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Abstract

Economic impact of climate extremes on beef operation is expected to be significant due to its direct impact on feed
production. Impact of such events on farm management and longer term farm financial situation is relatively unstudied in the
Canadian Prairie. This study compared three alternative beef herd management strategies in dealing with climate extreme
events under reference climate scenario of 1971-2000 and the future scenario of 2041-2070. The study used farm simulation
model that integrated the model of cattle herd simulation, pasture model, crop simulation model combined with models of
economic decisions. Purchasing feed and maintaining herd size is preferred option in dealing with drought. Changes in
management such as early weaning combined with limit feeding strategies reduce the feed demand and also reduce the
financial burden during the years of extreme event, but it has severe negative consequences on amount of slaughter cattle
sold. Cull herd strategy not only reduces feed demand but also increases income from sell of herd during the year/s of
extreme event, but it severely impacts the farm’s long term output supply potential. However, expansion of existing
agriculture risk management policy to cover climate risk in beef production is necessary to support farmers in the year/s to

extreme events.
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Canada’s beef industry is the largest single farm in Alberta and Saskatchewan in recent years

commodity source of farm cash income with an
average 15.4% contribution during 2001-2010 period.
Beef cattle production in Alberta and Saskatchewan
provinces dominates the Canadian beef industry.
Almost half of the Canadian farm cash receipt from
cattle and calves was produced from the province of
Alberta and the second highest of 16% was from
Saskatchewan in 2011 (Kulshreshtha 2012). Number
of farms reporting beef cattle in Saskatchewan and
Alberta is continuously decreasing in recent years, but,
total beef inventory remains constant or slightly
increasing. That indicates the increasing size of beef

[AAFC (Alberta Agriculture and Forestry) 2014].
Despite growing importance of beef production, the
prairies’ beef cattle production is a relatively
unstudied area from the economics and risk
management point of view.
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The Canadian Prairies have witnessed severe
events of climate extremes in the past. Such events
have caused severe impact on prairie agriculture
including livestock production. Examples of some
severe multi-year droughts are: 1890s, 1910s, 1930s,
late 1950s to early 1960s, 1980s, 1999-2005, and
2009-2010. Livestock production was adversely
affected through feed shortages during those events.
An example is the prairie droughts of 1987-1988
when livestock production was adversely affected
through the effects on feed, from dust storms, and the
lack of suitable pasture land [IISD (International
Institute for Sustainable Development) 1997].
Droughts of 2001 and 2002 caused severe impact on
livestock production due to the widespread scarcity of
feed and water. Livestock inventories sharply
decreased (AAFC 2013).

Climate change in the future is believed to
increase the variability of climate variables with more
frequent extreme events (Zhang et al. 2000;
Khandekar 2004; Barrow 2009; Price et al. 2011;
Bonsal et al. 2013; Paimazumder et al. 2013). Such
events are expected to impact grass land and forage
productivity and quality in the future. Rowlinson
(2008) and Thornton et al. (2008) said that livestock
is impacted in two ways: direct physiological effect,
and indirect effect through the impact on grassland
and rangeland productivity. Heat stress reduces the
rate of animal feed intake and results in poor growth
performance, and inadequate water and increased
frequency of drought lead to loss of resources
including grassland and rangeland. Belasco, Cheng,
and Schroeder (2015) said that long term exposure of
cattle to extreme weather has negative impacts on
average daily gain, and also increases the rate of
mortality. Seo and Mendelsohn (2007) showed that
both the number of livestock and revenue per farm
increased significantly with the increasing temperature
under all the climate scenarios considered, except for
dairy cattle. The similar result was found for the
scenarios with the decrease in precipitation, implying

that livestock producers could make positive profit
under the future hotter and drier condition by the
proper management of livestock. Therefore, impact of
climate change can be severe on beef production in
the future unless farmers’ practices are appropriate
strategies in managing adverse effect on livestock
production during extreme climate events.
Appropriate choice of coping strategies therefore is
an important decision to maintain the good financial
health of the farm. This study aimed at assessing
the efficacy of selected coping strategies in dealing
with climate extreme events impacting feed
shortages during the baseline scenario of 1971-2000
and future scenario of 2041-2070 in two beef cattle
farms—one in Swift Current, Saskatchewan, and
another in Pincher Creek, Alberta. The study
assessed three adaptation strategies: (1) purchasing
feed; (2) changes in herd management; (3) cull herd in
dealing with feed shortages during extreme climate
events.

REVIEW OF BEEF CATTLE ADAPTATIONS
DURING CLIMATE CHANGE AND
EXTREMES

Bastian et al. (2006) had observed the following as
beef herd coping strategies in extreme years:
purchasing additional feed for livestock, livestock
herd liquidation, participating in government
assistance  program, and undertaking  other
management alternatives like early weaning of calves,
selling of retained vyearlings, and addition of
alternative crop and livestock enterprises. Ritten et al.
(2011) recommended different drought management
strategies for cattle producers which can be broadly
grouped into two classes: purchasing additional feed,
and reducing feed demand of the herd. The first
strategy is the most common one and it involves
purchasing feed to substitute for reduced forage
production. Choice of feed to buy depends on its
availability, season of feeding, type of animal, and the
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price of feed alternatives. The second strategy helps
reduce nutritional demand of the herd. This can be
done by partial liquidation of the herd which provides
some immediate revenues, and reduces pressure on
forage and pasture. However, this adds cost to rebuild
the herd after drought or reduces revenues afterwards.
Another option in reducing herd nutritional demand is
by early weaning of calve; a benefit of this would be
that there is no additional cost in securing feed. This,
however, can result in either fewer or lighter weight
animals to sell in the future.

Some producers may want to keep the herd and
purchase feed instead of selling herd right away and
purchase them later. In evaluating the effect of
drought in cattle farm in Australia, Foran and Smith
(1991) tested three different coping strategies. The
strategy of average firm is to ignore the drought in the
hope that the rain will come soon. The high stock herd
farm sells the cattle right after the first indication of
the drought. In contrast, the low-stock farm maintains
herd size even in drought by introducing different
management strategies. Nagler et al. (2007) reported
the common drought coping strategies in US, which
included purchasing additional feed, reduction in herd
size, early weaning of calves, and selling of retained
yearlings, and addition of alternative crop enterprises.
OMAFRA (Ontario Ministry of Agriculture Food and
Rural Affairs) (2012) advised three options for dealing
with feed shortages: (1) moving livestock to where
abundant feed and forages available; (2) buying feed;
and (3) culling herd.

Smith and Foran (1992) and Gillard and
Moneypenny (1990) investigated the economic effect
of alternative destocking rates as a management
strategy in extreme events in Australia. They found
that strategy of substantial destocking is better for
longer term drought management than the policy of
hopeful inaction. According to Ritten et al. (2011),
maintaining same herd size by purchasing feed adds
extra cost to the farm and is beneficial only if the
cattle price is expected to increase or at least remain

the same; otherwise herd liquidation may be a good
strategy during the period of feed shortages. However,
Rashy (2013) advised some adjustments in timing and
management of farm operation to cope with the effect
of drought events before herd liquidations. He
suggested early weaning of calves, early pregnancy
test, and early sell of open cows as drought
management strategies. Similarly, DEPI (Department
of Environment and Primary Industries) (2014)
recommended that limit feeding and controlled weight
loss of cattle can lower the pressure on feed and can
be a good coping strategy for drought-induced feed
shortage period. SMA (Saskatchewan Ministry of
Agriculture) (2008), AARD (Alberta Agriculture and
Rural Development) (2011), and interview of farmers
from the study sites made available by Bruno (2013)
suggested that feed management, changes in timing of
herd operations, and reduction in herd size are among
the most common strategies in dealing with drought
events.

STUDY METHODOLOGY

The study used whole farm simulation model that
integrated the model of cattle herd simulation, pasture
model, crop simulation model combined with models
of economic decisions. Two mixed farms—one in
Swift Current, Saskatchewan and another in Pincher
Creek, Alberta—were developed using farm construct
approach. The whole farm simulation was simulated
over 30 years from 1971 to 2000 for baseline scenario
and 2041 to 2070 for future scenario. A cattle herd
simulation was done to simulate the Canadian Prairie
beef cattle operations; its input required and output
produced. Crop vyield estimate was done by using
FAO (Food and Agriculture Organization)’s
AgquaCrop simulation model and pasture productivity
estimate was done by using Saskatchewan Research
Council’s forage yield calculator. The impacts of
climate change and extreme events on beef cattle
production were linked through the impacts on crops
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and forages, and linking them to feed availability for
beef cattle. Direct impact on livestock productivity
performance could not be considered due to
inadequate information related to impact of climate
change and extremes on beef cattle performance and
productivity.

The crops and silage, hay and pasture area were
fixed throughout the 30 years simulation period. Crop
area available was first used to produce feed grain and
silage demand of the herd and remaining area was
used to produce grain for market. Hay and pasture
areas were set to match their demand and supply in an
average climate year. Land from one use could not be
transferred to another use. Pasture was an established
native mixed pasture. The farm would keep 40% of
yearly total hay and grain in inventory for any
unforeseen reason, every year. It is assumed that beef
cattle herd size is determined by the carrying capacity
of pastureland to meet the summer grazing need.
During the years of extreme events, reduced pasture
supply would have impact on cattle feeding. It is
assumed that farmers choose one of the three
following alternative strategies to meet summer
pasture: (1) purchasing feed; (2) changes in herd
management; (3) culling herd. Least cost linear
programming approach was used to decide which feed
grains to produce to feed the beef herd. Crop mix for
the market was determined by formulating a
multi-year  linear  programming  problem by

maximizing present value of yearly gross margin flow.

The major revenue items were sale of beef cattle,
crops, and surplus hay. Results of beef cattle herd
simulation, crop and forage simulation, as well as
least cost feed and multi-year crop mix linear
programming (LP) models were linked to perform
whole farm simulation.

Farm Characteristics

Statistics Canada (2012) information on mixed
beef-crop farm specific to study sites was used in
building study farms for these locations. The study

farm of Pincher Creek had 1,700 acre native and tame
mixed pasture, 686 acre crop area including hay and
307 beef herds (100 cows, 88 calves, 16 replacement
heifers, 6 bulls, and 97 finishers). The study farm of
Swift Current had 1,500 acre native and tame mixed
pasture, 1,057 acre crop area including hay and 198
beef herds (86 cows, 74 calves, 13 replacement heifers,
4 bulls, and 21 finishers). Crop portfolio of the farm
included four major crops grown in the study sites:
canola, wheat, feed barley, and maize. The study farm
of Pincher Creek was comparatively beef oriented
with more beef head. Swift Current farm was more
crop oriented with larger crop acre and fewer beef
head. With regard to climate, Pincher Creek receives
more average precipitation and Swift Current has
comparatively hotter and drier climate. A major soil
type of the Swift Current is classified as brown soil
and the eco-region of the area is prairie ecozone
dominated by mixed prairie grassland. The major
vegetation types of mixed grass land in Swift Current
sites are wheatgrass and needle grass. The sustainable
stocking rate, supply of forages, which is measured in
terms of Animal Unit Month (AUM/acre) of mixed
grassland, is .38 (Thorpe 2007). Main soil type of
Pincher Creek is black thin soil with foothill rough
fescue as dominant vegetation type with mix of
Columbian needle grass and wheatgrass. The
sustainable stocking rate for Pincher Creek is .58
AUM/acre (Adams et al. 2003).

Pasture and Crop Yield Estimates

Long term average pasture yield estimation for the
baseline and the future scenario provided by Thorpe
(2011) was used to generate yearly value for the
30-year simulation period in both the scenarios using
forage yield calculator developed by Saskatchewan
Research Council (J. Thorpe, personal communication,
2014). The calculator provides the forage production
for a given forage-year-precipitation. Average pasture
productivity for 30-year period in the future is
estimated to decrease by about 5% in Pincher Creek
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Figure 1. Pasture Yield Forecast Under Baseline Scenario in Pincher Creek Study Site.
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Figure 2. Pasture Yield Forecast Under Baseline Scenario in Pincher Creek Study Site.
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Figure 3. Pasture Yield Forecast Under Baseline Scenario in Pincher Creek Study Site.
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Figure 4. Pasture Yield Forecast Under Baseline Scenario in Pincher Creek Study Site.

and 30% in Swift Current, in comparison to 30-year
average in baseline period. Yearly pasture yield
estimates are given in Figures 1, 2, 3, and 4.

The study made use of yearly grain, crop biomass
for silage and alfalfa hay yield forecast made by using
FAQO’s AquaCrop model by simulating the study farm
characteristics. Crop model was simulated under the
climate forecast of Coupled Global Climate Model
Regional Climate Model A2 emission scenario
(CGCM3_RCM3 A2) by Professor Stefan W. Kienzle
at the University of Lethbridge. Crops yields under
future scenario were projected to increase in the range
of 50% to more than 100% depending on crops for
Pincher Creek and about 100% for all the crops in
Swift Current from the baseline scenario.

Beef Cattle Herd Simulation

Beef cattle herd simulation started with the cattle
inventory. Common beef cattle management practices
of the prairies described by Beauchemin et al. (2010),
Modongo (2014), and Koeckhoven (2008) were
simulated. It is assumed that calving is done in the late
February to early March. The weaning is done at
seven months (at the end of September). The weaned
calves enter backgrounding lot in October and
backgrounding is done until February (for five

months). The backgrounder enters into finishing lot in
March and finisher is sold for slaughtering in June.
Generally speaking, cows come into here after 3
months of calving, resulting in conception between
mid-May and mid-June. Pregnancy test is done within
three months of conception and open cows starting
from old age are culled. In the simulation, the last
calving was on 29th year and all the cows were culled
after the weaning of the last lot of calves. The study
assumed 88% conception rate of cows, therefore 12%
open cows were replaced every year. Calving rate is
assumed 98%. Death losses are assumed as 5% before
weaning, 2% in backgrounding and 2% in feedlot.
Gender ratio of calves is assumed 1:1. Average Daily
Gain (ADG) varies with the expected finishing weight
and length of feeding. Assumption on expected
finishing weight, length of feeding, and average daily
weight gain was taken from various sources including
Beauchemin et al. (2010), MAFRI (Manitoba
Agriculture Food and Rural Initiative) (2010), Larson
(2011), and Modongo (2014). Mature cows and bulls
are assumed as 0 ADG; ADG before weaning,
backgrounding, and finishing lots was assumed as 2.2,
2.5, and 3 Ibs, respectively.

It was assumed that the producer selected superior
female calves for herd replacement to maintain same
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herd size. Service bulls were replaced after five
services. After the servicing at 28th year, the bulls
were sold without replacement. Superior male calves
were also assumed to be retained as service bulls.

Beauchemin et al. (2010)’s diet plan was adopted
in this study. Throughout the simulation, new born
calves were fed with cow’s milk and good quality hay
until the age of two months, and then calves were fed
on cow’s milk supplemented by summer grazing until
weaning in September (at the end of seven months).
Breeding cows and bulls completely depended on
grazing from May until October for a period of
184 days and then fed with hay supplemented by salt
and minerals until  April (for 181 days).
Backgrounders were put into high forage diet
comprising of 60% hay and 40% grain for 151 days
with 2.5 pound weight gain per day, and finishers
were put on high grain diet with 80% grain and 20%
silage with 3 pound weight gain per day. Nutrient
recommendations of NRC (National Research Council)
(2000) and Parish and Rhinehart (2009) were adopted
in this study.

Feed Demand and Supply

Pasture demand was calculated based on dry matter
(DM) requirements of the cows and bulls in the herd.
According to AARD (1998), on average a
1,000-pound beef cow requires 26 pounds DM a day,
which is called an Animal Unit Equivalent (AUE).
Total pasture requirement of the grazing animal for
the entire grazing months, expressed in terms of
Animal Unit Month (AUM), was calculated as in
equation (1):
AUM = AUE * Number of Animal
* Months in grazing
D
Pasture supply, also expressed in terms of
AUM/acre, from a given pasture land was calculated
to match the pasture demand. Consideration of
carrying capacity (CC) of the pasture land is important
as ecologically sustainable stocking rate (ESSR)

represents the maximum number of AUMs that can be
placed without causing negative effect of rangeland
health (Adams et al. 2003). ESSR of given pasture
land was calculated as shown in equation (2). For the
average pasture productivity of 1960 to 1991 period,
the choice of 35% utilization rate gave the observed
ESSR for both the study sites. Therefore, 35%
utilization rate and yearly pasture yield as in equation
(2) were used to calculate yearly pasture supply, and
total pasture land required to meet the grazing demand
of the herd was calculated as shown in equation (3):

Yield ( kg ) x Utilization rate

acre
ESSR =
(acre) 455 kg/AUM
)
) AUM demand

Pastureland required (acre) = AUM
Stocking rate (acre )
3

The farm is assumed to have established alfalfa
hay. Similar to pasture demand, hay demand was also
calculated to fulfill the daily DM requirement of an
animal. The DM required per day for different animal
type depends on weight, age, and ADG; these were
obtained from Parish and Rhinehart (2009). Hay was
established at the first year of simulations and
continued maintaining and harvesting until the end of
7th  production year (MAFRI 2015). New
establishment was done at beginning of every 8th year
and four establishments in total for the 30 years
simulation period.

Feed grain and silage demand and on-farm supply
were linked by formulating least cost linear
programming problem. This was done to minimize
total feed production costs suggested by Visagie and
Ghebretsadik (2005). Feed grain and silage demand of
the beef cattle herd was calculated to satisfy their
nutrient requirements. FAO’s AquaCrop model was
used to estimate grain and crop biomass production.
An average 10-year silage yield for the period of 2002
to 2010 obtained from AAF (Alberta Agriculture and
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Forestry) (2013) was considered as an average silage
yield for baseline period for both the study sites.
Percentage change in baseline and future biomass
estimated from AquaCrop model was applied to the
average baseline silage yield to estimate average
future silage yield. Yearly variation in biomass yield
estimated by AquaCrop model is then applied to the
average estimates to generate yearly values.

WHOLE FARM BUDGETING

Commaodity price and variable cost of production were
estimated from historical series using time series
models combined with Monte-Carlo simulations.
Historical commodity prices and cost of production
(COPs) for 1971 to 2000 were used to forecast the
cost and price for 1971-2000 period and 2041-2070
period for the baseline and future scenario simulation
in this study. Missing information was estimated using
Farm Product Price Index (FPPI) for price (Statistics
Canada 2014a) and Farm Input Price Index (FIPI) for
COP estimate (Statistics Canada 2014b). Commodity
prices for Saskatchewan were obtained from
Government of Saskatchewan (2014) and SAF
(Saskatchewan Agriculture and Food) (2000), and
prices for Alberta were obtained from AARD (2014b).
COP benchmark estimates were obtained from SMA
(2013), G. Payne (personal communication, December
10, 2013), J. Wood (personal communication, 2013),
AARD (2013), and MAFRI (2010; 2012; 2013a;
2013b; 2013c). Crop cost of production for brown soil
zone was used for Swift Current site, and cost of
production for black soil zone was used for Pincher
Creek.

Capital base of similar sized mixed farms in the
prairies obtained from K. Larson (personal
communication, 2014) was used to estimate the
capital cost for the study farms. Similar approach of
creating 1971-2000 series using FIPI and forecasting
them for two simulation periods using time series
models was used in capital cost forecast.

Climate Extremes, and Grain and Cattle Feed
Price

Quiggin (2012) and Schiere and Pang (2014) said that
grain and meat products are part of integrated global
markets, and reduced supply due to droughts can be
countered by the supply from other countries. They
further said that analysis to disentangle the drought
effect is complicated because other factors like
changes in energy price also have significant impact
on global food price. Therefore, this analysis assumes
that the grain and beef prices follow global
phenomenon and there is no significant impact of
local drought on commodity prices. However,
evidence shows that local hay and feed barley price
increased during major Canadian drought events. Feed
barley price rose by more than 35% and hay price rose
by more than 50% during 2002 droughts in both the
Alberta and Saskatchewan. To reflect the impacts of
extreme events on local feed prices, estimated feed
prices were manipulated to reflect the average price
increase during three major Canadian droughts events
of 1988-1989, 2001-2002, and 2009-2010. Estimated
feed prices were manipulated so that the feed barley
prices during the drought events were at least 13%
higher and hay prices were at least 17% higher in
Swift Current and 22% higher in Pincher Creek from
their last five-year average.

Study Scenarios and Adaptation Alternatives

As discussed earlier, impacts of climate extremes
under both the baseline and future scenario were
linked through the yield effect on crops, hay and
pasture productivities. The resource base (hay and
pastureland) of the farm at the start of the simulation
was set in such a manner that their supply and demand
match exactly in an average year. The main link of
extreme events on beef herd is considered through the
impact on pasture productivity affecting carrying
capacity of pasture land. It is assumed that impact of
extreme events determines the number of beef head
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Table 1. Scenarios and Adaptation Description

Period Climate Economy/Price Beef herd adaptation Crop activity adaptation
) 1971-2000 1971-2000 Purchase feed Crop mix selection
f:;;:;:g 1971-2000 1971-2000 Changes in management Crop mix selection
1971-2000 1971-2000 Cull herd Crop mix selection
2041-2070 2041-2070 Purchase feed Crop mix selection
:él;l;;o 2041-2070 2041-2070 Changes in management Crop mix selection
2041-2070 2041-2070 Cull herd Crop mix selection

which the pastureland can sustain during summer.
Therefore, the adaptation alternatives: purchase feed,
changes in management, and cull herd, deal with only
summer pasture deficit. More feed shortages after
adopting adaptation alternatives are fulfilled by
purchasing feed regardless of what adaptation was
done in managing summer pasture deficit. Scenario
descriptions are given in Table 1.

The adaptations in beef herd either maintain the
supply of feed by purchasing or reduce the feed
demand of the herd to adapt to climate change and
extremes. Under Adaptation 1, beef herd size and
feeding amount are maintained by purchasing extra
feed to match summer pasture deficit. Adaptation 2,
reduces the amount of feed given to beef herd by early
weaning of calves to reduce pasture demand of cow
and limit feeding of feedlot animals to reduce the hay
and grain demand. Under Adaptation 3, herd size is
reduced to match the pasture demand and supply.

RESULTS AND DISCUSSIONS

Feed Shortages, Beef Sold, and Cost of Feed
Production

Frequency and severity of the impact on pasture
production determines the cost of beef herd
management and thus the farm financial position
during climate extreme events. The results showed
that frequency of pasture deficit increases under future
scenario as shown in Table 2. About half of the years

in 30-year simulation periods have pasture shortages
under baseline periods, which increases to 20 years in
Pincher Creek and almost entire simulation years in
Swift Current under the future scenario. The Swift
Current farm is expected to suffer relatively frequent
summer pasture deficit largely due to already lower
pasture productivity and relatively drier climate
projected under the future scenario.

The average live weight sold under different
adaptation alternatives is shown in Table 3 and Table
4. Highest live weight cattle sold would be achieved
under purchase feed strategy. Under purchase feed
strategy, herd size is maintained and no compromise is
done in feeding amount. Changes in management
strategy make a compromise on feeding amount that
has impacts on daily live weight gain of cattle, and
cull herd strategy reduces the average herd size
resulting in lower output.

Proportion of cost of feed production to total
variable cost of beef cattle production under the baseline
scenario is estimated about 40% in Pincher Creek and
about 42% in Swift Current with little variation across
adaptation. If the herd size is maintained with regular
feeding plan, average yearly feed production cost in
Pincher Creek is estimated to be $17,000, which
would double to $34,000 under the future scenario. In
Swift Current, it is estimated to be $18,000/year under
baseline and increase by more than 80% to $33,000/year
under the future scenario. In Picher Creek, cost of feed
production under changes in management strategy is
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Table 2. Number of Years of Feed Shortages and Cost of Feed Purchase

Periods

Pasture shortage (no of years)

Baseline period
Pincher Creek
Swift Current
Future period
Pincher Creek
Swift Current

16
14

20
28

Table 3. Number and Live Weight Beef Sold, Pincher Creek, Alberta

Live weight cattle

Scenarios sold (‘000 Ib/year) v
Base scenario

Purchase feed 102.97 .07
Changes in management 81.45 17
Cull herd 84.39 25
Future scenario

Purchase feed 102.97 .07
Changes in management 81.45 17
Cull herd 77.97 24
Table 4. Number and Amount of Beef Sold, Swift Current, Saskatchewan
e oy’ o
Base scenario

Purchase feed 87.43 13
Changes in management 69.51 .20
Cull herd 76.66 22
Future scenario

Purchase feed 87.43 .13
Changes in management 69.51 .20
Cull herd 41.84 .30

almost similar to that of purchase feed strategy under
both the scenarios. The cost of feed production
decreased by 7% and 5% under baseline and future
scenario respectively, under cull herd strategy. In
Swift Current under both scenarios, cost of feed
production is similar for both the purchase feed strategy
and changes in management strategy. In comparison
to purchase feed strategy, cost of feed production under
cull herd decreased by 5% under baseline and about
11% under future scenario.

Cost of on-farm feed production does not vary

much across adaptation alternatives. Output marketed,
however, is highly variable across the adaptation
strategy. These results imply that the impact of the
beef herd adaptation strategy affects the farm profit
more through the impacts on output rather than cost.

Profitability Analysis

Beef farm profitability varies across the choice of
adaptation strategies undertaken. Total gross margin
(GM) discounted at present value for 30-year simulation
period and average annual GM for three alternative
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Table 5. Gross Margin From Beef Cattle Activities Under the Baseline and the Future Scenario Pincher

Creek Study Site

Adaptation alternatives GM . % of purchase feed % of baseline A‘Vﬂage cv
(PV,‘000 %) (‘000 $/year)

Baseline scenario

Purchase feed 633.86 45.75 .36

Changes in management 416.23 65.67 31.07 .64

Cull herd 527.98 83.30 38.70 47

Future scenario

Purchase feed 950.98 150.03 67.33 .29

Changes in management 527.97 55.52 126.84 41.44 .67

Cull herd 658.36 69.23 124.69 46.21 .57

Table 6. Gross Margin From Beef Cattle Activities Under the Baseline and the Future Scenario Swift Current

Study Site

Adaptation alternatives GM . % of purchase feed % of baseline A'verage cv
(PV,‘000 %) (‘000 $/year)

Base scenario

Purchase feed 395.07 29.54 .36

Changes in management 247.47 62.64 19.13 .64

Cull herd 265.38 67.17 20.39 A7

Future scenario

Purchase feed 553.69 140.15 44.49 .29

Changes in management 216.60 39.12 87.52 21.58 .67

Cull herd 64.99 11.74 24.49 5.26 .57

beef herd adaptation strategies is presented in Table 5
and Table 6.

The results showed that the highest GM is generated
if the herd size is maintained with regular feeding plan
by purchasing additional feed to manage the feed
shortages during the period of extreme climate events
under both the baseline and future scenario in both the
study sites. In comparison to purchase feed strategy,
the GM under cull herd strategy decreased by more
than 17% in the Pincher Creek and 33% in Swift
Current under baseline scenario. The GM decreased
by more than 35% in Pincher Creek and more than
38% in Swift Current if the changes in management
strategy is adopted to deal with the effect of extreme
climate events under the baseline scenario. Economic
impact of climate change on beef cattle production is
estimated to increase in the range of 24% to 50% from

the baseline scenario depending on the choice of
adaptation strategy. Similar to the baseline scenario
results, purchasing additional feed to deal with the
feed shortages is identified superior strategy under the
future scenario also. The superiority of this strategy is
also supported by very low income risk in comparison
to other two strategies as indicated by the lowest
coefficient of variation.

In spite of significant impact on pasture
production with frequent event of feed shortages and
increasing feed production cost, beef activity in the
future can still be a profitable enterprise. The gain
from beef production, however, is dependent on
choice of strategy in dealing with feed shortages
among many other factors. Table 7 summarizes the
net gain by adopting purchase feed strategy over
changes in management and cull herd strategy.
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Table 7. Comparison of Adaptation Options Under the Baseline and Future Scenario in the Two Study Farms

Comparisons of strategies

Pincher Creek

Swift Current

(‘000 $, PV) (‘000 $, PV)
Baseline scenario
Gain of purchase feed over cull herd strategy 105.88 129.69
Gain of purchase feed over change in management strategy 217.63 147.59
Future scenario
Gain of purchase feed over cull herd strategy 292.21 488.70
Gain of purchase feed over change in management strategy 422.76 337.10

Table 8. Percentage Change in Farm Profitability and liquidity Under Alternative Adaptation Strategies

Relative to Reference Adaptation in Pincher Creek

Profitability Liquidity Net worth
Changes Beef cattle Crop activities Whole farm  Average farm cash Net worth at exit
activities (GM) (GM) profit flow (excluding land)
Baseline scenario
Changes under “changes in
mangement” from purchase -34.33% +6.16% —26.88% -20.21% —39.94%
feed
Changes under “cull herd” ;¢ ;7 +23% +1.65% +50% +.03%
from purchase feed
Future scenario
Changes under “changes in
mangement” from purchase -44.48% +2.22% —29.49% -21.57% +.06%
feed
Changes under ‘cull herd” 3, 779, +7.53% ~16% ~7% ~6.04%

from purchase feed

Table 9. Percentage Change in Farm Profitability and Liquidity Under Alternative Adaptation Strategies
Relative to Reference Adaptation in Swift Current

Profitability Liquidity Net worth
Changes Beef cattle Crop activities Whole farm  Average farm cash Net worth at exit
activities (GM) (GM) profit flow (excluding land)
Baseline scenario
Changes under “changes in
mangement” from purchase -37.36% +4.93% -13.73% -12.22% —32.68%
feed
Changes under ‘cull herd” 3¢ g50, +16.75% +2.51% +2.70% +.70%
from purchase feed
Future scenario
Changes under “changes in
mangement” from purchase -60.88% +55% -10.45% -9.73% -5.56%
feed
Changes under ‘cull herd” g ) 0, +10.82% +1.58% ~4.40 +1.12%

from purchase feed
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Impact of Beef Herd Adaptation Strategy at
Crop and Whole Farm Revenue

Profitability analysis of beef cattle production activities
discussed in earlier section showed that purchase feed
strategy is superior in dealing with climate extreme
events. However, it is also important to understand the
impact of beef cattle herd adaptation strategy at crop
and whole farm level in selecting the strategy in
mix-farm setting. Taking purchase feed strategy as
reference case, impacts of adopting changes in
management strategy and cull herd strategy at beef
cattle production, crop production, and at whole farm
level are shown in Table 8 and Table 9.

In both the study sites under both the baseline and
the future scenarios, purchase feed strategy is superior
to other strategies. At crop production activities, both
the changes in management and cull herd strategy
generate higher GM as these strategies release more
land from feed production to crop production for
market sales. However, cull herd strategy is preferred
at crop activities due to lowest feed area demand due to
reduction in herd size.

At the whole farm level, the economic impacts of
adopting changes in management strategy are
predominantly negative in both the study sites.
Overall results confirm that changes in management is
not the economically preferred strategy in dealing
with drought in both the study sites. Impact of
adopting cull herd strategy is mix. In the Pincher
Creek, cull herd strategy is preferred under baseline
scenario while purchase feed is preferred under future
scenario. The impact of adopting cull herd strategy is
direct on amount of beef cattle sold. Beef cattle
activities were dominant in the Pincher Creek farm,
severe impact on beef cattle GM due to the adoption
of cull herd strategy under the future scenario has
negative impact at whole farm level. In the Swift
Current, cull herd strategy is preferred under both the
scenarios. Despite of severe impact on beef cattle

activities, its effect is less evident at whole farm level
as the crop activities are dominant in the Pincher
Creek farm.

Analysis of the results implies that the choice of
adaptations is contextual, and preference to adaptation
differs across activities, farms, and climate scenarios.
The share of beef revenue to total farm revenue also
has profound impacts on the selection of beef herd
management decision at whole farm level.

CONCLUSIONS

Canada’s beef industry is the largest single
commaodity source of farm cash income. Alberta and
Saskatchewan in particular dominate the beef cattle
production in Canada. However, beef cattle
production is a relatively unstudied area from the
economics and risk management point of view.
Canadian Prairie has witnessed severe events of
climate extremes, especially the multi-years droughts
causing severe impact on livestock and beef
production in the past and frequency of such events
is expected to increase in the future. Appropriate
choice of coping strategies therefore, would be
helpful in minimizing the severe impact of climate
extremes during future climate extremes. The study
assessed three adaptation strategies: (1) purchasing
feed; (2) changes in herd management; (3) cull
herd in dealing with feed shortages during extreme
climate events. The study used whole farm
simulation model to simulate two Canadian Prairie
mixed crop and beef farms—one in Swift Current,
Saskatchewan and another in Pincher Creek,
Alberta. The farms are assumed to perform cow-calf
as feed lot operations. On-farm crop
production for both the beef feed and market sales was
also integrated.

The cost of feed production comprises more than
40% of total beef cost of production in both the study
sites. The cost of feed production is expected to

as well
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double in the future, however, there is no significant
difference in the on-farm feed production cost across
different adaptation alternatives. Live weight cattle
sold and farm income, however, is highly dependent
on the choice of adaptation done in dealing with
extreme climate events. These results suggest that the
impact of the beef herd adaptation strategy affects the
farm profit more through the output changes and less
through cost changes. In spite of significant impact on
pasture production with frequent events of feed
shortages and increasing feed production cost, beef
activity in the future can still be profitable, provided
that appropriate stratgies for beef herd management
are followed during the period of climate extremes.
The highest return is generated if the herd size is
maintained with regular feeding plan by purchasing
additional feed. Choice of beef herd management
strategy in dealing with climate extremes would have
significant impact on crop production and at whole
farm level in mix-farm settings. The choice is
dependent on many factors such as: existing carrying
capacity of grazing, existing feeding cost, severity of
climate extremes, and integration of crop and beef
cattle production, as well as importance of beef
enterprise on the farm, among others.

Beef cattle activities can be vulnerable due to
projected decrease in pasture carrying capacity and
frequent events of feed shortages in the future.
Canadian agriculture policy on risk management
called Business Risk Management (BRM), however,
is not clear on how it covers any productivity or output
decline in livestock sector. Only risk management
program in livestock is Western Livestock Price
Insurance Program (WLPIP) which protects farmers
from price declines. No such climate risk reduction
programs are available. Therefore, expansion of
existing agriculture policy to cover climate risk in beef
production is necessary. Also, policy to support
farmers in making appropriate choice of strategy in
dealing with climate extremes would also bring forth
desired adaptation to climate change.
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Note

1. Monte-Carlo simulation of the time series model was for the
maximum likelihood estimation of the coefficients. For this
“fully specified parametric model” simulation process
suggested by Davidson and Mckinnon (2004) as outlined in
Adkins and Gade (2012) was followed. This study followed
the process with estimated values of g coefficients and, real
values of Xs and estimated variance with the assumption of
normal distribution. The simulation was conducted for
1,000 iteration.
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