' l * Gavernment  Gouvernement
' of Canada du Canada

- Climate Change
impacts and Adaptation:
A Canadian Perspective

Agriculture

Prepared by the Climate Change Impacts and Adaptation Directorate
Natural Resources Canada
October 2002

Taking action on climate change

Together we can do it.
— - el

Canada




Preface

There is strong consensus in the international scientific comurunity 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 10 reduce greenhouse gas-emissians, 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 vuinerability to climate change. An effective response involves both the reduction
of greenhouse gas emissions as well as adaptation 1o the impacts resuiting 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 oceur. Adaptation refers to activities that minimize the negative impacts of climate
change, and position us 10 take advantage of new opportunities that may be presented.

This chapter is part of the repant “Climate Change Impacts and Adaptation: a Canadian Perspective”. The report
inciudes 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 af research supported by the Covernment of
Canada's Climate Change Action Fund (CCAF) are highiighted in boxes within each chapter of the Iepoft.

The agriculture chapter largely focuses on the impacts of climate change on primary agrcultural production
in Canada, porential adaptation options, and vuinerability 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
fesources, communities). As such, a complete assessment of impacts and adapration options will have to
take intc consideration issues raised within other chapters of this report.

Please direct inguiries to:

Climate Change Impacts and Adaptation Directorate

Natural Resources Canada

601 Booth Street e e
Ottawa, Onrario, K1A 0ES

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



‘ ( griculture is inherently sensitive to climate... Without

adaptation, climate change is generally problematic for

agricultural production and for agricultural economies

in 1998, the Canadian agricuiture and agri-food
industry generated approximately $95 billion

in domestic revenue, and was the third largest
employer in the country.® ¥ Canada’s agri-food
exports in 2000 were valued at $23.4 billion,
accounting for 6.1% of total merchandise

exports.®) Farming operations are spread across
Canada, with the greatest area of farmland located
in the Prairie Provinces (Tabte 1). Cattle and dairy
farms account for the highest amounts of farm cash

TABLE 1: Distribution of farms across Canada.!

receipts, aithough wheat, canola, and other cereals
and oilseeds are also important contributors.®
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.®®) Climaie is alsc a strong control on the
variation in year-to-year producticn. For example,
the drought that plagued much of Canada during

MAIN TYPES OF FARM

and communities; but with adaptation, vulnerability can be reduced...”®

REGION 0. OF FARMS™ TOTAL AREA OF FARMS (ha)

Canada 230540 67,502,446 Cattle (beafTgrait and oilseed ™
Nawfoundland

and Labrador 519 40,578 Misc. specialty, vegatable
Prince Edward Island 1,739 261,482 Cattle (beet), field crop

Nova Scolia 3,318 407,046 Mise, specialty, fruit

Mew Brunswick 2,563 388,053 Cattle {beef), misc. specialty
Queber 30,538 3.417.,026 Cattie (dairy}, misc. specialty
Ontario £5,092 5,466,233 Cattle (beef), grain and ofiseed
lanitoba 19,818 7,601,772 Cattle (beef), grain and cilseed
Saskatchewan 48,990 26,265,643 Wheat, grain and oilseed
Alberta 50,580 21,067,485 Cattle (beed), grain and oilseed
British Calrmbia 17,332 2,587,118 Misc. specialty, cattle (beef)

* with receipts over $2499
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2001 sericusly impacted farm operations. Water
shortages and heat siress in some regions of
Saskatchewan and Alberta have significandy low-
ered crop vields and threatened the availability of
feed and water for livestock.'®t Some other impacts
of the 2001 drought are listed in Table 2. In certain

weather conditions, increases in pest problems,
and severe water shoriages. On the ather hand,
a warmer climate and longer growing season
could benefit many aspects of Canadian agricul-
ture. [n general, experts agree that future climate

changes of the magnitude projecied by the

areas of the Prairies, 2001 was part of 3 multiyear
drought that extended into the summer of 2002.

Many believe that the consequences of the 20G1
drought may be indicative of what the agriculture
sector in Canada can expect more frequendy in the
future. Climate change could lead 10 more exireme

TABLE Z: Impacts ef the 20071 drought on agriculturs.®
REGION

British Columbia tosses in vegatable crops
+  Negative effects on forage crops,

especially in northern Okanagan

Wheat and canoia production down
43% from 2000
* Impact of decreased grain

Prairies .

production estimated at §5 billion____

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

« |n Manitoba, increased dissase
prablems in canola, barley and wheat

Great Lakes— .
St Lawrenca

Mast crops in Onfario impactad

by dry weather and heat

+ Increased stress from disease,
insects and hail

» Record numbers of certain insects

in Quebec

Potato harvest in PEL down 35-45%
Fruit {e.g., blueberries, strawberries)
and other vegetable (e.z., beans)
crops impacted by drought stress

Atiantic .

" This chapter examines recent research on climate

Intergovernmental Panel on Climate Change®
would result in both advantages and disadvantages
for the agricultural sector in Canada, and thar 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
opticns available to the agriculiurai sector, which
vary greatly in their application and approach.
Selecting and implementing adapiation strategies
will require consideration of the physical, socic-
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 agriculturai sector, and that
it may not be considered a short-term priority in
decision making.

change impacts and adaptation in the Canadian
agricuitural sector, focusing on primary production
and the vulnerability of agriculture at the farm
level. The potential impacts of climate change on
the agri-food indusiry and possible adaptation
options, although extremely {mportant, are not
addressed comprehensively, as these topics remain
poorly investigated and only limited published
information is available.
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Previous Work

“Global climatic changes will in all likelthood result

in both positive and negative impacts on Canadian

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,
Bridacich et al.® recommended increasing the farm-
ing community’s involvement in adaptation research.

agriculiure "

In their summary of Canadian research as part of

the Canada Country Study, Bridacich et al.®” stated
that climate change will have a wide range of impacts
on agricuiture in Canada. Most regions of the country
are expected 1o experience wanmer conditions, longer
frost-free seasons and increased evapotranspiration.
The actzal impacis of these changes on agricultural
aperations, however, will vary depending on factors
such as precipitation changes, soil conditions and
tand use, In general, northern agricultural regions

are expected to benefit mest from longer and warmer
frosi-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 severai decades. Poor soil
conditions will be a major factor limiting the north-
ward expansion of agricultural crops. In scuthern
Ontario and Quebec, warmer conditions may increase
the potential for tHE growth of specialry crops, such
as apples.

In many cases, the positive and negative impacts

of clirmate change would tend 1o offset each other.
For instance, the positive impacts of warmer tempera-
tures and enhanced CO, on crop growth are expected
10 largely offset the negative impacis of increased
moisture stress and accelerated crop maturation time.
1t 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 Praities), nor do

they consider the potential impacts of agricultural
land fragmentation.

Agriculrural 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 adapiation options

Impacts aon Agriculture

“Climate change will impact agriculture by causing
damage and gain at scales ranging from indivfdg_al

plants or animals to global trade networks. (13}

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 10
climate change, with both gains and losses commonly
predicted. Several recent Canadian studies have inte-
grated crop models with general circulation model
(GCM) cutput for a 2xCO, climate scenario, in order
1o project the impact of climate change on different
types of crops. Examples inciude:

e McGinn et al.0), who suggested that yields of
canola, corn and wheat in Alberta woilld increase
between 21 and 124%.

« Singh et al.1¥, who suggested that corn and
sorghum yields in Quebec could increase by 20%,
whereas wheat and soybean yields could deciine
by 20-30%. Canola, sunflowers, potatoes, tobacco
and sugarbeets are expected to benefit, while &
decrease in yields is antcipated for green peas,
onions, tomatoes and cabbage.

« Bootsma et al.(!3), 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 seaded to small
grain cereals and silage corn may shift production
to grain corn and soybeans to maximize
economic gains.

Climate Change [mpacts and Adaptation ® ASRICULTURE 3



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

POSITIVE IMPACTS

NEGATIVE IMPACTS

Increased-productivity from

7 Inceased insect
infastations

warmer temperatuzes N

PROJECTED CHANGES
¢ Warmer temperatures

Possibility of growing » Deier or wetter conditions Crop damage from
new Crops 4 . ingeased frequency of axtreme extzeme heat
climatic events
* Enhanced atmospheric o, .
Longer growing seasons * Changing market conditions Planning problems due to

fess raiiabie forecasts

Ingreased productivity from
enhanced CO,

Accelerated
maturaticn rates

Decraased moisture stress

Increased soil erosion

increased wead growth and
disease outbreaks

Decreased herbicide and
pesticide efficacy

Inaeased moisture stress
and droughts

The netimpact on Canadian crops is
uncertain, and depends largely on the
adaptation measures undertaken,

As with other sectors, concerns exist about the
resclution 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 resuits, especially for
regions with specific microclimates (e. g., Niagara
Penisula, Annapolis Valley). With respect (o
methodology, however, a recent statistical study
concluded that differences in the downscaling meth-
ods used to address scale issuss do not unduly
influence study results,'™) thereby {ncreasing
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 avaii-
able, production declines and entire harvests can
be lost, While climate change is expected to cause
moisture patterns io shift, there is still considerable
uncerzainty 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. Bexes 1 and 2 describe
the resulis 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.

4 Cllmate Change Impacts and Adaptation * ABRICULTURE



BOX 1. Will tha Prairies become drier? 3. 18

Wili moisture deficits and drought increase in
the future due to climate change? This is a key
question for the Prairie Provinces, where moistura

BOX 2. Water sunply and camand i the Jkanagan 19

Agnoulturai vizdhily ia 2 2l
Yailey 15 grea ]
irrigation waler, The resz: that crop

Lo - ala
ty mmfluentzo oy e v

constralnts ase atready a {arge concem and recur-
rent drought results in substaatial economic fosses
in the agricuitural community. Unforfunately, a
clear anaswer to this question remains elusive.

Using the Canadian Ceatre for Climate Medelling
and Analysis coupted General Circulatien Medel
{CGCM1), Nyirfa and Harron U8 found that moisture
{imitations would be significantly higher over much
of the Prairies’ agricultural regions by 2040-2069.
Although precipitation is expected fo increase, it
will not be sufficient to offset increased moisture
losses from warmer temperatures and ingreased
rates of evapotranspiration. As a resuff, the
researchers believe that spring-seeded small grain
crops will be threatened untess adaptations, such
as cropping changes and shifts in pasture areas,
are undariaken.

in contrast, using a range of climaie change sce-
narios, MeSinn ef al. % found that moisture levels
in the top 120 om of the soil profile would Ge the
same or higher than present-day values. Their
models also suggastad that the seedingdatesfor-
spring wheat vl be advaaced by 18--26 days, and
that the growing season will he accaierated. This
wouid allow csops to be harvested eadier in the
year, thereby avaiding the arid conditions of late
summer. However, the benefits are not expected ta
be felt evenly across the Prairies; there are regions
of concern, such as southeastern Saskatchewan
and seuthern Manitoba, where summer precipita-
tion is projected fo decrease.

Walsrgemangsangin sauirements will
ront historic vatues
by the latier partof th2 i century. Whiie the
main Iake and channe! ar2 2xpested to contain
enpugh water to mest thess nsng demands,
agniculfusal operations ¢
fiow will likely sxngnents wiis

maiches, b {

use of waiar consenvaiisn o

irrigation ang anoinng sou muiches, The

suggasted that new fechmidees, inciuding regulated

deficit ingation and par

yield subsiantial waler

{Phois: Stewart Cohen, 20007

ale uncertainties
clitnate changes at
s, ihere 13 NG question
ade i the aimosphere
pveral decades.

While thers remain consid
regarding ihe nature o)
the regional and local
that the level of
will condnue

crpy preduction,
iond 1o lMprove
rates of photosynthe-
s pot simple. For
hoas legumes,
e fuiure than oth-
ol some crops will

O P S R T
SIS, mpanvevon Y Tudld

iNStanicy, Corcdin (VY
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likely decline. In addition. there are several factors,
inctuding moisture conditions and the availability
of soil nutrients, that could limit or negate the ben-
efits of CO, fertilization on plant growth. Although
some impact studies do attampt to incorporate CO,
effects into-their modeliing, many researchers feel

Another facior not usuaily included in modelling of
climate change impacts is future changes in wind
patterns, mainly because wind projecticns from
GCMs are highly uncertain®® and wind phenome-
na, in general, are poorly understood. However,
wind is clearl¥ 3 imporian: control on agricuftural

that there are (oo many uncertainties to effectively
integrate the effects of increased atmospheric €0,.04

Another complicating factor in projecting furure
trends in crop yields is the interaction of climatic
changes and enhanced CO, concentratons with
other environmental siresses, such as ozone and
UV-B radiatien. For examnple, warmer (emperatures
tend to increase ground-leve! 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 incraased atmospheric CQ, levels.08)

Changing winter conditions would alsc 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 10 tree fruit and grape root-
stocks will decline substantially in areas such as
the southern Okanagan Valley.('") However, warmer
winters are aiso expected to create problems for
- -agriculture; especially with respect 1o pesls,
because extreme winter cold is often critical for
controlling populations. Warmer winters may
aiso affect the resilience of crops (see Box 3).

Many crops may be mare sensitive 1o changes

in the frequency of extreme lemperatures 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 annuai seed crops {e.g., reference 20) and
damage wree fruit such as applest?. Crops that
require several years to establish (e.g., fruit trees)
are sspecially 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 resuit of climate change.

production, which_strongly influences evapotranspi-
ration and soil erosion. especially on the Prairies,
As such, exclusion of future wind dynamics
increases the uncertainry in assessments of

climare 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 maximurms.
Climate models project that this trend will continue
in the future. This type of asymmetric warming
iends to reduce crop waier loss from evapotranspi-
ration and improve water use efficiency.?¥ Under
such conditions, climate change impacts on

crop productivity may be less severe than the
impacts predicted assuming equat day and

night warming. 22

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 20402089, despite
an increase in annual minimum tempecatures of
almost 5°C, the aumber of cold days (befow -15°C)
vithout 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 coid
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 seasitivity to coid temperaturas in laie winter,

B citmare Change Iiapaces and Adapiation * AERICULTURE



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. Despite the
economic importance of livesiock operations 1o

would be unabie 1o support any grazing, while
others would be reduced to 20-30% of normal
herd capacity.C4

There is relativety littie literature available on the
impacts of extreme climate events on livestock.

Canada, relatively few studies have examined
how they could be impacted by climate change.

Temperature is generally considered to be the

most importan: bioclimatic factor for livestack. 2%
Warmer temperatures are expected to present both
benefits and challenges 10 livestock operations.
Benefits would be particularly evident during
_winrer, when warmer weather lowers feed require-
ments, increases survival of the voung, and reduces
energy costs.25) Challenges would increase during
the summer, however, wien heat waves can kiil
animals. For exampie, large numbers of chicken
deaths are commonly reported in the United Siates
during heat waves.i. 27 Heat stress also adversely
affects milk production, meat quality and dairy cow
reproduction.®* In addition, warmer summer tem-
peratuses have been shown to suppress appetites

in tivestock and hence reduce weight gain.*® 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. ‘¥

Provided there is adequate moisture, warmer
temperatures and elevated €O, concentrations

ara generally expected (¢ increase growth raes

in grasslands and pastures.®% 303 i is estimated
that a doubling of aumespheric CO, would increase
grassiand producdvity by an average of 17%,%9
with greater increases projecied for colder regions®®®
and moisture-limited grassiand systems.®¥ However,
study results tend to vary greatly with location, and
changes in species composition may affect the actual
impacts on livestock grazing.* For instance, studies
have noted future climate changes, particularly
extreme evenis, may promote the invasion of alien
species into grasslands,®® which could reduce the
nutritional quality of the grass.

An increase in savere moisture deficits due to
drought may require producers to reduce their
stock of grazing cattle to preserve their land, as
exempiiiied by the drought of 2001 when many
Prairie producers had 1o cull their herds, For the
20302 season, it was predicted that many pastures

Nevertheless-stormsbiizzards-and-deoughisare—

an important concern for livestock operations:®#)
In addition to the direct effects on animals, storms
may resuit 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 Ontaric and scuthemn
Quebec, when the lack of power left many dairy -,
farms unable 1o use their milking machines. This
threatened the heaith of the cows {due to potential
mastitis) and caused significant revenue losses. (35}
Milk revenue was also lost through the inability

1o store the milk at the proper tlemperature.
Furthermore, the lack of eleciricity made it difficult
to provide adequate barn ventilation and heating,
thereby making the animais more susceptible

to iflness,B35)

Soil Degradation
“Soil degradation emerges as one of the major

challenges for global agriculture. It is induced vict

erosion, cherical depletion, water saturation,

and solute accumulation. "%

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

Soil erosion threatens agriculturai preductivity and
sustainability, and adversely affects air and water
quality.(8 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 exwreme climatic evenis, such as
drought and flocding, which are commonly pro-
jected to increase as a result of climate change.®?
1) Land use change could exacerbate these impacts,
as conversion of natural vegetation cover croptand
greatly increases the sensiviry of the landscape (0

Climate Change impacts and Adaptation * AGRICULTU Re 7



erosion {rom drought and other climatic fluctya-
tions.("% 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.@t)

Significant work has been completed on the clima-
tic controis on grasshopper populations in Alberta
and Saskaichewan.®V This research has shown
that grasshopper reproduction and survival are
enhanced by warm and dry conditions. For exam-
ple, warf and drv weather in 2001 was associated

e Weed growth, 42

. The_risk of so0il erosion would also increase if
producers respond to drought conditions through
increased use of tilage summerfallow.

Pests and Weeds

Weeds, insects and diseases are ail sensitive to
temperature and moisture,®2 and some organisms
are also receptive 1o atmospheric CQ, concentra-
tions.[3. 49 Tharefore, undersianding how climate
change will affect pests, pathogens and weeds is a
critically important component of impact assess-
ments of climate change on agriculture.

Mast 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 CO, concentration may increase

* Livesteck pests and pathogens may migrate north
as the frost line shifts northward, 28

® The probability of year-10-year virus survival
may increase,5)

- * Warmer winters may increase the range and
severity of insect and disease infestations.“?

* Longer and warmer summers may cause more
frequent outbreaks of pests, such as the Colarado
potato beeile.t8

* Pathogen development rate and host resistance
may changg, &%)
* Geographic distribution of plant diseases

may change. 8

* Competitive interactions between weeds and
€rops may be affected.(®

Studies are needed to test and validate these
predictions, and the results must be better incorpo-
rated into impact assessments. 59

with a 50% increase in the average number of
adult grasshoppers per square metre, compared
to values in 2000. Above-average temperarures
increase the development and maturation of
grasshoppers, and aliow them to lay more eggs
before the onset of frost. Mild winters also benefit
grasshopper populations because extreme coid
lemperaiures can kiil overwintering eggs.(V An
increase in temperature and drought conditions
in the Prairies, as projected by climate models, 52
could lead 1o more intense and widespread
grasshopper infestaticns in the future,

Recent work indicates that the relationships
between elevated atmospheric CO, concenrrations, |
warmer temperatures and pest species are complex.
An example is a study of the impacts on aphids, @3
serious pests that stunt plant growth and deform
leaves, {lowers and buds. Although elevated cG,
toncentrations 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
CO, eavironment.*3

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. 4

it is also expected that climate change would
decrease pesticide efficacy, which wouid necessitate
changes to disease forecasting modeis and disease
management sirategies. & 49 This could involve
heavier and more frequent applications. with
potential threats to non-target organisms and
increasad water pollution,#9 as well as increased
€031s associaled with pesticide use.(53 Simiiar
trends are predicted for herbicide use and costs

in the future.t4
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Economic Impacts . .
Agricultural Adaptation to

Assessing the economic impacts of climate change Climate Change
on agriculture generally involves the use of a vari-

ety of 1ools, mc!ud{ng climate, cFop and econorm'c “The agriculture sector historically has shown
models. Each step in the modelling process requires

T =" ihatassumptions be made, with the result that final = ~-enormous capacity to adjust to social and

imi i inties. (35! . L
ou}pms are limited by §a§cad1ng unc-ertamtses. ~environmental stmuli that are analogous o
It is therefore not surprising that agriculwral
economic impact assessmenis in Canada are char-
acterized by great variability.G%) On a general level,

climate stimuli.” (19

however, the economic impacts of climate chaage To assess the vulnerability of agriculture to climate
are expected 10 mirror the bmphy"sxcai mpacts change, it is necessary to consider the role of adap-
(e.g., economic benefits are predicted where effects tation. Appropriate adaptations can greatly reduce-*
on crop yields are positive), Studies suggest that the magnitude of the impacts of climate change
Canadian agriculture should generally benefit from {see Box 4). Assessment of adaptation options
modest warming. 9 must consider six key questions:@s. 35. 3659

It must be neted, however, that most economic e To what climate variables is agriculture

impact assessments do not consider changes in most sensitive?

the frequency and severity of extreme events. The
sensitivity of agricuiture to extreme events, as » Who needs to adapt (e.g., producers,

noted previously, suggests that overall economic consumers, industry}?
53 db vere only pro- . . . :
10 e§ C:m, f more ;e 198§h;n co;nm Ide ° » Which adaptation options ate woarth promoting
cted. § s . caused an b
je or instance, the rought a or undertaking?

estimated $4 billion in export losses,®) and the

2001 drought is expected to result in record payouts « What is the likelihood that the adaptation would
from crop insurance programs of $§1.1 to 1.4 ) be implemented? ’
billion.!® Economl; impact studies also tend o e Who will bear the financial costs?

aggregate large regions, and generallydonpot ~
acknowledge the impacts on specific farm types « How will the adaptation affect culture

and communities.t%) and livelihocds?

International markets will alsc play a significant
role in determining the economic impacts of climate
change on the Canadian agricultural secter. In fact,
changes in other countries could have as much
influence on Canadian agriculture as domestic

BOX 4: How does adaptation affect impact
assessments? 50

When adaptation measures were incorporated

changes in production.!® North American agricul- \ . :
§ procuctl . 8 directly into impact assessments, the impacts -
ture plays a significant role in world {ood preduc- . . .
. ] i of climate change on crop yields were found to .
tion and, since Canada is generally expected to fare cL . )

. ) . be minimat in agricuttural regions across Canada.
better than many other countries with respect {o In fact. vields of many crops, inciuding soybeans
the impacts of climate change, intemational markets oy y ' '

: . ~ potatoes and winter wheat, were projected to

may favour the Canadian economy. Trade agree- : der & 2C0. scenario. Seme adaptation

ments, such as NAFTA and GATT, are also likely 10 mcrease un . a x' z ) p
gptions considered in the study included using

affect Canadian agricuiture; 7! however, quantitative 4

studies of these issues are generaily lacking. nitrogen fertifization to offset the negative impacts
of increased water stress on spring wheat, and

advancing the planting dates of barley.

Climate Change Impacts and Adaptarion * ABRICULTURE
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It is aiso important to understand how adaptation
to climate change fits within larger decision-making
processes. ! 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

These adaptations could be iinplemented by a
number of different groups, including individual
producers, government organizations, and the
agri-food industry.! These groups have differing
interests and priorities, which may at times
conflict. Therefore, before-determining which

policies.

Adaptation Options

Adaptation options can be classified into the
iollowing categories:

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

* Government programs and insurance
{e.g., agricultural subsidies, private insurance).

* Farm praduction practices (e.g., crop diversifica-
tion, irrigation).

* Farm financial management {e.g., crop shares,
income stabilization programs).®

BOX &: Evaluating adaptation aptions &2

-i——*he-applicabiiity and-success of different adapta-
tion options will vary greatly between regions and
farm types. To determine whether an adaptation
optien {s appropriate for a given situation, its
effectiveness, economic feasibility, flexibility, and
institutional compatibiiity should be assessed. In
addition, the characteristics of the producer and
the farm operation should be cansidered, as should
the nature of the climate changa stimuii. Possible
economic and pelitical constraints are alse
imporfant considerations.

Mast importantly, however, the adaptation option
shouid be assessed in the cantext of a broader
decision-making process. Researchers agree that
agriculture will adapt to climate change through
ongoing management decisiens, and that the
interactions between climatic and non-climatic
drivers, rather than climate change alone, will
direct adaptation.

adaptaticn options should be promoted or imple-
mented, they should be carefully and thoroughiy
assessed (see Box 5).

Much of the adaptaticn research in agriculture has
focused on water shortages. Common suggestions
for addressing water-related concarns include
improving irrigation systems and adjusting the
selection of planting dates and cultivars.® ) Far
instance, longer and warmer growing seascns may
allow eariier planting and harvesting dates, so that
the extremely arid conditicns of late summer are
avoided. To deal with historic water shortages in
southern Albera, irrigation canals were upgraded,
water storage capacity was increased, and irrigation’
management was improved.l¢¥ These strategies,
along with water transiers and changes 10 crop
insurance programs, are adapration 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;“4-while-equipmrenrmaintenance and
upkeep could help to reduce water waste.s? 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 1o soil erosion and retention af
organic carbon in the soil.®s

New spacies and hybrids could play an imporiant
role in agriculrural adapration. Development of -
new heat- and drought-resistant crop varieties is

a frequently recommended adapiation option.
Irnproving the adaptability of agricultural species
to climate and pests is an important compeneant of
the research being conducted at federal. provincial,
university and industrial organizations.®’ The
potential role of biotechnology and soil organisms
in enhancing the resilience of soils and piants is
also being investigated.®
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In eastern Canada, the fruil tree sector is expected
0 benefil from the introduction of new cultivars
and speciesi'” and, in the southern OKanagan
Basin, a longer growing season would allow new
fruit varieties to be grown."¥! In the Atlantic

-Provinces, researchers predict that corn and

BOX §: Adapting in the Atlantic Provinces U

{enger and warmer growing seasons are projected
for the Atlantic Provincas {see figure below), To
. take advantage of these new cenditions, producers

soybeans will increase in dominance, and that
corn hybrids commonaly used today in secuthern
Ontario will be introduced to take advantage of
warmer temperatures (see Box 6).

There is general optituism regarding the ability of
livestock operations (o adapt to warmer tempera-
tures. The wide geographic distribution of livestack
attests to their adaptability to various climates.G%
Some simple adaptations to warmer climates '
include adjusting shading and air conditioning, 4
and the use of sprinklers to coot livestock during
excessive summer heat,®7) although these options
may incur considerable expense.

Adapting o changes in moisture availability and
extreme conditions may be more challenging. For
the beef industry, opiions 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. 8 The success of these strategies is expected
to vary with lecation and pasture type. The intro-

duction of new breeds and/eor speeies-may-also- |- -

play a significant role in reducing climate change
impacts on livestock.@¥ 1t 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 catile,

Sound land management practices are essential for
soil conservation, which, together with flexibility
regarding land use, will heip minimize the impacts
of climate change on agriculiural soils.®” Long-
term tnanagement strategies that increase soll
organic matter, so that seil has a high nutrient
content and strong water-holding capaciry, will
also render the land betier able 1o cope with
future climatic changes.®

Climate Change Impacts and Adapiadion * AGRICULTUR

—_ dre expecied 1 aaiustthe types o Tcrops grow;
and intreduce new hybrids. For instance, crops
such as corn and soybeans are expected to
increase in dominance, whereas small grain cere-
ais will likely decrease. Praducers should alse be
preparad to introduce new carn hybrids, which are
adapted to warmer conditions, such as those
currentiy used in southern Ontaric.

However, warmer temparatures are not the only fac-
tor influencing crop decision-making, Researchers
poiat cut that smalt grain cereals are unlikely to

be phased out compietely, as they work well in
rotation with potatoes and provide straw for animal
bedding. Other cansideraticns include production -
costs, protein levels and financial returns of
different crops. The suitability of the soil, moisture
conditions and the influance of crop type on soil
grgsion must also be considered.

<700

Projected number of growing degree days (GOD)
above 5°C {uses the Canadian CGCMI with aerosols)

=
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Agricultural Policies
“The ubility of farmers to adapt...will depend on
market and institutional signals, which may be

partially influenced by climate change.” (32

Producer interviews and focus groups reveal that,
¢ date, there is generally little concern in the
Canadian agriculiural community regarding climate
change (c.g., references $7, 58, 72). These attitudes
have beer attributed to the confidence of producers
in their ability to adaprrochanging climatic condi-

Government programs and policies, such as tax
credits, research support, trade controls and crop
insurance regulations, significantly influence agri-
cuitural practices. ) For example, recent reform
of the Western Grain Transportation Act has con-
tributed to increased crop diversification on the
Prairies.®™ Programs and policies may act to either
promote or hinder adaptation to climate change.©®
Researchers have suggested, for instance, that crop
insurance may tend to decrease the propensity of
farmers to adapt, 0

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

A general goal of policy development should be

1o increase the flexibility of agricultural systems
and halt trends thar will constrain ciimate change
adapiation.©*3- " No-regrets measures that improve
agricultural efficiency and sustainability, regardless
of climate change impacts, are also encouraged.®s)

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 {uture, However, the key question for agricul-
ture is whether adaptation will be predominanily
planned or reactive, The answer appears to depend
largely on the background, attitudes and actions of
individual producers.8

tions, and their tendency 10 be more concerned
with political and economic factors.(53. 73 Indeed,
numercus studies have demonstrated that financial
and econemic 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. ¥

It is also possibie that events such as the 2001
drought are changing producers’ attitudes toward
climate change, pamicularly when viewed as an
analogue of what might be expected in the future.
Multiyear droughis seriously challenge the adaptive
capacity of agriculture. At werkshops 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.f4

Socio-economic-Consequences of
Adaptation

As other couniries take action to adapt to climate
change, Canada will need to kesp pace or risk
being placed al a competitive disadvanrage. %5

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 sccio-economic impacts. For
example, although switching production to a new
crop may increase overall agriculrural production,
it may not be economically viable due to marketing
issues and higher capital and operaiing costs.?
Since more than 98% of Canadian farms are family
owned and operaied,!®) the effect that adaptation
options to climate change will have on culture and
livelircod must also be considered.
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Knowledge Gaps and
Research Negds

Although understanding of the potential impacts
of climate change on Canadian agriculture has

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

improved, a number of key knowledge gaps,
particularly with respect o the process of agricui-
tural adaptation, need 1o be addressed in order to
fully assess vulnerability. As with cther sectors,
emphasis has been placed predominantly on the
biophysical impacts of climate change, with less
attention given 10 socio-econaomic Impacts.
Research on climate change impac:s and adaptation
in the food-processing sector is also sparse. There
is a need for more integrated costing studies, which
consider ali potensial impacts of climate change
on the sector, as well as adaptation options. Such
information is necessary not only for domestic
issues, but alsc to assess comparative advantages
within global agricultural commodity markets.
Comparisons berween studies and regions will

be assisted by more standardized use of climate
change scenarios and crop produciion medets.
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 merhodoelogies for assessing vulnerability

wememee G OUEG - Delp-to address these gaps.

Another important focus for agricultural research
is the identification of thresholds. The agriculture
sector has proven itself 1o 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 nat economically viable and sub-
stanidve changes in practices would be required.
An improved understanding of where these critical
thresholds iie will contribute 10 the devejopment
of appropriate adaptation strategies.

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

wind regimes and their impacts on agriculiurat
producticn

3) Studies on how climate change will affect the
intensity and distribution of weeds, insects and -
diseases, and incorporation of these {indings 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
CO, fenilization on pastures and grassiands

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

Adaptation

1) Studies that designaie responsibility for action,
by determining which adaptations are appropri-
ate for which groups {e.g. producers, industry

~———arrd"goverament) -

2} Improved understanding of the physical and
socio-economic consequences of different
options for adapiation

3) An assessment of the effects that rade 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 generai adaptive capacity
of agriculiure
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Conclusions

Although warmer temperatures, longer growing
seasons and efevated CO, concentrations are gener-
ally expected to benefil agriculture-in-Ganada,

tactors such as reduced soil moisture, increased
frequency of extreme climate events, soil degrada-
tion and pests have the potential to counteract,
and poteniially exceed these benefits. Some regions
could experience net gains, while others may see
net fosses. Regional variations will result from
several {aciors, including the nature of climate
change, the characteristics of the farming system/
organization, and the response of different groups.

Appropriate adaptations have the potential o great-
ly reduce the overall vuinerability of agriculture w0
climate change. These adaptations will require the
participation of several different groups, including
individual producers, government organizations,
the agri-food industry and research institutions.
Historicaily, the agricultural sector has proven itseif
to be highly adaptive 1o 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 deveigp-
ment of new technologies represent valuabie types
of proactive adaptation. Articipatory adaptation is
also impertant with respect to major capital invest-
ments by producers and the agri-food industry.
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Appendix C

- Expert Pagers presented at the Montrea] mesting of'the Agriculmre

and Agri-Food Table. Ful]

text articles avajlable fom Agricuiture and Agri-Food Canada g Eavironment Bureay. T

Absiraces ara availabie on the world widevigh e

(htrp://aceis.agr.ca/pclIcy/enviromnemfsustainabdxtyl‘stewardship/climam_c

. R AL

Gresahouse Gas Emissions from A
at Kyoto

Land Use and Climate Change
Nizrous Oxide Emissions from Canadian Agroecosystems: Understanding
the Process

Developing methods to predict N,O emissicns in CTOp production systems

Quantifying, predicting and verifying changes in soil carbon
Validating Greenhouse Gas Flux Estimates from Agroecosystems

[PCC Greeahouse Gas Accounting and Agricuiure

The Zconemics OF Reduced Tillage And Reduced Summmer Fallow In Crop

foduciion ln Canada: A Review Of Available Evidepce
Economics of Biofueis

Greezhouse Gag Emissions From Magure agd Measures For Their

Mitigariog e o

Potentaj For Reducing GHG Emissions From Domestic Monogastric
Tas

Rangeiand Cartle Producdon And THe Greenhouse Effect, & Review

Ruminan: [ ivestocic Methane Emissions: Potentaj for Mitdgation
Livestock Manure Mapagement Systems and Greeahouse Gases Procuction

The Economics OF Modified Manues Handling Systems For Greenhouse
Gas Reductions

The Economic Feasibility of Modified Feed and Rumen Management to
Reduce GHG Emissions

Adapting © Climare Change in Canadian Agriculture

How Will Greephouse Gag Policy Affect The Competitiveness Of Canadian
Agriculurs

Complimenarities And Conflicts In Policies Relating To GHG Emissions
And Agriculnre

f Clean Development Mechanisms And Agriculture

Non-Market Policv Instument Cotions For Reduced GHG Emissions From
) Agriculnire

| Ineentives For Eariy Action And Timing Of Greenhouse Gas Policies For

{ Agriculture

j Market losrumens Qvtons For Reduced GHG Emissions from Agricuityrs

hange/tabie/absmct.hmu)

Charles Mrena

R.L. Lemke, P, Rochette,
and E. VanBochove

W.N. Smith, R, Lemke,
R.L. Desjardins

B.H. Ellerr

E. Patey and R}
Desjarding

Marte Boetun and Im
Altman

Michae! Rossetti and o
Gienn Fox

Ewena Coxworth and Andrs
Hueq

Daniet I. Massé agd .- -- —
Francis Croteau

Candido Pormar

1.C. Kong and K M.
Wittenberg

D. Boadi and <M.
Wittenberg

Syivio Tessier and Alfed
Marquis

Gregory De Vos, Alfons
YWeersink, Peter
Sicnehouse

Scout R. Jeffrey

Allen Tyrchniewics
Allen Tyrchniewicz

Edward Tyrehniewics

Edward Tyreaniewics
Don Buckingbam and
Cymhia Kallio Sdwards
Richard Geay and Dan
Monchuk

Allen Tyrehniawicr

40



June 8-11, 1999

Truro, NS

* Presentation of remaining Phase [
studies :

—~

= Selection of options to go forward tg. ==

July 22 & 23, 1999
Aug. 26 & 27, 1999
October 15, 1999

Novemnber 15, {999
November 30, 1999

Ottawa, ON
Ottawa, ON
Ottawa, ON

Toronto, ON
Conference call

Stage T of Phase T,

* Presentation on Phase I analysis.

* Consideration of Phase I analysis

* Development of Options Paper

» Consideration of Phase [T analysis

* Development of Options Paper

* Presentation of Options Paper

* Evaluation of Actions and Measures
* Discussion of Options Paper

* Final approval of Ontions Paper




Appendix B

Meeting dates and locations for the Agricuiture and Agri-Food Table.

Dape™ >0

i Event, Lacation-" 3/

Table Pre-Meeting

Jume 30, 1993

January 27, 1999 Hull, QC * Presentation on GHG Emissions

Toronto, ON
September 9, 1993 Winnipeg-Ottawa - Identification of areas for further study
(Video conference)  « Discussion of Early Action items
Qctober 23, 1998 Winnipeg, MB - * First review of the Foundation Paper
* Update on Early Action proposal,
* Presentation by PAMT
November 19 & 20, Monrreal, QC * Presentation and discussion of
1598 . cominissioned papers
* Coilaboration with F orestry Table
initiated
December 14 & 15,  Calgary, AB * Prioritization of measures for Phase [
1998 analysis
+ Identification of Phase I contract teams
* Decision to contrac: Food Processing

Foundation Paper

* Presentarion by PFRA, Aiberta F ood
Processing Industry, Canadian Fertilizer
Institute, Public Qutreach & Education,

Modeling and Analysis Group

Inventory, Emission Trading

* BIOCAP Presentation

* Discussion of Phase II modeling
February 19, 1999 REPs for Phase I Studies Issued

(Couference call) Sub-commities established for Options
Paper
April 6 & 7, 1999 Winnipeg, MB * Final review of Foundation Paper
* Report Enhanced Voluntary Action
Table, Sinks Table

May 6 & 7, 1999 Ottawa, ON * Contractors for Phase I studies
announced
* Presentation on Emissions Trading
* Phase I Reports ~ Nutrient ¥anagement,
Soil Management & Manure Management
* Sinks Table Sub-commirtas Report

i * Presentation Adaotation in Agriculture |




Appendix A

Agriculture and Agri-Food Table Membership.

Co-Cmairs
Les Haley
Garth Sundeen
Members
Andeé Bédard/

Jean Brodeur

Jim Bruce

David Burton

Jean Louis Daigies
Gozrdoa Fairchild
Peter Bzikowski
Jim Farrall/

John Harapiak
Sheila Forsvth
Alexandre Lefebvre/
Eric Aubin

Rictard Gray

Suren Kulshreshrha
Daniei Masse
Dougias Mutch
Katharine Schmigy
Susan Aater

- |Paui Smith

Peggy Strankman
Ed Tvrchniewicy
Karin Wittenberg
Nigel Wood
Brian Yusishen

Jear-Paul Lussia-Berdou

Naticgai Climate Change Secretariat

Agricuiture and Agri-Food Canada
Carpadian Federadon of Agriculture

Québec Ministare de ['Agriculture, des Pécheries ot de PAlimentation

Cooperative Fédérée du Québec

Seil and Water Conservation Society

Canadian Society of Soil Science

Eastern Canada Soil and Water Conservation Centre

Alberta Agriculture, Food and Rural Development
Canadian Ferdlizer Inseitute

National Agriculture Environment Committee
Canadiar Pork Council

University of Saskatchewan

Agricuiture and Agri-Food Canada

Agriculture and Agri-Food Canada

Canada Geins Couneil

Food and Consumer Products Manufacturers of Canada

New Brunswick Department of Agriculture and Rural Development
Canadian Cattlemen’s Association

lntermational lastinre for Sustainabie Development

University of Manitoba

Omario Ministry of Agriculture, Food and Rural Affairs

Manitaba Agriculture




Forthcoming:

Junkins, B., S, Kulshreshrha, p. Thomassin, A. Weersink, K. Parton, R, Desjardins,
M. Boehm, R Gill, C. Daun

cey. “Analysis of strategies for reducing greenhouse gas
cmussions from Canadian agriculture.” Technicai

ulture teport to the Agriculnre and Agriz——
Food Table. Policy Branch_ - Ottavwas AAEC 2608

ta)
[e)



