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ABSTRACT

Increasing demand for food with higher environmental standards is shaping agricultural
activities toward more sustainable food systems. The objective of this research was to estimate
whole-farm greenhouse gas (GHG) emissions while concurrently examining the profitability of
cow-calf operations with varying management practices across Canada. Twenty-five benchmark
farms with similar environmental conditions and production practices were developed using data
from 115 cow-calf operations. Greenhouse gas emissions including methane (CHa), nitrous oxide
(N20) and carbon dioxide (CO2) were estimated using the Holos whole-farm model. Emission
intensity was calculated as net GHG emissions (kg of CO; equivalent) divided by total liveweight
(LW, kg) sold. Farm emission intensity ranged between 18.3 and 35.1 kg CO; equivalent/ kg LW.
Both emissions and profitability varied widely across farms with those in the Western provinces
reporting generally higher emission intensity, due to higher enteric CHs emissions. Farms that
utilized tame grass and legume species reported lower enteric CH4 emissions, while those that
utilized extended grazing practices had lower manure CHs4 emissions. Growing annual grain crops
for export was associated with higher net farm incomes. Modelling of future farm scenarios was
conducted to assess impact of changes in on-farm management practices including grazing
standing corn, adoption of rotational grazing, use of artificial insemination, creep feeding,
shortened calving intervals, and improved watering systems on GHG emissions and economic
outcomes. The impact of the changes in management practices was not consistent across all
farms, resulting in a small (0.004%) increase to 4% reduction in GHG emissions while improving
whole farm net cash income by 3 to 41 % and cow-calf enterprise profitability by 2 to 130%.
Therefore, consideration of existing farm practices and the local environment is essential when
considering changes in management to improve economic sustainability and reduce GHG

emissions.
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1.0 General Introduction

Greenhouse gas (GHG) emissions associated with agricultural production have generated
interest as consumers, private industry, commodity groups and governments have committed to
reducing global emissions. According to the recent National Inventory Report (Environment and
Climate Change Canada, 2024), Canadian beef production generates about 3.56% of the total
national GHG emissions and 45% of agricultural emissions. Furthermore, on a global scale, the
industry is the most emission-intensive production system when measured on a total emission
basis compared to all other livestock animal species (FAO, 2015). The majority of beef production
emissions in Canada are associated with the cow-calf sector (Beauchemin et al., 2010a), in which
breeding stock are maintained on mid- to low-quality forages resulting in higher enteric methane
(CH4) as compared to the finishing sector where steers and heifers are fed high energy diets
containing 85 to 90% concentrate (Sheppard et al., 2015).

Within the cow-calf sector, Canadian producers manage complex agro-ecosystems using
diverse management practices and tools based on available resources, labor availability and a
myriad of other factors. Several management practices have been demonstrated to reduce on-
farm GHG emissions on cow-calf operations including increased use of legumes, and improved
forage quality (Jonker et al., 2015, Beauchemin et al., 2009). However, many producers, even the
most willing, are often reluctant to adopt mitigation strategies especially those that result in the
potential for increased cost and reduced profit, with little or no financial incentive.

Given this diversity in production systems, it is challenging to identify management
practices which lead to improved profitability as well as reduced on-farm emissions. Therefore,
models that account for all the farm components and estimate whole-farm emissions have been
used to evaluate the impact of management practices. Models developed in Canada (including
the Holos whole-farm model, (AAFC 2024a) use regionally-specific data to estimate GHG
emissions but currently lack an economic model component that can integrate farm emissions
with cost of production data to provide a profitability analysis. To fill this gap, the objective of
our research was to characterize management practices used on cow-calf farm across Canada

using regional data from cow-calf producers, estimate GHG emissions generated by those farms,



and the profitability of the farms, thereby determining potential management scenarios that can

improve the economic and environmental sustainability of the cow-calf industry.



2.0 Literature Review

2.1 Overview of Canadian Beef Industry

2.1.1 Industry Characterization

The Canadian beef industry is complex as ecosystems and the management practices used
are highly diverse with operating costs that can fluctuate significantly based on market prices of
inputs. Nonetheless, the objective of the beef sector is to produce environmentally sustainable,
high-quality meat to meet the growing demands of both domestic and international markets. The
beef industry is divided into three sectors. These include: i) cow-calf, ii) backgrounding/stocker,
and iii) finishing/feedlot production systems (Figure 1). Cow-calf production includes breeding
stock (mature cows, breeding bulls, and replacement animals) that are maintained on-farm with
weaned calves sold for backgrounding or finishing. Backgrounding is the period of growth
between weaning and the finishing phase for slaughter during which cattle are provided with
high forage-based diets for several months (from 6-12 months of age) until they have gained
sufficient frame size (approximately 400-500 kg body weight) to enter the finishing stage. During
the finishing phase, cattle are fed high-energy, grain-based diets to increase weight and add
intramuscular fat for a high-value end product (Alemu et al. 2016). However, for grass-finished

beef operations, the diet during finishing phase is comprised solely of high-quality forages.
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Figure 1. The beef cattle production cycle in Canada (adapted from Legesse et al. 2016)

The average number of beef cattle per farm in Canada has been steadily increasing over
the past several decades and in 2022 was 115 head (Canfax 2022a). This follows the trend of
other sectors of the agricultural industry which continue to consolidate, resulting in fewer but
larger farms. However, the beef sector has a wide range of farm sizes with approximately 61% of
producers managing less than 47 head while 16% have more than 122 head (Canadian Cattle
Association 2020). The average herd size is also greatly influenced by location in Canada, as the
Western provinces of Alberta and Saskatchewan tend to have larger herds than the Eastern and
maritime provinces. Beef producers with smaller herds may rely on other sources of income
including grain and oilseed operations as well as off-farm income (Heiberg and Syse 2020).

The beef cattle industry workforce is also diverse but is primarily comprised of owner
operators that raise cattle with 60% of producers aged 45 or older, and 16% over 65 years of age
(Canadian Agricultural Human Resources Council 2016). AlImost 60% of beef farms are operated
by male producers while 32% are jointly operated by male and female producers. The occurrence
of female only operators is relatively low (Statistics Canada 2017a). It is important to note that

the trend towards more females working in the industry has been steadily increasing over recent



years.

The beef industry in Canada generates $21.8 billion in gross domestic product (GDP) and
71,000 jobs directly and 347,000 jobs in associated industries including transportation, meat
packing and processing, feed processing, as well as equipment sales, maintenance and
distribution (Kulshreshtha & Nagy 2021). Furthermore, there is a strong linkage between the beef
industry and other agricultural sectors including crop/feed production and meat processing. In
addition to their unique ability to convert high fiber feeds (unsuitable for human or monogastric
consumption) it into high quality protein (meat, milk), the beef cattle industry also provides a
market for grains that are damaged or spoiled, by-products from processing and distilling
industries as well as cereal straw, among many others (Buckner et al. 2008). Furthermore, beef
cattle can graze on marginal land that is not suitable for crop production which allows for better

use and conservation of the land-base in Canada.

2.1.2 Regional differences in beef production systems in Canada

The majority of Canadian beef production takes place in the prairie provinces of
Manitoba, Saskatchewan and Alberta which possess 9%, 21% and 42% of Canada’s beef cattle,
respectively (Statistics Canada 2017b). The Eastern provinces of Ontario and Quebec possess 13%
and 9%, respectively, while British Colombia (5%) and the Atlantic provinces (2%) make up a
relatively small portion of the Canadian beef herd.

The highly diverse landscape in Canada, with distinct differences in weather patterns,
vegetation, topography, urbanization and other factors, has led to differences in management
practices used to raise beef cattle. Management in the prairies tends to be more extensive with
use of large grazing areas during the summer months and of extended grazing strategies
(including swath, stockpiled and bale grazing) during the winter-feeding season (November to
April). Alternatively, Eastern Canada is characterized by intensive grazing systems and traditional
confined management systems in the winter months where animals are provided with stored
forages/feeds (Sheppard et al. 2015). These differences in fall/winter management may be
attributed to the relatively dry conditions and colder winters experienced in the Western prairies
which lead to lower forage yields, but also the ability to leave forage bales uncovered as they are

less susceptible to damage as compared to the Eastern provinces (Sheppard et al. 2015). Large



feedlots and finished cattle are concentrated in Alberta along with the majority of the beef
slaughter capacity (Canfax Research Services 2024). Using a cluster analysis approach based on
41 diagnostic variables (including herd size, production type, land use, feeding strategies, risk
taking, and integration of other farm ventures) obtained from a nation-wide producer survey,
Alemu et al. (2016) described 8 different clusters of beef farms in Canada, independent of their
geographical location. These clusters were: i) small-scale, part-time cow—calf operations (37%);
ii) cow-calf to finishing operations (7.7%); iii) large backgrounding and finishing operations (1.1%);
iv) diversified cow-calf operations (11.3%); v) extensive cow-calf backgrounding operations
(2.1%); vi) large cow-calf backgrounding operations (18.4%); vii) crop-beef mixed operations
(22.2%); and viii) large finishing operations (0.2%). This diverse characterization demonstrates

the complexity of Canadian beef production system.

2.1.3 Current industry challenges

The Canadian beef industry faces several significant challenges that impact the
environmental sustainability and economic viability of the sector. Maintaining access to global
markets in a competitive environment is vital to the Canadian agriculture sector including the
beef industry because much of the beef produced in Canada is destined for export. Canada is
among the top 11 beef producing and the top 10 beef exporting nations in the world, exporting
31% of the total beef and cattle produced in 2022 (Ghazalian 2024). The majority of beef and
beef products are exported to the USA, Japan, and Mexico (Canfax Research Services 2024) with
the majority of live cattle exports also going to the USA (AAFC 2024b). Factors including, disease
outbreaks, competition from other nations, as well as trade barriers and tariffs plays a role in
limiting Canadian beef exports to international markets. Although the bovine spongiform
encephalopathy (BSE) outbreak occurred two decades ago, its impact was profound as it resulted
in a significant loss in the Canadian export market (Moens 2006). As a result, many Canadian
producers experienced negative profit margins and left the industry entirely (Mitura and Di Piétro
2004). Canada remains vulnerable to disease outbreaks such as foot and mouth disease as the
potential for border closure poses a significant threat to the export market. In addition, other
common bovine diseases (bovine respiratory disease, bovine viral diarrhea, avian influenza)

continue to pose challenges to the economic viability of the beef industry.



Trade barriers have also limited market access. For example, Canada’s export to the
European Union (EU) is limited to beef raised without growth-enhancing technologies including
implants (Canadian Cattle Association 2020). Implanting is a common practice to improve feed
efficiency, and average daily gain while reducing feed inputs for finishing cattle (Lopez-Campos
et al. 2012). In addition, implants have been shown to reduce GHG and ammonia emissions, as
well as improve land and water use (Aboagye et al., 2022). Beef exports may also be affected by
geo-political trade disputes that can result in tariffs or border closure associated with BSE, as well
as increased costs that were associated with the implementation of the country of origin labeling
policy.

Labour shortage is another critical issue for the beef industry, as producers are challenged
to find qualified employees to keep operations running at full capacity. In 2019, 49% of Canadian
beef producers were unable to fill positions on their farm, costing the industry an estimated $334
million annually in lost production (Canadian Agricultural Human Resource Council 2019). Labor
shortages are expected to grow as the average age of producers continues to increase sand rural
depopulation continues, leaving fewer people to fill the labor gap. The beef industry often has
less access to imported labour compared to other sectors of agriculture, because it requires year-
round employment rather than seasonal labor thereby narrowing the number of potential
workers (Canadian Agricultural Human Resource Council 2019). Labour is often in short supply in
the processing sector as well, which was exacerbated by the COVID-19 pandemic (Rude 2020).
The meat packing and processing industry by necessity requires many employees working closely
together, and therefore, the risk of virus transmission poses a threat, making it difficult to recruit
and maintain healthy workers necessary to operate at capacity (Donaldson 2020).

Conversion of perennial grassland to high value annual crops including grains and oilseeds
(Statistics Canada 2016), as well as urbanization have created further challenges for the cattle
industry as raising cattle requires an extensive land-base for grazing and feed production. Land
prices in Canada have been steadily increasing for most of the 20" century, and in recent years,
has been accelerated (Statistics Canada 2019a), making purchase of land increasingly difficult for
new entrants to the industry. Over the past 20 years, the price of farmland in Canada has

quadrupled, from $2,130 per hectare in 2001 to $9,753 in 2021 (NFU 2024).



Given that beef production is reliant on a sufficient quantity of high-quality forages,
extreme weather (flooding, drought) and pest infestation associated with climate change have
resulted in reduced forage and grain yields, leading to feed shortages and increased cost of
production.

Finally, as the global population continues to grow, we must consider food systems that
not only provide safe and healthy food but are also environmentally sustainable, including
prudent use of resources (land, water and mined fertilizer nutrients) with limited environmental
impacts (GHG and ammonia emissions). Therefore, it is imperative to identify management
practices, programs and policies that simultaneously enhance both the economic and

environmental sustainability of cow-calf operations in Canada.

2.1.4 Economic contribution of the Canadian cattle industry

The Canadian economy has historically relied on agriculture as one of its major industries
since Confederation in the 19t century (Russell 2012). While much has changed during this time,
the agriculture and agri-food industry remain a significant contributor to the national economy.
It also plays a critical role in Canada’s rural economy as it is a main source of income for 60,000
farms (Canadian Cattle Association, 2020) and is also an important secondary source of income

for thousands of other farms.

2.1.5 Market structure of the cattle industry

The beef industry is a commodity market, and unlike supply-managed industries such as
dairy or poultry, producers do not receive a fixed price for cattle as prices are dictated by market
demand, with most calves sold in local auction marts (Fulton 2005; Canfax Research Services
2016). Therefore, producer economic viability is highly dependent on beef prices which are
notoriously variable. Some producers minimize risk by using with forward contracts with finishing
and processing companies that can allow for short term cash flow stability (Boyabatli et al. 2011).
However, contracts are generally only available to producers with sizeable herds as larger
volumes are less costly to procure for feedlots and processors. The buying market of live cattle
for slaughter in Canada is highly concentrated among a few large companies, with Cargill and JBS

have a combined market share over 95% (NFU 2020).



Lower prices may be one of the reasons that the average total income per family for beef
producers in 2019 ($123,672.00) was lower than the average for grain and oilseed farmer
households ($183,130.00) as well as the average for all farm types ($163,098.00; Statistics
Canada 2022). One of the challenges faced by cow-calf producers is the inability to adjust to price
changes, as it takes several years for an established herd to produce more calves (Hamilton and
Kastens 2000). Additionally, cow-calf producers are faced with increased economic risk, as their
operations are dependent on environmental factors outside their control, such as precipitation
and weather, and risk mitigation through insurance for livestock or forages are not widely

adopted.

2.2 Cow-calf Production Economics
2.2.1. Cost of Production

Costs associated with beef cattle production include purchase of the animal, feed,
machinery, labour, land and other inputs. Feed costs comprise 42% and 22% of the cost of
production associated with cow-calf and feedlot enterprises, respectively (Manitoba Agriculture
2024a; Manitoba Agriculture 2024b). For the cow-calf sector, much of this cost is associated with
confined feeding over the winter period, which requires machinery and fuel costs to harvest,
preserve (either drying or ensiling), and deliver forages that comprise the majority of the diet for
beef cows (Sheppard et al. 2015). These activities require significant labour over the course of a
winter and can increase maintenance and depreciation costs of equipment due to periods of
extreme cold (Kan et al. 2017). As a consequence, many producers in Western Canada have
adopted feeding and management strategies that minimize cost of production including
extended grazing strategies, such as bale grazing, swath grazing, standing corn grazing and
stockpile grazing (described in detail in section 2.2.2 below). In addition, many producers use
low-cost by-products from grain and oilseed processing, and more recently, surplus food that
does not meet the visual or nutrient quality standards for human consumption, to lower the cost
of production.

Other costs include land ownership and rental, cost of insurance, fertilizer, storage

buildings, and transportation (Rotz and Shinners 2007). Breeding costs, including purchase and



maintenance of breeding stock such as bulls and replacement heifers (Manitoba Agriculture
2024a) also make up a large share of the total cost of production. Costs associated with artificial
insemination (Al) include purchase of semen, pharmaceuticals, as well as labour input for
synchronization and breeding. Other breeding costs include ultrasound to confirm pregnancy, as
well as birthing assistance. While breeding inefficiency is not a direct cost, it represents a loss in
potential revenue as it relates to the number of calves produced. A higher calving rate improves
the potential for the operation to maintain profitability. Lower calving rates can be caused by
several factors including breeding management, herd illness, environmental stress, inadequate
feed quality or quantity and low body condition score (Lamb et al. 2014). Genetic improvement
can have a significant influence on reproductive success, as well as calf performance through
crossbreeding and selection, resulting in females that have high rates of calving and produce
calves with high rates of gain. Producers can therefore improve their efficiency and reduce cost
by improving the genetic potential of the breeding herd (Herd et al. 2003). In addition,
implementing an aggressive culling program can insure minimal open cow rates (Dhuyvetter et
al. 2007), which can reduce the cost of production. Other costs associated with beef production
including auction mart fees, herd or crop insurance, utilities, manure removal, and feed testing

(Manitoba Agriculture 2024a).

2.2.2 Extended Grazing Strategies to Reduce Feed Costs

Extended grazing strategies utilized by cow-calf producers to reduce the cost of production
include bale grazing, stockpile forage grazing, swath grazing and grazing annual forages including
standing corn (McGeough et al. 2017). Bale grazing involves placing bales in a consistent pattern
in a field or pasture which cattle can “graze” on through the winter (Bachler 2019). To limit waste,
cows are given access to several days of feed, controlled through the use of temporary electric
fencing (Donohoe 2018). This strategy is low risk due to low cost of investment and no significant
risk of loss of forage quality. However, it also results in lower savings, as producers must still
grow, cut and bale forages and move them to the winter-feeding area, which makes up a large
part of the feeding costs (McGeough et al. 2017). This strategy does, however, reduce the cost
of labour through the winter, as well as eliminate tractor use during extreme cold. In addition,
cattle also spread their own manure and therefore eliminate yardage costs. Furthermore, cows
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can access bales despite heavy snow or freezing rain.

Another feeding strategy that can save significant cost and is frequently used by Canadian
beef industry is stockpile forage grazing (Sheppard et al. 2015), as it allows for a seamless
extension of the low-cost summer grazing season. It involves allowing a section of pasture to go
unharvested from mid-summer onward with subsequent grazing in the fall (McGeough et al.
2017). This system is very effective at reducing costs as it requires limited equipment or labour.
However, there are limitations with this strategy including potential loss of forage yield to wildlife
and insects, and forage quality due to advanced plant maturity. The forage plants may also be
inaccessible if it is covered with significant snow depth or crusted hard snow. To minimize this
risk, most producers will allow the cattle to graze stockpiled forage in the late fall and early winter
when snowfall is not usually significant (Hitz and Russell 1998). Furthermore, producers must
consider the species of forage in their pasture mix when planning for stockpile grazing, as many
species will lose significant quality in the fall and may be unpalatable during winter or early spring
grazing.

Swath grazing includes seeding annual cereals (e.g., barley, oats) in the late spring or early
summer, swathing at the “dough stage” and drying in the field until grazed in the winter (Rosser
et al. 2013). Compared to conventional confined feeding of cows, swath grazing of triticale, corn
and barley reduced feed and yardage costs by 67%, 47% and 37%, respectively (Baron et al. 2014).
In addition to its economic benefits, Alemu et al. (2016) reported that swath grazing of either
triticale or corn had a significant environmental benefit via reduced GHG emissions and increased
energy use efficiency of beef farms. Similar to stockpiled forage grazing, swath grazing has
limitations in that it can be affected by fall and winter weather, with deep or hard snow making
the feed inaccessible to cattle, as well as warm and wet fall weather potentially producing mold
in the swathed forage, leading to reduced palatability and quality (Alberta Agriculture 2004).

Winter grazing of standing corn is also used by many producers to reduce labour and
equipment costs associated with confined feeding. Development of varieties that require fewer
growing degree days to reach maturation have led to increased adoption of corn grazing. As with
the other extended grazing strategies, temporary electric fencing is used to allocate feed every 2

to 3 days to reduce waste by ensuring that the cows will consume the entire corn plant and not
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selectively graze the cobs (Lardner et al. 2012), which may lead to acidosis or grain overload. Corn
is also somewhat more resistant to issues of heavy or hard snow pack due to its height, with the
thick plant stand also providing shelter from winter wind. Corn is generally low in protein
(Hoorman et al. 2002), so supplementing of a high protein feed such as good quality alfalfa hay
or high-protein by-products may be required, especially if cows graze corn when approaching the
end of gestation when protein demand is increased due to advancing fetal growth (Klein et al.
2021).

Producers may also reduce feeding costs by using locally-produced feedstuffs including
grain processing by-products. Most grains destined for human consumption are first processed
before entering the food chain, producing by-products that are often high in fiber content, and
although not suitable for human consumption, can be included in beef cow diets as ruminants
have a unique capability to digest feeds with a wide range of fiber levels (Erickson et al. 2005).

Since these by-products have few other uses, producers can obtain them at a low cost.

2.2.3 Sources of Revenue in Cow-calf Operations

The income received on Canadian cow-calf farms and ranches is primarily from the sale of
weaned calves and culled animals. However, many producers may incorporate other livestock or
crops to diversify their farm income. Alemu et al. (2016) created 8 cow-calf farm typologies using
Canadian survey data; 37% were categorized as small-scale, part-time with extra revenue
generated from other sources including off-farm income. In addition, 27% were categorized as
mixed operation (crop-beef) with diversified operations including cereal and oilseed crop
enterprises. For most Canadian producers, the sale of calves and the associated revenue occurs
only once per year, therefore garnering the highest possible price for the calves sold is critically
import to the financial viability of the operation. Weight and value of calves at the time of sale is
affected by genetics, environment, nutrition age, as well as demand. In Canada, most calves are
born in March with weaning occurring between October 15 and November 15 (Larson 2017),
however, the optimum calving, weaning and sale date is unique to each operation.

A common strategy to add value to calves is via pre-conditioning, which includes weaning
calves and starting on a background or feeder ration, as well as vaccinating, dehorning and

castrating depending on the program (Pritchard and Mendez 1990). Pre-conditioning is intended

12



to promote uniformity and reduce stress and shrink (weight loss) when transitioning from one
farm to another, potentially increasing the value of the calves for feedlots (Avent et al. 2004).

Cow-calf producers may also choose to add value to their calves by backgrounding longer
(Pope et al. 2011) which allows producers to market heavier calves at a time of year that may
have more favorable prices without significant investment in facilities, particularly if feeding
forage-based diets. This option is especially attractive if the producer has harvested excess winter
feed, or if feed prices are very low and cattle prices are rising.

As indicated above, another revenue source for cow-calf producers is the sale of cull animals
including cows, heifers and bulls. Producers often sell cull cows that are not reliably producing
calves along with weaned calves in the fall (after pregnancy checking), although cull cow prices
are typically at their lowest during this time (Peel and Doye 2017). Revenue from cull cow sales
can potentially be increased by keeping cows longer until prices increase, while at the same time
gaining additional weight and potentially improving returns. However, the profitability of this
strategy also relies heavily on the price of winter feed and sale price of cull animals in the late

winter or spring.

Cow-calf operations are often part of a mixed farming operation that includes a cash crop
enterprise and therefore revenue generated from the cattle enterprise may not always be the
primary income source (Alemu et al. 2016). Utilizing cattle on a mixed operation provides distinct
advantages, particularly with farmland that has very wet, stony or unfertile portions that are not
suitable for crop production. Grazing cattle can utilize these portions of land to graze forages and

provide a revenue source for otherwise unproductive land.

2.2.4 Economies of Scale

Cow-calf production in Canada is characterized by a range of sizes of farms, with average
herd sizes in the Eastern provinces (77 head) lower than Western farms (163 head; Statistics
Canada 2018a, Sheppard et al. 2015). Net farm income per unit (weaned calf or cull cow) can be
impacted by the size of the farm operation due to economies of scale whereby production
efficiencies based on the size of the operation allow for adoption of techniques or investment in

equipment (Savetpanuvong et al. 2011). Scale efficiency is relevant in cow-calf production as
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investments in infrastructure can significantly reduce required labor or increase volume of
production. The size of an operation dictates the degree of mechanization as some farm
equipment requires a large capital investment which may not be feasible for smaller operations
as the same investment needs to be spread across a smaller herd size. However, the investment
may be possible for a larger operation resulting in a decreased cost of production (or increased
revenue) on a per cow basis (Samarajeewa et al. 2012). For example, the investment in larger
harvest equipment may allow a producer to harvest more forage, using less fuel and labour,
thereby reducing cost per cow, provided the herd is sufficiently large herd to make use of the full
value of the investment.

Size of an operation can also play a role in marketing opportunities as buyers for the finishing
market typically prefer to purchase large groups of uniform cattle for ease of feeding. Large scale
operations can group calves by sex, weight and frame size, thereby capturing a price premium
compared to smaller groups of less uniform calves. Producers selling large groups of calves can
also eliminate the cost of auction market fees and reduce transport and animal handling costs by

selling direct to a buyer (Danielce et al. 2020).

2.2.5 Bio-Economic and Bio-Physical Modelling

Modelling has been used extensively to analyze farming systems at many scales including
single fields to whole farms, with the potential for selective optimization based on the priorities
and parameters set out by the user (Weersink et al. 2002). Bio-economic models can be used to
incorporate farm-level biological and management-based parameters to estimate economic
viability. Bio-physical models consider farm management and biological constraints but also
examine the impact of agriculture on the physical environment and the interactions of the two.
This type of modelling can range in scope, as the physical environment can be examined from
very small scale of soil and atmospheric changes, up to broad eco-system impacts. Therefore,
model selection is important as geographical region, scope and context of data may only be
compatible with only certain models (Weersink et al. 2002). Modelling is also used to estimate
the environmental impact, including GHG emissions of crop and livestock production systems

and will be discussed in more detail below.
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2.2.6 Benchmarking of agricultural systems

Benchmarking of agricultural production in a standardized fashion allows for a clear
comparison of global agriculture by country or region, and further, the scope of the data collected
makes it conducive to the development of future farm scenarios which can compare current and
future profitability. In implementing this, Agri-Benchmark (Agri Benchmark 2020), a global non-
profit organization, is focused on collecting farm economic data in a standardized way to provide
accurate descriptions and improve the economic sustainability via coordination with government
and agricultural agencies in participating countries, including Canada. The organization has
developed Standard Operating Procedures (SOPs) for step-by-step methods in establishing
typical farm information and quantifying data for different production systems including beef,
sheep, pig, poultry, cash crop, horticulture and fish.

The data collection methods used by Agri-Benchmark follows a unique “typical farm”
approach, in which a non-existent virtual farm that contains the most representative aspects of
a farm in a given region is created (Deblitz 2010). This approach has many advantages to the use
of average farm data as it allows for a more accurate description of the agriculture in the region,
comparable to using the median of a data set rather than the mean. The advantage of a typical
farm type data set is that it combines the strengths of individual case study and survey data
collection techniques. The typical farm approach acts as a hybrid by maintaining some of the
representativeness and confidentiality of a survey approach with the quality and depth afforded
by individual farm data. The level of representativeness in the typical farm approach is dictated
by selection of participants, ensuring that different types of farms are included in the collection

to capture all variables associated with production (Deblitz 2010).
2.3 Environmental Sustainability of Canadian beef industry

2.3.1 Environmental Impacts of Canadian Beef Production

In addition to economic sustainability, producers are challenged by commodity groups,
government and consumers to adopt management practices that are also environmentally
sustainable. As threats of climate change become more prevalent, GHG emissions have become

an increasingly important issue in agriculture, especially in beef cattle production. Agriculture
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contributed 7.9% of Canadian GHG emissions in 2022 with beef production responsible for 2.4%
of the total agricultural emissions (Environment and Climate Change Canada 2024; CRSB 2024a).
There is an increasing pressure not only from governments through legislation to reduce GHG
emissions from the beef cattle sector, but also from consumers who want to purchase more eco-
friendly products (Campbell et al. 2015). Therefore, beef industry groups, including the Canadian
Roundtable for Sustainable Beef (CRSB), have targeted emission intensity reductions of 33% by
2030. However, the sector’s ability to meet these ambitious, yet laudable goals will only occur if
economic as well as environmental sustainability are considered concurrently.

The main GHG associated with beef production include methane (CHs), nitrous oxide (N2O),
and carbon dioxide (CO3; IPCC 2019). Enteric CH4 has been estimated to account for an average
of 61% of total cow-calf farm emissions, which includes all livestock-sourced emissions as well as
those from crops grown directly for the livestock enterprise and manure during storage or field
application (Legesse et al. 2016). Therefore, strategies to reduce enteric CH4 emissions has been
the focal point of emission reduction efforts (Tseten et al. 2022), which also led the federal
government to develop an offset protocol to reduce enteric CHs emissions from beef cattle
(Environment and Climate Change Canada 2023). In addition to the higher quantity produced,
CHa emissions is targeted in beef production because it has 27 times the global warming potential
per unit as compared to CO; (Pogue et al. 2023). While CH4 carries a higher emission intensity it
does so over a much shorter period (about 12 years) compared to other emission types
(University of California, Davis 2023).

Due to the nature of the ruminant animal digestion process, CH4 production is much greater
in the beef and dairy industry relative to other livestock groups including poultry and swine. In
ruminant animals, such as beef and dairy cattle, enteric CHs is produced during digestion of
feedstuffs in the rumen via rumen microorganisms, as part of the normal digestive physiology
(Hirstov et al. 2014). Ruminants consume a large portion of fibrous material as part of their diet,
and are reliant on microorganisms such as bacteria, protozoa and fungi to breakdown complex
molecules such as cellulose into smaller molecules useable by the animal as energy (volatile fatty
acids). Methanogens in the rumen produce CHs which is released into the atmosphere via

belching (Thompson and Rowntree 2020). Methane emissions from cattle also represent a loss
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in feed efficiency, ranging from 6-12% of the energy consumed (Freetly and Brown-Brandl 2013).
In addition to enteric CH4, a small proportion is also produced from stored manure.

Nitrous oxide is also a significant source of GHG emissions from the beef industry. Nitrous
oxide gas is produced from manure and soil, when ammonia nitrogen (NHs-N) from manure is
broken down into nitrite (NO2") by ammonia-oxidizing bacteria and further to nitrate (NOs") by
nitrite-oxidizing bacteria (Chandran et al. 2011; Xu et al. 2022). Beef cattle are relatively
inefficient in utilizing feed nitrogen, with only 20% used for growth (NASEM 2016). Relatively high
nitrogen excretion may, in part, be attributed to rapid rumen degradation of feed protein,
resulting in increased production and absorption of NH3; which is subsequently transformed to
ureain the liver and excreted through urine. Furthermore, feeding excess protein above nutrient
requirements results in increased nitrogen excretion (both in feces and urine).

Carbon dioxide makes up a relatively small portion (2-3%) of GHG emissions associated with
on-farm beef production (Legesse et al. 2016). The majority of CO, emissions are sourced from
fossil fuel consumption for harvesting, storing and transporting feed as well as heating and

electricity for farm buildings.

2.3.2 Reducing the Environmental Impacts of Beef Production

The GHG emissions associated with several management strategies have been evaluated to
minimize the environmental impact of beef production. Management practices shown to reduce
emissions include: genetic improvement, feed and feeding management, manure storage and
handling, and efficiency of production (Legesse et al. 2016). In an effort to minimize its
environmental impacts and improve sustainability, the beef cattle industry has set goals to
reduce GHG emission intensity by 33% by 2030, as indicated above, as well as to increase carbon
sequestration, improve animal health and welfare as well increase biodiversity (Canada’s

National Beef Strategy 2020).

2.3.2.1 Feed and Feeding Management

Feeding management has been identified as a strategy to improve economic as well as
environmental sustainability. As enteric CHy is the largest contributor of farm GHG emissions in

beef cattle, feeding management plays a significant role in minimizing emissions of enteric CHa4
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(Montes et al. 2013; Tseten et al. 2022). Generally, higher proportions of CHs are produced when
cattle consume lower quality (higher neutral detergent fiber (NDF)) roughages and fibrous feed
compared to high concentrate feedstuffs. However, this approach is not always practical in cow-
calf operations which rely on pasture, forage and by-products. Therefore, increasing the quality
of forages by adding legumes into hay and pasture, cutting hay at earlier maturity to reduce the
NDF, and proper feed storage are options to reduce emissions in cow-calf operations
(Beauchemin et al. 2011). In addition, strategies including rotational grazing can improve the
quality of pastures (Jacobo et al. 2006; Badgery et al. 2017), thereby not only improving
efficiency, and thus profitability, but also reducing enteric CH4 emissions on a per cow basis by
improving digestibility with higher quality feed.

The use of feed additives including fat, enzymes, seaweed, nitrate, plant secondary
metabolites and the recently approved 3-nitrooxypropanol etc. have also been proposed as
strategies to minimize enteric CH4 emissions from beef cattle production systems (Beauchemin
et al. 2020). However, addition of these supplements which are required in small quantities is
challenging in cow-calf operations where extensive forage- and pasture-based feeding strategies

are used.

2.3.2.2 Manure Management

Manure is the second major contributor to the total on-farm GHG emissions in beef
operations via production of N,O and CHa (Beauchemin et al. 2010; Legesse et al. 2016). Beef
cows are either kept on pasture, where manure is not stored or handled, or in a partially-bedded
area for winter feeding. In the latter, manure accumulates and is spread onto fields after the
winter-feeding season or stored for some time before spreading. Quantity of emissions from
manure are influenced by the type of storage (Pattey et al. 2005), type and amount of bedding
materials used (Mathot et al. 2012) and method of manure application (Phan et al. 2012). Solid
storage (stockpile, deep bedding) is the most common manure management strategy used by
Canadian beef producers, while composting is also practiced to a lesser extent (Beaulieu 2004).
Composting of beef manure tends to generate higher total GHG emissions as compared to

static/stockpiled storage (Bai et al. 2020; Chen et al. 2020).
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2.3.2.3 Carbon Sequestration

Carbon sequestration is a process by which CO, from the atmosphere is removed and stored
long-term as soil organic carbon (Lal et al. 2015). The rate at which carbon is sequestered and
stored is variable across crop types, soil type, growing conditions and weather. Perennial forage
crops, which have extensive root systems, can store significant carbon, while annual crops are
less effective (Ferchaud et al. 2016). Therefore, the extensive rangeland and pasture land used
by Canadian beef production stores significant amounts of carbon (Liang et al. 2020). These
perennial crops have little value without ruminant grazers which emphasizes the importance of
cattle production in carbon sequestration (Liang et al. 2020). Further, grazing and harvest
management strategies can play a role in the amount of carbon sequestered, as grazing strategies
that allow for regrowth can allow for higher biomass yields and sink more carbon (Stanley et al.
2018). Finally, the carbon consumed by cattle as feed is also excreted and returned to the soil,
either directly or through mechanical spreading. As it decomposes, much of the carbon in the
manure is stabilized as organic soil carbon (Soussana et al. 2004).

Grazing areas may contain wetlands which provide a natural water source for cattle. These
areas are more likely to be retained as natural habitat compared to areas used for grain
production since drainage work is costly. Although wetlands can also be associated with CH4
emissions, they are generally viewed as beneficial as they serve as a net sink of carbon (Badiou

et al. 2011).

2.3.2.4 Biodiversity and Ecosystem Services

In addition to wetlands, grazing areas also contain forested areas — all of which provide
natural habitat for wild animals and insects. Many species of endangered and non-endangered
mammals, nesting birds, insects and plants make their homes in grasslands occupied by beef
cows (Filazzola et al. 2020). One example is the burrowing owl (Athene cunicularia hypugaea),
which is native to the Canadian prairies The population of these owls, who burrow into the
ground rather than nesting in trees, have been dramatically affected by the increase in tillage of
grasslands for annual crop production. In a holistic assessment based on 742 peer-reviewed

publications, Pogue et al. (2018) reported the positive impacts of beef production on ecosystem
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services in the Canadian prairie.

2.3.3 Whole Farm Greenhouse Gas Modelling

As indicated above, mathematical whole-farm models can be used to assess GHG emissions
from complex farm systems. The use of farm models is necessary to integrate the cropping and
livestock components of beef cattle production systems and evaluate the impacts of changes in
management practice on GHG emissions. Several whole-farm models have been used to examine
GHG missions including IPCC Tier 2, HOLOS (AAFC 2024a), Unified Livestock Industry and Crop
Emission Estimating System (ULICEES; Verge et al. 2012) and the Integrated Farm System Model
(USDA 2023).

The HOLOS whole-farm model, which was developed by Agriculture and Agri-Food Canada
(AAFC) to reflect Canadian production systems (AAFC 2024a). The HOLOS model uses input
variables including soil type and texture, tillage and cropping practices, and land and equipment
use. It also uses variables related to animal production, such as herd size and type, diet including
nutrient profiles of feedstuffs and manure management. The model also estimates the net
carbon activity on farm including carbon storage through perennial crops and trees. Using this
input data, HOLOS estimates CO,, CHs4 and N20 emissions from all farm processes. It was designed
to help producers and researchers to estimate GHG emissions from different sources within the
farm and evaluate the impacts of changes in management on total farm emissions (AAFC 2024a).
At present, the HOLOS model does not have an economic component, nor can it assess other
sustainability metrics including biodiversity. However, the model has a built-in component for

the use of agricultural shelterbelts (Krobel et al., 2020).

2.4 Improving Economic and Environmental Sustainability of Canadian Beef Production

According to the CRSB National Beef Sustainability Economic Assessment (CRSB 2016)
only 27.1% of cattle ranching and farming businesses were profitable in 2020, compared to 53%
of all businesses in the agriculture, forestry, fishing and hunting sectors in the same year.
Furthermore, increased and more volatile input markets and increased land prices have resulted
in greater financial risk for cattle producers across the beef sector. Climate change, including

increased risk of drought and flooding, have further threatened feed supplies. These challenges
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are heightened due to inequities in business risk management tools like full cost Livestock Price
Insurance when compared to subsidized Crop Insurance. In addition, the lack of labour availability
has created increased workload levels with potential negative repercussions, particularly for cow-
calf producers who are most vulnerable, given the lack of resources. Consequently, economic
barriers limit the ability and/or willingness to take on the risk to adopt and implement new
technologies and management practices on-farm, including those that will reduce the
environmental footprint of the sector. This is especially true if there is a lack of supporting
evidence that implementation or adoption of best management practices (BMPs) with positive
environmental outcomes will also yield increases in profitability. Therefore, it is imperative to
identify management practices, programs and policies that simultaneously enhance both the

economic and environmental sustainability of cow-calf operations in Canada.

2.4.1 Incentives for Producers

Although limited, there are incentive programs in Canada which aim to increase the
economic viability of adopting management practices which improve environmental
sustainability. The Alternative Land Use Services program (ALUS 2020) is available in 6 provinces
to offset losses that may be associated with changes in management practices. For example,
ALUS funds projects that protect riparian zones, improve water quality, increase biodiversity, and
provide habitat for pollinators (ALUS 2020). Similarly, the Species At Risk Partnerships on
Agricultural Lands (SARPAL) program focused on protecting habitat for several at-risk species in
Canada (SARPAL 2020). These programs have achieved significant advancements in conservation
and contribute to enhancing the number of hectares of protected land which provide ecological
services.

As part of the measures taken to minimize the environmental impacts of the agricultural
sector, the government of Canada announced the Agricultural Climate Solution (ACS) Program
which incorporates two initiatives: the On-farm Climate Action Fund and Living Laboratories
Program (AAFC 2022b). The goal of these initiatives is to help producers identify BMP’s that will

minimize GHG emissions, increasing soil carbon storage and improving biodiversity.
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2.5 Summary

The beef industry plays an essential role by contributing to the local and national economies
and also to global food security. To achieve the commendable goals set out by the cattle industry
to reduce GHG emission intensity by 33% by 2030, there is a growing and urgent need to better
understand management practices which lead to improved profitability as well as environmental
sustainability through a reduction in GHG emissions. Although there is a growing body of
knowledge regarding strategies to reduce GHG emissions from beef cattle production systems,
there is limited data that examines the economic benefit of adopting these management

practices.
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3. Research Hypothesis and Objectives

Hypothesis:

1. Cowe-calf operations across Canada implement a wide variety of on-farm management
practices including breeding, feeding, grazing, crop production, and manure handling.
This spectrum of management practices combined with variable environmental
conditions across Canada will result in differences in emission intensity and profitability
of cow-calf operations across the country.

2. Changes to management practices to improve production efficiency including rotational
grazing system, improving water quality on pasture, shortening calving intervals, creep
feeding calves, utilizing artificial insemination (Al), and grazing standing corn, will reduce
emission intensity and improve farm profitability. Therefore, its anticipated that income

and emissions intensity will be significantly and positively correlated.
Objectives:

The main goal of this study was to investigate the diversity of management practices
used in Canadian cow-calf production systems and further to explore the impact of the
adoption of best management practices or “future farm scenarios” on emissions intensity and

profitability.
The specific objectives were:

1. To analyze and estimate whole-farm GHG emissions from 25 benchmark farms with
varying management practices located across Canada using the Holos model.

2. To examine the impact of adopting changes in management practices (future farm
scenarios) on profitability and GHG emissions of several benchmark farms.

3. To simultaneously analyze measures of profitability and estimated emissions for
benchmark farms and future farm scenario to identify practices which reduce emissions

and increase profitability.
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4.1 Abstract

The goal of this study was to use benchmark farms which represented a typical farmin a
given region to identify different types of cow-calf operations in Canada, estimate GHG
emissions generated by each farm and estimate cost of production and farm profitability of
those farms. Virtual benchmark farms were developed using data collected from 115 producers
across Canada to capture a wide range of farm types in different regions of the country. Each
benchmark farm was developed using detailed data collected from 3-6 producers to ensure each
benchmark farm would be representative of each farm type in a given region. Once the
benchmark farms were established, greenhouse gas (GHG) emissions were estimated using the
whole-farm model, Holos (Version 4). The model calculated emissions from all on-farm
processes associated with the cow-calf enterprise in the form of methane (CH4), nitrous oxide
(N20) and carbon dioxide (COz). While the dataset for each farm pertaining to production
process was robust, some model assumptions were made based on literature values for required
inputs that were not collected as part of the benchmark development process. Emission
intensity was calculated as net GHG emissions (kg of CO; equivalent, eq) divided by total
liveweight (LW, kg) sold out from the enterprise. Net farm GHG emissions intensity varied widely
across the 25 benchmark farms, ranging between 18.3 and 35.1 kg COzeq/kg LW. Farms that
reported lower net emissions generally utilized higher quality forages and less fertilizer, had
large areas of productive pasture and forage crops, and produced calves efficiently through high
calving rates, high rates of gain and high stocking density. Farms in Western Canada tended to
have higher enteric CHs emissions and relatively lower soil N;O and energy use sourced CO;
emission whereas farms in Eastern Canada generally reported higher rates of emissions from
imported feeds. Similarly, costs of production and rates of profitability were highly diverse,
especially when examining profitability where several farms reported negative income while
others generated significant income even in the long-term. Generally, benchmark farms in
Western Canada reported higher whole-farm net income, however this was often due to the
sale of grain and oilseed crops, while Eastern farms included several smaller operations that
reported significant annual losses. Modelling and analysis of several future farm scenarios via

specific practice changes were made to several benchmark farms in order to determine if these
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changes would reduce emission intensity and improve farm profitability. The practice changes
included: implementing rotational grazing systems, improving water quality on pasture,
shortening calving intervals, creep feeding calves, utilizing artificial insemination (Al) and grazing
standing corn. These scenarios resulted in a range of improvements for both farm profitability
and reduction of emissions. Scenarios that focused primarily on improving production efficiency
such as shortened calving interval, water improvement and using Al yielded smaller but more
consistent reductions in GHG emissions and improved profitability. Scenarios such as extended
grazing and added legume species yielded more significant benefits under some conditions but
were less consistent in others and therefore involved more risk. The results confirmed that
increasing efficiency is a crucial component of both farm profitability and reducing GHG
emissions. It also revealed that not all practices produce similar results across Canada, and
consideration of existing farm practices and the local environment is essential in modelling

future practice changes.
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4.2 Introduction

Increased global demand forfood products that are produced sustainability, has led to an
increased focus on production systems, particularly in relation to GHG emissions. Animal
agriculture, particularly the beef cattle industry, has come under pressure from consumers,
industry leaders and government to reduce GHG emissions generated during production without
compromising food safety and animal welfare. As the demand for animal-sourced foods is
expected to increase (Lee et al. 2020), the Canadian cattle industry has the opportunity to meet
this increased demand but must do so while meeting the environmental expectations of
consumers and remaining economically viable.

Previous research based on cow-calf survey data (Alemu et al. 2017), has indicated that
the majority of GHG emissions from beef production systems are in the form of CH4 from enteric
fermentation and manure storage (69% of total farm emissions) and N,O from manure and soil
(24% of total farm emissions). Furthermore, within the beef industry, it has been demonstrated
that cow-calf operations generate approximately 80% of emissions with only 20% emitted from
the finishing sector (Beauchemin et al. 2010b, Legesse et al. 2016). Further, it has been suggested
that raising beef cattle is one of the most emission-intensive forms of meat/protein production
commonly practiced in Canada as compared to pork, small ruminants and poultry (FAO 2015).
This suggests that there is opportunity for the cattle industry, particularly the cow-calf sector, to
reduce GHG emissions. Indeed, Canadian cattle producers have reduced GHG emissions intensity
by 14% per kilogram of beef produced in 2011 compared to 1981 (Legesse et al. 2016). However,
continued adoption of existing and novel GHG-mitigation strategies is imperative if producers are
to meet the ambitious emissions reduction targets set out by the Canadian Roundtable for
Sustainable Beef (33% by the year 2030; CSRB 2016).

Adoption of management strategies that improve environmental sustainability must also
be economically viable. On average, beef producers have the lowest net income as compared to
producers in any other Canadian agricultural sector (Statistics Canada 2014). According to the
CRSB National Beef Sustainability Economic Assessment (CRSB 2024b) only 27.1% of cattle
ranching and farming businesses were profitable in 2020, compared to 53% of all businesses in

the agriculture, forestry, fishing and hunting sectors in the same year. Therefore, many producers
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require off-farm income to support their enterprise. Alemu et al. (2016) reported that 37% and
22% of Canadian cow-calf producers surveyed described themselves as small-scale, part-time
operations with off-farm income and mixed (crop-beef) operations with income from crop sales,
respectively. The economic landscape of cow-calf operations makes it difficult for producers to
adopt practice changes that reduce emissions, if these practices decrease profitability of their
operation.

Several Canadian studies (Beauchemin et al. 2010, Legesse et al. 2016; Alemu et al. 2017,
Beauchemin et al. 2020,) have examined the impact of management practices on GHG emission
intensity. Relatively few of such studies have included an accompanying economic analysis.
Possberg & Kulshreshtha (2018) began to explore this gap in literature. However, they did not
include different conditions across Canada and did not address implementation of practice
changes. Our project explored the GHG emissions and farm profitability for 25 benchmark cow-
calf operations across Canada based on current management practices, as well as adoption of
alternative management strategies in an effort to understand management strategies that can

improve profitability and reduce emission intensity.
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4.3 Materials and Methods
4.3.1 Data Collection and Management
4.3.1.1 Producer Recruitment, Collection of Data and Creation of Benchmark Farms

In 2020, Canfax Research Services launched the Canadian Cow-calf Cost of Production Network

(https://www.canfax.ca/resources/cost-of-production.html; Canfax 2022) which included 115

producers from across Canada who were recruited in coordination with provincial extension
specialists, as well as a series of advertisements and blog posts. Producers interested in
participating in the program completed an initial screening survey to determine their suitability
for the program, as well as to characterize their beef herd based on size (hnumber of animals) and
management practices including winter feeding management, calving date, weaning date and
farm location, as well other farm enterprises such as backgrounding and growing cash crops. This
information was then used by Canfax staff and provincial specialists, to place producers of similar
typologies in focus groups consisting of 3-6 participants. A total of 26 focus groups (typologies)
across Canada were created (Figure 2). Canfax Research Services collected extensive data on
individual management strategies and financial details including the categories referenced in
Table 1, the data collected was from production in the year 2020, all assumptions on costs and
prices were based on the market status in 2020. The data was collected in focus group meetings
conducted virtually due to the public health orders which imposed group size restrictions
associated with the outbreak of COVID-19 Canada at the time. The focus-group setting allowed
for simultaneous collection from multiple producers at the same time, providing an opportunity
for participating producers to initiate discussions on the data being collected, resulting in more
detailed responses. Following the collection of data from each producer within the focus group,
staff at Canfax Research Services compiled the individual farm data and took mean values of the
dataset with some adjustments and removal of outliers, when appropriate, to create a
representative benchmark farm for each focus group. The goal of developing the benchmark
farms was to assemble a group of producers from the same region who used similar management
strategies on their farms thereby generating a sample pool of comparable data points. For
simplicity, provincial borders were used as the boundary to create benchmark farms. One

exception was for ON, which was divided into two eco-regions (East and West) as the two regions
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of the province are significantly different and warranted distinction. Farms SK-1a and SK-1b were
created based on the same focus group which was made up of producers that shared very similar
herd characteristics but used very different management practices in feed production. The data
from these producers were then used to create two benchmark farms that reflected both types
of management. Producers were also asked to indicate potential management practice changes
or “future farm scenarios” that could be adopted, given their regional conditions. Finally,
producers, provincial extension personnel, and ruminant nutritionists were consulted to ensure
that the benchmark farms were reflective of the actual farms including the relevant geographic
constraints. For example, animal nutritionists were consulted to ensure that quantity and quality

of feeds/diets met animal requirements based on physiological status and performance.

Figure 2. Distribution of benchmark farm locations across Canada indicated by the province(s) in
which they were located (Maritime (MT); British Colombia (BC; Alberta (AB); Saskatchewan (SK);
Manitoba (MB); Ontario ((ON) and Quebec (QC), as well as the farm number (1-6).
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Table 1. Data collection included farm and herd characteristics, economic inputs/outputs and
management data related to greenhouse gas emissions.

Farm and Herd
Characteristics

Economic Information

Emissions-related Data

Housing, land area (pasture,
cropping), number of animals
(cows, bulls and heifers)

Costs of feed
production/purchase

Feed types and detailed feed
quality data, imported and
on-farm produced feed
information

Calving and weaning dates

Revenue from sold calves,
backgrounders, cows and
bulls

Housing and grazing
management data

Replacement and calving
rates

Fixed costs, rent, marketing
and management costs

Manure storage, handling
and application, fertilizer use

4.3.2 System Boundary and Functional Unit

When modelling a bio-physical system there must be a defined system boundary to establish

the components that are included or excluded from the system. In the context of modeling farms,

there are significant processes that occur upstream and downstream from a given farm in the

food production chain. The distinction between which processes are assigned to the farm, and

which are separate are often ambiguous and therefore a specific boundary must be established.
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Figure 3. Components included in the systems boundary used to estimated greenhouse gas
emissions from the benchmark farms.

The system boundary considered included all on-farm processes associated with
livestock, manure management, as well as feed and crop production. When benchmark farms
used feed products that were produced or processed off-farm and transported into the farm,
emission factors from published literature were used to estimate the GHG emissions associated
with the production and transportation of those products. Transportation-related emissions
were calculated assuming the use of a semi-trailer and a distance of 100 km. This approach
ensured that all inputs were accounted for, with no bias associated with source of feed
(purchased vs produced on farm). Similarly, emissions from grain and forages that were produced
and exported off-farm and not used in the cow-calf or backgrounding enterprises were excluded
from analysis, as these emissions are unrelated to the beef operation. Down-stream emissions
associated with live calves, cows and bulls after leaving the farm-gate were not included.

Specifically, transportation or other processing emissions were not included in the analysis.
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In a whole-farm or life cycle analysis studies, defining a functional unit is important. A
functional unit defines the units of measure in the output of a modelling exercise, and how it
relates to the inputs of a system. Common examples of food-related functional units associated
with GHG production include carbon dioxide equivalents (CO.eq) per kg of beef, per 100 calories
of food, or per ha of land. Farm output was measured in total kilograms liveweight sold at the
farm gate, which included all weaned calves, backgrounded calves, culled cows and bulls as
described in other Canadian studies (Beauchemin et al., 2010, 2011; Alemu et al., 2017).

The main GHGs associated with beef cattle production and included in the analysis were
CHa, N20, and CO; (Beauchemin et al. 2010b). These gases have different global warming
potentials (GWP) and therefore results were expressed CO,e where 1 kg of N,O is equal to 273
kg of CO,, and 1 kg of CHa is equal to 27 kg of CO;, on a time horizon of 100 years (Pogue et al.,
2023). By using a standardized unit of measure, net emissions from different sources can be
summed for a given farm and compared to other farms. Farm emission intensity was calculated
based on net emissions produced and farm output (kgCO2e/kg LW sold). By expressing results in
the form of emissions intensity rather than total emissions, the mathematical bias towards
smaller herd sizes which inevitably have lower total emissions was removed, and farms of

differing herd sizes can be compared based on their efficiency rather than scale.

4.3.3 Whole-farm Modelling and GHG Estimation

Several whole-farm models e.g., Holos (Pogue et al. 2023), Cool Farm Tool (Cool Farm
Alliance 2022), Integrated Farm System Model (Rotz et al. 2020) have been developed and used
to estimate GHG emissions from the beef cattle industry. Whole-farm models are commonly used
to estimate total farm emissions, as farms are often made up of distinct enterprises that have
significant interaction and overlap. The whole farm approach allows for detailed examination for
each enterprise and so that emissions can be assessed separately, but the interactions between
enterprises are also captured. This is particularly important when modelling cow-calf farms, as
there are often interactions between enterprises which can make contributions to emissions and

carbon sequestration. For example, for farms that practice extended grazing techniques such as
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corn or swath grazing, models can capture the effect of cattle being housed on these fields of
annual crops including the nutrients deposited and harvested by grazing activity.

For this project, the recently released version of the Holos model (Version 4;
https://agriculture.canada.ca/en/agricultural-production/holos) was used to integrate the

different components within the benchmark farms to estimate total farm GHG emissions.

4.3.4 The Holos Whole-farm Model

The recently released updated version (version 4) of the Holos whole-farm model
(Agriculture Canada 2022a, Pogue et al., 2023), developed by Agriculture and Agri-Food Canada,
was used to simulate GHG emissions for the benchmark farms created in the study. Recent
updates to the model include improvement on the special scale of the model (using Soil
Landscapes of Canada (SLC; Agriculture Canada 2011)) instead of eco-district), feed and land
management, updated emission factors, soil NO emission calculation, manure management and
related emissions, soil carbon sequestration, as well as soil water and shelterbelt use. Holos is an
empirical model designed specifically for physical conditions and farm practices in Canadian
agriculture, with the capacity to capture differences between management practices and farms.
The model uses an IPCC Tier 2 approach, incorporating emission factors (Ym) relevant to the
Canadian landscape to estimate emissions from animal, crop and forage components (Pogue et
al. 2023). The model utilizes polygons pre-set to environmental conditions specific to different
regions based on SLC (Agriculture Canada 2011) mapping and integrates 30-year temperature
and precipitation data for each polygon, using monthly averages for animal emission calculations,
and daily averages to calculate soil temperature, and moisture. Holos has been used in several
recent publications to estimate emission intensity and the impact of practice changes on
Canadian beef and dairy farms (Legesse et al. 2016; Alemu et al. 2017) and is also used as an
educational tool in academic programs. The model was used to estimate three main GHGs

including CH4, N2O and CO..

4.3.4.1 Methane (CHa4) Emissions
Methane emissions, including enteric and manure CHa, are widely considered to be the

most significant source of emissions on cow-calf operations (Beauchemin et al. 2010b).
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The model includes total feed intake, average daily gain, level of energy and diet
digestibility for all classes of cattle. Enteric CH4 is estimated using the IPCC Tier 2 Y conversion
factor approach that considers the energy intake of the animal and a default conversion factor
(Pogue et al. 2023). A separate equation is used in the model to estimate enteric emissions from
beef calves. Furthermore, an alternative approach based on the application of simple linear
equations from literature was used in the model to estimate enteric CHs (Pogue et al. 2023). The
Holos model incorporates detailed feed information from the revised Nutrient Requirement of
Beef Cattle (NASEM 2016) as a default feed database. This database includes values for feed
ingredients including common grains, forages, concentrates, and supplements which provide the
model user with alternatives when detailed feed analysis results are not available for a specific
feed. Furthermore, the model also includes default diets for different groups of animals, enabling
the user to choose diets similar to the operation being modelled. Alternatively, the user can
formulate diets either based on the default feed ingredients or actual feed information entered.
For our study, rations for different feeding periods as reported by the focus groups and included
in the benchmark farms were entered in the form of a diet percentage for each ingredient. A
complete nutrient profile of each ration based on the data entered for each ingredient and its
relative proportion was calculated within Holos. In cases where no default values were available
for feeds in the Holos model, nutritive values from alternative sources including Cowbytes diet
formulation software (Alberta Agriculture 2012), published literature and reports were used.
Nutrient requirements were calculated by Holos, considering monthly average temperatures,
cattle class, body weight, physiological status, rate of gain, and housing type.

Methane emissions from manure are primarily related to environmental conditions and
type of manure handling and storage. Manure CHs is calculated in the Holos model based on the
production of volatile solids from manure produced during storage or handling practices
provided by the benchmark farms. Volatile solids are emitted from the organic fraction of manure
which can be further broken down into gases such as CHa. As CH4 is produced by bacteria under
anaerobic conditions, emissions are dependent on how much time manure is stored in anaerobic
conditions. Manure management systems considered in the model include solid storage, deep

bedding, and composting (active, passive). Solid storage was defined as manure and bedding that
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was removed from housing and stored in a static pile until spreading. Deep bedding was defined
as a bedding pack where bedding material was added throughout the feeding period and manure
was removed once at the end of the period. Farm-specific manure management practices as

reported by the focus-groups were used for the simulated benchmark farms.

4.3.4.2 Nitrous Oxide (N>O) Emissions

Nitrous oxide emissions were calculated in the Holos model from multiple sources
including direct and indirect emissions from manure storage and soils (hay, pasture and crop
fields). Nitrous oxide emissions from soil were calculated based on rates of nitrification,
denitrification, leaching, runoff and volatilization. These biological and physical processes are
dependent on many environmental factors, such as soil properties and texture, moisture levels,
temperature, drainage and evapotranspiration rates. For all the simulated benchmark farms in
our study, location-specific corresponding model default data for climate and soil variables were
used. Nitrous oxide emissions are also dependent on the total nitrogen in soils and residues,
therefore rates of nitrogen application and plant species can greatly affect total N2O emissions.
The model estimated the nitrogen available to generate emissions from applied synthetic
fertilizer and manure, nitrogen from manure deposited during grazing, and nitrogen from crop
residues, including nitrogen fixed by legume crops. Nitrous oxide emissions were calculated from
manure storage of all classes of cattle, rates of emissions dependent on form of storage and
handling, as well as concentration of nitrogen in the manure. Nitrogen concentration in manure
is directly correlated to the nitrogen fraction in the diet which is mainly contributed by the level

of dietary protein, daily intake and animal use efficiency.

4.3.4.3 Carbon Dioxide (CO2) Emissions

The Holos model estimated CO, emissions from energy use based on total energy usage
for different farm activities including cropping, feeding and electricity. Energy emissions from
cropping were estimated for field machinery usage for planting, fertilizer and pesticide
applications, harvesting forage and crops as well as hauling and applying stored manure to fields.

Emissions from electricity usage was calculated using average emissions produced per kilo-watt-
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hour (kWh) in each province. The model assumes electricity usage is only applied when cattle are
managed in a barn or enclosed housing system (Pogue et al. 2023). Emissions from energy to
produce commercial fertilizers and pesticides were calculated by the model based on number of
applications and application rate, crop requirements and soil properties. Furthermore, CO;
emissions were also calculated from soil management-related activities primarily based on the
level of tillage and residue incorporation in annual crops and included the length of stand before

reseeding to perennial crops.

4.3.4.4 Soil Carbon Sequestration

Holos uses the Introductory Carbon Balance Model (Krébel et al. 2016a) to calculate soil
carbon levels, as well as the associated related emissions and sequestrations. This approach
separates soil carbon materials into two categories with separate calculations to estimate the
carbon inputs into the “young” carbon pool derived from plant and manure sources, and the rate
of decay and transfer into an “old” carbon pool, which has a slower rate of decomposition.
Decomposition is also influenced by environmental factors such as soil temperature and
moisture, as well as soil disturbance (primarily through tillage), which are also included in the
algorithm. The level of carbon and nutrient stored in the crop residues are provided for all
common crops and forages grown in Canada, and residues are separated by component (roots,
straw, and grain). Default values for an estimated percentage of residue left in or on the soil are
available, however custom residue rates can be added for scenarios when residue is removed

(e.g., baling of straw).

4.3.5 Model Assumptions

Due to the nature of modelling whole farm GHG emissions, it is impractical to collect data
for every variable on a given farm. Therefore, evidence-based assumptions were made for
missing data from the simulated benchmark farms. Default model assumptions were used when
data points were missing, and literature values were used when the model was not designed to

accommodate in the specific scenario under consideration.
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4.3.5.1 Environmental Data Assumptions

The Holos model utilizes an interactive geographical map that features hundreds of
polygons which represent areas agricultural regions in Canada. Each polygon is a data package
which contains soil and weather data associated with the production area as provided by the Soil
Landscapes of Canada (SLC; Agriculture Canada 2011). The model requires selection of a polygon
which allows Holos to populate all default weather and soil data for that geographical region. As
described above, each benchmark farm is hypothetical and has no physical location because each
dataset is made up of data from the 3-6 farms that made up the focus group. As such, it was
necessary to select a central geographical location for each benchmark farm which best
represents all the contributing farms. To accomplish this, the GPS coordinates of each of the
contributing farm’s locations were obtained by referencing their postal code which was collected
during data collection. To capture the differences in soil and climate variables between the
contributing farms, each benchmark farm was simulated in the location of each of the
contributing farms, and the model outputs were merged by taking a simple average of the output
from each location. In some cases, the coordinates of a farm fell outside of the polygons available
in Holos and the polygon closest to the benchmark coordinates was used. This method was used
rather than taking an average of all the coordinates and choosing a single point, as there were
significant distances between some farms, as well as lack of available polygons for large portions
of several provinces, making it impossible to use the averaged point. Many of the Holos polygons
have multiple input options for soil types depending on the soils in the area and the soil type that
most closely matches the sand-to-clay ratio described in the collected data. Due to the lack of
detail regarding soil type provided in the collected data set, default values were used for some

benchmark farms.

4.3.5.2 Assumptions on Land Use and Cropping

When moisture content of crops and forage grown on farms was not available, default
values available in Holos were used. It was assumed that no farms used irrigation on crops. Data
regarding land use change was not collected and therefore it was assumed that none of the

benchmark farms had recently broken grassland. Furthermore, data regarding the use of tillage
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on arable fields was not collected, and therefore the most common tillage practice in that
province (intensive till, reduced till, or no till) as reported by Statistics Canada (Statistics Canada
2017c) was used. It was also assumed that producers did not change tillage practices from year
to year. Data pertaining to the level of crop residue remaining after harvest was obtained from
the published literature or using Holos default values to estimate nitrogen and carbon content of
product, straw and roots, and proportion of straw and roots returned to the soil (except for when
indicated that straw was baled and removed). It was assumed that residue was not returned to
the soil for crops harvested for silage or hay, while all straw was returned to the soil when crops
were harvested for grain unless all or a portion of it was baled. Crops that were grazed while
standing (corn) assumed a utilization rate of 51% (Jose et al. 2020) and the remaining 49% of the
leftover straw returned to soil in these fields. Nutritive values for grazing standing corn were not
available in Holos or Cowbytes databases, so feed values used were retrieved from published
data (Rasby et al. 2014a; Lakeland Agricultural Research Association 2017a). For annual crops
that were used for swath grazing (e.g., barley, oat, triticale), a utilization rate of 72% (Baron et al.
2014b) was used assuming 28% of straw was returned to soil in these fields. Swath grazed crops
were assumed to have the same nutritive values as if that same crop had been baled and stored
(Baron et al. 2014b). As such, for nutritive value input, swath grazed barley would be entered into
Holos as barley hay (as the model has no input option for swathed crops), and only the
environmental conditions would be changed to accurately represent swath grazing. While
applied nitrogen fertilizer rates were known from focus group data or supplemented by survey
data for each crop, little detail regarding land applied manure was collected. Provincial average
data regarding manure application was available without distinction of crop type from Statistics
Canada (Statistics Canada 2019b), therefore it was assumed that producers applied manure
according to provincial averages with it being equally applied to all fields of the same type
regardless of crop species. Holos uses nitrogen and carbon content of above and below ground
crop residue to estimate soil nitrogen levels. However, the default values available in the Holos
database were used as no laboratory analyses were available. In cases where producers indicated
use of intercrops, the residue values from each contributing crop were combined to provide an

estimate of average residue nutrients in the field.
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Since pasture yield data was not collected, it was back-calculated based on the hectares
of pasture, number of animals grazing, length of grazing period and pasture utilization rate from
(Legesse et al. 2018). Based on these yield calculations and input from producers during data
collection, each farm was assumed to have pasture consisting of native grasses, tame grasses, or
a 1:1 ratio of native and tame grasses. Model default values were used to estimate the nutrient
profile for native hay and grass hay while 1:1 ratio pasture used nutritive values of each at a 1:1

ratio.

Fertilizer use data including method of application, season of application, and type of
nitrogen fertilizer was not available for all farms. Further, all farms were assumed to follow the
most common practice and average application rates as described by Fertilizer Canada, which

provided data values specific to each crop (Fertilizer Canada 2020).

4.3.5.3 Manure Management Assumptions

For missing manure application data, it was assumed that manure was spread in the fall
in the Western provinces (BC, AB, SK and MB) as described by Sheppard et al. (2015) whereas in
the Eastern provinces (ON, QC and MT), manure was assumed to be spread in the spring. The
date for spreading in spring was set as May 1% and the fall date as October 1t. When data
regarding the specific fields to which manure was not available, it was assumed that it was spread
on either all hay fields, crop fields, or both based on the most common practice in that province
as reported by Statistics Canada (Statistics Canada 2019c). If a farm had no field crops, it was
assumed all manure was spread onto hay fields, and if the farms had no hay or crop fields, it was

assumed manure was spread onto pasture.

4.3.5.4 Assumptions Regarding Herd Characteristics

It was assumed that 50% of calves were male and 50% female for all farms (Foote 1977;
Baublits et al. 2003), and all calves were managed under the same housing conditions as the cow
herd until weaning. Furthermore, the Holos model default average values for milk yield (8
liter/cow/day) and nutrient profile (protein = 26.7%, energy = 5.68 Mcal/kg) were used. It was

assumed that all mature cows and bulls had no change in body weight throughout the year. This
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is because during pregnancy season, mature cows gain weight that is lost during parturition with
no net change in weight. It was assumed that all groups of animals received the same amount of
bedding unless otherwise indicated by producers during data collection. No bedding was
provided during extended grazing days unless reported by producers. No data regarding rations
for bulls were collected, and therefore it was assumed that bulls received the same ration as
cows unless indicated otherwise.

The type of outdoor winter housing for cattle varied widely among farms, however
options within Holos included: barn housing, enclosed housing or on pasture. Barn housing was
not common amongst benchmark farms, and was defined as having a permanent enclosed
building where cattle would spend most of their time with access to an outdoor yard. Enclosed
housing was defined as feeding in an outdoor yard where manure accumulated in the
shelter/housing areas of the yard and feed was brought into this area on a regular basis with farm
equipment. Pasture type included cattle fed on an arable field or pasture with significant space
and no permanent structures or mechanical handling of manure.

Body weight of replacement heifers after weaning was not collected, however since
heifers continue to grow throughout the production year, weight gain data was necessary to
estimate average body weight as well as dry matter intake in the model. Therefore, it was
assumed that heifers would attain the same mature weight as the cow herd, reaching 95% of
mature cow weight at 2 years of age, and 100% of mature cow weight at 5 years of age (Kaps et
al. 1999). The average daily gain was assumed to be static from weaning until two years, and then
reduced from two years to five years, to ensure maturity was achieved by 5 years. Therefore,
average daily gain during these periods was determined by dividing total weight gained (weaning

to two years, and two years to five years) divided by the number of days in each time period.
4.3.5.5 Revenue assumptions

Costs and revenues for the economic analysis of this project were provided by producers
during the focus-group sessions. This provided precise and region-specific values for each farm
and captured variances in prices across Canada. The costs and revenues were based on data from
the 2020 production year for benchmark farms and the future farm scenarios and did not account

for potential increases (or decreases) in prices of cattle or costs of production.
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Net income and net cash income were calculated using all sources of farm income, which
included revenue from cropping enterprises. However, profitability measures (in units of $/cow

wintered or $/lb weaned) included costs and revenues solely from the cow-calf enterprise.

Opportunity costs were calculated as part of the economic analysis and utilized in the
long-term profitability figures. Opportunity costs were calculated as the potential income that
could be earned from other uses of land, labour and capital utilized by the enterprises included
in the benchmark farms. In future farms scenarios, the additional use of land, labour or capital
required to implement the scenario were considered in the scenario long-term profitability

analysis.

4.3.6 Post Modelling Adjustments

Model output is expressed as kilograms or tonnes of individual GHGs or as CO;eq for each
class of animal and field (annual, perennial), emission type and source. A spreadsheet with
emission results was exported for each benchmark farm, and the average was obtained by taking
the mathematical mean of each respective value using an automated script written in the R
programming language. Emissions intensity (kg CO;eq/kg LW) was calculated from total
emissions (on-farm emissions plus emissions related to farm inputs, kg CO.eq) divided by
functional unit, total LW (kg) exported at the farm gate. Total liveweight exported at the farm
gate was calculated as the average weight of each class of animal (weaned calves, backgrounders,

culled cows and bulls) multiplied by the number of head sold.

4.3.7 Future Farms Scenarios

There were 60 initial future farm scenarios developed by the Canfax Research Services
team, each consisting of a specific management change to a benchmark farm. Canfax Research
Services developed a full economic analysis for each scenario to generate figures surrounding
cost of implementation and expected return on investment for each scenario. By assessing
relevance and practicality, 12 scenarios were selected to estimate net farm GHG emissions
associated with the change in management associated with the future farm scenario. The

scenarios selected for inclusion in this project were those that offered the greatest opportunity
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for emissions reduction and had the most significant economic benefit. The practices used in
these scenarios were also identified by producers from focus group sessions to be realistic and
generally beneficial to their operations. The practices used could also be potentially applied to a
range of conditions across Canada and suitable for different sizes of operations, ensuring they
are relevant to the current industry. In addition, some scenarios were modelled on several
benchmark farms to capture differences in outcomes when the change in practice was adopted
in different environments. These scenarios were modelled using identical input parameters as
the benchmark farms except for those associated with the practice change. Therefore,
differences in labor, cost and management changes that occurred as a result of the changes in

each scenario were compared between benchmark farms.

4.3.7.1 Extended Grazing

Adoption of rotational grazing system during summer months was modelled on farms “BC-1,
QC-1” and “AB-3” with the assumption that this would increase pasture productivity and extend
the summer grazing season. The rate of productivity increase was dependent on regional factors
for each farm and was determined in consultation with producers and provincial extension
experts. It was assumed that there was no change in soil carbon sequestration or increase in
forage quality following the use of rotational grazing, due to lack of definitive values available
from literature (Byrnes et al. 2018). Due to fewer winter feeding days and thus less winter feed,
surplus hay produced was exported. The hay field was then divided into two fields, one which
was harvested for winter feed, and one for exported feed. The exported hay field emissions were
discounted from the total farm emissions as they were no longer contributing to the cow-calf

enterprise.

4.3.7.2 Calving Interval

An increase in calf weaning weight by shortening the calving interval and increasing the
number of calves born in the first month of calving (shortening the calving season) was
implemented on farms “AB-1” and “MB-1" The model inputs for these scenarios required only a

change of average calving date and increase in weaning weights of calves. This scenario was
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modelled in two different stages, the first (scenario level 1) being a more modest narrowing of
the calving season and condensing the calving season from 4 to 3 breeding cycles achieving a
ratio of 37%, 33% and 30% of cows calving in the first, second and third cycles, respectively. The
second level (scenario level 2) was a more aggressive change shortening to 3 cycles with 50%,
30% and 20% of cows calving in the first, second and third cycles, respectively. Since several years
are required to make this practice change and each year resulted in improved economic benefits,
this scenario was modelled in the first and the fifth year of implementation in an effort to capture
the emission changes that would occur over time. It was assumed that prices for sold cattle were
only changing based on an increase in average weight, there was no consideration for selling

calves in a more narrow weight range to gain a premium price.

4.3.7.3 Improved Watering System

A scenario that examined the impact of improving water quality by digging a well and
implementing a solar powered watering system on summer pasture was modelled on farm “AB-
6”. This scenario did not require significant changes to the model inputs and consisted of an

increase in average daily gain by 0.05 kg/day (Lardner et al. 2005).

4.3.7.4 Corn Grazing

A 30-day period of backgrounded calves grazing standing corn was modelled on farm “SK-
1a”. It was assumed that there was no change in body weight or rate of gain of the calves relative
to the benchmark farm since the scenario ration was comparable to the benchmark ration in
nutritive value. Accordingly, an extra 7.4 hectares of land was required to grow the additional
standing corn, and it was assumed that this additional corn was grown under identical cropping
conditions as the standing corn grown on the benchmark farm. Following the corn grazing period,
it was assumed that backgrounded calves returned to confined feeding with same conditions as

the benchmark farm.

44



4.3.7.5 Creep Feeding of Calves

Creep feeding calves with a grain ration while still suckling milk was implemented on farm
“SK-6" The ration consisted of 27% oats, 63% barley and 10% protein supplement (75.4% TDN,
11.4% CP) for 77 days while still receiving 8 kg of milk (dry matter) per day. It was assumed that
calves would have an average increase in weaning weight of 13 kg (with 0.17 kg/day more gain)
compared to the benchmark farm (Rasby & Niemeyer 2011). As barley made up the greatest
proportion of the ration, it was assumed that two hectares of the barley crop that was exported

from the benchmark farm was retained for creep feed

4.3.7.6 Artificial Insemination (Al)

The breeding program was changed to include 75% of cows bred through Al rather than
natural service on farm “ON-4". To implement this scenario, it was assumed that the number of
bulls in the herd would be reduced from 6 to 2, and that the bull culling rate would be reduced
from 2 per year to 0.5 per year. It was also assumed that this scenario would increase conception
rates by 2% (Lardner et al. 2015) which increased the number of total calves born. It was also
assumed that the percentage of female calves sold increased by 1.3% compared to the

benchmark farm due to increased rates of conception.
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4.4 Results
4.4.1 Benchmark Farm Description

The 25 benchmark farms (2 in BC, 6 in AB, 5in SK, 2in MB, 4in ON, 4in QC, 2 in MT) were
developed based on data collected from farms across Canada that captured the diversity in farm
size, as well as the range of management practices and environmental factors that impact how

farms operate.
Farm Size, Feeding and Grazing Management

As indicated in Table 2, there was considerable diversity in farm size and management
practices among benchmark farms. The average herd size was 163 cows (ranging from 35 to 350),
14 replacement heifers (ranging from 0 to 68), 24 bred heifers (ranging from 3 to 67), and 78
backgrounders (ranging from 0 to 233). There was a trend towards larger herds in the prairie
provinces (AB, SK, MB) as compared to BC and the Eastern provinces (Table 2). A wide range of
management practices were observed between farms. For example, although all farms had a
period of summer grazing with an average value of 163 days, large variation was observed among
benchmark farms, ranging from 115 days for AB-1 to 215 days for BC-1 and SK-1b. Pasture type
tended to be characterized by region, as the farms located in Western provinces utilized native
or partially native pastures for summer grazing, while all farms in Eastern provinces grazed tame
grass pastures. The length of the confined winter-feeding period ranged from 42 days for SK-1a
to 240 days for QC-2, with an average of 155 days (Figure 4). Winter feed ingredients were
somewhat variable, but most operations utilized primarily hay-based rations with 11 out of 12
farms in AB and SK utilizing cereal forages in the form of crop residues, silage, greenfeed or swath
grazing. Furthermore, 88% of the benchmark farms produced more than half of their stored feed
for the winter months while 52% produced all the stored feed required for the winter months
(Table 2). However, QC-2, QC-4 and SK-1b purchased 75%, 50% and 100% of their winter feed,
respectively from off-farm sources. Some benchmark farms purchased smaller portions (1% to
39%) of off-farm feed to supplement homegrown feed. Although not all farms practiced extended
grazing, swath grazing of cereals, grazing standing corn, grazing cereal residue and bale grazing

on pasture, these management practices were reported as common practice with the number of
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days ranging from 20 (AB-4) to 180 days (SK-1a, Table 3). Two farms implemented two different
extended grazing practices within a season; SK-1a used swath (112 days) and corn (68 days)

grazing while SK-4 used corn (60 days) and bale (60 days) grazing.
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Table 2. Farm attributes and management variables of the 25 benchmark farms included in the study

Farm Days Days of Days of % of Primary winter Primary Herd Size
ID grazing | extended | confined winter feed ingredients | type of Cows Replacement Bred heifers | Backgrounders
summer | grazing feeding feed pasture heifers (< 12 mo) (12-24 mo)
pasture purchased
BC-1 215 0 150 1% Hay Native 64 4 8 0
BC-2 155 0 210 2% Hay, Screenings Native 90 4 10 0
AB-1 115 60 190 0% Swath grazing, Native 212 10 25 153
Hay, Silage
AB-2 139 80 146 0% Swath grazing, Native 280 11 25 214
Hay, Straw, Grain
AB-3 131 54 180 0% Swath grazing, Native 172 7 18 92
Hay, Silage,
Straw
AB-4 154 20 191 0% Swath grazing, Native 54 2 5 0
Hay, Straw,
Greenfeed
AB-5 130 51 184 0% Swath grazing, 50/50 220 7 18 167
Hay, Straw,
Grain, Greenfeed
AB-6 146 35 184 0% Swath grazing, Native 152 8 14 0
Hay, Straw, Grain
SK-1a 143 180 42 0% Swath grazing, 50/50 350 62 64 152
Corn grazing,
Hay
SK-1b 215 0 150 100% Hay 50/50 350 27 65 233
SK-3 185 30 150 9% Crop residue, Native 245 19 33 0
Hay, Grain
SK-4 200 120 45 3% Corn grazing, 50/50 120 5 11 0
Hay, Greenfeed
SK-5 165 60 140 39% Crop residue, Native 135 68 67 0
Silage, Straw,
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Screenings,
Camelina meal

SK-6 179 0 186 0% Silage, Hay, Grain | 50/50 135 7 20 0
MB-1 165 110 a0 10% Corn grazing, Native 320 23 41 230
Hay, Straw
MB-2 185 0 180 7% Silage, Hay, Grain | 50/50 224 15 26 178
ON-1 180 0 175 6% Silage, Hay, Tame 50 3 5 42
Screenings
ON-2 185 0 180 15% Hay, DDGS Tame 160 20 25 0
ON-4 132 178 55 0% Silage, Hay Tame 100 12 20 0
QC-1 165 0 200 0% Hay Tame 150 10 24 114
QC-2 125 0 240 75% Hay Tame 275 21 47 204
QC-3 165 0 200 0% Hay Tame 60 0 6 55
QcC-4 165 0 200 50% Hay Tame 60 4 9 46
MT-1 185 180 0 0% Hay Tame 55 4 12 65
MT-2 145 0 220 0% Hay Tame 35 1 3 0
Mean 163 46 155 12% N/A N/A 163 14 24 78
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The average length of winter-feeding period (confined + extended grazing) was 202 days
(+ 27 SD; Figure 4). Overall, AB farms had the longest average winter-feeding period (229 days)
compared to the other provinces, however they also tended to use extended grazing practices,
particularly swath grazing of cereal crops, more often than farms in other provinces (Table 3).
None of the benchmark farms in BC and QC, nor used any extended grazing practices and
therefore relied entirely on confined feeding during winter months. Similarly, all farms in ON and
MT used confined feeding during winter months except for ON-4 and MT-1 which used bale
grazing as part of their winter-feeding strategy. In addition, SK-1b and SK-6 also relied solely on
confined feeding. Furthermore, cereal crops including corn grazing were not used in any
benchmark farms in the Eastern and maritime provinces (Table 3). One farm in Manitoba (MB-1)
grazed standing corn for 110 days and provided supplemental feed on pasture to extend the
grazing season. Alternatively, no extended grazing strategies were used in MB-2 indicating the
diversity in beef cattle management within a given province. Farms in SK were the most diverse
in the use of extended grazing practices, with farms using bale grazing, corn grazing, swath
grazing and grazing cereal crop residues to reduce the number of confined feeding days during

the winter period.
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Figure 4. Number of days of winter-feeding (confined and extended grazing) for the 25
benchmark farms
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Table 3. Number of days extended grazing practices were utilized on the benchmark farms (n =
13).

Farm ID Days of swath Days of corn Days of grazing cereal Days of bale
grazing grazing residue grazing

AB-1 60 0 0 0
AB-2 80 0 0 0
AB-3 54 0 0 0
AB-4 20 0 0 0
AB-5 51 0 0 0
AB-6 35 0 0 0
SK-1a 112 68 0 0
SK-3 0 0 30 0
SK-4 0 60 0 60
SK-5 0 0 60 0
MB-1 0 110 0 0
ON-4 0 0 0 178
MT-1 0 0 0 180

Total liveweight exported from the farm, varied considerably across benchmark farms
from 10,462 kg (for MT-2) to 128,155 kg (for SK-1b) with a mean value of 50,217 kg (+ 32,671
Table 4). Liveweight exported from the farm was highly dependent on herd size, culling/
replacement rate and weight of calves when sold as farms that had longer backgrounding periods
were able to sell heavier calves resulting in a higher total liveweight. Weaned and backgrounded
calves comprised approximately 75% of the total live weight sold from the benchmark farms
(ranged between 56% and 86%). Cull cows and bulls were second to calves in liveweight sales,

with an average contribution of 25%.
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Table 4. Average weaning weight (kg) and liveweight sold (kg) from weaned calves, cull cows and
bulls, and total liveweight exported (kg) from the 25 benchmark farms included in the study.

Ave.rage weaning Liveweight sold - Liveweight sold - cull Total weight
Farm ID weight of calves

(ke) weaned calves (kg) cows + bulls (kg) sold (kg)
BC-1 269 11,638 4,748 16,386
BC-2 264 19,367 6,124 25,491
AB-1 271 49,059 17,705 66,764
AB-2 251 73,652 14,420 88,072
AB-3 241 36,756 11,026 47,782
AB-4 284 11,994 3,414 15,408
AB-5 246 48,489 8,167 56,656
AB-6 242 29,955 8,121 38,076
SK-1a 211 72,177 35,292 107,469
SK-1b 220 91,699 36,456 128,155
SK-3 253 46,447 19,315 65,762
SK-4 271 27,559 6,617 34,176
SK-5 277 25,944 13,330 39274
SK-6 321 30,685 13,057 43,742
MB-1 240 81,042 22,406 103,448
MB-2 220 52,634 11,197 63,831
ON-1 271 11,939 4,011 15,950
ON-2 252 27,820 14,425 42,245
ON-4 233 14,641 11,562 26,203
QC-1 274 40,870 13,563 54,433
QC-2 244 72,212 24,042 96,254
QC-3 289 16,282 4,589 20,871
QC-4 264 16,601 5,601 22,202
MT-1 247 19,480 7,407 26,887
MT-2 271 7,902 2,560 10,462
Average 257 37,474 12,766 50,240
Median 253 29,955 11,197 42,245
Min 211 7,902 2,560 10,462
Max 321 91,699 36,456 128,155
SD 24.35 24,549 9,068 32,675

4.4.2 Benchmark Farm and GHG Emissions

The estimated emission intensity for each benchmark farm is given by source and
emission type in Table 5. Emission sources include CHs (from enteric fermentation and stored
manure), direct and indirect N,O (from stored manure and soil), CO; (related to energy use, and
imported feed ingredients). Emission results are presented in the form of kg CO,eq/kg LW (LW)

sold at the farm-gate to account for the large differences in herd size between farms. Relative to
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farms in the Eastern provinces (ON, QC, MT), Western provinces (BC, AB, SK, MB) generally had
relatively higher average enteric CH4 emission intensity (16.9 vs 15.1 kg CO2 eq/kg LW sold) and
lower manure N,O emissions (direct and indirect: 0.5 vs 1.0 kg CO; eq/kg LW) However, the
opposite was true for soil N2O emissions with higher intensity for Western than Eastern
provinces; 4.7 vs 3.4 kg CO2eq/kg LW sold. Average emissions intensity related to purchased and
imported feed ingredients were higher in Eastern provinces (0.1 vs 1.0 kg CO, eq/kg LW sold) as
very few farms in Western provinces purchased additional feed. Conversely, manure CH4 and
energy source emissions intensity fluctuated from farm-to-farm and did not show any specific
trends based on farm geography but were more dependent on specific farm practices and
environmental conditions.

Total GHG emissions for the benchmark farms ranged between 208,766 and 2,724,113 kg
CO2 eq with an average value of 1,210,575 kg CO2 eq. Average farm emission intensity varied
between 18.3 kg CO2 eq/kg LW sold (for QC-3) and 35.1 kg CO, eg/kg LW sold (SK-6) with an
average emission intensity of 24.7 (+ 4.7) kg CO, eq/kg LW sold (Table 5). The largest proportion
of emissions for all benchmark farms was from enteric CHs4, which, on average, accounted for
59% of the total farm emissions. Manure CH4 made up a smaller portion of total farm emissions
(6%). Furthermore, the lowest emissions were associated with on-farm energy use (5%) and
imported feed ingredients (2%). However, emissions varied widely across benchmark farms,
particularly N,O which had the largest standard deviation (2.35, Table 5). Nitrous oxide emissions
(direct and indirect) were the second largest contributor to total farm emissions intensity (19%),

with soil and stored manure contributing approximately 17% and 3%, respectively.

53



Table 5. Detailed emissions intensity (kg CO2eq/kg LW sold) breakdown by source and emission type for the 25 benchmark farms

Farm Enteric Manure ManureDlreCt ;\I;(ID Manu:gdlrecgl::lo Total Energy | Imported

CHa CHa N,O NO Total N,O N,O Total N.O CO,; feed CO, Total
BC-1 17.33 0.22 0.00 1.35 1.35 0.00 2.29 2.29 3.64 0.49 0.30 21.98
BC-2 17.78 0.22 0.00 1.63 1.63 0.00 2.46 | 2.46 4.09 0.55 0.00 22.64
AB-1 14.92 3.17 0.85 3.18 | 4.03 0.35 2.86 | 3.21 7.24 1.20 0.00 26.53
AB-2 16.15 4.14 0.79 2.37 | 3.17 0.15 2.67 | 2.82 5.99 0.83 0.00 27.11
AB-3 17.39 5.45 1.08 464 | 5.72 0.21 3.60 | 3.81 9.52 2.20 0.00 34.56
AB-4 16.83 3.95 0.89 2.84 | 3.73 0.41 2.46 | 2.87 6.60 1.12 0.00 28.50
AB-5 17.32 4.36 0.79 148 | 2.27 0.14 2.16 | 2.30 4.57 0.64 0.00 26.89
AB-6 18.46 3.28 0.61 4.25 | 4.86 0.11 454 | 4.65 9.51 0.87 0.00 32.12
SK-1a 17.11 0.20 0.00 1.64 | 1.64 0.00 1.12 1.12 2.76 1.50 0.00 21.57
SK-1b 17.19 0.21 0.00 1.49 1.49 0.00 1.62 1.62 3.11 1.20 -0.44 21.27
SK-3 17.78 0.22 0.00 1.62 1.62 0.00 1.51 1.51 3.13 4.64 0.00 25.77
SK-4 15.59 0.19 0.00 2.03 | 2.03 0.00 1.79 1.79 3.82 1.84 -0.02 21.42
SK-5 19.59 0.33 0.02 1.38 | 1.40 0.00 1.10 1.10 2.50 1.21 0.99 24.62
SK-6 16.12 2.22 0.55 6.58 | 7.13 0.13 438 | 4.51 11.64 5.13 0.00 35.11
MB-1 15.34 0.30 0.57 0.73 1.31 0.12 0.80 | 0.92 2.23 0.41 0.01 18.29
MB-2 15.91 4.02 0.69 1.54 | 2.23 0.12 1.70 1.82 4.05 2.19 0.50 26.67
ON-1 13.94 3.49 0.78 3.26 | 4.04 0.42 1.22 1.64 5.68 0.84 0.98 24.93
ON-2 16.20 3.75 1.08 3.14 | 4.22 0.55 146 | 2.01 6.23 0.47 3.44 30.09
ON-4 18.52 1.59 0.31 1.84 | 2.15 0.18 2.03 2.21 4.36 1.25 0.00 25.72
QC-1 13.93 0.42 1.05 1.67 | 2.72 0.28 1.40 1.68 4.40 0.47 0.41 19.63
QC-2 14.30 0.48 1.32 1.19 | 2.51 0.35 1.71 2.06 4.57 0.51 0.92 20.78
QC-3 12.22 0.41 1.02 1.12 | 2.14 0.25 0.87 1.12 3.26 0.09 2.30 18.28
QC-4 14.73 0.48 0.96 1.35 | 2.30 0.23 1.21 1.45 3.75 0.19 1.01 20.16
MT-1 16.09 0.19 0.01 2.52 | 2.52 0.00 1.29 1.29 3.81 1.60 0.15 21.84
MT-2 16.16 0.18 0.00 1.76 | 1.76 0.00 1.14 | 1.14 2.90 0.69 0.02 19.95
Mean 16.28 1.74 0.53 2.26 | 2.80 0.16 198 | 2.14 4.93 1.29 0.42 24.66
Median 16.16 0.48 0.61 1.67 | 2.27 0.13 1.70 | 1.82 4.09 0.87 0.00 24.62
Min 12.22 0.18 0.00 0.73 | 1.31 0.00 0.80 | 0.92 2.23 0.09 -0.44 18.28
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Max

19.59

5.45

1.32

6.58

7.13

0.55

4.54

4.65

11.64

5.13

3.44

35.11

SD

1.65

1.76

0.44

1.30

1.46

0.16

0.99

1.00

2.35

1.20

0.83

4.66
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4.4.3 Benchmark Farm Economic Results

To capture the nuances of cost of production and total farm income on cow-calf
operations in Canada, farm profitability was calculated by several different metrics, as indicated
in Table 6. Net income and net cash income varied widely among benchmark farms ($-55,989 to
$207,657 and $-17,263 to $252,331, respectively) with net cash income being higher for all farms
as it excludes the cost of depreciation. When looking at net cash income, the effect of
depreciation cost had a more significant impact on some farms than others. For example, several
farms (AB-1, AB-2, AB-3, AB-6) had higher depreciation costs due to a larger amount of
depreciable assets such as machinery and infrastructure; whereas other farms, including MB-2
and BC-2, had lower depreciation costs, due to minimal capital inputs and reduced depreciable
assets on the farm. Profitability was calculated as the cost per cow kept through the winter and
profit per pound of calf weaned (Table 6). These measures of profitability were reported under
three criteria: short-, medium- and long-term profit. Short-term profit considered only cash costs
of production, medium-term included cash costs and cost of depreciation, and long-term profit
included cash costs, cost of depreciation and opportunity costs. As expected, long-term profit
was lower than medium- and short-term profit while medium-term profit was lower than short-
term profit. Benchmark farms BC-1, SK-3, SK-4, SK-5, ON-4, MT-1 and MT-2 reported the lowest
short-, medium- and long-term profits. Conversely, AB-5, SK-1a, QC-1 and QC-2 reported the

highest short- medium- and long-term profitability.
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Table 6. Farm income and profitability for the 25 benchmark farms in Canada reported as farm income and short-, medium- and long-
term profit per unit. Values in red font denote negative values.

$/Cow wintered?

$/Ib calf weaned?

Farm Net income?! Net casr11
Income Short-term Medium-term Long- term Short-term Medium-term Long- term
profit profit profit profit profit profit

BC-1 S -3,805.00 | S 17,835.00 S 143.00 S -190.00 S -677.00 S 0.36 S -0.48 S -1.72
BC-2 S 20,682.00 | S 37,238.00 S 374.00 S 177.00 S -363.00 S 0.79 S 0.37 S -0.77
AB-1 $178,185.00 | $252,331.00 S 313.00 S 216.00 | $ 83.00 S 0.72 S 0.50 S 0.19
AB-2 $104,805.00 | $177,602.00 S 388.00 S 287.00 | S 94.00 S 0.91 S 0.68 S 0.22
AB-3 $110,151.00 | $188,994.00 S 339.00 S 212.00 S -14.00 S 0.88 S 0.55 S -0.04
AB-4 S 14,150.00 | S 59,895.00 S 371.00 S 19.00 S -314.00 S 0.76 S 0.04 S -0.64
AB-5 S 53,390.00 | $110,414.00 S 584.00 S 481.00 S 269.00 S 141 S 1.16 S 0.65
AB-6 S 31,418.00 | $123,287.00 S 320.00 S 41.00 S -140.00 S 0.74 S 0.10 S -0.32
SK-1a S 58,654.00 | $ 93,915.00 S 353.00 S 288.00 S -14.00 S 1.71 S 1.40 S -0.07
SK-1b S 33,474.00 | S 46,803.00 S 215.00 S 197.00 S 89.00 S 0.67 S 0.61 S 0.28
SK-3 S -9,134.00 | S 18,143.00 S 67.00 S -31.00 S -761.00 S 0.16 S -0.07 S -1.82
SK-4 $-10,591.00 | $ 18,857.00 S 157.00 S -89.00 S -805.00 S 0.31 S -0.17 S -1.59
SK-5 $-26,041.00 | S -465.00 S -42.00 S -226.00 S -738.00 S -0.10 S -0.53 S -1.74
SK-6 $207,657.00 | $230,594.00 S 183.00 S 149.00 S -118.00 S 0.36 S 0.30 S -0.24
MB-1 S 4,357.00 | $ 44,345.00 S 253.00 S 191.00 S -133.00 S 0.63 S 0.48 S -0.33
MB-2 S 20,451.00 | S 26,101.00 S 280.00 S 268.00 S 57.00 S 0.72 S 0.69 S 0.15
ON-1 S 95,484.00 | $112,707.00 S 354.00 S 286.00 S -91.00 S 0.72 S 0.58 S -0.18
ON-2 S 37,534.00 | S 54,472.00 S 285.00 S 196.00 S -70.00 S 0.74 S 0.51 S -0.18
ON-4 S 9,454.00 | $ 50,829.00 S -138.00 S -311.00 S -767.00 S -0.43 S -0.96 S -2.38
QC-1 S 25,210.00 | S 84,712.00 S 692.00 S 499.00 S 83.00 S 1.52 S 1.10 S 0.18
QC-2 S 37,001.00 | S 90,945.00 S 490.00 S 390.00 S 62.00 S 1.22 S 0.97 S 0.15
QC-3 $-17,181.00 | S -1,556.00 S 194.00 S 60.00 S -302.00 S 0.33 S 0.10 S -0.52
QC-4 S 10,054.00 | S 27,254.00 S 446.00 S 308.00 S -168.00 S 0.99 S 0.69 S -0.37
MT-1 $-55,989.00 | $-15,196.00 S -73.00 S -232.00 S -547.00 S -0.17 S -0.55 S -1.30
MT-2 $-30,548.00 | $-17,263.00 S -384.00 S -699.00 S -1,261.00 S -0.77 S -1.40 S -2.53

INet income = total income — total cost; net cash income = total income — total cost — depreciation cost
2Short-term profit = total income - cash costs of production; medium-term profit = total income - cash costs - cost of depreciation; and long-term profit
= total income - cash costs - cost of depreciation - opportunity costs.
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Herd size played role in determining economic outcomes, as indicated in Table 7. The
correlation between herd size and profitability was not statistically significant (P > 0.05) when
measured by net income, net cash income or short-term profit (S/cow wintered: Table 7).
However, by analyzing different metrics of profitability including medium- and long-term profit
(S/cow), farms with larger herds tend to have significantly higher profitability (R? = 0.24, P=0.013
and R?=0.29, P = 0.006, respectively).

Table 7. Measures of correlation between herd size and farm income and cow-calf enterprise
profitability across the 25 benchmark farms

S/Cow wintered
Net Net cash
Item incomet incomet? Short-term Medium- Long-term
profit? term profit? profit?
Coefficient of correlation 0.26 0.30 0.32 0.49 0.53
R? 0.07 0.09 0.10 0.24 0.29
P-value 0.201 0.146 0.119 0.013 0.006

!Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2Short-term profit = total income - cash costs of production; medium-term profit = total income - cash
costs - cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation -
opportunity costs.

There was a statistically significant positive correlation (P < 0.05) between farm
profitability (net income and net cash income) and emission intensity (Table 8). When comparing
beef enterprise profitability there was no significant correlation (P > 0.05) between emission
intensity and profitability in the short-, medium- or long-term ($/cow wintered). Benchmark
farms SK-5, ON-4, MT-1 and MT-2 reported negative short-term profit (Figure 5). Although, SK-5
and ON-4 had emissions intensities above the group mean, MT-1 and MT-2 were 1% and 12%
below the group mean. The remaining farms had positive short-term profit; 5 of which were

below the mean while the remaining 15 were above.
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Table 8. Measures of correlation between total farm emissions intensity (kg CO, eq/kg LW) and
farm income and cow-calf enterprise profitability across the 25 benchmark farms.

$/Cow wintered
Net Net cash
income’ income! Short-term Medium- Long-term
profit? term profit? profit?
Coefficient of correlation 0.606 0.634 0.090 0.108 0.244
R? 0.367 0.401 0.008 0.012 0.060
P-Value 0.001 0.001 0.669 0.607 0.239

cost

!Net income = total income — total cost; net cash income = total income — total cost — depreciation

2Short-term profit = total income - cash costs of production; medium-term profit = total income -
cash costs - cost of depreciation; and long-term profit = total income - cash costs - cost of
depreciation - opportunity costs.
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Figure 5. Short-term profit (5/cow wintered) and farm emissions intensity (kg CO2 eq/kg LW) for
the 25 benchmark farms in Canada. Average emission intensity (24.66 kg CO. eq/kg LW) is

denoted by the red line.
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4.4.4 Future Farm Scenarios

Simulating the adoption of extended grazing management resulted in an improvement in
allincome and profitability metrics (Table 9). However, the change in emissions intensity was not
consistent for all scenario farms. For example, extending the grazing season by 20-d for BC-1
(extend) resulted in an increase in net income $3,909 and $4,352, respectively, as compared to
BC-1 (benchmark). In addition, an $27.53, $20.76, and $56.56 increase in short-, medium-, and
long-term profit metrics, respectively, was also realized in the cow-calf enterprise for BC-1
(extend) relative to BC-1 (benchmark). However, with the 20-d extended grazing period, farm
emission intensity (kg CO2eq/kg LW sold) increased slightly (0.41%) for BC-1 (extend) relative to
the benchmark farm. When AB-3 adopted extended grazing for additional 11 days (AB-3 extend),
all measures of profitability were increased including net farm income and net cash income by
11% and 7%, respectively. Further, short-, medium-, and long-term cow-calf enterprise profits
were improved by 24%, 38% and 721%, respectively. There was a decrease in total farm emission
intensity (0.99%) as compared to the benchmark farm. Similarly, QC-1 (extend) realized an 8%
and a 3% increase in net farm income and net cash income, and a 32%, 39% and 60% increased
in short-, medium-term, and long-term cow-calf enterprise profits, respectively, compared to the
benchmark farm. The observed decrease in total emission intensity was the largest for QC-1-
Extend (3.5%), compared to the benchmark farm, although grazing season was extended by a

shorter duration (15d) than BC-1 (20d).
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Table 9. Farm income, short-, medium- and long-term profitability and emission intensity
associated with the adoption of extended grazing by selected benchmark farms

S/Cow wintered Emission Days

Farm Netincome? | et cash Short- Medium- | Long- intensity on

income? term term term (kgCOzeq/ pasture

profit? profit? profit? kg LW)

BC-1-Benchmark -$3,805.00 $17,835.00 | $143.00 | -$190.00 | -$677.00 21.98 215
BC-1-Extend $104.19 $22,187.04 | $170.53 | -$169.24 | -$620.44 22.07 235
BC-1 Change $3,909.19 $4,352.04 $27.53 $20.76 $56.56 0.09 20
AB-3-Benchmark | $110,150.00 | $188,994.00 | $339.00 | $212.00 | -$14.00 34.56 131
AB-3-Extend $122,806.85 | $202,089.09 | $420.61 | $292.68 $91.51 34.22 142
AB-3 Change $12,656.85 | $13,094.09 $81.61 $79.68 | $106.51 -0.34 11
QC-1-Benchmark $25,210.00 | $84,712.00 | $692.00 | $499.00 $83.00 19.63 165
QC-1-Extend $27,133.76 | $87,073.28 | $714.25| $518.48 | $132.98 18.93 180
QC-1 Change $1,923.76 $2,361.28 $22.25 $19.48 $49.98 -0.69 15
!Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2Short term profit = total income - cash costs of production; medium-term profit = total income - cash costs -
cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation - opportunity costs.

Increasing weaning weights and producing more uniform calves by shortening the calving
cycle had both environmental and economic implications for the cow-calf sector (Table 10). A
change in the calving distribution with more calves born in the first cycle for AB-1 with an increase
in weaning weight at level 1, resulted in a 13% and 9% increase in farm net income and net cash
income, and a 13%, 20% and 43% increased in short-, medium-term, and long-term cow-calf
enterprise profits, respectively, compared to the benchmark farm (Table 10). As the calving
distribution of AB-1 in the first cycle decreased further, the increased weaning weight (level 2),
led to a 15% and 11% increase in farm income and net cash income and a 18%, 26% and 58%
increased in short-, medium- and long-term cow-calf enterprise profits, respectively, compared
to the benchmark farm. Increased weaning weight at level 1 and 2 resulted in a reduction of farm
emissions intensity by 2% and 3%, relative to the benchmark farm (Table 10).

Changing the calving distribution and increasing the weaning weight yielded similar results
at both levels for the MB-1 farm (Table 10). Net income and net cash income were increased by
377% and 437% and 36% and 41% at level 1 and 2, respectively. Short- and medium-term profit
were 12% and 16% higher at level 1, and 15% and 20% higher at level 2 compared to the

benchmark farm, respectively. Furthermore, the loss in the long-term profit was significant; 87%
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for implementation of scenario level 1 and 81% for scenario level 2. The impact of the practice
change on farm emissions was minimal with less than 1% reduction in emission intensity for both
levels. Emission intensity from all sources (CH4, N2O and CO;) in these scenarios were slightly

reduced and liveweight output was slightly increased.
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Table 10. Farm income, short-, medium-, and long-term profitability and emission intensity associated with a decrease in the calving
cycle and increase in weaning weights using two scenarios?

$/Cow wintered? Emission Steer Heifer
Farm® Net income? .Net cas? Short- Medium- | Long- Intensity Wweaning |\ eaning
income (kgCO2 weight )

term term term weight (kg)

profit profit profit ea/kg LW) (ke)
AB-1-Benchmark $178,185.00 | $252,331.00 | $313.00 | $216.00 $83.00 26.53 266 276
AB-1-Weaning weight level 1 $201,545.37 | $275,685.39 | $355.55 | $258.27 $118.65 25.95 273 283
AB-1 Weaning weight level 1 change $23,360.37 | $23,354.39 $42.55 $42.27 $35.65 -0.58 7 7
AB-1-Weaning weight level 2 $205,132.13 | $279,271.90 | $368.73 | $271.20 $131.08 25.84 278 288
AB-1 Weaning weight level 2 change $26,947.13 | $26,940.90 $55.73 $55.20 $48.08 -0.69 12 12
MB-1-Benchmark $4,357.00 | $44,345.00 | $253.00 | $191.00 | -$133.00 18.29 230 249
MB-1-Weaning weight level 1 $20,803.89 | $60,411.06 | $282.55 | $220.94 | -$248.38 18.20 234 252
MB-1-Weaning weight level 1 change $16,446.89 | $16,066.06 $29.55 $29.94 | -S115.38 -0.09 4 3
MB-1-Weaning weight level 2 $23,396.91 | $62,702.33 | $290.39 | $228.77 | -$240.97 18.13 236 254
MB-1-Weaning weight level 2 change $19,039.91 | $18,357.33 $37.39 $37.77 | -$107.97 -0.16 6 5

scenarios were examined:

(Boyer et al. 2020)

2 Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
3 Short term profit = total income - cash costs of production; medium-term profit = total income - cash costs - cost of depreciation; and long-term
profit = total income - cash costs - cost of depreciation - opportunity costs.

!Calving interval: the assumption was shortening the calving season to increase weaning weight and producing calves with uniform weight. Two

Weaning weight level 1: Shorten calving distribution from four cycles to three cycles; AB-1 distribution to change from: 31%, 28%, 25%, 17% to
37%, 33%, 30% for each respective cycle over 5 years, while MB-1 changed from 59%, 25%, 11%, 5% to 62%, 27%, 12% over 5 years.
Weaning weight level 2: Shorten calving distribution from four cycles to three cycles; AB-1 distribution to change from: 31%, 28%, 25%, 17% to
50%, 30%, 20% for each respective cycle over 5 years, while MB-1 changed from 59%, 25%, 11%, 5% to 70%, 20%, 10% over 5 years
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An improvement in the watering system scenario was modelled for benchmark farm AB-
6 which consisted of adding a solar-powered water pump and well for cattle on pasture to
improve water quality. Net farm income and net cash income were increased by 41% and 12%,
respectively while short-, medium- and long-term profits increased by 20%, 130% and 48%,
respectively, relative to the benchmark farm. Total exported liveweight was increased by 1,107
kg. The observed improved efficiency contributed to the overall reduction in emission intensity

by 4% for the future farm as compared to the benchmark farm.

Table 11. Farm income, short-, medium- and long-term profitability and emission intensity
associated with improvements in the water system

$/Cow wintered Emission
. Exported
Earm Net Net cash H g Intensity Liveweight
income?! income! short- Medium- | Long- (kgCO> (k )g

terr’r? terr’r? terr’r? eq/kg LW) g

profit? profit? profit?
AB-6-Benchmark | $31,418.00 | $123,287.00 | $320.00 $41.00 | -$140.00 32.12 38,076
AB-6-Water $44,401.43 | $137,467.63 | $384.24 $94.43 -$73.06 30.79 39,183
AB-6 Difference $12,983.43 $14,180.63 $64.24 $53.43 $66.94 -1.33 1,107
! Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2 Short term profit = total income - cash costs of production; medium-term profit = total income - cash costs -
cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation - opportunity costs.

As part of the future farm scenarios, the impact of corn-grazing for backgrounded steers on
benchmark farm SK-1a was also examined (Table 13). Although total exported liveweight did not
change, the practice change resulted in a 27% increase in net income and 17% increase in net
cash income. Profits also increased in the cow-calf enterprise with a 7%, 9% and 48% increase in
the short-, medium-, and long-term profitability metrics. Therefore, the practice resulted in an
increased profit across all units of measure while reducing farm emission intensity by 1.3%. The
observed decrease in emission intensity was due to a slight decrease in enteric CHs however
manure source CHs was unchanged. Crop emissions decreased while direct and indirect N,O

while energy emissions remained static.

64



Unclassified / Non classifié

Table 12. Farm income, profitability and emission intensity for standing corn grazing scenario
and corresponding benchmark farm reported by farm income, cost of production, and profit per
unit over short-, medium- and long-term profit analysis.

S/Cow wintered

!—:missi.on Exported
Farm .Net 1 .Net cas? Medium- | Long- Intensity liveweight
income income Short- term term torm (kgCO, (ke)
profit” profit? profit? ca/kg LW)

SK-1a- $58,654.00 $93,915.00 $353.00 | $288.00 | -514.00

Benchmark 21.57 107,469
SK-1a-Corn graze | $74,833.19 | $110,087.11 $377.73 | $313.14 $9.14 21.30 107,469
SK-1a Difference | $16,179.19 $16,172.11 $24.73 $25.14 $23.14 -0.27 0

! Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2 Short-term profit = total income - cash costs of production; medium-term profit = total income - cash costs -
cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation - opportunity costs.

The economic and environmental implications associated with the adoption of creep on

the SK-6 benchmark farm is reported in Table 13. Both net income and net cash income were

increased by 10% while the cow-calf enterprise had a 2% profit increase for the short-, medium-

and long-term profits. Emission intensity was overall by 4% in this scenario, primarily due to a

reduction in enteric CH4 and soil source N;O.

Table 13. Farm income, profitability and emission intensity for creep feeding scenario and
corresponding benchmark farm reported by farm income, cost of production, and profit per unit
over short-, medium- and long-term profit analysis.

S/Cow wintered

Emission
. . Exported
Farm Net income? Net cash Short Medi L Intensity liveweight
income? ort- edium- | Long- (kgCO; el
term term term eq/kg LW) g
profit? profit? profit?
SK-6-Benchmark | $207,657.00 | $230,594.00 | $183.00 | $149.00 | -5118.00 35.11 43,072
SK-6-Creepfeed | $227,548.70 | $253,117.35 | $186.66 | $152.37 | -5115.63 33.69 44,977
SK-6 Difference $19,891.70 | $22,523.35 $3.66 $3.37 $2.37 -1.42 1,905

! Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2 Short-term profit = total income - cash costs of production; medium-term profit = total income - cash costs -
cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation - opportunity costs.
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The Al future farm scenario modelled for ON-4 resulted in an increase in the overall

profitability and reduction in farm emission intensity (Table 14). Net income was more than

doubled at 130% increase and net cash income was increased by 24%. The cow-calf enterprise

realized significant increases in profitability as well, with increases in short- (49%), medium- (22%)

and long-term profitability (11%). However, the enterprise still reported negative income for all

the three measures. Emission intensity was reduced by 1.08 kg CO,eq/kg LW (4.2%) resulting

from a slight reduction in net farm emissions as the reduction is primarily related to increased

output.

Table 14. Farm income, profitability and emission intensity for artificial insemination (Al) scenario
and corresponding benchmark farm reported by farm income, cost of production, and profit per

unit over short-, medium- and long-term profit analysis.

S/Cow wintered

Emission Exported
Earm Net Net cash ) intensity IiveF:/vei ht
incomel income! Short- Medium- | Long- (kgCO, " )8
tern? tern? terr’r? eq/kg LW) g
profit? profit? profit?
ON-4-Benchmark $9,454.00 | $50,829.00 | -$138.00 | -$311.00 | -$767.00 25.72 26,203
ON-4-Al $21,786.70 | $63,158.15 -$70.11 | -$243.66 | -5682.49 24.64 26,410
ON-4 Difference $12,332.70 | $12,329.15 $67.89 $67.34 $84.51 -1.08 207

costs.

! Net income = total income — total cost; net cash income = total income — total cost — depreciation cost
2 Short-term profit = total income - cash costs of production; medium-term profit = total income - cash costs
- cost of depreciation; and long-term profit = total income - cash costs - cost of depreciation - opportunity
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4.5 Discussion
4.5.1 Farm characterization

The 25 benchmark farms (representing 115 farms) used in our study characterize the diverse
nature of the cow-calf operations across Canada. This diversity was reflected not only in location
across the country but also in herd size, management practices including feeding strategies, as
well as additional enterprises on-farm. When comparing benchmark farms, several notable
differences between farms in Eastern and Western provinces became apparent. Western farms
tended to contain larger herd sizes (average 197 cows) compared to Eastern farms (average 101
cows). In agreement with our findings, Sheppard et al. (2015) also reported the dichotomy
between the size of beef herd in Eastern (77 cows) and Western (163 cows) Canada.

In the current study, farms in the West were also much more likely to also grow annual crops
for export, especially in the prairie region, compared to those in the East. Furthermore,
benchmark farms located in Western Canada primarily grazed native pastures while those in the
East, utilized tame pastures. Overall, the ratio of native and tame pasture observed in the current
study (52% native, 48% tame) across all benchmark farms was slightly higher than previously
reported values (43% native, 57% tame; Legesse et al. 2016). In addition, Western farms utilized
extended grazing practices (Tables 1 & 2; Figure 4) including swath, corn and crop residue grazing
and tended to utilize more annual crops as feed sources, while farms in the Eastern region relied
almost exclusively on perennial crops (hay) for winter feeding. The average number of winter-
feeding days across Canada reported in this study (202 days) was slightly higher than the average
winter-feeding period of 180 days (ranging between 150 and 210 days) reported in the cow-calf
survey for Western Canada (Larson, 2018).

Total beef exported from farms (kgs) was dependent on several factors including culling rate,
date of calving and weaning (with earlier calving and later weaning yielding heavier calves) as
well as backgrounding post-weaning leading to an increase in total weight marketed (Table 4).
The average weaning weight recorded in this study (258 kg) was comparable to the value (257

kg) reported by Sheppard et al. (2015).
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4.5.2 Benchmark farm greenhouse gas emissions

Average GHG emissions of the benchmark farms was 1,210,575 kg CO2 eq while emission
intensity was 24.7 £ 4.7 kg CO2 eq /kg LW sold. The average intensity value observed in our study
was higher than the 12.7 kg CO.e/kg LW reported by Legesse et al. (2016) and 13.0 kg CO.e/kg
LW reported by Beauchemin et al. (2010a) and slightly outside the range (12.5 — 23.1 kg CO.e/kg
LW) reported by Basarab et al. (2012) using the IPCC Tier 2 approach. Furthermore, the average
intensity observed in our study was also considerably higher than the national average value
(10.4 kg CO2e/kg LW) reported by Aboagye et al. (2024). However, the average emission intensity
reported herein was comparable to the values reported by Alemu et al. (2017), using an earlier
version of the Holos model (Version 3). These authors examined 295 cow-calf farms across
Canada and reported a range in emission intensity from 16.3 - 37.8 kg CO.eq/kg LW sold. The
range in emission intensity observed in our study (18.3-to 35.1 kg CO,eq/kg LW sold) followed a
similar trend in that the emissions intensity of the majority of farms were close to the mean value
but there were outliers resulting in a difference of 9.6 kg CO.eq/kg LW sold. The disparity of
results between this study and earlier publications might be attributed to the differences in the
scope, methodologies and model algorithms. For example, in our study, only cow-calf and
backgrounding enterprises were considered whereas other studies (Legesse et al. 2016, Aboagye
et al. 2024) included production from the feedlot sector which has a lower emission intensity due
to the highly digestible, grain-based diets compared to cow-calf sector which relies on lower
quality, forage-based diets. Another example is in model algorithms, the recently released
version of the Holos model (Version 4) which integrates recent research developments including
updated emissions factors was used, whereas Beauchemin et al. (2010a), Legesse et al. (2016)
and Alemu et al. (2017a), used an earlier version of the model. The other difference among
studies in reporting farm emission intensity is the inclusion/exclusion of soil carbon sequestration
values due to differences in assessment approaches and gaps in data availability. Previous studies
reported emission intensity without (e.g., Beauchemin et al. 2010a, Legesse et al. 2016, Alemu
et al. 2017) and with (e.g., Basarab et al. 2012, Alemu et al. 2017b) carbon sequestration
estimates. For example, Alemu et al. (2017b) reported 12-25% reduction in emission intensity

following inclusion of soil carbon sequestration estimates in the whole-farm emission analysis.
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However, soil carbon sequestration was not included in the current study as only one year of
farm data was collected from focus groups during data collection process. The current version of
the model (version 4) is designed to estimate soil carbon changes based on changes over several
years at a minimum, or ideally, decades. As such, the model requires an extended timescale to
make these calculations to account for the high variability in possible soil conditions as well as
the effects of outlier data on any given year and the impact on long term soil carbon equilibrium.
In addition to soil carbon, including the benefits of grazing systems on soil health, biodiversity
and conservation is crucial to accurately assess the net environmental impact of cow-calf

production systems, which were beyond the objective of this study.

In addition to differences in the model used, there were also differences in model inputs used
between our study and previous studies. The goal of our study was to estimate emission
intensities for selected benchmark farms that were representative of practices in a given region
using data that was aggregated selectively to reflect regional differences in production practices
and climate. The intent was to capture a diverse group of typologies (using a typical farm
approach) rather than using an average value across the country, as implemented by Alemu et

al. (2017).
GHG emissions by source

Asindicated, enteric CH4 was the most significant source of emissions on all farms (on average
contributing 66% of total farm emissions) and had moderate variation among emission sources
(average SD = 1.65; Table 5). Approximately 91% of total farm CH4 emissions (ranging between
76% and 96%) were contributed from enteric sources. This is comparable to enteric CHs emissions
reported by Alemu et al. (2017a) which accounted for 69% and 94% of total farm and total farm
CHa emissions, respectively.

The observed trend for Eastern farms to have lower intensity of enteric CHs emissions as
compared to Western farms can primarily be attributed to higher feed quality during summer
grazing and feeding of legume hay during the winter feeding as both factors are significant drivers
of enteric CHs emissions (Jonker et al. 2015). Manure CHs emissions were generally less

associated with farm geography (East vs West) but were more related to the number of confined
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winter-feeding days where manure was stored and subsequently spread onto fields. Farms that
practiced extended grazing strategies for all or most of the winter period had very low manure
CHa emissions, largely due to more aerobic manure conditions on pasture compared to other
storage conditions. Therefore, farms that kept animals on fields or pastures for most or all of the
winter-feeding period, including farms SK-1a, MT-1, and MT-2, had much lower manure CH4
emissions.

As indicated, N2O from soil and manure also played a significant role in total farm GHG
emissions, accounting for, on average, 20% of total farm emissions (ranging between 12% and
33%) with only 29% from manure sources while the remainder were from soils and crops. Alemu
et al. (2017a) reported that N;O emissions from cow-calf operations contributed approximately
24% (ranging between 15 and 39%) of the total farm emissions, of which 77% (ranging between
40 and 99%) were from manure. The wide range of differences in source of N,O emissions reflect
differences in farm practices such as manure application rate, as well as environmental
conditions including temperature and precipitation (Thomas et al. 2008). The significant
contribution of soil N2O emissions in our study may be attributed to the proportion of benchmark
farms (36%) from Eastern Canada compared to those reported by Alemu et al. (2017a) where
80% of the farms included in the analysis were from the Western region. Eastern farms also
tended to have higher rates of both direct and indirect N,O emissions from soil, partially because
of increased use of fertilizer on hay fields. However, it is important to note that application rates
were variable between farms of all regions. Season of application (spring or fall) and rate of
manure application were obtained from Statistics Canada (2019b) as this data was not available
for the benchmark farms. For example, it was assumed that Eastern farms applied manure in
spring while Western farms applied in fall (Statistics Canada 2019b) and therefore the effects of
increased temperature and moisture led to an increase in N,O emissions from manure (Sommer
et al. 2004). It was also assumed that all stored manure would be applied once every year on
farm. However, it is possible that manure on some farms was stored for several years leading to
differences in time of application compared to literature values (Statistics Canada 2019b).

Energy CO, emissions, which made up a smaller portion of total farm emissions, were

primarily dependent on the size of the cropping enterprise, cropping practices and equipment
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usage. For example, swath grazing annual crops had lower energy usage compared to farms with
larger cropping systems which relied on baled and stored feeds during the winter-feeding period.
Similarly, farms with significant quantities of stored manure that required spreading had an
increased use of energy, resulting in higher CO, emissions than those that did not. Alemu et al.
(2016) reported that swath grazing can be an effective winter feeding alternative to reduce GHG
emissions and increase energy use efficiency of the Canadian beef cattle industry. The authors
indicated that swath grazing annual forages can reduce farm activity-related GHG emissions by

46 to 56% compared to conventional drylot feeding strategies.

4.5.3 Benchmark farm economic analysis

The economic analysis of benchmark farms (Table 6) revealed significant variation in the
profitability of cow-calf operations which were primarily attributed to differences in farm
management practices. For example, mixed farms reported significantly higher net incomes
compared to beef-only operations as, on average, 28% of farm income was from a cash crop
enterprise, with one farm (SK-6) receiving up to 78% of total income from crop sources.. Farms
that utilized extended grazing practices also showed higher profitability, particularly among
Western farms which utilized a variety of cost-saving practices. For example, among the Western
benchmark farms, both SK-1a and SK-1b were among the most profitable farms and had very
comparable herd characteristics. However, feeding strategies were distinct, with SK-1a relying on
swath grazing, corn grazing and bale grazing to reduce costs of winter feeding and maximize use
of land base, while SK-1b used a unique strategy and purchased all winter feeds thereby reducing
costs of equipment maintenance and depreciation.

Herd size was related to profitability (Table 7) although the correlation was only significant in
a medium- and long-term profits. The larger AB and SK farms such as AB-1, AB-2, AB-3, SK-1a and
SK-6 reported positive net cash income and net income in the short- and medium-terms,
however, the long-term profitability was very low or negative for several farms in this group. This
shift in long-term profitability indicates that while larger farms might have more efficient
production, they bare a significant economic burden caused by depreciation costs on the fleet of
equipment required to service a large operation. Herd size, however, was not a definitive

indicator of profitability, as there were several larger farms in this study that reported very low
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netincomes such as MB-1, MB-2 and QC-2 (Table 6). These three farms, despite having very large
herd sizes, reported a very low net income, which indicates that herd size is not the only variable
playing a significant role in profitability outcomes. Other variables, such as the assumed beef and
crop prices impacted returns as well as level of depreciation costs, may impact the relationship
between farm size and profit.

Another factor impacting total farm profitability was growing cereal and oilseed crops which
contributed significantly to the two farms, AB-1 and SK-6, with the highest income. Where land
is suited to annual crop production, it is frequently more profitable on a per hectare basis to grow
annual grains rather than pasture or hay crops depending on soil and environmental conditions
(Rashford et al. 2011). Farms that identified the opportunity for land use change were allocated
an opportunity cost to account for this, which contributed to a significant portion of the
opportunity costs assessed for benchmark farms. It should be noted that while crops provided a
significant increase in profitability, the cow-calf enterprise remains valuable as a source of
income for land that is poorly suited for crop production and diversifies cost and revenue risk
portfolio.

The correlation between net farm income and farm emissions intensity was relatively
weak, but statistically significant (P < 0.05, Table 8), conversely, cow-calf enterprise profitability
was not correlated to emissions intensity in the short- medium- or long-term. While the R? values
are relatively low, and there are several variables unaccounted for in this simple correlation test,
it suggests that cow-calf operations that have a higher net income are likely to have a higher
emission intensity (Figure 5). The correlation at the beef enterprise level shows a slightly higher
R? value, particularly for long-term profitability. Further analysis would be required to confirm a

true correlation between emissions intensity and farm profitability associated with cash crops.

4.5.4 Future farm scenarios

The future farm scenarios modelled as part of this project were intended to capture the
impact of “real world” practice changes made under different farm conditions and to estimate
the impact on farms emission intensity and profitability. A similar approach has been
implemented by Lancaster and Larson (2020) to evaluate the impacts of changes in management
practices on farm emissions and profitability of cow-calf production systems in the U.S.A.

72



Unclassified / Non classifié

4.5.4.1 Extended grazing season

The extended grazing season scenario assumed the implementation of rotational grazing
would allow producers to increase the number of days on pasture thereby reducing the cost of
stored winter feed, as well as the amount of stored and handled manure, leading to a reduction
in emissions (Alemu et al. 2016). The economic outcomes were consistently positive for each of
the future farms under this scenario (Table 9), as the investment of capital was low and required
only a slight increase in labour to maintain the system. Since winter feed is one of the biggest
costs on cow-calf farms, fewer winter feeding days yielded a significant increase in profitability.

Winter feeding practice on the emissions intensity of each farm was not as consistent as
profit, as BC-1 had a slight increase (0.4%) while AB-3 had slight decrease (1.0%) and QC-3 had a
more substantial decrease (3.5%). These differences in response may attributed to the quality of
pasture and of winter feed. For example, pasture was low quality (TDN = 56.1, CP = 8.6) for BC-1
(extend) resulting in higher enteric CH4 emissions, whereas the winter ration for the benchmark
farm was comparatively higher quality (TDN = 58.2, CP = 11.7). AB-1 and QC-3 experienced a
decrease in emissions primarily due to increased average diet quality and modest reductions in
manure emissions due to less stored manure.

Assumptions made while simulating this scenario impacted observed results. For example,
one of the assumptions was that there was no change in pasture quality with an increase in days
on pasture as compared to the benchmark farms. Although there is limited evidence (Billman et
al. 2020) indicating that implementing a rotational grazing system could improve pasture quality,
productivity and composition, the available data does not contain the level of detail required in
the Holos model.

However, under conditions where the implemented grazing system improved quality of
summer pasture or improved pasture productivity, it is anticipated that emissions would be
further decreased. It should be noted that the success of this scenario is dependent on the ability
to increase available forage for grazing. For example, environmental conditions including
drought might reduce or eliminate increased forage yield realized with changes in grazing

management.
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4.5.4.2 Increased weaning weight

This future farm scenario involved increasing average weaning weight by shortening the
calving season and increasing the number of calves born in the first calving cycle to achieve higher
average weights. As indicated in the Materials and Methods, this scenario was modelled in two
different stages, the first (scenario level 1) being a more modest narrowing of the calving season
and condensing the calving season from 4 to 3 breeding cycles achieving a ratio of 37%, 33% and
30% of cows calving in the first, second and third cycles, respectively. The second level (scenario
level 2) was a more aggressive change shortening to 3 cycles with 50%, 30% and 20% of cows
calving in the first, second and third cycles, respectively. The results of this scenario were
modelled over five years after implementation as it requires multiple breeding seasons for the
practice change to yield its potential results. This modelled scenario resulted in a significant
improvement in farm net income and net cash income for AB-1 and MB-1 (Table 10) for both the
level 1 and 2 weaning weight increases. Although cow-calf profitability increased consistently for
AB-1 for both levels, only short- and medium-term profit were increased for MB-1 with a
decrease in long-term profitability. This decrease is primarily due to the opportunity cost of
investment in this scenario when capital could have been used for other investments. Prices
received for calves is dependent on the time of year sold as cattle markets tend to have seasonal
fluctuations, additionally more uniform groups of calves tend to receive a price per LW, these
factors can influence the effect on enterprise profitability and were included in economic
modelling assumptions. Net farm emissions increased slightly due to the increased average
number of days calves were on farm prior to weaning. However, emission intensity was still
reduced due to increased liveweight sold as a result of the increase in weaning weights.
Therefore, the reduction in emission intensity is a function of improved production efficiency. A
recent study by Possberg and Kulshreshtha (2018) observed similar results when examining the
effects of improved weaning weight on both the profitability of the enterprise as well as a

reduction in emissions intensity.
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4.5.4.3 Water system

The observed increase in both net farm income and in short-, medium- and long-term
profitability resulting from improvements in the summer watering system can be attributed to
an increase production efficiency through improved average daily weight gain. The effect of
water quality and source on cattle performance is well documented (Willms et al., 2002; Lardner
et al. 2005). Willms et al. (2002) conducted a long-term study in Canadian prairies and reported
that calves and yearling heifers drinking clean water gained 9% and 23% more body weight,
respectively, as compared to those that drank directly from a pond or from a trough filled with
pond water. In this study, it was assumed that the calves would gain an additional 0.05 kg/day as
reported by Lardner et al. (2005) when drinking clean water.

The main cost of implementation for the scenario was in the first year and required very
little additional cost of maintenance. Net farm emissions increased slightly, which was offset by
the increased productivity resulting from the increased rate of gain in calves thereby decreasing

farm emission intensity by -1.33 kg CO.eq/kg LW.

4.5.4.4 Corn grazing

The corn grazing scenario modelled on benchmark farm SK-1a resulted in a positive
economic outcome by reducing the cost of production for backgrounder steers, even when it was
assumed that the steers had at the same rate of gain as the benchmark farm. The gain in
profitability in this scenario is entirely attributed to cost saving on winter feeding by utilizing corn
grazing which is less capital intensive per cow per day. As such, all measures of profitability
increased following implementation of this scenario (Table 12) due in part to the high yield of
standing corn. Jose et al. (2017) compared the conventional drylot feeding of beef cows with
swath grazing standing corn or barley and observed that grazing standing corn during early winter
period reduced feeding cost by 25% without affecting animal performance. Additionally, with the
implementation of this scenario, emission intensity was decreased by 1.3% over the benchmark
farm. The quality of standing corn (TDN = 68.2%, Rasby et al. 2014b; Lakeland Agricultural
Research Association 2017b) used for analysis was comparable to the benchmark winter ration

TDN = 65.3%) that included barley grain and alfalfa-grass hay and as such, there was a very slight
( ) yg g y , y slig
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decrease in enteric CHs emissions. Manure CHs and N,O emissions were not affected by grazing
corn, and crop emissions were slightly reduced. Outcomes of implementing this scenario could
be variable depending on farm location, and benchmark practices. The greatest negative impact
on emissions from this scenario is from use of synthetic nitrogen fertilizer. Therefore, the ability
to grow standing corn while relying on manure would reduce total emissions while improving

profitability.

4.5.4.5 Creep feeding

The creep feeding scenario implemented on benchmark farm SK-6 resulted in a 10%
increase in both net income and net cash income a more modest 2% increase in in each of the
cow-calf enterprise profitability metrics (Table 13). This farm already grew cereal crops for export
and the main cost to implement the scenario was to retain some grain for homegrown creep feed
that was fed to growing calves. Profitability outcomes could differ if grain was not grown on the
farm and must be purchased. Furthermore, outcomes are also dependent on market price of
grain. Emissions were reduced by 4.2%, as creep feeding increased weight gain due to the
increased energy density of the diet, leading to a 1905 kg increase in exported liveweight.

This emissions modelling carried some uncertainty due to the assumptions made
regarding calf intake during the creep feeding period. It was assumed that calves would primarily
be consuming the creep feed ration while nursing milk from the dam. However, depending on
pasture quality, and milk production from the cow herd, calves may have consumed larger
amounts of pasture forage than was included in the model ration input. While these inputs could
have significant variation, the enteric CH4 produced by calves during this period would not be
significant relative to the main breeding herd and would not likely make a significant change to
the overall emission results. A similar modelling study which examined the inclusion of creep
feeding at different levels (Toro-Mujica, 2021) also reported a significant increase in financial
income as well as a reduction in net farm emissions. However, several factors differ between the
two studies including type of model used, modelled production system, grazing management,

and creep supplementation level.
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4.5.4.6 Artificial insemination (Al)

The use of Al as a means to improving breeding efficiency was implemented on
benchmark farm ON-4, which resulted in a significant increase in net income, net cash income
and all three metrics associated with cow-calf enterprise profitability (Table 14). By reducing the
number of bulls required for breeding there was a 4.2% reduction in emissions from the cow-calf
enterprise due to decreased number of animals required for the same output. However, an
increase in calving rate by 1% over the benchmark farm (Lardner et al. 2015) was assumed which
further reduced emission intensity by increasing total output. However, this scenario also carries
some uncertainty in the model inputs. While producers may be able to improve breeding
efficiency through Al (Baruselli et al. 2018), success is dependent on competency in Al
procedures, availability of facilities for breeding and requires diligent management to achieve
increased reproduction efficiency. Improper management could result in a significant decrease
in breeding efficiency which would result in negative impacts for both emissions and economic

outcomes.

4.6 Conclusions

In this study, it was observed that GHG emissions from cow-calf operations can vary widely
due to differences in management practices and environmental conditions (temperature and
precipitation) on the benchmark farms. This observation was not surprising as several previous
studies have also noted a range of emission intensities for cow-calf operations across Canada
(Legesse et al. 2016; Alemu et al. 2017). When examining emissions sources on farm, net farm
emissions were impacted by farm location as farms in Western provinces had higher enteric CHa
emissions relative to farms in the East which had slightly higher N,O, and energy use related
emissions. While regional trends were apparent, variation in emissions intensity within a region
were also observed. The benchmark farms in SK were a good example of the range of emissions
as SK 1a, SK 1b, SK 3 and SK5 were similar in magnitude with 21.57, 21.27, 25.77, 21.42 and 24.62,
kg CO2eq/kg LW sold, however, SK-6 had a higher emission intensity of 35.11 kg CO2eq/kg LW

sold because that operation had significant emissions from crop production. In addition,
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adoption of the same management practice also led to differences in emissions intensity. For
example, adoption of rotational grazing by BC-1 led to a 0.4% increase in emissions but a 1.0%
and 3.5% decrease in AB-3 and QC-1, respectively. One of the factors affecting emission intensity
were forage quality in cow diets, with more digestible diets including tame grasses and legumes
generating significantly less enteric CH4 emissions. Farms that had more days for cows on pasture
or winter feeding in a field or pasture setting had lower rates of manure CHs4 emissions
Furthermore, farms with lower rates of nitrogen fertilizer application resulted in lower N,O
emissions especially when the nitrogen fertilizer was applied to forage fields. Similarly, farms
with more productive tame forage crops tended to have slightly higher N,O emissions due to
increased use of fertilizer.

Farms that harvested cash crops for export realized an increase in net farm income
relative to farms with beef-only enterprises. Overall, farms that minimized depreciation costs on
assets such as machinery and infrastructure reported increased profitability in the medium- and
long-term analysis. The most profitable operations reported high production efficiency including

calving rate, rate of body weight gain, yield per hectare, and pasture stocking density.

The implemented future farm scenarios highlighted those practice changes for producers
could improve their farms profitability while reducing emission intensity. Improving production
efficiency (generally measured by increased liveweight exported without increases to cost of
production or net emissions), was the key driver for making a significant impact both on the
economic return and environmental sustainability.

The magnitude of improvement in production efficiency and the cost of practice
implementation largely dictated the economic outcome of the future farm scenarios modelled.
Therefore, practices that achieved a higher gain in efficiency with a lower investment cost led to
a greater positive impact on farm profitability. For those management practices that resulted in
a reduction of emissions intensity, its impact was greater when it resulted in increased
production efficiency. Further reduction in emission intensity can be achieved via practices that
improve diet quality and reduce storage and handling of manure.

When examining the metrics of profitability and emissions reduction simultaneously it is

clear that improving production efficiency with minimal increase to inputs achieves an
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improvement in both domains, although in some scenario examples such as extended grazing
and calving interval scenarios the reductions in emissions were minimal while the benefits to
profitability were relatively higher. This means that while scenarios that improve profitability
often result in reduced emissions, outcomes differ across the country, depending on

management practices used, as well as impact of climate.
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5.0 General Discussion and Implications

Commitments to reduce GHG emissions

As the world population grows, reaching more than 9.8 billion by 2050 (United Nations
2024), the demand for food is increasing. In addition, the sustainability of agricultural practices
has become a focal point amongst policy developers, retailers and processors, commodity groups
and consumers alike. As the impacts of climate change become more apparent, strategies to
produce more food with a lower environmental footprint will become increasingly important

Efforts to reduce farm emissions via adoption of on-farm BMPs including federal
government programs such as Agricultural Climate Solutions (ACS,

https://agriculture.canada.ca/en/environment/climate-solutions) involving the On-Farm Climate

Action Fund (Agriculture Canada 2022b) and the Living Lab Initiative (Agriculture Canada 2021).
The On-Farm Climate Action Fund provides support to producers making practice changes to
reduce farm emissions while the Living Lab Initiative aims to evaluate innovations that can reduce
agricultural emissions and help farmers meet their production and economic goals. Commodity
groups have also taken action to reduce on-farm emissions. As such, the Canadian Roundtable
for Sustainable Beef has set an ambitious goal to reduce farm emissions intensity by 33% by the
year 2030 (Canadian Cattle Association 2020). Furthermore, the agri-food sector has also made
commitments to reduce emissions. For example, Maple Leaf Foods is positioned to reduced and
offset all scope 1 (direct emissions) and scope 2 (emissions from energy produced to be used by
the company) emissions making them a net zero emission company with the vision to eventually

include scope 3 (indirect upstream and downstream) emissions (Maple Leaf Foods 2022).
Heterogeneity of farm management practices and GHG emissions in Canada

Canadian beef production systems are complex where differences in on-farm
management practices regions and climate vary considerably from region-to-region. Although
CHa emissions consistently comprise the greatest portion of emissions in the cow-calf production
systems (Beauchemin et al. 2010), many variables contribute to net farm emissions. Due to this
variability in practices and conditions, implementing strategies for emissions mitigation should

be developed based on the opportunities specific to each operation in order to reduce net farm
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emissions while maximizing profits. For example, extending the grazing season reduced
emissions in AB and QC but not in BC. Quite simply, there is no silver bullet approach. However,
many prairie beef farms would be best served by improving hay and pasture quality and
digestibility as enteric CH4 emissions make up the majority of emissions in Western Canada and
were directly related to forage quality (Beauchemin et al. 2009). Whereas some Eastern farms
with high forage quality and productivity might generate lower emissions by reducing manure
CH4 and soil sourced N-O.

Although not part of this study, increasing soil carbon sequestration through perennial
forage crops and pasture can play a significant role in reducing net farm emissions (Stanley et al.
2018). Sequestration was not included as the Holos model, as described above, requires multiple
years of farm data which were not available for this study. Therefore, the impacts of carbon
sequestration on farm emission intensity for the benchmark farms as well as future farm
scenarios was not assessed which could have reduced emissions (Rayes-Palomo et al. 2022).
Sequestration on permanent pastures may have somewhat limited potential in long term
reductions as some studies have shown that soil carbon can become saturated in permanent
grasslands and additional sequestration can be difficult to attain (Wang et al. 2014). A recent
study (Possberg & Kulshreshtha 2018) that did include estimates using Holos (Version 3) showed
considerable reductions in emissions, particularly after modelling of land use conversion. The
results of Possberg & Kulshreshtha (2018) indicate that further exploration of emission reduction
through means of sequestered carbon could identify other practices that are beneficial for

reducing emission intensity and increasing profitability.

Conflict of priorities

The economic viability of many cow-calf operations relies on the use of pastureland with
poor quality soil that are not suitable for grain crop production and therefore, have relatively
lower land values. In addition, many cow-calf producers also rely on low-cost, low-quality
feedstuffs including straw, chaff, greenfeed, hulls, screenings, byproducts etc. as a feed source
throughout the winter months. The ability for cattle to convert poor quality feeds into high

quality protein products (milk and meat) is of significant importance to the economic
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sustainability of the industry (Sheppard et al. 2015). However, the relationship between low
forage quality and increased enteric CHa production is well-documented (Beauchemin et al. 2009;
Della Rosa et al. 2022). This leads to a large portion of farms, particularly in the prairie provinces
where most beef is produced in Canada, that utilize low to mid-quality feeds (especially during
late season grazing and winter feeding), generating higher enteric CHs emissions compared to
farms in Eastern Canada. Therefore, the industry’s economic strength is also an environmental
weakness, as the low-cost associated with these lower quality forages reduces the cost of
production but increases farm emission intensity. Total ration quality can be improved through
a range of practices, including supplementation with higher energy feed ingredients including
industry by-products (e.g., bakery waste, grain screenings, brewer’s grains etc.) at modest costs.
However, it can be challenging to find a consistent supply and often only producers with the
necessary infrastructure and sufficient demand (to keep up with a processor supply) can take
advantage of these lower-cost feedstuffs. Practices such as improved forage quality through
rotational grazing, rejuvenation or cutting forage at earlier maturity have been shown to increase
quality but may require additional management and labour. Further, they may not be applicable
on low productivity land where pasture stocking density is very low, and yields are more limited.

There are several ongoing initiatives by different companies such as DSM
(https://www.dsm.com/anh/home.html) and Rumin8 (https://rumin8.com/) and Alltech
(https://www.alltech.com/) to develop technologies that minimize enteric CHs from ruminant
animals. However, the main challenge in cow-calf production systems is delivering these
ingredients to cattle out on pasture grazing forage rather than from a trough or bunk.
Furthermore, consistent intake of a supplement can also be difficult to achieve when offered on
a free-choice basis. Rumen modifier technologies can sometimes be administered by inclusion in
mineral or water sources but may not be effective in situations with natural water sources or
extensive rangeland where mineral and water intake are not consistent on a daily basis.

Since the affordability of utilizing low quality forages that increase CH4 production is hard
to overlook, changes in manure and crop management may offer another opportunity for
consistent emission reduction and improved profitability. For example, adoption of extended

winter grazing strategies leads to fewer days in confinement, therefore nutrients from manure
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and any wasted feed serve to improve fertility without the cost and labour of spreading and
handling manure or using synthetic fertilizer. Extending the grazing season can also decrease
farm GHG emissions by reducing manure d emissions (CHa, N2O) and farm energy farm energy
emissions associated with manure handling (Alemu et al. 2016).

This study demonstrated that extending the grazing season, reducing the calving interval,
improving the watering system, grazing corn, creep feeding and using Al decreased emissions
intensity while improving some profitability. However, the GHG reductions shown were modest
and, in some cases, negligible. As such, in order to achieve more significant reductions scenarios,
it is important to examine the potential benefit of concurrently adopting multiple mitigation

strategies.
On-farm adoption of best management practices (BMPs)

Cow-calf production systems are complex agro-ecosystems involving the sciences of
animal, microbes, soil and crop biology and their interactions. As a result, changes in one
management practice may have a chain impact on several farm components contributing to GHG
emissions. For example, extending the grazing season with corn grazing led to a 1.3% reduction
in emission intensity via reduced CHs and N2O emissions. Adoption of BMP’s to reduce GHG
emissions is further complicated by the lack of economic data to support adoption of those
practices. Further, the profitability of cow-calf operations in this study was shown to vary widely
among benchmark farms and effects on farm profitability are of critical importance to producers
who are considering practice adoption. While several of the future farm scenarios in this study
reported positive economic effects from practice changes, there is also a potential for no or
negative return on investment for practice changes under certain real-world conditions. The
economic risk associated with adoption of novel management strategies on cow-calf operations
is heightened by the lack of risk mitigation through insurance policies in the industry. While
forage and livestock insurance are generally available, they are not widely adopted in cow-calf
production, therefore producers often carry the full burden of financial risks.

This variability in profitability of practice implementation as described in this study may
lead to increased risk to producers which can be a major barrier to adoption. Given the variability

of results, an understanding of biological processes involved in farm emissions and detailed cost
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of production data is essential to determine how a practice change might affect a cow-calf
operation under a variety of conditions. This knowledge is paramount to empower governments
and policy makers to build programs for a diverse range of cow-calf operations.

Many practice changes utilize reducing cost to drive improved profitability, since feed
costs comprise a majority of cow-calf enterprise budgets many producers may experiment with
reducing feed quality or quantity to achieve cost reduction. While this may reduce costs in the
short-term, poor nutrition can have significant effects on reproductive success in the short and
long-term, as recent research regarding has suggested that the in-utero nutrient deficiencies can
lead to long-term reproductive impacts due to fetal programming.

In addition, management changes and their implication on farm economic and
environmental sustainability needs to be communicated clearly. Canada has a long history in
designing and implementing extension programs that play a role in filling the gap between
agricultural researchers and producers (Keesing 1965). However, recently there has been a shift
in some of the provinces to reduce government extension program (Schoepp, 2022). A study in
Alberta (Rollins et al., 2017) emphasized the importance of extension programs in encouraging
the adoption of environmental BMPs. This is particularly important in the cow-calf sector where
many of the feed ingredients are grown on-farm and therefore they do not benefit from the
nutrition expertise offered by feed companies as that of feedlot, dairy, poultry and swine

producers do.

Gaps in knowledge

While several whole-farm studies have been conducted to estimate farm emissions and
understand the processes that create them as well as identify management practices that reduce
GHG emissions, there are several areas that data is limited including soil carbon sequestration,
particularly under different grazing and environmental conditions (Robertson et al. 2016).

Similarly, there are several sources of cost of production data for cow-calf production
from academic sources and extension services. However, there is a lack of data specific to

operations utilizing different management practices and geographical regions in Canada. This gap
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in available data is particularly relevant to the cow-calf industry as differences in practices and
environmental conditions can have significant impacts relative to other livestock species.

Additionally, confusion surrounding a clear definition of grazing systems particularly when
referring to rotational grazing (Briske et al. 2008). The term has become somewhat of an umbrella
term and encompasses a range of practices which differ in their impact on forage quality and
make accurate farm emission assessments regarding the impact of forage quality on enteric CHs
emissions.

One variable that is not included in most studies on cow-calf sustainability is biodiversity
and ecosystem services. A recent study by Pogue et al. (2018) established a framework and
reported the positive impacts of Canadian beef production on ecosystem service. Most of the
available whole-farm models including Holos lack the means to quantify biodiversity and assess
how adoption of adoption of BMPs affects biodiversity and ecosystem services. While
biodiversity is difficult to quantify and measure, it is an important component to the sustainability
of the industry, particularly as it pertains to public perception.

Finally, and perhaps most importantly, is the lack of economic data associated with
mitigation strategies to reduce GHG emissions. To the author’s knowledge, publications
examining economic and environmental sustainability of Canadian beef operations is extremely

limited (Kulthreshtha and Possberg 2018).

The role of efficiency

Efficiency of production in cow-calf operations is a key element when considering
improvements in profitability or reduction of emission intensity and has been a focal point for
innovation in researchers and producers. Improvements in production efficiency in cow-calf
operations have focused on breeding and reproductive efficiency (Legesse et al. 2016) and rates
of growth and feed conversion (Basarab et al. 2013). Many of the future farm scenarios examined
in this study resulted in a decrease in emissions due to improved production efficiency. For
example, decreasing the calving interval, improving the watering system, creep feeding, and use
of Al, increased the liveweight of calves exported from the farm and therefore decreased

emissions intensity.
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However, to meet the ambitious goals of reducing primary GHG emission intensity of
cattle production in Canada by 33% by 2030 and sequester additional 3.4 million tonnes of carbon
every year (Canadian Cattle Association 2020) it will be necessary for producers to embrace
practice changes beyond incremental improvements in animal efficiency. As such, adoption of
several reduction strategies simultaneously will be necessary to achieve significant reductions in
emission intensity of the industry. This would also allow for additive reductions and even
synergistic effects between practices that may result in reductions beyond what would be
achieved on their own. It may also be necessary to implement strategies that would directly
reduce enteric CHs production that includes investments to improve forage quality or dietary
energy or developing strategies to utilize methane inhibiting feed additives such as Bovaer®
(previously called 3-NOP, https://our-company.dsm-firmenich.com/en/our-

company/bovaer.html / Bover) or Agolin® (https://www.alltech.com/agolin).
Further considerations

Several practices were examined in this study to achieve the specified objectives and
explore the economic and environmental impacts associated with practice changes on cow-calf
operations. However, there are many potential opportunities that were not explored that may
offer the potential to reduce emissions while improving profitability. As already discussed, the
inclusion of carbon sequestration was an important component not included in this study.
Similarly, the use of additive methane inhibitors were not considered.

Another relevant variable that was not covered in this study was feed conversion
efficiency (Basarab et al. 2011) due to the limitation of the Holos model to account for this
variable. While total dry matter intake in the model is based on published research, it fails to
account for cattle that have been bred for low residual feed intake resulting in lower CHs
emissions (Basarab et al. 2011). As methanogenesis is an energy-intensive process and does not
produce a useable product (generating CH4 as end product), it has a direct relationship with
efficiency of feed digestion and utilization minimizing the energy available for milk or meat

production (Hansen et al., 2013).
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It should also be notes that the economic analysis conducted herein was based on costs
and revenues data in 2020; a year where cattle prices in Canada were at a low point relative to
the previous decade. Similarly, differences in time of year that calves are sold could impact
revenue. These factors should be considered when examining the profitability of the benchmark
farms in this study as many of the farms that reported low or negative income here might have

had much different results had this analysis been done in a year with average or high cattle prices.
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6.0 General Conclusion

Study conclusions:

e Cow-calf operations in Canada utilize different management practices. It is evident that
Some practices, such as swath and bale grazing, are common to specific regions as they
are driven by environmental factors. While others are implemented across Canada
including retaining calves for backgrounding and winter feeding on pasture.

e The most significant factors affecting farm emission intensity were forage quality, the
number of days spent on pasture where manure is not stored or handled, and the amount
of nitrogen applied on fields.

e The variability of results from future farm scenarios indicates that management practices
may not be universally implemented with consistent results. Environmental conditions
and available resources should be considered before implementing practice changes.

e Profitability of cow-calf operations fluctuates widely across Canada, with larger farms
generally incurring a higher net income compared to smaller ones. Farms that grew grains
and oilseeds for sale off farm also realized a significant increase in net farm income
compared to those that only raised cattle.

e Profitability of the cow-calf enterprise was dependent on many factors, but minimizing
depreciation costs and high efficiency of production was the most consistent indicator of
profitable farms, including both animal and accompanied crop performance.

e Practice changes to reduce emissions and increase profitability include improved
production efficiency, improved productivity and/or quality of hay fields and pasture and
extending the number of days on pasture without decreasing forage quality.

e This study is novel in that it simultaneously examined the impact of the adoption of
management practices on environmental and economic sustainability. This type of
information, although limited in published literature in Canada, is essential for the
development of effective programs and policies necessary to ensure the viability of cow-

calf operations in Canada.
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Further work:

e While this study examined of 25 benchmark farms representing a broad scope of the
industry, there are several production types that were not considered, including certified
organic production, operations that include finishing cattle on grass, or small-scale
operations, among others. While some of these production types don’t make up a
significant portion of the total Canadian industry, there may be opportunities to examine
practices that could improve profitability and/or reduce emissions.

Future farm scenarios were modelled for a limited number of practices on a few
benchmark farms. However, in order to extrapolate the results found in this study, future
studies should include additional scenarios as differences in environmental, economic
and production variables could have a significant effect on outcomes and may identify

novel practices that reduce emissions while increasing profitability.
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