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ABSTRACT 
 

An understanding of adaptation of plant and animal systems in response to changes in 

climate will help to reduce the risk involved in livestock production. Climate change will 

affect a large array of systems. Forage and livestock production will not be excluded from 

the impact of climate change. The purpose of this study was to understand the concept of 

adaptation and to integrate adaptive management strategies within the beef industry. A 

case study was undertaken at three locations to determine the impact of climate change as 

predicted by the CGCM1 model on livestock production.  Three adaptation strategies were 

devised namely an early turnout date, intensive early season grazing and an extended 

grazing season. These were applied to simulation for the years 2051-2090. The results 

should only be considered as only an example of the possible responses to climate 

change. 

A climate change scenario was created using the Canadian Climate Change model 

(GCM1) and integrated into the GrassGro Decision Support System (DSS).  Three 

adaptation strategies were tested in comparison to a baseline simulation (1961-1990) for 2 

pasture associations, Russian wildrye/alfalfa (RWR/ALF) and Crested Wheatgrass (CWG) 

at three locations Melfort, Saskatoon, Swift Current, Saskatchewan. Climate change 

predictions were simulated for the years 2051-2080. The effects of climate change on 

livestock production were complex and results were variable for each site.  The effects 

were more prominent at Saskatoon than Melfort and Swift Current, reflecting strong 

regional specificity and variability.  

The adaptation strategies were more successful for RWR/ALF than for CWG pasture at 

Melfort and Swift Current while CWG appeared to be more successful at Saskatoon. 

Indeed, the results suggest that productivity of beef cattle grazing RWR/ALF pastures at 

Melfort and Swift Current could be enhanced with climate change. However, Russian wild 

ryegrass is slow and difficult to establish. Therefore one of the recommendations from this 

report calls for a greater research effort into the establishment problems of this grass. 
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Introduction 

Ecosystems and climate are complex functioning systems.  In each, several interactions 

take place that produce various types of outcomes.  The type of outcome is influenced by 

phenomena and time and space scale relationships.  Ultimately, an “outcome” reflects the 

amount of disturbance/change to the system caused by an interaction.  It is this change 

within the system that requires adaptation.   

The term “adaptation” has been incorporated into several conceptual theories.  Two 

such theories are:  

1.) Adaptation for climate change; and 

2.) Adaptation for ecosystem management  

This report will first compare and contrast the basic concepts, definitions, and 

applications of adaptation within these two theories. It will then provide the results of a case 

study on the adaptation of livestock production to climate change. 

What is adaptation? 

The dictionary meaning of “adapt” includes fitting some purpose by altering or 

modifying.  “Adaptation” is defined as both the process of adapting and the condition of 

being adapted.  In other words, “adaptation” is an internally generated response of a 

system to external forces. 

Within the context of climate change, “Adaptation” has been generally described as 

the degree to which adjustments are possible in the practices or structures within a system 

in response to actual or projected changes in climate (Watson et al., 1996).  Moreover, 

adaptation may be spontaneous or planned. 
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However, in 2001 a more focused definition of the term adaptation was developed.  

Specifically, the IPCC Working Group II (Third Assessment), 2001 created 6 sub-definitions 

to describe the different forms of adaptation that occur within the context of climate change.  

These are: 

1.) Anticipatory Adaptation; 

2.) Autonomous Adaptation; 

3.) Planned Adaptation; 

4.) Private Adaptation; 

5.) Public Adaptation; and 

6.) Reactive Adaptation. 

Anticipatory Adaptation refers to adaptation that takes place before climate changes 

occur.   This form of adaptation anticipates potential changes in climate and prepares 

accordingly.  Alternatively, Reactive Adaptation takes place following the observation and 

analysis of changes in climate.  

Autonomous Adaptation is a spontaneous adaptation that does not constitute a 

conscious response to climate stimuli.  It is triggered by both ecological changes in natural 

systems and market or welfare changes in human systems.  This contrasts with Planned 

Adaptation, which results from a deliberate policy decision.  Planned Adaptation is based 

on an awareness that conditions have changed or are about to change.  Action is taken to 

ensure that a desired state is achieved, maintained, or revisited. 

Private Adaptation is initiated and implemented by individuals, household, or private 

companies for the purpose of serving some self-interest.  Alternatively, Public Adaptation is 

initiated and implemented by a public body and directed at serving a collective public need. 
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Adaptation and Climate Change 

a) General principles 

A primary characteristic of climate is variability.  Within the context of climate change, 

variability becomes significantly more important, especially with respect to adaptation.  As 

discussed above, adaptation is an adjustment to change within a system.  Another way of 

stating this is to say that adaptation is an adjustment to variability within a particular 

system.  Thus, adaptation to climate change necessarily includes adaptation to variability.   

The interest in adaptation to variability within climate change is not limited to changes 

in long-term mean climate variables (Cater et al., 1994).  As Smit et al, 2000 suggest, the 

impact of climate change can be modified by adaptations of various kinds.  Climatic 

conditions are inherently variable from year-to-year, decade-to-decade, century-to-century 

and beyond.  A change in mean climatic conditions is actually experienced through various 

changes in the nature and frequency of particular yearly conditions.  Such changes include 

changes in extremes, and it is to the aggregation of these short-term variabilities that 

adaptations are ultimately made.  

However, in order to avoid “maladaptation”, it is necessary for adaptation to take place 

at the same rate as variation in the factors affecting climate change.  “Maladaptation” is 

defined as any change in natural or human systems that inadvertently increase vulnerability 

to climatic stimuli, and adaptation that does not succeed in reducing vulnerability but 

increases it instead (Bryant et al 2000). 

Unfortunately, harmonization between variability and adaptation is not found in the 

present context of climate change.  Specifically, as Kelly and Adger (2000) show, variability 

within climate change is occurring at a much faster rate than adaptation. (See Figure 1) 
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However, too much focus on short-term forms of adaptation may also result in 

negative outcomes.  Specifically, short-term adaptive methods, including reactive forms of 

adaptation may be inappropriately equipped to manage medium and long-term changes in 

the climate.  For example, farmers who adapt only to very short-term signals in the present 

may be jeopardizing farming conditions in the future (Risbey et al., 1994). 

Adaptation and Ecosystem Management 

In ecology, adaptation refers to the change/adjustment necessary for an organism or 

species to become fitted to its environment (Lawrence, 1996).   

a) Organism Interaction with Environment 

Organisms that inhabit the most extreme areas and transition zones of a particular 

niche are more susceptible to extinction because of the increased number of complications 

they experience attempting to adapt.  Typically, organisms will adapt spontaneously to 

changes in the ecosystem.  In other words, the type of adaptation that occurs in relation to 

an organism’s interaction with its environment is Autonomous Adaptation. 

However, much like under the climate change model for adaptation, where changes in 

the ecosystem occur at an increased rate, an organism may not be able to adapt at the 

same rate.  For example, plant systems that rely on external elements (such as other 

organisms, pollinators, or mechanisms of seed dispersal) to complete a life-cycle, may be 

affected by climate change to the extent that they are no longer synchronized with these 

elements (Bond, 1995).  This could result in reductions of plant populations.  

Effects of this nature have been observed in several areas.  Plant communities are 

subject to change due to a range of natural and anthropogenic factors.  From an ecological 

perspective, landscape sensitivity to changes in the type of vegetation cover is intimately 

related to habitat change (See Figure 2) (Milne and Hartly 2001).  Even in the absence of 

any human interference, natural processes such as ecological succession, catastrophic 

events (drought, fire) and climate change, will alter the appearance of the land cover over a 

range of time-scales (Gray et al., 1987). 
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With respect to the future effects of anthropogenic interference on rangelands, it has 

been suggested that climate change may be trivial relative to past and present impacts of 

human activities.  These activities include livestock grazing (Le Houerou, 1996).  

Adaptation to grazing involves the ability to survive and reproduce under conditions of 

defoliation, trampling and nutrient recycling by herbivores.  Autonomous Adaptation 

strategies that allow survival of individual plant species within a pasture include 

avoidance/minimization of herbivory and tolerance/recovery from herbivory (Caldwell et al., 

1998).  
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Figure 2. The Natural and anthropogenic influences on plant ecosystems (modified 

from Milne and Hartly 2001). 

Falkner and Casler (2000) support the findings of Le Houerou and suggest that 

grazing herbivores are a major factor in the evolution of pasture plant species.  Plant 

populations subjected to grazing are more likely to develop Autonomous Adaptations to 

grazing compared to those populations that have not been. Ultimately, while this may not 

be entirely true for all rangelands, it highlights the difficulty of separating the impacts of 
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climate change from the impacts of many of the other pressures that are acting and will 

continue to act on the system (See Figure 2). 

Furthermore, certain groups of organisms do not necessarily adapt at the same rate 

as other groups.  As Walker & Steffen (1997) state, rangeland ecosystems have become 

fragmented over time due to the addition of such things as roads, croplands, and human 

developments.  Moreover, they suggest that as rangeland ecosystems continue to 

fragment, the rate at which the fragmentation occurs will exceed that at which new 

assemblages form.  As a result, ecosystems are not likely to react as a unit in response to 

climate change.  Rather, individual groups within the ecosystem, such as C3 and C4 

grasses, will disassociate and reassemble in new combinations.   

b) Ecosystem Management 

 The scientific community has had some difficulty defining “ecosystem management”.  

The term has been used loosely and without defined consensus (Grumbine, 1997).  

However, a primary theme within all of the literature is the importance of including “adaptive 

management” techniques in the overall implementation of an ecosystem management 

model.   

Several common points are made within the literature in relation to the inclusion of 

adaptive management techniques 

1. The adaptation to climate change is a dependent variable.  Specifically, no one 

knows how quickly the climate is changing and if natural environments can adapt on 

various time scales; 

2. Adaptive management translates into a predictive tool that can be used for site-

specific management; 

3. Policy makers tend to perceive adaptive management as a tool in which the effects 

of broad impacts of policy emphasize the need to develop large-scale models 

(Halbert, 1993). 
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4. Scientists tend to follow interpretations made by Hollings (1978) and Halbert (1993) 

in that adaptive management assumes: “Scientific knowledge is provisional and 

focuses on management as a learning process, or continuous experiment where 

incorporating the results of previous actions allows managers to remain flexible and 

adapt to uncertainty” (Grumbine, 1994). To take an ecosystem approach means that 

people shift their focus from parts to wholes incorporating plants, animals, streams, 

esthetics and yield to the three dimensional landscapes that produce these valuable 

things (Rowe, 1992). 

5. Ultimately, adaptive management is the process of coupling science and social 

values to promote the sustainable management of natural systems (Haney & Power, 

1996). 

Collectively, these common principles create a working definition of the term 

“Adaptive Management”.  Specifically, Adaptive Management may be defined as a 

systematic process for continually improving management policies and practices by 

learning from the outcomes of operational programs (Vallentine, 2001). It is a management 

approach that recognizes every action in an ecosystem affects a complex system of 

processes and that actions must be viewed for the whole ecosystem. Pattern persistence is 

the focus of management at all scales.  Patterns are non-linear because the processes that 

create them occur at different scales and in a non-linear fashion.  Ecosystem management 

realizes ecosystems are dynamic in time and space.   

Adaptive management tends to rely on more of a Reactive Adaptation approach than 

the Climate Change Model of Adaptation.  Adaptive management focuses on control 

devices that allow for learning through experience.  By learning through experience 

feedback mechanisms are incorporated and either allow information to accumulate 

automatically or deliberately probe the environment to gather new information. 

Additionally, adaptive management incorporates informational feedback loops into the 

management processing order to accelerate the rate at which environmental decision 

makers learn from experience (McLain and Lee, 1996). 
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Figure 3.  Adaptive management as it relates to ecological processes.  

 Adaptive management begins with inventory and information exchange, which is a 

continuous process throughout the entire cycle. 

i.  Inventory and Information Exchange 

Adaptive management begins with the collection and compilation of existing 

information for each ecosystem. Inventory may include biotic surveys, literature searches, 

market analyses, and the preparation of appropriate databases and maps.  Collection and 

interpretation of the information provides a baseline against which to measure change, but 

also helps to identify management options, barriers, opportunities, and goals. 

ii. Goals and Objectives 

Following the compilation and analysis of preliminary information, clear goals and 

objectives need to be established for each ecosystem being managed.  Goals must be 

defined because they influence the way we organize information and perceive the problems 

and potential associated with ecosystem management.   

iii. Model Development  

Models are theories involving the way something may function in relation to various 

parameters.  Models help with the understanding of complex interactions between various 
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components in the ecosystem and allow for the measure of particular situations over time 

with out degradation to the actual natural system.  Models can guide decisions by providing 

a response mechanism to gauge the relative impact of various factors surrounding different 

situations over time. 

  The use of models helps to highlight several potential solutions to ecosystem 

management, and the relative costs and benefits of each solution without actually 

impacting the area of concern or study.  Walters (1986) argues that we need to  “embrace” 

the uncertainty because uncertainty forces us to look for new and creative ways to manage 

natural resources.  The uncertainties may include major extremes in weather such as hail, 

dust storms, floods and high temperatures but may also involve sporadic influxes of 

disease and infestations of insects.   Finally, models allow for a more realistic interpretation 

of our understanding of complex systems. 

iv. Management Implementation 

Management Implementation provides the greatest difficulties with respect to model 

development and use (Grumbine, 1997).  Specifically, implementation requires the co-

operation of the scientific community with various levels of government and other interested 

groups.  Grumbine (1997) notes that the power imbalance that exists between these 

groups does not foster co-operative behavior.  Co-operation has not been consistent in the 

past and has inhibited the implementation of ecosystem management models. 

Ideally, Grumbine (1997) suggests that any issues with respect to co-operation are to 

be discussed up front in order to avoid conflicts during implementation and beyond. 

Furthermore, co-operation requires that the implementation of management practices 

allows components of the model to be tested from an unbiased perspective (Walters and 

Holling 1990).   

v. Monitoring 

Monitoring is necessary as it provides a means to obtain data that will allow the 

manager to continuously refine management practices based on careful record keeping.  
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This routine may be referred to as adaptive management.  Careful record keeping allows 

the manager to examine and adjust the system in ways that will further benefit the land.  

While monitoring the area it is particularly important to identify the cause of the problem, 

not the symptom, and to correct the plan accordingly.  More often than not the cause of the 

problem is human oriented (e.g. improper management).  Baselines must be established to 

give a reference factor for comparison.  In the study reported here, the baseline is 

represented by the conditions that are present duringa 30-year baseline simulation (1961-

1990). 

Following implementation of management practices, the responses of ecological and 

socioeconomic variables are measured and recorded.  This information is used to validate 

components of the model.  Models also help in understanding the relationship between 

animal and plant interactions. 

A model should provide some information with respect to how quickly an indicator 

(e.g. species that decreases with grazing) will respond to a disturbance (grazing and 

change in climate).  In this way, undesirable changes can be caught before they become 

irreversible.  Monitoring efforts should include indicators of long-term trends.   

Adaptation Management Techniques Used for Climate Change Adaptation 

While both Climate Change and Ecosystem Management adaptation strategies make 

use of the 6 main sub-categories of adaptation, each has its own focus.  The Climate 

Change Model places an emphasis on Anticipatory and Planning Adaptation methods.  On 

the other hand, the Ecosystem Management Model focuses on Autonomous and Reactive 

forms of Adaptation (See Figure 4). 
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[CCM]     Climate Change 

 

Potential Impacts 

 

Anticipatory Adaptation 

 

Initial Impacts 

 

         [EMM]                      Reactive Adaptation 

 

Residual Impacts 

Figure 4.  Flowchart of Climate Change and Impact in relation to the implementation of the 

two models.  “CCM” notes the point in which the Climate Change model takes effect and 

“EMM” notes the point that the Ecosystem Management model begins 

 

Further, both models place importance on adaptation in the short-term.  However, the 

most significant difference between the two models is the degree of this importance.  The 

Climate Model ultimately has a long-term focus, but recognizes that short-term forms of 

adaptation are necessary in order to achieve long-term success.  Alternatively, the 

Ecosystem Management Model focuses primarily on changes and economic success of the 
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short-term, with little consideration given to long-term objectives.  This creates vulnerability 

in the long-term.  

The Cost of Adaptation  

Adaptation is unlikely to come without cost.  Tol et al. (1998) concluded that 

adaptation costs (as opposed to net costs of damages) are not reported in most impact 

studies, especially in agriculture.  Yet transition costs, such as retraining farmers in new 

practices, and equilibrium costs, such as developing additional irrigation, and the costs of 

developing new technology may be considerable (Antle, 1996).  The absence of a benefit-

cost analysis for adaptation is a key deficiency within the literature (Parry et al., 1999).  

 

Case Study: Adaptation of Livestock to Climate Change 

a) Introduction 

Livestock production is Industry is a major industry on the Canadian prairies. As a 

result there must be concern in relation to the potential effects that climate change may 

have on the industry. 

 Hahn and Morgan (1999) suggest that large changes in climate will exponentially 

increase the costs of doing business within the livestock industry. Some studies suggest 

that during cooler seasons, climate change may be beneficial to the industry.  However, 

such results are not well documented and the benefits are likely to be less than any 

negative consequences produced by increases in hot weather (Hahn et al., 1992). 

Management strategies are key to the adaptation of the livestock industry to climate 

change.  A variety of management adaptations are available for livestock productions 

systems.  For example, Hahn and Mader (1997) outline a series of proactive management 

counter-measures that may be taken during heat waves (e.g. shade and/or sprinklers) to 

reduce excessive heat loads.  

Past changes in climate in Canada provide a starting point for measuring how climate 

change may effect livestock production.  The 2001 IPCC Assessment Report on the 

impacts, adaptations, and vulnerability of climate change states that in the past, livestock 
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have successfully adapted to changes in climate. This may indicate that livestock 

producers are likely to adjust to climate change successfully. 

However, signs of negative effects are also evident under an analysis of the past.  For 

example, the drought conditions of 1988 caused poor germination and growing conditions.  

As a result, livestock production was adversely impacted due to the effect on feed, the 

existence of dust storms, and the lack of suitable pastureland.  Cattle ranchers attempted 

to adapt to these conditions by moving their herds to more fertile areas where feed and 

pasture were more plentiful (Conner, 1994). Despite these management strategies, 

Saskatchewan showed net farm income losses of 78% during this time (Brklacich et al 

1997), causing about 10% of farmers to leave the industry (Phillips, 1990).   

Ultimately, the full extent of the impact the 1988 drought had on the industry cannot be 

measured due to several financial support programs that were put in place to counteract 

the financial impact on producers.  For example, a combination of crop insurance and 

special drought assistance paid out more than $1.3 billion to Prairie farmers.  Provincial 

support programs acted as a supplement to this amount (Cambell and Smith, 2000).   

For individual producers, uncertainties associated with potential climate change imply 

additional risks related to how and when to adapt current production practices 

(Lewandrowski and Schimmelpfennig, 1999).  Confidence in the ability of livestock 

producers to adapt their herds to the physiological stresses of climate change is difficult to 

judge.  The IPCC (2001) states there is a major methodological weakness based on the 

lack of simulations of livestock adaptation to climate change.  Therefore, there is a need for 

a simulation of the effect of climate change on livestock production for the purpose of 

identifying appropriate adaptation strategies.  

In the case study reported in this paper, different adaptation strategies were tested 

using the GrassGro decision support tool (DST).  Simulations were run using a climate 

change scenario based on the CGCM1 climate change model to 2080 to determine the 

effects of climate change on beef cattle production.  

b) Objectives 

 To determine the effects of climate change on livestock production based on 

simulations using the CGCM1 global climate model. 
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 To devise three different management strategies to implement in simulation. 

 To determine the effects of different management strategies on the outcome of 

the climate change on livestock production.  

 

c) Methods 

i.  Model Description 

The experiment will be carried out using computer-based simulations of the different 

climate scenarios.  The main method is based on a data and input model.  Climate data, 

economics, plant species, soil types are parameters that can be set up in the program. 

GrassGro is a computer software program developed at CSIRO Division of Plant Industry in 

Australia and adapted to Canadia (Cohen et al. 1995).  It combines the Grazfeed animal 

intake and nutrition models (Freer et al., 1997), Soil moisture and pasture growth modes 

(Moore et al., 1997) with a set of management rules and a simple gross margin calculator.  

Data for the evaluation of climate change effects on forage and range steer production 

were obtained from two sources.  The baseline gridded prairie climate database (GRIP CD) 

(1960-1989) (Environment Canada and Agriculture and Agri-Food Canada 1996) and the 

future climate data were adapted from Canadian daily climate data (Environment Canada 

1998) using the CGCM1 model. 

ii. Simulation runs 

GrassGro was used to simulate time slices of 30-yr intervals of livestock production. 

The baseline simulation was from 1961-1990; the future simulation was from 2051-2080. 

The soil was parameterized as an Asquith loamy soil association.  Three locations in 

Saskatchewan were used for the simulation, Saskatoon, Melfort and Swift current. The 

locations were chosen to be on a transect from SW to NE across the three major soil types 

of brown, dark brown and black. The parameters of the simulations for livestock production 

at each location were set for 2 tame grasses.  The grasses were crested wheatgrass 

(Agropyron cristatum) and Russian wild ryegrass (Psathyrostachys juncea).  Total plant 

production was determined by averaging the growth for the 30-yr time slices for each group 

of species at each site.  Hereford, Angus cross steers was used as a standard breed for all 
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simulation runs.  The herd size was determined by the stocking rate suitable for each site.  

Climate data for the 30yr baseline nominal run were generated using the actual weather 

data collected and entered in to the Metacess model in GrassGro (Clark et al., 2000). 

Effects of predicted climate change for the four scenarios were subsequently run and 

compared to the baseline.  The climate-change scenario used was the Canadian Center of 

Climate (CCC) (Boer et al. 2000). All the details of the simulations and management 

strategies are listed in appendix 1. 

iii. Indicator Variables 

Indicator variables are model-derived graphs and values, which are predicted by the 

simulation.  For the purpose of this study, indicator variables were: live weight gains, 

condition scores, stock-feed budgets, intakes and protein intakes.  Increased weights in the 

fall indicate benefits to production due to increasing forage productivity.  Livestock gain per 

acre and per animal should be maintained or increased.  

iv. Adaptation strategies 

An adaptation strategy can be introduced to reduce the effects of climate change, for 

example grazing at an earlier date.  Forage was seen to start growing earlier due to warmer 

temperatures and more precipitation in the spring. To take advantage of the earlier growth 

a grazing date of April 15 to Sept 15 was chosen in order to keep the same 5-month 

grazing period as the baseline.  This was the first adaptation strategy that was used on the 

sites. 

The second adaptation strategy for the sites was to use an Intensive-early stocking 

(IES) grazing system.  This type of grazing strategy is defined as a grazing method 

involving increased stocking density, often at about twice the normal level, during the first 

half of the growing season followed by nongrazing through the remainder of the growing 

season.  The stocking rate and length of the grazing season varied between locations and 

was set according to the forage availability budget at each location. This strategy  (if 

implemented properly) opens the possibilities for a variety of strategies depending on the 

conditions of the particular year based on economics and climate.  Cattle can be sent early 

to feedlots, and depending on the cost of supplements can be supplemented to be finished 

at pasture.  
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The final strategy was a longer grazing period with a lower stocking rate (April 15- 

Oct 30, 1.4 steers/ha). This strategy was used at all three locations. 

 

  v.  Animal performance  

Animal production generally decreased with the climate change scenarios.  Forage 

intakes varied between sites based on forage availability.  Forage intakes for the baseline 

simulations were developed to represent an optimal management stocking-rate for each 

site and thus are from the medium stocking rate.  Once the optimal stocking rate was 

found, the adaptation strategies were applied to the simulations.  

 

d) Results  
GrassGro simulations were conducted using moderate stocking rates and a set turnout 

date for the baseline simulations.  For “management” adaptation strategies for livestock 

simulations testing high moderate and low stocking rates as well as early and nominal 

turnout dates were compared.  Based on the results of the trials, the most feasible options 

were chosen and represented in graphs.  (See appendix 1 for a complete description of the 

trials run and the results from those simulations are in tabular form).  

In an earlier study on the sensitivity of plant production in the realm of climate change, 

precipitation and forage production in summer were shown to decrease as predicted by the 

CCC. Mean annual temperature was increased by 4.6°C. These changes are great enough 

to cause substantial decreases in animal performance.   

The results of the present simulations provide an indication of how the climate change 

will affect animal performance and what would happen if different adaptation strategies 

were implemented.   

  

i.  Melfort Russian Wild Ryegrass and Alfalfa pasture (RWR/ALF) 

Baseline simulations at Melfort for steers grazing RWR/ALF pasture are shown in 

Figure 4. The stocking rate was set at 1.6 steers/ha. The site was grazed from May 15 to 

Oct 15, 1961-1990.  Feed budgets indicate an ample supply of pasture for the (Figure 5a).  
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The average final body condition score (Scale of 1-5 of) of the steers for the area in the 

baseline was 4.3 (Figure 5b).  Average final live weight for the baseline was 496 kg (Figure 

5c).  

 
 (a) (b) (c) 

 
Figure 5.  Baseline simulation at Melfort for steers grazing Russian wildrye/alfalfa pasture 
at a stocking rate of 1.6 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: condition 
score; c: turn-off live weight). 
 
Simulations at Melfort for steers grazing Russian wildrye/alfalfa pasture at a stocking rate of 

1.6 steers/ha May 15- Oct 15 2051-2080 are shown in Figure 6 and indicate little change in 

steer production (Figure 6b,c) but some reduction in the rate of pasture growth (green line 

Figure 6a). 

 

 
 (a) (b) (c) 

Figure 6. Simulation at Melfort for steers grazing Russian wildrye/alfalfa pasture at a 
stocking rate of 1.6 steers/ha May 15- Oct 15 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 

 

Adaptation strategy #1 at Melfort used the same stocking rate of 1.6 steers/ha was run 

for the years 2051-2080 with an earlier date on and off pasture (Figure 7). In all 

simulations, forage production decreased from baseline values. However, the decrease in 
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forage did not adversely affect animal live weights.  This was also reflected in the constant 

condition score (range 4.3-4.0) and the close proximity of live weights to the baseline data. 

This may indicate that adaptation strategies may just have to be monitored at this site.  

 

 (a) (b) (c) 

Figure 7. Adaptation strategy #1 at Melfort for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 1.6 steers/ha May 15- Oct 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
. 

Adaptation strategy #1 indicated a small decrease in average final live weights (489 kg) in 

comparison to baseline data (496 kg) (Figure 7c).  However, the condition score was 

unchanged (Figure 7b).  

 

Figure 8 shows the results of adaptation strategy #2 when the stocking rate was doubled to 

3.2 steers/ha and the grazing period was shortened to April 30-August 15. 

 

 

 (a) (b) (c) 

Figure 8. Adaptation strategy #2 at Melfort for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 3.2 steers/ha Apr 30- Aug 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
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Adaptation strategy #2 indicated that final condition score would decrease slightly to 4.0 

and final live weight would also decrease to 454kg (Figure 8b,c). This represents a 

significant reduction in productivity per animal but a substantial increase in productivity per 

ha because of the increased stocking rate. 

  

Results for adaptation strategy #3 are shown in Figure 9. This strategy increased the length 

of the grazing period (April 30-October 30) and reduced the stocking rate to 2.0 steers/ha, 

which was still above that of the baseline simulation. 

 

  

 (a) (b) (c) 

Figure 9. Adaptation strategy #3 at Melfort for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 2.0 steers/ha Apr 30- Oct 30, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 

Adaptation strategy #3 resulted in an increase in final live weight (503kg) from the baseline 

data and no change in condition score. 

 

All strategies at Melfort indicated little change from baseline data for condition score only 

small variations in average final live weights. However, adaptation #3 provided the greatest 

productivity per animal while adaptation strategy #2 provided the greatest productivity per 

hectare. 
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ii. Melfort Crested Wheatgrass pasture (CWG) 

 
Baseline simulation simulations for steers grazing CWG at Melfort are shown in Figure 

10. The stocking rate was set at 1.6 steers/ha, the same as for the RWG/ALF pasture.  The 

site was grazed from May 15 to Oct 15, 1961-1990.  The feed budget indicated that there 

was ample supply of green pasture for the steers at that stocking rate (Figure 10a).  The 

average condition score was 3.5 (Figure 10b) and  average final live weight was 446 kg 

(Figure 10c). Both represent a reduced level of productivity in comparison to RWG/ALF 

pasture. 

 

 
 (a) (b) (c) 

Figure 10. Baseline simulation at Melfort for steers grazing crested wheatgrass pasture at a 
stocking rate of 1.6 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: condition 
score; c: turn-off live weight). 
 
 
Results of simulations for CWG 2051-2080 are presented in Figure 11. 
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 (a) (b) (c) 

Figure 11. Simulation at Melfort for steers grazing crested wheatgrass pasture at a stocking 
rate of 1.6 steers/ha May 15- Oct 15 2051-2080. (a: feed budget; b: condition score; c: turn-
off live weight). 
 
 
Simulations for CWG 2051-2080 indicated a 16 kg decrease in final live weight from 

baseline data to 430kg (Figure 11c) and the decline in condition occurred earlier and was 

much more severe in comparison to baseline data. 

 
Results for adaptation strategy #1 (stocking rate 1.6 steers/ha; early grazing) for 2051-

2080 are shown in Figure 12. Condition scores decreased from early to mid July (Figure 

12b). This decline occurred earlier than baseline data. Average final live weight of steers 

(435 kg) was also less than baseline data but was 5 kg greater than that of a non-

adaptation strategy (Figure 12c).   

 

 
 (a) (b) (c) 

Figure 12. Adaptation strategy #1 at Melfort for steers grazing crested wheatgrass pasture 
at a stocking rate of 1.6 steers/ha May 15- Oct 15, 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
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Results from strategy #2 are shown in Figure 13.  This strategy resulted in the lowest 

average final live weight (427 kg) of all the simulations at the Melfort site, but it resulted in 

an increase in productivity/ha when compared to strategy 1 because of the increased 

stocking rate from 1.6 to 2.0 steers/ha. Condition score showed the same downward trend 

beyond July as all the simulations for CWG at Melfort.  

 

 
 (a) (b) (c) 

Figure 13. Adaptation strategy #2 at Melfort for steers grazing crested wheatgrass pasture 
at a stocking rate of 2.0 steers/ha Apr15- Aug 15, 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
 

Results for adaptation strategy #3, which used a longer grazing season (April 15-

October 15) and 1.6 steers/ha) are shown in Figure 14. The final average live weight (440 

kg) and condition score (3.3) provided no advantage over a non-adaptation strategy (Figure 

14b,c). 

 

 
 (a) (b) (c) 

Figure 14. Adaptation strategy #3 at Melfort for steers grazing crested wheatgrass pasture 
at a stocking rate of 1.6 steers/ha Apr 15- Oct 15, 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
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Crested Wheatgrass (CWG) as a forage is shown to be more variable in its ability to 

maintain conditions scores of the steers.  Unlike RWR, CWG shows a decrease in 

condition scores in late summer.  This drop in condition score can be attributed to the 

characteristic traits of CWG having low protein and digestibility late in the season. Also, this 

grass tends to become wolfy (mature unwanted plants) if not stocked adequately in spring 

and early summer. The final condition score for the baseline data is considerably lower 

than for RWR/ALF (3.5) and this is reflected in the average final live weight (446kg) in 

comparison to RWR/ALF (496 kg). 

 
iii. Saskatoon Crested Wheatgrass pasture (CWG) 
 

Baseline simulation simulations for steers grazing CWG at Saskatoon are shown in 

Figure 15. The stocking rate was set at 1.6 steers/ha.  The site was grazed from May 15 to 

Oct 15, 1961-1990.  Figure 15a indicates that the pasture supply adequately met the 

demands of the steers.  The average condition score for the baseline data was 3.5 (Figure 

15b) and average final live weight was 446 kg (Figure 15c).  

    
 (a) (b) (c) 

Figure 15. Baseline simulation at Saskatoon for steers grazing crested wheatgrass pasture 
at a stocking rate of 1.6 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: condition 
score; c: turn-off live weight). 

 

Simulation for 2051-2080 indicated that the final condition score decreased to 3.3 and 

average final live weight decreased by 16kg from 446 to 430kg (Figure 16). 
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 (a) (b) (c) 

Figure 16.  Simulation at Saskatoon for steers grazing crested wheatgrass pasture at a 
stocking rate of 1.6 steers/ha May 15 - Oct 15 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
 
 
Adaptation strategy #1 (grazing Apr 15-Sep 15, 2051-2080) provided a small increase in 

average final live weights (434kg) compared with no adaptation (430kg) and final condition 

score was relatively unchanged (Figure 17). 

 
 (a) (b) (c) 

Figure 17. Adaptation strategy #1 at Saskatoon for steers grazing crested wheatgrass 
pasture at a stocking rate of 1.6 steers/ha May 15 - Oct 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 

Adaptation strategy #2 (intensive early season grazing) resulted in a final condition 

score of 3.2 and live weight of 418kg (Figure 18). Although this represents a decrease in 

productivity per steer in comparison to no adaptation, it represents an increase in 

productivity per ha because of the increased stocking rate from 1.6 to 2.5 steers/ha. 
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 (a) (b) (c) 

Figure 18. Adaptation strategy #2 at Saskatoon for steers grazing crested wheatgrass 
pasture at a stocking rate of 2.5 steers/ha Apr 30- Aug 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 

 

Adaptation strategy #3 (longer grazing period) increased final live weights (440kg) 

compared with strategies #1 and #2 and no adaptation strategy but it was still slightly less 

than baseline data (Figure 19). However, because the optimum stocking rate for this 

strategy was 1.6 steers/ha, productivity/ha was reduced when compared to strategy #2. 

Overall, all the simulations indicate that productivity at Saskatoon will be highly variable and 

greatly influenced by the adaptation strategy that is adopted.  

 

 
 (a) (b) (c) 

Figure 19. Adaptation strategy #3 at Saskatoon for steers grazing crested wheatgrass 
pasture at a stocking rate of 1.6 steers/ha Apr 15- Oct 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 
iv. Saskatoon Russian Wild Rye/Alfalfa pasture(RWR/ALF) 

 

Baseline simulations1961-1990 at Saskatoon for steers grazing RWR/ALF pasture are 

shown in Figure 20. The stocking rate was set at 0.5 steers/ha.  The pasture was grazed 
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from May 15 to Oct 15.  The pasture budget indicated an adequate balance of pasture 

growth to intake throughout the grazing period at the allocated stocking rate (Figure 20a).  

The average final condition score for 1961-1990 was 3.6 (Figure 20b) and average final live 

weight was 445 kg (Figure 20c).  

 

 

 (a) (b) (c) 

Figure 20. Baseline simulation at Saskatoon for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 0.5 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: 
condition score; c: turn-off live weight). 

 

 

Simulations for 2051-2080 with no adaptive strategy indicated that the average final 

live weights and condition scores decreased significantly to 409 kg and 3.2 respectively 

Figure 21b,c).   

 

 (a) (b) (c) 

Figure 21. Simulation at Saskatoon for steers grazing Russian wildrye/alfalfa pasture at a 
stocking rate of 0.5 steers/ha May 15- Oct 15 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
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Adaptation strategy #1 increased average final live weights to 429 kg from 409 kg for 

no adaptation strategy (Figure 22c). Condition score peaked in mid-July at 3.4 then 

gradually decreased to 3.3 at the end of the grazing period (Figure 22b).   

 

 

 (a) (b) (c) 

Figure 22. Adaptation strategy #1 at Saskatoon for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 1.6 steers/ha Apr 15- Oct 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 Not only did strategy #1 increase the turn-off weights if the steers but it also allowed 

for an increased stocking rate indicating that this was a beneficial strategy. 

 
It was hypothesized that adaptation strategy #2 would alleviate the effects of summer 

drought and maximize forage in the spring. However, this strategy deceased condition 

scores to 3.0 and final average live weights (372kg) indicated little change during the 

grazing season (Figure 23).   

 

 (a) (b) (c) 

Figure 23. Adaptation strategy #2 at Saskatoon for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 3.2 steers/ha Apr 15 - Aug 1, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
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Adaptation strategy #3 (early turnout/extended grazing) was also less effective than 

strategy #1 with an average final live weight of 424 kg (Figure 24). 

 

 

 (a) (b) (c) 

Figure 24. Adaptation strategy #3 at Saskaton for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 0.5 steers/ha Apr 30- Oct 30, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 

The RWR/ALF pasture at Saskatoon was less productive than crested wheatgrass.  

One indication of poor performance was the decrease in the stocking rate from 1.6/ha on 

Crested Wheatgrass to 0.5/ha on Russian Wildrye/alfalfa.  The condition scores and 

average live weights for the baseline simulations were comparable at these stocking rates 

(445kg, 3.6) and (446kg, 3.5) for RWR/Alf and CWG respectively. There is a large 

production advantage to CWG at Saskatoon because of the higher stocking rate potential. 

 

 v. Swift Current Russian Wild Rye/alfalfa pasture (RWR/ALF) 

The stocking rate at Swift Current for baseline simulation (1961-1990) was set at 1.6 

steers/ha and the grazing period was from May 15 to Oct 15.  The Feed budget indicated 

adequate supply of RWR/ALF for this simulation (Figure 25a).  The average baseline final 

condition score was 4.15 and the average final live weight was 486 kg (Figure 25b,c) 
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 (a) (b) (c) 

Figure 25. Baseline simulation at Swift Current for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 1.6 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 

The same stocking rate of 1.6 steers/ha was used for simulations for 2051-2080 

(Figure 26). There was a significant decrease in forage production compared with 1961- 

1990 and animal intake was closer to the maximum capacity of the pasture (Figure 26a).  

This was reflected in decreased final condition score (3.95) and live weight (475 kg) (Figure 

26 b,c). 

 

  

 (a) (b) (c) 

Figure 26. Simulation at Swift Current for steers grazing Russian wildrye/alfalfa pasture at a 
stocking rate of 1.6 steers/ha May 15- Oct 15 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 

 

Adaptation strategy #1 increased condition score and average final live weight  (4.13 

and 483 kg respectively) relative to no adaptation but both were slight lower in comparison 
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to the data for 1961-1990 (4.15 and 486kg respectively). These results are shown in Figure 

27. 

      

 (a) (b) (c) 

Figure 27. Adaptation strategy #1 at Swift Current for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 1.6 steers/ha Apr 15 - Sep 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 

Adaptation strategy #2 (intensive early grazing) resulted an almost linear increase in 

live weights during the grazing season to 440 kg and condition score to 3.93 (Figure 28).  

Although these weights are less than those for 1961-1990 and 2051-2080 with no 

adaptation strategy, the increased stocking rate stocking rate (1.6 to 3.6 steers/ha) was 

able to make more efficient use of the available forage and productivity/ha was greatly 

increased. However, the length of the grazing season was shortened by 2 months relative 

to strategy #1.   

  

 (a) (b) (c) 

Figure 28. Adaptation strategy #2 at Swift Current for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 3.6 steers/ha Apr 15 - Jul 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
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Adaptation strategy #3 (longer grazing period), resulted in the heaviest final live 

weight (508 kg) and condition score (4.16) although there was a small decrease in stocking 

rate (1.4 steers/ha) relative to baseline and a large reduction in stocking rate relative to 

strategy #2. These results are shown in Figure 29. 

 

   

 (a) (b) (c) 

 
Figure 29.  Adaptation strategy #3 at Swift Current for steers grazing Russian wildrye/alfalfa 
pasture at a stocking rate of 1.4 steers/ha Apr 30- Oct 30, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 
 
vi. Swift Current Crested wheatgrass pasture (CWG) 

 

Data for 1961-1990 at a stocking rate of 0.8 steers/ha for crested wheatgrass 

pasture indicated an average final live weight of 449 kg and condition score of 3.56 (Figure 

30). This was considerably lower than the 486 kg and 4.15 for the RWR/ALF pasture 

(Figure 25). 
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 (a) (b) (c) 

Figure 30.  Baseline simulation at Swift Current for steers grazing crested wheatgrass 
pasture at a stocking rate of 0.8 steers/ha May 15- Oct 15 1961-1990. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 

All simulations for 2051-2080 for CWG at Swift Current resulted in live weights and 

condition scores that were less than the baseline data for 1961-1990 (Figures 31-34).  

 

       

 (a) (b) (c) 

Figure 31. Simulation at Swift Current for steers grazing crested wheatgrass pasture at a 
stocking rate of 0.8 steers/ha May 15- Oct 15 2051-2080. (a: feed budget; b: condition 
score; c: turn-off live weight). 
 

Strategy #1 (early grazing) provided the best adaptation strategy (final condition score 

3.45 and live weight 441 kg) with respect to per animal production (Figure 32).  
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 (a) (b) (c) 

Figure 32. Adaptation strategy #1 at Swift Current for steers grazing crested wheatgrass 
pasture at a stocking rate of 0.8 steers/ha Apr 15 - Sep 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
However, Strategy #2 (intensive early season grazing) provided the highest condition score 

(3.77). Although the final average live weights were low (429 kg), the greatly increased 

stocking rate (2.5 from 0.8 steers/ha) enabled the most efficient utilization of the pasture 

and the best productivity/ha (Figure 33). 

  

 (a) (b) (c) 

Figure 33. Adaptation strategy #2 at Swift Current for steers grazing crested wheatgrass 
pasture at a stocking rate of 2.5 steers/ha Apr 15 - Jul 15, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 

 
 
Adaptation strategy #3 provided very little change in liveweights beyond the end of June 
and a steep decline in steer body condition (Figure 34) as a result of declining pasture 
quality (digestibility and protein content; data not shown). 
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 (a) (b) (c) 

Figure 34. Adaptation strategy #3 at Swift Current for steers grazing crested wheatgrass 
pasture at a stocking rate of 0.8 steers/ha Apr 15- Oct 30, 2051-2080. (a: feed budget; b: 
condition score; c: turn-off live weight). 
 
 

d) Discussion 

This project studied three possible adaptation strategies to climate change at three 

locations and two pasture types. The three locations were chosen to represent the three 

major soil associations in Saskatchewan (brown, dark brown and black). The two pasture 

associations were chosen because crested wheatgrass is the most commonly seeded tame 

grass in the province and has good early growth characteristics in spring but senesces 

early and loses quality rapidly in at high temperatures in summer. In contrast, Russian wild 

ryegrass has a longer growth period and maintains quality better than other grasses during 

the summer and fall. Alfalfa was chosen as the most commonly used legume in western 

Canada. It has long growing period and maintains quality throughout its growth cycle 

making it a good companion for Russian wild ryegrass. There is, however, a major problem 

with Russian wild ryegrass in that it is slow and difficult to establish. GrassGro does not 

simulate the establishment phase of perennial species although it does do this for annual 

species.  

 

It is important to note that all predictions made in this report with respect to the effects of 

climate change on beef production can only be as accurate as the precision with which the 

CGCM1 climate model can predict future climate change. In addition, the CGCM1 model 
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estimates climate change in 30-year segments but GrassGro requires a daily time step so 

we have had to adapt the data to assume a steady change over each 30-year segment. 

 

Figure 35 presents a summarized comparison of final liveweights of steers grazing the 

Russian wild ryegrass and crested wheatgrass pastures at Melfort, Saskatoon and Swift 

Current for 1961-1990 (baseline) and 2051-2090 for no adaptation (future) and the 3 

adaptation strategies (#1 - early turn-out, #2 - high intensity short duration grazing and  

#3 - low intensity long season grazing). It must be emphasized that the comparisons in 

Figure 35 have been made at different stocking rates. Similar stocking rates were possible 

at Melfort and Swift Current for the RWR/ALF pastures but final liveweights of steers were 

greater at Melfort. Stocking rates for the CWG pasture at Melfort were twice those at Swift 

Current with little difference in final liveweight. Similar stocking rates were possible at 

Saskatoon and Melfort for the CWG pasture and final liveweights were also similar. 

However, the stocking rate at Saskatoon for the RWR/ALF pasture was only 1/3 that at 

Melfort and Swift Current and final live weights were also less at Saskatoon than the other 

2 locations. 

 

The results for Swift Current were not expected. It had been anticipated that climate 

change would cause similar results at Saskatoon and Swift Current. These results can be 

explained by the greater variability in rainfall patterns at Saskatoon and the lower rainfall 

during May and June (Figure 36). In addition, the GCM1 model indicated that summer 

temperatures would increase more at Saskatoon than the other 2 locations and GrassGro 

indicated that available plant moisture would be lower and evapotranspiration rate would be 

higher at Saskatoon. 
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Figure 35. Summary of adaptation strategies for Melfort, Saskatoon and Swift Current 

using the CGCM1 Climate model. 

 

The data reported here indicate that the best adaptation strategy for grazing Russian 

wild ryegrass/alfalfa pasture at Melfort and Swift Current would be adaptation strategy #3 if 

the aim of the operator is to turn off heavy backgrounded cattle. This strategy will allow 

cattle to be put out to pasture earlier in the spring and taken off pasture later in the fall. 

However, strategy #2 (high intensity short duration grazing) may be the preferred strategy 

for backgrounding steers since 60 and 150% more steers could be backgrounded to a 

slightly lower weight at Melfort and Swift Current respectively on the same area of pasture. 
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These lighter steers may be preferred to heavy backgrounded steers by feedlots for 

finishing. Traditionally, feedlots pay more/unit weight for light compared with heavy 

backgrounded steers. The economic gross margin for strategy #2 would therefore probably 

be greater. However, Strategy #3 would almost certainly be preferred for breeding cattle in 

the cow/calf sector of the beef industry where cattle are carried through the winter each 

year. Not only will this strategy increase the length of the grazing season at both of these 

locations, which will reduce the winter feeding costs, but it will also allow heavier turn-off 

weights in comparison to data for 1961-1990 (Figure 35) which could also reduce the winter 

feeding costs since heavy cows would require only maintenance feeding as compared to 

production feeding for light cows. 

 

The best strategy for RWR/ALF pasture at Saskatoon for backgrounding steers would 

be strategy #1; put cattle out to pasture earlier in the spring (April 15) and remove them 

from the pasture in mid-fall (October 15). This provides the highest turn-off weights, the 

highest stocking rates and the longest grazing season. Although the condition scores of the 

steers decreased beyond the end of June these steers would be ideal for a feedlot to 

purchase for final finishing. This would also be the best strategy for the cow/calf sector 

because it would allow the longest grazing season and thus the shortest winter feeding 

period. However, the condition score for cows coming off pasture would need to be as good 

as that of the steers otherwise additional winter feeding costs would be incurred. 

 

The best adaptation strategy at all 3 locations for crested wheatgrass in the cow/calf 

sector may be strategy #3, that is graze earlier in spring and continue later is fall. However, 

all strategies studied, except for strategy #3 at Swift Current, resulted in reduced 

liveweights at turn-off from crested wheatgrass compared with the baseline data of 1961-

1990. However, strategy #2 would enable small increases in stocking rate to be 

implemented and this may increase the economic gross margin in a backgrounding 

operation. However, crested wheatgrass will probably be more suited to the cow/calf sector 

than backgrounding steers.  
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Figure 36. Long term mean monthly rainfall for Melfort, Saskatoon and Swift Current 

(1960-1990). 

 

 

Based on the phenology and growth habit of crested wheatgrass, Romo (1994) 

suggested that concentrating high densities of livestock is a good method of obtaining the 
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full benefits of this forage. Utilizing the lush, nutritious, early spring growth of crested 

wheatgrass can substantially improve average daily gains. Yearling steers were reported to 

gain 1.36 kg daily during the first 28 days of spring growth but only 0.9 kg daily during the 

second 28-days growth period (Rhodes et al., 1986).  Although the gains of steers during 

late grazing were not as high as those reported for early grazing (Romo 1994), the need to 

extend the grazing season under practical management must also be considered 

(adaptation strategy #3). If crested wheatgrass is the only pasture available, strategy #2 

may be best suited for backgrounding steers but is not practical for reproductive livestock 

(Launchbaugh et al., 1978) because of the reduced length of the grazing season. Baker 

(1994) predicted that, due to the earlier break in plant dormancy and earlier spring growth, 

less forage would needed to feed to the animal, thereby resulting in greater forage to 

supplement ratio.  However, our simulations indicated that the timing of the spring “green-

up” will be highly variable with climate change.  

 

 

f) Conclusion 

 The results presented in this study provide estimates for the future effects of climatic 

change on livestock.  The results also demonstrate the sensitivity of present-day livestock 

production from pasture to specific climatic perturbations. However, to assume that 

agricultural practices for the areas simulated will remain the same for the next fifty years 

would be unrealistic.  Adaptation and management must be set in unison.  Management is 

the key to adapting to the risks associated with climate change. 

Management of livestock will ultimately guide animal performance.  In years where 

production is affected negatively, a beef producer must either sell livestock or feed them.  If 

vegetation production is more variable, then stocking rates must be decreased to ensure 

good animal vigor.  More intense management will incur greater costs.  Thus, even though 

the livestock may produce at similar levels, in the end, beef production costs may increase.   
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g) Recommendations 
 

 Further research is needed to reduce the problems associated with the establishment of 

Russian wild ryegrass. This grass appears to be very important in maintaining, and 

indeed improving, beef productivity as the climate changes and establishment research 

should be given a high priority. 

 Simulations of adaptation strategies should be undertaken for the other important tame 

and native species used on the Canadian Prairies. 

 Simulated strategies should be expanded to include Alberta and Manitoba. This is 

possible with GrassGro but time precluded this expansion. 

 It is very important that simulations for the cow/calf sector be undertaken. Cow/calf 

production is very important to Saskatchewan and the results presented here cannot be 

directly transferred to that sector of the industry because of the additional requirements 

of the cow for reproduction and lactation and of the calf for growth. 

 Results of lagged adaptation simulations involving the establishment of forages and 

implementing management strategies should be examined. This will reveal what 

happens when adaptation efforts are not implemented immediately, when they lag 

behind the climate changes as farmers sort out the signal of climate change from the 

noise of natural variability. 

 The results also indicate a need to find a way to increase the rate at which adaptation 

takes place relative to the changes/adjustments within the ecosystem. An “Anticipatory 

Adaptation” approach appears to be more appropriate for this purpose than an 

approach that incorporates “Reactive Methods”.  This means a change from the present 

adaptive management methods used in livestock production.  By developing an 

understanding of the boundaries of adaptation, as well as the rate at which plant and 

animal systems respond to changes in the ecosystem, we will be able to reduce the 

amount of risk involved in the inherently risky business of livestock production.  

Economics, cost efficiency, benefits, and implementability are all factors of adaptation 

and should be considered in any further development of adaptation strategies.  

 

 41



References  

Antle, J.M., 1996. Methodological issues in assessing potential impacts of climate change 
on agriculture. Agricultural and Forest Meteorology 80:67-85. 

Baker, B.B., Hanson, J.D., R.M. Bourdon, 1993. Comparison of the effects of different 
climage change scenarios on rangeland livestock production.  Agricultural systems 
41:487-502. 

Bond, W.J., 1995. Effects of global change on plant – animal synchrony: Implications for 
pollination and seed dispersal in Mediterranean habitats. Global Change 181:202.  

Boer, G.J., G. Flato, and D. Ramsden, 2000: A Transient climate change simulation with 
greenhouse gas and aerosol forcing: projected climate to the twenty-first century. 
Climate Dynamics 16:427-450. 

Brklacich, M., D. McNabb, 1996. Estimated Impacts of Global climate change on Canadian 
Agriculture, report prepared for Agriculture and Agri- Food Canada. 

Bryant, C.R., B. Smit, M. Brklacich, T. Johnston, J. Smithers, Q. Chiotti, B. Singh, 2000. 
Adaptation in Canadian agriculture to climatic variability and change. Climatic 
Change 45: 181-201. 

Burton, I., 1997. Vulnerability and adaptive response in the context of climate and climate 
change.  Climatic Change 36:185-196. 

Caldwell, M.M., L.O. Bjorn, J.F. Bornman, S.D. Flint, G. K ulandaivelu, A.H. Teramura, and 
M. Tevini, 1998. Effects of increased solar ultraviolet radiation on terrestrial 
ecosystems. Journal of Photochemistry and Photobiology. Biology 46:40-52. 

Cambell, B.D., D.M.S. Smith, 2000. A synthesis of recent global change research on 
pasture and rangeland production: reduced uncertainties and their management 
implications. Agriculture, Ecosystems and Environment 82:39-55. 

Carter, T., M. Hulme, and M. Lal. 1999. Guidelines on the Use of Scenario Data for Climate 
 Impact and Adaptation Assessment.  Version 1.  Prepared by.  
Intergovernmental Panel on Climate Change, Task Group on Scenarios for Climate 
Impact Assessment (IPCC-TGCIA), 69 pp. 

Cater, T.R., M.L. Parry, H. Harasawa, and S. Nishioka, 1994. IPCC Technical Guidelines 
for assessing climate change impacts and adaptations. University College London, 
Center for Global Environmental Research and national institute for environmental 
studies, Tsukuba, Japan, 59 pp. 

 42

https://www.researchgate.net/publication/226292792_Adaptation_in_Canadian_Agriculture_to_Climatic_Variability_and_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226292792_Adaptation_in_Canadian_Agriculture_to_Climatic_Variability_and_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226292792_Adaptation_in_Canadian_Agriculture_to_Climatic_Variability_and_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/4744713_Comparison_of_the_effects_of_different_climate_change_scenarios_on_rangeland_stock_production?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/4744713_Comparison_of_the_effects_of_different_climate_change_scenarios_on_rangeland_stock_production?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/4744713_Comparison_of_the_effects_of_different_climate_change_scenarios_on_rangeland_stock_production?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222233514_Methodological_Issues_in_Assessing_Potential_Impacts_of_Climate_Change_on_Agriculture?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222233514_Methodological_Issues_in_Assessing_Potential_Impacts_of_Climate_Change_on_Agriculture?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262859335_Vulnerability_and_Adaptive_Response_in_the_Context_of_Climate_and_Climate_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262859335_Vulnerability_and_Adaptive_Response_in_the_Context_of_Climate_and_Climate_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222076439_A_synthesis_of_recent_global_change_research_on_pasture_and_rangeland_production_Reduced_uncertainties_and_their_management_implications?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222076439_A_synthesis_of_recent_global_change_research_on_pasture_and_rangeland_production_Reduced_uncertainties_and_their_management_implications?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222076439_A_synthesis_of_recent_global_change_research_on_pasture_and_rangeland_production_Reduced_uncertainties_and_their_management_implications?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/225706880_A_transient_climate_change_simulation_with_greenhouse_gas_and_aerosol_forcing_Projected_climate_to_the_twenty-first_century?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/225706880_A_transient_climate_change_simulation_with_greenhouse_gas_and_aerosol_forcing_Projected_climate_to_the_twenty-first_century?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/225706880_A_transient_climate_change_simulation_with_greenhouse_gas_and_aerosol_forcing_Projected_climate_to_the_twenty-first_century?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222503107_Effects_of_Increased_Solar_Ultraviolet_Radiation_on_Terrestrial_Ecosystems?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222503107_Effects_of_Increased_Solar_Ultraviolet_Radiation_on_Terrestrial_Ecosystems?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/222503107_Effects_of_Increased_Solar_Ultraviolet_Radiation_on_Terrestrial_Ecosystems?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/288992256_Effects_of_Global_Change_on_Plant-Animal_Synchrony_Implications_for_Pollination_and_Seed_Dispersal_in_Mediterranean_Habitats?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/288992256_Effects_of_Global_Change_on_Plant-Animal_Synchrony_Implications_for_Pollination_and_Seed_Dispersal_in_Mediterranean_Habitats?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==


Clark, S.G., J.R. Donnelly, and A.D. Moore, 2000. The GrassGro decision support tool: Its 
effectiveness in simulating pasture and animal production and value in determining 
research priorities.  Australian Journal of Experimental Agriculture. 40:247-256. 

Cohen, R.D.H., J.R. Donnelly, A.D. Moore, F.Leech, J.D. Bruynooghe and H.A. Lardner. 
1995. GrassGro – A computer decision support system for pasture and livestock 
management. Proceedings of the Western Section American Society of Animal 
Science and Western Branch Canadian Society of Animal Science, 46:376-379, 
Lethbridge, Alberta. 

Conner, J.R., 1994. Assessing the socioeconomic impacts of climate change on grazing 
lands. Climatic change 28:143-157. 

Cutter, S. L. 1996.  Vulnerability to environmental hazards. Prog. Human Geog. 20:529-
539. 

Environment Canada and Agricultural and Agri-Food Canada 1906. Gridded Prairie climate 
database (GRIP CD) Version 1.00, 1960-1989. 

Environment Canada, 1998. Canadian daily climate data, Temperature and precipitation, 
Western Canada 1996. 

Falkner, L.K., and M.D. Casler, 2000. Genetic shifts in smooth bromegrass under grazing: 
changes in nutritional value and preference for surviving vs. original genotypes. 
Grass and Forage Science 55:351-360. 

Freer, M., A.D. Moore, and J.R. Donnelly. 1997. GRAZPLAN: decision support system for 
Australian grazing enterprises. II. The animal biology model for feed intake, 
production and reproduction and the GrazFeed DSS. Agricultural Systems 54: 77-
126. 

Graetz B., J.P. Trompf, and P.W.G. Sale, 2000. Factors affecting the adoption of productive 
pastures by participants in a paired-paddock extension program. 
Australian J. of Experimental Agriculture.  

Gray, A., M.J., Crawley, and p. Edwards, 1987. Colonization, Succession and Stability. 
Blackwell, Oxford. 

Grumbine, R.E., 1994. What is ecosystem management? Conservation Biology 8:27-38. 

Grumbine, R.E., 1997. Reflections on “What is Ecosystem Management” Conservation 
Biology 11:41-47. 

Hahn, G.L., and J.A. Mader, 1997. Heat waves in relation to thermoregulation, feeding 
behavior, and mortality of feedlot cattle. In proceedings of the5th  International  
Livestock Environment Symposium, Minneapolis, MN, USA. Pp. 563-571. 

 43

https://www.researchgate.net/publication/249871422_Societal_Vulnerability_to_Environmental_Hazards?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/249871422_Societal_Vulnerability_to_Environmental_Hazards?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/216811432_What_Is_Ecosystem_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226641639_Assessing_the_Socioeconomic_Impacts_of_Climate_Change_on_Grazinglands?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226641639_Assessing_the_Socioeconomic_Impacts_of_Climate_Change_on_Grazinglands?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/229699929_Genetic_shifts_in_smooth_bromegrass_under_grazing_Changes_in_nutritional_value_and_preference_for_surviving_vs_original_genotypes?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/229699929_Genetic_shifts_in_smooth_bromegrass_under_grazing_Changes_in_nutritional_value_and_preference_for_surviving_vs_original_genotypes?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/229699929_Genetic_shifts_in_smooth_bromegrass_under_grazing_Changes_in_nutritional_value_and_preference_for_surviving_vs_original_genotypes?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223085158_GRAZPLAN_Decision_Support_Systems_for_Australian_Grazing_Enterprises--II_The_Animal_Biology_Model_for_Feed_Intake_Production_and_Reproduction_and_the_GrazFeed_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223085158_GRAZPLAN_Decision_Support_Systems_for_Australian_Grazing_Enterprises--II_The_Animal_Biology_Model_for_Feed_Intake_Production_and_Reproduction_and_the_GrazFeed_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223085158_GRAZPLAN_Decision_Support_Systems_for_Australian_Grazing_Enterprises--II_The_Animal_Biology_Model_for_Feed_Intake_Production_and_Reproduction_and_the_GrazFeed_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223085158_GRAZPLAN_Decision_Support_Systems_for_Australian_Grazing_Enterprises--II_The_Animal_Biology_Model_for_Feed_Intake_Production_and_Reproduction_and_the_GrazFeed_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262960180_The_GrassGro_decision_support_tool_Its_effectiveness_in_simulating_pasture_and_animal_production_and_value_in_determining_research_priorities?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262960180_The_GrassGro_decision_support_tool_Its_effectiveness_in_simulating_pasture_and_animal_production_and_value_in_determining_research_priorities?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262960180_The_GrassGro_decision_support_tool_Its_effectiveness_in_simulating_pasture_and_animal_production_and_value_in_determining_research_priorities?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/284063702_Heat_waves_in_relation_to_thermoregulation_feeding_behavior_and_mortality_of_feedlot_cattle?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/284063702_Heat_waves_in_relation_to_thermoregulation_feeding_behavior_and_mortality_of_feedlot_cattle?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/284063702_Heat_waves_in_relation_to_thermoregulation_feeding_behavior_and_mortality_of_feedlot_cattle?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/238416989_Reflections_on_What_is_Ecosystem_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/238416989_Reflections_on_What_is_Ecosystem_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262956987_Factors_affecting_the_adoption_of_productive_pastures_by_participants_in_a_paired-paddock_extension_program?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262956987_Factors_affecting_the_adoption_of_productive_pastures_by_participants_in_a_paired-paddock_extension_program?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==


Hahn, G.L., and T.L. Morgan, 1999.  Potential consequences of climate change on 
ruminant livestock production In: Proceedings of workshop on Global Change 
Impacts in the Great Plains, Feb. 25, 1999, Omaha, NE, USA 

Hahn, G.L., P.L. Klinedinst, and D.A. Wilhite, 1992. Climate change impacts on livestock 
production and management. American Society of Agricultural Engineers, St. 
Joseph, MI, USA,  16pp. 

Halbert, C.,1993. How adaptive is adaptive management? Implementing adaptive 
management in Washington State and British Columbia. Reviews in Fiisheries 
Science 1:261-283. 

Haney, A., R. Power, 1996. Adaptive management for sound ecosystem management.  
Environmental management 20:879-886. 

Hollings, C.S., 1978. Adaptive environmental assessment and management. John Wiley, 
London 

IPCC, 2001.  Climate Change: Impacts, Adaptation, and Vulnerability, The IPCC scientific 
assessment, working group II [Houghton, J.T., G.J. Jenkins, and J.J. Ephraums 
(eds.)] Cambridge University Press, Cambridge, United Kingdom and New York, NY, 
USA, 280 pp. 

Kelly, P. 2000. Towards a sustainable response to climate change.  In Huxham, M. and D. 
Summer (eds.). Science and Environmental Decision-Making.  Pearson Education, 
Harlow.  Pp. 118-141. 

Kelly, P. and W. Adger.  2000.  Theory and practice in assessing vulnerability to climate 
change and facilitating adaptation.  Climatic Change 47:325-352. 

Launchbaugh, J.L., C.E. Owesby, J.R. Brethour, and E.F. Smith, 1983. Intensive-Early 
Stocking Studies on Kansas Rages. Kan. Agric. Exp. Sta. Rep. Prog. 441 13pp. 

Lawrence, W.F., 1996. Catastrophic declines of Australian rainforest frogs: is unusual 
weather responsible? Biological Conservation 77:203-212. 

Le Houerou, H.N., 1996. Climate change, drought and desertification. Journal of Arid 
Environments 34:133-185. 

Lewandrowski, J., and D. Schimmelpfennig, 1999. Economic implications of climate change 
for U.S. agriculture: assessing recent evidence. Land-Econ. 75: 39-57. 

McLain, R.J., and R.G. Lee, 1996. Adaptive management: Promises and Pitfalls. 
Environmental Management 20: 437-448. 

 44

https://www.researchgate.net/publication/248945277_How_Adaptive_is_Adaptive_Management_Implementing_Adaptive_Management_in_Washington_State_and_British_Columbia?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/248945277_How_Adaptive_is_Adaptive_Management_Implementing_Adaptive_Management_in_Washington_State_and_British_Columbia?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/248945277_How_Adaptive_is_Adaptive_Management_Implementing_Adaptive_Management_in_Washington_State_and_British_Columbia?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/253146286_Climate_Change_drought_and_desertification?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/253146286_Climate_Change_drought_and_desertification?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262850057_Theory_and_Practice_in_Assessing_Vulnerability_to_Climate_Change_and_Facilitating_Adaptation?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262850057_Theory_and_Practice_in_Assessing_Vulnerability_to_Climate_Change_and_Facilitating_Adaptation?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/248199707_Catastrophic_declines_of_Australian_rainforest_frogs_Is_unusual_weather_responsible?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/248199707_Catastrophic_declines_of_Australian_rainforest_frogs_Is_unusual_weather_responsible?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/14312404_Adaptive_Management_for_Sound_Ecosystem_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/14312404_Adaptive_Management_for_Sound_Ecosystem_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/227638826_Economic_Implications_of_Climate_Change_for_US_Agriculture_Assessing_Recent_Evidence?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/227638826_Economic_Implications_of_Climate_Change_for_US_Agriculture_Assessing_Recent_Evidence?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/14538499_Adaptive_Management_Promises_and_Pitfalls?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/14538499_Adaptive_Management_Promises_and_Pitfalls?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==


Miles, J., R.P. Cummins, D.D. French, S. Gardner, J.L. Orr, and M.C. Shewry, 2001. 
Landscape sensitivity: an ecological view. Catena 42:125-141. 

Milne, J.A., and S.E. Hartly, 2001. Upland plant communities- sensitivity to change. Catena  
42:333-343. 

Moore, A.D., J.R. Donnelly, and M. Freer. 1997. GRAZPLAN: Decision Support Systems 
for Australian Grazing Enterprises. III. Pasture Growth and Soil Moisture Submodels, 
and GrassGro DSS. Agricultural Systems 55:535-582. 

O’Riordan, T. and A. Jordan. 1999.  Institutions, climate change and cultural theory: 
towards a common framework.  Global Environ. Change 9:81-94.  

Parry, M.L., and M. Livermore, 1999. A new assessment of the global effects of climate 
change. Global Environmental Change 9:S1-S107. 

Phillips, D., 1990. The Climates of Canada. Ottawa: Minister of Supply and Services. 

Quiggin, J. and J.K. Horowitz, 1999. The impact of global warming on agriculture: A 
ricardian analysis. American Economic Review, 89:1044-1045. 

Risbey, J., M. Kandlikar, H. Dowlatabadi, and D. Fraetz, 1999. Scale, context, and decision 
making in agricultural adaptation to climate variability and change,. Mitigation 
Adaptation Strategies Global Change 4:137-165. 

Rhodes, L.A., V.R. Bohman, and A. Lesperance, 1986. Comparison of grazing systems for 
crested wheatgrass. Amer. Soc. Animal Sci., West. Sect. Proc. 41:293-294. 

Romo, J.T., 1994. Wolf plant effects on water relations, growth and productivity in crested 
wheatgrass. Can J Plant Sci. 74:767-771. 

Rowe, J.S. 1992. The ecosystem approach to forestland management. For. Chron. 68:222-
224. 

Schindler, S.H., L.O. Mearns, 2000. Adaptation: Sensitivity to natural variability, agent 
assumptions and dynamic climate changes. Climatic change  :203-221 

Smit, B., I. Burton, R.J.T. Klein, and J. Wandel, 2000. An anatomy of adaptation to climate 
change and variability. Conservation Biology 11: 223-234. 

Smith, J.B., S.E. Ragland, G.J. Pitts, 1996. A process for evaluating anticipatory adaptation 
measures for climate change. 

Tol, R.S., J.S. Frankhauser, and J.B. Smith, 1998. The scope for adaptation to climate 
change: What can we learn from the impact literature? Global Environment Change 
8:109-123. 

 45

https://www.researchgate.net/publication/226200760_Scale_context_and_decision_making_in_agricultural_adaptation_to_climate_variability_and_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226200760_Scale_context_and_decision_making_in_agricultural_adaptation_to_climate_variability_and_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226200760_Scale_context_and_decision_making_in_agricultural_adaptation_to_climate_variability_and_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262859909_Adaptation_Sensitivity_to_Natural_Variability_Agent_Assumptions_and_Dynamic_Climate_Changes?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/262859909_Adaptation_Sensitivity_to_Natural_Variability_Agent_Assumptions_and_Dynamic_Climate_Changes?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/227203891_An_anatomy_of_adaptation_to_climate_change_and_variability?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/227203891_An_anatomy_of_adaptation_to_climate_change_and_variability?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/221678847_The_Scope_for_Adaptation_to_Climate_Change_What_Can_We_Learn_from_the_Impact_Literature?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/221678847_The_Scope_for_Adaptation_to_Climate_Change_What_Can_We_Learn_from_the_Impact_Literature?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/221678847_The_Scope_for_Adaptation_to_Climate_Change_What_Can_We_Learn_from_the_Impact_Literature?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226903251_A_Process_for_Evaluating_Anticipatory_Adaptation_Measures_for_Climate_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/226903251_A_Process_for_Evaluating_Anticipatory_Adaptation_Measures_for_Climate_Change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223656422_Landscape_Sensitivity_An_Ecological_View?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223656422_Landscape_Sensitivity_An_Ecological_View?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223179619_GRAZPLAN_Decision_support_systems_for_Australian_grazing_enterprises_III_Pasture_growth_and_soil_moisture_submodels_and_the_GrassGro_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223179619_GRAZPLAN_Decision_support_systems_for_Australian_grazing_enterprises_III_Pasture_growth_and_soil_moisture_submodels_and_the_GrassGro_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223179619_GRAZPLAN_Decision_support_systems_for_Australian_grazing_enterprises_III_Pasture_growth_and_soil_moisture_submodels_and_the_GrassGro_DSS?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/4980858_The_Impact_of_Global_Warming_on_Agriculture_A_Ricardian_Analysis_Comment?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/4980858_The_Impact_of_Global_Warming_on_Agriculture_A_Ricardian_Analysis_Comment?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/283033105_Wolf_plant_effects_on_water_relations_growth_and_productivity_in_crested_wheatgrass?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/283033105_Wolf_plant_effects_on_water_relations_growth_and_productivity_in_crested_wheatgrass?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223742438_Institutions_climate_change_and_cultural_theory_Towards_a_common_analytical_framework?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/223742438_Institutions_climate_change_and_cultural_theory_Towards_a_common_analytical_framework?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/269741655_The_Ecosystem_Approach_to_Forestland_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/269741655_The_Ecosystem_Approach_to_Forestland_Management?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/256841484_The_Climates_of_Canada?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==


Vallentine, J.F. 2001. Grazing Management. 2ed. Brigham young University Utah Provo, 
Academic press, New York. 

Walker, B.H., and W.L. Steffen, 1999. Interactive and integrated effects of global change on 
terrestrial ecosystems. In: The Terrestrial Biosphere and Global change Implications 
for Natural and Managed Ecosystems. Synthesis volume. International Geosphere-
biosphere Program Book series 4, Cambridge, UK, 329-375. 

Walters, C., 1986. Adaptive management of renewable resources. Macmillan, New York. 

Walters, C.J. and C.S. Holling, 1990. Large0scale management experiments and learning 
by doing. Ecology 71:2060-2068. 

Watson, R.T., C. Zinvowera-Mrufa, and R.H. Moss, 1996. Technologies, policies and 
measures for mitigating climate change. Intergovernmental Panel on Climate 
Change. IPCC 1996, pp 84. 

 
 
 
 
 

 
46

https://www.researchgate.net/publication/246651727_Large-Scale_Management_Experiments_and_Learning_by_Doing?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/246651727_Large-Scale_Management_Experiments_and_Learning_by_Doing?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/236533975_Adaptive_Management_of_Renwable_Resources?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/291867048_Technologies_policies_and_measures_for_mitigating_climate_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/291867048_Technologies_policies_and_measures_for_mitigating_climate_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==
https://www.researchgate.net/publication/291867048_Technologies_policies_and_measures_for_mitigating_climate_change?el=1_x_8&enrichId=rgreq-0f8a1ed51d419a5b76a87e286a5d82f9-XXX&enrichSource=Y292ZXJQYWdlOzIzNzYxMzQzMztBUzoxNTI5NjY5NTg5NDgzNTZAMTQxMzQ4MTU3Mzc3OA==


Appendix 1. Summary of simulation and management strategies. 
 

Site Time interval Turnout date Species Stocking rate 
1 Melfort 1. Baseline  1. April 15th  1. Russian Wildrye/ Alfalfa 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 2.Crested wheatgrass  1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1. April 15th  3. Smooth bromegrass 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 4. Native with Fescue 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
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Site Time interval Turnout date Species Stocking rate 
2. Saskatoon 1. Baseline  1. April 15th  1. Russian Wildrye/ Alfalfa 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 2.Crested wheatgrass  1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1. April 15th  3. Smooth bromegrass 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 4. Native with Fescue 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
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Site Time 

interval 
Turnout date Species Stocking rate 

3. Swift Current 1. Baseline  1. April 15th  1. Russian Wildrye/ Alfalfa 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 2. Crested wheatgrass  1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1. April 15th  3. Smooth bromegrass 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th   1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  1.April 15th 4. Native with Fescue 1. High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
 1. Baseline  2. May 15th  1.High  
    2. Medium  
    3. Low 
 2. 2051-2080    1.High  
    2. Medium  
    3. Low 
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Appendix 2. Summary of the simulation results for average live weights and 
condition scores over a graze period of May 15th – Oct 30th and 
April 15th- Oct 30th. 

 
Option Avg. 

Live Wt 
(kg) 

Condition 
score 

Option Avg. 
Live Wt 
(kg) 

Condition 
score 

Option Avg. 
Live Wt 
(kg) 

Condition 
score 

1.1.1.1.1 422 3.13 2.1.1.1.1 424 3.33 3.1.1.1.1 471 3.90 
1.1.1.1.2 501 4.08 2.1.1.1.2 445 3.57 3.1.1.1.2 481 4.15 
1.1.1.1.3 528 4.48 2.1.1.1.3 461 3.79 3.1.1.1.3 498 4.33 
1.2.1.1.1 461 3.74 2.2.1.1.1 345 2.23 3.2.1.1.1 455 3.65 
1.2.1.1.2 506 4.36 2.2.1.1.2 424 3.31 3.2.1.1.2 471 3.95 
1.2.1.1.3 512 4.45 2.2.1.1.3 446 3.56 3.2.1.1.3 490 4.17 
1.1.2.1.1 376 2.65 2.1.2.1.1 415 3.12 3.1.2.1.1 497 4.10 
1.1.2.1.2 503 4.09 2.1.2.1.2 443  3.1.2.1.2 513 4.34 
1.1.2.1.3 525 4.46 2.1.2.1.3 467 3.71 3.1.2.1.3 517 4.43 
1.2.2.1.1 456 3.65 2.2.2.1.1 397 2.86 3.2.2.1.1 496 4.07 
1.2.2.1.2 494 4.16 2.2.2.1.2 426 3.27 3.2.2.1.2 510 4.35 
1.2.2.1.3 508 4.38 2.2.2.1.3 456 3.55 3.2.2.1.3 518 4.41 
1.1.1.2.1 416 3.02 2.1.1.2.1 369 2.52 3.1.1.2.1 435 3.40 
1.1.1.2.2 457 3.47 2.1.1.2.2 376 2.71 3.1.1.2.2 449 3.57 
1.1.1.2.3 484 3.84 2.1.1.2.3 381 2.74 3.1.1.2.3 448 3.60 
1.2.1.2.1 429 3.26 2.2.1.2.1 346 2.32 3.2.1.2.1 411 3.04 
1.2.1.2.2 452 3.54 2.2.1.2.2 354 2.43 3.2.1.2.2 425 3.20 
1.2.1.2.3 469 3.82 2.2.1.2.3 358 2.48 3.2.1.2.3 428 3.25 
1.1.2.2.1 385 2.66 2.1.2.2.1 362 2.71 3.1.2.2.1 451 3.42 
1.1.2.2.2 441 3.24 2.1.2.2.2 372 2.79 3.1.2.2.2 464 3.60 
1.1.2.2.3 472 3.62 2.1.2.2.3 383 2.99 3.1.2.2.3 469 3.68 
1.2.2.2.1 403 2.90 2.2.2.2.1 356 2.53 3.2.2.2.1 437 3.16 
1.2.2.2.2 433 3.26 2.2.2.2.2 368 2.76 3.2.2.2.2 449 3.35 
1.2.2.2.3 451 3.52 2.2.2.2.3 375 2.83 3.2.2.2.3 454 3.42 
1.1.1.3.1 287 1.78 2.1.1.3.1 361 2.74 3.1.1.3.1 423 3.16 
1.1.1.3.2 451 3.39 2.1.1.3.2 368 2.92 3.1.1.3.2 442 3.45 
1.1.1.3.3 474 3.69 2.1.1.3.3 375 2.98 3.1.1.3.3 448 3.55 
1.2.1.3.1 336 2.20 2.2.1.3.1 347 2.60 3.2.1.3.1 398 2.82 
1.2.1.3.2 452 3.54 2.2.1.3.2 354 2.61 3.2.1.3.2 417 3.07 
1.2.1.3.3 566 3.74 2.2.1.3.3 361 2.82 3.2.1.3.3 423 3.17 
1.1.2.3.1 286 1.69 2.1.2.3.1 355 2.70 3.1.2.3.1 441 3.27 
1.1.2.3.2 430 3.12 2.1.2.3.2 361 2.81 3.1.2.3.2 452 3.43 
1.1.2.3.3 457 3.42 2.1.2.3.3 371 2.92 3.1.2.3.3 447 3.56 
1.2.2.3.1 315 1.80 2.2.2.3.1 352 2.62 3.2.2.3.1 428 3.02 
1.2.2.3.2 428 3.20 2.2.2.3.2 361 2.74 3.2.2.3.2 438 3.18 
1.2.2.3.3 446 3.42 2.2.2.3.3 373 2.92 3.2.2.3.3 461 3.31 
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