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PREFACE 

 
Climate and weather conditions are important factors for agricultural production. Variations in 
climate conditions, especially drought and extreme temperatures, frequently pose significant 
challenges to agricultural operations, and to related businesses and communities.  With climate 
change, it is expected that many of these weather conditions will be altered. Indications are that 
climate change is already having an effect on farming in several Canadian regions. 
 
Producers view climate and weather risks as one of several factors to be included in their operating 
strategies related to production practices and financial management. Policy makers are charged with 
developing programs and legislation that enhance the agri-food sector’s ability to manage climate risks 
and take advantage of opportunities, while researchers seek to improve our understanding of the 
implications of climate change for the agri-food sector and to provide a sound basis for decisions on 
adaptive strategies.  Representatives from these three groups (industry, policy, and research) work 
actively in C-CIARN Agriculture (Canadian Climate Impacts and Adaptation Research Network for 
Agriculture) and have requested an overview of the state of knowledge regarding the implications of 
climate change for agriculture and the prospects for adaptation in the agri-food sector. 
 
This position paper reviews and summarizes the current state of knowledge about climate change 
risks and opportunities for the Canadian agri-food sector with a focus on adaptation strategies. The 
document also identifies research gaps and issues that need to be addressed if policy and programs for 
agricultural adaptation to climate change are to be timely and effective. 
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HIGHLIGHTS 

 
Climate change, manifested through climate variability and weather, will pose significant 
challenges and some opportunities for the Canadian agri-food sector. Extended droughts and 
increases in temperature appear to be the conditions causing the most concern while longer growing 
seasons offer potential increases in yield and diversity of crops grown. Climate and weather impacts 
vary widely according to region and farming system. 
 
Many strategies exist for adapting to climate change and weather conditions.  Adaptation 
involves government, industry, and farm level actions. Because producers adapt to climate change in 
conjunction with other business risk management strategies, it is important to use a “whole-farm” 
approach for understanding adaptation issues. Likewise, adaptation policy will be more effective if it 
is integrated into existing programs.  
 
Research and policy initiatives for adaptation to climate change are relatively undeveloped 
for a number of reasons, including the tendency for climate change to be equated only with 
greenhouse gas emission reduction rather than acknowledging the need for understanding adaptation 
to altering conditions. Also relevant is the fact that impacts research relies mostly on “top-down” 
scenario-based approaches where adaptation tends to be assumed and removed from producers’ lived 
experience. 
 
There is need for policy-relevant research that examines producers’ capacity to deal with 
climate and weather risks. To date, there has been little government support for research 
approaches focusing on capacity. However, leading non-governmental organizations such as the 
IPCC, the World Economic Forum and the World Food Programme are moving in that direction 
with their adoption of a “vulnerability perspective”. This perspective features what is “known” and 
can accommodate diversity; it incorporates producer-based experience and knowledge, encourages 
integration, and builds on existing capacity. 
 
Government ministries working for a stronger agri-food sector could enhance their capacity 
to develop effective climate change adaptation programs and policies by supporting research 
that uses the vulnerability approach.  
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RECOMMENDATIONS 

Based on the information presented in this position paper, a number of gaps relevant to the Canadian 
agri-food sector have been identified in climate change adaptation research approach and support as 
well as government policy. Recommendations for addressing these gaps include:  

 

Research Approach and Support 

♦ Employ the vulnerability approach for climate change adaptation research: 
• Enhance knowledge of producer’ experiences with climate and weather risks 
and how these affect adaptation choices. 
• Incorporate knowledge of farm production practices and management so that 
linkages to existing (and future) programs and policies can be identified and 
acted on. 
• Ensure that climate scenarios and related models include agro-climatic 
conditions identified as relevant by the agri-food sector. 
• Encourage climate change related research projects to incorporate whole 
farm perspectives. 

 
♦ Support research that enhances the adaptive capacity of Canadian agriculture and 

results in reliable products for managing climate risk and uncertainty. 
 
 
Government  Policy 
 

♦ Assess current and future policies including the Agricultural Policy Framework in 
light of agri-food sector requirements for climate change adaptation. 

 
♦ Improve existing climate and weather data collection and services related to them. 

 
♦ Make climate change adaptation research a funding priority. 
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EXECUTIVE SUMMARY 

 
This position paper summarizes the current state of knowledge about climate change risks and 
opportunities for the Canadian agri-food sector, and provides recommendations based on an 
assessment of the outstanding research gaps and issues. Following an introduction to the main issues, 
literature is reviewed and presented according to three broad topics: Scenario-based Impact 
Assessments, Climate Risk Management and Adaptation Opportunities, and Vulnerability and 
Adaptive Capacity. The paper concludes with recommendations regarding future research and policy 
directions. The main points from each section of the position paper are presented in this executive 
summary. 
 
 

1. INTRODUCTION 

The phrase “climate change” is associated with the analysis, policy, and action related to increased 
greenhouse gas emissions and subsequent global warming.  Significant human and financial resources 
have been devoted to implementing policy and programs related to the Kyoto Protocol. Efforts are 
aimed at reducing or mitigating greenhouse gas emissions to address one dimension of the climate 
change issue, namely the need to slow down or stabilize climate change. Concurrent with this 
mitigation objective is another goal, to develop and promote adaptation strategies that will reduce the 
adverse effects of climate change itself and moderate the risks while capturing opportunities 
associated with changing climate and weather conditions. However, for a number of reasons, 
adaptation research has often been neglected. 
 
 

2. SCENARIO-BASED IMPACT ASSESSMENT 
 

Most research into climate change impacts on agriculture and how to adapt to them is based on 
climate change scenarios (i.e. plausible future climate conditions), which in turn derive from General 
Circulation Models (GCMs). Climate scenarios represent a “top-down” view of climate change. Such 
studies begin with some assumed future climate, usually focused on changes in temperature (i.e. global 
warming). They can be used to generate estimates of future climate conditions, mainly temperature 
norms and some moisture attributes, at a rather coarse spatial scale. Researchers then downscale the 
climate model outputs to estimate future local climate and to predict agricultural impacts. 
 
Scenario based climate projections suggest there will be both positive and negative impacts on agro-
climatic properties, crop and livestock production, farming systems, and regional economies. With 
climate change, most regions in Canada are expected to experience warmer conditions, longer frost-
free seasons, and increased evapotranspiration rates. However, projected climate conditions and 
associated predicted impacts vary widely across regions and farm type. Some crop yields may increase 
due to longer growing seasons but uncertainties exist related to accompanying moisture levels and 
indirect impacts from pests and diseases. Projected impacts on livestock remain largely unknown 
although concerns exist about increased heat stress, pest infestations, and disease rates. It is noted 
that future changes in climate and weather conditions have the potential to produce profound effects 
on soil erosion and runoff from cropland. As well, there may be potential for already sensitive 
agricultural ecosystems to be damaged unless they are managed even more carefully.  
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Scenario-based impacts on farming systems and regional economies vary widely depending on levels 
of adaptation among producers and other factors. Many studies assume the technology, knowledge, 
and capacity to adapt will be in place for future agricultural production. Little to no attention has been 
directed to how climate and weather risks will merge with other risk factors for the sector (e.g. 
economic and environmental conditions). 
 
 

3. CLIMATE RISK MANAGEMENT AND ADAPTATION OPTIONS 

 
Focusing on risk management and adaptation broadens the context for the discussion and provides 
insights into how climate and weather risk management are integrated into on-farm decision-making 
processes. Producers rarely deal with risks as isolated phenomena given the highly integrated nature 
of farming systems. Climate and weather risks are closely linked to management decisions regarding 
yield, input costs, and environmental factors. 
 
Even though they may not explicitly acknowledge climate and weather conditions as an important 
element of their risk management strategy, producers employ adaptation strategies that lessen the risk 
of negative impacts. Examples include: crop and enterprise diversification, land and water resource 
management, alterations to livestock management, altering timing of planting, and adopting new 
technology (e.g. irrigation systems if/when water resources are available), among many others.  
Adaptation options such as these have been categorized according to temporal scale (long and short 
term measures) and according to type (technological, government program, production practices, and 
farm financial management).  
 
Some researchers incorporate adaptation options into scenario based impact assessments while others 
feature producer perspectives on those actions. In all cases, adaptation options for climate and 
weather related risks form part of a business risk management strategy and vary according to farm 
types and locations. Understanding what adaptation is and the implications various options carry with 
them is an increasingly important dimension of climate change research. 
 
There are several ways governments (often in partnership with the larger agri-food industry) can 
provide support for climate and weather risk management, including sponsoring programs and 
subsidies for action, providing information for climate and weather impact reduction, supporting 
research programs, and participating in crop insurance and income stabilization programs.  
 
Issues, and therefore research, related to climate risk management and related adaptation options are 
wide-ranging. They often link to data and information gathered for other topics of concern, further 
supporting the fact that climate and weather risk management cannot be understood as an isolated 
component in farm decision-making, policy development, and research. A great deal remains 
unknown about how producers perceive climate risk and make decisions regarding adaptation 
strategies. As well, many existing programs and policies are relevant for adaptation strategies yet little 
has been done to identify opportunities for integration and mainstreaming. 
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4. VULNERABILITY AND ADAPTIVE CAPACITY 

 
The IPCC notes that vulnerability to climate change is a function not only of the system’s sensitivity 
but its ability to adapt to new climatic conditions. Generally, vulnerability increases with sensitivity 
and decreases with adaptive capacity, which is defined for climate change as “the ability of a system to 
adjust to climate change (including climate variability and extremes) to moderate potential damages, 
to take advantage of opportunities, or to cope with the consequences.” 
 
The application of a vulnerability perspective to climate change impacts and adaptation research is 
still in its infancy and has the following characteristics: 
 

• It considers a variety of stresses, both climatic and non-climatic. 
• It considers not just the “what?” (the hazard) but the “on what?” (the conditions of the 

system exposed to the hazard). 
• It is time and place specific, but with a recognition of what came before and the larger 

environment within which a place exists. 
• It involves stakeholders. 
• It takes an “inverse” approach, which starts with the system (farm/community/sector/ 

region) under consideration rather than a particular hazard. 
 
Pursuing the vulnerability perspective requires closer integration of researchers from the social 
sciences with climate modelers and natural scientists. In scenario-based research, work begins with 
modeling and the role of human agency is only considered after future climate and impacts have been 
predicted. Research which employs the vulnerability perspective incorporates human agency at the 
outset, and what is relevant and potentially problematic for farmers and their capacity to deal with 
stresses is a key input into modeling exercises. Thus research into producer perspectives and actions 
(traditionally done by social scientists) receives earlier and more prominent consideration than it does 
in scenario-based approaches. 
 
 

5. CONCLUSIONS: RESEARCH GAPS AND RECOMMENDATIONS 

 
Based on the information presented in this position paper, a number of gaps relevant to the Canadian 
agri-food sector have been identified in climate change adaptation research approach and support as 
well as government policy. Recommendations for addressing these gaps include:  
 

Research Approach and Support 

♦ Employ the vulnerability approach for climate change adaptation research: 
• Enhance knowledge of producer’ experiences with climate and weather risks 
and how these affect adaptation choices. 
• Incorporate knowledge of farm production practices and management so that 
linkages to existing (and future) programs and policies can be identified and 
acted on. 
• Ensure that climate scenarios and related models include agro-climatic 
conditions identified as relevant by the agri-food sector. 
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• Encourage climate change related research projects to incorporate whole 
farm perspectives. 

 
♦ Support research that enhances the adaptive capacity of Canadian agriculture and 

results in reliable products for managing climate risk and uncertainty. 
 
 
Government  Policy 
 

♦ Assess current and future policies including the Agricultural Policy Framework in 
light of agri-food sector requirements for climate change adaptation. 

 
♦ Improve existing climate and weather data collection and services related to them. 

 
♦ Make climate change adaptation research a funding priority. 
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1. INTRODUCTION 

 
The history of agriculture involves a series of adaptations to a wide range of factors. Environmental 
conditions related to soil, water, terrain, and climate provide constraints and opportunities for 
agricultural production, while technological developments lead to modifications in the structure and 
processes of farming operations. Likewise, market factors related to input costs and prices have a 
dramatic effect on what commodities are produced and how/where production takes place. Public 
policies and programs are also major elements influencing the agri-food sector. 
 
None of these factors remains constant and their effects are interdependent. Their changes over time 
represent stimuli that affect the success of farming activities and that prompt adjustments to altered 
circumstances. Weather and climate conditions are key determinants for success in the agri-food 
sector. Lobell and Asner (2003), analyze data on crop yields, temperature, precipitation, and solar 
radiation throughout the U.S.(1982-98) and conclude that effects from climate have been underrated 
and often mistakenly attributed to management practices. Variations in conditions such as length of 
growing season, timing of frosts, heat accumulation, precipitation, evaporation, and moisture 
availability all influence production and therefore economic returns to producers and agribusiness. 
With greenhouse-gas-induced climate change, growing conditions and climate related risks and 
opportunities are expected to change, and may already be changing (Rosensweig et al. 2000).  
 
The purpose of this position paper is to review and summarize the current state of knowledge about 
climate change risks and opportunities for the Canadian agri-food sector with a focus on adaptation 
strategies. The document is intended to inform the research community, the agri-food industry, and 
policy-makers about what is known and what issues need to be acted on. Reviews of climate change 
and agriculture have been completed in the past. The Canada Country Study has an agricultural 
component (Brklacich et al., 1998) as does the more recent set of documents entitled Climate Change 
Impacts and Adaptation: A Canadian Perspective (Natural Resources Canada, 2002). In both cases, the 
authors point out a substantial lack of research and information regarding climate adaptation and risk 
management for the Canadian agri-food sector.  This position paper addresses that gap and provides 
a thorough review of the literature and information available for researchers and policy makers. The 
paper also points to a new direction (the vulnerability approach) to guide climate adaptation and risk 
management research in a manner that will help to meet needs for improved policy and programs. 
             
The paper begins with a review of the climate change issue and the roles of mitigation and adaptation 
in Canada.  Climate change itself is summarized, highlighting the attributes that are important for the 
agri-food sector. Research based on climate scenarios is presented next, noting the estimated impacts 
on agro-climatic properties, crop and livestock production, farming systems, and regional economies. 
Another body of research related to climate risk management and adaptation opportunities is then 
reviewed, followed by an outline of the vulnerability and adaptive capacity approach. The paper 
concludes with recommendations for addressing research gaps and issues relevant for programs and 
policy related to climate change adaptation in the Canadian agri-food sector.  
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2. CLIMATE CHANGE, MITIGATION, AND ADAPTATION 

 
For many, the phrase “climate change” is associated with the analysis, policy, and action related to 
increased greenhouse gas emissions and subsequent global warming.  Since 1997 representatives from 
Canadian government departments, industrial sectors, and the research community have devoted 
significant human and financial resources to implementing policy and programs related to the Kyoto 
Protocol. Their efforts are aimed at reducing or mitigating greenhouse gas emissions to address one 
dimension of the climate change issue, namely the need to slow down or stabilize climate change.  
 
Concurrent with this mitigation objective is another goal, to develop and promote adaptation 
strategies that will reduce the adverse effects of climate change itself and moderate the risks while 
capturing opportunities associated with changing climate and weather conditions (Burton et al., 2002). 
Obligations under the United Nations Framework Convention on Climate Change (UNFCCC) deal partly 
with greenhouse gas emissions reduction and carbon sequestration (mitigation). In addition, the 
Convention commits parties to “formulate, implement… and regularly update…programs containing 
measures …to facilitate adequate adaptation to climate change” (Article 10). The UNFCCC also 
commits parties to “co-operate in preparing for adaptation to the impacts of climate change, develop 
and elaborate appropriate and integrated plans for coastal zone management, water resources and 
agriculture” (Article 4.1.c). Likewise, the Climate Change Plan for Canada (November 2002) is mostly 
about emissions reductions or mitigation, but it also includes a commitment to “develop and research 
approaches to adaptation planning and tool development” and to “develop increased awareness of 
the impacts of climate change and the need to address them in the future through adaptation”. 
 
Federal and provincial Ministers of Environment and Energy (Charlottetown, PEI, May 2002) agreed 
to support the development and implementation of a National Adaptation Framework with the 
following elements: 
 

• Raise awareness of adaptation; 
• Facilitate and strengthen capacity for coordinated action on adaptation; 
• Incorporate adaptation into government planning processes; 
• Promote and coordinate research on adaptation; 
• Support networks to share knowledge; and, 
• Provide methods for adaptation planning. 

 
There has been only modest progress at best on these in the agriculture sector (SSCAF, 2003). 
 
Climate and weather conditions are important for all sectors of the Canadian economy dependent on 
natural resources; and they are fundamental to crop and livestock production in the agri-food sector 
(Kandlikar and Risbey, 2000). Patterns of temperature, moisture, and weather conditions greatly 
influence plant and animal performance, inputs, management practices, yields and economic returns. 
As grain producer, Brett Meinert (2003) phrased it, “we harvest water and sunshine…” Adaptation to 
climate and weather risks therefore is implicit in the ongoing development of the agri-food sector. 
With climate change, some risks will be exacerbated and others moderated. Adaptation in the agri-
food sector involves practices, programs, and policies that reduce vulnerabilities to climate and realize 
opportunities (Bryant et al 2000). Adaptation initiatives involve producers, agri-business, and 
government agencies (Adger and Kelly, 1999). The Senate Standing Committee on Agriculture and 
Forestry notes that “a general goal of government policies should be to encourage the adoption of 
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opportunities to adapt to climate change…” and recommends incorporating “climate change 
[adaptation] into existing policies and programs…under the category of ‘no regret’ policies.” (SSCAF, 
2003:68-69).  
 
 

3. CLIMATE CHANGE RISKS AND OPPORTUNITIES 

 
Research to date has identified substantial risks and some opportunities from climate change for the 
agri-food sector across Canada (Brklacich et al., 1998). Depictions of climate change often feature a 
trend for increasing temperature, suggesting the main effect will be gradual warming. For some 
Canadian regions this could be beneficial if it results in production opportunities from an extended 
growing season and increases in available heat units (Bootsma et al, 2004).  More heat and a longer 
season should allow for increased flexibility in timing of operations and choice of crops or varieties, 
particularly on northern margins. For instance, with the development of new hybrids and varieties, 
Quebec and Ontario producers have been able to grow more grain corn and have expectations that 
soybean production could extend to more northern agricultural regions in their provinces (Bootsma et 
al., 2004; Bootsma et al, 2001;). Although the opportunity to extend agricultural production northward 
is appealing and often assumed possible (Mendelsohn et al, 1994), soil quality and other constraints 
may impede such developments (Smit and Brklacich, 1992 ).  
 
The focus on temperature changes reflected in the term “global warming” tends to mask other 
significant alterations in conditions associated with climate change, in particular changes in the 
frequency, magnitude, and extent of climatic extremes such as droughts and floods (Kling et al., 2003). 
The range of possibilities leads to considerable uncertainty about the agronomic implications of 
climate change. This is especially true for horticultural crops where generalizing over the wide variety 
produced is difficult and may be compounded by alterations in other factors (eg. marketing factors, 
infrastructure, and available land) (Peet, 2004).  
 
Climate is naturally variable. Figure 1 shows the inter-annual variations in an agriculturally-relevant 
climate attribute (to illustrate, drought severity). Agricultural systems have evolved to cope with 
modest variations in drought severity (within a coping range), but they are vulnerable to the extremes. 
Reilly et al. (2001:13), for example, note that variability “wreaks havoc on farmers”. As Figure 1 
demonstrates, with climate change, the average drought severity gradually increases but even after 
considerable climate change an average year is still manageable (i.e. it is within the coping range). 
However, under climate change, even without any alteration in variability, there is an increase in the 
frequency of very severe droughts (i.e. droughts that fall outside the coping range). As indicated, a one 
in ten year drought may now become a one in three year drought (IPCC, 2001).  
 
While increases in heat may represent a benefit in some areas, many agricultural regions are clearly 
vulnerable to climate risks associated with more frequent and severe droughts, heat waves, violent 
storms, and flash flooding. These conditions currently represent hazards to the agri-food sector and 
may already be exacerbated by climate change.  
 
It may be possible for a system to adapt to changes in average conditions and also to changes in the 
frequency of climate/weather extremes. Such adaptations represent a broadening of the coping range. 
In practical terms, such adaptation would involve technological, production, management, and 
financial initiatives to deal with the risks and opportunities associated with a changing climate (Smit 
and Skinner, 2002). Thus climate change is not only about long term gradual increases in average 
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temperature. It includes alterations in many climate and weather conditions, many of which already 
constitute challenges for agriculture. 
 

Drought Severity

Drought 
Severity

pre-climate change changed climate

freq.
(yrs)

+ X*

Xpc

X cc

- X*

Time (years)

 

Figure 1: Climate change includes changes in extremes (after Smit et al., 2002) 

 
Climate change is often characterized as an “environmental issue” and impacts are defined in terms of 
temperature zones, production conditions, growing season conditions, and/or yields. Yet, for the 
agri-food sector, climate change is as much an “economic issue”, posing risks for the financial 
viability of individual farming enterprises, regional agricultural sectors, and rural communities 
depending on agricultural activity. Also affected are agri-business firms that supply inputs, process 
outputs, and provide services, and the institutions that fund support programs related to agricultural 
production.  Adaptation applies to them as well (Benioff et al., 1996; Adger and Kelly, 1999; Smit and 
Skinner, 2002).      
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4. SCENARIO BASED IMPACT ASSESSMENTS 

 
One of the more common approaches for understanding impacts on agriculture and how to adapt to 
them is based on climate change scenarios (i.e. plausible future climate conditions) which in turn 
derive from General Circulation Models (GCMs). These models are computer programs capable of 
simulating the dynamics and thermodynamics of the atmosphere, ocean, land, and ice cover and can 
be run based on different levels of greenhouse gas concentrations (most commonly twice current 
CO2 levels). In some cases, researchers incorporate scenarios reflecting economic development, 
energy and land use, and emissions. Several climate models are available for research into climate 
change impacts on the Canadian agri-food sector.  (See Appendix A for a list of those referred to 
throughout this paper.) As Burton et al.,(2002) note, and as demonstrated throughout this section, 
impacts research is oriented to physical and biological sciences. This stands in contrast to adaptation 
and vulnerability studies ( reviewed in sections 5 and 6) where the emphasis is on social science. 
 
 

4.1 CLIMATE CHANGE SCENARIOS 

 
Impact studies based on climate scenarios represent a “top-down” view of climate change effects 
(Easterling, 1996) and are subject to a number of inconsistencies (Burton et al., 2002; Courtois, 2004). 
Such studies begin with some assumed future climate usually focused on global warming (Smit et al., 
1988). They can be used to generate estimates of future climate, mainly temperature norms and some 
moisture attributes at macro spatial scales. Researchers then downscale the climate model outputs to 
estimate local climate and to estimate possible impacts (Reilly and Schimmelpfennig, 1999). For 
instance, they might indicate how certain agricultural variables (such as crop yields) would perform 
under a changed average year, ceteris paribus (Bootsma et al, 2004). 
 
Uncertainty is inherent in this approach and is due to challenges in modeling variability and working 
with coarse resolutions (Antle, 1996; IPCC, 2001) as well as the wide range of estimated yield impacts, 
analytical methods, and crops studied (Reilly and Schimmelpfennig, 1999). Examples of uncertainty 
include how alterations in average temperature and precipitation will influence crop-relevant 
parameters, regional and local distributions of climate conditions and effects from inter-annual 
variations and extremes. Major assumptions are also made for impact analysis. For instance, impact 
assessments often assume that shifts in production regions are based directly on changes in agro-
ecological thresholds and that stability exists in soil conditions, crop strains, technology and the 
political and economic environments (Reilly and Schimmelpfennig, 1999; Smit, 1991).   
 
Scenario-based climate change assessments invariably treat adaptation options as discrete measures to 
incorporate into the model to offset detrimental impacts. Often such analyses yield positive 
outcomes, suggesting that, on balance, as long as producers make the necessary changes, the agri-food 
sector will see a net benefit from climate change (Easterling et al, 1992a; Mendelsohn et al., 1994; 
Reilly, 1995). 
 
Scenario-based research provides analysis for impacts on agroclimatic properties, crop and livestock 
production, farming systems, and regional economies.  These are reviewed in the following four sub 
sections.  
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 4.2. SCENARIO-BASED IMPACTS ON AGROCLIMATIC PROPERTIES 

 
The agroclimatic properties assumed to be most important for the agri-food sector include: growing 
and frost free seasons, seasonal values for temperature, growing degree days, corn heat units, 
precipitation, and moisture deficits (Brklacich et al., 1998:230). The scenario-based estimates of future 
agro-climatic conditions rely on attributes available from the GCMs and have tended to focus on 
average years with 2xCO2.  
 
Brklacich et al. (1998) conclude that most regions in Canada are expected to experience warmer 
conditions, longer frost-free seasons, and increased evapotranspiration rates: 
 

…there is strong consensus that global climate change will result in longer and warmer frost 
free periods across Canada and thereby generally enhance thermal regimes for commercial 
agriculture. These changes in agro-climatic conditions are not expected to impact regions on an 
equal basis, with the longest extensions of the frost-free season expected in Atlantic Canada. 
The extent to which these longer and warmer frost free seasons might benefit Canada however 
will in all likelihood be diminished by increases in seasonal moisture deficits across all regions 
and under all climate change scenarios. Hence it is crucial that all assessments of the 
implications of global climate change for Canadian agriculture take account of the possibility of 
both negative and positive impacts on agroclimatic properties.      (Brklacich et 
al 1998: 233) 

Every
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Every 60
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Every 40
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Every 20
years

30 25 20 15 10
Length of dry spell (days)

Frequency of recurrence

Current conditions Predicted for 2070

 
Figure 2:  Frequency and Severity of Droughts in Western Canada (after Hengeveld, 2000) 

 
Similarly, Figure 2 illustrates that the return period for severe droughts is decreased. Under current 
climate conditions, for example, a 30-day dry spell is expected to occur every 50 years. By 2070, dry 
spells of this length can be expected every 20 years. Similarly, the return period of 20-day droughts 
might decrease from once every 35 years to once every 15 years.  
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In much of central North America, the number of rain days is expected to decrease under most 
scenarios which means there is an associated risk of increased frequency of long, dry spells (Gregory 
et al., 1997). Projections for specific Canadian regions indicate wide variation across the country. West 
coast estimates are for warmer and wetter conditions. Precipitation may increase in the winter 
months but decrease in the summer (B.C. Ministry of Water, Land and Air Protection, 2002). 
Scenario projects for the Prairie region indicate a return to past conditions where persistent aridity 
was recorded for intervals of decades or longer (Sauchyn et al., 2003). More specifically, analysis of 
drought risks for the southern Saskatchewan area suggests that soil moisture conditions could 
become more variable with the frequency of severe drought and drought conditions dramatically 
increasing (Williams et al., 1988). 
  
Future conditions for Manitoba are similar to Saskatchewan with suggestions that winters may be 
warmer and have less snow, summer temperatures are expected to rise and precipitation, though 
reduced, may come more often in major events. It is likely that the growing season will be extended 
but may include more severe hail storms with the rise in extreme temperatures (Climate Change 
Connection, 2003). Like Manitoba, Ontario and Quebec are expected to have longer growing 
seasons (DesJarlais et al, 2004). Ontario will likely experience warmer winter and summer 
temperatures, increased number of extreme weather events (e.g. violent storms) and prolonged dry 
spells (Koshida and Avis, 1998). Quebec may have increased precipitation in northern regions and the 
same or slightly less in the south (Koshida and Avis, 1998). 
 
Conditions in parts of the Atlantic region appear to be more difficult to project. It may be that 
conditions will be warmer and wetter in future years, extending the growing season and providing 
more heat units for crop production (Bootsma et al., 2001). Precipitation levels will likely vary widely, 
possibly leading to drought conditions in some areas while others might be too wet (Koshida and 
Avis, 1998).   
 
Although there is a great deal of uncertainty surrounding projections from climate change scenarios 
and their possible impacts on agroclimatic properties across Canada, various studies provide some 
relatively consistent results that could be taken into account. One way to apply the expected changes 
in agroclimatic properties is to examine the potential consequences they could have for crop and 
livestock production. This topic is addressed in the next sub-section. 
 
 

4.3 SCENARIO-BASED IMPACTS ON CROP AND LIVESTOCK PRODUCTION 

A substantial body of research goes beyond agroclimatic effects to estimate impacts for crop and 
livestock production in light of climate change scenarios and associated elevated levels of CO2. This 
approach focuses on climate change impacts for agricultural resources and biophysical yields, usually 
holding other factors constant.  

4.3.1 CROP YIELD AND PRODUCTION 

De Jong et al. (1999) use the CGCM1 to determine changes in temperature and precipitation for a 
number of agricultural regions across Canada. They employ the future climate data in the EPIC 
(Erosion Productivity Impact Calculator) model to predict crop yields. Based on the expectation of 
warmer and slightly wetter climate conditions they project a one to two week advancement of 
planting dates for eastern and central Canada and approximately three weeks in the west. Potential 
outcomes for yield show no significant change for barley, wheat, and canola, while corn nitrogen 
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fertility needs in central Canada could increase. Soybean, potatoes, and winter wheat are projected to 
increase substantially. 
 
For British Columbia, research into climate change impacts on agriculture in the semi-arid interior 
valley regions has focused on irrigated crop production. Based on projections from the CGCM1, 
Neilsen et al. (2001) estimate that water demands could increase 35 per cent in the 21st century. 
Consequently, production will be disadvantaged unless there are improvements in water supplies and 
irrigation efficiencies. Neilsen et al. (2001) also consider potential impacts on fruit production, noting 
that the growing season could be extended by more than one month. Such a change could favour 
some apple and grape production, as would the reduction in potential harm from winter damage. 
However, other challenges might arise from these factors, namely harm to produce from extreme 
heat and from the persistence of pests able to survive a milder winter. 
 
Climate change research for the Prairie Region includes several studies. Williams and Wheaton 
(1998) examine potential climate change impacts for Saskatchewan based on climate models from 
GISS and the IIASA. Biomass productivity and wind erosion potential are estimated using CA 
(climatic index of agricultural potential) and C (wind erosion climatic factor). Results indicate that the 
peak growth season would arrive earlier and there would be more risk of wind erosion in midsummer. 
Although increased rainfall may offset any negative impacts, suggestions are that, with further 
warming, trends in biomass potential would be variable across time and provincial region (Williams 
and Wheaton, 1998).   
 
Later analysis of the same region produces somewhat contradictory results for crop production 
(McGinn et al., 1999; Nyirfa and Herron, 2001).  Based on climate projections from the CGCM I and 
EPIC (Erosion Productivity Impact Calculator) for estimating crop yields, there appear to be 
opportunities for wheat production in an average year related to an advance in possible seeding and 
harvesting dates. A potential 50 per cent increase in the number of growing days across the region is 
cited for 2040-2069 (McGinn et al., 1999). These positive results also include effects from elevated 
high atmospheric CO2. By contrast, Nyirfa and Herron (2001) use the CGCM I in conjunction with 
the Land Suitability Rating System (LSRS) and conclude that constraints from moisture deficits and 
heat will offset the advantages of predicted precipitation increases during the same period.  
 
Brklacich and Stewart (1995) incorporate information from GISS, GFDL, and UKMO circulation 
models at double CO2 concentrations for their analysis of climate change impacts for the Prairie 
region. They note that each model projects a different set of agroclimatic conditions and therefore 
varying impacts on wheat production (estimated with a CERES-wheat model): 
 

“Temperature increases would lengthen the frost-free season and reduce the risk of frost 
damage, but the higher temperatures would hasten crop maturation process and thereby 
suppress yields. Elevated CO2 levels would improve water use efficiency (WUE) and provide 
more C for photosynthesis, and thereby tend to offset the potential negative effects of 
shortened crop maturation periods”   (Bklacich and Stewart, 1995:155). 

 
In addition, the authors examine the effects of specific adaptive strategies (irrigation, winter wheat 
conversion, and earlier seeding) producers are assumed to adopt. Irrigation appears to be the most 
effective (but noted as least sustainable) response. Conversion to winter wheat would be beneficial in 
southern sites given the possibility of more effective use of early spring moisture. Earlier seeding 
options, while being the easiest to implement, are the least likely to have widespread positive results 
because other factors (namely temperature and moisture stress) could suppress yields. Similar 
conclusions are presented in the work of Delcourt and van Kooten (1995), who employ a different 

C-CIARN AGRICULTURE POSITION PAPER 2004  8



 

circulation model, namely the CGCM II and focus only on study areas in southwestern Saskatchewan 
(part of the Palliser Triangle).  Their analysis suggests substantial wheat yield loss and erosion of the 
farming economy.  
 
For Ontario and Quebec, projected changes in agroclimatic properties (based on the use of CGCM 
II ) may have potential benefits for corn and sorghum but likely not for wheat and soybeans 
produced in southern Quebec (El Maayar et al., 1997; Singh et al., 1998). Similar conclusions are 
drawn for corn yields in regions of the midwestern United States (Southworth et al., 2000) where 
conditions are similar to southern Ontario. In this U.S. case, predictions from HadCM2  and CERES 
models are consistent and lead researchers to conclude that corn yields in an average year will alter 
significantly with northern areas experiencing gains and southern regions losses. Strzepaek et al. (1999) 
model water use and corn production using circulation models from GISS, GFDL and MPI . Their 
analysis is based on output from WATBAL for water supply, WEAP for water demand forecasting, 
and CERES-Maize, SOYGRO, and CROPWAT for crop and irrigation modeling. They conclude that 
the current relative abundance of water in the region will likely be maintained up to the 2020s but find 
progressively larger changes in the 2050s and beyond may compromise water availability for 
irrigation.  
 
Based on climate models that indicate areas close to the Great Lakes Basin are expected to have a 
warmer, wetter climate (Andresen et al., 2000), analysis using DAFOSYM, CERES-Maize, and 
SOYGRO suggests possible northward extension of crop production and dramatic increases in yields 
for soybeans and maize.  Results employing the HadCM2 and CGCM1 indicate that yield for some 
forages may also improve and fruit production in the area might benefit from extensions in growing 
season length and seasonal heat accumulation (Winkler et al., 2000). However, these results do not 
include potential effects from inadequate fertility and/or new pest infestations; factors that strongly 
affect production. Findings also rely on average temperature and precipitation rates which tend to 
mask site to site and year to year variability in yield (Kling et al., 2003).  
 
Such limitations were taken into account for a study on fruit production in Great Lakes Basin that 
includes downscaling the CGCM1 and HadCM2 to finer spatial and temporal scales (Winkler et al., 
2002). The authors identify the need to incorporate relevant agroclimatic factors such as the 
frequency and timing of threshold events (e.g. fall and spring freeze dates) and increased risks from 
pests in the analysis. When such elements are included in estimations for codling moth development, 
it is not certain that climate change will bring more amenable conditions for fruit production to the 
area (Winkler et al., 2002).  In fact, there is substantial evidence that Great Lakes regions may remain 
vulnerable to springtime cold injury and experience heavier pest infestations.  
 
In the Atlantic region, Bootsma et al. (2001) use the CGCM1 and conclude it is likely that corn heat 
units will increase substantially. Using linear regression analyses to quantify the relationship between 
crop yields and agroclimatic indices, they project increases in yields for grain and soybean with little 
change indicated for barley. Also relevant to eastern Canada are findings from Belanger et al. (2002), 
who employ the same climate models to project warmer winters which may harm perennial forage 
crops by reducing the amount of protective snow cover and increasing the occurrence of above-
freezing temperatures. At the same time having warmer temperatures in the fall could reduce the cold 
hardiness of perennial plants.  
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4.3.1.1 Additional research on possible impacts for crop production 

Scenarios and climate models are not the only tools available for estimating possible climate impacts 
on crops from future climate change. Basing their findings on the general expectation for increases in 
temperature and precipitation, some researchers conclude climate change could have implications for 
plant disease and crop production in three ways: direct losses from diseased crops; challenges to plant 
disease management; and geographical distribution of plant diseases (Chakraborty et al., 2000). Similar 
factors are important for insect pests; climate change is expected to increase the migration, 
reproduction, feeding activity, and population dynamics of insects and mites, thereby leading to crop 
losses (Cammell and Knight, quoted in Lipa, 1999: 101).   
 
Coakley et al. (1999) note there are serious issues regarding climate change and plant disease 
management. The lack of research into this issue is cause for concern, as it is for the more general 
topics of climate change and “pests” (both insect and plant) (Boland et al, 2003; Guiterrez, 2004; 
Coakley, 2004; Lanterman, 2002). A review of the key points indicates that precipitation has more 
pronounced effects on plant disease than temperature, yet current CGMs cannot provide the 
necessary details on precipitation events. Also challenging is the difference in temporal and spatial 
scales for plant disease and climate models (Chakraborty et al., 2000).   
 
Given the projected changes in precipitation and temperature for Ontario, climate change is expected 
to affect the incidence and severity of plant diseases there in a number of ways, including the survival 
of pathogens; the rate of disease progress during a growing season; and the duration of the annual 
epidemic in relation to the host plant (Boland et al 2003). These authors provide a substantive review 
of possible impacts from biotic (eg. fungi, bacteria, viruses, nematodes, and phytoplasmas) and abiotic 
(eg. nutrient deficiencies, air pollutants, and temperature and moisture extremes) diseases under 
altered climate and weather conditions. Appendix 1 in their report provides a “subjective” 
interpretation of the estimated effect for  112 diseases related to field and horticultural crops. 
According to their assessment approximately 63 percent of the diseases listed may become more 
problematic for the relevant crop. In contrast, approximately 32 per cent of the diseases listed may 
turn out to be less challenging than they currently are. Roughly five per cent are likely not to change 
in either direction. 
 
All crop production entails some degree of pest, disease, and nutrient management. Research has 
been conducted into how such practices might be and are affected by different climate and weather 
conditions. For instance, Archambault et al. (2001) investigate changes in the efficacy of commonly 
used herbicides under increased temperature and CO2 concentrations based on controlled 
experiments. They conclude that although there is a potential for herbicides to be less effective, the 
possible increase in crop yield may, in fact, offset any negative outcome. Ziska (2004) also addresses 
questions regarding weed persistence in changing climatic conditions and finds that invasive weed 
species show a strong growth response to recent and projected increases in atmospheric CO2 
combined with weakened efficacy of chemical control. Pattey et al. (2001) conclude a weather 
component is advisable for effective nitrogen management in  corn production, information that 
takes on more importance in light of potential change to climate and weather conditions.  
 
Crop production eventually results in foodstuffs for human consumption. Issues related to the quality 
of food products can also be a climate change issue. Research indicates that crops grown in elevated 
CO2 levels may lack micronutrients essential for human health (Lawton, 2002). This could have 
negative effects from the direct ingestion of plants deficient in trace minerals such as iron, zinc, 
chromium and magnesium.  It also has serious implications for human consumption of food created 
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from animal products, if those animals are likewise being fed material that is deficient in 
micronutrients (Loladze, 2002). 
 
Food processors are concerned about future impacts on crop quality from changes in climate and 
weather conditions. Sapirstein et al. (2002) are currently engaged in research examining wheat grade 
and quality response to growing season weather variation in the Prairie region. They plan on 
assessing the effects of climate change on wheat, noting:  
 

“(Quality) is a major concern for wheat customers, who require a reliable source of wheat of 
consistent processing and end-product quality, from shipment to shipment, and from year to 
year. When unfavourable weather conditions impact negatively on wheat quality, the costs are 
both direct (downgraded wheat, reduced producer income) and indirect (inability to meet 
customer specifications, loss of credibility and reputation).”  

(Sapirstein et al., 2002) 
 
Scenario-based and other future impact assessments for crop production constitute the bulk of 
climate change impact and adaptation research to date. Results demonstrate wide variation in 
outcomes depending on the models employed and assumptions made. However, it is clear that 
climate change poses serious risks and some opportunities for the Canadian agri-food industry. The 
next sub-section considers how forage and livestock production might be affected. 
 

4.3.2 FORAGE AND LIVESTOCK PRODUCTION 

Researchers have not used climate models and scenarios to project direct impacts on livestock. They 
have, however, employed them for examining possible impacts on forage production (Adams et al., 
2003) and grassland sustainability. Both are important factors for livestock production. For instance, 
Baker et al. (1993) assess potential effects on ecosystem processes and cattle production in U.S. 
rangelands incorporating output from GFDL, GISS, and UKMO into various ecosystem simulation 
models. Their analysis for the more northern regions projects a ten per cent decrease in soil organic 
matter with an increase in nitrogen available for plant uptake. For cattle grazing, this could have 
positive results related to using more forages and relying less on food supplements, especially in the 
spring months. However, the authors raise questions about the long term sustainability of such 
systems given the loss of organic matter in the soil and increased variability in plant production 
(Baker et al., 1993). 
 
Cohen et al., (2002) use the GCM1 and a forage production model, GrassGro Decision Support 
System  (DSS) to estimate the effects of projected climate conditions on livestock production in three 
Saskatchewan regions. Their analysis includes different adaptation strategies related to choice of 
plants in pasture mixes. Results demonstrate strong variability across regions and plant type but 
indicate some grazing systems in Saskatchewan may benefit from climate change. 
 

4.3.2.1 Additional research on possible impacts on forage and livestock production 

As noted for crop production, impacts assessments have also been made using more general 
attributes of future climate change. For instance, through modifying levels of carbon dioxide, nitrogen 
deposition, precipitation, and temperature in experimental plots, Zavaleta et al. (2003) claim changes 
to grassland diversity (and therefore grazing availability) may be rapid. The authors replicate plausible 
future conditions and discover that while small increases in temperature had no obvious effect, 
additional CO2 or nitrogen rapidly decrease species diversity. As well their results show how the 
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effects of combined treatments are additive. For example, plots that received both CO2 and nitrogen 
exhibited twice the decrease in diversity, compared to plots that received just one of the treatments. 
Indications that soil moisture can increase when the number of species declines were also noted. 
Their work confirms the importance of considering many climate change factors simultaneously 
(Zavaleta et al., 2003).  
 
Future climate conditions also have direct implications for livestock production (Wolfe, undated). 
Increases in heat stress for instance could result in lower weight gains and milk production in 
cattle/cows, lower conception rates, and substantial losses in poultry production (Kleinedist et al., 
1993; Adams et al., 1998 in  Kling et al., 2003). As well, increases in extreme events (e.g. violent storms 
and flooding) might result in livestock losses (Kling et al., 2003) and high day time temperatures can 
reduce total grazing time (Owensby et al., 1996). Water supplies for livestock can be negatively 
affected through changes in quantity and quality. In extreme drought conditions, the potential for 
water to become toxic from sulphur and Cyanobacteria (blue-green algae) creates serious problems 
for cattle production (PFRA, 2003).  
 
Charron and Waltner-Toews (2003) review the potential risks from climate change for livestock 
production regarding animal diseases. Table 1, modified from Charron and Waltner-Toews (2003: 
xvii-xxii), summarizes some of the possible disease outcomes for livestock related to altered climate 
and weather conditions. 
 
Charron and Waltner-Toews (2003) note that alterations in rainfall patterns and temperatures affect 
the chances for survival and enhancement of insect vectors (ticks, mosquitoes) and associated 
diseases previously considered exotic or rare (West Nile, leishmaniasis). Milder winters can reduce the 
prevalence of some problems, such as pneumonia in adult cattle. However, there are greater chances 
of many more increasing as several diseases in young livestock (e.g. pneumonia and diarrhea) respond 
to rapid changes in temperature and moisture rather than to slowly increasing (or decreasing) 
averages. Milder winters can also influence parasite survival in and on animals, adding to existing 
parasite loads.  Livestock may be also be affected by contaminated run-off in watersheds where heavy 
rainfalls (and/or flooding after drought) flush bacteria and parasites into water systems. 
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Table 1: Potential effects of climate change on vector and non-vectorborne  infectious diseases in animals 

Disease Agent Animals at 
Risk 

Transmission Effects of Climate Variability and 
Change 

Bacterial Diseases 
Anthrax (Bacillus 
anthracis) 

Domestic 
animals 
(especially 
herbivores) 

Water-borne, 
food-borne, 
inhalation 

Spores are highly resistant to altered 
conditions. 
Improved environmental conditions for 
dissemination and concentration of 
spores. 

E. coli enteritis 
(Escherichia coli) 

Livestock 
(calves, lambs, 
kids, pigs, foals) 

Water-borne, 
food-borne 

Stress due to environmental conditions 
precipitates disease. 
Flooding can increase distribution. 

Leptospirosis 
.) 

horses, Water-borne Improved environmental conditions for 

bution. 
(Leptospirosis spp

Cattle, 
swine proliferation of organism. 

Flooding can increase distri
Salmonellosis 

.) 
Livestock Water-borne and 

n increase distribution. 
(Salmonella spp food-borne 

Organism proliferates in warmer 
conditions. 
Flooding ca

Tuberculosis 
m bovis) 

Livestock Inhalation and 
onditions. (Mycobacteriu food-borne 

Host’s ranges might expand. 
Survives well in cold, damp c

Yersiniosis (Yersina 
enterocolitica, Yersin
pseudotuberculosis) 

ia 
Sheeps, pigs, nd 

e distribution. 
goats 

Water-borne a
food-borne 

Stress due to environmental conditions 
precipitates disease. 
Flooding can increas

Viral Diseases 
Influenza A 
(Orthomyxovirus) 

Pigs, poultry, Aerosol or Potential increase in habitat, range 
waterfowl, 
horses 

direct and abundance of reservoir hosts 
increases risk of interspecies 
transmission. 

Bluetongue (Obivirus) Sheep, 
 deer 

Not applicable phic distribution of 

r competence, 
r 

ed 

domestic
Altered geogra
vector species. 
Enhanced vecto
potential for creating new vecto
species, increased availability of 
breeding sites for vectors, increas
passive air-borne dispersal of 
vector. 

 

4.3.3 SOIL RESOURCES 

The Soil and Water Conservation Society supported research investigating likely impacts on soil 
d 

s 

horpe et al. (2001) base their research on three GCM scenarios (CGCM1, HadCM3, and ECHAM4) 
for future climate conditions (2050) and find approximate regions in U.S. Great Plains with analogous 

erosion from future climate conditions (Nearing et al, 2004). Although their focus is on the Unite
States, results are meaningful for Canada. Using the CGCM1 and HadCM models, researchers focu
on precipitation rates and conclude that projected changes have “the potential to produce profound 
effects on soil erosion and runoff from cropland” (SWCS, 2003:16). Also significant are the effects 
from increased storm intensity especially for row-crop production systems. The report goes on to 
note that once soil is destabilized by an “extreme erosion episode” it becomes more vulnerable to 
subsequent smaller events, leading to even greater negative results (SWCS, 2003). 
 
T
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climates for comparison. They conclude that climate change will likely alter possibilities for Prairie 
region farming systems, especially in certain areas. In particular they note that open grasslands within 
sandy-soil regions may be infiltrated by forested areas and that warm-season plant species are likely t
increase in grassland and elsewhere. It is uncertain what effect these developments will have on 
grazing capacity although increases are possible (depending on moisture levels). The small amount of 
cultivation currently in place would have to be managed very carefully given soil conditions. Guo
(2000) broadens the scope of impact assessment in the Great Plains to issues of biodiversity 
conservation in agroecosystems. Projections for a warmer and drier climate from NCAR, NASA, 
NOAA, and CSIRO circulation models are integrated with the SEEDSCAPE model, develop
specifically for unique features in Great Plains’ landscapes. They conclude that projected climate 
conditions present serious challenges to maintaining natural areas and diversity, leading to negativ
results for agroecosystem sustainability in the region. 
 
Climate change scenarios suggest substantial challenge

o 

 

ed 

e 

s and some benefits for crop and livestock 
roduction in Canada.  The potential impacts vary widely across regions and commodity type. 

 for 
n. 

4.4 SCENARIO-BASED IMPACTS ON FARMING SYSTEMS AND REGIONAL 
ECONOMIES 

 
Climate and weather impacts on crop and n inevitably have consequences for the 

gional economies within which farming systems function. Assessments for climate change on the 

or the 
 

. 

os for Canada and 
corporates projections from the CGCM1. This approach assumes spatial associations between 

ate, 

th 
h 

 

p
Implications from possible changes in specific aspects of farm production will have consequences
farming systems and their related regional economies. These are reviewed in the next sub-sectio
 
 

livestock productio
re
North American agricultural economy suggest impacts may be minimal when compared to less 
developed nations (Wolfe, undated). The IPCC reports with “high confidence” that for North 
America, “small to moderate climate change will not imperil food and fibre production” while 
cautioning there will likely be wide variation in impacts within the continent (IPCC, 2001:56). F
U.S., Reilly et al. (2001) use Hadley and Canadian models to determine the likelihood of extreme
events (more hot days and fewer cold days; more heavy rain or longer droughts) and assess economic 
results. Assuming producers make necessary adaptations, they conclude climate change in the U.S
will have an overall positive effect on production with a subsequent drop in prices likely leading to 
challenges for producers (especially those who do not practice adaptation). However Adams et al 
(2003:131) using the RegCM, note that positive predictions for climate change impacts are highly 
questionable given that “assessments based on finer scale climatological information consistently 
yields a less favourable assessment of the implications of climate change”. 
 
Reinsborough (2003) applies a Ricardian analysis for climate change scenari
in
temperature and other climate norms and agricultural land values will apply under changed clim
reflecting autonomous adaptations in the agri-food sector. Her work builds on U.S. analysis by 
Mendelsohn et al. (1994) that concludes there may be overall benefits to the agricultural economy wi
projected climate change. Their findings are based on the balancing out of cropland impacts (whic
appear to result in four to five per cent losses) versus crop revenue impacts (which appear to result in 
one per cent gains).  According to Reinsborough,  results are much more uncertain. She finds gross 
agricultural revenue under climate change scenarios could improve or decline by 6.4 per cent. Such a 
large margin of error is exacerbated with the difficulties encountered when incorporating realistic 
adaptation costs (Reinsborough, 2003).  
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Reinsborough’s analysis follows other work on climate change impacts on Canadian agricultural 
economy in terms of costs/benefits.  Cline (1992), Tol (1995), and Kane et al. (1992) report negative 

sults for the agri-food sector from climate change impacts while Nordhaus and Boyer (2000) 
tion 

ional 
 climate change is predicted to have major impacts 

hiotti, 1998). Because agriculture plays an important economic role in the area, stresses and 

hange 
is builds 

ntial 

g 

 potential 
pacts in that province. In one study, Brklacich and Smit (1992) apply GISS for the climate model 

 
, 

e. 

ms 

 
esult from 

creasing year to year climate variability. This confirms findings from Brklacich and Smit (1992), who 
n and 
 be 

polis Valley in Nova Scotia (Mehlman, 2003).  
pplying the CGCM1 and a statistical downloading model (SDSM), future conditions (including 

precipitation, frost-free days, hot days and extremely hot days) were estimated for three future time 

re
suggest a modest benefit. Reilly et al. (1993) also project net benefits for Canada as long as adapta
options are pursued and CO2 fertilization is incorporated in the scenario. Weber and Hauser (2003) 
who downscale projections from the CGCMII concur with Reilly et al (1993). They base their 
conclusions on an improved agricultural GDP (from increases in land values) in all provinces 
suggesting Reinsborough is too pessimistic. 
 
Much of the research relevant to climate change impacts on Canadian farming systems and reg
economies has been for prairie regions where
(C
opportunities for the sector are considered significant (Cloutis et al., 2001). Among the first 
assessments of potential climate change effects on prairie agriculture is the work of Arthur and 
Abizadeh (1988). Their analysis relies on the GFDL and GISS circulation models for climate c
and the VSMB (Versatile Soil Moisture Budget) for determining crop responses. Their analys
on earlier work by William et al. (1987, cited in Arthur and Abizadeh, 1988) who conclude substa
losses will ensue for the sector. Arthur and Abizadeh (1988) note that, as long as adjustments are 
made to take advantage of potential opportunities from these changed conditions, the outcomes 
could be positive (especially in northern areas). Schweger and Hooey (1991) use the GISS and IISA 
output to estimate effects on soil erosion and conclude that there are serious concerns of escalatin
erosion and salinity in the Prairies connected to potential increases in moisture deficits.  
 
Changes in growing conditions associated with future climate and weather conditions would have 
direct effects on the viability of Ontario farming systems. Two studies have assessed the
im
and a Cropping Budget System Model in their analysis. They note that extended frost free seasons 
and more variable precipitation will likely take place and pose considerable risks for crop production
in Ontario. Reductions in moisture levels may offset any advantages from increased growing seasons
resulting in fluctuating farm income levels and reduced capacity for food production in the provinc
In the other Ontario study, Brklacich et al. (1997) emphasize producers’ adaptation responses to 
determine possible impacts from altered climate and weather conditions. The authors combine a 
number of climate change scenarios to produce a mid-range depiction of plausible climate changes 
for a specific region in Ontario. Producers from two types of farming systems (livestock and 
diversified) responded to the future scenarios in terms of how they might alter their farming syste
to take advantage of conditions or lessen potential risks. Results suggest that adaptation options 
would be pursued with livestock operators (whose farms tended to be larger than diversified 
operations) potentially adopting a wider range of actions than diversified farmers.   
 
Kling et al. (2003) base their assessments for climate change effects on farming systems on two
GCMs, the PCM and HadCM3. They note that risks to producers would inevitably r
in
estimate there will be greater fluctuations in farm profits resulting from variability in precipitatio
extended frost-free seasons.  Kling et al. (2003) also suggest small to medium size operations will
more disadvantaged in higher risk circumstances. 
 
Projections from climate change scenarios have been used to assess future possibilities for farming 
systems in specific agricultural regions of the Anna
A
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periods. In general, spring months in the farming areas are expected to be warmer and drier while 
summer, autumn, and winter months will likely be warmer and wetter. Indications are that the fall 
might have more extreme events that coincide with hurricane season and winter might have up to
per cent increase in the days above freezing. The potential increase in growing season length suggest
positive outcomes for faming systems but these may be offset by negative results associated with 
either too much or too little moisture and extreme events. Because fruit production is an important 
aspect of Annapolis Valley farming systems, changes in frost free days, environments for over-
wintering pests, risks from flooding and violent storms are of major concern (Erith, 2003). 
 
Scenario-based modeling studies highlight future challenges and opportunities for the Canadian agri-
food sector whether at the level of farm production or for the broader agricultural economy. H
these challenges and opportunities are met depends in large part on producer and institutional 

 20 
s 

ow 

daptive strategies and risk management. Agricultural production has always taken place in an 

 

a
environment of inherently variable and uncertain weather conditions. Climate change, including 
increases in extreme events, may exacerbate the negative impacts from these conditions. Insights into 
how such challenges can be met are found in research on climate risk management and possible
adaptation options. These are discussed in the next section. 
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5.  CLIMATE RISK MANAGEMENT AND ADAPTATION OPPORTUNITIES 

 
This section summarizes research on climate risk management and adaptation options and broadens 
the context for the discussion by demonstrating how climate and weather risk management are 
integrated into on-farm decision-making processes.  
 
Managing risk is a key element of all businesses and agricultural operations are no exception. 
Producers rarely deal with risks as isolated phenomena given the highly integrated nature of farming 
systems (Brklacich et al., 1997). Climate and weather risks are closely linked to management decisions 
regarding yield, input costs, and environmental factors (C-CIARN Agriculture 2003; Tyrchniewicz, 
2003.) It is not surprising, therefore, that approximately half of Canadian producers surveyed in 2001 
do not consider future climate change as having a separate, identifiable impact when asked: “What do 
you think the impact of climate change will be on Canadian agriculture?” ( Aubin et al., 2003). 
Producers manage risks and pursue opportunities related to climate and weather conditions as an 
implicit element of their business decision-making process. 
 
Risk is usually defined in terms of the probability of a consequence and its magnitude (Willows and 
Connell, 2003); it encompasses both the likelihood that a certain state or event will occur and that it 
will have consequences of varying importance.  
 

5.1 RISK PERCEPTION AND MANAGEMENT 

Risk perception is usually considered a first step in risk management. Conventional wisdom suggests 
that before producers take steps to lessen impacts from potential stresses, they need to acknowledge 
such stresses exist. However, research indicates the situation is not that straightforward as the 
following examples illustrate. 
 
Producers’ perceptions of climate risk appear to vary by commodity (USDA, 1999). Reid (2003) notes 
that producers in southwestern Ontario are more likely to view climate as a risk if their operations are 
more vulnerable to it. Thus cash crop producers voiced more concern about impacts from climate 
change than livestock operators did when taking part in focus group discussions. Generally speaking, 
researchers note that Canadian producers think the “industry” has provided and will continue to 
furnish adequate technological solutions to meet a variety of risks, including stress from climate and 
weather conditions (Brklacich et al, 1997; Bryant et al., 2004, 2000; Holloway and Ilbery, 1996; Smit et 
al. 2000b). 
 
Even though they may not explicitly acknowledge climate and weather risks as an important element 
of their management strategy, studies indicate producers do take past performance (linked to 
agroclimatic conditions) into account when making production decisions. Working with producers in 
southwest Montreal region of Quebec, Andre and Bryant (2001) find that although producers 
generally do not view climate change as an important issue, climate variability is intrinsically integrated 
into their decision-making process. Smit et al. (1997) document close connections between corn 
hybrid selection and weather conditions the year prior to planting. Easterling (1996) reports that 
farmers in certain regions of the United States tend to recognize weather risks as substantial and 
modify their operations accordingly. Responses from central Canadian producers indicate a similar 
attitude. In this case, changing climate and weather conditions (primarily increasing heat and dryness) 
led producers to adopt more conservation tillage, use different plant varieties and hybrids, and install 
irrigation systems, among other practices (C-CIARN Agriculture, 2002). 
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Prairie region producers also alter management practices to adapt to changing conditions. Some 
examples include increasing forage production, adding livestock to their farm operations, and 
introducing native grasses into grazing systems (C-CIARN Agriculture, 2003). According to Sauchyn 
(2003), more than 60 per cent of Saskatchewan farmers surveyed indicate they are preparing for 
climate change in response to current alterations in climate and weather conditions. Sugar beet 
growers in the prairie region have acted on their concerns about current risks from climate and 
weather conditions by investing resources in research to improve production under persistent drought 
conditions.  In particular, they have collaborated on research into the impact of short-term weather 
events on pesticide, herbicide, fungicide and fertilizer applications, nitrogen management, harvesting 
and long-term storage of sugar beets after harvest, irrigation management, and increased conservation 
tillage (Tokariuk, 2003). 
 
Risk management actions can be categorized according to four types, namely risk reduction (for 
example spreading risk across a diversity of crops or farm enterprises); risk hedging (typified by 
actions such as maintaining reserves); risk transfer (as in using crop or other forms of insurance) and 
risk mitigation (for instance accepting a disaster payment from government sources) (Wandel and 
Smit, 2000).  Producers’ ability to manage risk depends largely on the adaptation options available to 
them. Understanding what adaptation is and the implications various options carry with them is an 
increasingly important dimension of climate change research (MacIver and Dallmeier, 2000). 
 

5.2 ADAPTATION OPTIONS FOR MANAGING CLIMATE AND WEATHER 
RISKS 

Climate change adaptation refers to adjustments in management strategies to actual or expected 
climatic conditions or their effects, in order to reduce risks or realize opportunities. They can take 
many forms, can occur at different scales, and can be undertaken by different agents (producers, 
agribusiness, industry organizations, and governments). Adaptations are not necessarily discrete 
technical measures, but are modifications to farm practices and public level policies with respect to 
multiple (climatic and non-climatic) stimuli and conditions.   
 
Four categories of research relate to adaptation options and climate risk management: adaptation and 
impact assessment; typologies of adaptation strategies; adaptation from the producers’ perspective; 
and the role of the state and industry in adaptation.  

5.2.1 ADAPTATION AND IMPACT ASSESSMENT 

 Some climate change researchers incorporate adaptation choices into their assessment of “impacts”, 
recognizing that the severity of climate change risk depends on producers’ and other agri-food sector 
players’ responses. Implicit in such models is producers’ “clairvoyance or perfect knowledge”, that is, 
climate changes are completely known in advance and perfect adaptations are instantaneously 
adopted (Adams et al 2003). This “smart farmer” (Easterling et al, 1992) approach stands in contrast to 
the equally unlikely potential situation where producers make absolutely no changes in light of altered 
climate and weather conditions (Adam et al. 2003). Assumptions regarding adaptation add another 
level of uncertainty to many scenario based impact assessments for agriculture. 
 
McKenney et al. (1992) provide analysis that assumes farmers’ adaptation responses for the MINK 
(Missouri, Iowa, Nebraska, and Kansas) region in United States. Using the EPIC model, they create a 
future baseline for crop productivity in the year 2030 that reflects changes based on technological 
advances. These new technologies include several crop breeding improvements leading to higher 
yields, more efficient chemical conversions, and earlier leaf development.  Also assumed are projected 
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improvements in pest control and harvesting techniques (reducing losses). In some cases additional 
adjustments are used, for instance crop substitution and additions, alterations in planting dates, and 
more efficient irrigation. With these assumed conditions, outcomes for three of four major crops 
(soybean, wheat and sorghum) suggest enhanced performance in 2030 under climate change while 
corn yields are projected to decline. Without adaptations and adjustments, all yields are projected to 
decline (McKenney et al., 1992). 
 
Similarly, Easterling et al. (1992b) study the effectiveness of adaptation and adjustments at the farm 
level by running impact models (EPIC) for future climate scenarios. They compare effects on costs 
and revenues for cases with and those without alterations in farm production practices. For the most 
part, the assumed adjustments and adaptations to projected climate conditions offset the otherwise 
negative impacts, even when increased input costs are incorporated in the analysis. Easterling et al. 
(1997) also estimate the effects shelterbelts will have for grain production under altered climate 
conditions in the Great Plains region of U.S. Using the EPIC model with projected climate features 
(precipitation, temperature, and wind speed), the authors find the “shelterbelt effect” to be positive, 
especially for regions with severe precipitation deficiency and highly increased wind speeds. 
 
Research conducted for the Canadian Prairies, based on modeling for an average year, concludes that 
adopting management strategies (such as changing to a different crop and earlier seeding) makes a 
substantially positive difference with few exceptions (Cloutis et al., 2001). Antle et al (2003) draw 
similar conclusions using data from Saskatchewan in their impact assessments for Great Plains 
agriculture. Nagy (2001) reports on the possible consequences for energy use in farming systems in 
the region when two different adaptation options are introduced into the model, namely diversifying 
crops and altering nitrogen use. The PCEM (Prairie Crop Energy Module) was modified to include 
increased acreages of two new crops-chickpeas and dry beans. Results indicate that introducing these 
crops into rotation may lead to altered farm practices, namely reducing nitrogen and energy use 
(Nagy, 2001).    
 

5.2.2 TYPOLOGIES OF ADAPTATION STRATEGIES 

Early work in identifying types of practices relies on designating short and long term measures to 
counteract the impact of drought in the Great Plains region of North America (Rosenberg, 1981). 
The latter include minimum tillage, snow management, irrigation scheduling, microclimate 
modification through windbreaks, diversifying crops, improved production practices (e.g. crop 
rotation, alternative planting methods, timing of fertilization), and crop breeding.  Also using short 
and long term categorization, but in more recent documentation, Kurukulasuriya and Rosenthal 
(2003), generate a “matrix of adaptations” for agriculture applicable on a global scale.  Included in 
short term options are a variety of farm level responses such as crop insurance, diversification, 
adjustments to the timing of farm operations, changes in cropping intensity, alterations in livestock 
management practices, conservation tillage, and efficient water use. Long term strategies tend to focus 
on industry and state action. For instance, the authors note the need for technological developments, 
agricultural pricing and market reforms, trade promotion, enhanced extension services, weather 
forecasting mechanisms, and a general strengthening of institutional and decision-making structures. 
 
Without reference to duration, Smit and Skinner (2002) present a comprehensive account of possible 
adaptation options for Canadian agriculture. This is reproduced in Table 2. In this case the authors 
organize their findings according to four possible types:  the first two (technological developments 
and government programs and insurance) apply mainly to options at the industry and state level while  
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Table 2: Main types and selected examples of adaptation options in Canadian agriculture 

TECHNOLOGICAL DEVELOPMENTS 
Crop Development 

• Develop new crop varieties, including hybrids, to increase the tolerance and suitability of plants to temperature, moisture and 
other relevant climatic conditions. 

Weather and Climate Information Systems  
• Develop early warning systems that provide daily weather predictions and seasonal forecasts. 

Resource Management Innovations 
• Develop water management innovations, including irrigation, to address the risk of moisture deficiencies and increasing 

frequency of droughts. 
• Develop farm-level resource management innovations to address the risk associated with changing temperature, moisture and 

other relevant climatic conditions. 
GOVERNMENT PROGRAMS AND INSURANCE 
Agricultural Subsidy and Support Programs 

• Modify crop insurance programs to influence farm-level risk management strategies with respect to climate-related loss of crop 
yields. 

• Change investment in established income stabilization programs to influence farm-level risk management strategies with respect 
to climate-related income loss. 

• Modify subsidy, support and incentive programs to influence farm-level production practices and financial management. 
• Change ad hoc compensation and assistance programs to share publicly the risk of farm-level income loss associated with 

disasters and extreme events. 
Private Insurance 

• Develop private insurance to reduce climate-related risks to farm-level production, infrastructure and income. 
Resource Management Programs 

• Develop and implement policies and programs to influence farm-level land and water resource use and management practices 
in light of changing climate conditions. 

FARM PRODUCTION PRACTICES 
Farm Production  

• Diversify crop types and varieties, including crop substitution, to address the environmental variations and economic risks 
associated with climate change. 

• Diversify livestock types and varieties to address the environmental variations and economic risks associated with climate 
change. 

• Change the intensification of production to address the environmental variations and economic risks associated with climate 
change. 

Land Use 
• Change the location of crop and livestock production to address the environmental variations and economic risks associated 

with climate change. 
• Use alternative fallow and tillage practices to address climate change-related moisture and nutrient deficiencies. 

Land Topography 
• Change land topography to address the moisture deficiencies associated with climate change and reduce the risk of farm land 

degradation. 
Irrigation 

• Implement irrigation practices to address the moisture deficiencies associated with climate change and reduce the risk of 
income loss due to recurring drought. 

Timing of Operations 
• Change timing of farm operations to address the changing duration of growing seasons and associated changes in temperature 

and moisture. 
FARM FINANCIAL MANAGEMENT 
Crop Insurance  

• Purchase crop insurance to reduce the risks of climate-related income loss. 
Crop Shares and Futures 

• Invest in crop shares and futures to reduce the risks of climate-related income loss. 
Income Stabilization Programs 

• Participate in income stabilization programs to reduce the risk of income loss due to changing climate conditions and 
variability. 

Household Income 
• Diversify source of household income in order to address the risk of climate-related income loss. 
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the last two (farm production practices and farm financial management) focus on farm level 
management.  
 
Details in Table 2 confirm that there are diverse adaptation options available for producers whose 
decisions are multi-dimensional by nature and will ultimately depend on what is feasible and realistic 
(Andre and Bryant, 2001; Bryant et al., 2000). Many of the choices available are also closely linked to 
practices already in place for maintaining environmental sustainability. Acknowledging the 
connections between “sustainable agriculture” practices and climate change adaptation helps to 
streamline policy and programs for both issues (Wall and Smit, 2004). 

5.2.3 ADAPTATION FROM PRODUCERS’ PERSPECTIVES 

Researchers have asked producers to identify changes to their production practices that result in 
benefits when faced with recent climate and weather risks. Examples from Alberta, Saskatchewan and 
Manitoba include crop and enterprise diversification, land and water management, and livestock 
management (C-CIARN Agriculture 2003:6). Details are summarized in Table 3. 
 
Similar information from Ontario producers has also been documented (C-CIARN Agriculture 2002). 
In this case, producers perceive that climate and weather conditions have changed noticeably in the 
past five years. Among other actions, their responses to such conditions include:  

• growing different crops and or crop varieties 
• altering tile drainage 
• employing conservation tillage 
• changing timing of planting 
• installing irrigation systems 

 
Also in Ontario, but with reference to soybean production only, Smithers and Blay-Palmer (2001) 
identify farm production practices that producers have adapted, thereby reducing risks from specific 
climate stresses. Strategies include planting new or improved crop varieties that stand up under 
adverse climate and weather conditions, adopting crop rotation, and altering the timing of planting. 
At the community level, different tactics have been used. In southern Ontario, for instance, producers 
joined forces with local water managers and developed a framework for participatory water 
management committees to ensure both the fair sharing principle and the maintenance of flows for 
ecosystem services (Shortt et al., 2004) These “irrigation advisory committees” were formed to deal 
with recent decreases in streamflows and increased water takings for irrigation. A number of similar 
committees have been formed in neighbouring areas where drought conditions prevail (Shortt et al., 
2004).  
 
Processing tomato producers in southwestern Ontario adopt measures to increase their production 
efficiency. Some of their strategies include practices that have reduced the impact of extended 
droughts (AAFC, 2003b). These include improved irrigation systems adapted from Australia where 
conditions are much drier than Ontario. In 2002 season, one of the driest years in history, Ontario 
tomato growers with the new system had their second highest yield ever (AAFC, 2003b). 
 
Other researchers investigate specific adaptation options to explore their implications for practice and 
policy. Bradshaw and Dolan (2001), for instance, identify several constraints to crop diversification 
including new and additional costs associated with technology required for different production 
systems, the pressure to specialize for meeting economies of scale, better returns from diversifying 
“off the farm” through pluriactivity, and biophysical and locational limitations related to soil type and  
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Table 3: Summary of how some producers meet the challenges from climate change 

Diversify Crops 

• More perennial crops (eg. forages) are grown, thus improving drought tolerance by enhancing soil 
quality and moisture retention 

• Where possible, some producers are re-introducing native grasses for pasturing. These grasses are 
drought resistant when rotational grazing is practiced on them. 

• Many prairie producers are moving away from solid wheat production and growing a wide variety of 
new crops (eg. pulses) that are more drought resistant. 

• A diversity of crop types and varieties are grown in rotation and in different areas of farm properties. 
This spreads the risk of losing an entire year’s production since conditions can vary across fairly 
small areas and different crops vary in how they respond to those conditions.  

• When possible, some producers also stagger their seeding and therefore harvesting dates by 
choosing a variety of crops that require a range of growing conditions so that crops are at different 
stages (and therefore more or less vulnerable) if and when climate/weather conditions start having a 
negative impact. 

 
Diversify enterprises within one farming operation 

• Many producers are including more livestock in their operations to make use of increased forage 
production and to add value on the farm.  

 
Land Resource Management 

• Conservation tillage practices were cited by all producers as having several positive outcomes for 
reducing risks from drought. These include: reducing soil erosion; enhancing moisture retention; and 
minimizing soil impaction. 

• Conservation tillage is also credited with limiting damage from run off and wash outs during 
flooding. 

• Some producers are enhancing established shelterbelts and/or adding new ones. This can reduce 
negative impacts from drought by maintaining water tables, increasing biomass in soil, and ensuring 
surface moisture is kept on the land.  Shelterbelts also provide protection from heat and wind for 
livestock, and can increase the heat units in adjacent fields.  

• Some producers cut stubble at different heights to trap snow on field surfaces thereby enhancing 
spring moisture levels in the soil. 

 
Water Resource Management 

• The increase in drought conditions is leading to more interest in irrigation. Some producers are 
adopting newer, more efficient systems and timing for applications to avoid waste. 

• Sloughs and ponds are managed to ensure water is captured and protected as much as possible. 
 

Livestock management 

• Some producers who were affected by drought arranged to move some cattle out for winter feeding. 
• In some cases, intensive grazing leads to doubling the number of cattle on same acreage, increasing 

economic returns. 
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distance from markets. Despite such barriers, crop diversification in some regions of Canada (e.g. 
Prairies) has taken place when viewed at the regional scale. However, at the individual farm level, 
there is little evidence that producers employ diversification tactics when faced with financial and 
production risks (Bradshaw and Dolan, 2001). Analysis of crop diversity on prairie farms from 1994 
to 2000 indicates a decline of 4.2 per cent and is more evident on small to medium sized enterprises.  
Similar results have been noted for European agriculture (EU Commission, 2001).  Policy and 
programs encouraging producers to diversify their farm operations need to take into account the fact 
that other factors can work against such actions. 
     
Climate related adaptation options for producers form part of their business risk management 
strategy and vary according to farm types and locations. Many options depend directly on government 
initiatives and programs, technology development, and financial opportunities beyond the farm gate.  
For instance, producers’ ability to grow crops bred for climate-related traits, to implement more 
efficient irrigation systems, to manage soil and water resources more efficiently, and to diversify their 
business enterprises rely to a greater or lesser degree on what is available from industry and 
government sources in the larger agri-food sector. Thus, even though the discussion in the foregoing 
focused on producer and farm level adaptation options, it implicitly recognizes the importance of 
developments in the broader industry and government programs. 

5.2.4 THE ROLE OF THE STATE AND INDUSTRY IN CLIMATE CHANGE ADAPTATION  

The agri-food sector is important for the Canadian economy and rural community viability. 
Consequently both federal and provincial levels of government are sensitive to climate and weather 
related risks and opportunities for agriculture. Crosson (1989) notes that once the social costs of 
climate change (both “priced” i.e. value of crops and livestock, and “unpriced”, e.g. environmental 
costs)  are felt, governments will feel compelled to address policy questions relevant for adaptation. 
Policy representatives from federal and provincial agricultural ministries acknowledge the value in 
understanding producers’ needs and expectations to help with integrating climate change adaptation 
in policy (C-CIARN Agriculture, 2004).   
 
Despite the diversity in regional conditions and production focus, there are similarities in how 
agricultural producers view federal and provincial climate change adaptation policy (C-CIARN 
Agriculture, 2004). These are summarized in Table 4, where seven challenges and their implications 
for policy and program development are noted. Producers representing various regions and 
commodity sectors raised these points during C-CIARN Agriculture’s 2004 meeting in Gatineau, 
Quebec. Based on their discussion, it is evident that uncertainty and variability in all aspects of 
agricultural production present major risks that must be managed concurrently. Some producers want 
more government involvement, others want less. All want stability - whether it is the stability of an 
insurance program, or the stability of a not-rapidly-changing policy environment. At the same time 
flexibility in policies and programs is crucial to ensure diverse needs are met from conditions in 
various types of commodity production, farming systems, biophysical environments, and personal 
circumstances.  
 
Another dominant theme from the C-CIARN Agriculture meeting (2004) is that climate risk is not 
managed in isolation of other risks, thus climate risk policy must not be developed in isolation from 
other government initiatives affecting the Canadian agri-food sector. Much work is needed to 
understand agricultural production from an operating farm perspective or “real farm experience” so 
that practical expectations can inform policy and programs and contribute to useful assessments of 
barriers and opportunities. 
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Table 4: Summary of risk management policy challenges, solutions, and recommendations relevant for climate 
change as identified by producers during C-CIARN Agriculture’s 2004 meeting in Gatineau, Quebec 

Challenge Specifics Solution Recommendation for Policy 
Economic 
Variability 

Variation in: 
• income 
• interest rates 
• energy costs 
• dollar value 

Income stabilization • Main goal for agricultural policy 
should be agri-food sector stability 

• AAFC and provincial Ministries of 
Agriculture should ensure the 
outcomes for the agri-food sector 
are considered when other 
ministries develop policy and 
programs that affect it. 

• Income stabilization programs 
must be adequate for future 
climate and weather risks. 

 
Sector Variability Variation in 

conditions and 
requirements: 
• across 

commodities 
• across regions 
• across types of 

farming systems 
 

A “one size fits all” solution 
is not possible. 
 
Flexible policies/programs 
that lead to equitable results.

• Ensure the diversity of conditions, 
needs and expectations for all 
sectors/regions are taken into 
account in policy and program 
development. 

Mainstreaming Adaptation to 
climate risks must 
be considered in 
light of other 
business risk 
strategies. 
 
Farming systems 
management is 
highly integrated. 

Identify opportunities for 
integration into existing 
strategies. 
 
Identify potential barriers to 
integration and uptake. 
 
Become aware of real farm 
experiences.  

• Substantial support for research is 
needed; it must feature a producer 
perspective and “whole farm 
context”. 

• Research must include assessments 
of barriers to adaptation including 
policy/ program environment. 

• Include climate change adaptation 
in the APF; belongs directly in 
Business Risk Management but 
also relevant for other “pillars” 
(Environment, Food Safety, 
Innovation, and Renewal). 

Barriers to 
adaptation 

Some adaptation 
options for climate 
risk pose 
challenges for 
farming 
community: 
• additional costs 

to producers 
• GE solutions 

compromise 
marketing 
products 

• conflicts with 
existing policy 

 

Research needed to identify: 
• adaptation costs/benefits 
• implications of GE 

technology 
• potential conflicts and 

ways to make them 
complementary 

Support research that will: 
• provide long term and in-depth 

assessments 
• assess costs and benefits of climate 

risk adaptation options 
• Develop policy and programs 

based on research findings. 
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Challenge Specifics Solution Recommendation for Policy 
Adequate support Some options 

require improved 
resources: 
• technology is 

lagging (e.g. 
weather 
forecasting needs 
to be more 
reliable) 

• knowledge 
transfer and 
financial support 
(incentives) 
needed to 
encourage 
effective risk 
management 

Improved product 
development for 
“technological” adaptation 
options (e.g. weather and 
climate forecasting). 
 
View farm management 
practices in light of climate 
adaptation options. 

• Re-establish research and 
extension services that work 
directly with producers 

• Establish climate change 
adaptation on “on-farm” 
demonstration sites. 

 

Communication Information about 
climate change 
risks is not always 
consistent or 
reliable. 
 
Insights from 
producers are not 
always recognized. 

Improved resources for 
generating information. 
 
Enhanced “extension” 
services. 
 
Place more value on 
producers’ knowledge. 

• Ensure information from 
government is well supported 
through research and presented in 
useful formats. 

• Require producer representation 
on research and policy 
development teams. 

 

Enhancing 
capacity 

Farming 
community needs 
more capacity to 
manage risks. 
 
Public image of 
agri-food sector 
can be one of 
“neediness”. 

Look at past examples that 
worked (e.g. need for new 
grape varieties resulted in 
successful collaboration 
between industry and 
government) 
 
Initiatives that reward 
sound management. 

• Work collaboratively with 
producers to ensure relevance of 
potential solutions. 

• Aim for policy environment that 
provides assistance while 
promoting producers’ 
independence. 

 

 
Examples of potential problems for producers managing climate risk include uncertainty in the value 
of climate data; apprehension about the public acceptance of recommended technology (e.g. GMOs); 
and potential conflicts among programs and policies. Research support, effective technology transfer 
and more collaboration among different government departments and ministries (as well as across 
federal, provincial and, in some cases local, lines) will go a long way in helping to generate policies 
and programs conducive for climate adaptation in the agri-food sector. 
 
There are several ways that governments (often in partnership with the larger agri-food industry) can 
provide support for climate and weather risk management, including: sponsoring programs and 
subsidies for action; providing information for climate and weather impact reduction; supporting 
research programs; and ensuring crop insurance and income stabilization are effective.   
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5.2.4.1 Programs and subsidies  

There is little or no research examining whether specific programs and their related incentives are 
useful for climate change adaptation in Canadian agriculture. In the U.S. however, such studies have 
been undertaken. Lewandrowski and Brazee (1993) argue that U.S. farm policy works against 
producers’ ability to adopt management practices (for example, switching crops and investing in water 
conserving technologies) that constitute climate change adaptation. Leary (1999) investigates the cost-
benefit issues related to climate change adaptation in the U.S. and points out the high degree of 
uncertainty surrounding benefits of adaptation. His recommendation is to delay implementing actions 
and programs that reflect only future climate concerns and focus instead on policy that generates 
benefits for current conditions (as long as they will also reduce vulnerability to future changes), which 
is now a widely promoted strategy in many areas. For example, Lewandrowski and Schimmelpfennig 
(1999) recommend that governments modify current farm programs regarding water conservation 
and restructure crop insurance and disaster relief to reflect added stress from altered weather and 
climate conditions. 
    
Representatives of the Canadian agri-food sector agree that climate change adaptation strategy is an 
implicit element in many existing programs. For instance in Atlantic Canada, efforts exist now to 
introduce techniques that will aid potato farmers in dealing with climate and weather risks.  Better 
crop rotation and strip cropping, the use of winter cover crops and green manures, conservation 
tillage, residue management, and mulching have been encouraged.  On steeper fields, the strategies 
include contour and cross-slope cropping, the construction of diversion terraces and grassed 
waterways, enhancing land drainage and nutrient management, and introducing sediment control 
basins.  By dealing with generic problems from runoff and erosion, many climate and weather risks 
are also addressed (Fairchild, 2004).  
 
Many government programs for the agri-food sector are administered in partnership with established 
agricultural organizations, of which a large number exists in Canada. Among them are commodity 
groups, federations, and associations devoted to specific concerns such as soil and water 
conservation. Collaboration from such groups on a variety of government programs encourages 
participation from their membership. Integrating climate change adaptation into existing 
government/industry sustainability initiatives is a widely supported tactic (C-CIARN Agriculture 
2004; Delaney et al, 2004; Tyrchniewicz and Yusishen, 2000; Wall and Smit, 2004). However, Lee et al. 
(1999) note the importance of evaluating farm level adaptation options within the larger 
environmental context. In their analysis of the U.S. corn belt, they investigate the effects of winter 
cropping to reduce soil erosion. Despite the general benefit from such a practice, the authors note 
that it can be a negative factor in some areas (namely those where the winter crop depletes soil 
moisture and subsequently adds to wind erosion and decreased corn productivity).  
 
Their findings support the view that government agencies need to consider all outcomes before 
implementing broad programs and policies that target specific production practices. Producers 
expressed similar concerns regarding some Canadian agri-food sector policies (C-CIARN Agriculture, 
2003).  In this case, concerns were expressed regarding the conflict between promoting shelterbelts 
and smaller field size with regulations covering pesticide use. 
  
Canadian examples of programs related to production practices reducing climate and weather related 
risks at the farm level include promotion of conservation tillage systems, and various land and water 
resource management schemes. For instance several initiatives, including the National Soil and Water 
Conservation Program (NSWCP) and the Agricultural Environmental Stewardship Initiative (AESI) 
have led to improvements in soil and water quality in many Canadian agricultural regions. 
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Encouraging better land and water resource management (through conservation practices and 
groundwater protection) results in beneficial environmental conditions that also reduce negative 
impacts from climate related events such as flooding and drought conditions. 
 

5.2.4.2 Information provision 

Besides these government/industry programs, there are examples of information services that directly 
enhance producers’ choices for adapting to climate and weather risks. For instance, the Prairie Farm 
Rehabilitation Administration (PFRA) provides information on drought conditions and practices to 
reduce their impact. A sample of the topics available appears in Table 5. 
 
Some provinces provide climate and weather information to assist in farm management decisions 
such as planting time, spraying requirements, and projected harvest conditions.  Much of the 
information is the form of data on agroclimatic conditions. Growers in British Columbia for 
instance have access to farmwest.com, a web site with regional data on growing degree days, 
evapotranspiration, and corn heat units. Alberta and the Prairie provinces have a rich set of weather 
and climate information for producers to use. Historical agroclimatic data are available as are 
resources such as Grasshopper forecast maps, current condition reports and supply forecasts, weekly 
winter water report, status of major water storage reservoirs and mountain snow conditions, and 
water supply outlooks. ACE (Agrometeorology Centre of Excellence) in Manitoba offers a wide 
variety of products including daily weather and disease information, regional weather data, and maps 
indicating corn heat units and growing degree days. Ontario producers have access to services from 
the OWN (Ontario Weather Network) where highly specific information regarding weather 
conditions at the field level is available to subscribers. BeetCast, for instance, is a disease-warning 
model that establishes a timed fungicide spraying program for Cercospora on Sugarbeets. Based on 
weather data, specifically leaf wetness and temperature, BeetCast provides information related to 
disease control. Similar programs for processing tomatoes (TOMCAST) and fusarium in wheat are also 
available.  
 
Short-term decision-making for production practices related to weather conditions is clearly enhanced 
with the systems and programs described above. This stands in contrast to what is needed for longer-
term decision-making where the probability of wet/dry years is the significant issue. Research, which 
is fundamental for providing information and other government/industry services, is discussed in the 
next sub-section. 
 

5.2.4.3 Research programs 

Another way government and the agricultural industry work together to enhance producers’ ability to 
manage climate risks is through joint research programs. Research efforts designed to improve 
agricultural sustainability also have relevance for climate risk reduction and related adaptation options 
at the farm level. For instance, the Potato Research Centre in Atlantic Canada sponsors several 
projects aimed at reducing runoff and soil loss from high intensity rainstorms (which are likely to 
increase with climate change). Rees et al. (2002) and Chow et al. (1999 and 2000) document the 
effectiveness of hay mulching, different tillage systems, and grassed waterway systems respectively, on 
land and water resources. 
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Table 5: Sample topics from PFRA on-line materials 

Crops 
•  Alternatives to summerfallow 
•  Cropping decisions are tough in a year of drought 
•  Drought increases erosion concerns 
•  How to fertilize in a dry  year 
•  Emergency control of wind erosion 
•  Is wheat the best crop to grow in a dry year 
•  Producers pipe up about better watering system 
•  Strip farming for wind erosion control 
•  Suitable fallow management helps preserve crop residue 
•  Trapping snow can increase yields 
 
Livestock 
•  Securing livestock water during drought 
•  Shallow buried pipelines for summer pasture livestock watering 
•  Using cereals for feed during a drought 
 
Pasture 
•  Community pastures 
•  Rangeland management during drought 
 
Water 
•  Watch for sulphates and blue-green algae in cattle water supplies 
•  Farm water conservation during times of drought 
•  Farmers urged to choose water carefully 
•  Dugouts showing effects of drought 
•  Spring development 
•  Snow fences: there’s water in that wind 
•  Water wells during drought 
•  Wells for rural water supplies in Saskatchewan 
 
 
In the Prairies, crop diversification and irrigation research is supported through federal and 
provincial governments with the aim of improving agricultural sustainability in the region. An 
example is work completed at the Canada-Saskatchewan Irrigation Diversification Centre (CSIRDC). 
This facility has sponsored at least 26 research projects and 106 field scale demonstrations that have 
both direct and indirect implications for climate change (CSIRDC, 2000). Hogg et al. (1997), for 
example, examine the potential for using wastewater as an alternative source for irrigation systems. 
They conclude that the practice is acceptable as long as management practices are in place to offset 
potential problems with toxic compounds, infectious microorganisms, and salinity levels. 
 
Results from several CSIRDC projects involving specialty horticultural crops and field crops shed 
light on the feasibility of adaptation options for altered climate and weather conditions. For instance, 
Hogg and MacDonald (2001) examine diversification issues in their work evaluating different pulse 
varieties to include in crop rotation. Likewise Zentner et al. (2001) at the Semiarid Prairie Agriculture 
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Research Centre find that practices such as reducing summerfallow and adopting rotations of pulse 
crops and wheat for farms in semi-arid regions of Canada have both economic and environmental 
benefits. Findings such as this are relevant for adaptation options in projected climate conditions 
where an increase in dry conditions is anticipated.  
 
Since 1978, the Alberta Agricultural Research Institute has sponsored over one hundred research 
projects with relevance for drought conditions, primarily as on-farm demonstration projects.  Similar 
examples of government and industry collaboration in research can be found in all Canadian 
provinces. Many research projects focus on improving technology so that agricultural production can 
be more efficient in light of increasing climate and weather risks. For instance, minimizing water use 
through highly efficient irrigation systems continues to be a major concern for researchers and 
producers in the Okanagan Valley, British Columbia. Projects out of PARC (Pacific Agriculture 
Research Centre) include developing irrigation systems to deliver water precisely when orchards need 
it (AAFC, 2002). 
 
Another example of technological developments for adaptation to altered climate and weather 
conditions is crop breeding. However, there is little evidence that crop developers emphasize 
‘robustness’ to climatic variations (also known as stability and resilience) in their programs 
(Rosenberg, 1981; Smithers and Blay-Palmer, 2001).  It has been suggested (Tollenaar et al., 1994; 
Tollenaar and Wu 1999), that in the case of corn, such improvements might have been an 
“accidental” outcome related to the nature of breeding selection.  On the other hand, van Herk 
(2001) notes that not only is climatic variability not a target for crop breeding (although it could be), 
but also that an anomalous climatic season is seen as an inconvenience in field testing, with its results 
discarded, rather than an opportunity to test for and retain the robustness features of the crop variety.   
 
Recent crop development research is increasingly using biotechnological solutions, that is, genetically 
modified organisms are introduced into plant products. Without defining biotechnology, Evenson 
(1999) uses the IFPRI-IMPACT model (IFPRI stands for International Food Policy Research 
Institute; IMPACT refers to the International Model for Policy Analysis of Agricultural Commodities) 
to support his claim that without incorporating genetic engineering  into adaptation options, climate 
change will result in substantial crop losses and subsequent local food crises in the developing world. 
Agribusinesses (for example Performance Plants in Kingston, Ontario) are using genetic technology 
and starting to develop high-yielding drought-tolerant varieties of many crop species commercially 
available. Countries such as Mexico are testing genetically modified, drought tolerant wheat in 
experimental plots (CIMMYT, 2004).  
 
Food safety aspects of biotechnologically developed products are a major concern for some scientists 
(for example see Cummins (2004) regarding potential problems with transgenic drought tolerant rice.) 
As well, experience with marketing challenges related to the use of biotechnological solutions makes 
some producers very cautious about proceeding in that vein and points to the need for extensive 
research before proceeding too far (Garr, 2004). Easterling et al (2004:20) concur, noting: “Social 
acceptability of technology given real or perceived risks can be a significant barrier to technological 
adoption and diffusion.” 
 

5.2.4.4 Crop insurance and income stabilization 

Uncertainty is a major feature for farming enterprises with variability in climate and weather 
conditions compounding the instability in macroeconomic, biophysical, technological, and policy 
environments (Wandel and Smit, 2000).  One of the main strategies producers employ to transfer risk 
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from uncertain outcomes in the environment and economic realms is to purchase crop insurance. 
The aim is to pass the risk of yield loss, and therefore income loss, to a third party before or during 
exposure to risk. Federal and provincial governments play an important role in developing and 
supporting crop insurance schemes and have been involved with them for several decades (Asselstine, 
2003). Livestock insurance is also available but, for a variety of reasons, livestock plans are not as well 
developed as those for crops. 
 
National crop insurance statistics indicate an increase in use of existing programs.  Statistics Canada 
(2003) reports that the dramatic increase in producers’ receipts from program payments in the first six 
months of 2003 (79.2 per cent increase from the same period of 2002 and almost double the previous 
five-year average) is largely a result of record payments through crop insurance programs following 
two consecutive years of drought for Prairie producers.  
 
Saskatchewan alone paid $825 million dollars for 2002 crop losses, a figure more than double the 
amount needed for the 1988 drought. Analysts also claim that Saskatchewan’s current deficit is largely 
attributable to the economic costs of recent droughts (Globe and Mail, July 22/03) Alberta has spent 
more than $1.8 billion on ad hoc drought relief since 1984 (SSCAF, 2003). Ontario crop insurance 
payments are also cause for concern. Analysis has shown that from 1966-2000, payments for insured 
crops totaled approximately $1 billion while those from 2000-2004, are roughly $640 million 
(Cudmore, 2004). 
 
Given their escalating importance to the agri-food sector, crop insurance issues are well researched in 
the agricultural economics and policy literature. Because insurance claims are linked to yield loss and 
yield is closely tied to climate and weather conditions, most crop insurance studies have some degree 
of relevance for climate and weather risk transfer. Some however, examine crop insurance issues 
specifically in light of changing climate and weather conditions. Turvey (2001), for instance, finds that 
rather than insuring against crop damage related to weather impacts, it is more effective to insure 
against the cause of the damage itself (i.e. the climate or weather event such as drought, hail, extreme 
heat). Interest is increasing in using these weather derivatives because they can be used to cover low 
risk, high probability events as opposed to most insurance products which cover high risk, low 
probability events such as floods or fire (Chance, 2003). Because pay outs are based on objective 
weather data, the need for insurance adjusters to assess crop damage becomes unnecessary, thereby 
reducing costs and subjectivity. In Alberta however, there is evidence that the system might be 
problematic. Farmers in some regions claim moisture data used by the Alberta Financial Services 
Corporation include inaccurate figures which suggest that moisture was above normal levels even 
though their fields are drier and more grasshopper-infested than ever before (CBC News, Aug. 
31/03).   
 
Mahul and Vermersch (2000) analyze the problem of hedging crop risk against crop yield insurance 
futures and options rather than weather derivatives. They conclude that catastrophic weather events 
have become the major factor in yield variability and therefore crop insurance pay outs.  Ker and 
McGowan (2000) investigate implications of “weather-based adverse selection” in the United States. 
Adverse selection occurs when growers of different loss-risk are charged premiums that do not reflect 
this difference. As a result, only those taking on high risks buy insurance and the insurer becomes 
more likely to incur actuarial losses. Adverse selection generally exists whenever the insured person 
has better knowledge of the relative riskiness of a particular situation than the insurance provider 
does.  
 
Ker and McGowan (2000) also note that farmers in the U.S. tend not to include weather-based 
information in their decisions for purchasing insurance but private insurance companies do (in 
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pursuit of re-insurance) and subsequently benefit from government compensation under current 
reinsurance agreements. Farmers use of crop insurance in Canada has some similarities to that in the 
United States. Smithers and Smit (1997) suggest that crop insurance programs appear to reduce 
sensitivity of producers to unfavourable years, that is they farm the insurance program knowing they 
will get some income. In general, there may be less incentive to adopt individual risk management 
strategies if governments serve that purpose (Lewandrowski and Brazee, 1993; Smit et al., 2000). 
  
Additional strategies for managing climate and weather risks include income stabilization programs 
and disaster relief. The future of such programs in Canada is negotiated between federal and 
provincial governments. The Business Risk Management section of Agricultural Policy Framework 
(APF) now provides compensation for unfavourable consequences from climate and weather 
conditions by integrating across existing programs for income stabilization and disaster relief. Policy 
makers and producers alike recognize the need to integrate other climate related adaptation strategies 
into additional “pillars” of the APF (namely food safety, innovation, environment, and renewal) (C-
CIARN Agriculture, 2004). 
 
Discussion in the foregoing section focuses on climate risk management and related adaptation 
options. Issues, and therefore related research, are wide-ranging. They often link to data and 
information gathered for other topics of concern, further supporting the fact that climate and weather 
risk management cannot be understood as an isolated component for farm decision-making, policy 
development, and research endeavour.  
 
A number of points are supported with the literature and research reviewed for this section on 
climate risk management and adaptation opportunities. For instance, it appears that a great deal is 
unknown about how producers perceive climate risk and make decisions regarding adaptation 
strategies; they tend not to identify climate and weather as “risks” even though they incorporate such 
considerations into decision-making. As well, there is much to learn about existing programs and 
policies and how they are relevant for adaptation strategies; little has been done to identify 
commonalities and potential conflicts.  
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6. VULNERABILITY AND ADAPTIVE CAPACITY 

 
Sections 4 and 5 of this position paper contain summaries of climate change adaptation literature and 
information from two different perspectives. The first, “scenario-based assessments”, constitutes the 
main body of work on the topic of agricultural adaptation to climate change. The second, “climate 
risk management and adaptation options”, has fewer research results to draw on but includes material 
that is relevant for climate change adaptation even though it has been written with other themes in 
mind. In this section the discussion turns to an approach focusing on vulnerability and adaptive 
capacity. The “vulnerability approach” brings with it possibilities for gaining new insights into climate 
change adaptation processes, barriers, and opportunities relevant for Canadian agriculture.  
 
Vulnerability refers to the likelihood that a given system will be harmed by exposure to hazard (Polsky 
et al., 2003; Turner et al., 2003). The IPCC identifies that vulnerability to climate change is a function 
not only of the system’s sensitivity but its ability to adapt to new climatic conditions (IPCC, 2001). 
Sensitivity, in this case, refers to how a system will respond to a climate stimulus whereas adaptability 
is how well the system adjusts to this response. For example, a crop-based agricultural system that is 
exposed to drought (the hazard) will experience yield declines (sensitivity) which may have various 
effects on the region based on responses such as irrigation use, crop insurance, the availability of less 
moisture-reliant cultivars and the farmer’s management ability (adaptability). Thus, a modest change 
in climate may have little direct effect on a system that is not highly sensitive to the hazard (e.g. feedlot 
operations who do not grow their own feed) or a system that is highly adaptable (e.g. farmers carrying 
sufficient crop insurance or with irrigation capacity). The same change, however, may have a large 
effect on a system that has both high sensitivity and low adaptability (e.g. a cash crop operator without 
access to irrigation who is not carrying crop insurance). Generally, vulnerability increases with 
sensitivity and decreases with adaptive capacity, which is defined for climate change as “the ability of 
a system to adjust to climate change (including climate variability and extremes) to moderate potential 
damages, to take advantage of opportunities, or to cope with the consequences. (McCarthy et al., 
2001).  
 
Research that considers the time and place specific nature of the potential or likelihood of a system to 
experience harm from a climate event is collectively referred to as taking the “vulnerability 
perspective” (Polsky et al., 2003). While vulnerability scholarship as yet is not as well developed as 
either work on mitigation or scenario-approaches for impacts and adaptation (Clark et al., 2000; 
Polsky et al., 2003), leading non-governmental organizations such as the IPCC, the World Economic 
Forum and the World Food Programme have adopted a vulnerability perspective (Clark et al., 2000). 
 
Polsky et al. (2003) note that the ideas captured in vulnerability assessment are not new, and trace the 
perspective to previous work in natural hazards assessment, risk management and food security. The 
application of a vulnerability perspective to climate change impacts and adaptation research is still in 
its infancy and has the following characteristics: 
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• It considers a variety of stresses, both climatic and non-climatic. 
• It considers not just the “what?” (the hazard) but the “on what?” (the conditions of the 

system exposed to the hazard). 
• It is time and place specific, but with a recognition of what came before and the larger 

environment within which a place exists . 
• It involves stakeholders. 
• It takes an “inverse” approach, which starts with the system 

(farm/community/sector/region) under consideration rather than a particular hazard. 
 
As the previous sections of this paper identified, farmers manage various risks on a daily basis. 
Weather and climate are considered in conjunction with commodity prices and other considerations 
to arrive at farm business decisions. It is thus not surprising that farmers frequently raise non-climate 
concerns (e.g. issues surrounding the Pesticide Management Regulatory Agency) even in climate-
change specific discussions of their adaptation strategies (C-CIARN Agriculture 2004). Producers do 
not use one suite of risk management strategies for climate, another for price risk, another for health 
and safety concerns, and so forth. Rather, effective farm management includes all sources of risks 
(and opportunities) in the decision-making process (Bryant et al., 2004). Also important are a number 
of factors in the wider environment. Tan and Reynolds (2003) point out that future demands for 
water resources will be affected by surrounding land quality (i.e. prevalence of pasture, woodlots, and 
wetlands) as well as water demands from an increasing population and industry. Turner et al. (2003) 
and Polsky et al. (2003) refer to this as the “coupled human-environment system” to highlight that the 
human (farmer decision-making, institutional parameters, etc.) and environmental (climate conditions, 
soil constraints, biophysical production, etc.) are part of an integrated whole. 
 
Implicit in the vulnerability perspective is the time and place specific nature of assessment (the 
multiple risks and opportunities, and the situational and historical context within which these 
operate). Such information is impossible to capture without the inclusion of stakeholders at every 
stage of the assessment. Thus the vulnerability approach is distinctive in climate change adaptation 
research because it requires that producers and others in the agri-food sector (eg. industry 
representatives and policy makers) work together with researchers to design and carry out specific 
adaptation projects. 
 
 

6.1 CONDUCTING RESEARCH EMPLOYING THE VULNERABILITY 
APPROACH 

Research issues related to the vulnerability approach primarily focus on past conditions and may 
incorporate projections to future conditions. Details of the research issues and objectives related to 
climate change vulnerability assessments are summarized in Table 6. 
 
The research objectives described in Table 6 under current and future conditions are purposefully 
non-specific regarding type of stress or opportunity. As noted, vulnerability assessments for 
agriculture require understanding climate and weather risks in the context of other challenges and 
opportunities. To do so acknowledges the multi-faceted nature of risk management on the farm. The 
agri-food sector’s capacity to meet challenges and take advantage of opportunities related to climate 
change depends directly on a number of other conditions. For instance, decisions regarding 
diversifying crops are based on climate/growing conditions in light of the potential market, 
environmental conditions, technological requirements, human resources, and so on.   
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Table 6. Research Issues and Objectives for Vulnerability Assessments 

Theme Research Objective 
 

Current Conditions 
 

Identify conditions that are beneficial and/or problematic to the 
system under investigation.  
 

Current Capacity Assess how successful management strategies are for adapting to 
stress and/or opportunities. 
 
Determine effectiveness of policy and programs in assisting producers 
with their adaptation measures. 
 

Future Conditions Assess the likelihood that there will be changes in the trends and 
magnitude of beneficial and/or problematic conditions. 
 

Future Capacity Assess adaptive capacity to meet future risks and opportunities.  
 
Assess the suitability and viability of current policy and programs to 
meet future requirements. 

 
 
Once current vulnerabilities are established, it becomes possible to identify climate conditions which 
are relevant for the system under consideration. Vulnerability research can thus include specific 
climate scenarios to identify future potentially problematic conditions. These projections can be 
coupled with an assessment of future adaptive capacity (based on stakeholder input and anticipated 
changes in the relevant socio-economic-policy environment) to arrive at an estimation of “future 
adaptive capacity”. Future exposure and adaptive capacity together allow for predictions of future 
vulnerability (see Figure 3).  
 

Vulnerability

Future
Vulnerability

Current
Adaptations

Current
Exposure

Future 
Exposure

Adaptive
Capacity

Climate 
Probabilities

 
Figure 3: A Conceptual Framework of Vulnerability (Smit, 2003) 
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6.3 VULNERABILITY RESEARCH IN CANADA 

Researchers are just beginning to conduct climate change vulnerability assessments for specific types 
of Canadian farming systems. One example is the work of Reid (2003), whose study of producers in 
Perth County, Ontario examines farm-level perception of, and responses to, climate variability and 
change. She documents producers’ views on beneficial and problematic conditions for their 
operations and notes they vary from year to year. Included in producers’ assessments of the important 
factors are: climate, economic and market conditions, technology, environment (soil, water, pests), 
government programs and policies, and farm/family attributes.  
 
Reid also provides extensive accounts of how individual producers continue to adapt to specific 
climate and weather conditions encountered in current operating years, noting the positive as well as 
negative outcomes (see Appendix “C” for Tables based on Reid 2003:Tables 12 A and B). 
  
Similar research is on-going in prairie and western regions of Canada. Early findings from Ramsey 
and Tarleton (2004) provide a substantial list of practices that Manitoba farmers identify as useful for 
managing climate and weather risks. (see Appendix “D” for Tables based on Ramsey and Tarleton, 
2004). 
 
A review of the responses in both Ontario and Manitoba research confirms a number of important 
points that the vulnerability approach brings to agricultural climate change adaptation studies: 
 

• Producers have valuable information to contribute; they must be included in climate risk 
management and adaptation research.  

• Diversity in regional conditions and demands from specific commodity production make 
generalization difficult. 

• Weather and climate risk management are integrated into existing production practices and 
farm financial management.   

• Producers are actively engaged in adapting to climate and weather risks even if they do not 
use that language to describe their actions. 

 
Results from Reid (2003) and Ramsey and Tarletone (2004) work constitute the first stage of a 
vulnerability assessment for Canadian agriculture by documenting exposure to relevant hazards for 
existing farming systems. A small number of Canadian scholars are currently involved in similar 
pursuits with research results pending. Output from their studies can feed into assessments of 
producers’ capacity for dealing with the conditions identified and then be coupled to work on future 
exposure and adaptive capacities.  
 
Pursuing the vulnerability perspective requires closer integration of researchers from the social 
sciences with climate modelers and natural scientists. In scenario-based research, work begins with 
modeling and the role of human agency is only considered after future climate and impacts have been 
predicted. Research which employs the vulnerability perspective incorporates human agency at the 
outset, and what is relevant and potentially problematic for farmers and their capacity to deal with 
stresses is a key input into modeling exercises. Thus research into producer perspectives and actions 
(traditionally done by social scientists) receives earlier and more prominent consideration than it does 
in scenario-based approaches. Empirical work which incorporates human agents is both time and 
cost-intensive. This may partially explain why financial and human resources supporting vulnerability 
have so far been limited. However, as the need for climate change planning and policy increases, so 
too does the need for the type of data and information that come from research focused on 
vulnerability and adaptive capacity. 
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7. CONCLUSIONS: RESEARCH GAPS AND RECOMMENDATIONS 

 
This position paper reviews the current state of knowledge about climate change risks and 
opportunities for the Canadian agri-food sector. The discussion is organized around three distinct but 
related topics, namely: scenario-based impact assessments; climate risk management and adaptation 
opportunities; and vulnerability and adaptive capacity. Based on the information presented, a number 
of gaps can be identified for research approach and support and government policy. These are 
presented below along with specific recommendations for addressing them.  
 
Research Approach and Support 
 
Responses from industry and policy representatives suggest results from climate scenario/model 
approaches are limited. There is merit in adopting a research perspective that meets the following 
criteria: is rooted in what is “known” and accommodates diversity; incorporates producer based 
experience and knowledge; encourages integration; and builds on existing capacity. These features 
form the basis for a research perspective known as the vulnerability approach. 
 
Recommendation: Employ the vulnerability approach for climate change adaptation 
research.  
 

• Enhance knowledge of producer’ experiences with climate and weather risks and 
how these affect adaptation choices. 
• Incorporate knowledge of farm production practices and management so that 
linkages to existing (and future) programs and policies can be identified and acted on. 
• Ensure that climate scenarios and related models include agro-climatic conditions 
identified as relevant by the agri-food sector. 
• Encourage climate change related research projects to incorporate whole farm 
perspectives. 

*** 
 
Research that increases certainty in predictive climate models does not necessarily serve producers’ 
needs. They know certainty is elusive and ask for research-supported information about managing 
uncertainty.  
 
Recommendation: Support research that enhances the adaptive capacity of Canadian 
agriculture and results in reliable products for managing climate risk and uncertainty. 

 
*** 
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Government Policy 
 
Climate and weather conditions are among the most significant factors affecting production  
outcomes for Canadian agriculture and may exert increasing pressure on crop insurance and income 
stabilization. However, it appears that climate risk management is not directly addressed in the 
Agricultural Policy Framework, nor in other programs where it has relevance.  
 
Recommendation: Assess the current and any future versions of the Agricultural Policy 
Framework (APF) in light of agri-food sector requirements for climate change adaptation.  

 
***  

 
Climate and weather information services are crucial for making short term production decisions, for 
example determining when to use chemical sprays in horticultural production. Improved availability 
of systems based on this information will enhance producers’ ability to manage climate and weather 
related risks. 
 
Recommendation: Improve existing climate and weather data collection and services related 
to them. 
 

*** 
 

 

Greenhouse gas mitigation studies dominate the climate change research agenda despite Canadian 
commitment to pursue a number of adaptation related initiatives, including, raising awareness of 
adaptation; facilitating and strengthening capacity for coordinated action; incorporating adaptation 
into government planning processes; promoting and coordinating research on adaptation; supporting 
networks to share knowledge; and providing methods for adaptation planning. 
 
Recommendation: Make climate change adaptation related research a funding priority. 

 
 

***
 
Directing research efforts more effectively while enhancing support lies at the heart of addressing the 
gaps and fulfilling the recommendations put forth here. But perspectives that are sensitive to the 
requests from producers and policy-makers alike must inform that research if there is to be effective 
climate change adaptation in the Canadian agri-food sector. The vulnerability approach with a focus 
on adaptive capacity is one perspective that offers such promise. It has the potential to meet several 
of the needs and expectations for both research and policy development related to climate and 
weather risks. While changing research paradigms is a daunting challenge, it can be done. Producers 
themselves demonstrate the value of altering management strategies, taking risks, and trying new 
methods. The time is right for agri-food researchers and policy makers interested in climate change 
adaptation to follow their example.  
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APPENDIX A  

 

INFORMATION ABOUT C-CIARN AGRICULTURE 

C-CIARN Agriculture is part of a national network supported by the government of Canada and is 
committed to facilitating and promoting research into climate change risks and adaptation for the 
Canadian agri-food sector. We offer a forum for those in industry, research, and policy to learn from 
each other and work together on effective climate risk management strategies. (Details are available 
through: http://www.c-ciarn.uoguelph.ca/).  
 
 
National Advisory Committee 

• Brian Abrahamson, Prairie Farm Rehabilitation Administration 
• Bruce Burnett, Canadian Wheat Board 
• Chris Bryant, Université de Montréal 
• Gordon Fairchild, Eastern Canada Soil and Water Conservation Centre 
• Rob Gordon, Nova Scotia Agricultural College 
• Mike Goss, Canadian Agri-Food Research Council and University of Guelph 
• Geri Kamenz, Canadian Federation of Agriculture and Ontario Federation of Agriculture 
• Nancy Lease, Québec - Agriculture,Pêcheries et Alimentation 
• Bob MacGregor, Agriculture and Agri-Food Canada 
• Don McCabe, Grain Growers of Canada 
• Dave Sauchyn, Prairie Adaptation Research Collaborative 

Barry Smit, Scientific director 
Ellen Wall, Coordinator 
Johanna Wandel, Associate 
Stefanie Neumann, Assistant 
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APPENDIX B 

 
ACRONYMS FOR MODELS USED IN THE PAPER 

  
     

• CGCM (Canadian Global Coupled Model or Canadian Global Circulation Model1. Different 
versions are noted with the appropriate numeral, for example CGCMI, CGCMII.  

• HadCM2, HadCM3 (Hadley Centre Coupled Model) 2 
• GFDL (Geophysical Fluid Dynamics Laboratory,)3 
• GISS (Goddard Institute for Space Studies)4 
• IISA (International Institute for Applied Systems Analysis) 
• OSU (Oregon State University General Circulation Model) 
• PCM (Parallel Climate Model)5 
• UKMO (United Kingdom Meteorological Office General Circulation Model) 
• MPI (Max Planck Institute Circulation Model) 
• ECHAM4 (German) 
• CSIRO 

 
Add following only if used directly somewhere-- 

• CCSR-98 ( Centre Climate Research Studies--Japan ) 
• NCAR-PCM3 (National Centre for Atmospheric Research – USA 
• CSIROMk2b (Commonwealth Scientific and Industrial Research Organization) 

                                                      
1 Information about the development of this model is available from the Canadian Centre for Climate Modelling and 
Analysis (CCCma)  http://www.cccma.bc.ec.gc.ca/models/cgcm1.shtml 

2 Note Hadley centre is in England? 

3 developed at Princeton University 

4 GISS is affiliated with NASA (National Aeronautics and Space Association) 

5 from US Department of Energy and US National Center for Atmospheric Research. 
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APPENDIX C 

Table 7: Selected Impacts of Climatic Variability and Farmers Responses on Perth County Farms 

Climate Attribute Impact on Farm Farmer Response

Good Weather Hot sunny 
weather, timely rains 
 

• improved yield 
 

• stockpile hay, grain 
• don't do anything differently  
• plan for a good crop 
• make improvements:  more storage pay down debt, buy 

more land 
 

Hot summers 
 

• high heat units 
• hard to work in field, fainted from 

heat 
 

• plant longer day corn, beans 
• wait for cooler weather to work in field 
 

Hot and humid 
 

• high humidity when wheat 
flowering: fusarium in wheat

• spray wheat when flowering 
• crop insurance

Cold and wet 
 

• low heat units 
• poor quality crops 
• corn rust 
• corn wouldn't dry down 
• trouble making hay Ran out of hay 
• chemicals don't work as well 
 

• change cultivar mix wrt heat requirements 
• crop insurance 
• buy feed 
• insure corn the following year 
• plant lower heat units the following year 
• plow down corn 
• use corn for feed 
• make haylage 
• rely on neighbours for hay  
• sell land following year 
• reduce chemical use 
 

Warm winters 
 

• risk of alfalfa or winter cereals being 
damaged 

• watch for insects (precaution) 
• spring is drier 
 

• do nothing 
• plant seeds deeper 
 

Cold winter, no snow • lost winter wheat • crop insurance 
Length of Growing Season 
 

 
 

• plant longer day corn 
 

Late fall 
 

• better crop  
• not as physically demanding  
• easier on equipment 

• harvest later 
 

Dry spring • seeds need moisture • plant to moisture 
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Drought 
 

• aphids on soybeans: lost half the 
yield  

• aphids brought lady bugs, lady bugs 
affected yield 

• weeds don't respond to herbicide 
• pastures don't grow back 
• no extra forages to sell 
• hay doesn't grow back Not as much 

hay 
• poor crops 
• corn ready to harvest earlier 
 

• use good management practices 
• tile draining 
• plant drought-resistant varieties / cultivars 
• adjust plant varieties 
• soil conditioning 
• no-till 
• plow at night to retain moisture 
• crop insurance / draw on NISA 
• change herbicide/pesticide applications 
• keep extra grain, hay, silage 
• more acres in forages next year 
• only get first and second cut 
• don’t sell hay 
• buy grain 

Dry Fall • dry beans hard on machinery 
 

 

Wet • rust in grain 
• trouble making hay 
• takes more power to work field 
• crop drowned 
 

• soil conditioning 
• change rotation 
• use red clover as cover crop 
• pasture cattle on hay field 
• don’t cut hay at all 
• tile draining 
• crop insurance 

Wet Spring • hard to plant crop 
• drowned crops 

• muck it in 
• replant 
• crop insurance 
• wait it out 

Wet Fall • lost bean crop 
• poor corn 
• harvesting on wet ground packs 

soil 

• use crop for feed 
• stop growing beans 
• tile draining 
• crop insurance 
• plow down crop 
• rely on storage capacity to keep feed 
• make cob meal / silage 

More Snow • more moisture on land in spring • less tilling in spring 
• roll soil 
• seed deeper 
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APPENDIX D 

 
Table 8: Selected Production Practices that Help Manage Climate-Related Risks, Manitoba Farms 

Topic Detail 
Diversify crops and 
varieties 

•Grow faster maturing crops 
•Grow less wheat and more other species due to fusarium on wheat (fusarium is 
moisture dependent) 
•Grow crops more suited to farm micro-climate 
•Change to forage oats from alfalfa to take advantage of moisture in farm area 
•Grow drought resistant varieties 
•Grow shorter varieties to prevent wind damage 
•Experiment with several varieties of same species to compare yield and quality 
•Grow many different species in same year to cover all bases with weather. 

Intensified operations •Increase cattle because more moisture allowed more hay production 
•Grow more, slower maturing grains because of increased growing season 
•Add more cattle and reduced cropping because of weather uncertainty 
•Intensify silage operation to lessen effects of moisture on feed production 
•Add more alfalfa because crop was assured over others 
•Use rotational grazing allowed more intense use of pasture 
•Use continuous cropping with no summer fallow 

Altered practices and 
location 

•Put more land into pasture and moved cattle on to it because of either increased 
moisture or risks associated with grain crops 
•Move to higher ground to avoid wet areas 
•Eliminate cattle operation because extreme weather necessitated late calving which 
subsequently caused conflicts with seeding 
•Adopt zero tillage to prevent erosion problems due to rain and wind 
•Return to traditional method when zero till proved difficult in wet years 
•Use any combination of tillage depending on soil temperature, moisture. 
• Add irrigation systems because of reduced moisture 

Timing changes •Get on land as early as possible 
•Seed later maturing crops first 
•Seed later to avoid late spring frosts because growing season is longer 
•Calving is later now as low spring temperatures do not allow pasture to start up 
quickly 
•Plant winter wheat in order to harvest sooner and avoid fall frosts 
•Sow later to help abate weed growth (organic) 
•Only sow after there has been some moisture (market garden) 
•Keep crop covered (strawberries) covered until danger of frost had passed for 
season. 

Crop insurance and 
income stabilization 

• Crop insurance and NISA very common 
• “Off-farm” income very common 

Diversify operations •More cattle, horses, other livestock 
•Seed cleaning 
•Outfitting 
•Gravel and sand 
•More grain types 
•Some farmers indicated more specialization (got rid of stock to free up time for 
spring work 
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