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Introduction

Climate change is big, scary and happening faster than predicted. A dominant narrative that is
shaping the Canadian conversation on climate change is that fossil fuels are the major contributor to
emissions and yet there is little we as individuals can do to untangle ourselves from the web of fossil
fuel dependency. Our governments, heavily influenced by the fossil fuel industry (the most profitable
industry in human history), are not doing enough to enact the policies and programs needed to
reduce our collective carbon footprint to avoid catastrophic impacts. The problem feels too big for
individuals to make an impact. This leaves too many Canadians feeling powerless and apathetic in the
face of the grave threat that we are facing.

The narrative that climate change is beyond
our power to shift is incorrect. Individuals and
communities are already shifting energy use and
changing land management in ways that can prevent
climate change from reaching its worst potential.
While the majority of the conversation in Canada
has focused on the fossil fuel industry’s impact which is the largest source of GHG emissions in the
country - other ways to create change have largely
been ignored. Agriculture and food systems are
one of the keys to unlocking a lower carbon future
and motivating action.
In the groundbreaking book, Drawdown—The Most
Comprehensive Plan Ever Proposed to Reverse
Global Warming, editor Paul Hawken drew from
a broad coalition of researchers, scientists, policy
makers, business leaders and activists to develop
a blueprint for how to reverse the buildup of
atmospheric carbon within thirty years. 100
solutions are presented, three of the top five most
impactful solutions are found in agriculture and
food systems. Among the top 25 solutions, 8 more
focus on agriculture and food systems solutions.
These solutions are based on practices already
taking place and that are well understood through
peer-reviewed science (Hawken, 2017).
In 2019, the EAT-Lancet Commission on Food,
Planet, Health brought together more than 30
leading scientists from across the globe to reach
a scientific consensus that defines a healthy
and sustainable diet. Their conclusion was that a

diet that was healthiest for humans was also the
healthiest for the planet, and that changes to
improve the environmental sustainability of food
production would have a remarkably positive affect
on health outcomes at the same time. Meeting
both the UN Sustainable Development Goals
(SDGs) and the Paris Agreement to address climate
change, can be done simultaneously through a
shift in food production and consumption. Their
report provides a case for the universal adoption
of a planetary health diet that would help avoid
severe environmental degradation and prevent
approximately 11 million human deaths annually
(Lancet, 2019).
Drawing inspiration from these landmark studies,
this report builds a case for climate action through
agriculture and food systems in Canada and British
Columbia. Based on data from Canada’s National
Inventory on GHG Emissions and many research
studies both globally and locally, we demonstrate
that food and agriculture must be incorporated
into the broader policies and programs aimed at
reducing atmospheric greenhouse gas emissions in
order to meet reduction targets. And, with equal
importance, bringing food and agriculture into
the climate conversation opens up a much needed
new space where individuals and communities
have more avenues to make substantive changes
to reduce greenhouse gas emissions—helping shift
the climate change conversation from abstract to
tangible, inadequate to meaningful.
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Key Facts
•

BC and Canada are not on track to meet government commitments to GHG emission
reductions. Canada’s emissions in 2020 are expected to be nearly 20% above the
target (Auditors General, 2018)

•

Canada must do much more to meet our Nationally Determined Contribution to
the Paris Agreement on climate change (signed by Prime Minister Justin Trudeau in
2016), to reduce annual emissions to 30% below 2005 levels by the year 2030

•

Emissions from Canada’s agriculture sector (measured in CO2 equivalents) increased
24% from 1990 to 2016 (ECCC, 2017), but have been relatively flat since 2005

•

In 2016, the agriculture sector contributed 10% of Canada’s total GHG emissions
through agriculture production activities and on-farm fuel use (ibid)

•

Based on research in the US, UK, EU and Canada, the total contribution of GHG
emissions from agriculture and the food system (including production, processing,
packaging, transport, refrigeration, foodservice and household energy use) is
potentially double that from the agriculture sector alone, roughly contributing 20%
of total Canadian emissions

•

The cost of food waste in Canada, from farms to consumers, has been estimated
to be at least $31 billion annually and consumers account for 47% of wasted food
(VCMI, 2014)

•

Canada’s agriculture lands could be sequestering substantially more carbon from
the atmosphere and sinking it into the soil where it boosts yields and improves water
management

•

Research suggests an additional 17.8 Mt C year per year can be sequestered through
agriculture nationwide through 2030 (Fan et al., 2019), the equivalent of taking over
4 million cars off the road

Our GHG emissions, globally and nationally, have reached a crisis stage. Climate change requires an allhands-on-deck response and how we grow, transport, process and eat our food matters. Through this
report we highlight the biggest opportunities for reducing GHG emissions and sequestering carbon while
supporting farmers, improving the health of our diets and empowering individuals and communities to be
a part of the necessary shift to a greener, cleaner, healthier, less carbon-intensive way of life.
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Key Recommendations
Define a national mechanism to connect carbon tax revenue with a farm-level carbon
sequestration program and make agriculture a part of climate policy.
1.

Build on the increase in municipal and regional governments’
engagement in food waste reduction, natural asset management,
and GHG reduction strategies to make food and agriculture a core
part of urban climate and sustainability policy.

2.

Develop mitigation strategies in collaboration with agriculture
industry associations, producers and businesses in the agri-food
value chain.

3.

Engage food sector businesses to reduce GHG emissions.

4.

Build bridges to bring indigenous food systems and traditional
knowledge into the food and climate conversation.

5.

Make food a doorway to personal action on climate change.

FarmFolk CityFolk
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Section 1

Understanding
Agriculture
Sector
Greenhouse
Gas Emissions
To determine what actions can be taken to reduce and sequester greenhouse gas
emissions through food systems, first we need to understand the sources and trends
of emissions throughout the food chain. This section looks at the direct greenhouse
gas emissions from the agriculture sector. We begin with the global picture to set
Canadian emissions in the broader context of worldwide emissions. This section
also provides an introduction to several basic concepts that are fundamental to
calculating and reporting on greenhouse gas emissions, including an explanation of
the primary greenhouse gases agriculture production emits, and the relative global
warming potential of each. This section concludes with a summary of agriculture
sector emissions in British Columbia to provide a greater understanding of priorities
and opportunities for climate change mitigation in a BC context.
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1.2 The Global Picture

1.2 The Global Picture
Globally, agriculture production and food systems are a major contributor of total greenhouse gas
emissions. Analyses of our full food footprint—from agriculture production to food consumption—
estimate that approximately 20-30% of all human-caused greenhouse gas emissions globally come from
the food we eat (Vermeulen et al., 2012).
Globally, agriculture and food systems release between 9,800–16,900 million tonnes of CO2e each year
(using 2008 emissions as a baseline). Included in this estimate are emissions from fertilizer manufacture,
indirect emissions from deforestation and land-use changes, on-farm agriculture production, processing,
packaging, storage, transport, refrigeration, energy used in food retail, food services, and home kitchens,
as well as waste disposal (Vermeulen et al., 2012). Based on global research the primary contributors to
food systems emissions are:
•• Agricultural production - contributing
the largest share of GHG emissions
from the food system—releasing up
to 12,000 megatonnes (Mt) of CO2e
a year or 86% of all food-related,
human-caused greenhouse-gas
emissions
•• Fertilizer manufacture - the next
highest contributor, releasing up to
575 Mt CO2e, with nitrogen fertilizer
production in China as the primary
emitter
•• Refrigeration - emits 490 Mt CO2e
(ibid).

Agriculture and food systems produce
several different greenhouse gases. The
Global Warming Potential (GWP) of a given
gas is a function of how long it remains in
the atmosphere and its ability to absorb
energy. The impact of different greenhouse
gases are measured using their global
warming potential over a 100 year period
and then converted to a common metric
by calculating the equivalent impact in
amounts of carbon dioxide—or CO2e.
For example, Nitrous oxide (N2O) has about
300 times the global warming potential of
CO2,. T, making 1 kg of N2O equivalent to
300 kg CO2e. Using CO2e as a common
metric allows for the impact of different
greenhouse gases to be analyzed and
reported more easily (ECCC, 2018).

Within these broad, global trends there are
regional variations. In high-income countries, postproduction stages, such as processing, storage and
transport, contribute approximately half of total
food systems emissions (c.f. Garnet, 2011). In the
global south, emissions from land use change when forests are converted to agriculture production
is a major contributor to total emissions, while land use change plays a very small role in high-income
countries.

Looking at how agriculture’s on-farm emissions have changed over time, there has been a significant
and consistent reduction in emissions for both livestock and crop production that is lowering the GHG
intensity of each kilogram of food produced. However, increases in production have prevented significant
decreases in total GHG emissions. Without further mitigation measures and improvements in technical
efficiency, future global agriculture and food systems emissions are on a path to increase by up to 30% by
2050. This estimate does not include the likely scenario that future middle-income countries will follow
the trend of higher emissions after food products leave the farm, which would lead to huge increases in
emissions from heavily populated countries such as China and India (Garnet, 2011).

FarmFolk CityFolk
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1.2.1 Global Agriculture Sector GHG Emissions
In the most recent Intergovernmental Panel on Climate Change (IPCC) report on greenhouse gas
emissions, on-farm agriculture production accounted for 12% of total global, human-caused GHG
emissions (IPCC, 2014). These emissions roughly break down into thirds:
•• One-third from livestock releasing methane through their digestion process (~35% of
agricultural CO2e),
•• One-third from the release of nitrous oxide when fertilizers and manure are applied to soils
for crop production (~35% of agricultural CO2e), and
•• One-third split between methane released from rice cultivation (~10%), emissions from
manure storage (~8%) and carbon dioxide from biomass burning, cultivation of peat soils,
and other sources (12%).
The direct agriculture emissions category accounted for in the IPCC report does not include CO2
emissions from farm machinery, embodied energy in fertilizers, or food system energy uses, such as fuel
use and refrigerant emissions. These other food-related emissions are captured under the categories of
energy for transportation, machinery, and industrial processes.
One of the reasons that agriculture has such a large GHG footprint is that livestock and crop production
release a substantial amount of the nitrous oxide and methane, both of which are much more potent
greenhouse gases than carbon dioxide.
Methane (CH4) has 25 times the global warming potential of CO2. Major sources of methane emissions
from agriculture include enteric fermentation where methane is released by ruminant livestock, primarily
cattle, and anaerobic microbial metabolism in flooded paddy rice soils (IPCC, 2014). Manure storage
facilities (especially liquid manure systems, such as lagoons) and inadequately aerated composting
operations can emit both CH4 and N2O (Richard and Camargo, 2011).
Nitrous oxide (N2O) has about 300 times the global warming potential of CO2 (ECC, 2018). Most
agricultural nitrous oxide is emitted during denitrification and other microbial transformations of soluble
nitrogen in cropland and grassland soils that have been fertilized with synthetic nitrogen or manure
(Burger et al., 2005; Charles et al., 2017; Cogger et al., 2014).

Table 1: Global warming potentials of greenhouse gases emitted from
agriculture
Greenhouse Gas

Chemical Formula

Global Warming
Potential Over 100
Years in CO2 Equivalent

Atmospheric Lifetime
(Years)

Carbon Dioxide

CO2

1

Variable (5 to 200 Years)

Mathane

CH4

25

12 ± 1.8

Nitrous Oxide

N2O

298

114

Source: Environment and Climate Change Canada, 2017
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1.3 Canada’s Agriculture Sector GHG
Emissions
1.3.1 Overview
While Canada has a relatively small population, our per capita greenhouse gas footprint is large. On average,
each Canadian produces 22 tonnes of greenhouse gas per year, the highest of all G20 member countries,
and nearly three times the G20 average of eight tonnes per person (Climate Transparency, 2018). This
large footprint is due to the highest per-capita use of energy. Emissions from both the transportation
sector and buildings are four times the G20 average. The emissions intensity of the Canadian agriculture
sector, measured by emissions based on crop value, is also much higher than the G20 average. Canadian
agriculture emits 3.32 CO2e/ $1,000 USD of sectoral GDP, more than triple the G20 average of 0.95
CO2e/ $1,000 USD (ibid).
The most concerning element of Canada’s GHG emissions is the current trajectory. Based on implemented
policies, Canada’s GHG emissions are projected to increase to between 636 and 775 Mt CO2e (excl.
forestry) by 2030. This emission pathway is not compatible with the Paris Agreement through which
Canada has agreed to reduce annual emissions to be 30% below 2005 levels by the year 2030. Following
our current path, Canada‘s emissions will lead to a warming between 3°C and 4°C (ibid).
In 2016, Canada emitted 704 megatonnes (Mt) of CO2e. The oil and gas sector is the largest emitter
contributing 26% of total emissions; the transportation sector contributes 25% of national emissions.
The agriculture sector is responsible for 10% of emissions, with 8% being generated through on-farm
production processes and 2% from on-farm energy and fuel use (ECCC, 2018).

Figure 1: Greenhouse gas emissions by economic sector, Canada,
1990 to 2016

Source: Environment and Climate Change Canada, 2018
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How Canada GHG Emissions are Reported
Canada participates in the United Nations Framework
Convention on Climate Change (UNFCCC),
an international treaty established in 1992 to
cooperatively address climate change issues. As part
of Canada’s obligations under the treaty, a National
Inventory report is prepared and submitted annually
to the UNFCCC to provide estimates on greenhouse
gas emissions. Following UNFCCC guidelines, the
National Inventory includes estimates for carbon
dioxide (CO2), methane (CH4), nitrous oxide (N2O),
perfluorocarbons
(PFCs),
hydrofluorocarbons
(HFCs), sulphur hexafluoride (SF6) and nitrogen
trifluoride (NF3) in the following five sectors:
Energy; Industrial Processes and Product Use;
Agriculture; Waste; and Land Use, Land-Use Change
and Forestry (LULUCF). The full Canada National
Inventory Report is publicly available: http://www.
publications.gc.ca/site/eng/9.506002/publication.
html

Methodologies and Limitations
Agricultural N2O and CH4 emissions are estimated
using a globally recognized approach recommended
by the IPCC. A Canada-specific IPCC Tier II
methodology has been developed by adapting
the IPCC framework methodology to account for
Canadian conditions, such as climate characteristics,
crop management practices and animal husbandry
techniques that are unique to our country (Rochette
et al., 2008). Because of the wide range of crops
and animal products, the diversity of management
practices, and the variability in soil and climatic
conditions, it would be difficult to estimate the
Canada-wide agricultural GHG emissions without
making certain generalizations to simplify the
calculations. Assumptions used in the calculations
are sources of uncertainty which affects the
estimation of emissions (ECCC, 2017).

Agriculture was one of four sectors where GHG
emissions increased between 1990 to 2016;
agriculture emissions increased 24% during that
time period. From 2005 to 2016, agriculture sector
emissions have been relatively constant, however,
agriculture is far from being on track to meet the
30% reductions required by the Paris Climate
Agreement.
Agriculture sector emissions do not capture
the full food-related GHG footprint. Following
UN reporting guidelines, food system emissions,
such as embodied energy in fertilizers and other
inputs, transport and refrigeration of food, and
food waste emissions, are accounted for in other
economic sectors in Canadian emissions reports.
Emissions from imported food, including emissions
from production, land use change for agriculture,
transport and refrigeration before entering Canada,
are also not considered in Canadian emissions data.
Accurate estimates of the full GHG footprint of
Canadian food systems are very difficult to obtain as
Canada is a large exporter (5th largest in the world)
and large importer of food and agriculture products
(AAFC, 2016). However, existing information can
be used to develop mitigation strategies that can
effectively reduce domestic agriculture emissions.

FarmFolk CityFolk
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1.3.2 Trends in Canadian Agriculture Emissions
Despite having the second highest arable land per capita ratio in the world, only 7% of Canada’s land mass
is suitable for agricultural production. In 2016, total farm area was 64.8 million hectares (160.1 million
acres). Changes in greenhouse gas emissions from the Canadian agriculture sector in recent decades
have been influenced by several trends:
•• A shift away from perennial forage towards increased annual cropping, land for crop
production expanded to 37.8 million hectares (93.4 million acres) in 2016, while areas for
pasture slowly decreased to 27 million hectares (66.7 million acres)
•• A dramatic increase in N2O emissions, primarily from increased nitrogen fertilizer use in the
Prairie provinces, has made annual crop production a larger contributor of total agriculture
emissions and has increased agriculture emissions overall
•• Livestock production has a decreasing share of total emissions, but still contributes 30% of
Canada’s total methane emissions through enteric fermentation and manure management
•• Overall, the Canadian agriculture sector has a high energy-intensity with very large volumes
of fuel and fertilizer used to run farms (ECCC, 2017)

Figure 2: Canadian agriculture sector emissions by source

Source: Environment and Climate Change Canada, 2017
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1.3 Major Drivers: Crop Production
Nationally, crop production is the major growth area in agriculture sector emissions. Canadian
agricultural soil emissions increased by 41% from 1990 to 2016, from 17 Mt to 24 Mt. This increase is
mainly due to the substantial increase in inorganic nitrogen fertilizer use in the Prairie provinces. On a
national scale, Canadian crop production is dominated by cereals and oilseeds. Emissions from this type
of crop production are primarily from nitrous oxide resulting from the application of inorganic nitrogen
fertilizers, crop residue decomposition, and nitrogen runoff. Continuous increases in the application
of inorganic nitrogen fertilizers has led to nitrous oxide emissions from fertilizer use to be the largest
emissions growth area in Canadian agriculture (ECCC, 2017).
Inorganic fertilizers add
large quantities of nitrogen
to agricultural soils. This
added nitrogen undergoes
transformations, such as
nitrification and denitrification,
which can release N2O.
Emission rates associated with
fertilizer application depends on
many factors, such as soil types,
climate, topography, farming
practices and environmental
conditions (Gregorich et al.
2005; Rochette et al. 2008).

Figure 3: Nitrogen fertilizer use in
Eastern and Western Canada, 1981-2011

National nitrogen fertilizer
use, which stood at about 0.94
million tonnes of nitrogen in
1981, more than doubled by
2011 to 2.0 million tonnes, and
has continued to rise, reaching
Source: Clearwater et al., 2016
2.6 Mt N in 2016. The increase
in nitrogen fertilizer use is not
evenly distributed across the
country. Use in Western Canada increased by more than 150% (from 1981 to 2011), while use in Eastern
Canada increased by only 22% during the same time period (Clearwater et al., 2016). The dramatic
increase in nitrogen fertilizer application, also leads to increased emissions from fertilizer production,
which is discussed in more detail below.
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1.3 Major Drivers: Livestock
In the livestock sector, cattle, followed by dairy, make the largest contributions to emissions through
enteric fermentation, the production of methane as part of the normal digestive process of herbivores.
Enteric fermentation accounts for 41% of total agricultural emissions, almost all (96%) of those emissions
came from cattle and dairy. Fluctuations in livestock populations (particularly for beef), and to a much
lesser extent swine and poultry populations, affect livestock-related GHG emissions in Canada.
In 2005, nearly 75% of Canadian agriculture sector emissions were from livestock production (when onfarm fuel use is excluded from the sector total). Since that time, livestock’s contribution to agriculture
emissions has dropped to approximately 60%. A decline in cattle populations and a continued increase in
fertilizer use has reduced livestock emissions while crop production emissions grow.
For the first time, total agricultural emissions consist of equivalent proportions of CH4 (from livestock
production) and N2O (mainly from crop production). The shift in the agriculture industry from grazing
cattle production to the production of annual crops has also contributed to less carbon being sequestered
in agricultural soils. This is captured in Canadian emissions reporting in the land use change category, as
agriculture land is transitioned from perennial to annual crops (ECCC, 2017).

Figure 4: Trends in Canadian GHG emissions from the major
agricultural sources (1990-2016)

Source: Environment and Climate Change Canada, 2018

FarmFolk CityFolk

8

1.3 Canada's Agriculture Sector GHG Emissions

1.3 Major Drivers: Fossil Fuel and Energy Use
There are six major sources of emissions from fuel and energy use in agriculture:		
•• Field operations (ploughing, planting, spraying, harvesting)
•• Farm transport
•• Heating
•• Electricity
•• Machinery manufacturing
•• Agrochemical production (e.g. the manufacturing of fertilizers)		
Based on an analysis completed in 2016, emissions associated with fossil fuel combustion and energy
supply to the Canadian agricultural sector are dominated by three sources: chemical production, field
operations and machinery manufacturing. In 2011, these categories accounted for 37%, 26% and 18%
of total agriculture-related fossil fuel and energy emissions respectively. Between 1981 and 2011, there
was a 22% increase (from 15.9 to 19.4 Mt CO2) in CO2 emissions from fossil fuel and energy use that was
associated exclusively with the production of chemical inputs. While other sources of fossil fuel energy
emissions changed by only a few percent, emissions associated with agrochemical production increased
by more than 100% during that time period (Cerkowniak D. et al., 2016).
More recent data indicate that emissions from fertilizer manufacturing have reduced. In 2016, the total
Nitric Production category (primarily representing nitrogen fertilizer production) accounted for 1 Mt,
a 7% increase from 1990 (Environment and Climate Change Canada, 2017). The Ammonia Production
category accounted for 2.8 Mt (0.4%) of Canada’s emissions in 2016, an increase of 0.5% since 1990.
The production of fertilizers depend on the energy-intensive Haber Bosch process (Worth et al., 2016).
Recent innovations have lowered the GHG-intensity at many Canadian fertilizer manufacturing plants
(Environment and Climate Change Canada, 2017), however, the footprint of increasing fertilizer use in
agriculture is substantial in both the manufacturing and application stages.
For the first time, total agricultural emissions consist of equivalent proportions of CH4 (from livestock
production) and N2O (mainly from crop production). The shift in the agriculture industry from grazing
cattle production to the production of annual crops has also contributed to less carbon being sequestered
in agricultural soils. This is captured in Canadian emissions reporting in the land use change category, as
agriculture land is transitioned from perennial to annual crops (ECCC, 2017).
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1.4 British Columbia’s Agriculture
Sector Emissions
1.4.1 Provincial Policy Context
The British Columbia government has taken
numerous proactive steps to address climate
change through policy and programs since 2007,
however, emissions reductions are nowhere near
provincial targets. Under the Climate Change
Accountability Act, B.C.’s GHG emissions are to be
reduced by at least 40 per cent below 2007 levels
by 2030, 60 per cent by 2040, and 80 per cent
by 2050 (Province of BC, 2019a). This is a more
significant reduction than the 30% below 2005
levels by 2030 that Canada has committed to in the
Paris Agreement, but follows a similar trajectory.
In 2008, a provincial carbon tax was implemented
in B.C., the first of its kind in North America.
The price per tonne of carbon has been raised
incrementally to its current value of $35/Mt of
CO2 emitted (Province of BC, 2019b). The carbon
tax applies to the purchase and use of fossil fuels—
however coloured farm fuel is excluded from the
tax—and covers approximately 70% of provincial

greenhouse gas emissions. Unfortunately, despite
these policies, BC’s GHG emissions were just
2% lower than 2007 levels in 2016 with 62.2 Mt
CO2e emitted. In fact, in 2016 emissions had
increased 1.5% from the previous year (BC Ministry
of Environment, 2018). To be on track to meet
legislated targets GHG emissions must be 33%
lower than 2007 levels by next year, 2020.
According to climate model projections from the
Pacific Climate Impacts Consortium, this ‘businessas-usual’ level of emissions where substantial
reductions are not made (depicted by the red line
in Figure 5) will lead to drastic changes in the BC
climate by mid-century. The shift in climate will be
so substantial that the hottest days on record today
would be the coolest days by 2050, and massive
shifts in snowpack, precipitation and storm velocity
would accompany these shifts in temperature
(PCIC, 2019).

Figure 5: Climate change scenario projections for temperature
changes in BC

Source: Pacific Climate Impacts Consortium, 2019
FarmFolk CityFolk
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The B.C. government released a CleanBC report in 2019, however, opportunities to reduce emissions
and sequester carbon through agriculture and food systems are not mentioned (Province of BC, 2019c).
BC’s agriculture sector is relatively small, just 5% of BC’s landbase is considered suitable for agriculture,
and only half of that, approximately 2.5 million ha, is currently farmed (BC Ministry of Agriculture, 2016).
Even with a small agricultural sector, the diversity of production systems in BC and strong demand for
local, sustainable products, supported by a provincial government motivated to reduce emissions, creates
an opportunity to pilot policies and programs that can reduce emissions along the food supply chain and
influence policies and programs in other Canadian regions.

1.4.2 BC GHG Emissions
By category, transport (25 million tonnes CO2e) and stationary combustion sources of energy (20.3 million
tonnes CO2e) are the largest sources of emissions in BC. Mining and upstream oil and gas production are
the biggest single contributors, at 7.2 million tonnes.

Figure 6: Total BC greenhouse gas emissions by category, 2015
(million tonnes of CO 2 equivalent)

Source: BC Ministry of Environment, 2018

Agriculture sector emissions are estimated at 2.4 Mt CO2e or 3.7% of provincial emissions. Included
under the agriculture sector category are emissions from enteric fermentation, manure management and
agricultural soils (including direct and indirect sources and pasture, range and paddock manure). Emissions
associated with stationary farm equipment (e.g. heating greenhouses), and on-farm transportation (e.g.
tractors), are included in the stationary combustion and transport sections respectively, and are grouped
with non-agricultural emission sources preventing a more accurate estimate of agriculture sector
emissions from being possible. Emissions from BC cropland and grassland management are included as a
“memo item” and are not calculated in total estimates (BC Ministry of Environment, 2018).
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1.4.3 Livestock Sector
There are regional variations in livestock production
across Canada. In western Canada, beef cattle
production dominates, combining both intensive
production systems with high animal densities
finished in feedlots and low-density, pasturing
systems for cow-calf operations. The BC beef
cattle industry is made up primarily of cow-calf
operations. The majority of calves raised in BC are
marketed in the fall via live auctions to feedlots in
Alberta and the US where they will be fed a grain
diet and brought up to slaughter weight. A small
portion of calves remain in BC for back grounding
or finishing (BCCA, 2019).

Methane emissions from enteric fermentation
are the largest contributor of greenhouse gas
emissions in the BC agriculture sector. Cattle
population numbers are the major influencing
factor. Mirroring national trends, in 2005, BC
cattle numbers dropped due to the impact of BSE,
the US ban on Canadian beef imports and low
commodity prices. In recent years, the number
of BC cattle have been increasing again as prices
have improved with an accompanying increase in
methane emissions, but current emissions remain
well below the historic high with a 10-year trend of
a 14.5% decrease in emissions.

The BC cattle industry is extremely diverseincluding small hobby farms, diversified operation
and large cattle ranches. Smaller ranches dominant
the South West portion of the province, whereas
the larger ranches are typically located in the
Northern and Interior regions. Approximately
4,086 cattle ranches operate in BC, making up 5%
of Canada’s national cow herd. BC ranches occupy
over 5 million acres of private land and have tenure
on a further 21.5 million acres of crown rangeland. Approximately 66% of the Agriculture Land
Reserve (ALR) is owned by ranches (ibid).

Emissions from manure management in BC
are strongly influenced by both cattle and hog
populations. While the 10-year trend for manure
emissions shows a decrease of 4%, in the last
3 years emissions have increased by 5.5%.
Stable commodity prices for cattle and hogs
have influenced the increase in cattle and hog
populations in the province.
BC greenhouse gas emissions data does not include
an estimate for carbon sequestration in provincial
pasture and cropland.
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1.4.4 Crop Production
BC is home to over 17,500 farms that operate on 2.6 million hectares – less than three per cent of
the provincial land base. BC has a highly diverse agriculture sector with over 200 agricultural products
grown in the province. Six of the top ten commodities in terms of farm cash receipts in B.C. were
horticultural products: greenhouse vegetables; floriculture; mushrooms; nursery products; blueberries;
and sweet cherries. B.C. leads the country in sales of blueberries, cherries and raspberries (BC Ministry
of Agriculture, 2018).
Emissions from agriculture soils management, including direct sources of nitrous oxide from nitrogen
fertilizer use, indirect sources from nitrogen runoff and the application of lime, urea and other carbonbased fertilizers, increased 20% from 2006 to 2016 with a peak in 2013. The increase in nitrous oxide
emissions is influenced by an increase in nitrogen fertilizer application as well as increases in cattle and
hog populations that result in greater application of manure on cropland.

Figure 8: BC GHG emissions related to agriculture, 2016 (CO 2
equivalents, kt)

Source: BC Ministry of Environment, 2018
Note: Sections in green are emissions included in the Agriculture Sector totals. Sections in yellow represent on-farm fuel
and energy use, but figures combine agriculture and forestry and the portion attributed to agriculture is unknown. The
sections in red are emissions related to agriculture that are not included in the provincial emissions total but are included
as a “memo item” for transparency purposes.

1.4.5 Land Use and Land Use Changes
Land use changes from grasslands to cropland are included in B.C.’s provincial GHG totals. In 2016, a
very small amount of land was converted from grassland to cropland producing relatively low levels of
emissions, with much less grassland being converted than 10 years ago. Emissions from deforestation in
BC were 2,399 kt CO2e in 2016. This figure includes deforestation for agriculture, settlements, forestry
and oil and gas development. Deforestation rates have decreased substantially over the last 20 years in
BC and agriculture’s share of deforestation has also decreased. In other jurisdictions, the loss of cropland
and rangeland to urban development can also be a major contributor to increased GHG emissions (e.g.
FarmFolk CityFolk
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California). In BC, the Agricultural Land Reserve (ALR), which was established in 1973 to stop the rapid loss
of the province’s limited agricultural land to urbanization, has helped limit these losses. The establishment
of the ALR reduced the rate of farmland loss from an estimated 4,000-6,000 ha/year (2% annually) to
approximately 600 ha/yr by 2012 (Smith, 2012).

Table 2: GHG Emissions from BC land use changes, trends and key
factors
Category

Emissions

10 year
trend

Description

Key Factors Influencing
Change

Grassland
converted to
cropland

2 kt COEq

-67.8%

The clearing of grassland for
agricultural use may result in GHG
emissions due to the decay of dead
organic matter, changes in soil
composition and changes in soil
management practices. In addition,
the ability of the land area to remove
CO2 from the atmosphere may be
increased or diminished.

Establishment of annual crops,
pasture and rangeland, cattle,
expansion of cleared areas within existing farms onto grassland.

Cropland
management

196 COEq

114.1%

Cropland includes all lands in annual
crops, summer fallow, and perennial
crops (mostly forage, but also
including berries, grapes, nursery
crops, vegetables, and fruit trees and
orchards). Cropland also includes nonforested pasture or rangeland used for
grazing domestic livestock that does
not meet the definition of grassland.

The amount of organic carbon
retained in agricultural crops
and soils is a balance between
CO2 sequestration by crops,
transfer and storage in soils and
emissions through soil and crop
decomposition. Factors that
determine whether agricultural
soils are a net source or sink
of CO2 emissions include lime
application, cultivation of organic
soils, changes in the management
of mineral soils and changes in
woody biomass.

Grassland
management

100 COEq

2421.4%

Grassland includes unimproved
pasture or range land that is only
used for grazing domestic livestock
and occurs only in geographical
areas where the grassland would not
naturally re-grow to forest if un-used.
In addition, vegetated areas that do
not and will not meet the definition of
forest land or cropland are generally
included in this category. Note:
this definition differs from other
definitions and uses of the term

Managed grassland is sometimes
burned naturally by lightning,
by accidental ignition, as a
management tool to control
invasive plants and stimulate the
growth of native species, or as
part of military training exercises.
Burning from managed grassland
is a net source of CH4, CO, NOx
and N2O.

Source: Ministry of Environment, 2012 and 2018
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1.5 Conclusion
The agriculture sector’s contribution to Canada’s
national greenhouse gas emissions is relatively
small at 10%. However, this does not include
the full GHG footprint of food systems, which
encompasses emissions associated with land
use and land use change as well as the upstream
emissions from fertilizer and farm machinery
manufacturing and downstream emissions from
transport, refrigeration, processing, preparation,
and food waste disposal. Canada is also one of
the world’s largest agricultural product exporters
and importers, making an accurate estimate of
emissions difficult. However, with the information
available clear trends in agriculture emissions are
apparent. Agriculture sector emissions have risen
since 1990 but have been relatively flat in the last
decade. Maintaining current emission levels will
contribute to a rise in global temperatures beyond
2 degrees and catastrophic climate impacts.
Significant decreases in GHG emissions are needed
across all sectors, including agriculture. As part
of the Nationally Determined Contribution to
the Paris Agreement on climate change, Canada
has committed to reducing annual emissions to
30% below 2005 levels by the year 2030. The
agriculture sector is not on track to achieve this
reduction.
The primary drivers behind Canadian agriculture
sector emissions are nitrous oxide from nitrogen
fertilizer applied in crop production, methane
emitted from cattle and dairy herds and carbon
dioxide from on-farm fuel use and nitrogen

fertilizer manufacture. While methane emissions
have decreased due to lower numbers of cattle and
dairy livestock, this reduction in livestock numbers
has contributed to increases in land under annual
crop production and associated rises in nitrous
oxide emissions. The shift from agricultural land
being used for perennial forage for livestock to
more annual crop production can also impact the
amount of carbon sequestered in Canadian soils,
which would diminish the impact of methane
emissions reductions from fewer livestock. This
topic will be further discussed in sections three and
four.
In BC, the agriculture sector contributes an even
smaller proportion of provincial GHG emissions,
nearly 4%. This accounts for on-farm emissions
only, in publicly available data agriculture fuel and
energy use is combined with the forestry sector,
preventing the full agriculture sector emissions
from being estimated. In addition, this figure also
excludes GHG emissions associated with land use
and land use change (LULUCF) such as tillage,
conversion of perennial crops to annual cropping
system, and deforestation of agricultural lands.
Food system emissions after agricultural products
leave the farm, and emissions associated with food
imports are also not included in this nearly 4%
figure. Reported BC agriculture sector emissions
have remained relatively unchanged over the last
decade, but are not on track to meet BC’s legislated
greenhouse gas reduction targets.

FarmFolk CityFolk

15

Section 2

GHG Emissions
from Farm
Gate to Plate to
Disposal
United Nations’ greenhouse gas reporting guidelines require national governments
to categorize emissions data based on industrial sector. The emissions embodied
in the food we eat are not limited to the agriculture production, or on-farm, stage
that the agriculture sector captures. This is true both in Canada and globally. Once
food leaves the farm and travels through the food system greenhouse gas emissions
arise from transport, refrigeration, processing, packaging, preparation and disposal.
Estimating those emissions is a challenging task. This section presents global research
on food system emissions to provide a better understanding of the scale and scope
of emissions in food supply chains. The disposal of food waste is a large contributor
to food system greenhouse gas emissions and is discussed in-depth. Research in
the UK, US and Canada is summarized to provide an evidence-based assessment of
where emissions are most likely to be occurring in Canadian and British Columbia
food systems.
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2.2 Global Estimates
2.2.1 Energy in the Food Chain
National emissions reporting separates agriculture production emissions from other parts of the food
chain making it easy to overlook the greenhouse gas emissions produced at all stages of food systems.
Food system emissions originate from manufacturing of farm inputs, such as machinery and fertilizer, and
continue through the food chain from processing, distribution, refrigeration, retailing, food preparation
in the home and waste disposal. When the full food chain is considered the footprint of food production
and consumption is much larger than direct agriculture emissions alone.
Section one of this report discussed emissions from the farm stage, on-farm fuel and energy use and
land use change. This section focuses on post-production emissions, the emissions that are produced
once agricultural products leave the farm and are transported, processed, refrigerated, eaten and sent
for waste disposal. In the post production stage, CO2 emissions from fossil fuel use and emissions from
refrigerant gases are the biggest contributors to greenhouse gas emissions. In high-income countries,
post-production—including storage and transport—contributes roughly the same amount of greenhouse
gas emissions as is accounted for in the agriculture sector (Garnet, 2011).
Agriculture sector emissions are just one component of broader food sector emissions, One regional
analysis for Europe estimated that food-related emissions account for 31% of the EU-25’s total GHG
impacts, with a further 9% arising from the hotel and restaurants sector (European Commission, 2006).
Studies from a range of high income countries found food sector emissions contributed between
15% and 28% to overall national emissions (Garnet, 2008; Defra, 2009; Audsley et al., 2010; Swedish
Environmental Protection Agency, 2010; Nieberg, 2009; Kim and Neff, 2009; Australian Conservation
Foundation, 2007).

Figure 9: Greenhouse gases emitted at different stages of the food chain
Figure 9 depicts the primary greenhouse
gases emitted at different stages in the
food chain. The left half of the pie chart
denotes on-farm and pre-farm emissions,
comprising methane, nitrous oxide and
carbon dioxide from on-farm processes.
The tan ‘bulge’ on the left illustrates the
additional, and hard-to-quantify emissions
that arise from agriculturally induced land
use change more typical in the Global South.
The right half of the pie chart shows postfarm gate emissions (from manufacturing,
transport, etc.) that are largely attributable
to fossil fuel energy use, and, to a smaller
extent, to refrigerant emissions (Garnett,
2011).

Source: Garnet, 2011

Research in the UK has attempted to estimate emissions from the farm gate to processing to plate to
disposal (Garnett, 2008). Agriculture production contributes 40% of total food system emissions, while
60% of food system emissions come from other steps in the supply chain. Manufacturing and transport
each contribute an additional 12% of emissions through fuel and energy use. Food-related energy use in
FarmFolk CityFolk
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the home, for refrigeration and food preparation, contributes 9% of total emissions. Packaging, retail,
catering, and fertilizer manufacture contribute 7-5% of total emissions. Waste disposal has the smallest
footprint of 2% of total emissions.

Figure 10: Breakdown of food chain GHG emissions by stage in the UK

Source: Adapted from Garnett, 2008

Research from the USDA (Canning et al., 2017) focuses on food-related energy use rather than greenhouse
gas emissions. The energy footprint of on-farm agriculture production is significantly lower than the
greenhouse gas footprint because direct agriculture emissions contribute large amounts of methane and
nitrous oxide that are not related to energy or fuel use. Their assessment found that food related energy
use represented 12% of the total US national energy budget.
For the US food system, an analysis of annual energy flows from all food-related energy uses, broken out
by stage, shows the household stage is the largest contributor to energy use. Food processing is the next
largest category of energy use at 19%, followed by food service at 15%. While a direct comparison cannot
be made between the GHG footprint food system analysis in the UK and the US energy use analysis,
the US energy use data suggests that a greater proportion of food system emissions originate from the
household stage in the US in comparison to the UK.

Figure 11: Food-related energy use by stage in the US

Source: Canning et al., 2017

Looking at energy use trends over time, US food-related energy flows have fluctuated from 1993 to 2012,
but the total energy use in 1993 was nearly the same as 2012. While energy use in the US food system is
not increasing, it is not decreasing at the rate necessary to meet the GHG reduction targets that some
US states have set.
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2.2.2 Food Waste
Stated in simple terms, food loss and waste (FLW) is:
1.
2.

The discarding of resources along the value chain utilized in the production and
distribution of consumer foods and beverages, and
Foods purchased by consumers though not eaten.

As shown in Figure 12, the term “food loss” is typically used to describe the discarding of food that occurs
from production through to processing, while the term “food waste” describes the discarding of food
during its distribution to consumers through retail or foodservice and subsequently in the home. Food
waste also applies to food and beverages that are donated to food rescue organizations but end up being
discarded (Gooch et al., 2019).

Figure 12: Commonly accepted distinction between Food Loss and
Food Waste

Source: Gooch et al., 2019

Food production and consumption is energy
intensive at all stages. When food is produced
and left unharvested or processed, transported
and then not used for human consumption, this
represents a large amount of energy use and GHG
emissions that were unnecessary. According
to research conducted by the Swedish Institute
for Food and Biotechnology (SIK) (Gustavsson
et al. 2011, 2013), roughly one-third of the food
produced for human consumption was lost or
wasted globally in 2007. In high-income countries,
the majority of losses occur at the consumer and
food service stages, whereas in the Global South,
most food losses occur between harvest and the
market (Gustavsson et al. 2011). Food wasted at the
consumer and food service stages embodies the
full footprint of energy use and GHG emissions.
Reducing food waste can eliminate GHG emissions
by allowing less food to be produced (Munesue et
al, 2015).
Research demonstrating the magnitude of food
waste and the energy and input losses the waste
represents, has triggered many governments

around the world to set up policies to address the
problem (Munesue et al., 2015). In January 2012,
the European Parliament adopted a resolution to
halve food wastage by 2025 and designated 2014
as the, ‘‘European year against food waste.’’ In
April 2012, the Japanese government introduced a
policy intended to reduce food waste in the food
industry in response to up to 8 million tons of edible
food being wasted in Japan each year, an amount
that is approximately equal to Japan’s annual rice
production in weight (MAFF, 2008).
Research in the US directly links food waste to
the resources that are concomitantly wasted
(Gunders, 2012). Gunders (2012) estimates that
getting food from farm-to-fork consumes 10% of
the total US energy budget, uses 50% of the land,
and consumes 80% of all US freshwater use. Up to
40% of the food in the United States today goes
uneaten. In addition to the GHG emissions from
agriculture production, energy and fuel use and
refrigeration, food waste also contributes to 25%
of U.S. methane emissions when uneaten food is
sent to landfills.
FarmFolk CityFolk
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2.2.3 Energy-Intensive Food Culture
The amount of energy used in the food supply chain from the farm gate to our plates, and the magnitude
of the food waste problem are both connected to the food habits that shape the dominant food
consumption patterns in high income countries. The combination of complex technologies, including
transport, refrigeration, manufacturing and information technology, has created a food system that is
based on the availability of a vast range of products that are of a consistently high quality and are always
available (Garnett, 2011). Consumers in high income countries have come to expect this diversity and
availability of products, however, this abundance and perpetual availability has environmental implications.
As Garnett (ibid, s29) explains:

More products require more space to display them; hence bigger stores with
more lighting, heating and refrigeration. The imperative to produce many
different varieties of the same product (different flavours of yoghurt), reduces
the efficiency of the production plant as equipment needs to be shut and
washed down in preparation for the next line. Greater choice can lead to overpurchasing (Kahn and Wansink, 2004), which in turn generates waste.
The nexus of technologies that have enabled the modern food system to function as it does has shaped
food habits and expectations, in effect technology has shifted food culture. Technological approaches
to reducing greenhouse gas emissions from the transport, manufacturing and refrigeration of our food
is only part of what needs to be considered. Fostering a shift away from further reliance on energyintensive technologies is also an important pathway to reduce GHG emissions and creating space for a
lower-impact food culture to emerge.
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2.3 Energy and Waste in the Canadian
Food System
2.3.1 Energy in the Canadian food system
An estimate of GHG emissions associated with
each step in Canadian food systems has not been
done. This type of analysis is particularly challenging
because Canada is both a major exporter and
major importer of food and agriculture products.
Export and import values combined make Canada
the world’s second largest trader of agricultural
commodities on a per capita basis. In addition to the
complexities introduced from Canada being a major
agriculture commodity trader, food transportation
distances are much higher in Canada than in other
countries. The large distances that agriculture and
food products must travel suggests that the energy
intensity of food transport is significantly higher in
Canada than in countries that are smaller or have
higher population densities.
More research is needed in this area, however,
existing information already points to the best
opportunities to reduce greenhouse gases. The
highest priority emission reduction focus areas
are expected to be related to keeping organic

waste out of landfills (due to methane emissions
produced during decomposition), and reducing
GHG emissions associated with moving and
refrigerating perishable food throughout the
food supply chain. An analysis of the refrigeration
processes and technologies used is important due
to the extremely high global warming potential of
many refrigerants currently in use.
GHG emissions from the disposal of organic
material in landfills is estimated to be about four
per cent of the national greenhouse gas inventory,
and food waste is about half of all organics disposed
(NZWC, 2016). Food-related energy use and
related GHG emissions in Canada likely follow a
similar pattern to the US and UK, which would add
an additional 72Mt CO2e of GHG emissions from
farm-gate to plate to the 72Mt CO2e emissions
from the Canadian agriculture sector. Based on
this rough estimate agriculture and food systems
emissions combined would account for 20% of
Canada’s greenhouse gas emissions.
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2.3.2 Canadian Food Waste
There have been a number of in-depth studies
to quantify and better understand food waste in
Canada. Estimates suggest that about a third of
Canada’s food never gets eaten (NZWC, 2016).
Similar to other high income countries, the
Canadian food system is energy intensive from
farm to plate. Food waste represents a waste of
that energy as well as creating unnecessary GHG
emissions. Due to biological processes, food waste
sent to landfills then generates methane which
contributes even more unnecessary emissions.

In Canada, as in other middle and high-income
regions, the majority of food waste occurs in
the post-harvest stages of the food chain –
in processing, wholesaling, retailing and final
consumption. This is significant because the later
food is wasted along the life cycle, the greater the
environmental consequences per tonne of food
wasted, since the impacts of each tonne accounts
for embedded resources, energy, and labour
involved in processing, packaging, transport,
storage, and cooking.

Figure 13: Where food waste occurs through Canada’s food value chain

Farm

Source: National Zero Waste Canada, 2018

Recent research on food waste by the Commission
for Environmental Cooperation (CEC, 2017)
comparing Canada, the US and Mexico, estimates
that the average Canadian consumer throws out
170 kilograms of food a year. The study confirms
earlier research on where in the food supply chain
losses take place with 46% of food waste occurring
at the consumer stage (ibid).

(ibid) study estimated the environmental and
socio-economic impacts on food loss and waste
across North America. While Canadian impacts are
smaller, due to a population that is approximately
10 times smaller than the US, the estimated impact
of GHG emissions from Canadian food waste is 21
Mt or 3% of total Canadian emissions (based on
2016 emission levels).

On a per capita basis, Canada is among the worst
globally in wasting food. When all stages of the
food supply chain are considered, 396 kilograms
of food per capita is wasted in Canada every year.
That’s compared with 415 kilograms in the United
States and 249 kilograms in Mexico. The part of
the food chain where losses occur is very similar
in Canada and the US, while in Mexico losses at
the consumer stage are much smaller. The CEC

Canadian non-profit Second Harvest, which
focuses on food rescue to serve food insecure
households, released a technical report on food
waste in Canada in 2019 (Gooch et al., 2019). The
report provided the first in-depth look at where in
the Canadian food system food waste occurs, how
much waste occurs and strategies to address the
issue.
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According to their research, two forms of food loss and waste (FLW) occur along the food chain:
1. planned (unavoidable) FLW – such as animal bones; and
2. unplanned / post-processing (avoidable) FLW – such as apples that reach the retail
store, though are not purchased by consumers due to having been bruised in transit.
Because it is preventable, avoidable FLW represents the greatest opportunity to reduce food waste.
Actions that improve the efficiency of the processes
involved in producing, harvesting, manufacturing
and distributing foods and beverages can help
reduce food waste (ibid).

cost. As such, reducing food waste is a way to
substantially reduce food-related GHG emissions
while providing additional benefits for businesses
and communities (Gooch et al., 2019).

The amount of food wasted in Canada is
phenomenal. 35.5 million metric tonnes of food is
lost or wasted each year in Canada. Nearly onethird of that amount is avoidable food waste—the
equivalent of the weight of almost 95 CN Towers.
The value of avoidable food waste is $49.5 billion
or 52% percent of the money Canadians spend
on food purchased from retail stores. The value
of food waste would feed every person living in
Canada for almost 5 months.

This analysis intentionally used lower estimates
for household waste, only 14% of the total, in
comparison to studies in other countries (e.g. 43%
of total FLW in the US23 and 47% of total FLW in
the UK24). The lower estimate was used because of
lack of Canadian research on Canadian household
food waste habits.

The GHG footprint of Canadian food loss and waste
is 56.5 Mt CO2e, that is 75% of total agriculture
sector emissions, including on-farm energy and
fuel use. In addition, avoidable food waste uses
1.4 billion tonnes of water. Food waste represents
an enormous economic, ecological and societal

Research on the energy-intensity of the food supply
chain and in-depth quantification of food loss and
waste has not been done on a provincial scale for
British Columbia. Previous food system research
has focused on gaining a better understanding of
the reliance on imports and the greenhouse gas
emission footprint of the imported components of
foods consumed in BC.
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2.4 BC Perspectives
2.4.1 BC Food Reliance and Footprint of Imports
Research in 2006 (Lee et al.) estimated that
from a consumption perspective, which adjusts
for imports and exports, emissions from the food
that British Columbians eat totaled about 6 million
tonnes of carbon dioxide equivalent, almost triple
the estimate for the province’s agriculture sector.
The large increase in carbon footprint of food
consumed in comparison to food produced is due
in part because of the reliance on imported food.
Approximately half the province’s food is imported
from other regions of Canada or from other nations
(BC Ministry of Agriculture, 2006). Contributing
to the GHG footprint is the import of beef that was
raised to the yearling stage in BC and then finished
in Alberta feedlots.
Using 2007 import and export data obtained
from Industry Canada, and production data from
Statistics Canada, another study assessed the
relative reliance on imports compared to withinprovince production for the major food categories
fruit, vegetables, fish, dairy products and meat.

The study found that of the roughly $3 billion of
food produced in BC in 2007, $1.6 billion of that
was exported, while an additional $2 billion of food
products were imported (Ostry et al., 2011).
While an updated analysis of food imports and
exports is not available, the value of BC’s food
export sector has grown. In 2016, B.C. exported
$2.5 billion worth of agrifood products (AgriService
BC, 2016).
Whether the food consumed in BC is grown locally
or imported, the majority of food consumed is still
reliant on the energy-intensive food supply chain
whose greenhouse gas emission footprint has been
assessed in other high income regions, including
the EU, UK and US. Based on the global body of
research, a conservative estimate can be made
that BC’s GHG footprint for the total food system
is at least double the emissions for the province’s
agriculture sector alone.
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2.4.2 BC Food and Beverage Sector Footprint
The food and beverage sub-sector, is the largest manufacturing industry in BC, surpassing the valueadded wood subsector (BC Alliance for Manufacturing, 2017). In 2016, food and beverage processing
and manufacturing generated $9.8 billion in annual sales13 and employed upwards of 37,000 people,
accounting for 20% of total manufacturing shipments and 4% of the province’s Gross Domestic Product
(GDP). In food processing and distribution alone, over 3,400 businesses operate in BC producing an
estimated 320,000 tonnes of CO2e – this includes emissions associated with electricity and natural gas
use, as well as fuel used by vehicle fleets and emissions from waste sent to landfill (Climate Smart, 2014).
Pathways to reduce emissions and successful examples already exist. Through the Climate Smart Business
program businesses in the BC food and beverage sector have reduced 1,366 tonnes CO2e and achieved
annual cost savings of $430,000 from transport, electricity, waste disposal, and heating—representing
an average 7% annual reduction in emissions. This is discussed further in Section 4.

2.4.3 Food Waste in BC
An in-depth assessment of food loss and waste has not been conducted in BC, however, the amount of
food waste going to BC landfills has been quantified. In B.C., organic wastes make up 40% of municipal
landfill waste by volume. If organic waste is disposed of in a landfill site it generates methane as the waste
breaks down. Increased diversion of organics from other waste streams has become a priority for many
municipalities and a part of the provincial strategy to reduce GHG emissions. Emissions are also being
reduced by converting methane from landfills and the organic waste stream into renewable natural gas,
which can be used for heating or as a transportation fuel. These initiatives have reduced community
waste emissions by 14 per cent from 2007 to 2016. Preventing waste in the first place remains the key
to emission reductions, however, better handling of waste can avoid methane emissions related to food
disposal (Province of BC, 2018).

FarmFolk CityFolk

25

2.5 Conclusion

2.5 Conclusion
The greenhouse gas emissions from the post-production stages of food systems are a substantial
contributor to the total food footprint. Post-production emissions contribute a higher share of total food
emissions in high-income countries. Research from the US, UK and EU suggests that post-production
emissions are roughly equal to on-farm production emissions, making food-related emissions about
double the agriculture sector’s impact. An in-depth analysis of Canadian food system emissions has not
been done. Because Canada is both a major exporter and importer of agriculture and food products,
it is difficult to fully assess food system greenhouse gas emissions. However, based on trends in other
high-income countries, it is likely that Canada’s food system greenhouse gas emissions are roughly equal
to agriculture sector emissions. Based on this estimate, the agriculture sector would contribute 10% of
Canada’s national emissions and post-production food supply chain would contribute a further 10%.
Energy intensive transport and refrigeration are key drivers in post-production food system emissions.
Food waste is a major contributor as well since food waste sent to landfills releases methane as it breaks
down. The further down the supply chain that food is wasted the greater greenhouse gas emissions the
wasted food embodies. This is particularly pertinent in Canada, and other high income countries, where
research suggests 50% of food waste occurs at the consumer stage. Reducing food waste has a double
impact on greenhouse gas emission reductions, by reducing emissions during the disposal stage and
avoiding emissions associated with production and post-production.
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Section 3

Foodlands as
Carbon Sink

“Soils contain over three times the quantity of organic
carbon found in vegetation and double that of the
atmosphere,” (IPCC, 2000).

Agriculture as an industry emits greenhouse gases, but also has a unique capacity
to act as a carbon dioxide sink, removing atmospheric carbon and incorporating it
into soil. Increasing carbon levels in soil, (referred to as soil organic carbon or SOC),
not only helps to mitigate climate change by reducing atmospheric carbon, it also
improves soil health with benefits to crop yields and the ability of soil to hold water—
useful for adapting to both drought and extreme rainfall events made more frequent
by climate change.
This section presents current initiatives that have brought attention to carbon
sequestration in soils as a part of climate change solutions and an overview of how
carbon is sequestered by soils. A brief description of practices associated with
decreasing and increasing soil organic carbon are provided. The section concludes
with a look at carbon sequestration from the Canadian agriculture context.
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3.2 Current Interest
While soil scientists have been highlighting the potential for carbon sequestration through soils for
more than 20 years (Post et al., 1982), the concept garnered international attention in 2015 when
the French government proposed the “4 per mille” initiative (4p1000.org) based on the premise that
given the estimated 8,900 Mt of annual, global GHG emissions at that time, if the soil around the world
could sequester just 0.4 % of the total pool per year, it would offset current annual fossil fuel emissions.
While estimates vary on the exact amount of carbon agricultural soils could store, there is agreement
that implementing farming practices that maintain or enhance soil organic carbon (SOC) stocks and
protecting carbon rich soils can have a substantial impact on net emissions. Soil carbon sequestration is
regarded as one of only a few strategies that could be applied at large scales and at a relatively low cost
(Paustian et al., 2016).
Soil-focused mitigation projects are now being considered by GHG offset markets globally, and new
initiatives to market ‘low-carbon’ products are on the rise, both of these trends indicate that there
is a growing role for agriculture to play in GHG mitigation (Paustian et al., 2016). The potential to
connect carbon-sequestered in the soil, or in the farm landscape, to carbon markets or markets that
will preferentially purchase low-carbon products, has also caught the attention of agriculture producers.
In Canada, government-industry partners working through the Organic Value Chain Roundtable and
grain producer members of the Saskatchewan Soil Conservation Association have both identified carbon
sequestration and connecting farmers to carbon markets as a priority. The Canadian Forage and Grasslands
Association is leading a national research project to demonstrate to farmers the carbon sequestration
potential of their farmlands and assess how best to connect farmers with carbon markets (AAFC, 2019).
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3.3 How Carbon is Sequestered in Soil
Carbon compounds form the basis of all life on earth. All plants and animals contain carbon in their
tissues. During photosynthesis, plants use the carbon from the carbon dioxide in the air to create
sugars to fuel their metabolism. Animals, in turn, eat plants to get the energy they need. Then, when
the bodies of both plants and animals decompose, they release carbon into the atmosphere.
Atmospheric Carbon
Fossil fuels—coal, petroleum, natural gas—are made up of the bodies of tiny plants and animals that
lived and died millions of years ago and were subsequently buried under various rock formations.
Because fossil fuels are made up of once-living organisms, they contain carbon, and when they’re
burned that carbon is released into the atmosphere.
Carbon Sequestration
Sequestering carbon simply means removing carbon from the air and storing it in a form that’s
stable and won’t easily revert back to its atmospheric form. Planting trees is one technique: trees
incorporate atmospheric carbon into their “biomass” and store it there long-term. A related concept
in industrial production is carbon capture. However, carbon capture refers to the use of special
equipment to prevent carbon dioxide from being released into the atmosphere, transferring it to
underground storage instead.
Carbon in the Soil
Under the right conditions, soil can hold an enormous amount of carbon through carbon
sequestration. All plants offer some measure of carbon storage. Plant residues and root exudates
are how carbon moves into the soil. The root exudates fuel the growth of various beneficial fungi
and bacteria, which, in turn, supply roots with various macro- and micronutrients. Root exudates
also support the formation of humus or soil organic matter (SOM) that improves nearly every aspect
of soil for crop cultivation: nutrient storage, water-holding capacity, and drainage. Humus may be
spongy or gel-like, and the carbon it contains is held in complex, stable molecules, making it an
excellent site for carbon sequestration.
As the soil life digests plant residues, about 15-35% of the annual plant carbon input remains in the
soil beyond the current season as soil organic carbon (SOC), the “backbone” (58% by weight) of soil
organic matter (SOM) (Brady and Weil, 2008). In all natural and agricultural ecosystems, the living
plant is the primary source of SOC, and the soil life mediates soil C sequestration.
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Other factors can also influence the rate of carbon
loss in soil. For example, soil erosion leaches
dissolved carbon into groundwater, reducing
SOC. Soil temperature and moisture levels also
play important roles. In the cold wet climates of
the northern latitudes, rates of photosynthesis
are higher than decomposition, resulting in high
levels of SOC. Arid regions have low levels of SOC
mostly due to low rates of plant growth. Temperate
areas can have high rates of plant growth during
the summer when temperature and moisture
levels are highest, but cool temperatures during
the rest of the year slow plant decomposition, as
a result organic matter slowly builds up over time.
Soil texture, the relative proportions of sand, silt,
and clay particles, can have a significant impact on
soil carbon stocks as well (Ontl, 2012).

Figure 14: Carbon exchange
between the atmosphere and
soil

Figure 15: Components of soil
organic matter
Source: Ontl, 2012
Notes: Carbon balance within the soil (brown box) is
controlled by carbon inputs from photosynthesis and carbon
losses by respiration. Decomposition of roots and root
products by soil fauna and microbes produces humus, a longlived store of SOC.

Source: Schonbeck, 2018

Soil life processes fresh plant residues into Soil
Organic Matter (SOM), converting 10-40% of
the carbon from plants into Soil Organic Carbon
(SOC) that is sequestered in the soil. While active
SOC can turn over relatively rapidly and be
released back into the atmosphere, the stabilized
fraction (33-50%) can remain sequestered in the
soil for decades to millennia. More than half of
the world’s SOC occurs below the “plow layer”,
in layers of the soil that are deeper than what
agriculture production would disturb. Most of the
deep SOC comes from deep rooted plants, which
gives crops with deep, extensive root systems an
important role to play in soil carbon sequestration
(Ontl, 2012).
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3.4 The link between soil carbon and
soil health
One of the reasons that carbon sequestration through soil management is gaining so much interest from
agriculture researchers and producers is that maintaining and enhancing soil organic matter (or carbon)
content is widely recognized as a key indicator and contributor to soil quality and health. The ability to
mitigate the impacts of climate change by sequestering atmospheric carbon and improve the adaptability
or resilience of agriculture production at the same time is a clear win-win situation.

The benefits of greater levels of soil organic carbon, include:
•

Improvement of soil quality through increased retention of water and nutrients,
resulting in greater productivity of plants in natural environments and agricultural
settings,

•

Improved soil structure and reduced erosion, leading to improved water quality in
groundwater and surface waters,

•

Increased food security and decreased negative impacts to ecosystems (Ontl, 2012;
FAO, 2017).

In addition, sequestering carbon through greater soil organic matter can also help offset agriculture
production emissions, including fossil fuel use, nitrous oxide and methane emissions (FAO, 2017).
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3.5 How farm management affects
carbon
When land is converted from native forests, wetlands or grasslands very large amounts of carbon can
be added to the atmosphere. Since the dawn of agriculture 10,000 years ago, land use conversion has
oxidized some 468 billion tonnes of biosphere carbon (from soils, vegetation and wetlands) to CO2 (Lal,
2016), equivalent to 34 years’ worth of total global GHG at current emissions rates. These losses have
slowed in recent decades and now represent 8-12% of total global emissions (IPCC, 2014). Converting
temperate forest or prairie to cropland can degrade 30-50% of native soil organic carbon over a 50-year
period, and clearing tropical forest can destroy 75% within 25 years (Lal, 2016).
The carbon in the active fraction of soil organic carbon converts to carbon dioxide at about 60 billion
tonnes annually (Brady and Weil, 2008). Most of the carbon is recaptured through new plant growth, but
net losses have been estimated at about 1.8 billion tonnes carbon per year. Importantly, half of that is a
result of soil erosion (Brady and Weil, 2008; Harden et al., 2018). When these soil organic carbon losses
are added to direct agricultural GHG emissions, agriculture and land use account for about 25% of global
anthropogenic GHG (IPCC, 2014; Teague, 2018).
Carbon losses from farm management
Farm-level management practices can contribute to both soil organic carbon losses or gains. Harvest
removes a significant portion of crop-fixed carbon, leaving less for the soil. Tillage and overgrazing
accelerate decomposition of soil organic matter, and expose the soil to wind and water erosion, which
remove carbon-rich soil particles and cause major soil organic carbon losses (Lal, 2003; Olson et al., 2016;
Osmond et al., 2014; Teague et al., 2016). In addition, tillage and the application of inorganic fertilizers
and biocides inhibit the ability of the soil to sequester carbon because they harm the soil microbes critical
to the sequestration process (Khan, 2007; Leigh, 2009).
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3.6 Practices that increase carbon
sequestration
Farming and land management practices can reverse the trend of carbon losses from soil and plants.
Individual practices such as cover cropping and reducing tillage can sequester some carbon, however,
integrated systems such as conservation agriculture, regenerative cropping, agroforestry, and adaptive
multi-paddock grazing (AMP) show much greater carbon sequestration potential over the long term as
shown in Table 3.

Table 3: Estimated soil organic carbon (SOC) accrual rates by farming
system/practice
Cropland practices

SOC sequestered (lb/acre/year)

References

Regenerative cropping systems

2,400

Aguillera et al, 2013; Gattinger
et al, 2012, Teague et al, 2016

Conservation agriculture

600 - 1,000

Lal, 2016

Cover crop with no-till
440 - 800
Organic system, long term field crop 400 - 600
farming system trials
Continuous no-till
510
Diversified crop rotation (e.g. 4 year, 180 - 470
4 crops vs. 2 year corn-soy)

Lal, 2015
Coulter, 2012; Delate et al.,
2015; Cavigelli et al, 2013;
Rodale, 2015
West and Post, 2002
West & Post, 2002; Alhameid et
al, 2017; Lehman et al, 2017

Cover crop (NRCS practice)

135 - 195

Chambers et al, 2016

Adaptive multi-paddock grazing
(AMP)

2,400

Machmuller et al, 2015; Wang et
al, 2015; Teague et al, 2016

Prescribed grazing (NRCS practice)

150 - 400

Chambers et al, 2016

Agroforestry, tropical region
Agroforestry, temperate region
Conservation Reserve Program
(NRCS)

6,320
3,700
3,600

Feliciano et al, 2018
Feliciano et al, 2018
Manale et al, 2016

Agroforestry, arid to semi-arid
regions
Converting cropland to grassland/
prairie

2,400

Feliciano et al, 2018

>2,000

Jones, 2010

375 - 850

Chambers et al, 2016

Grazing lands practices

Perennial conservation plantings

Field border, filter strip, other
herbaceous perennial conservation
planting (NRCS)
Source: Schonbeck et al., 2018
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3.6.1 Regenerative Agriculture
Regenerative agriculture is an approach to annual cropping that aims to enhance and sustain the health of
the soil by restoring its carbon content, which in turn improves productivity, without the use of synthetic
fertilizers or inputs. Regenerative agricultural practices include:
•• no or reduced tillage,
•• diverse cover crops,
•• compost application,
•• no synthetic pesticides or fertilizers (organic practices), and
•• multiple crop rotations.
In Project Drawdown’s global assessment of potential GHG reductions from climate solutions regenerative
agriculture is defined as any annual cropping system that includes at least four of the above practices
(Hawken, 2017). What is unique about regenerative agriculture is the combination of the reduced tillage
approach of conservation agriculture and the application of non-synthetic fertilizers found in organic
and agroecological annual cropping practices. The assessment found that following these practices can
increase soil carbon levels from a baseline of 1 to 2 percent up to 5 to 8 percent over ten or more years,
which can add up to 25 to 60 tons of carbon per acre (ibid). The wide adoption potential of regenerative
agriculture led to it ranking #11 among 80 solutions to mitigate greenhouse gas emissions. In the future
best-case scenario models used regenerative agriculture practices replaced conventional annual cropping
and conservation agriculture practices.

3.6.2 Conservation Agriculture
Conservation agriculture was developed in Brazil and Argentina in the 1970s, and adheres to three core
principles:
1.

Minimize soil disturbance: reduced or no tilling, farmers seed directly into the soil.

2.

Maintain soil cover: farmers leave crop residues after harvesting or grow cover crops.

3.

Manage crop rotation: farmers change what is grown and where

Climate change mitigation from conservation agriculture is through reduced emissions from tillage
and soil carbon sequestration. In addition, enhanced levels of soil organic carbon also make soils more
resilient to climate-change related events such as long droughts and heavy downpours, providing a value
for adaptation as well as mitigation (Hawken, 2017). Based on GHG emissions reporting, the benefits
of increased carbon sequestration achieved through conservation agriculture are being limited by the
increased reliance on nitrogen fertilizers and the resulting N2O emissions.
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3.6.3 Organic Agriculture
In late 2018, the US-based Organic Farming Research Foundation released a report investigating the
carbon sequestration potential of organic farming and how carbon sequestration can best be maximized
under organic management (Shonbeck et al., 2018).
Organic agriculture, “is a production system that sustains the health of soils, ecosystems and people.
It relies on ecological processes, biodiversity and cycles adapted to local conditions, rather than the
use of inputs with adverse effects,” (IFOAM, 2019). Despite the emphasis of organic agriculture on soil
and ecological health, numerous assessments of the overall greenhouse gas emissions and sequestration
impacts of organic farming have been conducted, with widely varying results. There are concerns that
organic production has higher net emissions or lower carbon sequestration potential than conventional
practices due to:
•• Lower crop yields in organic production reduce crop residue returns to the soil and increase
GHG emissions per unit output (Lorenz & Lal, 2016)
•• Greater reliance on tillage to manage weeds and cover crops degrades soil organic matter
(USDA, NRCS, 2011)
•• Soil organic carbon gains from off-farm organic inputs do not represent net carbon
sequestration (Gattinger et al., 2012).
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To make sense of conflicting results, a quantitative review of multiple studies was done to gain a
better understanding of how organic management across diverse regions, climates and soils affects
soil organic carbon and carbon sequestration. The following results from meta-analyses, reviews
and large scale studies were summarized by the report authors (Shonbeck et al., 2018 p. 10):
•

Soil samples from 659 organic fields and 728 conventional fields across the U.S.
showed 13% higher total SOM and 53% higher stable SOM (“humic substances”) in
organically managed soils compared to conventional (Ghabbour et al., 2017).

•

In 56 studies in humid-temperate, arid, and tropical regions on six continents, organic
systems averaged 19% higher total SOC, 41% higher microbial biomass C, and 3284% higher levels of several enzymes important to nutrient cycling (Lori et al., 2017).

•

In 20 studies across five continents, organic systems accrued an average of 490 lb
C/ac-yr compared to just 80 lb C/ac-yr for conventional systems (Gattinger et al.,
2012).

•

In six long-term farming systems trials in CA, IA, MD, MN, PA, and WI, organic systems
accrued more SOC than conventional (Delate et al., 2015b). Organic systems with
tillage outperformed conventional no-till in the MD trial (Cavigelli et al., 2013).

•

In a meta-analysis of 38 studies, organic N sources lost about 0.57% of their N
content as N2O, compared to 1.0% or more for synthetic N fertilizers (Charles et al.,
2017).

•

Based on 12 studies, organically managed soils emitted significantly less N2O and
absorbed slightly more CH4 per acre than conventional soils; however soil GHG
emissions per unit output were slightly higher for organic systems (Skinner et al.,
2014).

•

Organic systems showed lower total GHG emissions per unit output than conventional
in 72 out of 121 direct comparisons, while the remaining 49 comparisons showed
similar or greater GHG emissions in the organic systems (Lee et al., 2015).

•

A review of 115 studies with over 1,000 observations found organic yields averaging
19% lower than conventional yields (Ponisio et al., 2014).

•

Statistical analysis of U.S. agriculture indicates that the growth in USDA certified
organic acreage has correlated with an increase in agricultural GHG emissions,
likely because many organic farms have not adopted integrated, sustainable, SOCbuilding systems (McGee, 2015).

The study authors conclude that best organic management practices can build SOC and soil health,
and potentially reduce GHG emissions. However, adoption of sustainable organic systems, along
with further research, development and demonstration is needed to optimize net climate impact
(Shonbeck et al., 2018).
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3.6.4 Agroforestry
Multistrata agroforestry mimics natural forest ecosystems by maximizing both horizontal and vertical
growing spaces, blending an overstory of taller trees and an understory of one or more layers of crops
(Hawken, 2017). The blend of plants varies by region and culture, but the principles are the same. By
mimicking forests, multistrata systems can:
•• Prevent erosion and flooding
•• Recharge groundwater
•• Restore degraded land and soils
•• Support biodiversity by providing habitat and corridors between fragmented ecosystems
•• Absorb and store carbon
Multistrata agroforestry can successfully sequester carbon at the same rate as forest restoration, with the
added benefit of producing food. An important consideration when looking towards future population
growth and food needs.
Multistrata agroforestry systems can also take advantage of steep slopes and degraded croplands, that
are not suitable for annual cropping. They can also relieve pressures from natural forests by providing
firewood. However, costs to establish a complex system and the labour required for establishing and
maintaining agroforestry systems can be high.
Agroforestry systems can also be incorporated into agricultural land management, sequestering carbon
on less-productive land or sensitive habitats while offering a suite of additional benefits, such as reducing
erosion and evaporation, promoting pollination, and improving air quality (ibid)

3.6.5 Silvopasture
Silvopasture is the practice of integrating trees and pasture into a single system for raising livestock.
Research suggests silvopasture far outpaces any grassland technique for counteracting the methane
emissions of livestock and sequestering carbon in the soil. Pastures with trees sequester five to ten times
as much carbon as those of the same size that do not have trees, storing it in both biomass and soil
(Hawken, 2017).
Silvopasture can also offer financial benefits for farmers and ranchers with livestock, trees, and any
additional forestry products, such as nuts, fruit, and mushrooms, generating income on different time
horizons. With higher levels of soil organic carbon, and trees offering some weather protection for
cattle, silvopasture also helps farmers adapt to weather extremes, increased drought and extreme heat.
However, silvopasture often runs counter to farming norms and can be costly and slow to implement.
Research conducted through the University of Alberta comparing silvopasture, hedgerow and shelterbelt
systems, found that silvopasture systems provided the greatest potential to increase soil carbon
sequestration because they led to a larger reduction in carbon dioxide emissions from soil microorganisms.
However, the research showed opportunities existed for enhancing soil carbon storage and stability, while
also reducing GHG emissions, through the integration of both forest and grasslands within agricultural
landscapes (Baah-Acheamfour, 2016).
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3.6.6 Managed Grazing
Managed grazing imitates the behaviours of wild migratory herds, such as buffalo, that cluster tightly for
protection; munch grasses to the crown; disturb the soil with their hooves, intermixing their urine and
feces; and then move on. The two key variables that need to be managed to mimic this behaviour are: how
long livestock grazes a specific area and how long the land rests before animals return. There are three
managed-grazing techniques that improve soil health, carbon sequestration, water retention, and forage
productivity:
1.

Improved continuous grazing adjusts standard grazing practices and decreases the
number of animals per acre.

2.

Rotational grazing moves livestock to fresh paddocks or pastures, allowing those
already grazed to recover.

3.

Adaptive multi-paddock grazing shifts animals through smaller paddocks in quick
succession, after which the land is given time to recover.

Managed grazing can sequester from one-half to three tons of carbon per acre, and research has shown
that grazing animals can sequester more carbon dioxide equivalents than the emissions generated by
ruminants (cattle, sheep, goats, etc.) through their digestive process that emit methane (Hawken, 2017).

3.6.7 Carbon sequestration through nonproduction areas
The parts of agricultural land that is not used for production can also provide an important way to increase
carbon sequestration. Riparian buffers (a vegetated area near a stream, which helps shade and partially
protect the stream from the impact of adjacent land uses), hedgerows, and grassland set asides are three
practices that are already supported through Environmental Farm Plan Beneficial Management Practices
and other conservation-oriented programs for their benefits to water and biodiversity management.
Carbon sequestration is an added benefit.
In one California study, riparian and hedgerow habitats with woody vegetation stored 18% of the farmscape’s total carbon (C), despite occupying only 6% of the total area. Total carbon storage in soil and
wood was greatest in the riparian corridor, largely due to woody biomass; it was twice that found in
hedgerows, and more than three times that of the other habitats (Smukler et al., 2010).
Planting depleted or marginal cropland to perennial sod or trees also stores substantial C in soil and plant
biomass (Feliciano et al., 2018; Jones, 2010). Cropland soils adjacent to tree lines (boundary plantings or
alley crops) benefit from leaf litter, which enhances SOC and fertility up to a distance equal to tree height
(Pardon et al., 2017).
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3.6.8 Carbon farming
Carbon farming is an approach that incorporates many of the practices described above and combines
them into a farm management plan that seeks to maximize carbon sequestration, in both soil and plant
material, as its primary goal. California based non-profits, Marin Carbon Project and the Carbon Cycle
Institute, have been leaders in developing and demonstrating this approach and have collaborated with
University of California, Berkeley researchers to quantity carbon sequestration from practices such as
compost use and restoration of riparian areas on agricultural lands (Carbon Cycle, 2019).
When developing carbon farm plans for farmers or ranchers they focus on incorporating conservation
practices already recommended by the USDA’s Natural Resource Conservation Service (NRCS). At least
thirty-two on-farm conservation practices have been identified that improve soil health and sequester
carbon, while producing important co-benefits, such as increasing water retention, hydrological function,
biodiversity, and resilience.
When working with a producer, they develop a Carbon Farm Plan (CFP) by assessing all the opportunities
for GHG reduction and carbon sequestration on their specific property. They then use an online tool
(COMET) that quantifies GHG benefits. The carbon farming practices often also address other ecosystem
health issues, including groundwater and surface water degradation, avoiding methane emissions and air
quality issues of conventional on-farm nutrient and waste management, or improving the water holding
capacity of soils.

Table 4: Summary of the carbon capture potential of recommended
practices
Practice

Average Annual CO2e
Reduction

20 yr CO2e Reduction

CO2e Reduction at
Maturity

Rangeland compost

88 MT

1,760 MT

1,760 MT

Range planting

44 MT

880 MT

880 MT

Windbreaks

3.65 MT

73 MT

406 MT

Prescribed grazing

56 MT

1,120 MT

1,120 MT

Riparian forest buffer

77 MT

1,555 MT

6,241 MT

Riparian herbaceous cover 36 MT

720 MT

720 MT

No till

24.5 MT

490 MT

490 MT

Critical area planting

18.7 MT

374 MT

374 MT

Field border

12 MT

240 MT

966 MT

Silvopasture

49 MT

991 MT

3,988 MT

TOTAL

408 MT

8,203 MT

16,945 MT

Source: Carbon Cycle, 2019
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Carbon farming is an approach that incorporates many of the practices described above and combines
them into a farm management plan that seeks to maximize carbon sequestration, in both soil and plant
material, as its primary goal. California based non-profits, Marin Carbon Project and the Carbon Cycle
Institute, have been leaders in developing and demonstrating this approach and have collaborated with
University of California, Berkeley researchers to quantity carbon sequestration from practices such as
compost use and restoration of riparian areas on agricultural lands (Carbon Cycle, 2019).
When developing carbon farm plans for farmers or ranchers they focus on incorporating conservation
practices already recommended by the USDA’s Natural Resource Conservation Service (NRCS). At least
thirty-two on-farm conservation practices have been identified that improve soil health and sequester
carbon, while producing important co-benefits, such as increasing water retention, hydrological function,
biodiversity, and resilience.
When working with a producer, they develop a Carbon Farm Plan (CFP) by assessing all the opportunities
for GHG reduction and carbon sequestration on their specific property. They then use an online tool
(COMET) that quantifies GHG benefits. The carbon farming practices often also address other ecosystem
health issues, including groundwater and surface water degradation, avoiding methane emissions and air
quality issues of conventional on-farm nutrient and waste management, or improving the water holding
capacity of soils.
The total Mt of carbon that could potentially be sequestered over a 20 year time period on a single ranch
is equivalent to 1,742 cars taken off the road for one year. At maturity, the total carbon sequestered is
equivalent to removing 3,598 cars.
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3.7 Gardening for Carbon Management
Even home gardeners can manage their soils for carbon management. The same principles apply to
improving carbon sequestration on a home scale as they do on a large scale, and introducing these
practices to home gardeners can increase awareness of the important role soils play in mitigating climate
change. Just like on the farm scale, practices to be avoided include: plowing, rototilling, and extensive
digging. These all break up the fungal networks and expose buried soil to the air, which allows previously
stored carbon to be “released” into the atmosphere. Also, at the end of the growing season, allowing soils
to remain bare over the winter deprives soil organisms of their food supply and the insulating effects of a
winter “blanket” (Kids Gardening, 2019).
Recommended practices for home gardeners:
•• Disturb the soil as little as possible. Till or plow only if you must to break new ground. In
established beds, gently remove weeds without tilling.
•• Never allow soil to remain bare. During the growing season, cover soil with an organic mulch,
such as straw, bark mulch, or pine straw.
•• During the off-season, plant a cover crop to nurture the soil ecosystem, deter weeds, prevent
soil compaction from heavy rains, and add nutrients.
•• Include some perennial plants in your annual flower and vegetable beds. These plants’ roots—
and the carbon they contain—remain intact year-round.
•• Add compost—homemade or purchased—to soil every year. Soil microbes consume organic
matter, such as compost, and need to have a continual supply.
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3.8 Canadian Perspectives
Federal researchers have been tracking soil organic carbon in Canadian agriculture lands and this
information can be used to inform strategies for further carbon sequestration. Agriculture and Agri-Food
Canada developed the Soil Organic Matter Indicator to assess how organic carbon levels in Canadian
agricultural soils are changing over time. The indicator is designed to provide a useful picture of soil
health and an estimate of how much carbon dioxide has been removed from the atmosphere by plants
and stored, or sequestered, as soil organic carbon in agricultural soils. The indicator has been used to
track soil organic matter associated with Canadian agricultural activities from 1981 to 2011 (AAFC, 2016).

Figure 16: Rate of change in soil organic carbon in agriculture land
from 1981 to 2011

Source: AAFC, 2016

From 1981 to 2011 soil organic carbon has been increasing in western Canadian cropland, while cropland
in Ontario, Quebec and the Maritimes continues to lose soil organic carbon. The primary reason for the
improvement in this indicator in Canada is due to the shift away from summerfallow and intensive tillage
in the Prairie region. Both of these practices remove or prevent the build-up of soil organic matter–and
therefore carbon. Because the Prairie region accounts for over 85% of farmland in Canada, changes in
these provinces significantly impact the national averages.
Between 1981 and 2011, eastern Canada has experienced a gradual shift away from perennial crops such
as pasture and forage, towards annual crops such as cereals and oilseeds. Annual crops tend to contribute
very little to soil carbon reserves and so these changes have resulted in a reduction in soil carbon levels in
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these regions. The main reason for these changes in land use is due to the decline in Canada’s cattle herd.
Canada’s beef cattle population peaked in 2006 and then experienced a decline primarily attributed
to the bovine spongiform encephalopathy (BSE) crisis in 2003–2004. In the case of the dairy industry,
increased efficiencies have led to fewer head of dairy cows (a decline from 1.8 million down to around 1
million head), without a decline in milk production (AAFC, 2016).
In BC, the majority of agricultural land experienced a moderate change in SOC from 1981 to 2011
(between -600 to 600 kg/ha). Several small pockets had severe losses, including farmland near Delta,
Cowichan Valley, Terrace and southwest of Williams Lake. Substantial gains in SOC were observed on
some agriculture lands in the Peace River region, while other land in that area experienced moderate
changes or losses.
Although Canadian farmers have already sequestered a large quantity of carbon in cropland soils, they
likely can continue to sequester at least an additional 17.8 Mt C year-1 through 2030 (Fan et al., 2019).
There are opportunities to increase carbon sequestration by developing strategies to build soil organic
carbon on moderately to severely degraded soils as well as croplands where substantial amounts of
carbon have already been sequestered.
Focusing on developing strategies that will encourage those who farm the 6.2 Mha of moderately to
severely degraded soils, mainly in Central and Atlantic Canada, to sequester carbon will also improve soil
health (Minasney et al., 2018).
Ongoing research in the Prairie provinces suggest that increases in SOC sequestration can be sustained
over a longer period than originally thought. An early soil systems computer model, the Century Model,
assumed that carbon sequestration into the soil under no-till or zero-till seeding would peak after a period
of 20 to 30 years and would then decline over time until the soil reached a point of saturation and would
no longer sequester CO2. The Prairie Soil Carbon Balance Project (PSCBP), which was the result of the
partnership between the Saskatchewan Soil Conservation Association and AAFC soil scientists, as well as
other research in Saskatchewan, has raised questions about these early assumptions. Their findings have
shown that sequestration is going deeper into the prairie soil than initially believed and the sequestration
rates are continuing at a higher level longer than expected (SSCA, 2017).
Crop choice also makes a difference. “Based on a modelling approach, our results show that increasing
crop yields and adopting crop mixes that input proportionately more below-ground C, such as canola
and oat, showed additional opportunity to sequester SOC,” explains Brian McConkey, research scientist
with AAFC in Swift Current, Saskatchewan. The majority of carbon input from canola to the soil is mostly
above-ground residue and roots that grow near the surface. Canola also has a larger below-ground root
mass than most other annual crops, which could add a third more to the total carbon sequestration
(Fleury, 2018).
While carbon sequestration can be improved for annual crop production, perennial systems still provide
greater carbon sequestration benefits. A global meta-analysis found that on average, the conversion of
grassland to farmland resulted in a loss of 0.89 Mg C ha/year and the conversion of forest to farmland,
led to a loss of 1.74 Mg C ha/year (Deng, 2016).
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Grassland set-asides and pasture-based grazing systems have a unique role to play in maximizing carbon
sequestration in Canadian food production systems:
•• In temperate climates, natural grasslands have greater carbon sequestering ability per
hectare than agricultural fields, but less than forests.
•• Most of the sequestering ability in grasslands is in the below-ground root biomass.
•• Late seral grasslands, with larger above- and below-ground biomass, more perennial species,
and more litter accumulation, can sequester more carbon than early seral grasslands.
•• Burning grasslands releases carbon back into the atmosphere. However, if occasional burning
contributes to the maintenance of a vigorous late seral grassland community, a long-term
net carbon sequestration gain can be expected.
•• Ruminant grazing animals produce methane, which is a powerful greenhouse gas. However,
the greenhouse gas contribution of a hectare of native grassland grazed by ruminants
is likely to be less than if that hectare were converted to agriculture or to a subdivision
(Gayton, 2018).
Potential trade-offs
Strategies to maximize carbon sequestration need to recognize and assess how practices that build
soil organic carbon (SOC) impact other ecosystem services. As explained in a paper prepared for the
Canadian Agri-Food Policy Institute (Smukler, 2019), it is often assumed that many ecosystem service
co-benefits come with carbon sequestration practices, but potential trade-offs may include:
•• Application of fertilizers and manures to improve yields and build SOC can lead to increased
N2O emissions
•• Reduction of tillage can lead to increased nitrous oxide N2O emissions
•• Manure applications can lead to increased losses of nitrogen and phosphorus into the
environment
•• Bringing additional land into agricultural production to increase the efficiency of the farming
operation can result in an increase in net emissions due to the loss of carbon stored in
woody plants
•• Loss of woody plants can result in a loss of habitat for a wide range of species
Soil carbon sequestration practices may have both direct and indirect impacts on other ecosystems
services. To date, even as Canadian agriculture land has on average seen a steady increase in soil organic
carbon, when the emissions associated with the increasing intensification of agricultural practices are
accounted for there has been little to no net change in the impact on emissions. For agriculture to become
an effective sink for emissions, practices that increase carbon sequestration must be accompanied with
efforts to reduce emissions, including improved manure management and reduced reliance on fertilizers,
herbicides and pesticides (ibid).
An assessment of the environmental performance of the Canadian agriculture sector conducted by
Agriculture and Agri-Food Canada found that between 1981 and 2011, use of pesticides, nitrogen
fertilizers and phosphorus fertilizers have increased by 19%, 34% and 42% respectively (Cerkowniak D.
et al., 2016). Herbicide use has also risen dramatically. In Alberta, for example, the amount of herbicide
sold in the province nearly doubled from 2003 to 2013. Sales of glyphosate, a top selling herbicide,
nearly quadrupled between 1998 and 2013 with 8.7 million kg of the product sold in Alberta alone in 2013
(Arnason, 2016). There is much room for improvement across numerous indicators of agri-environmental
sustainability and a need to adopt practices that address them all simultaneously (Smukler, 2019).
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3.9 Conclusion
Carbon sequestration in agricultural lands holds significant potential for mitigating greenhouse gas
emissions by storing atmospheric carbon in soil and plant material. There is a wide range of practices that
can build soil organic matter and sequester carbon. Some, such as conservation tillage, have been broadly
adopted, but can result in increased greenhouse gas emissions.
There is an opportunity to further shift agricultural practices towards ones that focus on building soil
health and diversifying production systems to reduce the need for external inputs.
Regenerative agriculture or carbon farm planning offer integrated approaches that incorporate multiple
strategies for building soil health, storing carbon, and reducing reliance on external inputs. These practices
can also provide additional co-benefits, such as improved water holding capacity and increased habitat
for biodiversity. The integration of livestock and annual crop production is an important part of these
approaches, diversifying production, breaking up pest cycles and providing manure to replace synthetic
fertilizers. A careful approach when selecting and promoting agricultural management practices can help
ensure the greatest benefits are accrued without unintended consequences. Agricultural practices that
can store carbon, produce nutrient-rich food, improve water management, and provide greater habitat
for biodiversity should be prioritized.
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4.1 Introduction
The good news is that there are already research-backed practices that can
effectively reduce greenhouse gas emissions from agriculture production
and food systems. The challenge ahead is to broaden the adoption of lowemissions practices. Farmers are already headed in this direction. Globally,
nearly one-third of the world’s farms have adopted more environmentally
friendly practices while continuing to be productive (Pretty et al., 2018).
The agriculture sector is uniquely positioned to play a role in mitigating
climate change: emissions can be reduced, carbon can be sequestered in
soils and plant material and bioenergy can be produced from agricultural
by-products. For both agricultural producers and food businesses, lowering
emissions can go hand-in-hand with reducing costs, improving economic
outcomes for producers and businesses of all scales. In the agriculture sector,
greenhouse gas emissions can be an indication of nutrient losses from the
farm, an inefficiency that can result in economic losses to the producer. In the
food system, fuel and electricity costs can be lowered when more efficient
practices and technologies are put in place. In addition, there is a growing
interest in sustainable sourcing among all parts of food and agricultural
supply chains, which means there are increasing opportunities for producers
and businesses who take steps to lower greenhouse gas emissions to be
rewarded in the marketplace through market access, preferred sourcing and
potentially higher prices or other incentives.
This section looks at incentives to speed up shifts to practices that lower
emissions along the full food chain as well as best practices that are already in
use at the farm, supply chain and policy levels. These leading edge practices
and policies point the way forward for reducing emissions across the Canadian
food and agriculture sectors. This section concludes with a summary of
recommendations for how best to support a transformation in the Canadian
agriculture and food system towards drastically lower net emissions and
greater resiliency.
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4.2 Best practices and priorities for onfarm GHG reductions
4.2.1 Dairy
The cattle and dairy industries are the two largest sources of methane in the Canadian agriculture sector
with emissions coming from both enteric fermentation and manure management. Canadian dairy industry
life cycle assessments highlight the relatively high impact that livestock management—which represent
enteric fermentation emissions—have on the total carbon footprint of the industry. Feed production,
addressed in cropland emission reductions below, and manure management also contribute a substantial
share of emissions.

Figure 17: Relative contribution of the life cycle stage to the Canadian
milk carbon footprint

Source: Groupe Ageco, 2018

Enteric fermentation, labelled “livestock management” in Figure 17, is the largest contributor to the
carbon footprint of Canadian dairy products. Reductions in enteric fermentation for both cattle and
dairy require changes in feed to reduce the amount of methane emitted. Improving forage quality,
changing feed ingredient proportions and the use of feed supplements that affect the gut bacteria that
emit methane have been shown to drastically reduce methane emissions, with studies showing reductions
from 40% - 75% (Haque, 2018).
Manure management, while contributing a smaller proportion of the dairy carbon footprint, can be
managed in ways that improve the feed production footprint and generate renewable energy. Anaerobic
digestion is the most effective option for manure management. Manure and food waste is processed in an
enclosed vessel with the aid of micro-organisms in an oxygen deprived environment. Anaerobic digestion
produces biogas, which consists primarily of methane and carbon dioxide. For this reason these systems
are commonly referred to as “biogas systems.”
Depending on the system design, the biogas can be used for electricity and heating, burned as a fuel
in a boiler or furnace, or cleaned (“upgraded”) and used as a natural gas replacement. Upgraded biogas
is often referred to as renewable natural gas (RNG) and can be sold to provincial utilities. Currently in
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Canada these systems are most widely used in Ontario and Quebec. More producers are investing in the
technology for a range of benefits (OMAFRA, 2015):
•• Production of renewable energy
•• Reduced odour and pathogen levels in the manure
•• Reduced greenhouse gas production from the farmstead
•• Improved fertilizer value of the manure
•• Use of existing or purpose-grown crops for energy production
In British Columbia, a number of leading edge dairy producers have implemented anaerobic digesters
to cut their GHG emissions from manure and provide additional environmental and economic benefits.
Seabreeze Dairy in Delta began working with CH Four Biogas, a Coquitlam company that specializes in
anaerobic digestion in 2012. They process manure with organic waste from Metro Vancouver to produces
biogas that is then sold to Fortis BC as renewable natural gas (Stewart, 2015).
A new on-farm biogas facility is being developed on Vancouver Island as a cooperative initiated by four
dairy farms in Cobble Hill and Cowichan Bay. Collectively, the farms milk around 400 dairy cows, and
have been farming in the area for three generations. The cooperative biogas facility will convert 20,000
tonnes/year of dairy manure and 19,000 tonnes/year of unused food into biogas that will be sold to
FortisBC as renewable natural gas. The annual biogas production will provide 100,000 GJ of renewable
natural gas, enough to heat 1,100 homes every year while reducing local carbon dioxide emissions by
9,800 tonnes/year. The emissions saved equates to taking 2,100 vehicles off the road every year.
The biogas system is also being designed to remove all of the nutrients from the digestate to produce
a solid nutrient-rich organic fertilizer that can be returned to the four participating dairy farms to grow
their crops, improving fertilizer efficiency and reducing long term costs (Cobble Hill Biogas, 2019).
These examples highlight how changes in production systems and farm management can contribute to
climate change mitigation while also providing other important environmental and economic benefits.
While the cost of anaerobic digesters can be prohibitive for smaller operators, cooperative solutions can
address this challenge. There are also cost share programs for manure management Beneficial Management
Practices that reduce nitrous oxide and methane emissions available through the Environmental Farm
Plan in British Columbia and similar programs in other jurisdictions.

4.2.2 Beef Cattle
For beef cattle, which have been identified as the largest livestock-sector contributor to greenhouse
gas (GHG) emissions, much debate and research has looked at the footprint of different types of grazing
and management systems in an attempt to quantify the impacts of beef production and highlight lower
impact production options. Several studies using Life Cycle Analysis have concluded that grass-finished
beef systems have greater GHG intensities than feedlot-finished beef systems. However, a recent study
that compared adaptive multi-paddock (AMP) grazing with feedlot production found the rotational
grazing system used in AMP allowed for more carbon to be sequestered in the soil than continuous
grazing systems that were evaluated in earlier research. By managing for more optimal forage growth
and recovery, grazing can improve animal and forage productivity, potentially sequestering more soil
organic carbon (SOC) than continuous grazing. The research, continued in the Upper Midwest USA,
suggests that AMP grazing can contribute to climate change mitigation through SOC sequestration and
challenges existing conclusions that only feedlot-intensification reduces the overall beef GHG footprint
through greater productivity (Stanley et al., 2018). Even in production systems associated with high GHG
emissions there are opportunities to lower the overall GHG footprint in both the short and long term.
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4.2.3 Crop Production
The largest greenhouse gas emission contributor from Canadian crop production is nitrous oxide
emissions from nitrogen fertilizer application. With 85% of Canadian cropland acreage located in the
Prairie provinces, reduction efforts can be targeted there. However, many of the approaches to reducing
nitrous oxide emissions can be broadly applied to annual crop production systems.

Increasing the precision of fertilizer use
The most obvious action to reduce nitrous oxide emissions is to reduce the overall amount of nitrogen
fertilizer being used by applying fertilizers more precisely. Nitrous oxide is primarily produced from an
excess of available nitrogen in soils, emissions can be reduced by following the 4R Nutrient Stewardship
approach being promoted by the Canadian fertilizer industry:
•• Right source - Matches fertilizer type to crop needs.
•• @ Right Rate - Matches amount of fertilizer type crop needs.
•• Right Time - Makes nutrients available when crops needs them.
•• Right Place - Keep nutrients where crops can use them
These practices, designed to increase the precision of fertilizer use, reduce the amount of excess nitrogen
left in the soil (The Fertilizer Institute, 2017). This can reduce fertilizer costs to producers, reduce and
reduce the amount of nitrogen lost through excess fertilizer application.
•• Additional steps that can reduce fertilizer use by improving efficiency include:
•• Placing fertilizer near plant roots (but not too deep in the soil)
•• Applying fertilizer several times each year, rather than only once
•• Using slow-release forms (AAFC, 2014).

Farm management approaches
For cropland production that takes place in conjunction with livestock operations, using manure efficiently
can also help limit nitrous oxide emissions, because less N2O is released from manure and it can reduce
the use of additional fertilizer. Other practices that can reduce N2O emissions from farms include:
•• Greater use of legumes as a nitrogen source
•• Use of cover crops (sown between successive crops) to remove excess available nitrogen
•• Avoiding the use of summer fallow (leaving the land unplanted, with no crop nitrogen uptake,
for a season)
•• Adjusting tillage intensity (under some conditions no-till practices can reduce emissions)
Most methods of reducing N2O emissions in annual cropping systems improve the efficiency of nitrogen
and fertilizer use. More efficient nutrient use offers many other benefits, such as reducing the cost of
production by lowering fertilizer inputs, lowering associated GHG emissions from fertilizer production,
and reducing the amount of nitrates, ammonia and other nitrogen pollutants entering the environment
(ibid).
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Net zero wheat production
Research led by Agriculture and Agri Food Canada and published in Nature provides results from a 25
year trial in Saskatchewan that used a combination of the above practices to reduce the carbon footprint
of spring wheat production. In the study, four practices are integrated—fertilizing crops based on soil
tests, reducing summerfallow frequencies and rotating cereals with grain legumes. The combination
of approaches lowers the carbon footprint of the wheat produced, and increases carbon sequestration
in the soil so that the wheat takes up more CO2 from the atmosphere than is actually emitted during
its production. Their findings are supported by similar research on wheat production in the UK, Poland,
Denmark and Australia (Gan et al., 2014).
A limitation to the net-zero wheat production documented in the study is uncertainty about the rate at
which soil can continue to sequester carbon over the long term. As soil organic carbon levels increase,
the sequestration of new carbon will likely decrease. However, the decrease in the overall GHG emissions
from wheat production using the integrated approaches described above will continue to maintain lower
emissions than practices which do not adopt these practices.

Regenerative agriculture in Canada
Regenerative agriculture principles are already being applied by Canadian farmers. The integration of
livestock and annual cropping is a common approach to build soil health and diversify production systems.
One example is Boyd, a Manitoba farmer who returned to farm with his parents a little over 10 years ago:

“We’re trying to practise what we would call regenerative agriculture—trying
to build a profitable, resilient system that’s maintaining a good level of
production while reducing the amount of inputs we’re relying on.”
As someone at the beginning of his farming career, Boyd is interested in trying new things and is noticing
more farmers locally and in Western Canada interested in soil health and regenerative farming,” (Blair,
2018).
How farmers put regenerative agriculture strategies into practice may differ, depending on location, goals
and community needs. The approach allows for flexibility and close tailoring to individual environments.
In May 2017, following a Montreal symposium on regenerative agriculture practices, the non-profit
Regeneration Canada was formed to pioneer the regenerative movement in Canada beyond the initial
symposium (Regeneration Canada, 2019).
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4.3 Incentivizing Emissions Reductions
Incentives can work to both quicken the pace and
broaden the adoption of practices that reduce
greenhouse gas emissions. These can work best
to encourage farm-level changes. Potential
approaches include:		
(1) Regulation and taxation. Direct regulatory
measures intended to reduce farm-level GHG
emissions are likely undesirable politically and
would be costly to implement. Focused taxation,
such as taxes on N fertilizer that are already used
in parts of the USA and Europe to reduce nitrate
pollution, could be implemented as an indirect tax
that would reduce N2O emissions.
(2) Cost-share programs. Targeted government
payments or subsidies for implementing practices
that reduce GHG emissions are already being used
to some extent in Canada through provincial-level
Environmental Farm Plan (EFP) programs. The EFP
programs offer producers cost-share incentives
to implement specific Beneficial Management
Practices, some of which offer GHG emissions
reduction or carbon sequestration benefits. There
are opportunities to enhance EFP funding and place
greater emphasis on achieving GHG reductions
at the farm level. Alternatively, new targeted
programs could be developed. Other jurisdictions,
including the US and EU, have government funded
subsidy programs specifically targeted to GHG
reduction and building soil organic carbon.
(3) Supply-chain initiatives. Major food distributors,
retailers and processors are incorporating
sustainability
metrics,
including
lowering
GHG footprints, into their business strategies.
These “pull-through” strategies can encourage
agricultural producers to shift practices in order to
maintain and secure preferential purchasing. These
initiatives can support producers by requesting and
rewarding leading edge practices, but can also have
a negative impact by downloading additional costs
onto producers through additional requirements
for field-scale monitoring and quantification of
GHG emissions.		

(4) Cap and trade. In a cap-and-trade system,
the government caps the total amount of carbon
emissions allowed, and then decreases permitted
emissions over time. Emitters can stay below the
capped levels by reducing their own emissions or
by purchasing surplus permits from capped entities
that have emitted less than their cap. Quebec,
Nova Scotia, and until last year, Ontario, have
cap and trade systems in place (Wire Services &
Globe Staff, 2018). Within many cap-and-trade
systems, a limited amount of emission reductions
(termed ‘offsets’) can be provided by non-capped
entities. Internationally, agricultural activities have
increasingly become offset providers, particularly
within voluntary (non-government) markets.
To ensure emission caps are being maintained
offset providers must demonstrate:
•• Additionality - to ensure reductions
result from project interventions and
not simply business-as-usual trends
•• No leakage - unintended emission
increases are not created elsewhere as
a consequence of the project activities
•• Permanence - increased soil carbon
storage, credited as a CO2 removal,
must be maintained long-term
(5) Federal and provincial carbon taxes. A carbon
tax is a fee imposed on each tonne of emissions
from fossil fuels, meant to help lower the amount
of greenhouse-gas emissions. Under the Canadian
carbon tax system, oil products such as gasoline
and diesel, natural gas and coal-fired electricity are
affected. Large industrial emitters in Canada are
covered by a different system and will be taxed on
a portion of their emissions, based on how efficient
they are relative to industry peers. The Canadian
federal carbon tax applies to Ontario, Manitoba,
Saskatchewan and New Brunswick, provinces that
did not adopt their own carbon taxes, cap-andtrade systems or other plans for carbon pricing
(Globe & Mail, 2018). British Columbia adopted
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a carbon tax in 2008, and the current price for
carbon is $35/tonne of CO2 emitted (Province of
BC, 2019b).
The implementation of a federal carbon tax in
Canada has raised concerns among agriculture
producers about the impact of the tax on
international competitiveness of Canadian
agriculture products and at least one province,
Manitoba, has created an exemption from the
carbon tax for agricultural fuel use. BC provides an
80% carbon tax rebate for commercial greenhouse
operators (Province of BC, 2019c). The carbon
tax has also led a diversity of agriculture producer
associations and industry groups to call for
the development of a Canadian system for
farmers to be compensated for the carbon they
sequester. Groups supporting a farm-focused
carbon sequestration offset program include the
Saskatchewan Soil Conservation Association, and
an industry-government working group in the
Organic Value Chain Roundtable. Carbon credits
would need to be developed under a cap-and-trade
type of program.

A recent report by the Senate’s Standing
Committee on Agriculture and Forestry assessed
the impact of climate change and a carbon tax
on agriculture. The study recommended farm
fuel costs be exempt from the carbon tax and
highlighted the critical need for new mechanisms
to determine soil carbon credits for Canadian
farmers (Senate Canada, 2018).
Quebec and California, are already applying portion
of carbon tax or cap and trade revenue to offers costsharing grants to farmers who implement practices
that sequester carbon. This approach avoids the
challenges of demonstrating additionality and
permanence of carbon sequestration, while still
supporting farmers who are adopting beneficial
management practices, providing GHG reductions
and broadening adoption. These approaches can be
expanded to improve the effectiveness of climate
change mitigation policies and regulations, address
sector competitiveness issues and support farmers
in the transition towards beneficial management
practices.

FarmFolk CityFolk

53

4.4 Policy and Program Development in the US

4.4 Policy and Program Development
in the US
Governments and industry are turning their attention to adaptation and mitigation of climate change
across sectors. Climate Smart Agriculture has become a term that can encompass adaptation, emissions
mitigation and carbon sequestration efforts. In 2015, the USDA announced ten Building Blocks for Climate
Smart Agriculture and Forestry and associated reduction targets. The “building blocks” include a range
of technologies and practices to reduce greenhouse gas (GHG) emissions, increase carbon storage, and
generate clean renewable energy (USDA, 2016).

Table 5: USDA building blocks for Climate Smart Agriculture
USDA Building Blocks for Climate Smart Agriculture

GHG reduction by 2025 (MMT CO2e)

Soil health

4-18

Nitrogen stewardship

7

Livestock partnerships

21.2

Conservation of sensitive lands

0.8

Grazing and pasture lands

1.6

Energy generation and efficiency

60.2

Source: USDA, 2016

At the state level, programs that support farmers to build soil organic carbon as a climate change
mitigation strategy are beginning to be introduced in many parts of the US. Examples include (Donlan,
2017):
•• Hawai’i has created the Carbon Farming Task Force. Written and championed by Hawai’i
Center for Food Safety, along with the Sierra Club of Hawai’i and Surfrider Foundation
O’ahu Chapter, the task force went into effect July 1, 2018 and is developing incentives for
Hawai’i’s farmers and ranchers to improve the resilience of their lands by increasing the
soil’s carbon content.
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•• Maryland has established the Maryland Healthy Soils Program introduced by Delegate Dana
Stein. Stein’s legislation (HB 1063) passed unanimously in the Senate and had the support of
both the Maryland Farm Bureau and the soil and climate communities. The act requires the
Maryland Department of Agriculture to provide incentives including research, education
and technical assistance contributing to healthy soils.
•• Massachusetts adopted “An Act to Promote Healthy Soils” (No.3713) to establish a fund
for education and training for those engaged in agriculture that regenerates soil health.
Indicators of healthy soil include levels of carbon, rates of water infiltration and biological
activity.
•• In New York, Assemblywoman Didi Barrett introduced A3281, a first-of-its-kind bill to use a
tax credit model for farmers who maximize carbon sequestration potential on their land.
Although the bill did not pass, Barrett was able to incorporate the Carbon Farming Act into
the state budget which is providing $50,000 to study incentives for carbon farming tax
credits, grants and other programs.
•• In California, the Department of Food and Agriculture has appropriated $7.5 million from the
Greenhouse Gas Reduction Fund to develop and administer incentive and demonstration
programs as part of the state’s Healthy Soils Program, actively supported by the California
Climate and Agriculture Network. The objective of the demonstration projects is to monitor
and demonstrate to California farmers and ranchers that “specific management practices
sequester carbon, improve soil health and reduce atmospheric greenhouse gases.” The
program includes a variety of practices such as mulching, cover crops, compost application,
hedgerow planting and buffer strips.
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4.5 Reducing emissions in the food
chain
4.5.1 Reducing food waste
Food that is wasted represents an emissions footprint that was unnecessary. One of the single most
effective ways to reduce the overall GHG footprint of the food supply is to improve the efficiency of
food use. Canada’s large land area and low average population density make food waste reduction more
challenging in Canada than other countries. This population distribution has meant that food is often
transported over great distances. Initiatives effective in more densely populated regions (e.g., Europe)
may not work as well in sparsely populated regions of Canada (CEC, 2019).
Adding to the complexity, Canada imports and exports a considerable amount of food. There are also
multiple levels of governance overseeing different aspects of the food supply chain, including municipal,
provincial and federal bodies.
Seeking to address these challenges is the National Zero Waste Council, an initiative led by Metro Vancouver
that is bringing together governments, businesses and non-government organizations to advance waste
prevention in Canada and the transition to a circular economy (NZWC, 2019a). As governments prioritize
action on this issue there are opportunities to further the work and recommendations these groups have
initiated.

A number of provincial, regional and municipal initiatives have begun to address food waste issues,
for example:		
			
•

The provinces of Ontario, Quebec and British Columbia have introduced tax
incentives to encourage food donations by agricultural operations;

•

The BC Centre for Disease Control has issued guidelines for food donations for both
donors and distribution agencies;						

•

Organics disposal bans are in place in Halifax, Nanaimo and Metro Vancouver, and
Quebec is considering a province-wide organics disposal ban by 2020; and

•

Metro Vancouver and York Region have introduced consumer awareness campaigns
aimed at changing behaviour so that less food is wasted.			

While these initiatives begin to address the environmental, social and economic costs of food
waste, where Canada is lagging behind other countries is a national, collaborative strategy that
incorporates complementary policies, public engagement, and investments in innovation and
required infrastructure.
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The National Zero Waste Council is developing a comprehensive strategy to cut food waste that would,
among an array of other benefits, significantly reduce greenhouse gas emissions in Canada. Federal
involvement could include (NZWC, 2016):
•• Setting a national food waste reduction target
•• Stimulating increased donations of food to charities through a tax incentive
•• Through the CFIA, reducing confusion over “best before”, “use by”, “sell by” and “expiry”
dates
•• Stimulating innovation in food-and-energy recovery technologies by ensuring their eligibility
in existing research and development streams
•• Partnering with the NZWC by supporting a national advertising campaign that ties reducing
food
wasteofwith
cutting
gases
Examples
Policies
andgreenhouse
Education/Awareness
Programs
The approaches
described
previous
sections
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existingplace
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North America
awareness programs. Figure 9 presents examples of policies and education/awareness programs, at local to regional
are summarized in the graphic below.
levels, with organization, sector type, and country indicated for each.

Figure 18: CurrentFIGURE
North
American
programs and
policies to reduce
9. Examples
of Policies and Education/Awareness
Programs
on
Source
Reduction
of
Food
Loss
and
Waste
in
North
America
food loss and waste
TOOLKITS FOR ICI SECTOR
• Provision Coalition – Processors and
Manufacturers, Canada
• Food Waste Reduction Alliance – Industrial,
Commercial and Institutional (ICI) United States

ACTION PROGRAMS
• National Crusade Against Hunger
– Government of Mexico
• Orange County Food Rescue Pilot
– Waste Not OC Coalition,
nongovernmental organization (NGO), United States

AWARENESS CAMPAIGNS

• Sauve ta bouffe (Recyc-Québec)
– NGO, Canada
• Love Food Hate Waste campaign
– Regional Government Canada
• Zero Waste Initiative – Unilever Food Solutions
– ICI Mexico
• The Thematic Network on Food Security
– NGO, Mexico
• Food: Too Good to Waste – EPA
– Government of United States
• Save the Food – Natural Resources
Defense Council – NGO, United States

INCENTIVE PROGRAMS
• Food Recovery Challenge and US Food
Waste Challenge – EPA and USDA
– Government of United States
• Tax Incentives – Various

POLICY AND STRATEGY
• Strategy on Short-lived Climate Pollutants
– Government of Canada
• National Food Waste Reduction Strategy
– National Zero Waste Council,
Coalition Canada
• System of Integral Measurement and
Productivity Improvement
– International Labor Organization, ICI Mexico
• National Strategy and Special Program of
Sustainable Production and Consumption
– Semarnat Mexico
• Program of Trade and Markets Development
– Sagarpa Mexico

FOOD DONATION AWARENESS
• Industry Food Donation Guidelines
– British Columbia Center for
Disease Control
• Supermarket Recovery Program
(Programme de Récupération en
Supermarchés) – Quebec
• Feeding America – United States

PORTION SIZE AND
NUTRITION EDUCATION
• Dalhousie University and University
of Alberta – Canada
• Slow Food Mexico
– NGO, Mexico
• Mexican Diabetes Association
– NGO, Mexico
• University of Massachusetts and
Iowa State University – United States

Source: CEC, 2017
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4.5.2 Reducing food system emissions
Just as many GHG emissions can be created during the journey that agricultural products take from the
farm to our plates as are emitted during on-farm production. Initiatives to reduce the carbon footprint of
our food must look at food system emissions. In BC alone, emissions from food distribution, processing,
retail, and food services sectors combined are projected at nearly a million tonnes of CO2e. This includes
just four key sources: refrigeration, energy use (electricity and natural gas), waste, and fleets.

Figure 19: BC food sector businesses carbon footprint and potential
reductions over 6 years

Source: Climate Smart, 2014

Refrigerants
Refrigerant emissions vary greatly among food sector businesses and can account for up to 90% of
emissions for some businesses. This is often an area where businesses can make substantial reductions in
emissions and save on energy costs by retrofitting aging refrigeration equipment. Refrigerants are such
a key issue because commonly used gases, such as R-22A, are highly potent greenhouse gases—just
one kg of R-22 is equivalent to the release of 1,770 kg of carbon dioxide or burning four barrels of oil.
R-22 is also an ozone-depleting refrigerants, and is scheduled to be phased out of production by 2020.
Replacement HFC gases still have very high global warming potentials, but carbon dioxide refrigeration
systems offer an alternative with a global warming potential thousands of times less than commonly
used refrigerants. Carbon dioxide systems also are more energy efficient, which lowers energy costs
over the long term.
Waste
Waste is a large emission source for food businesses. Often the majority of the waste is organic, and
businesses achieve significant emissions reductions by simply diverting their organics from the landfill
through composting. Other waste initiatives include expanding recycling programs to add materials
like soft plastics and Styrofoam, or avoiding waste by introducing reusable totes for product deliveries.
Reducing product packaging and/or make it easily recyclable is another area that businesses are tackling
as they look to decrease the footprint of their operations and products.
Electricity & natural gas
Electricity, while being a relatively small emission source for these businesses due to the low emission
intensity of BC’s power grid, often corresponds to one of the highest operating costs, which offers
an enticing opportunity for cost savings. Emissions reductions through reduced energy use can be
achieved through simple equipment and behaviour change strategies. Low or no-cost energy saving
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initiatives include a complete plant shut down policy at the end of the day, installing motion sensors in
areas with intermittent occupancy, or improving cold room insulation. Larger capital investments can
provide further reductions in emissions and use of electricity and natural gas. Foodservice businesses
are the highest users of natural gas per square foot, presenting numerous opportunities for reducing
use.
Fleets
For food distributors, caterers and other businesses that include delivery in their operations, fleet
behaviour change offers no- or low-cost measures that can significantly reduce emissions as well as fuel
expenses. Strategies like driver training, anti-idling policies, advanced route planning, and GPS fleet
tracking for improved routing efficiency and to monitor drivers’ behaviour are easy to implement steps
to reduce emissions.
Motivations
BC food sector companies are already taking steps to reduce their GHG emissions. In a survey assessing
the motivations of businesses that have engaged with the Climate Smart Business program to reduce
their carbon footprint, education, marketing and brand image, as well as cost savings were top motivators
across all types of businesses (Climate Smart, 2014). The practice of carbon management is still new
to many businesses and educating themselves on the best practices is an important driver for seeking
support through a service like Climate Smart Business, which offers an assessment of current emissions
and development of a targeted plan to achieve reductions. Marketing and brand image are another strong
factor as businesses observe that more environmentally responsible products and services are being
requested by their customers. As energy, waste and fuel prices rise, finding cost saving opportunities
is also a motivator, as reductions in energy use and waste generation can protect businesses from the
impact of increasing production costs.
Food service companies, as public-facing businesses, are more motivated by meeting their corporate
social responsibility mandates than other types of businesses. The food service sector, which employees
a large work force and experiences high turnover, is also interested in attracting and retaining employees,
and demonstrating their commitment to environmental sustainability can help them do that. Some
businesses, especially catering companies, are pursuing Climate Smart certifications to have a competitive
edge when bidding for contracts, as more and more prospective clients are asking questions about
sustainability in general and, specifically, carbon management initiatives (ibid).
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4.5.3 Changing what and how we eat
“Food is the single strongest lever to optimize human health and
environmental sustainability on Earth,” Lancet, 2019.
Looking at the greenhouse gas emissions of the food system and how those emissions contribute to
climate change is one narrow sliver in the larger picture of how the food we eat is contributing to
environmental degradation and negative human health consequences. This is true at both a global and
Canadian scale. In their landmark report, the EAT-Lancet Commission on Food, Planet, Health brought
together more than 30 leading scientists from across the globe to reach a scientific consensus that
defines a healthy and sustainable diet. Their conclusion was that a diet that was healthiest for humans was
also the healthiest for the planet, and that changes to improve the environmental sustainability of food
production would have a remarkably positive affect on health outcomes at the same time. Meeting both
the UN Sustainable Development Goals (SDGs) and the Paris Agreement to address climate change,
can be done simultaneously through a shift in food production and consumption. Their report provides
a case for the universal adoption of a planetary health diet that would help avoid severe environmental
degradation and prevent approximately 11 million human deaths annually (Lancet, 2019).
At the heart of their recommendations is a shift towards a plant-rich diet. They recommend a more than
doubling in the consumption of healthy foods such as fruits, vegetables, legumes and nuts, and a greater
than 50% reduction in global consumption of less healthy foods such as added sugars and red meat.

Figure 20: Recent recommendations for diets that support human and
planetary health
A Planetary Health Plate, as recommended by
the EAT Lancet Commission, 2019

Canada Food Guide Dietary
Recommendations, 2019

Source: Lancet, 2019; Government of Canada, 2019
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The planetary health diet builds on decades of research investigating the positive health outcomes
associated with the Mediterranean diet. A Mediterranean-style diet generally emphasizes eating fruits
and vegetables, whole grains, legumes and nuts, using olive oil, eating dairy products, fish and poultry in
moderation, and limiting red meat and sweets. It also emphasizes getting plenty of exercise and enjoying
meals with family and friends. Following a Mediterranean-type diet has been associated with longer life,
reduced risk of cancer and cardiovascular disease, and protecting against cognitive decline and depression
in older individuals. A study on food and culture summarizes the essence of the Mediterranean diet:

“The key elements of the Mediterranean diet are variety, moderation and
the predominance of vegetables over food sourced from animals. These are
complemented by a philosophy of life that values personal relationships, the
pursuit of happiness and physical activity. ...The Mediterranean diet is about
sharing, enjoying conversation around the table, and relaxing after the meal
with a siesta. With the globalisation of food, the chronobiological rhythm
of food intake has become skewed, and food industrialisation has led to the
homogenisation of eating behaviours,” (Iglesias López M.T., 2019).
The updated Canada Food Guide, which sets out Health Canada’s guidelines and considerations on
healthy eating based on the best available scientific evidence, closely follows the recommendations
of Mediterranean-style diet and the EAT Lancet Commission. The Canada Food Guide emphasizes the
benefits of eating more fruit and vegetables and eating a diversity of foods, as well as reducing the
consumption of meat and high-sugar foods. Importantly, the Canada Food Guide also addresses food
habits, such as cooking at home more often, sharing meals with others, enjoying your food and being
mindful of your eating habits (Health Canada, 2019). Dietary diversity is valued for how it can limit both
undernutrition and overnutrition—a lack of diversity in the world’s diets has been linked to rising obesity
rates, which have doubled in the last 30 years, and incidences of diabetes, hypertension, and other dietrelated illnesses (BCFN, 2019).
While nutritionists are calling for a major shift in dietary habits, the EAT Lancet Commission ties
nutrition and environment together, calling for widespread multi-sector, multi-level action including:
a substantial global shift toward healthy dietary patterns; large reductions in food loss and waste; and
major improvements in food production practices. Based on their research, they believe the available
data is both sufficient and strong enough to warrant immediate action.
Social and environmental concerns have become increasingly influential in consumers’ purchasing
decisions in recent decades (BDC, 2013), and one of the best studied areas of food-related, valuesdriven purchasing has been the market for certified organic products. Organic certification and climatefriendly do not necessarily overlap, but the motivations and values that drive organic purchasing could
be more broadly applied to climate-friendly products. Nutrition and human health are the most common
motivators for organic food purchasing, followed by environmental benefits (COTA, 2017).

Re-framing the impact of our actions
There is a need to re-evaluate the role that individuals and communities can take to address climate
change. Encouraging a conversation about how our food choices link to climate change is one way to
spark a broader discussion on the need to reduce waste, improve the efficiency of energy use and support
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practices that are beneficial for soil, water, biodiversity and human communities. A recent study highlighted
just how far removed Canadian public institutions are from a meaningful dialogue on the changes that
climate change requires in our society. The study analyzed Canadian high school textbooks (among
other countries), finding that incremental changes in behaviour that had little impact on greenhouse
gas emissions were being presented as solutions to climate change. High impact behaviour changes are
completely absent from government issued publications in the public school system, a primetime for
targeting behaviour change as teenagers begin to set patterns for life (Wynes & Nicholas, 2017).

Figure 21: Personal choices to reduce your contribution to climate
change

Source: Institute of Physics, 2017

The research analysed 39 peer reviewed papers, carbon calculators, and government reports to calculate
the potential of a range of individual lifestyle choices to reduce greenhouse gas emissions. The lead
author Wynes (2017) explains:

“There are so many factors that affect the climate impact of personal choices,
but bringing all these studies side-by-side gives us confidence we’ve identified
actions that make a big difference. Those of us who want to step forward on
climate need to know how our actions can have the greatest possible impact.
This research is about helping people make more informed choices.”
The four actions that most substantially decrease an individual’s carbon footprint are: eating a plant-based
diet, avoiding air travel, living car-free, and having smaller families. These actions have much greater
potential to reduce emissions than commonly promoted strategies like comprehensive recycling (which
is 4 times less effective than a plant-based diet) or changing household light bulbs (8 times less effective).
As the study co-author, Nicholas (2017) concludes:

“We recognize these are deeply personal choices. But we can’t ignore the
climate affect our lifestyle actually has. Personally, I’ve found it really positive
to make many of these changes. It’s especially important for young people
establishing lifelong patterns to be aware which choices have the biggest
impact. We hope this information sparks discussion and empowers individuals.”
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4.6 BC Perspectives
British
Columbian
producers,
businesses,
organizations and individuals are already making
progress towards policies, programs and
practices that reduce agriculture and food system
greenhouse gas emissions.
For emissions at the farm stage, the governmentfunded Environmental Farm Plan program
offers cost share funding for a suite of Beneficial
Management Practices, many of which reduce
greenhouse gas emissions on-farm. However,
demand for the program outstrips the resources
available and additional ways to support producers
transition to lower-carbon, more resilient systems is
needed, particularly for new entrants to agriculture.
Greater support for innovative practices that
improve nutrient management and produce bioenergy would be beneficial. Programs and policies
that support greater carbon sequestration are also
lacking.
In the area of food waste, Metro Vancouver and
other municipalities have implemented programs
to divert organic waste to compost facilities rather
than landfills. Implemented in 2015, the Food, Not
Garbage initiative resulted in a 30% reduction of
organic waste being landfilled after the first year
(Pawson, 2017). More recently, the national public
education campaign, Love Food, Hate Waste is
seeking to encourage individuals to reduce food
waste at home by planning meals, using up what
they buy and storing their food properly to increase
shelf-life (NZWC, 2019b). The government of
British Columbia, Metro Vancouver, the Capital
Regional District and the City of Vancouver are
among the members behind the Love Food, Hate
Waste campaign. The environmental, social and
economic gains from reducing food waste and
improving food recovery warrant significant effort
in this area.

In the food supply chain, many BC businesses,
including distributors, processors, retailers and
foodservice, are showing leadership in proactively
reducing greenhouse gas emissions. Benefits such
as lower energy costs and a marketing advantage
for sustainable practices are helping to motivate
change. Given the significant cost savings through
reduced energy use that can be gained from GHG
emissions reductions by food businesses, broader
adoption of best practices should be achievable
through outreach and education.
British Columbian households and individuals are
already more likely than other Canadians to be
following a diet and lifestyle associated with lower
environmental impacts and better health outcomes.
A national study by Dalhousie University found that
nearly 40 per cent of British Columbians 35 and
under say they follow a vegan or vegetarian diet,
more than three times higher than the average for
all Canadians. Among the population as a whole,
12.5% of British Columbians follow meat-free diets,
compared to 9.4% nationally (Shore, 2018).
Local food and sustainable production systems
have a long history in BC from being home to the
100 Mile Diet to the many chefs and restaurants
who pioneered the farm-to-table approach to
dining and the flourishing of farmers’ markets
across the province. BC has a strong foundation for
healthier, more sustainable eating habits, however,
much more can be done to broaden and deepen
this commitment and promote low-carbon dietary
choices.
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There are numerous opportunities for mitigating greenhouse gas emissions from on-farm agriculture
production all the way through food systems to household habits. The best actions are those that
reduce greenhouse gas emissions while more efficiently using resources and fossil-fuel based inputs.
Many solutions also have additional co-benefits, such as cleaner water and greater biodiversity. These
are the true win-win options, and offer the only pathway forward if we want to create a healthier
planet for the generations that follow.

Define a national mechanism to connect carbon tax revenue with a farm-level
carbon sequestration program and make agriculture a part of climate policy

1.
•

Connecting carbon tax revenue with funds that support on-farm carbon
sequestration will help food and agriculture to become an integral part of
federal and provincial climate strategies

•

There is potential to bring a much needed change of focus in climate change
discussions in the Prairie provinces and broaden support for climate solutions,
including the federal carbon tax

•

The BC government, given their strong support for reducing greenhouse
gas emissions and pioneering carbon tax, could pilot a program that other
provinces could adopt in future

•

Directing a portion of carbon tax revenue to programs that support building
soil health through increased soil carbon sequestration and lower greenhouse
gas emissions by reducing the reliance on fossil fuel based inputs would allow
producers to be support through a practice-based program, such as the
Healthy Soils Initiative in California, rather than relying on a measurementbased reward system

•

Create a learning opportunity for provincial and federal governments by
hosting a workshop that brings key people leading government policy and
program development in the area of carbon sequestration and soil health in
California (or other US states) to BC.
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Build on the increase in municipal and regional governments’ engagement
in food waste reduction, natural asset management, and GHG reduction
strategies to make food and agriculture a core part of urban climate and
sustainability policy

2.

•

A growing number of municipal governments have signed declarations that
state we are facing a climate emergency and are looking for ways to take
further action on mitigation and adaptation at the municipal and regional level

•

Reducing food waste and transitioning to biodigesters for that which is wasted
provides municipal and regional governments a way to save money and reduce
GHG emissions

•

A growing number of municipal and regional governments are seeking to
address the challenges of stormwater flows, water quality, and air quality
issues by enhancing “natural assets” where ecosystems provide the needed
services

•

Agriculture producers can be key allies in this approach

•

Riparian buffers offer carbon sequestration as well as protection from flood
events and improved water quality, farmland offers storm water management
benefits

•

Municipal and regional governments have substantial influence through
zoning, regulation and public education

•

Collaborating with organizations and institutions already working on food
waste reduction and natural asset management strategies to bring agricultural
perspectives to the table can help increase the understanding of the role that
food and agriculture can play, and maximize impact

Develop mitigation strategies in collaboration with agriculture industry
associations, producers and businesses in the agri-food value chain

3.
•

Dairy: Support biodigesters and bio-energy production. Increase awareness
in the dairy value chain of renewable bio-energy options and the benefit of
biodigester technology.

•

Livestock: Support current industry-led research on increasing soil organic
carbon and building soil health. Support provincial and national research
and extension on grazing management practices that increase carbon
sequestration, build soil health and improve resilience to climate change
impacts. Support consumer education on the relationship between grazing
management and carbon sequestration.

•

Diversified production: Support research, extension and market access for
diversified models of production that integrate livestock and crop production,
multiple crops, rotations and/or perennial plantings

•

Crop production: Seek ways to collaborate with Prairie producer associations
and businesses in the grain and oilseed value chain to encourage precision
fertilizer application and practices that reduce the reliance on inputs
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•

Seek funding and investment (public and private) for technologies and
practices that reduce GHG emissions and provide co-benefits, including:
— Anaeorobic digesters
— Adapative multipaddock grazing
— Silvopasture

•

— Diversified production systems
Riparian buffers

Engage food sector businesses to reduce GHG emissions

4.
•

In collaboration with business associations and sector leaders, focus on cost
savings and sustainability benefits of reducing greenhouse gas emissions
through refrigeration system upgrades and reducing fuel and electricity use

•

Encourage food sector businesses to form partnerships with agricultural
product suppliers to identify their greenhouse gas emissions and implement
strategies to reduce emissions—recognize, value and reward improvements

•

Encourage businesses to integrate education into their customer experience
and make low-carbon choices easier through clear information and featuring
low-carbon choices

Build bridges to bring indigenous food systems and traditional knowledge
into the food and climate conversation

5.
•

Indigenous perspectives and traditional knowledge are missing from public
discourse on reducing greenhouse gas emissions through agriculture and food
systems

•

Indigenous communities are among those most dramatically impacted by
climate change because of their traditions of land-based livelihoods, the
impacts of colonization, and social marginalization

•

Much more needs to be done to recognize the critical contribution traditional
knowledge and practices for hunting, fishing and wild crafting could have
on understanding the best ways forward for developing lower-carbon food
systems

Make food a doorway to personal action on climate change

6.
•

The majority of Canadians are interested in healthy eating, they strongly
support the concept of supporting local products and two-thirds choose
organic products weekly

•

Making a stronger link between food choices and climate change can be
an easier entrypoint for climate change action than trying to stop using
fossil fuels, which we depend on for transport, heating, and many consumer
products

•

The Canada Food Guide and current dietary trends have already provided a
foundation for making climate-conscious food choices

•

Start with a vision of abundance and health, for the planet and people

•

Celebrate food culture - diversity, shared meals, traditions

•

Encourage habits that reduce food waste

•

Work through the supply chain to make individual-level choices easier
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Climate change is the defining issue of our time. We cannot wait to take action and every sector, every
business, every individual must be involved. Our food systems offer many ways to support and advance
the practices and technologies that are already reducing greenhouse gas emissions, while also building
the capacity to adapt to climate change impacts and further improve human health outcomes. Practices
that only mitigate emissions are not enough, the massive impact that climate change will continue to
have even if emissions are brought under control, requires improved resiliency of whole systems, not just
parts.
There is much room for improvement in Canadian agriculture production—from reducing nitrous oxide
emissions in the Prairies to reducing livestock methane. Beneficial management practices have already
been identified to begin to reduce emissions and reduce the reliance on external inputs, and producers
are continuing to push the boundaries in finding more sustainable production methods. Agricultural
producers need the support of policymakers, supply chain partners, and the public to continue this
advancement and to ultimately make a major shift in Canadian agricultural production towards lowerinput production that can be decoupled from fossil fuel inputs.
In the food supply chain, food sector businesses also have significant room for improvement in the
efficiency of refrigeration, fuel and energy use. Reducing greenhouse gas emissions, because they
are largely tied to energy use, will also reduce business costs, which offers an excellent incentive for
investment in the technological and behaviour change needed to achieve reductions. There are already
Canadian food industry leaders implementing these changes, but broadening the adoption of best
practices is essential to reach GHG reduction targets.
Individuals are already driving change through food choices and there is an opportunity to strengthen the
connection between food products and climate change to provide an entrypoint for broader engagement
in climate change issues. Similar to lower carbon agriculture practices that provide additional co-benefits,
there are food choices that can provide both environmental and health benefits. These choices deserve
the most attention as they can address multiple challenges at once. Like the most recent version of the
Canada Food Guide suggests, a shift in how we eat—taking time to cook at home, sharing food with
others—are also important facets of making better choices. With food systems that are energy intensive
at every step and that produce massive amounts of food waste, it is clear that strategies cannot stop at
individual food choices, the hard work of a cultural shift that re-shapes our food habits is necessary.
Policymakers at all levels of government, federal, regional and municipal, have an opportunity and in
the case of the British Columbia and Canadian governments a required commitment, to fully engage
in a reduction of greenhouse gas emissions across all sectors, agriculture and food systems included.
Agriculture and food systems have not been a focus of federal and provincial level mitigation strategies
to date, likely because the agriculture sector contributes less emissions in proportion to the energy and
transport sectors. Strategies to reduce food waste, undertaken at the regional and municipal level, are one
exception and provide an example of the impact that focused, collaborative efforts can have. Federally,
a national program that invests a portion of carbon tax revenues to provide incentives to agriculture
producers that sequester carbon through soil and woody plants is a top priority for bringing agriculture
into the climate policy framework, utilizing agriculture’s unique ability to sequester carbon and shifting
the political dynamic currently surrounding carbon tax mechanisms.
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time series, mean N2O emissions increased by
7.6 Mt CO2 eq, an increase of 36%.

Emissions of CH4 from livestock accounted for 25 Mt
CO2 eq in 1990 and 29 Mt CO2 eq in 2016, and mean
4.8 Conclusion
estimates lie within an uncertainty range of -16% to
+20%. Over the 1990 to 2016 time series, mean CH4
emissions are estimated to have increased by 3.5
Mt CO2 eq, a 14% increase. The observed increase
in emissions falls within an uncertainty range of 5%
to 13%. Emissions of N2O from agricultural soils and
livestock accounted for 21 Mt CO2 eq in 1990 and
29 Mt CO2 eq in 2016; mean estimates lie within
an uncertainty range of -27% to +29%. Over the

Emissions from the Agriculture Sector peaked
in 2005, and decreased to 55 Mt CO2 eq in 2011,
with reductions in emissions from animal production
as major livestock populations decreased (see
Enteric Fermentation and Manure Management
source categories, Table 5–1). Since 2011, livestock
populations have stabilized, while emissions
associated with fertilizer use have increased. These

Appendix A

Data table of Canadian agriculture
sector emissions

Table 5–1 Short-and Long-Term Changes in GHG Emissions from the Agriculture Sector1
GHG Emissions (kt CO2 eq )

GHG Source Category

1990

2000

2005

2010

2011

2012

2013

2014

2015

2016

47 000

57 000

60 000

56 000

55 000

57 000

59 000

58 000

59 000

60 000

22 000

28 000

31 000

25 000

25 000

25 000

25 000

25 000

24 000

25 000

Dairy Cattle

4 000

3 400

3 200

3 100

3 100

3 100

3 200

3 200

3 200

3 200

Beef Cattle

18 000

23 000

26 000

21 000

20 000

20 000

20 000

20 000

20 000

20 000

730

1 100

1 300

1 100

1 100

1 100

1 100

1 100

1 100

1 100

6 600

8 500

9 300

8 200

8 100

8 100

8 200

8 200

8 300

8 400

Agriculture TOTAL

1

Enteric Fermentation (CH4)
2

Others3
Manure Management
Dairy Cattle

CH4

430

560

680

810

840

840

870

870

870

870

N2O

520

460

350

280

270

260

270

270

260

260

Beef Cattle2

CH4

810

1 100

1 200

1 100

1 100

1 100

1 000

1 000

1 000

1 000

N2O

1 900

2 700

3 000

2 400

2 400

2 400

2 400

2 400

2 400

2 400

Swine

CH4

1 300

1 700

2 000

1 600

1 600

1 600

1 600

1 700

1 700

1 800

N2O

90

110

130

110

110

110

110

110

120

120

CH4

160

190

190

190

190

190

190

190

190

190

N2O

430

530

540

560

560

560

560

560

560

560

CH4

40

50

60

60

60

60

60

60

60

50

N2O

100

150

180

160

160

160

160

160

160

160

N2O

800

980

1 100

920

900

910

910

920

920

940

Agricultural Soils (N2O)

17 000

19 000

19 000

21 000

20 000

22 000

24 000

23 000

23 000

24 000

Direct Sources

14 000

16 000

15 000

17 000

17 000

18 000

20 000

19 000

19 000

20 000

Synthetic Nitrogen Fertilizers

5 700

7 500

6 900

8 600

8 900

10 000

11 000

11 000

11 000

11 000

Manure Applied as Fertilizers

2 000

2 200

2 400

2 100

2 100

2 100

2 100

2 100

2 100

2 100

Crop Residue Decomposition

4 500

4 600

5 000

5 600

5 100

5 300

6 400

5 600

5 700

6 500

60

60

60

60

60

60

60

60

60

60

Mineralization of Soil Organic Carbon

490

540

510

590

610

650

680

720

760

800

Conservation Tillage5

-300

-740

-870

-970

-1 100

-1 300

-1 500

-1 400

-1 500

-1 500

1 300

1 000

760

510

470

460

450

340

280

220

270

300

320

310

320

330

360

330

330

330

Poultry
Others4
Indirect Source of

Cultivation of Organic Soils

Summerfallow
Irrigation
Manure on Pasture, Range and Paddock
Indirect Sources
Crop Residue Burning (CH4 & N2O)
Lime and Urea Application (CO2)

220

250

260

230

220

220

220

210

220

210

2 800

3 400

3 400

3 600

3 600

3 800

4 100

4 000

4 100

4 200

230

130

50

30

30

40

50

50

50

50

1 200

1 600

1 400

1 800

2 000

2 300

2 700

2 500

2 600

2 500

Notes:
1. Totals may not add up due to rounding.
2. Beef Cattle includes dairy heifers.
3. Others, Enteric Fermentation, includes buffalo, goat, horse, lamb, llama/alpaca, sheep and swine, deer/elk, wild boars.
4. Others, Manure Management, includes bison, goat, horse, lamb, llama/alpaca, sheep, fox, mink, rabbits, deer/elk, wild boars.
5. The negative values reflect a reduced N2O emission due to the adoption of conservation tillage.
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Appendix B
Recent Landmark Publications
Agriculture Sector Emissions

Report #4
Agri-Environmental Indicators Report Series

Environmental Sustainability
of Canadian Agriculture

NATIONAL INVENTORY REPORT
1990 –2016:
GREENHOUSE GAS SOURCES
AND SINKS IN CANADA
CANADA’S SUBMISSION TO THE UNITED NATIONS FRAMEWORK
CONVENTION ON CLIMATE CHANGE

PART 1

National Inventory Report, 19902016, Environment & Climate
Change Canada

Environmental Sustainability of
Canadian Agriculture, AAFC, 2016

BC Greenhouse Gas Inventory
Report, 2012 & 2016 Provincial
Inventory spreadsheet

Food System Emissions & Food Waste
31
Summary Report of the EAT-Lancet Commission

Healthy Diets From
Sustainable Food Systems

Food
Planet
Health
EAT Lancet Commission on Food,
Planet, Health, 2019

the avoidable crisisof food waste:

the roadmap

The Avoidable Crisis of Food Waste,
prepared for Second Harvest, 2019

Characterization & Management
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