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Preface

There is strong consensus in the international scientific community that climate change is occurring and that
the impacts are already being felt in some regions (see, for example, the recent Third Assessment Report of the
Intergovernmental Panel on Climate Change). It is also widely accepted that even after introducing significant
measures to reduce greenhouse gas emissions, some additional degree of climate change is inevitable, and this
will have significant economic, social and environmental impacts on Canada and Canadians.  

It is possible to reduce our vulnerability to climate change. An effective response involves both the reduction 
of greenhouse gas emissions as well as adaptation to the impacts resulting from a changing climate. Reducing
greenhouse gas emissions will decrease both the amount of climate change, as well as the rate of change, so
that effective adaptation can occur. Adaptation refers to activities that minimize the negative impacts of climate
change, and position us to take advantage of new opportunities that may be presented.

This chapter is part of the report “Climate Change Impacts and Adaptation: a Canadian Perspective”. The report
includes a series of chapters that present brief summaries of impacts and adaptation research published over
the past five years related to key sectors within Canada. Results of research supported by the Government of
Canada’s Climate Change Action Fund (CCAF) are highlighted in boxes within each chapter of the report. 

The agriculture chapter largely focuses on the impacts of climate change on primary agricultural production 
in Canada, potential adaptation options, and vulnerability of agriculture at the farm level. While this chapter
considers only agricultural issues, it must be recognized that climate change impacts as well as adaptation
decisions in the agriculture sector will be influenced by, and have implications for, other sectors (e.g. water
resources, communities). As such, a complete assessment of impacts and adaptation options will have to 
take into consideration issues raised within other chapters of this report. 

Please direct inquiries to:

Climate Change Impacts and Adaptation Directorate
Natural Resources Canada
601 Booth Street
Ottawa, Ontario, K1A 0E8

or via e-mail to dlemmen@nrcan.gc.ca



In 1998, the Canadian agriculture and agri-food
industry generated approximately $95 billion 
in domestic revenue, and was the third largest
employer in the country.(2, 3) Canada’s agri-food
exports in 2000 were valued at $23.4 billion,
accounting for 6.1% of total merchandise
exports.(3) Farming operations are spread across
Canada, with the greatest area of farmland located
in the Prairie Provinces (Table 1). Cattle and dairy
farms account for the highest amounts of farm cash

receipts, although wheat, canola, and other cereals
and oilseeds are also important contributors.(4)

Although agriculture is a vital component of the
Canadian economy, only a small percentage of 
our country is actually farmed. Due to limitations
imposed primarily by climate and soils, just 7% 
of Canada’s landmass is used for agricultural pur-
poses.(5) Climate is also a strong control on the
variation in year-to-year production. For example,
the drought that plagued much of Canada during

“A
griculture is inherently sensitive to climate… Without

adaptation, climate change is generally problematic for

agricultural production and for agricultural economies

and communities; but with adaptation, vulnerability can be reduced…”(1)
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TABLE 1: Distribution of farms across Canada.(4)

REGION NO. OF FARMS* TOTAL AREA OF FARMS (ha) MAIN TYPES OF FARM

Canada 230,540 67,502,446 Cattle (beef), grain and oilseed 

Newfoundland 
and Labrador 519 40,578 Misc. specialty, vegetable

Prince Edward Island 1,739 261,482 Cattle (beef), field crop 

Nova Scotia 3,318 407,046 Misc. specialty, fruit 

New Brunswick 2,563 388,053 Cattle (beef), misc. specialty 

Quebec 30,539 3,417,026 Cattle (dairy), misc. specialty 

Ontario 55,092 5,466,233 Cattle (beef), grain and oilseed 

Manitoba 19,818 7,601,772 Cattle (beef), grain and oilseed 

Saskatchewan 48,990 26,265,645 Wheat, grain and oilseed 

Alberta 50,580 21,067,486 Cattle (beef), grain and oilseed 

British Columbia 17,382 2,587,118 Misc. specialty, cattle (beef)

* with receipts over $2499
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2001 seriously impacted farm operations. Water
shortages and heat stress in some regions of
Saskatchewan and Alberta have significantly low-
ered crop yields and threatened the availability of
feed and water for livestock.(6) Some other impacts
of the 2001 drought are listed in Table 2. In certain
areas of the Prairies, 2001 was part of a multiyear
drought that extended into the summer of 2002.

Many believe that the consequences of the 2001
drought may be indicative of what the agriculture
sector in Canada can expect more frequently in the
future. Climate change could lead to more extreme 

weather conditions, increases in pest problems, 
and severe water shortages. On the other hand, 
a warmer climate and longer growing season 
could benefit many aspects of Canadian agricul-
ture. In general, experts agree that future climate
changes of the magnitude projected by the
Intergovernmental Panel on Climate Change(8)

would result in both advantages and disadvantages
for the agricultural sector in Canada, and that the
impacts would vary on a regional basis.

A key factor in determining the magnitude of cli-
mate change impacts on agriculture is adaptation.
Appropriate adaptations would allow agriculture 
to minimize losses by reducing negative impacts,
and maximize profits through capitalizing on the
benefits. There are many different adaptation
options available to the agricultural sector, which
vary greatly in their application and approach.
Selecting and implementing adaptation strategies
will require consideration of the physical, socio-
economic and political influences on agriculture, 
as well as the contributing roles of producers,
industry and government. It is also necessary to
recognize that climate change is just one of many
challenges facing the agricultural sector, and that 
it may not be considered a short-term priority in
decision making.

This chapter examines recent research on climate
change impacts and adaptation in the Canadian
agricultural sector, focusing on primary production
and the vulnerability of agriculture at the farm
level. The potential impacts of climate change on
the agri-food industry and possible adaptation
options, although extremely important, are not
addressed comprehensively, as these topics remain
poorly investigated and only limited published
information is available.

TABLE 2: Impacts of the 2001 drought on agriculture.(6, 7)

REGION

British Columbia • Losses in vegetable crops
• Negative effects on forage crops,

especially in northern Okanagan

Prairies • Wheat and canola production down 
43% from 2000

• Impact of decreased grain 
production estimated at $5 billion

• Water for irrigation in spring 
rationed in Alberta for first time

• In Manitoba, increased disease 
problems in canola, barley and wheat

Great Lakes– • Most crops in Ontario impacted
St. Lawrence by dry weather and heat

• Increased stress from disease, 
insects and hail

• Record numbers of certain insects 
in Quebec

Atlantic • Potato harvest in P.E.I. down 35–45%
• Fruit (e.g., blueberries, strawberries)

and other vegetable (e.g., beans)
crops impacted by drought stress



Previous Work

“Global climatic changes will in all likelihood result

in both positive and negative impacts on Canadian

agriculture.”(9)

In their summary of Canadian research as part of 
the Canada Country Study, Brklacich et al.(9) stated
that climate change will have a wide range of impacts 
on agriculture in Canada. Most regions of the country
are expected to experience warmer conditions, longer
frost-free seasons and increased evapotranspiration.
The actual impacts of these changes on agricultural
operations, however, will vary depending on factors
such as precipitation changes, soil conditions and
land use. In general, northern agricultural regions 
are expected to benefit most from longer and warmer
frost-free seasons. Some northern locations (e.g.,
Peace River region of Alberta and British Columbia,
and parts of northern Ontario and Quebec) may also
experience new opportunities for cultivation, although
the benefits will likely be restricted to areas south of
latitude 60°N for the next several decades. Poor soil
conditions will be a major factor limiting the north-
ward expansion of agricultural crops. In southern
Ontario and Quebec, warmer conditions may increase
the potential for the growth of specialty crops, such 
as apples.

In many cases, the positive and negative impacts 
of climate change would tend to offset each other.
For instance, the positive impacts of warmer tempera-
tures and enhanced CO2 on crop growth are expected
to largely offset the negative impacts of increased
moisture stress and accelerated crop maturation time.
It should be noted that these predictions are charac-
terized by a high degree of uncertainty and do not
include potential changes in pest and pathogen 
outbreaks (e.g., warmer winters may increase
grasshopper infestations in the Prairies), nor do 
they consider the potential impacts of agricultural
land fragmentation.

Agricultural adaptation to climate change was consid-
ered a relatively new field of study at the time of the
Canada Country Study. The majority of adaptation
research focused on identifying adaptation options

and assessing their feasibility. These studies were
mainly technical in nature, and did not consider 
economic practicalities or the capacity of producers
to undertake the adaptation. To address this,
Brklacich et al.(9) recommended increasing the farm-
ing community’s involvement in adaptation research.

Impacts on Agriculture

“Climate change will impact agriculture by causing

damage and gain at scales ranging from individual

plants or animals to global trade networks.”(10)

Impacts on Crops

Climate change will potentially have many impacts
on agricultural production (Figure 1). As such, there
is great variation in projections of crop response to
climate change, with both gains and losses commonly
predicted. Several recent Canadian studies have inte-
grated crop models with general circulation model
(GCM) output for a 2xCO2 climate scenario, in order
to project the impact of climate change on different
types of crops. Examples include:

• McGinn et al.(11), who suggested that yields of
canola, corn and wheat in Alberta would increase
between 21 and 124%.

• Singh et al.(12), who suggested that corn and
sorghum yields in Quebec could increase by 20%,
whereas wheat and soybean yields could decline 
by 20–30%. Canola, sunflowers, potatoes, tobacco
and sugarbeets are expected to benefit, while a
decrease in yields is anticipated for green peas,
onions, tomatoes and cabbage.

• Bootsma et al.(13), who suggested that there could
be an increase in grain corn and soybean yields 
in the Atlantic Provinces by 3.8 and 1.0 tonnes/
hectare respectively, whereas barley yields are not
expected to experience significant changes. They
further suggested that a minimum of 50% of the
agricultural land area presently seeded to small
grain cereals and silage corn may shift production
to grain corn and soybeans to maximize 
economic gains.
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As with other sectors, concerns exist about the 
resolution of GCM output when modelling agricul-
tural impacts (e.g., reference 12). Many studies
interpolate GCM data to obtain regional projections
of future changes in climate. Questions have been
raised about the validity of the interpolation meth-
ods and the accuracy of the results, especially for
regions with specific microclimates (e.g., Niagara
Penisula, Annapolis Valley). With respect to
methodology, however, a recent statistical study
concluded that differences in the downscaling meth-
ods used to address scale issues do not unduly
influence study results,(14) thereby increasing 
general confidence in model projections.

Increased moisture stress and drought are major
concerns for both irrigated and non-irrigated crops
across the country. If adequate water is not avail-
able, production declines and entire harvests can
be lost. While climate change is expected to cause
moisture patterns to shift, there is still considerable
uncertainty concerning the magnitude and direction
of such changes. Furthermore, longer growing sea-
sons and higher temperatures would be expected to
increase demand for water, as would changes in
the frequency of drought. Boxes 1 and 2 describe
the results of recent studies that examined how 
climate change may affect moisture conditions in
the Prairies and the Okanagan Valley, two of the
driest agricultural regions of Canada.

FIGURE 1: Potential impacts of climate change on agricultural crops in Canada.

POSITIVE IMPACTS NEGATIVE IMPACTS

The net impact on Canadian crops is
uncertain, and depends largely on the

adaptation measures undertaken.

Increased productivity from 
warmer temperatures

Increased insect 
infestations

Possibility of growing 
new crops

Crop damage from 
extreme heat

Planning problems due to
less reliable forecasts

Increased weed growth and
disease outbreaks

Decreased herbicide and
pesticide efficacy

Increased moisture stress
and droughts

Accelerated 
maturation rates

Increased productivity from
enhanced CO2

Longer growing seasons

Increased soil erosion

Decreased moisture stress

PROJECTED CHANGES
• Warmer temperatures
• Drier or wetter conditions
• Increased frequency of extreme 

climatic events
• Enhanced atmospheric CO2
• Changing market conditions
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While there remain considerable uncertainties
regarding the nature of future climate changes at
the regional and local scales, there is no question
that the level of carbon dioxide in the atmosphere
will continue to increase for several decades.
Enhanced atmospheric CO2 concentrations have
generally been found to increase crop production.
This is because higher CO2 levels tend to improve
plant water-use efficiency and rates of photosynthe-
sis. However, the relationship is not simple. For
instance, certain types of plants, such as legumes,
are expected to benefit more in the future than oth-
ers, and the nutritional quality of some crops will 

BOX 2: Water supply and demand in the Okanagan (17)

Agricultural viability in the southern Okanagan
Valley is greatly influenced by the availability of
irrigation water. The researchers project that crop
water demands and irrigation requirements will
increase by more than 35% from historic values 
by the latter part of the present century. While the
main lake and channel are expected to contain
enough water to meet these rising demands, 
agricultural operations dependent on tributary 
flow will likely experience water shortages.

To deal with future water supply-demand mis-
matches, Neilsen et al. (17) advocate increased 
use of water conservation measures, such as micro-
irrigation and applying soil mulches. They also 
suggested that new techniques, including regulated
deficit irrigation and partial root zone drying, would
yield substantial water savings.

(Photo: Stewart Cohen, 2001)

BOX 1: Will the Prairies become drier? (15, 16)

Will moisture deficits and drought increase in 
the future due to climate change? This is a key
question for the Prairie Provinces, where moisture
constraints are already a large concern and recur-
rent drought results in substantial economic losses
in the agricultural community. Unfortunately, a
clear answer to this question remains elusive.

Using the Canadian Centre for Climate Modelling
and Analysis coupled General Circulation Model
(CGCM1), Nyirfa and Harron (16) found that moisture
limitations would be significantly higher over much
of the Prairies’ agricultural regions by 2040–2069.
Although precipitation is expected to increase, it
will not be sufficient to offset increased moisture
losses from warmer temperatures and increased
rates of evapotranspiration. As a result, the
researchers believe that spring-seeded small grain
crops will be threatened unless adaptations, such
as cropping changes and shifts in pasture areas,
are undertaken.

In contrast, using a range of climate change sce-
narios, McGinn et al. (15) found that moisture levels
in the top 120 cm of the soil profile would be the
same or higher than present-day values. Their
models also suggested that the seeding dates for
spring wheat will be advanced by 18–26 days, and
that the growing season will be accelerated. This
would allow crops to be harvested earlier in the
year, thereby avoiding the arid conditions of late
summer. However, the benefits are not expected to
be felt evenly across the Prairies; there are regions
of concern, such as southeastern Saskatchewan
and southern Manitoba, where summer precipita-
tion is projected to decrease.
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likely decline. In addition, there are several factors,
including moisture conditions and the availability
of soil nutrients, that could limit or negate the ben-
efits of CO2 fertilization on plant growth. Although
some impact studies do attempt to incorporate CO2

effects into their modelling, many researchers feel
that there are too many uncertainties to effectively
integrate the effects of increased atmospheric CO2.

(12)

Another complicating factor in projecting future
trends in crop yields is the interaction of climatic
changes and enhanced CO2 concentrations with
other environmental stresses, such as ozone and
UV-B radiation. For example, warmer temperatures
tend to increase ground-level ozone concentrations,
which, in turn, negatively affect crop production.
Studies have suggested that the detrimental effects
of enhanced ozone concentrations on crop yields
may offset any gains in productivity that result
from increased atmospheric CO2 levels.(18)

Changing winter conditions would also significantly
impact crop productivity and growth. Climate mod-
els project that future warming will be greatest 
during the winter months. With warmer winters,
the risk of damage to tree fruit and grape root-
stocks will decline substantially in areas such as
the southern Okanagan Valley.(17) However, warmer
winters are also expected to create problems for
agriculture, especially with respect to pests,
because extreme winter cold is often critical for
controlling populations. Warmer winters may 
also affect the resilience of crops (see Box 3).

Many crops may be more sensitive to changes 
in the frequency of extreme temperatures than 
to changes in mean conditions. For example, 
an extreme hot spell at the critical stage of crop
development has been shown to decrease the final
yields of annual seed crops (e.g., reference 20) and
damage tree fruit such as apples(17). Crops that
require several years to establish (e.g., fruit trees)
are especially sensitive to extreme events. To date,
however, most impact studies have focused on
changes in mean conditions, with scenarios of
extreme climate events only now being developed.
Many experts believe that an increase in the fre-
quency and intensity of extreme events would be
the greatest challenge facing the agricultural 
industry as a result of climate change.

Another factor not usually included in modelling of
climate change impacts is future changes in wind
patterns, mainly because wind projections from
GCMs are highly uncertain(21) and wind phenome-
na, in general, are poorly understood. However,
wind is clearly an important control on agricultural
production, which strongly influences evapotranspi-
ration and soil erosion, especially on the Prairies.
As such, exclusion of future wind dynamics
increases the uncertainty in assessments of 
climate change impacts.

Another important consideration for crop produc-
tion is the observation that recent warming has
been asymmetric, with night-time minimums
increasing more rapidly than daytime maximums.
Climate models project that this trend will continue
in the future. This type of asymmetric warming
tends to reduce crop water loss from evapotranspi-
ration and improve water use efficiency.(22) Under
such conditions, climate change impacts on 
crop productivity may be less severe than the
impacts predicted assuming equal day and 
night warming.(23)

BOX 3: Would warmer winters benefit crops? (19)

Although harsh winters are a constraint to the 
distribution of perennial crops, warmer winters are
not necessarily beneficial. In fact, winter damage 
to perennial forage crops could actually increase 
in eastern Canada, due to reduced cold hardening
during the fall, an increase in the frequency of 
winter thaw events, and a decrease in protective
snow cover. For example, by 2040–2069, despite 
an increase in annual minimum temperatures of
almost 5ºC, the number of cold days (below -15ºC)
without a protective snow cover (>0.1 m depth)
could increase by more than two weeks.

Conversely, fruit trees are expected to benefit from
a decreased risk of winter damage. This is because
milder winter temperatures would reduce cold
stress, while a decrease in late spring frosts would
lower the risk of bud damage in many regions.
However, an increase in winter thaw events would
decrease the hardiness of the trees, and increase
their sensitivity to cold temperatures in late winter.
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Impacts on Livestock

There are more than 90,000 livestock operations 
in Canada, which accounted for more than $17 bil-
lion in farm cash receipts in 2000.(4) Despite the
economic importance of livestock operations to
Canada, relatively few studies have examined 
how they could be impacted by climate change.

Temperature is generally considered to be the 
most important bioclimatic factor for livestock.(24)

Warmer temperatures are expected to present both
benefits and challenges to livestock operations.
Benefits would be particularly evident during 
winter, when warmer weather lowers feed require-
ments, increases survival of the young, and reduces
energy costs.(25) Challenges would increase during
the summer, however, when heat waves can kill
animals. For example, large numbers of chicken
deaths are commonly reported in the United States
during heat waves.(26, 27) Heat stress also adversely
affects milk production, meat quality and dairy cow
reproduction.(24) In addition, warmer summer tem-
peratures have been shown to suppress appetites 
in livestock and hence reduce weight gain.(28) For
example, a study conducted in Appalachia found
that a 5°C increase in mean summer temperature
caused a 10% decrease in cow/calf and 
dairy operations.(28)

Provided there is adequate moisture, warmer 
temperatures and elevated CO2 concentrations 
are generally expected to increase growth rates 
in grasslands and pastures.(29, 30, 31) It is estimated
that a doubling of atmospheric CO2 would increase
grassland productivity by an average of 17%,(29)

with greater increases projected for colder regions(32)

and moisture-limited grassland systems.(29) However,
study results tend to vary greatly with location, and
changes in species composition may affect the actual
impacts on livestock grazing.(29) For instance, studies
have noted future climate changes, particularly
extreme events, may promote the invasion of alien
species into grasslands,(33) which could reduce the
nutritional quality of the grass.

An increase in severe moisture deficits due to
drought may require producers to reduce their
stock of grazing cattle to preserve their land, as
exemplified by the drought of 2001 when many
Prairie producers had to cull their herds. For the
2002 season, it was predicted that many pastures 

would be unable to support any grazing, while 
others would be reduced to 20–30% of normal 
herd capacity.(34)

There is relatively little literature available on the
impacts of extreme climate events on livestock.
Nevertheless, storms, blizzards and droughts are 
an important concern for livestock operations.(28)

In addition to the direct effects on animals, storms
may result in power outages that can devastate
farms that are heavily dependent upon electricity
for daily operations. This was exemplified by the
1998 ice storm in eastern Ontario and southern
Quebec, when the lack of power left many dairy
farms unable to use their milking machines. This
threatened the health of the cows (due to potential
mastitis) and caused significant revenue losses.(35)

Milk revenue was also lost through the inability 
to store the milk at the proper temperature.
Furthermore, the lack of electricity made it difficult
to provide adequate barn ventilation and heating,
thereby making the animals more susceptible 
to illness.(35)

Soil Degradation

“Soil degradation emerges as one of the major 

challenges for global agriculture. It is induced via

erosion, chemical depletion, water saturation, 

and solute accumulation.”(10)

Climate change may impact agricultural soil quality
through changes in soil carbon content, nutrient
leaching and runoff. For example, changes in
atmospheric CO2 concentrations, shifts in vegeta-
tion and changes in drying/rewetting cycles would
all affect soil carbon, and therefore soil quality and
productivity.(36, 37)

Soil erosion threatens agricultural productivity and
sustainability, and adversely affects air and water
quality.(38) There are several ways that soil erosion
could increase in the future due to climate change.
Wind and water erosion of agricultural soils are
strongly tied to extreme climatic events, such as
drought and flooding, which are commonly pro-
jected to increase as a result of climate change.(39,

21) Land use change could exacerbate these impacts,
as conversion of natural vegetation cover cropland
greatly increases the sensitivity of the landscape to



8 Climate Change Impacts  and Adaptat ion • A G R I C U LT U R E

erosion from drought and other climatic fluctua-
tions.(40) Warmer winters may result in a decrease
in protective snow cover, which would increase the
exposure of soils to wind erosion, whereas an
increase in the frequency of freeze-thaw cycles
would enhance the breakdown of soil particles.(41)

The risk of soil erosion would also increase if 
producers respond to drought conditions through
increased use of tillage summerfallow.

Pests and Weeds

Weeds, insects and diseases are all sensitive to 
temperature and moisture,(42) and some organisms
are also receptive to atmospheric CO2 concentra-
tions.(43, 44) Therefore, understanding how climate
change will affect pests, pathogens and weeds is a
critically important component of impact assess-
ments of climate change on agriculture.

Most studies of climate change impacts on weeds,
insects and diseases state a range of possible out-
comes, and have been generally based on expert
opinion rather than results of field- or lab-based
research experiments. Conclusions from these 
studies include the following:

• Elevated CO2 concentration may increase 
weed growth.(42)

• Livestock pests and pathogens may migrate north
as the frost line shifts northward.(28)

• The probability of year-to-year virus survival 
may increase.(45)

• Warmer winters may increase the range and
severity of insect and disease infestations.(42)

• Longer and warmer summers may cause more
frequent outbreaks of pests, such as the Colarado
potato beetle.(46)

• Pathogen development rate and host resistance
may change.(47)

• Geographic distribution of plant diseases 
may change.(48)

• Competitive interactions between weeds and
crops may be affected.(49)

Studies are needed to test and validate these 
predictions, and the results must be better incorpo-
rated into impact assessments.(50)

Significant work has been completed on the clima-
tic controls on grasshopper populations in Alberta
and Saskatchewan.(51) This research has shown 
that grasshopper reproduction and survival are
enhanced by warm and dry conditions. For exam-
ple, warm and dry weather in 2001 was associated
with a 50% increase in the average number of
adult grasshoppers per square metre, compared 
to values in 2000. Above-average temperatures
increase the development and maturation of
grasshoppers, and allow them to lay more eggs
before the onset of frost. Mild winters also benefit
grasshopper populations because extreme cold 
temperatures can kill overwintering eggs.(51) An
increase in temperature and drought conditions 
in the Prairies, as projected by climate models,(52)

could lead to more intense and widespread
grasshopper infestations in the future.

Recent work indicates that the relationships
between elevated atmospheric CO2 concentrations,
warmer temperatures and pest species are complex.
An example is a study of the impacts on aphids,(43)

serious pests that stunt plant growth and deform
leaves, flowers and buds. Although elevated CO2

concentrations enhanced aphid reproduction rates,
they also made the aphids more vulnerable to 
natural enemies by decreasing the amount of an
alarm pheromone. This suggests that aphids may 
in fact become less successful in an enhanced 
CO2 environment.(43)

Invasive species, such as weeds, are extremely
adaptable to a changing climate, as illustrated by
their presently large latitudinal ranges. Invasive
species also tend to have rapid dispersal character-
istics, which allow them to shift ranges quickly in
response to changing climates. As a result, these
species could become more dominant in many
areas under changing climate conditions.(44)

It is also expected that climate change would
decrease pesticide efficacy, which would necessitate
changes to disease forecasting models and disease
management strategies.(48, 49) This could involve
heavier and more frequent applications, with
potential threats to non-target organisms and
increased water pollution,(49) as well as increased
costs associated with pesticide use.(53) Similar
trends are predicted for herbicide use and costs 
in the future.(54)
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Economic Impacts

Assessing the economic impacts of climate change
on agriculture generally involves the use of a vari-
ety of tools, including climate, crop and economic
models. Each step in the modelling process requires
that assumptions be made, with the result that final
outputs are limited by cascading uncertainties.(25)

It is therefore not surprising that agricultural 
economic impact assessments in Canada are char-
acterized by great variability.(55) On a general level,
however, the economic impacts of climate change
are expected to mirror the biophysical impacts
(e.g., economic benefits are predicted where effects
on crop yields are positive). Studies suggest that
Canadian agriculture should generally benefit from
modest warming.(28)

It must be noted, however, that most economic
impact assessments do not consider changes in 
the frequency and severity of extreme events. The
sensitivity of agriculture to extreme events, as
noted previously, suggests that overall economic
losses could be more severe than commonly pro-
jected. For instance, the 1988 drought caused an
estimated $4 billion in export losses,(56) and the
2001 drought is expected to result in record payouts
from crop insurance programs of $1.1 to 1.4
billion.(6) Economic impact studies also tend to
aggregate large regions, and generally do not
acknowledge the impacts on specific farm types
and communities.(55)

International markets will also play a significant 
role in determining the economic impacts of climate
change on the Canadian agricultural sector. In fact,
changes in other countries could have as much
influence on Canadian agriculture as domestic
changes in production.(9) North American agricul-
ture plays a significant role in world food produc-
tion and, since Canada is generally expected to fare
better than many other countries with respect to 
the impacts of climate change, international markets
may favour the Canadian economy. Trade agree-
ments, such as NAFTA and GATT, are also likely to
affect Canadian agriculture;(57) however, quantitative
studies of these issues are generally lacking.

Agricultural Adaptation to
Climate Change

“The agriculture sector historically has shown 

enormous capacity to adjust to social and 

environmental stimuli that are analogous to 

climate stimuli.” (10)

To assess the vulnerability of agriculture to climate
change, it is necessary to consider the role of adap-
tation. Appropriate adaptations can greatly reduce
the magnitude of the impacts of climate change
(see Box 4). Assessment of adaptation options 
must consider six key questions:(28, 55, 58, 59)

• To what climate variables is agriculture 
most sensitive?

• Who needs to adapt (e.g., producers, 
consumers, industry)?

• Which adaptation options are worth promoting 
or undertaking?

• What is the likelihood that the adaptation would
be implemented?

• Who will bear the financial costs?

• How will the adaptation affect culture 
and livelihoods?

BOX 4: How does adaptation affect impact 
assessments? (60)

When adaptation measures were incorporated
directly into impact assessments, the impacts 
of climate change on crop yields were found to 
be minimal in agricultural regions across Canada.
In fact, yields of many crops, including soybeans,
potatoes and winter wheat, were projected to
increase under a 2xCO2 scenario. Some adaptation
options considered in the study included using
nitrogen fertilization to offset the negative impacts
of increased water stress on spring wheat, and
advancing the planting dates of barley.
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It is also important to understand how adaptation
to climate change fits within larger decision-making
processes.(61) Climate change itself is unlikely to 
be a major control on adaptation; instead, decision
making by producers will continue to be driven
jointly by changes in market conditions and 
policies.

Adaptation Options

Adaptation options can be classified into the 
following categories:

• Technological developments (e.g., new crop 
varieties, water management innovations).

• Government programs and insurance 
(e.g., agricultural subsidies, private insurance).

• Farm production practices (e.g., crop diversifica-
tion, irrigation).

• Farm financial management (e.g., crop shares,
income stabilization programs).(1)

These adaptations could be implemented by a 
number of different groups, including individual
producers, government organizations, and the 
agri-food industry.(1) These groups have differing
interests and priorities, which may at times 
conflict. Therefore, before determining which 
adaptation options should be promoted or imple-
mented, they should be carefully and thoroughly
assessed (see Box 5).

Much of the adaptation research in agriculture has
focused on water shortages. Common suggestions
for addressing water-related concerns include
improving irrigation systems and adjusting the
selection of planting dates and cultivars.(60, 61) For
instance, longer and warmer growing seasons may
allow earlier planting and harvesting dates, so that
the extremely arid conditions of late summer are
avoided. To deal with historic water shortages in
southern Alberta, irrigation canals were upgraded,
water storage capacity was increased, and irrigation
management was improved.(63) These strategies,
along with water transfers and changes to crop
insurance programs, are adaptation options often
suggested for dealing with future climate changes.

Water conservation measures are another important
adaptation mechanism for agriculture. For example,
snow management could be used to increase water
storage,(64) while equipment maintenance and
upkeep could help to reduce water waste.(62) The
use of summerfallow may be necessary for dryland
farmers in areas of recurrent drought, but use of
minimum tillage and chemical fallow techniques
offer significant advantages over tillage summerfal-
lowing with respect to soil erosion and retention of
organic carbon in the soil.(65)

New species and hybrids could play an important
role in agricultural adaptation. Development of 
new heat- and drought-resistant crop varieties is 
a frequently recommended adaptation option.
Improving the adaptability of agricultural species 
to climate and pests is an important component of
the research being conducted at federal, provincial,
university and industrial organizations.(3) The
potential role of biotechnology and soil organisms
in enhancing the resilience of soils and plants is
also being investigated.(3)

BOX 5: Evaluating adaptation options (62)

The applicability and success of different adapta-
tion options will vary greatly between regions and
farm types. To determine whether an adaptation
option is appropriate for a given situation, its 
effectiveness, economic feasibility, flexibility, and
institutional compatibility should be assessed. In
addition, the characteristics of the producer and
the farm operation should be considered, as should
the nature of the climate change stimuli. Possible
economic and political constraints are also 
important considerations.

Most importantly, however, the adaptation option
should be assessed in the context of a broader 
decision-making process. Researchers agree that
agriculture will adapt to climate change through
ongoing management decisions, and that the 
interactions between climatic and non-climatic
drivers, rather than climate change alone, will
direct adaptation.
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In eastern Canada, the fruit tree sector is expected
to benefit from the introduction of new cultivars
and species(19) and, in the southern Okanagan
Basin, a longer growing season would allow new
fruit varieties to be grown.(17) In the Atlantic
Provinces, researchers predict that corn and 
soybeans will increase in dominance, and that 
corn hybrids commonly used today in southern
Ontario will be introduced to take advantage of
warmer temperatures (see Box 6).

There is general optimism regarding the ability of
livestock operations to adapt to warmer tempera-
tures. The wide geographic distribution of livestock
attests to their adaptability to various climates.(24)

Some simple adaptations to warmer climates
include adjusting shading and air conditioning,(24)

and the use of sprinklers to cool livestock during
excessive summer heat,(57) although these options
may incur considerable expense.

Adapting to changes in moisture availability and
extreme conditions may be more challenging. For
the beef industry, options that have been discussed
include advancing the date when livestock is
turned out to pasture, increasing intensive early
season grazing, and extending the grazing sea-
son.(66) The success of these strategies is expected
to vary with location and pasture type. The intro-
duction of new breeds and/or species may also
play a significant role in reducing climate change
impacts on livestock.(24) It is noteworthy that none
of these actions are likely to prove effective in miti-
gating the impacts of extreme climate events, such
as the 2002 Prairie drought that has forced many
ranchers to sell off cattle.

Sound land management practices are essential for
soil conservation, which, together with flexibility
regarding land use, will help minimize the impacts
of climate change on agricultural soils.(67) Long-
term management strategies that increase soil
organic matter, so that soil has a high nutrient 
content and strong water-holding capacity, will 
also render the land better able to cope with 
future climatic changes.(68)

BOX 6: Adapting in the Atlantic Provinces (13)

Longer and warmer growing seasons are projected
for the Atlantic Provinces (see figure below). To
take advantage of these new conditions, producers
are expected to adjust the types of crops grown,
and introduce new hybrids. For instance, crops
such as corn and soybeans are expected to
increase in dominance, whereas small grain cere-
als will likely decrease. Producers should also be
prepared to introduce new corn hybrids, which are
adapted to warmer conditions, such as those 
currently used in southern Ontario.

However, warmer temperatures are not the only fac-
tor influencing crop decision-making. Researchers
point out that small grain cereals are unlikely to 
be phased out completely, as they work well in
rotation with potatoes and provide straw for animal
bedding. Other considerations include production
costs, protein levels and financial returns of 
different crops. The suitability of the soil, moisture
conditions and the influence of crop type on soil
erosion must also be considered.

Projected number of growing degree days (GDD)
above 5ºC (uses the Canadian CGCM1 with aerosols)
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Agricultural Policies

“The ability of farmers to adapt…will depend on

market and institutional signals, which may be

partially influenced by climate change.” (22)

Government programs and policies, such as tax
credits, research support, trade controls and crop
insurance regulations, significantly influence agri-
cultural practices.(55) For example, recent reform 
of the Western Grain Transportation Act has con-
tributed to increased crop diversification on the
Prairies.(69) Programs and policies may act to either
promote or hinder adaptation to climate change.(58)

Researchers have suggested, for instance, that crop
insurance may tend to decrease the propensity of
farmers to adapt.(70)

It has been suggested that policies designed to pro-
mote climate change adaptation in the agricultural
sector must recognize the dynamic nature of both
the biophysical and social systems in agriculture.(25)

There is a need for designating responsibility for
action, as adaptation occurs at many levels.(55)

A general goal of policy development should be 
to increase the flexibility of agricultural systems
and halt trends that will constrain climate change
adaptation.(25, 71) No-regrets measures that improve
agricultural efficiency and sustainability, regardless
of climate change impacts, are also encouraged.(25)

Producers’ Attitudes toward Adaptation

Agricultural producers have demonstrated their
ability to adapt to changes in climate and other 
factors in the past, and they will continue to adapt
in the future. However, the key question for agricul-
ture is whether adaptation will be predominantly
planned or reactive. The answer appears to depend
largely on the background, attitudes and actions of
individual producers.(58)

Producer interviews and focus groups reveal that,
to date, there is generally little concern in the
Canadian agricultural community regarding climate
change (e.g., references 57, 58, 72). These attitudes
have been attributed to the confidence of producers
in their ability to adapt to changing climatic condi-
tions, and their tendency to be more concerned
with political and economic factors.(58, 73) Indeed,
numerous studies have demonstrated that financial
and economic concerns are the primary influence
on producer decision-making. This does not mean
that adaptation to climate change will not occur,
but rather suggests that climate change adaptations
will be incidental to other adaptations, and should
be viewed as one element of an overall risk 
management strategy.(73)

It is also possible that events such as the 2001
drought are changing producers’ attitudes toward
climate change, particularly when viewed as an
analogue of what might be expected in the future.
Multiyear droughts seriously challenge the adaptive
capacity of agriculture. At workshops held across
the Prairies, acceptance of climate change as an
important issue has become common, as has a
growing recognition of the need for action.(74)

Socio-economic Consequences of
Adaptation

As other countries take action to adapt to climate
change, Canada will need to keep pace or risk
being placed at a competitive disadvantage.(55)

In fact, successful anticipatory adaptation in the
agri-food industry could provide Canadian produc-
ers with a competitive advantage. Before promoting
adaptation options, however, it is necessary to con-
sider the full range of socio-economic impacts. For
example, although switching production to a new
crop may increase overall agricultural production, 
it may not be economically viable due to marketing
issues and higher capital and operating costs.(25)

Since more than 98% of Canadian farms are family
owned and operated,(5) the effect that adaptation
options to climate change will have on culture and
livelihood must also be considered.
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Knowledge Gaps and
Research Needs

Although understanding of the potential impacts 
of climate change on Canadian agriculture has
improved, a number of key knowledge gaps, 
particularly with respect to the process of agricul-
tural adaptation, need to be addressed in order to
fully assess vulnerability. As with other sectors,
emphasis has been placed predominantly on the
biophysical impacts of climate change, with less
attention given to socio-economic impacts.
Research on climate change impacts and adaptation
in the food-processing sector is also sparse. There
is a need for more integrated costing studies, which
consider all potential impacts of climate change 
on the sector, as well as adaptation options. Such
information is necessary not only for domestic
issues, but also to assess comparative advantages
within global agricultural commodity markets.
Comparisons between studies and regions will 
be assisted by more standardized use of climate
change scenarios and crop production models.
Research is also needed to determine what barriers
exist to adaptation in the agriculture sector and
how these can be addressed. Increased use of 
new methodologies for assessing vulnerability
would help to address these gaps.

Another important focus for agricultural research 
is the identification of thresholds. The agriculture
sector has proven itself to be highly adaptive, but
this adaptation takes place within a certain range
of climate conditions. New adaptive measures 
may serve to expand this range somewhat, but
there exist climatic thresholds beyond which 
activities are not economically viable and sub-
stantive changes in practices would be required. 
An improved understanding of where these critical
thresholds lie will contribute to the development 
of appropriate adaptation strategies.

Needs with respect to primary agricultural produc-
tion, as identified within the recent literature cited
in this report, include the following:

Impacts

1) Increased focus on the impacts of changes in the
frequency of extreme events, rather than mean
conditions, on both crops and livestock

2) Improved understanding of potential changes in
wind regimes and their impacts on agricultural
production

3) Studies on how climate change will affect the
intensity and distribution of weeds, insects and
diseases, and incorporation of these findings into
impact assessments

4) More comprehensive studies of the impacts of
climate change on specific farm types and
regions in Canada

5) Analyses of the effects of climatic changes and
CO2 fertilization on pastures and grasslands

6) Improved understanding of the role of interna-
tional markets in determining the economic
impacts of climate change on Canada

Adaptation

1) Studies that designate responsibility for action,
by determining which adaptations are appropri-
ate for which groups (e.g. producers, industry
and government)

2) Improved understanding of the physical and
socio-economic consequences of different
options for adaptation

3) An assessment of the effects that trade and other
agreements will have on promoting climate
change adaptation or maladaptation

4) Studies that address the role of adaptation 
in decision-making at the farm, industry and 
governmental levels

5) Better understanding of the mechanisms 
for expanding the general adaptive capacity 
of agriculture



14 Climate Change Impacts  and Adaptat ion • A G R I C U LT U R E

Conclusions

Although warmer temperatures, longer growing
seasons and elevated CO2 concentrations are gener-
ally expected to benefit agriculture in Canada, 
factors such as reduced soil moisture, increased 
frequency of extreme climate events, soil degrada-
tion and pests have the potential to counteract, 
and potentially exceed these benefits. Some regions
could experience net gains, while others may see
net losses. Regional variations will result from 
several factors, including the nature of climate
change, the characteristics of the farming system/
organization, and the response of different groups.

Appropriate adaptations have the potential to great-
ly reduce the overall vulnerability of agriculture to
climate change. These adaptations will require the
participation of several different groups, including
individual producers, government organizations,
the agri-food industry and research institutions.
Historically, the agricultural sector has proven itself
to be highly adaptive to environmental and social
changes, with a strong capacity to adapt in a
responsive manner. However, to most effectively
reduce vulnerability, anticipatory adaptation is 
necessary. For example, efforts to increase adaptive
capacity through diversification and the develop-
ment of new technologies represent valuable types
of proactive adaptation. Anticipatory adaptation is
also important with respect to major capital invest-
ments by producers and the agri-food industry.
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