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Abstract

Ecological goods and services (EG&S) represenbémefits that humans derive from
ecosystem functions. The private wealth implicatiohon-farm EG&S practices that
promote wildlife habitat are determined for the lesvouris River Watershed in South-
eastern Saskatchewan. Monte Carlo simulation id, wsipled with NPV analysis, to
examine the impacts of practices at a represeatédi level. Linear programming is
utilized to determine the farm wealth implicatimfdmposing landscape targets across

selected parts of the study area.

In both models, implementing an EG&S policy or pigecomes with costs to farm
wealth. Potential exceptions include convertingptand to tame pasture, and EG&S
enhancing herd management practices. However, smiifiaicy intervention there is
continued conversion of native prairie, perenmshfie, and lotic riparian landscapes to
cropland. Imposing landscape targets preserves thedscape uses, but with a loss in

private economic value ranging from $3,196 to $9,p&r quarter section.
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1 Introduction

1.1 Background

Ecological goods and services (EG&S) represenbéimefits that humans derive from
ecosystem functions (Prairie Habitat Joint Vent@@8)5; Costanza et al., 1997; Costanza
et al., 1998). EG&S can be categorized into fopasate categories: provisional services,
regulating services, cultural services, and supmpgervices (Millennium Ecological
Assessment, 2005; Swinton, 2008) (explained fuiithsection 2.2). Examples of EG&S
include groundwater recharge, flood and erosiortrogrcarbon sequestration,
biodiversity, and air and water purification. EG&%y provide benefits to people
whether they are aware of it or not. Whether thisclean air they breathe, the clean
water they drink, or the sight-seeing of wildlifeety enjoy, people attach value to
protecting and enhancing EG&S. For this reasoprdperty rights could easily be
distinguished for an individual's clean air, thécprhe or she would be willing to pay
would likely be substantial.

Farmers maintain and manage land for food produetia concurrently provide EG&S
through the preservation of healthy ecosystemsebdipg on land management
practices, farmers have the ability to increasé] bteady, or decrease the level of EG&S
production. Historically, land use practices haesed mainly for the purposes of
provisional services (i.e. food production), usyali the expense of environmental
protection (Ruhl, 2008; Olewiler, 2004). HoweVeG&S production may be further
increased through implementation of specific adtiral practices and programs.
Examples of these practices include, but are notdd to: buffer strips, rotational herd
management, no-tillage seeding, and habitat coasenv Some of these practices can be
implemented at no cost to the farmer, while othessilt in a hindrance to farm
profitability (e.g., Koeckhoven, 2008; Brethouragt 2007). In fact, farmers may have
direct incentives to decrease the level of EG&SIpation. For example, a farmer may
use herbicides to reduce pest weeds in crop priotieind at the same time, pollute
nearby waterways. As a result, there may be linpirgchte incentives to increase EG&S
production on the agricultural landscape.

One form of EG&S is the conservation and enhanceéofenildlife habitat. White

(2008, pg. 2) defines wildlife habitat as “a distiset of physical environmental factors
that a species uses for survival and reproductidfiltlife habitat is unique in that it
affords EG&S through all the categories of ecosystervices as described by Swinton
(2008), meaning provisional, regulating, cultueald supporting services. With regards
to cultural services, wildlife habitat is an imgaont recreational resource in Canada (van
Kooten, 1992). Belcher et al. (2001) estimated soatety benefits $10.71/hectare/year
for increased wildlife hunting, and $4.16/hectagetyfor increased wildlife viewing in
the Upper Assiniboine River Basin. With regardsupporting and regulating services,
wildlife habitat can preserve wildlife species regd for predator-prey relationships that



stop the form of pathogens, and can increase salitg for food production through
gradual decomposition. This is discussed furtheseiction 2.2.

Farmers can manage their respective lands to ealveldlife habitat areas. Miller
(2002) found that farmers can achieve stable avulfable financial results when using
a conservative grazing strategy that promotes lhye@nge. Many farmers utilize
available programs to plant shelterbelts and wdsdhat both increase wildlife habitat,
and provide protection to crops from wind and pé&tgiculture and Agri-Food Canada,
2001). Despite this, the problem of wildlife habiaeservation in the face of alternative
land uses that displace wildlife is still widespieAccording to Agricultural and Agri-
Food Canada (2007-b, pg. 1), “since the late 180y 99% of the wild mammal
biomass has been eliminated in the prairie andaaakbiome”. Specifically, agriculture
land use practice continually encroaches into Widdiabitat areas to retrieve the full
market-value out of the land (Cortus, 2005; RuBD& Heimlich et al., 1998). This
suggests that the private costs of maintaininglifélthabitat on agricultural land exceeds
the private benefits. However, given there mighstex substantial social (i.e. public)
benefit in wildlife habitat protection, there istpotial for conflict with regards to the
appropriate level of wildlife habitat on the landpe.

1.2 Economic Problem

There are conflicting interests at work in decisioglated to the provision of wildlife
habitat on the agricultural landscape. Agricultymalctices that increase the level of food
production but also decrease the level of EG&S idexy by wildlife habitat may result in
a net loss to society. Conversely, those practiesmay be employed by farmers to
further increase EG&S production may provide asoeial benefit but also a cost to the
farmer, and are therefore not implemented. Farrdson, there is likely a need for
government intervention to realize the sociallyimal level of wildlife habitat.

The type of intervention to use for wildlife habitamnservation is unclear. Pannell (2008)
provides a framework for choosing alternative poichemes for land-use change for
environmental improvement. Pannell states thapdtiey chosen should depend on
whether public and/or private net benefits assediatith a land-use action are positive
or negative, and the relative magnitude of theltéswehanging private or public net
benefits. Furthermore, the policy action should alspend on the changing of
circumstances from the land-use change that isnédram the policy (Pannell, 2008).
For example, if a farmer restores a riparian aselléicking a drainage ditch, and the
public net benefits of increased waterfowl habiatiweigh the costs the farmer receives
from having land out of production, then thereustification for a positive incentive
from the public to the farmer. Conversely, consiecenario where a farmer ploughs
native range to seed for crop production. Heredtmease in public net benefits due to
soil integrity and native prairie wildlife habitlatss outweigh the private benefits the
farmer enjoys from increased crop productionthla case there is justification for an
negative incentive policy, such as regulation ta(Pannell, 2008).



The types of policy mechanisms that may be utilfoedvildlife habitat enhancement or
conservation include positive incentives or negaihcentives, such as financial
instruments; extension policies, such as techrydi@nsfer, education, and
communication; or technological innovation, suchiesearch and development into
technologies to improve use of existing land, aedl tand management constructs
(Pannell, 2008). However, there is limited inforinatas to the change in private or
public net benefits resulting from various land-aséons.

Unless there is information available regardingektent of public and private net
benefits associated with alternative land usesghiogce of policy to realize a targeted
level of wildlife habitat for a region remains unizén. For a policymaker to properly
evaluate the trade-off between the EG&S benefitgilaflife habitat and additional land
for agricultural production, one must be able tmpare the value of EG&S lost versus
the value of provisional services gained (Costaatzd., 1998; Daly, 1998). However,
public benefits are difficult to determine, as th&x often no market mechanism to
provide price signals (Kroeger and Casey, 2007)warant this, there have been studies
undertaken that attempt to measure the social \walpeablic benefit of wildlife habitat
conservation (Phillips et al., 1993; Kramer andkiles) 2009; Kulshreshtha and Loewen,
1997).

The purpose of this study is to determine the changrivate net benefits of various
land-use practices and policies that either mair@aienhance the level of wildlife habitat
on the agricultural landscape. Combined with tHierination from other studies
regarding valuation of the public benefits of cams®y wildlife habitat, this study
provides policymakers with an effective datasetbadetermine appropriate policy-
making. Previous studies have determined the grivat benefits or costs to farmers of
providing other types of EG&S production (e.g., Ikt 2002; Cortus, 2005;
Koeckhoven, 2008). This study focuses on the EGE@&ded through wildlife habitat
provision. EG&S from wildlife habitat encompasseside spectrum of landscape types,
along with the respective habitat quality assodiatéh various landscape types.

1.3 Research Problem and Objectives

In this study, the opportunity cost or benefitaoniers of maintaining, and improving
wildlife habitat is considered. The study focusedarmers in the Lower Souris
watershed region in southeast Saskatchewan. Thégemis to quantify private net
benefits or costs associated with land use practiod potential land use changes that
promote EG&S production within the watershed. lis thanner, dollar amounts of
benefits or costs can be compared to results frmation studies of wildlife habitat in a
social welfare benefit-cost analysis. However, siacaluation study of the public
benefit of wildlife habitat has not been done foe L ower Souris region, this study does
not undertake a social welfare benefit-cost analgsterive conclusions.

First, a representative farm for the region ismkdiand used to determine the net benefit
or cost of implementing practices that promote liféchabitat conservation and



restoration. Here, the objective is to determinétvion-farm practices can be
implemented that result in the most public (EG&8héfit and least private cost to
farmers. It is expected that greatest EG&S prastig# result in a private cost to
farmers. However, another objective was to deteemihether there any possible
practices that may result in a private benefitorfers in the Lower Souris region.

The second part of the study seeks to determineumellative impact on farmers,
meaning the total change in farm wealth acrostatts in a specific area, of a regional
EG&S policy that promotes wildlife habitat conseiga. Analysis is done on the farm
wealth impact across a large land area, equatdwaship of agricultural land.
Considering the cumulative impact on private netghés provides information useful for
policy decisions, as efficiencies could be gaimethe preservation of wildlife habitat
across neighbouring farms. In this manner, theahctiumulative cost to individual
farmers of preserving large tracts of wildlife Habican be determined.

Other specific objectives were considered in thiglg, as follows:

» The nature of landscape change required to ensairdenance of targeted levels
of wildlife habitat is examined. These results rhayused to predict land-use
change trends from wildlife habitat preservatiotigyothat may occur in regions
similar to the one utilized for the current study.

» The net costs or benefits associated on-farm pexctire analyzed in order to
determine which practices may increase EG&S praoluett the least cost to
farmers. These comparisons provide informatiorpfdicy-makers as to what
may be the least costly on-farm practice to prorootéhe agricultural landscape.
In addition, light is shed on whether there ardéaieragricultural land use
practices that would provide both increased wigdliibitat and a financial
benefit to farmers if they were implemented.

» The impact of enforcing a wildlife habitat EG&S @yl on farmers specifically
within the study area is determined. The presesaaind enhancement of
wildlife habitat is a pressing issue in the regiangl the impact of current land
use practices is a sensitive topic for farmersotligh the research presented in
this study, land-use planning and policy recommégads for providing EG&S
for public benefit can be established with speaifigard to the impact on farmers
in the region

The objectives of the second part of the studyaahgeved through linear programming
optimization, which is explained further in Chapfeit is important to note that a model
of this nature has not been utilized to inspecinigact of EG&S practices on farmers,
or other firms that seek to determine the impa&rofironmental policy. In this sense,
this study serves to act as a proof of principlagifig a linear programming approach for
these purposes. Many of the objectives listed alicxethe total amount of expected
landscape change) could not have been properlyeaadwvithout the use of linear
programming.



1.4 Organization of the Study

The remainder of this thesis is divided into siapters. In Chapter 2, further
background information is provided regarding theeerch and economic problem
addressed in the study. A review of the importasfgarotecting and enhancing land for
wildlife habitat to society and people is undertaké review of studies that attempt to
assign a value to EG&S and wildlife habitat is pded. This leads to a general
discussion about the relationship between wildidibitat and agricultural practices and a
synthesis of existing farm programs and policiesrtoourage wildlife habitat protection.

In Chapter 3, the study area in question is intceduand described. The Lower Souris
region’s geographical area, wildlife and landscgpes, and vegetative land-use mix
across the watershed is discussed. From thiscthatias that influence wildlife habitat
in the region can be generalized. This is followgd review of the descriptive statistics
derived from Agricultural Census data for the regimom which a representative farm
was established.

Chapter 4 provides background on the modellingctires utilized, and the economic
theory that encompasses these structures. A refieapital budgeting modelling and
Monte Carlo simulation used for the representdtve simulation model is provided.
The economic theory behind linear programming ésource allocation is then
described. Finally, the general theory behind hedestimation models specific to land
use is provided. The chapter presents the gertenatigre of the two models used in the
study.

The empirical methods used to carry out the maughkire presented in Chapter 5. First,
the work to construct the representative farm satioh model (RFSM) is discussed,
including the development of stochastic variables Biophysical relationships within the
model. Following this is a breakdown of the steg®h to construct the landscape target
optimization model (LTOM). A description of the segios imposed on the RFSM, and
the land-use targets imposed on the LTOM is prakidée results from these analyses
are presented and discussed in Chapter 6.

Finally, Chapter 7 presents the conclusions froar#search study. Conclusions relate to
the potential extent of positive incentives requifer habitat enhancement, and other
forms of policy that may be utilized for the regigiven the results. The limitations of the
empirical methods and possible future researchnekies end the chapter.



2 Chapter 2: Preliminary Research

2.1 Overview

This chapter presents the background and issumsrdlto the research objectives of this
study. It is a general discussion of previous ssiditerature, and types of programs and
policies specific to the research problem. It giggglanation as to the purpose of the
study, the problems around the research questiahthe usefulness of results and
conclusions with regards to policy decision-makifigrough reading the background and
issues of the research problem, justification fadertaking of this study is established.
Furthermore, an overview of existing studies theednine the public benefit of the
EG&S afforded from wildlife habitat is given for egarison purposes. The results of
this study can be compared to valuations of pui#icefit of wildlife to determine to

what extent policy is warranted.

This chapter provides insight into what wildlifelfiiat conservation entails, and whether
conservation aligns with current agricultural piees. Wildlife habitat conservation is
important because society may attach a substaqutstive value to a habitat's existence.
An explanation as to the various benefits societgives from wildlife habitat is
explained here. However, farmers may have direritives to reduce the amount of
wildlife habitat. The continual conversion of halito agricultural land uses has led to
private wealth benefits for farmers. As a resuttuenber of farm programs have been
designed in recent years to conserve wildlife labit

2.2 EG&S Production

This section provides a general review of literatassociated with EG&S production. To
reiterate, EG&S are the direct benefits that hunmaosive from nature (Prairie Habitat
Joint Venture, 2005; Costanza et al., 1997; Costabal., 1998). There are many types
of EG&S, a few of which were described earlier econ 1.1. Swinton (2008, pg. 28)
clarifies four broad categories of ecosystem sessice. EG&S) as determined by the
Millennium Ecological Assessment (2005):

« “Provisioning servicesnclude food, fiber, wood, fuel and fresh wateatth
provide for human subsistence.

* Regulating servicemaintain the balance of the Earth’s systems a&i$ethat
enable human survival. These services include téinfod, water quality, and
disease regulation. Examples include vegetationtiéers the effects of natural
flooding, or predator—prey systems that limit theesd of pathogens.

e Cultural servicesnclude the spiritual, inspirational, aesthetieritage,
recreational and tourism benefits.

e Supporting servicemclude the myriad natural systems that enablefthes
tiers above. For example, organic matter cyclingtidoutes to soil creation,



which makes food provisioning possible. Photosysithransforms solar energy
into plant matter, enabling provisioning serviaggbon cycling, and various
other services.”

The types of EG&S that humans receive from wildtigbitat are numerous and fall
across each of the above categories. Wildlife plesimany assorted uses for people,
including food, bird watching, nature enjoymentgd@anumber of recreational activities.
However, non-users of wildlife habitat attributduein preserving habitat due to
concern over issues including species at risk ogiodl fragmentation, climate change,
threats from introduced disease and exotic spemiesdecreased biodiversity
(Environment Canada, 2000). This concern for wigdtiabitat conservation has resulted
in a steady increase in membership for conservatiganizations, and high expectations
of government agencies for conservation action if@nment Canada, 2000). As such,
the benefits of wildlife habitat conservation anffisient to induce government policies
that protect habitat on the agricultural landscape.

Wildlife habitat users often place the highest gabm wildlife habitat protection. Phillips
et al. (1993) found that hunters and anglers tagtgipated in the Buck for Wildlife
Program (Macnab and Brusnyk, 1993) were willingay upwards of $767.63 per acre
to improve wildlife habitat quality. Furthermoréjs clear that there are a substantial
number of wildlife habitat users in Canada. In 818urvey, the Canadian Wildlife
Service found that an estimated 91% of Canadiame imgolved in wildlife-related
recreational activities (Filion, 1993). These usearderstand that the fate of wildlife is
directly tied to the fate of its habitat (Saskatghe Wetland Conservation Corporation,
2009). Access to wildlife habitat areas is alsoantgnt for occasional sightseeing,
hiking, camping, and other sports for outdoor esidmsts (Environment Canada, 2000).
Recently, wildlife recreation activities have ened@s an increasing income stream for
farm operators (Henderson and Moore, 2006). Peaglether from urban or rural areas,
use wildlife habitat directly.

The non-use value of wildlife habitat conservatioay be much more significant to
society than the use value. Non-use, or ‘passigeuadue exists where people associate
value to the protection of wilderness area, despitdbelonging to a particular user
group. People may place considerable value in kgegpecies such as elephants, tigers,
and rhinoceros intact, despite never seeing thpesaes in their lifetime (Bulte et al.
2003). As mentioned above, there is growing conogan global issues such as species
at risk, decreasing biodiversity, and ecologictgnity that in part, stem from wildlife
habitat loss. In this context, loss of wildlife litabcan be characterized as a global
problem as everyone receives benefit (at variowedsg from keeping habitat intact.
Wildlife habitat also provides regulating and suping services through its existence,
rather than just assisting in mitigating problekvildlife habitat affords increased water
filtration, germination, pest control, nutrient &ing, soil generation, pollination, carbon
sequestration, and environmental quality for paliditdegradation, on which a
functioning healthy ecosystem depends (Egan et@95). As for provisional services,



many medicines, consumer products, and advanaesdance can be attributed to wildlife
habitat preservation (Egan et al., 1995).

The benefits of preserving wildlife habitat are lu#tt on Canadians, as indicated in the
1996 survey by Environment Canada. The survegtifléne Importance of Nature to
Canadians”(Environment Canada, 1999, pg. 11) found that ‘stimeated 9.0 million
Canadians (38.3 percent of the population ageceafsyand over) participated in
residential wildlife-related activities”. Furthermeg the survey found that “an estimated
4.4 million Canadians (18.6 percent of the popatatiged 15 years and over)
participated in wildife viewing in Canada” (Envinment Canada, 1999, pg. 11). In the
same survey initiated in 1991, it was found th&68& Canadians believe that it is
important to maintain abundant wildlife, while 83%Canadians believe that endangered
or declining wildlife species need to be protedieition, 1993). Although wildlife
habitat has not historically been thought of agriouting to human welfare, Canadians
are becoming increasingly aware of the benefiftsaghaintenance.

2.3 Valuation of EG&S

The nature of most EG&S, especially those thatifiahe regulating, cultural, and
supporting service categories, is such that thefiisrand costs of levels of production
are difficult to ascertain through a market mechiamiFor example, land allocation based
on the ‘private’ productive capability and for hingsand urban development is quite
efficient with respect to reflecting current prigignals. However, the public benefits of
the land, which include other EG&S, are not captwihin these land values (Bowker,
1994). Because of limited incentives for EG&S duaiack of market mechanisms,
EG&S are often not provided efficiently (Polask®08). The nature of most EG&S is
such that the amount of good or service availahdages over time. Consumers are
unaware of what level of benefit they retrieve frB@&S, and the amount of EG&S left
for future use is uncertain after consumption {Rdilabitat Joint Venture, 2005). These
challenges make up most of the difficulty econosniate in placing a value for given
levels of EG&S.

Despite the challenges, a number of methods haee developed to try to properly
assign value to EG&S production. Farber et al. 2@@. 375) clarify the term ‘value’ to
mean “the contribution of an action or object terdspecified goals, objectives or
conditions”. In the context of EG&S, value is thantribution of an ecological good (e.g.,
biodiversity) to human welfare. ‘Valuation’, on tbéher hand, is the “process for
expressing a value for a specific object or acti@tarber et al., 2002, pg. 376).
Typically, this process is achieved for non-ma@bds and services through either a
revealed preference approach, such as travel chstdonic methods, or an expressed
preference approach, such as conjoint analysisrdimgent valuation (Heimlich et al.,
1998). Studies where the public benefits of EG&Sdmrived typically use one or more
of these approaches.



There are often large discrepancies as to thetsegetherated from valuation studies. In a
meta-analysis of wetland valuation studies, Bramdet. (2006) found that these studies
are diverse in terms of the values estimated, laacthis was most likely a result of the
methods employed and wetland type considered.cin & 33 wetland valuation studies
done over 26 years the value per acre has rangeddiS$0.06 to US$22,050 (Brander
et al., 2006). Nevertheless, the non-market valnaif EG&S is required for the purpose
of comparison in policy development.

A number of studies have attempted to value thefitsfrom wildlife habitat
preservation or enrichment. Determination of thistexce value of wilderness in
Saskatchewan is the objective of a study by Kuldittea and Loewen (1997).
Specifically, the study estimates the non-use vafweilderness protection. The total
economic value of a wilderness area is the surheofise and non-use values for that
area. Open-ended contingent valuation methodokgyriployed throughout the study.
The full dataset, collected from surveys distrilbutendomly across the province for non-
aboriginals and 30 aboriginal households in Prilbert, were separated by aboriginal
versus non-aboriginal to retrieve qualitative wifjness-to-pay results specified for
aborginal populations (Kulshreshtha and Loewn, 19R@&sults give an average
willingness-to-pay for non-aboriginals of $60.89 peusehold, while for aboriginals,
willingness-to pay was $80 per household (Kulshtesknd Loewn, 1997). This would
equate roughly to $100 per hectare or $40.47 per aonsidering the number of
households in Saskatchewan and the given landseaspondents were also asked to
assign percentages to the types of use for afindptiteir payment. The majority of value
(approximately 69.4%) was assigned to non-useassipe uses. These results
demonstrate that there is merit to having a witdlifibitat protection as a province-wide
policy goal, as people place significant non-udeesan the existence of wildlife habitat.

A second study used valuation methods to deterfaimeers’ willingness-to-accept
wildlife habitat programs. The benefits of EG&S grams associated with conserving
red wolf habitat in North Carolina were estimatgddsamer and Jenkins (2009). Kramer
and Jenkins (2009, pg. 8) state “through the Retf Réxovery Program (RWRP), the
U.S. Fish and Wildlife Service manages the onlylw@d wolf Canis rufu$ population

in the world”. This study used surveys collectazhfrfarmers in the program area to
determine perceptions of current conservation nogr(Kramer and Jenkins, 2009). A
total of 298 usable surveys were collected, indigathat 63% of respondents would
participate in a payment program to conserve EG&$eir land. Contingent valuation
guestions were given for both red wolf habitat gaderal wildlife habitat found in the
study area. From these questions, the mean wiblisgstio-accept of a conservation
payment program to provide red wolf habitat was2bgér acre, but only $36 per acre for
general wildlife habitat (Kramer and Jenkins, 200%)e results signify that a generic
wildlife habitat protection program (rather thareapecific to red wolf habitat) would be
attractive to farmers, as their willingness-to-gd@egeneric program is $166 per acre
less (202 — 36) than one for red wolf habitats Iitlear that wildlife habitat conservation
provides value to individuals and farmers alike.



2.4 Wildlife Habitat and Agriculture

Despite the human benefits from maintaining wikdhfabitat, the quantity and quality of
this habitat present on Western Canadian agri@lltand has been declining historically.
Historically, government policihave directly andlirectly encouraged farmers to
increase the amount of productive land for croplpation, through converting natural
pasture, wetlands, and other marginal lands irdpland. For example, at one time
governments in Canada and the U.S. provided s@ssididrain wetlands in order to
increase the amount of productive land (Danielsahlzeitch, 1986; Douglas, 1989).
Furthermore, the Farm Credit Act of 1959 encourabednechanization and growth of
farm size and provided government-subsidized ctedib so (Skogstad, 2007). With the
rapid growth of the size of farms, annual croplaedame dominant over other land uses
due to its alignment with mechanization. The widead conversion of lands led to a
immense loss of habitat across the praire potlegmn of Western Canada (van Kooten
and Schmitz, 1992). This loss in habitat resulted decline in wildlife diversity as
explained by Environment Canada: “by 1999, 340 Médpecies in Canada, including
52 birds, had formal classification as speciessit and three of the 12 species
confirmed as extinct were birds.” (Environment Gdaa2000, pg. 4).

Farmers continue to expand their respective omaratio include more cultivated land.
This places strain on forested, riparian, and eagrassland areas located across
agricultural land. Hobson et al. (2002) completextualy in Saskatchewan that indicated
the risk to the boreal forest posed by the rapjhagion of agriculture along its southern
border. The authors estimate deforestation ratesefuiral Saskatchewan to be higher
than the world average (0.3% per annum) betweepdahies 1966 and 1994 (Hobson et
al., 2002). The continued search for agricultuaatl is but one incentive farmers have to
continue wildife habitat loss. There are nuisanue @direct costs to farm operations in
maintaining wildlife habitat areas on the agrictdiuandscape. In this manner, farmers
might achieve more benefits from clearing wildlifabitat areas, in both forgone costs
and added direct benefits, than that individuadigeived from conserving wildlife
habitat.

2.4.1 Private Costs of Conserving Wildlife Habitat

Farmers must deal with financial and operationat€m maintenance of wildlife habitat
on their land. Areas within the agricultural langige that provide habitat for wildlife can
be difficult to manage from a farm operator persipec Wetlands and aspen bluffs are
spotted across quarter sections leadiung to diffiéa machinery practices (due to
driving around these areas), perennial floodingusfounding land, and a large portion of
prime agricultural land being kept out of produnti®Vildlife may also be a direct
nuisance to farm operation, as species such asdde&r, moose, and antelope eat and
use crops for habitat. Insect species that mayepageest to farmers may be hatched and
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flourish from areas that provide wildlife habit&br these reasons, farmers may perceive
a large cost to maintaining wildlife habitat onitregricultural lands.

Wetlands are a source of significant wildlife habiin agricultural lands, but might

prove unprofitable for farmers to maintain. Cort2805) determined the economic
feasibility of draining wetlands on farms in east&askatchewan. From this analysis, it
was found that a rational farm operator would dea@tland areas, rather than purchase
new lands to expand his cultivated land base. Biseaf purchasing land in the study
area averaged around $640 per hectare, while steotdraining wetlands was
approximately $500 per hectare (Cortus, 2005). Qotidg drainage on existing lands
was profitable to the farm operator if there wasess to a land scaper. Wetland areas do
not provide direct financial benefits to crop prodts, so the incentive to convert
wetlands can be considerable.

Furthermore, in a survey of landowners, Gelso.g2809) found that farmers’™ perceived
costs of wetland areas in cropland can be as @6% of farmland rental value. This
perceived cost of maintaining wetland areas is kigbugh to warrant conversion of
wetland areas to cropland. A large part of thicgption may be due to direct nuisance
costs associated with maintaining wetlands. Cd2085) found that forgone nuisance
costs make up approximately 35% of the benefiteeseld from draining wetlands, and
estimated that total nuisance costs of wetlands %5126 to $2,245 for a eight quarter
section sized farm ($4,675 to $5,225 for a 16 guartction sized farm). Similar
characteristics can be found in other areas tlatige wildlife habitat, such as aspen
bluffs, lotic riparian areas, or native range,leesst areas are dotted across the
agricultural landscape similar to wetlands. Thecpied costs of maintaining wildlife
habitat on agricultural land may provide a limibatito the success of wildlife habitat
conservation practices.

2.4.2 Improvements in Managing for Wildlife Habitat

In recent years, governments, not-for-profit orgations, and agricultural associations
have been promoting the management of agricultamal in balance with environmental
priorities. From this, a number of management jweast(referred to as Beneficial
Management Practices, or BMPs) have been identifiédster an improved state for
ecosystems on the farm. There are many simple elsahgt a farmer can undertake to
increase the quality of wildlife habitat and otfienms of EG&S production on the farm
land. The planting of shelterbelts to protect crispm wind and neighbouring volunteer
crops provide corridors for wildlife to travel. llnsion of winter wheat and other fall-
seeded crops in the crop rotation can dramatioathease waterfowl nesting habitat
(Devries and Moats, 2009). Enhancing native préiniage habitat can be attained
through decreasing stocking rate for pasture. inescases, small changes in managing
agricultural land can increase wildlife habitat lifyavith minimal impact to the farm
operation.

11



In recent years, many farmers are adopting enviematly sensitive practices, such as
integrated pest management, and precision farmetgads (Agriculture and Agri-Food
Canada, 2001). These practices have direct befafitarm operations and at the same
time enhance the natural system on which wildldpehd. Practices such as keeping a
clean farm yard and limiting agricultural wasternfroperational practices, lead to
efficiency gains, reduced costs, and improved enwirental quality on the farm. Low
tillage seeding, crop rotation, and nutrient cyglptans are being utilized to improve soil
and farm ecosystem quality (Agriculture and AgrbBdCanada, 2001). In addition to
farm operational benefits, there may exist direwricial incentives to maintain healthy
wildlife habitat on the farm. Henderson and Mo®8Q6, pg. 597) state that “according
to the 2002 U.S. Census of Agriculture, more thad02farms averaged $7,217 from
recreation services, where recreation service iecoas characterized by hunting and
fishing”. Farmers can implement management presticeeap both biophysical and
financial benefits from enhanced ecosystem services

In many cases, farmers only need information ashtat they can do to improve
environmental quality to instigate change. Agriotdtand Agri-Food Canada (2001, pg.
6) points out that “farmers understand that good lstewardship promotes economically
viable farms”. As farmers become more aware oftidronmental and economic
benefits that wetlands, native grasslands, andfarsists provide, some may change
practices to enhance environmental quality andrséintain profitability. As an

example, a farmer may maintain a wetland becawesekimow it enhances water quality
and quantity, increases forage production, redsei®rosion, and improves air quality
(Ducks Unlimited Canada, 2007). Providing farmeithunformation is but one type of
policy that policymakers have at their disposateourage wildlife habitat conservation.
In the next section, a review of the existing goweent policies and programs to
conserve wildlife habitat is undertaken.

2.5 Farm Programs and Policies

There have been a number of farm programs andigmkdt the federal, provincial, and
local level that encourage environmental sustaskdrid management on private
agricultural lands. In their infancy, environmergtdwardship policies focused solely on
soil quality retention, herbicide and pesticidegessand manure management. Recently,
however, the EG&S benefits from wildlife habita/kebeen increasingly important in
policy formulation. A number of national progranev/k been created to link agricultural
activities to wildlife habitat preservation and anbement, including the Conservation
Security Program, United States; the Environmesitalvardship Scheme, England; the
Environmental Quality Incentives Program, Unitedt&s; and the National Farm
Stewardship Program, Canada (Rae and Beale, ZD8&3e programs along with others,
signify the start of a shift in agriculture polifym production related income-support
toward farmers recieving payments for the provi©bEG&S.
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2.5.1 Information and Encouragement Programs

Information programs rely on brochures, manualskalmops, and seminars to increase
awareness of environmental issues on agricultaral.lIn this manner, the information
received can provide farmers with additional taoisl skills for environmental land
management. Of the large number of information o from governments, not-for-
profit organizations, and farmer-group associationg national information-oriented
encouragement program that has seen extended sustks Environmental Farm Plan
Initiative. This program, first developed in Ontaim 1993 (Agriculture and Agri-Food
Canada, 2008), focuses on increasing awarenessaedstanding of the BMPs that may
be employed by a farmer. Every province managdsnaironmental Farm Plan (EFP)
program that is directed by Agriculture and AgrieeldCanada. The programs, which are
completely voluntary, encourage farmers to adopPBNAs part of their EFP, farmers
develop their own action plan, and identify pragsithey can partake in to reduce
environmental risk on their farm. In Saskatchewtha,Provincial Council of Agriculture
Development and Diversification Boards (PCAB) ispensible for delivery of the EFP
initiative to all farmers in the province, and &afepresentatives to implement the
program throughout the province (PCAB, 2010). Ayéafactor associated with the
program’s success was the requirement that everyrfaust complete an EFP before
being eligible for the farm stewardship programatiegd below. However, the
Environmental Farm Planning initiative ended on &faB1, 2009 and was replaced by
the new Growing Forward policy framework (Agricutuand Agri-Food Canada, 2010-
a).

Pannell (2008) refers to information programs asmpes of extension policies. This
form of policy is also associated with technologansfer, education, communication, and
community support (Pannell, 2008). Pannell condutiat extension policies are
effective if there are actions that landholders tedwe that increase both public and
private net benefits. It may be the case that thexrea number of actions farmers can
undertake that increase public benefits, suchasased EG&S, and increase private
benefits, such as farm wealth. If this is the cadermation and encouragement
programs would be an appropriate and cost-effestinagegy to instigate change
(Pannell, 2008). In this study, a number of pratifi.e. BMPs) that are supposed to lead
to increases in EG&S are modelled to determinescabere the practice leads to an
increase in private net benefits. If it is assuried these practices also increase public
benefits, then the appropriate policy would be licpdoy extension to promote change.

2.5.2 Regulation

In general, regulation is used in cases where ltfective is to discourage landholders
from undertaking a particular action and are irgtacouraged to maintain the status
guo. Regulation is effective to employ for thosseesawhere the action is considered
extremely harmful if carried out. For example, {i@lutant leaching into a vulnerable
waterway causes substantial human health concemmsdrinking water, regulation
(along with enforcement) could be used to immediatp further pollution. Examples
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of this in the agriculture-environment realm in@utianure management, and location of
intensive livestock operations, both of which argulated under the Agricultural
Operations Act in Saskatchewan (Saskatchewan Agriey 2008-)).

Similar to information programs, Pannell (2008) lexgs the circumstances where a
negative incentive policy, such as regulation pobuter-pays mechanism, would be
most appropriate to implement. If public net castsveigh private net benefits, and the
individual is partaking in action outside his or kevel of property rights, then the use of
regulation or a negative incentive would be mogtrapriate (Pannell, 2008). The
relatively small loss of forgone private net betsefiue to regulating preventative action
would pale in comparison to the public costs (@ag.environmental disaster) of
unregulated market forces.

In many circumstances, the loss of wildlife habitatagricultural land may be an
example where public net costs outweigh privateorekfits. This may be especially true
when considering the impact of a loss of a wildéfecies due to loss of habitat. In this
regard, the province of Saskatchewan has creagedat@on around the protection of
particularly sensitive habitat areas associatel species-at-risk, referred to as the
Wildlife Habitat Protection Act (originally enactéal 1984). The Act protects 3.4 million
acres of crown land (i.e., public land) in Saskeateéin, or one third of wildlife habitat
found in the agricultural region (Saskatchewan Emment, 2008). Deemed wildlife
habitat lands, permission is required before ang la altered in any way and land is
restricted from being transferred to private laBd{ernment of Saskatchewan, 2008).
Interestingly, these lands are mainly leased tibecirmers in Saskatchewan who use the
land for grazing or haying purposes (Saskatchewnsr&ment, 2008).

2.5.3 Economic Incentive Policies

There have been a number of economic incentiveipsliin Canada and internationally,
that encourage wildlife habitat maintenance oncatfiiral lands. Economic incentive
policies can take the form of negative (polluteyg)aor positive (beneficiary-pays)
incentive policies (Pannell, 2008). Many of theabtished programs to encourage
wildlife habitat conservation are positive incertipolicies. In this sense, the public is the
beneficiary as the EG&S benefits of wildlife habiae public benefits for which most
individuals are willing to pay (see section 2.3 &orexplanation). Beneficiary-pays
policies provide income to farmers in light of {herceived cost of maintaining wildife
habitat. In this regard, beneficiary-pay policies more acceptable to farmers, as they
are more willing to participate in programs if thegeive a payment for doing so. The
following programs have all been implemented toseowe or enhance wildlife habitat on
agricultural land at some level, and with varyiregrees of success.

Initiated in 2002, the Conservation Security Pragia delivered nationally in the United
States by the Natural Resources Conservation 8efMiRCS), and is a voluntary,
performance-based program that provides financgartives to farmers that adopt
conservation practices (Rae and Beale, 2008). ASRCS is within the federal
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Department of Agriculture (USDA), this can be calesed a beneficiary-pays policy
whereby the public pays for the conservation peasti The program is unique in that it
provides payments to previous and ongoing conservatactices, and it targets specific
watersheds (Rae and Beale, 2008). Payment amopende on the percentage of the
farm that is included, on the ability to meet minimrequirements for soil and water
quality, and the ability to meet resource concelgtermined to be important for the
watershed (Rae and Beale, 2008). The farmer cameare money depending on the
practices adopted (Rae and Beale, 2008). The progas been very profitable and
popular among farmers, with 90% of farmers in fimelwestern states saying they are
happy with the payments that they received (Gies2®@7). However, challenges have
arisen from the program that include guideline imgistencies, since each state sets its
own environmental guidelines; insufficient monitayito enforce conservation practices;
and, the lack of processes to identify farmers éinatalready involved in another
conservation program (Rae and Beale, 2008).

The Environmental Stewardship Scheme in Englaadpiogram initiated to encourage
BMPs that afford EG&S benefits across the wholenfélRae and Beale, 2008). The
scheme was developed due to public concern witlinileg on-farm environmental
integrity, and to internalize the public goods gfieultural operations (Rae and Beale,
2008). Similar to the Conservation Security Progrdma Stewardship Scheme is a
beneficiary-pays policy where the government paysérs to implement BMPs. The
scheme is a three tiered incentive scheme witle ttagegories of stewardship: entry
level, organic level, and higher level. Contracmmit farmers to five year terms.
Farmers receive financial payments every six mo(Rlag and Beale, 2008). Farmers
have over 50 options of various BMPs they couldgbar in to increase payment amounts
(Rae and Beale, 2008). For the higher level cotstyémcal program advisors have the
role of maximizing the amount of conservation bérfef public dollars spent, and there
is increased payment for additional EG&S providedd and Beale, 2008). Challenges
include farmers picking stewardship options thateasiest and least costly to
implement, and only the higher level tier ties aadors of improvement to actions on the
farm (Rae and Beale, 2008).

According to Rae and Beale (2008, pg. 12), the iBnmental Quality Incentive
Program (EQIP) in the United States is intendethtprove on-farm environmental
practices through the delivery of direct techniealcational, and financial assistance to
farmers and ranchers”. It is operated by the USRA,s delivered by state conservation
authorities. The program provides assistancertodes in meeting state and federal
environmental regulations, including conservatidgonities such as water quality, and
point source emissions (Rae and Beale, 2008).drbigram is a positive incentive
policy, due to the financial incentives being pdad to prevent action, where the
beneficiary is the government. The program offecest-sharing payment system to
encourage implementation of specific BMPs, inclgdimactices related to nutrient
management, soil erosion, habitat protection farsktspecies, and water resources
management (Rae and Beale, 2008). The EQIP prdg@mes on farmer flexibility and
local decision-making of implementation of BMPsdas the largest USDA program
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providing financial and technical assistance tonfans (Rae and Beale, 2008). However,
and similar to the Conservation Security Programjomchallenges include inconsistent
practices being implemented across state linesttendmount each state receives is
unclear to participants (Rae and Beale, 2008).

The National Farm Stewardship Program was Canaddignal financial incentive
program for the implementation of on-farm BMPsrgprove environmental outcomes
on agricultural land. This program ended on MarthZD09 and was replaced by the
new Growing Forward policy framework (AgriculturadhAgri-Food Canada, 2010-a).
Similar to the Environmental Quality Incentive Praxg, the National Farm Stewardship
program provided financial and technical assistaadarmers in the implementation of
BMPs, and was delivered through provincial progréfAgriculture and Agri-Food
Canada, 2007-a). Also similar to the EQIP progrima federal government cost-shared
up to 50% of the project costs upon implementatidgth the payment amount depending
on the BMP-type category (Agriculture and Agri-Fd@adnada, 2007-a). Provincial lists
of BMPs that were eligible for financial and tedataliassistance were derived from a
national list of BMPs (Agriculture and Agri-Food &ada, 2007-a). In Saskatchewan,
examples of BMPs that were eligible for fundinglinted the re-location of livestock
facilities away from riparian areas, planting fozags buffer to protect stream banks and
shores, equipment modification for improved pedécpplication, improved watering
site management, and well water management (Priali@ouncil of Agriculture
Development and Diversification Boards of Saskat@re 2010). The Farm Stewardship
Program was also a beneficiary-pays program witairitial incentives to encourage on-
farm actions.

Canada’s Greencover Canada program was a $110miiiitiative to help farmers
improve their grassland-management practices, gratater quality, reduce greenhouse
gases, and enhance wildlife habitat, and was ayfee program that ended on March 31,
2009 (Agriculture and Agri-Food Canada, 2010-b)e Breencover program provided
financial remuneration to farmers for implementatocd BMPs and other on-farm
environmental actions that were outside the natiista of the National Farm
Stewardship Program. Greencover focused on fivegpooents: land conversion, critical
areas, technical assistance, shelterbelts, andatezshed evaluation of BMPs (WEBS)
(Agriculture and Agri-Food Canada, 2010-b). Themaiy funding available under the
Greencover program provided an incentive to farmeonvert low-quality annual
cropland, or land that is severly degraded dueinal&nd water erosion, to a perennial
forage (Manitoba Riparian Health Council, 2010)eTiogram was available only to
registered landowners of environmentally sensitwgls. The program paid $20 per acre
for seeding tame forages or trees, and $75 peifaictiee seeding of native species for
the area.
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2.6 Chapter Summary

The information presented in this chapter providssfication for undertaking the
present study. The chapter provides backgrountiree tmain questions: What is EG&S
production and what have been the attempts torassige to the EG&S afforded from
wildlife habitat? What is the nature of the relasbip between wildlife habitat on
agricultural land and traditional agricultural piaes? What are the various policies that
attempt to rectify the relationship between wilglifabitat conservation and agriculture?
Previous studies that have attempted to ‘valubAeeBG&S afforded from wildlife habitat
vary widely in their assessments. To date, thesenbabeen any attempt to value the
EG&S benefits of wildlife habitat protection foretturrent study area. However, this
study tries to capture the financial impact of ptisd EG&S-focused government policy
on farmers in the Lower Souris region. It is th@dof the researcher that the results of
this study can be compared to an EG&S valuationildfife habitat for the study area to
determine policy implications.

The large-scale conversion of land to agricultusds has led to a substantial loss of
wildlife habitat across the Western Prairies, dnisl trend may continue without policy
intervention. Farmers receive direct benefits wbemverting wildlife habitat to
agricultural uses. Farmers are able to reduce sastsas double seeding, and nuisance
costs due to the elimination of immovable obstattidheir fields. Farmers also
experience financial gains through seeding addititand to crop or perennial forage
production, and converting this land may often leaper than purchasing new land
acreage (Cortus, 2005). In recent years, there hese attempts from organizations and
farmers alike to reduce agriculture’s impact onrtetural environment. However,
without policy intervention, this movement mighedamited success due to the presence
of incentives to continue conversion. This studgrapts to provide a linkage between
farm wealth impacts, a main driver of on-farm actiand wildlife habitat conservation.
In this manner, a policy maker can effectively deiee the extent of impact on farmers
with respect to wildlife habitat protection for atype of EG&S policy.

There are a number of policies implemented at #timnal and regional level to
encourage wildlife habitat conservation on agriowalt land. Some of these policies are
information programs or regulation, but many arsitpge incentive policies to farmers to
implement wildlife habitat preservation practices.(BMPs). After results of this study
have been compiled, and conclusions determineléaa gicture with respect to policy
implications is determined from reviewing thesetgeicies and from reviewing Pannell
(2008). It is hypothesized that, similar to mosttad policies implemented, a beneficiary-
pays, positive incentive policy would be most watea for the Lower Souris region.

17



3 Chapter 3: Study Area

3.1 Overview

This chapter provides a general review of the stedjon, its agricultural practices,
wildlife species types, and ecological charactiesstA description of the study region is
required to understand the methods chosen for hirgl@urposes and to justify the
types of data used for the analysis. The Lower iS&atershed Committee was the
main contact for the researcher throughout theystidl a result, policy goals for model
development revolve around local watershed comenjitéorities. The various types of
landscapes found across the study region are Hedaind are later utilized in the
landscape target optimization model (LTOM). Data@gional farm characteristics are
described and later utilized in the constructiothefrepresentative farm simulation
model (RFSM).

First, the Lower Souris River Watershed’s geograpinéa, the mandate and organization
of the Watershed committee, and the various progithe committee delivers, are
discussed in some detail to provide context. Thisllowed by a description of the
various types of landscapes found across the vegrsind the wildlife species present
in each landscape type. A description of 10-yeznds of wildlife habitat conversion on
agricultural lands is then provided for the studsea Finally, an account of current
agricultural characteristics in the watershed avjoled. Data are presented regarding the
average characteristics of farms within the watdsihese data include farm size, crops
grown, total herd size, revenues, and expenses.

3.2 The Lower Souris River Watershed

The Lower Souris River Watershed (LSRW), showniguFe 3.1, is “located in the
south-eastern corner of Saskatchewan, boundee teeitt by the province of Manitoba
and to the south by the state of North Dakota” k8&hewan Watershed Authority,
2005, pg. 9). The LSRW is located in the prairighpte region of North America, which
is characterized by wetlands and lakes that weradd during the retreat of glaciers
(Saskatchewan Watershed Authority, 2005, Cortu852@n the western side of the
LSRW, the Moose Mountain area provides continuousst and the highest elevations
for the watershed, reaching 800 metres (Saskatech@veershed Authority, 2005). The
LSRW comprises three sub-watersheds that all dnédrthe Souris River in Manitoba:
the Antler River, Pipestone Creek, and Four Craekswatersheds (shown in Figure
3.1). The Antler River sub-watershed is locateth@southeast portion of the LSRW,
Four Creeks in the southwest portion, and Piped@vaek in the north portion. The Four
Creeks sub-watershed contains the Stony, Jacksaha@®, and Gainsborough creeks,
while the Antler River sub-watershed contains timtlé river, and the Pipestone Creek
sub-watershed contains Pipestone creek, LittlesRipe creek, and Montgomery creek
(Saskatchewan Watershed Authority, 2005).
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Figure 3.1 Planning Units for the Lower Souris Rive Watershed
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The LSRW committee’s mandate is to “balance thenexuc, environmental, and social
values to sustain and improve the watershed fordugenerations” (Lower Souris River
Watershed Committee, 2010, pg. 2). The committes tlais through partnering with
local rural municipalities, conservation groupstsas Ducks Unlimited and Wildlife
Habitat Canada, and the Saskatchewan Watershed#tytiT hese partners actively
encourage the use of BMPs associated with croptamthgement, such as buffer strips
and forage establishment. BMPs associated withirgramanagement, such as rotational
grazing management, providing off-stream waterimgrses, and restoring native
rangeland, are also encouraged. The watershed ittm@mlso supports adoption of
BMPs by intensive livestock operations (e.g., vatie¢ buffer strips to absorb
pollutants) (Lower Souris River Watershed Commit#10). Furthermore, the LSRW
committee is involved in a number of projects tdanten habitat integrity and water
guality across the watershed. These projects ircimdEcoAction ground water project,
an agri-environmental group plan that providesmtizes for wintering site management
and riparian area managment, and water quality toxdmg reports (Lower Souris River
Watershed Committee, 2010).

The LSRW committee seeks to engage in researchgisdhat analyze agri-
environmental outcomes (Lower Souris River Watetsbemmittee, 2010). The present
study arose from the Lower Souris Ecological Geoant$ Services Pilot project.
According to the Lower Souris River Watershed Cotterilnc. (2006-a, pg. 1) this
project’s objective is to “examine how EG&S polimpls could be used in a real
working landscape to achieve desired environmemtdpoints”. To do this, the project
had three objectives (Lower Souris River Watergbechmittee Inc., 2006-a, pg. 1):

1. “To set specific landscape goals for the qualitg gnantity of riparian, aspen
parkland, and tame grassland wildlife habitat mltwer Souris Watershed;

2. To determine the net costs (or lack thereof) bémntarmers in the Lower Souris
to provide target quality and quantity of ripariaspen parkland, and tame
grassland wildlife habitat;

3. And to conduct a policy analysis of EG&S or non-E&®ols to achieve
specific landscape goals for the quality and qtpaofiriparian, aspen parkland,
and tame grassland wildlife habitat.”

Of these three objectives, the second relatestljitecthe objectives and analysis in this
study.

3.3 Landscape and Wildlife Species Types

The Lower Souris River Watershed is located inAkpen Parkland biome, which
historically includes a mix of aspen groves andtdiesgrasslands (Saskatchewan
Watershed Authority, 2005). The dominant soilshe LSRW are the Oxbow loams
black chernozemic (Saskatchewan Watershed Auth@®95). These soils have a loamy
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texture and are found within the black soil zonghdugh aspen and grassland vegetation
is native to the Aspen Parkland biome, this typeegfetation has been continually
altered since settlement. Native prairie vegetatemmnow only be found in river valleys,
school sections, and on land of extremely poor(Saikkatchewan Watershed Authority,
2005). Further, upland native prairie has beemeaidtdue to invasion of exotic species,
including Kentucky Blue Grass and Smooth Brome K8mhewan Watershed Authority,
2005). The LSRW also contains large riparian aimeése north, surrounded by
continuous aspen forest. This area serves as #uagers of Pipestone Creek and
Antler River. The six most common landscape typesé throughout the LSRW are
cropland (80%), grasslands such as perennial dovagative prairie (10%), shrubs or
treed vegetation (7%), and riparian areas (2%)e(fEret al., 2009). Figure 3.2 provides a
schematic of the landscape types found througeut ERW.
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Figure 3.2 Lower Souris River Watershed Land Cover
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Wildlife species found across the LSRW include mawian species (birds), mammals,
reptiles, and amphibians. White (2008) found thasnof the common species in the
watershed are of the land bird taxonomic groughasvn in Figure 3.30f the total 137
wildlife species included in his inventory, 116re@vian species, of which 81 were
landbirds (White, 2008). These species are fohrmlighout the watershed, but can be
most often found in particular types of habitatasrdscapes. Further, the amount of
wildlife species found within a particular habitgpe depended greatly on the relative
health of that habitat. In White's (2008) studye #ix habitat types found in the LSRW,
including cropland, perennial forage, native peiespen, lentic riparian, and lotic
riparian, were used to construct 10 species-hafpitaips in order to integrate biological
responses to landscape change. Species were groaged on the habitats in which they
were found in the greatest relative abundanceatidthe other species that showed
similar habitat associations (White, 2008). WhR6(8, pg. 8 and 9) defines the various
types of species-habitat groups as follows:

» “Generalist- Species with similar relative abundance acrdsiingl scale habitat
types as a result of displaying no particular tetdssociation. This group also
included species that displayed low abundance acnodtiple habitat types.

» Grassland(‘'Tall dense’ or ‘short-sparse’) - Species thatenaimilar abundance
in both native grassland and perennial forage habittegories

» Native grassland Species which displayed increased abundancativen
grasslands that reflect their specific requirenfentvegetation composition.”

Figure 3.3 Number of Wildlife Species per Classifation in the LSRW
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For the remaining species-habitat groups (e.gtlineakpen, lentic riparian), the species
were allocated to the various types of habitatedofior the remaining landscape types,
and their degree of healthiness (White, 2008). fieigu4 provides the number of species,
of the total 137 wildlife species found acrossltiS&&®RW, that can be found in each
created, species-habitat groups. The healthy agpsgies group contained the most
number of species, with 33.

Figure 3.4 Number of Species per Species-Habitat Gup in the LSRW
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The relationship between wildlife species and laage change in the LSRW is also
examined by White (2008). White clarifies that asvagss of what a wildlife species
needs in terms of habitat is important for the eovation of that species. Further, White
(2008, pg. 1) explains that “landscapes are lipatahwork quilt: they are made up of
habitat patches. These habitat patches are spreadjhout a landscape and the pattern
of these habitat patches influences the abundarntdiatribution of wildlife using those
landscapes”. Abundance is determined through Hegstaction based on a particular
species’ niche requirements. A species niche cdrabed on “how the species catches its
food, what type of food it eats, how much foodvaikable in an area, or where it nests”
(White, 2008, pg. 3). With regards to landscapengba, White (2008) found that the
magnitude of species abundances increases asttee#gpe includes more habitat types.
Further, White found that there is a positive alanug of species groups as the quantity
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of grassland habitat (native prairie and pererfoialge) increases, as more habitat types
are present and as cropland decreases (2008). fgsests were utilized to construct the
landscape targets developed by the Lower SourisrRilatershed Committee, which are
used in the present study.

3.3.1 Landscape Conversion for Agricultural Purposes

The Lower Souris River Watershed Committee condliatsurvey of farms in the
watershed during the winter of 2008. The purpogh®furvey was to collect data
regarding current practices related to the prodaatf EG&S. As part of the survey,
data on farm characteristics were also collecte@m the survey of 87 farmers in the
LSRW, Entem et al. (2009) examined the various-asel practices for a unit of land
dedicated to only one use per year, whether thabbtitand is crop, forage, or pasture,
for each farmer interviewed. Of the acreage sumaaedss all the land units described
by farmers, 49% was in annual cropland producficiigwed by 32% in tame forage
production, 13% in riparian habitat, and 14% inemsparkland habitat (Entem et al.,
2009). During the period from 1998 to 2008, thees\a substantial amount of land
converted to tame forage landscape types, withr@gonding substantial decrease in
the amount of land allocated to cropland productidre overall loss of cropland
amongst all land units was 1,089 acres, while trezall increase in tame forage was
1,466 acres over the 10 year period (Entem e2@09). In addition, the amount of aspen
parkland acreage decreased by 54 acres, whilevdralbloss of riparian habitat was 21
acres (including all acres drained minus acregreg} (Entem et al. 2009).

Although the trend towards loss of riparian hakdtadl aspen parkland is expected (i.e., is
consistent with discussion in Section 2.4), ittifirat unclear why land in annual
cropland production has been converted to pereforiafje over the last 10 years in the
LSRW. Entem et al. (2009) indicate that farmerseise this conversion to have
occurred due to poorer productive capacity anddor past crop prices. Entem et al.
clarify that “some farmers stated that the decrdastirns from annual cropping
prompted them to either adopt livestock as a fgperation, or to increase their cattle
herd.” (2009, pg. 12). Others stated that slougiuskduffs (and their associated nuisance
costs) made the land more suitable for grass aadttick (Entem et al., 2009). This
suggests that some farmers only require informattmyut the environmental impacts of
land in annual crop production versus tame foragdyzction to encourage conversion.
Still, overall results from Entem et al. (2009)iicate that perhaps existing stewardship
policies (as discussed in Section 2.5) and watdrphierities (as outlined in Section 3.1),
along with economic conditions (i.e. changes iegs), are influencing farmers in the
study area to enhance wildlife habitat, throughveosion to perennial forages.
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3.4 Agricultural Production in Southeast Saskatchewan

Agricultural production in the LSRW is primarilydased on annual crop production and
cow-calf livestock operations. The beef herd inréngion has grown due to low grain
prices in some years, various forage seeding pnugrareviously strong cattle prices,
and an influx of ranchers coming from western Str$leavan and Alberta (Saskatchewan
Watershed Authority, 2005). The LSRW covers theamityj of two agricultural census
districts, 1A and 1B. The total number of cattlel @alves has been consistently
increasing in Agricultural Districts 1A and 1B sinthe 1980s (Harper et al., 2008).
Further, the southeast region has historicallyda@jh percentage of the provincial cow
herd. Despite this, the land area attributed tivagtasture has been steadily declining
since the 1980s. Conversely, land area devotedrtozd cropland and perennial forages
has been increasing during this time period (Hagpat., 2008). Over time, the acres
devoted to wheat production have decreased, wielartea for oilseeds such as canola,
flax, and sunflowers has increased (Saskatchewaargfeed Authority, 2005).

The total number of farms has decreased in the LSR8V the last 30 years. A total of
3,566 farms were reported in the 2006 agricultoealsus for districts 1A and 1B, while a
total of 5,559 farms were reported in the regiot981 (Harper et al., 2008). Despite
this, the amount of land put into agricultural pwotion has increased over the same time
period. As a result, average farm size in the refams increased. The average farm size
in the area was 948 acres in 1981, while in 20@ane farm size was 1,402 acres
(Harper et al., 2008). Along with average farm sikable 3.1 provides average farm
characteristics for Agricultural Districts 1A anB,lalong with two rural municipalities,
Moosomin # 121, and Redvers # 61, retrieved frioen2006 agricultural census. These
rural municipalities are examined to identify difaces between the somewhat moister
climate in the north part of the watershed (Moosgrfaund in Agricultural District 1A)
and the drier climate in the south (Redvers, fanngigricultural District 1B). The
average statistics in Table 3.1 represent chaistitsrof farms within the LSRW and are
utilized to construct the representative farm Fos study. The annual crops that
consistently have the largest area across the steg@linclude canola, spring wheat,
barley, flax, and oats. Furthermore, these fivesywere recognized by Entem et al.
(2009) as being the primary annual crop types griovihe area. These five crop types
are the types considered for the representative fased in the RFSM) and included in
the crop rotation. The largest planted crop tydebese five types are canola and spring
wheat.

Other average farm characteristics are given in€fali and are also utilized to construct
the RFSM. The average number of cattle and catwethé LSRW is approximately 189
for agricultural district 1B, and 162 for agricuttli district 1A. The average number of
animals is likely higher than these values for fathat solely include cow-calf
operations, and lower for those farms with mixetkmrises (i.e., both crops and beef).
Further, land in tame and native pasture followilsinaverage trends, as among the two
districts and two RMs the acreage attributed td éactuates around 300 acres per farm.
The area of land in native pasture is higher foicagiural district 1A with an average of
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529 acres. Land in annual crops is between 80®@0dcres on average for farms
across the four regions. In addition, the averadeevsof farm machinery per farm ranges
from $170,000 to $210,000, while the average gfarss reciepts ranges from $120,000
to $140,000. These average farm characteristichéob SRW are compared to the
machinery complement (explained in Section 5.2.4r®8) model results to ensure
accuracy of the RFSM.

Table 3-1 Average Farm Characteristics in Lower Sotis Region

Agricultural Agricultural | Moosomin | Redvers

Region 1B Region 1A (#121) (#61)
Farm Size (Acres) 1327 1474 1108 1277
Land in Crops (Acres) 834 998 812 931
Land in Summerfallow 202 287 195 187
Land in Tame Pasture 342 357 277 213
Land in Native Pasture 344 529 306 205
Spring Wheat (Acres) 416 481 - 445
Oats (Acres) 207 176 211 158
Barley (Acres) 246 256 269 258
Canola (Acres) 373 448 438 389
Flax (Acres) 249 291 361 305
Alfalfa (Acres) 209 221 184 161
Tame hay (Acres) 146 198 172 137
Number of Cattle and calves 189 162 199 141
Number of Beef cows 86 - 84 70
Number of Bulls 4 5 - 4
Total farm capital ($) 720,999 779,525 706,382 761,351
Value of farm machinery ($) 183,034 210,122 173,306 206,731
Total gross farm receipts ($) 155,759 130,504 157,831 140,312
Total operating expenses ($) 137,964 119,309 139,394 127,929

Source: Statistics Canada (2006)

3.5 Chapter Summary

In this chapter, a description of the study arqadsvided. The discussion addresses the
role of the Lower Souris watershed in the regibe,dgeography, landscapes, and wildlife
species found in the region, and the charactesisfiagriculture and farm operations for
the study area. The mandate of the Lower Sourierala¢d committee is important for
understanding the objectives of the study. Thearebeattempts to determine the cost or
benefits of EG&S policy to farmers with specifigegd to policy-making at the
watershed level. The relationship between wildlifecies and habitat requirements and
between habitat requirements and landscape typeps justification for targeting
landscapes as a wildlife habitat conservation gida. LTOM (landscape target
optimization model) used in the present analysisrd@nes the impact of maintaining
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landscape type acreages. Further, the study seeletdrmine if landscape conversions
will continue as done in the past and found by BEne¢ al. (2009). From these results
there may be implications for wildlife habitat cengtion.

The average farm characteristics presented in Taflare primarily utilized to construct
the RFSM (representative farm simulation modele Thwer Souris region contains
both crop, beef, and mixed farm operations. Averagasurements of acreage per crop
type, number of cattle, and financial estimates, &tom all farm operations in the study
region are used to determine a representative éathe region. By understanding how
agriculture works in the Lower Souris region, arthtvoperations and practices are
currently most common, one can more effectivelydoaimodel that simulates those
operations, and proceed with accurate estimatiompécts.
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4 Chapter 4: Theoretical Models

4.1 Overview

In this chapter, the theory behind the two modeds &re used to estimate the costs or
benefits to farmers of EG&S practices and poliédesghe study area is presented. Capital
budgeting in the form of NPV analysis is used faresent the yearly cash flow of an
individual farm. Simulation analysis is utilized¢onstruct the representative farm
simulation model (RFSM) with linkages to importamicertain and uncontrollable on-
farm characteristics. Following the discussionhef simulation model used for the
present study is an analysis of the economic thapplying to optimization models and
linear programming. The landscape target optinorathodel (LTOM) is used to
determine both farm wealth and landscape impacasre§ional EG&S policy, as well as
to predict these impacts for the study area givepalicy intervention. Hedonic
estimation is required to relate landscape chatmgEasm wealth estimates. The chapter
concludes with a discussion of hedonic methodoltgpddition, an outline of the
general structure of both models utilized for thespnt study is provided.

4.2 Capital Budgeting

4.2.1 Various methods of Budgeting

Capital budgeting is an investment decision toeldusy many businesses to determine
the value of long term investments. In this manilevas used in the present study to
determine the private net benefits of implemenE@&.S practices on the farm. Many of
the on-farm EG&S practices require an initial inwesnt, whether it be the cost of
converting landscape types, or fencing for rotati@mazing. These practices also often
have long-term consequences for farm performanisenGan assumption that farmers
seek to maximize wealth, capital budgeting is appabe to use in evaluating these types
of investment decisions.

The various types of capital budgeting techniquekide net present value (NPV),
internal rate of return (IRR), payback period, asdounting rate of return (Copeland et
al., 2005). Of these techniques the most commasdy are NPV and IRR, which use
discounted cash flow calculations. As the practeesnined in this study are
characterized by an initial investment followedabgeries of cash flows, the technique
used to evaluate the investments had to incorptitate considerations. An additional
requirement is that the method should determinéntipact on wealth generated from the
investment, relative to the opportunity cost of ithigal investment. Both NPV and IRR
meet these criteria. In addition, Copeland et2l06) state that the capital budgeting
technigue to be used should best satisfy the fatigwriteria:

1. All cash flows are considered.

2. Cash flows are discounted at the opportunity cbteinvestment funds.
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3. The technique selects from a set of mutually exetusivestments the one that
maximizes wealth.

4. Managers are able to consider one investment imdgpdly from all others.

NPV was chosen for this study due to its simpliaity its alignment with wealth
maximization principles. This aligns with the ars$¢ydone by Copeland et al. (2005)
who determine that NPV is the technique that betssfies the criteria, as it is consistent
with wealth maximization.

4.2.2 NPV Analysis
NPV analysis uses a discount rate to discountdéutash flows. This discount rate is
determined through the rate of return of the ihitimestment (Copeland et al., 2005).
The rate of return and therefore, the discount rafiects the expected risk of the
investment. Copeland et al. (2005) provide theutation for NPV:
N
CF;

NPV = » —
t
Li(1+1)

Iy

(4.1)

whereCF; is the net cash flow in time peritidk is the discount rate, N is the useful life
of the investment (in years) aiyls the initial investment. A particular investmént
acceptable (i.e., has a positive impact on weélthg NPV value is greater than zero
(Copeland et al., 2005). In this study, farmersem®imed to consider decisions related to
implementation of an on-farm EG&S practice in tewhtheir effect on wealth
maximization, and in doing so, would implement aj@ct where a positive NPV is
found. As such, any practice resulting in a positihange in farm NPV is considered to
provide a direct, private benefit to the farmern@arsely, any practice where a negative
change in NPV is found is considered to result irebprivate cost. Furthermore, in
those cases where the farm operator has the cheiaeen positive NPV investments,
the investment with the largest NPV value wouldrbplemented (Copeland et al.,
2005).

4.2.3 Determining the Discount Rate

The choice of discount rate is of importance @sdiften a key element in determining
whether a NPV is positive or negative. In this gsial, the magnitude of future cash
flows is not known with certainty. As a result, tthetermination of an appropriate
discount rate needs to include some considerafifutwre risk with regards to
investment decisions. Ross et al. (2003, pg. 285 shat “investors will only hold a
risky security if its expected return is high enbiig compensate for risk”. Riskier
investments should have a higher discount rateldsmrisky investments (Ross et al.,
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2003). Capital Market Line (CML) theory is a waydetermine expected returns for an
investment that incorporates risk. Once expecteare are found, a discount rate can be
calculated based on the expected return.

Capital Market Line theory determines the optimatfolio investment from a set of
different portfolios, their associated risk, anghested returns. An optimal portfolio can
be found for an investor without any knowledge dtibe risk preferences of the investor
(Sharpe et al., 2000). All portfolios located ie #ifficient set involve an investment in a
tangency portfolio combined with varying degreesisif-free borrowing (Sharpe et al.,
2000). Each investor faces the exact same effisietdf portfolio investments, as each
person faces the same amount of risk for eachghortiind thus, will choose a portfolio
on an upward sloping linear set with proportiomareases in risk and return. This is
referred to as the Capital Market Line. All othertfolios that are not efficient are found
underneath the line, albeit some could be close to

Figure 4.1 provides a graphical representationMt Gheory. The upward sloping
tangent line is the Capital Market Line. The vetintercept is the risk free rate of
return,r¢. The curved line, referred to as the feasibletesky portfolios, represents all
bundles of investments defined in terms of thepested return and risk (measured in
standard deviation of a portfolio’s return). Frtme tangency of the feasible set and the
CML line, one can find the market portfolio for thestor. Sharpe et al. (2000, pg. 218)
clarifies “the market portfolio is a portfolio cdating of an investment in all securities
where the proportion to be invested in each sgcoatresponds to its relative market
value”. Point B in Figure 4.1 represents the mapketfolio and it is the portfolio of

risky assets that will be held by everyone in ttegkat given homogeneous expectations
(Ross et al., 2003).
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Figure 4.1 Capital Market Line Theory
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Source: Koeckhoven, 2008, pg. 46

Given non-homogeneous expectations, investorscivilbse a portfolio that lies
somewhere on the CML line depending on their lefeisk aversion. The farther
outwards along the line chosen, the more risk-lp¥the investor (as shown at point C).
Points along the line and past the market portfgdaint B) can be reached by this
investor by borrowing at the riskless rate to bugrenof an risky asset (Ross et al., 2003).
However, the closer the efficient set chosen isarldo the risk-free rate, the more risk-
adverse is the investor (as shown in point A)hie tase, points before point B can be
attained by having some combination of the riske-fasset with the assets required for
point B (Ross et al., 2003).

The slope of the CML is equal to the ratio of tiifedence between the expected return
of the market portfolio (or any other efficient fotio on the Capital Market Linej,,,
and that of the riskless security,,and the difference in the levels of risky(- 0). Here,
oy is the standard deviation (the measure of riskjHe market portfolio. The riskless
security,r¢, has a standard deviation equal to zero (i.etiskd. Sharpe et al. (2000)
provides the CML calculation as follows,

(4.2)
wherer, anda,, are the expected return and standard deviatiam efficient portfolio.
In essence, the intercept, and slope of the CML can be referred to as thieepof
time’ and the ‘price of risk’, respectively (Shargeal., 2000).
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The above formula from CML theory is used to caltellexpected returns from an
investment, and then an appropriate discount iaigalculating expected returris, the
return on goverment issued treasury bills is usctth@ risk-free ratey, while the return
on an index for the Toronto Stock Exchange is @setthe expected rate of return and
standard deviation of the market portfoligy, ando,,. However, calculating the standard
deviation of expected returns of efficient portislis;,, can be difficult. As such,
Copeland & Antikarov (2003) develop a way to estertae standard deviatiom,, using
Monte Carlo Simulation for a farm operation.

Since no two investors (or farmers) have exactystiime management styles or
expectations it is hard to generalize the volatibt one investor's returns. Copeland and
Antikarov (2003) use Monte Carlo Simulation to estie volatility of rate of return for
one farm. The following relationship is modelledwsimulation for a farm operation,

NPV, — NPV,
"= T NPV,

(4.3)
wherer, is the farm’s expected retudiPV; is the net present value from period hto
andNP\; is the net present value from period Gitalnitially, an arbitrary discount rate
is chosen. For the present study this is 10%, esrdaed by Koeckhoven (2008) from
literature related to calculating initial discodattors for farms. The simulation is then
run for a number of iterations to generate a pridibahistribution arounds,. From this
distribution one can calculate an estimatesforThis estimate is then substituted into
equation 4.2 to determine expected returns. Asiomeed before, from the estimate for
expected returns, one can then determine the discate used for NPV estimates.

4.3 Simulation Analysis

Simulation modelling is used in this study to detiere the on-farm impacts of EG&S
practices that enhance or maintain wildlife habMdith regards to using straight-forward
NPV calculation, optimization, or simulation to ehine on-farm impacts, simulation is
used as it affords flexibility and the inclusionafreater number of variables and
relationships that are characteristic to the nadfi@erating a farm. Simulation
modelling is defined by Evans and Olson (2002, 2as “the process of building a
mathematical or logical model of a system or asleniproblem, and experimenting with
the problem to obtain insight into the system’saydr or to assist in solving the
decision problem”. As such, the model is constmi¢tegain some form of understanding
of the behaviour for the system (Law, 2007). Eviidueof simulation models is done
numerically, and data are gathered to estimatétieecharacteristics of the model.
Simulation models are particularly useful when stam or problem exhibits uncertainty,
and to gather understanding of the underlying iclahips of the system in response to
changes in operation (Evans and Olson, 2002; La@&7R However, there are many
perceived drawbacks to simulation analysis, inclgdimodels for large-scale systems
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tend to be very complex, and a large amount of egengime is required to run a
simulation (Law, 2007).

Simulation models are classified in a variety dfedlent manners. A static simulation
model is representative of a system at a particuree, or a system where time plays no
role, while a dynamic simulation model represerdgsiem that evolves over time (Law,
2007). If a simulation model does not contain aroppblistic components or elements of
risk, it is referred to as a deterministic modedbwéver, many systems must be modelled
with having some probablistic components, and tlaeseeferred to as stochastic
simulation models (Law, 2007). Finally, a simulatican be further classified as being
either continuous or discrete. A discrete modébiisa system where the state variables
change instantaneously at separate points of tMeanwhile, a continuous model is for a
system where the variables change continuously wihect to time (Law, 2007). For
the present study, the model utilized is dynantm;hsastic, and discrete.

4.3.1 Monte Carlo Simulation

Monte Carlo simulation is defined by Evans and ©@1§&002, pg. 6) as a “sampling
experiment whose purpose is to estimate the digtoitr of an outcome variable that
depends on several probabilistic input variablddonte Carlo simulation uses known,
or estimated stochastic distributions of input ableés to create distributions of output
variables. It is often used to evaluate the expkichpact of policy changes that involve
risk (Evans and Olson, 2002). Monte Carlo simulatiworporates risk through
specification of probabilistic distributions foloshastic input variables. In this sense, one
can use Monte Carlo simulation to model systemk imiherent uncertainty to gauge how
much risk and random variation affects outcomesh st NPV estimates. However,
Monte Carlo simulation involves running the mod®l& number of iterations (anywhere
from 1000 to 10,000) to generate proper outcontgiloligions. The higher number of
iterations, the more accurate is the characteozatf outcome distributions (Evans and
Olson, 2002). For this reason, a significant amaficomputing time might be required
to retrieve results. In addition, the analysisesfults from Monte Carlo simulation may
cause problems as there is no set approach tpietierg the output distributions. Often
descriptive statistics are used, as in this sttitht,include the mean, median, and
standard deviation of outcome distributions. Howgiresome cases the construction of
confidence intervals or expressing the distributioprecentiles is preferred (Evans and
Olson, 2002).

In the present study, Monte Carlo simulation usesr¢lationship between on-farm
stochastic input variables (e.g., prices, yieldsjd@termine distributions for resulting
output variables (e.g., NPV). The model is cong&dido simulate the operations of a
mixed-enterprise farm in the LSRW. The cash flolatienships are included in the
model, where the farm obtains revenues from setlaiges and steers, crops, and hay,
while incurring expenses associated with produtiege goods. In addition, the model
incorporates uncertainty as farm operators takeonisiderable risk relying on variables
outside their control, such as prices and weaBiephysical relationships are included,
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where crop and forage yields are a direct funatibrweather, and weaning weights are a
direct function of feed availability. Most importdy) the simulation is able to compare
the performance of the farm when an EG&S pracdeplemented and when a practice
is not implemented. The model also includes aduftidlexibility to incorporate other
dynamics, such as participation in farm prograresjsions regarding what is grown on
the farm at what time, and a feed inventory forlibef herd.

To model these relationships, @Risk®© software fRatisade Corporation coupled with
Microsoft Excel®© is utilized to construct the Mor@arlo simulation for the study.
@RIisk®© is a software program used specifically el situations where agents make
decisions under uncertainty (Winston, 2000). Disttions of outcomes are created
through iterations of the model being solved usiets of stochastic variables drawn from
pre-determined distributions (Palisade Corporat2@)7). The distributions created for
each simulation run are then compared to deterthm@mpact of EG&S practices on the
mixed-enterprise farm.

4.3.2 Representative Farm Simulation Model (RFSM) Strectu

The RFSM incorporates key working relationships ofixed-enterprise farm operation
with both crop and cow-calf enterprises. Econoralationships are included as expenses
or revenues and summed to determine a final nétftas for both the crop and beef
enterprises. Expenses include expenditures assdaigtth seed, fertilizer, trucking,
purchased feed, machinery, etc., while revenuesacealated as crop and cattle
production multiplied by prices, plus any returranfi participation in government
programs, such as crop insurance and AgriStabMtye specifically, crop revenues are
a function of crop yields realized, based on reglioveather patterns, multiplied by
randomly generated prices. Beef revenues are édanaf calf (weaning) weights at the
end of the grazing season, which is also tieddgmrel weather patterns.

A conceptual diagram of the RFSM is provided inufég4.2. The circled objects are
predefined variables before the simulation modaliis This includes the government
programs, the amount of land allocated to cropfarafje production, forage prices, and
the beef herd dynamics. Shaded objects in Fig@rar. those relationships that are
directly related to cash flow on the farm and agedtto calculate net cash flow estimates,
including the crop modified net cash flow and tieefomodified net cash flow.

Modified net cash flow (MNCF) is used as a measfdifarm wealth calculated by
subtracting expenses from revenues. It is similagross margin in that it represents a
contribution towards wealth. However, gross maigidefined as revenue minus the cost
of goods sold. The cost of goods sold is the sumomaf all variable expenses required

to produce goods. Net cash flow, on the other hiarttie difference between all cash
inflows and all cash outflows for either enterpri8ach measurement is useful depending
on if decisions are made in the short term, whewy wariable expenses can be adjusted,
or the long term, such that fixed expenses cardpested. Given that the simulation
model has a twenty year horizon, it is believed tha farmer can change fixed expenses
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and net cash flow is utilized as the measure ofrifrtion towards wealth. Debt
financing expenditures are not included in thecash flow estimate used in the
simulation as these expenditures do not directbtedo on-farm decision making
examined in this study. Furthermore, cash outflitwsnachinery depreciation are
included in the net cash flow estimate (i.e. asoxyfor machinery replacement
expenditures), whereas they would not usually msidered as a cash flow. In this
regard, the wealth measurement is referred to adifiad’ net cash flow or MNCF.

The objects in upper case letters in Figure 4.2emmt the stochastic elements in the
simulation model; weather, crop prices, and beieepr The stochastic variables are
chosen randomly from fitted distributions as thaudation is run. This is referred to as a
random draw, and distributions are determined fhistorical data. Crop yields are
stochastic as well. Annual crop yields are a fuomctf weather patterns in that year.
Weather variables are drawn from fitted distribo§@nd are used to determine yields.
Weather impacts crop yields in a manner such titatme events, such as little or no
precipitation, negatively affect yields, while ddwced proportion of rain and heat from
sunlight positively affects yields (explained inapter 5, section 5.2.2.1).

Weather also impacts the forage yield in a givear yer both pasture and tame hay
production purposes. Forage for tame hay produdiosed to feed the herd in winter
months, while forage for pasture purposes is useglaze the beef herd. In years with
favourable weather patterns, tame hay forage maplokfor additional revenue, while
forage on pasture can increase grazing seasothlandtincrease weaning weights. If the
grazing season length is extended, there is lesespmnding hay feed required for
winter months. Therefore, this would further frgetame hay for forage sales. However,
if weather patterns are adverse, additional tamgentay need to be purchased to sustain
the beef herd over the winter months. As a rethdtdynamics in the feed inventory have
an impact on both the crop enterprise MNCF and eetedrprise MNCF. In this manner,
the feed inventory is the only simulation comportéat directly links the crop enterprise
with the beef enterprise for the representativenfdfurther, the dashed lines in Figure
4.2 represent the inherent model decisions thatade over each year of the simulation,
based on yearly dynamics and relationships. Thedarm (within simulation) decisions
include: how much hay is sold, how much hay is ulgow many calves are sold, and
how much feed is required to sustain the herd oweter.
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Figure 4.2 Conceptual Diagram with Modelled Farm R&ationships
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4.4 Linear Programming

Optimization is a term that refers to the mathecadtprocess of finding goal equilibrium.
Chiang and Wainright (2004, pg. 232) define thigildgrium as “the optimum position
for a given economic unit (a household, a busifiess or even an entire economy)”. An
optimization problem begins with a set of independeriables, and includes restrictions
that define acceptable values or combinations addtvariables, referred to as
constraintg(Gill et al., 1981). Further, an essential compadrigtheobjectivefunction,
which depends on the independent variables. Trepembent variables can be referred
to as decision variables as the optimizer can @rckchoose among these variables in
order to achieve his or her goal. The equilibridaiesis found when a set of allowable
decision variables is determined to generate thenal’ value, being the extreme point,
from the objective function. For economists, opgation is most useful in finding
solutions where the objective function seeksmtximizeor minimizesomething, such as
profit or costs (Chiang and Wainright, 2004). Farthore, it is common to pose
optimization problems in a standard form. The gehirm of an optimization problem
developed by Gill et al. (1981) is given below, néie(x) is the objective function and
Ci(x) are the constraints,

Min)icnéijzz% F (x)

ci(x) =0, i=12,..,m

Sub]eCt to ci(x)z0, i=m'+ 1,..,m

(4.4)

A form of optimization called linear programming svatilized to construct the second
model, the landscape target optimization model (M)Qutilized in this study.
Mathematical programming refers to all optimizationdels where the objective
function is optimized subject to inequality constta (Chiang and Wainright, 2004).
Linear programming is a special case of mathenigircgramming where all
relationships are linear. For a linear programngirablem the objective function is a
linear sum of decision variables each multipliecalgoefficient. This is the case for
either a profit or cost function utilized as thgeathive function. Adapting the general
form of an optimization by Gill et al. (1981) froeguation 4.4 above, the linear
programming problem can be labelled as (from Dorfregal., 1958, pg. 12):
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Max. Z = p1x1 + -+ ppx,
that is subject to the following constraints,
a11X1 + oot agpx, <G
Ap1X1 + ot aypx, < G,
az1X1 + ..+ azpx, < C3

(4.5)

wherep,, is the price per unit of,, anda;; is the coefficient ok; for a respective
constraint function¢;. The linear constraints specify the main structfrthe problem,
while the objective function represents the maial @b the problem. The constraints act
to ‘constrain’ the amount of units allocated toleaariable from reaching a point that is
too high, if it is a maximization problem. If thertstraints were greater-than signs rather
than less-than signs, the objective function wdiddinrestricted and the optimization
would be unbounded (i.e. the amount of units wanddease to infinity).

Linear programming is best used to determine thst efficient way to achieve a certain
outcome subject to physical and organizational taimgs. In some cases, it is not
feasible to determine optimal activity levels thgbuvhole farm capital budgeting (Dent
et al., 1986). The capital budgeting model typeoissidered to have too many tedious
calculations if a number of farms are to be comghane summed to determine regional
impacts. In addition, capital budgeting does nowjate a rigorous search of all
combinations of activity levels to determine théimal combination (Dent et al., 1986).
Linear programming overcomes these limitationsth&rmore, Hazell and Norton
(1986) state that the optimal values determinechfiinear programming, given well-
articulated on-farm goals and constraints, oftexdiot quite accurately what most
farmers do. As such, its predictive nature makesali programming useful in
agricultural sector models for aggregate policylysis. It is for these reasons linear
programming is utilized to inspect the impact of&&policy across the LSRW.

Linear programming is one of the most widely uspdrations research techniques, and
is used extensively for planning purposes with rég#o agriculture (Dent et al., 1986).
Linear programming allows one to test a wide rapigglternative combinations and to
analyze their consequences with a small amountlafisn time (Beneke and
Winterboer, 1973). In this regard, linear programgris a good tool in determining the
optimal combination of activity levels with regarasa specific goal, such as maximizing
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farm wealth or minimizing habitat conversion. Dehfl. (1986) provides characteristics
of problems to which linear programming can be iagjl

1.

A range of unit choices (i.e. decision variables}tand the manager can
select the amount of units for each variable hgherwishes.

Constraints prevent free selection of unit amouentst

A combination of unit levels relates to a measuréne contibution to a goal
(i.e farm wealth) associated with each variable.

However, with linear programming, as with all othendels, one must make a variety of
assumptions. Paris (1991) defines the three ‘crassumptions’ for a linear
programming problem; proportionality, additivitypadivisibility. Hazell and Norton
(1986) add additional assumptions to formulate@ tf eight assumptions of linear
programming with respect to the nature of the petidn process. These are described
below (note: decision variables are termed acgis)ti

1.

“Optimization It is assumed that an appropriate objective fands either
maximized or minimized...

FixednessAt least one constraint has a nonzero right hadel coefficient

Finitenesslt is assumed that there are only a finite nunadbexctivities and
constraints to be considered so that a solution meagought.

Determinisim All coefficients [including those for left and tighand side of
constraint functions, and right hand side of oljectunction] in the model
are assumed to be known constants.

Continuity.It is assumed that resources can be used andiastproduced
in quantities that are fractional units.

Homogeneitylt is assumed that all units of the same resooreetivity are
identical.

Additivity. The activites are assumed to be additive in theesevhen two or
more are used, their total product is the sum eif ihdividual products...

Proportionality. The gross margin and resource requirements peofini
activity are assumed to be constant regardledsedevel of the activity
used...”

(Hazell and Norton, 1986, pg. 13)

The assumptions of additivity and proportionalibpge ensure that all decision variables
(i.e. activities) are linear. As well, additivityd proportionality ensure linearity between
the activities and the value of the objective fimttZ. When activity levels increase by a
certain percentage, so too does the percentageasein the returns from these activity
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levels. As such, linear programming always asswoastant returns to scale (Hazell and
Norton, 1986). Further, linear programming canmzbanmodate stochastic price
expectations, and cannot incorporate more complexionships between activity levels
and returns (Beneke and Winterboer, 1973). In dilyase cases, including linearity
between outputs and inputs, additional work mestitme outside the realm of linear
programming in order to properly include in the relod

The above eight linear programming assumptions lraptcations for the present study.
Given the assumptions of additivity and proportidpawith the implied assumption of
constant returns to scale, farm wealth is direatigt linearly related to the number of
acres per landscape type. Thus, if the numberresdor each landscape type are
increased by a factor &f then the level of farm wealth will also incredmsea factor ok.
The homogeneity assumption implies that all acessciated with a specific landscape
type are identical, which might not be the case Térm wealth potential’ for a
respective acre can vary significantly dependingveather, region, soil quality, and soil
type. For the purposes of the study, differencdand characteristics are assumed to be
more substantial between landscape types thannwithdscape types.

There are a number of methods that can be utitzedlve a linear programming
problem. In the two-decision variable case, annogtisolution can be determined
graphically without difficulty. In a linear programing problem, the feasible set is the
area where the decision variables can satisfyoabtraints simultaneously (Chaing and
Wainright, 2004). While an extreme point “occurgither at the intersection of two
constraint lines, or at the intersection of a caist line and one axis” (Chaing and
Wainright, 2004, pg. 654). Given a maximizationkgdemn, one can plot the constraints
on a graph, along with the objective function liaad then move the objective function
outwards until it touches one feasible, extremafpdiowever, once a third variable is
included this method breaks down. For problems thithe or more variables, it is
possible to use an algebraic iterative method terdene which extreme point in the
feasible set represents the optimal solution. Ththad used to find solutions in linear
programming is called the simplex method. Pari® 0 €hapter 7) provides a detailed
discussion of the mathematical process associatadive simplex method.

A number of software programs have been develapedive linear programming
problems, using variants of the simplex method. $blkver add-in for Microsoft Excel
(or other spreadsheet programs) can solve sim@ariprogramming problems in a very
straight forward manner. However, for large protdemith many variables additional
software that is compatible with Excel can be pasgd, including Premium or Evolver
Solver Platforms© from the Palisades Corporatigrectalized programs have been
developed specifically for large linear programmprgblems. GAMS, or General
Algebraic Modelling System, is an often used lingagramming program. For the
purposes of this study, the Premium Solver Platfmas combined with Microsoft
Excel to run the linear programming problem anaedeine solutions.
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There are a few computational issues with lineag@amming that are worth mentioning.
In some cases, linear programming problems carmeblved, while in other cases an
optimal solution may exist, but the simplex mettaiks too long to converge to this
solution. A linear programming problem is said &ibfeasible if there is no solution that
satisfies all the constraints (Hazell and Nortd@®86). Further, a linear programming
problem is said to be unbounded if a feasible miuxists that has an infinite value for
the objective function (Hazell and Norton, 1988)bbth these cases, no optimal solution
can be found.

4.4.1 Landscape Target Optimization Model (LTOM) Struetur

In the present study, linear programming is usedetermine the farm wealth impact of
an EG&S landscape target policy throughout the LSRWobjective is to determine
what may be the expected landscape change aceosstbrshed region given policy or
no policy intervention. The linear programming desb is based on the assumption that
farmers in the study region seek to maximize fammalh. As such, the objective function
seeks to maximize farm wealth subject to a numbeouwstraints. The linear
programming model is developed for the townshigllevith the LSRW. It was believed
that the township level would provide a good repnggtion of a regional impact of
policy. The decision variables (or activity level®re the number of acres dedicated to
the six main landscape types found on agricultarad. These landscape types include
cropland, perennial forage, native prairie, aspaghitht, lentic riparian habitat, and lotic
riparian habitat. The constraints in the lineargoasnming problem specify the nature of
having land in a particular landscape type andrtipmsition of landscape targets
required by the EG&S policy. There are relativawfconstraining factors in the base
case model prior to imposing the landscape taxg@tstraint.

In the model, a decision variable unit (an acresisumed to be freely convertible from
its current landscape type to any of the otherdaage types. This provides flexibility in
the linear programming model, as the optimal solutian be found from every
combination of acres per landscape type in therslagel. There are a total of 36 decision
variables for every parcel of land found in the M8Ras every acre of land on each
landscape type could remain unchanged, or couttbbeerted to another landscape type.
Furthermore, an assumption is made that the ldvah-darm decision-making is twofold.
A farmer can decide how much of each landscape(tijpeecision) and on each quarter
section (2 decision) should make up his total farm acreapesythe total number of
decision variables is found by segregating thd taienber of quarter sections per
township (144), then the total number of landsdgpe conversions (6 * 6 = 36) that can
occur on each quarter section.

There is expected to be significant variabilityveegn quarter sections (a 160 acre square
plot) in terms of how that land parcel relatesverall farm wealth. Thus, it is assumed
that the level of acreage per landscape type ocrussper-quarter section basis. This is a
reasonable assumption as quarter sections makee upain form of field size in the
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LSRW. In the early settlement of the Western Caagrairies, agricultural land was
originally segregated by townships (consisting ®E8ctions), then sections (consisting
of 4 quarter sections), then quarter sections {sting of 160 acres of land), which were
individually sold to private buyers, such as farsn@lberta Land Surveyors Association,
2010; McKercher and Wolfe, 1997). Today, agric@tliand parcels are still bought, sold
and organized by quarter sections (Saskatchewagsfisent Management Agency,
2007-a).

When the landscape target constraint is not impdbledinear programming problem is
referred to in this study as being ‘unrestrict&diis is not to be confused with the
definition of an unrestricted optimization, as timear programming problem is still
subject to inequality constraints. However, the imnézation of the wealth objective is
done with a limited number of constraining fact@bapter 5, section 5.3.2 provides the
conceptual linear programming problem for the pmestudy and includes equations for
the constraints included for both the unrestrieted restricted optimizations. In the
unrestricted optimization, the optimization is miith a constraint imposed that ensures
that the number of acres converted away from acpdat landscape type does not
surpass the original acreage found for the quagetion and for the landscape type. In
the restricted optimization, the optimization is fincluding another constraint such that
the total acreage per landscape type is at leastiab required for the landscape target to
be met.

The landscape targets are determined for each atdrsied within the LSRW (see
Chapter 5, section 5.3.6 for further explanatidiiyree versions of the LTOM model are
constructed; one for each sub-watershed in the LSRMWeach sub-watershed, a
representative township is chosen to be utilized @gional area of each sub-watershed.
Further detail on these three townships is providestction 5.3.1. The linear
programming model for each township is construatddicrosoft Excel®© using columns
as the decision variables and rows as the constmihobjective functions. The Premium
Solver Platform®© from the Palisade Corporation waschased to run the linear
programming problem using the ‘Large-Scale LP’ argi

The objective function is such that both the reeand cost streams of converting
landscape types are included in determining farmitweThere is a cost associated with
converting landscape types and this cost is deddaten the wealth coefficients. This
cost of conversion further constrains free coneeraén establishing an optimal solution,
but is important so that the model represents om-faality. As well, each respective
landscape type for each parcel of land has a speaflth-generating coefficient that
relates the number of acres attributed to the keaqstarget to overall farm wealth (see
section 5.3.4 for an explanation for how the weadibfficients are determined). To
determine the wealth coefficients, hedonic econdmetethods were utilized. These
methods established an empirical relationship betMendscape type acreage and farm
wealth. This is the topic of the next section.
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4.5 Hedonic Models

Hedonic modelling is used to estimate the relatignbetween landscape type
characteristics and observed farm wealth. In c@eetermine wealth coefficients, it is
necessary to estimate how each individual landstggeecontributes to farm wealth for
each respective quarter section. Hedonic modelmaiely utilized to determine the
extent to which attributes of a good or servicetidbute to the observed price (Ekeland
et al., 2004). Rosen (1974) first classified ‘hedbprices as implicit prices that can be
defined by specific amounts of characteristics @ssed with a good. Hedonic prices
assume that the value of a good can be determinedrbming the marginal contribution
of each characteristic inherent to that good. éhdbntext of the present study, the price
of a quarter section of land (i.e. assessed laheky# assumed to be a function of the
number of acres for each landscape type foundatmtharter section. Furthermore, the
choices of agricultural land parcels and their aeisged wealth values imply choices of
landscape acreage attributes. Assessed wealths\vahdeacreage per landscape type per
guarter section found in the LSRW were providethtoresearcher. Therefore, a model
can be created to estimate an implicit price offigaan acre of land within a specific
landscape type on a specific quarter section. iffjidicit price can then be incorporated
in the objective function of the linear programmprgblem as the coefficient relating
acres per landscape type and farm wealth (i.esssdeavealth).

Rosen (1974) originally defined a theory of hedgrices as a problem of spatial
equilibrium in which the entire set of hedonic psaquides both consumer and producer
decisions in the characteristics space. Rosen [id&dfies that the hedonic function can
be viewed as the binding constraint in the indigidaptimization problems of producers
and consumers. For example consider a consumditg fuinction. In Rosen’s view, an
individual consumer’s utility of a specific goodbased on a function of that good’s
particular characteristics. If more of the desigattharacteristics of the good are provided,
the consumer will extract more utility from the go@auchen and Witte, 2001). Since
the consumer retrieves higher utility from the gdoel or she places more inherent value
in the good and the price of the good may increaserdingly (according to demand
theory). In the same manner, for the present sitidyassumed that if more of a
desirable landscape type (i.e. the attribute) dviged (such as cropland), then assessed
wealth (i.e. price) for the particular quarter g@t{i.e. good) will be greater. As such, an
implicit (or hedonic) price can be revealed for thhepland landscape type by observing
the assessed value of the parcel and the amoantes in cropland (Verbeek, 2004).

Econometrically, hedonic methods are utilized sympl regressing an observed,
differentiated product price on the product’s cletedstics, using the best fitting
functional form (Rosen, 1974). Hedonic regressiauets decompose the dependent
variable (i.e. price) being researched into theaittaristics that influence the dependent
variable (i.e. landscape type), and obtain estisnat¢he contribution of each
characteristic to the dependent variable (i.e. iicitgrices). From Rosen’s (1974) theory,
it is likely that the functional form for hedonicasiels chosen should be nonlinear.
Further, there have been a number of problemstiimaing hedonic models. Usually,
highly dimensional hedonic models that are estichatith multiple characteristics are
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required to represent a specific market and caarbequite complicated (Ekeland et al.,
2004).

The general literature on hedonic models is vagtcawers many aspects of the
modelling. In almost every case, a price, well-geior a measure of wealth for a specific
good or service is regressed on the charactertsttembody them. Hedonic pricing is
especially valuable in markets of heterogeneousigjoghere it might be unclear
whether one good is preferred by a consumer oeeotter. For example, in real estate,
it is unclear why one home should be priced highan another. However, it is
commonly held that those characteristics that pegific to a home determine the price.
In a similar fashion, land can be considered arbgmeous good. It is unclear why
consumers of available land (mainly farmers witharels to the study area) choose one
land parcel over another. Only from inspectingl#mel’'s characterstics can trends in land
prices be determined.

As stated by Boxall et al. (2004), spatial hedan@dels have three basic issues that arise
in their construction. These include the choicéuottional form, the model

specification, and the treatment of spatial depedi@s. A linear functional form is
needed to calculate the wealth coefficients, asriesd in section 5.3.3.2, as the degree
of wealth impact had to be included as a per atreuat of acreage in a respective
landscape type. If a double-log functional form wébzed, the regression coefficients
could not be directly included into the linear prammming model effectively. For the
model specification, multicollinearity is expectmohong the dependent variables
(landscape types). It may be expected that thesdagrwhich riparian habitat influences
farm wealth may depend on the degree to which armpinflences farm wealth, and vice
versa, on a respective quarter section. Howevere nbthe dependent variables could be
omitted from the model specification because aktaon a quarter section had to be
accounted for. As such, the regression analysiarised out in spite of the potential of
bias due to multicollinearity. Lastly, the spati@pendencies inherent to landscape type
acreage are directly related to the specific quagetion’s spatial location. In this regard,
each quarter section’s spatial location does npaghfarm wealth within the LTOM.

The next chapter, Chapter 5 - Empirical Methodsyigles the methodology followed for
construction of both the LTOM and the represengafiirm simulation model (RFSM).

4.6 Chapter Summary

Net present value analysis combined with Monte @sirhulation is used to estimate the
on-farm impact of EG&S practices that enhance vddiabitat. Net present value
analysis is used over other capital budgeting nitti@cause of its alignment with the
wealth maximization principles. A number of keyat@&nships are required to be
modelled in the RFSM, and Monte Carlo simulatidiorfs the ability to include these
and primary stochastic elements common in farmatdjmr. The RFSM is constructed to
simulate a mixed-enterprise (cow-calf and crop)rafen that is located in the LSRW.
Revenues for the farm include sales of calvesngeaid hay, multiplied by respective
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market prices. Expenses include expenditures agsdoivith seed, fertilizer, chemical,
trucking, purchased feed, and machinery. Thesentmgeand costs are annually summed
across the farm to produce modified net cash flstimates. By modelling the key
economic relationships on a representative farm,0am best determine if implementing
a respective EG&S practice benefits or does nottitesm individual farmer. If net
present value over the twenty year life of the fanodelled increases, there is benefit to
the farmer. If net present values decreases, &@sts a private cost.

A linear programming model, referred to as the LT @d/constructed to estimate the
cumulative wealth impact of an EG&S policy in th8RW. Linear programming is often
used to determine the best way to achieve a gatldtsubject to a number of physical,
or other, constraints. Linear programming alsovedléor a number of farms to be
modelled at the same time to determine the implitteoEG&S policy. Here, the goal is
to maximize farm wealth across the region subjetand conversion and landscape
target (i.e. the EG&S policy) constraints. It is@amed that landscape types implicitly
determine the wealth associated with a particalad lparcel, through hedonic prices. It is
also assumed that farmers can make changes regaainmuch acreage per landscape
type is found on each quarter section througheheon. In this sense, the LTOM model
provides enhanced flexibility to farmers in meetihg landscape targets. Furthermore,
most-efficient landscape trends that arise fronicgalr no-policy intervention can be
assessed for the private (i.e. farmer) controltgitaltural landscape.
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5 Chapter 5: Empirical Methods

5.1 Overview

A description of the empirical methods used to trmies the representative farm
simulation model (RFSM), as well as the landscapget optimization model (LTOM) is
discussed in this chapter. First, the RFSM is preskincluding all stochastic elements,
relationships, and cash flows modelled. The RFS&& sgenario analysis to determine
the perceived farm wealth ‘cost’ or ‘benefit’ ofgatices that arise from managing for
enhanced EG&S production. From this analysis, alntasts or benefits per acre of land
conserved or managed for EG&S production can hmated.

This is followed by a description of the empiricaéthods used to construct the LTOM.
As explained in the previous chapter, linear progréng is used. The LTOM maximizes
farm wealth subject to landscape targets designpdoimote EG&S production across
the three sub-watersheds located within the LoveerriS River Watershed (LSRW).
Separate versions of the LTOM are generated fdr ehthe three sub-watersheds. At the
end of the chapter, a specific description of tired sub-watershed townships models is
provided.

In both models (i.e. RFSM and LTOM), farm wealthxinaization is consistently
assumed to be the behavioural objective for farnt&xamers are assumed to be rational
in that they are wealth-maximizers, despite som@egee demonstrating that farm
operators may be willing to take on a minor webds in order to protect the natural
environment (Agriculture and Agri-Food Canada, 2dddcks Unlimited Canada, 2007).
However, it is reasonable to assume that farm ¢qgeraeek practices that increase
modified net cash flow estimates (i.e. the estinodtiarm wealth used in the RFSM and
discussed in the previous chapter) and that inerfesassessed wealth of their land (for
the LTOM). For the RFSM, it is not necessarily riegd to assume that farmers are
wealth maximizing to determine the impact of vasguactices on NPV estimates.
However, the assumption of wealth maximization @&@ntained in interpreting the
results, as a farmer is expected to undertakeipeadhat increase levels of NPV.

5.2 Representative Farm Simulation Model (RFSM)

The important aspects of a representative farnmamporated in a Monte Carlo
simulation model. The simulation model is a stotihadynamic model that simulated
the performance of a farm (measured in NPV) ov@d-gear horizon. The model utilizes
@Risk© software from the Palisade Corporation (308 ‘add-in’ for Microsoft Excel,
in order to incorporate stochastic elements. Stwtahalements included weather, crop
yields, crop prices, and beef prices. Random dfesws the distributions of the
stochastic elements are made in all simulatiomfi@ns and in each scenario run. A total
of 1000 iterations are used in this study to gaeatestributions for NPV results, each
with their own respective standard deviation. Akaif 1000 iterations are used as this
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amount has been proven acceptable through a nwhbpesvious studies that used
Monte Carlo simulation to model a representativenfée.g. Cortus, 2005; Koeckhoven,
2008). Furthermore, this amount provides consistadtstable distributions of stochastic
variables, but is not yet time-burdensome to reimaulatiort.

The Kolmogorov Smirnov test static is “used to dedf a sample comes from a
population with a specific distribution” (Croarkamd Tobias, 2006, Section 1.3.5.16). If
the test statistic widely improves from moving frd®00, to 2500, to 5000 iterations,
than there is justification for using a larger amioof iterations. However, if there is no
notable improvement in the test statistic acroegthee distributions with varying
iterations, there is justification for going withet smallest amount of iterations.

It is important to note that the RFSM simulationdabwas originally constructed by
Steve Koekhoven for his M.Sc. thesis (2008) titlEdonomics of Agricultural Best
Management Practices in the Lower Little Bow Wdteds. Koeckhoven's Monte Carlo
simulation model was also constructed for a mixa@mprise farm, albeit a much larger
one, in Southeast Alberta. The simulation modabdapted and the relationships changed
to reflect the representative farm in the Lower i&oregion. After receiving the model
from Koeckhoven, new data specific to the studwpdnrad to be first analyzed and
incorporated into the simulation model. Next, tle¢edministic parameters, such as cow
herd size, stocking rates, crop rotation, and fegdirements that reflect the
representative farm in the LSRW are adjusted. Redjidata for crop prices, beef prices,
yields and weather are collected and incorporattxdthe simulation using the methods
described below (section 5.2.2). A new machinempmement is incorporated that is
reflective of the representative farm operatiors(dibed in section 5.2.1.3). Finally, the
economic relationships are adjusted such thatiet icosts are reflective of southern
Saskatchewan farmers; and crop insurance and Agil®f payment calculations are the
same faced for Saskatchewan farmers (describezttios 5.2.3).

The simulation is used to determine NPVs for edcdeweral scenarios. Scenarios are
defined in terms of the various EG&S practices foater wildlife habitat conservation

or enhancement. In the simulation model, the cobation, inputs used, and machinery
complement remain fixed over the life of the fatmthis manner, the simulation model
did not incorporate an element of optimization kestw limiting constraints (such as land,
input costs, and machinery costs). A decision ideras to what is the amount of
machinery, type of input costs, and the types opsmgrown, given the representative

* A statistical method can be utilized to determime appropriate amount of iterations for the
RFSM. The simulation model could have been run wétying amounts of iterations; for
example, 1000, 2500, and 5000 iterations. Frometeasulation runs, outcome distributions
would be compared using the Kolmogorov-Smirnov sample test. This test determines whether
two samples come from the same distribution (NIBX)3). Of note in this test, one is not testing
to determine for a specific underlying distributi@t ST, 2003). The Kolmogorov-Smirnov two
sample distribution test could be use to test wdrete outcome distributions from 1000, 2500,
and 5000 are significantly different from each othe
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farm and the study region (described in Chaptein®ach scenario, the NPV results are
compared to a base case scenario. The differeidBVhestimates from the EG&S
practice scenario and the base case scenario degsrthe ‘cost’ or ‘benefit’ of the
practice to the farmer. The on-farm simulation ¢igks that eventually result in annual
MNCF estimates are described throughout the resti@Eection.

5.2.1 Representative Farm

The representative farm is a typical mixed enteepoperation located within the study
area. This farm is developed based on expertapifidyle, 2008; Soulodre, 2008) and
data from the 2006 Canadian Census of Agricultaseshown in Chapter 3, Table 3.1).
The land base for the representative farm is basdgtle number of quarter sections
required to run an efficient mixed-farm operatiarthie Lower Souris region and the
average farm size for the study region (Table RIhixed enterprise farm is one that is
involved in both annual crop production as welliesstock (i.e. cow-calf) production. It
was decided that a mixed-enterprise farm operagitime best farm-operation type to
model since it is typical of many of the farmshe tstudy region (Kyle, 2008; Soulodre,
2008).

Using 2006 Census of Agriculture data, acreagédsated for a mixed-enterprise farm.
The resulting representative farm acreage hasbdbi1920 acres or 12 quarter sections.
Of this acreage, six quarter sections are in ancrnagl production, two quarter sections
are in forage production for hay, and four quastations are in pasture production (both
tame and native pasture). For purposes of the RF&@isige is defined as the hay or
silage produced that is used for winter feedingabef herd. Native pasture is land that
provides grazing for livestock and wildlife thatshaot yet been broken up through
cultivation. Tame pasture refers to land that ptesigrazing for livestock and wildlife
that has been cultivated and seeded. Riparianatébitlefined as any land that is
influence by water and found in proximity to wetlisn streams, and rivers (Wagstaff,
1986). Often in biology and ecology research, igraareas are considered as just the
transition area (or buffer) between land and waiervever, many farmers in the Lower
Souris consider any land not used for agricultpraposes due to the location of water
features to be riparian. It is this much broaddind®n that is utilized for the RFSM
analysis. Here, riparian habitat includes the takan up by all water features. Finally,
forested habitat is defined as any bush, asped,toeaative grasses found in the Lower
Souris region that is not in proximity to a wateature, but is still not utilizable for
agricultural operation (except grazing).

In terms of habitat found across the 12 quartetises; a typical annually cropped
quarter section of land in the LSRW has approxiigat@% riparian or forested habitat
acreage (Soloudre et al., 2008). On pasture aagiédands, since the farmer can graze
cows within riparian and forested habitat, the 1D acres per quarter section are
assumed to be available for use. However, Soloetdaé (2008) state that usually more
riparian or forested habitat is currently foundpasture land than cropland. For
modelling purposes, it is assumed that 20% of theaae is forested or riparian habitat
on all quarters utilized for pasture (Soloudrelgt2908). For a 160 acre quarter section,
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these percentages work out to 16 acres dedicateabitat on a cropland quarter section
and 32 acres dedicated to habitat on a pastur¢eqsaction. The land allocation to
alternative land use types is shown in Table 5-1.

Table 5-1: Representative Farm Acreage

Crop Acres Pasture Acres (AUM?) | Habitat Acres’
Spring Wheat| 288 Native Pasture 256 (0.65) Forested | 256
Barley 144 Tame Pasture 256 (1.3) Riparian | 256
Canola 288
Flax 144 Forage
Oats - Alfalfa-Grass | 288

Tame Grass -
Total 864 800 256
Overall Total | 1920

& AUM = Animal Unit Months

® The acres per habitat type (forested versus dppdepend on the scenario considered. For the
riparian habitat focused scenarios, habitat acresa@®6 acres in riparian habitat and zero acres fo
forested habitat. For the forested habitat scegatti@ habitat acreage is vice versa. In the bese c
scenario, it is assumed that all habitat (256 adsasparian habita

Land is allocated based on the assumption thef@uojpsize is 144 acres and one crop is
allocated per field. In other words, land is allechto alternative uses in units of 144
acres. In addition, it is assumed that aftermasizigg would occur on all land dedicated
to wheat, barley, and tame hay, for an annual tft@20 upland acres being used for this
purpose. Use of these crops for aftermath grgzingides significant AUMs and adds to
the grazing season length. In addition, for thestpariod that cattle are allowed to
aftermath graze, it is assumed that cattle alse hagess to riparian areas found on
cropland. As a result, an annual total of 80 aaresdedicated to riparian habitat for
aftermath grazing on cropland fields. All acreagédidated to forage is grown for winter
feeding purposes only, while pasture utilizationweed over a 4 month grazing season,
from June to September. Aftermath grazing is useihd the months of October and
November for the present analysis.

5.2.1.1 Crop and Forage Production

For soil productivity purposes, crop rotation ikenently important. An effective yearly
crop rotation can increase the soil structure witftogen and organic matter, improve
soil tilth, and conserve plant nutrient (Crisostoet@l., 1993). The simulation uses a six
year fixed rotation of spring wheat — canola - sgrivheat — canola — barley - flax. Since
a total of six quarter sections are used for anonsgd production year over year, one
guarter section (144 acres) is allocated to eamh type in the six year rotation for each
year. In other words, in every year of the simolatihere are 288 acres of wheat, 288
acres of canola, 144 acres of barley, and 144 a€sx, but the specific quarter
sections on which crops are grown. The crop ratdsaleveloped based on Census data
and on the 2008 survey results from Entem et BDYR The rotations capture elements
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of the average amount of crops grown and reportéiade 2006 Census of Agriculture for
the region (see section 3.4). In addition, each géa cereal planted (wheat, barley) is
followed by a year of oilseed production (canolax), which is most agronomically
appropriate (Saskatchewan Soil Conservation Asgorj&2008).

One benefit provided by a mixed enterprise farnrajpen is the planting of a forage
stand within periods of annual crop production.zEgttal. (1995) surveyed Saskatchewan
farmers and found that 71% reported a yield bemdfén adding forages into crop
rotations. The forage stand rotation for the regméative farm is developed based on
information from the survey results of Entz et(ab95) of LSRW farmers, and from the
expert opinion of Kyle (2008) and Soulodre (20@8)erage forage stand length is seven
years and a cover crop (utilized for greenfeed)iglly grown in the first year to
establish the crop (Entz et al., 1995). A covepadds nutrients and organic matter to
the soil, while protecting the forage stand in ¢hely growth stages. Thus, the stand
rotation used in the simulation analysis is a cavep and forage establishment the first
year, followed by seven years of alfalfa-grass gmbwth (Table 5-2). After the last year
of the forage stand, the parcel converts backth@annual crop rotation without a
fallow year. After each six year annual crop ratation four of the eight quarter sections
dedicated to annual crop production for the farforage stand is planted for tame hay
purposes. After completion of the eight year foraigd rotation, the quarter section
enters the six year annual crop rotation once again

Table 5-2: Forage Stand Progression

Year | Forage

Greenfeed (Barley Cover Crop
Alfalfa-Grass Mix
Alfalfa-Grass Mix
Alfalfa-Grass Mix
Alfalfa-Grass Mix
Alfalfa-Grass Mix
Alfalfa-Grass Mix
Alfalfa-Grass Mix

O N|O| Ol | W N -

Forage yield changes with the age of the foragedstannual forage yield tends to
increase over time until reaching a peak, and tleeneases. Leyshon et al. (1981)
studied the effects of seeding rates and row sgaafiforage crops in southwestern
Saskatchewan. Table 5-3 provides a summary ofethdts from Leyshon et al. (1981),

in terms of yield pattern over time for a five yealfalfa grass mix stand. After
establishment of the stand, average yields figease and then decrease later in the life
of the stand. This pattern of change in yield dkerlife of a forage stand was
incorporated into the model. However, the actuedde yields exhibited over the twenty
year horizon are randomly drawn from stochastitrilistions, discussed later in this
chapter.
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Table 5-3: Alfalfa/Grass Yield Variation over Time

Year % yield Differential Relative to 5 year mean
1 +10.00%

+34.20%

+20.38%

-14.98%

-53.88%

-53.88%

0.00%

N|o|ol bl wWN

Source: Leyshon et al. (1981)

5.2.1.2 Cow-calf Production

The cow-calf enterprise makes up one half of thed egricultural land base for the
representative farm, including both pasture anddermproduction. Based on a four month
grazing season and stocking rates for the study hexd size is determined from the
grazing carrying capacity allowed on 640 acresnfd and native combined pasture
(Table 5-1). The stocking rate is used to desqudmture productivity based on how
many animal unit months (AUM) are provided. Onearaadiunit month is defined as the
pasture needed to support a 1,000 pound beef citwprnwithout a calf. Soulodre
(2008) recommended using a stocking rate of 0.6MAdér acre for native pasture
(Table 5-5). For tame pasture, the stocking rate ®AUM per acre is obtained from
Saskatchewan Agriculture (2006-a) for meadow braasgin black, light soil, for a
stand of seven or more years, and a fertilizeriegjbn rate of 100 Ibs of nitrogen per
acre. The decision to use meadow bromegrass asghesentative tame grass and the
rate of 1.3 AUM/acre was also recommended by SoalD08) and so it is deemed
credible. Furthermore, the soils found in the LSBI considered to be of the sandy
loam black variety (i.e. light soil) and the faaér application of 100 lbs of nitrogen is
believed to be representative (Soulodre, 2008dHtition to upland stocking, it is
assumed that riparian and forested habitat foungbsture lands is not fenced off and
therefore had its own stocking rates. The stockatgs used, including those for riparian
and forested zones (retrieved from Saskatchewaitdlggrre, 2008-a), are reported in
Table 5-4. A lower stocking rate (albeit a diffecerof only 0.1 AUM/acre) is allowed

for riparian areas relative to upland pasture. Btogking rate for riparian habitat is
considered quite conservative. As noted by Bork (20riparian habitat often affords a
higher stocking rate than upland tame pasture. Mewehis discrepancy might be due to
how the different (i.e., broader) definition ofaifian area used in this study (noted
earlier).
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Table 5-4: Stocking rates for Upland, Riparian, androrested land (AUM/acre)

Upland | Riparian | Forested
Tame pasture | 1.3 1.2 0.15
Native pasture | 0.65 1.2 0.15
Aftermath 0.3 1.2 0.15

Based on this information, a herd size of 116 ca¥f{gairs could be supported by the
carrying capacity of the representative farm. Tarllsize is calculated by multiplying
the stocking rates for native and tame pasturd@wginount of acres attributed to native
and tame pasture per year (native: 0.65 x 320 =A208s, tame: 1.3 x 320 = 416
AUMSs). The average cow weight used in the analgsis350 pounds. Thus, the amount
of AUMs attributed to the pasture acreage are coveddo animal unit equivalents

(AUE) in the analysis by dividing by 1.88native: 208 + 1.35 = 154.07 AUESs, tame: 416
+1.35=308.15 AUES). Finally, given the assumptdf a four month average grazing
season for the area, the amount of AUEs had toviiged by the number of months on
pasture to derive total number of AUE that canumtained (native: 154.07 + 4 = 38.52
AUES, tame: 308.15 + 4 = 77.04 AUES). Adding theoant of AUESs attributed to native
pasture and tame pasture provides a total of 1163438.52 + 77.04 = 115.58). This
herd size is slightly smaller than the average kizel for the area reported in the 2006
Agricultural Census (Chapter 3, Table 3-1). Howeaesmaller than average herd size is
expected given the mixed-enterprise nature ofepeasentative farm.

Within the simulation model the herd size remairsd; that is, herd size is exogenous to
the analysis. Therefore any change in pasture éoaagilability associated with scenario
analysis is assumed to be reflected only in grag@gson length and calf weaning
weights. In reality, a farm operator would moselikchange his herd size to take
advantage of increased forage availability. Thel lsére is kept fixed among all scenarios
to facilitate comparability with the base case scien

Aftermath grazing is utilized by the farm on largkd for annual crop production. The
stocking rate used for aftermath grazing is 0.3 Apdi acre (Koeckhoven, 2008;
Agriculture and Agri-food Canada, 2003). The averkmgth of time that cows are
grazed on aftermath in the simulation is 57 dai&rg720 acres available for aftermath
grazing, a 0.30 AUM per acre stocking rate, a cevdsize of 116, and an average
month length of 30.5 days (i.e., 720 x 0.30 + 1130% = 57 days).

The production cycle starts when the cow or hé#fdared, which is followed by calving
and then weanirigTable 5-5 shows the basic parameters used faotvecalf herd in
the model (e.g., calf sale weight, weaning rat@)vidg and breeding seasons are

* As noted by Bork (2010), this is a simplificatioftie true relationship between cow size and
forage requirements. It is not necessarily the taskethis relationship is a linear one.

® Weaning is the process of removing a calf fronmritgher.
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predetermined and set to specific months follovdisgussion with Kyle (2008) and
Soulodre (2008), and following the analysis don&bgckhoven (2008). Breeding
occurs in June while calving occurs nine montherait February. The conception rate is
the percentage of animals that become pregnamtteéteding, while the calving rate is
the percentage of animals that give birth to a edlér being confirmed pregnant. These
values include factors such as miscarriages, andireconstant through the simulation
horizon. The weaning rate is the percentage ofesalvat survive the grazing season and
are eventually weaned. The ‘desired market weigtttie target selling weight for
weaned animals. If the target calf market weiglasreached by the end of the grazing
season (pasture and aftermath), the calves armaddo be fed in a drylot (i.e., winter
feeding) until the desired weight is reached. Hoaveif the target weight is reached or
exceeded, the calves are then sold to a feedlmakgrounding operation.

Table 5-5: Beef Herd Production Parameters

Basic Herd 116
Bulls 4
Mean cow weight (Ibs) 1,350
Conception Rate (%) 89
Calving Rate (%) 98
Weaning Rate (%) 97
Cow Death Loss (%) 1
Calf Weight Gain (Ibs/day) 1.9
Desired Market Weight (Ibs) | 550

Culled cows include all cows sold due to diseasahility to conceive, or inability to
produce a calf for any other reason (e.g., postegtion problems). The number of cows
that are culled each season is a function of the $tatistics used (Table 5-5) from
breeding to weaning. Given the calving, conceptioganing and cow death loss rates in
Table 5-5, the culling percentage for this operaifoapproximately 16% per year. Based
on this culling rate and the assumed herd sizegfildacement heifers are kept in the
drylot (with winter-feeding requirements) until leding in order to maintain a steady-
state herd size. The number of bulls for the hefshised on having one bull for every 25
— 30 cows, which is typical for an operation in ttever Souris region (Kyle, 2008;
Soulodre, 2008).

The link between the cropping and beef enterpesess within the feed inventory.

Feed for the cow herd comes from crop productiahénform of barley greenfeed and
alfalfa/grass hay, and enters the cow-calf enteepas cattle feed during the winter
season. Demand for winter feed is based on aniietd dnd the length of winter season.
Winter season length is equal to 365 days lesgrdmng season length.

Winter diets (Saskatchewan Agriculture, 2008-b; AARO007) used are summarized in
Table 5-6. These diets are in dry matter termslenthie incoming hay feed from the crop
enterprise is calculated on a ‘wet’ matter bastsb@& consistent, hay transferred from
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crop production to the cow-calf enterprise is coteeto a dry matter basis. Hay is
assumed to be 85% dry matter, with this value bbaggd on the optimal moisture of
hay (AARD, 2005). Any hay produced but not requifeidthe herd over the winter
season is sold at the market price for alfalfaghas/. Conversely, if there is a shortage
of hay for feed purposes (over the winter seasaifgifa grass hay is purchased at the
market price. It should be noted that in many imsts farmers will store excess hay
production. This is done as a risk managementeglyadgainst the possibility of a deficit
in the following year. The ‘no storage’ assumpti@made in this case to limit model
complexity®

Table 5-6: Winter Feeding Diet (Ibs of dry matter/aimal/day) by Animal Type

Feed/type Cows Bulls | Replacement| Market
Heifers Calves®
Hay/Greenfeed | 35.00 4550 | 35.00 7.60
Barley Grain - - - 11.50
Minerals 0.08 0.10 0.08 -

@Market calves are those that do not meet the dksisrket weight of
550Ibs at the end of the grazing season and arie tbé drylot until this
weight is reached

5.2.1.3 Machinery Complement

To operate a representative farm of this size,mgent is required for seeding,
harvesting, and other on-farm activities. Most ofterm operators purchase and own the
machinery required to perform these activitiesgemeid to as the machinery complement.
In terms of determining a machinery complementlierrepresentative farm, there are
alternative approaches that may be used. Cor@@5]Ztates that an optimal machinery
complement for a farm can be determined by usiigfiag machinery selection
algorithms. As an example, Oklahoma State Units¢ssDptimum Machinery
Complement Selection System (OMCSS) can selectimaghcombinations that cost
minimizes performing field operations for a spectfme period (Epplin et al., 1982).
Alternatively, an ad-hoc selection procedure candexl based on estimates of the
requirements for field operations, farm size, dreldmount of available farm operator
time. For the current study, this ad hoc approaalsed for two reasons. First,
machinery selection algorithms used in previoudisti(e.g., Rotz et al., 1983; Siemens,
et al., 1990) required data that are not avail&dil¢he LSRW region. For example,
Siemens et al. (1990) analysis required machinhedises, productivity values, work-day
probabilities, and equation constants for computitaghine costs. Second, Rotz et al.
(1983) explains that farms appeared to possesgex laachinery complement than what

® This assumption that all extra hay is sold rathantstored is a fairly safe one to make as the
amount of forage sales and purchases year-overageba limited impact on NPV estimates in
comparison to the fluctuation of revenues generfited annual crop production and cow-calf

sales.
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would be optimal using the algorithm, suggestirag the complement chosen from the
algorithm may not reflect reality.

The machinery complement for the representativa farthis study is reported in Table
5-7. This machinery complement is developed, in, parough use of expert opinion
(Soloudre et al., 2008) in terms of what would &éguired for a representative farm of
this size and structure. It is assumed that tha fgwerator uses custom spraying and
custom grain handling (trucking), and so the maahjimequired to perform these
activities is not included in the machinery compéen

Table 5-7: Machinery Complement

Power Equipment Size Drawn Equipment Size
Tractor (150 - 200 hp) Seeder (with tank) 25 foot
Combine (150 - 250 hp) Cultivator 25 foot
Grain Truck single axle, one tqn Bale Mover 7-8sal
Swather (pull-type) 25 foot Round Baler (1000

Cattle trailer (bumper)

There are two types of cash flows associated wibhimery operations that are relevant
for the farm simulation analysis; variable costsnafchinery (e.g., fuel, repairs) and
replacement costs. Machinery variable costs @®udsed later in this chapter, in the
section dealing with crop input costs. With respeceplacement costs, farmers in the
study region are assumed to replace machinery dwveryo fifteen years, due to
depreciation and technological advances. Howesathrer than explicitly incorporating
machinery replacement decisions and associates icodte simulation analysis,
replacement is modelled as a constant annualsiostar to the approach taken by
Cortus (2005) and Koeckhoven (2008). The assumjiitmt the farmer allocates funds
each year to maintain the initial value of the niaety. This approach is taken because:

a) explicitly modelling machinery replacement decisisaquires a considerable
amount of extra programming (i.e., to model theigsien making process of
when it is optimal to replace individual pieceswdchinery), and these decisions
are not the focus of the current study, and

b) incorporating machinery replacement might influetiee simulation results, and
thus ‘bias’ the conclusions with respect to theactpof alternative EG&S
production practices

The annual replacement cost used in the studydalased through the annual machinery
complement depreciation. Depreciation is a measiutiee loss of value of a machine
over time. To calculate this cost, an initial ba@lue of the machinery is required. The
value of new equipment is estimated based on irdtom gathered from Saskatchewan
Agriculture (2008-c). To obtain a realistic machinealue for the farm at the start of the
simulation, the machinery complement is deprecitie®iyears of age. That is, the
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assumption was made that the average machine darthavas eight years old. A
depreciation rate of 8% is utilized as Untersché&lfelumey (1996) found that combines
depreciated between 7% and 9% annually, whiledradtistorically depreciated between
4% and 8%, depending on the manufacturer.

The resulting depreciated machinery complementevaftapproximately $294,591
represented the economic value of all machinetiyeastart of the simulation analysis.
This value is higher than the average value of famachinery for the LSRW (i.e.,
approximately $200,000 as described in SectionTaBle 3-1). However, it was felt that
lowering the machinery complement amount couldbsoachieved without eliminating
required machinery for farm operations, or usingiarealistically large depreciation
rate.

The 8% depreciation rate for the eight year oldmivery complement is then applied to
this initial machinery complement book value toadbthe fixed annual replacement cost
for the simulation analysis. The calculated valfiannual machinery replacement cost is
$23,567. As noted above, this value is appliedaah outflow in order to maintain the
initial machinery economic value, and is included/INCF calculation.

5.2.2 Stochastic Variables

All biophysical and economic relationships in tkeenresentative farm model are
connected to stochastic variables in some form. éd@w specific parameters of the
model are explicitly modelled as being stochastiop yields (through stochastic weather
conditions), and crop and beef prices. For thesgnpeters, annual values are obtained by
randomly drawing from pre-specified distributiofrsthis manner, the risky properties of
a farm operation are incorporated into the MontddCsimulation.

5.2.2.1 Weather

For the purposes of this study, it is assumedwieather changes are the greatest driver
of crop yield variability. Therefore, weather védnies are included in estimated yield
equations to incorporate the impact of weatheriel wariability for crops and forage.
Inclusion of weather variables is thought to be nmaportant, due to the fact that
excessive moisture or excessive dry weather cag aseverely limiting effect on yield
production. As discussed below, the weather vagtahte calculated using measures of
temperature (growing degree days) and growing sgasipitation from a local
weather station in the LSRW.

Growing degree days are defined as a value regiegehe buildup of heat over the
growing season. Growing degree days for a sped#fjcare calculated using the
following equation (Corbally and Dang, 2002):

MaxTemp + MinTem
Max {[( P > p)] - K, 0}
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(5.1)

where,MaxTemps the maximum daily temperatudinTempis the minimum
temperature anH{ is the threshold temperature. The threshold teatpes is the
temperature at which a plant would start to grovgeferally accepted threshold
temperature is approximately 5 degrees Celsuipléot growth (Corbally and Dang,
2002). Daily values summed over the growing seaspresent total growing degree
days for the year. Growing season precipitatiatefined as the total precipitation that
falls throughout the growing season (in millimejers

The growing season is assumed to be from May Ictolfer 31, for a total of 185 days.
Based on this, total growing season precipitatiwh growing degree days are
determined. Historical daily weather data for tleeigd 1971-2006 are obtained from
Environment Canada for the Broadviemeather station. This is the nearest weather
station to the LSRW that had a complete set of eatpre and precipitation data for the
relevant period.

To simulate the randomness of weather, probaldigtributions for growing season
precipitation and growing degree days are determfioethe simulation analysis using
@RIisk®© distribution fitting functions. Random drafiem each distribution are used to
represent growing conditions in a particular y@dree test statistics are used to
determine the distributions that best fit the cuatiuk growing season precipitation (GS)
and growing degree days (GDD) data; the Chi-Squsteistic, Anderson-Darling
statistic and the Kolmogorov-Smirnov statistic. $t¢hree test statistics are used to test
whether the data can be fitted to a specific distion (Croarkin and Tobias, 2006).
Table 5-8 provides the ‘top’ three distributionstérms of fit, based on each of the three
test statistics (in bold). In each case, the cldsetest statistic is to zero, the better the
distribution fits the historical data (Palisade @mation, 2007). For GDD, the logistic
distribution had the lowest test statistics forthike tests, and so it is used in the
simulation. For GS, the log-logistic distributioachthe lowest test statistics for all three
tests, and so it is used in the simulation.

Table 5-8: Weather Distribution Test Statistics

Variable | Chi-Square Anderson-Darling | Kolmogorov-Smirnov

GDD Logistic (2.1111) Logistic (0.4847) Logistic (0094)
Normal (5.6111) Normal (0.8041) Normal (0.1244)
Triangle (6.7778) Triangle (1.6905) Triangle (D33

GS LogLogistic LogLogistic LogLogistic (0.0581)
LogNorm (1.7222) | Log Norm (0.2702) Logistic (0.®52
Logistic (2.8889) Logistic (0.3327) LogNorm (0.(83

" The Broadview weather station is located in scagtern Saskatchewan in the town of

Broadview. This community is located just outside horthwest corner of the LSRW. Looking at
Figure 3.1, Broadview would be directly north ofpKing and on Highway 1 (west of Wapella).
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5.2.2.2 Crop Yields

As noted in the previous section, variability inatieer (i.e., temperature and
precipitation) is assumed to influence crop yielsa result, historical crop yields for
the area are modelled statistically as a functicth@ratio of growing season
precipitation (GS) to growing degree days (GDD)erage yield data for Rural
Municipality (RM) # 123, Silverwood, (Saskatchewagriculture, 2008-c) for the years
1970 to 2007 are used. The RM#123 of Silverwodddated close, just southeast, to the
Broadview weather station. There is no adjustmeaderto account for the fact that
average yield data may not show the same variasdhat found for an individual field
in the LSRW. Rudstrom et al. (2002) found that aggting data from small units (i.e.
guarter sections) hides differences in yield valitgtfor a region despite heterogenous
variance characteristics. Thus the yield variabdit the individual field level is higher
than that found by aggregating for a region (sichraRM) (Marra and Schurle, 1994;
Popp et al., 2005). Popp et al. (2005) found thatvheat, individual field variance could
be as high as 11 times greater than aggregatetiwaelance. However, it is difficult to
attain a complete dataset of yields per field fepacific agricultural region.

Marra and Schurle (1994) provide a solution togtablem of underestimating yield
variablility. In a meta-analysis of studies thatedmine the difference of field and county
differences in yield variability, Marra and Schudetermine an adjustment factor that
can be utilized to adjust aggregate data. Theytfiatiregional data variability should be
adjusted by 0.1% for every 1% difference in crogeage at the regional level and crop
acreage at the farm level (Marra and Schurle, 1984}% adjustment factor could have
been used to adjust the standard errors of thd gilations given in Table 589.
However, for this study purposes, the adjustmetaridard errors due to the use of
aggregated yield data is not undertaken.

The equation used to estimate annual crop vyields fellows:

GC GS \?
Cc _ C C Cc c
ye = a5+ arenp T a (GDD) te

(5.2)

where yf represents the yield for crop c (i.e., canola,athlearley or flax) in year t, in
tonnes per acre. Thes are parameters to be estimated gnid the error term. The
independent variable (GS/GDD), included in linerad guadratic forms, represents a
water availability-water demand ratio. Greater ealof GS represent greater availability
of water for use by plants. Greater values of @Bresent warmer growing conditions,

8 If the standard errors were adjusted there woaldtbeen a minimal impact on NPV estimates.
From the results of the RFSM, this study comparestiean value of NPV distributions, rather
than the variance to determine the wealth impagtdbus practices. Additional variation from
the crop yield equations would have almost no ihpadhe mean values of crop production,
meaning no impact on mean values of NPV estimates.
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resulting in greater demand by plants for waterquadratic term is included so that the
impact of extreme values could be captured sepparfaten normal growing conditions.
Extreme values are hypothesized to have a negaip&ct on yield. An implicit
assumption made in using this approach is thatioqmts do not vary in the simulation
model; that is, they are assumed to be constamt year to year.

Seemingly unrelated regressions (SUR) are usestitoate these yield equations
following the methods described in Koeckhoven (9Q0&1 Cortus (2005). A system of
equations is generated so that correlations betdienent crop type yields are captured
in the regression. Regression results for the gi@p equations are provided in Table 5-
9. The overall system of crop yield equations ibl&a-9 has an Rvalue of 0.31.

Table 5-9: Estimated Crop Yield Equations

Estimated Coefficients

Independent Variable | Flax | Wheat | Barley | Canola
(GS/GDD) 0.97766 2.4357** 3.1134 0.46954
SD? (1.095)  (1.082) (1.913)  (1.078)
(GS/GDD)2 -0.9454 -3.572* -3.9619 -0.07103
SD (1.958)  (1.934) (3.422)  (1.928)
Constant 0.27293* 0.38407*** 0.46308* 0.35223***
Std. Error 0.13248 0.1309 0.23156 0.13048
R? 0.083 0.1623 0.1347 0.0693

@SDis the standard deviation of the independent ifound above it.
b Standard Error is the total standard error forégygession.
***=gignificance at 1% **=significance at 5% *=giificance at 10%

Calculating crop yields for each year is done tgtotandom draws from the two weather
distributions (i.e., GS and GDD), along with a drifa@m a standard normal distribution.
This last draw is done to model the variabilityialds that is independent of weather
variability, and is captured through an error teimmthe SUR estimation, the assumption
is made that the errors of the various crop typesarrelated. As a result, this non-
weather variability in yield for each correctedagris calculated based on yield
correlations and scaled to their respective stahdaviation. The correlations between
crop yield equations are captured through the maeaovariance matrix in the SUR
estimation. Similar to Cortus (2005) and Koeckho{2008), the corrected errors are
found according to Hull, (1997) using the followisfgucture:
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whereg,, is the corrected error for crop type andx, is the initial standard normal error
draw for cropk. Further,p,,, ; is the correlation between the errors for any ¢wap types,
m andj. Thea,,; terms are calculated from the two constraintsrgtbat the constraints
are based on the yield correlationgf;. In this sense,, is the corrected error for a
particular crop type that depends on the adjustld gorrelationsg,,,;, and uncorrected
error from another crop type;. Since the crop rotation included four differerg

types, four correlated error equations are requiBetling for thex,,,, terms in equation
5.3 gives the following corrected errors providedbly, similar to the methodology taken

by Cortus (2005) and Koeckhoven (2008):
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whereW, F, B andC represent, respectively, wheat, flax, barley, eambla. The
GS/GDD ratios and the adjusted errors are thertitutiesl into each crop yield equations
to calculate annual yields per crop type.

Before using the estimated crop yield ‘sub-modethe simulation analysis, the yield
equations are validated. Specifically, they asteitdto determine if the yield
distributions generated by the system of yield &@qoa, weather distributions and
corrected error equations are consistent with hefea yields. Farmer yield estimates
from Entem et al. (2009) are compared to the aesfiagn the RM# 123, Silverwood
data (Saskatchewan Agriculture, 2008-c) and thes@&limulation mean yields. In the
surveys collected in Entem et al. (2009), farmeesagked to estimate their historical
yield averages for the years 2003 to 2007. As shHawrable 5-10, the resulting
estimates are substantially higher than the 25 lyistarical average from Saskatchewan
Agriculture (2008-c) and the mean yields generéiau the simulation model. For
example, the simulated mean for wheat yield is Gorshes/acre, while the perceived 5-
year average for farmers in the region is 1.00edagre. As a result, the long run average
yields in the model simulation are increased bystifig the equation constants upwards
until the model means are equal to the yield esém@eans from the survey. The post-
adjusted @Risk© simulation mean in Table 5-10 mtesithe long run average yield
after adjusting the constants of the crop yieldagigns. The resulting yield equations are
used to calculate crop yields for each crop in s&eln of the simulation.

Table 5-10: Comparison of Historical Means, Surveyield estimate Means, and Pre-
adjusted Simulated Means (tonnes/acre)

Flax Wheat | Barley | Canola

Historical Mean (Sask. Ag. — RM#123) 0.47 0.75 0.98 0.48
Yield Estimate Overall Mean (LS-EG&S) | 0.49 1.00 1.29 0.62
Pre-Adjusted @Risk Simulation Mean 0.44 0.74 0.94 0.45
Post-Adjusted @Risk Simulation Mean 0.49 1.00 1.29 0.62
Adjusted constant 1.1877 | 1.6752 1.7584| 1.474p
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5.2.2.3 Forage Yields

Due to a lack of yield data for the study regimrafie and pasture yields are not
generated in the same manner as annual crops.rRi&eo-variability between forage
yields and annual crop yields is established uaingrrelation matrix obtained from
Alberta Agriculture and Rural Development (Kali2Q07). It is assumed that the
correlation matrix between crop yields and foraigédg would be similar in southern
Saskatchewan as that for southern Alberta, asasimmibpping systems (use of barley for
greenfeed, and similar hay mixtures) and a singitawing environment (climate, soil
type) can be found in both regions. The simulatised the correlation between barley
yield and forage yield (i.e., greenfeed and altgifass hay) to establish yields for the
alternative forage crops in each year. Barlefpésdrop chosen for the correlation
because greenfeed is often made from standingybaflee correlations used are
provided in Table 5-11. For every 1% change indyayield, a 0.6% change in greenfeed
and a 0.3% change in alfalfa-grass hay occurred) tine year to the next. Average
yields for greenfeed and alfalfa-grass hay areinbtbfrom Saskatchewan Agriculture,
(2008-e, and 2008-f, respectively) and these agd as starting values for the forage
yields. In this manner, stochastic variability erley yield is a proxy for the stochastic
variability of forage yield.

Table 5-11: Crop, Forage, and Pasture Yield Correlgon Matrix

Tame Alfalfa/Grass | Greenfeed| Alfalfa/Grass
Pasture Pasture Hay

Native 0.6 0.6 - -

Barley - - 0.6 0.3

5.2.2.4 Pasture Yields

A pasture yield equation is estimated for the re@néative farm using precipitation as the
main determining factor. Although sunlight and temgture are important for pasture
yield, precipitation is assumed to be the majortiiouting factor to varying native
pasture yields. As noted earlier, a lack of pasyigkl data for the study area precludes
the estimation of yield equations. However, Borkle{(2001) analyzed the herbage
response of native boreal pasture to precipitatiokiberta. The study uses 12 years of
data where yield is reported in kg/hectare. Thaderyield index (FYI) model is
estimated such that FYl is a linear regressiorofasponding precipitation (Pl) in that
year. Indices for forage yield (FYI) and precigiat (Pl) are calculated by dividing each
annual observation by their respective sample meatia multiplying the result by 100
(Unterschultz et al., 2004). The estimated equdtimm Bork et al.’s data for native
boreal pasture is as follows,

FYI, = 419 + 1.02PI,

(5.5)
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The types of forages native to the boreal grasslafidentral Alberta are similar to the
forages found in the aspen parkland biome of the\WSJSoloudre, 2008). In addition,
both regions have similar precipitation levels. #os reason, the Bork et al. (2001) FYI
model (i.e., equation 5.3) is chosen to deterntieeRY| model parameters for upland
pasture yield. The FYI model from Bork et al. (2D@&Lcalibrated for the current
simulation analysis using the Broadview weatheadgiven a growing season assumed
to last from May to October. Since the median vidube same as the starting value for
the first year in the simulation, the starting Fid Pl values are 100. The forage index,
measured in kg/hectare, is converted into AUMslHersimulation following the
procedures described in Koeckhoven (2008). Doiigg #m AUM yield amount is found
for upland native pasture in every year of the $atnon.

Variability in tame pasture yields is modelled isimilar manner as greenfeed or alfalfa-
grass hay. A correlation value of 0.6 (shown inl&d&h11) captures tame pasture yield
changes in relation to native pasture (rather baatey for greenfeed or alfalfa grass
hay). Starting values are based on the amountrafiéoyield required on pasture to
maintain stocking rates.

5.2.2.5 Crop and Forage Prices

Similar to crop yields, crop prices are incorpodatgo the simulation model
stochastically. Annual spring wheat and barley @araWheat Board desk prices in-
store, Saskatoon for the period 1970-2006 (Saskatmh Agriculture, 2006), and annual
Saskatchewan prices for flax and canola (Stati€arsada, 2008) for the years 1943 to
2006 are obtained for the analysis. Prices arearted to $/tonne and adjusted for
inflation using the CPI for all products from th@afstics Canada CANSIM database.

It is hypothesized that crop prices should be medalsing a time-series model that
includes lagged prices as explanatory variablesvéder, the appropriateness of this
approach is dependent on whether the data exhikigdidnarity for the sample period.
Verbeek (2004) states that a stochastic procestationary if its properties are
unaffected by an arbitrary shift along the timesalon-stationarity will lead to
variances, and means being skewed as the distibotithe dependent variable will
change over time. The standard test for testingdorstationarity is the augmented
Dickey Fuller test for unit roots (Verbeek, 2004king this test, the null hypothesis of
non-stationarity is rejected for all cases withiwend for crop prices between 1970 and
2006. Thus, there is sufficient evidence that totts are not present in the data, and as
such, stationarity exists in the data. For thisoeacrop price equations based on lagged
dependent variables could be incorporated in timelsition without risk of variances and
means being skewed (and thus, incorrect statigéstihg) as a result of a moving
distribution over time.

As discussed by Verbeek (2004), a more general natie@lways provide a better fit
(within the sample) than a restricted version. €fme, criteria are required to measure
the tradeoff between goodness of fit and the nurabparameters used to obtain the fit.
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Aikaike’s Information Criterion (AIC) and Bayesiamformation Criterion (BIC) are

often used to determine the appropriate lag leofjthgged time series models. Verbeek
(2004) notes that both these criteria represeratdeoff between fit, as measured by the
likelihood value, and parsimony, as measured bytimeber of free parameters.

Both of these criteria are employed to determiregaly-length of the crop price
forecasting equations for canola, hard red springat; flax, and barley. Ordinary least
squares regressions with lagged prices from ofigdgears are tested with these
criteria, as it is expected the lowest AIC or Bi@egion is found in regressions with less
than five years of lagged prices (shown in Table2h- Those lags with the lowest value
based on AIC and BIC criterion are shaded in gnejable 5-12, and as such, are the lag
length utilized for the crop price equations. Tasulting lag lengths for the crop price
models are four years for canola and wheat, amdyiars for flax and barley.

Table 5-12: AIC and BIC Criterion Statistic for Crop Price Lags

Canola | Flax Wheat Barley
Five Lag Bayesian (BIC) 8011.2 | 10597 2175.8 | 1937.4
Akaike's (AIC) 6037.3 | 7986.2 | 1639.7 | 1460
Four Lag Bayesian (BIC) 7326.6 11596 | 1987.6 1956.4
Akaike's (AIC) 5800.7 9180 | 1573.6 1548.9
Three Lag Bayesian (BIC) 8093.3 14264 2322 30573
Akaike's (AIC) 6726.1 11854 1930 2540.9
Two Lag Bayesian (BIC) 9907.2 15162 2375.4 281046
Akaike's (AIC) 8635.3 13215 2070.5 2449.7%
One Lag Bayesian (BIC) 13108 1603¢ 6994.5 5786|9
Akaike's (AIC) 11972 14646 | 6388 5285.1

After determining lag length, a SUR system of eiquest, similar to that done for crop
yields, is estimated for the current year priceethelent on lagged prices. This type of
SUR estimation is referred to as a vector autossjpa (VAR) model. A VAR model
includes the lags of the dependent variable aner atfriables that might play a part in
influencing the change of the dependent variabiguish time. It has a dynamic structure
where the lags of all variables are used as inddggrvariables and all current values of
the variables are used as the dependent varialtleisimanner, historical prices are used
to forecast future prices for the farm. The cropeestimated equations are then,

Pf = Bo+ BiPeq+ BoPEy+ BaPls+ BuPiy + BsPis + &f

(5.6)

° Formulas and an explanation of the Aikaike’s Infation Criterion (AIC) and Bayesian
Information Criterion (BIC) criterion are providéy Verbeek (2004).
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wherePf is the price for crop typ€ in time period, B,'s are the coefficient®f , is

the price lagged years from the current yerandef is the error term. The advantages
of considering the different crop type variableawianeously are that the model may be
more parsimonious and include fewer lags, andeki@inding the information set to
include the history of other variables makes mamieate forecasting possible (Verbeek,
2004). Parameter estimates from this SUR estimatierprovided in Table 5-13.

Table 5-13: Estimated Crop Price Equations

Estimated Coefficients
Independent Variable | Canola | HRS | Flax | Barley
Lag 1 0.74936**  1.0796*** 0.59308***  1.1019***
sp? (0.1403) (0.1394) (0.1132)  (0.1102)
Lag 2 -0.23514 -0.57802***  -0.090975 -0.82623**7
SD (0.1562) (0.208) (0.1282)  (0.155)
Lag 3 0.059573 0.12182 -0.16591 0.51693**f
SD (0.1185) (0.1574) (0.1139)  (0.1413)
Lag 4 0.19297** 0.22467**  0.22969*** -0.055817
SD (0.09852)  (0.08236)  (0.08332)  (0.1207)
Lag 5 0.13280*** 0.11735*
SD (0.03916)  (0.0652)
Constant 78.111** 23.447 91.780*** 18.162
Std. Error 64.584 33.822 72.054 31.537
R? 0.8614 0.8755 0.8469 0.8833

¢SDis the standard deviation of the independent biifound above it.
P Standard Error is the total standard error forréggession.
***=gignificance at 1% **=significance at 5% *=giificance at 10%

The SUR estimation results in a total systehofR0.989. Individual crop price equation
R? values range from 0.85 to 0.88. Thedes&lues indicate that most of the variability in
historical prices can be explained by these siriple series models.

Since crop prices are a function of lagged prizesal prices forP¢_,, had to be
determined for the starting price wheére 0 in the simulation. The historical average
price (calculated from the price dataset usedén2bR estimation) is used as the starting
value for each of the lagged prices in this per&slin the crop yield estimations, it is
assumed that the errors of crop prices are coectlatsing the same methodology for
crop yields, values for the error term are takemfia random draw of a standard normal
distribution. Since the crop price data are statignthe stochastic prices reported in the
simulation trended towards a long-run mean. Indadion of the crop price equations, it
was noted that the simulated long-run crop pricamsere significantly lower than the
historical means used as the starting value (showiable 5-14). As a result, the price
forecasting equations are corrected by increasiagdonstant until the simulated mean in
year 20 of the model equaled the historical und@il mean.
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Table 5-14: Comparison of Historical Crop Price Meas vs. Simulation Means
($/tonne)

Canola | Wheat | Flax Barley
Historical Mean 357.24 | 178.55| 341.73 167.86
Pre-Adjusted @Risk Simulation Mean | 335.34 | 155.78] 305.33 128.49
Post-Adjusted @Risk Simulation 357.24 | 178.55| 341.73 167.86
Adjusted constant 1.0667 | 1.1569| 1.1219 1.3481

The price of forage grown for sale is not includethe SUR estimation. Instead, forage
price is modelled deterministically. This is dongdo a lack of sufficient data to include
forages in the crop price equation estimation ec&he market price for any
alfalfa/grass hay that is bought or sold in theusation is assumed to be $64/tonne. This
value is chosen based on the long-run averagegeom for hay in Saskatchewan for the
years 1970 to 2004 (Saskatchewan Agriculture, 2f)fhd from expert opinion
(Soloudre, 2008). Including a forage price deteistically in the model had little impact
on the simulation results. Average forage sales thelife of representative farm
contributed only $2,952 to the average twenty y¢Y amount of $971,313
(approximately 0.3% of farm wealth), while averdgege purchases is even lower at
$991. The main sources of farm revenue includedarorop sales, and the selling of
feeder steers and calves.

5.2.2.6 Beef Prices

Stochastic cattle prices are incorporated intcsthmulation model in a manner similar to
crop prices. Prices for different ‘classes’ of baeimals in dollars per hundredweight
(cwt) are obtained from Saskatchewan Agricultu@O@h). Price data are provided for
cull cows, and the various weight classes of feetlmrs and feeder heifers. All data are
adjusted for inflation using the CPI of all produfitom Statistics Canada. An assumption
is made that cows and calves are sold twice a yeMftay and November. This timing is
representative of many cow-calf operations in tBRW (Kyle, 2008) as calves are sold
after weaning to backgrounders and feedlots in Ndpex and wintered cows may be
sold in May if they don’t calve. This is importantincorporating into the simulation, as
the cow-calf enterprise received revenues two tipgges/ear. For every year, revenues
are collected in November from weaned calves, atday from cull cows.

A SUR estimation is developed by first determining appropriate lag lengths for feeder
heifers, feeder steers, and cull cows. As with gnages, before proceeding with the
estimations it is necessary to test the data &tiostarity. The data exhibited non-
stationarity based on the augmented Dickey-Fudistst as the null hypothesis of non-
stationarity is not rejected. Despite non-statidpdreing present, this result is ignored
and stationarity is assumed due to problems whearfporating a non-stationary price
model. Dixit and Pindyck (1994) offer support foistassumption. They state that the
price of commodities should over the long run, ret@vards the marginal cost of
production. Thus, if prices are expected to tr&weard a stationary price, non-
stationarity is not expected. Furthermore, Dixitl #indyck (1994) state that there may
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be limited difference in stationary and non-stadignprice models with small data sets of
less than 30 years. The total data set for beeépigonsisted of 32 data points, 16 years
of data (1992 — 2008) with two times a year degigghavhen the farm operator could sell
- May and November. As a result, stationarity suased and beef prices are
incorporated in the simulation using the sameataty model format done for crop
prices.

The optimal lag length is determined by AIC and Bl@erion using the same
methodology used for crop prices, shown in Tablé5The lags shaded in grey are the
ones used in the SUR estimation for feeder hdiéeder steers, and cull cows, and are
the lowest values for AIC and BIC criteria foune:eer heifers and steers used a lag of
two years, while cull cows used a lag of three gear

Table 5-15: AIC and BIC Values for Beef Price Equabns

Feeder Feeder Cull Cows
Variable | AIC BIC |AIC |BIC AIC BIC
Lag 1 5.38 547 | 5.42| 551 5.18 5.27
Lag 2 532 | 546 | 534 | 548 4.88 5.02
Lag 3 5.36 555| 54 5.59| 4.66 | 4.85
Lag 4 5.46 5.7 5.5 5.73 4.76 5.00
Lag 5 5.57 5.86 | 5.61] 5.89 4.85 5.14
Lag 6 5.64 598 | 5.71 6.05 4,93 5.24

After determining the appropriate lag length, thegeations are estimated and
incorporated in the SUR system of equations. Tkegs@tions included one for feeder
heifers, feeder steers, and cull cows. The festger and heifer equations are estimated
using prices for the 500-600 |b weight class agdhget selling weight in the simulation
is 550 Ibs. The beef price equation used for heife

Pl = yo+ viPfy + voPL, + €ff
(5.7)

whereP[! is the price of the heifer in timey, is the coefficientPf,, is the price of the
heifer laggech periods, and/’ is the error term. The estimated equation for desteers
and cull cows is the same as feeder heifers, extdiptows are lagged for three periods.
The parameter estimates for these three equatiensorted in Table 5-16. The one
period lag coefficient is statistically significaattthe 1% level in all three equations and
the R values ranged from 0.69 to 0.75. The systéndRue was 0.82.
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Table 5-16: Estimated Beef Price Coefficients

Estimated Coefficients
Independent | Feeder Feeder Cull Cows
Variable Heifers Steers
Lag 1 0.87123**  0.84592***  (0.41603***
SD? (0.1295) (0.1279) (0.1414)
Lag 2 -0.10531 -0.08469 0.66559***
SD (0.1356) (0.1337) (0.1217)
Lag 3 -0.31938**
SD (0.1398)
Constant 28.694** 32.21* 11.339**
Std Errof 13.769 13.503 9.1963
R? 0.7031 0.694 0.74727

2SDis the standard deviation of the independent iitound above it.
b Standard Error is the total standard error fordggession.
**=gjgnificance at 1% **=significance at 5% *=gificance at 10%

In years where pasture production is significagtlyater than average, feeder animal
weights could fall upwards of the 500-600 |b weiglaiss. For this reason, prices for
animals in other weight ranges (i.e., greater 8@ 600 Ib) are needed for the
simulation. To do this, ordinary least squares$Peéstimations are done with the price
for 500-600 Ib calves as the independent variatdethe prices of other weight classes as
the dependent variables. The other weight classed are 600-700 Ibs, and 700-800 Ibs.
The estimation results are shown in Table 5-17oAthe coefficients are significant at
the 1% level and Rvalues ranged from 0.96 to 0.99. These relatipssire used to

obtain annual prices for the other weight classesubstituting in the simulated price for
the 500-600 Ib animals, generated from the timesequations.

Table 5-17: Price Equations for Alternative Steer ad Heifer Weight Classes

Steer Price Estimation Heifer Price Estimation
Variable 6-7cwt | 7-8 cwt 6-7cwt | 7-8cwt
5-6 cwt 0.8682*** 0.77122* | 0.87307*** 0.76244***
SD? (0.01782) (0.02398) (0.01856) (0.02864
constant 9.2065***  14.278** | 8.8228**  16.877***
Std. Error® | 2.3821 3.2065 2.5689 3.9639
R? 0.9884 0.9736 0.9875 0.962

2SDis the standard deviation of the independent iitound above it.
b Standard Error is the total standard error fordggession.
***=gignificance at 1% **=significance at 5% *=giificance at 10%

Incorporating the beef price estimation into thrawdation is done in a similar manner as
that for crop prices. The historical mean fromieef price dataset is used for all lagged
prices required before time peribd 0, meaning the starting values of the simulation
With regards to the prices of weight classes oatsitthe 500-600 Ib weight level,
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starting prices came from using the OLS estimatésults (i.e. equations) shown in
Table 5-17, and the historical means for the 50046Qveight class. In validating beef
prices, the pre-adjusted simulation means arecalesg to the historical means used as a
starting value. As a result, no adjustments areireqd for the constraints.

5.2.3 On-farm Relationships

A number of economic, on-farm relationships halléancluded in the simulation model
to represent the dynamics found between biophypicaluction and cash flow. Properly
incorporating these relationships ensures thaMiREF generated from each EG&S-
promoting scenario is representative of farms énatea, especially when including those
expenses and income sources that contribute mostfarm cash flow. Most important
cash inflows and outflows associated with the farmincluded in the simulation.
However, one exception is debt servicing requiregsierhese are not included because
the cash flow requirements associated with dehtneays will vary significantly between
farm businesses. In addition, debt financing maydirectly influence on-farm activities
from year to year, nor change outcomes betweerasceromparisons. Regardless, not
including these cash outflows could serve to pa#ntoverestimate farm wealth
calculated by the model. For this reason, compargdNPYV differences across scenarios
should be focused on rather than the absolute NR&ats reported.

Cash inflow coming from the main government suppoograms is included in the
RFSM, including both federal and provincial riskmagement programs (i.e. crop
insurance and AgriStability). Revenues for the famolude crop, forage, calf, and cull
cow sales, as well as government program payouferises include input costs and the
cost of maintaining machinery. As discussed eardigrearly depreciation cost for
maintaining a required amount of on-farm machingincorporated.

5.2.3.1 Revenues

In each year of the simulation, revenue is generriten calf and crop sales. In some
years, additional revenue is provided from salexaiess hay inventory left over from the
winter season, sale of cull cows, and governmeyrneats (i.e., from crop insurance
and/or AgriStability). Crop revenues are calculdigdnultiplying crop production by the
price for that particular year, and summing acedksrop types. Additional crop
revenues from forage sales are calculated by nhyitigpthe excess forage after meeting
winter feed requirements by the deterministic hagep Revenues from calf or cow sales
are calculated by multiplying the relevant cattliee (based on the weight and type of
the animal) by the number of animals sold, and singracross all animal types. The
timing of when these revenues are received thrautgthe year is dependent on the
animal type (as explained in section 5.2.1.2).

5.2.3.2 Input costs
Input costs are the costs incurred for the prodagbrocess of an agricultural
commodity. On the farm, input costs include fezdli, chemicals, equipment
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maintenance, seed, fuel, and veterinary costst kegmis are incorporated into the model
(Tables 5-18 and 5-19) and are used to calculat€MNFor any activities related to crop
and forage production, input costs are include®fatre units, while activities related to
managing the beef herd are included in $/cow ubitgct annual crop input costs are
based on budgets developed for Saskatchewan cvdpgers using direct seeding in the
Black/Grey soil zone in 2005 These budgets came from the annual Crop Planning
Guides developed by Saskatchewan Agriculture (2008-

As neither spraying nor trucking equipment is ied in the machinery complement,
due to the high cost of owning this equipment, @ustvork costs for spraying and
trucking are included as an input cost. Custom veadts for grain handling and spraying
are obtained from Saskatchewan Agriculture (2008Mchinery repair costs are also
included as an input cost.

Input costs for forages and pasture came fromiatyasf sources. Annual input costs per
acre for tame and native pasture are based ompfde information received from
Alberta Agriculture and Rural Development (Kali2Q07). This cost profile information
is developed from surveys of farmers in southetmefth, between the years 2005 and
2007. The input cost information retrieved in thesst profiles is assumed to be
representative of Southern Saskatchewan farmehgisame time period, as
Saskatchewan and Alberta farmers face similar@ogtonments due to similar
application practices, crops grown, input suppliarsl equipment usage. Input costs for
alfalfa-grass hay are based on estimates receigadS$oulodre (2008). Barley
greenfeed input costs are based on figures repbyt&hskatchewan Agriculture (2008-
i). A fixed cost for taxes, licenses, and insurapeeacre of agricultural land used is
provided by Alberta Agriculture and Rural Developméaliel, 2007). Table 5-18
provides a summary of these input costs.

19 Crop prices in 2007 and 2008 are higher than tirepthat the 2005 input cost budgets are
based on. Price forecasting models used in theehawd based on historical data and
consequently do not generally capture the receft piices. Using input costs from 2005
provided a better match to the price forecastingl@iofor estimating farm modified net cash
flows.
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Table 5-18: Crop/Forage Enterprise Input Costs ($/ere/year)

Wheat Flax Canola Barley | Greenfeed Alf/{Grs Tame Hitive
Seed 7.58 8.75 27.36 6.37 5.25 3 0 0
Fertilizer| 30.58 26.7 33.2 30)6 18 6.75 0 0
Chemical| 24.38 27.43 29.79 22.87 0 0 0 0
Crop Insurancg  4.59 6.6 7.16 4.48 1.69 0.55 1.98 0.29
Fuel, Oil & Lube 8.26 9.44 8.85 8.46 7 12.44 0.07 0.14
Machinery Repairg 9.5 11.4 9.5 9.5 7 10.63 0.15 0.08
Building Repairs 1.6 1.6 1.6 1l6 0.78 0.33 0.19 0.1Y
Utilities & Misc. 4.93 4.93 4.93 4.98 3.86 3.08 0.13 0.1%
Custom Work
Spraying 2.97 2.97 2.97 2.97 2.97 3.46 0 0
Grain Handling 4.18 2.7 3.15 6.17 - - - -
Capital Costs
Taxes & Licenses 5 5 5 5 5 5 1 0.2
Total | 103.57 107.52 133.51 102.§5 51.55 45.24 3.52 1

Sources: Kaliel, 2007; Saskatchewan Agricultuff8k

Input costs for the cow-calf enterprise are base8askatchewan budgets produced by
the Western Beef Development Centre (Lang, 200&@s& budgets are used to estimate
expenses for having cows on pasture and keepimg dver winter (Table 5-19). Direct
costs for keeping cows on pasture and winter fegdia included for purposes of
calculating NPVs for only the beef enterprise. Thst of planting and harvesting forage
(i.e., tame hay) is only incorporated in the crafeeprise. However, without
incorporating this cost, the beef enterprise NPVl de overestimated. For this reason,
budget costs for pasture and winter feeding atizedito determine the NPV for the beef
enterprise, shown in Table 5-19 below. In this settee costs of feeding cows during
winter are counted in the crop enterprise (as tis¢ @f growing forage crops) and in the
beef enterprise (as the budget cost of keeping eomter fed). However, the total farm
NPV only includes the cost of growing forage crapthe crop enterprise and does not
include the budget costs of pasture and winterifiged\s a result, the cost of winter
feeding is not double counted in the total farm NPV
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Table 5-19: Beef Enterprise Input Costs

Direct Expenses Cow/Calf | Drylot
($/cow’ ($/cow/day
Vet. & Medicine 19.06 0.13
Fuel 17.82 0.05
Machinery Repairs 12.71L 0.07
Corral & Building Repairs 5.14 0.08
Utilities & Misc. 16 0.13
Custom Work 15.63 0.05
Capital costs
Taxes, Water Rates, lic. & Ins 5.03 -
Direct costs (beef enterprise)
Winter Feeding & Bedding 156.59 0.96
Pasture 146.3% -

5.2.3.3 Crop Insurance and AgriStability

Canadian farmers are eligible for additional reveemarticularly in unfavourable climate
years, through participation in government programeh as crop insurance and
AgriStability. The basic structure of crop insurarfior Saskatchewan farmers is
incorporated into the RFSM following the same apptotaken by Koeckhoven (2008)
for Alberta farmers. Crop insurance is a risk rauncprogram that offsets cash flow
losses due to low crop yield. Saskatchewan crapamee offers the choice of four
different coverage levels: 50%, 60%, 70%, and 80%edifference between a farmers
predetermined average yield and the actual yielddoon a given year. The program
cost is shared by government (60%) and farmers Y48%skatchewan Crop Insurance,
2009-a). Farmers choose a coverage level and pagssociated premium for that level.
The higher the coverage level, the higher the pranthe farmer must pay for crop
insurance. The farmer in this study is assumed¢oam 80% coverage level for all crops
which is typical of most farmers in the region (KyR008; Soulodre, 2008). The
reference yield from which the level of yield coage is calculated is based on the
historical crop yield average in the surroundingeain the model, if the actual crop yield
for a year is below this predetermined level, aopdys triggered based on coverage
level. The calculation to determine payout per &&re

P =p(Cx(0F - ¥H)
(5.8)

where,P; is the payout amounp, is the insurance floor pricé€,is the coverage level (as
a percentage), an@? — Y;4) is the difference between the predetermined aeeyimdid
and the actual yield found on the farm. The pradeiteed average yiel(;) is
calculated using 90% of the farmer’s previous ayendeld and 10% of the most recent
recorded yield (Saskatchewa Crop Insurance, 2008Hgxe is a one year lag for this
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calculation. Since no average is available asréirgigpoint for the simulation analysis,
the 1982-2007 average yield is determined frond#dta (Saskatchewan Agriculture,
2008-d) and used as the estimat&0f(given in the first row of Table 5-10). Througketh
simulation analysis, the predetermined averagel ysetecalculated annually based on
simulated annual crop yields. The floor price usedalculate payouts in the model is the
2008 Base Commercial Price taken from Saskatch&@wap Insurance (2008). These
prices are $9.19, $3.27, $11.56, and $5.31 perdbfizhcanola, barley, flax and wheat,
respectively. These floor prices are assumed taireoonstant (deterministic)
throughout the simulation.

AgriStability is the federal/provincial businesskimanagement program (i.e., public
safety net) that replaced the Canadian Agricultimadme Stabilization (CAIS) program
in 2008. AgriStability works in basically the samanner as CAIS, as it protects farmer
income (referred to as ‘producer margin’ in AgriSlisy) from extreme events and risks.
Farmers receive a payment if the current year'srimeis less than the average from the
past five years. It is assumed that the represeatirm in the simulation analysis
participates in AgriStability. AgriStability is imcporated into the simulation model in
the same manner as Koeckhoven (2008). In ordeztirmine if a program payment is
triggered, the program margin for the current yeaompared to the reference margin.
The reference margin is calculated by taking theraye program margin over the last
five years, and removing the two years with thénbgi and lowest program margins. The
program margin is not necessarily the same as th€Mcontribution margin. The
program margin is found by deducting non-allowaklenues (i.e. crop insurance
receipts), and adding non-allowable expensescligom work, land taxes, machinery
repairs, and building repairs) from the MNCF cdmition margin.

With the AgriStability program, farmers must agaehmose a coverage level. either 70 —
85% (second tier), or 0 — 70% (third tier) coverbyel. For the purposes of this study,
the farmer is assumed to have second tier covenaggning the highest available
coverage under AgriStability. Hence, in the RFSh, production margin must fall
below 85% of the reference margin before a paynsamniggered. Payments within the
second tier cover 70% of the shortfall up to theabthe tier, while payments within the
third tier cover 80% of the shortfall. This covegatjfference between tiers is represented
in equation 5.9 and 5.10 below: a factor of 0.uoed the payout retrieved from the
second tier, while a factor of 0.8 reduces the payetrieved from the third tier. The
calculation for a payout received when the prognaangin is in the second tier range
(i.e., 70-85% of the reference margin) is then,

P, = ((RM, * 0.85) — PM,) * 0.7
(5.9)

whereP; is the payout amoun®® M; is the reference margin, aRd; is the program
margin in timet. The payment when the program margin is in thelttiér range (i.e.,
<70% of the reference margin) is calculated as:
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P, = ((RM; % 0.85) — (RM, * 0.7)) * 0.7 + ((RM, x 0.7) — PM,) = 0.8

(5.10)

5.2.4 Scenarios

The main purpose of this study is to assess ths ensl benefits of adopting practices
that promote EG&S production of wildlife habitabhd representative farm simulation
model (RFSM) is used initially to determine thevpte net financial benefits attributed to
an individual farm of maintaining healthy wildlifeabitat. For comparison purposes, a
base case scenario is established. The base emsgieds the RFSM simulated for 20
years without any environmental or management jgeconstraints implemented on the
farm. The base case scenario is used as a refdmFralesimulation scenarios to
determine the extent to which alternative scenarf@nge farm wealth. The base case
assumes that the farm operator undertakes no amesf current riparian or forested
areas over time, keeps land currently in agricaltproduction constant, and does not
reduce stocking rates below carrying capacity @zeu quarter sections.

In regards to scenarios associated with EG&S pramtuof wildlife habitat, three types
of changes in general on-farm decisions are matiellth the RFSM. These situations,
where a farm operator must make an informed degisie defined as follows:

1. A farm operator maintains habitat rather than came habitat to cropland,
either by draining wetlands or clearing bush;

2. A farm operator converts cropland to tame graseutih converting a whole
field; and

3. A farm operator reduces grazing pressure on paktnds, through a lower
stocking rate or a different management strategy.

5.2.4.1 Scenarios 1-4: Habitat vs. Converting to Produetiand Uses
The first general on-farm decision-making situatielates to conservation of current
habitat. In each case, the impact of bulldozindraining wildlife habitat on agricultural
land versus conserving natural areas on the agrialilandscape is modelled. In these
scenarios, the base case is considered the prawiitceromotes EG&S production, while
the modelled scenario is a management decisiomléwaeases wildlife habitat quality
and quantity. This is consistent with the arguntbat there are strict on-farm incentives
to decrease habitat areas on agricultural landitfiréime. Four separate scenarios
representing situations frequently faced by farnmagars in the region are evaluated:

» Scenario 1: riparian habitat on land is convertecropland
» Scenario 2: riparian habitat on land is convertethine pasture
e Scenario 3: forested habitat on land is convereztdpland
» Scenario 4: forested habitat on land is convexedrme pasture
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There is expected to be a cost of conversion aatgacwith converting habitat to another
landscape type. This cost of conversion, givenectin 5.3.5 for all four scenarios, is
deducted from NPV estimates post-simulation. Tbhasfarm decisions captured while
the RFSM is running do so without reflecting on tlost of converting landscapes.
Furthermore, it is assumed that the landscape csioms on the representative farm
occur instantaneously.

In reality, there would be a time delay in the cension of landscape types, particularly
the conversion of landscapes with large differemcgmhysical attributes (i.e. forested
habitat to cropland). In particular, from the tithat conversion was initiated until it was
completed and the land became agriculturally prodeicthere would be a time ‘lag’ of
one or more years. It would be possible to modeltithing of adopting these changes in
habitat. For example, consider the conversion isied habitat to cropland. A farmer
might expect to first bulldoze the trees one ybarn the brush and disk the ground the
following year, and disk and cultivate the land thoe remaining year, for a total of three
years delay until crops can be planted. The cosbo¥erting forested habitat could then
be spread out among the three years and the lgmaueof the production until year
four of the simulation. Doing this would decrease NPV benefits estimated of
converting forested habitat to cropland as lambisput into crop production until the
fourth year. However, the length of time requireddonversion of habitat to agricultural
production is considered to be sufficiently shampared to the overall 20-year time
horizon. As a result, this would have limited impan NPV estimates.

In all four of these scenarios, model parametersiachanged from the base case
scenario, with the exception of the reduction dfited acreage being protected. In the
base case, 10% of the land in crop productiortigated to riparian or forested habitat
and is therefore not utilized for agricultural puation. As well, any fields dedicated to
pasture in the base case are assumed to includei@@dan or forested habitat. For
Scenario 2 and 4, where habitat is converted te taasture, cows are assumed to graze
on the newly converted tame grass. The stockirmgatitibuted to this area changes from
the original riparian or forested stocking ratd&oconsistent with the rest of the tame
pasture on the farm. The conversion modelled leassumed to be done for riparian
areas that lie within the area initially devotedame pasture. Riparian areas within
native pasture areas on the farm are not converted.

In each of the four scenarios, results for thrdestenarios are modelled and reported.
These sub-scenarios represent different ‘degréesirversion, In particular, conversion
of 4 and% of the current habitat area, along with complete,(100%) conversion, is
modelled. Given the initial assumption that ofalBes per cropland quarter is habitat
area, the three sub-scenarios are 10.66 acresa&.@838and zero acres of habitat per
cropland quarter remaining after conversion. Amdlaonverted from either forested
habitat or riparian habitat to cropland or tameynasis assumed to have equal
productive capabilities as the surrounding areatf@purposes of converting from
forested habitat scenarios the base case was uvéagith, assuming grazing in forested
areas instead of riparian area with associatedgstmdgnts in stocking rates. The
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difference between the results for these scenaiabsthe base scenario, represent the
direct economic impact to farmers of habitat coveséon.

5.2.4.2 Scenarios 5-6: Converting Cropland to Tame Happasture

The second on-farm decision-making situation istivea farmer would convert
cropland to tame hay or pasture, given the wildidbitat benefits associated with tame
forages versus annual crops. One means by whiclifeihabitat can be increased and
protected is by converting currently usable agtioel lands from cropland to tame
forages (Soloudre, 2008). The results from Scesdriand 6 provide an indication of
whether incentives may be required to convert exjstropland to land dedicated to
perennial forage, or whether the conversion pravidieect economic benefits to the
farmer.

In these scenarios, the farmer converts one qusettion of cropland to forage
production or pastureland. Again, the cost of coting cropland to perennial forage is
provided in Section 5.3.5. The conversion corredpanith a decrease in the number of
acres allocated to crop production and an equalesptent increase in acres allocated to
tame pasture (Scenario 5) or tame hay productioen&@io 6). The impact of increased
pasture acres is captured in the model by alloféongn extended grazing season. With
an extended grazing season, weaning weights wilnpially increase, wintering costs
may decrease and/or there may be increased foadgge dn Scenario 6, the farmer can
take advantage of the extra quarter section destidathay by decreasing the grazing
season, increasing weaning weights, or increasiragé sales.

5.2.4.3 Scenario 7-8: Grazing Strategies to Increase ltaluality

The third on-farm decision-making situation is wtiilea farm operator partakes in
grazing management practices that promote wiltiéfleitat enhancement. A farmer could
change the pasture stocking rate (Scenario 7) pleimment rotational grazing (Scenario
8) to preserve biological diversity on native antgapasture. Scenario 7 examines the
impact of a farmer changing stocking rates forymasthat has been overgrazed (i.e., poor
pasture condition). The assumption is made thaaiadl dedicated to pasture isin a
degraded state. As a result, a revised base casargzis created with reduced forage
availability. Within the RFSM, this reduced fora@eailability due to pasture in a
degraded state is captured through a decrease foréige utilization factor as a proxy.
Decreasing forage utilization limits the amounfafge that cows use for weight gain,
and thus, scenario analysis uses changes in fatdigation to increase the amount of
forage available to cows similar to forage rejuviam

In response to the degraded state, the farm opeaitd potentially decrease stocking
rate in order to allow improvement in the pastuwedition (Scenario 7). The trade-off
from decreasing stocking rates is that the farmalctincrease forage availability from
letting the pasture condition improve, but then ldcwave to reduce herd size or provide
supplementary feed during the grazing season.
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In Scenario 8, the farm operator incorporates aidit fencing in order to implement
rotational grazing. The assumption is made thafdlhmer has two quarter sections of
tame pasture that are adjacent to each anothdwargliarter sections of native pasture,
also adjacent to each another (i.e., there isgesperimeter fence around the full 320
acres for both tame and native pasture). In the base scenario, cows can graze within
each of the two half-section pasture areas withimitation.

In this adjusted management scenario, the farmatqresplits each 320 acre pasture area
into two quarter sections by adding a 2640 footéeidown the middle’ of the two joined
guarter sections. The cattle are now grazed usiotpiion system (i.e., they are
periodically moved from one quarter section pastuea to another). Given existing
literature on pasture management, the forage diitijeof these tame and native pasture
areas should improve under this management stréiditigr, 2002; Jacobo et al., 2006).
Three assumptions are made regarding rotationalingrananagement and the change in
pasture conditions generated by the adjustmentimagement. These are that:

a) there exists only one natural watering source ahed the two 320 acre
parcels; for this reason, an off-stream watering@®is constructed for one
of the fenced quarter sections, in each of the tamdenative pasture areas —
an additional cost;

b) the construction of new watering sources and aafditifencing is initiated
and completed over a two year period, with 50% dpetmmpleted within the
first year of the simulation and the other 50% aristruction occurring in the
second year of the simulation; the farmer initiatgational grazing in year 2
of the simulation on one 320 acre parcel, and ar $eof the simulation on
the other 320 acre parcel;

c) pasture conditions for all four quarter sectionpriove after the first year of
the simulation with implementation of rotationahging; this improvement
is represented in the model by an incremental dninci@ase in the forage
utilization factor.

5.3 Landscape Target Optimization Model (LTOM)

5.3.1 Model Description

The landscape target optimization model (LTOM)aastructed to determine cumulative
effects of a hypothetical regional policy that em@ges maintenance of wildlife habitat
on agricultural lands. The purpose of the analigsie find the actual cumulative impact
on farm wealth in the study region of imposing H®&&S policy. The policy can be
considered as a form of regulation: strict landsdapgets that the watershed committee
wants to maintain on the landscape to ensure faltbitat protection. There are a total
of three models constructed, one for each sub-sladrin the LSRW. Each entire sub-
watershed could not be modelled, but a townshipigedl a large enough area to
determine the possible impact of the landscapetsaigee Section 5.3.4 for more
information). Within each township there exist tat@f 144 quarter sections. Three of
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these quarter sections are eliminated from eachgbiwy model due to either not being
agricultural land, inconclusive data, or havingrestely high or low assessed wealth
values. As there are 141 quarter sections in eaxtelnand 6 landscape types, there are
5,076 (141 x 6 x 6) different landscape type cosieess that are captured in the model,
meaning 5,076 total decision variables.

As explained, three townships are chosen to rub @M. One township is selected for
each sub-watershed: the Antler River, PipestonelCind Four Creeks sub-watersheds.
The model is run separately for each sub-waterbbeduse the LSRW is a large region
in Southeast Saskatchewan and there exist suladtamilscape differences between the
three sub-watersheds. The specific townships wweebich sub-watershed are chosen due
to being representative of general landscape tigpew throughout the sub-watershed.
The township chosen for the Antler River sub-wdtedsis township 5-33-W1. Figure 5.1
provides the landscape geography found in this $twm In the figure, the red line

marks the boundary of the township, the dashedskparates the sections found within
the township, and green areas define areas ofdstlar bodies of water, while purple
areas define areas of forested or bush vegetdiigures 5.2 and 5.3 detail the landscape
geography found in the township chosen for the fgree Creek sub-watershed
(township 13-2-W2) and the Four Creeks sub-watergtoavnship 4-30-W1),

respectively. From the three figures, it is cldatthere are broad landscape differences
between the three townships. The Antler River tdwmbas limited forested habitat and
numerous small wetlands scattered across the lapesthe Pipestone Creek township
has larger areas of forested vegetation and lavgand sizes, but not as many
individual wetlands compared to the Antler Rivervtship. Meanwhile, the Four Creek
township also has forested areas (although natrge bs the Pipestone Creek township)
and again, several small wetlands similar to Ari@isser.

Figure 5.1: Antler River -Township 5-33-W1 GeoSask, Information Services Corporation)
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Figure 5.2: Pipestone Creek -Township 13-2-W2
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Figure 5.3: Four Creeks -Township 4-30-W1
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5.3.2 Model Structure

The general model structure is a constrained maaitioin, where the maximization
function is subject to a number of fixed inequatipnstraints. The model maximizes

farm wealth subject to the physical limitationscofverting landscapes, and the
landscape targets. For each township that is mextiedin unrestricted optimization (base
case) is run to determine the extent of poterdiad$cape change, given current
incentives to convert land. A restricted optimieat{landscape targets run) is then solved
to determine the net impact on farm wealth of enguthat landscape targets are met.

The maximization objective function for each respectownship is:

141 6 6
FW = > ((f - By acy)
k=1i=1j=1
(5.11)
Subiject to the constraints:
6
ZAC,? <AL Vik
j=1
(5.12)
141 6
Z ZAC,? > T/vj
k=1i=1
(5.13)

WhereAC,ij are the decision variables, representing acrggaanter section k that are
converted from landscape type i to landscape type j

The parameters of the model are defined as follows:

6,{ = per acre assessed wealth coefficient for'tharjdscape type on th& k
guarter section of land

BY = per acre cost of converting land from théaindscape type to th®8 j
landscape type

AL = the initial (starting) number of acres for tfidandscape type on th&' k
guarter section of land

T/ =  the landscape target (in acres) for theipdscape type

FW= cumulative farm wealth (assessed value of adl iartownship)
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It is important to note that for the decision vhlés @C,ij ), the case where i and j are the
same landscape type represents no conversiondasfdape types, and the associated

conversion cosfB¥) is zero. The per acre wealth coefficient for eactdscape typeS,,{,

is defined based on the relationship between tHeuscombinations of landscape types
found on a particular quarter section and the asslesealth for that quarter section. An
assumption is made that the fair market assesded whthe quarter section is a
reasonable proxy of farm wealth. In the case ok&abkewan agricultural lands, higher
productive lands (those with good soil quality,idage, less riparian and forested areas,
and good for annual crop production) are geneesessed as having higher value than
marginal lands. The cost of conversigf,, is the direct financial cost to the farm
operator of converting landscape types on theit.lan

Of the two sets of constraints defined for the nhatbe first set (equation 5.12) is adding
up constraints. Equation 5.12 ensures that the auoftacres converted from each
specific landscape type (e.g., cropland) does xzeed the initial number of acres
allocated to that landscape type. Since ther@ &rdscape types, and 141 quarter
sections, there are 846 (6 x 141) constraintsisfrtiiture. The second set of constraints
(equation 5.13) is included in the landscape tanged for the optimization model. These
constraints ensure that the ending (i.e. valuethtomodel solution) number of acres per
landscape type across the entire township meetsogeds the landscape type targets set
by the LSRW. The landscape targets are incorpoegenbnstraints as to ensure that the
proportion of acreage attributed to one landscgpe tioes not decrease beyond the
targeted amount. In this manner, the target canstréi.e. regulation) are the main
instrument to maintain wildlife habitat and prometghancement of priority areas.

5.3.3 The Landscape Types and GIS Data

There are six different landscape types found aceash of the respective townships
used in the LTOM. These landscape types includmaland, perennial forage, native
prairie, aspen habitat, lotic riparian habitat, sextic riparian habitat. These six forms of
landscapes are commonly found on agricultural kEerdss the LSRW (as discussed in
Chapter 3, Section 3.3), and are usually maintaimexbntrolled by farmers. In fact, over
98% of all the land provided in the LSRW (meaningrol4,000 quarter sections) is
dedicated to one of these landscape types, asedédfirthis study. For the purposes of the
LTOM, cropland is any land seeded to annual cropsye prairie is defined as native
grassland landscapes, perennial forage is definemyalandscapes seeded to tame
grasses, aspen habitat includes shrub, treed neriggyrassland landscapes, lentic
riparian habitat is any wetland or standing watdsitat, while lotic riparian habitat is any
habitat close to running water (e.g., streams ksra#vers) (Soloudre, 2008).

The amount of acres attributed to each landscageeityeach quarter section is
determined through analysis of GIS data. Thesedat&, obtained from Etienne
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Soloudre (Soloudre, 2008), are originally colledbgdDucks Unlimited. Included with

the GIS data from Etienne Soloudre is the curreséssed value for each respective
guarter section. Assessed value refers to therfaiket assessed value of each parcel of
land as calculated by the Saskatchewan Assessnaraddment Agency for tax and
other purposes (Saskatchewan Assement Management}d007-a). Table 5-20
provides summary statistics for the assessed wealltlations for the three sub-
watershed townships, and specifically for those d4drter sections found in each
township model. Across all three townships, averEgessed wealth per quarter section
is approximately $40,000, while cumulative assesgealth is approximately $6 million.

Table 5-20: Initial Assessed Value Per Township anBer Quarter Section ($)

Total Assessed | Average Assessed § Standard

Value per quarter Deviation
Antler River $ 6,047,000 $ 42,886.52 $ (10,069.82)
Pipestone Creek $ 5,646,300 $ 40,044.68 | $ (8,803.97)
Four Creeks $ 5,553,800 $ 39,388.65 $ (8,304.58)

5.3.4 Wealth Coefficients

The wealth coefficients for the linear programmatmjective function coefficients are
determined through hedonic regression analysisofsd earlier, the assessed value of
land is used as a proxy for farm wealth. As sucis, lielieved that assessed values reflect
the discounted value of all future agricultural \tle@otentially generated by the land.
Generally, for land utilized for agricultural puiges, and isolated from large urban
centres, industrial developments, transportatigridars, and other resource
commodities (e.g., oil and gas fields), the potdritr agricultural production forms the
basis of determining the land’s assessed valuké&Bamewan Assement Management
Agency, 2007-a). In the Lower Souris region, a casebe made that land is
characterized in this manner, as there is limiteXimity to large urban centres, etc., and
the region is in the heart of the grain-growingi@agture belt in southern Saskatchewan.
In addition, when there are recessionary periodariming (from perhaps low prices or
drought) it is somewhat (albeit slowly) reflectecthhe market price of agricultural land
and therefore, the assessed value of agricultamal [For these reasons, there may
potentially be a strong, long-run trend correlati@tween the assessed value of
agricultural lands in the LSRW, and the relativgrée of wealth generated from farm
operations.

Hedonic regression models are constructed withsasdevalue as the dependent variable
and the six landscape types making up the six iemiggnt variables. The units for the six
independent variables are the number of acres atedito each landscape type per
guarter section. Furthermore, to provide greatgression strength, quarter sections in
each township are split into subsets of high asslegslue and low assessed value, and
following this, regressions are constructed fothesubset. Quarter sections at or above
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the median assessed value are assigned to thé shigbet, while those below the
median value are assigned to the ‘low’ group.

In dividing the quarter sections into subsetss assumed that those quarter sections that
had a high assessed value have common attribntdsding presence of arable land,
highly productive soil for annual crop growth, dimdited waste land. Waste land is
defined by the Saskatchewan Assessment Managengenci (SAMA) as “non-arable
agricultural land with no productive potential aslde land, pasture land, or hay land”
(2007-b, pg 1) Also, those quarter sections wihvaassessed value are assumed to have
common attributes: land being suitable only fortpees forage growth, or containing a
significant amount of waste land. To add justifigatfor this step, separating parcels of
land in this manner is a common practice for tleessment of agricultural land done by
SAMA. SAMA separates all agricultural land intoheit arable or non-arable land.

SAMA assesses arable land through soil rates, ®imaes, along with physical,
economic, and A-depthfactors (Saskatchewan Assement Management Ag2a6y-

a). Meanwhile, non-arable land includes all paskane, hay land, and waste land and is
assessed through one general rate, and a proviaciat (Saskatchewan Assessment
Management Agency, 2007-b). Often it is the chakadrable land is assessed with a
much higher value than non-arable land.

For each township, two hedonic regressions arertai@d: high assessed values with a
sample size of 71, and low assessed values wiimals size of 70. For the Four Creeks
Township the median assessed value is $41,40@hddPipestone Creek Township the
median value is $41,300, while for the Antler Rif@wnship the median value is
$44,000. Results for the six regressions for laigth low assessed values and the three
townships used in the study are provided in Takd 5The coefficient estimates from

the regressions provide an indication of how eadlddcape type contributes to assessed
value. Most of the coefficients are not statisticalgnificant, but in some cases there is a
high degree of significance at the 1% level. Desfits, the coefficients are still used as
there are no other data available on quarter sectiad that they provide a good
approximation of the influence of acreage per laage type on assessed wealth.

' A-depth is the thickness of the dark coloured saiface layer or top soil. The A-depth factor
accounts for the detrimental effect of erosion,rpdaepth development, or superior A-depth
development on soil productivity (Saskatchewan Assg Management Agency, 2007-a).
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Table 5-21: Assessed Value Hedonic Regressions Sub-watershed Townships

Four Creeks Antler River Pipestone Creek
High | Low High Value |  Low High | Low Value

CROP 135.74 -2.7722 -355.61**  335.91**t  -86.803 -60.779
SD? (85.64) (170.3) (171.61) (71.73) (83.97) (63.47
NATIVE 162.61 -117.15 -332.75 188.65*F -25.771 -178.91%*
SD (135.8) (176.7) (224.5) (79.03 (154.9) (66.7)
TAME 136.74 -68.256 -377.52**  263.57** -87.609 -72.34
SD (92.28) (170.6) (173.6) (75.32 (84.24) (65.84]
ASPEN 0.21485 -30.352 -407.72%**  382.75**} -161.79* -1
SD (93.66) (167.1) (152.6) (94.36 (88.69) (67.79
LENTIC 64.103 -13.601 -179.79 351.84*** -105.65 -86.676
SD (113) (169.2) (177) (122) (90.94) (78.46
LOTIC -85.311 -128.64 -437.55* 115.86 21.754 -83.82)
SD (202.8) (165.2) (243.6) (137.7 (105.7) (72.76
CONSTANT | 26997** 37575 102730*** -13187 61982*%**  49712%**
Std. Error ° 2598.9 4697.8 4859.9 5683.2 3465.9 4457.8
R? 0.2037 0.5455 0.1684 0.5598 0.1396 0.5444

2SDis the standard deviation of the independent iitound above it.
b Standard Error is the total standard error fordggession.
**=gjgnificance at 1% **=significance at 5% *=gificance at 10%

Using the results from the regression analysisjraber of steps are taken to incorporate
the wealth coefficients in the linear programmirgeative function (5.10). First, it is
assumed that there are characteristics of landi#tatmine assessed wealth on a
respective quarter section other than the landsasg@eThese characteristics include soil
quality, location, water quality, etc. A scalingpess is used to increase or decrease the
applicable regression intercept based on the ailigimrket assessment on each quarter
section in the township. This scaling process isedo ensure that each quarter section of
land has a unique intercept that takes into acatenfactors unique to the quarter
section. It is held that these characteristicsaieady accounted for in each assessment
of value on each quarter section. Therefore, onausa the trend in the assessed value of
a guarter section to ‘scale-up’ or ‘scale-down’ tegression intercept for each quarter
section in the township. This intercept represémsbase value’ assigned to the quarter
section notwithstanding the value provided by e tof landscapes found on the parcel.
The following is a step-by-step description of thiscess.

First a scaling factor is calculated by dividing tbriginal intercept of each regression by
the average assessed value of quarter sectiond fotine regression. After determining
this scaling factor, the factor is used to transftine original assessed value of every
quarter section into a new intercept. This is diineugh multiplying the scaling factor

for the respective regression by the assessedmwealkkach quarter section. The adjusted
intercept, |, is a function of the scaling factor (Regressiuteicept, J, / Average
Assessed Value, AY and initial assessed value, A\shown in the following function:
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lq

o= AV, (22)
k k* AV,

(5.14)

In this manner, each quarter section, k, has affggkconstant to calculate landscape
type effects. By adjusting the constant with tletsig assessed value, the variation in
assessed value that is not captured in the regregsim unknown characteristics is
captured. Table 5-22 provides the regression iefgraverage assessed value for each
regression dataset (A) scaling factor, starting assessed value j/Ad adjusted
intercept () for a random quarter section in each township.

Table 5-22: Process to Adjust the Constants per Quir Section per Township

Scaling | Original Assessed| Adjusted
Constant | Average | factor | value ($) Constant ($)
Four High Value | 26997.00| 45894.00 0.59 26800.00 15765.02
Creeks Low Value 37575.00, 32790.00 1.15 26800.p0 30710.89
Antler High Value | 102730.00, 49608.00 2.7 45000.00 93187.59
River Low Value | -13187.00| 34323.00 -0.38 45000.p0 -17289.14
Pipestone| High Value | 61982.00| 47145.00 1.31 45000.p0 59161.95
Creek Low Value 49712.00| 32843.00 1.51 45000.00 68113.14

Secondly, after calculating adjusted interceptsefarh quarter section in each township,
the intercept is then divided by the amount ofltataies found in that respective quarter
section. This is done to retrieve a ‘per acre’ricept that, added to the landscape type
coefficient from the respective regression, wowddhe contribution to assessed wealth
for each acre in each landscape type. The variatiptured in the adjusted intercepts is
carried through the resulting per acre wealth ¢defit estimate for each landscape type.

For example, for one quarter section (used in Tak@ above) the adjusted intercep} (I
is $15,765.02 for the respective quarter secti@hthe number of acres found for that
quarter is 159.92. The adjusted intercept is diviole the number of acres to provide a
per acre amount of $98.58 per acre (15,765.02 -92%9Adding this per acre amount to
the regression coefficient found for each landsdgpe (Table 5-21) affords the overall
wealth coefficients per landscape type: $234.325@8& 135.74) for cropland, $261.19
(98.58 + 162.61) for perennial forage, $235.32588: 136.74) for native prairie, $98.80
(98.58 + 0.21485) for aspen habitat, $162.68 (98.68.103) for lentic riparian, and
$13.27 (98.58 - 85.311) for lotic riparian. Writtetore generally, wealth coefficient per
landscape type is calculated from the followingatimun, where Cs the regression

landscape coefficient arfj is the wealth coefficient:

Iy

i
= +
Number of Acres

O

(5.15)
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In some limited cases, generating wealth coefftsié?ﬁ) using the method described
above resulted in negative values for some landstgges. In this situation, wealth
coefficients in relation to any landscape type oy land are assumed to have a minimum
value of $10 per acre. This value is the per aase land rate for waste land assigned by
the Saskatchewan Assessment Management Agency-f@0@7aste land is defined as
any non-arable agricultural land with no productdatential as arable land, pasture land
or hay land (Saskatchewan Assessment Management}g2007-b). After adjusting
negative coefficients, all coefficients are incldde each respective township LTOM for
each respective quarter section and landscapeTiggesummary statistics of the
resulting wealth coefficients generated per langsdgipe for each township are provided
in Table 5-23 below. Appendix A provides the wealtiefficients generated for each
guarter section of land and for each landscape #ppendix A also provides the
original assessed wealth and estimated assessét b&sed on the wealth coefficients.
The legal description for each quarter sectiomrisaved due to privacy reasons.

Table 5-23: Summary Statistics for Wealth Coefficiets (%)

Lentic Lotic Perennial | Native
Riparian | Riparian | Forage Grassland | Aspen | Crop
Antler Mean 379.02 130.93 229.42 221.56 264.p1 27351
River SD (110.99)| (101.40 (67.57) (115.53 (59.92) (@ny
Confidence | [394.40, | [144.97, | [238.78, [237.57, | [273.19,] [281.09,
Interval® 363.65 [ 116.88 220.06 205.56 256.62 | 265.93
Pipeston | Mean 23.29 352.11 289.89 287.70 206.97  294.B9
e Creek | sSD (67.19) (111.01 (68.11) (127.56 (71.54)  (65.%3
Confidence | [263.99, | [367.49, | [299.32, [305.37, | [216.88,| [303.97,
Interval 228.79] | 336.73] 280.45] 270.03] | 197.06]| 285.82]
Four Mean 228.79 96.63 238.23 227.01 188.81  270{24
Creeks SD (35.51) (36.43) (77.92) (112.66 (39.3p) (50.41)
Confidence | [233.71, | [101.67, | [249.03, [242.61, | [193.76,| [277.22,
Interval 223.87] 91.58] 227.44] 211.40] 182.85] | 263. 26]

2The ninety percent (90%) confidence interval acbtive mean value [+, -].

5.3.5 Landscape Conversion Costs

After generating wealth coefficients for each larag®e type on each quarter section of
land, determining the cost of conversig¥ | between landscape types is required for the
objective function (5.10). The costs of convertiagdscape types are derived using

information from a number of different sources. Tsts for converting riparian and

forested habitat to cropland and tame grass, dsas/eropland to tame pasture are also
used for the scenario analysis of the RFSM. Betbw direct financial costs of
conversion between landscape types are provided.

1. Conversion ofiparian habitat (including lentic and lotic) taropland or bare

land is assumed to be carried out through surface ajgainSurface drainage
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involves the construction of ditches and/or contayof the land to remove
water from the surface of the soil (Cortus, 200%)e rental rates for a 6.5 yard
scraper and heavy disk were set at $131.10/hr @b $er acre, respectively
(Saskatchewan Agriculture, 2008-c). Cortus (20@4@amined that an average
guarter section in the Emerald region of Saskatelnewquired a minimum of
200m of scraping, and through using a 6.5 yardpserdrainage would require
0.26 hr/m. The conversion to cropland would cos988.56 per quarter section
(131.10 x 0.26 x 200 scraping, plus 9.46 x 16 digkior $435.4%er acre
converted6,968.56 + 16Y. The Saskatchewan Wetland Conservation
Corporation (1993) estimated a range for the cbstidace draining lands of
$180 to $1,190 per hectare ($72 - $482 per acepenting on the specific
conditions (e.qg., size of riparian area). The valaleulated for this study falls
within the range of estimated values, but is towah& upper end.

2. Conversion oforested (aspen) habitato cropland or bare land is assumed to
be carried out by a D6 Bulldozer and Heavy Breakiisty. Commonly referred
to as ‘breaking land’, converting forested hahitebare land first requires the
use of a bulldozer to push trees and shrubs dineaground, followed by two
passes over the land with a heavy breaking dis&rtmve roots, stumps and to
churn the soil. The custom rate per acre usechfheavy breaking disk is
$20.14 per acre (Saskatchewan Agriculture 2008+g).estimated cost for
clearing forested area using a bulldozer was $&rHipur and it is assumed that
three hours per acre converted would be requiredi@009). A flat fee of
$360 is charged for transporting the D6 to the faite It would cost $9,082.24
per quarter section ((175 x 3 x 16) + 360 for bagtidg, + (20.14 x 16) for
disking), or $567.64er acre converted (9082.24 + 16) to completenge the
forested habitat to usable cropland or bare land.

3. Conversion ohative or tame grass (perennial foragefo cropland or bare
land is assumed to occur by breaking up the pastuckitaarder for it to be
suitable for seeding annual crops. Using infornmefiom the report
“Rejuvenation of tame foragedly Saskatchewan Agriculture, Food, and Rural
Revitalization (1999) it is determined that landhamative or tame forages can
be made ready for annual crop seeding through bsegs of a heavy tandem
disk, one pass of a cultivator, and one applicadioglyphosate chemical. The
cost associated with two passes of a heavy tand@nfaksuming rental
equipment) is $18.92 per acre ($9.46 per acre($&katchewan Agriculture,
2008-c), the rental rate for one cultivator operais $6.25 per acre
(Saskatchewan Agriculture, 2008-c), and the cogtygfhosate application is
$10.00 per acre (Saskatchewan Agriculture, Foadi Rarral Revitalization,

12 (Soloudre et al., 2008) state that on average, 408ach quarter section in the Lower Souris
River Watershed is generally covered by eitherrigmahabitat or forested habitat. Ten percent of
a 160 acre quarter section is 16 acres.
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1999). As a result, the total cost of convertingés to cropland is $35. pér
acre (18.92 + 6.25 + 10.00).

4. Conversion otropland or bare land totame grass (perennial foragejequires
seeding land to perennial tame forage. The assokétst of $50.1per acre
(Soloudre, 2008) is incorporated to any conversgsulting in planting perennial
forage for tame grass (i.e. riparian or forestdaithf to bare land, to tame
grass).

5. Conversion ofropland or bare land to native grass (pasturejs assumed to be
done by seeding a grass mixture similar to thahdanative in the region. The
conversion cost was calculated based on a seedmnizdst of $15/Ib and a
seeding rate of 25 Ibs per acre (Tannas, 200%higtost of seed and seeding
rate, the total cost of seeding native grass i$$®per acre (15 x 25).

6. Conversion ofropland or bare land to forested habitat (aspei had_no
associated cost. This is because it is assumedgpah or forested habitat would
re-grow through time if bare land is left idle wit cultivation or operation on
the land. Soloudre (2008) recommended this cospferting to forested
habitat (aspen) is most practical on the farm,amids tree planting costs.

7. Conversion ofropland or bare land to lentic riparian habitat is assumed to
be accomplished by closing drainage ditches witeathen plug and seeding to
tame grass. The cost of closing drainage ditch®253¢ of bulldozer work for
each wetland, with each wetland being roughly @&« (Soloudre, 2008). The
cost of seeding perennial forage (tame grass) @fi®5per acre is added
resulting in a total cost of $550.p2r acre ((250 x 2) + 50.12) for restoring
lentic riparian areas.

8. Conversion otropland or bare land tolotic riparian habitat areas required
only seeding tame grass in buffer areas of moviatgei.e. similar to a buffer
strip). The associated cost of seeding perenniagfo(tame grass) is $50.fpar
acre.

For the remaining types of conversions, the tatalversion cost is found by adding the
cost of converting a landscape type to bare lamditlae cost of converting bare land to
the specific landscape type. For example, the taistl of converting lentic or lotic
riparian areas to native range is found by addiegcbst of draining wetlands and
riparian areas of $434.45 per acre with the coseefling native grass on bare land of
$375.00 per acre, for a total cost of $810.45 peg.al'able 5-24 presents the total cost in
$ per acre of converting each landscape to evésr téandscape type.
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Table 5-24: Cost of Converting Landscape types (&fee)

©

©

Future type (after conversion)
Current type | Cropland| Native | Tame Aspen  Lentig Lotic
Cropland 0 375 50.12 0| 550.12 50.12
Native 35.17 0 85.29 35.17| 585.29 85.2
Tame 35.17 41( D 35.17| 585.29 85.2
Aspen 567.64 942.64 617.76 0| 1117.76| 617.7¢
Lentic 43545 810.45 485.66 435.45 0| 485.57
Lotic 435.45| 810.45 485.66 435.45| 985.57 @

In addition to the direct costs of converting lacajge types, the direct cost (or benefit) to
individual farm wealth had to be included to prava signal of the incentives faced by
farmers when managing their land. This direct ¢osbenefit) to individual farm wealth

is determined through the RFSM. Scenario resudts fthis model (provided in section
6.1.1 and 6.1.2) are used to adjust the costsrofecting landscape types through adding
the annualized NPV per acre cost, or subtractiegtinualized NPV benefit to the farm
operator. The annualized NPV per acre increasedurction of converting all riparian

and forested habitat to cropland for Scenarios4, &dong with the annualized NPV per
acre reduction for Scenario 6, are used to adjestlirect costs of conversion provided in
Table 5-24. The annualized NPV per acre increasieareases from the various
landscape conversions are provided in Table 5-B&.r€sulting total direct cost to farm
wealth of converting landscape types are providetable 5-26.

Table 5-25: Direct cost or benefit to Farm Wealth bLand-use conversion ($/acre)

(from Section 6.1.1)

Conversion (Cost) cr Benefit
Lotic to Cropland 74.79
Lentic to Cropland 74.79
Aspen to Cropland 48.03
Lotic to Tame (46.62)
Lentic to Tame (46.62)
Aspen to Tame 47.58
Cropland to Tame Hay (49.42)
Cropland to Lotic (74.79)
Cropland to Lentic (74.79)
Cropland to Aspen (48.03)
Tame to Lotic 46.62
Tame to Lentic 46.62
Tame to Aspen (47.58)
Tame Hay to Cropland 49.42
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Table 5-26: Total Cost of Converting Landscape Type- Including cost or benefit to
farm wealth ($/acre)

Future type

Current type | Cropland| Native | Tame Aspen Lentig Lotic
Cropland 0 375 99.54 98.15 624.p1 124{91
Native 35.17 0 85.29 85.29 585.29 85,29
Tame -14.25  410.1y D 132.87 538)67 38.67
Aspen 519.61 942.64 570.18 0 1117|76 617.76
Lentic 360.66| 810.4% 532.28 810.45 0 48557
Lotic 360.66| 810.45 532.28 810.45 985/57 0

Due to the fact that some of the conversions afdaape types took more than one year
to complete, the conversion costs are convertea @nnualized, discounted cost over the
period needed to complete the conversion. Cortd@5Rdetermined that it takes on
average four years to completely drain a wetlarmthave the land suitable for crop
production. In addition, Saskatchewan Agricultdteod, and Rural Revitalization (1999)
found that it takes on average three years to leaneready for seeding of grasses and
annual crops after it has been cleared of forgstgglen) habitat. Table 5-27 provides the
annualized discount costs of conversions betwddarmscape types. Note that in many
cases there is no change to the overall cost ofersion because these conversions may
only take one year to complete. The discountingnfda:

pva[ﬂ]
l

(5.16)

is used to determine annualized costs, wheretAand PV are respectively, the initial
value, the discount rate, the number of yearstlamgresent value. Similar to calculating
the NPV results for the RFSM, a discount rait¢ ¢f 10% was used in the analysis
(explained in section 4.2.3). The annualized disted costs in Table 5-27 are the final
costs of conversiors’) included in the objective function of the LTOM.

Table 5-27: Annualized Discounted Cost of Conversio($/acre)

Future type

Current type | Cropland| Native | Tame Aspen Lentic Lotic

Cropland 0 375 99.54 98.15 624.91 124{91
Native 35.17 0 85.29 85.29 585.29 85,29
Tame -14.25  410.1Y D 132.87 53867 38.67
Aspen 208.94 543.14 229.28 0 44947 24841
Lentic 113.78| 255.67 167.92 255.67 0 15318
Lotic 113.78| 255.67 167.9  255.67 31092 0
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5.3.6 Development of Landscape targets

The main purpose of the landscape models is tordigte the financial cost or benefit to
farmers of implementation of fixed landscape taggetmaintain wildlife habitat across
the LSRW. The Lower Souris Watershed Committee Idgeel landscape targets in a co-
management framework, which is a co-operative gamgision making process between
both resource users and responsible agencies (Leoweis Watershed Committee Inc.,
2006). According to the Lower Souris Watershed Cdttes, a co-management
framework is used to develop targets, rather ttzdnating the EG&S benefits of wildlife
habitat conservation because,

* “The Lower Souris River Watershed (LS) has extensixperience with group
decision making processes. The LS has worked 4i9@8 to develop a
watershed management plan for their watershedpildeess has been based on
interest based decision making whereby a facititgit®up decision making
process is used.

« Co-management targets have local legitimacy simeg are grassroots driven
and influenced by local knowledge thereby employialmable human capital.

» Because of the legitimacy gained above, implememtatf beneficial practices is
facilitated

» Co-management targets avoid the problem of hadregonomically value
EG&S”

(Lower Souris Watershed Committee Inc., 2006, pand 5)

For this study, the co-management framework cagtbist decision-making between
members of the Lower Souris sub-watershed comrajtiateracting with wildlife
agencies (e.g. Ducks Unlimited Canada, Saskatchévearshed Authority, and
Canadian Wildlife Service). Landscape target gaadsset taking into account wildlife
inventory results and species responses to hajitdity and quantity (Lower Souris
Watershed Committee Inc., 2006). Table 5-28 gitileddndscape targets determined for
each landscape type across the three sub-waterdtexd® targets are calculated in
proportions of total area found in each sub-watsigladding up-to one). When summing
the targets per landscape type for each sub-waigrsihe can determine the landscape
targets required for the entire LSRW.

Table 5-28: Sub-watershed Landscape Targets (proption of total landscape area)

Lentic Lotic Perennial | Native

Riparian | Riparian | Forage Grasslands| Aspen | Crop
Antler River 0.07 0.03 0.20 0.08 0.09 0.94
Pipestone Creek 0.07 0.06 0.16 0.11 0.11 0.49
Four Creeks 0.05 0.03 0.11 0.07 0.0 0.49
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5.3.7 Township Models for three Sub-Watersheds

Separate LTOMs are created for each of the thieevstlersheds: Antler River,
Pipestone Creek, and Four Creeks. The initial leayoks type composition of each sub-
watershed township is provided in Table 5-29. Thatsges are determined by summing
the total number of acres for each landscape tgpmsa all quarter sections in the
township and dividing by the total acreage of thertship. When comparing Table 5-29
to Table 5-28, one notes that in some cases tdrexiandscape type composition
exceeds the landscape target for the respectivestup. In these cases, conversion to
that landscape type might not be necessarily redyi.g. to lentic riparian). Instead,
conservation of the existing lands designateddblindscape type would be sufficient to
meet the landscape target.

Table 5-29: Existing Landscape Type Composition foBub-watershed Townships

Lentic Lotic Perennial | Native

Riparian | Riparian | Forage Grasslands| Aspen | Crop
Antler River 0.12 0.02 0.15 0.02 0.04 0.63
Pipestone Creek 0.11 0.03 0.15 0.05 0.18 0.48
Four Creeks 0.1 0.02 0.08 0.04 0.1 0.6p

In generating results, two model runs were requioe@ach township model: a run
without the landscape targets imposed (base ca¥eand a run with the landscape
targets imposed (landscape target policy run).bdse case run includes no constraints
on farm operators from maximizing wealth, othemtkize physical constraints of
conversion costs and the amount of available lanthe base case run, the landscape
type target constraint is not imposed. The base rascan be considered a ‘status-quo’
run, as results from the base case run are whéit tnégexpected given no policy
intervention to prevent and slow the conversiowitdlife habitat for agricultural
purposes.

The second optimization maintains the same modaitsire as for the base case run,
with the exception that the constraints to maintaimiscape targets throughout each sub-
watershed are added. The amount of acres attriboiteach landscape type across the
township cannot be less than that required fofahdscape target share for the specific
landscape. In this manner, it is assumed that fegrelicy intervention (i.e. in the form

of regulation) to ensure landscape targets fomdershed are maintained on private
agricultural lands. Comparisons with regards tonfarealth, landscape type conversions,
and total landscape acreage between the two optiimizruns is given for each township
model.

The reporting of results from this analysis inclsdemparison of total assessed wealth
for the entire township and its 141 quarter sestiogfore and after each model run. In
addition, the change in the number of acres assakigith each landscape type is found,
along with what form of landscape type conversgomost prolific across the township.
Determining these results for each model run allfawvsadditional comparisons between
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the base case and landscape target runs, as welirgrisons between the three
townships located in the three separate sub-watdssiThese results are presented in
Chapter 6.

5.4 Chapter Summary

The first model constructed for this study is tHeSR1 model. It is a Monte Carlo
simulation model developed to analyze the finarioiglact of wildlife habitat
conservation practices on a representative farra.répresentative farm used in the
analysis is derived from the characteristics afniag and farm operations in the Lower
Souris region. The representative farm used inahédysis is a mixed enterprise
operation, with cow-calf and crop production syseihhas a land base, crop mix, herd
size, and grazing season that is typical for thdysarea. The annual crop types used in
the representative farm are barley, wheat, caaol@d flax. The on-farm dynamics and
relationships are specific to the farming dynanmicthe Lower Souris region, and these
dynamics are adjusted from the model originallystarcted for Steve Koeckhoven'’s
thesis (2008). A total of eight scenarios are mledalsing the RFSM to determine the
impact of EG&S practices. The first four determihe cost of maintaining existing,
untouched habitat areas on agricultural land. St@n& and 6 determine the impact of
converting land once in cropland production torad¢e stand. Finally, the last two
scenarios determine the impact of herd managennactiges (i.e. lowered stocking rates,
rotational grazing management) that enhance wéldiigbitat.

Following the analysis using the RFSM model, thé&IM model is constructed to study
the cumulative impacts of regional wildlife habitanservation policy. The LTOM
model is a linear programming model that maximiaesn wealth subject to the original
landscape acreage and landscape targets for ahipnafdand. Three separate versions
of the model are constructed; one for a represeatatwnship from each sub-watershed
in the LSRW. Wealth coefficients are found for egdlarter section by running hedonic
regressions and scaling the regression interceggichan the original assessed wealth
found for the quarter section. Many of the costeafversions utilized for the RFSM are
also utilized for the LTOM, and it is through thest of conversion that the two models
are linked. After determining the direct cost ofeerting landscape types, these costs are
adjusted based on the NPV results found from thENREScenarios 1 through 6). In this
manner, the farm wealth benefits or costs of hagiparticular acre in a landscape type,
other than the assessed wealth benefits, are im@dgul. As a result, it is expected that
those landscape types that are required for atui@llproduction are valued higher, and
those types not required for agricultural produttme valued lower, with regards to the
amount of cost associated with converting betwhesd landscape types.

The LTOM model uses GIS data on a per-landscape pgr-quarter section basis, and
assumes free conversion among landscape typesbmearter section. In this regard,
this analysis is more exploratory than the RFSM ehadomparable studies that
determine cumulative farm impacts on a landscape &greage basis for each quarter
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section, and then, across all quarter sectiona fegion are rare, if not non-existent. This
study can be considered the first attempt to lapkinregional impacts of land-use policy
more closely and thoroughly to determine impactsweiver, since the methodology
utilized to construct and operate the LTOM modaxploratory, some leeway is
required in interpreting the results.

95



6 Chapter 6: Results

6.1 Overview

This chapter presents the results from the scenforche RFSM, along with the
township model runs for the LTOM outlined in ChaeAlong with presentation of the
results, discussion of key findings occurs througtibe chapter. Since only those results
deemed important for key findings are presentegiefipix B provides summary
statistics for the simulation results. Explanatiohthe scenarios (or runs) for both the
RFSM and the LTOM follow throughout the chaptertMfiegards to the farm wealth
implications for both models, simulation and optiation runs were compared to a base
case run to determine the extent of change in fgrivat benefits associated with the
policy inherent to the scenario.

6.2 Representative Farm Simulation Model (RFSM) Results

As explained in Chapter 5, the RFSM is designedumad to determine the extent of the
cost or benefit to farmers of practices that pranteG&S for wildlife habitat. The cost or
benefit of each scenario to the farm operator ferd@ned by subtracting the
representative farm annualized NPV in the base mas&om the annualized NPV found
in the scenario run. Scenarios 1 through eighoByptete with results and key findings,
are discussed below. Following this analysis, & lmgut cost scenario is re-run for
scenarios 1, 3, 5, and 6 to inspect the impaatatiased input costs, such as those
experienced by farm operators in 2007 and 2008)@simulation scenario results.

The first four scenarios (Scenarios 1-4) examinethb RFSM inspect the expected
increases in private net benefits to farm wealtkmtiecreasing wildlife habitat area,
classified as either riparian or forested landyritter to increase the amount of available
land for agricultural production. The newly createdble land is used for cropland
(Scenarios 1 and 3) or tame pasture purposes ($ze2aand 4). In these scenarios, the
farmer undertakes actions (e.g., bulldozing, drajnor disking) that decrease the level
of on-farm EG&S associated with wildlife habitat.dach scenario the impact of varying
decreases in natural wildlife habitat from the beesse is determined. In this manner, a
reductionin NPV wealth can be viewed as a negative impadaom wealth despite
decreasindeG&S, while an increasa NPV can be considered a positive impact on farm
wealth when decreasifgG&S.

Results are presented in tabular form for the fatah NPV, as well as the impact on the
crop and beef enterprise farm NPV. Additional resptovided include mean forage
sales, grazing season days, and weaning weighes/édu the scenarios where the
amount of forage availability for pasture purpoisasnpacted (Scenarios 2 and 4).

As well, three stages of wildlife habitat conversare carried out to determine the extent
of impact on NPVs. Conversion &f and% of the current habitat area, along with
complete (i.e., 100%) conversion, is modelled. e@ithe initial assumption that 16 acres
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per cropland quarter is habitat area, the threessabarios result in 10.66 acres, 5.33
acres, and zero acres of habitat per croplandejuarnaining after conversion. Results
therefore show the extent of impact on farm weattbonverting wildlife habitat to
agricultural production.

Scenarios 5 and 6 investigate the impact of comgeeinnual cropland production to
tame grass production to enhance habitat for malajife species. Land dedicated to
growth of tame forages encompasses many additidgidiife habitat benefits than are
attributed to cropland. In these scenarios, areassin NPV is associated with a positive
impact on farm wealth and increade@&S, while a decrease NPV is a negative
impact on farm wealth, despite increa&g8&S. In this regard, the cost or benefit to the
farm operator of increasing EG&S is determinedubtothe simulation results. Again,
results are presented in tabular form, with thengkdn mean total farm, crop enterprise
and beef enterprise NPVs and mean forage saleg piien. Results provide the
expected costs (or benefit) to the farmer of caivgicropland to perennial forage.

Lastly, Scenarios 7 and 8 determine the cost oefiidn the farm operator of employing
two common beef herd management practices to eatthaawildlife habitat benefits
received from the pasture. Farmers can decreaskdrgjaates (Scenario 7) or implement
rotational grazing (Scenario 8) to rejuvenate fesagn pasture, and provide added
benefits to wildlife through maintaining healthydges on their land. A decreareNPV
associated with the farm operator partaking ingh@actices results in a negative impact
on farm wealth, while EG&S benefits are increaddte NPV results for the total farm,
crop, and beef enterprises are provided, while mehares for forage sales, grazing
season length, and weaning weights are also givehdw the relative degree of change
in these factors due to pasture productivity insesa

An ‘annualized NPV change’ is provided for eachnse®. This is the annual value of
the cost or benefit per acre converted for theasgmtative farm for the scenario in
comparison to the base case. This value is cabmllaf first dividing the 20-year farm
NPV by the number of converted acres to get an [§@\acre. This per acre value is
then discounted using a 10% discount ratetand0 years (formula given in section
5.3.5, equation 5.14) to get the annual value.d®gales and purchases represent the
annual average values, calculated over all yeatstarations. Since there are some
years in which forages are sold (i.e., excess mtimh) and other years when forage is
purchased by the farm (i.e., excess demand fdveb€&herd), both purchases and sales
have positive averages.

Results tables reported in the following sectidss &clude the reporting of standard
deviations for each NPV estimate provided. The &tmn is stochastic; therefore, the
standard deviations represent the degree of statisihcertainty associated with these
estimates. Standard deviations can be interpratetiins of whether differences in NPV
average values are “significant” or not. One wagetermining this would be to
construct confidence intervals for comparative N#3timates with the standard
deviation, and then see if these confidence intemweerlap one another. If they do, then
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it may be the case that the change in average BMWaes is not substantial enough to
warrant consideration.

6.2.1 Scenarios 1-4: Conserving Habitat versus Convettrigroductive
Land

6.2.1.1 Scenario 1. Conversion of Riparian Habitat tooBland

In this scenatrio, riparian habitat on quarter sectidedicated to crops is assumed to be
drained and converted to land suitable for croglpetion. There is a cost of conversion
associated with this management decision thatigsikeded post-simulation and used to
adjust NPVs calculated from the simulation. Thistaaf conversion was $435.45 per
acre, as discussed in section 5.3.5. It is impbttanote that the simulation model was
not designed to evaluate ‘drainage’ on the farrmdedethe model is simply run with
increased crop acres and decreased riparian dtresosts of drainage and conversion
are imposed on the NPVs post-simulation. The agjusimulation NPV results are
presented in Table 6-1 below. The initial NPV résblefore deducting the cost of
conversion are provided in Appendix C.

Table 6-1 Scenario 1 Results: Conversion of RipaneHabitat to Cropland

Acres of Riparian Habitat Remaining (% of Quarter)

Base 10.66(6.67%) 5.33 (3.33%) 0 (0%)

Mean Farm NPV| $ 971,313 $ 992,964 $1,012,218 $1,032,440

Standard Deviation $ 233,967 $ 249591 $ 252,294 $ 262,606

Change in Total NPV $ 21651 % 40,905 $ 61,127
NPV Change

($/acre Converted $ 677 $ 640 $ 637
Annualized NPV Change

($/acre Converted $ 7955 $ 7515 % 74.79

Mean Annual Forage Salgs$ 2,952 $ 2361 % 2564 % 3,107

Standard Deviation $ 1,419 % 1659 $ 1,726 3 1,770

Mean Crop Enterprise NPY $ 506,064] $ 523,686 $ 540513 $ 557,519

Standard Deviation $ 214,621 $ 221563 $ 228939 $ 236,073

Mean Beef Enterprise NPY $ 384,499 $ 385877 $ 385610 $ 386,109

Standard Deviation $ 61,858 $ 60,317% 61,608 $ 61,511

The total farm NPV increases as land is convedeantdpland production from riparian
habitat, despite the inclusion of drainage andratbaversion costs. The annual increase
when converting land from riparian habitat to cesyg ranges from $74.79 to $79.55 per
converted acre. As such, this can be interpretedean that there is a cost to the farm
operator of $74.79 to $79.55 to maintain an acmrgpafian habitat. However, when
looking at the total farm NPV results, as more ldedicated to riparian habitat is
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converted, the annual NPV increase received fromveming this land decreases. This
suggests that there are diminishing returns to faealth of converting riparian habitat to
cropland. Agricultural farmers would require anentive above $79.55 per acre of
habitat per year to maintain all existing riparfebitat on their cropland, but if an
incentive fell between $74.79 per acre and $79e35pre maintained per year, then only
some of the riparian habitat on agricultural lamdsild be converted to cropland.

From Table 6-1, NPVs increase for both crop anesliock enterprises when additional
land is taken out of riparian habitat and into taod. The increase is much higher for
the crop enterprise (from $506,064 to $557,519narease of $51,455 when converting
all riparian habitat) than for the beef enterpriBige increase in the crop enterprise NPV
is expected as more land is being put into crogysrtion, but the increase in the beef
enterprise not intuitive at first. It is expectéat converting riparian habitat to cropland
would decrease the beef enterprise NPV becausdaripaabitat is afforded a higher
stocking rate (1.2 AUM/acre) than cropland (0.3 Aldbte) in aftermath grazing.
However, putting land into crop production resiitsnore acres being dedicated to
barley production. The increase in the beef entPV can therefore be attributed to
the reduction in feed costs due to the availabiftynore barley for feed purposes. This
makes sense looking at the mean forage sales, Wiiases as land is converted to
cropland production (from $2,952 to $3,102, whenwveoting all riparian habitat).

6.2.1.2 Scenario 2: Conversion of Riparian Habitat tonT@Pasture

In this scenario, riparian habitat found on all felasections dedicated to tame pasture,
equaling 20% per quarter section, is convertedititianal tame pasture. This scenario
does not involve any changes being made to theuptiah practices for the beef herd.

All changes in the beef herd associated with aedee or increase in forage production
are expressed through grazing season days, weariggts, and forage sales. The same
costs of draining riparian habitat from the pregi@genario are used in this scenario; that
is, $435.45 per acre to convert to bare land. Hewehere is an extra cost of $50.12 per
acre (as discussed in section 5.3.5) incorporatedcount for seeding the bare land to a
perennial forage. This results in a total costrafridng equal to $485.66 per acre, which
is deducted from the NPV post-simulation. This ¢é®stlso incorporated into the beef
enterprise NPV calculation, as it is assumed t@tiebuted’ to that enterprise. A
summary of the results for this scenario are pedith Table 6-2, again for three sub-
scenarios involving differing degrees of conversion
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Table 6-2 Scenario 2 Results: Conversion of RipanaHabitat to Tame Pasture

Acres of Riparian Habitat Remaining (% of Quarter)

Base 21.33 10.67 0 (0%)
(13.33%) (6.67%)
Mean Farm NPV| $ 971,313 $ 962,832 $ 954,396 $ 945,913
Standard Deviation $ 233,967 $ 233,951 $ 233,832 $ 233,769
Change in Total NPV -$ 8,481-$ 16,917 -$ 25,400
NPV Change
($/acre Converted -$ 398-$ 397 -$ 397
Annualized NPV Change
($/acre Converted -$ 46.70 -$ 46.58 -$ 46.62
Mean Annual Forage Sales $ 2,952 2,983 $ 3,015 % 3,046
Standard Deviation $ 1,479$ 1,480 $ 1481 $ 1,483
Mean Crop Enterprise NPY $ 506,064 $ 507,121 $ 508,156 $ 509,186
Standard Deviation $ 214,621 $ 214,544 $ 214474 $ 214,404
Mean Beef Enterprise NPY $ 384,499 $ 374,988 $ 365540 $ 356,054
Standard Deviation $ 61,853 $ 61,854 $ 61,829 $ 61,848
Grazing Season Days 259.1 259.67 260.25 260.82
Weaning Weight (Ibs 572.29 573.38 574.47 575.56

Considering the scenario results in Table 6-2oitild appear that there are no positive
economic incentives for farmers to convert ripatiabitat to tame pasture. Draining
wetlands and seeding tame grass for pasture pupeselts in an annual reduction in
NPV ranging from $46.62 to $46.70 per acre condettie other words, there is a direct
benefit to the farm operator of maintaining riparfabitat rather than converting to tame
pasture. This is a reversal from the results faarecenario 1. It appears that the
decrease in NPV when converting riparian habitdrigely attributed to the substantial
decline in NPV occurring in the beef enterprisetir$384,499 to $356,054, a decrease
of $28,455 when converting all riparian habitat).

The results suggest that the benefits from incbpasture productivity do not outweigh
the cost of converting riparian habitat to tametyras The beef enterprise NPV declines,
despite increasing forage sales, weaning weightsgeazing season days. This is most
likely because the stocking rate for riparian aisamly slightly lower than that of

upland tame pasture. As mentioned in section 2 2cbws are assumed to graze within
habitat areas albeit with a lower stocking ratenfriTable 5-6, upland stocking rates are
1.3 AUM per acre, while riparian stocking rates a@AUM per acre. In addition, the
cost of converting riparian areas is substantte$485.66 per acre. The small increase in
the stocking rates and thus, pasture productiglitgs not warrant the cost of conversion.
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6.2.1.3 Scenario 3: Conversion of Forested Habitat to@and

In this scenatrio, all forested (aspen) habitatropland quarter sections is converted to
cropland. A new base case scenario is initiallyassuming the presence of forested
habitat across all cropland quarter sections, rdttan riparian habitat. The new base
case scenario with forested habitat rather tharidp habitat is the ‘revised’ base case
scenario. Again, it is assumed that cropland iveded from forested habitat in year one
of the simulation. The costs of converting foredged! differ from the conversion costs
of riparian habitat. From section 5.3.5, the cdstamverting forested habitat to cropland
is $567.64 per acre. The NPV results after runttiegScenario 1 simulations but with
forested habitat, and deducting conversion costsegorted in Table 6-3.

Table 6-3 Scenario 3 Results: Conversion of Forestéiabitat to Cropland

Acres of Forested Habitat Remaining (% of Quarter)

Revised Base 10.66 (6.67%) 5.33 (3.33%) 0 (0%)

Mean Farm NPV $ 766,189 $ 778,791 $ 791,852 $ 805,443

Standard Deviatior] $ 223617 $ 231,463 $ 239456 $ 247,501

Change in Total NPV $ 12,602 $ 25,663 $ 39,254
NPV Change

($/acre Converted $ 394% 401 3 409
Annualized NPV Change

($/acre Converted $ 46.26 $ 4710 $ 48.03

Mean Annual Forage Salgs $ 345 % 464 $ 611 $ 786

Standard Deviatior $ 730 $ 822 % 916 $ 1,011

Mean Crop Enterprise NPY  $ 378,711 $ 386,339 $ 394,681 $ 403,845

Standard Deviatior $ 205,138 $ 213546 $ 222,056 $ 230,585

Mean Beef Enterprise NPY  $ 303,346) $ 305,650 $ 307,685 $ 309,475

Standard Deviatior] $ 51821 $ 51,302 $ 50,839 $ 50,431

Similar to Scenario 1, the results show an incré@asetal farm NPV when converting
forested habitat to cropland, despite the highstscof conversion. The annual total farm
NPV increase ranges from $46.26 to $48.03 per ctetv@cre when converting forested
habitat to cropland. Again, this can be interpretedhe cost to the farm operator of
maintaining forested habitat on agricultural lamerestingly, the annual NPV per acre
increases as more land is converted to croplamd fooested habitat. This suggests
increasing returns to converting forested landy@msed to the diminishing returns
found for riparian habitat. As such, farmers wotdduire an incentive of at least $48.03
per acre of habitat per year to maintain existorg$ted habitat. Increasing returns to
converting forested lands may be explained thrdbgtact that there is a fixed
component associated with the cost of conversjpegifically, the cost of transporting
the rented bulldozer (as described in section bt8.the field.
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Also similar to Scenario 1, both crop and beef gamise NPVs increase as more forested
habitat is converted to cropland. The crop entegdNPV again exhibits a large increase,
from $378,711 to $403,845, an increase of $25,TB4.minor increase in the beef
enterprise NPV can be expected from increased éaamgilability through additional
tame hay production.

6.2.1.4 Scenario 4: Conversion of Forested Habitat tongaPasture

In this scenario, all forested (aspen) habitat warigr sections dedicated to tame pasture
is converted to additional tame pasture. Againpidmee case is re-run including forested
habitat on all quarter sections rather than ripaniabitat. Management of the beef herd is
assumed to remain unchanged. The cost of clefoiegted habitat for conversion to
tame pasture is assumed to be the same as coguerttinopland, with the exception that
there is an additional cost for seeding tame grassvith Scenario 2, an additional cost
of $50.12 was added to the cost of clearing fockktbitat. Thus, an investment cost of
$617.76 per acre (567.64 + 50.12) is required tved forested habitat to tame pasture.
The results for this scenario are summarized ineTédt.

Table 6-4 Scenario 4 Results: Conversion of Forestédabitat to Tame Pasture

Acres of Forested Habitat Remaining (% of Quarter)

Revised Basg 21.33(13.33%) 10.67(6.67%) 0 (0%)
Mean Farm NPV $ 766,189 $ 773,857 $ 782,742 $ 792,114
Standard Deviatior $ 223617 $ 225653 $ 228,721 $ 231,520
Change in Total NPV $ 7,668 $ 16,552 $ 25,925
NPV Change|
($/acre Converted $ 359% 388 $ 405

Annualized NPV Change

($/acre Converted $ 4222 % 4558 $ 47.58

Mean Annual Forage Sales $ 345 % 500 $ 699 $ 942

Standard Deviatior $ 730 $ 863 $ 999 % 1,131

Mean Crop Enterprise NPY  $ 378,711 $ 390,879 $ 404,097 $ 418,298

Standard Deviation $ 205,138 $ 207,789 $ 210,472 $ 212,928

Mean Beef Enterprise NPY  $ 303,346 $ 299,108 $ 295,048 $ 290,596

Standard Deviation $ 51821 $ 51813 $ 52,156 $ 53,633
Grazing Season Days 200.48 207.1 213.71 220.33
Weaning Weight (Ibs 460.92 473.48 486.05 498.62

The results indicate a similar pattern as is trse dar converting forest habitat to
cropland. There is an increase in NPVs when coimgeforested habitat to tame pasture.
The cost of maintaining forested habitat rathentbanverting to tame pasture ranges
from $42.22 to $47.58 per converted acre. Lookirthe crop and beef enterprise NPVs,
it is interesting that the crop enterprise increasith more land conversion, while the
beef enterprise decreases. The decrease in theftegbrise NPV is mainly due to the
cost of conversion being attributed to the bee¢mgmise. Despite increased grazing
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season days and weaning weights, the cost of ceiomemore than offsets this and as a
result, the change in the beef enterprise NPV gmitinee. The beef enterprise continues to
decline with more habitat acreage conversion duetoeasing beef enterprise NPV
returns to having more land in tame pasture arixed tost of conversion per acre. This
is especially interesting as similar to Scenarith8,total farm NPV exhibits increasing
NPV returns. This suggests that the increasing KRytn from the crop enterprise
offsets the decreasing beef enterprise NPV retditms.crop enterprise NPV increases
mainly through increased forage sales.

The results in Table 6-4 differ substantially fréime results in Scenario 2 (i.e., Table 6-
2). Converting forested habitat to tame pasturelt®s an annual NPV increase up to
$47.58 per converted acre, while converting ripahabitat to tame pasture results in an
annual NPV decrease of $46.70 per converted abis.difference is likely due to
comparative stocking rates, and thus, comparatigéupe productivity. As explained in
section 6.1.1.2, riparian habitat has an attribstedking rate that is similar to that
assigned to tame pasture. This similarity resalthé cost of conversion being greater
than the increase in pasture productivity. Howefarested habitat has a stocking rate
attributed to it that is much lower than uplandtpes(see Table 5-6), enough so that the
increase in pasture productivity is substantiak Tritrease in forage availability when
converting land from forested habitat to tame pastesults in an NPV increase that is
larger than the cost of conversion.

6.2.2 Scenarios 5-6: Converting Cropland to Tame hayastye

6.2.2.1 Scenario 5: Conversion of Cropland to Tame Pastu

In this scenario, the impact on NPVs of converting quarter section from cropland to
tame pasture is determined. As opposed to Scerfaridsin these scenarios a negative
NPV impact can be considered as the cost of EG&i8yptw the farmer. Table 6-5
provides the new land allocation of the represamdarm under this scenario. Basically,
instead of six quarter sections dedicated to crupl@here the farm operator can employ
the crop rotation, only five quarter sections arailable. Since the crop type in each year
and on each quarter section is chosen based gedadiop rotation, acreage allocated to
all crop types is decreased evenly. NPVs that résuh the change in the land acreage
described in Table 6-5 for Scenario 5 are comptréide base case, with deducting the
cost of conversion. The cost of converting croplenthme pasture is the cost of seeding
tame pasture provided in section 5.3.5, a tot$50 12 per acre. The simulation results
are provided in Table 6-6.
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Table 6-5 Scenario 5 and Scenario 6: Change in Fari&creage after Conversion

Base Scenario % change Scenario % change
Annual Crop Acreage 960 800 -17% -17%
Tame Pasture Acreage 320 480 50% 0%
Tame Hay Acreage 640 640 0% 25%
Total 1920 1920 1920

Table 6-6 Scenario 5 Results: Conversion of Croplahto Tame Pasture

Base Quarter Converted
Mean Farm NPV, $ 971,313 % 983,547
Standard Deviatior $ 233,967 $ 199,059
Change in Total NPV $ 12,234
NPV Change|
($/acre Converted $ 85
Annualized NPV Change
($/acre Converted $ 9.98
Mean Annual Forage Sales $ 2952 3 5,766
Standard Deviatior $ 1,479 $ 1,696
Mean Crop Enterprise NPY  $ 506,064 $ 464,054
Standard Deviatior $ 214,621 % 182,286
Mean Beef Enterprise NPY  $ 384,499 $ 451,811
Standard Deviation $ 61,863 $ 93,364
Grazing Season Days 259.1 314.31
Weaning Weight (Ibs 572.29 677.2

Converting cropland to tame pasture results inrarualized NPV increase of $9.98 per
acre converted. This is primarily driven by an gase in the beef enterprise NPV, which
is due to the benefits of a longer grazing seamastantially heavier weaning weights,
and reduced winter costs stemming from greateg®ewvailability. It may be unrealistic
that the grazing season is 314 days with one exiaater section dedicated to tame
pasture, but again it is assumed that the beefrieandins fixed and only grazing season
length and weaning weights are changed to captyrénarease in forage availability. In
reality, it is likely that farm operator would utié the increased forage availability by
increasing the herd size. Further, there is a haghtPV impact on the cropping
enterprise. This is not surprising given thatgbenario includes a reduction in overall
cropped area (i.e., one quarter dedicated to céamodemoved from crop production).
The reduced feed requirements for forage purchesgéncreased forage sales cannot
offset the lost revenues from canola productiothéncrop enterprise.
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6.2.2.2 Scenario 6: Conversion of Cropland to Tame Hay

In Scenario 6, the impact on farm wealth of conagrone quarter section of cropland to
tame forage for haying purposes is modelled. Is tbgard, the change in the
representative farm acreage from the base caSc@nario 6 is shown in Table 6-5.
Again the conversion cost of $50.12 per acre oflisgea tame forage stand is deducted
from the NPV results. The simulation results ofwenting this quarter section to tame
hay are provided in Table 6-7.

Table 6-7 Scenario 6 Results: Conversion of Croplahto Tame Hay

Base Quarter Converted
Mean Farm NPV| $ 971,313 $ 910,724
Standard Deviation $ 233,967 $ 200,623
Change in Total NPV -$ 60,588
NPV Change
($/acre Converted -$ 421
Annualized NPV Change
($/acre Converted -$ 49.42
Mean Annual Forage Sales$ 2,952 $ 7,151
Standard Deviation $ 1,479 $ 1,578
Mean Crop Enterprise NPY $ 506,064 $ 441,139
Standard Deviation $ 214,621 $ 182,141
Mean Beef Enterprise NPY $ 384,499 $ 396,264
Standard Deviation $ 61,853 $ 59,841

In contrast to converting cropland to tame pastilne overall direct economic effect of
converting cropland to hay production is negatitie;mean farm NPV decreases from
$971,313 to $910,724, resulting in an annualizelf NEcrease of $49.42 per acre
converted to tame hay. The impact of increasedohaguction for winter feeding on the
beef enterprise is negligible, an increase of &1y, 765. However, there is a significant
decline in the crop enterprise NPV; the NPV de@sdsom $506,064 to $441,139, a
difference of $64,925. This decline is attributatd sales of grain/oilseed production
being replaced by increased hay sales, which arsufiiicient to offset the loss of
grain/oilseed sales. In addition, average foratgssacreased by only $4,199 (Table 6-
7). Weaning weights and grazing season days reamainanged as there is no change to
pasture production for the beef enterprise.

Given the same loss to the cropping enterpris@ih Bcenario 5 and 6 of one quarter
section taken out of crop production, it may be tha operator of the representative
farm would benefit most by taking steps to incrgaasstureland, rather than land
dedicated to hay purposes. This result can be iegulahrough the means by which
additional tame hay or tame pasture is incorporaiedthe simulation model. Increased
tame pasture results in increased weaning weigtitgeazing season days which directly
increases beef revenues, and reduces winter feedgtg, to substantially increase the
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beef enterprise NPV. Conversely, increased tameadthyces forage purchases and
increases forage sales in the crop enterprisee@in@xtra quarter section in annual crop
production provides more revenue to the crop eriserphan reduced forage purchases
and increased forage sales, the crop enterprisedéekéases while the beef enterprise is
held somewhat constant. Thus, the economic imgawvang more land in pasture is
greater than the impact of having an extra quarteame hay. Furthermore, the results
are at least partly driven by the model structdridne RFSM. Because the herd size
cannot be adjusted within the simulation, thedemged flexibility to taking advantage

of additional available forage within the model.

6.2.3 Scenarios 7- 8: Grazing Strategies to Increasetata®uality

As described earlier, Scenarios 7 and 8 consideintpact on farm wealth of
implementing two herd management practices thaespond with benefits to wildlife
habitat. Scenario 7 examines the impact of deargagtbcking rates in order to
encourage pasture rejuvenation. It is first assutinaidthe forage stand is in a degraded
state, compared to the base case scenario. Therafaevised base case scenario is
modelled. Second, using the revised base caserggen-scenarios are run with
lowered stocking rates with progressively higheadm utilization rates and growth
periods. These sub-scenarios are based on the atgsuthat the greater that stocking
rates decrease, the more likely the forage stalhdejivenate. However, these results
should be interpreted with caution as the extemittich forage may rejuvenate when
stocking rates are lowered is uncertain.

In Scenario 8, implementing rotational grazing nggamaent to rejuvenate the forage
stand instead of decreasing stocking rates is remtidRotational grazing management is
employed by constructing separate fenced areassatite pasture in order to rotate the
beef herd in each area. In this manner, when aniafeft vacant the forage stand
rejuvenates. Again, it is unclear as to how muehftihage stand might rejuvenate when
rotational grazing is implemented. For this reasorange of forage stand health
increases is provided with corresponding farm vieiatipacts. In addition, it is unclear as
to how long forage health will increase. As a copsmce, a range of values for the
number of years over which stand health increasesrisidered.

6.2.3.1 Scenario 7: Decreasing Stocking Rates

6.2.3.1.1 Changing Pasture Conditions — ‘Revised’ Base Casea&io

In the base case scenario, appropriate stockieg fat the forage and soil type, along
with the amount of land dedicated to pasture puwpoare used to determine the herd size
of the representative farm. Thus, the stockingsrated in the base case scenario are
assumed to result in stable pasture conditioniséridng term. However, these pasture
conditions (i.e. the relative healthiness of forégen pasture) can be artificially changed
in the simulation through the use of a forage zatiion factor. This utilization factor, as
defined within the RFSM, is the amount of availdiolege produced by the stand that
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can be effectively utilized by cows. If stockingemdecrease, pasture health increases,
and the remaining cows can utilize the forage alg more effectively. In the current
base case scenario, the utilization factor is Ghv#aning cows effectively utilize half the
available forage produced from the pasture. The G8lsation rate value used is taken
from Koeckhoven (2008). However, this utilizatianie is conservative given that most
farmers might utilize pasture up to a rate of 7@&rk, 2010). If a utilization factor of
0.70 was used in this analysis, the base casersz@mild have substantially much
more forage available to feed cows. As a resudtptbef enterprise NPV would increase
due to larger weaning weights and an extendedrggazgason.

An assumption is made in Scenario 7 that graziagtimes are such that there is poor
forage availability and thus, limited forage utdtion by cows. In this sense, the pasture
can be pictured as being overgrazed, or in a dtquegtiod of time. This assumption is
made to inspect possible benefits of decreasingtteking rate when pasture is in this
condition. The worsened state with the loweredzatiion factor becomes the new
revised base case scenario for Scenario 7. Thikescanarios are simulated: a forage
utilization factor of 0.466, 0.433, and 0.4. A degse in the utilization factor from 0.5 to
0.4 represents a 20% decrease in the amount @fef@naailable from tame and native
pasture. In order to illustrate the relationshiphgen pasture condition and a given level
of the utilization factor, Table 6-8 provides thegdee of decrease in forage availability
for cows, given decreasing utilization.

Table 6-8 Forage Availability with Decreasing Utilzation Factor

AUM/acre Utilizable forage per year (Ibs)
Utilization % Native | Tame| Native Tame
0.5 0.67| 1.33 25334p 500039
0.466 6.67% 0.65 1.8 243014 487553
0.433 13.33% 0.62 1.26 231441.758 473558
0.4 20.00% 0.58 1.2 217959.355 457255

Table 6-9 provides a summary of the simulationlteshat result from decreasing the
utilization factor while maintaining existing stang rates. NPVs for the total farm, crop
and beef enterprises decrease under all threedoweilization factors because cows
cannot attain as much forage as in the base casariz (shown in Table 6-8). Weaning
weights, grazing season days, and forage salds@ase as well. The crop enterprise

3In Miller (2002), Section 2.3.3 “Livestock Effeats Vegetative Ecology”, a description of a
case study by Willms et al (1985) is provided. IW4 et al (1985) evaluate the vegetative impacts
of stocking rates on a single area of native pasfline study finds that as grazing is intensified
(i.e., stocking rate increased), the amount of Rdbgscue declines. In addition, Parsch et al
(1997) indicate that stocking rate affects the amodfi forage available. When stocking rates are
decreased, forage availability increases, andwécsa.
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NPV decreases because the beef herd must rely mwater feed from tame hay,
reflected with decreased forage sales in Table 6-9.

Table 6-9 Scenario 7 Results: Decreasing UtilizatioFactor (Holding stocking rates
constant)

Utilization Factor
Base 0.466 0.433 0.4
Mean Farm NPV $ 971,313 $ 952,692 $ 931,593 986,252
Standard Deviation $ 233,967 $ 235,345 336,817 $ 237,623

Change in Total NPV -$ 18,621 -$ 39,72-$ 65,060

Annualized NPV Change -$ 2,187 -$ 4665 -$ 7,642
Mean Annual Forage Sales $ 2,952 $ 2,653 $ 2322 % 1,947
Standard Deviatior $ 1,479% 1489 $ 1,488 $ 1,464

Mean Crop Enterprise NPY $ 506,064 $ 495371 $ 482523 $ 466,690
Standard Deviation $ 214,621 $ 215771 $ 216,897 $ 217,722

Mean Beef Enterprise NPY $ 384,499 $ 376,083 $ 367,205 $ 357,035
Standard Deviation $ 61,853% 61,540 $ 60,066 $ 57,623

6.2.3.1.2 Decreasing Stocking Rates to Improve Pasture Gondit

After assuming that the pasture is now in a wordeadition (less forage available for
cows) in the revised base case scenario, the ingpamroducing a new grazing practice
is modelled. Specifically, stocking rates are losekin order to increase long run range
health. Lowering the stocking rate is achieved bgrdasing the number of cows grazing
on each acre of pasture land. In this analysiskstg rates are given in AUM per acre,
and when stocking rates are lowered, the numbalb per acre decreases for both
native and tame pasture. Again, the beef herdreipains fixed and all changes from
decreased stocking rates are reflected in weangights and grazing season length.
Decreasing stocking rates is effectively similadézreasing the amount of pastureland
available to the beef herd at the start of the Etman, and thus, a decrease in weaning
weights and grazing season days is expected. Fomtine, if pasture is in a worsened
condition, there may be economic (i.e. farm weadtig/or intrinsic (i.e. wildlife habitat)
reasons why the farm operator may want to loweskitg rates. Again, the assumption
is held that if the farm operator lowers stockiatgr the health of the pasture improves,
and cows can utilize more forage from the pasture.

To model the improvement in pasture condition duthé lowering of stocking rates, an
incremental increase in the forage utilizationdactver time is used. Values for the
incremental increase in the utilization factor #&mel number of years over which this
increase occurs are assigned to a set of spettifiking rates. These are provided in
Table 6-10. A number of model assumptions are mattheregards to the rate at which
the pasture condition improves:
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a) herd size (i.e., number of calves, bulls, and coasdl grazing parameters all
remain unchanged; economic changes are captu@agthchanges in
grazing season length and weaning weights;

b) the degree of annual improvement in pasture canditicreases with a lower
stocking rate;

c) as stocking rates decrease, the length of timewki&h pasture conditions
improve increases;

d) the stocking rate changes occur on both nativaame pasture and they
occur concurrently (e.g., a 1% reduction in stogkiate for tame pasture
would be done in conjunction with a 1% reductiorhia stocking rate for
native pasture).

Table 6-10 Scenario 7: Sub-Scenarios for Lowered &tking Rates

Stocking rates (Upland) | Increase in Utilization Number of years
factor per yee

Tame (1.2), Native (0.6) 1.0% 4
Tame (1.1), Native (0.55) 1.5% 5
Tame (1.0), Native (0.5) 2.0% 6

In the revised base case scenario, the startimd édstocking rates is 0.65 AUM per acre
for native pasture, and 1.3 AUM per acre for tamstgre, with a corresponding forage
utilization factor of 0.4 (rather than a utilizatiéactor of 0.5 as in the original base case
scenario). Again, this represents an ‘overgrazedésvhere pasture is in a worsened
condition. Stocking rates are then decreased lygniments of 0.05 AUMs on native
pasture, along with increments of 0.10 AUMs on tgrasture for 3 sub-scenarios, until
the final lowered stocking rate of 0.5 AUM per afsenative and 1.0 AUM per acre for
tame pasture is reached.

A summary of the simulation results for the thresdred stocking rate sub-scenarios is
reported in Table 6-11. The total farm NPV firstri@ases, than decreases after stocking
rates are reduced by more than 8%. The impacteofatin NPV, as well as on the crop
and beef enterprise NPV, is very minimal. Howevesults suggest that decreasing
stocking rates by a small amount (less than 8%k avshort improvement in pasture
condition, can increase farm wealth when pastuire asworsened condition. In addition,
the beef enterprise NPV increases slightly asatresboth increased weaning weights
and grazing season length. However, when stockites are decreased by more than 8%,
NPV losses result. When stocking rates are lowpast this level, the crop enterprise
NPV decreases slightly, while the beef enterpriB&/Stays relatively constant. This
suggests that the lower grazing season is leadingpte demand for tame hay (expressed
through reduced forage sales), while forage rejatren is cancelling out the decline in
beef enterprise NPV. Appendix D, Table D-1, prositiee offsetting impact of increased
forage availability after four to six years of resgith from a worsened starting condition.
It is important to note that the degree to whicktpee would improve from a decrease in
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stocking rates is unknown for the representative faFor this reason, the ‘cost’ of
reducing the number of cows on pasture may be wrdess than what is reported.
Appendix D provides a summary of the amount ofdergenerated up to and including
the last year of utilization growth.

Table 6-11 Scenario 7 Results: Decreasing StockiRates

Decreasing stocking rate with increasing pastunalitions

(AUM/Acre)
Revised Base Tame (1.2), Tame (1.1), Tame (1.0),
Native (0.6 Native (0.55 Native (0.5
Mean Farm NPV, $ 906,252 $ 907,700 $ 904,346 ,607
Standard Deviation $ 237,623 $ 241,858 1,113 $ 243,008
Change in Total NPV $ 1,448 -$ 069 -$ 1,626
Annualized NPV Change $ 170.06 -$ 22390 -$ 190.96
Mean Annual Forage Sales $ 1,947 $ 1,977  $ 1,991 $ 2,045
Standard Deviatior $ 1,464 % 1528 $ 1597 $ 1,670
Mean Crop Enterprise NPY $ 466,690, $ 466,261 $ 464,855 $ 464,562
Standard Deviation $ 217,722| $ 218,825 $ 219,760 $ 220,679
Mean Beef Enterprise NPY $ 357,035 $ 360,063 $ 359,069 $ 360,760
Standard Deviatior $ 57623 % 58558 $ 61,567 $ 63,478

6.2.3.2 Scenario 8: Rotational Grazing Management
The base case scenario assumes that grazing ecctws half sections (i.e., 320 acre
parcels) without rotational grazing. In the basenseio there is no construction of fence
or off-stream watering, and there is no pasture@vgment. In Scenario 8, rotational
grazing is implemented by splitting the two 320eggarcels (one parcel is native pasture
and the other is tame pasture) in half with fencargl constructing small off-stream
watering sites on the newly created parcels. Thestment cost for off-stream watering
is $47.41 per cow per off-stream watering site. fital cost of constructing two off-
stream watering sites is $11,000. In addition,ehera fencing cost of $0.71 per foot, for
a total fencing cost of $3,764. Yearly maintenacmsts are assumed to be 2% of the
initial cost of investment. The breakdown and sewtthis investment cost information
is provided in Appendix E. As noted earlier, thisrencertainty as to the degree to which
forage availability increases and the duratiorhefincrease from implementing

rotational grazing. As a result, sub-scenariogvardelled that involve varying levels of
the degree of forage availability increase per yehile holding the number of years of
improvement constant and then, varying levels efrthmber of years of improvement,
while holding the degree of forage availabilityriease per year constant. In this manner,
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the sensitivity of performance relative to the utaiaty of forage availability
improvement can be determined.

6.2.3.2.1 Improving Forage Utilization due to Rotational Grey

The main simulation parameter that affects year gear forage availability (without
adjusting stocking rate, or herd size) is the aatiion factor described in Scenario 7. In
the first set of sub-scenarios for Scenario 8 @dnarios 1 through 3), the annual
growth in the utilization factor is increased frtine base case scenario. The number of
years over which the utilization factor increasefixed at four years. The annual
improvement in the pasture condition is varieddotesub-scenario: the growth of the
utilization rate is 0.5%, 1%, or 1.5% per year &cle sub-scenario. The costs of
constructing the additional fencing and off-streaatering sources are included in each
of the sub-scenarios. An assumption is made tleatdlts of constructing the additional
fencing are spread over the first two years aftatiag the simulation, rather than
immediately deducted from NPVs in the first yeairaall other RFSM scenarios.
However, the start in the growth in the utilizatiactor occurs when moving from year 1
to year 2 (with the last period of growth occurring/ear 4) of the 20 year period.

The NPV results are reported in Table 6-12 andesigtpat if the utilization factor
increases by 0.5% or 1.0% (meaning an increase)6£8 or 0.005 from 0.5) per year,
then the full costs of construction are not recaudédne impact on total farm NPV is
negative with an annualized NPV loss of $868.96f0r5% increase, and a loss of
$190.26 for a 1.0% increase. However, with suffitieprovement in pasture condition,
such that the utilization factor increases by nibes 1.5% per year for four consecutive
years, the costs of construction are recoupedtalsféaom NPV increases relative to the
base case scenario. Both enterprise NPVs (i.g,amd beef) increase slightly
throughout these sub-scenarios and with contirarabe availability improvement.
Appendix D, Table D-2, provides the amount thatftrage available increases under
these three sub-scenarios for the four years afiasnprovement.

14 Both scenarios 7 and 8 had uncertainty aroundotiagie improvement of pasture when
implementing the EG&S practice. However, Scenaneodld have been too burdensome to
analyze the sensitivity of forage increases. Fohdawered stocking rate, sub-sub-scenarios
would have to be done with varying degrees ofa#tibn improvement and further sub-sub-
scenarios with varying pasture improvement periatsaning a possible 24 simulation runs (3 x
8) sub-sub-scenarios for lowering stocking rategyired for the one scenario. Instead,
assumptions for these two factors are given ind &b10.
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Table 6-12 Scenario 8 Results: Increasing Utilizath Factor Growth Rate (Holding
improvement time period constant)

Utilization Factor Growth Rate

Base Case 0.5% 1.0% 1.5%
Mean Farm NPV $ 971,313 $ 963,915 $ 969,693 $ 976,340
Standard Deviatior $ 233967 $ 234,862 $ 234,203 $ 233,846
Change in Total NPV -$ 7,398 -% 1,620 $ 5,027
Annualized NPV Change -$ 868.96 -$ 190.26 $ 590.46
Mean Crop Enterprise NPY $ 506,064 $ 510,160 $ 513,614 $ 517,248
Standard Deviation $ 214,621 $ 214,368 $ 214,540 $ 214,516
Mean Beef Enterprise NPY $ 384,499 $ 388,804 $ 391,808 $ 395,448
Standard Deviatior $ 61,853 % 60,593 $ 63,052 $ 63,241

6.2.3.2.2 Extended Period of Utilization Growth due to Ratatl Grazing

The impact of rotational grazing on NPV estimates wlso examined with respect to
changing the longevity of pasture improvement. cBally, the number of years over
which the pasture improves is varied while keepirgrate at which pasture improves
constant; the annual utilization factor increadecgkl constant at 1.0%. Table 6-13
reports a summary of simulation results for periofstilization factor improvement
ranging from three to six years (for sub-scenafie§). Results suggest that if pasture
improvement occurs for no more than four yeardywait annual 1.0% increase in
utilization factor, the costs of implementing radagl grazing are not recouped. The total
farm NPV decreases relative to the base case $aeRar longer periods of
improvement, however, total farm NPV is improvess with the previous analysis, the
costs of implementation are attributed to the tfztah NPV, but not to the individual
enterprises. As a result, both enterprise NPVdugly increase throughout the change
in time period, but only slightly. Similar to chang the utilization factor growth rate,
Appendix D, Table D-3, reports the results in teohthe amount of forage available
from the pasture for each year over the time period

Table 6-13 Scenario 8 Results: Increasing Utilizath Improvement Time Period
(Holding utilization rate constant)

Number of Years the Pasture Improves

Base 3 4 5 6

Mean Farm NPV, $ 971,313 $ 966,915 $ 969,693 $ 972,270 $ 974,713

Standard Deviatior $ 2339673% 234,189 $ 234,203 $ 233,813 $ 233,909

Change in Total NPV -$ 4398 -$ 1620 $ 957 $ 3,400
Annualized NPV Change -$ 51663 -$ 19026 $ 11242 $ 39941

Mean Crop Enterprise NPY $ 506,064 $ 512,045 $ 513,614 $ 514,981 $ 516,189

Standard Deviation $ 214,621 $ 214,547 $ 214,540 $ 214,542 $ 214,548

Mean Beef Enterprise NPY  $ 384,4p9% 390,319 $ 391,808 $ 393,263 $ 394,758

Standard Deviatior $ 61,853% 62,150 $ 63,052 $ 62,816 $ 62,924
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6.2.4 High Input Cost Scenario:

2007-2008 Input Costs versus 2005 Input Costs

This analysis is undertaken due to the uncertairaynd annual crop input costs that are
used to construct the RFSM. As indicated in sedi@n3.2, input costs are included that
matched up, time-wise, with the historical commpgitice data used to estimate pricing
equations. Input costs of this nature are felteariore representative of the long-run cost
of inputs faced by farmers in the study area. H@renecently, input costs have been
consistently higher than the historical values usegenerate the simulation results and
largely different than costs incurred in 2005. 008, Canadian crop farmers experienced
a substantial increase in energy and fertilizets;dabour costs, and high freight costs
(TD Bank Financial Group, 2008). Scenario analisigerformed using input costs for
2007 and 2008 to investigate whether these highsts hiave a significant effect on the
NPV estimates and the subsequent incentives (whptsitive or negative) for practices
that promote EG&S production.

Originally, 2005 crop input costs are used in tiSRI that are based on Saskatchewan
farmer crop budgets for direct seeding in the Blac&y soil zone (see section 5.2.3.2
for reference). In this scenario, input costs aljested to reflect an average of 2007 and
2008 Saskatchewan producer crop budgets for diesxting in the Black/Grey soil zone.
The new crop input costs based on the average bpt2@07 and 2008 are provided in
Table 6-14. An explanation is required as to why #verage is used, as the crop price
data did not go beyond 2007. The costs of inpsat noticeably greater than the
original historical (i.e., 2005) values until afteid-2007. In addition, budgets are
constructed prior to the actual crop year, anddasepast information. For this reason,
the 2008 crop budget might be more representafiaetaal 2007 costs than the 2007
crop budget.

Only crop input costs are assumed to increasddrstenario, as the cost increase is
more profound in cropping than in the beef sedioickson, 2008). For this reason, only
the scenarios that directly affected the crop eniwe are re-run for the high cost
environment. Specifically, Scenarios 1 and 3, cdinvg riparian and forested habitat to
cropland, and Scenarios 5 and 6, converting craplaname pasture or tame hay, are re-
examined. For each scenario, the only change nsatie increase in crop input costs.
The cost of conversion for forested and riparidpitais calculated and used to adjust
NPVs in the same manner.
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Table 6-14 Average of 2007 and 2008 Annual Crop Inp Costs ($/acre/year)

Whea Flax Canola Barley | Greenfeed Alf/Grs Tame  Nativeg
Seed| 11.365 7.875 26.475 8.p2 5.25 3 0 0
Fertilizer 39 33.9 40.2 39 18 6.75 0 0
Chemical| 2452 27.13 28.015 21.8B5 0 0 0 0
Crop Insurancd 498 6.965 7.045 4.405 1.69 0.55 1.98 0.29
Fuel, Oil & Lube| 10.99 1256 11.775 10.99 7 12.44 0.07 0.14
Machinery Repairs 5.94 7.92 5.94 5.p4 7 10.63 0.15 0.08
Building Repairs| 1.6 1.6 1.6 16 0.78 0.33 0.19 0.1Y
Utilities & Misc. | 5.355 5.355 5.355 5.355 3.86 3.08 0.13 0.12
Custom Work
Spraying 2.97 2.97 2.97 2.97 2.97 3.46 0 0
Grain Handling 4.18 2.7 3.15 6.17 - - - -
Capital Costs
Taxes, & Licensed 5 5 5 3] 5 5 1 0.2

Sources: Kaliel, 2007; Saskatchewan Agricultur@8R

6.2.4.1 Scenario 1. Converting Riparian Habitat to Cropth
Results for Scenario 1, where riparian habitabisverted to cropland, are summarized in

Table 6-15. The higher cost environment results ieduction of total farm NPV by

11.37% to a new base case level of $860,862. TR iduction is expected as
increased input costs has the effect of decreasisly flow in the crop enterprise, shown

through a decrease of 21.38% in the base casee @heminimal effects on the beef

enterprise and herd management for the farm.

Table 6-15 High Input Costs, Scenario 1 Results: @uerting Riparian Habitat to

Cropland

Acres of Riparian Habitat Remaining (% of Quarter)

Scenario 1 2007/2008 costs
Base | 0(0%) Base | 0(0%)
Mean Farm NPV $971,313 $1,032,440 $860,862 $ 910,006
Standard Deviation  $233,967 $ 262,606 $234,861 $ 255,150
Change in Total NPV $ 61,127 $ 49,144
NPV Change
($/acre Converted $ 637 $ 512
Annualized NPV Change
($/acre Converted $  74.79 $ 60.13
Mean Crop Enterprise NPY $ 506,064 $ 557,519 $397,886 $ 437,321
Standard Deviation $214,621 $ 236,073 $214,621 $ 236,073
Mean Beef Enterprise NPY  $384,499 $ 386,109 $381,520 $ 383,131
Standard Deviation $ 61,853 $ 61,511 $ 62,348 $ 61,999
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The NPV benefit of converting riparian habitat togland is approximately $60.13 per
acre per year, which is smaller than the NPV béwéfionverting riparian habitat to
cropland using 2005 crop input costs ($74.79 pes,as reported in Table 6-1). Using
more recent input costs reduces the benefit perafaonversion by 19.60%. This
reduction demonstrates the potential sensitivitgarfverting riparian habitat to cropland.
In a high cost environment, the farm operator bas Incentive to attain new land by
converting wildlife habitat areas. A larger incemtimay be required in low-cost periods
to conserve habitat on agricultural land.

6.2.4.2 Scenario 3: Converting Forested Habitat to Cieopd

Results for Scenario 3, where the farmer convertssted habitat to cropland, are given
in Table 6-16. Inclusion of 2007/2008 input costher than 2005 input costs reduces
base case total farm NPV by 14.88%. When convedinigrested habitat to cropland,
the NPV benefit to the farm operator is $33.44querverted acre per year. This benefit is
30.38% lower than what is found using 2005 inpw@ts.cSimilar to converting riparian
habitat to cropland, higher crop input costs makess profitable to convert forested
habitat to cropland. In fact, forested habitat @ensensitive to high costs than riparian
habitat.

Table 6-16 High Input Costs, Scenario 3: Convertingrorested Habitat to Cropland

Acres of Forested Habitat per Quarter (% of Quarter
Scenario 3 2007/2008 costs
Base | 0 (0%) Base | 0 (0%)
Mean Farm NPV|  $ 766,189  $ 805,443 $652,159 $ 679,491
Standard Deviationn  $ 223,617  $ 247,501 $ 225,668 $249,541

Change in Total NPV $ 39,254 $ 27,332
NPV Change

($/acre Converted $ 409 $ 285
Annualized NPV Change

($/acre Converted $  48.03 $ 33.44

6.2.4.3 Scenarios 5 and 6: Converting Cropland to Tarast&re or Hay
Lastly, results associated with conversion of glenad to tame forage for pasture and
hay purposes are provided in Table 6-17. Againilairto using 2005 input costs,
converting cropland to tame pasture leads to &lR&t increase ($24.88 per converted
acre), while converting cropland to tame hay lgadsnet NPV decrease (-$35.58 per
converted acre). However, using higher input cioeteeases the profitability of
converting cropland to tame pasture, and decreéhedess experienced when converting
cropland to tame hay. The benefit of convertingland to tame pasture increases by
149.30%, while the cost of converting croplandaimé hay decreases by 28%. This

115



result is expected as increasing crop input castdte effect of decreasing the
profitability to the farm of growing annual cropsrelation to growing tame forage.

Table 6-17 High Input Costs, Scenario 5 and 6: Comvting Cropland to Tame
Pasture (Scenario 5) or Hay (Scenario 6)

One Quarter Section converted to Tame Grass
2005 costs 2007/2008 costs
Scenario 5‘ Scenario 6 Scenario $ Scenarip 6
Mean Farm NPV $ 983,547 $ 910,724 $ 891,365 $ 817,237
Standard Deviation § 199,059 $ 200,623 $ 199,370 $ 201,267
Change in Total NPV ¢ 12234  -$60,588 $ 30,503 -$43,625

NPV Change
($/acre Converted) ¢ 85 -$421 % 212 -$303
Annualized NPV Change
($/acre Converted) ¢ 998 -$49.42 $ 24.88  -$35.58

6.3 Landscape Target Model (LTOM) Results

Results derived from the landscape target optincimahodel (LTOM) are provided in
this section. To reiterate, the LTOM is construdtedetermine cumulative effects of a
hypothetical regional policy designed to encounagéntenance and enhancement of
wildlife habitat on agricultural lands. The polisyone of regulation, as strict landscape
targets are imposed to the objective function ofim&ing farm wealth (i.e. assessed
wealth of land). These landscape targets are akfigehe Lower Souris Watershed
Committee to ensure wildlife habitat protectionrddnversions of the LTOM are formed,;
one for each representative township found in liheet sub-watersheds of the LSRW. For
each township model, two optimization runs areiedrout: the base case run and the
landscape target run (see section 5.3.7 for fugkplanation of each optimization run).

Comparisons are made between the two optimizatiog to develop a more aggregate
estimate of the private costs (or benefits) okadiregulatory policy across a large land
base and a number of farms. The results demongheftential effectiveness of linear
programming in estimating the aggregate impachefrenmental policy related to
EG&S production. The farm wealth estimates are dhasethe assessed wealth of land
and on changing landscapes over the long term.dcapeé changes are driven primarily
by the on-farm economic parameters of the lineagramming model, explained in
Section 5.3, and the landscape target constraint.

Furthermore, comparisons are made to determinpdfeatial impact that each
optimization run has on long-term landscape chalmgie base case run, it is expected
that there will be continued conversion of landssagensitive to wildlife habitat (e.g.,
riparian, forested, and native grass landscapaspte productive agricultural uses (e.qg.,
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tame grass, cropland). In the landscape targetstrisrexpected that there will be limited
change in current landscape types due to the preserd enforcement of the targeted
amount of acreage in the LSRW. This comparisommigedo provide some predictive
analysis into the land-use impacts of policy inggmion, specifically for the LSRW. In

this manner, a greater understanding may be prova@epolicy-makers regarding both

the farm wealth impact and expected land use clsamgger the two scenarios: the status
guo and the landscape targets.

The results of the LTOM are given in three stages:

» First, the base case run results are compare tactinal assessed wealth and
landscape acreage found in each township. This aosgnm is done to provide
insights into the long term landscape changes Weeping the status quo,
particularly as they relate to wildlife habitat. s&ssed wealth estimates from the
base case run also represent the additional prijaie that farmers in the
LSRW can expect in the long run from continued $aaghe conversion.

» Second, the landscape targets run results are cethfzathe actual assessed
wealth and landscape acreage found on each towrGhign the current
landscape acreage, this comparison determinepdsmg proposed landscape
targets leads to substantial conversion and chdfngighstantial conversion is
needed, the change in assessed wealth providesivhée cost for implementing
the targets.

» Thirdly, the landscape target run results are coetbto the base case run results
for each township. This comparison is done to mlewnsights into long-term
landscape adjustments required to meet the landgaggets; that is, how would
the targets cause patterns of landscape changhust,aand at what cost?

In inspecting these comparisons and the LTOM regitlis important to note that a
number of assumptions had to be made in the asalyshilar to the RFSM, it is
assumed that the farmers in the LSRW are all wemaithimizing, and therefore seek
landscape conversions that increase their asseakexof land. However, not all farmers
or landholders are land wealth maximizing, as sanuerstand the value of keeping land
in non-wealth generating landscapes (as explaimsddtion 2.4.2). It is safe to assume
that most farmers will try to increase the weakhis/her land, but in reality, some will
not go to all limits to increase the assessed Wediltheir land. Furthermore, the
assumption is made that the assessed value ofdaddhe derived coefficients for each
landscape type, reflect the measure of wealth farra, specifically the productive
capabilities of the land and associated valuesadyzction drawn from the land. For
further information as to why this assumption waslm please refer to section 5.3.4.

The analysis assumes that there are no other &wngdonstraints associated with
landscape change and landscape conversion, o#rethta cost of conversion and the
physical limitation of converting from a previownbscape of some type. In reality, there
may be additional financial, weather, physical, &imting constraints of converting
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landscapes on agricultural land. Furthermore, dtitse farmers may perceive the value
of undergoing landscape conversion differently fithim assessed wealth valuation used
in the optimization model. Cropland may be overedlwith regards to its wealth
generating characteristics in the model, or peedriaiage may be undervalued given its
importance to cow-calf producers.

Results for each optimization run, and the actsatls found on the township, are given
in both tabular and chart form. The tabular restdimpare measures of assessed wealth
and determine the net change. Also provided arerigise statistics for the average
assessed wealth per quarter section for each tipvmsidel. Assessed wealth is
measured in total dollars ($) for the entire towpsir quarter section, and dollars ($) per
acre. The charted results compare the overall tapdstype changes afforded from both
the base case and landscape target runs. In adtiittomparing total landscape type
acreage allocation, discussion follows regardingnetthe changes in landscape type
acreage are coming from, which landscape type ¢siores are most prolific, and
prevalence of alternative end uses. Overall corapasi between the three sub-watershed
townships are provided at the end of this section.

6.3.1 Base Case Run versus Actual Township Levels

6.3.1.1 Assessed Wealth Changes

The first comparison of the results from the LTOMadlved comparing the base case to
the actual levels found in each respective townstogel. Again, the base case run did
not include the landscape target constraint. Tékl8 provides the assessed wealth
results in the base case run after full conversforarious landscape types. In the Antler
River township model, maximizing farm wealth leaolsin assessed wealth average
increase of $1,594 per quarter section from aasséssed wealth values, and a $9.96
increase per acre. In the Pipestone Creek towmsbdel, average assessed wealth per
quarter section increases from $40,045 to $45,85Mcrease of $5,006 per quarter
section and $31.29 per acre. In the Four Creekenaderage assessed wealth per
quarter section increases from $39,389 to $40,@@¥ference of $1,411 per quarter
section, and $8.82 per acre across the townshipalFRhree townships, the base case
results in an increase in the total assessed waadthhe average assessed wealth of a
guarter section.
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Table 6-18 Assessed Wealth Estimates: Actual versBaise Case Run

Sub-Watershed Antler River Four Creeks PipestorelCr

Actual Base Casg Actual Base Case Actual Base Cas
Total Assessed Wealth $6,047,000 $6,271,/55 $8B6063, $5,752,691 $5,646,300 $6,352,097
Total Wealth Increase|
from actual $224,75% $198,891 $705,797
Average Assessed
Wealth per Qtr $42,887 $44,481 $39,389 $40,99 B0,  $45,050
Wealth Increase from
actual ($/Quarter) $1,594.01 $1,410|57 $5605
Wealth Increase from
actual ($/Acre) $9.96 $8.82 $31.29

All three townships exhibit increased assessedtiveatimates in the base case due to
the allowance of free landscape conversion ovelotig run. Given unlimited time,
farmers have added incentives to convert land tdmiae assessed wealth. As a result,
the base case optimization run results in a sutistémcrease in assessed wealth from
current levels. Part of this pattern is a reflettid the limitation of the model to include
all conversion opportunities. However, if ther@@spolicy intervention, and because
there is a direct incentive, farmers and landhaldéll continue to convert landscapes,
including those landscapes vulnerable for wildfifbitat, to increase the assessed value
of land. Appendix F provides the actual assessetthvealuations for each quarter
section in all three sub-watershed townships, dsasdhe assessed wealth estimates per
guarter section from the base case and landsceye tans.

6.3.1.2 Landscape Changes
In terms of landscape change, the resulting baserea landscape acreages are
compared to the original landscape acreages fouaddh respective township. The total
landscape type acreage allocation for the AntleeRiPipestone Creek, and Four Creeks
townships associated with the base case run angdareshto actual levels are provided in
Figures 6.1, 6.2, and 6.3, respectively. For a#teltownships, the largest change occurs
from perennial forage being converted to other.usesthe Antler River and Four
Creeks townships, all perennial forage is convettatie cropland landscape type. This

can be explained by the fact that the wealth cdieffi is much higher for cropland then

that for perennial forage, and this type of langsceonversion is relatively inexpensive

(refer to Table 5-27 for the costs of conversiéd$o, the individual farm wealth benefits
of having land in cropland versus perennial forfogea mixed-operation farm are used to
adjust this cost of conversion, lessening the acbsbnversion between these landscape
types even further.
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Figure 6.1Antler River Township: Base Case Run versus Actudicreage (Initial
acreage of each landscape type is marked by the éml)
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Figure 6.2 Pipestone Creek TownshipBase Case Run versus Actual Acreag
(Initial acreage of each landscape type is markedylthe legend
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Figure 6.3: Four Creeks Township: Base Case Run veus Actual Acreage (Initial
acreage of each landscape type is marked by the égl)
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For the Pipestone Creek township some of the p&ieionage is converted to the
cropland landscape type, while a substantial amiswdnverted to lotic riparian (51% of
all converted acres). The result of land being eoted to lotic riparian suggests that the
assessed wealth coefficient for lotic riparianhia Pipestone Creek sub-watershed may
be over-valued (on average, $352.11 per acre ireAgig F). Any wealth-seeking
farmer would not undergo the cost of conversiooaiovert land to a use not directly
utilizable for agricultural production. Followingé trend in perennial forage, most, if not
all acreage allocated to native prairie is conwkttecropland in each township. This
indicates that the cost of conversion for nativain is sufficiently small, and the gap
between the wealth coefficients for cropland artiegrairie (given in Appendix F) is
sufficiently large to warrant conversion. Aspen é&dic riparian landscapes remain
relatively unchanged for all three townships. Thiggests that the costs of conversion of
these landscape types are sufficiently substaotidéter any conversion to another
landscape type. However, in looking at Table 5tB&,costs of conversions from aspen
habitat seem relatively small. Justification isyided through the wealth coefficients for
aspen habitat as they are consistently high fothie townships, as shown in Appendix
F.

When looking at the difference between quarteri@estin a particular township with
regards to landscape change, a couple of trenggesent. For the Antler River
township, the lotic riparian acreage that is coteakto cropland occurs mostly on quarter
sections where cropland is the dominant landscggee tn other words, those quarters
where cropland is mostly found (i.e. 135 — 150 si@erimarily in cropland) are the
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ones where lotic riparian is converted to incrdaedscape acreage. This makes sense as
a farmer would have the greatest incentive to rentbe few obstacles found on a

guarter section primarily for crop production. i@stingly, for both the Antler River and
Four Creeks townships, the quarter sections whHenative prairie acreage is converted

to cropland all have low assessed valuations. Hewekose quarter sections where
native prairie is kept intact are assessed relgthigher. It appears that on low assessed
valued quarter sections there is further incerttiveonvert native prairie to cropland.

It is interesting that in this base case run fahgawnship, all available land is not being
converted to the highest wealth-generating landsssaguch as cropland or in Antler
River’s case, lentic riparian habitat. This is e} due to the wealth generation for each
guarter section not being the product of the nunobecres and the respective wealth
coefficient, but instead the product of the nuntdfeacres and the respective wealth
coefficientand cost of conversion. All decisions of landscapestgpnversion in each
optimization run are based on a trade-off betwherbenefit of wealth coefficient
increase versus the cost of conversion of landsiyges. Without this trade-off the base
case run would simply allocate all acres to thel$aape type with the highest wealth
coefficient in each quarter section. Furthermorealih coefficients vary for each quarter
section, so for each quarter section this traderanfies as well.

6.3.2 Landscape Targets Run versus Actual Township Levels

6.3.2.1 Assessed Wealth Impacts

A summary of the impact on assessed wealth of ilmgdke landscape targets and a
comparison to the original assessed wealth vahlresaich township is provided in Table
6-19. In contrast to the base case run, it is @rgebat imposing the landscape targets
would lead to a decrease in assessed wealth fraraldevels. Considering the results in
Table 6-19, it seems that the expectation of deargaassessed wealth is accurate for the
Antler River and Four Creeks townships. The aveesgessed wealth decreases for the
Antler River, and Four Creeks townships are $3#¢&lacre and $11.16 per acre,
respectively. However, for the Pipestone Creek g, total assessed wealth increases
by $106,120, an average of $4.70 per acre. Thigtresggests that the landscape targets
are more restrictive in the Four Creeks townshipgared to the Pipestone Creek
township, and even more restrictive for the AnRérer township compared to the
Pipestone Creek township.
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Table 6-19 Assessed Wealth Results: Actual versusihdscape Targets Run

Sub-Watershed Antler River Four Creeks PipestoreiCr

Landscape Landscape Landscape
Actual Targets Actual Targets Actual Targets

Total Assessed Wealth  $6,047,000 $5,259,473 $8863, $5,301,989 $5,646,300 $5,752,420

Total Wealth Decrease

from actual $787,52Y $251,811 ($106,1P0)

Average Assessed

Wealth per Qtr $42,88Y $37,301 $39,389 $37,603 B0,  $40,797

Wealth Decrease from

actual ($/Quarter) $5,585.30 $1,785/90 ($TBR

Wealth Decrease from

actual ($/Acre) $34.91 $11.16 ($4.70)

Despite the inclusion of the landscape targetstcaing it is expected that assessed
wealth estimates would increase in the optimizatiecause of the free flow of landscape
types and conversion. Again, it is assumed thaethee limited physical constraints to
conversion, other than those physical conditionkiaied in the cost of conversion. Thus,
in the long run, conversion will occur to the mpstfitable landscape types up until the
minimum landscape target requirements.

6.3.2.2 Landscape Changes

The landscape changes that occur with holdingathddcape targets fixed are compared
to what is originally found on the landscape fdtlalee townships. The landscape
changes are shown in Figures 6.4., 6.5, and 6r&@hEdAntler River township, it appears
that most of the landscape targets, including theage required for native prairie,
perennial forage, lotic riparian, and aspen halfdtaall three townships, are met with
conversion from cropland acreage (approximately 66%l landscape type
conversions). For the Four Creeks township, theease in the native prairie acreage
comes directly from conversion from lentic riparizbitat, while the increase in
perennial forage is from aspen habitat, and leiggrian habitat. Furthermore, for the
Pipestone Creek township, it is clear that thedange targets constrain the optimization
model as additional conversion is required fromeaspentic riparian, and lotic riparian
landscapes. These types of conversions are a ofshl target for native and perennial
forage being set higher than actual levels, whigetarget is set lower for lentic riparian
and aspen landscapes for all three townships. &unttre, the cropland landscape type
also has a landscape target that is limiting amlutii conversion of cropland (which is
less expensive to convert) to native prairie arémqaal forage.
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Figure 6.4: Antler River Township: Landscape Targes Run versus Actual Acreage
(Initial acreage of each landscape type is markedylthe legend)
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Figure 6.5: Pipestone Creek Township: Landscape Tgets Run versus Actual
Acreage (Initial acreage of each landscape typeisarked by the legend)
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Figure 6.6: Four Creeks Township: Landscape TargeRuns versus Actual Acreage
(Initial acreage of each landscape type is markedylthe legend)

18000
16000
==
14000 -+
o 12000 -+
5 M Lotic
< 4]
‘s 10000 M Lentic
é 8000 | @ Aspen
é’ 6000 - ETame
M Native
4000 -+
OCropland
2000 - =
0 ol B @ S .
Cropland Native Tame Aspen Lentic Lotic
Final Landscape Type

A large portion of the increase in native prairi@ levels currently found across all
three townships is from conversion of acres fromideriparian habitat. In fact, almost all
land converted away from lentic riparian is conedrio native prairie (except for some
converted to perennial forage for the Four Creelsmship). It is somewnhat self-
explanatory why cropland acreage is used to conwearther landscapes to meet targets,
as there is ample acreage currently in croplandfzem@ are marginal costs of conversion
when converting from cropland, but it is not cleday lentic riparian habitat is converted
to native prairie. Simply, the high landscape tasigare afforded to native prairie
requires additional acreage from another landstggee and lentic riparian is the only
available landscape with sufficient acreage abts/maiget.

For the Four Creeks township, it appears that omesguarter sections it is wealth
maximizing to convert perennial forage to croplasespite the need to increase the
amount of perennial forage for the target requirgsdn this sense, there may be
specific qualities (i.e. soil type, suitability foropland, obstacles) that make land more
susceptible to being converted to or from pererfoiaglige depending on the quarter
section. In addition, for the Pipestone Creek tdvmst is interesting that at first, lotic
riparian habitat is converted to native prairiedsecapes to meet its target, but then, land
is converted from other sources to lotic ripariabikat in order to meet its target. This
suggests that there is wide variations in assessalth between quarter sections, and
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that it may be worthwhile to undergo conversiomfrotic riparian on some quarters,
and conversion into lotic riparian on other quarter

In looking at the conversions on specific quareatigns for the three townships, a few
trends emerge. In the Four Creeks township, ah@ftconversion of perennial forage to
cropland occurs on quarter sections that have arlthvan median assessed value for the
township. In addition, aspen habitat is convertedropland on only low assessed quarter
sections. It is hypothesized that this occurs beealere is the largest potential for
assessed wealth gains from cropland on low assgssetér sections. On the other hand,
lentic riparian habitat is only converted to natprairie on quarter sections with higher
than the median assessed value. Perhaps only smdharter sections is the wealth
coefficient high enough to warrant the cost of thifge of conversion. For the Pipestone
Creek township, the quarter sections where aspeitab#& converted to perennial forage
are also the same quarter sections where existiranpial forage habitat is not
converted. However, for quarter sections whererpeat forage is converted to lentic
riparian habitat, no perennial forage remains engiharter section. This suggests land
differences between quarter sections within theesenwnship, as hypothesized above.

6.3.3 Landscape Targets Run versus Base Case Run

6.3.3.1 Assessed Wealth Results

A comparison of the assessed wealth results fdiatigscape target run with the base
case run results is provided in Table 6-20. Fothadte townships, the landscape target
run leads to lower assessed wealth estimates ltharfor the base case run. For the
Antler River township, average assessed wealtlyperter section changes from $44,481
in the base case run to $37,301 in the landscagetsarun, a decrease of $7,179 per
quarter section, or $44.87 per acre. For the RipesCreek township, average assessed
wealth per quarter section changes from $45,083@9797, which is a decrease of
$4,253 per quarter section, or $26.53 per acrethHeoFour Creeks township, average
assessed wealth per quarter section changes frofi9in the base case to $37,603,
meaning a decrease of $3,196 per quarter secti®hDo8 per acre. These results
indicate that imposing the landscape targets edlult in a loss to farm wealth in
comparison to keeping the status quo (i.e. bas®) géath no policy intervention. These
results indicate that farmers might require anniige ranging from at $3,196 to $7,179
per quarter section to maintain the landscape taeggoss a township in the LSRW. This
result is expected, as the landscape targetsatebtei amount of conversion to more
wealth-generating types of landscapes, such asacmr lotic riparian.
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Table 6-20 Assessed Wealth Results: Base Case Rensus Landscape Targets Run

Sub-Watershed Antler River Four Creeks PipestorelCr

Landscape Landscape Landscape
Base Case| Targets Base Case Targets Base Case Targets

Total Assessed Wealth  $6,271,765 $5,259,473 $59%2, $5,301,989 $6,352,097 $5,752,420

Total Wealth Decrease

from Base Case $1,012,283 $450,702 $599,677

Average Assessed

Wealth per Qtr. $44,481 $37,301 $40,799 $37,603 ,054H $40,797

Wealth Decrease fron

BC ($/Quatrter) $7,179.31L $3,196.47 $4,253.03

Wealth Decrease fron

BC ($/Acre) $44.87 $19.9§ $26.58

6.3.3.2 Landscape Acreage Differences
The various landscape acreage changes that océareagh optimization run, for the
landscape targets model and the base case rurgrapared and contrasted. Figures 6.7,
6.8, and 6.9 provide the ending landscape acrdageach optimization run and for each
township model. The largest differences in landsdgpe acreage occur for the native
prairie, perennial forage, and cropland landscépeall three townships. For the Antler
River township, native prairie increases from 9iado 1,755 acres, perennial forage
increases from 0 acres to 4,388 acres, and croplecredases from 17,889 acres to
11,996 acres, a difference of 32.94%. For the RipesCreek township, the acreage
allocated to cropland decreases, from 12,547 f@6X0acres, while the acreage allocated
to native prairie and perennial forage increasendet the landscape targets. For the
Four Creeks township, perennial forage acreageases from 0 to 2,461 acres, native
prairie increases from 98 to 1,567 acres, and anaptiecreases by a difference of
13.61% (from 17,875 acres to 15,442 acres). lieisrahat the landscape targets
constrain the conversion of native prairie or paif@rforage to cropland, which is
expected given the results from the base case run.
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Figure 6.7 Antler River Township: Landscape TargetRuns versusBase Cas
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Figure 6.8Pipestone CreekTownship: Landscape TargetRuns versu: Base Case
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Figure 6.9 Four Creeks Township: Landscape TargeRuns versusBase Cas
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The landscape targets force an increamnative prairie and perennial forage acreto
levels substantiallgreate than current levels found across etmhinshif. For all three
townships, the amount of acreage afforded to ngtim&ie and perennial forage has
increase to meet the landse targets. Barring intrinsic and environmental ogasfor
setting targets higher for these landscape typésthis requirement that forces redus
acreage in annual cropland and reduced assessét measurements. Howew
cropland acreage lowerwhen imposing the targets, but not belowrentlevels
because of the landscape target afforded to crd@eareage. Furthermorethere is land
that is left over after the landscape targets feeen met; this land is more advantage
being in croplad for assessed wealth reas

Interestingly, for all three townships, the amoaflentic riparian habitat decreases fr
the base case run to the landscape target runstiggest that the target for lenti
riparian habitat is set sufficiently lowehan the amount of acreafgaind in eact
township, and that the wealth coefficient attrilolite lentic riparian is sufficiently high |
each township to limit conversion in the base cas. In addition, the landscape tar¢
shares attributed to cropla perennial forage, and native prairie require mareage ir
each of these landscape types than what is cuyrrienthd in the township. As a rest
the acreage provided to these landscapes mustaainoé conversion of a large amot
of acreage of thtéhree remaining landscape tyy those of which are attributed wi
providing a high amount of wildlife habitat (Whit2Q08)

For the remaining lotic riparian and aspen landsdgpes, the acreage differen

between the basesmrun and the landscatargetrun vary by township. Aspen habi
acreage decreases for both the Pipestone Cre Four Creeks townships, but incree
for the Antler River townshijin the landscape targets run. Lotic ripa habitat acreag
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however, increases for the both the Antler Rivat Baur Creeks township, but decreases
for the Pipestone Creek township. It is hypothaksibat acreage for both these landscape
types decreases in the landscape target run whenadreage is needed to meet a target
requirement of another landscape type. Furtheeaaer for these landscapes types
increase when needing to meet their own lands@apettrequirement.

6.3.4 Comparisons between Sub-watershed Townships

When comparing the results from the base caseatnass the three sub-watershed
townships, it can be noted that for all three s@tensheds there is an increase in
assessed wealth as farmers seek to maximize thledfeon-farm wealth. However, the
degree to which assessed wealth increases in sigechhae run is much larger for the
Pipestone Creek sub-watershed than for the ottestlv-watersheds. Total assessed
wealth increases by $224,755 for the Antler Riesvrtship and $198,891 for the Four
Creeks township, but increases by $705,797 foPthestone Creek township. Looking
at Figures 6.1, 6.2, and 6.3, it first appearsiity be due to the decline in perennial
forage acreage occurring in the Pipestone Creekdbip, but looking closer, the Antler
River township had approximately the same amouatadés in perennial forage and this
acreage is also converted in the base case rum IlKety, and despite being
counterintuitive, it is the case that the wealthfficient for lotic riparian habitat is much
higher in the Pipestone Creek township. The highlthiecoefficient for lotic riparian is
counter-intuitive as farmer’s perceive lotic rigarias waste land. This could be a
limitation of the hedonic analysis used to genetiag¢ewealth coefficients. Higher
assessed wealth parcels had a higher-than-averagentiof lotic riparian habitat and it
is for this reason that the coefficient could bghleir.

The landscape type conversions that result fronledmenting the policy target constraint
varied across the three townships. For the AntleeiRownship, most of the conversions
are from cropland to either lotic riparian, aspagrennial forage, or native prairie
landscapes, and the total amount of cropland aerdagreases by 1,170 acres. However,
for the Pipestone Creek and Four Creeks townshipst of the lentic riparian (36% for
Pipestone Creek, 48% for Four Creeks) and aspatahé®0% for Pipestone Creek, 50%
for Four Creeks) is converted to other sourcesnipaperennial forage, lotic riparian,
and native prairie landscapes. In all three towpsHand is converted to native prairie,
perennial forage, and lotic riparian habitat inesrtb satisfy the landscape target
requirements. Interestingly, the amount of acredggéuted to lentic riparian and aspen
habitat decreases more than the base case rutheithindscape targets, especially for
the Pipestone Creek and Four Creeks townships.

Comparison of the assessed wealth differencesiéobdse case and landscape target runs
for the three sub-watersheds indicates that thdstzape targets have the most negative
wealth effect on the Antler River township. In thetler River township, total assessed
wealth decreases by $1,012,283 from the base sasedonversely, for the Pipestone
Creek and the Four Creeks township, total assessalth decrease by only $599,677
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and $450,702 from the base case, respectivelyr€xsmn for this difference between
townships may be the fact that only for the AnRérer township does cropland acreage
decrease from actual levels when the landscapettaage imposed. In this sense, the
landscape targets might be much more restrictivhege is no additional allowance of
land conversion to the landscape type with a highltl-generating coefficient, being
cropland. In addition, a substantial portion of #teeage converted to cropland in the
base case run is converted to native prairie, péakforage, and aspen landscapes in the
landscape target run, all of which have a high obsbnversion that further reduces
assessed wealth.

The large decrease in assessed wealth for ther/Ritter township may be a product of
the landscape targets in this sub-watershed bearg stringent than the other two sub-
watersheds. Comparing the landscape targets givEalile 5-31 between the three sub-
watersheds, it easy to see that the required anudyetrennial forage, native grassland,
and aspen habitat is on the high side (compardutetother watersheds), especially
considering the existing amounts of landscape gereshown in Table 5-32. The large
difference between the landscape target sharetharekisting landscape type allocation
for the Antler River sub-watershed is simply du¢h® township chosen to represent the
Antler River sub-watershed perhaps not being vepyasentative at all. If the
optimization model’s scale is increased to the wabershed level from the township
level, this problem might not materialize.

6.4 Chapter Summary

Results from the RFSM model indicate that EG&S tices come with a direct private
cost to farmers in the Lower Souris region. Thro8gknarios 1, 3, and 4, there is an
NPV increase ranging from $42 to $75 per conveastgé when converting riparian or
forested habitat to an agricultural use. Thuspitaetice of maintaining these habitat
areas would deny farmers from making additionahfarealth. However, the practice of
converting riparian habitat to perennial foragesinet result in a NPV increase. This is
due to the stocking rates between riparian haaitdtperennial forage being similar.
There is a limited increase in benefit of graziatle on perennial forage in replace of
riparian habitat and it does not justify the cdstanversion.

The practice of converting cropland to perennighd@ (Scenarios 5 and 6) may result in
a benefit to the farmer if the forage is used fastpre purposes. The beef herd can take
advantage of the additional pasture to return rega@ver and above the loss of crop
revenue in the crop enterprise. Despite this,dafgarennial forage is used for hay
purposes, the crop revenue is not recouped and iharwealth loss. The crop enterprise
generates more revenue from annual crops thanliagnand there is limited benefit to
the beef herd. These results may be a direct famaii the model construction of the
RFSM because the model assumes unlimited grazaspsedength and weaning weights.

Scenarios 7 and 8 could result in a direct beoeftiost to the farm operator depending
on how much the forage stand improves from the E&&8sed herd management

131



practices. For both lowered stocking rates andiootal grazing, NPV estimates are a
direct result of the growth in forage availabilggr year and the number of years the
stand improves. Better understanding of the degfretand improvement when
implementing these practices will provide more aateimodel results for interpretation.
The high input cost scenarios are predictableanttey result in a reduction in NPV
benefits in Scenario 1 and 3, and increase in Néhéfits in Scenarios 5 and 6.

With regards to the LTOM results, it is also cldaat an EG&S policy will result in a
negative impact on farm wealth across a large égd and multiple farms. Assessed
wealth estimates decrease from $3,196 to $7,17fyzeter section on average,
depending on the sub-watershed. The landscapddangea form of regulation and this
adds to the cost. Some conversions are required tmdertaken to meet all the
landscape targets, despite the fact that the ¥eltikbitat is already maintained.
Furthermore, in some extreme cases, large costekrsion are required to convert
aspen and lentic riparian habitat to grass landscéige. native prairie and perennial
forage) to meet targets. A more practical policyislanot require this type of conversion
to occur.

The largest differences in landscape acreages batthe base case and landscape targets
run are with respect to cropland, perennial foragel, native prairie. In the base case run,
almost all of the perennial forage and native pgag converted to cropland landscapes
because cropland is afforded a higher wealth agefft and there is a minor cost of
conversion. In the landscape targets run, nonkistype of conversion occurs and more
land is allocated to native prairie and perenriehde landscapes from aspen and lentic
riparian landscapes. This indicates that constrgifarmers to maintaining or increasing
lands in perennial forage and native prairie langes may result in substantial cost to
assessed wealth and in consequence, farm wealth.
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7 Chapter 7: Conclusions

7.1 Overview

This study investigates the private benefits otctisfarmers of maintaining or
enhancing wildlife habitat on agricultural landsh€r objectives included: (1) finding the
cumulative farm wealth impact of a policy to pramwiildlife habitat conservation on
farmers at a regional basis, specifically for ti8RI\W; (2) predict the landscape change
that might occur through implementation of a lamgectarget, habitat conservation
policy; (3) determine the type of on-farm practitest might serve to be the least costly
for Lower Souris farmers, and the most beneficighe public; and (4) verify whether
there are agricultural practices that can be impled to improve Environmental Goods
and Services (EG&S) benefits and increase farmtiveaithe same time. The focus was
not on whether wildlife habitat should be maintaima agricultural lands, but more so,
what the direct impacts of policies and practiaeziSed on EG&S enhancement might
be on farmers. Dollar amounts of benefits or coatsbe compared to results from
valuation studies of wildlife habitat in a sociatiare benefit-cost analysis. Further, the
research inspected a landscape target policy isttlly region where the targets are
fixed and thus, regulatory in nature. However, thisut one form of policy that can be
utilized to encourage greater EG&S benefits deriveoh wildlife habitat.

The research objectives are analyzed using two haglapproaches: (1) a
representative farm simulation model (RFSM) anda(Bdndscape target optimization
model (LTOM). The RFSM uses NPV analysis and M&delo simulation to determine
individual farm wealth impacts of specific on-faE®&S practices that afford increased
wildlife habitat. The LTOM takes the farm wealthadysis to a regional level, through
assessing the township-level impacts of widesplaadscape change. Both modelling
approaches are related in that they assume tmaefarare wealth maximizing, and they
both seek to find the wealth impacts of maintairdngncreasing wildlife habitat on
agricultural land. The RFSM compared simulatioharoindividual, mixed-enterprise
farm in terms of implementing an EG&S-associateatfice versus no implementation.
The LTOM compares implementation of a regional fetguy policy to promote EG&S
production to no policy. Results from both modstarting with the RFSM and then the
LTOM, are used to form the conclusions presentealtfhout this chapter. Following the
conclusions, the limitations of the research apgiicae presented, as are areas of future
research.

7.2 Private Costs and Benefits of On-farm EG&S Practice

7.2.1 Maintenance of Existing Landscape Types

The private costs of maintaining land in wildlifalditat (i.e. aspen forest or riparian
wetland landscapes) are considerable, except Wiagihaind is maintained as riparian
habitat rather than converted to tame pasture.lBeshow that when riparian habitat or
forested habitat are converted to cropland, orstethabitat is converted to tame
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pasture, there is an NPV increase in individuahfarealth ranging from $42 to $75 per
converted acre annually. This result confirms fhemers in the LSRW have a direct
incentive to convert remaining wildlife habitatoragriculture productive uses. For
incentive type policies to be effective in maintamexisting habitat in the study region,
an amount ranging from $42 to $75 per converted, algpending on the type of
landscape type conversion being targeted, wouledpgired by farmers.

In general, these results are in line with theltegaund from previous studies, such as
Cortus (2005), and Gelso et al. (2009). Cortus $2@@und that it is economically
feasible for crop producers to continue drainagepafrian areas in Saskatchewan. Gelso
et al. (2009) found that there is a perceived tw&irmers of at least 56% of rental value
of maintaining wetlands on agricultural lands. ledewhen considering the additional
nuisance factors of keeping riparian habitat omplered quarter sections, the incentive to
convert riparian habitat may be greater than tlmiah$75 per converted acre estimated
in this study.

7.2.2 Conversion of Cropland to Forage Stand Landscapes

Historically, governments encouraged landscapeemsion from natural forages found

on pastureland into annual cropland. Only recdmilye the EG&S benefits of having

land in forage production been examined (Rae amdeB2008). Therefore, EG&S
policies are now focused on conversion of croplaack into forage landscapes. From
the RFSM results, whether farmers are expectettaman private cost or a private

benefit from converting cropland back to a perenioicage stand depends on whether the
forage is used for pasture or hay purposes in adaniperation farm.

When converting a quarter section of cropland iatoe pasture, NPV estimates increase
by approximately $10 per converted acre annualysT converting cropland to tame
pasture may be one farm management practice thdiecamployed to increase wildlife
habitat as well as increase farm wealth benefissdi&cussed in Chapter 2, there are an
increasing number of voluntary programs where fasmaee encouraged to increase
EG&S production while at the same time increaséaom- profits through implementing
specific practices, such as Beneficial Managememttiees (BMPs). Findings suggest
that, for those farms that include both a crop laeef enterprise, there is benefit to both
society and the farmer to convert more land intoetgpasture.

7.2.3 Herd Management Practices for EG&S Benefit

From the RFSM results, there is the potential éomiers to increase the EG&S benefits
afforded from a healthy perennial forage standinogkase farm wealth with
implementation of a specific herd management mactiowever, whether or not farm
wealth increases when decreasing stocking rat@geimenting rotational grazing
depends on the extent the forage stand can rejtevedBV estimates increase when
stocking rate decreases by 8% and utilizable foiageases by 1.02% per year over the
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first four years of the 20 year simulation. Whemiementing rotational grazing
management, total farm NPV estimates increasewhgn utilizable forage increases by
at least 1.5% per year over the first four yearthefsimulation, or 1% per year over the
first five years of the simulation. If farmers damplement grazing practices that increase
the health of the pasture, there is the poterdiabbth farm wealth and EG&S benefits to
be realized.

The results found are similar to those for Mill20Q2) and Koeckhoven (2008), where it
was found that in very limited cases, applicatibeanlogically friendly grazing

practices have the potential to increase farm WweBlbwever, also similar to these
studies, the conditions where farm wealth actuallyeases are highly specific and
perhaps unrealistic for most farm operators. Fonfaealth to increase, highly variable
conditions such as forage stand re-growth andsgsaation with weather, must be ideal.
Nevertheless, the results do show that farmersnsplement EG&S by enhancing
grazing practices, such as decreasing stocking catimitiating rotational grazing
management, at a small scale and a minor costai@lbfarm wealth. As such, farmers
may be more willing to adopt a grazing practicéhig manner if provided a small
financial incentive.

7.3 Economic Impact of a Regional EG&S Policy

The LTOM model is constructed to determine the iopaf having landscape targets in
the watershed area. The model approach is uniqimirit allows flexibility between
landscape types and quarter sections, meaningtigiah-points of how much of each
landscape type should a farmer have on each qe&tgon across the township are
included. The LTOM also tries to represent on-faeality as close as possible through
incorporating a cost of conversion for each typeafversion and wealth coefficients
that vary among quarter sections. Variation ambegiuarter sections is important as
there are characteristics inherent to each qusetdion that is captured in the assessed
wealth valuation that cannot be appropriately miedelAs a result, the methodology
used to determine farm wealth impacts is indepthiacorporates the range of various
farmer land-use decisions.

Linear programming has been used extensively fgeittsresource constraint problems
on farms, in companies, and for governments. Howétgeapplication to regional land-
use problems is not common. This type of applicesitows one to analyze a regional
problem (i.e. conserving wildlife habitat) for mple farmers across multiple parcels of
land, and for multiple types of landscapes. Usisgumptions that all farmers are wealth
maximizing, and assessed land wealth is a proxfafoner wealth, generalizations of
how a regional policy will impact farmers as a whoan be assessed. With regards to
both the status quo land use trends for a regidrttantrends that emerge from land-use
policy, these trends can be determined before apiairfiruition. In this manner, the next
two sections inspect the trends that emerge froim the status quo and policy
intervention.
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7.3.1 The Status Quo

Considering the results from the LTOM, it is cléaat the status quo of continued land-
use conversion will lead to additional cumulatiaenh wealth, but fewer habitat places
for wildlife. Results from the base case runs factesub-watershed township model
show an assessed wealth increase ranging from 88%21.29 per acre, including all
financial costs of conversion, depending on thatioo of the landscape conversion
amongst the three sub-watersheds. Given farmeesdmaple time and access to the
resources used to derive the cost of conversi@esgaction 5.3.5) this increase in farm
wealth is enough to encourage widespread convesasiass the agricultural landscape.

In the base case, the amount of landscape conmsrisisubstantial for all three township
models. Given sufficient time, farmers could comeemajority of other types of
landscapes to cropland. The bulk of the new craptameage comes from perennial
forage (i.e. tame grass), native prairie, and Iggiarian landscapes across the three
townships. Surprisingly, additional cropland acesdges not come from conversion of
the aspen or lentic riparian landscapes, and tfeage associated with these two
landscapes barely changes in the base case ru filwee townships. This suggests
that perhaps the costs of converting these landsyaes are sufficiently high enough to
deter conversion to cropland.

Overall, findings indicate that farmers still havelirect incentive to convert native
prairie, perennial forage, and lotic riparian lacaj®es to cropland. Native prairie and
perennial forage has been gradually convertednaalrcrop production across the
Saskatchewan agricultural landscape (van KooterSahditz, 1992). In addition, as
indicated by Olewiler (2004), one of the major #ieeto the level of natural capital in
Saskatchewan includes loss of riparian habitagtizaltural use. It appears that farmers,
if assumed to be wealth-maximizing individuals,lwdntinue this trend. These results
are in contrast to the results of Entem et al. 20@ho found that the bulk of all
landscape conversions in the LSRW have been fropiamd into perennial forage over
the past 10 years. However, Entem et al.’s (2088)Its are a reflection of the fact that a
number of farmers were expanding their beef herdke last 10 years (Entem et al.,
2009). Furthermore, Entem et al. (2009) statesftnaters expressed reasons for
converting land were poorer productive capacity pmokr past crop prices, both factors
that are not incorporated in the model.

The limited amount of land conversion from aspeah lentic riparian habitat sources to
cropland across the three township models také$eaeht standpoint than the NPV
results gathered from the representative farm sitianl Scenarios 1 through 4. Perhaps
this result can be explained through the fact fdwah wealth is measured differently in
each model, and the additional farm income benefiteaving land in cropland are
underestimated (explained further in section 7b&ldw) in the LTOM. If this is the case,
then the amount of landscape conversion to crodtamal other landscapes may be even
more substantial.
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7.3.2 Wealth and Landscape Impact of a Targets Policy

Findings from the landscape targets run show thptdmentation of a policy consisting

of inflexible landscape targets result in a redurcin farm wealth. Comparing the
implementation of the policy (restricted optimizat) to the base case run (unrestricted
optimization), provides an assessed wealth decreaging from $20 to $45 per acre,
depending on the sub-watershed. However, as imtdiéatChapter 2, this assessed
wealth decrease is a private cost of the policylenthere is expected to be significant
public benefits in implementing the policy (Whi2§08; Lower Souris Watershed
Committee Inc., 2006). If the public benefit frohetlandscape targets is greater than the
private costs to farmers, this type of policy maytmarranted (Pannel, 2008).

From the results of both the base case and laneisaeget runs, it is clear that the
assessed wealth associated with having land ifardps dominant over other types of
landscapes. To maximize wealth with no policy retitms, all land previously dedicated
to native prairie and perennial forage is convettecropland for all three sub-
watersheds. Withholding the Antler Creek sub-wdieds when implementing the
landscape target policy, land is converted away flandscape types more costly to
convert (such as aspen or riparian habitat) rdttesr cropland. Converting aspen habitat
to perennial forage costs $147.12 per acre moredbaverting cropland to perennial
forage, but the farm wealth benefits of having landropland is apparent for both the
Pipestone Creek and the Four Creeks sub-waterBbédies that seek to increase or
maintain other types of landscapes on agriculfaral to enhance overall wildlife habitat
must consider the farm wealth implications of limitthe amount of land afforded to
annual crops.

7.4 Policy Implications

As described in Pannell (2008), beneficiary-payqgie$ are more common when a policy
encourages landholders to change their practicag fram the status quo, while
polluter-pay policies are more common when a pdBaysed to discourage landowners
from changing their current land-use practicesngyshis line for the present study, the
beneficiary (meaning the public) might pay the farrfor the costs of implementation of
on-farm practices. In most cases of the RFSM resinfiplementation of the on-farm
practices results in a net loss to farm NPV, magpaiprivate cost. A positive-incentive
policy, where the public pays for the EG&S thatdgial to or above the loss of farm
wealth per acre of implementing the practice, figant for widespread adoption.
However, in some specific cases, such as convestigand to tame pasture, an on-farm
EG&S practice results in an increase in farm wedtthhese cases an information
program (referred to as ‘Extension’ by Pannell, @08ould be sufficient for widespread
adoption.
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For the LTOM analysis, it is unclear what policyshd be implemented to encourage
wildlife habitat maintenance as the extent of pubknefits from maintaining habitat in
the LSRW is not known with certainty. AccordingRannell (2008), if one assumes that
public net benefits of maintaining habitat are pesiand given the result that the private
net benefits of maintaining habitat are negatilie,golicymaker has two options:
technology development (or no action), or the Use mositive incentive policy.
Justification for using either policy depends oa éxtent of botlpublic net benefits and
private net costs of maintaining wildlife habitditafter completion of a valuation study
for the LSRW, one finds that public net benefitbnmigh private net costs, then a
positive incentive policy is justified. Howeverdhe finds the vice versa, then the use of
technology adaption is justified (Pannell, 2008)t this reason, before any policy
conclusions are determined using the results sfduidy, one should determine the
public benefits (i.e. passive and direct use vatdigjildlife habitat.

The status quo can refer to continuing with coneersf landscape types across the
watershed, while the landscape target policy reguarmers to change from their current
practices. In this regard and using Pannell’s (208&8soning, a beneficiary-pays policy
might be the most politically palatable policy atemi From above, if one finds that the
public benefits of maintaining habitat outweigh prezate costs, a positive incentive
policy that at least offsets the loss to assessadtivcould be used to encourage
adoption. With respect to the farmers in the LSRWE,landscape target regulation has a
long run cost to farmers of approximately $20 t& $ér acre in present assessed wealth
value, depending on the sub-watershed. Given amaaily picked cost of $35 per acre
present value within this range, a total long rast®f implementing the landscape
targets regulations across all acres found in BRW would be equal to $77.4 million
(35 x 2,210,906 acres). However, the landscapettaalicy studied here is rigid, and
this may add to the cost of the policy.

When comparing the cost of meeting the landscaget&across the LSRW to the cost
of other international programs to meet maintaildhfé habitat on agricultural land
(described in section 2.5), the cost is consistattit these programs. For the
Environmental Stewardship Scheme in England, fesmereive£30 per hectare
(approximately $29 CAN per acre) per year for megpoint targets, an€b0 per hectare
($58 CAN per acre) per year for organic farmerse(Bad Beale, 2008). If one considers
the cost of the landscape targets on a per farig, l@soss the LSRW and using a direct
incentive of $35 per acre, the program cost woel&49,035 on average per farm (35 x
1401 acres, from Table 3-1). For the Conservatieru8ty Program in the United States,
the maximum payment is $35,000 per year per faren five to 10 years (Rae and Beale,
2008). The cost of current payments in the Coratiemy Security Program and the
Environmental Stewardship Scheme might be highaar the landscape targets, given
that payments are on an annual basis. The landsmaysds for the LSRW are much more
affordable program considering that only a one-tinoentive payment of $35 per acre or
$49,035 per farm is required to recoup costs.
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7.5 Limitations of Research Approach

7.5.1 Representative Farm Simulation Model (RFSM)

In the RFSM, a number of assumptions are employecthbdel construction and for
scenario development. Given the limited amouneséarch around these assumptions,
the model may need to be altered, and thus, tltsesay change. The representative
farm has a strict crop rotation, machinery completneumber of acres, total herd size,
mixed-enterprise nature, and a fixed amount ofii@oeand forested habitat per quarter
section, which will be different on every farm metLSRW. Furthermore, the fixed herd
size is a limitation considering the conversioranfextra quarter section to tame pasture
from cropland (Scenario 6). In this regard, theéase in total farm NPV when
converting cropland to tame pasture is a functiotie® model structure. In reality, there
may be many constraints that impede farm wealthmveltieling another quarter section to
tame pasture. A farmer would have to increase dnig kize to take advantage of the
additional pasture as there are limitations toiggageason length and weaning weights.
Additional constraints could include the margiraiaige utilization on the newly
converted quarter section, and grazing operatidifiidulties.

The degree of improvement in forage availabilithenr implementing rotational grazing
management or decreasing stocking rates, is aniatfigation of the RFSM. The

literature is not clear with respect to how muchktpee would improve when
implementing these practices. A range ecologistiaogist from the LSRW region

would be required to inspect how much the pastureldvimprove when decreasing
stocking rates by the varying amounts, or implemgntotational grazing management.
Miller (2002) assumes a pasture regeneration anufi2¥% per year on uplands pasture,
while 6% per year for riparian habitat, after impnting rotational grazing management
on a degenerated pasture, but there is no safsp8en that can be made given soil type
and weather patterns. Given this limitation, theutes for these two scenarios (Scenarios
7 and 8) should be considered carefully with resfmethe private net benefits achieved
by farmers.

7.5.2 Landscape Target Optimization Model (LTOM)

The LTOM had a number of assumptions made in moaledtruction that must be
considered when interpreting the results. Thesgnagsons included the use of the
assessed value of land as a proxy for farm wethléhcost determined for converting
landscape types, and the discount rate and coonwetisie period for some of the cost of
conversions. As explained in section 5.3.4, ussggssed wealth as a proxy for farm
wealth is not exact as there are other factorscinatribute to assessed wealth of land.
These factors may include location to roads, udmanres, industrial developments, and
lakes and streams. In addition, there are mangi&adhat contribute to farm wealth that
are not reflected in the assessed wealth of lahesé factors include the prices of grains,
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cattle, and other food products; weather; and tis¢ af inputs, such as fertilizer,
machinery, and chemicals (as included in the remtasive farm model). In this sense,
the assessed wealth measurements should not ideredsa true estimate of farm
wealth, but rather a proxy for relative changewé@alth when undergoing landscape
conversions.

One of the limitations of the optimization modédiattperhaps could have had a
substantial effect on the results, was the impwsitif sub-watershed-level landscape
targets on township-level optimizations. It maythes that each township represents a
good reflection of the various landscapes founekich sub-watershed, but there is
nothing to confirm that the entire sub-watershesllbas or more proportional landscape
type acreage than that found on the township.ithsbnse, a better method would be to
build an optimization model for the entire sub-wsalked, or incorporate co-management
derived landscape targets determined for the toigretiel in each optimization model.
As explained in Chapter 6, the large decreasesesaed wealth when imposing the
landscape target in the Antler Creek township napdcause the landscape targets for
the sub-watershed did not match up well with threage allocation across the township.
If there are large differences in the acreage ation in the township when compared to
the entire sub-watershed, additional, unnecesaadstape conversion would be
required that would decrease overall assessedhestimates.

Lastly, there are obvious additional farm wealthéfis to having land in certain
landscapes, such as cropland, rather than othdsdapes, such as lotic riparian. Using
assessed wealth as a proxy of farm wealth maytteadvealth underestimation of the
contribution landscapes such as cropland, pereforede, and native prairie, and an
exaggeration of the wealth attributed to agricaliyrnon-productive landscapes, such as
aspen, lentic riparian, and lotic riparian landssapn reality, notwithstanding the
assessed value, only those landscapes that anectixedfor food generation contribute
directly to farm wealth. In this sense, the impoctof having land in cropland versus
aspen or riparian habitat, from a farm wealth pectpe, may be lost on the optimization
model and the results generated. This is demoadtitthe Pipestone Creek township,
as lotic riparian habitat is sometimes given a bighealth coefficient than that for
cropland (which from a farm wealth perspectivedarter-intuitive) and so, this is
reflected in both the assessed wealth and landscapersion results.

7.6 Future Research

This study focused on determining the farm weattplications of EG&S practices and
policies to encourage wildlife habitat maintenaaneagricultural lands. A specific region
in south-east Saskatchewan, the Lower Souris Ritagershed, is used to construct the
RFSM and the LTOM, using data and sources speoifice region. To add strength to
the results in this analysis and for comparisomppses, a similar methodology may be
employed in a different agricultural region. Resahd scenarios would differ in that
there are different farm practices employed anderaged in different regions, and there
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may be different landscape types found. Howevantrasting the results of this study
with a similar one for another region may provid@@re accurate picture of the farm
wealth impact of EG&S practices, as well as theaased broad-level landscape
changes that might occur due to policy.

Further research can also look into the valuatide@&S afforded from wildlife habitat
found on agricultural land, as well as the expetged| of EG&S that may be derived
from the various practices and policies studie@h€here have been a few studies, as
discussed in Chapter 2, but nothing specific toBG&S practices, nor the research area
used in this study. Together with the results &f sudy, a cost-benefit analysis from the
public policymaker’s perspective can be undertaketietermine whether EG&S policies
should be implemented on a regional or individaaff basis, or at all. Further, the cost
benefit analysis may determine what level of incenpayment should be used to
encourage EG&S production and practice adoption.

The analysis here provides an initial understandirtje impact of EG&S practices on
individual farmers as well as the cumulative impaHdEG&S regional policy to maintain
wildlife habitat. Three things are certain from tlesults: that the status quo will result in
additional conversion away from landscape typesdfiard wildlife habitat; that there is

a substantial cost to farmers of preventing widesgrhabitat conversion; and that proper
policy creation and implementation is requiredriewge both farm wealth stability and
wildlife habitat maintenance. Future studies shdulidid on this analysis to provide
further clarification as to proper EG&S program elepment for the individual, regional,
and national level. Specific consideration caniergto determining practices that
provide the most EG&S benefit at the least privatst, or the type of landscapes that are
most vulnerable with regards to wildlife habitafimations. These studies can add to
current dialogue searching for programs that matefoa culture of environmental
stewardship, while maintaining farm and farm fansilystainability.
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Appendices

Appendix A: Wealth Coefficients
Table A-1: Antler River Township Wealth Coefficients ($/acre)

Native Tame Total

Cropland | Grass Grass Aspen Lentic Lotic Predicted Actual

$227.11 | $249.97| $20520 $175.00 $9®2| $145.17 $31,771.87 $ 26,80
$234.06| $ 86.80] $161.72 $280.90 §9 $ 14.01 $35,458.05 $ 32,50
$303.76 | $326.62] $281.85 $251.65 $5®9 $221.82 $52,218.71 $ 47,50
$300.93 | $323.79] $279.02 $248.82 $446, $218.99| $47,118.05 $ 33,40
$241.97 | $ 9471 $169.68 $288.81 §IB7| $ 21.92 $36,813.90 $ 44,20
$268.90 | $291.76] $246.99 $216.19 $AA4 $186.96| $44,599.14 $ 45,30
$208.36 | $231.22] $186.45 $156.25 $BB4| $126.42 $39,134.97 $ 35,60
$239.31 | $262.17| $2174p $187.20 $135 $157.37 $39,788.72 $ 42,90
$251.82 | $274.68 $22991 $199.71  $ew7| $169.88| $43,111.01 $ 46,00
$266.40 | $119.14] $194.06 $313.24 $2ZB2| $ 46.35| $42,158.09 $ 42,40
$261.05| $113.79] $188.7L $307.89 $W6 $ 41.00| $42,298.24 $ 43,10
$239.41 | $ 92.15| $167.0f $286.25 $2/5 $ 19.36| $28,034.06 $ 24,20
$253.76 | $106.50, $181.4P  $300.60 $6%H9 $ 33.71 $41,160.87 $ 47,00
$280.64 | $303.50] $258.783 $228.53 $456| $198.70| $46,176.81 $ 47,80
$287.58 | $310.44] $265.6f $23547  $4B3] $205.64| $48,214.06 $ 46,00
$25344 | $106.18) $181.1p $300.28 $2B9 $ 33.39 $41,115.68 $ 46,30
$239.80 | $ 9254 $167.46 $286.64 $2B5 $ 19.75| $39,138.99 $ 39,40
$23089 | $ 8363 $15855 $277.73 $&A6/ $ 10.84| $37,606.04 $ 33,10
$278.20 | $130.94] $20586 $325.04 $D4 $ 58.15| $44,296.71 $ 38,50
$212.04 | $234.90f $190.18 $159.93 $&B7| $130.10| $29,949.03 $ 25,10
$237.11| $ 89.85 $164.77 $283.95 $@B3 $ 17.06| $35,559.24 $ 25,60
$243.90 | $266.76] $221.99 $191.79 $7A9 $161.96| $39,577.29 $ 33,50
$23840 | $ 91.14] $166.06 $28524 $254 $ 18.35| $32,974.14 $ 33,30
$239.38 | $ 92.12] $167.04 $286.22 $2b5 $ 19.33| $33,602.14 $ 42,60
$257.94 | $280.80] $236.08 $205.83 $AB3 $176.00| $39,379.74 $ 47,20
$24330 | $ 96.04f $17096 $290.14 $2%9 $ 23.25| $37,409.35 $ 45,30
$24499 | $ 97.73] $17265 $291.83 $2B0| $ 24.94| $25471.13 $ 23,90
$249.57 | $27243] $22766 $197.46  $35 $167.63| $36,152.63 $ 22,70
$23422 | $ 86.96] $161.88 $281.06 $BO $ 14.17 $37,157.65 $ 30,30
$240.23 | $ 9297] $167.89 $287.07 $mB6| $ 20.18| $39,555.00 $ 33,20
$221.36 | $244.22| $199.45 $169.25 $1®7, $139.42 $33,411.37 $ 38,30
$276.82 | $129.56] $204.48 $323.66 $7W2| $ 56.77 $44,206.26 $ 45,50
$262.26 | $115.000 $189.92 $309.10 $1I8 $ 4221 $41,724.38 $ 47,00
$267.46 | $120.20f $195.12 $314.30 $3F3 $ 4741 $42,626.07 $44,30
$240.46 | $263.32| $21855 $188.35 $286| $158.52 $40,842.29 $ 42,20
$234.72 | $257.58| $21281 $182.61  $34O0 $152.78| $39,433.34 $ 46,00
$364.21 | $387.07| $3423p $312.10 $@I0 $282.27 $53,113.16 $ 41,40
$296.39 | $319.25| $274.48 $244.28  $Ar2| $214.45| $50,210.36 $ 42,40
$242.74 | $ 9548 $1704p $289.58 $&@BY $ 22.69| $32,049.59 $ 27,10
$259.25 | $111.99] $186.91L $306.09 $I®5 $ 39.20| $42,182.94 $ 35,80
$24524 | $ 9798 $17290 $292.08 $vA1 $ 25.19| $39,177.55 $ 41,70
$24298 | $ 9572 $170.64 $289.82 $2B8 $ 22.93| $38,508.06 $ 38,10
$258.15 | $281.01] $236.24 $206.04 $9IW3 $176.21 $37,821.73 $ 16,40
$243.01 | $26587| $221.10 $190.90 $8R38 $161.07 $39,696.28 $ 32,60
$30841 | $331.27] $286.50 $256.30 $2B4| $226.47 $50,591.13 $ 35,40
$364.22 | $387.08] $34231 $312.11 $BGUO, $282.28| $60,506.33 $ 40,40
$375.05 | $397.91 $353.14 $322.94 $&60, $293.11 $61,066.25 $ 41,50
$293.60 | $316.46| $271.69 $24149  $4B9 $211.66| $49,990.66 $ 39,40
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$209.93
$274.42
$274.60
$351.47
$249.24
$272.98
$266.03
$316.14
$339.79
$216.99
$299.75
$252.15
$237.52
$ 285.64
$260.30
$ 238.06
$224.52
$ 255.38
$233.94
$245.75
$240.75
$ 250.27
$297.43
$290.54
$252.83
$217.92
$237.41
$277.60
$236.50
$240.51
$237.12
$237.98
$532.51
$ 259.67
$324.25
$234.70
$ 253.05
$353.33
$612.79
$ 334.37
$269.50
$ 264.46
$ 244.87
$210.44
$287.82
$352.32
$249.09
$ 262.05
$249.88
$241.66
$231.51
$304.37
$277.75
$264.96
$242.88
$244.15
$246.29

$232.79
$297.28
$297.46
$374.33
$101.98
$ 295.84
$118.77
$ 339.00
$ 362.65
$239.85
$152.49
$104.89
$ 260.38
$138.38
$283.16
$ 90.80
$247.38
$108.12
$ 86.68
$ 98.49
$ 93.49
$103.01
$150.17
$143.28
$105.57
$ 70.66
$ 90.15
$300.46
$259.36
$ 93.25
$ 89.86
$ 90.72
$555.37
$112.41
$347.11
$ 87.44
$275.91
$376.19
$ 635.65
$357.23
$292.36
$287.32
$ 97.61
$ 233.30
$310.68
$375.18
$271.95
$284.91
$102.62
$ 94.40
$ 254.37
$327.23
$300.61
$287.82
$ 95.62
$ 96.89
$ 99.03

$3B5
$2460
$450
$B27
$165
$8118
$IB1
$9®1
$E&M5
$&D2
$6R5
$0858
$3U3
$501
$14B6
$253
$3W0
$271
$&A9
$&B1
$656
$2AB6
$343
$806
$768
$&33
$263
$453

$3012|

$2566
$@53
$2b3
$3D8
$675
$BO0
$&50
$828
$BP9
$&88
$EI0
$315
$2810
$&B0
$2386
$6¥63
$5P8
$o4
$8B7
$&65
$5257
$317
$4B0
$5163
$7810
$&@b8
$@B0

$252

$127.99
$192.48
$192.66
$269.53
$ 29.19
$191.04
$ 45.98
$234.20
$257.85
$135.05
$ 79.70
$ 32.10
$ 155.58
$ 65.59
$178.36
$ 18.01
$142.58
35.33
13.89
25.70
20.70
30.22
77.38
70.49
32.78
10.00
17.36
$ 195.66
$ 154.56
$ 20.46
$ 17.07
$ 17.93
$ 450.57
$ 39.62
$242.31
$ 14.65
$171.11
$271.39
$530.85
$252.43
$ 187.56
$182.52
$ 2482
$128.50
$205.88
$270.38
$167.15
$180.11
$ 29.83
$ 2161
$ 149.57
$222.43
$195.81
$183.02
$ 22.83
$ 24.10
$ 26.24
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$35,557.30
$45,481.46
$46,977.17
$56,117.42
$37,052.95
$43,823.83
$41,893.08
$53,543.38
$54,755.02
$36,486.83
$48,627.50
$39,709.17
$41,955.34
$47,186.47
$45,113.85
$39,427.63
$36,155.63
$40,743.33
$31,174.22
$33,121.11
$39,358.70
$38,841.40
$35,772.22
$32,889.27
$31,034.08
$23,545.77
$22,636.78
$45,931.23
$39,334.24
$36,214.84
$36,948.14
$39,002.26
$90,025.49
$44,301.79
$52,194.76
$37,855.77
$44,058.73
$58,379.38
$100,061.17
$57,476.03
$47,417.99
$49,486.97
$40,030.94
$37,632.82
$50,171.47
$60,327.41
$43,567.03
$45,790.95
$40,610.24
$39,148.73
$38,658.14
$49,819.06
$48,452.20
$46,409.68
$37,250.80
$36,874.58
$39,743.86

$ 44,20D
$ 45,300
$ 40,500
$40,100
$ 30,200
$ 44,200
$ 38,800
$ 36,200
$ 33,200
$ 43,900
$41,900
$ 39,000
$ 46,800
$40,100
$ 45,300
$ 45,300
$ 38,800
$ 29,300
$ 24,300
$ 24,300
$ 51,700
$ 45,500
$ 21,700
$ 20,600
$ 48,900
$ 39,700
$ 27,000
$ 17,500
$ 23,000
$ 46,000
$ 38,500
$ 41,900
$ 38,800
$ 39,300
$ 40,600
$ 44,000
$ 44,000
$ 43,600
$ 43,600
$ 33,500
$ 35,700
$ 34,700
$ 34,800
$ 43,800
$ 43,800
$ 46,000
$ 47,800
$ 47,000
$ 45,300
$ 37,400
$ 33,600
$ 43,000
$31,200
$ 36,400
$ 37,400
$ 38,900
$ 46,000
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$233.08
$239.94
$302.31
$240.48
$244.77
$236.24
$214.47
$224.90
$294.99
$294.96
$ 295.36
$251.40
$253.24
$312.99
$353.71
$224.20
$ 305.94
$ 313.67
$353.80
$ 405.85
$318.02
$ 356.53
$ 255.87
$281.60
$335.11
$ 365.82
$244.43
$ 364.36
$270.15
$244.14
$327.50
$277.24
$273.50
$322.91
$239.53
$316.88

$ 85.82
$ 262.80
$ 155.05
$ 93.22
$267.63
$ 88.98
$237.33
$ 247.76
$147.73
$147.70
$148.10
$104.14
$105.98
$335.85
$ 376.57
$ 247.06
$ 328.80
$ 336.53
$ 376.66
$428.71
$340.88
$379.39
$278.73
$ 304.46
$357.97
$ 388.68
$ 97.17
$387.22
$293.01
$267.00
$ 350.36
$300.10
$296.36
$345.77
$ 92.27
$339.74

$160.7
$218.0
$229.9
$168.1
$222.8
$163.9
$192.5
$202.9
$222.6
$222.6
$223.0
$179.0
$180.9
$291.0
$331.8
$202.2
$284.0
$291.7
$331.8
$383.9
$296.1
$334.6
$233.9
$ 259.6
$313.2
$343.9
$172.0
$342.4
$248.2
$222.2
$305.5
$255.3
$251.5
$301.0
$167.1
$294.9
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$@U9
$785
$318
$4b6
$520
$P62
$290
$74D0
$R0
$&830

$A 1

$2B7
$169
$81B8
$5E29
$CIO0
$7B1
$48B9
$&29
$&B1
$8W3
$3B2
$63B1
$457
$EI0
&A1
$360
$EBI0
$9A5
$96.9
$3D3
$053
$319
$738
$465
$72

$ 13.038
$158.00
$ 82.26
$ 2043
$162.83
$ 16.19
$132.53
$142.96
$ 7494
$ 7491
$ 7531
$ 31.35
$ 33.19
$231.05
$271.77
$142.26
$224.00
$231.73
$271.86
$323.91
$ 236.08
$274.59
$173.93
$199.66
$253.17
$283.88
$ 24.38
$282.42
$188.21
$162.20
$ 245.56
$195.30
$191.56
$240.97
$ 19.48
$234.94

$37,837.24
$41,955.25
$48,807.80
$39,100.80
$42,118.20
$37,583.17
$38,205.61
$38,295.42
$25,115.41
$21,759.72
$45,651.06
$33,511.70
$16,598.25
$46,583.32
$56,025.02
$35,886.31
$50,946.10
$52,274.98
$59,950.67
$59,527.12
$54,269.80
$60,197.18
$43,368.80
$47,460.78
$56,289.38
$58,308.76
$39,648.76
$61,160.28
$45,171.85
$40,384.16
$55,229.35
$46,402.07
$46,823.86
$55,273.15
$39,633.30
$52,935.84

$ 46,80
$ 48,80
$ 44,20
$ 46,80
$ 50,40
$ 53,00
$ 44,50
$ 45,00
$ 21,00
$ 21,30
$ 46,00
$ 45,20
$ 21,60
$31,20
$ 32,40
$ 40,30
$ 47,80
$ 48,80
$ 39,30
$ 46,20
$ 47,00
$ 38,80
$ 47,00
$ 50,40
$ 46,40
$ 39,50
$ 44,60
$ 30,40
$ 31,80
$ 40,90
$ 47,50
$ 37,10
$ 50,40
$ 51,90
$ 53,50
$ 51,90
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Table A-2: Pipestone Creek Township Wealth Coeffieints ($/acre)

Native Tame Total

Cropland | Grass Grass Aspen Lentic Lotic Predicted Actual

$283.15| $344.18) $28235 $208.16 $3Fb4 $391.71 $46,556.58 $ 26,80
$261.72 | $322.75 $26092 $186.Y3 $@A42l $370.28| $42,907.48 $ 32,50
$331.81 | $392.85 $331.01L $256.83 $B12 $440.37 $53,931.60 $ 47,50
$330.01 | $391.05 $329.201  $255.03 $BA1 $438.57 $55,198.65 $ 33,40
$309.33 | $191.20f $297.7fy $197.74 $&B3 $286.28| $46,042.27 $ 44,20
$309.68 | $370.71| $308.87 $234.69 $&90, $418.24| $47,868.07 $ 45,30
$271.25| $332.28 $27044 $196.26 $4B2| $379.80| $42,926.91 $ 35,60
$290.89 | $351.92| $290.09 $21591 $@H2 $399.45| $44,941.80 $ 42,90
$298.84 | $359.87] $298.08 $223.85 $IF¥9 $407.39| $45,962.78 $ 46,00
$213.07 | $ 9494 $20151 $10148 $1B7 $190.03| $30,798.88 $ 42,40
$234.15 | $116.02| $22259 $12256 $29D8 $211.10| $34,216.28 $ 43,10
$319.38 | $201.25| $307.82 $207.19  $4W3] $296.34| $36,666.04 $ 24,20
$262.87 | $144.74 $25131 $151.28 $2B6| $239.82 $40,113.10 $ 47,00
$317.13 | $378.16| $316.32 $242.14 $298 $425.69| $48,191.43 $ 47,80
$321.54 | $38257| $320.78 $246.55  $6D2| $430.09| $49,124.46 $ 46,00
$264.12 | $14599 $25256 $152.53 $2B8 $241.08| $39,713.89 $ 46,30
$317.87 | $199.74| $306.3L $206.28 $I®1 $294.83| $45,449.32 $ 39,40
$27256 | $333.59 $271.75 $197.57 $2b3 $381l.11 $40,483.38 $ 33,10
$166.59 | $ 4846 $155.08 $ 55.00 k7A@ | $143.55| $19,980.71 $ 38,50
$27358 | $334.61 $27277 $198.59  $2B4, $382.13| $37,157.02 $ 25,10
$328.44 | $210.31] $316.88 $216.85 $5H2 $305.40| $51,351.45 $ 25,60
$293.81 | $354.84] $293.0p $218.82 $IF4 $402.36| $46,513.56 $ 33,50
$323.36 | $205.23] $311.8p $211.77 $497, $300.31 $48,912.45 $ 33,30
$31951 | $201.38) $307.95 $207.92 $6D3 $296.47 $48,463.04 $ 42,60
$302.72 | $363.76] $301.92 $227.74 $&B3 $411.28| $48,597.35 $ 47,20
$304.06 | $185.93 $2925p $192.47 $18 $281.01 $46,449.27 $ 45,30
$29743 | $179.30] $28587 $185.84 $5W1 $274.38| $42,773.28 $ 23,90
$297.41 | $358.44| $296.60 $22242 $568 $405.96| $53,041.11 $ 22,70
$261.18 | $322.21] $26037 $186.19 $AB2l $369.74| $34,774.53 $ 30,30
$316.17 | $198.04f $304.61 $204.58 $290, $293.13| $32,332.96 $ 33,20
$279.50 | $340.53] $278.69 $204.51  $6B0, $388.05| $40,252.00 $ 38,30
$172.00 | $ 53.87| $16044 $ 6041 @GNG | $148.95| $22,005.62 $ 45,50
$229.38 | $111.25] $217.82 $117.79 $M3 $206.33| $33,981.32 $ 47,00
$20891 | $ 90.78] $197.3p $ 97.32 HAB | $185.86| $31,608.15 $ 44,30
$291.62 | $352.65 $290.81 $216.63 $272| $400.18| $45,617.82 $ 42,20
$287.98 | $349.01] $287.1y $212.99 $B9 $396.53| $44,640.34 $ 46,00
$370.19 | $431.22| $369.38 $29520 $361 $478.75| $51,271.75 $ 41,40
$327.13 | $388.16] $326.33 $252.14 $AD8 $435.69| $51,215.65 $ 42,40
$306.27 | $188.14] $294.71 $194.68 $IBO $283.22 $45,335.54 $ 27,10
$241.24 | $123.11 $229.68 $129.65 $AU5 $218.19| $36,464.68 $ 35,80
$296.44 | $178.31] $284.88 $184.85 $550 $273.40| $44,987.04 $ 41,70
$305.33 | $187.20 $293.7f $193.74 $4%9 $282.28| $46,764.07 $ 38,10
$302.86 | $363.89] $302.05 $227.87 $@B4 $411.41 $45,106.60 $ 16,40
$293.25 | $354.28/ $29244  $218.26  $4¥4 $401.80| $48,376.79 $ 32,60
$334.76 | $395.79] $333.96 $259.77  $RU5 $443.32 $53,146.98 $ 35,40
$370.20 | $431.23] $369.39 $29521 $Fpl $478.75| $57,329.23 $ 40,40
$377.07 | $438.10f $376.2f $302.09 $B58 $485.63| $58,278.59 $ 41,50
$325.36 | $386.39] $32455 $250.37 $=D6| $433.92 $50,796.92 $ 39,40
$272.24 | $333.27] $271.483 $197.25 $3B3 $380.79| $41,910.88 $ 44,20
$313.18 | $374.22| $31238 $238.20 $3W4 $421.74| $47,888.54 $ 45,30
$313.30 | $374.33] $31249 $23831 $4D4 $421.86| $48,928.90 $ 40,50
$362.10 | $423.13] $361.20 $287.11 $ZB3 $470.66| $57,018.52 $ 40,10
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$280.67
$312.27
$214.52
$ 339.67
$ 354.68
$276.72
$ 81.66
$269.20
$289.76
$137.25
$304.22
$324.71
$281.50
$ 256.50
$262.14
$294.43
$314.13
$276.59
$ 90.82
$117.96
$ 266.52
$316.94
$327.27
$315.21
$289.11
$315.08
$328.41
$325.03
$477.04
$239.60
$344.82
$ 259.52
$299.62
$363.28
$528.01
$351.25
$310.06
$ 306.86
$297.90
$272.57
$321.69
$362.64
$297.10
$305.33
$278.16
$310.54
$ 285.94
$332.20
$315.30
$307.18
$305.72
$300.74
$292.28
$ 265.07
$291.29
$ 71.59
$315.20

$162.54
$ 373.30
$ 96.39
$400.70
$415.72
$337.75
$ 10.00
$151.07
$350.79
$ 19.12
$ 365.25
$206.58
$ 342.54
$138.37
$323.17
$176.30
$195.99
$158.46
$ 10.00
$ 10.00
$148.39
$377.98
$209.14
$ 376.24
$350.14
$196.95
$210.28
$206.90
$538.07
$121.47
$ 405.85
$ 320.56
$ 360.65
$424.31
$589.04
$412.28
$371.09
$367.89
$179.77
$ 333.60
$382.73
$ 423.67
$ 358.14
$ 366.36
$160.03
$192.41
$ 346.97
$393.23
$376.33
$368.21
$187.59
$182.61
$174.15
$326.10
$352.32
$ 10.00
$197.07

$75h4
$483
$a88
$&20
$&885
$&57
58.77
$3N3
$2170
£33
$2B5
$&08
$6152
$6&BO
$ZN3
$558
$288
$7AB0
68.92
9%.06
$6310
$1m8
$301
$306
$26/0
$1B9
$802
$1209
$1458
$A3
$BP5
$6B10
$780
$a3N4
$ED9
$48B2
$201
$@B8
$Q2
$253
$E2
$BN3
$26/8
$44B6
$252
$E@84
$UB7
$3A3
$496
$28B8
$&79
w4
$356
$226
$452
48.70

$3AB9

$ 257.62
$420.83
$191.47
$448.23
$463.24
$385.28
$ 58.62
$246.15
$398.31
$114.20
$412.77
$301.66
$390.06
$233.45
$370.70
$271.38
$291.08
$ 253.55
$ 67.77
$ 9491
$243.48
$425.50
$304.22
$423.76
$ 397.66
$292.03
$ 305.36
$301.99
$585.59
$216.55
$ 453.38
$ 368.08
$408.17
$471.84
$ 636.56
$459.80
$418.62
$415.42
$274.85
$381.12
$430.25
$471.20
$ 405.66
$413.89
$255.11
$287.49
$394.50
$ 440.75
$ 423.86
$415.73
$282.68
$277.69
$269.23
$373.63
$399.85
$ 4855
$292.15

$42,762.74
$48,177.74
$32,183.63
$53,240.17
$54,535.94
$43,440.42
$11,168.88
$41,110.32
$45,597.28
$18,556.44
$47,633.69
$49,798.37
$44,178.22
$39,069.68
$39,084.11
$40,421.15
$49,511.21
$40,743.00
$ 9,901.86
$13,260.92
$38,321.99
$46,009.35
$44,164.18
$57,350.73
$44,316.26
$47,418.43
$47,990.61
$50,728.21
$75,039.48
$32,904.12
$51,719.59
$40,807.30
$47,127.12
$55,604.11
$82,536.03
$54,819.33
$48,892.51
$48,053.67
$46,270.69
$43,468.41
$51,303.68
$57,724.99
$47,246.21
$48,649.68
$43,890.89
$47,992.84
$43,323.80
$49,888.31
$48,854.94
$48,104.72
$46,148.29
$43,582.84
$44,964.60
$42,079.26
$46,151.29
$10,787.04
$50,067.68

$ 30,200
$ 44,200
$ 38,800
$ 36,200
$ 33,200
$ 43,900
$41,900
$ 39,000
$ 46,800
$ 40,100
$ 45,300
$ 45,300
$ 38,800
$ 29,300
$ 24,300
$ 24,300
$51,700
$ 45,500
$21,700
$ 20,600
$ 48,900
$ 39,700
$ 27,000
$ 17,500
$ 23,000
$ 46,000
$ 38,500
$ 41,900
$ 38,800
$ 39,300
$ 40,600
$ 44,000
$ 44,000
$ 43,600
$ 43,600
$ 33,500
$ 35,700
$ 34,700
$ 34,800
$ 43,800
$ 43,800
$ 46,000
$ 47,800
$ 47,000
$ 45,300
$ 37,400
$ 33,600
$ 43,000
$31,200
$ 36,400
$ 37,400
$ 38,900
$ 46,000
$ 46,800
$ 48,800
$ 44,200
$ 46,800
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$294.36
$331.87
$275.12
$281.74
$100.42
$100.53
$ 98.97
$272.17
$264.90
$ 337.67
$363.53
$281.30
$333.19
$338.10
$ 363.58
$396.63
$ 340.87
$365.31
$301.41
$317.74
$351.71
$371.21
$299.62
$370.28
$310.47
$293.96
$ 346.88
$314.97
$312.60
$343.97
$318.91
$340.14

$355.39
$213.74
$336.16
$342.77
$ 10.00
$ 10.00
$ 10.00
$ 154.04
$146.76
$398.70
$424.56
$342.33
$394.22
$399.14
$424.61
$ 457.66
$401.90
$426.35
$362.44
$378.78
$412.74
$432.24
$181.49
$431.32
$371.51
$354.99
$407.92
$376.01
$373.63
$ 405.00
$200.78
$401.17

$ 2935
$320.3
$274.3
$280.9
$ 88.8
$ 889
$ 874
$ 260.6
$253.3
$336.8
$362.7
$280.4
$332.3
$337.3
$362.7
$395.8
$ 340.0
$364.5
$ 300.6
$316.9
$350.9
$370.4
$288.0
$369.4
$309.6
$293.1
$ 346.0
$314.1
$311.7
$343.1
$307.3
$339.3

$8175
$B05
$256
$AB2
78.53
74.64
73.07
$2A6
$ABI
$&A8
$6814
$452
$314
$249
$T34
$T7
$®22
$BA6
$5182
$IM8
$E32
$352
$273
$861
$&D1
$2I5
$@BL8
$1D6
$793

$1325|

$@B3
$321

$402.91
$308.82
$ 383.68
$390.30
$ 77.38
$ 77.48
$ 75.92
$249.12
$241.85
$446.23
$472.08
$ 389.86
$441.75
$ 446.66
$472.14
$505.18
$449.42
$473.87
$ 409.97
$426.30
$ 460.27
$ 479.77
$276.57
$478.84
$419.03
$402.52
$ 455.44
$423.53
$421.15
$ 452.52
$ 295.86
$448.70

$46,140.09
$51,685.17
$43,305.05
$44,617.58
$ 573.94
$ 6,365.07
$13,761.01
$37,263.62
$32,093.32
$60,256.35
$57,812.96
$44,625.97
$52,670.05
$53,570.12
$57,833.08
$56,584.18
$54,113.55
$58,039.22
$46,978.51
$50,012.24
$56,243.37
$55,719.91
$46,500.64
$59,018.10
$47,106.43
$44,786.29
$53,590.81
$47,551.22
$49,763.23
$54,814.15
$51,217.95
$52,571.56
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Table A-3: Four Creeks Township Wealth Coefficientg$/acre)

Native Tame Total

Cropland | Grass Grass Aspen Lentic Lotic Predicted Actual

$189.27 | $ 74.89] $123.79 $161.69 $448 $ 63.40| $19,148.22 $ 26,80
$226.83 | $11245 $161.35 $199.25 $@6, $100.96| $34,536.14 $ 32,50
$306.83 | $333.700 $307.883 $171.31 $ZAB5| $ 85.78| $46,926.20 $ 47,50
$230.58 | $116.20f $165.10 $203.00 $HI9 $104.71 $ 33,616.22 $ 33,40
$307.57 | $334.44] $30857 $172.04 $TB5 $ 86.51 $44,876.15 $ 44,20
$303.16 | $330.03] $304.16 $167.64 $32B1 $ 82.11 $45,128.05 $ 45,30
$249.73 | $135.35| $184.25 $222.15  $ABY $123.86| $39,206.51 $ 35,60
$293.35| $320.22| $29435 $157.82 $2R1 $ 72.29| $43,460.80 $ 42,90
$308.29 | $335.16| $309.29 $172.716 $6%6| $ 87.24| $45,844.48 $ 46,00
$296.90 | $323.77| $29790 $161.38 $2Z25 $ 75.85| $42,749.39 $ 42,40
$295.10 | $321.97| $296.10 $15957 $4@3] $ 74.05| $43,123.99 $ 43,10
$171.35| $ 56.98 $10587 $143.77 $3B0 $ 4549| $16,774.66 $ 24,20
$309.61 | $336.48] $31061L $174.09 $I7| $ 88.56| $46,268.64 $ 47,00
$315.72 | $34259] $316.72 $180.20 $@B4 $ 94.67 $46,226.14 $ 47,80
$307.26 | $334.13] $308.26 $171.13 $&B5 $ 86.21 $44,416.41 $ 46,00
$307.69 | $334.56] $308.69 $172.16 $B6| $ 86.64| $45,490.08 $ 46,30
$279.60 | $165.22| $214.11 $252.02 $268 $153.73| $42,673.04 $ 39,40
$238.34 | $12396 $17285 $210.16 $2R7 $112.47 $36,198.30 $ 33,10
$285.37 | $170.99] $219.80 $257.79  $504, $15950| $41,982.22 $ 38,50
$176.42 | $ 62.04f $11098 $148.84 $83%5 $ 50.55| $24,301.64 $ 25,10
$181.22 | $ 66.84] $11573 $153.64 $390] $ 55.35| $26,539.71 $ 25,60
$238.83 | $12445 $17334 $211.25 $@e8 $112.96| $37,648.20 $ 33,50
$24554 | $131.17] $180.06 $217.96 $2B4, $119.68| $34,976.40 $ 33,30
$293.14 | $320.01] $294.14 $157.62 $3:21 $ 72.09 $41,793.42 $ 42,60
$31457 | $341.44] $31557 $179.05 $M2l $ 93.52 $ 48,066.38 $ 47,20
$30043 | $327.30] $301.48 $164.91 $&AR8 $ 79.38| $45,629.76 $ 45,30
$167.79 | $ 53.42] $10231 $140.21 $9m6| $ 41.93| $15,154.12 $ 23,90
$15897 | $ 4459 $ 9349 $131.39 &14 | $ 33.10| $11,453.04 $22,70
$216.04 | $101.67] $15056 $188.46 $2D5 $ 90.18| $26,592.24 $ 30,30
$240.17 | $125.79] $17468 $212.59 $32@9 $11430| $30,993.42 $ 33,20
$275.14 | $160.76] $209.66 $247.56  $2bB4 $149.27 $39,187.57 $ 38,30
$307.25 | $334.12] $30825 $171.72 $&B5 $ 86.20| $42,425.33 $ 45,50
$312.40 | $339.27| $3134p $176.88 $740, $ 91.35| $45921.23 $ 47,00
$301.56 | $328.43 $30256 $166.04 $F29 $ 8051 $ 45,158.78 $ 44,30
$291.07 | $317.94] $292.0f $15555 $49 $ 70.02 $44,067.33 $ 42,20
$307.16 | $334.03] $308.16 $171.63 $3B5 $ 86.10| $46,419.75 $ 46,00
$308.50 | $335.37| $30950 $172.97 $&B6| $ 87.45| $39,617.00 $ 41,40
$292.80 | $319.67| $293.8p $157.27 $®1 $ 71.75| $44,443.21 $ 42,40
$190.32 | $ 7594 $12484 $162.74 $499 $ 64.45| $22,389.06 $ 27,10
$253.03 | $138.65 $18755 $22545 $2N2| $127.16| $39,766.58 $ 35,80
$288.09 | $314.96] $289.09 $15256 $486| $ 67.04| $42,600.19 $41,70
$268.00 | $153.62| $20252 $240.42 $D57| $142.13| $41,441.40 $ 38,10
$123.82| $ 10000 $ 5834 $ 96.24 1399 | $ 10.00| $14,472.02 $ 16,40
$226.99 | $112.62] $16151 $199.41 $7I6, $101.13| $34,144.66 $ 32,60
$247.37 | $13299] $181.89 $219.79 $3:B6| $121.50| $38,911.41 $ 35,40
$28459 | $170.22| $219.11 $257.01 $273 $158.73| $44,622.73 $ 40,40
$286.85 | $313.72| $287.85 $151.33 $245 $ 65.80| $41,113.72 $ 41,50
$274.77 | $160.39] $209.28 $247.19 $M3 $148.90| $43,837.85 $ 39,40
$297.12 | $323.99] $298.12 $161.59 $4@5 $ 76.07 $ 43,729.56 $ 44,20
$301.19 | $328.06) $302.19 $165.67 $5@9 $ 80.14| $43,289.14 $ 45,30
$285.47 | $171.09] $21999 $257.89 $6W4 $159.60| $45,314.05 $ 40,50
$28250 | $168.12] $217.02 $254.92 $671 $156.63| $37,176.94 $ 40,10
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$214.08
$300.16
$276.08
$ 256.00
$238.28
$298.02
$290.37
$283.79
$307.16
$283.51
$300.85
$301.27
$280.31
$210.50
$173.20
$173.84
$ 324.06
$306.19
$152.88
$143.94
$324.23
$322.13
$190.69
$122.37
$164.69
$308.03
$273.90
$288.97
$273.58
$276.51
$285.42
$298.08
$297.60
$295.38
$ 295.66
$ 238.56
$254.50
$245.28
$245.91
$295.80
$295.85
$303.93
$310.44
$307.54
$301.49
$266.81
$239.81
$300.26
$220.39
$ 257.64
$270.32
$292.97
$306.33
$307.09
$315.21
$298.16
$306.70

$ 99.71
$327.03
$161.71
$141.63
$123.90
$324.89
$317.24
$169.41
$ 334.03
$169.13
$327.72
$328.14
$165.94
$ 96.12
$ 58.82
$ 59.46
$350.93
$ 333.06
$ 3851
$ 29.56
$351.10
$207.76
$ 76.32
$ 10.00
$ 50.32
$334.90
$159.53
$315.84
$159.20
$162.14
$171.04
$324.95
$ 324.47
$322.25
$322.53
$124.19
$140.12
$130.90
$131.53
$ 322.67
$322.72
$ 330.80
$337.31
$334.41
$ 328.36
$152.43
$125.44
$327.13
$106.01
$143.26
$ 155.94
$178.59
$ 333.20
$333.96
$342.08
$325.03
$333.57

$293
$528
$265
$A5
$427
$326
$7248
$952
$5385
$6872
$229
$629
$4859
$dP9
$362
$063
$452
$55384
p{ulcd
318
$55%52
$3M1
$869
1%.34
346
$3B6
$O8B3
$237
$7H2
$655
$594
$4P6
$IR5
$223
$024
$227
$&A3
$4234
$08B5
$P4
$21r4
$282
$&BY
$ABS
$&@9
$IB5
$928
$628
$5809
$8U6
$4%59
$182
$6B4
$435
$5A3
$526
$B5

$ 88.22
$ 79.11
$150.22
$130.14
$112.41
$ 76.97
$ 69.32
$157.92
$ 86.10
$157.64
$ 79.80
$ 80.22
$154.45
$ 84.63
$ 47.33
$ 47.97
$103.01
$ 85.14
$ 27.02
$ 18.07
$103.18
$196.27
$ 64.83
$ 10.00
$ 38.83
$ 86.98
$ 148.04
$ 67.92
$147.71
$ 150.65
$ 159.55
$ 77.03
$ 76.55
$ 74.33
$ 7461
$112.70
$128.63
$119.41
$120.04
74.75
74.80
82.88
89.39
86.49
80.44
$140.94
$113.95
$ 79.21
$ 9452
$131.77
$144.45
$167.10
85.28
86.04
94.16
7711
85.65

R e

R R

$31,774.28
$43,392.07
$42,695.34
$40,356.83
$ 36,923.63
$ 45,879.08
$43,418.89
$43,921.28
$46,701.03
$44,482.26
$45,089.81
$ 44,984.45
$42,832.65
$32,741.15
$17,283.32
$19,321.12
$50,579.82
$43,843.65
$13,622.84
$11,359.00
$49,149.58
$38,922.23
$17,563.41
$ 4,020.67
$17,465.46
$ 45,957.05
$40,809.71
$44,021.88
$43,272.83
$43,074.08
$44,541.01
$ 45,781.64
$45,346.81
$41,765.54
$42,888.65
$ 37,455.94
$39,199.18
$ 38,605.38
$ 38,944.25
$46,077.23
$45,939.43
$ 46,952.85
$48,158.40
$47,824.47
$46,511.89
$41,917.95
$36,926.48
$42,785.15
$34,149.72
$ 40,301.65
$40,723.92
$42,999.47
$46,127.46
$47,758.21
$48,848.48
$45,866.17
$ 47,865.84

$ 30,200
$ 44,200
$ 38,800
$ 36,200
$ 33,200
$ 43,900
$41,900
$ 39,000
$ 46,800
$40,100
$ 45,300
$ 45,300
$ 38,800
$ 29,300
$ 24,300
$ 24,300
$51,700
$ 45,500
$ 21,700
$ 20,600
$ 48,900
$ 39,700
$ 27,000
$ 17,500
$ 23,000
$ 46,000
$ 38,500
$ 41,900
$ 38,800
$ 39,300
$ 40,600
$ 44,000
$ 44,000
$ 43,600
$ 43,600
$ 33,500
$ 35,700
$ 34,700
$ 34,800
$ 43,800
$ 43,800
$ 46,000
$ 47,800
$ 47,000
$ 45,300
$ 37,400
$ 33,600
$ 43,000
$31,200
$ 36,400
$ 37,400
$ 38,900
$ 46,000
$ 46,800
$ 48,800
$ 44,200
$ 46,800
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$322.60
$333.00
$299.52
$300.64
$147.99
$150.24
$303.73
$324.41
$153.87
$ 223.57
$232.74
$284.56
$311.87
$314.16
$277.73
$324.29
$308.69
$275.23
$309.44
$321.92
$307.51
$294.76
$300.13
$213.51
$226.64
$292.31
$309.65
$262.38
$319.55
$324.48
$328.29
$330.14

$ 349.47
$ 359.87
$326.39
$327.51
$ 33.61
$ 35.87
$ 330.60
$351.28
$ 39.49
$109.19
$118.36
$170.19
$ 338.74
$341.03
$163.36
$351.16
$ 335.56
$160.85
$336.31
$348.79
$334.38
$180.38
$327.00
$ 99.13
$112.26
$177.93
$ 336.52
$148.00
$ 346.42
$351.35
$ 355.16
$357.01

$ 323.6
$334.0
$300.5
$301.6
$ 825
$ 847
$304.7
$325.4
$ 88.3
$158.0
$167.2
$219.0
$312.8
$315.1
$212.2
$325.2
$309.6
$209.7
$310.4
$322.9
$308.5
$229.2
$301.1
$148.0
$161.1
$226.8
$310.6
$196.8
$320.5
$325.4
$329.2
$331.1

$I50
$3IB1
$eR7
$a29
B3

$4B

$1B2
$762
304

$242
$PP1
$2F3
$2310
$5212
$AB6
$652
$aB7
$4ABA4
$&B7
$250
$8185
$2B3
$428
$&®2

s 5|

$481
$@B8
$551
$U7
$&62
$6556
$5158

$101.55
$111.95
$ 78.47
$ 79.59
$ 2212
$ 24.38
$ 82.68
$103.36
$ 28.00
$ 97.70
$106.87
$158.70
$ 90.82
$ 93.11
$151.87
$103.24
$ 87.64
$149.36
$ 88.39
$100.87
$ 86.46
$168.89
$ 79.08
$ 87.64
$100.77
$ 166.44
$ 88.60
$136.51
$ 98.50
$103.43
$107.24
$ 109.09

$49,359.02
$51,005.78
$45,791.10
$ 46,626.84
$ 6,793.86
$ 6,793.94
$46,598.44
$44,819.84
$ 7,890.23
$20,705.25
$34,932.79
$42,101.88
$48,352.75
$48,571.39
$44,317.53
$45,240.19
$47,841.33
$42,974.54
$ 46,786.95
$49,602.54
$ 47,659.45
$43,775.70
$45,614.72
$ 32,066.39
$ 35,108.57
$ 45,666.05
$ 45,063.65
$40,901.35
$49,723.27
$50,277.83
$51,746.84
$ 49,569.84
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Appendix B: Summary Statistics for RFSM Scenarios

Table B -1: Representative Farm Base Case Summarydfistics

Mean Std. Dev. Maximum Minimum 95% 5%
Farm NPV $971,313 $233,967 $1,695,251 $19,139 91387  $512,738
Beef Enterprise
NPV $384,499 $61,853 $610,326 -$34,802 $505,730 338PG
Crop Enterprise
NPV $506,064 $214,621 $1,241,705 -$234,856 $926,722%$85,407
NPV in Perpetuity| $1,109,688 $267,832 $1,986,174 44$05 $1,634,638 $584,738
Forage Saleg $2,952 $1,479 $12,897 $0 $5,850 $54
Net Forage Cost$ $991 $607 $4,433 $0 $2,180 -$198
Grazing Seaso
Days 259.1 26.18 475.53 192.93 310.4128 207.7872
Weaning Weights 572.29 49.75 983.5 446.56 669.8 7874
Table B-2: Summary Statistics for Scenario 1: Ripaan Habitat to Cropland
Mean Std. Dev. Maximum  Minimum 95% 5%

Farm NPV - 6.67% $1,006,901 $241,835 $1,768,450 58&I $1,480,897 $532,905

3.33% | $1,040,093 $247,470 $1,799,778 $209,572 $1582 $555,051
0.00% | $1,074,252 $254,258 $1,851,895 $221,700 &B97 $575,906
Beef NPV - 6.67% $385,877  $60,317 $613,021  -$38,5906504,098 $267,655
3.33% $385,610  $61,608 $610,326  -$34,802 $506,36264,859
0.00% $386,109  $61,511 $610,326  -$34,802 $506,67265,$47

$1,262,708220,999

$971,886 $103,360

Crop NPV - 6.67%) $537,623 $221,563

3.33% $568,388 $228,939 $1,343,0586229,395 $1,017,109 $119,667
0.00% $599,330 $236,073 $1,393,754$220,845 $1,062,034 $136,627
Forage Sales - 6.67% $3,269 $1,467 $9,889 $0 $6,145 $393
3.33% $3,586 $1,488 $13,450 $0 $6,503 $669
0.00% $3,900 $1,493 $13,726 $0 $6,826 $975
Grazing Season Days|-
6.67% 259.11 25.79 408.97 203.46 309.6584 208.5616
3.33% 259.1 26.18 475.53 192.93 310.4128 207.7872
0.00% 259.1 26.18 475.53 192.93 310.4128 207.7872
Weaning Weights - 6.67% 572.31 49 857.03 466.57 3H8  476.27
3.33% 572.29 49.75 983.5 446.56 669.8 474.78
0.00% 572.29 49.75 983.5 446.56 669.8 474.78
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Table B-3: Summary Statistics for Scenario 2: Ripaan Habitat to Tame Pasture

Mean Std. Dev. Maximum

Minimum

95% 5%

Farm NPV - 6.67%
3.33%

0.00%

Beef NPV - 6.67%
3.33%

0.00%

Crop NPV - 6.67%
3.33%

0.00%

Forage Sales - 6.679
3.33%

0.00%
Grazing Season Days|

3.33%
0.00%
Weaning Weights - 6.679
3.33%
0.00%

0

=)

$973,191 $233,951 $169,776
$975,114 $233,832 $1,700,000
$976,996 $233,769 $1,702,514

$385,347  $61,854 $612,021
$386,258  $61,829 $613,717
$387,137  $61,848 $615,412

$507,121 $214,544 $1,242,720
$508,156 $214,474 $1,244,013
$509,186 $214,404 $1,245,327

$2,983 $1,480 $12,948
$3,015 $1,481 $13,008
$3,046 $1,483 $13,068
259.67 26.25 476.67
260.25 26.32 477.82
260.82 26.39 478.96

573.38 49.88 985.68
574.47 50.01 987.85
575.56 50.14 990.02

$194,381,431,735 $514,648
$195,637 $14283, $516,803
$197,062 $11835, $518,809
-$34,2756506,582  $264,113

-$33,748 $507,44365,$72
-$33,221 $508,35865,915
-2 $927,628  $86,614
-$233,602 $928,5 $87,787
-$232,894 $979,4 $88,955
$0 45,88 $83
$0 $5,918 $111
$0 $5,952 $140
193.33 311.12 208.22
193.73 311.8372 208.6628
194.13 312.5444 209.0956

447.33%71.1448 475.6152
448.09 672.4896 476.4504
448.85 673.8344 477.2856

162



Table B-4: Summary Statistics for Scenario 3: Fordsd Habitat to Cropland

Mean Std. Dev. Maximum  Minimum 95% 5%
Farm NPV - 6.67% $796,956 $231,463 $1,771,476 ¥%6,8$1,250,623  $343,289
3.33% | $828,181 $239,456 $1,824,216 $66,178 $1,297,5$358,847
0.00% | $859,937 $247,501 $1,876,828 $75,007 $1,385,0$374,835
Beef NPV - 6.67%| $305,650  $51,302 $522,093 $168,8045406,203  $205,097
3.33% | $307,685  $50,839 $522,093 $172,795 $407,33R08,840
0.00% | $309,475  $50,431 $522,093 $175,944 $408,32210,630
Crop NPV -6.67% $404,503 $213,546 $1,176,289 -HZH  $823,052 -$14,046
3.33%| $431,010 $222,056 $1,226,980 -$290,315 $866,2 -$4,220
0.00% | $458,338 $230,585 $1,277,552 -$290,477 $850,2 $6,391
Forage Sales - 6.67% $464 $822 $7,950 $0 $2,075 ,1461
3.33% $611 $916 $8,225 $0 $2,406 -$1,184
0.00% $786 $1,011 $8,499 $0 $2,767 -$1,195
Grazing Season Days|-
6.67% 200.48 20.43 369.37 148.85 240.5228 160.4372
3.33% 200.48 20.43 369.37 148.85 240.5228 160.4372
0.00% 200.48 20.43 369.37 148.85 240.5228 160.4372
Weaning Weights - 6.67% 460.92 38.82 781.8 362.81 37.0D72 384.8328
3.33% 460.92 38.82 781.8 362.81 537.0072 384.8328
0.00% 460.92 38.82 781.8 362.81 537.0072 384.8328
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Table B-5: Summary Statistics for Scenario 4: Forasd Habitat to Tame Grass

Mean Std. Dev. Maximum

Minimum 95% 5%

Farm NPV - 6.67%
3.33%

0.00%

Beef NPV - 6.67%)
3.33%

0.00%

Crop NPV - 6.67%
3.33%

0.00%

Forage Sales - 6.679
3.33%

0.00%
Grazing Season Days|
6.67%

3.33%
0.00%
Weaning Weights - 6.679
3.33%

0.00%

$787,034 $225,653 $1,729,772

$809,095 $228,721
$831,651
$312,285

$1,765,656
$231,520 $1,789,601

$51,813 $520,579
$321,402  $52,156 $543,031
$330,133  $53,633 $554,243
$390,879 $207,789 $1,139,515
$404,097 $210,472 $1,153,732
$418,298 $212,928 $1,167,940

$500 $863 $8,314
$699 $999 $8,967
$942 $1,131 $9,618
207.1 21.22 382.52
213.71 22.02 394.68
220.33 22.81 408.83

473.48 40.32 806.79
486.05 41.83 831.79
498.62 43.33 856.78

964,5$1,229,313  $344,754

$81,716 $1,897,3$360,802
$98,404 $1,385,4$377,871
$141,664413,837 $210,732
$154,241 $423,627219,%77
-$37,881 $435,25225,911
-p $798,145  -$16,387
-$278,828 $816,6 -$8,428
-$273,248 $885,6  $960
$0 $2,193 ,19%1
$0 $2,658 -$1,260
$0 $3,158 -$1,273
153.46 248.6912 165.5088
159.08 256.8692 170.5508
162.69 265.0376 175.6224
371.5852.5072 394.4528
380.35 568.0368 404.0632
389.12 583.5468 413.6932

Table B-6: Summary Statistics for Scenario 5: Crodnd to Tame Pasture

Mean

Std. Dev. Maximum

Minimum

95% 5%

Farm NPV
Beef Enterprise NP\
Crop Enterprise NPV

$983,547 $199,059 $1,588,125
$451,811  $93,364 $636,764
$464,054 $182,286

$1,133,736 146®19

$309,798 781784 $593,391
o, $634,805 $268,818
$821,334 $106,773

Forage Saleg $5,766 $1,696 $18,303 $1,124 $9,091 ,44%2
Grazing Season Days 314.31 32.79 585.34 231.45 5338. 250.0416
Weaning Weights 677.2 62.3 1192.15 519.76 799.30855.092
Table B-7: Summary Statistics for Scenario 6: Crond to Tame Hay
Mean Std. Dev. Maximum  Minimum 95% 5%

Farm NPV

Beef Enterprise NPV
Crop Enterprise NPV
Forage Sales

Grazing Season Days

Weaning Weights

$910,724 $200,623 $1,543,904
$396,264  $59,841 $610,986
$441,139 $182,141

$7,151 $1,578 $16,624
259.1 26.18 475.53
572.29 49.75 983.5

$1,072,843 187984

$243,404 081935 $517,503
ZEBB, $513,553 $278,975
$798,135  $84,143
$10,2454,05%
B28®.4 207.7872
669.8 .7874

$3,080
192.93
446.56
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Table B-8: Summary Statistics for Scenario 7: Deci&sing forage conditions for
overgrazed state (decreasing utilization factor, %)

Mean Std. Dev. Maximum  Minimum 95% 5%

Farm NPV - 6.67% $952,692 $235,345 $1,677,611 $TA7, $1,413,967 $491,416
13.33%| $931,593 $236,817 $1,658,255 $160,771 $17895 $467,433

20.00%| $906,252 $237,623 $1,636,229 $140,429 $B971 $440,511

Beef NPV - 6.67%| $376,083  $61,540 $611,770 -$37,7036496,702  $255,465
13.33%| $367,205  $60,066 $598,916 -$40,954 $484,98849,475
20.00%| $357,035 $57,623 $583,941 -$13,754 $469,98844,095

Crop NPV - 6.67%| $495,371 $215,771 $1,234,731 -BB2 $918,282  $72,459
13.33%| $482,523 $216,897 $1,226,979 -$250,090 $207, $57,405
20.00%| $466,690 $217,722 $1,217,965 -$258,638 42683, $39,954

Forage Sales - 6.67% $2,653 $1,489 $12,626 $0 35,57 -$265
13.33% $2,322 $1,488 $12,325 $0 $5,238 -$595
20.00% $1,947 $1,464 $11,975 $0 $4,817 -$923

Grazing Season Days|-

6.67% 253.66 26.18 470.09 187.49 304.9728 202.3472
13.33% 247.56 26.18 461.99 181.39 298.8728 196.2472
20.00% 240.46 26.18 456.89 174.29 291.7728 189.1472

Weaning Weights - 6.67% 561.95 49.75 973.17 436.23 659.46 464.44
13.33% 550.36 49.75 961.58 424.64 647.87 452.85
20.00% 536.87 49.75 948.08 411.14 634.38 439.36
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Table B-9: Summary Statistics for Scenario 7: Decmsing stocking rates (AUM for

tame and native pasture)

Mean Std. Dev. Maximum Minimum 95% 5%
Farm NPV - 1.2 and 0.4 $907,700 $241,858 $1,854,607 $150,952 $1,381,742 $433,659
1.1 and 0.55| $904,346 $241,113 $1,663,642 $126,5781,376,928 $431,765
1.0and 0.5 $904,627 $243,008 $1,675,256 $118,6761,388,922 $428,332
Beef Enterprise NPV - 1.2 and 0|6 $360,063 $58,558 $598,026 $156,529 $474,835 $245,290
1.1 and 0.55| $359,069 $61,567 $604,233 -$35,549 9,847 $238,397
1.0and 0.5 $360,760 $63,478 $609,305 -$29,750 5485 $236,344
Crop Enterprise NPV - 1.2 and 0{6 $466,261 $218,8251,196,989 -$250,146 $895,158 $37,364
1.1 and 0.55| $464,855 $219,760 $1,237,539 -$263,470 $895,585 $34,125
1.0and 0.5 $464,562 $220,679 $1,249,305 -$266,091 $897,093 $32,030
Forage Sales - 1.2 and 0|6 $1,977 $1,528 $9,118 $0 $4,973 -$1,018
1.1 and 0.55| $1,991 $1,597 $13,128 $0 $5,121 -91,13
1.0and 0.5 $2,045 $1,670 $13,835 $0 $5,317 -$1,228
Grazing Season Days - 1.2 and (.6 238.58 26.53 7892. 181.33 290.5788 186.5812
1.1 and 0.55| 236.33 27.69 465.23 166.35 290.6024 2.0%86
1.0and 0.5 234.45 28.58 470.7 162.23 290.4668 4333.
Weaning Weights - 1.2 and 0.6 533.3 50.41 826.21 4.5 632.1036 434.4964
1.1 and 0.55| 529.03 52.62 963.94 396.07 632.1652 5.8828
1.0and 0.5 525.46 54.3 974.32 388.23 631.888 329.0
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Table B-10:Summary Statistics for Scenario 8: Rotational grazig management
(changing utilization factor)

Mean Std. Dev. Maximum Minimum 95% 5%
Farm NPV - 0.50% $963,915  $234,862 $1,695,188 07, $1,424,244 $503,586
1.00% $969,693  $234,203 $1,699,979 $187,229 $17328, $510,655
1.50% $976,340  $233,846 $1,701,842 $191,276 $56334, $518,003
Beef Enterprise NPV - 0.50% $388,804 $60,593 $620,3 -$36,370 $507,567 $270,041
1.00% $391,808 $63,052 $624,998 -$29,777 $515,390268,827
1.50% $395,448 $63,241 $632,334 -$27,264 $519,400271,896
Crop Enterprise NPV - 0.50% $510,160  $214,368 isRS2zie] -$221,101 $930,321 $90,000
1.00% $513,614  $214,540 $1,252,755  -$229,821 $934,1 $93,116
1.50% $517,248 $214,516 $1,258,472 -$227,220 $087,7 $96,797
Forage Sales - 0.50% $3,081 $1,481 $9,838 $0 $5,985 $178
1.00% $3,215 $1,514 $13,451 $0 $6,182 $248
1.50% $3,346 $1,531 $13,729 $0 $6,346 $346
Grazing Season Days - 0.50p6 259.79 25.88 410.2 9203. 310.5148 209.0652
1.00% 260.45 26.38 478.5 193.79 312.1548 208.7452
1.50% 261.13 26.48 479.99 194.21 313.0308 209.2292
Weaning Weights - 0.50% 573.6 49.18 859.39 467.46 69.9928 477.2072
1.00% 574.86 50.12 989.16 448.19 673.0952 476.6248
1.50% 576.14 50.31 991.98 449.01 674.7476 477.5324
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Table B-11:Summary Statistics for Scenario 8: Rotational grazig management
(changing period of forage growth)

Mean Std. Dev. Maximum Minimum 95% 5%
Farm NPV - 3 years $966,915  $234,189 $1,695,970 5992 $1,425,925 $507,904
4 years $969,693  $234,203 $1,699,979 $187,229 §Tar $510,655
5 years $972,270  $233,813 $1,694,964 $188,990 6543 $513,997
6 years $974,713  $233,909 $1,698,498 $190,564 3143 $516,252
Beef Enterprise NPV - 3 years $390,319 $62,150 B&ERL  -$30,969 $512,132  $268,506
4 years $391,808 $63,052 $624,998 -$29,777 $515,396268,227
5 years $393,263 $62,816 $627,773 -$28,630 $516,388270,143
6 years $394,758 $62,924 $630,255 -$27,535 $518,088271,426
Crop Enterprise NPV - 3 yearls $512,045  $214,547 23R1369  -$230,952 $932,558 $91,532
4 years $513,614 $214,540 $1,252,755 -$229,821 , 5834 $93,116
5 years $514,981 $214,542 $1,254,881 -$228,747 ,$935 $94,478
6 years $516,189  $214,548 $1,256,934  -$227,722 3936  $95,676
Forage Sales - 3 yeals $3,154 $1,506 $13,325 $0 10%6, $202
4 years $3,215 $1,514 $13,451 $0 $6,182 $248
5 years $3,273 $1,522 $13,578 $0 $6,255 $290
6 years $3,328 $1,529 $13,690 $0 $6,325 $332
Grazing Season Days - 3 years 260.45 26.38 478.5 3.799 312.1548 208.7452
4 years 260.45 26.38 478.5 193.79 312.1548 208.7452
5 years 260.45 26.38 478.5 193.79 312.1548 208.7452
6 years 260.45 26.38 478.5 193.79 312.1548 208.7452
Weaning Weights - 3 years 574.86 50.12 989.16 £48.1 673.0952 476.6248
4 years 574.86 50.12 989.16 448.19 673.0952 478.624
5 years 574.86 50.12 989.16 448.19 673.0952 478.624
6 years 574.86 50.12 989.16 448.19 673.0952 478.624
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Table B-12:Summary Statistics for High Input Cost Scenario: Rparian Habitat to
Cropland (% of quarter w/ habitat)

Mean Std. Dev. Maximum Minimum 95% 5%

Farm NPV - 6.67%) $891,356  $241,604 $1,635,052 $10,3 $1,364,899 $417,813

3.33% $921,650 $248,362 $1,683,289 $74,818  $1,408,4 $434,861
0.00% $951,817  $255,150 $1,731,422 $83,471 $1,451,9 $451,724

Beef Enterprise NPV - 6.67% $382,097 $62,213 $60,0 -$33,369 $504,033  $260,160
3.33% $382,631 $62,098 $610,004 -$33,369 $504,343260,920
0.00% $383,131 $61,999 $610,004 -$33,369 $504,64861,613

Crop Enterprise NPV - 6.67% $425,146  $221,785 LBl  -$344,760 $859,844 -$9,553
3.33% $452,194  $228,939 $1,226,865  -$345,589 $960,9 $3,473
0.00% $479,132  $236,073 $1,273,556  -$341,043 $961,8 $16,429

Forage Sales - 6.67% $3,270 $1,484 $13,175 $0 $6,17 $362
3.33% $3,586 $1,488 $13,450 $0 $6,503 $669
0.00% $3,900 $1,493 $13,726 $0 $6,826 $975

Grazing Season Days - 6.67% 259.1 26.18 475.53 9392. 310.4128  207.7872

3.33% 259.1 26.18 475.53 192.93 310.4128 207.7872
0.00% 259.1 26.18 475.53 192.93 310.4128 207.7872

Weaning Weights - 6.679 572.29 49.75 983.5 446.56 69.8 474.78
3.33% 572.29 49.75 983.5 446.56 669.8 474.78
0.00% 572.29 49.75 983.5 446.56 669.8 474.78
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Appendix C: Scenario 1 Results Excluding Conversioosts

Table C-1 Scenario 1 Results: Conversion of RipariaHabitat to Cropland
Excluding Conversion Costs

Acres of Riparian Habitat per Quarter (% of Qtr)
Base 10.66 (6.67%) 5.33 (3.33%) 0 (0%)
Farm NPV Mean*| $ 971,318 $ 1,006,901 $ 1,040,093 $ 1,074,252
St. Dev.| $ 233,967 $ 241835 $ 247,470 $ 254,258

Total NPV Increass $ 35,588 $ 68,780 $ 102,939
NPV Increase
($/ac Converted $ 1,113 $ 1,075 $ 1,072
Annualized Increase
($/ac Converted $ 130.71 % 12631  $ 125.95
Annual Forage Sales Mean $ 2952 $ 3,269 $ 3586 $ 3,900
St. Dev. $ 1,479 % 1,467 $ 1,488 $ 1,493
Crop Enterprise NPV Meant $ 506,064 $ 537,623 $ 568,388 % 599,330
St.Dev.| $ 214,621 $ 221563 $ 228,939 $ 236,073
Beef Enterprise NPV Mean $ 384,499 $ 385,877 $ 385,610 $ 386,109
St.Dev.| $ 61,853 $ 60,317 $ 61,608 $ 61,511

*Runs from simulation model and excludes all coriversosts.
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Appendix D: Forage Availability Changes (Scenario§and 8)

Table D -1Scenario 7: Forage availability from lowered stockig rates (up to and
including the last year of utilization growth)

AUM/acre Utilizable forage per year (lbs
Year Grazing Native Tame Native Tame
“Tame 1.2, | season days

Native 0.6 ["year 0 236.38 0.54 1.1f 212,453 419,337
year 1 237.54 0.5 1.12 214,634 423,642
year 2 238.70 0.58 1.14 216,816 427,948
year 3 239.86 0.58 1.15 218,997 432,254
year 4 241.07 0.59 1.16 221,179 436,560

Tame 1.1,

Native 0.55 ["year 0 233.61 0.5% 1.0p 207,236 409,040
year 1 235.24 0.56 1.10 210,375 415,285
year 2 236.95 0.5 1.12 213,514. 421,481
year 3 238.61 0.5 1.13 216,653 427,626
year 4 240.24 0.58 1.15 219,79 433,822
year 5 241.95 0.59 1.17 222,931 440,017

Tame 1.0,

Native 0.5 ['year 0 231.24 0.54 1.06 202,767 400,219
year 1 233.37 0.5% 1.08 206,774 408,129
year 2 235.5( 0.56 1.10 210,782 416,039
year 3 237.62 0.5Y 1.18 214,789 423,948
year 4 239.74 0.58 1.15 218,797 431,8%8
year 5 241.84 0.59 1.1 222,804 439,768
year 6 244.01 0.60 1.19 226,812 447,678
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Table D -2Scenario 8: Forage availability with increasing utization factor growth

AUM/acre Utilizable forage per year (Ibs)
Year Grazing Native Tame Native Tame
season days
0.50% | YearO 258.1 0.6 1.33 251,126 | ZBR
Year 1 258.77 0.67 1.34 252,382 504,764
Year 2 259.45 0.67 1.3 253,637 507,275
Year 3 260.12 0.6 1.3b 254,893 509,787
Year 4 260.79 0.6 1.36 256,149 512,298
1.00% | YearO 258.1 0.6 1.33 251,126 B
Year 1 259.45 0.67 1.3 253,637 507,275
Year 2 260.79 0.68 1.36 256,149 512,298
Year 3 262.14 0.69 1.3 258,660 517,320
Year 4 263.48 0.69 1.39 261,171 522,343
1.50% | YearO 258.1 0.6 1.33 251,126 R,
Year 1 260.12 0.6 1.3b 254,893 509,787
Year 2 262.14 0.69 1.3 258,660 517,320
Year 3 264.16 0.7 1.39 262,427 524,854
Year 4 266.18 0.71 141 266,194 532,388

Table D- 3Scenario 8: Forage availability with increasing utization factor

improvement period

AUM/acre Utilizable forage per year (Ibs)
Year Grazing Native Tame | Native Tame
Season days
3.00| YearO 258.1( 0.6y 1.33 251,126 HR,2
Year 1 259.45 0.67 1.3b 253,637 507,275
Year 2 260.79 0.68 1.36 256,149 512,298
Year 3 262.14 0.69 1.3[7 258,660 517,320
4.00| Year4 263.44 0.69 1.39 261,171 5P2,3
5.00| Year5 264.83 0.7 1.40 263,682 3By,
6.00 | Year6 266.18 0.71 141 266,194 52,3
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Appendix E: Off-stream watering and Fencing costs

Table E-1: Off-stream watering site construction cets

Construction costs for small off-stream waterirtg si
(~100 herd size)

Total Cost($)

Wet Well Intake $ 5,000
Miscellaneous (10%) $ 500
Total $ 5,500

$/cow (116 herd size) $ 4741

Table E-2: Fencing construction costs

Source: Koeckhoven S. (2008) and advice given fsmoudre (2008)

Cost to erect 4 standard barbed, 2-strand wireefenc

23

Total cost ($/mile)* $ 37422
$/metre $
$/foot $

0.71

*Source: Soloudre (2008)
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Appendix F: Detailed Assessed Wealth Results
Table F-1: Antler River Sub-watershed- Assessed Wé&h Results

Landscape Difference

Quarter Section Actual Base Case Targets b/w Runs

SW1-5-33-W1 $ 45,000 $ 38,009 $ 30,688 $ 7,320
NW1-5-33-W1 $ 43,000 $ 38,351 $ 38,351 $ -
NE1-5-33-W1 $ 52,000 $ 50,355 $ 43,152 $ 7,203
SE1-5-33-W1 $ 52,000 $ 51,221 $ 27,341 $ 23,880
SW2-5-33-W1 $ 37,000 $ 38,839 $ 38,482 $ 357
NE2-5-33-W1 $ 48,000 $ 44345 % 37,818 $ 6,527
SE2-5-33-W1 $ 44,000 $ 37,486 $ 26,179 $ 11,307
SW3-5-33-W1 $ 46,000 $ 40,408 $ 33,079 $ 7,329
NW3-5-33-W1 $ 46,000 $ 43,199 $ 34,221 $ 8,978
NE3-5-33-W1 $ 28,000 $ 42,686 $ 40,603 $ 2,083
SE3-5-33-W1 $ 31,000 $ 43,035 $ 32,339 $ 10,696
SW4-5-33-W1 $ 40,000 $ 37,885 $ 35,862 $ 2,023
NW4-5-33-W1 $ 34,000 $ 38,858 % 37,771 $ 1,087
NE4-5-33-W1 $ 48,000 $ 48,137 % 47,855 $ 282
SE4-5-33-W1 $ 49,000 $ 50,479 $ 50,478 $ 1
SW5-5-33-W1 $ 34,000 $ 43,814 % 33,924 $ 9,890
NW5-5-33-W1 $ 40,000 $ 39,071 $ 38,461 $ 610
NE5-5-33-W1 $ 43,000 $ 40,135 % 30,560 $ 9,574
SE5-5-33-W1 $ 23,000 $ 45930 $ 34,994 $ 10,936
SW6-5-33-W1 $ 44,000 $ 36,181 $ 29,118 $ 7,063
NW6-5-33-W1 $ 41,000 $ 38,668 $ 38,655 $ 13
NE6-5-33-W1 $ 46,000 $ 39,700 $ 33,344 $ 6,354
SE6-5-33-W1 $ 39,000 $ 38,990 $ 31,111 $ 7,879
SW7-5-33-W1 $ 40,000 $ 37,440 % 37,423 $ 17
NW7-5-33-W1 $ 46,000 $ 41,398 $ 41,397 % 1
NE7-5-33-W1 $ 39,000 $ 39,398 $ 39,374 $ 22
SE7-5-33-W1 $ 38,000 $ 39453 $ 39,185 $ 268
SW8-5-33-W1 $ 47,000 $ 40,493 $ 40,384 $ 109
NW8-5-33-W1 $ 42,000 $ 40,433 $ 31,232 $ 9,201
NE8-5-33-W1 $ 39,000 $ 38,755 $ 37,362 $ 1,393
SE8-5-33-W1 $ 44,000 $ 39433 $ 35,094 $ 4,339
SW9-5-33-W1 $ 24,000 $ 43,694 $ 37,600 $ 6,094
NW9-5-33-W1 $ 30,000 $ 40,835 % 38,934 $ 1,902
NE9-5-33-W1 $ 28,000 $ 40,484 % 30,237 $ 10,247
SE9-5-33-W1 $ 46,000 $ 43,895 $ 29,009 $ 14,885
SW10-5-33-W1 $ 45,000 $ 40,640 $ 32,294 $ 8,346
NW10-5-33-W1 $ 49,000 $ 61,881 $ 50,696 $ 11,184
NE10-5-33-W1 $ 50,000 $ 48,862 $ 26,952 $ 21,910
SE10-5-33-W1 $ 39,000 $ 37,028 $ 32,087 $ 4941
SW11-5-33-W1 $ 32,000 $ 39,739 $ 31,952 $ 7,787
NW11-5-33-W1 $ 38,000 $ 36,426 $ 34,482 $ 1,944
NE11-5-33-W1 $ 39,000 $ 37,255 % 37,235 $ 20
SE11-5-33-W1 $ 44,000 $ 45693 $ 35,148 $ 10,545
SW12-5-33-W1 $ 47,000 $ 42383 % 32,101 $ 10,281
NW12-5-33-W1 $ 52,000 $ 53,318 $ 53,318 $ -
NE12-5-33-W1 $ 56,000 $ 60,715 $ 60,712 % 3
SE12-5-33-W1 $ 57,000 $ 65,974 $ 65,974 $ -
SW13-5-33-W1 $ 51,000 $ 48,735 % 41,969 $ 6,767
NW13-5-33-W1 $ 44,000 $ 34,668 $ 34,596 $ 72
NE13-5-33-W1 $ 49,000 $ 46,674 % 39,553 $ 7,120
SE13-5-33-W1 $ 49,000 $ 46,476 $ 38,635 $ 7,840
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SE28-5-33-W1 $ 40,000 $ 39,037 $ 33,685 $ 5,352
SW29-5-33-W1 $ 46,000 $ 39,658 $ 16,816 $ 22,842
NW29-5-33-W1 $ 41,000 $ 36,831 $ 30,518 $ 6,314
NE29-5-33-W1 $ 44000 $ 38,289 $ 38,289 $ -
SE29-5-33-W1 $ 45000 $ 38,300 $ 23,583 $ 14,718
SW30-5-33-W1 $ 17,000 $ 44,258 $ 30,787 $ 13,472
NW30-5-33-W1 $ 17,000 $ 45,681 $ 35,469 $ 10,212
NE30-5-33-W1 $ 17,000 $ 45,932 $ 33,264 $ 12,668
SE30-5-33-W1 $ 31,000 $ 41,208 $ 28,635 $ 12,573
SW31-5-33-W1 $ 34,000 $ 38,871 $ 30,864 $ 8,007
NW31-5-33-W1 $ 51,000 $ 49,603 $ 49,603 $ -
NE31-5-33-W1 $ 54,000 $ 55,221 $ 55,221 $ -
SE31-5-33-W1 $ 45,000 $ 36,740 $ 36,74Q $ -
SW32-5-33-W1 $ 51,000 $ 53,147 $ 42,261 $ 10,886
NW32-5-33-W1 $ 52,000 $ 54,803 $ 53,579 $ 1,223
NE32-5-33-W1 $ 55,000 $ 60,251 $ 49,636 $ 10,615
SE32-5-33-W1 $ 53,000 $ 65,163 $ 57,274 $ 7,889
SW33-5-33-W1 $ 52,000 $ 54,808 $ 44 565 $ 10,243
NW33-5-33-W1 $ 55,000 $ 61,458 $ 49,511 $ 11,947
NE33-5-33-W1 $ 47,000 $ 43,656 $ 34,238 $ 9,417
SE33-5-33-W1 $ 49,000 $ 49,213 $ 22,790 $ 26,423
SW34-5-33-W1 $ 53,000 $ 55,623 $ 18,750 $ 36,873
NW34-5-33-W1 $ 53,000 $ 61,440 $ 36,254 $ 25,186
NE34-5-33-W1 $ 38,000 $ 38,773 $ 33,762 $ 5,011
SE34-5-33-W1 $ 56,000 $ 57,391 $ 57,365 $ 26
SW35-5-33-W1 $ 48,000 $ 42,682 $ 42,540 $ 142
NW35-5-33-W1 $ 46,000 $ 39,759 $ 39,564 $ 195
NE35-5-33-W1 $ 53,000 $ 53,262 $ 49,533 $ 3,729
SE35-5-33-W1 $ 49,000 $ 47,081 $ 11,513 $ 35,568
SW36-5-33-W1 $ 49,000 $ 46,474 $ (4,955) $ 51,42
NW36-5-33-W1 $ 53,000 $ 52,200 $ 45,824 $ 6,376
NE36-5-33-W1 $ 41,000 $ 38,944 $ 30,916 $ 8,028
SE36-5-33-W1 $ 51,000 $ 51,721 $ 44,222 $ 7,499
Total $ 6,047,000 $ 6,271,755 $ 5,259,473

Average $ 42887 $ 44481 $ 37,301

SD 10069.8221 9327.100482 11730.84162

median $ 44000 $ 41203 $ 36,255
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Table F-2: Pipestone Creek Sub-Watershed- Assessétkalth Results

Landscape Difference
Quarter Section Actual Base Case | Targets b/w Runs
SW1-13-2-W2 $ 46,700 $ 44,501% 44309 $
NW1-13-2-W2 $ 48,600 $ 39,504% 38,053 $ 1451
NE1-13-2-W2 $ 18,800 $ 47,398% 41,419 $ 597
SE1-13-2-W2 $ 37,80( $ 50,5606 49,137 $ 1,428
SW2-13-2-W2 $ 28,900 $ 45,187% 39,482 $ 5,70p
NW2-13-2-W2 $ 28,800 $ 41,171% 41,171 $
NE2-13-2-W2 $ 44,200 $ 42,966% 38,005 $ 4,961
SE2-13-2-W2 $ 25,70( $ 49,290 45,191 $ 4,099
SW3-13-2-W2 $ 35,500 $ 46,615% 46,615 $
NW3-13-2-W2 $ 25,600 $ 28,210% 19,094 $ 09,11
NE3-13-2-W2 $ 28,100 $ 32,295% 27,312 $ 4,98p
SE3-13-2-W2 $ 28,80( $ 47,769% 44978 $ 2,791
SW4-13-2-W2 $ 29,800 $ 25,026% 15300, $ 9,72p
NW4-13-2-W2 $ 31400 $ 48,279% 48,279 $
NE4-13-2-W2 $ 42,900 $ 49,078% 45,126 $ 3,952
SE4-13-2-W2 $ 28,50( $ 35,558% 28,416 $ 7,141
SW5-13-2-W2 $ 51,600 $ 46,293% 43,182 $ 3,111
NW5-13-2-W2 $ 43900 $ 53,491% 53,034| $
NE5-13-2-W2 $ 44,400 $ 27,538% 23,802 $ 3,73p
SE5-13-2-W2 $ 40,60( $ 45,8p8% 43,492 $ 2,336
NW6-13-2-W2 $ 54600 $ 50,928% 50,108| $
NE6-13-2-W2 $ 32,700 $ 52,841% 52,841 $
SE6-13-2-W2 $ 53,50( $ 47,880% 45,165 $ 2,71p
SW7-13-2-W2 $ 47,100 $ 52,904% 48,610 $ 4,294
NW7-13-2-W2 $ 37,000 $ 44,816% 41596 $ 3,220
NE7-13-2-W2 $ 35,300 $ 44,816% 41596 $ 3,220
SE7-13-2-W2 $ 36,60( $ 49,018% 45,099 $ 3,91p
SW8-13-2-W2 $ 24,300 $ 52,648% 46,130 $ 6,518
NW8-13-2-W2 $ 23500 $ 45,632% 41,444, $ 4,18p
NE8-13-2-W2 $ 44,400 $ 51,0%3% 46,782 $ 4,271
SE8-13-2-W?2 $ 37,700 $ 38,916% 38,529 $
SW9-13-2-W2 $ 30,800 $ 16,878% 9,205 $ 7,673
NW9-13-2-W2 $ 46,600 $ 31,215% 30,145 $ 1,07p
NE9-13-2-W2 $ 37,700 $ 32,068% 28,095 $ 3,974
SE9-13-2-W?2 $ 47,20( $ 44.,275% 39,693| $ 4,581
SW10-13-2-W2 $ 39,00( $ 47,788% 35,980 $ 11,80Pp
NW10-13-2-W2 $ 34,400 $ 57,319% 54,717 $ 2,60p
NE10-13-2-W2 $ 20,500 $ 49,272% 49,272 $
SW11-13-2-W2 $ 17,60( $ 34,550% 17,227 $ 17,32B
NW11-13-2-W2 $ 22,600 $ 27,669% 13501| $ 14,168
NE11-13-2-W2 $ 24,400 $ 36,915% 23,472 $ 13,448
SE11-13-2-W2 $ 37,10 $ 35,4b4% 19,385 $ 16,06P
SW12-13-2-W2 $ 40,70( $ 46,6003 40,757 $ 5,848
NW12-13-2-W2 $ 41,300 $ 45,850% 40,654, $ 5,196
NE12-13-2-W2 $ 55,000 $ 45,187% 42,434, $ 2,708
SE12-13-2-W2 $ 37,90 $ 57,763 52,912 $ 4,850
SW13-13-2-W2 $ 53,80( $ 59,834% 55,921 $ 3,918
NW13-13-2-W2 $ 51,700 $ 51,695% 47,176 $ 4,518
NE13-13-2-W2 $ 35,200 $ 39,187% 37,480 $ 1,65
SE13-13-2-W2 $ 47,50 $ 53,3p4% 49,315 $ 4,048
SW14-13-2-W2 $ 17,60( $ 46,682% 39,792 $ 6,890
NW14-13-2-W2 $ 37,600 $ 55,928% 52,507 $ 3421
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B P PP P PR PP PP PR PP PP PR PPRPHBy PPy PP Bp P

51,90

46,20

35,00(
44,100
40,900
35,10

47,10(¢
35,800
37,700
22,60

33,10(
47,300
45,400
48,20

34,20(
46,700
37,100
48,40

48,80(
44,200
49,800
45,80

50,50(
53,000
41,000
40,00

46,10(
46,200
36,500
31,30

54,90(
42,000
51,400
46,10

47,00(
34,800
44,600
54,00

45,80(
49,900
50,90(
34,50

17,10(¢
33,300
27,200
45,10

43,30(
27,800
34,600
34,10

47,70(
36,900
33,800
47,40

47,40(
43,300

33,900

AP PP PP PP PP PR PP PP PP PP PR PP PP PRPRPL PR PP PP HHm P

433
47,9
30,4
52,76
55,1
41,6
11,7
21,3¢
41,4
10,8
53,3
51,1
41,7
40,8
43,6
40,7
48,64
42,4
13,3
17,04
37,7
61,1
51,1
58,01
52,6
4755
49,5
49,44
73,04
31,0
53,1
34,0
54,9
56,2
83,5
49,2
45,2
50,4
46,6
43,5¢
50,3
46,6
37,8
50,97
37,2
45,6
44,3
59,5¢
52,3
44,7
47,6
42,44
39,8
38,8
43,8
8,7
49,4

35%
655
D5$

8%
56$
A4%
54%
h1$
8%
443
33%
8%
D3%
465
59%
D6S
16%
D2%
52%
17%
D0$
07$
B2%
14%
r8%
A0S
13%
15%
14%
5%
P3%
h2%
9%
BO%
55%
h7$
D0$
195
195

7$
54%$
163
185
/8%
52%
505
53%

7$
B6%
B1$
39%
10$
54%
D0%
V7%
0%
9%

42,421
40,760
26,712
48,706
52,594
37,634
11,120
12,784
41,458
(3,466)
49,026
50,017
39,963
35,669
27,569
39,742
47,288
40,829
13,313
15,488
34,078
45,387
47,381
45785
43,940
44,962
47,113
47,914
67,936
22,568
51,453
30,638
52,588
56,218
81,549
45,781
41,303
44,591
46,487
41,241
46,874
43553
36,406
42,540
26,618
41,769
43,195
55,571
50,994
44,781
46,953
37,720
33,949
37,246
39,153

6,294

48,770
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7,20
3,69
4,06
2,56
4,01

8,60

14,31
4,30
1,18
1,83
517

16,09
1,05
1,35
1,57

1,55
3,62
15,80
3,80
12,22
8,73
2,57
2,40
1,53
5,10
8,49
1,67
3,45
2,41

2,01
3,51
3,98
5,82

2,32
3,48
3,06
1,44
8,43

10,64
3,88
1,15
3,99
1,39

4,72
591
1,64
4,72
2,415
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SE28-13-2-W2 $ 39,000 $ 46,9665 42,676 $ 4,28p
SW29-13-2-W2 $ 43,30( $ 51,381% 50,477 $
NW29-13-2-W2 $ 41,500 $ 41,035% 39,570 $ 1,46b
NE29-13-2-W2 $ 44,000 $ 42 581% 40,037 $ 2,548
SE29-13-2-W2 $ 45,30 $ 14,848% 14,848 $
SW30-13-2-W2 $ 36,10( $ 15,176% 15,176 $
NW30-13-2-W2 $ 48,300 $ 14,589% 14,577 $
NE30-13-2-W2 $ 50,30(¢ $ 40,832% 38,848 $ 1,984
SE30-13-2-W2 $ 50,10 $ 41,009 40,507 $
SW31-13-2-W2 $ 28,60( $ 55,642% 54,184 $ 1,458
NW31-13-2-W2 $ 43,100 $ 57,015% 53,638 $ 3,377
NE31-13-2-W2 $ 43,700 $ 39,586% 34,310 $ 5,226
SE31-13-2-W2 $ 46,90 $ 50,797% 47,174 $ 3,62
SW32-13-2-W2 $ 43,50( $ 51,565% 49,941 $ 1,624
NW32-13-2-W2 $ 40,000 $ 63,231% 55,450 $ 7,780
NE32-13-2-W2 $ 36,400 $ 67,564% 60,108 $ 7,457
SE32-13-2-W2 $ 46,60 $ 56,191% 56,191 $
SW33-13-2-W2 $ 50,40( $ 63,471% 54,050 $ 9,420
NW33-13-2-W2 $ 39,600 $ 56,191% 56,191 $
NE33-13-2-W2 $ 42,000 $ 48,937% 46,477 $ 2,460
SE33-13-2-W2 $ 41,60 $ 55,169% 54,490 $
SW34-13-2-W2 $ 37,20( $ 56,009% 54,320 $ 1,68
NW34-13-2-W2 $ 47,900 $ 46,371% 46,067 $
NE34-13-2-W2 $ 51,000 $ 60,706% 47,643 $ 13,064
SE34-13-2-W2 $ 32,60 $ 58,3D8% 36,215 $ 22,188
SW35-13-2-W2 $ 40,80( $ 44,393% 42,290 $ 2,108
NE35-13-2-W2 $ 45,000 $ 53,451% 49,136 $ 431b
SE35-13-2-W2 $ 42,20 $ 48,269% 42,863 $ 5,396
SW36-13-2-W2 $ 45,10( $ 49,571% 46,138 $ 3,433
NW36-13-2-W2 $ 39,100 $ 54,617% 50,415 $ 4,20p
NE36-13-2-W2 $ 39,100 $ 43,331% 36,636 $ 6,69
SE36-13-2-W2 $ 33,70 $ 52,449% 51,044 $ 1,406
Total $ 5,646,300 $ 6,353,825 $ 5,765,5b

Average $ 40,045 $ 45,063 $ 40,890

SD 8803.971714 12094.90729 12805.3%84

Median $ 41,300 $ 46,619 $ 43,182

179



Table F-3: Four Creeks Sub-Watershed- Assessed W#daResults

Landscape Difference
Quarter Section Actual Base Case | Targets b/w Runs
SW1-4-30-W1 $ 26,80( $ 28,917% 26,087 $ 2,830
NW1-4-30-W1 $ 32500 $ 35,217% 33,060 $ 2,156
NE1-4-30-W1 $ 47,500 $ 47,497% 43377 $ 4121
SE1-4-30-W1 $ 33,400 $ 34,066% 29,440, $ 4,626
SW2-4-30-W1 $ 44,20¢ $ 44,914% 41,641 $ 3278
NW2-4-30-W1 $ 45300 $ 45,128% 42,275 $ 2,858
NE2-4-30-W1 $ 35,600 $ 40,039% 38,583 $ 1,456
SE2-4-30-W1 $ 42,90( $ 43,716% 40,307 $ 3,409
SW3-4-30-W1 $ 46,000 $ 45,844% 41,692 $ 4,158
NW3-4-30-W1 $ 42,400 $ 42,7%9% 39,907 $ 2,852
NE3-4-30-W1 $ 43,100 $ 43,133% 38,821 $ 4,312
SE3-4-30-W1 $ 24,20( $ 23,253% 8,037 $ 15,216
SW4-4-30-W1 $ 47,000 $ 46,271% 43,673 $ 2,598
NW4-4-30-W1 $ 47,800 $ 46,235% 42,223 $ 4,012
NE4-4-30-W1 $ 46,000 $ 44,417% 42,610 $ 1,80
SE4-4-30-W1 $ 46,30( $ 45,491% 41466 $ 4,025
SW5-4-30-W1 $ 39,400 $ 43,298% 35771 $ 7,527
NW5-4-30-W1 $ 33,100 $ 36,402% 30,778 $ 5,624
NE5-4-30-W1 $ 38,500 $ 42,255% 34,158 $ 8,097
SE5-4-30-W1 $ 25,10( $ 25,178% 22,640 $ 2,538
SW6-4-30-W1 $ 25,60( $ 28,847% 27,625 $ 1,222
NW6-4-30-W1 $ 33500 $ 37,913% 37,339 $
NE6-4-30-W1 $ 33,300 $ 36,770% 35886| $
SE6-4-30-W1 $ 42,60( $ 43,574% 40,433 $ 3,141
SW7-4-30-W1 $ 47,200 $ 49,420% 46,951 $ 2,468
NW7-4-30-W1 $ 45300 $ 46,168% 43277 $ 2,892
NE7-4-30-W1 $ 23,900 $ 24,656% 23,627 $ 1,029
SE7-4-30-W1 $ 22,70( $ 20,446% 10,937 $ 9,509
SW8-4-30-W1 $ 30,30( $ 29,623% 26,592 $ 3,031
NW8-4-30-W1 $ 33,200 $ 32,809% 30,993 $ 1,816
NE8-4-30-W1 $ 38,300 $ 40,810% 39,188 $ 1,622
SE8-4-30-W1 $ 45,50( $ 42,4P5% 39,277 $ 3,148
SW9-4-30-W1 $ 47,000 $ 45,921% 44,893 $ 1,028
NW9-4-30-W1 $ 44300 $ 45,161% 41611 $ 3,549
NE9-4-30-W1 $ 42,200 $ 44,068% 43,188 $
SE9-4-30-W1 $ 46,00( $ 46,4203 45771 $
SW10-4-30-W1 $ 41,40( $ 39,629% 35,911 $ 3,718
NW10-4-30-W1 $ 42,400 $ 44,444% 40,946 $ 3,498
NE10-4-30-W1 $ 27,10( $ 31,459% 22,389 $ 9,070
SE10-4-30-W1 $ 35800 % 39,9685 34,712 $ 5,256
SW11-4-30-W1 $ 41,70( $ 42,863% 39,1000 $ 3,768
NW11-4-30-W1 $ 38,100 $ 42,191% 42,134 $
NE11-4-30-W1 $ 16,400 $ 16,208% 8294 $ 7914
SE11-4-30-W1 $ 32,600 $ 35,2B39% 31,980, $ 3,26p
SW12-4-30-W1 $ 35,40( $ 39,028% 38,911 $
NW12-4-30-W1 $ 40,400 $ 44,799% 44,623 $
NE12-4-30-W1 $ 41,500 $ 41,128% 36,964 $ 4,164
SE12-4-30-W1 $ 39,400 $ 43,8386 43,838 $
SW13-4-30-W1 $ 44,20( $ 43,730% 40,139 $ 3,591
NW13-4-30-W1 $ 45,300 $ 43,289% 38,968 $ 4,32
NE13-4-30-W1 $ 40,50¢ $ 45,380% 45314 $
SE13-4-30-W1 $ 40,100 $ 46,7006 37,177 $ 9,528
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SW14-4-30-W1
NW14-4-30-W1
NE14-4-30-W1
SE14-4-30-W1
SW15-4-30-W1
NW15-4-30-W1
NE15-4-30-W1
SE15-4-30-W1
SW16-4-30-W1
NW16-4-30-W1
NE16-4-30-W1
SE16-4-30-W1
SW17-4-30-W1
NW17-4-30-W1
NE17-4-30-W1
SE17-4-30-W1
SW18-4-30-W1
NW18-4-30-W1
NE18-4-30-W1
SE18-4-30-W1
SW19-4-30-W1
NW19-4-30-W1
NE19-4-30-W1
SE19-4-30-W1
SW20-4-30-W1
NW20-4-30-W1
SE20-4-30-W1
SW21-4-30-W1
NW21-4-30-W1
NE21-4-30-W1
SE21-4-30-W1
SW22-4-30-W1
NW22-4-30-W1
NE22-4-30-W1
SE22-4-30-W1
SW23-4-30-W1
NW23-4-30-W1
NE23-4-30-W1
SE23-4-30-W1
SW24-4-30-W1
NW24-4-30-W1
NE24-4-30-W1
SE24-4-30-W1
SW25-4-30-W1
NW25-4-30-W1
SW26-4-30-W1
NW26-4-30-W1
NE26-4-30-W1
SE26-4-30-W1
SW27-4-30-W1
NW27-4-30-W1
NE27-4-30-W1
SE27-4-30-W1
SW28-4-30-W1
NW28-4-30-W1
NE28-4-30-W1
SE28-4-30-W1

B P PR PP RO OPT O PN PLP PR P RPN PRPROHBP By OHPR B

30,20(
44,200
38,80(
36,20
33,20(
43,900
41,900
39,00
46,80(
40,100
45,300
45,30
38,80(
29,300
24,30(
24,30
51,70(¢
45,500
21,70(
20,60
48,90(
39,700
27,00(
17,50
23,00(
46,000
38,50
41,90(
38,800
39,30(
40,60
44,00(
44,000
43,600
43,60
33,50(
35,700
34,700
34,80
43,80(
43,800
46,000
47,80
47,00(¢
45,300
37,40(
33,600
43,000
31,20
36,40(
37,400
38,90(
46,00
46,80(
48,800
44,200

46,80

PBPEP PR PP RO PFT PN PRPPLRYPRPLP PPN P RPN PRPR OB P OBy OHP B

31,774
42,862
42,695
36,155
36,924
44,241
40,743
43,921
43,797
44,482
41,709
41,993
42,445
32,741
17,283
19,321
48,585
41,436
22,816

6,213
50,027
38,393
15,459

2,941
15,746
43,221
40,810
40,797
43,273
43,074
44,541
43,712
42,792
37,007
38,988
37,456
37,509
38,605
38,944
42,712
43,774
43,284
45973
45,714
44,069
41,918
36,926
39,405
34,150
36,534
38,881
42,999
42,369
44,769
46,823
43,387

44,980

1,63
4,29

1,63
2,67

2,90

3,38
2,99
1,54

5,34
8,30
2,00
2,98

B PP DDLPDDDPPHHHPHHHH P

$ 14,727

5,50
12,79
15,94
11,30

3,16

1,96

3,22

2,06
2,57
4,75
3,90

2,27

3,36
2,16
3,66
2,18
2,11
2,44

3,38

4,05
3,17

3,75
2,98
2,02
2,47
2,88
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SW29-4-30-W1 $ 50,40( $ 49,360% 45,979 $ 3,381
NW29-4-30-W1 $ 53,000 $ 51,006% 47,581 $ 3,426
NE29-4-30-W1 $ 44,50( $ 45,792% 41,853 $ 3,93P
SE29-4-30-W1 $ 45,000 $ 46,6R7% 44,006 $ 2,620
SW30-4-30-W1 $ 21,00( $ 15,642% 6,794 $ 8,848
NW30-4-30-W1 $ 21,300 $ 13,439% 6,153 $ 7,286
NE30-4-30-W1 $ 46,000 $ 47,091% 45,270 $ 1,820
SE30-4-30-W1 $ 45,200 $ 45,203% 44,349 $
SW31-4-30-W1 $ 21,60( $ 16,779% 10,681 $ 6,098
NW31-4-30-W1 $ 31,200 $ 29,535% 19,343 $ 10,198
NE31-4-30-W1 $ 32,400 $ 35,148% 34,933 $
SE31-4-30-W1 $ 40,300 $ 46,2B4% 42,102 $ 4,13p
SW32-4-30-W1 $ 47,80( $ 48,357% 45,953 $ 2,408
NW32-4-30-W1 $ 48,800 $ 48,594% 45,834 $ 2,759
NE32-4-30-W1 $ 39,30( $ 44,319% 44,318 $
SE32-4-30-W1 $ 46,200 $ 45,955% 43,525 $ 2,430
SW33-4-30-W1 $ 47,00( $ 47,841% 44,666 $ 3,176
NW33-4-30-W1 $ 38,800 $ 43,517% 41,337 $ 2,180
NE33-4-30-W1 $ 47,000 $ 47,841% 44,666 $ 3,176
SE33-4-30-W1 $ 50,400 $ 49,603 46,735 $ 2,868
SW34-4-30-W1 $ 46,40( $ 47,682% 44777 $ 2,906
NW34-4-30-W1 $ 39,500 $ 44 .6%5% 43,776 $
NE34-4-30-W1 $ 44600 $ 45,615% 42,208 $ 3,406
SE34-4-30-W1 $ 30,400 $ 33,5p3% 32,738 $
SW35-4-30-W1 $ 31,80( $ 35,109% 35,109 $
NW35-4-30-W1 $ 40,90(0 $ 45,668% 45,666 $
NE35-4-30-W1 $ 47,50( $ 45,064% 39,509 $ 5,554
SE35-4-30-W1 $ 37,100 $ 40,901% 40,901 $
SW36-4-30-W1 $ 50,40( $ 49,784% 46,655 $ 3,07P
NW36-4-30-W1 $ 51,900 $ 50,278% 46,697 $ 3,581
NE36-4-30-W1 $ 53,50( $ 51,747% 48,261 $ 3,486
SE36-4-30-W1 $ 51,900 $ 49,5[70% 45,859 $ 3,711
total $ 5,553,800 $ 5,752,691 $ 5,309,98

average $ 39,380 $ 40,799  $ 37,603

SD 8304.577844 8429.234047 10262.23%35

Median $ 41,400 $ 43,716 $ 41,436
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