soil practices are context-specific and can include a range of other strategies,
such as organic amendments, diverse crop rotations, avoiding soil compaction, integrated pest
management, improved grazing practices, and more (Equiterre & Greenbelt Foundation, 2021).
In their report The Power of Soil, Equiterre and the Greenbelt Foundation (2021) outline a series
of policy changes, partnerships, and funding programs that could support soil health through a
comprehensive, systems-level approach.
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Prairie agriculture trends are heavily influenced by government policy on agriculture, trade, and
climate change. This section provides an overview of current policies at the federal, provincial,
and local levels that provide an opportunity to mitigate and adapt to climate change.
Key messages:
•

Compared to leading jurisdictions, Canadian agricultural policy lacks comprehensive policy
signals and strategies to address climate change in the sector.

•

The 2020 federal climate plan and 2021 federal budget increase the momentum on climate
policy for agriculture that could be built upon and extended in the short term.

•

While federal and provincial agri-environmental programming is generally limited in
scope, there are examples of successful policies and programs, including regional and
community initiatives, that have the potential to be scaled up for increased climate
action across the sector.

5.1 Barriers to Effective Climate Change and Agricultural
Policy
There are three significant barriers to creating effective agricultural climate change policies and
programming in Canada and the Prairie provinces that bear mentioning here.
First, there is no concrete national target for emissions reductions across the entire
sector, unlike leading countries such as France, Germany, Ireland, New Zealand, and others
(Henderson et al., 2020). Targets are also lacking at the provincial level. In the absence of highlevel policy signals, there is little clarity for producers, communities, and industry on where the
agricultural sector must go.
Second, the efficacy of current agri-environmental programming is not clear due to
a lack of program evaluation and transparency on environmental indicators and low funding
availability. The Office of the Auditor General (OAG, 2008, 2017, 2018, 2019) has repeatedly
found that the federal government has not reported on key agri-environmental indicators,
including progress on government targets.20 The availability of agri-environmental programming
varies by province, with some provinces providing more accessible support than others.

For example, the OAG (2018, 2019) found that AAFC has not conducted adequate assessments on the
sustainability impacts of Environmental Farm Plans and on goals outlined in the Federal Sustainable Development
Strategy. The OAG did a more comprehensive study on agri-environmental programming in 2008. At that time, they
found that AAFC did “not know to what extent its environmental programs have improved the environment,” that
“senior management cannot be certain whether programs are achieving their intended results and where improvements
are needed,” and that the department “lacks sufficient data to demonstrate that action at the farm level has led to
positive environmental change” (OAG, 2008).
20
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Third, there is a lack of comprehensive planning and policy strategy on agriculture
and climate change between federal government departments and between different levels
of government. Those countries leading on this issue have wide-reaching and comprehensive
strategies to achieve their agricultural targets for emissions reduction, areas of land under
sustainable production, and livelihood goals, rather than one-off programs (Henderson et al.,
2020).21 In Canada, this lack of coordination has resulted in few concrete actions by farmers to
address climate change, since they are facing different regulatory and support systems.

5.2 Federal Policy
Under the Canadian Constitution, agricultural policy is an area of shared jurisdiction between the
federal and provincial governments. Generally, programs and policy frameworks are developed
and negotiated by the federal government in conjunction with the provinces (currently the
CAP—see Section 5.2.2). The federal government primarily has power through its constitutional
responsibility for trade and spending (including through managing equalization payments
between provinces) (van Kooten, 2018). Provinces retain a relatively high amount of control
over developing their own agricultural policies and programs, and negotiate with the federal
government regarding how funds are allocated to their particular interests (van Kooten, 2018).
As a result, provincial policy on agriculture can vary substantially by province, with a mix of
provincially funded programs, federally funded programs, and cost-shared programs.22 A full
table of relevant policies and programs can be seen in Annex 1. The issue of shared jurisdiction
poses significant challenges to ensuring comprehensive climate-compatible policies and programs.
Federal agricultural policy has yet to fully mainstream climate change considerations.
Progress on climate change by AAFC has been slow and only recently addressed: as recently as
2017, the department was identified as not having fully assessed climate change risks as part of
departmental responsibilities (OAG, 2017). The tide appears to be turning with recent federal
announcements for climate solutions in agriculture (see Section 5.2.3), but more policy support
is needed. For example, investment in research and development in agriculture is heavily focused
on conventional agriculture, and very little is spent on research in organic agriculture, despite its
potential to influence sustainable practices across the sector more generally (Standing Committee
on Agriculture and Agri-Food, 2018).
The current emphasis on resiliency and sustainability in AAFC programming occurs
within the context of increasing growth and exports in the sector, rather than framing
it as a necessity in order to address the climate and biodiversity crises and mitigate farm- and
community-level social and economic impacts. The government’s commitment to introducing
a “climate lens to integrate climate considerations throughout government decision-making”

21

See Henderson et al. (2020) for a full summary of country-level actions on climate change and agriculture.

In addition, many agricultural programs operate on a cost-share basis where producers are responsible for a portion
of project costs.
22
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(ECCC, 2020c, p. 59) will hopefully increase momentum to better align agricultural programs
and policies with Canada’s climate change commitments.

5.2.1 Domestic Policy in the Context of Trade and International
Commitments
Canada’s international commitments on sustainability will require concerted and
ramped-up efforts, including from the agricultural sector. Many of Canada’s sustainability
policies and commitments are in response to international treaties and agreements on climate
change, biodiversity, and other sustainability issues; however, we are behind in meeting many of
these promises. While recent policies give some hope for Canada’s climate ambition, historically,
Canada has not been on track to meet its emissions reduction targets under the Paris Agreement
(United Nations Environment Programme, 2020). Canada is also lagging in achieving the Aichi
Biodiversity Targets under the United Nations Convention on Biological Diversity (CBD),23
which include eliminating harmful subsidies and sustainably managing agricultural lands by
2020 (CBD, 2020b). Canada has also outlined goals and progress for achieving the 2030
Agenda for Sustainable Development (including the Sustainable Development Goals), including
implementing “comprehensive strategies and programming that will support the sustainable
production of agriculture within Canada” (Government of Canada, 2018). However, they have
not taken significant steps to achieve this target.
The federal government has established targets on trade and economic growth that
compete somewhat with an ambitious environmental agenda. In 2019, the federal
government released its Food Policy for Canada, a cross-cutting, evergreen policy that for the
first time links food access policy issues with food system issues.24 One of its defined outcomes is
“sustainable food practices,” which highlights improving environmental performance and climate
resilience across the food value chain, including emissions reductions (AAFC, 2019). The current
iteration of the policy lacks detail on what this means for the agricultural sector, and short-term
goals include continued focus on supporting export growth. This tension between increasing
exports while decreasing environmental impacts can also be seen in the 2016–2017 reports by
the Advisory Council on Economic Growth (the Barton Report),25 Canada’s Federal Sustainable
Development Strategy 2019–2022, and the 2016 and 2020 climate plans (the Pan-Canadian
Framework on Climate Change and A Healthy Environment and a Healthy Economy).

One of Canada’s targets under the CBD is: “By 2020, agricultural working landscapes provide a stable or improved
level of biodiversity and habitat capacity”(CBD, 2020a).
23

The Food Policy for Canada identifies Canada’s vision as: “All people in Canada are able to access a sufficient
amount of safe, nutritious, and culturally diverse food. Canada’s food system is resilient and innovative, sustains our
environment and supports our economy” (Agriculture and Agri-Food Canada, 2019).
24

The Barton Report targeted substantially increasing Canada’s share of agrifood and global agricultural exports in
order to become the second-largest agricultural exporter in the world, worth an extra USD 30 billion in exports per
year (Advisory Council on Economic Growth, 2017).
25
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5.2.2 The Canadian Agricultural Partnership
The CAP is the main framework through which federal funds flow to the agricultural sector. It
includes CAD 3 billion in investments over 5 years, from 2018 to 2023 (ECCC, 2019a). Federalprovincial negotiations occur every 5 years. The CAP includes a variety of components, including
federally funded programs, cost-shared programs (on a 60:40 basis) delivered by provinces, and a
suite of business risk management (BRM) programs. The CAP generally focuses more on growth
and technology and less on sustainability (Wilson, 2017). There is some mention of resiliency and
assisting farmers in adapting to climate change but no mention of reducing GHG emissions in
agriculture (AAFC, 2020b).
5.2.2.1 BRM PROGRAMS
The CAP’s BRM programs are designed to assist producers in managing the inherent and
substantial risks in the sector. In general, these programs provide financial support, cash flow, and
insurance to manage changes in market circumstances and the impacts of natural hazards and
disasters. Unfortunately, current BRM programming may actually be providing incentives for
less climate-friendly production methods. For example, some programs have been demonstrated
to favour mono-production models, which are at higher risk of climate-related disasters while
lacking accessibility for lower-input or organic producers whose diversification make them less
risky (National Farmers Union, 2020; Organic Council, 2017).
5.2.2.2 ENVIRONMENTAL FARM PLANS
The Environmental Farm Plan (EFP) program is offered across Canada but differs from
region to region, with some provinces delivering the program in partnership with a third-party
organization. For example, in Alberta, the program is delivered through the Agricultural Research
and Extension Council of Alberta, while in Manitoba, the program is delivered through Keystone
Agricultural Producers. The goal of the program is to do a whole-farm assessment to identify
actions to improve sustainable practices and farm operations (Government of Manitoba, n.d.).
Completion of an EFP is also a prerequisite to access certain grants under the CAP.
Despite the lack of a comprehensive program evaluation, EFPs have been cited as extremely
effective in improving sustainability and adaptability on individual farms (Standing Committee on
Agriculture and Agri-Food, 2018). Yet uptake of the EFP program has been low on the Prairies
compared to other provinces. Nearly two thirds of farms on the Prairies do not have an EFP,
compared to only 19% in Quebec (Statistics Canada, 2019a). Uptake also varies by farm type:
only 30% of beef producers have an EFP, compared to 80% of pig producers and 81% of dairy
producers (Statistics Canada, 2019b).26 The low uptake on the Prairies is cause for concern.
More evaluation is needed to understand barriers for program uptake, including a lack of

EFPs can also be a useful tool for industry-led cross-compliance. Notably, the Potato Growers of Alberta was
the first industry association to require completion of an EFP for membership (Agricultural Research and Extension
Council of Alberta, 2020).
26
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standardization across provinces and implications for the adoption of BMP funding that requires
completion of the program.

5.2.3 Federal Climate Policies and Programs
Existing and evolving federal climate policies and programs are highly relevant for the
agriculture sector. Canada’s updated nationally determined contribution under the Paris
Agreement affirms Canada’s commitment to reach net-zero emissions by 2050 and increases
the 2030 target to 40%–45% reductions compared to 2005 levels (ECCC, 2021). Although
the 2016 Pan-Canadian Framework on Climate Change and Clean Growth had little mention
of agriculture (ECCC, 2016), the updated 2020 climate plan introduces a new focus on the
sector. It includes a commitment to work with provinces, a target to reduce fertilizer userelated emissions by 30% below 2020 levels (no end date provided), and a proposal to advance
the production of feedstocks for biofuels (ECCC, 2020c). Funding commitments announced
in the climate plan and 2021 federal budget include CAD 165.7 million over 7 years for
an Agricultural Clean Technology Program (including CAD 10 million for clean energy
adoption); CAD 200 million over 2 years for improved nitrogen management, cover cropping,
and rotational grazing under the Agricultural Climate Solutions program’s On-Farm Climate
Action Fund; and CAD 185 million for the Agricultural Climate Solutions Living Lab program
(Department of Finance, 2021; ECCC, 2020c).
These amounts signal a shift in federal policy but are nonetheless modest compared to what will
be needed to properly transition the agricultural sector.
5.2.3.1 CARBON PRICING
The federal carbon pricing system was first introduced in 2018 and is one of the government’s
primary policy tools for addressing climate change. Under the 2020 climate plan, the fuel charge
is now slated to increase by CAD 15/tonne each year after 2022 to reach CAD 170/tonne by 2030
(ECCC, 2020c), a move that was widely lauded by the international community (United Nations
Framework Convention on Climate Change [UNFCCC], 2020). The fuel charge portion of the
federal system applies in provinces that do not have equivalent provincial systems.
The federal fuel charge currently exempts on-farm fuel use (Canada Revenue Agency, 2019).
There are similar policies in subnational jurisdictions that exempt on-farm fuel use and certain
agricultural activities from carbon pricing and fuel taxes. These exemptions essentially function as
fossil fuel subsidies as they artificially lower the costs of these fuels (Corkal et al., 2020; OECD,
2020). In 2021, the House of Commons also adopted a bill to exempt additional farm fuels such
as propane and natural gas (at the time of writing, Bill C-206 has yet to receive royal assent by the
Senate) (Parliament of Canada, 2021).
5.2.3.2 CARBON OFFSETS
Canada is currently developing a federal GHG emission offset program and is developing offset
protocols separately from the broader offset regulations. The government has proposed to identify
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opportunities in agriculture and is examining enhanced soil organic carbon as part of its initial
protocol development (ECCC, 2020c). Offsets could provide economic benefits for farmers while
incentivizing emissions reductions, although specific opportunities for the sector on the Prairies
are yet unclear. Some producer organizations have been advocating for recognition of certain
agricultural practices under the program, such as 4R nutrient management and habitat protection
projects, but it is yet unclear what type of protocols will be eligible under the final program
(Binkley, 2020; Milton, 2020).
However, there are substantial risks associated with certain types of offset protocols regarding
issues such as additionality and permanence27 (for example, conservation cropping protocols have
been particularly controversial). It will not be possible to achieve adequate emissions reductions
and resiliency with carbon offsets and market-based measures alone. For example, in many cases,
carbon markets have not led to overall net, long-term emissions reductions in agriculture due to
challenges with leakage and additionality (Institute for Agriculture and Trade Policy & National
Family Farm Coalition, 2020).
Regardless, the development of a robust offset market will take time, possibly years, and prices
available for offset credits will vary depending on several risks and factors. Risks and opportunities
for carbon offsets will be more thoroughly explored in the second paper of this series.
5.2.3.3 ADAPTATION AND RESILIENCY PROGRAMS
In its updated climate plan, the federal government has also committed to advancing a National
Adaptation Strategy, which is intended to inform policy direction and help measure progress, in
collaboration with subnational governments, Indigenous Peoples, and other partners (ECCC,
2020c).
Several adaptation and resiliency-focused programs outside of AAFC have benefits for rural
communities, including agricultural producers, such as:
• Infrastructure Canada’s Disaster Mitigation and Adaptation Fund supports large-scale
infrastructure to address vulnerabilities to extreme events (Government of Canada,
2020b). Additional funding of CAD 1.4 billion over 12 years was announced for this fund
in the 2021 budget (Department of Finance, 2021).
• Natural Resources Canada’s Building Regional Adaptation Capacity and Expertise
(BRACE), 2017–2022 program provides funding to subnational governments and
organizations for priorities that increase capacity to implement adaptation measures. Of
current projects on the Prairies, only one has explicit links to agricultural resilience (Water
Management Capacity Building to Achieve Climate Resilience run by the Saskatchewan
Water Security Agency) (Natural Resources Canada, 2018).

“Additionality” is a critical feature of offset credits and requires that a project’s emission reduction activities would
not have happened without an offset buyer. “Permanence” simply means that emission reductions through a given
project cannot be reversed (i.e., emitted back into the atmosphere).
27

IISD.org

57

Farming the Future: Agriculture and climate change on the Canadian Prairies

• The Canadian Centre for Climate Services provides access to climate data to inform
decision making and has established a regional hub for the Prairies, ClimateWest
(Government of Canada, 2021).
• The proposed Canada Water Agency is under development, which will include identifying
ways to support more resilient irrigation infrastructure and water management
(Department of Finance, 2021).
• There are also federal funds available through the Federation of Canadian Municipalities
for climate mitigation and adaptation (the Green Municipal Fund), the Standards to
Support Resilience in Infrastructure Program, which helps communities plan climateresilient infrastructure, and other programs focused on flood and wildfire preparedness.

Box 2. Flood management and agricultural sustainability
Integrated flood risk governance is a critical area for governments to navigate in the era of
climate change (Hurlbert, 2018). Flood-related policies and programs are not necessarily
agriculture-specific, yet they have major implications for agricultural producers and
communities. For example, the federal government’s Disaster Mitigation and Adaptation
Fund invests in projects that reduce the socio-economic, environmental, and cultural
impacts of natural hazards and extreme weather events (Government of Canada, 2020b).
Numerous programs, policy frameworks, and planning documents also exist at the provincial
level. For example, Saskatchewan recently completed a Flood and Natural Hazard Risk
Assessment in an attempt to support provincial and local decision-makers to manage
risk (Wittrock et al., 2018). Watershed-based organizations also have some institutional
capacity and mechanisms for local climate change adaptation planning and exist in all
three Prairie provinces (Sauchyn et al., 2020). Research on flood policy instruments in
Saskatchewan and Alberta shows that there is progress needed on community-based flood
preparedness and management and on ensuring government flood planning adequately
integrates climate change considerations (Hurlbert, 2018).

5.3 Provincial Policies
No Prairie province has identified emissions reduction targets for 2030 and 2050 (let alone
interim targets), and when it comes to robust climate policy, these provinces are behind other
Canadian provinces and territories (Dusyk et al., 2021). Provincial governments on the Prairies
generally have not targeted the agricultural sector for emissions reductions, and while programs
to incent more sustainable and resilient practices exist, they are limited in scope and accessibility.
Each province has some examples of positive and effective programming to promote climateresilient practices, but overall, climate change mitigation and adaptation have not been fully
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mainstreamed across agricultural policies and programs. A significant challenge for producers on
the Prairies is the general lack of extension services (see Section 2.4).

5.3.1 Alberta
Alberta has not published an updated climate change plan since its 2008 strategy, which is
mitigation-focused (Government of Alberta, 2008). Meanwhile, the province outlined plans
for its agricultural sector in its Agriculture and Forestry Business plan, the latest of which
covers 2020 to 2023 (Government of Alberta, 2020a). Generally, the plan focuses on reducing
regulatory burdens (including for animal and crop disease control policies), promoting trade, and
encouraging innovation and economic growth. A major component of the plan is “Responsible
Resource Management,” which includes promoting environmental stewardship practices and
supporting producers to better manage water supplies. Alberta has also had a carbon offset
system in place for several years. A number of offset protocols can potentially be used by farmers,
including for livestock feed, biofuel production and use, manure management, nitrous oxide
emission reductions, and conservation cropping (Government of Alberta, 2020b). The latter
protocol expires in 2021, based on an estimated 20-year saturation point for stored carbon under
conservation cropping practices.
Alberta’s CAP funding includes a number of programs focused on better water management and
water supply as well as the Environmental Stewardship and Climate Change funding stream to
support the adoption of BMPs (Government of Alberta, 2020c). For the latter, producers must
have a completed EFP to apply. Unfortunately, Alberta recently moved to cut nearly half of
Alberta Agriculture employees (277 positions) (Oosterhuis, 2020). The government also recently
created the Results Driven Agriculture Research non-profit organization, an arms-length centre
focused on agricultural research with a focus on growth and competitiveness (Government of
Alberta, 2020d). The implications of this change to producer access to extension services and
information and support for the adoption of sustainable agricultural practices are yet unclear.

5.3.2 Saskatchewan
Saskatchewan’s policy focus for agriculture is heavily focused on market growth, and its provincial
and CAP programming reflect this. Saskatchewan’s Growth Plan, released in April 2020, outlines
agricultural targets to 2030 including:
• Growing crop production to 45 million tonnes (from 35.4 million) and the livestock cash
receipt to CAD 3 billion (including through increased intensive livestock operations)
• Expansion of irrigation
• Increase local processing of canola and pulses (Government of Saskatchewan, 2020).
The Growth Plan has very little focus on sustainability in the agricultural sector.
Saskatchewan’s climate change strategy, Prairie Resilience, takes a resilience- and adaptationfocused approach to climate change that was well-received by various farm groups in the province
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(RealAgriculture, 2017). However, the plan generally falls short of providing direction and targets
for emissions reductions, which has led to criticism from environmental experts (Mandryk, 2019;
Saskatchewan Environmental Society, 2019; White-Crumney, 2019). The plan identifies the
positive role that the agricultural sector can play through approaches such as low-tillage practices
but otherwise lists few specific actions for emissions reductions in the sector.
Under the CAP, Saskatchewan does have a suite of cost-share initiatives focused on
“Environmental Sustainability and Climate Change” (Government of Saskatchewan, n.d.). In
general, these programs aim to improve on-farm practices to increase agricultural resiliency,
but emissions reductions are not a major focus. A number of these programs are focused on
water management, including the Irrigation Program, Farm and Ranch Water Infrastructure
Program (FRWIP), and Agri Environmental Technical Services (which partners with watershed
stewardship associations). As with similar programs elsewhere, Saskatchewan’s Farm Stewardship
Program (FSP), which provides funding to producers to implement BMPs, requires the
completion of an EFP. The FSP has three priority areas (water quality, climate change, and
biodiversity) that reflect an evolving approach to agricultural sustainability.
Although not explicitly designed for climate change adaptation, programs such as the FSP and
FRWIP have helped producers build resilience to climate variability and reduce socio-economic
impacts of drought. This has occurred at both the individual farm and regional levels. Hurlbert
& Pittman (2014) found that Agri-Environmental Group Plans created under the previous
iteration of the FSP program helped with regional watershed and environmental planning,
beyond what individual EFPs can achieve. However, these programs have shifted over time. The
FRWIP has adopted a more passive adaptive management approach with a provincial rather than
regional focus and is now less structured and responsive (Hurlbert & Pittman, 2014). Research
has illustrated barriers for producers and rural communities in accessing the program, such
as inconsistent funding, relatively high cost-share requirements, and limited human resource
capacity for program implementation.

5.3.3 Manitoba
Manitoba’s approach to climate change policy is outlined in its 2017 Made-In-Manitoba Green
Plan. Manitoba was also the first province to pass climate accountability legislation (the Climate
and Green Plan Implementation Act, 2018). Unfortunately, this legislation does not outline
a clear pathway for emissions reductions or specific long-term targets (Canadian Institute
for Climate Choices, 2020). The 2017 plan looks at agriculture in terms of potential for
carbon sequestration but does not outline emissions reduction targets (Manitoba Sustainable
Development, 2017)
Manitoba also released a Protein Strategy in 2019, which focuses on substantially increasing both
animal and crop protein sources. The strategy lists targets of increasing animal processing and
production by 35%, reducing carbon intensity per kilogram produced by 15%, and increasing
productivity of Crown land and private grasslands by 15% (Government of Manitoba, 2019a).
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The majority of Manitoba’s agricultural programming falls under the umbrella of Ag Action
Manitoba, cost-shared through CAP. Particularly relevant to climate change mitigation and
adaptation is available funding for producers to adopt environmental BMPs, based on actions
recommended in a given farm’s EFPs. The list of eligible BMPs is extensive, and applications
are rated based on various criteria, including an Environmental Benefit Assessment Index
(Government of Manitoba, 2020b).
Manitoba also has a suite of programming related to ecological goods and services (EGS). For
example, the Ag Action Manitoba EGS program provides support to watershed districts, which
work with producers on implementing sustainable practices (Government of Manitoba, 2020a).
There are numerous provincially funded programs on EGS as well, including a Riparian Tax
Credit and Protected Areas Initiative, as well an EGS Initiative Working Group, whose focus is
on developing agricultural policies that provide environmental, social, and economic benefits
(Government of Manitoba, 2020c). The Growing Outcomes in Watersheds program, a CAD
5.2 million program to pay for the enhancement of EGS on private lands based on the ALUS
model, was introduced in 2019 (see Section 5.4.1) (Government of Manitoba, 2019b). Manitoba
also has the Conservation Trust, which was established in 2018 as part of the provincial climate
plan to fund conservation and natural infrastructure activities (Manitoba Habitat Heritage
Corporation, 2021).

5.4 Community Responses
In addition to federal and provincial approaches, a number of innovative initiatives to address
climate change impacts and opportunities in agriculture have emerged at the community level. We
highlight three examples below that illustrate the potential for farmer-focused programming to
promote climate-friendly agricultural practices. See Table A5 for details of other examples.

5.4.1 ALUS: Promoting ecosystem services on agricultural lands
The ALUS model has had considerable success in Canada in promoting the restoration and
conservation of EGS on agricultural lands. ALUS works in tandem with local stakeholders
and agricultural organizations and provides direct payments to producers for eligible projects,
including wetland restoration, wind and riparian buffers, sustainable drainage systems,
reforestation, and pollinator habitat creations (ALUS, 2021). The non-profit organization is
funded through a number of sources, including federal and provincial governments, individuals
and individual benefactors, and foundations. Overall, ALUS is active in six provinces and has
worked with over 900 producers and 31 communities, representing over CAD 10 million in
investments and over 32,000 acres of land (ALUS, 2021). On the Prairies, ALUS operates three
projects in Saskatchewan, two in Manitoba, and 15 in Alberta to support projects to improve
riparian areas, control invasive weeds, and convert cropland to native prairie grasslands, among
other activities.
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5.4.2 Local Organizations Promoting Climate-Compatible Agricultural
Practices
There are several small-scale organizations and initiatives across the Prairies doing important
work directly with producers to promote sustainable agricultural practices. The producer-based
Saskatchewan Soil Conservation Association (SSCA) is one such organization that has existed
for over 30 years to advance conservation agriculture in the province. With around 300 producer
members, the organization has provided support to farmers by developing extension materials
and operating technology transfer programs, connecting members with each other to support peer
learning, participating in research projects, and running an annual soil conservation conference
(SSCA, n.d.-b). The SSCA played a significant role in promoting and facilitating the adoption of
low-till agriculture in the province (Standing Committee on Agriculture and Agri-Food, 2018;
SSCA, n.d.-a), although today it is a smaller organization no longer doing extension work at a
province-wide scale.
A more recent initiative that presents an excellent model is Rural Routes to Climate Solutions
(RR2SC). Based in Alberta, the program works directly with producers and rural communities to
promote climate-friendly on-farm practices through educational opportunities (workshops, field
days, podcasts, and blogs), many of which are free (Rural Routes to Climate Solutions, 2020).
The organization is also promoting on-farm renewable energy projects and has started a Solar
Lab to assist communities in developing community-owned solar projects by connecting them
with technical experts and training opportunities.

Further Reading
“Sustainable Food” chapter in Environment and Climate Change Canada. (2019).
Achieving a sustainable future: A federal sustainable development strategy for Canada
2019 to 2022. http://fsds-sfdd.ca/downloads/FSDS_2019-2022.pdf
Environment and Climate Change Canada. (2020c). A healthy environment and a healthy
economy. https://www.canada.ca/content/dam/eccc/documents/pdf/climate-change/
climate-plan/healthy_environment_healthy_economy_plan.pdf
Hurlbert, M., & Pittman, J. (2014). Exploring adaptive management in environmental farm
programs in Saskatchewan, Canada. Journal of Natural Resources Policy Research, 6(2–3),
195–212. https://doi.org/10.1080/19390459.2014.915131
Farmers for Climate Solutions Task Force. (2021). A down payment for a resilient and
low-GHG farm future: A $300 million plan to reduce agricultural GHGs by 10 Megatonnes
and lay the groundwork for widespread adoption of climate-friendly farming in APF 2023.
https://static1.squarespace.com/static/5dc5869672cac01e07a8d14d/t/603cf540ca355d
0ac5009619/1614607684484/FCS_BudgetRecommendation2021.pdf
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While anthropogenic climate change presents an enormous challenge, there are several ways
that producers, communities, non-governmental organizations, producer associations, and
policy-makers can act to mitigate GHG emissions and adapt to new contexts. Climate change
will change the way Prairie producers run their operations, as well as the ways they understand
risk and decide how to reduce risks to themselves and their operations. This section summarizes
our findings about changes and impacts to on-farm practices. We then identify opportunities
to enable climate-friendly on-farm practices and make recommendations for how policies
can support long-term change in the sector by considering the broader cultural and policy
shifts that are necessary. We also suggest ways to ensure that policies are holistic and flexible
to support producers through the significant adaptation and mitigation processes that are
required now and into the future. Further details on specific policy recommendations will be
included in the second report in this series.

6.1 Key Findings
6.1.1 Emissions from Prairie Agriculture Are Significant and Increasing
Despite the adoption of practices, such as no-till by many farmers, agricultural emissions on the
Prairies continue to be high. Emissions from nitrous oxide and methane, stemming primarily
from fertilizer practices and animal production, are particularly worrying given their high global
warming potential.
Yet, in the most ambitious scenario outlined in ECCC’s 2019 Fourth Biennial Report on Climate
Change to the UNFCCC, agricultural emissions are projected to grow, even as emissions from
most other sectors decrease. Emissions are projected to increase from 72 Mt CO2e in 2017 to 74
Mt CO2e in 2030, ending 4 Mt CO2e higher than 2005 levels (ECCC, 2019b). These increases
may not seem particularly high—they amount to less than 6% over 25 years—but they were
projected at a time when Canada was pledging an economy-wide reduction of GHG emissions
of 30% over the same period. Based on current trends, fertilizer-related emissions will likely
increase, while emissions in livestock may decrease due to smaller cattle herds. On-farm fuel use
is expected to stay consistent (ECCC, 2019b).
The agricultural sector has an important role to play in reducing emissions to limit
global warming and its impacts. This also presents an opportunity, as many of the actions
taken to reduce emissions ultimately have benefits for farmer incomes, increased resiliency,
biodiversity, and more.
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6.1.2 Climate Change-Related Impacts Are Slated to Rise, Increasing
Vulnerability and Risk for Prairie Producers
A changing climate means impacts to Prairie producers: crop yields and livestock production
will be affected by changing patterns such as general warming and changes in precipitation, and
communities will grapple with more or worsened extreme events such as floods, heat waves,
droughts, and wildfires. In response to climate change impacts and policy responses by Canada’s
trading partners, market trends are also slated to shift. The resulting economic and political
changes could substantially influence Prairie producers’ incomes as demands and prices for
products shift. The ability of producers and their surrounding communities to weather direct and
indirect impacts from climate change and policy responses will depend heavily on whether risk
can be effectively minimized through both on-farm actions and enabling policies and programs
that support individual and collective resilience.
Adaptation and mitigation are closely related. The effectiveness of mitigation actions by
Prairie producers and by governments and sectors in Canada and around the world will have
major impacts on the levels of future warming that producers and communities will have to
grapple with (Warren & Lulham, 2021).

6.1.3 A Lack of Policy Action and Sufficient Investment to Address
Sectoral Emissions Impacts Producers
The Government of Canada has not yet published a fully detailed pathway for the agricultural
sector to contribute to the federal target of net-zero by 2050. There is no government-endorsed
sectoral target nor sufficient investments or policy support to ambitiously reduce emissions across
the agricultural sector. This lack of attention to what is possible to achieve in the sector is also the
case at the provincial level.
In comparison, other jurisdictions have identified ambitious targets for the sector alongside
substantial financial commitments to support farmers, recognizing that emissions reductions
and increased producer resilience go hand in hand (Farmers for Climate Solutions, 2021). For
example, the EU Climate Target Plan identifies the potential for climate neutrality in agriculture,
and Ireland’s Ag-Climatise roadmap outlines a goal to achieve net-zero in the sector by 2050, with
many supporting policies and programs to improve farmer livelihoods (European Commission,
2020; Government of Ireland, 2020). The 2020 Canadian federal climate plan and 2021 budget
introduced several positive new measures for climate action in agriculture, and the government
stated its commitment to work with producers. That said, federal and provincial investments and
supportive policy environments are still far from what is needed. Ultimately, supporting producers
to manage climate change will help ensure the future viability of producers and their livelihoods
while enabling progress on Canada’s climate goals.
Addressing climate change and other environmental concerns will require significant
financial investments from governments and industry. These investments should be seen
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as a down payment to ensure a prosperous future for producers while helping to reduce climate
change and its related impacts and costs. Here again, Canada is behind other jurisdictions.
Pre-pandemic, the EU was spending over 73 times more than Canada on agri-environmental
programs on a per-acre basis, while the United States was spending 13 times more (Farmers
for Climate Solutions Task Force, 2021). Meanwhile, the Canadian federal government spends
less on climate change mitigation and adaptation in agriculture than in other sectors, such as
transportation and energy (Farmers for Climate Solutions Task Force, 2021).

6.1.4 Ensuring Lasting Change Will Require a Shift in the Culture of
Agriculture
By working with farmers, farm communities, and all levels of government and across
departments, policy-makers can ensure that climate action becomes part of the culture
of agriculture. However, more than just agriculture departments need to be part of these
conversations. Departments of natural resources, health, community development, rural
planning, transportation, and finance all have important parts to play. Beyond government
representatives, policy development will also require ongoing consultations and collaboration
with producers and communities.
As climate change is already occurring and will continue long into the future, it is critical that
policy-makers act to increase the resilience of producers and farming communities and to
support a culture of farmers taking action to mitigate and adapt. Understanding the history
of the Canadian Prairies helps contextualize where we are today and the foundation that the
agricultural system has been built on. This includes understanding the ongoing challenges
presented by settler colonialism and ongoing tensions over land rights in this country. Many of
the vulnerabilities of farming and rural communities have their origins in this history, but this is
also where they have their strengths. Working with Indigenous communities to address climate
change provides an opportunity to reconcile our collective histories and work toward a healthier
and more sustainable future.
Researchers have coined the term “good farmer” to discuss how cultural norms around farming
attitudes, behaviours, and practices develop over time and how, therefore, these can be shifted
by policies that support sustainability (Burton et al., 2020). For example, most of the policies on
the Prairies support the idea of a “good farmer” as a farmer who is productive, exports food, has
weed-free crops, and acts individually to maximize their own profits. In the 1930s and 1940s,
when the PFRA supported farmers to take actions to manage the health of their farm ecosystems
and collective actions by farming and rural communities helped establish schools, banks, and
telephone networks on the Prairies, “good” farmers were still productive exporters, but they were
also stewards of the land and community builders. They planted shelterbelts and built dugouts,
both of which supported biodiversity; ran mixed farms to minimize risk; and acted collectively to
market their grain through processes such as the Canadian Wheat Board (Atkinson & McCrorie
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2003, Marchildon et al., 2008). Understanding the implicit cultural values that policy changes
support can help policy-makers understand how to shift farming behaviour.28

6.2 Changing On-Farm Practices
Producers are at the frontlines of climate change adaptation and mitigation. The following is a
list of practices that draw on agroecological principles that will help producers, whether they are
crop or livestock producers, reduce emissions and build resilience in the face of climate change.
Some of the changes listed below will be relatively simple for producers to enact, while others will
require time to build knowledge and skills. By investing in these changes now, we can help secure
the future of agricultural production, and of farming communities, on the Prairies.
• Reduce chemical use, including both pesticides and synthetic fertilizers, by reducing
application rates, using the 4Rs, and exploring opportunities from integrated pest
management practices.
• Better crop rotations, including the use of perennial crops, cover cropping, and
intercropping, since monocultures are more vulnerable to pest problems and are more
likely to result in poor soil conditions and therefore need more chemicals.
• Rotational and mob grazing to improve pastures, which can sequester more carbon,
result in less erosion, and support greater biodiversity.
• Integrate crop and livestock rotations: grazing livestock leave behind manure that can
be integrated into the next crop, reducing the need for manure management practices and
for synthetic fertilizers.
• Better livestock practices, including manure management, but also feed practices and
strategies to maximize herd health while reducing enteric fermentation.
• Lower operational energy-related carbon footprints, including fuel management,
fuel switching, energy efficiency, and renewable energy generation.
• Improve land stewardship practices, including shelterbelts and conservation of forests
and wetlands, to preserve biodiversity and carbon-rich landscapes.
• Adopt adaptation actions, such as improving on-farm infrastructure, changing planting
practices, strengthening water management, practising mixed farming, and considering
climate data in farm planning.
Prairie producers need support to transition to sustainable practices while ensuring revenues are
maintained and livelihoods supported. In the long run, the adoption of these approaches will help

For example, in Burton’s original research (2004), he looked at how farmers’ attitudes around weed-free fields
influenced whether they were willing to adopt organic agriculture. Farmers were concerned that since organic practices
may result in weeds in their fields, this may lower their esteem among their peers who continue to value fields that show
little to no presence of weeds.
28
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ensure producers are fully equipped to manage climate change while supporting the stability of
the Prairie agricultural sector.

6.3 Enabling Short-Term Support and Systemic Change
This section explores the types of supports that would be the most beneficial in both the short
and long terms, both to help shift on-farm practices and to create broader enabling environments
so that Prairie producers and their communities can confront climate change. The International
Institute for Sustainable Development’s second paper in this series will examine in more detail the
specific policy and program opportunities to support Prairie producers to act.
Industry, non-governmental organizations, and local, provincial, and federal governments all have
a role to play in achieving needed shifts. Below are some of the ways these bodies can positively
support producers in building resilience and increasing climate action.

6.3.1 Actions to Support Producers
6.3.1.1 FEDERAL AND PROVINCIAL GOVERNMENTS
There are many ways that governments can support producers to make positive changes to onfarm practices while supporting farmer incomes. Since agriculture is a shared federal-provincial
responsibility, there is a significant role for the CAP to mainstream climate action, with the next
agreement set for 2023.
Clear and ambitious emissions reduction targets for the sector from federal and provincial
governments are also needed, which will send important policy signals to the sector. Existing
insurance and funding programs can be shifted or built upon to encourage climate-friendly
practices by producers while discouraging harmful ones. Provincial governments should strive to
be leaders on climate action in agriculture in order to support the viability of the sector, as BC
has already started doing (Box 3).
• Reinstate funding for public extension services and research with a renewed
focus on agroecological practices and climate resilience within both government and
universities. This can inform policy development as well as emissions reduction potential.
For example, the Government of France commissioned a study on the carbon storage
potential of soils (the 4 per 1000 Initiative for Food Security and Climate) that then
informed the national Low Carbon Strategy and its integration of climate-friendly
agricultural practices (Institut national de la recherche agronomique, 2019).
• Introduce crop insurance discounts for BMPs to draw clear linkages between
improved practices and reduced climate risk by rewarding positive actions. The Green
Budget Coalition (GBC), a coalition of Canada’s leading nature conservation and
environmental non-profits, recommends a short-term target of 10% of BRM investment
for agroecological practices (GBC, 2021).
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• Establish incentives for improved livestock practices, including grazing BMPs,
manure management, and reduction of enteric fermentation. The Farmers for Climate
Solutions Task Force estimates that a CAD 25 million investment to normalize rotational
grazing would result in savings of 302 kt CO2e in the short term (Farmers for Climate
Solutions, 2021).
• Facilitate payment for ecosystem services and nature-based solutions: Keeping
shelterbelts, woodlots, and wetlands supports carbon sequestration and improves soil and
water quality.
• Improve and establish programs to support greening on-farm energy use:
programs for energy retrofits, programs for green energy generation, and stricter
regulations on emissions for farm equipment. The Farmers for Climate Solutions Task
Force outlines six pilot programs that could be implemented in the short term with CAD
8 million in investments to improve on-farm vehicle efficiency and energy use (Farmers
for Climate Solutions, 2021).
• Ensure robust criteria and processes for carbon offsets: As government develops
the federal GHG offset protocols, careful attention must be paid to ensure all protocols
adequately consider issues around additionality and permanence. This includes proper
measurement of captured carbon (for example, through soil sampling). Attention should
be paid to other risks associated with carbon markets in agriculture, such as pollution
and consolidation (Institute for Agriculture and Trade Policy & National Family Farm
Coalition, 2020).
• Identify and phase out harmful agricultural subsidies: Canada has international
commitments to phase out subsidies that incent polluting or environmentally harmful
practices under the G20, the Sustainable Development Goals, and the Aichi Biodiversity
Targets. The GBC recommends that Canada eliminate fossil fuel subsidies as well as
subsidies from the CAP and BRM that cause environmental harm (GBC, 2021).
• Ensure conditionalities in funding programs: Government funding for agriculture
should have robust and transparent financial, social, and environmental criteria to
ensure that spending contributes to, and does not detract from, a sustainable agricultural
transition. For example, any funding to industry should have strict conditions attached,
including mandating company net-zero targets and plans (Corkal et al., 2020).
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Box 3. Climate-focused agricultural programming in British
Columbia
BC has chosen to invest CAP funding to promote several climate change-related initiatives.
The BC approach provides an interesting model due to its focus on both regional and
farm-level programming. The Ministry of Agriculture’s Climate Action programs cover a
suite of both climate change adaptation and mitigation initiatives, with dedicated ministry
staff to support climate change action by the sector (BC Ministry of Agriculture, n.d.). The
department has undertaken significant work to map out adaptation pathways for the
sector as well as identify how on-farm practices can increase climate resilience on BC
farms (BC Ministry of Agriculture, 2019; Government of British Columbia, n.d.,).
In 2008, BC created the Climate & Agriculture Initiative, which is funded through the
CAP and administered by the BC Agricultural Research & Development Corporation and
the Investment Agriculture Foundation of BC (Climate & Agriculture Initiative, 2021).
This groundbreaking initiative included developing the 2010 Climate Change Action Plan
for the sector, publishing a number of Adaptation Risk and Opportunity reports for key
commodities, and now includes the delivery of two adaptation-focused programs (one
producer focused; one regionally focused). The Climate & Agriculture Initiative also provides
the sector with substantial informational resources on climate change through its website
and engagement activities.
The government has also supported a number of Regional Adaptation Strategies, which
act as foundational documents identifying key climate change impacts and response
strategies to increase resilience (Government of British Columbia, n.d.). These strategies
have been completed through collaborative processes between provincial agencies,
agricultural organizations, municipal governments, and agricultural producers.

6.3.1.2 INDUSTRY
The agriculture industry includes equipment manufacturers, chemical and seed companies,
processing facilities, marketing and retailers, and transportation. Producers will not be successful
at becoming climate resilient without the support of these industries.
• Design new equipment for increased fuel efficiency and zero emissions on farms and for
the transportation of products, as well as for supporting techniques like intercropping and
supplements for cattle to reduce digestive methane.
• Create a climate change labelling standard for producers similar to organic
standards that allows farmers to demonstrate their hard work and give consumers an
opportunity to choose products that match their values, with three tiers to maintain
affordability. Include business training opportunities for participating producers to
support ongoing learning and communities of practice. For example, one proposed
program is called Canada’s Agri-Food Sustainability Index.
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• Support research and market development for sustainable food production
by educating consumers and building processing facilities and through collaboration
with producers, governments, academia, and civil society organizations. For example,
Verdient Foods in Saskatchewan supported the development of a pea protein processing
facility and works with researchers to develop new farming and processing techniques
for these nitrogen-fixing crops. General Mills (n.d.) has begun pilot programs for
regenerative practices via technical assistance for oat producers in Saskatchewan,
Manitoba, and North Dakota.
• Set ambitious corporate targets and roadmaps for emissions reductions and
sustainability. Very few companies in Canada have committed to the ambition
required for a 1.5°C warming target (Science Based Targets, 2021). Yet public-private
sector collaboration is critical to mobilize the capital required to shift to net-zero
emissions, and the number of companies with net-zero pledges worldwide is growing
(Woynillowicz et al., 2021). Robust company-based targets and action plans will ensure
businesses can adapt to a net-zero economy while creating an enabling environment for
the producers they work with.
6.3.1.3 NON-GOVERNMENTAL ORGANIZATIONS AND PRODUCER ASSOCIATIONS
Non-governmental organizations and producer associations often work directly with producers to
help advocate for their needs and support them.
• Mentoring: Scale up existing local and regional programs to compensate innovative and
climate-resilient farmers for their leadership as trainers and mentors in their communities.
This can support the adoption of BMPs.
• Research and advocacy for sustainable transitions: Many organizations are already
working to advocate for support for climate action for producers (for example, advocacy
by Farmers for Climate Solutions was critical to ensuring the federal government’s recent
investments). Yet, there is a significant opportunity for producer associations and nongovernmental organizations of all types to make the case to government and the private
sector to provide support and an enabling environment for producers to act.

6.3.2 Working with Indigenous Communities
Indigenous knowledge has the potential to support climate change mitigation and adaptation
planning (Sauchyn et al., 2020), particularly on the Canadian Prairies. This knowledge is based
on detailed local observations, both historical and current, of changes associated with climate and
is more likely to include social elements than much of the current agricultural science (Sauchyn et
al., 2020). As a result, Indigenous Peoples are accustomed to exploring the relationship between
human activity and the environment. For example, Indigenous agriculture was often based on
a subtle nurturing of naturally occurring cycles to promote larger harvests for communities of
plants, such as manomin (so-called wild rice) or blueberries (Davidson-Hunt, 2003), but it also
included the planting of root vegetables by nomadic communities on the fringes of the boreal
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forest in Saskatchewan (Massie, 2014). The knowledge of traditionally marginalized communities,
like Indigenous Peoples, can provide insights for more effective and inclusive climate change
adaptation (Sauchyn et al., 2020). In addition, socially equitable adaptation and mitigation
policies that go beyond inclusion, in order to reduce the origins of vulnerability, have the potential
to increase equality over time (Sauchyn et al., 2020).
It is imperative that non-Indigenous actors engage respectfully and work in partnership with
Indigenous knowledge keepers. Through all policies, including those to address climate
change in agriculture, Canadian governments must uphold Indigenous rights, work
to strengthen nation-to-nation relationships, and increase the adaptive capacity of
Indigenous Peoples.
Several opportunities exist to work with Indigenous communities, such as:
• Land trusts and conservation and rehabilitation of farmland and pastures, including
pasture management of former PFRA lands.
• On-reserve gardening and small-scale farming that involve working with
communities to build skills, knowledge, and economic opportunities.
• Land Back efforts with individual farmers and communities. For example, land
agreements have been made between settlers in Laird, Saskatchewan, and the Young
Chippewayans First Nation, whom they had displaced in 1879 (Polachic, 2017), and
between the Esk’etemc band and a local rancher in the Cariboo area of British Columbia
(Lamb-Yorski, 2017).

Box 4. Learning and recovering from COVID-19
While the 2020 COVID-19 pandemic challenged Canadians in new ways, it also opened
new conversations about how food is produced and distributed in this country. More
Canadians than ever grew their own food in 2020 and bought from local farmers because
of concerns around food supply chains (Fawcett-Atkinson, 2020b. It is possible that this
trend may continue, but even if it does not, it did provide an important learning opportunity
for Canadians to learn more about growing food. Local food systems, including urban
agriculture, community-supported agriculture boxes, farmer’s markets, etc., not only shorten
transportation distances and thus produce fewer GHG emissions, but they also provide an
important point of contact between urban and rural people and have the potential to build
networks of solidarity. These networks and communities of supportive urban eaters may
become more important to farmers who are going “against the grain” and using growing
methods that remain unorthodox among their neighbours. Many new farmers are interested
in agroecological methods and are relying on their urban eaters to support them financially
and morally for ongoing success (Laforge & Levkoe, 2018).
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6.3.3 Developing a Food Policy for Canada With Climate Change as a
Focus
Agricultural policy should be considered within the broader food policy of governments—
which by necessity integrates multiple sectors and ministries. A significant opportunity for the
future exists with the Food Policy for Canada. Although the policy is housed within AAFC,
it is attempting to work with and across government departments for the first time. It also
has an Advisory Council that will hopefully support the development of flexible and ongoing
consultation with Canadians, including farmers, farmworkers, Indigenous communities, and
citizens, while also limiting the influence of corporations in comparison to previous policy
development approaches. As the Food Policy for Canada continues to be developed and
implemented, integrating climate change mitigation and adaptation should be a priority across
departments, in line with the federal government’s commitment to implement a “climate lens”
across all federal policy-making (ECCC, 2020b).
To support the work of the Food Policy for Canada and its council, comprehensive measures
within and alongside it are required to transform Canadian agriculture. Policy-makers can act in
the following areas:
• Adapt the BRM, the CAP, and the next agricultural policy framework in 2023
to fully integrate environmental issues and build agroecology in Canada with adequate
funding; enable and incentivize best practices and implement collaborative solutions for
climate change and biodiversity.
• Improve monitoring and evaluation to ensure that programs and supports remain
effective and that social, economic, and environmental indicators and goals are measured
and achieved.
• Ensure adequate and ongoing consultation with relevant stakeholders, including
producers, surrounding communities, civil society groups, and academics, including for
the development of the next agricultural policy framework (GBC, 2021)
• Fully implement and adequately fund the proposed National Adaptation Strategy
in a way that supports producers and surrounding communities while leveraging
opportunities for alternative and local food systems to build community resilience
(Hammill et al., 2021).
• Empower regional networks and local planning authorities to develop local
solutions, including building infrastructure projects to protect from weather events such as
flooding and droughts. These could also support knowledge transfer within communities
through farmer-to-farmer learning events.
• Ensure domestic food and agricultural policies align with international
commitments on climate change and sustainability, including the Paris Agreement, the
Aichi Biodiversity Targets, and the Sustainable Development Goals. This should include
setting related domestic targets and transparently reporting on progress.
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• Consider developing a pan-Canadian soil health strategy or other opportunities for
shared approaches to soil health, in collaboration with diverse groups (see Equiterre &
Greenbelt Foundation, 2021). This could help develop consensus and a long-term action
plan to improve soil health to the benefit of producers and the environment.
• Integrate and foreground equity, diversity, and inclusion policies and programs
to reduce barriers to entry in agriculture, support the leadership of those most impacted
by existing inequities, advance reconciliation, and ensure the ongoing competitiveness of
the sector (see Farmers for Climate Solutions Task Force, 2021).
As Canada moves into an uncertain climate future, rethinking agriculture on the Prairies may
require some significant imagination, but this also provides us with an opportunity to go in
entirely new directions. Working with multiple stakeholders and Canadian communities, as well as
Prairie producers, will allow for a new, more sustainable vision of Prairie farming to emerge.

Further Reading
Many organizations recently have come out with recommendations on ways to support a
more sustainable transition of how we produce and harvest food in Canada. The following
are some of the reports that have made sustainable food production and/or green
recovery from COVID-19 a priority:
In Canada:
Corkal, V., Gass, P., & Cosbey, A. (2020). Green strings: Principles and conditions for a
green recovery from COVID-19 in Canada. https://www.iisd.org/library/green-stringsrecovery-covid-19-canada
Équiterre & Greenbelt Foundation. (2021). The power of soil: An agenda for change
to benefit farmers and climate resilience. https://www.equiterre.org/sites/fichiers/
powerofsoil.pdf
Farmers for Climate Solutions. (2020). A better future starts on the farm:
Recommendations for recovery from COVID-19 in Canadian agriculture. https://
farmersforclimatesolutions.ca/s/FCS-Recommendations-for-recovery-from-COVID-19in-Canadian-agriculture-EN-web.pdf
Farmers for Climate Solutions Task Force. (2021). A down payment for a resilient and
low-GHG farm future: A $300 million plan to reduce agricultural GHGs by 10 Megatonnes
and lay the groundwork for widespread adoption of climate-friendly farming in APF 2023.
https://static1.squarespace.com/static/5dc5869672cac01e07a8d14d/t/603cf540ca355d
0ac5009619/1614607684484/FCS_BudgetRecommendation2021.pdf
Green Budget Coalition. (2021). Recommendations for Budget 2022. https://greenbudget.
ca/wp-content/uploads/sites/4/2021/10/Green-Budget-Coalitions-Recommendationsfor-Budget-2022-October-1-2021.pdf
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Elsewhere:
Henderson, B., Frezal, C., & Flynn, E. (2020). A survey of GHG mitigation policies for the
agriculture, forestry and other land use sector. Organisation for Economic Co-operation
and Development. https://doi.org/10.1787/18156797
Mitchell, C. (2020). Revitalizing farm communities with a Green New Deal. Data for
progress. https://www.filesforprogress.org/memos/revitalizing-farm-communities-witha-green-new-deal.pdf
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Appendix A. Summary Table of Agriculture
and Climate-Related Policies and Programs
in Canada
Table A1. Federal government
Type
Policy strategy
and target-setting
documents

Policies and programs
• Federal Sustainable Development Strategy (2019-2022) and
environmental indicators
• Food Policy for Canada
• Barton Report (Advisory Council on Economic Growth)
• Pan-Canadian Framework on Clean Growth & Climate Change
• Canada’s Implementation of the 2030 Agenda for Sustainable
Development: Voluntary National Review
• United Nations Framework Convention on Climate Change
(Canada’s NDC Submission to the UNFCCC, Canada’s 7th
National Communication 3rd Biennial Report) and Canada –
National Targets for the Convention on Biological Diversity.

Agriculture and AgriFood Canada (AAFC)
programs related to
mitigation and climate
resiliency

• Agricultural Climate Solutions (under the Natural Climate
Solutions Fund)
• Canadian Agricultural Partnership (to 2023) federal
programs, including, among others, AgriScience, AgriInnovate,
AgriAssurance, Agricultural Greenhouse Gases Program (ends
2021)
• Canadian Agricultural Partnership cost-share programs,
including Environmental Farm Plans (EFPs are now valid for 10
years only) and Business Risk Management programs
• Canadian Agricultural Strategic Priorities Program
• Value Chain Roundtables (includes focus on increasing
sustainability for key products)
• Agricultural Clean Technology Program
• Living Laboratories Initiative
• Food Policy initiatives, including the Food Waste Reduction
Challenge

IISD.org

97

Farming the Future: Agriculture and climate change on the Canadian Prairies

Type
Non-AAFC programs
related to mitigation
and climate resiliency
in agriculture

Policies and programs
• Greenhouse Gas Pollution Pricing Act (fuel levy applies in all
Prairie provinces; on-farm fuel is exempt)
• Federal Greenhouse Gas Offset System (forthcoming, proposed
publication of final regulations is fall 2021)
• Clean Fuel Standard (proposed publication of final regulations is
fall 2021)
• Canada Water Agency (forthcoming)
• Various climate change funding programs, including the
Low Carbon Economy Fund (includes “supporting the forest
and agriculture sectors to enhance stored carbon in forests
and soils”) and the Climate Action Fund (has funded some
agriculture- and conservation-focused projects)
• Disaster Mitigation and Adaptation Fund (large infrastructure
only)
• Canadian Centre for Climate Services
• Innovative Solutions Canada

Conservation

• Ecological Gifts Program
• Habitat Stewardship Programs for Species at Risk
• Aboriginal Fund for Species at Risk
• Lake Winnipeg Basin Program (for managing excessive
nutrients)

Pesticides

• AAFC Pest Management Centre (Pest Control Products Act):
Pesticide Risk Reduction Program and Minor Use Pesticide
activities
• Health Canada Pesticides and Pest Management: User
Requested Minor Use Program, Pollinator Protection

Organic agriculture

• Canadian Organic Standards, Organic Standards Interpretation
Committee
• Safe Food for Canadians (has organic regulations)
• Organics Value Chain Roundtable
• Organic Science Cluster III

Source: Adapted from Food Secure Canada & FLEdGE, 2017.
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Table A2. Manitoba (MB)
Name

Type

Short Description

Environmental Farm
Plan

CAP Program

Administered by Keystone Agricultural Producers

Ag Action Manitoba
Program for Farmers –
Training and Consulting

CAP Program

Four focus areas including farm transition and
farm risk management.

Ag Action Manitoba
Program – Assurance:
Environmental Best
Management Practices

CAP Program

Grant to adopt actions recommended in EFPs.
Cost-share program to incent farmers to adopt
BMPs.

Ag Action Manitoba
Program – Research
and Innovation funding

CAP Program

Climate change, adaptation, and environmental
sustainability are priority areas.

Ag Action Manitoba
Program - Assurance:
Ecological Goods and
Services

CAP Program

Funds watershed districts to improve sustainable
agri-environmental practices with producers.

Other Ag Action
Manitoba programs

CAP Program

Programming related to
EG&S

Provincial
programming

Includes Watershed EDG (part of Ag Action
Manitoba), Riparian Tax Credit, Protected
Areas Initiative, North American Waterfowl
Management Plan, Prairie Habitat Joint Venture,
Integrated Watershed Management Planning.

EG&S Initiative Working
Group

Provincial
programming

Established in 2009. Two key components: a MB
government Policy Working Group and an external
Stakeholder Knowledge Group

Energy efficiency and
renewable programs

Provincial
programming

Several small programs available through
Efficiency Manitoba and Manitoba Hydro, some
relevant for the agricultural sector.

Growing Outcomes in
Watersheds (GROW,
Jun 2019)

Provincial
programming

Homegrown, provincewide CAD 5.2 million fund
based on the successful Alternative Land Use
Services (ALUS) model.
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Name

Type

Short Description

Made-in-Manitoba
Climate and Green
Plan (2017) and
Climate and Green Plan
Implementation Act,
2018

Policy

First province in Canada to implement climate
accountability legislation. Its legislation does not
include long-term emissions reductions targets or
a clearly-defined emissions reduction pathway.

Manitoba Protein
Strategy

Policy

Strategy for investment attraction, processing
and production, and sustainability.

Table A3. Saskatchewan (SK)
Name

Type

Short Description

Environmental Farm Plans

CAP Program

Administered by the province.

Pest Biosecurity Program

CAP Program

Program to increase resilience of crops to
biosecurity threats, including through early
detection and mitigation.

Farm Stewardship Program

CAP Program

Provides SK producers funding to
implement beneficial management
practices (BMPs) in three priority areas
– water quality, climate change, and
biodiversity.

Agri Environmental Technical
Services

CAP Program

Producer-level support for the Farm
Stewardship Program and FRWIP.

Farm and Ranch Water
Infrastructure Program
(FRWIP)

CAP Program

Program to support sustainable water
sources for agriculture.

Irrigation Program

CAP Program

Funding support for irrigation projects.

Other CAP programs

CAP Program

Includes Canada and SK Community
Pasture Transition Program, Assurance
Systems Programs, and Agricultural Skills
and Knowledge (ASK) program.

Agricultural Research
Programs

Provincial
programming

Various research and development
activities.

BRACE program funding
announcement (Apr 2019)

Provincial
programming

Water-related adaptation program, part
of Natural Resources Canada’s BRACE
program
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Name

Type

Short Description

AgTech investment through
Innovation Saskatchewan
(August 2020)

Provincial
programming

CAD 15 million investment program for
agtech companies

Water Security Agency

Crown
corporation

Runs several programs, including
Agricultural Water Management Strategy
and Flood Damage Prevention.

Energy efficiency and
renewable programs

Provincial
programming

Some small programs for energy efficiency
assessments for residential users and
small and medium-sized enterprises.

Prairie Resilience climate
change strategy (2017)

Policy

For agriculture, focuses primarily on soil
carbon sequestration.

Saskatchewan’s Growth Plan
2030

Policy

30 goals and 20 actions for the 2020s to
build a strong economy

Table A4. Alberta (AB)
Name

Type

Short Description

Environmental Farm Plan

CAP Program

Administered by the Agricultural Research
and Extension Council of Alberta.

Environmental
Stewardship and Climate
Change – Producer

CAP Program

Supports producers in reducing negative
impacts on the environment while enhancing
sustainable production, managing climate
change, and increasing profitability in the
agriculture sector.

Farm Water Supply

CAP Program

Supports producers to improve their water
supply security, including through BMPs.
Helps producers create a Long-Term Water
Management Plan.

Irrigation Efficiency

CAP Program

Assisting producers with the purchase of
more efficient irrigation equipment and
systems. Applicants must already have an
approved Long-Term Water Management
Plan.

Accelerating the
Advancement of
Agricultural Innovation
and Adapting Innovative
Solutions in Agriculture

CAP Program

Support activities that demonstrate the
feasibility and potential for real world
application of innovations.
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Name

Type

Short Description

Other CAP programs

CAP Program

There are also programs on public agriculture
literacy, youth education, agricultural training,
assurance, and sustainability certifications,
etc.

Agricultural Sustainability
and Measurement

Provincial
programming

Work with industry to measure impacts of the
agri-food industry.

Strategic Research and
Development Program

Provincial
programming

Funding for basic and applied research
initiatives, including for sustainable
production.

Energy efficiency and
renewable programs

Provincial
programming

AB also has miscellaneous energy programs
that are not agriculture-specific but could
have implications for on-farm energy use.
Alberta also has an offsets program and a
Bioenergy Producer program.

Agriculture and Forestry
Business Plan (2020)

Policy

Covers priority outcomes and initiatives to
2023 for the department.

Bill 7, Supporting Alberta’s
Local Food Sector Act
(2018)

Policy

Aims to encourage the development and
success of a local food sector and to regulate
agricultural products (including organic
products) within the province.
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Table A5. Examples of other initiatives (regional, community)
Name

Type

Long Description

ALUS

Conservation

15 communities in AB, 3 communities in
SK, 2 communities in MB.Provides annual
payments to farmers and ranchers to
produce ecological services on farmland.

Western Ranchlands
Corporation

Conservation

“We are a conservation-minded agricultural
investment and land management firm based
in southwest Alberta, Canada… Western
Ranchlands offers a new perspective and
a new approach to synergistically combine
the operation of livestock businesses, the
conservation of open space, and real estate
investment.”

Rural Routes to Climate
Solutions

On-farm
practices

Partially funded by Government of Alberta.
Partnerships with Stettler Learning Centre
(also funded through GoA) and Organic
Alberta.

Ducks Unlimited
programs for private
landowners

Conservation

Examples: Marginal Areas program (SK &
MB only); Hay for Tender programs, Forage
Program, Revolving Land Conservation
Program and Wetland Restoration program
(AB, SK, MB)

Saskatchewan Soil
Conservation Association

On-farm
practices

Example of a non-profit producer-based
organization focused on sustainable/
conservation agriculture practices.

General Mills
Regenerative Agriculture
pledge

Industry-led

Pledge and pilot projects to advance
regenerative agricultural practices on Prairie
farms.
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