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Abstract

This research project estimated economic costdandfits of winter wheat production

in the Canadian Prairies at a farm level. A comtiameof Net Present Value analysis and
Monte Carlo simulation was used to build cash ffamm models by province and soil
zone. The objective of this study was to examimeettonomic feasibility of winter wheat
production on the Prairies. Results show that feréarmers will benefit from growing
winter wheat if crop research further improves dolérance, yield, or quality of winter
wheat. Incorporating winter wheat into crop rotafidnas potential to increase farmers’

wealth in the Canadian Prairies.
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Chapter 1 Introduction

1.1 Background
The Prairies are referred to as one of the two@wez with the most extensive

agriculture being practised in CanidisicRae et al., 2000). Ecozone is defined as
the “broadest ecological class in the classificaigstem, based on continental-
scale physical geography and climate” (McRae e2800, p. 14). Due to its
location and geography, the Prairies have seveoalqunced characteristics, such
as flat topography, semi-arid climate, harsh wisitand warm summers
(Environment Canada, 2005). Canada’s productivieatural land, including
cropland, rangeland, and pasture, are mainly cdrated in this region
(Environment Canada, 2005). As the Breadbasketof@a, the Prairies have
94% of the land base in farm land and grow manfgdiht types of crops
(Environment Canada, 2005). Winter wheat is growm@mall proportion of the
total acres of crops seeded in the Canadian F3airtes study examines the
economics of incorporating winter wheat into crofations by soil zone and

province.

The Canadian Prairies include three provinces, éh&askatchewan, and
Manitoba. When farms are divided into industry greufarms engaged in crop
farming? represented 39.1%, 64.3%, and 47.7% of all thradan Alberta,
Saskatchewan, and Manitoba, respectively, in 28@&tictics Canada, 2007). A
cropping system involves a group of plants mandoyea farm to achieve goals in
several aspects, such as food, fiber, and farmtivéRéarson et al., 2009). When
making decisions related to cropping systems, piaiegross revenues,
production costs, risk levels, and environmenttiiénces all need to be
considered (Campbell et al., 1990). Prairie farnf@ee constraints in making

decisions regarding cropping systems because daithate in the Canadian

! The other ecozone is the Mixedwood Plain (McRaa.e2000).

2 Crop farming includes oilseed and grain farmiregetable and melon farming, fruit and tree-nut
farming, greenhouse, nursery and floriculture potidn, and other crop farming (Statistics
Canada, 2007).



Prairies. More specifically, the constraints comuarf the low temperatures and
lack of water in this region (IISD, 1994).

Regarding which types of crops to grow, Prairierfars’ choices are limited due
to climatic constraints. A large proportion of fatamd in this region is devoted to
growing wheat, barley, and other cereal crops (&8nad, 2004). Oilseed and
pulse crops are also grown and their seeded ag@nding (Campbell et al.,
2002). Meanwhile, new crops and crop varieties gmerery year with the

advancement of crop breeding programs (lISD, 1994).

Dr. Fowler and his colleagues at the Universitysatkatchewan, collaborating
with other research groups, are working on a ptgjamed Use of Genomics
Tools for Crop Improvement in Temperate Climatdse primary goals of this
project are “identifying the biological mechanisgwrerning low temperature
adaptation and then applying the acquired knowlesigkeour genomic resources
in crop improvement programs” (Crop Adaptation Gaeigs website, 2006). Low
temperatures are a significant problem in crop petidn. Crop damage resulting
from low temperatures can lead to annual econoosgds of millions of dollars
which can be greatly reduced if even 1 or 2 °Caase in tolerance to low
temperatures is achieved (Unterschultz, 2008). &/mwheat, one target in cold
tolerance research, has some adaptive mechanistesétop tolerance to low
temperatures to survive harsh winters (Fowler, 200&ditionally grown in
Southern Alberta, winter wheat has slowly expantedrowing area to other
parts of the Canadian Prairies with the introducbbthe stubbled-in
management system (Fowler, 2002). In the stublriedanagement system, crops
are no-till seeded into standing crop stubble fpyevious year (Fowler, 2002).
Stubbled-in winter wheat has a number of advantagagronomic,
environmental, and economic aspects, such as straotd tolerance, reduced
soil erosion, decreased tillage, higher yield poérand better protection of
wildlife (Fowler, 2002; Salmon and McLelland, 19%urke, 1983). Regarding
all these advantages, stubbled-in winter wheath@agpotential to become both



economically feasible and more environmentallyrfdly than spring seeded
wheat (Salmon and McLelland, 1999).

Winter wheat has a much smaller seeded area relatigther main field crops in
the Canadian Prairies, especially when comparsegriag wheat (CANSIM 11,
2009). The low acreage of winter wheat is due mnoirber of problems related to
winter hardiness, historical weather, crop diseases management, world
wheat markets, and quality issues (Salmon and Mahe] 1999; Fowler, 2002).
The detailed statistics of winter wheat productmal related concerns are

discussed in Chapter 2.

1.2 Economic Problems
The GE3LS (Genomics, Ethics, Environment, Econoniiasv, and Society)

research is the socio-economic component of theeabentioned project led by
Dr Fowler. One of the objectives of the GE3LS resleas to evaluate farm-level
costs and benefits of crops which are toleranbwotemperatures in the Canadian
Prairies (Crop Adaptation Genomics website, 2006)s study chooses winter
wheat as the research target. Winter wheat has@l@ichnce and usually out-
yields spring wheat, but winter wheat price is gahg lower than spring wheat
due to its lower protein concentrations. Cold tatexe, yield, and quality of
winter wheat are examined for their influences ammiers’ wealth respectively.
Economic problems include which one of the thragdihas the greatest impact
on Prairie farmers’ economic choice of growing winivheat versus spring
wheat. Additionally on which trait should futureteér wheat research focus in

order to have the greatest economic impact ataime fevel?

Several research questions are addressed: isnbeccally feasible to grow
winter wheat in a specific province/soil zone ie tbanadian Prairies? Is there
any difference in the economic feasibility acrossvnces or soil zones? If so,
why is the economic feasibility different? How wiitle improvement of the three
traits influence the economic feasibility and wharte has the largest effect?



How can we improve the economic feasibility of ghogvwinter wheat? Overall,
this study intends to shed some light on the praispaf winter wheat production
in the Canadian Prairies. The objective of thiglgtis to analyze the farm level
economic costs and benefits of growing winter whggprovince and soil zone in

the Canadian Prairies.

There are nine province-soil combinations inclushethis study: Alberta Black
Soil Zone, Alberta Brown Soil Zone, Alberta DarkoBm Soil Zone, Alberta

Grey Soil Zone, Alberta Peace Region, Saskatchd&iack Soil Zone,
Saskatchewan Brown Soil Zone, Saskatchewan DankB&oil Zone, and
Manitoba. No soil zone is specified for Manitobada lack of data. For each
province-soil combination, there is a represengatinop farm and a
corresponding farm model. Net Present Value (NRWinbined with stochastic
simulation, is used to develop cash flow farm med&tenario analyses,
sensitivity analyses, and elasticity analyses anglacted to analyze the results of

simulation models.

1.3 Thesis Outline
The following chapter, Chapter 2, introduces clienand soils of the Canadian

Prairies, followed by a description of crop prodoictwith historical acreage
statistics. Inputs used in crop production andmechanges in farm management
practices are discussed. Then different aspecatsndér wheat are introduced,
including agronomic characteristics, current praaun; related concerns, new

changes, and economic, environmental, and agronoemefits.

Chapter 3 presents the research methodology. Chpidgeting techniques, such
as net present value, payback period, accountiegfaeturn, and internal rate of
return, are discussed and compared based upombjéaioe of the firm. The
techniques of modeling a farm, including optimiaatand simulation, are
reviewed and compared. The methodology for thidysisi determined

accompanied with an illustration of the simulatrandel structure.



The characteristics of representative farms, ssdiaran size, machinery
complements, and crop rotations, are discussedhapter 4. Economic
relationships involved in cropping activities aesdribed, followed by an
introduction to the stochastic implementation. Téhapter concludes with an
overview of scenario analysis, sensitivity analyairsd elasticity analysis

performed in the study.

Chapter 5 presents results for all the scenaressisvity analyses, and elasticity

analyses. Comparison of the results between prevsuil combinations is made.

Chapter 6 summarizes the conclusions about theoedorfeasibility of winter
wheat production. Policy implications are brieflgmiioned. Model limitations

and further research directions are also discussed.



Chapter 2 Crop Industry in the Canadian Prairies
and Winter Wheat

This chapter provides background information fa térget of this study, winter
wheat. The background information answers questabosit the climate and soll
conditions in the Canadian Prairies, the crop itgusrop types, crop acreage,
and production inputs), and the changes in farmagament practices. To further
understand winter wheat, different aspects of winteeat are presented, such as
the agronomic characteristics, the biological pssaaf winter survival, people’s

concerns about this crop, changes, and variouséatyes.

2.1 Climate and Soil in the Canadian Prairies
From the Rocky Mountains to the Red River Valleg along the border between

Canada and the United States, the Prairies argeelbaathe inner land of North
America (Environment Canada, 2005). The neighbdrRogky Mountains are a
natural barrier to moisture-bearing winds from Beeific (Environment Canada,
2005). The location and geography of the Prainetly determine the subhumid
to semi-arid climate (Environment Canada, 2005 @lmate in most of the
Prairies is continental or extreme continental wéimperatures averaging -10°C
in winter and 15°C in summer (lISD, 1994; Canadardiversity Web Site,
2008). The mean annual temperature is lower thast otber important
agricultural regions of the world (11SD, 1994). Aral precipitation is relatively
low: 400 - 600 mm in Manitoba, and 300 - 500 mnbath Saskatchewan and
Alberta (IISD et al., 1997). Most of the precipitet on the Prairies is received
during the growing season from May to August (lI8Cal., 1997). The climate
places a significant constraint on crop productiothe Canadian Prairies,
especially on what to grow and how to grow cropghk following context of
this chapter, how stubbled-in winter wheat fits Brairie climate is discussed. As
mentioned in Chapter 1, different soil zones wdldonsidered in this study.
Table 2.1 compares four types of soils in deptbusface layer, soil organic
matter (SOC), texture, topography, and constrdartsrop production. Generally,

black soils are more productive agricultural latitan other soils.



2.2 Crop Production in the Canadian Prairies

2.2.1 Statistics of Main Field Crops
There are many different field crops grown in tren@dian Prairies. Figure 2.1

shows an overall increasing trend from 1908 to 26G8e total acres of main
field crops in the Canadian Prairies. Wheat isl¢laeling field crop in terms of
acreage in this region. Wheat acreage increasealbwgth large year to year
variations, starting at 5.63 million acres in 120®l ending at 23.52 million acres
in 2008. Oats also vary in seeded acres, from @illibn acres in 1908 to 3.91
million acres in 2008. Barley has a relatively gtemcrease in acreage, from
0.87 million acres in 1908 to 8.76 million acre208. An increasing trend is
found in the seeded area of flax, going from 0.14ion acres in 1908 to 1.56
million acres in 2008. Currently, canola is thea®tlargest crop in terms of
acreage, with an increase from 3,212 acres in 1948 million acres in 2008.
Rye contributes to only a small part to the totaika of field crops.

In the world wheat market, Canada usually rankestvin wheat production and
second in wheat exports (AAFC, 2004). The Praaresthe major production
area of wheat in Canada (AAFC, 2004). In 2008, @304 Canadian wheat was
grown on the Prairies; 54.4% of Canadian winteratlveas grown on the Prairies
(CANSIM l1, 2009). However, winter wheat acreagedanada is low relative to
other parts of the world. For example, the seeded af winter wheat in Canada
in 2008 was 2.79 million acres which was about 6dd%he 46.28 million acres

of winter wheat grown in the United States in thee year (CANSIM II, 2009;
USDA, 2009). In the Canadian Prairies, the seedea @ winter wheat does not
exceed 5.0% of spring wheat in any given year fi@81 to 2006 (CANSIM I,
2009). In 2007, winter wheat increased to 1.17iamlhcres which was 7.9% of
the total spring wheat area; in 2008, it increasetl52 million acres which was
9.5% of the total spring wheat area (CANSIM II, 90T he reasons behind the
relatively low acreage and recent acreage incraasdiscussed in section 2.3.2
and 2.3.3. The comparison between winter wheatspridg wheat in seeded area
by province is displayed in Figures 2.2 — 2.5.



Figure 2.6 shows the variation in seeded area wfewviwheat for each Prairie
Province from 1976 to 2008. In Alberta, winter whstarts with about 0.3
million acres in 1976, and then experiences a pé@k48 million acres in 1987,
followed by an overall decreasing trend to aboy060 acres in 2002. It increases
back to 0.3 million acres in 2008. Winter wheatdszbarea in Saskatchewan
increases from about 50,000 acres in 1981 to OiB®macres in 1986, and then
has a steady falling trend to about 35,000 acra9@4. After that, winter wheat
has an overall increasing trend to 0.6 million a¢re2008. In Manitoba, winter
wheat increases from about 17,000 acres in 19816@million acres in 2008.
Manitoba has the highest winter wheat seeded aneagthe three Prairie
Provinces in 2008. The reasons for the variatio/es tme in winter wheat

acreage are discussed in section 2.3.2.

2.2.2 Inputs of Crop Production
Inputs involved in crop production are seed, fizeil, chemicals, fuel, machinery,

and labor, and these have direct influences on &sts. When making decisions
on these inputs, several factors need to be talkeraccount, such as seed bed
type and preparation, seed variety and qualityd seatment, seeding method,
seeding date, fertilizing, pest control, weed aoln&nd harvesting (MAFRI,
2008). Climatic and weather conditions should dls@onsidered. Meanwhile,

economics, such as relative input prices, has @adion crop input decisions.

2.2.3 Recent Changes in Farm Management
The Canadian Prairies have been well-known foptieeuction of monoculture

cereal crops, frequent use of summerfallow, andrestte application of
conventional tillage (Zentner et al., 2001; Zenteeal., 2002). Changes in farm
management practices are changing the Prairieicdystry: first, there is a trend
to increase crop diversification (Campbell et2002; Carlyle, 2002). Second,
summerfallow acreage is declining year to year (Qlaetl et al., 2002). Third,

conservation tillage has been adopted for its piatielo increase crop yields,



reduce labor and fuel use, and control soil erof@ebhardt et al, 1985; Zentner
et al, 2002). Fourth, there is continuous progneade in crop breeding and crop
adaptation programs and successful examples inthedéevelopment of canola
from rapeseed and the adaptation of durum wheaet8rown Soil Zones in
Saskatchewan and Alberta (Carlyle, 2002). Winteeathelates to all these

changes in farm management, which is discusseectios 2.3.3 and 2.3.4.

There are discrepancies and continuous changhs hefinitions and
classification of tillage systems (Fowler, 2002; A2, 2008). AAFC (2008)
describes no-till (zero tillage) as a tillage syst@hich avoids all tillage
operations and minimizes soil disturbance wheniagethd applying fertilizer.
According to the Soil Management Guide (MAFRI, 20)06-till is a tillage
system which allows some other low disturbancadél besides tillage for
planting, such as fall fertilizer banding with lasturbance openers. The latter
definition is used in this study. Appendix A proggldefinitions and classification
of tillage systems.

2.3 Winter Wheat
Winter wheat, one type of winter cereal, differsnfr spring wheat. The difference

between the two types of wheat does not only lilnénseeding time and
harvesting time. Winter wheat develops tolerandewotemperatures to survive
harsh winters. The biological process through witicbtains cold tolerance is
called cold acclimation or hardening-off. By cast; spring wheat does not have
such tolerance to low temperatures. Additionallinter wheat usually has higher
yield and lower protein concentration than sprirtgeat. Table 2.2 provides a

summary of points of comparison between winter whed spring wheat.

2.3.1 Winter Survival
The whole biological process of winter survivamvghter wheat is temperature

regulated. Figure 2.7 summarizes the stages inglotvéhis process, adapted

from Fowler (2002). Since the crown of plants cargdissues which are vital to



winter survival, the soil temperature at the cradepth (i.e., five centimeters
below the soil surface; called CT in the followiogntext) is the key point in the
whole biological process. After seeding, winter ahenters an active growth
stage of four to five weeks if the CT is maintairsdxbve 9°C. It is most desirable
for winter wheat to have well developed crowns befoeezeup, but two or three
leaves are also enough for plants to enter thestage. Once the CT drops below
9°C, winter wheat experiences the process of codtiation (hardening-off)
which usually takes four to eight weeks. In thagst, if the CT rises above 9°C,
the cold acclimation process will be reversed aimdex wheat will lose cold
hardiness rapidly. Fully acclimated winter wheatdhgeto maintain its cold
hardiness to survive winters by satisfying seveoaditions: the CT is above
minimum survival temperature (MST) of plants; th€ i€ below freezing point;
no prolonged periods of cold weather; plants halemaate energy supply. The
first condition is also the most important one deg@ends upon air temperature
and snow cover in winter (Fowler, 2002). Figure .@vides a simplified
illustration of winter wheat survival. The mechanssinvolved in the biological

process are beyond the scope of this economic study

2.3.2 Concerns about Winter Wheat
Winter wheat has been one of the crop choicesablaito Prairie farmers for

many years. However, several constraints limitatreage of winter wheat grown
in this region. Winterkill, one of the most impartaconstraints, can result from
failure in any stage of the temperature regulatedess mentioned in section
2.3.1 as well as from crop diseases. Fowler (268gards low temperature
damage to the plant crown in winter as the mairsea winterkill in the
Canadian Prairies. For example, in Saskatchewamtld winters in the early
1980'’s resulted in an increase in the seeded dnemter wheat until 1986.
Colder winters after 1986, combined with stem amtlemics, drought, and
wheat price crashes, reduced the seeded areahengéiarly 1990’s (Fowler,
2002).
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When extreme low temperatures occur in winter, &imtheat may not be able to
overwinter unless special management practiceapked (Fowler, 2002).

Using special farm management practices is an isswéter wheat production
because winter wheat needs different managemectiqgas from commonly
grown spring wheat (Salmon and McLelland, 1999; leoy2002). Among the
special management practices, the choice of tilkygeem is crucial for winter
wheat survival (Fowler, 2002). Early winter wheatwgers used conventional
tillage systems. These systems were risky on tagi€s because field crops have
direct exposure to cold temperatures, resulting igh frequency of winterkill if
the winter is extremely cold (Fowler, 2002). Ineatyears, producers have

changed the tillage systems used with growing wiwtgeat.

Another concern with winter wheat relates to prmotevels. Winter wheat
generally has lower protein levels than spring wif€able 2.2). Additionally,
some older cultivars of winter wheat are not corapha to spring wheat in
milling and baking quality (Salmon and McLellan®9B; Fowler, 2002). These
low quality concerns may be considered by farmdremwfacing the choices of
growing winter wheat versus spring wheat. In sunymneold winters, potential
winterkills, lack of special farm management preesi, and lower quality
contribute to the relatively small acreage of wintdaeat grown in the Canadian

Prairies.

2.3.3 Changes to Winter Wheat
Several changes occurred to winter wheat in regeguts, and the most important

one is the change from conventional tillage systenstubbled-in systems. The
high risk of winterkill during the Prairie wintersakes the choice of tillage
system especially important for winter wheat sualiyn the stubbled-in system,
the snow cover trapped by the standing stubbleeafipus crops helps to insulate
winter wheat from extreme temperatures in wintémsaler, 2002). For example,
in Saskatchewan, field studies have shown thasdildemperature on stubble

fields with two inches of snow cover can be 10°@hler than neighboring bare
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summerfallow fields (Fowler, 2002). The stubbledsystem reduces the risk of
winterkill and makes winter wheat more adaptivéh® Canadian Prairies. A
research project initiated in 1976 by the Univgrsit Manitoba found substantial
improvements in overwinter survival of winter wheader a no-till system
relative to a conventional tillage system (Routk@83). Furthermore, standing
stubble from previous crops reduces the loss afigoil moisture, and the snow
trapped enhances moisture conservation (Fowleg;28A8F, 2005). Thus, using a
stubbled-in system can relieve the two major pnoisldow temperatures and lack
of water, in crop production on the Prairies. Thaeshdesirable snow pack for
winter wheat survival is loosely packed and uniflyraistributed over the fields
before temperatures reach critical levels (Fowde02). Deeper snow cover
usually relates to better winter survival of cropst also increases the chance of

crop diseases, such as snow mold (Fowler, 2002).

Besides tillage systems, much experience has lmeemalated in other farm
management practices for winter wheat productiohRR, 2007; MAFRI 2008).
A combination of effective management practicesluding recommended
seeding date, shallow seeding, stubbled-in syspeoper fertilization, and moist
and weed-free field, can minimize the risk of wriktk (Fowler, 2002). Thus, it is
more technically feasible to grow winter wheathe Canadian Prairies now than

in the past.

The qualities of winter wheat, such as protein eotr@ation, milling quality, and
baking quality, have improved with the developmaimew cultivars (Fowler,
2002; Salmon and McLelland, 1999). This createodppities for winter wheat
exports. Fowler (2001) identified other market oppities for winter wheat,

such as domestic feed and commercial alcohol ptamuc
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2.3.4 Advantages of Winter Wheat
Winter wheat, combined with the stubbled-in systard diversified crop

rotations, has a number of agronomic, environmeatad economic advantages.

These advantages are discussed as follows:

2.3.4.1 Higher Yields
Winter wheat usually has higher yields than spuimgat (Salmon and

McLelland, 1999; Heaney, 2000; Fowler, 2002; McKen2007). Salmon and
McLelland (1999) and Heaney (2000) estimated a 16% yield advantage of
winter wheat compared to spring wheat, while McKerf2007) suggested a 20%
yield advantage. Another example is a 17-year tiedd which proved that

stubble seeded Norstar winter wheat can have d glantage of 36% compared
to stubble seeded hard red spring wheat (Fowl€2)0

Based upon annual data from CANSIM Il, Yang e{2007) compared winter
wheat yield to spring wheat yield at a provinceldl. Descriptive statistics for
provincial average wheat yields are provided inl@ @03. Winter wheat out-
yields spring wheat on average, but its variabilityield is also higher than
spring wheat (Yang et al., 2007). For example, fd®81 to 2006 in
Saskatchewan, the average yield of winter whe2®.i86bu/ac which is 6.3%
higher than spring wheat; the standard deviatiomiofer wheat is 7.66bu/ac
which is 53.8% higher than spring wheat (Yang gt24107). Appendix B
provides historical trends of wheat yields in eRchirie Province.

To examine the yield difference between winterd/ihd spring wheat, Yang et

al. (2007) estimated the following model using pinevincial level yield data:

Log(Yield) = 5, + BT + B,AB+ B,MB + B,winter + S, (T [Winter) +e
(2.1)
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where:

Variable| Definition

Yield Wheat yield in bu/ac, which is converted toaural log value for use
as the dependent variable

T A time trend variable (T=year-1980)
AB A binary variable (=1 for Alberta, and O othes®)
MB A binary variable (=1 for Manitoba, and 0 othés®)

winter | A binary variable (=1 for winter wheat, addor spring wheat)

T-winter | An interaction variable which is the product of tiree variable and
the dummy variable representing winter

e Error term

The period of study is from 1981 to 2006. As theebease, Saskatchewan is
dropped from the regression. Table 2.4 presenteetiression results. Winter
wheat yield is 11.3% lower than spring wheat in1.98uring the first eight
years, spring wheat out-yields winter wheat. Howewenter wheat yield
becomes higher from the ninth year due to the exttraial increase of 1.3%
relative to spring wheat. At the end of the timeige winter wheat is predicted
to have 22.0% higher yield than spring wheat irhgaovince. From the
regression results, winter wheat is found to inseegeld faster than spring

wheat.

2.3.4.2 Lower Production Costs
The growing cycle of winter wheat can largely avtiid hazardous effects of fall

frosts, summer droughts, insects, diseases (Rol#g83), and spring emerging
weeds (Salmon and McLelland, 1999). Consequemipyticosts of winter wheat
are usually lower than spring wheat since lessg@éstand herbicide is needed
(Fowler, 2002). For example, based upon the prasfihudget data (AARD,
2000 - 2003; AARD, 2004 - 2008), in the Alberta b&rown Soil Zone, the
average annual variable expense of stubble seeui¢er wheat from 2000 to
2008 is $106.00/ac which is 12.6% less than stutdsteled spring wheat at
$121.32/ac. The main difference between the cdsténter wheat and spring

wheat is chemical costs.
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2.3.4.3 Environmental and Agronomic Benefits
Reduced use of pesticide and herbicide protectsriieonment besides lowering

production costs (Fowler, 2002). Stubbled-in wintteat results in less
disturbance to soil and wildlife since the standstpble of previous crops
provides crop residue cover on the soil surfacenduall and winter, which
reduces soil erosion by water and wind, and previtesting habitats and
protection for wildlife (Salmon and McLelland, 19%owler, 2001; Fowler,
2002). Winter wheat has a longer growing periodicins helpful to reduce
summerfallow area (Fowler 2001; Fowler 2002). Mersrowinter wheat uses
early spring moisture more efficiently than sprimigeat by rooting to depth
earlier (Fowler, 2002; SAF, 2005).

2.3.4.4 Redistribution of Farm Workload
Winter wheat redistributes workload of farmers (R@, 1983). The seeding time

of winter wheat is late August or early Septembhbiclv may conflict with the
harvesting time of spring wheat (Fowler, 2002). léger, incorporating winter
wheat into crop rotations can help farmers spreddarvest if proper farm
management practices are combined with good tinraegement (Salmon and
McLelland, 1999; McKenzie, 2007).

Stubbled-in winter wheat, with winter hardinesstwovive the Prairie winters, has
economic, agronomic, and environmental advantagessaussed in this chapter.
With the accumulation of farm management experigespecially in tillage
system, winter wheat production becomes more teahpifeasible. Improved
quality is another change to winter wheat. Howesaecording to the crop acreage
statistics, winter wheat is still far behind otineajor field crops in terms of
seeded area in the Canadian Prairies. This studteisded to shed some light on
farmers’ choices of growing winter wheat versusrgpwheat from an economic
view. In the following chapters, winter wheat isther investigated by comparing

its economic costs and benefits.
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Table 2.1 - Soil Characteristics in the Canadian Rairies

Soil Zone| Average SOC Texture | Topography Constraints
Depth of the for Crop
of Surface | Surface Production
Layer (cm) | 30cm of soil
(%)
Brown 12.5 2 Mostly | Nearly level | Moisture
Soll medium | to very hilly | deficit, wind
erosion,
salinity
Dark 17.5 4 Mostly | Nearly level | Moisture
Brown medium deficit,
Soll salinity
Black 20 -25 7 Mostly | Level to N/A
Soll medium | gently
rolling
Grey 5 1-10 Sandy n/a Early fall
Luvisols frost, water
erosion

\"2J

Note: SOC represents soil organic matter; n/a sgmts not available.
Source: adapted from Campbell et al. (1990)

Table 2.2 - Comparison between Winter Wheat and Sjpng Wheat in
Western Canada

Winter Wheat versus Spring Wheat

Seeding Time

Winter wheat is seeded in late Augustarly September
whereas spring wheat is seeded in spring.

Harvesting Time

Winter wheat is harvested late dulgarly August which
is earlier than spring wheat.

Winter hardiness

Fully acclimated winter wheat Wager hardiness,
whereas spring wheat does not have winter hardiness

Yield

Winter wheat usually outperforms spring whieayield
when it is successfully overwintered.

Protein concentratio

nWinter wheat has lower protein concentration thanmg
wheat because higher yield often relates to lowetemn
concentration at similar soil nitrogen levels.

Source: adapted from Fowler (2002)
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Table 2.3 - Comparison of Provincial Average WheaYields (1981-2006)

Province Wheat Mean (bu/#&@fandard Deviation
(bu/ac)
Alberta Winter 38.0 9.0
Spring 35.b 6.0
SaskatchewgWinter 30.3 7.7
Spring 28.5 5.0
Manitoba  Winter 38.9 13.8
Spring 34.1 5.8

Source: Yang et al. (2007)

Table 2.4 - Regression Results of Winter Wheat Yig$ versus Spring
Wheat Yields in Alberta, Saskatchewan and Manitoba

Variable Estimated CoefficientP-value
Time trend| 0.0112 0.001
AB 0.2303 0.000
MB 0.2049 0.000
Winter -0.1131 0.111
T-winter 0.0128 0.006
Constant 7.3792 0.000

Note: The dependent variabld.isg(yield) .

R-squared = 0.4151; Number of observations = 156
Source: Yang et al. (2007)
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Figure 2.1 — Seeded Area of Field Crops in the Cadan Prairies (1908-

2008)
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Figure 2.2 - Seeded Area of Spring Wheat versus Wer Wheat in Alberta
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Figure 2.3 - Seeded Area of Spring Wheat versus Wgr Wheat in
Saskatchewan (1908-2008)
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Figure 2.4- Seeded Area of Spring Wheat versus Wiet Wheat in Manitoba
(1908-2008)
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Figure 2.5 - Seeded Area of Spring Wheat versus Wir Wheat in the three
Prairie Provinces (1908-2008)

35

EWinter Wheat
30+ |0OSpringWheat|--- - A

Million Acres

0 N © O I 0O N © O I 0O N O O ¥ 0 N O O I 0o N © O T ©
O o d NN N N O O I I F O 0O © © ©O© N~ K~ 0 O 0O O O O O O
D O O O O O O O o O O o 0O 0o o 0o o 0o o o o o o O O O
L I I R T . e I I T e L D I D B I T R e B oV A S U o\

Year
(Source: CANSIM 1, 2009)

Figure 2.6 - Seeded Area of Winter Wheat in the Piige Provinces (1976-
2008)
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Figure 2.7 - Winter Survival of Winter Wheat
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Source: adapted from Fowler (2002)
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Chapter 3 Methodology

This chapter discusses and compares differentatdpitigeting techniques, and
chooses one of them to evaluate winter wheat ptagudOptions with respect to
farm modeling approaches are also discussed. Tpestyf widely used farm
modeling technigues, optimization and simulatioe, r@viewed and compared. A
choice of methodology for the purpose of this stisdyade based upon these

discussions, followed by an illustration of the slation model structure.

3.1 Capital Budgeting
Copeland and Weston (1988) pointed out the fund&ahenterion of decision

making, otherwise known as the objective of thefiis to maximize
shareholders’ wealth. The criterion is based uperassumption of perfect
certainty. More specifically, the time value of negr(interest rate) and all future
payoffs from the investment decisions are assumée known with certainty.
Additionally, there are no imperfections, suchrass$action costs, existing in

capital markets.

Maximization of shareholders’ wealth is equivalentmaximization of the
discounted cash flows from investments (Copelart\Vd@eston, 1988). In this
study, growing winter wheat is the investment urmersideration, and all
expected cash flow from this investment can beredgd. The only question left
is how to evaluate the investment, which requinegstment decision rules,
otherwise known as capital budgeting techniques. Sdtected capital budgeting
technique should be consistent with the objectivmaximization of
shareholders’ wealth. For this purpose, Copelandvaaston (1988) suggested
four criteria to choose a capital budgeting techaitp evaluate a project:

e Consider all cash flows;

e Discount the cash flows with the market-determiaopgortunity cost of

capital,
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e Be able to choose one project to maximize sharensldvealth from
mutually exclusive projects

e Be able to consider projects separately, which mdaat each project is
considered on its own

There are four commonly used capital budgetingrtegles; net present value,
payback period, accounting rate of return, andaerate of return. They are
discussed and compared based upon the four criteria

3.1.1 Net Present Value
The Net Present Value (NPV) is defined as the pitesadue of expected cash

inflows minus the present value of expected casfioous (Seitz and Ellison,
2005). To calculate the present values, a disc@iatwhich represents the
opportunity cost of capital is chosen to discouhfudure cash flows. NPV, based
upon cash inflows and cash outflows of all periaggxpressed by Seitz and
Ellison (2005) as follows:
CH CF, CF,
= 1T 2 Tt n 0
@+r)y: (@+r) @$+r)

Z 1+ r) o (3.1)

t=1

where CF, is the net cash flow (i.e., cash inflow — cash lowtj at the end of

periodt ¢ =12,...,n); I,is the initial outlay;r is the discount rate.

Brealey et al. (2007) suggested four steps to U®¢ td make an investment
decision:

Step 1: Estimate cash flows of a project in aliiperiods.

Step 2: Choose a discount rate for the project.

® Mutually exclusive investments are investments taapete with each other and only one of
them can be chosen (Brealey et al., 2007).

* The fourth criterion is known as the value-addliiprinciple, which implies that the value of a
firm is the sum of the values of separate projactepted by the firm (Copeland and Weston,
1988).
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Step 3: Discount future cash flows with the disdaarte.
Step 4: Add all the discounted cash flows altogettied subtract the initial
outlay.

Whether an investment is acceptable or not depepals the sign on its NPV. If
the NPV is positive, the investment is acceptafifleerwise, it is not (Copeland
and Weston, 1988; Ross et al., 2007). When facigap of mutually exclusive
projects, the project with the highest NPV is seldcThus, the technique of NPV
meets all the four criteria mentioned above: ie&kto account cash flows in all
time periods of a project; it takes the time vadfienoney into consideration by
discounting the cash flows with the opportunitytaafscapital; it is able to
compare mutually exclusive investments; it congdere project independently
from others (Copeland and Weston, 1988; Ross,2@0.7; Brealey et al., 2007).

3.1.2 Other Capital Budgeting Techniques
The payback period of a project is an estimatéeftime required to recover the

initial investment (Copeland and Weston, 1988; Rasd., 2007). Whether a
project is acceptable is determined by compariegotiyback period to some
specified time period. Using this technique, thejgat with the shortest payback
period is selected from a group of mutually exalagirojects. One limitation of
this technique is that it does not consider alhdésws of a project so that it may
ignore large negative cash flows in the last yeathe project. Another limitation

is that it does not discount cash flows, so it ig@sahe time value of money.

The accounting rate of return (ARR) is the avenaigdit after tax divided by the
initial cash outlay (Copeland and Weston, 1988;sRxsal., 2007). The ARR is
compared to a target value to decide whether tea project. The project with
the largest ARR is chosen from a group of mutuakgiusive investments based
upon this investment decision rule. This technigusot preferred because it does
not take into account the time value of money. Aroproblem with this
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technique is that it considers accounting profitd,cash flows when making

decisions.

The internal rate of return (IRR) of a projecths discount rate that leads to a
zero NPV for the project (Copeland and Weston, 188&s et al., 2007). The
IRR is compared to the required rate of returngtednine whether a project is
desirable. Among a group of mutually exclusive pctg, the project with the
largest IRR is preferred using this technique. IR, NPV, takes into account
all cash flows and discounts the cash flows. Howethe discount rate in this
technique is not the market-determined opportuost of capital, but the IRR
itself. This leads to an incorrect reinvestmeng esumption which assumes that
shareholders can reinvest funds in projects wighséime risk using different
discount rates. Another problem of using IRR toadeone project from a group
of projects is that different choices may occur whensidering each project in
isolation and in combination with other projectsofdover, multiple rates of
return may occur if the signs on cash flows changee than once.

From the above discussion, payback period, ARRIRRdJall violate some of the
investment criteria. None of them can guaranteeesstully choosing projects
which fulfill the wealth objective of the firm. NP the only capital budgeting
technique consistent with maximization of sharebrdtwealth, so it is used to

build farm models in this study.

3.1.3 Determining a Discount Rate for NPV
Since NPV is the chosen capital budgeting techniguiscount rate is required.

The riskiness of cash flows is reflected by thealist rate (Sharpe et al., 2000).
To calculate how much money needs to be investedtombtain a certain
amount of return in the future. an expected rateetfrn needs to be known. Ross
et al. (2003) suggested that a risky security @nlly be held “if its expected

return is high enough to compensate for its rigk"244). Consequently, the

expected rate of return of comparable investmeatradtives (i.e., investments
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with a similar level of risk) is often used as aatiunt rate for a project (Brealey
et al., 2007).

This study uses the theory of Capital Market Li@&1() to calculate the
expected rate of return of crop farms. Figure &dppted from Ross et al. (2003),
illustrates the theory of CML. The feasible seteturities, also called
opportunity set of securities, includes all thegdole portfolios. Every point on
and within the feasible set represents a possdaergy portfolio defined in terms
of its expected return and standard deviation wirns. The line which starts from

risk-free rater; and is tangent to the feasible set is the CML wisalegarded as

the efficient set of all risky and riskless ass8iace the CML is tangent to the
feasible set, it provides the highest expectedmatiat can be achieved among all

the possible lines which start fram and have the same standard deviation. The

tangent point B represents the optimal portfolisisky assets with riskless
borrowing and lending. If investors are more rigskrae, they will probably
choose point C (i.e., lend money to decrease @asisgts); if investors are more
risk seeking, they will probably choose point A (j.borrow money to increase

risky assets) (Ross et al., 2003).

The CML theory was used by Miller (2002), Cortu6@3), and Koeckhoven
(2008) in their farm-level studies to calculate exjed rates of returns and then
the discount rates in NPV analysis. Sharpe e2@D() suggested a formula based
upon the CML theory to calculate the expected oateturn of a project:

_ Fm - r.f
r,=ry + g, (3.2)
Um

wherer  is the expected farm return; is the market risk-free ratg;, is the
expected market returier,, is the standard deviation of market portfolim, is

the standard deviation of the farm’s return. Thetival intercept of CML isr, ,
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r.—r
the market risk-free rate. The slope of CML{J}?—f}, the difference in
o

m

expected return between the market portfolio aedigk-free asset (i.e.,

rm—r, ) divided by the difference in their risks (i.er, ~0=0, ). The

difference in expected return between the markefgim and the risk-free asset

is called the market risk premium (Ross et al.,300

The rate of return of treasure bills issued by gorent is often regarded as the
risk-free rate (Ross et al., 2003). A broad-basééx, such as Toronto Stock
Exchange 300 Index, can be used to estimate thectegreturn and standard
deviation of market portfolio since it is “a goorbgy for the highly diversified
portfolios of many investors” (Ross et al., 2003290). The volatility of farm
return determined by Cortus (2005) is used as detility of farm return in this

study.

3.2 Farm Modeling Techniques
Budgets can be classified into four basic typeslediarm budget, enterprise

budget, partial budget, and cash flow budget (Ql2604). Whole-farm budgets
deal with the entire farm business; enterprise btglfpcus on a specific crop or
livestock type; partial budgets study changes mespart(s) of a business; a cash
flow budget involves a cash analysis of a busiiPsdésted and Gutierrez, 2007).
This study mainly uses cash flow budgets, combuagid other types of budgets,
to address the investment problem. Cash flow budgetmarizing all projected
cash inflows and cash outflows during the periodtatly, involves many
important aspects in a farm business, such asvidaation of financial feasibility
of a new project, estimation of borrowing needdljtsitio repay loans, and timing
of financial activities (Kay et al., 2008). Cropterprise budgets are examined
and combined together to form the whole-farm budgattial budget is also
considered since the study deals with the charmge §rowing spring wheat to

winter wheat. As with all the other farming actieg, winter wheat production has
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risk involved. A single budget generates a singilt which provides too little
information and may be misleading (Vlahos, 1997%).eXtension to single

budgets is discussed later in this chapter todghlrisk in agriculture.

Whole-farm decision making deal with large amowftsformation, including
farmer’s knowledge, machinery, economic relatiopsholicy, weather, and
environmental concerns (Pannell, 1996). In thesidecimaking process,
integrating and analyzing all the information ismedifficult than collecting the
information (Pannell, 1996). Farm models are koikvaluate information and
assist in making decisions. The increasing complextid significance of farm
planning in agricultural production requires mooenfial planning techniques
(Glen, 1987). Development of farm-level models &dsng history in North
America and a lot of modeling experience has beenraulated since the first
computerized farm-level models were developed énetrly 1950’s (Klein and
Narayanan, 1992). Optimization and simulation & iinajor types of techniques
to build farm models.

3.2.1 Optimization
Optimization, also called mathematical programmmgximizes or minimizes an

objective function, subject to a set of constraifitse objective function usually
takes the form of profits to be maximized or castbe minimized. Optimization
is widely used to build farm models and includdfedent programming

techniques.

Linear programming (LP) optimizes a linear objeetiunction subject to a set of
linear constraints. It has extensive and flexilgpligations in farm planning, such
as finding optimal crop mix to maximize farm reveraubject to a group of
constraints on farm resources. Boehlje and Whi#&9) modeled production and
investment decisions by developing a multi-periétdrhodel to formulate the
growth process of a hypothetical corn-hog farmantaal Indiana. Barry (1972)
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established a multi-period LP model to examineifieences of asset

indivisibility on various measures of farm growtr f» cash grain farm.

Mixed integer programming (MIP) is LP with sometloé unknown variables
being constrained to take on integer values.dftesn used to model crop and
machinery choice problems (Danok et al., 1980).dxample, a MIP model was
developed to incorporate weather variability andasg® optimal crop and
machinery plans for a 600-acre cash grain farnentral Indiana (Danok et al.,
1980). Reid and Bradford (1987) also developed kitperiod MIP model to

decide optimal machinery investment for a beefdertarm.

Goal programming (GP) is an extension to LP. lisleath a number of goals,
and each goal is given a target value and a welgi#.objective function of GP is
to minimize the deviations between the target v@ared the actually achieved
values of all goals based upon predetermined wei§kheeler and Russell
(1977) applied GP to address the planning probfema mixed 600-acre farm,
taking into account several goals. However, thewdfficulty in finding values of
goal targets and goal weights when applying GPr(&aet al., 1982). GP models

may also contain nonlinear functions (Ignizio, 1p78

Hardaker et al. (2004) suggested some limitatidrid?’o LP assumes linearity
which is usually not the case in reality; the linehjective function is a problem
of LP to cope with risk; coefficients in LP modetaegarded as known
constants, which makes LP hard to deal with rils (problem also applies to
most optimization techniques). Many efforts haverbmade to tackle risk
problems within LP framework. Rae (1971) establisaaliscrete stochastic
programming (DSP) model for farm management torpa@te stochastic
variables in a LP model. DSP is suitable for decisiproblems which have
sequential nature and can model risk in both caim and input-output
coefficients (Hardaker et al., 2004). However, camponal difficulty cannot be

avoided in large multi-stage DSP models (Hardakat.e2004).

29



Quadratic programming (QP), a nonlinear optimizatiechnique, calculates
efficient E-V pairs by optimizing a quadratic olijge function subject to a set of
linear constraints. E is expected income; V is eisged income variance. QP
seeks optimal farm plans with minimum associatedrnme variances at the given
levels of expected income. Scott and Baker (19@2pted a QP model to select
an optimum plan for a Midwest corn-soybean farmei®i(1976) used QP
technique to evaluate the influence of yield uraiaty on resource allocation of a
Chinese village. QP incorporates risk in modelimgf, users of this technique
need to know the values of some parameters firsh) as the mean gross margins
of each farm plan and corresponding variances awdriances, all of which are

need to be obtained through estimation (Hazell 1197

Optimization has been widely used in farm-level elod) as earlier discussed.
However, some limitations of optimizations can benmarized based upon
Hardaker et al. (2004): first, some optimizationd®lg, such as LP models, are
regarded as not realistic; second, some optimizatiohniques fail to incorporate
complex relationships, such as risk and uncertathiyd, although efforts have
been made to incorporate risk into optimization giedchallenges still exist in
identifying the source and impact of risk, modelirglk, and finding appropriate
solutions; and fourth, incorporating risk into epization models may result in

more difficulty in computation.

3.2.2 Simulation models
Simulation, unlike optimization, does not involveximization of profit or

minimization of cost. Hardaker et al. (2004) defirsemulation as “the use of an
analogue in order to study the properties of tla sgstem” (p.158). A set of
parameters and equations are used to represemiai®ystem (Hardaker et al.,
2004). It usesomputer technology to numerically exercise a mealebserve
how the inputs of interest influence output perfante (Law, 2007). Simulation
is often used to address “what-if’ questions sih¢gan imitation of reality. It
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explores a system without actually changing it enaluates a decision without

actually implementing it (Evans and Olson, 2002).

Stochastic simulation, one type of simulation, dedth uncertainty and risk. It
incorporates random or stochastic components glexted variables and
relations in the form of probability distributiofidardaker et al., 2004). A
stochastic simulation model provides probabilitstdbutions of both parameters
in interest and possible outcomes, resulting ietéeb understanding of risk
(Vlahos, 1997).

Simulation is used to study a wide range of prolsl@magriculture, such as
analyzing harvest machinery capacity with regarde¢ather risk (Donaldson,
1968), determining the effects of alternative mesttrol strategies on the
Mexican bean beetle control (Reichelderfer and BentB79), evaluating
irrigation system investments in the coastal plagggons (Amerling, 1983),
analyzing barley leaf rust epidemic to predict tedlayield reduction (Teng et al.,
1977), and examining sheep grazing system of athggtioal farm (Cacho et al.,
1995). More recent applications of simulation imidwetermining impacts of
environment programs on dairy farms (Huylenbroddk.e 2000), studying
integrated crop-livestock farming systems (Thorrdad Herrero, 2001),
evaluating riparian management strategies (Mi2602), examining the
economic feasibility of wetland drainage (Cortu802), investigating nutrient
conservation technologies and strategies on darmgs (Rotz et al., 2006),
examining warm-season grass production in warm ¢eate regions (Corson et
al., 2007), and analyzing costs and benefits df Im@magement practices in a

watershed area (Koeckhoven, 2008).

Some researchers used simulation techniques tesslgroblems related to farm
production plans in Western Canada, which is ofi@aar interest to this study.
Zentner et al. (1978) developed a farm planninguation model for grain farms

in the Brown Soil Zone in Western Canada to test a@p alternatives. The
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model inputs included available resource, produciiod management
alternatives, prices and technical coefficientsspeal financial data, and
additional constraints (Zentner et al., 1978). Kland Sonntag (1982) established
a bioeconomic firm-level simulation model for befef,age, and grain farms in
Western Canada to evaluate various managemerdggtst Gary et al. (1996)
used the technique of simulation to compare a tibage system to a

conventional direct-seeding system in a centrak&akewan farm.

Debertin and Pagoulatos (1992) mentioned thatdisinctions between
computer simulation and mathematical programmiego@coming increasingly
blurred” (p. 14). In fact, many efforts have beead® to combine the two
methods together. For example, an integrated opditioin-simulation model was
developed by Mishra et al. (2005) to evaluate miajyation projects in India.
Another example is stochastic optimization modelsetbped by Wilson et al.
(2005, 2006, and 2007) to explore costs and rislsnoarketing system which
contains both genetically modified (GM) wheat and1&M wheat.

Simulation is preferred in this study based upoo teatures of the study itself.
First,awhole-farm budget is established to examine thec&dfof growing winter
wheat on the entire farm in this study. Simulatieodel is often used to develop
whole-farm budgets (Pannell, 1996). Second, tha dfthis study are stored and
managed in spreadsheets. The integration of sironlatodel and database is
helpful to analyze model inputs, outputs, and thedationship (Bechini and
Stockle, 2007). Additionally, simulation has a flge structure to incorporate

complex relationships (Hardaker et al., 2004).

Hardaker et al. (2004) suggests using stochastigdding to account for risk in
agriculture. Stochastic budgeting is a sub-categbstochastic simulation.
Combining cash flow and stochastic simulation tddoiarm models, otherwise
known as stochastic budgeting, can be found imakearch work of Miller
(2002), Cortus (2005), and Koeckhoven (2008). Bhisly also combines cash
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flow and stochastic simulation to establish farwelemodels. Monte Carlo
sampling is used to generate input values. Usiisgsimpling technique, a set of
random draws of inputs from specified probabilitytdbutions leads to an
evaluation of the model, which is called an itemat{Hardaker et al., 2004). A
predetermined number of iterations generate prdibabistributions of outputs if
the number of iterations is large enough. In thiewang chapters, NPV
stochastic simulation models are built for représtve farms to evaluate the
economic feasibility of winter wheat productiontire Canadian Prairies.

3.3 Simulation Model Structure
Figure 3.2 displays simulation model structure Wwhiwludes all components and

the relationships between them. Winterkill risksigchastic, and it influences
winter wheat yield throughout the simulation. Mostp yields except winter
wheat are constant, but barley yield may have sdmages in certain
circumstances (refer to section 4.3). All the gpoiges are constant. Crop
rotations, including rotations before and afteiomporating winter wheat, are
predetermined. Crop acres are also predeterminegpefor barley, which is
explained in section 4.3. Crop production generatep revenues and input costs.
Crops yields and crop prices jointly determine ameyenues, which consist of
cash inflows in the model. On the other side, énguit costs determine cash
outflows. Cash inflows and cash outflows are coradiito generate net cash flow.
Detailed economic relationships and how to modstisistic winter wheat yields
are discussed in Chapter 4.

33



Figure 3.1 - Capital Market Line
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Figure 3.2 - Simulation Model Structure
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section 4.3).
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Chapter 4 Representative Farms and Empirical
Model

Details of representative farms, such as farm smghinery complement, and
crop rotations are presented in this chapter. Boaneelationships on revenues,
input costs, and discount rate are discussed aodgarated into simulation
models. Stochastic implementation is presented antintroduction of a random
variable which is related to cold tolerance. Wintéreat yield models are
described. An overview of analyses performed orett@omic viability of winter
wheat is presented, including scenario analysissigeity analysis, and elasticity

analysis.

Default data used in simulation models are averaf2807 and 2008 provincial
budget estimates: Production Costs and Returns (A\AR07 and 2008), Crop
Planning Guide (SAF, 2007 and 2008), and Guidelioe&stimating Crop
Production Costs (MAFRI, 2007 and 2008). The omigeption is that crop yields
in Manitoba are average yields for 2006 and 200mflield Manitoba (MASC,
2007 and 2008). All of these data are presentégppendix E. The data use

permission from Statistics Canada is in Appendix F.

Some data are missing and these must be dealfavithe purpose of the study.
For example, to handle missing data for winter wiyeslds, prices, and input
costs in some province-soil combinations, the ratispring wheat data to winter
wheat data is assumed to be the same between arsptlizones in the same
province. Consequently, the missing winter whe#a fiar the target soil zone are
calculated by adjusting the spring wheat dataferdame soil zone using the ratio
of spring wheat to winter wheat data for anoth@rzme in the same province in
that year. Data for yields and costs of fallow sekdrops are missing in some
years. For a particular crop, the same ratio israssl to exist between stubble
seeding data and fallow seeding data within a peBAsoil combination between
any two years. The missing fallow seeding datanyspecific year are calculated
using the stubble seeding data for that year amdatio of stubble to fallow
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seeded crop in another year. There are some otksingndata, such as building
replacement cost and labor related costs, in tdgdtuables of one or two
provinces. The values of these categories are asbtorbe the same across the

Prairie Provinces, so the values of one provineeuaed for other provinces.

4.1 Representative Farms
The representative farms used in this study ane fenons and other agricultural

activities beyond crop production are not consideio livestock or other type

of farm enterprise is discussed or modeled in tiaysis.

4.1.1 Farm Size
As earlier discussed, this study includes nine ipi®+soil combinations: Alberta

Black Soil Zone, Alberta Brown Soil Zone, Albertaf® Brown Soil Zone,
Alberta Grey Soil Zone, Alberta Peace Region, Sasleavan Black Soil Zone,
Saskatchewan Brown Soil Zone, Saskatchewan DankB&oil Zone, and
Manitoba.. Farm sizes vary across the Prairiess@eof Agriculture 2006
(Statistics Canada, 2007) provides data on the ewsrif farms and total area of
farm land by census division (CD) in each proviridee maps of CDs for each
Prairie Province are displayed in Appendix C. Talflel — 4.3 list the maximum
and minimum of average farm sizes of every CD, Wipiovides a range of farm

sizes in each province.

Average farm size widely varies between CDs withjprovince: Saskatchewan
varies from 973 to 3,273 acres; Alberta varies febf3 to 3,927 acres; Manitoba
varies from 347 to 2,432 acres (Tables 4.1 — 4n3he present study, a farm size
of 2,000 acres is used as a general assumptiail fmrovince-soil combinations.
This size is chosen for three reasons: first,gtas lies in the ranges of the
average farm sizes in Tables 4.1 — 4.3. Seconaljeetive of the present study
is to examine the economic effects of incorporatimgter wheat into a four-year

or five-year crop rotation, so a farm size which sapport production of four or
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five types of crops is appropriate. Finally, thé®Qéacre size assumption makes
the comparison of economic influences of growingtes wheat between soil

zones and provinces more straightforward.

4.1.2 Machinery Complement
The 2000-acre representative crop farm needs aineglcomplement which

can complete all cropping activities within thenfarCortus (2005) discussed two
methods to determine a machinery complement fepeesentative farm. One
method is to use a machinery selection algorithemdhk et al. (1980) applied the
technique of mixed integer programming to choosexa machinery sets and
crop plans with regard to stochastic weather camtit Rotz et al. (1983)
developed a computer algorithm to select machinengplements for both
conventional and conservation tillage systemsnakito account different soil
types and weather probability levels. However,adpgmal machinery
complement selected by an algorithm is usually En#ian real farms due to
farmers’ risk consideration (Rotz et al., 1983)rars tend to choose a larger
machinery complement to reduce time and weathateelrisks in farming

activities.

Given the gap between an optimal choice and raatsn, Cortus (2005) chose
another selection method to determine a machinemptement. A machinery
complement for a Saskatchewan crop farm was datedrby Cortus (2005)
based upon field operations necessary for the fanme, available for field
operations, and weather conditions. Koeckhoveng&pao used this method to
choose a machinery complement for a livestock aogd mixed farm in southern
Alberta. This study uses the method developed byw&€¢2005) and Koeckhoven
(2008) to build a machinery complement for a craxprf in the Alberta Brown
Soil Zone (Table 4.4). It is established by choggower equipment based upon
horsepower to operate different types and sizesafn equipment for a 2000-
acre crop farm. Due to data and time limitatiohs study does not establish

machinery complements for other province-soil camabons.
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4.1.3 Crop Rotation
As a vital part of a cropping system, a crop rotais a “recurring sequence of

crops on a particular field” (SAF, 2004). A propeop rotation can maximize
farm economic returns and improve agronomic coolgj such as optimize
nutrient and water use, minimize disease problamd,control weeds (SAF,
2005). How to determine a crop rotation dependsiigumditions of an individual
field at a specific time period, including nutrisnmoisture, diseases, weeds,
herbicides, etc. (SAF, 2005). Additionally, farmeguipment, individual

preferences, and market conditions affect the ehoicrop rotation (SAF, 2005).

There are nine province-soil combinations in thiglg and each combination has
a 2000-acre representative farm. For every reptaes farm, a crop rotation
and number of acres for each crop in the rotasatetermined. There are two
factors considered in the decision-making proc®s& of them is crop area data
by census division (CD) from the 2006 Census ofiddture (Statistics Canada,
2007). In each province, one soil zone usually cowaore than one CD, but only
one CD is chosen to represent each province-spibamation based upon two
criteria: first, the CD must be completely or mpdticated in the target province-
soil combination; second, the CD has complete dataajor field crops. If more
than one CD meets the two criteria, the CD withléingest geographical area is
chosen. For Alberta, the CDs which are located astiy located in the irrigated
region are avoided because of the different farrpiagtices adopted in that
region. After the representative CD is decidedaf@rovince-soil combination,
crops are ranked by seeded area within the CD (AgigeD). Basically, four or
five crops with the highest acres are includedadrop rotation. The sequence
of the crops depends upon the other factor, cropragny. Some agronomic
factors, such as not growing continuous wheat aticoous barley (MAFRI,
2008) and alternating cereal and broadleaf cropSHRI, 2008), are taken into

account when making the crop rotation decisions.
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4.1.3.1 Determine Which Crop to Provide Winter Wheat with Standing Stubble
Within the crop rotation, the crop proceeding wintdaeat is of particular

importance since it provides winter wheat with diag stubble. The
effectiveness of standing stubble in trapping siowery important for winter
wheat to survive the harsh winters in Western Can@be snow trapping
potential of stubble depends upon its height amdithe (Fowler, 2002). Different
types of crops have different types of stubbleyltesy in different snow trapping
potential. Besides snow trapping potential, thecteld stubble should provide
some crop rotation advantages, such as reduced weedt, and disease
problems (Mckenzie, 2007; SAF, 2008). Table 4.®gia list of
recommendations on stubble choices for winter wheat agricultural
organizations and crop specialists. Because ofreumnow trapping potential
and crop rotation advantages, canola stubble isrgiy recommended for winter
wheat seeding, and barley stubble is also oneeotlibices. This study uses
canola as the first stubble choice, and in areayevbanola seeded area is
insignificant, feed barley is chosen to provide t@irwheat with standing stubble
for fall seeding.

4.1.3.2 Crop Rotation Choices for this Study
Based upon the above discussion, crop rotationsiamiber of acres for each

crop are determined for each province-soil comimnafThese are presented in
Table 4.6. According to Thoroughgood (2008), fasngsually switch from
spring wheat to winter wheat, and a combinatiospring wheat and winter
wheat helps to manage weather risk. In this sttalincorporate winter wheat,
half the acreage of spring wheat is replaced wititev wheat, which represents
the difference between the rotations before aret aftorporating winter wheat.
As the stubble source, canola or barley is followgdavinter wheat. All other
crops besides winter wheat in this study adoptldtubeeding, unless otherwise
specified. Stubble seeding and fallow seeding inltffierent yields and costs for

the same type of crop.
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The crop rotations determined for this study arenecessarily the crop rotations
adopted by Prairie farmers. From observing the il@gractivities in the Prairie
region, differences between the crop rotations usélis study and the reality are
expected. However, such differences do not harnptingose of this study. This
study assumes that winter wheat replaces halfgpvireat acreage if winter
wheat is incorporated into a crop rotation. Consedtjy, changes in other crop
types and acres can only shift the farm NPVs updaveh, but not affect the

NPV difference (NPV with winter wheat — NPV withoninter wheat). This is a

result from the model structure which is explaiiredection 4.3.

4.2 Economic Relationships

4.2.1 Revenues
The only source of farm revenues considered inghidy is crop sales since the

representative farms are crop farms. Every reptagea farm grows four to five
crops each year and every crop generates cropuevemop revenue for each
crop is calculated by multiplying its price ($/byijeld (bu/ac), and number of
seeded area (acre). Default crop acres in the atranlmodels are listed in Table
4.6. Default crop prices and yields, provided irpapdix E, are averages of 2007
and 2008 provincial budget estimates (AARD, 200d 2008; SAF, 2007 and
2008; MAFRI, 2007 and 2008) with an exception & Manitoba yields which
are averages of 2006 and 2007 data (MASC, 2002@08). There is no
adjustment for inflation. Because of the existeofceinterkill and possible
reseeding, winter wheat and barley may experieageshanges in revenue year
to year. Total annual crop revenue is calculatedduing up all crop revenues in

the same year.

4.2.2 Input Costs
This study only considers input costs related shdéows (Appendix E). For

example, there are costs of seed, fertilizer, chalsi trucking and marketing,

fuel, oil and lube, machinery repairs, buildingagp, custom work and hired
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labor, and utilities and miscellaneous listed asawde costs, while there are
machinery replacement cost, building replacemest, ¢icense and insurance,
and property tax listed as fixed costs. Machinepairs include minor machinery
repairs and replacement of machinery parts. Custork and hired labor, often
listed separately in a budget table, are treatemhasategory since there is no

need to separate them in the context of this study.

There are some explanations about the categoryaohmmery replacement. Since
the period of study is 30 years, there is a protdéout machinery depreciation
and replacement. This study uses cash flow moselsnly considers machinery
replacement. Machinery replacement is affected agynfactors, such as
replacement cycle and salvage value. To simpliértiodel, a constant amount of
money is assumed being spent on the equipmentyeacho maintain and

replace the machinery complement. An annual econdeyreciation rate of 8%
is chosen based upon the study of Untershultz amchdy (1996).

For Alberta, a machinery complement for the 200@& &cop farm in the Alberta
Brown Soil Zone is built with the help of Koeckhavg008). Current market
values of the machinery are provided by Koeckhq2€08) using data from
Ironsearch.coma website to trade new and used equipment inhNarierica.
The quantity of each type of equipment is multighli®y its price and then the
amounts spent on different equipment are summed fg@m a machinery asset
base for the representative farm (Table 4.4). Thelmmery asset base is
multiplied by the chosen depreciation rate to gateethe annual machinery
replacement cost which is further divided by 206fea to obtain the annual
machinery replacement cost, $30/acre/year. Howdévewalue of this category
from the provincial budget estimates (AARD, 200d &008) is $25/acre/year.
This study chooses the latter value since it matghevincial budgets. Other soil
zones in Alberta also use the provincial budgetreges (AARD, 2007 and 2008)

as a source of annual machinery replacement cost.
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For Saskatchewan, Cortus (2005) calculated theadmnachinery replacement
cost for a crop farm in the Saskatchewan Black Zaile. The result of
$19/acre/year is compared to the estimated $19e8j@ar in the same soil zone
from provincial budget estimates (SAF, 2007 and800here is no obvious
difference between the two values. This study cesdise provincial budget
estimates (SAF, 2007 and 2008) as the source afshnmachinery replacement

cost for each soil zone in Saskatchewan.

For Manitoba, there is no previous study found alowmual machinery
replacement cost. The estimated $25/acre/year firowincial budget estimates
(MAFRI, 2007 and 2008) is used in this study.

For building replacement, a constant amount of measmassumed being spent
each year to maintain and replace the buildinghEaovince uses provincial
budget estimates as the source for the categagrafal building replacement
cost. Default input costs are averages of 20072808 provincial budget
estimates provided on a per acre basis (AFRD, 20@72008; SAF, 2007 and
2008; MAFRI, 2007 and 2008) (Appendix E). Theraasadjustment for

inflation. For each crop, variable costs and figedts are added together and then
multiplied by the seeded crop acres to generatéasibput cost. The input costs

of all crops in the same year are summed up tdrobita total annual costs of the

representative farm.

4.2.3 Determining the Discount Rate
Section 3.1.2 introduced the CML theory to deteerempected rate of return and

therefore discount rate of a project. Accordingctpuation (3.2), the market risk-

free rate (, ), expected market returif (), standard deviation of market return
(0,,), and standard deviation of farm retum () are needed to calculate the

expected farm returnr().
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The yield on a one-year Government of Canada Trgdll on January 12, 2009
was 0.78%. This is used as the market risk-fre= Rabss et al. (2005) estimated
the expected market return, standard deviationarket return, and risk premium
to be 10.64%, 16.41%, and 3.84% respectively fora@an common stocks from
1957 to 2003 and these values are used in thelatouof the expected farm
return in this study. The volatility of farm retufor a crop farm in the
Saskatchewan Black Soil Zone from Cortus (2005)03%, is used. Using
Equation (3.2), the expected rate of return ofrenfes calculated as:

384%
1641%

F, = 078% +[ }x 3307% = 852% (4.1)

The choices of crop types are limited by agronocoieditions of an individual
field at a specific time period as earlier discds®esides, weather has a great
influence on crop production, and weather risksigegially important in this

study because the whole winter survival processiotfer wheat is temperature-
regulated as described in Figure 2.7. Consequehtl/study adjusts the discount
rate calculated from Equation (3.2) up to 10% bagazh risk consideration and a
review of previous studies in the same Prairiearedi.e., Cortus, 2005;
Koeckhoven, 2008). A possible reason for the lgweradjusted discount rate is
the low risk-free market rate which reflects theramic situation from the end

of 2008 up to now. Sensitivity analysis is conddabe the discount rate in the

simulations.

4.3 Stochastic Implementation
Cash flow models are built using a 30 year timezuoor to allow the flexibility to

capture the winterkill risk in winter wheat prodiact in the long run. Each cash
flow model includes a group of crops and each geaperates its own cash inflow
and cash outflow annually. In each year, all craghcinflows are combined to
form the total cash inflow, and all crop cash af are combined to form the
total cash outflow. The difference between thel twdah inflow and total cash
outflow in the same year is net cash flow whickursher discounted. All

discounted net cash flows over 30 years are added generate the NPV.

44



Appendix G provides an example of cash flows witheunter wheat production
in the Alberta Black Soil Zone. Since everythinghe base model is
deterministic, net cash flows are constant oveye&frs. When incorporating
winter wheat, net cash flows may change year to fggavinterkill and
reseeding. @RISK 5.0, a simulation package add@&tigrosoft Excel, is used to
run the simulation models and do the analysis. R@drlo simulation is
performed on cash flow models to calculate NPV€hEgeration of the Monte
Carlo simulation involves running a cash flow modeé time, generating one
NPV calculated over the 30 year period. 5000 itenstare performed in each
Monte Carlo simulation. One reason to use 500@titamns instead of fewer times
of iterations is that the computing time of 500#rattions is minimal for this
study, and the other reason is that 5000 iteratiogise output distributions more

stable and accurate than fewer times of iterations.

This study considers only winter wheat yield aglsé&stic in the simulation
models, where uncertainty of winter wheat yielgesifrom the possibility of
winterkill. There are two types of winterkill: corngpe winterkill and partial
winterkill. Complete winterkill is regarded as angplete loss of winter wheat and
the field is reseeded to barley in the spring, sdev wheat yield becomes zero.
Partial winterkill is regarded as a partial lossviriter wheat and the field does
not need reseeding. In this case, there is a pesitinter wheat yield but it is
below the default yield. Another two yield outconage considered: a default
year in which winterkill is not severe enough téeaf winter wheat production so
that winter wheat yield keeps the default valuel above default in which
winterkill is at a minimum level so that winter wateyield is above the default
yield. Complete winterkill, partial winterkill, datilt year, and above default
represents the four yield outcomes for winter wipgatduction and each of these
relates to a different response of winter whedtyi®imulation is used to mimic
the winterkill risk: a stochastic variable is edistied to determine which one of

the above mentioned outcomes occurs and to cadcodaitesponding winter
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wheat yield. Winter wheat price, as well as yieddsl prices for other crops, are

not stochastic in this study.

This study does not directly simulate winterkilt tavo reasons. One is that the
biological processes involved in winter survivas aomplicated (Figure 2.7).
How to scientifically define the above mentionedrfgield outcomes is beyond
the scope of this economic study. The other reastrat there is no need to
directly simulate winterkill for the purpose of $hétudy (i.e., examining the
economic feasibility of winter wheat production)néng all the questions related
to the four yield outcomes in winter wheat prodoctand winter wheat yields,
only two are of interest to this study: what is gnebability of each outcome and
how does winter wheat yield respond to each outGontee stochastic variable

mentioned above is used to evaluate the two quesstio

4.3.1 Stochastic Variable Related to Cold Tolerance
There are no historical or trial data on the praligds of complete winterkill,

partial winterkill, default year, and above defailhis study determines the
probability of each outcome based upon calculatawore using expert opinion as

a guide.

According to expert opinion (Thoroughgood, 2008 probability of complete
winterkill is approximately 5% and the probabildfpartial winterkill is
approximately 20%. The probability of the yield mgiabove default is the
frequency with which winter wheat yield is abovdedault yield. This depends
upon which group of yield data is observed and halefault yield is defined.
The annual provincial estimated yields in the Ataddark Brown Soil Zone from
2000 to 2008 (AARD, 2000-2003; AARD, 2004-2008) ehesen to estimate the

above default yield and probability. The mean amaddard deviation of the mean
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for the yields from 2000 to 2008 are calculatéthe default yield is calculated by
adding the mean and one standard deviation of ganrtogether. The yield of the
soil zone in each year during the time period impared to the default yield of
38.08bu/ac. Only one in nine years has a yielddndfman the default yield, which
suggests a probability of 11.1%. Any yield abowe dlefault yield relates to the
scenario of interest, so the probability of abogéadlt is 11.1%. Since the
simulation models use the budget averages of aitgpfdr 2007 and 2008 when
crop yields are higher than previous years, 15éhasen to be the probability of
above default. Subsequently, the probability obhd#fyear is calculated to be
60%. Thus, the probabilities of the four yield artes are determined: 5%
complete winterkill, 20% partial winterkill, 60% tdilt year, and 15% above
default. These probabilities are varied in the ademanalysis.

A cold tolerance related stochastic varialflevhich has a uniform distribution
(xO[0,1]) is built using the function “Define Distributichsn @RISK 5.0. A

uniform distribution defines equal probability o\eegiven range. The cumulative
distribution function (CDF) of the random variabkeis defined as

F.(a) = P{x< a} for every real numbet, where P{ X < @} is the probability
that X takes a value equal to or less t@a(Papoulis and Pillai, 2002). The
probability thatx lies in an interva[b, ] is

P(b<x<c)=P{x<c}-P{x<b} (4.2)
The uniform distribution used in this study ranffesn Oto 1, soitisin a
standard form. The CDF of a standard uniform distion is

F.(xX)=x(0=<x<1]) (4.3)

Based upon the above discussion, the probabiligach scenario in winter wheat
production is represented as follows:

® The yields in the Alberta Dark Brown Soil Zonerfr@000 to 2008 are 40bu/ac, 36bu/ac,
36bu/ac, 36bu/ac, 36bu/ac, 38bu/ac, 36bu/ac, 36pbarfal 36bu/ac respectively. The mean is
36.67bu/ac, and the standard deviation of the nseam1bu/ac.
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Complete winterkill

P (095< x<1) =P{x<1} - P{x< 095 =1- 095= 005 (4.4)
Partial winterkill

P (0.75< x< 095 = P{x< 093 - P{x< 075 = 095- 0.75=0.2

(4.5)
Default year
P (015< x< 075 =P{x< 075 - P{x< 015 = 0.75- 015= 06

(4.6)
Above default
P (0<x<015=P{x< 015 =015 (4.7)

These probabilities are in accordance with the gtexchined probabilities of the
four yield outcomes. In a single iteration of a giation, a different random
variable X is drawn from this uniform distribution for eachaydrom year 1 to
year 30. Based upon the range in which it lieseldyutcome is decided for each
year. There is independence assumed between yiéhns @ach iteration. The
probabilities of the four yield outcomes can baerwhich is examined in

scenario analysis.

4.3.2 Winter Wheat Yield Model
Winterkill risk is very crucial for winter wheat pduction, but the default data do

not incorporate any winterkill risk. A set of mathatical models are built to
capture the influences of winterkill risk on wintgheat yield. The numerical
relationship between the yield outcomes and wwtezat yield was not found in
literature, but should be developed for the purpdghis study. This study
estimates winter wheat yield as a function of #redom variabl& . Expert
opinion (Thoroughgood, 2008 and Irvine, 2008) isduas a reference when

building the functional forms.

Winter wheat yield responds to each yield outcomeinter wheat production
differently. The responsiveness of winter whealdyte complete winterkill,
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partial winterkill, default year, and above defaalpresented in functional forms
in Table 4.7. Complete winterkill relates to zereld; partial winterkill relates to
in ayield loss of 5 — 25% below the default yiedléfault year keeps winter wheat
yield equal to the default yield; above defaulates to a yield increase of 0 —
15% above the default yield. Both the yield los#daA and yield increase
factorB (Table 4.7) allow for flexibility in yield responséness and are examined
in sensitivity analysis. The limitations of the wenwheat yield models are

discussed after introducing scenarios in sectidr24.

4.3.3 Graphical Interpretation of Stochastic Implem  entation
The stochastic process is presented graphicafyguare 4.1. Each random draw

of Xdetermines a yield outcome which corresponds tqueyield

responsiveness as described in Table 4.7. For dgamip [0951] determines

complete winterkill which relates to zero winter et yield. Complete winterkill
also relates to a lower variable cost of winter athgecause no costs for this
enterprise are incurred after winter wheat is wkitied. In general, farming
activities for winter wheat before winter includsesling and application of
phosphorus and herbicides, so there are four laohdariable costs incurred; seed
cost, phosphorus cost, herbicide cost, and labsir Bthosphorus is assumed to be
only applied in fall; herbicides are assumed t@pgplied in fall and spring

equally; labor is assumed to be distributed todall spring equally. Using the
Saskatchewan Black Soil Zone as an example, thablarcosts incurred before
winter are summed up to be approximately 30% otdked default variable cost

when there is complete winterkill.

Complete winterkill also relates to reseeding tdfbarley in spring. Estimating
low temperature damage to winter wheat and remamivainter wheat from fields
takes time, so barley seeding is often delayed. BARI05) published
relationships between seeding date and barleysyreloorted by farms from 1999
to 2001. Although the exact relationships vary asr&oil zones, the overall trend
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of yields shows that barley yield decreases asisgésidelayed. In this study, the
yield of late seed barley is assumed to be 10%rdman the default barley yield.
Late seeded barley is grown on the fields wherdexwheat experiences
complete winterkill. Different from other barleyefds, late seeded barley may not
need phosphorus application in spring since phasgshie applied on the fields in
fall already. In the Saskatchewan Black Soil Zgtesphorus cost is about 10%
of the total variable cost of barley, so the tetaliable cost of late seeded barley
is 10% lower than the default total variable cddbarley. The relationships
between winterkill, winter wheat, and late seedaddy are all included in Figure
4.1.

There are two other assumptions made to simpléyntledels. First is that all
crops are seeded and harvested on time. Thiséxiedly vital for winter wheat
since it is fall seeded, while all other crops speng seeded and fall harvested. If
the crop preceding winter wheat in a crop rotatsonot harvested on time, winter
wheat seeding will be delayed and even cancellecbr®l, management issues
are not modeled in this study. This study doesnasider the restrictions on
winter wheat crop production resulting from managetrissues, such as fall seed

timing.

4.4 Overview of Analysis
NPVs are calculated by discounting cash flows aassat with crop production

over 30 years. After incorporating winter wheatf kize spring wheat acreage is
replaced with winter wheat in each rotation. Theeage of other crops remains
the same except for feed barley when there is catmplinterkill. To compare the
NPVs before and after incorporating winter whed@l|RV difference is calculated
by subtracting the NPV before incorporating wintdreat from the NPV after
incorporating winter wheat. If the NPV differensepositive, the NPV with
winter wheat is higher; if the NPV difference igatéive, the NPV without winter
wheat is higher. Since winter wheat only replagesig wheat in rotations, the

50



research question becomes how farmers can recéigher NPV, by

incorporating winter wheat or remaining with sprinpeat.

The base case of this study is introduced, folloimeéleven scenarios. Based
upon scenario 1, six sensitivity analyses are thtced to examine the influences
of some key assumptions on the final results. Tlastigity analyses are also
presented. The purpose of each analysis is presalteg with an explanation of
the analysis itself.

The base case of this study is that farmers ordwgpring wheat with other
crops in a crop rotation. For each province-sombmation, the farm size is 2000
acres; discount rate is 10%; the crop rotatiorsted as the rotation before
incorporating winter wheat in Table 4.6. There eleven scenarios to explore the
economic feasibility of growing winter wheat in t@anadian Prairies and all of
them switch 50% spring wheat acreage to winter wi&am size and discount
rate are the same as the base case. Crop rothiraalsthe scenarios are listed as
the rotations after incorporating winter wheat able 4.6. Among the eleven
scenarios, one scenario examines risk-free winkeraivproduction and the other
ten scenarios (scenarios 1 — 10) examine winteatym@duction with winterkill
risk. Table 4.8 provides a summary comparison efasumptions of the base

case and alternative scenarios.

4.4.1 Risk-Free Winter Wheat Production
The scenario of risk-free winter wheat productiomalves winter wheat

production without any risk of winterkill. In oth&rords, there is zero probability
of winterkill in this scenario, which is differefrom the following scenarios 1- 10
(Table 4.8). Except for spring wheat and winter athether crop acres are
constant. Its NPVs are compared to the NPVs ob#se case. The purpose of
this scenario is to explore the economic feasybditgrowing winter wheat
without winterkill risk based upon provincial crbpdget data (Appendix E).
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4.4.2 Winter Wheat Production with Winterkill Risk
Scenarios 1 - 10 study winter wheat production wiihterkill risk (Table 4.8).

Since there is risk of winterkill, complete wintdrland reseeding to feed barley
may occur in any given year. Except for spring vitagsl winter wheat, other
crop acres are constant with an exception of feelky when there is reseeding
of winter wheat. These scenarios are comparecktbdke case in the same
province — soil combination to investigate whictedoings farmer higher NPVs,

spring wheat production or winter wheat productiath winterkill risk.

Scenarios 1 — 5 explore the economic feasibilitwioiter wheat production under
different probabilities of complete winterkill, gaa winterkill, default year, and
above default (Table 4.8). Scenario 1 has 5% camplaterkill, 20% partial
winterkill, 60% default year, and 15% above defalitese probabilities are
determined by expert opinion and some calculataandiscussed earlier.

Based on scenario 1, sensitivity analyses are et on some key parameters.
These include the discount rate (+/- 2%), sunkaldei cost of winter wheat when
there is complete winterkill (+/- 5%), variable to$ late seeded barley (+/- 5%),
yield of late seeded barley (+/- 5%), yield losstéa A (-0.05 and -0.1), and yield
increase factoB (+/- 0.2). The effects of changing these parameterfinal

results are examined.

Scenario 2 simulates a higher incidence of wintierkhe probability of complete
winterkill increases to 10% and the probabilitypaftial winterkill increases to
25%. Above default is maintained at a probabilityt §%. Accordingly, the
probability of a default year decreases to 50%s Blenario is intended to
explore the economic viability of winter wheat poation under a higher risk of

winterkill.

Contrary to scenario 2, scenario 3 examines theauoa feasibility of winter

wheat under a higher incidence of above default yi@omplete winterkill and
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partial winterkill maintain the same probabiliti@s scenario 1; 5% and 20%
respectively. The probability of above default eeses to 30% and the

probability of a default year drops to 45%.

Scenario 4 eliminates any chance of yield beingalatefault in winter wheat
production. The probabilities of complete wintelrkihd partial winterkill remain
the same as scenario 1. Default year increases U of the time. How NPV
difference changes when maximum yield is the défaeld is examined in the

simulation models.

Scenario 5 examines cases when there are onlydssilplities, complete
winterkill and default year, and how the econoneadibility of winter wheat
responds to the changes of the probabilities ofpteta winterkill and default
year. Partial winterkill and above default are exeld in this case. This scenario
investigates how NPV difference varies as the gudityaof complete winterkill

increases by 1 percentage point each time, stdrong zero.

Scenarios 6 — 8 examine switching points from gngwapring wheat to winter
wheat. A switching point is defined as the probabdf complete winterkill at
which farmers are indifferent between winter whesad spring wheat. Farmers
make the decision of growing winter wheat versuggpnvheat based upon the
comparison of NPVs before and after incorporatimgiev wheat, and the
probability of complete winterkill directly affectae NPV after incorporating
winter wheat. The switching point analysis is cartdd by seeking a complete
winterkill probability to make the NPV differenceual to zero using the goal
seek function in @RISK 5.0. If the probability afaplete winterkill is at the
same level as the switching point, farmers arefiecint to the two types of
wheat because the two NPVs are equal. In scemard3, the initial probabilities
of complete winterkill, partial winterkill, defaujtear, and above default are the

same as scenario 1. The probability of partial rkitl and the probability of
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complete winterkill are always summed up to 25%e Pplobability of partial

winterkill changes as the probability of complet@aterkill changes.

Scenario 6 investigates switching point when wimtbeat yield and price are at
default values. Default values of winter wheatgiehd price are in Appendix E.
This scenario investigates cold tolerance of wintkeat in each province-soill

combination.

Winter wheat usually outperforms spring wheat imtg of yield. Scenario 7
explores how the switching point changes as wiwteat increases its yield
advantage relative to spring wheat. Yield diffeeersecalculated by subtracting
spring wheat yield from winter wheat yield. Defayikld difference varies from
0.86bu/ac to 23.8bu/ac depending on the provindeesmbination. Winter wheat
yield increases by 1bu/ac in each simulation, &nekt simulations are performed
for each province-soil combination. This scenanaaentrates on the influences

of improving yield on the economic viability of gming winter wheat.

Scenario 8 analyzes how switching point respondkeancrease of winter wheat
price. Price is a proxy of quality. Winter wheasHawer protein concentration
than spring wheat, so it usually has lower pritestspring wheat. Price
difference is calculated by subtracting spring vilpgace from winter wheat price.
Default price difference is from -$1/bu to -$0.36for each province-soil
combination. Winter wheat price increases by appnaiely one third of price
difference ($0.12 — 0.34/bu) in each simulationilunteaches the same price as
spring wheat. This scenario examines the effecteabwing price gap (i.e.,
improving winter wheat quality) on the economicdigdlity of winter wheat

production.
Scenario 9 examines how the probability of abovfaulechanges as the

probability of complete winterkill decreases frof %0 0 when keeping the mean

of average simulated winter wheat yield of 30 yesysal to the default yield. The
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initial probabilities of complete winterkill, paati winterkill, default year, and
above default are the same as scenario 1. Thelpldpaf partial winterkill and
the probability of complete winterkill are alwaysnsmed up to 25%; The
probability of default year and the probabilityadfove default are always

summed up to 75%.

The last scenario examines the economic viabifityiater wheat using 2005 and
2006 data (AARD, 2005 and 2006; SAF, 2005 and 2008-RI, 2005 and 2006;
MASC, 2006, 2007, and 2008). From provincial budggimates from 2000 to
2008, an obvious increase has been found in cliopgpand fertilizer costs in
2008 compared to previous years from 2000 to 2005 still early to determine
whether such an increase is permanent or tempd@agnario 10 uses data
different from the default data but still in recemfars to study the economic
feasibility of winter wheat. Winterkill risk remasgrthe same as scenario 1 (Table
4.8). The data used in this scenario are in AppeHdihich provides a
comparison to the default data in Appendix E.

The probabilities of the four yield outcomes inrsmeos 2 — 9 are different from
scenario 1, and some of the probabilities chandlearprocess of performing the
goal seek function. These changes result in anpirg&tion problem because the

winter wheat yield model ig= Ak, A=1 ( x €[0.75, 0.95) ) under partial

winterkill, and y = 1+ BX)§/, B=1 ( x < [0, 0.15) ) under above default (Table

4.7). The ranges of winter wheat yield under padtinterkill and above default
are determined by the probabilities of the foutd/@utcomes from expect
opinion and some calculations (the same probadsliire used in scenario 1).
However, in scenarios 2 — 9, the probabilitieshef yield outcome change (i.e.,
the range of x changes), as winter wheat yield updsdial winterkill and above
default changes its range. This is a model limotatesulting from the model

structure.
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4.4.3 Yield Elasticity of Switching Point and Price Elasticity of
Switching Point
The effects of improving winter wheat yield/price the switching points are

preliminarily examined in scenarios 7 and 8. Toamthnd the relationship in the
form of elasticity, yield elasticity of switchingopt and price elasticity of

switching point are calculated.

Yield elasticity of switching point is a measurere§ponsiveness in the switching
point of complete winterkill probability as a retsaf change in winter wheat
yield. It is calculated as follows:

_ (Prob) —=Prob”)/Proby/’
LY,

where E, is the yield elasticity of switching poinY, is the default winter wheat

E

(4.8)

yield; Y, is the winter wheat yield which is 1bu/ac abovedbéault yield;
Proly is the probability of complete winterkill & ; Prob) is the probability of

complete winterkill aty,.

Price elasticity of switching point is a measureasponsiveness in the switching
point of complete winterkill probability as a resaf change in winter wheat
price. It is calculated as follows:

E = (Prob) —Prob”)/Prob?
’ (R,-P)/R

St

where E | is the price elasticity of switching poinis the default winter wheat
price; P, is the winter wheat price which is the same asgpnheat price;

Prob’ is the probability of complete winterkill &; Proby is the probability of

complete winterkill atP, .

Yield/price elasticity of switching point is useal teasure the sensitivity of
switching point with respect to yield/price. Thea® elasticities are sensitive to
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the choices of starting point and ending point,daut still reveal some useful

information on the relationship between switchignp and yield/price.

The representative farms, economic relationshig,stachastic implementation
of winter wheat yield are presented in this chagdeenarios and sensitivity
analyses are introduced to explore whether it@memically feasible to adapt
winter wheat to the Canadian Prairies and the fasttich influence the
economic feasibility of winter wheat production. @wlasticity analyses are also
presented to examine the relationships between sopwtant factors in winter

wheat production.
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Table 4.1 - Farm Sizes in Saskatchewan 2006

Number of Average

Geography Farms Total Farm Fgrm

Reporting Area (Acre) Size

(Acre)
Division No. 1 - CD (470001000) 2,287| 3,255,337 1,423
Division No. 2 - CD (470002000) 2,255| 3,949,074 1,751
Division No. 3 - CD (470003000) 2,240| 4,307,019 1,923
Division No. 4 - CD (470004000) 1,555/ 5,089,839 3,273
Division No. 5 - CD (470005000) 2,736| 3,252,485 1,189
Division No. 6 - CD (470006000) 3,500] 4,073,382 1,164
Division No. 7 - CD (470007000) 2,478| 4,359,718 1,759
Division No. 8 - CD (470008000) 2,707| 5,442,333 2,010
Division No. 9 - CD (470009000) 2,656 2,775,039 1,045
Division No. 10 - CD (470010000) 2,135| 2,614,453 1,225
Division No. 11 - CD (470011000) 3,273] 3,959,733 1,210
Division No. 12 - CD (470012000) 2,100| 3,262,986 1,554
Division No. 13 - CD (470013000) 2,407 4,071,963 1,692
Division No. 14 - CD (470014000) 3,348| 3,552,579 1,061
Division No. 15 - CD (470015000) 3,875| 3,770,590 973
Division No. 16 - CD (470016000)1 2,518 3,286,856 1,305
Division No. 17 - CD (470017000) 2,259| 3,230,459 1,430

Maximum of Average Size in all
CDs 3,273
Minimum of Average Size in all

CDs 973

Source: Adapted from Table 4.3-1 land Use - Tatahaf farms, census years
2006 and 2001, Statistics Canada.
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Table 4.2 - Farm Sizes in Alberta 2006

Number of Average

Geography Farms Total Farm Fgrm

Reporting Area (Acre) Size

(Acre)
Division No. 1 - CD (481001000) 1,536 4,202,803 2,736
Division No. 2 - CD (482002000) 3,164| 4,288,550 1,355
Division No. 3 - CD (483003000) 1,811 2,743,961 1,515
Division No. 4 - CD (481004000) 1,302| 5,009,680 3,848
Division No. 5 - CD (482005000) 2,703| 4,018,933 1,487
Division No. 6 - CD (483006000) 4,905| 3,069,120 626
Division No. 7 - CD (484007000) 3,019| 4,559,982 1,510
Division No. 8 - CD (485008000) 4,203| 2,347,848 559
Division No. 9 - CD (485009000) 1,209 846,781 700
Division No. 10 - CD (484110000) 5217 4,720,015 905
Division No. 11 - CD (485011000) 6,060 2,869,267 473
Division No. 12 - CD (486012000)1 2,530 2,462,573 973
Division No. 13 - CD (486013000) 4,476| 3,043,952 680
Division No. 14 - CD (486014000) 785 512,896 653
Division No. 15 - CD (483015000) 130 510,460 3,927
Division No. 16 N/A N/A N/A
Division No. 17 - CD (487017000) 2,513| 2,677,036 1,065
Division No. 18 - CD (487018000) 721 731,147 1,014
Division No. 19 - CD (487019000) 3,147| 3,512,853 1,116

Maximum of Average Size in all
CDs 3,927
Minimum of Average Size in all

CDs 473

Source: Adapted from Table 4.3-1 land Use - Tatahaf farms, census years
2006 and 2001, Statistics Canada.
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Table 4.3 - Farm Sizes in Manitoba 2006

Number of Average

Geography Farms Total Farm Fgrm

Reporting Area (Acre) Size

(Acre)
Division No. 1 - CD (461001000) 602 449,100 746
Division No. 2 - CD (460902000) 1,493 805,346 539
Division No. 3 - CD (460803000) 1,659| 1,280,705 772
Division No. 4 - CD (460804000) 1,101, 1,030,891 936
Division No. 5 - CD (460105000) 1,385/ 1,800,189 1,300
Division No. 6 - CD (460206000) 798 885,986 1,110
Division No. 7 - CD (460207000) 1,147| 1,214,795 1,059
Division No. 8 - CD (460708000) 1,157 1,169,260 1,011
Division No. 9 - CD (460709000) 637 599,032 940
Division No. 10 - CD (460710000) 402 452,192 1,125
Division No. 11 - CD (460911000) 201 69,657 347
Division No. 12 - CD (460912000) 608 297,647 490
Division No. 13 - CD (461113000) 476 264,562 556
Division No. 14 - CD (461114000) 768 594,526 774
Division No. 15 - CD (460315000) 1,764 2,009,048 1,139
Division No. 16 - CD (460416000) 818 897,159 1,097
Division No. 17 - CD (460617000) 1,639 2,197,814 1,341
Division No. 18 - CD (461218000) 1,382 1,818,659 1,316
Division No. 19 - CD (461219000)1 110 267,480 2,432
Division No. 20 - CD (460520000) 798 855,046 1,071
Division No. 21 - CD (461221000) 109 113,911 1,045

Maximum of Average Size in all
CDs 2,432
Minimum of Average Size in all

CDs 347

Source: Adapted from Table 4.3-1 land Use - Tatahaf farms, census years
2006 and 2001, Statistics Canada.
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Table 4.4 - Machinery Complement and Annual Machingy Replacement
Cost for a 2000-Acre Crop Farm in Alberta Brown Sol Zone

Market Price
(Used
Farming Activity Equipment Equipment) QTY| Amount
Tractor 250-299 hp $174,900 1| $174,900
150-199 hp $79,154 1| $79,154
Separate seed out
of plant Combine $240,451 1| $240,451
Harvest Swather (36ft) $83,280 1| $83,250
Spay chemicals angd
herbicide Sprayer (100ft) $25394 1| $25,394
Seed Seeder w Tank (50ff $76,450 1| $76,450
Field Cultivator
Do tillage (40ft) $22,900 1| $22,900
Truck to pull grain
trailer Semi $23,403 1| $23,403
Grain Trailer $18,000 1| $18,000
Grain Truck $6,50( 1 $6,500
sum $750,402
annual depreciation rate 8P
annual machinery
depreciation $60,03p
farm size (acre) 2000
annual machinery
depreciation $30
per acre

Note: The table is established based upon suggsstiom Koeckhoven (2008).
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Table 4.5 - Recommendations on Stubble Choices féfinter Wheat

Source Author and | Recommendations
Year
Winter Wheat in the Parkland| Salmon and | Barley or canola stubble is
Area of Alberta McLelland, | preferred.
1999
Fall Seeding of Winter CerealsAARD, 2007 | Cereal or canola stubble is
— Frequently Asked Question$ preferred.
Agronomic Management of | McKenzie, | Canola, mustard or pea stubb
Winter Wheat in Alberta 2007 is preferred.
Winter Wheat - FAQs SAF, 2008 Canola or mustarflgtiis

preferred.
Barley and oat stubble can al
be used.

U

Winter wheat — Production an

dMAFRI,

Canola stubble is preferred.

Uy

Management 2008 Barley and oat stubble can al
be used.
Personal Communication Irvine, 2008  Canola, cegeah cut for

silage, and barley are

preferred.
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Table 4.6 - Crop Rotation Choices for Province - SbCombinations

~—"

~—

~—"

Province-Soil| Before] Crop Rotation (acre)
After
AB Black Before | sw (350) - barley (400) - canol@Q@Y - sw(350)- oats (200)
After sw (350) - barley (400) - canola (700) - (880)- oats (200)
AB Brown Before | fallow seeded sw (300) + fallow ded dw (300) - canola
(300) - sw (300) - barley (200) - fallow (600)
After fallow seeded sw (300) + fallow seeded @aQ) - canola
(300) - ww (300) - barley (200) - fallow (600)
AB Dark Before | fallow seeded sw (400) - barley (400) - ¢arié00) - sw
Brown (400) - fallow (400)
After fallow seeded sw (400) - barley (400) - @lan(400) - ww
(400) - fallow (400)
AB Grey Before | sw (300) - barley (500) - canola@y0sw (300) - oats (200
After sw (300) - barley (500) - canola (700) - W800) - oats
(200)
AB Peace Before| sw (400) - barley (300) - canoG0}7# sw (400) - oats (20(
After sw (400) - barley (300) - canola (700) - {#00) - oats
(200)
SK Black Before [ sw (400) - barley (250) - canol@qy- sw (400) - oats (25(
After sw (400) - barley (250) - canola (700) - #00) - oats
(250)
SK Brown Before | sw (600) - barley (300) - fallowD( - fallow seeded dw
(500) - oats (100)
After sw (300) - barley (300) - ww (300)- fallofw00) - fallow
seeded dw (500) - oats (100)
SK Dark Before | fallow seeded sw (400) - barley (300) - ¢ar§600) - sw
Brown (400) - fallow (400)
After fallow seeded sw (400) - barley (300) - @an(500) - ww
(400) - fallow (400)
MB Before [ sw (450) - barley (200) - canola (608 (450) - oats (300
After sw (450) - barley (200) - canola (600) - w#b0) - oats

(300)

Note: Before/After means before/after incorporativigter wheat. Numbers in
parentheses are crop acres. sw represents CanateriVeed Spring; ww
represents winter wheat; dw represents durum wbeaadgey represents feed
barley; oats represent milling oats for Alberta anel not specified for
Saskatchewan and Manitoba.
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Table 4.7 - Random Variables, Scenarios and Yielduactions

Random Yield Outcome in Winter Winter Wheat Yieldy
Variable X Wheat Production

[0.95, 1] Complete Winterkill y=0

[0.75, 0.95) Partial Winterkill y=AXY,A=1
[0.15, 0.75) Default Year y=y

[0, 0.15) Above Default y=(1+BX) O/, B=1

Note: X is a random variable related to cold tolerancd,@datermines a yield
outcome in winter wheat productioly.is default winter wheat yield which is the

average of provincial estimated yields (AARD, 2@0d 2008; SAF, 2007 and
2008) or the average yield from MASC (2007 and 20@Sis yield loss factor.

Bis yield increase factor. The default valuesfvénd B are both 1, and are
varied in the sensitivity analysis.
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Table 4.8 - Comparison across Base Case, ScenaridRisk-Free Winter Wheat Production, and Scenariod - 10

Base | Risk- S1 S2 S3 S4 S5 S6 S7 S8 S9 S10
Case | Free
WWwW
Include No Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes
WWwW
WW Price | n/a Default | Default | Default | Default | Default | Default | Default Default Varies Default 05-06
Price Price Price Price Price Price Price Price Price Average
Price
WwW n/a Default | Default | Default | Default | Default | Default | Default Varies Default Default 05-06
Yield Yield Yield Yield Yield Yield Yield Yield Yield Yield Average
Yield
Prob. of n/a 0 5% 10% 5% 5% Varies Varies Varies Varies &&ri 5%
Complete
WK
Prob. of n/a 0 20% 25% 20% 20% 0 25%-Prol5%-Prob.| 25%-Prob.| 25%-Prob.| 20%
Partial of of of of
WK Complete | Complete | Complete | Complete
WK WK WK WK
Prob. of n/a 0 60% 50% 45% 75% Varies 60% 60% 60% 75%-Pr&0%
Default of Above
Year Default
Prob. of n/a 0 15% 15% 30% 0 0 15% 15% 15% Varies 15%
Above
Default

Note: WW represents winter wheat; WK representsenkill; Prob. represents probability; S1- S10 es@nt scenarios
1 — 10 respectively; n/a represents not applicakde sources of default prices and default yietdsrrto Appendix E.
For sources of data for scenario 10 refer to AppeHd
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Figure 4.1 - Graphical Interpretation of Stochasticimplementation of Winter

Wheat Yield

Note: Rectangle boxes relate to winter wheat; beaks relate to late seeded barley. VC

Zero Yield

30% of
Default VC
of Winter
Wheat

Default year

[0.95, 1]

Cqmple.te Reseeding to

Winterkill Feed Barley

[0.75, 0.95) Yield Loss

Partial 5-25%

Winterkill [N

[0.15, 0.75) Default
\ Yield

[0, 0.15)
Above
default

Yield

\ Increase
0-15%

90% of
Default
Barley Yield

90% of
Default
Barley VC

is abbreviation of variable coskis a random variable related to cold tolerance.
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Chapter 5 Results and Discussion
This chapter presents and discusses results cisoemalysis, sensitivity analysis, and

elasticity analysis outlined in Chapter 4. NPV eéiinces between the rotations before
and after incorporating winter wheat are reported @analyzed as the most important
final results. As earlier discussed, the base radedes spring wheat but no winter
wheat in crop rotation. The scenario of risk-fraater wheat production and scenarios 1
— 10 are compared to the base case based uporufmito Sensitivity analysis on key
parameters is compared to scenario 1. Elasticéyais is done to investigate

relationships between some important traits of erimtheat.

Table 5.1 compares provincial average yields, defaeids, and average simulated
yields over a 30-year period. Provincial averagedgd are calculated using annual winter
wheat yield at a provincial level from 2003 to 2Géam CANSIM Il (2009). Default
yields, used in the scenario of risk-free winteleatproduction, are winter wheat yields
without winterkill risk from provincial budget estates (Appendix E). An average
simulated yield is the average yield over 30 yesrqal, and changes value in each
iteration. The mean "5percentile, and 95percentile of the 30-year average simulated
yield from one simulation (5000 iterations) areaepd for scenarios 1 — 4 for each
province-soil combination. Provincial average yse#te not divided by soil zone, but
these lie in the ranges of default yields of ail sones within one province for Alberta
and Saskatchewan. For Manitoba, the provincialageyield is 14.4% smaller than the
default yield. The difference may be explained gy fiact that provincial level yields are
reported after harvesting, while default yields lamelget estimates for crop planning, so
the former data reflect crop production risk, witie latter does not.

Scenarios 1 — 4 have different probabilities ofteskill, default year, and above default,
which are discussed in section 4.4. A comparisath®imeans and 90% confidence
intervals shows that scenarios 1, 2, and 4 genpdraile a lower average simulated yield
than the default yield, which corresponds to tlot flaat these scenarios incorporate
winterkill risk. The average simulated yield in sa€o 2 is the lowest among all these

scenarios, and this scenario has the highest pitipaib winterkill. Scenario 3 may have
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higher average simulated yield than the defaultlyihich corresponds to the fact that a
higher probability of above default yield is simigld in this scenario. These findings
conform to the model expectations and expert opsiso verify the winter wheat yield
models discussed in chapter 4.

Table 5.2 provides a comparison of the defaultgxigields, and input costs between
winter wheat and spring wheat in each province-gmihbination. The price differences
(winter wheat price — spring wheat price) rangenfr&1/bu to -$0.36/bu. The yield
differences (winter wheat yield — spring wheat g)aliffer across provinces: 0.86 bu/ac
—1.57 bu/ac in Alberta; 5.69 bu/ac — 7.95 bu/aBaskatchewan; and 23.80 bu/ac in
Manitoba. The cost differences (winter wheat cepting wheat cost) also differ across
provinces: -$64.33/ac — -$14.97/ac in Alberta; 38fac — -$4.71/ac in Saskatchewan;
and $1.38/ac in Manitoba. This table, combined Wiable 5.1, may help explain the
differences in NPV results between the provincémnbinations. The details are

discussed below.

5.1 Scenario of Risk-Free Winter Wheat Production
The scenario of risk-free winter wheat productieplaces half spring wheat acreage with

winter wheat without winterkill risk. Table 5.3 samaries the NPVs of the base case and
the scenario, and calculates the NPV differenceésden them. Compared to the NPVs
without winter wheat, the NPVs with risk-free wintgheat are $20,285.43 to $43,864.06
(0.9% - 5.4%) higher for the soil zones in Albaatad Saskatchewan. In Manitoba which
has the highest winter wheat yield advantage anadirige province-soil combinations,
the NPV with risk-free winter wheat is $229,519(24.0%) higher than the NPV

without winter wheat. Thus, winter wheat is econcatily feasible when there is no
winterkill risk based upon the default yields amatg@s from provincial crop budget
estimates. This might explain recent governmemreffto increase winter wheat acreage.
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5.2 Scenarios 1 — 10 and Sensitivity Analyses
Scenarios 1 — 10 and sensitivity analyses all $whalf spring wheat acreage to winter

wheat and incorporate winterkill risk. The detaite as follows:

5.2.1 Scenario 1: 5% Complete Winterkill, 20% Parti  al Winterkill, 60%
Default Year, and 15% Above Default

Scenario 1 incorporates winterkill risk based upgpert opinions. Table 5.4 summaries
mean, standard deviation, minimum, maximuffp8rcentile, and 5percentile (i.e.,

90% confidence interval) of the NPV difference éaich province-soil combination. The
percentage of positive NPV difference, represertiogy often a positive NPV difference

Is observed, is also reported.

The Alberta Black Soil Zone is arbitrarily chosenam example to discuss NPV results in
this scenario, which is the same as the followrwnarios and sensitivity analyses. The
mean NPV difference is -$18,084.61, which meansititarporating winter wheat with
winterkill risk reduces farmers’ wealth comparedtdy growing spring wheat with
other crops in a rotation. The standard devidtafrthe NPV difference is $30,340.55,
reflecting high variability of the NPV differenc€he minimum NPV difference is -
$161,984.56 and the maximum is $60,388.08. FoAtherta Dark Brown Soil Zone and
Alberta Grey Soil Zone, it is also wealth decregsmgrow winter wheat since the NPV
differences are both negative. For the Alberta Br@&oil Zone, Alberta Peace Region
and all the soil zones in Saskatchewan, growindexwheat increases farmers’ NPVs
by $2,384.33 — 6,626.57 compared to the origin@timns. Manitoba has a mean NPV
difference of $174,775.38 and a positive NPV défere 100% of the time. The'95
percentile of the 30-year average simulated yilscenario 1 is lower than the default
yield for each province-soil combination (Table)5which explains the negative NPV
differences and the small positive NPV differen@etative to base case NPVs) except

for Manitoba. Manitoba still has a large positivBeWdifference because that the 30-year

® The standard deviation equals the square rodteo¥ariance, and the variance is calculated aav@mge
of the squared deviations about the mean.
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average simulated yield of winter wheat (Table & Xtill much larger than spring wheat

yield in the province (Table 5.2).

In three out of five soil zones in Alberta, growiwinter wheat is wealth decreasing. In
Alberta, the price difference is the smallest dr&ldost difference is the largest (both in
absolute value) among the three Prairie Provinmgisthe yield difference is the smallest
(Table 5.2). Moreover, simulated yields are lowam the default yields, which makes
the simulated yield difference smaller than thead#fyield difference (Table 5.1). The
advantages in price and cost cannot make up fadifaelvantages of yield. By contrast,
it is wealth increasing to grow winter wheat inthk soil zones in Saskatchewan and
Manitoba due to their larger yield advantages caegbto Alberta. For Manitoba,
regardless that it has the largest price differdnctabsolute value) and its winter wheat
cost is even higher than spring wheat, it still theslargest positive NPV difference due

to its higher yield advantage among the three pices.

Sensitivity analysis is performed on scenario & ¢hange in a parameter changes the
sign on the mean NPV difference (i.e., change tdomemic feasibility/infeasibility of
winter wheat production), final results are suggedo be sensitive to the parameter. If a
change in a parameter does not change the sigreand¢an NPV difference, but changes
the mean NPV difference more than 50% in size) fisults are suggested to have
potential sensitivity to the parameter and a comsparbetween the change and the NPV
of risk-free winter wheat is required. In each sty analysis, other assumptions other

than the parameter of interest remain the same scenario 1.

5.2.1.1 Sensitivity Analysis 1: Discount Rate
Sensitivity analysis 1 investigates how final résuéspond to the changes in the discount

rate. The discount rate used for the representtdives in this study is 10%.
Alternatively, 8% and 12% are used in additionaidations respectively. Table 5.5
displays the mean NPV difference, percentage chahtiee mean NPV difference
relative to scenario 1, and probability of positNBV difference for each province-soil

combination.
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In the Alberta Black Soil Zone, the discount rat@% decreases the mean NPV
difference, whereas the discount rate of 12% irsgedhe mean NPV difference
compared to the initial discount rate. The sizethefchanges are both close to 20% of
the mean NPV difference in scenario 1. The proigimf positive NPV difference does
not change much in either case. It is still wedklereasing to grow winter wheat in the
Alberta Black Soil Zone because of the negativa sig the NPV difference. For other
province-soil combinations, the economic feasiiiitfeasibility of winter wheat
production does not change either. Thus, finalltesuwie not sensitive to discount rate.

5.2.1.2 Sensitivity Analysis 2: Sunk Variable Cost of Winter Wheat when there is Complete
Winterkill

When there is a complete winterkill, the variabdstoof winter wheat becomes a sunk
cost. The sunk variable cost of winter wheat is 3%e default variable cost of winter
wheat. In scenario 2, two cases are presentedatniar the sensitivity of results to
change in this parameter: 25% and 35% of the defaulble cost respectively. Results

on NPV differences are reported in Table 5.6.

The two changes influence the mean NPV differenagpposite directions but of similar
magnitude of 6 - 7% in the Alberta Black Soil Zofiée probability of positive NPV
difference does not change much in either casec®helusion that it is not economically
viable to grow winter wheat still holds. In otheopince-soil combinations, the signs on
NPV difference do not change either. The largest shange in the NPV difference is
53.9% of the initial value in the Saskatchewan Br&@wil Zone, but the value of the
change, $1284.06, is small relative to the mean NPNsk-free winter wheat,
$600,167.97. Thus, the economic feasibility/infbdity of winter wheat production is

not affected by small changes in the sunk variabst of winter wheat when there is

complete winterkill.

5.2.1.3 Sensitivity Analysis 3: Variable Cost of Late Seeded Barley
Winter wheat which experiences complete wintetkileseeded to feed barley in late

spring. The variable cost of late seeded barl@yisstigated in the third sensitivity

71



analysis. It is assumed to be 90% of the defaulakte cost of barley in scenario 1. To
examine the sensitivity of final results to changethis parameter, two additional
simulations are preformed. One decreases the Vaalt to 85% of the default variable
cost, whereas the other one increases the vacabtdo 95% of the default variable cost.

Table 5.7 displays the changes in NPV differentative to scenario 1.

The Alberta Black Soil Zone mean NPV differencergyes less than 10% in size and the
probability of positive NPV difference changesldéittChange in the parameter has little
impact on the economic infeasibility of winter wheaoduction in this area. The
economic feasibility/infeasibility for other provia-soil combinations does not change
either when changing the parameter, which sugglesatdinal results are not sensitive to
the variable cost of late seeded barley.

5.2.1.4 Sensitivity Analysis 4: Yield of Late Seeded Barley
The impact of the yield of late seeded barley aalfresults is examined in this

sensitivity analysis. In the initial assumptiort® yield of late seeded barley is assumed
to be 10% lower than the default barley yield. Tsimulations are performed to
investigate the influences of this parameter: 5% 26 lower yield than the default

barley yield respectively. All the changes in NP¥fedence are listed in Table 5.8.

In the Alberta Black Soil Zone, the economic infbdiy of winter wheat production

does not change since the mean NPV difference renma&igative. The 5% lower yield
increases the mean NPV difference by 11.4%, whehea$5% lower yield decreases the
mean NPV difference by 12.0%. The probabilitiepasitive NPV difference do not
change much as yield loss rate changes. For otbemge-soil combinations, the signs
on mean NPV differences do not change either. @@yAlberta Dark Brown Soil Zone
changes its mean NPV difference larger than 50%theuvalues of the changes,
$1,617.47 and $2,090.44 respectively, are smaitivel to the mean NPV of risk-free
winter wheat, $1,116,811.04. Thus, small changélsaryield of late seeded barley have

no significant influence on the final results.
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5.2.1.5 Sensitivity Analysis 5: Yield Loss Factor when there is Partial Winterkill
The yield loss factorAin the yield response function of partial winterkyf = A[X j/

(Table 4.7) is another interest in this study.sdenario 1,A=1, resulting in a yield loss
of 5 - 25% when there is partial winterkill. Someerts suggested that there may be a
higher level of yield loss (Irvine, 2008), so séingly analysis considers two alternatives,
A= 095and A= 0.9 which suggest a potential yield loss of 9.8 828.and 14.5 -

32.5% respectively. Table 5.9 summarizes the sitiomaesults.

Using the Alberta Black Soil Zone as an example,dbnclusion of the economic
infeasibility does not change. The percentage chafghe mean NPV difference is
98.5% resulting from the yield loss factor of 8t the change of $17,816.75 is small
relative to the mean NPV of risk-free winter whe®8,073,526.95. The probability of
positive NPV difference falls by about 10 and 15cpatage points respectively relative
to scenario 1. The Alberta Dark Brown Soil Zonehdtta Grey Soil Zone, and Manitoba
do not change the economic infeasibility of wintdreat either. On the contrary, in the
Alberta Brown Soil Zone, Alberta Peace Region, alhgdoil zones in Saskatchewan,
decreasingA changes the mean NPV difference from positiveeigative, so final

results are sensitive to the partial winterkilllgli®oss factor in these province-soil

combinations.

5.2.1.6 Sensitivity Analysis 6: Yield Increase Factor when there is Above Default
The sensitivity of results to the yield increasetda B in yield response function of

above defaulty = (1+ B[X) @ (Table 4.7) is investigated. The initial settirfghds

factor is B=1 which implies a yield increase of 0 - 15% relativehe default yield.

Since both a larger yield increase and a smalkdd yncrease are possible, two additional
simulations are conducted to simulate differenelswf yield increaseB = 0.8nplying
ayield increase of 0 - 12% aBd=  1@plying a yield increase of 0 - 18% relative to

the default yield. Simulation results are summarizeTable 5.10.
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From the simulation results of the Alberta Blackl one, the two changes in the yield
increase factor do not change the economic infégibf winter wheat and change the
probabilities of positive NPV difference little. Fother province-soil combinations, the
signs on the mean NPV difference do not changeri®nly the Alberta Dark Brown
Soil Zone has a change larger than 50% in the Mi@Andifference, but the change is
small relative to the mean NPV of risk-free wintdreat. Thus, the yield increase factor

affects final results little in all the provincetscombinations.

5.2.2 Scenario 2: 10% Complete Winterkill, 25% Part ial Winterkill, 50%
Default Year, and 15% Above Default

This scenario examines the economic feasibilitwimter wheat under high incidence of
winterkill. Compared to scenario 1, the probabibfycomplete winterkill increases from
5% to 10%, and the probability of partial wintefkilcreases from 20% to 25% (Table
4.8). Accordingly, the probability of default yedecreases from 60% to 50%. Other
assumptions remain the same as scenario 1. Sunstadistics for this scenario are listed
in Table 5.11.

Using the Alberta Black Soil Zone as an example,itiean NPV difference of
-$70,075.19 implies that the rotation with wintemeat generates a lower NPV than the
rotation without winter wheat. The standard dewiatof NPV difference is $40,337.37,
representing high volatility of NPVs generated framter wheat. The maximum NPV
difference is $36,703.22 and the minimum is -$289,38. There is merely a 3% chance
that farmers can receive higher NPV from incorgagatvinter wheat versus growing
only spring wheat in rotations. Other province # sombinations, excluding Manitoba,
have a negative mean NPV difference and a smatlgtitity of positive NPV difference
as well. Manitoba has a mean NPV difference of $339.86 and a probability of
positive NPV difference of 97.7%. To summarize, t@imwheat production is
economically infeasible in all province-soil comaiions except Manitoba under the high
probabilities of winterkill. The 30-year averagensiated winter wheat yield in this
scenario is lower than scenario 1 for each provsaiecombination (Table 5.1).

Manitoba is an exception due to its larger yieldaadage of winter wheat relative to
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spring wheat (Table 5.2). Compared to scenaribelptean NPV difference and the
probability of positive NPV difference are both lemfor each province-soil combination,
so a higher probability of winterkill lowers theawmic feasibility of winter wheat
production.

5.2.3 Scenario 3: 5% Complete Winterkill, 20% Parti  al Winterkill, 45%
Default Year, and 30% Above Default

A scenario with a high probability of above defauétld in winter wheat production is
simulated. Above default yield happens up to 30%heftime versus 15% in scenario 1.
The probabilities of winterkill remain the samesagnario 1. Default year happens 45%

of the time. The results of scenario 3 are repariethble 5.12.

For the Alberta Black Soil Zone, the positive mé&#V difference of $18,536.27 implies
that the rotation with winter wheat generates ad&idNPV than the original rotation. The
standard deviation of NPV difference is $39,125th2; maximum is $131,037.10; the
minimum is -$159,323.84. A positive mean NPV diéfiece can be observed 69.0% of
the time. All other province — soil combinations/ba positive mean NPV difference
and a probability of positive NPV difference larglean 50%. Under the high probability
of above default yield, winter wheat increases fanshwealth in all provinces and soil
zones. The economic feasibility of winter wheatmgroved relative to scenario 1, which
is explained by the higher simulated yields in scen3 relative to scenario 1(Table 5.1).
Both the mean NPV difference and the probabilitpositive NPV difference are higher

compared to scenario 1 for each province-soil coatinn.

5.2.4 Scenario 4: 5% Complete Winterkill, 20% Parti  al Winterkill, and
75% Default Year

There is no above default yield included in scemdriThe probabilities of winterkill are
the same as scenario 1, and the probability ofultefaar increases up to 75%. Table

5.13 displays a summary of statistics of NPV défeges.
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Winter wheat production without above default yieddinancially unattractive compared
to scenario 1 in the Alberta Black Soil Zone. Theam NPV difference is -$29,930.03
and there is a 13.3% chance of a positive NPV iffee. Other province-soil
combinations, excluding Manitoba, all have negatean NPV differences. The reason
behind it is that the 30-year average simulateltigiare lower than the default yields
since there is no above default yield (Table SVignitoba, where winter wheat yield is
much higher than spring wheat, has a mean NPVrdiffee of $162,300.23 and a positive
NPV difference 100% of the time. Thus, winter whgttduction is only economic viable
in Manitoba when there is no yield being above dief&or each province-soil
combination, the mean NPV difference and the pribibabf positive NPV difference are
both lower than scenario 1 because the 30-yeangeaimulated yield is lower than

scenario 1.

5.2.5 Scenario 5: Only Two Possibilities - Complete  Winterkill and
Default Year

This scenario investigates how the economic felgyiloif winter wheat changes when
there are only two possibilities, complete wintBr&nd default year, with probability of
each being varied. Other assumptions remain the sanm scenario 1 (Table 4.8).

As the probability of complete winterkill increaséise mean NPV difference decreases
as well as the probability of positive NPV diffecenin the Alberta Black Soil Zone
(Figure 5.1). If the probability of complete winkédl does not exceed 5%, the mean NPV
difference is positive; if the probability of congpé winterkill does not exceed 6%,
positive NPV difference is observed slightly mdnart 50% of the time (Figure 5.1).
Figures 5.2 — 5.9 displays the relationship betwbemrobability of complete winterkill
and the economic feasibility of winter wheat fon@t province-soil combinations. The
mean NPV difference and the probability of positNieV difference both decrease as the

probability of complete winterkill increases in Heeareas.

In general, incorporating winter wheat without veirkill risk generates higher NPVs than

only growing spring wheat in a diversified cropatdn based upon default data (the
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scenario of risk-free winter wheat production verbase case). That is, it is
economically feasible to grow winter wheat in th@n@dian Prairies if winterkill risk is
zero. However, when winterkill risk is taken intoccaunt, the economic viability of
winter wheat varies across province-soil combimegiand is influenced by the changes
in the probabilities of complete winterkill, pattiainterkill, default year, and above
default (scenarios 1 - 5). A higher probabilityahterkill decreases the mean NPV of
winter wheat production (scenario 2 versus sceriBria higher probability of above
default yield increases the mean NPV (scenarior8ugescenario 1); lack of above
default yield decreases the mean NPV (scenariggugescenario 1). The conclusion that
a higher probability of winterkill lowers the meai®V of winter wheat production also
holds when there are only two possibilities, cortgliginterkill and default year (scenario
5).

Some insights are provided into the target levéisioterkill and above default yield
probability. For example, 30% above default, withh Bomplete winterkill and 20%
partial winterkill, can make winter wheat generaitgher NPVs than spring wheat across
all the province — soil combinations. The followiscenarios 6 — 8 are switching point
analyses which reveal more information about thgetaevels of winterkill as well as

winter wheat yield and price.

5.2.6 Scenario 6: Switching Point at Default Yield  and Price
Scenario 6 seeks the switching point (i.e., théabdity of complete winterkill at which

farmers are indifferent between winter wheat anthgpvheat) when winter wheat yield
and price are at default values. The probabiltiesomplete winterkill and partial
winterkill are changing to make the mean NPV d#feze equal to zero. Other

assumptions remain the same as in scenario 1 (fi@)le

Figure 5.10 shows switching points for all the pne@e-soil combinations. For the
Alberta Black Soil Zone, the switching point is %Qvhich means that at default yield
and price, farmers in this area are willing to swi50% spring wheat acreage to winter

wheat if the probability of complete winterkill iswer than 1.0%. That is, only if
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complete winterkill happens less than 1 year outQtf, farmers may switch. It is a very
small probability, so it can be concluded thatritg/yield of winter wheat does not
change, winter wheat production in the Alberta BI&oil Zone is unlikely to be
preferred to by farmers. The highest switching p@r36.3% in Manitoba which means
that Manitoba farmers are willing to do the swiitthe probability of complete
winterkill is lower than 36.3%. Such a high levélaceptance comes from the high
winter wheat yield advantage in Manitoba. Exceptl@ Alberta Black Soil Zone and
Manitoba, other areas have a switching point o¥2-5.1%. If research can improve
cold tolerance of winter wheat to make the probghif complete winterkill below those
switching points in Figure 10, farmers may be mailéng to do the switch from spring

wheat to winter wheat at default yield and price.

5.2.7 Scenario 7: Switching Point when Default Wint  er Wheat Yield
Increases

Scenario 7 examines the influences of winter wigestl on the economic viability. This
scenario examines how the switching point changetetault winter wheat yield
increases (i.e., default yield difference increasgse probability of partial winterkill
changes as the probability of complete winterkiheges to maintain zero mean NPV

difference.

For the Alberta Black Soil Zone, the default yidifference is 1.57bu/ac between winter
wheat and spring wheat and the switching point@&6lcomplete winterkill initially. If

the yield difference increases by 1bu/ac, the switg point increases to 5.0% which
means that farmers are willing to do the switcthé probability of complete winterkill is
lower than 5.0%. As yield advantage of winter wheateases, the switching point
increases as well (Figure 5.11). If yield differenacreases to 4.57bu/ac, farmers can
accept winter wheat if complete winterkill probétyiis below 13.6%. Thus, improving
default yield has a great significance in wintereahproduction in this area. In Figure
5.11, if the probability of complete winterkill Eelow the line, farmers are willing to
switch 50% spring wheat acreage to winter whedhdfprobability is above the line,

farmers are willing to grow only spring wheat inations. For other province — soil
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combinations, switching point increases as defgdaltl increases as well (Figure 5.12 -
5.19).

5.2.8 Scenario 8: Switching Point when Default Wint  er Wheat Price
Increases

Winter wheat price increases as winter wheat quatiproves. Scenario 8 investigates
how switching point changes as default winter wipegtte increases relative to hard red
spring wheat (i.e., the default price gap narroawm) to keep zero mean NPV
difference. The changing probability of completatsrkill results in changing of the
probability of partial winterkill. Price differends negative since winter wheat price is

lower than spring wheat price.

Using the Alberta Black Soil Zone as an example,défault winter wheat price is
$0.36/bu lower than spring wheat price and thechiig point is 1.0% complete
winterkill initially. If the absolute value of pricdifference decreases to $0.24/bu, the
switching point increases to 5.5%, which meansfdraters can accept a higher
probability of complete winterkill. The switchingmt increases as the absolute value of
price difference decreases (Figure 5.20). If wimtbeat has the same price as spring
wheat, the switching point is 15.4% which means flwaners are willing to switch to
winter wheat when complete winterkill happens libss 15.4% of the time. The line in
Figure 5.20 represents the threshold of farmeraghof growing winter wheat versus
spring wheat. For other province — soil combinati@witching point increases as the

default winter wheat price increases too (Figugi5.5.28).

To summarize, scenario 7 reveals target level®lkf tolerance, keeping winter wheat
yield and price at default values. Scenarios §+d¥ide some insights into how

improving winter wheat yield or price affects swvhiteg points, which are summarized in
Table 5.14. Switching points increase due to wintieeat yield or price increase varies
across province-soil combinations. The ratios efititrease of switching point from
yield/price increase to the initial switching poare calculated. Based upon the ratios, the

largest switching point increase due to yield/piieeease occurs in the Alberta Black
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Soil Zone; the smallest switching point increase thuyield/price increase occurs in

Manitoba.

5.2.9 Scenario 9: Relationship between the Probabil ity of Above
Default and the Probability of Complete Winterkill

This scenario examines how the probability of abde®ault responds to the decrease of
the probability of complete winterkill from 5% tq @hile keeping the mean of the 30-
year average simulated yield equal to the defaeltdyThe probabilities of partial
winterkill and default year change as well (Tabl&)40ther assumptions remain the

same as scenario 1.

In the Alberta Black Soil Zone, the default winteneat yield is 56.57bu/ac. As the
probability of complete winterkill decreases, threlmbility of above default decreases as
well to keep the mean of the average simulatedlygual to the default yield (Figure
5.29). When the probability of complete winterkd|5%, the probability of above default
has to be 41.8% to keep the mean at 56.57bu/ag) thiegprobability of complete
winterkill falls to 0%, the probability of above f@ilt has to be 24.9%. Other province —
soil combinations also have an overall decreasemgtof the probability of above

default when the probability of complete winterkikcreases to maintain default yield
(Figure 5.30-5.37).

5.2.10 Scenario 10: Using 2005 and 2006 Estimates a s Model Inputs
Scenario 10 examines the economic feasibility ofteri wheat production using data

from 2005 and 2006. The crop data for the rotatlmefere and after incorporating winter
wheat are all averages of 2005 and 2006 datahAlassumptions remain the same as

scenario 1.

In the Alberta Black Soil Zone, the mean NPV diffiece of -$50,926.08 implies that
incorporating winter wheat generates a lower NPAhtgrowing only spring wheat in
rotations (Table 5.15). The standard deviation Bi/Nlifference is $14,267.25, reflecting
a high variability of the economic feasibility. Th@animum and maximum of NPV
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differences are -$113,999.09 and -$13,292.59 réispbc A positive mean NPV
difference cannot be found any time in this aremtév wheat is also economically
infeasible in the Alberta Dark Brown Soil Zone, Afta Grey Soil Zone, Alberta Peace
Region, and Manitoba for the negative mean NP\ediffices as well as 0% chance to
obtain a positive NPV difference. The Alberta Bro®woil Zone and all the soil zones in
Saskatchewan have a positive mean NPV differemee $16,907.34 to $34,200.69 and
92.9 - 100% of the time to obtain a positive NP¥edence, so winter wheat production

is economically viable in these areas.

Based upon the comparison between scenario 10candrso 1, it can be determined that
the differences in crop yields, prices, and inpgts between these two scenarios explain
the differences in economic feasibility. Excepttioe Brown Soil Zone, the economic
feasibility of winter wheat in other soil zonesAtberta is lower in scenario 10 than
scenario 1 mainly because the price difference éetvwinter wheat and spring wheat (in
absolute value) is larger in scenario 10. On thdrary, in all the soil zones in
Saskatchewan, it is more wealth increasing to geavter wheat in scenario 10 than the
first scenario. The reasons behind this resultteakin scenariol0, the price difference is
smaller in absolute value; yield advantage is larged cost difference is larger in
absolute value compared to scenario 1. For Manjtibiseconomically feasible to grow
winter wheat in scenario 1 (NPV difference = $175,88), but the opposite is true in
scenario 10 (NPV difference = -$140,847.03). Redato the first scenario, the smaller
yield advantage, combined with a larger price défee in absolute value and higher cost
than spring wheat, results in a negative NPV défifiee for scenario 10. The final results
from the two data sets are different. Which dataedftects the current crop production
more accurately depends upon whether the incrdases prices and fertilizer costs in

2008 are temporary or not.

5.3 Yield Elasticity of Switching Point and Price E  lasticity of
Switching Point
Table 5.16 summarizes yield elasticities of switghpoint and price elasticities of

switching point for all the province-soil combirats. The default yields and default
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prices are compared across province-soil combinstidhe switching points of complete
winterkill probability at default yields and pricase from the results of scenario 6. Based
upon the default yield and price data of all pr@eisoil combinations, 1% change of
yield amounts to 0.31 — 0.65bu/ac; 1% change akpaimounts to $0.04 — 0.06/bu.
Complete winterkill probability is 5% initially, @h1% change amounts to 0.05%

complete winterkill.

Using the Alberta Black Soil Zone as an example,itiitial switching point is 1.0%
complete winterkill at default yield and price. if6rease of winter wheat yield
increases the switching point by 239.2%, so thechivig point becomes 3.4% complete
winterkill. 1% increase of winter wheat price inases the switching point by 243.3%, so
the switching point becomes 3.4% complete winter&ither province-soil combinations,
except Manitoba, have yield elasticity of switchpagnt of 32.4 — 77.0, and price
elasticity of switching point of 22.91 — 76.54. Miafa has yield elasticity of switching
point of 2.86 and price elasticity of switching pbof 2.14. Thus, improving yield and
price have the largest effect in the Alberta BI&dil Zone and the smallest effect in
Manitoba. These findings match up the results inld&.13. The possible reasons are
that the Alberta Black Soil zone has the lowestdving point at default yield and price,
so it has the largest possibility to increase thigchiing point; Manitoba has the highest
switching point at default yield and price, soasshthe smallest possibility to increase the

switching point.

The elasticities are all larger than one, suggggshat 1% increase in yield or price
increases the switching point more than 1% inhadigrovince-soil combinations.
Moreover, the effects of improving yield and théefs of improving price on switching
point are in similar size in Alberta and ManitobaSaskatchewan, improving yield leads

to a larger increase of switching point.

In summary, there are one base case, eleven stgrsiK sensitivity analyses, and two
elasticity analyses discussed in this chapter.edmmomic feasibility of winter wheat is
examined through a comparison of NPVs before atat afcorporating winter wheat.
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Three important traits of winter wheat, cold tolee, yield, and quality, are examined

through the analysis.
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Table 5.1 — Provincial Average Yields, Default Wirgr Wheat Yields, and Average

Simulated Winter Wheat Yields over a 30-Year Periodbu/ac)

Province | 2003-2007| Statistics | Default Average Simulated Yields
- Soil Provincial Yields (With Winterkill)
Average (Without
Yield Winterkill)

Risk-Free | S1 S2 S3 S4
AB Black Mean 56.57 52.68| 48.29| 54.62| 52.02
5th Per 56.57 48.57| 42.72| 49.93| 47.83
95th Per 56.57 56.13| 53.19| 58.47| 55.26
AB Mean 30.86 28.76| 26.40| 29.82| 28.39
Brown 5th Per 30.86 26.46| 23.38| 27.40| 26.07
95th Per 30.86 30.59| 29.01| 31.90| 30.14
AB Dark Mean 36.00 33.56| 30.78| 34.70| 33.14
Brown 49.67 | 5th Per 36.00 30.88| 27.20| 31.85| 30.47
95th Per 36.00 35.69| 33.83| 37.14| 35.19
AB Grey Mean 51.43 47.96| 43.95| 49.63| 47.35
5th Per 51.43 44.12| 38.96| 45.47| 43.54
95th Per 51.43 51.01| 48.41| 53.13| 50.27
AB Peace Mean 41.1438.32| 35.18| 39.67| 37.81
5th Per 41.14 35.14| 31.20| 36.27| 34.64
95th Per 41.14 40.78| 38.64| 42.52| 40.24
SK Black Mean 4490 41.81| 38.42| 43.28| 41.31
5th Per 44.90 38.42| 34.13| 39.44| 37.99
95th Per 4490 44.47| 42.15| 46.30| 43.88
SK Mean 32.14 29.97| 27.47| 31.04| 29.58
Brown 38.36 | 5th Per 32.14 27.51| 24.38| 28.43| 27.21
95th Per 32.14 31.87| 30.24| 33.23| 31.44
SK Dark Mean 37.91] 35.29| 32.37| 36.56| 34.83
Brown 5th Per 37.91 32.38| 28.57| 33.49| 32.03
95th Per 37.91 37.56| 35.57| 39.13| 37.06
MB Mean 65.30 60.82| 55.87| 63.05| 60.11
55.91 | 5th Per 65.30 55.93| 49.31| 57.93| 55.36
95th Per 65.30 64.76| 61.54| 67.41| 63.81

Note: 2003-2007 provincial average yields are ayermnnual yields from 2003 to 2007
at a provincial level from CANSIM 1l (2009). For saes of default yields refer to
Appendix E. Default yields are used in the ScenafiBisk-Free which is the scenario of
risk-free winter wheat production. S1-S4 represeenarios 1-4 respectively. All
simulated yields are from Monte Carlo simulatiomg®risk 5.0. Number of iteration =
5000. Per represents percentile.
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Table 5.2 — Comparison of Default Data across Prawce-Soil Combinations

Winter Wheat| Spring Wheat | Price Difference
Province - Soil Price ($/bu) | Price ($/bu) | ($/bu)
AB Black 5.82 6.18 -0.36
AB Brown 6.18 6.55 -0.37
AB Dark Brown 6.18 6.55 -0.37
AB Grey 5.82 6.18 -0.36
AB Peace 5.82 6.18 -0.36
SK Black 4.50 5.38 -0.88
SK Brown 4.50 5.38 -0.88
SK Dark Brown 4.50 5.38 -0.88
MB 4.08 5.08 -1.00

Winter Wheat| Spring Wheat | Yield Difference
Province - Soill Yield (bu/ac) | Yield (bu/ac) | (bu/ac)
AB Black 56.57 55.00 1.57
AB Brown 30.86 30.00 0.86
AB Dark Brown 36.00 35.00 1.00
AB Grey 51.43 50.00 1.43
AB Peace 41.14 40.00 1.14
SK Black 44.90 36.95 7.95
SK Brown 32.14 26.45 5.69
SK Dark Brown 37.91 31.20 6.71
MB 65.30 41.50 23.80

Winter Wheat| Spring Wheat | Cost Difference
Province - Soil Cost ($/ac) | Cost ($/ac) ($/ac)
AB Black 141.70 206.03 -64.33
AB Brown 141.54 156.51 -14.97
AB Dark Brown 155.61 171.99 -16.38
AB Grey 182.23 201.27 -19.04
AB Peace 167.37 186.69 -19.32
SK Black 130.82 137.20 -6.38
SK Brown 106.85 111.56 -4.71
SK Dark Brown 119.22 125.43 -6.21
MB 161.19 159.81 1.38

Note: For sources of default data refer to Apperitlix
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Table 5.3 - Summary Statistics of NPV of the BaseaSe and the Scenario of Risk-Free Winter Wheat

Production

Province - Soil

NPV of Base Case

NPV of Risk-Free

NPV Difference (NPV

NPV Difference /

(Only Spring Wheat Winter Wheat of Risk-free Winter NPV of Base Case

with Other Crops in| Production Wheat Production —

Rotation) NPV of Base Case)
AB Black $3,100,257.64 $3,126,988.33 $26,730.69 0.9%
AB Brown $792,821.01 $818,295.61 $25,474.60 3.2%
AB Dark Brown $1,152,388.22 $1,187,965.4( $35,577.18 3.1%
AB Grey $2,298,691.82 $2,325,876.97 $27,185.15 1.2%
AB Peace $1,455,836.11 $1,499,700.17 $43,864.06 3.0%
SK Black $1,128,047.26 $1,165,103.14 $37,055.88 3.3%
SK Brown $620,453.40 $640,738.83 $20,285.43 3.3%
SK Dark Brown $635,263.2[7 $669,625.78 $34,362.51 5.4%
MB $1,095,600.71 $1,325,120.16 $229,519.44 21.0%
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Table 5.4 - Summary Statistics of NPV Difference dbcenario 1 (5% Complete Winterkill, 20% Partial
Winterkill, 60% Default Year, and 15% Above Default)

Province - | Mean NPV | Std. Dev. | Minimum of Maximum of | 5" Percentile | 95" Percentile | Probability of

Soil Difference | of NPV NPV NPV of NPV of NPV Positive NPV
Difference | Difference Difference Difference Difference Difference

AB Black -$18,084.61| $30,340.55 -$161,984.54 $68.38 -$72,581.05 $26,273.72 30.0%

AB Brown | $3,508.88 $14,731.39 -$65,277.58 $42,8ph5.8 -$22,788.51 $24,939.79 61.8%

AB Dark -$2,944.34 $26,336.08 -$116,984.25 | $69,671.60 | -$50,416.17 | $33,811.53 50.2%

Brown

AB Grey -$10,994.61| $25,590.85-$138,418.40 | $57,924.16 | -$57,529.09 | $25,808.25 37.2%

AB Peace $6,626.57 | $25,306.16| - $106,258.03 | $70,661.09 | -$39,386.23 | $43,627.38 63.8%

SK Black $5,220.01 | $21,611.69| - $131,299.47 | $66,219.31 | -$32,795.24 | $36,877.91 63.1%

SK Brown | $2,384.33 | $12,549.10| -$49,540.98 $31,819.34 | -$20,580.80 | $20,152.03 61.9%

SK Dark $6,601.89 $18,812.25| -$78,582.71 $52,473.64 | -$27,288.20 | $33,844.41 67.1%

Brown

MB $174,775.38| $38,478.02| $6,000.30 $262,161.95 | $103,664.08 | $227,590.46 100%

Note: NPV difference = NPV with winter wheat — NR%ithout winter wheat; number of iterations = 5000
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Table 5.5 - Sensitivity Analysis 1: Discount Rate

Probability of

Province - Mean NPV % Change| Positive
Soll Discount Rate Difference of Mean | NPV Difference
8% | -$21,560.94 -19.2% 27.6%
AB Black 10%| -$18,084.61 n/a 30.0%
12%| -$14,653.78 19.0% 32.7%
8% $4,326.42 23.3% 63.3%
AB Brown 10% $3,508.88 n/a 61.8%
12% $2,799.38 -20.2% 61.8%
8% -$2,613.66 11.2% 50.6%
QE)VDVﬁrk 10%|  -$2,944.34 nla 50.2%
12% -$3,007.69 -2.2% 50.8%
8% | -$12,383.34 -12.6% 35.8%
AB Grey 10%| -$10,994.61 n/a 37.2%
12% -$8,762.79 20.3% 39.9%
8% $7,610.26 14.8% 64.0%
AB Peace 10% $6,626.57 n/a 63.8%
12% $5,257.04 -20.7% 63.0%
8% $6,911.44, 32.4% 64.8%
SK Black 10% $5,220.01 n/a 63.1%
12% $4,161.98 -20.3% 62.8%
8% $2,865.61 20.2% 62.1%
SK Brown 10% $2,384.33 n/a 61.9%
12% $1,651.73 -30.7% 59.7%
8% $8,442.53 27.9% 68.6%
S:f)veﬁrk 10%|  $6,601.89 n/a 67.1%
12% $5,648.33 -14.4% 67.0%
8% | $209,195.92 19.7% 100.0%
MB 10%| $174,775.38 n/a 100.0%
12% | $149,771.63 -14.3% 99.9%

Note: This sensitivity analysis is based upon ssueptions of scenario 1. The discount
rate is 10% initially. NPV difference = NPV with mier wheat — NPV without winter

wheat; number of iterations = 5000
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Table 5.6 - Sensitivity Analysis 2: Sunk Variable @st of Winter Wheat when there

is Complete Winterkill

Percentage of Probability of
Province - | Default Mean NPV | % Change| Positive
Soll Variable Cost | Difference of Mean | NPV Difference
25% | -$16,909.27 6.5% 30.5%
AB Black 30%| -$18,084.61 n/a 30.0%
35% | -$19,188.37 -6.1% 28.9%
25% $4,710.18 34.2% 66.0%
AB Brown 30% $3,508.88 n/a 61.8%
35% $2,698.36 -23.1% 61.5%
25% -$2,362.98 19.8% 50.8%
gi\fcf‘“k 30%|  -$2,944.34 n/a 50.2%
35% -$3,933.55 -33.6% 49.8%
25% -$9,826.22 10.6% 39.7%
AB Grey 30% | -$10,994.61 n/a 37.2%
35% | -$11,746.85 -6.8% 36.4%
25% $7,692.26 16.1% 64.9%
AB Peace 30% $6,626.57 n/a 63.8%
35% $5,787.50 -12.7% 62.2%
25% $5,960.83 14.2% 64.8%
SK Black 30% $5,220.01 n/a 63.1%
35% $4,039.07 -22.6% 61.5%
25% $2,846.39 19.4% 63.0%
SK Brown 30% $2,384.33 n/a 61.9%
35% $1,100.27 -53.9% 58.0%
25% $7,741.84 17.3% 69.4%
S:f)v?ﬁrk 30%|  $6,601.89 n/a 67.1%
35% $5,980.74 -9.4% 65.4%
25%| $176,702.02 1.1% 100.0%
MB 30% | $174,775.38 n/a 100.0%
35% | $173,864.92 -0.5% 100.0%

Note: This sensitivity analysis is based upon gsuemptions of scenario 1. The sunk
variable cost of winter wheat when there is congleinterkill is 30% of the default
variable cost of winter wheat initially. NPV diffemce = NPV with winter wheat — NPV
without winter wheat; number of iterations = 5000
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Table 5.7 - Sensitivity Analysis 3: Variable CostfoLate Seeded Barley

Percentage of Probability of
Province - | Default Mean NPV | % Change| Positive
Soil Variable Cost Difference of Mean NPV Difference
85% | -$16,604.17 8.2% 31.4%
AB Black 90%| -$18,084.61 n/a 30.0%
95% | -$19,420.80 -6.9% 29.7%
85% $4,081.34 16.3% 64.4%
AB Brown 90% $3,508.88 n/a 61.8%
95% $2,909.14 -17.1% 61.3%
AB Dark 85% -$1,827.27 37.9% 51.3%
Bmwgr 90%| -$2,944.34 n/a 50.2%
95% -$4,032.29 -37.0% 50.0%
85% -$9,535.78 13.3% 39.1%
AB Grey 90%| -$10,994.61 n/a 37.2%
95% | -$11,801.08 -7.3% 36.2%
85% $7,780.33 17.4% 65.1%
AB Peace 90% $6,626.57 n/a 63.8%
95% $5,154.05 -22.2% 61.6%
85% $6,096.19 16.8% 65.2%
SK Black 90% $5,220.01 n/a 63.1%
95% $4,033.26 -22.7% 61.2%
85% $2,490.42 4.5% 62.4%
SK Brown 90% $2,384.33 n/a 61.9%
95% $1,277.68 -46.4% 58.4%
SK Dark 85% $7,563.31 14.6% 68.6%
ar
Brown 90% $6,601.89 n/a 67.1%
95% $5,808.37 -12.0% 65.4%
85% | $176,693.78 1.1% 100.0%
MB 90% | $174,775.38 n/a 100.0%
95% | $172,903.78 -1.8% 100.0%

Note: This sensitivity analysis is based upon sgsueptions of scenario 1. The variable
cost of late seeded barley is 90% of default végiabst of barley initially. NPV
difference = NPV with winter wheat — NPV withouttér wheat; number of iterations =
5000

90



Table 5.8 - Sensitivity Analysis 4: Yield of Late 8&eded Barley

Probability of

Province - % Lower than Mean NPV % Change | Positive
Soll Default Yield Difference of Mean NPV Difference
5% -$16,017.64 11.4% 31.2%
AB Black 10% -$18,084.61 n/a 30.0%
15% -$20,258.69 -12.0% 28.9%
5% $4,980.73 42.0% 66.6%
AB Brown 10% $3,508.88 n/a 61.8%
15% $2,424.04 -30.9% 60.7%
5% -$853.90 71.0% 53.3%
QE)VDvﬁrk 10% -$2,944.34 n/a 50.2%
15% -$4,561.81 -54.9% 49.1%
5% -$8,987.94 18.3% 39.8%
AB Grey 10% -$10,994.61 n/a 37.2%
15% -$12,341.49  -12.25% 37.1%
5% $8,221.25 24.06% 66.7%
AB Peace 10% $6,626.57 n/a 63.8%
15% $4,156.77 -37.3% 60.3%
5% $6,309.53 20.9% 64.5%
SK Black 10% $5,220.01 n/a 63.1%
15% $3,479.28 -33.4% 60.5%
5% $3,174.97 33.2% 64.6%
SK Brown 10% $2,384.33 n/a 61.9%
15% $1,290.42 -45.9% 58.7%
5% $8,382.25 27.0% 70.4%
S:f)veﬁrk 10% $6,601.89 n/a 67.1%
15% $5,406.48 -18.1% 64.4%
5% $176,508.88 1.0% 100.0%
MB 10% $174,775.38 n/a 100.0%
15% $173,541.13 -0.7% 100.0%

Note: This sensitivity analysis is based upon tsumptions of scenario 1. The yield of

late seeded barley is 10% less than the defauiyogield initially. NPV difference =
NPV with winter wheat — NPV without winter wheatymber of iterations = 5000
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Table 5.9 - Sensitivity Analysis 5: Yield Loss Faor when there is Partial Winterkill

Probability of

Province - | Yield Loss | Mean NPV % Change | Positive
Soil Factor A Difference of Mean NPV Difference
1 -$18,084.61 n/a 30.0%
AB Black 0.95 -$26,869.53 -48.6% 20.4%
0.9 -$35,901.36 -98.5% 15.5%
1 $3,508.88 n/a 61.8%
AB Brown 0.95 -$1,095.09 -131.2% 50.9%
0.9 -$5,663.61] -261.4% 39.6%
1 -$2,944.34] n/a 50.2%
gi\zsrk 0.95 -$8,787.00  -198.4% 41.3%
0.9 -$17,159.73 -482.8% 29.8%
1 -$10,994.61 n/a 37.2%
AB Grey 0.95 -$17,678.56 -60.8% 28.1%
0.9 -$24,812.21 -125.7% 19.9%
1 $6,626.57 n/a 63.8%
AB Peace 0.95 -$1,449.81] -121.9% 51.7%
0.9 -$9,183.56 -238.6% 40.2%
1 $5,220.01 n/a 63.1%
SK Black 0.95 -$719.71 -113.8% 51.8%
0.9 -$7,743.97 -248.4% 40.3%
1 $2,384.33 n/a 61.9%
SK Brown 0.95 -$1,496.38 -162.8% 50.0%
0.9 -$4,946.25 -307.5% 39.6%
1 $6,601.89 n/a 67.1%
S:f)v?ﬁrk 0.95 $1,561.43  -76.4% 56.5%
0.9 -$4,595.14] -169.6% 45.0%
1 $174,775.38 n/a 100.0%
MB 0.95 $165,406.86 -5.4% 99.9%
0.9 $155,704.16 -10.9% 99.9%

Note: This sensitivity analysis is based upon gsueptions of scenario 1. The yield loss
factor A is 1 initially. NPV difference = NPV with winter reat — NPV without winter

wheat; number of iterations = 5000
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Table 5.10 - Sensitivity Analysis 6: Yield Increas€actor when there is Above
Default

Probability of
Province - | Yield Increas¢ Mean NPV | % Change | Positive
Soil Factor E Difference | of Mean | NPV Difference
0.8| -$19,609.04 -8.4% 26.8%
AB Black 1| -$18,084.61] n/a 30.0%
1.2| -$14,801.42 18.2% 34.3%
0.8| $2,439.67 -30.5% 61.2%
AB Brown 1 $3,508.88 n/a 61.8%
1.2| $5,129.48 46.2% 66.4%
0.8| -$5,299.21 -80.0% 47.4%
QE)VDvgrk 1| $2,044.34 n/a 50.2%
1.2 -$178.59 93.9% 54.5%
0.8] -$12,764.09  -16.1% 35.0%
AB Grey 1| -$10,994.61 n/a 37.2%
1.2| -$8,873.71 19.3% 40.9%
0.8| $4,843.14 -26.9% 61.7%
AB Peace 1 $6,626.57 n/a 63.8%
1.2| $8,152.48 23.0% 65.4%
0.8| $3,772.41 -27.7% 60.8%
SK Black 1| $5,220.01 n/a 63.1%
1.2| $7,052.86 35.1% 65.8%
0.8| $1,393.91 -41.5% 59.5%
SK Brown 1 $2,384.33 n/a 61.9%
1.2| $3,037.42 27.4% 62.8%
0.8| $5,047.34 -23.6% 64.5%
Sr'f)vsgrk 1| $6,601.89 n/a 67.1%
1.2| $8,319.10 26.0% 69.6%
0.8 $172,519.83 -1.3% 100.0%
MB 1|$174,775.38 n/a 100.0%
1.2| $177,438.31 1.5% 100.0%

Note: This sensitivity analysis is based upon $sumptions of scenario 1. The yield
increase factoBis 1 initially. NPV difference = NPV with winter vetat — NPV without
winter wheat; number of iterations = 5000
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Table 5.11 - Summary Statistics of NPV Differencefc&cenario 2 (10% Complete Winterkill, 25% Partial
Winterkill, 50% Default Year, and 15% Above Default)

Province - | Mean NPV | Std. Dev. | Minimum of Maximum of | 5" Percentile off 95" Probability of

Soil Difference Of NPV NPV NPV NPV Percentile of | Positive NPV
Difference | Difference Difference Difference NPV Difference

Difference

AB Black -$70,075.19| $40,337.37| -$250,779.58 $36,703.22 | - $139,304.50 | -$8,419.34 | 3.0%

AB Brown | -$21,891.27| $20,388.04| -$106,433.88 $34,988.92 | - $57,366.22 $8,663.80 14.4%

AB Dark -$47,714.89 | $35,949.68| - $200,597.13 | $54,660.19 | - $112,036.07 | $6,380.17 7.7%

Brown

AB Grey -$54,905.53| $35,226.4{1- $203,920.22 $44,491.88| - $115,800.37 | - $943.97 4.7%

AB Peace -$38,188.29 $34,298.84| -$171,012.44 $64,536.00 | - $97,194.22 $14,861.45 | 13.2%

SK Black -$32,411.62| $29,621.68| -$145,449.76 $53,104.03 | -$83,904.62 $14,094.57 | 14.1%

SK Brown | -$19,129.55| $16,913.07| -$85,244.24 $31,844.18 | -$48,711.68 $7,056.38 13.0%

SK Dark -$25,637.10 | $25,541.60| -$117,400.20 $41,553.12 | -$70,156.33 $13,632.58 | 15.9%

Brown

MB $111,339.86| $52,486.71| -$91,935.87 $257,678.78| $19,044.17 $190,828.10 | 97.7%

Note: NPV difference = NPV with winter wheat — NR%thout winter wheat; number of iterations = 5000
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Table 5.12 - Summary Statistics of NPV Differencefé&ceenario 3 (5% Complete Winterkill, 20% Partial
Winterkill, 45% Default Year, and 30% Above Default)

Province - | Mean NPV | Std. Dev. | Minimum of | Maximum of | 5" Percentile off 95" Percentile | Probability of
Soil Difference Of NPV NPV NPV NPV of NPV Positive NPV
Difference | Difference Difference Difference Difference Difference

AB Black $18,536.27 | $39,125.22| -$159,323.84| $131,037.10| -$48,253.92 $80,360.67 69.0%

AB Brown | $22,034.16 | $19,316.57| -$48,823.92 | $86,367.57 | -$10,303.46 $52,813.60 87.4%

AB Dark $25,708.13 | $32,361.88| -$110,749.16| $116628.64 | -$31,100.48 $76,074.45 79.2%
Brown

AB Grey $17,872.58 | $33,026.66| -$132,965.81| $123,712.98 | -$40,805.09 $67,817.75 71.9%

AB Peace $37,520.68| $32,327.11| -$124,421.07| $150,493.47| -$17,945.17 $87,482.43 87.7%

SK Black $30,642.94 | $28,341.71| -$102,868.07| $111,672.00 | -$17,400.81 $75,399.84 86.0%

SK Brown | $15,846.08 | $15,483.08| -$50,020.46 | $68,250.68 | -$10,234.15 $40,113.96 84.6%

SK Dark $28,410.02 | $23,759.17| -$74,175.22 | $106,080.41| -$12,488.09 $66,287.92 88.2%
Brown

MB $213,087.19| $46,230.49| -$3.076.30 | $343,445.23 | $131,825.46 $282,527.99 100%

Note: NPV difference = NPV with winter wheat — NM¥hout winter wheat; number of iterations = 5000

95




Table 5.13 - Summary Statistics of NPV Differencef&ceenario 4 (5% Complete Winterkill, 20% Partial
Winterkill, and 75% Default Year)

Province - | Mean NPV | Std. Dev. Of | Minimum of | Maximum of | 5" Percentile | 95" Percentile | Probability of
Soil Difference NPV NPV NPV of NPV of NPV Positive NPV
Difference Difference Difference Difference Difference Difference

AB Black -$29,930.03| $27,896.61 | -$169,060.21| $25,142.84 | -$81,275.75 | $8,670.23 13.3%

AB Brown | -$2,297.18 | $13,443.21 | -$68,231.57 | $24,969.20 | -$26,571.18 | $16,954.95 48.0%

AB Dark -$12,466.46 | $25,013.92 | -$176,063.68| $35,577.18 | -$58,917.89 | $21,127.56 35.4%
Brown

AB Grey -$19,930.99| $24,172.08 | -$183,663.08| $25,859.38 | -$64,652.55 | $13,060.77 21.8%

AB Peace -$4,449.31 | $23,730.72 | -$110,532.82| $43,864.06 | -$48,789.21 | $28,788.69 48.1%

SK Black -$2,797.21 | $19,798.64 | -$100,027.09| $37,055.88 | -$38,594.51 | $24,984.59 50.0%

SK Brown | -$2,516.93 | $11,640.73 | -$67,312.98 | $19,742.28 | -$23,319.22 | $13,700.46 46.9%

SK Dark -$511.26 $17,732.07 | -$106,262.46| $34,362.51 | -$34,166.26 | $23,904.64 54.9%
Brown

MB $162,300.23| $36,224.97 | -$22,609.60 | $228,627.15 | $94,786.60 | $211,032.47 100%

Note: NPV difference = NPV with winter wheat — NM¥hout winter wheat; number of iterations = 5000
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Table 5.14 - Summary of Switching Point Increase &m Yield Increase and Price Increase

Scenario 7 Scenario 8

Initial Switching | Switching Point Increase of Switching Point Increase of

Point Increase Switching Point /| Increase Switching Point /

at Default Yield | from Yield Increase Initial Switching | from Price Increase Initial Switching
Province-Saoill and Price of 1bu/ac Point of 1/3 price gap Point
AB Black 1.0% 4.0% 4.00 4.5% 4.50
AB Brown 6.8% 9.1% 1.34 5.6% 0.82
AB Dark Brown 4.2% 5.5% 1.31 4.2% 1.00
AB Grey 2.5% 3.6% 1.44 3.6% 1.44
AB Peace 7.09 5.9% 0.78 4.8% 0.69
SK Black 6.6% 5.4% 0.82 14.9% 2.26
SK Brown 6.0% 6.5% 1.08 12.6% 2.10
SK Dark Brown 7.1% 6.1% 0.86 14.3% 2.01
MB 36.3% 1.6% 0.04 7.6% 0.21

Note: Price gap is the absolute value of pricesddihice (= winter wheat price — spring wheat priegjce increase of
1/3 price gap means that winter wheat price in@®éy one third of the price gap. For exampleh@aAlberta Black
Soil Zone, winter wheat price is $5.82/bu, andrepmwheat price is $6.18/bu. The price gap is $01B6ANd 1/3 price
gap is $0.12/bu. So increase of winter wheat frcé/3 price gap means that winter wheat pricegases by $0.12/bu
to $5.94/bu. Increase of switching point / inis&litching point is the ratio of the increase ofteWing point from
yield/price increase to the initial switching point
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Table 5.15 - Summary Statistics of NPV Differencef@&cenario 10 (Using Avera

es of 2005 and 2006 Dpata

Province - | Mean NPV Std. Dev. | Minimum of | Maximum of | 5" Percentile | 95" Percentile | Probability of

Soil Difference of NPV NPV NPV of NPV of NPV Positive NPV
Difference | Difference Difference Difference Difference Difference

AB Black -$50,926.08 | $14,267.25| -$113,999.09| -$13,292.59 | -$76,242.64 | -$30,032.79 0%

AB Brown | $34,200.69 $8,280.58 | -$3,603.64 $56,341.18 | $19,295.10 | $46,316.91 100%

AB Dark -$31,867.85 | $13,289.31| -$90,260.43 | $847.92 -$56,361.56 | -$13,142.30 0%

Brown

AB Grey -$39,868.10 | $10,957.84| -$89,238.75 | -$10,730.33 | -$60,218.81 | -$24,313.90 0%

AB Peace -$42,616.49 | $13,586.23| -$104,017.72| -$10,556.62 | -$67,091.02 | -$23,374.84 0%

SK Black $28,218.76 $18,041.97| -$59,407.18 | $71,053.13 | -$4,981.71 $52,953.54 92.9%

SK Brown | $16,907.34 $10,316.21| -$28,949.60 | $39,758.59 | -$2,470.78 $30,655.50 93.2%

SK Dark $27,811.43 $16,217.02| -$44,254.45 | $69,601.35 | -$2,870.16 $49,643.92 93.5%

Brown

MB -$140,847.03 | $22,261.56| -$246,908.74| -$85,958.13 | -$182,225.10| -$110,249.70 | 0%

Note: NPV difference = NPV with winter wheat — NRlthout winter wheat; number of iterations = 5000
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Table 5.16 - Comparison of Yield Elasticity of Swithing Point and Price Elasticity of Switching Pointacross
Province — Soil Combinations

AB AB AB Dark AB AB SK SK SK Dark

Black | Brown | Brown Grey Peace Black | Brown | Brown MB
Default
Yield 56.57| 30.86 36.00 51.43 41.14| 4490 32.14 37.91| 65.30
Default
Price 582 6.18 6.18 5.82 5.82 4.50 4.50 4.50 4.08
P (%) 1.0 6.8 4.2 2.5 7.0 6.6 6.0 7.1 36.3
Ey 239.2 41.0 46.6 77.0 34.9 36.8 34.7 32.4 2.9
Ep 243.3] 41.0 46.3 76.5 35.3 25.1 26.0 22.9 2.1

Note: The sources of default yields and defaultgwirefer to Appendix E. P represents the switchoigt of complete
winterkill probability when yield and price are@gfault values. Ey represents yield elasticitywitshing point. Ep
represents price elasticity of switching point.
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Figure 5.1 - Alberta Black Soil Zone - Scenario 50nly Complete Winterkill and

Default Year
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Figure 5.2 - Alberta Brown Soil Zone - Scenario 50nly Complete Winterkill and

Default Year
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Figure 5.3 - Alberta Dark Brown Soil Zone - Scenan 5: Only Complete Winterkill
and Default Year
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Figure 5.4 - Alberta Grey Soil Zone - Scenario 5: @y Complete Winterkill
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Note: NPV difference = NPV with winter wheat — NR¥thout winter wheat;
iterations = 5000
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Figure 5.5- Alberta Peace Region - Scenario 5: Onlgomplete Winterkill and
Default Year
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Note: NPV difference = NPV with winter wheat — NMNthout winter wheat; number of
iterations = 5000

Figure 5.6 - Saskatchewan Black Soil Zone - Scenarb: Only Complete Winterkill
and Default Year
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Note: NPV difference = NPV with winter wheat — NMNthout winter wheat; number of
iterations = 5000
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Figure 5.7 - Saskatchewan Brown Soil Zone - Scenarb: Only Complete Winterkill
and Default Year
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Note: NPV difference = NPV with winter wheat — NRWthout winter wheat; number of
iterations = 5000

Figure 5.8 - Saskatchewan Dark Brown Soil Zone - 8oario 5: Only Complete
Winterkill and Default Year
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Note: NPV difference = NPV with winter wheat — NRWthout winter wheat; number of
iterations = 5000
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Figure 5.9 - Manitoba - Scenario 5: Only Complete Witerkill and Default Year
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Note: NPV difference = NPV with winter wheat — NRWthout winter wheat; number of
iterations = 5000

Figure 5.10 - Scenario 6: Switching Point Analysigshen the Probability of Complete
Winterkill Changes
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Note: Number of iterations = 5000. Number of sintiolas = 100. Target NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.
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Figure 5.11 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Alberta Black Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.12 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Alberta Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.13 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Alberta Dark Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.14 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Alberta Grey Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.15 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Alberta Peace Region)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.16 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Saskatchewan Black Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.17 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Saskatchewan Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.18 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Saskatchewan Dark Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.19 - Scenario 7: Switching Point Analysiwhen Default Winter Wheat
Yield Changes (Manitoba)

60.00

B5.00 === = === mm == mm o m oo

50.00 4+ -----------S-“°. IOV CY

45.00 4

40.00 4 == == mm e m e et

35.00 f - - - - - oo

B30.00 === - m s m s m i m o m o

25.00 - - m - m o m o m e m e m e m o

20.00 - - m - m o m o m o m o m o m e g - ——— - === = —

15,00 - === === mm i m o m i mm oo

20,00 - - — - m s oo e e m e

Probability of Complete Winterkill (%)

5.00 -

0.00

23.8 24.8 25.8 26.8
Yield Difference (bu/ac)

Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.20 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Alberta Black Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.
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Figure 5.21 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Alberta Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.22 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Alberta Dark Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comlevinterkill changes from 0 to 1.
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Figure 5.23 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Alberta Grey Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.24 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Alberta Peace Region)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.25 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Saskatchewan Black Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.26 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Saskatchewan Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comelevinterkill changes from 0 to 1.
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Figure 5.27 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Saskatchewan Dark Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comiplevinterkill changes from 0 to 1.

Figure 5.28 - Scenario 8: Switching Point Analysiwhen Default Winter Wheat
Price Changes (Manitoba)
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Note: Number of iterations = 5000. Number of siniolas = 100. Target mean NPV
Difference = 0 +/- $1000. The probability of comtelevinterkill changes from 0 to 1.
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Figure 5.29 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Alberta Black Soil Zone)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.

Figure 5.30 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Alberta Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.
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Figure 5.31 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.

Figure 5.32 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
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Note: Number of iterations = 5000. Number of sintiolas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.
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5.33 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default

(Alberta Peace Region)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.

Figure 5.34 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Saskatchewan Black Soil Zone)
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Note: Number of iterations = 5000. Number of sintiolas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.
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Figure 5.35 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Saskatchewan Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.

Figure 5.36 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Saskatchewan Dark Brown Soil Zone)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-

year

average winter wheat yield = default yieldG:Bbu/ac. The probability of above

default changes from 0 to 1.
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Figure 5.37 - Scenario 9: How the Probability of Abve Default Changes as the
Probability of Complete Winterkill Changes to KeepWinter Wheat Yield at Default
Value (Manitoba)
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Note: Number of iterations = 5000. Number of siniokas = 100. Target mean of 30-
year average winter wheat yield = default yield Bdu/ac. The probability of above
default changes from 0 to 1.
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Chapter 6 Conclusions, Model Limitations and
Further Research
This study uses the capital budgeting techniqueeatfPresent Value, combined

with Monte Carlo simulation, to build cash flow famodels to examine the
economic feasibility of winter wheat productiontire Canadian Prairies by
province and soil zone. For each province-soil coion, a representative farm
is built with a unique crop rotation. Before incorgting winter wheat, farmers
grow spring wheat with other types of crops (lbase case). After incorporating
winter wheat, farmers replace half spring wheatage with winter wheat,
keeping other crop acres constant with an exceptideed barley when there is
complete winterkill. The scenario of risk-free wvanwwheat production does not
consider winterkill, while scenarios 1 -10 incoratar winterkill risk into winter
wheat production. NPV difference is calculated kestathe base case and any
one of the scenarios. The conclusions of econoeasibility/infeasibility are
made, accompanied by a comparison across provoiceesnbinations as well as
a comparison between scenarios. Sensitivity armlggerformed to examine the
impact of some key parameters on the final resHltsticity analysis is
conducted to investigate relationships between sowpertant traits of winter
wheat.

6.1 Model Conclusions

6.1.1 Scenario Analysis
Winter wheat production is economically feasibléhwthe absence of winterkill

in the Canadian Prairies. However, the economisilbddy of growing winter
wheat varies across provinces and soil zones whetenkill risk is taken into
account. In scenario’ lgrowing winter wheat has the largest positivéuigfice on
farmers’ wealth in Manitoba, and also increasesé&s’ wealth in Saskatchewan,

but decreases farm wealth in three out of five zoiles in Alberta. These results

" In scenario 1, there are 5% complete winterkD/@2partial winterkill, 60% default year and
15% above default.
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are mainly determined by the yield advantage oteviavheat over spring wheat
used in the models. These yields are derived fl@ptovincial government crop
budget estimates. The probabilities of completeeviaill, partial winterkill,
default year, and above default have an influemceiater wheat yields and then
the NPVs with winter wheat. For example, an incegashoth complete and
partial winterkill probabilities by 5 percentageimpiomakes growing winter wheat
decrease farmers’ wealth in eight out of nine progisoil combinations. By
contrast, increasing the above default yield prdilbo 30% improves the
economic feasibility of winter wheat productionaith the study areas. Overall,
increasing cold tolerance, in terms of reducingterikill probability or increasing
probability of above default yield, can make wintdreat more adaptable to the
Canadian Prairies.

Based upon scenario 1, farmers’ acceptable prababilcomplete winterkill to
grow winter wheat differs across province-soil camations, from 1.0 — 36.3%.
So if cold tolerance can be improved to make tlodalpility of complete
winterkill fall below 1%, farmers in all the prowie-soil combinations are willing
to grow winter wheat even if winter wheat yield aquhlity do not increase.
Improvement of yield or quality makes winter wheaire acceptable to Prairie
farmers. The higher the yield or price, the higier probability of complete
winterkill farmers can accept. More precisely, Zlwuihcrease in yield makes
farmers accept 9.3 — 39.1% complete winterkill 280- 0.67/bu increase in price
(2/3 the price gap between winter wheat and spsngat) makes farmers accept
10.0 — 50.4% complete winterkill. Yield increasealgmice increase both have
different impacts on the acceptable probabilitg@plete winterkill across
province-soil combinations. The smallest impactbath yield increase and price
increase are found in Manitoba, and the largesaatgpare found in the Alberta
Black Soil Zone.

Other conclusions from scenario analysis are: tlseeaenegative relationship

between the probability of complete winterkill attieé probability of above
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default yield, keeping the mean of 30-year avesagrilated yield equal to the
default yield for winter wheat. Compared to scemdriwhich uses 2007 and 2008
data, winter wheat production in the last scenaficch uses 2005 and 2006 data
is different in terms of farm NPV differences. Rala to scenario 1, the
economic feasibility of winter wheat productionscenario 10 declined in the
province of Manitoba and in all the soil zones ib&ta except the Brown Soil
Zone, while it improved in all the soil zones insBatchewan. Differences in crop
prices, crop yields, and input prices between 22086 and 2007-2008 budget
data explain these differences in the economidbiéiég. Economic results are
highly sensitive to the provincial crop budget dama the year to year variations

in the budget data.

6.1.2 Sensitivity Analysis
Based upon scenario 1, the discount rate, sunkblarcost of winter wheat when

there is complete winterkill, variable cost of |laeeded barley, yield of late
seeded barley, yield loss fac#dr and yield increase factBrare investigated for
their impacts on the final results respectively. &g all these factors, only the
yield loss facto”A influences the economic feasibility of winter whpeoduction
in some province-soil combinations. All other fastbave little impact on the
final results. The insensitivity of the resultsater factors might come from the
fact that the changes in the parameters of intarestoo small. The conclusion
drawn from the current discussion is: reducingd/leks from winterkill increases

the economic feasibility of winter wheat production

6.1.3 Elasticity Analysis
The study on yield elasticity of switching pointdaprice elasticity of switching

point further reveals information on the influencésmproving winter wheat
yield and price (quality) on farmers’ acceptablelability of complete
winterkill. Switching points are sensitive to bdtte improvement of yield and the

improvement of price. The sensitivity of switchipgint is similar to improving
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yield and improving price in Alberta and Manitola.Saskatchewan, switching
point is more sensitive to improving yield thanngoroving price. Thus,
improving winter wheat yield may receive largedeefs in improving the
economic feasibility of winter wheat production.

6.1.4 Conclusions of All the Analysis
This study provides producers and policy makers sitme insights into the crop

choice of growing winter wheat versus spring whedhe Canadian Prairies from
an economic aspect. Based upon 2007-2008 datajrgravinter wheat has the
greatest potential to increase farmers’ wealth ankbba, followed by
Saskatchewan and Alberta. The yield advantage mtiewivheat is the largest in
Manitoba, followed by Saskatchewan and AlbertadQolerance, yield, and
guality of winter wheat all influence the econorfeasibility of winter wheat. If
any one of these traits can be improved, Prain@aéas may be more willing to
incorporate winter wheat into crop rotations. Sdiglet is shed on the target
levels of cold tolerance, yield, and quality, ahd target levels differ across
provinces and soil zones. The importance of theethraits in winter wheat
production is compared, and the findings suggesttthimprove the economic
feasibility of winter wheat production in the CaredPrairies, research
increasing winter wheat yield may be the most éffeovay; research improving
winter wheat quality may be the second most effeatvay; and research
improving cold tolerance may be also useful buksaas the least effective

among the three traits.

6.2 Model Limitations
In the process of modeling farming activities &@00-acre crop farm, there are

some issues worth further considering which atediss follows:

First, budget estimates versus real farm data issure. As earlier discussed, the

default data used in this study are budget estsrfaden provincial agricultural
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ministries (AARD, 2007 and 2008; SAF, 2007 and 2008 RFI, 2007 and
2008), except that the crop yields in Manitobaarerage yields from MASC
(2007 and 2008). The Production Costs and Retuons AARD are established
on a basis of “a compilation of the most currerdgtad production information
from the AgriProfit$ Business Analysis & Researchd?am as well as forecasts
of expected revenues and costs” (AARD, 2008). Tdeybe used as a reference,
but must be combined with individual farms’ own e&asvhen making cropping
decisions (AARD, 2008). Similarly, SAF (2008) andhMRI (2008) also states
that the estimates they published only can be aseglidelines in decision-
making process and farmers must take into accowlntidual farm’s conditions,
such as climate, soil, and agronomic practices.itfadlly, budget estimates do
not consider winterkill risk, so they may providbéiased view of growing winter
wheat. Although winterkill risk in incorporated sthe models, the results are
still sensitive to the provincial budget data. Tasults are driven by the
differences in default price, yield, and input cosétween winter wheat and
spring wheat. Due to time and budget constrainthisfstudy, real farm data
representative for every province-soil combinaiiothe Canadian Prairies are
unavailable. The currently used default data ageotily data available for this
study at this time. Using these data in farm modely generate different results

from using data from real farms.

The second limitation is about model assumptiorssunptions are made in this
study to reduce the complexity of modeling cropduetion. For example, each
province-soil combination is assumed to have opeesentative farm with one
crop rotation over the period of study. In fachgrotations vary across
individual fields within an area and changes oueaet Additionally, the study
assumes that if NPV difference is positive, itée@omically feasible to grow
winter wheat. For example, the NPV difference i5$8.88 for the Alberta
Brown Soil Zone in scenario 1. Using the currerdisien making rule, it is
suggested to be economically feasible to grow wiwteeat in this area since the

NPV difference is positive. However, farmers magchenore financial incentives
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to grow winter wheat rather than a little higher\N&f growing winter wheat than
spring wheat. Since $3,508.88 is 0.4% of the base bIPV which is
$792,821.01 in this area, farmers may not be vgltm switch from spring wheat
to winter wheat for such a small increase in NPWthwegard to the extra effort in
farm management practices needed for winter wheiharease in yield
variance with winter wheat. A larger economic inbemis expected, but hard to

decide.

Third, as earlier discussed in section 4.4.2, thetire of winter wheat yield
models is a model limitation. More specificallyetrange of winter wheat yield
under partial winterkill and above default changseghe probabilities of the yield

outcomes change.

6.3 Further Research
This study simulates crop production with only @techastic element: winter

wheat yield. In future study, winter wheat price& dg@ made stochastic to capture
market fluctuations. Furthermore, spring wheatdyehd price can become
stochastic as well since any change in spring wtiieettly affects the

comparison of economic benefits and costs betweehito types of wheat.
Meanwhile, although the importance of cold toleengeld, and price in winter
wheat production is studied and some preliminafyresf are made to rank the
importance of these traits of winter wheat, sucbwisching point analysis and
elasticity analysis, further efforts are requiredetter define methods to rank
these factors. Additionally, a comprehensive undeding of the biological
mechanism behind winter wheat growth is desirablech is helpful to build a

bio-economic model to fully explore the economitsvimter wheat production.

The crop choice of growing winter wheat versusrgprheat is based upon
economic benefits and costs of crop productioremtise known as private
benefits and costs. However, winter wheat has samagonmental benefits as
earlier discussed. These benefits are not tradadnarket, so cannot bring
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farmers direct economic returns. However, farmeay take into account these
environmental benefits when making cropping deassid o fully understand the
influences of winter wheat production in the Caaadrrairies, environmental
and social benefits/costs need to be evaluatettyRokkers and farmers will

benefit more from an overall understanding of wintbeat production.
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Appendix A

Definitions of Tillage Systems

Tillage Method Definition

Conventional tillage A system that traditionally uses moldboard
plows or chisel plows with sweeps, followe
by disking, harrowing or other secondary
tillage operations to incorporate residue,
prepare a seedbed and control weeds.

L

Conservatiorn Reduced tillage A system which remove one or more tillage
tillage operations to increase residue cover on the
soil, reduce fuel costs and to use standing
stubble to trap snow to increase soil moisture
and permit the winter survival of winter

wheat.
Zero tillage A system in which crops are planted into
(No-till) previously undisturbed soil by opening a

narrow slot of sufficient width and depth to
obtain proper seedbed coverage. No tillage
operation for the purpose of weed control i
conducted, but this allows for tillage with lo|
disturbance openers (knives, spikes, etc) f¢
fall banding of fertilizer, filling in ruts, and
the use of heavy harrows for crop residue
management.

: E \"ZJ

Source: MAFRI (2006)
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Appendix B
Figure B.1 - Winter Wheat Yields versus Spring Whéalds in Alberta (1981-

2006)
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Figure B.2 - Winter Wheat Yields versus Spring Whéalds in Saskatchewan
(1981-2006)
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Figure B.3 - Winter Wheat Yields versus Spring Whéialds in Manitoba
(1981-2006)
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Appendix C
Figure C.1

Alberta
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Figure C.2

Saskatchewan
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Figure C.3

Manitoba
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Appendix D

Table D.1 Crop Acres in CD 10 - Alberta Black Stdne (2006)

CD 10 Acre
spring wheat 781,133
durum wheat 3,960
winter wheat 3,769
barley 455,736
canola 791,924
oats 164,877
flax 4,016
summerfallow 122,494

Source: 2006 Census of Agriculture, Statistics @ana

Table D.2 Crop Acres in CD 4 - Alberta Brown Sodrig (2006)

CD4 Acre
spring wheat 371,863
durum wheat 69,153
winter wheat 2,384
barley 119,928
canola 50,101
oats 91,637
flax 5,148
summerfallow 427,686

Source: 2006 Census of Agriculture, Statistics @ana

Table D.3 Crop Acres in CD 5 - Alberta Dark BrownilZone (2006)

CD5 Acre
spring wheat 1,017,935
durum wheat 73,076
winter wheat 12,577
barley 573,658
canola 450,476
oats 32,469
flax 13,783
summerfallow 325,132

Source: 2006 Census of Agriculture, Statistics @ana
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Table D.4 Crop Acres in CD 11 - Alberta Grey Saing (2006)

CDh 11 Acre
spring wheat 272,222
durum wheat 5,466
winter wheat 4,249
barley 235,315
canola 346,362
oats 100,500
flax 1,771
summerfallow 46,829

Source: 2006 Census of Agriculture, Statistics @ana

Table D.5 Crop Acres in CD 19 - Alberta Peace Re¢iD06)

CD 19 Acre
spring wheat 484,519
durum wheat 7,190
winter wheat 4,044
barley 172,063
canola 615,827
oats 124,471
flax 6,726
summerfallow 136,111

Source: 2006 Census of Agriculture, Statistics @ana

Table D.6 Crop Acres in CD 14 — Saskatchewan B&aik Zone (2006)

CD 14 Acre
spring wheat 635,403
durum wheat 3,459
winter wheat 3,667
barley 231,616
canola 699,738
oats 240,877
flax 56,968
summerfallow 223,617

Source: 2006 Census of Agriculture, Statistics @ana
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Table D.7 Crop Acres in CD 3 — Saskatchewan BrowaihZ>ne (2006)

CD3 Acre
spring wheat 597,156
durum wheat 461,163
winter wheat 20,080
barley 138,390
canola 54,756
oats 74,785
flax 63,510
summerfallow 469,014

Source: 2006 Census of Agriculture, Statistics @ana

Table D.8 Crop Acres in CD 11 — Saskatchewan Dadw Soil Zone (2006)

CDh 11 Acre
spring wheat 772,610
durum wheat 91,587
winter wheat 24,660
barley 265,013
canola 559,348
oats 140,948
flax 141,981
summerfallow 335,737

Source: 2006 Census of Agriculture, Statistics @ana

Table D.9 Crop Acres in CD 17 — Manitoba (2006)

CD 17 Acre
spring wheat 256,878
durum wheat 1,692
winter wheat 4,624
barley 61,547
canola 196,291
oats 63,773
flax 16,237

Source: 2006 Census of Agriculture, Statistics @ana
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Appendix E

Table E.1 Default Data for the Alberta Black Sadlné

spring feed Argentine winter milling
wheat barley canola wheat oats

Inflow
Yield (bu/ac) 55.00 | 75.00 | 45.00 56.57 85.00
Market Price ($/bu) 6.18 3.80 10.63 5.82 3.03
Crop Sales ($/ac) 339.63 285.00 478.13 329.24 %711
Outflow
Variable Expenses
Seed 15.97 | 13.00| 32.50 16.97 13.13
Fertilizer (NPKS blend) 67.25| 60.75 71.00 74.50, 083.
Chemicals 35.00| 29.50| 30.50 11.51 11.50
Trucking and Marketing 4.00 4.00 7.00 4.00 4.00
Fuel, Oil & Lube. 13.46 | 14.02 14.02 13.46 14.02
Machinery Repairs 10.00 10.00 12.50 10.00 10.00
Building Repairs 1.50 1.50 1.50 1.50 1.50
Custom Work & Hired Labor 8.25 6.25 6.25 5.00 6.25
Utilities & Miscellaneous 9.00 9.00 9.00 9.00 9.00
Total Variable Expense ($/ac) | 164.43 148.02 184.27 | 145.94 112.40
Other Expenses
Machinery Replacement 30.00 30.0(¢ 30.00 30.00 30.p0
Building Replacement 1.60 1.60 1.60 1.60 1.60
Licenses and insurance 5.00 5.00 5.00 5.00 5.00
Property Tax 5.00 5.00 5.00 5.00 5.00
Total Other Expense ($/ac) 41.60| 4160 41.60 41.60| 41.60

| Total Expense ($/ac) | 206.03 189.62 22587 | 187.54 4.06 |

| Net Cash Flow ($/ac) | 13360 95.38] 25226 | 1417 .183]

Note: The data are averages of 2007 and 2008 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.2 Default Data for the Alberta Brown Sadng

fallow
seeded
spring feed Argentine  winter  spring
wheat barley canola wheat wheat
Inflow
Yield (bu/ac) 30.00 45.00 30.00| 30.86 31.07
Market Price ($/bu) 6.55 4.00 10.63 6.18 6.55
Crop Sales ($/ac) 196.50 180.00 318.75] 190.54 203.52
Outflow
Variable Expenses
Seed 13.69 9.75 26.00| 14.55 13.69
Fertilizer (NPKS blend) 42.25 42.25 45.75| 46.81 28.17
Chemicals 26.25 14.75 27.45 8.63 16.76
Trucking and Marketing 3.50 3.00 5.00 3.50 3.50
Fuel, Oil & Lube. 11.22 11.22 11.22| 11.22 11.22
Machinery Repairs 8.50 8.50 8.50 8.50 8.50
Building Repairs 1.0( 1.00 1.00 1.00 1.00
Custom Work & Hired
Labor 7.00 6.00 6.00 4.24 7.00
Utilities & Miscellaneous 8.50 8.50 8.50 8.50 8.50
Total Variable Expense
($/ac) 121.91] 104.97 139.42| 106.94 98.34
Other Expenses
Machinery Replacement 25.00 25.00 25.00f 25.00 25.00
Building Replacement 1.60 1.60 1.60 1.60 1.60
Licenses and insurance 3.00 3.00 3.00 3.00 3.00
Property Tax 5.0( 5.00 5.00 5.00 5.00
Total Other Expense
($/ac) 34.60] 34.60 34.60] 34.60 34.60
| Total Expense ($/ac) 156.51 139.57| 174.02] 141.54] 132.94
| Net Cash Flow ($/ac) 40.00 40.44|  14474] 49.00]  70.58]

Note: The data are averages of 2007 and 2008 data.

Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.2 Default Data for the Alberta Brown Sailné (Continued)

fallow
seeded tillage
durum fallow
Inflow
Yield (bu/ac) 32.90
Market Price ($/bu) 7.65
Crop Sales ($/ac) 251.69 0.00
Outflow
Variable Expenses
Seed 18.0(
Fertilizer (NPKS blend) 28.1y
Chemicals 16.76¢ 16.50
Trucking and Marketing 3.50
Fuel, Oil & Lube. 11.22 8.98
Machinery Repairs 8.50 6.00
Building Repairs 1.00 1.00
Custom Work & Hired
Labor 7.000 7.00
Utilities & Miscellaneous 8.50 4.00
Total Variable Expense
($/ac) 102.65 43.48
Other Expenses
Machinery Replacement 25.00 5.10
Building Replacement 1.60 1.60
Licenses and insurance 3.00 3.00
Property Tax 5.00 5.00
Total Other Expense
($/ac) 34.60, 14.70
| Total Expense ($/ac) |  137.25 58.18]
| Net Cash Flow ($/ac) |  114.44 -58.18]

Note: The data are averages of 2007 and 2008 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.3 Default Data for the Alberta Dark BrowmilSone

fallow
seeded

spring feed Argentine winter spring tillage

wheat barley canola wheat wheat fallow
Inflow
Yield (bu/ac) 35.00 45.00 35.00| 36.00] 37.33
Market Price ($/bu) 6.55 4.00 10.63| 6.18 6.55
Crop Sales ($/ac) 229.25 180.00 371.88| 222.30] 244.53| 0.00
Outflow
Variable Expenses
Seed 15.06 11.38 32.50| 16.00| 15.06
Fertilizer (NPKS blend) 51.00 48.50 55.75| 56.50| 27.32| 16.50
Chemicals 29.7% 22.13 30.50| 9.78| 24.29
Trucking and Marketing 3.50 3.00 5.00 3.50 3.50
Fuel, Oil & Lube. 12.34 12.34 12.34| 12.34| 12.34| 8.93
Machinery Repairs 9.00 9.00 9.00 9.00 9.00| 6.00
Building Repairs 1.0( 1.00 1.00 1.00 1.00f 1.00
Custom Work & Hired
Labor 7.25 6.25 6.25| 4.39 7.25| 0.00
Utilities & Miscellaneous 8.5( 8.50 8.50 8.50 8.50| 4.00
Total Variable Expense
($/ac) 137.39 122.10 160.84| 121.01| 108.25 36.43

Other Expenses
Machinery Replacement 25.00 25.00 25.00| 25.00| 25.00| 7.05

Building Replacement 1.60 1.60 1.60 1.60 1.60| 1.60
Licenses and insurance 3.00 3.00 3.00 3.00 3.00| 3.00
Property Tax 5.00 5.00 500/ 5.00/ 5.00]/ 5.00
Total Other Expense

($/ac) 34.60| 34.60 34.60| 34.60| 34.60| 16.65
| Total Expense ($/ac) | 171.99 156.70] 195.44] 155.61] 142.85] 53.08]
| Net Cash Flow ($/ac) | 57.26 23.31] 176.44] 66.70] 101.69| -53.08]

Note: The data are averages of 2007 and 2008 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.4 Default Data for the Alberta Grey Soihgo

spring feed Argentine  winter milling
wheat barley canola wheat oats

Inflow

Yield (bu/ac) 50.00 70.00 40.00 51.43 80.00
Market Price ($/bu) 6.18 3.40 10.63 5.82 3.03
Crop Sales ($/ac) 308.7%5 238.00 425.00 299.32 242.00
Outflow

Variable Expenses

Seed 15.97 11.38 32.50 16.97 11.82
Fertilizer (NPKS blend 58.50 52.25 68.50 64.81 40.75
Chemicals 35.00 29.50 30.50 11.51 11.50
Trucking and

Marketing 400 4.00 7.00 4.00 4.00
Fuel, Oil & Lube. 15.70 15.70 17.95 15.70 15.70
Machinery Repairs 12.00 12.00 14.50 12.00 12.00
Building Repairs 1.5( 1.50 1.50 1.50 1.50
Custom Work & Hired

Labor 7.25 6.25 6.25 4.39 6.25
Utilities &

Miscellaneous 9.7% 9.75 12.00 9.75 9.75
Total Variable

Expense ($/ac) 159.67 142.33 190.70 140.63 113.27
Other Expenses

Machinery

Replacement 30.00 30.00 30.00 30.00 30.00
Building Replacement 1.60 1.60 1.60 1.60 1.60
Licenses and insurance 5.00 5.00 5.00 5.00 5.00
Property Tax 5.0( 5.00 5.00 5.00 5.00
Total Other Expense

($/ac) 41.600 41.60 41.60 41.60 41.60
| Total Expense ($/ac) | 201.27 183.93] 232.30] 182.23] 154.87|
| Net Cash Flow ($/ac) | 107.48 54.07] 192.71] 117.09]  87.14]

Note: The data are averages of 2007 and 2008 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.5 Default Data for the Alberta Peace Region

spring feed Argentine winter milling
wheat barley canola wheat oats

Inflow

Yield (bu/ac) 40.00 64.00 30.00 41.14 75.00

Market Price ($/bu) 6.18 3.40 10.63 5.82 3.03

Crop Sales ($/ac) 247.20 217.60 318.90/ 239.51 227.25

Outflow

Variable Expenses

Seed 13.69 9.75 26.00 14.55 10.50

Fertilizer (NPKS blend) 57.26 52.25 68.50 63.42 43.00

Chemicals 35.00 29.50 30.50 11.51 11.50

Trucking and Marketing 3.50 350 6.50 3.50 3.50

Fuel, Oil & Lube. 12.90 12.90 14.02 12.90 12.90

Machinery Repairs 12.50 12.50 14.50 12.50 12.50

Building Repairs 1.5( 1.50 1.50 1.50 1.50

Custom Work & Hired

Labor 7.25 6.25 6.25 4.39 6.25

Utilities & Miscellaneous 8.5( 8.50 8.50 8.50 8.50

Total Variable Expense

($/ac) 152.09 136.65 176.27| 132.77 110.15

Other Expenses

Machinery Replacement 25.00 25.00 25.00 25.00 25.00

Building Replacement 1.60 1.60 1.60 1.60 1.60

Licenses and insurance 3.00 3.00 3.00 3.00 3.00

Property Tax 5.0( 5.00 5.00 5.00 5.00

Total Other Expense

($/ac) 34.600 34.60 34.60 34.60 34.60
| Total Expense ($/ac) |  186.69 171.25] 210.87| 167.37] 144.75]
| NetCash Flow ($/ac) | 6051 46.35] 108.03] 72.14] 8250

Note: The data are averages of 2007 and 2008 data.

Source: AgriProfit$ Cropping Alternatives (AARD, @Dand 2008)
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Table E.6 Default Data for the Saskatchewan BlaumkZ»ne

spring  feed winter
wheat barley canola wheat oats

Inflow
Yield (bu/ac) 36.95 58.60| 26.20 4490/ 70.10
Market Price ($/bu) 538 3.00f 8.63 4.50 2.38
Estimated Gross Revenue
($/ac) 198.61] 175.80| 225.98| 202.05| 166.49
Outflow
Variable Expenses
Seed 11.37 8.92| 26.48 11.55| 13.32
Fertilizer - Nitrogen 28.80 28.80| 28.80 36.00| 28.80

- Phosphorus 10.20 10.20| 6.80 10.20| 10.20

- Sulfur & Other 0.00 0.00| 4.60 0.00 0.00
Chemical - Herbicides 19.48 19.46| 26.97 11.30f 10.84
- Insecticides/Fungicides 2.34 0.00 1.07 0.00 0.00

- Others 2.70 2.38| 0.00 2.70 3.06
Machinery Operating

- Fuel 10.99 10.99| 11.78 10.99| 10.99

- Repair 594 5.94| 594 5.94 5.94
Custom Work & Hired Labor 8.2b 6.25 6.25 5.00 6.25
Crop Insurance Premium 0.00 0.00 0.00 0.00 0.00
Utilities & Miscellaneous 536 5.36| 5.36 5.36 5.36
Building Repair 1.60 1.60 1.60 1.60 1.60
Total Variable Expenses ($/ac) 107.02 99.89]| 125.63 100.64| 96.36
Other Expenses
Property Taxes 6.3 6.36 6.36 6.36 6.36
Insurance & Licenses 242 242 242 242 2.42
Machinery Replacement 19.80 19.80] 19.80 19.80] 19.80
Building Replacement 1.60 1.60 1.60 1.60 1.60
Total Other Expenses ($/ac) 30.18 30.18] 30.18 30.18| 30.18

| Total Expenses ($/ac) | 137.2D 130.07] 155.81] 130.82] 126.54
| Net Cash Flow ($/ac) | 61.4] 45.73] 70.17]  71.24] 39.95]

Note: The data are averages of 2007 and 2008 data.
Source: Crop Planning Guides (SAF, 2007 and 2008)
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Table E.7 Default Data for the Saskatchewan BroaihZne

fallow
seeded
spring feed winter durum tillage
wheat barley wheat oats wheat fallow

Inflow
Yield (bu/ac) 26.45 40.25| 32.14| 45.00] 37.00
Market Price ($/bu) 538 3.00 450| 2.38 5.90
Estimated Gross 106.8
Revenue ($/ac) 142.1y 120.75] 144.63 8| 218.30 0.00
Outflow
Variable Expenses
Seed 11.37 8.11] 11.55| 11.10| 14.72
Fertilizer - Nitrogen 21.60 21.60| 27.00| 21.60 9.60

- Phosphorus 10.20 10.20| 10.20| 10.20| 10.20

- Sulfur &
Other 0.00 0.00 0.00| 0.00 0.00
Chemical - Herbicides 15.16 15.18 8.79|10.84| 12.49 3.83
- Insecticides/Fungicides 1.17 0.00 0.00] 0.00 1.17 0.00

- Others 270 2.16 2.70| 2.55 2.70 0.00
Machinery Operating

- Fuel 10.99 10.99| 10.99| 10.99| 13.35 7.85

- Repair 4.47 4.47 4.47| 4.47 4.47 1.53
Custom Work & Hired
Labor 7.00 6.00 4.24| 6.00 7.00 0.00
Crop Insurance Premiuny 0.00 0.00 0.00| 0.00 0.00 0.00
Utilities & Miscellaneous 3.56 3.56 3.56| 3.56 3.56 3.56
Building Repair 090 0.90 0.90| 0.90 0.90 0.90
Total Variable Expenses
($/ac) 89.11] 83.16] 84.40| 82.21| 80.16| 17.67
Other Expenses
Property Taxes 530 5.30 5.30| 5.30 5.30 5.30
Insurance & Licenses 1.35 1.35 1.35| 1.35 1.35 1.35
Machinery Replacement 14.90 14.90| 14.90| 14.90| 14.90 5.10
Building Replacement 0.90 0.90 0.90] 0.90 0.90 0.90
Total Other Expenses
($/ac) 2245 22.45| 22.45|22.45| 22.45| 12.65

104.6

Total Expenses ($/ac) 111.56 105.61| 106.85 6| 102.61] 30.32

| Net Cash Flow ($/ac) | 30.61 15.14] 37.78] 2.22| 115.69| -30.32]
Note: The data are averages of 2007 and 2008 data.
Source: Crop Planning Guides (SAF, 2007 and 2008)
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Table E.8 Default Data for the Saskatchewan DadwBrSoil Zone

fallow
seeded
spring feed winter tillage  spring
wheat barley canola wheat fallow wheat
Inflow
Yield (bu/ac) 31.20 49.50| 23.70] 37.91 33.30
Market Price ($/bu) 5.38 3.00 8.63 4.50 5.38
Estimated Gross
Revenue ($/ac) 167.70 148.50| 204.41| 170.61 0.00| 178.99
Outflow
Variable Expenses
Seed 11.37 8.92| 26.48| 11.55 11.37
Fertilizer - Nitrogen 24.00 24.00/ 24.00f 30.00 12.00
- Phosphorus 10.20 10.20 6.80| 10.20 10.20
- Sulfur &
Other 0.00 0.00 3.45 0.00 0.00
Chemical - Herbicides 19.93 19.46| 26.97| 11.56 3.83| 16.81
- Insecticides/Fungicides 1.17 0.00 1.07 0.00 0.00 1.17
- Others 2.70 2.38 0.00 2.70 0.00 2.70
Machinery Operating
- Fuel 10.99 10.99| 11.78] 10.99 7.85| 13.35
- Repair 5.18 5.18 5.18 5.18 2.12 5.18
Custom Work & Hired
Labor 7.25 6.25 6.25 4.39 0.00 7.25
Crop Insurance Premiuny 0.00 0.00 0.00 0.00 0.00 0.00
Utilities & Miscellaneous 526 5.26 5.26 5.26 5.26 5.26
Building Repair 1.20 1.20 1.20 1.20 1.20 1.20
Total Variable Expenses
($/ac) 99.24] 93.83] 118.42] 93.03] 20.26] 86.47
Other Expenses
Property Taxes 560 5.69 5.69 5.69 5.69 5.69
Insurance & Licenses 2.05 2.05 2.05 2.05 2.05 2.05
Machinery Replacement 17.25 17.25] 17.25| 17.25 7.05] 17.25
Building Replacement 1.20 1.20 1.20 1.20 1.20 1.20
Total Other Expenses
($/ac) 26.19] 26.19| 26.19] 26.19] 15.99] 26.19

| Total Expenses ($/ac) | 125.4B 120.02| 144.61| 119.22] 36.25| 112.66]

| Net Cash Flow ($/ac) | 42.28 28.48| 59.80| 51.39] -36.25| 66.33]
Note: The data are averages of 2007 and 2008 data.
Source: Crop Planning Guides (SAF, 2007 and 2008)
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Table E.9 Default Data for Manitoba

spring winter feed

wheat wheat barley canola oats
Inflow
Yield (bu/acre) 41.50 65.30 60.75| 31.85| 82.50
Market Price($/bu) 5.08 4.08 2.88 8.68| 2.48
Estimated gross revenue
($/ac) 210.61 266.10 174.66| 276.30| 204.19
Outflow
Variable Expenses
Seed & Treatment 15.52 16.75 1450/ 31.35| 15.94
Fertilizer 38.20f 57.59 38.20| 44.97| 35.25
Herbicide 22.00 5.75 22.00] 26.00| 5.75
Fungicide 10.50 15.25 5.38| 26.13| 8.50
Insecticide 0.00 0.00 0.00 0.00/ 0.00
Fuel 14.75 12.25 14.75| 14.75| 14.75
Machinery Operating 10.00 8.00 10.00f 10.00| 10.00
Crop Insurance 0.00 0.00 0.00 0.00 0.00
Other Costs (Utilities and
Miscellaneous) 750 7.50 7.50 750 7.50
Drying Costs 0.00 0.00 0.00 0.00/ 0.00
Custom Work & Hired Labor 8.26 5.00 6.25 6.25 6.25
Building Repairs 1.5( 1.50 1.50 1.50 1.50
Total Operating ($/ac) 128.21] 129.59 120.07| 168.44| 105.44
Other Expenses
Machinery Replacement 25.00 25.00 25.00f 25.00| 25.00
Building Replacement 1.60 1.60 1.60 1.60 1.60
License and insurance Included in the expenseaafhivhery Operating
Land Taxes 5.00 5.00 5.00 5.00/ 5.00
Total Other Expense ($/ac) 31.60 31.60 31.60] 31.60| 31.60

‘ Total Expense ($/ac)

| 15081 161.19]

151.67| 200.04] 137.04]

‘ Net Cash Flow ($/ac)

| 50.80 104.91]

2299 76.26| 67.15

Note: The data are averages of 2007 and 2008 data.
Source: Guidelines for Estimating Crop Productias$ (MAFRI, 2007 and
2008); Yield Manitoba (MASC, 2007 and 2008)
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Appendix F

Statistics Canada information is used with the pssion of Statistics Canada.
Users are forbidden to copy the data and redissataeithem, in an original or
modified form, for commercial purposes, withoutrpission from Statistics
Canada. Information on the availability of the widage of data from Statistics
Canada can be obtained from Statistics Canada'sdRafOffices, its World

Wide Web site avww.statcan.gc.caand its toll-free access number 1-800-263-
1136.
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Appendix G

Cash Flows before Incorporating Winter Wheat - Albe

rta Black Soil Zone

Inflow Year 0 Year 1 Year 2 Year 3 Year 28 Year 29 Year 30
spring wheat 118,868.75 | 118,868.75 | 118,868.75 118,868.75 | 118,868.75 | 118,868.75
feed barley 114,000.00 | 114,000.00 | 114,000.00 114,000.00 | 114,000.00 | 114,000.00
Argentine
canola 334,687.50 | 334,687.50 | 334,687.50 334,687.50 | 334,687.50 | 334,687.50
spring wheat 118,868.75 | 118,868.75 | 118,868.75 118,868.75 | 118,868.75 | 118,868.75
milling oats 51,425.00 | 51,425.00 51,425.00 51,425.00 | 51,425.00 | 51,425.00
Total Inflow 737,850.00 | 737,850.00 | 737,850.00 737,850.00 | 737,850.00 | 737,850.00
Note: inflow = price x yield x acre
Outflow Year 0 Year 1 Year 2 Year 3 Year 28 Year 29 Year 30
spring wheat 72,110.50 72,110.50 72,110.50 72,110.50 | 72,110.50 | 72,110.50
feed barley 75,848.00 75,848.00 75,848.00 75,848.00 | 75,848.00 | 75,848.00
Argentine
canola 158,109.00 | 158,109.00 | 158,109.00 158,109.00 | 158,109.00 | 158,109.00
spring wheat 72,110.50 72,110.50 72,110.50 72,110.50 | 72,110.50 | 72,110.50
milling oats 30,799.00 | 30,799.00 30,799.00 30,799.00 | 30,799.00 | 30,799.00
Total Outflow 408,977.00 | 408,977.00 | 408,977.00 408,977.00 | 408,977.00 | 408,977.00
Note: outflow = (variable expenses + other expense  s) x acre
Net Cash Flow 328,873.00 | 328,873.00 | 328,873.00 328,873.00 | 328,873.00 | 328,873.00
Discounted
Cash Flow 298,975.45 | 271,795.87 | 247,087.15 22,805.16 | 20,731.96 | 18,847.24
| NPV | 3,100,257.64 |

Note: All cash flows are in Canadian dollar. DisebRate = 10%.
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Appendix H

Table H.1 Data for the Alberta Black Soil Zone eBario 10

spring feed Argentine winter milling
wheat barley canola wheat oats
Inflow
Yield (bu/ac) 52.50 72.50 32.00| 59.77| 52.50
Market Price ($/bu) 345 240 6.00| 2.59 3.45
Crop Sales ($/ac) 181.13 174.00 192.00| 154.65| 181.13
Outflow
Total Variable Expense
($/ac) 120.86 114.49 137.62| 103.42| 101.99
Total Other Expense ($/ac 40.10 40.10 39.60| 40.10| 40.10
Total Expense ($/ac) 160.96 154.59 177.22| 143.52| 142.09
Net Cash Flow ($/ac) | 2017 19.41] 1478 11.13] 23.66]

Note: The data are averages of 2005 and 2006 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @® and 2006)

Table H.2 Data for the Alberta Brown Soil Zone -e&ario 10

fallow
seeded
spring feed Argentine  winter  spring
wheat barley canola wheat wheat
Inflow
Yield (bu/ac) 26.00 42.00 15.85| 34.50 29.00
Market Price ($/bu) 400 2.60 6.96 3.00 4.00
Crop Sales ($/ac) 104.00 109.20 110.24| 103.50 116.00
Outflow
Total Variable
Expense ($/ac) 90.24 76.43 103.30f 73.23 73.57
Total Other Expense
($/ac) 25.10 25.10 24.67| 25.10 25.10
Total Expense ($/ac)] 115.34 101.53 127.97| 98.33 98.67
Net Cash Flow
($/ac) -11.34 7.67 -17.72 5.17 17.33

Note: The data are averages of 2005 and 2006 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @® and 2006)
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Table H.2 Data for the Alberta Brown Soil Zone -eario 10 (Continued)

fallow
seeded tillage
durum fallow
Inflow
Yield (bu/ac) 32.5(0
Market Price ($/bu) 4.08
Crop Sales ($/ac) 130.98 0.00
Outflow
Total Variable
Expense ($/ac) 76.15 16.25
Total Other Expense
($/ac) 25.10 11.57
Total Expense ($/ac) 101.25 27.82
Net Cash Flow
($/ac) 29.73] -27.82

Note: The data are averages of 2005 and 2006 data.
Source: AgriProfit$ Cropping Alternatives (AARD, @®and 2006)

Table H.3 Data for the Alberta Dark Brown Soil Zen&cenario 10

fallow
seeded
spring feed HT winter spring tillage
wheat barley canola wheat wheat fallow
Inflow
Yield (bu/ac) 32.5Q0 48.00| 27.50| 37.00 36.00
Market Price ($/bu) 400 255| 5.75 3.00 4
Crop Sales ($/ac) 130.00 122.40| 158.13| 111.00 144.00{ 0.00
Outflow
Total Variable Expense
($/ac) 101.46 95.95| 125.69| 85.83 84.18| 18.41
Total Other Expense
($/ac) 33.10 33.10| 33.10| 33.10 33.10| 14.87
Total Expense ($/ac) 134.56 129.05| 158.79| 118.93 117.28) 33.28
| Net Cash Flow ($/ac) | -4.56 -6.65] -0.66] -7.93] 26.72] -33.28|

Note: The data are averages of 2005 and 2006 ld@taanola is incorporated
into the crop rotation instead of Argentine canmdaause data on Argentine
canola are not available in 2005 and 2006.
Source: AgriProfit$ Cropping Alternatives (AARD, @®and 2006)
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Table H.4 Data for the Alberta Grey Soil Zone —r&o® 10

spring feed HT winter  milling
wheat barley canola wheat oats
Inflow
Yield (bu/ac) 45.00 65.00/ 37.50] 51.23 77.50
Market Price ($/bu) 3.44 2.35 5.75 2.58 1.95
Crop Sales ($/ac) 154.80 152.75| 215.63| 132.17 151.13
Outflow
Total Variable Expense
($/ac) 114.48 112.16| 147.84| 100.39 99.76
Total Other Expense ($/ac 38.60 38.60| 38.60| 38.60 38.60
Total Expense ($/ac) 153.08 150.76] 186.44| 138.99 138.36
| Net Cash Flow ($/ac) | 1.72 2.00] 29.19] -6.81] 12.77]

Note: The data are averages of 2005 and 2006 ld&taanola is incorporated
into the crop rotation instead of Argentine cartmd@ause data on Argentine

canola are not available in 2005 and 2006.
Source: AgriProfit$ Cropping Alternatives (AARD, @® and 2006)

Table H.5 Data for the Alberta Peace Region — Stei8

spring feed HT winter milling
wheat barley canola wheat oats
Inflow
Yield (bu/ac) 40.50 59.50| 32.50 46.11| 72.50
Market Price ($/bu) 3.40 2.30 5.75 2.55 1.85
Crop Sales ($/ac) 137.70 136.85| 186.88 117.58| 134.13
Outflow
Total Variable Expense ($/a¢) 112.23109.91| 144.09 98.12| 86.88
Total Other Expense ($/ac) 35.60 35.60| 35.60 35.60| 35.60
Total Expense ($/ac) 147.88 145.51| 179.69| 133.72| 122.48
Net Cash Flow ($/ac) | 1013 -866| 7.9| -16.14| 11.65|

Note: The data are averages of 2005 and 2006 ld&taanola is incorporated
into the crop rotation instead of Argentine cartd@ause data on Argentine
canola are not available in 2005 and 2006. Oats alat averages of 2005 milling
oats data and 2006 feed oats data.

Source: AgriProfit$ Cropping Alternatives (AARD, @®and 2006)
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Table H.6 Data for the Saskatchewan Black Soil Ze&senario 10

spring feed winter
wheat barley canola wheat oats

Inflow

Yield (bu/ac) 35.90 57.50| 25.40| 45.45| 67.90
Market Price ($/bu) 3.62 191 5.88 2.95| 1.76
Estimated Gross Revenue

($/ac) 129.96 109.83| 149.23| 133.85| 119.16
Outflow

Total Variable Expenses ($/ac 97.1391.11| 119.82| 86.67| 86.02
Total Other Expenses ($/ac) 28.60 28.60| 28.60| 28.60| 28.60
Total Expenses ($/ac) 125.7p 119.71| 148.41| 115.27| 114.61
| Net Cash Flow ($/ac) | 424 -9.88| 0.81] 18.59] 4.55]|

Note: The data are averages of 2005 and 2006 data.
Source: Crop Planning Guides (SAF, 2005 and 2006)

Table H.7 Data for the Saskatchewan Brown Soil Ze®senario 10

fallow
seeded
spring feed winter durum tillage
wheat barley wheat oats wheat fallow
Inflow
Yield (bu/ac) 24.75 37.35| 31.33| 43.15 35.30
Market Price ($/bu) 3.62 191 295| 1.76 3.80
Estimated Gross
Revenue ($/ac) 89.60 71.34] 92.42| 75.94 134.14 0.00
Outflow
Total Variable
Expenses ($/ac) 79.83 75.33] 71.27| 73.31 68.61| 16.25
Total Other Expenses
($/ac) 21.07, 21.07| 21.07|21.07 21.07| 11.57
Total Expenses
($/ac) 100.60 96.40| 92.34| 94.38 89.68| 27.82
Net Cash Flow -
($/ac) -11.00, -25.06 0.09| 18.44 44.46| -27.82

Note: The data are averages of 2005 and 2006 data.
Source: Crop Planning Guides (SAF, 2005 and 2006)
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Table H.8 Data for the Saskatchewan Dark Brown Baoile — Scenario 10

fallow
seeded
spring feed winter tillage spring
wheat barley canola wheat fallow wheat
Inflow
Yield (bu/ac) 30.10 46.75| 22.15| 38.11 33.10
Market Price ($/bu) 3.62 191 5.88| 2.95 3.62
Estimated Gross
Revenue ($/ac) 108.96/ 89.29| 130.24| 112.42] 0.00| 119.82
Outflow
Total Variable
Expenses ($/ac) 89.25 85.34| 112.85| 79.34| 19.01| 77.30
Total Other Expenses
($/ac) 24.85 24.85| 24.85| 24.85| 15.05| 24.85
Total Expenses
($/ac) 114.10| 110.19| 137.70| 104.19| 34.06| 102.15
Net Cash Flow
($/ac) -5.14| -20.90, -7.46| 8.23|-34.06| 17.67

Note: The data are averages of 2005 and 2006 data.
Source: Crop Planning Guides (SAF, 2005 and 2006)

Table H.9 Data for Manitoba — Scenario 10
spring winter feed
wheat wheat barley canola oats

Inflow

Yield (bu/ac) 38.79 49.85| 53.65| 30.95| 63.9
Market Price ($/bu) 438 3.05 2.08| 6.28| 1.95
Estimated gross revenue

($/ac) 169.73| 152.04| 111.59| 194.37| 124.61
Outflow

Total Operating ($/ac) 116.34 124.28| 108.84| 151.07| 91.78
Total Other Expense ($/ac 29.85 29.35| 29.35| 29.35| 29.35
Total Expense ($/ac) 145.69| 153.63| 138.19| 180.42| 121.13
| Net Cash Flow ($/ac) | 24.04] -1.59| -26.59| 13.95| 3.48]

Note: The data are averages of 2005 and 2006 data.
Source: Guidelines for Estimating Crop Productias$ (MAFRI, 2005 and
2006); Yield Manitoba (MASC, 2006, 2007, and 2008)
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