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Abstract

Monte Carlo simulation was used to examine theasmfeconomics from
adoption of Beneficial Management Practices (BM#s)ive representative Alberta
cropping farms. Adoption of shelterbelts, buffeips, residue management, and the
addition of annual and perennial forages, fieldspaad oats in crop rotations were
included as BMPs that contribute positively to EBgital Goods and Service production
from agriculture.

Results suggest positive on-farm benefits assatiaiih perennial forage and
field pea BMPs. Conversely, BMPs that reduce atbdity of land for cropping
activities, such as shelterbelts and buffer staps, BMPs that do not increase revenues,
such as oats and annual forages in rotation, attydo producers. The results of this
thesis have important policy implications. Polingchanisms that incorporate positive
mechanisms may improve adoption of BMPs that as#lycto producers, while extension
mechanisms, such as information programs, may ivepttve adoption of economically

feasible BMPs.
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Chapter 1: Introduction
1.1 Background

Agricultural practices can have a variable impactte surrounding environment
and these impacts are often experienced at thetabtdvel. Well managed agricultural
lands provide more than food; they provide improweder quality, carbon sequestration,
wildlife habitat, reduced soil erosion, and red@al opportunities (AAFC, 2001; DUC,
2006). As demand for land and water resourcesaseewith population and economic
growth it is essential that farmers and societythese resources with care (AARD,
2004-a). Efficient use of resources in agriculfpratects and prevents degradation of
natural resources while providing society with makeapital (DUC, 2006). Natural
capital, the stock of natural ecosystems that gieltblogical goods and services (EG&S)
such as food production, materials for manufactuand improved air and water quality,
is essential to the economy (DUC, 2006). EG&S heedienefits humans derive from the
services provided to ecosystems (Costanza et9fl7)1

Agricultural production can contribute to EG&S thgh the implementation of
on-farm Beneficial Management Practices (BMPs). BMFRe practices that are beneficial
to the environment and at the same time, pradiicgiroducers and meet or exceed legal
requirements (AARD, 2004-a). Adoption of agricutlBMPs can result in increased
environmental benefits and/or mitigate the negativeironmental impacts from
agricultural production (DUC, 2006). AgriculturedaAgri-Food Canada (AAFC)
recognize three general categories of agriculBk&iPs: reducing inputs, controlling
erosion and runoff, and barriers and buffers terogpt and contain contaminants
(AAFC, 2000). Examples of agricultural BMPs inclueetilizer/nutrient management,
strip cropping, shelterbelts, buffer strips, coseps, crop residue management, and
conversion of cropland to permanent forage. Theaetipes all contribute in some way
to the supply of EG&S in ecosystems where agricelplays a significant role.

Since healthy, diverse habitats provide economiccprality of life benefits for
farmers and rural communities it is worthwhile totgct and preserve them (AARD,
2004-a). However, pressure to be competitive iratjrécultural industry often results in
extensive use of practices such as the cultivatfonarginally productive lands and
wetland drainage, and the higher use of agriculziramicals, all of which contribute
negatively to EG&S (DUC, 2006). When this happeests are incurred by society, such
as increased water treatment costs, increasedrgoeat payments, increased illness and
healthcare costs due to decreased air and watktygaad increased costs for
agricultural production (DUC, 2006). To correct foese externalities, governments may
introduce policies to encourage the adoption of BMMong producers or penalties for
producers who are not meeting obligatory standandsianagement practices.

1.2 Economic Problem

For the purposes of this project it is assumedphaducers are rational economic
agents. While it is not always the case in redligt farmers minimize costs or maximize
profits it is assumed that they act in an optimayiven labour, land, and financial
constraints and unpredictable events. Therefooglymers provide an optimal level of
EG&S, given their objectives. However, the optiteakel of EG&S production from a
producer perspective may be lower than what woalddtimal from society’s
perspective. In this case, further adoption of BNtPgrovide additional EG&S is not
beneficial for producers and would likely resultniet direct costs to producers. Previous



research has shown that many BMPs come at a rnetibqmducers, such as lost
agricultural land base and increased managemets @artus, 2005; Koeckhoven, 2008;
Kort, 1988).

If BMP adoption is associated with a net cost fmdoicers it is likely that policy
intervention will be necessary for increased adwptd occur, with increased EG&S
production as a consequence. The optimal type agred of intervention should be
based on relative costs and benefits associatédétresulting outcomes. Pannell
(2008) divides the effects of land use change‘iptiblic” (i.e., societal) and “private”
(i.e., producer) benefits. Pannell’s policy framekvsuggests that the appropriate policy
instrument depends on the sign (i.e., positiveugersegative) and relative magnitude of
the public and private benefits. Policy mechanismdd include positive and negative
incentives, such as subsidies and taxes when thie met benefit is greater than the
private net cost or when the public net costs asatgr than the private net benefits,
respectively. Other policy mechanisms could incladacation programs where the BMP
is beneficial to both society and producers butafaetice is not yet known to producers.

Applying this framework to the economic problenthe current study, the
public benefit is the potential value of increa&$sl&S production resulting from
adoption of cropping BMPs. In identifying an apmiape policy response, this public
benefit should be compared to the private bendfitlis the direct financial impact of
BMP adoption for crop producers. As suggested alioweany cases adoption may
result in a net cost, which represents a negativate benefit. Quantitative estimates of
these benefits, both public and private, are dfieking in many previous studies. This
represents the economic problem addressed by dtgsanin this thesis.

Literature on adopting BMPs in agricultural prodoitto improve or create
additional EG&S is relatively new and incomplete sbme cases, practices that have
been used on farms for many years, such as staterére now being recognized as
potential BMPs. Other practices, such as zeroggllseeding, have emerged (relatively)
more recently due to technological innovation. Motthe current literature on this
subject area describes the costs and benefits & 8dbption in a qualitative manner.
Other studies have quantified the costs and benggihg dynamic simulations,
opportunity costs methods, and direct measurenfeatdtoal farming practices. This
research proposes to quantify the benefits and abstgricultural BMP adoption,
accounting for stochastic events in agriculture imedrporating the assumption that
producers will optimize production decisions basadaurrent information.

1.3 Research Problem and Objectives

The purpose of this study is to quantify and evalulae economic performance
of representative Alberta crop farms with and withihe adoption of BMPs.
Specifically, the objective of the study is to exatk the private economic costs and
benefits associated with adoption of alternativeF&Mor a set of representative Alberta
farms. The motivation of the study includes deteing quantifiable estimates of the net
cost or benefit associated with BMP adoption fardoicers. The approximations from the
study will be useful to both producers for makinfprmed decisions and producer
organizations in estimating sector impacts whersgtimg with government in policy
development.

This study will also assess alternative BMPs imieof the direct economic
impact for producers. The results from this analgse again useful to producers in
providing estimates of the incentives required ekenBMP adoption feasible. In
addition to producers, policymakers will find tlelement of the analysis relevant in



terms of identifying optimal policy instrumentseasure the appropriate mechanisms are
used to encourage producers to adopt BMPs.

1.4 Organization of the Thesis

In addition to this introductory chapter, there sisesubsequent chapters in this
thesis. Chapter 2 provides a detailed look at BMRsgriculture. This chapter discusses
the background information of the issues the rebegiroblem in this thesis will address.
The difficulties in implementing BMPs on crop fariaasd the currently measured
economic costs and benefits of adopting BMPs veiltiscussed. This chapter will also
provide an overview of the BMPs of interest fosthroject and how BMPs contribute to
the production of EG&S. This chapter will coveetiiture relevant to the research
problem, including BMP projects in Alberta, Canaaad internationally, literature on
BMP simulation analysis, studies on the costs amfits of implementing agricultural
BMPs, and examples of policy for BMP adoption ifédta.

Chapter 3 will provide an overview of agriculturethe regions of the
representative farms. Specifically current adopabBMPs in Alberta will be presented.
Chapter 3 will also present results from agricataiata at the provincial and county
level. For instance, the average farm size, cropaigand farming practices used will be
discussed. This chapter also begins the methodalsgy how each representative area is
chosen, based on statistical agricultural activity.

Chapter 4 will discuss the logistics of the moaegjltechniques used to address
the research objectives. Capital budgeting tectesigMonte Carlo simulation, and
optimization will be compared with other techniqtlest are used for similar analyses.

In Chapter 5 a detailed description of the repriegime farms and the simulation
model is given. The characteristics of the repriedie farms are given here as well as
the simulation model structure which includes séstic crop yield and crop price
models. Chapter 5 outlines the economic relatigrsstd be included in the final models
to determine the effect of BMP adoption. Scenasi@sdeveloped and sensitivity
analyses are discussed in this chapter. The dnepter will present the results and
provide discussion of the modelling introduced ma@ter 5.

The final chapter, Chapter 7 will draw conclusifrmsn the results presented in
Chapter 6. These conclusions will determine themicdl net benefit or cost to producers
and how this impact affects producers and poliaygiens. This chapter will then
conclude with model limitations and future reseatet could be extrapolated from this
study.



Chapter 2: Beneficial Management Practices and
Agriculture

This chapter provides an overview of the issuesexigting literature related to
Beneficial Management Practices (BMPs) and agricelin Alberta. The objective of the
chapter is to use past studies and literatureemtify areas of concern in agricultural
practices and determine suitable BMPs to addressdhcerns. From this, BMPs can be
analyzed based on the need for further researtid@sited from past studies. This
chapter summarizes what BMPs are, how they areamldor agricultural operations,
explores relationships between BMPs and ecologieatls and services (EG&S), and
examines how BMPs are implemented. Following thidiscussion of findings from
BMP related studies and simulation modelling steidiepresented. This chapter
discusses existing methodology used to implemenP Bidoption, including incentive
and deterrent methods, followed by a literaturéeng\of existing BMP projects. Within
the literature review previous studies using sittiolaanalysis and cost-benefit analysis
are examined.

2.1 Beneficial Management Practices

This section describes what BMPs are and the irapoet of BMP
implementation to provide EG&S. Studies have shdvan the societal optimum of
EG&S is often higher than the amount supplied tghoBMP adoption by producers
(Ruhl, 2008; Swinton, 2008; Zhang et al., 2007)idydargeted at improving adoption
rates of BMPs has addressed this issue to an ektewever, there is little research that
specifically examines the quantitative costs amiebts of BMP adoption. Accurate
estimates of the economic feasibility of BMP adoptare necessary to determine
appropriate policy instruments to encourage swficadoption of BMPs.

2.1.1 Agricultural Beneficial Management Practices

There are various definitions of what constitut&MP. Boxall et al. (2008)
define an agricultural BMP as an agricultural mamagnt practice that “ensures the
long-term health and sustainability of land relatesburces used for agricultural
production, positively impacts the long-term ecormmand environmental viability of the
agricultural industry, and minimizes negative ingaand risk to the environment” (p. 5).
BMPs improve soil, water, air, and wildlife habjtabntributing to farm profitability and
environmental quality (AARD, 2004-a). Benefits af-farm BMPs also extend to
societal benefits, such as improved water, air,vaifdlife habitat quality in areas
surrounding farming operations.

Agricultural BMPs have a cost, whether it is timiendney or both (Brethour et
al., 2007). For adoption to occur it is assumed plhaducers would perceive the benefits
to outweigh the costs of adoption, whether it beuodng from the practice itself or
through policy programs. Before further analysidlmmadoption of BMPs it is necessary
to determine what types of practices qualify as BMRd how these practices can be
adopted.

Agriculture and Agri-Food Canada (AAFC) recognilaeee general types of
BMPs: reducing inputs, controlling erosion and fffiinand barriers and buffers (AAFC,
2000). Within these categories, there are ovep@giBc BMPs that are recognized by
the Canadian Federal-Provincial Farm Stewardstigram (AAFC, 2006). BMPs of
interest in this project include riparian area ngg@ment (greencover), erosion control
structures, land management for soils at risk, awpd cropping systems, cover crops,
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shelterbelt establishment (greencover), and natnm@magement planning. These BMPs
are of interest as they represent a set of practice potentially address environmental
concerns associated with crop production in Albevtare specifically, this project
examines adoption of managed crop rotations, shelteestablishment, buffer strips
around wetlands, and residue management. While #rermany categories of BMPs,
some provide the same benefits that may be achiesiad multiple practices. For
instance, improving cropping systems could incaoaema nutrient management plan,
diverse crop rotations, and erasion control stmgéstio improve soil quality, thus
improving the cropping system. As such, overlaghefcategories is apparent in this
project, as discussed in the current and subsegbapters.

2.1.2 Ecological Goods and Services (EG&S)

Ecological systems provide EG&S, which are the @dlgoods and services
humans get from nature (Constanza et al., 1997y [497). Agricultural practices
affect surrounding ecological systems, which cam thffect agricultural productivity and
societal well-being through changes in the productif EG&S (Dale and Polasky,
2007). EG&S can be classified into four generag¢gaties: provisioning, regulating,
cultural, and supporting services (Zhang et al0720Provisioning includes providing
food, fiber and fuel; provisioning services aresafbptimized at the expense of
environmental conditions (Ruhl, 2008). Regulatiagreces maintain the balance of
systems at levels that allow human survival, actuote climate, water quality, and
disease regulation (Swinton, 2008). Cultural s&winclude recreational and spiritual
human activities. Supporting services allow thevjones three services to be possible by
enabling organic matter and nutrient cycling, smiimation, photosynthesis, and other
services. It should be noted that some agriculfar@duction practices result in “dis-
services”, or reduced levels of EG&S productiorr. &mmple, some practices may
reduce productivity (e.g., competition among spetoe water and nutrients) or increase
production costs (e.g., increased use of fertdizemarginally productive soils) (Zhang
et al., 2007).

EG&S that contribute to the success of managedwagsral systems include soll
structure and fertility, pollination, water prowsi, and genetic diversity. Soil fertility is
essential for agricultural productivity. Soil sttue and fertility can be maintained with
soil organic matter, soil carbon, and nutrient mygSwinton et al., 2007; Zhang et al.,
2007). Carbon provides energy for invertebratesritdobes that allow the release and
fixation of nutrients (Swinton et al., 2007; Zhagtgal., 2007). Non-crop plants, such as
cover crops, contribute to soil fertility by redangisoil erosion (as compared to
summerfallow) and replenishing nutrients (Sulliva@03; Zhang et al., 2007). Seeding
riparian areas to greencover or buffer zones furduces erosion and improves soil
fertility and structure (Blanco and Lal, 2010).

Agriculture depends on EG&S such as soil formatianyient cycling, and
pollination, but the benefits from many EG&S hawedirect value to the private
producer (Swinton et al., 2007). Provisioning seggiare valued through commaodity
markets and as such producers have incentivesficiert production of these services.
Crop and livestock production are the best quaatifervices provided from agriculture,
as production benefits are typically proportioratite amount of effort extended (Dale
and Polasky, 2007). However, in considering EG&& tirovide regulating, cultural, and
supporting services, they are either not fully aegd in the commercial market, or there
is no explicit market for these services (Costagtzal., 1997; Tilman et al., 2002). As
such there are no private incentives for thesdcesvo be produced (Ruhl, 2008; Zhang
et al., 2007). Many EG&S that are considered rdmgaservices are only currently



measured qualitatively. Currently there are no mlabased methods for measuring the
private or social benefit of non-provisioning sees (Dale and Polasky, 2007; Rae,
2007). In addition, most EG&S are specific to lomas, making it difficult to define a
market for such services (Kroeger and Casey, 2@&73uch, farms tend to produce
more provisioning services than regulating serviegen though they are capable of
producing multiple services (Ruhl, 2008).

To an extent the private cost of land reflectssingply of EG&S in terms of soil
fertility and depth, as this relates to higher gg&ehnd production value for producers
(Swinton et al., 2007). However this value doesawotsider EG&S provided at a societal
or global scale. Since these types of EG&S benwdity people there is a lower incentive
to produce them privately (Swinton et al., 200#isIcreates a common pool resource
problem at higher scales (Zhang et al., 2007). lrvexs are faced with the problem of all
“public goods” in that they are non-rival and notclesive (Kroeger and Casey, 2007,
Ruhl, 2008) and neighbouring producers can befrefit the actions of another. While
market mechanisms work well for guiding supply damsis for provisioning services, the
benefits associated with many EG&S are public iturea(Farber et al., 2002), providing
benefit to producers and society at different steignce many policies do not consider
coordinated behaviour among crop producers (Swietah., 2007), this promotes the
problem of under-supply of EG&S at larger scaldsoAa single producer who reduces
environmentally damaging actions, such as highl$esenitrogen fertilizer application,
would improve surrounding environments, but thisldaccur at the cost of lower yields
and profit; the benefit of improving the surrourglienvironment has no direct benefit to
the farm (Tilman et al., 2002).

Appropriate policies are needed to balance thetodf$ between private
financial gains and social losses from alternatiamagement choices (Zhang et al.,
2007). Public policies should optimize these tratfeto maximize socially desirable
outcomes. To implement policy effectively it mayrmressary to examine multiple
EG&S in the same system (Zhang et al., 2007).

Related to the study of agriculture’s role in tmevsion of EG&S is the issue of
how the impact can be measured. One way in whigbwdtyral practices may be linked
to their impact on EG&S production is through tise of ecological indicators.
Ecological indicators are measures used to adses®ndition of the environment and
monitor trends over time to provide warning of eomimental changes (Dale and
Polasky, 2007). Use of ecological indicators rel@atemanaging farming practices as they
can be used to predict how effective farm practazesin providing EG&S and evaluate
farming conditions and events in how they provid&%S (Dale and Polasky, 2007).
Examples of ecological indicators include waterliggiand quantity, soil quality, and air
guality. More specifically, water quality can beasared as the amount of phosphorus
and nitrogen, soil quality can be measured aselgesg of soil organic matter and soll
aggregates present, and air quality can be meaasrde amount of dust particles
present.

Ecological indicators are useful to assist in réingahe value of EG&S from
agriculture under various management scenaridsegsprovide a measure to quantify
the impact of BMPs, which can then be used foratadm purposes. For example, buffers
around riparian areas may provide additional EG&Scompared to the scenario without
buffer strips, by reducing erosion, improving wadeelity, increasing biodiversity, and
expanding wildlife habitats (Dale and Polasky, 20@8vmore specific example might be
if water quality is improved from reduced chemi@a., phosphorus and nitrogen) runoff
to a point where reduced treatment is needed fmamuconsumption of the water, then
buffer strips are at least worth the savings oticed water treatment. This use of
ecological indicators to predict the ability of sy®s to produce EG&S can also
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determine the best way to implement BMPs and egtitte effect of adoption of

specific BMPs. However, the problem of scale p&ss indicators may span large areas
and benefits from providing EG&S may be non-exalesmaking it difficult to

determine the appropriate measures and effectsrfgle producers.

2.2 Beneficial Management Practices of Interest

This section discusses BMPs of interest for théoreggin Alberta being
examined. As noted earlier, there are many practita could be considered as BMPs
for adoption in cropping operations. Just as so@&& are specific to spatial areas,
BMPs are chosen based on the suitability to thensgand vary slightly between
regions' BMPs considered include variation of the croptiotes to include forages, field
peas, cover crops, and oats, as appropriate byrrelgon-rotational BMPs considered
include shelterbelts, buffer strips, and residueagament, which are considered at
varying degrees again, as appropriate by regiorhé&uinformation on the study areas is
provided in Chapter 3. Information on how the BMiPs incorporated into the cash flow
models for analysis is discussed in Chapter 5.

2.2.1 Crop Rotation Beneficial Management Practice

Effective crop rotations reduce diseases, insestspand weeds (AARD, 2008-b;
Johnston et al., 2005). Crop rotation systems ednae dependence on external inputs
through internal nutrient cycling, maintenanceha bong-term productivity of the land,
and breaking weed and disease cycles (GebremendtiSehwab, 1998). Criteria taken
in choosing crop rotations include the impact a@cfic crops on soail fertility,
environmental quality, and farm profitability (Gelbnedhin and Schwab, 1998). Crops of
interest that are considered BMPs for this prdjedtide alfalfa, field peas, legume green
manures, and oats. It is assumed that farms haeerbtations and the BMP crops are
added to these rotations. Rotating cereals witadieaf crops, such as oilseeds or pulses,
improves weed control without increasing the rifkerbicide resistance and can break
most disease cycles (AARD, 2004-a). Further infdgiomaon the base and BMP crop
rotations is provided in Chapter 5.

2.2.1.1 Alfalfa in Crop Rotations

Alfalfa is a member of the flowering legume or muBabaceag taxonomic
family, and is a commonly grown forage crop. Alfalfay is used as feed for animals
kept for recreation or other agricultural purposesh as dairy or beef cattle, and has one
of the highest feeding values of all common haysriKansas Rural Center, 1998).

Alfalfa is also important as a crop that can helpt¢hieve broader social goals
(Putnam et al., 2001). Putnam et al. (2001) ousieveral benefits of growing alfalfa.
Introducing alfalfa hay to crop rotations has tloteptial to protect soil from erosion due
to the perennial nature of the crop. Protectiomfeyosion leads to reductions in
sediment loss into waterways, and improves watalitguThe ability of alfalfa to fix
atmospheric nitrogen leads to a reduction in trelrfer added fertilizers. By reducing
the fertilization of crops there are energy savitigeugh reduction in inputs and energy
required to run machinery used for applying fer#iti Reducing chemical inputs also
improves the soil structure and reduces the amufuctiemical that is leached into

! BMPs for each region (i.e., each representativm)fare chosen based on the relevance of the
BMPs in addressing an environmental concern iratha of interest, and the feasibility of the
BMPs themselves.



groundwater and the amount that enters surface wataugh runoff. Many mammal and
fowl species, including endangered species, mae ltlhmes in alfalfa fields. Alfalfa
fields are a source of insect diversity, which udigls beneficial insects that control other
pest insects found in crops. Seeding land to anpé@kcrop such as alfalfa also provides
aesthetic value and open spaces, which are vatudubth their use and non-use (or
passive use) values by humans.

Hoyt and others (e.g., Hoyt, 1990; Hoyt and Henbf#¥/1; Hoyt and Leitch,
1983) have conducted experiments to examine cedds/ivith and without the presence
of perennial forage crops. Hoyt and Hennig (19@hduicted experiments in northern
Alberta where wheat was grown continuously afteage crops, including alfalfa,
bromegrass and red fescue, or a fallow year. Yieldgheat crops were 71, 82, 75, and
68% greater in the first, second, fourth and fyar following alfalfa, respectively, as
compared to the wheat crops following summerfaNatih no additional fertilizers
applied? For wheat crops following bromegrass or red fedotages the yields were
comparable to yields following fallow practices.\Wand Hennig (1971) found an
average yield benefit of 93% for wheat crops follayvalfalfa, as compared to wheat
crops following other grasses, and conclude tlmatriee crops benefit succeeding crops
more than do grasses.

Hoyt and Leitch (1983) examined the effect of f@sgncluding alfalfa,
birdsfoot trefoil, alsike clover, red clover, antlet clover, on subsequent barley yields
in multiple regions in Alberta, as compared to ggefollowing fallow practices. In three
of the five regions studied barley yields were ligfollowing the legumes when no
additional fertilizer is applied, as compared tddayields following fallow. In the
remaining two locations there was no significaffiedénce between barley yields
following legumes or fallow. The authors also foundisture levels to be approximately
the same in subsequent barley crops following teghmes and fallow. Due to
significant yield increases in three of the fivedtions the authors concluded that
including legumes that are used as hay crops dindy,the top layer is removed, retaining
the roots) in rotation should generally be benafitv grain crops, particularly in the
Peace River region of Alberta.

A similar study by Hoyt (1990) found that the yidddnefits to wheat crops
following alfalfa extended up to thirteen yearsathe alfalfa stand is broken up, as
compared to wheat following summerfallow. For thstfeight crops of wheat following
alfalfa, yields ranged from 66 to 114% greater thiids for eight years of continuous
wheat following a year of fallow. This study alsested the effect of bromegrass and
alfalfa mixtures and bromegrass alone on subsequiesdt yields. A bromegrass and
alfalfa mixture had similar wheat yield resultsadfglfa alone, while bromegrass alone
resulted in significantly lower subsequent wheatds than for the treatments that
included alfalfa.

In other studies done in the United States, alfaltttributed to higher wheat
yields for as long as fourteen years after alfedés in the rotation (Kansas Rural Center,
1998). Australian studies on alfalfa show similalg impacts for subsequent crops.
Holford (1980) found beneficial effects, includigrain yield, nitrogen uptake and grain
protein, on wheat crops following alfalfa, with tgeeatest effect reached in the second
year, as compared to wheat grown after fallow jirast Many studies have reported the
nitrogen benefit to crops following alfalfa startddast up to seven years (Entz et al.,
1995).

2There is no recorded yield in the third year foryHand Hennig’s (1971) study due to loss from
frost.



Holford (1980) also studied the effect of alfalfarsd length on subsequent crop
benefits in Australia and found beneficial effestt®ngest when there are two or more
years of alfalfa, with the optimal length beinga®iyears for improved wheat yields.
Drawing from previous studies Entz et al. (1995jifihat the minimum alfalfa stand
duration for optimum nitrogen accumulation and weeppression is two to three years,
while the economically optimal alfalfa stand duwatis four to five years. A three or four
year stand of alfalfa provides the same nitrogehveeed suppression benefits as a six
year stand, but according to Entz et al. (1995na@&n prairie producers are less likely
to break a stand of alfalfa after only two or thyears due to difficultly in establishing
alfalfa stands. Recommended lengths of alfalfadst@me four years in some areas of the
United States, with the recommended subsequens émaptation being corn and small
grains (Kansas Rural Center, 1998). Environmergaébts from including alfalfa in
crop rotations can be improved by increasing thguency with which this crop occurs
in rotation and decreasing the length of the s{&mdz et al., 1995). The economics of
reducing alfalfa stand length can be addressedpither management of previous and
subsequent crops. For example, in managing alfalfatations it is best to follow alfalfa
stands with a drought resistant crop (Kansas Rigater, 1998). In preparing for seeding
alfalfa a crop of wheat or oats in the same yehrshestablish young alfalfa plants
(Kansas Rural Center, 1998).

One of the greatest benefits of growing alfalfthis nitrogen fixing ability of
Rhizobiunbacteria in the roots of this crop (Hoyt and Hgniid71). However,
considering that yield benefits are consistentnsiive years following alfalfa it is likely
that other benefits occur, such as increased péilitgaf soils due to the root systems
in alfalfa (Hoyt and Hennig, 1971). Alfalfa stanztntribute to grain yield increases from
nitrogen contribution in the topsoil and subsail veell as rotational benefits from weed
suppression (Entz et al., 1995; Holford, 1980; H&$O0; Hoyt and Leitch, 1983). While
there are other non-nitrogen benefits of includitfglfa hay in rotation, including
reduction of crop disease and soil structure imgnoents, this study considers yield
changes following an alfalfa hay crop and poteriggilizer reduction from residual soll
nitrogen following alfalfa as the beneficial effedf including leguminous forages in
rotation.

2.2.1.2 Field Peas in Crop Rotations

The benefits of including pulse crops in crop riota are well documented
(Adderley et al., 2006; Lafond et al., 2007; Sobale 2004; Stevenson and van Kessel
1996). Field peas, as a member of the legume faandyable to convert nitrogen gas into
a form useable by plants. However, even with roteti benefits there must be market
demand for producers to include this crop in rotai Field peas are rich in protein,
lysine, and starch, and are able to provide esdemitrients and energy to animals,
making this crop a good source of animal feed (hdfet al., 2007). Peas are generally
less competitive with weeds and suffer greatedylie$ses in high risk years, as
compared to barley or canola (Soon et al., 200d)véver, studies have found that
including pulse crops in rotation with cereal gea@md oilseeds contributes to a higher
and more stable net farm income, despite increeseenditures for inputs (Zentner et
al., 2002).

Yields following field peas are often higher, asnpared to cereal crop yields
following cereal crops, due to improved nitrogesras in the soil. Field peas have
similar abilities as alfalfa, as both are legumisngtops, to fix atmospheric nitrogen.
Some of the other, non-nitrogen benefits of alfalig also transfer to field peas,
including diversification of crops reducing weedesies and crop diseases (AARD, 2008-



e). There are direct and indirect benefits of idirig a pulse crop in rotation with cereal
and other broadleaf crops. Direct benefits refehéonitrogen dynamics in the soil as a
result of pulse crops, while the indirect benefiter to the positive effect of pulses for
reducing root and leaf diseases in subsequent ¢kafsnd et al., 2007).

Lafond et al. (2007) conducted a study comparinginaous cropping of field
peas with a rotation involving field peas and wh&akey found that continuous field peas
resulted in yield reductions, as compared to rotatithat had at least one year of wheat
in between pea crops. While yields were unaffebiednly having one or two years
between pea crops, root rot and seedling diseasd®dome a factor if peas were grown
too frequently. However, the disease issue wadmdited when there was a four year
break between field pea crops. Hamel et al. (2@66) conducted a study in 2004 and
2005, comparing durum wheat yields following chie&p, peas, lentils, and durum
wheat. Durum wheat yields were highest followinggeas compared to any of the other
crops tested, with yields being the lowest in a aootture durum wheat rotation (Hamel
et al., 2007).

Several studies have looked at the effect of fields on subsequent cereal crops.
Johnston et al. (2005) found that wheat is the &xegt choice for pea stubble under
drought conditions. Including field peas in anncralp rotations increased the yield and
nitrogen uptake for subsequent wheat crops (Eraz é995). A study in Saskatchewan
found barley, canola and wheat yields to be 146, 48d 147%, respectively, of yields
for those crops when following peas (SaskatchewaseRGrowers, 2000). In another
Saskatchewan study Stevenson and van Kessel (888) wheat yields from six sites
to be 43% higher following field peas in rotati@s, compared to following wheat in
rotation. From the Stevenson and van Kessel (18@@)y it was further determined that
approximately 8% of the yield increase is attrildutie additional soil nitrogen from pea
residue, while the remaining 92% is due to nonegign rotation benefits, including
reduction of wheat root diseases. Also in SaskataheAdderley et al. (2006) compared
spring wheat yields following field peas and lentbpring wheat yield and soil nitrogen
levels were higher following field peas under cdiotis of low soil fertility. When soll
nitrogen was already high, wheat yields were sinmggardless of whether wheat was
following field peas or lentil crops (Adderley dt,2006). Soon et al. (2004) studied the
effect of field peas on subsequent barley cropsfaumad higher barley yields following
field peas as compared to barley following barleganola. In contrast to the study by
Adderley et al. (2006), Soon et al. (2004) deteadithat the nitrogen benefit from field
peas contributes more to barley yield increases tia rotational effect.

Johnston et al. (2005), looking at crop sequencetation, found that diverse
cropping sequences, where cereal and broadleas arepnot seeded on their own
stubbles, are the least risky in terms of riskiefd/and quality loss. Wheat seeded on pea
stubble resulted in the highest grain protein whiteeat seeded on wheat stubble resulted
in the lowest grain protein, and represented tghdst risk rotation (Johnston et al.,
2005).Wheat or barley grown after peas or canola usyetjorms better (i.e., 10% to
20% higher yields) than a cereal grown after alaingiereal crop (AARD, 2004-a).
Average yield increase in cereals following pulsgps compared with cereals following
cereals is approximately 54%. However, yield insesafrom 0 to 100% have been
reported (Evans et al., 1989).

2.2.1.3 Legume Green Manures in Crop Rotations

The practice of summerfallow in agriculture hagdrisally been used in semi-
arid regions of the Canadian prairies to retaihrsoisture (AARD, 2008-b; Zentner et
al., 2004). However, long term use of this practpaaticularly when combined with
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conventional tillage has been linked with declimesoil quality due to declines in soil
organic matter, increased soil salinization, insegbwind and water erosion, and
depleted soil nitrogen reserves (AARD, 2008-b; Aenet al., 2004). Replacing or
partially replacing summerfallow with an annualdete green manure crop has been
suggested as these crops have potential to psuetgainst erosion and increase
nitrogen fertility of the soil (Zentner et al., 200 Previous studies have hypothesized that
including legume green manure crops as a partiebmplete replacement of
summerfallow may be costly in terms of additiore#d and annual care costs, but these
costs may be offset by long term benefits sucmharced grain yields and reduced
fertilizer costs (Zentner et al., 2004).

Green manuring involves incorporating a forage éndp the soil after flowering
occurs (Sullivan, 2003) to maximize nitrogen figati(Zentner et al., 2004). Summer
green manure crops occupy the land for a portidghefyrowing season and are used to
improve soil conditions (Sullivan, 2003). Legumes fiequently used as green manures
for their ability to add nitrogen and organic mattesoils (AARD, 2004-a). Nitrogen
accumulations from legume crops range from appratefy 40 to 220 kilograms of
nitrogen per hectare (Sullivan, 2003). Tilling trep mid-season returns residues to the
soil, but it is good practice to leave some ofrésdue above the soil surface to reduce
the risk of erosion (AARD, 2004-a). The additiononfanic matter to soil improves soil
aggregation, which further benefits soil qualityaggiregates reduce risk of soil erosion.

Zentner et al. (2004) tested the impact of repatatiow with a legume green
manure in a three year rotation in the Brown soilezof Saskatchewan where two years
of spring wheat had followed fallow. The authors$eabthat previous studies had found
that cereal crops were generally disadvantaged Wlenving legume green manures in
rotation, as compared to following summerfallowe da depleted soil moisture.
However, many of these studies had examined thadtrgd legume green manure on
subsequent crops over a period of six years or ¥esgner et al. (2004) were of the
opinion that benefits from including legume greesmnmnres as a complete or partial
replacement for summerfallow would only be evidafter a longer period of time, and
that benefits are dependent on optimal manageni¢hé @rop. Specifically, legume
green manures should be seeded early in the saaddre terminated before the middle
of July to improve soil moisture conditions, evlanugh this may be before the flowering
of the legume crop.

Zentner et al. (2004) undertook a twelve year stndyhich wheat yields
following summerfallow were compared to yields wivemeat followed a legume green
manure crop. In the study, when legume crops wetéenminated before mid-July, soil
moisture was affected and lower subsequent whekitsywere observed. However when
the legume crop was terminated on time wheat y@ldwing legume green manures
was not significantly different from wheat yieldlfiwing summerfallow. Also, gradual
nitrogen fertilizer savings were observed as wekavings from reduced use of tillage
and herbicides, as compared to summerfallow pregtit was further determined that
these benefits offset the additional seed and neanagt costs associated with legume
green manure crops.

Ross et al. (2009) conducted a study in centraéA¢bwhere multiple varieties of
annual and perennial clovers and non-leguminoyssonegere ploughed down and
followed by barley crops. Two soil types were tdstene with high fertility and the other
with low fertility. At the high fertility site théegume green manures had only minor
effects on subsequent barley yield or soil nitrAtethe low fertility site almost all clover
green manures improved barley yields, with thedyimding greater following perennial
clovers as compared to annual clovers.
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In the Ross et al. (2009) study, annual cloversigeal additional forage biomass
and soil nitrogen in situations with adequate @intWhile their study provides
information on the benefits of clover legumes @ be noted that for the current
project legume green manures are only considergteiBrown and Dark Brown soil
zone as a complete or partial replacement for sufaftav. Conversely, the Ross et al.
(2009) study was conducted in the Black soil zevtgch has different soil and climate
gualities, and is generally considered more fettil Brown soils. As such, their results
for legume green manures must be considered with ca

Hilliard et al. (2002) recommend caution with resige the use of green manure
crops, as depletion of soil water by the cover @opn inter-crop may increase yield
risk, particularly in the Brown soil zone. The amth note that it has been observed by
previous studies that summer green manure cropy&ar with greater than average
precipitation may still lower the yield of the nexxtbp. As mentioned previously, the
timing to ensure beneficial green manure cropsitical. Hilliard et al. (2002) note that
in trials in the Brown soil zone, planting of legamreen manures must be early and the
crop should be terminated in July to conserve muoast

Legumes can be beneficial to subsequent cropshisu¢ffect is marginal in
some cases. For example, Hoyt and Hennig (197 0)dfthat yields for wheat crops
grown after sweet clover only increased by an ayedd 20 kilograms per hectare as
compared to wheat crops following fallow practicéhen moisture limits production,
legumes provide less yield benefit, and may evdnae yield (Saskatchewan Pulse
Growers, 2000). However, from the research ondlaionship of legume green manures
with subsequent crops it is evident that carefuhaggment of the crop affects the
potential benefit of including this crop in rotatioVhile the benefits of including legume
green manures on subsequent crop vyields is stlitdble, and any yield benefits relative
to summerfallow or crop residues may be regiortahding green biomass is considered
approximately 2.5 times more effective at redu¢hgrisk of soil erosion (McMaster and
Wilhelm, 1997).

2.2.1.4 Oats in Crop Rotations

Oats are primarily grown as livestock feed, and tesser extent for human
consumption and seed production. Benefits of grgwiats include frost tolerance and
high production potential (WAAF, 2007). Oat crops also more successful on marginal
lands (Wilde, 2011), such as lands with high meestontent and acidic soils, as
compared to other cereal crops (ECSWCC, 2004).d?tiep of the crop may improve
soil organic matter as there are higher residuausaisdrom oats, both on the surface and
sub-surface root system (ECSWCC, 2004).

While including oats in crop rotations would notdmnsidered by many crop
producers as a BMP it is considered as such ferpituject. Oat crops require only about
two thirds of the amount of inputs as other cegeains (Wilde, 2011). Specifically, oat
crops do not have wild oat herbicide, which impliest oats should only be grown on
lands with low occurrences of wild oat. Fewer irgpsiiggest fewer chemicals to leach
into groundwater or enter waterways in runoff. Feinputs also imply lower costs for
producers. Also, the ability of oats to generatghbr quantities of residue than some
other cereal crops may be beneficial to produceesther revenue if it is removed or as a
soil erosion management tool if it is retained.

2.2.2 Non-Rotational Beneficial Management Practes

The non-rotational BMPs considered in this studyehihe potential to improve
crop yields by reducing risk of erosion by windwater. This directly improves soil
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condition and quality and may lead to improveddseBMPs discussed in this section
include shelterbelts, buffer strips around wetlaasl crop residue management
techniques. In addition to these, other non-rotafi®MPs that are not discussed in
detail, may also have implications for reducedieatrrunoff and improve quality of
surrounding water sources as well as soil quality.

2.2.2.1 Shelterbelts

A shelterbelt is a barrier of trees or shrubs (AARDO7-a) that is typically
established to reduce soil erosion by wind. Whitelern agricultural practices, such as
zero tillage, have reduced the risk of wind erogl@mre continues to be significant risk of
soil loss due to wind erosion as a result of adfical practices. This is particularly true
for regions of southern Alberta in the Brown andlOBrown soil zones (i.e., see Figure
3.3 in Chapter 3).

The primary benefit of shelterbelts is wind redomstiFigure 2.1 shows how wind
velocity is changed as a result of a single rowtshelt. Wind velocity can be reduced
over a distance equal to twenty times the heigllh®trees (AAFC, 2007-b; AARD,
2007-a). Reducing wind velocity by directing wingl off the land with shelterbelts
reduces the risk of soil erosion and soil moisewaporation (Kock, 1990). Field
shelterbelts may also increase yield productivitptigh increased snow retention and by
providing protection for crops from damaging weatfe., wind and rain) (AAFC,
2007-b). Shelterbelts provide diversification ogpaities, habitat for wildlife, reduce
greenhouse gas emissions by storing carbon diexidéeautify the landscape (AAFC,
2007-b; AARD, 2007-a). However, with the benefitsbelterbelts there are also
associated costs which are discussed in this sedtios section also discusses the
importance of properly designed shelterbelts.

Figure 2.1 — Reduction of wind vglocity from a sinlg row shelterbelt
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Source:Adapted fromAARD (2007-a)with permission from Alberta Agriculture and
Rural Development

Properly designed shelterbelts prevent or greatlyice the risk of wind erosion
(AARD, 2007-a). Dense thick walled shelterbeltsndd reduce wind speed, but rather
deflect wind upward temporarily (Kock, 1990). Agi@ row of trees is a more effective
shelterbelt as more wind will pass through thesweith resistance, thereby reducing
wind speed (Kock, 1990). To provide protection ighly erodible prairie soils up to five
to eight single rows of trees per quarter sectiantpd at right angles to the prevailing
winds is recommended (AAFC, 2007-b; AARD, 2007Hgwever, while several rows
per quarter section are recommended, any shelténdék field is beneficial (AAFC,
2007-b).

Since field shelterbelts should be tall and lonvgdi, approximately 50% to 60%
should be foliage from species such as scotch duite wine or spruce (AAFC, 2007-b;
Kock, 1990). Taller trees, such as those previoomntioned, are also preferred since the
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area that can be protected is directly relatetiecheight of the shelterbelt (AAFC, 2007-
b). Shelterbelts are planted as young trees tHa¢ventually mature and reach heights
up to 15 metres and widths up to 10 metres (AARD,/2b). Therefore, in planning field
shelterbelts it is important to account for suffiti space between shelterbelt rows to
permit the passage of maintenance equipment ipngaies immediately after
establishment (AAFC, 2007-b). Spacing between ta¢ss allows adequate light,
moisture and nutrients for proper growth and ehirient of the shelterbelt (AAFC,
2007-b). The cumulative effect of using more appedp shelterbelt design, and not
relying only on dense trees, will produce an adtucal system that is socially and
environmentally beneficial (Kock, 1990).

Crop vyield increases are possible from shelterledtsare established using
proper design and management. For example, a stl@gtario found soybean yields
increased almost 30% with the use of shelterbKligK, 1990), with the yield increases
more than making up for the land that is takenafwtultivation. The increased yields are
typically a result of some combination of preventad wind erosion and damage,
improved snow distribution, and microclimate mochfion (Kort, 1988). Lower wind
velocity from shelterbelts reduces the risk of winthoving crop seeds before they root,
decreases crop damage from blown soil particlasdacreases the risk of lodging
(Kort, 1988). Wind reduction also improves longiesoil retention. In northern regions
where soil moisture is relatively low, improved sndistribution may provide additional
spring moisture, leading to improved crop yieldet<1988). Shelterbelts may also
change microclimate characteristics. This may imererop yields through improved soil
moisture, temperature, humidity, and evaporatiarddmns (Kort, 1988). Improving
microclimate conditions has also been shown teeimee crop quality and speed up
maturity; increases in gluten up to 33% in wheat eanola harvest two weeks earlier
have been observed (Kort, 1988).

Some studies have found that crop yield respomse &helterbelts differs among
crops. In a study by Kort (1988) comparing yieldpenses from the literature, it was
found that of crops tested, winter wheat, barlgg, millet, alfalfa and hay (mixed
grasses and legumes) were highly responsive tegiron, while spring wheat, oats and
corn responded at a lesser degree. The effecketibgbelts on crop yields is highly
influenced by proper management. As previously foaet, shelterbelt height and
longevity, field width and shelterbelt orientatiare important considerations in
determining the effect of shelterbelts on cropdaglKort, 1988). Baldwin (1988) also
conducted a study comparing previous results flmrliterature on the effect of
shelterbelts on yields of specialty crd@Bince prices for specialty crops are more
dependent on quality than is the case for aninel teops the author found that
extensive wind protection is beneficial for thesgps as quality improved in most crops
examined and crop yields improved by 5 to 50% (®aid1988).

A shelterbelt study was conducted by AARD (2004¢bjn 1990 to 1995 in
Brown, Dark Brown, Black, and Dark Grey soil zotreg\lberta. Crops examined
included wheat, oats, barley, peas, canola, andTieeystudy also looked at various types

% Lodging occurs when the stem or root of the pisihient or broken. This can result from
structural conditions of the plant or environmem@hditions. When lodging occurs over large
areas, flattened crops can reduce crop qualityoaryi#ld due to reduced photosynthesis potential
and harvestability (Kort, 1988).

* The definition of specialty crops differs from @futo study. For example, Baldwin (1988)
defined specialty crops to include beans, sugashemamatoes, potatoes, melons, tobacco,
strawberries, and raspberries. AARD (2009) considérfield crops, excluding the six major
crops (i.e., wheat, barley, oats, rye, canola,fEnsgeed) along with vegetables and tame hay, to
be specialty crops.
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of tree species within the shelterbelt, includiagagana, poplar, spruce, green ash,
willow, and mixed shelterbelts. Overall, the stddynd a crop yield reduction, as a
percentage of the open field yield (i.e., unaffddig the shelterbelt), in the areas directly
adjacent to the shelterbelts. In the area outditleiothere was an observed yield
increase (Figure 2.2). It was determined that yiiletdeases were observed in areas
farther from the shelterbelt since the crops wetecompeting with the trees for moisture
and nutrients. Further, the study cautioned thavamormal precipitation occurred in the
years from 1993 to 1995, when most of the data weltected. Considering the crop
yield effect due to shelterbelt establishment wdikiely be greater in dry years, the
results obtained may be conservative. Furthertefam this study are discussed in
Chapter 5 in the context of the assumptions madeoidelling shelterbelt adoption for
the current study.

Figure 2.2 — Overall effect of field shelterbelts m annual crop yields

¢ 1990-1995(N=182)
5 I 10 I 15
Distance (x height of belt)

&N is the number of sites in the study. For théZumtal axis, “Distance” refers to the distance
from the shelterbelt measured in terms of the hefthe trees.

Source:Adapted fromAARD (2004-b)with permission from Alberta Agriculture and
Rural Development

When determining the net effect of shelterbeltldsthment the area required for
the shelterbelts should be considered, as the amndiand available for cropping
activities is reduced (Hilliard et al., 2002). AJs shelterbelts are living barriers that
require nutrients and water, crop yields directljaaent to the trees may decrease due to
competition for these resources (Kort, 1988). Whitreased snow in areas adjacent to
shelterbelts may improve soil moisture conditiohsjay cause increased nitrogen
leaching, which could also lead to decreased yialdsese areas. This could be
mitigated, however, by increasing nitrogen ferétian in these areas (Kort, 1988).
Hilliard et al. (2002) also point out that whileetterbelts provide habitat for species,
including at risk and beneficial insects, they raéso harbour nuisance species, which
could result in crop losses.

While it has been known for nearly a century theltdfshelterbelts benefit crops
by providing shelter, the overall net benefit frehelterbelts is difficult to quantify (Kort,
1988). Therefore, the results of previous studimesikl be considered with caution. Many
studies only consider crop yields near shelterleléslimited perspective, making it
difficult to determine actual overall benefit. Qftéactors that are not considered include
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land lost from production for field shelterbeltsettree species that make up the
shelterbelts, soil texture, climate, number of gearthe study, yield sampling
techniques, the spacing of the shelterbelts, amatimber of shelterbelts per field (Kort,
1988). The degree of crop yield decreases duenpettion with shelterbelt trees is
dependent on the tree species, crop species, agdaghical location (Kort, 1988).
Previous studies have shown that Siberian elm i€ mompetitive for resources with
crops than are green ash trees (Kort, 1988). Getdsyhave also been shown to be less
affected by adjacent shelterbelts than other antrogls (Kort, 1988). Many of these
factors are not considered in examining literaturerop yields adjacent to shelterbelts,
and as such it is difficult to accurately deterntime true yield effects from shelterbelts.
Shelterbelts also have a lifespan, and if the litsnafe to continue, the
shelterbelt will eventually need to be replacedligtd et al., 2002). Many studies also
do not consider the social benefits of shelterbeltsch include, but are not limited to,
air quality benefits, reduced greenhouse gas emnissivater quality benefits, enhanced
biodiversity, consumptive wildlife use, non-consuiwg wildlife habitat, odour
reduction, aesthetic value, and reduction in pelidrift (Kulshreshtha and Kort, 2009).

2.2.2.2 Buffer Strips

Buffer strips are corridors of vegetation estal@slaround waterways to filter
sediment, reduce water runoff, and remove nutrilegng upland ecosystems (Blanco
and Lal, 2008; Crop Nutrients Council, 2004; Hiitieet al., 2002)Sediments are
mineral or plant materials that are suspended temvand wind (AAFC, 2000).

Sediments can fill in waterways, ruin fish habitaintribute to the transport of plant
nutrients, and increase the costs of water tredat(dex+C, 2000). Nutrients are minerals
required for plant growth that are present in cloarfiertilizers, manure and other
organic fertilizers, such as plant residues (AAE@)0). Nutrients can be transported
from agricultural lands to surface and ground watet can produce unwanted growth of
algae and aquatic plants (AAFC, 200Buffers can trap over 70% of sediments, over
50% of phosphorus and over 80% of nitrate runoAR®, 2004-a; Blanco and Lal,
2008). Buffers can also stabilize eroding bankssaikl bind soil aggregates and increase
soil organic matter content (Vanderwel and Jedr§&9,7; Blanco and Lal; 2008).
Finally, buffers are potentially important for wlilg habitat and protection of
biodiversity (Vanderwel and Jedrych, 1997; Blannd &al, 2008).

Buffer strips can be as simple as grassed aredsfiuy waterways or as
complex as an entire riparian zone (Crop Nutri€dancil, 2004). For the purposes of
this project buffer strips will refer to grasseltedi strips around wetlands. Based on the
placement of buffer strips they are an interfadevben terrestrial and aquatic ecosystems
(e.g., see Figure 2.3), making the functionalityref buffers dependent on both terrestrial
and aquatic environments (Blanco and Lal, 2008).
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Source: Cs and Fish (IbErta Riﬁarian Habitat Mprment Society)© (2009)ith
permission from Cows and Fish

The use of buffer strips has been gaining in pajiyléCrops Nutrients Council,
2004), and buffer strips are considered a BMP fatewquality management (Blanco and
Lal, 2008). However, the adoption of buffer strigstill limited in Canada and the
United States due to management and economic aorist(Blanco and Lal, 2008; Toma
and Bouma Management Consultants, 2007). A stupiperg the net changes in
expected farm revenues found that losses occuk anes considered when buffers are
adopted, with the greatest net decrease obsentbd Black soil zone in Alberta (Toma
and Bouma Management Consultants, 2007).

Hilliard et al. (2002) reviewed previous studiestba sediment trapping ability
of vegetated buffer strips. The authors found daaty research reported high trapping
efficiencies by vegetation, but as flow rates iased effectiveness decreased to a point
where it was ineffective in removing sediment. Bi#int buffer widths were required to
effectively remove different sized particles. Hihil et al. (2002) indicated that larger
particles, such as sand, were effectively removitd avthree metre wide buffer, but silt
and clay were only effectively removed with 15 d2® metre buffer strips, respectively.

While buffer strip width is an important considéoatin the design of successful
buffer strips, Hilliard et al. (2002) also determihthat the height of the buffer strip
vegetation may be more important than the strigtwih particular, greater vegetation
height resulted in more effective filtering. Simtgld erosion models indicated that
approximately five and nine metre vegetated bidfeps could remove 63% and 78% of
sediment from cropland runoff. Effectiveness offeuttrips varies due to incoming
sediment load, flow rate per unit length, vegetatieight and density, and filter slope
and width (Hilliard et al., 2002).

A study using simulated models of a 60 hectare nshes in central Alberta by
Vanderwel and Jedrych (1997) examined the effebuéfer strips on sediment retention.
It was assumed in this study that the slope ofithitershed ranges from 4% to 7% in
upland areas and 16% to 100% in riparian area® metre wide buffer strip reduced the
sediment leaving the watershed by 11%, while adostrip 90 metres wide reduced the
sediment leaving the watershed by 38%.

Rao et al. (2009) conducted a study on the minitiazaf non-point source
pollution in agricultural watersheds in New Yorkdaiound that the introduction of
buffer strips did not change stream discharge @btseflow phosphorus concentration.
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Also, the introduction of buffer strips on 3.2%tbé land required other land uses to be
adjusted by reducing the amount of land availattefoduction. However, the authors
noted that the fact there was no impact from BM&p&idn may be attributable to a lag
effect; that is, a lag between adoption and wheretfects of adoption become
measurable.

In a study on the economic impact of buffer stdpation, Sparling and Brethour
(2007) concluded that buffer strips reduce expepttdevenue on model farms in
various regions of Canada. Loss of revenues webuwtd to high costs of buffer strip
establishment and lost crop production in the aféhe buffer. However, their study did
not consider the environmental benefits that ct@daptured from buffer strips, such as
reduced erosion, and as a result the benefit débsfrips may be underestimated.

In a study using Finnish data for nutrient and isedit runoff it was discovered
that, based on the private benefits of grassecebsffips, adoption would not occur
unless either producers were paid to establistebsffips or the BMP was made
mandatory; that is, regulated (Lankoski et al.,80The Finnish study also examined
tillage technology with different crops and fouh@t optimal buffer strip payments
depend on the cropping and tillage technologied bggroducers (Lankoski et al.,
2006).

As is the case for shelterbelt adoption, when désgga buffer zone it is
important to identify and account for any issueprablems in order to provide the most
benefit (Vanderwel and Jedrych, 1997). This mayireqdetermining the appropriate
buffer zone width, vegetation types (trees, shrgkass) and (if relevant) grazing
strategies (Vanderwel and Jedrych, 1997). Whilebdreefits of buffer strips around
wetlands, such as top soil retention which imprarep production, aesthetic
appearance, and harvest of trees or grass cropmoeiant they are often difficult to
qguantify in terms of value (Boxall et al., 2008).

2.2.2.3 Residue Management

Crop residues are the materials left over afteindgrarvest (e.g., straw from
cereal crops). Residues can be retained or remmyédling, burning or tillage
operations. Retaining crop residues on the fietém@ally offers many benefits,
including increased snow catch and water infiliatireduced moisture evaporation,
increased soil organic matter, improved soil streeeand plant nutrient cycling, reduced
chance of wind and water erosion, and reductigoofe weed species (AARD, 1999-b).
Retention of crop residues on the soil surfacealsignificant effect on soil quality by
increasing soil organic carbon, improving soil phgkproperties, and enhancing
microbial activity and biomass (Krupinsky et aD0Z). Removal, incorporation or
burning of residues may predispose the soil toi@ng®ARD, 2000). Maintaining crop
residues is particularly beneficial when combinethwirect seeding technology.
Standing crop residues have been shown to provadéom control, soil and water
conservation, and lead to higher grain yields (bdfet al., 2009).

Higher levels of soil organic matter in the topdapf soils improve soil
aggregation. Soils with greater aggregation halesvar risk of erosion. Aggregation is
important for good soil structure, aeration, watditration, and resistance to erosion
(AARD, 2000). Soil organic matter improves the aggation ability of the top layer of
soil, and raw plant residues on soil surfaces dmuttr up to 10% of soil organic matter
(AARD, 2000). In Alberta the Brown soil zones hdkie least amount of organic matter
due to lower inputs of plant residues when thesssédre developing (AARD, 2000).
Therefore, retaining crop residues may be morefiméalan the Brown soil zone. The
Black soil zone developed under cooler and wetiaditions, which allowed for more
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growth and residue to accumulate, leading to highganic matter levels (AARD, 2000).
Excessive cultivation of soils leads to soil orgamiatter loss. This is a concern as lower
levels of organic matter result in declines in cpopductivity (AARD, 2000). Reducing
summerfallow, incorporating forages into crop riotas, reducing tillage frequency, and
returning crop residues to the soil improve thditglib maintain soil organic matter for
profitable crop production (AARD, 2000).

Malhi et al. (2006) conducted a four year fielddstmear Star City,
Saskatchewan to determine the effect of tillage pd crop residue management on
crop yields, nitrogen uptake, carbon removal bypnog, soil organic carbon, and soil
aggregation. The study considered scenarios thitdad conventional and no tillage
technologies and the removal versus retentionay cesidues. In the study the rotation
used consisted of barley, peas, wheat, and cahloése was no seed or straw yield effect
from no-till or residue retention for the first && crops. However, in the fourth year,
when canola is grown on wheat residue, residuatieteincreased seed and straw yields
of canola by 33 and 19%, respectively. No-till alscreased seed and straw yields by 55
and 32% in the fourth year of the study. Total soganic carbon after four years was
greater in the soils for which residue had beeamet. Erodible aggregates were lower
in plots with no-till and residue retention andgamggregates were more common under
this treatment, indicating less potential for svdsion when tillage practices are removed
and residues are retained.

Singh and Malhi (2006) conducted a six year stutBlack and Grey soils in
Alberta to determine the effect of tillage type aadidue management on soil
aggregation and infiltration rate. As in the stetyducted by Malhi et al. (2006) tillage
treatments included conventional and no-till argidee management treatments included
straw removal and retention. In the Black soil ztarge dry aggregates were higher
under no-till with straw retention, and lowest undenventional tillage with straw
removal. However, it was concluded that soil aggtieq benefited more from no-till
practices than from residue retention. Residuatiete did improve infiltration rates
under both types of tillage in the Black soil zolmethe Grey soil zone tillage types and
residue management had no effect on infiltratide.r@onclusions from this study
included recommendations for residue managementeytidl practices in western
Canada in order to improve aggregation of soiligdad and reduce the risk of soil
erosion.

Krupinsky et al. (2007) conducted a study examinireginfluence of crop and
crop sequencing on crop residue coverage of €itsps considered in the study
included buckwheat, canola, chickpea, corn, drngpgain sorghum, lentils, sunflowers,
proso millet, and hard red spring wheat. Of thegg@equences considered in the study,
sequences containing wheat, millet and sorghumsaregulted in the greatest amount
(i.e., by weight) of crop residues. Their study sidered the effect of residue cover after
two years, concluding that a first year crop of ohée three previously mentioned crops
with higher residue amounts could provide suffitiesidue even when the second crop
had low or less durable residues (e.g., dry peasmftowers). Producers operating on
more erodible or marginal soils were advised tawgeoops with higher residues in the
year before crops with lower residue amounts.

As soil organic matter differs between soil zorsgsgdoes optimal management of
crop residues. In the Brown and Dark Brown soileaf Alberta residual stubble is
often left to control wind erosion and trap snowARD, 1999-b). In the Black and Grey
soil zones larger amounts of residue may requinerfrequent removal to ensure that
soils drain and warm in the spring (AARD, 1999-®jop residues must be spread evenly
and removed or partially removed in some casesdmanachinery complications, poor
seed germination, disease, weed and insect infestatnd cold soils (AARD, 1999-b).
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Sidhu and Beri (1988) conducted an experiment exiaignithe effect of chopped
and unchopped wheat residues on subsequent gedais ynd soil properties. After four
years of the study, results showed that wheatuesittorporation into the soil improved
soil properties and increased grain and stovedyief subsequent corn crops
significantly. However, wheat yields following tivecorporation of wheat residues were
depressed. This outcome is likely partially duedtational benefits of including more
diversity in crop rotations.

A study of corn and soybean residues in the Miderest/nited States found that
crop residues can reduce stress on crops, as cedaacrops where surface residues are
removed (Power et al., 1986). The authors fountlitttaeasing amounts of crop residue
resulted in reduced maximum soil temperatures dutie hot growing season, increased
soil water storage, and improved nitrogen uptakiyabf crops (Power et al., 1986).
This study is specific to a geographical region nghltbe growing season is frequently hot
and dry. Therefore retained crop residues imprbeagtowth of the crops by providing
more optimal conditions for microbial activity, naly more favourable temperature and
moisture conditions.

In general, changes in surface soil condition farop residue management
improve the functioning of cropping systems througireased water storage, reduced
soil erosion, and improved nutrient conservatiorufifnsky et al., 2007). Improvements
in soil condition through the retention of cropides increase the resilience of cropping
systems to droughts, wet periods, intense pretimit@vents, and extreme temperatures,
all of which are common in the prairie regions @in@da (Krupinsky et al., 2007).
However, when high amounts of crop residues arsgnmtewith high moisture conditions,
germination of crops may be delayed or reduceddlmver soil temperatures and
excessive moisture.

The amount and distribution of crop residues onraeat the soil surface can
influence solar energy at the soil surface, themf protection against raindrop impact
and strong winds, as well as soil biological atyi¥Singh et al., 1994)herefore, active
crop residue management, where producers deteahiather to retain or remove crop
residues based on soil conditions, is necessamgcimmomic success of this BMFhe
management of crop residue is important becauis iofiplications on soil moisture
conservation in the short term, and on soil orgamtter content over the longer term
(Korol, 2004). With crop residue management, weligned crop rotations are also
essential as they determine the type and amouwrbpfresidues present and the rate of
residue decomposition (Lafond et al., 2009).

2.3 Evidence of Beneficial Management Practices
Awareness and Adoption by Producers

The objective of this study is to determine if sebéel BMPs are economically
feasible for adoption on Alberta crop operationswiver, it is also useful to examine
producer awareness of BMPs as evidence of adotes for BMPs. This information
provides support for the current research in twgsw&irst, if producers do not appear to
be aware of the role of certain production prastige BMPs, more information
concerning the impact of those practices may bealdé to both producer organizations
and policymakers. Secondly, for those practicel which producers are familiar and for
which there has been significant adoption, it matyle necessary to do any further
analysis. Determining where gaps exist and examipatterns in BMP adoption and
policy helps focus research efforts in this studythe following section, literature
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concerning awareness and adoption of BMPs by Canadjricultural producers, with
emphasis on cropping operations, is reviewed.

Producer surveys provide insight of the currenfaym activities and how these
activities relate to the environment. The Farm Esrwinental Management Survey
(FEMS) is a national program that surveys Canadiap and livestock producers, on a
voluntary basis (AAFC, 2007-a), as to types of pcas in use that are linked to the
environment. To date there have been two sets bfS;Bne in 2001 and the other in
2006. The surveys are used to establish basefineanagement activities and develop
agri-environmental indicators (AAFC, 2007-a). Saigter, and air quality are used as
indicators to provide insight and management fairenmental risks from agriculture
(Eilers et al., 2010; Lefebvre et al., 2005). Thieskcators determine the current status of
environmental management on farms across Canadaemtify areas in which
assistance may be required in order for sufficaeltption levels of appropriate practices
to occur (AAFC, 2007-a)lhe FEMS investigates several indicators involvargd and
water management and whole farm managenik&an this information policy can be
designed to encourage further adoption of BMPsuttinceducation, regulations, or
incentives. Census of Agriculture surveys also gi®baseline information of on-farm
activities and contribute to policy decisions.

A topic addressed in the FEMS is the frequency witich Environmental Farm
Plans (EFP) are used by producers. The EFP programoluntary self-assessment
designed to help producers reduce risk throughattucconcerning agricultural impacts
on the environment, namely on soil, water, air, babitat quality (Alberta EFP, 2011).
Producer participation in EFP increases the likedthof producers decreasing farm
inputs such as fertilizers and chemicals, with ltexyimprovement in the health and
safety of agricultural operations (Alberta EFP, 2ZORespondents to the 2006 FEMS
indicated that 28% of farms in Canada had formattem EFP and 10% had plans under
development (Eilers, 2018)n Alberta approximately 24% of respondents inttidahat
EFPs were in use in 2006, with this estimate irsirgpto 40% of respondents with an
EFP in 2010 (AARD, 2011-a).

From 1981 to 2006, agricultural land use, spedlficaith crop land area,
increased in intensity across Canada. The propoofieropland to total farm land
increased, and the area under summerfallow dedtéBders et al., 2010). Over this
same period cropping diversity also increasedspaase to market opportunities for
oilseeds, pulses, and forages (Eilers et al., 20@f)eased agricultural intensity
increases the potential for environmental riskstdughanges in soil, water and air
quality. Agriculture uses many inputs to improvelgts and profitability, including
chemical and manure fertilizers and pesticides.

Manure management is an environmental challenge@m®per storage and
application techniques can increase environmeisied (Eiler et al., 2010). While storage
is primarily a problem for livestock producers, bpgtion of manure provides nutrients
for crops, and therefore is an important consid@ngbr cropping operations as well. The
rate, method, and timing of manure application iaedrporation can influence the total
nutrients lost in runoff (Eiler et al., 2010). MaelBMPs (e.g., incorporation of manure
into the soil, improved manure storage through amstipg) on farms in Canada are
designed to prevent runoff, protect groundwatersmntace water, minimize odour and
air pollution, provide sufficient manure storageilugpplied to the land, and minimize
nutrient losses during storage (Beaulieu, 2004;r&a®i and Koroluk, 2003).

® The number of farms per province with EFP or ERBen development was not available in the
publication by Eilers (2010).
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According to the 2001 FEMS2.6% of manure produced was on farms that had
fully implemented manure management BMPs, whil®%bof manure produced was on
farms having partially implemented manure managem&iPs (Beaulieu, 2004).
Conversely, farm respondents reporting that theygweafamiliar with BMPs for manure
in their region were responsible for 41.7% of manpnoduced (Beaulieu 2004). Almost
one quarter of farms with livestock did not haveg gipe of manure storage in 2001
(Bourgque and Koroluk, 2003)\ccording to the 2006 FEMS farms with an EFP were
more likely to have runoff containment when stonmgnure, as compared to farms
without an EFP (Eilers et al., 2010).

Nitrogen and phosphorus are plant nutrients adal@gricultural crops in the
form of fertilizers and manure in order to incregisdds (Eilers et al., 2010). However,
there is potential for these nutrients to leach the broader environment, particularly
into groundwater sources, thereby affecting watedity in environments surrounding
agricultural lands (Eilers et al., 2010). Whileer#tal to plant growth, excessive amounts
of nitrogen and phosphorus can cause eutrophicafierater bodies and excess manure
can harbour disease causing organisms. Both of gikstions are potentially damaging
to human, livestock, and wildlife well-being. Acdang to the 2001 FEMS
approximately 75% of Canadian farmers who grow snage fertilizers, with
approximately 90% of the fertilizer being appliedie spring (Korol, 2004).
Approximatelyhalf of responding Canadian farmers use soil esilts to determine the
amount of fertilizer required, but less than 20%tHhle annually (Korol, 2004)0f survey
participants that grew nitrogen fixing crops (ileguminous crops such as alfalfa, field
peas, red clover), 69% adjusted fertilizer appioces the following year to account for
nutrients left in the soil (Brethour et al., 2007).

Pesticides are used to prevent losses in crop.alds the case for nutrients,
pesticides also have the ability to leach througts sind travel to water bodies via
runoff. AlImost 75% of Canadian farmers who grow crops anlgiave pasture apply
pesticides. Proper application of herbicides allé@vygeduction in summerfallow tillage,
which reduces soil erosion (Koroluk et al., 1998hdings from the 1995 Farm Inputs
Management Survey in Canada indicate that useopfratations is the most common
non-chemical pest control method (Koroluk et 2999).

Prevention of erosion is essential for maintairdlegan water and minimizing the
loss of productive soils (Eilers, 2010). Withouil sover land is more susceptible to
erosion by wind and water. This can lead to in@dgmtential for ground and surface
water contamination by solids, nutrients, and cleafsi(Eilers et al., 2010). Residue or
crops covering agricultural lands improve soil aiiganatter levels and fertility in the
long term and has implications for soil moistur@servation in the short term (Korol,
2004). The amount of residue remaining after a bianpest is dependent on the type of
crop grown and the yields of that crop in the giyear. Forage crops provide cover year
round, while annual crops may leave some soil eagbaster harvest (Eilers et al., 2010).
According to the 2001 FEMS 42% of producers used'thop and spread” technique to
distribute crop residues, while approximately 4@¥moved crop residues by baling
(Korol, 2004). According to the 2006 FEMS 34% abgucers reported planting
permanent forages on erodible land (Eilers eRall0). In addition to this, 23% seeded
green manures after harvest, and 11% planted wintar crops (Eilers et al., 2010). The
2006 survey also reported 31% and 20% of produearsg farmstead and field
shelterbelts, respectively. Erosion risk is alstueed using conservation tillage, which
has become increasingly applied to agriculturadisatiue to proven improvements in soil
moisture and erosion (Lefebvre et al., 2005).

Most farms in Canada have permanent or seasorfatsuvater in various
forms, including wetlands, streams, dugouts or pdgders, 2010). As mentioned
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previously, runoff containing soil particles or ahieals can degrade water quality.
Approximately 75% of respondents to the 2001 FENtcated that at least a portion of
areas surrounding surface water was vegetated|yit permanent vegetation
(Grimard, 2007). Of producers that had land adjattenatural sources of water 44%,
6%, and 1% respondents used permanent vegetationalavegetation, and winter cover
crops, respectively, to reduce runoff into the watedies (Brethour et al., 2007).
However, only half of respondents to the 2006 suimdicated that a riparian buffer and
setback was maintained on all seasonal and permaetiands (Eilers, 2010). Producers
are less likely to maintain buffers for seasonaleze waters as these areas may be
partially utilized for agricultural production (Eils, 2010). Farms with an EFP are more
likely than farms without an EFP to provide limitedno access to grazing livestock near
surface waters, and maintain riparian buffer asgagand seasonal or permanent wetlands
(Eilers, 2010).

The FEMS also examined producer awareness of BRFareness varied
between provinces, with increased awareness apgeariead to higher adoption rates
(Brethour et al., 2007). As a general trend from20801 FEMS, awareness of BMPs
seemed to be the lowest in Nova Scotia, Saskatchema Alberta, with the highest
awareness among producers in Quebec, British Cadyrabd Prince Edward Island. For
example, in Quebec 6% of respondents indicatedviteeg unfamiliar with fertilizer and
water management BMPs in their region and 66, 88 58% of producers had fully or
partially implemented fertilizer, manure, and watenagement BMPs, respectively
(Brethour, 2007). Conversely, approximately twadhbiof producers in Nova Scotia
indicated they were unaware of potential BMPs l@irtregion, and 20% or less
indicated partial or full implementation of manufertilizer, and water BMPs (Brethour
et al., 2007). The rate of adoption for EFP wae edtated to producer awareness of
BMPs, with low adoption rate of EFP among produeéns are unaware of BMPs in
their region (Brethour et al., 2007). Accordinggiters et al. (2010), producers with EFP
are more likely than farms without an EFP to:

» have runoff containment and impermeable pads te stwlid manure;

» use soil testing, manure testing and crop nutreqirements as factors
to determine application rates of manure;

* incorporate solid manure after application;

* use soil testing, nutrient requirements of cropsyutrient carry-over to
determine fertilization rates;

e use BMPs that reduce pesticide drift, such as smgayhen wind speed
is below recommended thresholds;

» use boom shrouds, low drift nozzles, anti-driftr#geand leave an
untreated buffer when applying pesticides; and/or

* use BMPs to reduce the amount of pesticide used;

* maintain riparian buffer areas around seasonal/peemt wetlands and
waterways.

Changes in market demand and farm characteristich, as size and enterprise
type, have put pressure on producers to intensdguction. As consumer demand for
products with environmental attributes increasesgdpcers must be more aware of the
relationship between agriculture and the envirortnienvironmental indicators provide
the baseline for measuring changes in the envirabfn@m agriculture. While producer
awareness of management practices that sustaimpoove the surrounding environment
has increased from 1981 to 2006, large regionatemmncies in Canada still exist (Eilers
et al., 2010). Also, considering the trends in@gtural intensification, if it is to be
assumed that demand for food, fiber, and fuel aomls to increase, then the potential for
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environmental degradation from agricultural praedicnay increase as well. To avoid this
and to mitigate further damages, policy intervem@od producer education of BMPs
may be necessary.

2.4 Policies Influencing Beneficial Management Pctce
Adoption in Canada

The solutions for many problems of environmentalsawvation require changes
in land management at the private owner level (Blhr2008). Environmental issues
have become one of the main factors driving paliegisions at the international,
national, and provincial levels as human actioediaked to climate change and global
warming (Toma and Bouma Management Consultants/)2@8@licy mechanisms to
encourage change include programs and incentie¢®tiucate, increase awareness,
provide regulation, subsidize, or use technologgdfer for private land owners (Pannell,
2008). Farmers, as private landowners, are envieoahstewards (AAFC, 2011).
Producing primary products in a manner that is beiaéfor the environment meets
consumer demands and helps preserve agricultumds far future use in the provisioning
of food, fiber, and fuel. This section discussesftamework for environmental policy
development by Pannell (2008). This is followedalyrief review of policies, programs,
and legislation relevant for BMP adoption decisibgsropping operations in Alberta.

2.4.1 Pannell Framework for Environmental Policy @velopment

Policymakers have multiple policy mechanisms atdéldo them for
encouraging agricultural producers to make enviremially beneficial land use
decisions. These include extension (i.e., inforaratr education), regulation, and
economic instruments (e.g., subsidies, taxes).optienal choice of policy depends on a
number of factors. One possible framework for exangj this question is provided by
Pannell (2008). Pannell’'s framework suggests tbhtydecisions should be made based
on the relative levels of private net benefits pablic net benefits associated with the
resulting land use change or production practi¢esrey private benefits represent the
direct impact on the agricultural producer and ubénefits correspond to the effect on
society as a whole. Both private and public besefiay be positive or negative (i.e., the
net effect may be a cost).

The resulting policy framework is illustrated irgkire 2.4 (Pannell, 2008). Figure
2.4 may be considered as four quadrants, defineztnms of the level of private net
benefits (horizontal axis) which may be positivigtft hand quadrants) or negative (left
hand quadrants), and public net benefits (vertiga) which may be positive (upper
guadrants) or negative (lower quadrants). Pannatliiey framework would suggest that
the appropriate environmental policy depends ortlérepublic/private benefits are
positive/negative as well as the relative absahagnitude of those benefits.
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Figure 2.4 — Classes of policy mechanisms for difnt levels of public and private
benefits

Positive
incentives

Extension

Technology
development
(or no action)

No action (or
flexible negative
incentives)

Public net benefit

No action

(or extension or
negative incentives
Negative
incentives

Private net benefit

Source: adapted from Pannell (2008)

A full discussion of this framework is providedRannell’'s (2008) paper.
However, two examples are provided here to illustits use. First, suppose a particular
land use change results in both positive privateetiess and positive public benefits. This
policy framework indicates that the appropriateé@ofesponse is “extension”. In other
words, all that is required for producers to adbps practice or land use change is
information or education, since it is in their bigdgerests to adopt. Conversely, suppose a
particular production practice generates positivielip net benefits, but these come at a
net cost to producers; that is, private benefigsrmgative. If the positive public net
benefit is greater, in absolute terms, than theteg private net benefit, policy
intervention through positive incentives (e.g.,sdles) to encourage adoption of the
production practice is justifiable. If the oppod#drue, then the optimal policy response
may be no action; that is, recognize that the bsnedbm the production practice are
outwei%ped by the costs to producers and accepttibgractice is unlikely to be
adopted.

2.4.2 Policy Incentives for Cropping Operations

Growing Forwardis an initiative between Canada’s federal, proahand
territorial governments to support the developnudrat profitable, innovative and
competitive agricultural sector (AAFC, 2011). Thiwgram is in effect from 2008 to
2013. Goals of the program include supporting tirecaltural sector to improve risk
management, response of the sector to market desnamd to contribute to the well-
being of Canadians (AAFC, 2011).

® A fuller discussion of the framework, along witktensions that reflect costs and timing of
adoption for land use change, is provided in thgiral Pannell (2008) paper.
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Growing Forwarduses many national and regional plans and policgrams to
achieve the program goafSrowing Forwardpolicy programs specifically related to
Alberta crop producers to protect environmentabueses include the Cover Crop
Protection Program (CCPP), Integrated Crop ManageRian, Prairie Shelterbelt
Program (PSP), and Water Management. These progrseriacentive mechanisms,
such as cost-share programs or direct governmsistasce. Governments and industry
work collaboratively under Growing Forward to preseanimal and plant resources, and
to adapt to environmental challenges that affeatipction (AAFC, 2011).

CCPP is an initiative to provide financial assisgto Canadian agricultural
producers who are unable to seed crops due togsiwimding or excessive moisture
(AAFC, 2011). Eligible applicants can apply for éedl assistance of up to $15 per acre
to help offset the costs of improving and protegfiood-damaged soil until another
commercial crop can be planted (AAFC, 2011). ThéEdnproves short term cash
flows for affected producers, but also minimizedHar soil erosion risk by enabling
insured producers to re-seed affected lands (AARCL).

The Integrated Crop Management Plan assists prosliucdeveloping plans that
optimize the use of crop inputs while minimizing timpact on the environment (AAFC,
2011). The Integrated Crop Management Plan is nethbyg Alberta Stewardship Plans.
Under this program producers are able to adopt&tiship Programs under a 50/50
cost-share to a maximum value of $20,000 (AARD,2a)

The PSP provides tree and shrub seedlings forlestaient of shelterbelts and
other agroforestry, conservation and reclamati@jepts on agricultural lands (AAFC,
2011). Tree and shrub seedlings are an incentipeotucers adopting beneficial
management practices and environmental stewar{&8AipC, 2011). The PSP aims to
improve the performance of the agricultural sebtohelping to achieve the social,
economic and environmental benefits of agroforesgstems, such as shelterbelts
(AAFC, 2011). As discussed previously, shelterbettsserve soil and water, manage
snow and wind, improve air quality, stabilize cropsd enhance habitat for wildlife
(AAFC, 2011).

Agricultural activities can have an impact on Caisdvater resources and
Growing Forward programs will help to minimize tedmpacts, including initiatives to
understand the agriculture sector's on-going waggirements (AAFC, 2011). The
purpose of the Water Management Program is to geowicentive for the creation of a
long term water management plan at the farm Ie%&RD, 2010-e). Water management
can also be considered a risk management toolglperiods of drought. This program
provides financial assistance for producers towapdgified improvements to support
water security. Improvements available for the sbstre program include the addition of
wells, dugouts, dams, irrigation sources for crogplivestock watering, cisterns, and
water treatment, among others (AARD, 2010-e).

2.4.3 Extension Programs for Cropping Operations

Agricultural extension programs are policy mecharsighat provide information
to producers (e.g., about available land manageprantices). Examples of land use
extension include education, technology transted, @mmunication to land owners in
general (Pannell, 2008). As compared to other nmeshes, such as subsidies or land
grants, extension is a relatively cheap policyrimsent that educates land owners about
land management practices (Pannell, 2008). Howexéension alone is only effective in
reducing environmentally adverse land managemexttipes if the private costs of land
use change are less than the benefits. PanneBY20@gests that extension policies are
effective when public net benefits are highly pgsitand private net benefits are slightly
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positive (i.e., when private net benefits are higbsitive no action is required since land
owners would readily adopt practices in this catggo

Sustainable Agriculture Environment Systems (SAGE®)so a program
developed bysrowing Forward SAGES is an extension type policy mechanism. The
goal of this initiative is to respond to water atidhate changes in agricultural systems.
SAGES benefits producers through knowledge andldpweent and is designed to
accelerate the creation of BMPs, offer policy opsi@and a better understanding of
impacts and adoption opportunities (AAFC, 2011).

EFPs are also a type of extension policy whereatdhrcis the driving
mechanism to promote land use change. For EFPlaTttA producers discuss
environmental concerns with a resource specialidtcmmplete self assessments and the
resulting farm plan individually (Alberta EFP, 2Q01Throughout the process producers
participating in this program have access to exgastvledge for suggestions in the EFP
to mitigate risks in production. EFP are put intti@n by producers through adoption of
BMPs according to the individual’s priorities, aglmed in the plan. The EFP program
benefits producers by providing technical assisgandeveloping management practices
that minimize agricultural or environmental risksests producers in understanding
impacts of agricultural practices, and educatedyers on minimizing environmentally
adverse effects from agriculture on the environment

2.4.4 Regulations for Cropping Operations

This section discusses regulations for produceitsrakates to environmentally
friendly management practices. While there are nfiadgral acts for mitigating
environmental impacts, the most relevant to crappigriculture are thEisheries Act
and thePest Control Products AcThePest Control Products Adutlines responsible
uses of pesticides for Canadian producers, inciusirie application and precautionary
procedures. Adoption of crop rotations with fewerlicide requirements may reduce the
amount of chemical introduced into the ecosystérheFisheries Acprohibits any
person from depositing anything that may have halreffects of fish into any type of
water that may be fish habitat (AARD, 2004-a). Tihidudes any creek, river, stream,
lake, or slough where fish may be present, whettebody of water is permanent or
temporary (AARD, 2004-a). Damaging effects incltide application of manures or
chemicals near waterways as there is a chanceitipags could enter the aquatic
ecosystem. Water bodies that contain fish speceealso prohibited from being altered
in any way, such as through drainage. Adoptionubfe strips around water bodies
containing fish species is a practice that may gmeeontaminated runoff or chemical
leaching into fish habitat.

Relevant provincial legislation specific to croppioperations in Alberta include
the Agricultural Operation Practices AGAOPA), Environmental Protection and
Enhancement AGEPEA),Natural Resources Conservation Board A&¢RCBA), Soll
Conservation ActandWater Act The AOPA is a set of standards for management
practices for producers. The act focuses on nuésand livestock and manure standards.
AOPA is administered by the Natural Resources Quasien Board (NRCB) and due to
the nature of the act deals mainly with livestopkmtions. However, manure application
to crop land is also included, as there are settamkirements for injected or
incorporated manures near bodies of water (AARMD424). Adoption of buffer strips
around water bodies assures that a minimum amduand does not receive manure
application and differentiates the land from cropldor area to be treated. Surface
application of manures requires a farther setbétimce as there is increased risk of
nutrient runoff (AARD, 2004-a). AOPA also specifidmt operators applying over 500
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tonnes of manure annually are required to perfaitrtasting and maintain nutrient
management records (AARD, 2004-a).

The EPEA regulates the sale, use, application, lmapdtorage, transport, and
disposal of pesticides (AARD, 2004-a). This actlsl@ath source point pollution and
outlines how the crop sector can manage pollutginguenvironmental farm plans and
identification of risk areas (Toma and Bouma Mamaget Consultants, 2007). The
EPEA prohibits operators from releasing any amauamoncentration of a substance into
the environment that cause or may cause advemgt®fin the environment (AARD,
2004-a).

The Soil Conservation Ads intended to ensure good practices are used by
operators of farmland and acts to prevent soil &wgkdeterioration (Toma and Bouma
Management Consultants, 2007). This act gives npalities authority to protect soils
(AARD, 2004-a). Landowners are responsible for r@airing the quality of soil when it
is in good condition and taking actions to pre\awil deterioration if it is occurring.
Practices to ensure soil conservation may includp mtations, residue management,
and shelterbelt adoption to contribute additiorrghaic matter to the soil, provide
additional cover, and reduce wind erosion.

TheWater Actis used to manage the use of water in Alberta @and Bouma
Management Consultants, 2007). Under the act appfamm Alberta Environment is
required for producers to alter the flow or levehater, to change the location or
direction of water flow, to cause siltation of wateause erosion of the bed or shore of
water bodies, or to cause an effect on the ageatitonment (AARD, 2004-a).
Adoption of buffer strips around riparian and wetareas protect the surface and can
contribute to reductions in sedimentation.

Federal and provincial legislation and policiesiarportant to ensure
agricultural producers are operating in ways thateavironmentally sound and
responsible (AARD, 2004-a). Acts are formed to gaite or prevent potential
environmental impacts from agricultural practicBlse Alberta Government has released
a series of Environmental Manuals that outline BNtRseveral agricultural sectors,
including cropping and livestock operations.

2.5 Review of Existing Literature on Analysis of
Agricultural Beneficial Management Practice
Adoption

The literature review discusses studies that exarhie economic factors of on-
farm BMP or conservation practice adoption, inahgdsimulation analysis. These
include studies that develop static and dynamicatmoth determine the impact of BMP
adoption. The current study considers dynamic satiart modelling to estimate the
economic impact of BMP adoption on Alberta croprfar Therefore, studies using
similar methodologies or with similar objectiveg a&f interest to this project to identify
alternative methods that could be considered aidettify any information gaps in the
existing literature.

There are numerous studies on BMP adoption thateaddvater and soil quality.
Specific issues addressed include nitrogen leachivitution abatement for improved
soil and water quality, nutrient management, télagd biodiversity effects.

Houston and Sun (1999) used results from farmesegsrto develop a multi-
objective linear programming model to predict cyigdds, water-soil pollution
emissions, and farmer’s net returns for peanutcana crop farms in the coastal areas of
Georgia, USA. Their study assumes an objectiveinfmizing water-soil pollution
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levels. Farmer attitudes towards voluntary paréitign in government cost share
subsidies for pollution abatement as a BMP are adsessed. It was determined a
subsidy of approximately $1.01 per hectare woutllice nitrogen leaching by 2.7%,
while net returns were reduced by approximatelg@4er hectare. As farmer and
government costs increase, nitrogen leaching flactop growth process decreases
slightly while environmental benefits increasethis study reducing nitrogen leaching is
costly, but the only control of leaching availaldehrough changes in fertilizer
applications. The authors note that stricter ngrogbatement strategies should also
consider crop rotation and other practices. It fugther determined in this study that
producers voluntarily participating in the subsptggram were more risk averse than
average and were more likely to accept partial paysifor a change in practices that
may lead to lower net returns. This study demotesrthe potential of crop rotations to
reduce chemical leaching and how policy can afestlucer participation in practices.

Non-linear optimization methods were used in aytudMunoz-Carpena et al.
(2008) to investigate the impact of summer covepsron soil percolation and nitrogen
leaching. This study used data for southern Flosideet corn and hemp crops to develop
representative simulation models. The model maxm@ant water and nitrogen uptake
to simulate plant stress. After three years willgaiminous summer cover crop, organic
matter content increased in corn fields. Both olegtand simulated hydraulic changes
were most apparent in the top ten centimetreseo$dil, where increases in organic
matter were also more likely to occur. Corn yiedasl nitrogen uptake increased when
cover crops were adopted. However, nitrogen legcinito shallow aquifers also
increased, diminishing water quality. While thisdt was concerned with biological
interactions it also discusses the recommendaficorabining cover crop practices with
reductions in nitrogen fertilizer application ratesaccount for net increases in soll
nitrogen, which is of interest to the current stadya potential BMP.

A study measuring farm level behaviour in respdonsgon-point source
pollution was conducted by Taylor et al. (1992ydHiepresentative farms were defined
for different geographical regions in Oregon, USAe farms had crop mixes that
included grass, small grain, vegetable, and bengs Non-point source pollution is
stochastically modelled and is strongly influenbgdveather processes (Taylor et al.,
1992). This study used biophysical simulation toegate climate and weather data and
optimization to measure changes in farm profit. Moelels maximize profits under
alternative non-point pollution control policiesng simulated crop yields under
different tillage and soil types. To achieve a 5@Huction in total polluted water, profits
were reduced by approximately $10 to $36 per hectdowever, only slight changes in
operations (i.e., tillage) or application ratesiifogen were required to attain 5 to 24%
pollution abatement. This study is of interestsamilar to the present study, several
representative farms were developed to determiaaggs in farm profit from adoption
of alternative practices, using simulated yields.

A simulation model of beneficial management pragifor nitrogen fertilization
on cereal and vegetable model farms in Germanydeasloped by Nendel (2009). Crop,
soil, and environmental interactions were simuldatedetermine net returns and the
effect of BMPs. Growing a cereal crop after a sivalfooted and well-irrigated crop,
such as lettuce, extracts nitrogen from the soihfbelow 90 centimetres. Also in all
rotations, almost all nitrogen added as a minemdilizer is leached out of the system and
the crop nitrogen requirements could be satistiechfmineralized nitrogen from soil
organic matter and crop residues. This inclusiospeftific crop rotations and crop
residues has potential to reduce nitrogen fertibparates, and increase net returns on the
model operations, an outcome that is also exploréuis study for cropping operations
in Alberta.
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BMPs to reduce water pollution from agriculturahgices were examined by
Centner et al. (1999). Crop yields and nutrienvido ground and surface waters were
simulated over 17 years using weather data andpgeific characteristics in Germany
and the United States. BMPs examined in this stadgduce erosion included cover
crops, contour farming and terracing, conservdiltage, streamside vegetated buffers,
filter strips and waterways, pasture managemenp, @opping, and stream and water
body protection. BMPs to reduce pollution from ierits included nutrient management,
irrigation water management, agricultural waste ag@ment systems and composting.
The costs of agricultural pollution abatement bjueng irrigation and/or nitrogen
fertilizer application rates were found to be siigaint. As a consequence the practices
would likely not be voluntarily adopted. Intercrapg was shown to reduce soil erosion
and nitrate leaching. Optimal timing and reducetlization may increase profits if there
were compensation payments provided by the goverhriiis study is of interest as
some of the same BMPs are examined in the curtady,susing similar methods.

Field level simulation models were used by Coineal e(2001) to evaluate
alternative landscape scenarios in lowa. The madeislated weather, plant growth,
nutrient cycling, hydrology, erosion and sedimeantgtand soil temperature for
commercial operations. Management of plant matelwltillage, fertilization, irrigation,
and conservation practices were also simulatedul®dsom production, water quality,
and biodiversity scenarios were compared with tselne scenario that assumed the use
of conventional tillage. In the production scendhie farms employed conservation
tillage, which retains residue cover on the surfafcsoils, and modification of the crop
rotations to incorporate more high value annuabsmsuch as corn and soybean at the
expense of alfalfa hay and grass crops. Of theetthe production scenario showed the
highest returns to the land due to increased aeraad lower production costs associated
with conservation tillage. In the water quality sago the farms adopted buffer strips
around water bodies and modified crop rotationadtude more perennial alfalfa and
grass crops. The water quality scenario resulteéddrnowest returns to the land, but was
also the best scenario in terms of the environrasiit reduced nitrogen leaching and
wind erosion. In the third scenario both water gqyaind biodiversity were targeted
where perennial strip cropping was used to conmafter strips and riparian areas for
wildlife and the farms adopted organic agricultyedctices (i.e., commercial fertilizers
and chemicals were no longer used). In the biodiyescenario returns to the land were
the second highest and only slightly reduced, desbe fact that land area was reduced.
The buffer strip adoption scenario resulted in pedureturns. However, this BMP also
reduced nitrogen leaching and wind erosion, whiely lmlve long term implications, and
may compensate for some of the initial costs aasettiwith buffer strips.

A long term simulation model was used by Tapia-\argt al. (2001) to
determine the effect of maize production tillagstsyns on runoff and sediment from
agricultural operations located on sloped landgéxico. Soil erosion was simulated
using soil moisture and runoff variables. Treatraemamined included conventional
tillage, no till, and no till with varying levelsf oesidue coverage. The scenarios with
conventional till and no till without residue hader levels of runoff and sediment
losses, as compared to the scenarios with the catid of no till and residue
management. Fu et al. (2006) also simulated sodli@n and sediment yield models to
compare no till practices to conventional tillage flarms in Washington, USA, where
wheat, barley, and peas were the major crops grotveamodels by Fu et al. (2006)
yielded similar results as Tapia-Vargas et al. (3QGhere there were reductions in soll
loss and sediment yield under no-till practicesthBsiudies provide justification for
including residue management as a BMP in the custeny.
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Matekole and Westra (2009) developed models tolatesurface water,
nutrient, pesticide, and sediment runoff quantitfidee models were used for an
economic analysis of tillage and nutrient BMPs auisiana, USA. Farmers applied
fertilizers as a type of “pseudo-insurance” agaimsp losses. However, in the simulation
model operations would diversity nitrogen fertilizgplication with tillage practices to
maximize net returns. Crop acreage and fertilizeanagement practices were shown as a
means of decreasing cropland effluent runoff indineulated results. Reduced tillage
with nutrient management was found to be a costffe method to reduce nutrient and
sediment losses in this study area. In a similadysby Matekole et al. (2009) biophysical
economic models were used to evaluate benefitmpleimenting nitrogen fertilizer
application and tillage management BMPs, also inisiana, USA. As was the case for
the previous study, surface water, nutrient, peljcand sediment runoff quantities were
simulated in the analysis. This study includeddbmesideration of riparian buffers, such
as trees, grasses, and shrubs, that serve amhatni sediment filters and help reduce
nutrient erosion and sediment loss from croplanal streams and rivers. All scenarios
with reduced tillage showed increases in revenumapared to conventional tillage
revenues. The results from this study correspotid te hypothesis that adoption of
BMPs may also lead to financial returns to prodsicEhis hypothesis is also explored in
the current study.

Khakbazan et al. (2009) developed a dynamic progriag model to examine
the economic factors associated with yield fungtiartrients, and water to connect agro-
environmental and economic models. Potato cropioot®under irrigated production in
Manitoba were of interest in this study. Khakbaeaal. (2009) compared production
costs, yields, and other economic criteria to lelfhe selection of the best crop rotation
for irrigated potato production. Including a potadtation in these types of models
allowed for the evaluation of the sustainabilitypobduction systems under a
combination of high disturbance and minimal tillaganagement systems. A model that
includes potato yield, growing season precipitateond fertilizer and irrigation
management was adapted from Belcher et al. (2008B)s study to include quantitative
relationships found in the literature. Khakbazanlef2009) modelled costs as being both
dependent on agro-environmental factors, suchrékzier and yield dependent costs,
and on base factors that are static throughowithelation. Some potato rotations
increased soil organic matter, while others slodépleted the stock.

Cortus (2005) used simulation techniques to ingagti the direct farm level
impact of wetland drainage. Wetland drainage resltive amount of EG&S available.
However, drainage of wetlands has private benéfitdiding improved crop yields,
increased land value, increased acreage undergiraduand production of higher value
crops, and private costs, including pumping stati@amd open ditches. Removing
wetlands can be thought of as the opposite of Bitipaon (i.e., the opposite of the
current study). Cortus (2005) developed represegatédrms to model wetland drainage
in Saskatchewan crop production. Wetland drainagednomically feasible for
Saskatchewan cropping operations, and by extewnsitre simulation results that it is
costly for producers to maintain the current |lesfeEG&S generated by wetlands on the
farms.

The objective of the study by Koeckhoven (2008) weedetermine the direct
farm level impacts of BMP adoption, as is the otijecin the current study. Koeckhoven
(2008) also used simulation and capital budge®edrniques to determine the impact of
BMP adoption. Several BMPs to address water coatiervand riparian habitat were
examined for a representative mixed (i.e., catilé @opping activities) farm in southern
Alberta. Of practices relevant to cropping agrietét it was found that the establishment
of buffer strips around riparian areas and the &d@f permanent cover were costly for
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producers in this region, largely due to reductionthe acreage for crop production. It
was further concluded that producers may requingestype of incentive program to
encourage BMP adoption.

Policy is often derived from innovations that des® environmental damages
(Pannell, 1999). As previously mentioned EG&S puditun can be increased through the
adoption of BMPs. Research efforts are increasifagiysed on improving and
developing practices that reduce harmful impacttherenvironment. Financial
incentives, such as cost share programs or taxtives, are often used by governments
to share in the risk of uncertainty when adoptieg practices and encourage adoption of
BMPs (Feather and Amacher, 1994). Programs thabre{ on incentives to encourage
adoption are costly and adoption is dependent odywmer perception (Feather and
Amacher, 1994). As a result, programs are develdmadare only adopted by farmers at
varying levels. Practices that reveal immediategie benefits, such as no-till technology
are widely adopted, while practices where the henafe not quantifiable for several
years, such as biodiversity loss, are adoptedaadrioates (Pannell et al., 2006). When
benefits are immediately apparent, new practiceparceived as low risk, while the
opposite is true for practices that do not have édlimtely apparent benefits. In designing
programs to encourage adoption of BMPs, considerati the willingness of the
producer to adopt must be considered.

According to Pannell (1999) factors that contribiat¢he willingness of
producers to adopt new practices include awarefessipility of adoption on a trial
basis, and consistency with producer goals. Adamiso depends on personal, social,
cultural, and economic factors (Pannell et al.,6)0Barms differ in size, soil fertility,
machinery, financial structure, climate, and laboamstraints (Pannell, 1999), also
contributing to the response of producers towasdg farm management practices and
policy. In a survey of BMP adoption in Ontario, puzers with larger farms and greater
farm sales were more likely to practice good emumental management and it was
hypothesized that smaller operations lacked the &ind money to implement many
BMPs (Filson et al., 2009). Most farmers from snbalinedium operations want the
government to pay more than half the cost of BM&p#idn (Filson et al., 2009).

Feather and Amacher (1994) develop an adoption hasdeming producers are
risk averse in investigating the role of informatia influencing the adoption of new
farm management practices. They find that changioducer perception through
educational programs is a more feasible approacbrapared to financial incentives to
encourage BMP adoption. Deciding whether to adophaovation is a risky decision for
producers as a choice between alternatives whéceroas are not certain and the
attached probabilities may not be known (Greineal e2009). Risk perceptions and
preferences influence how information is acquined the use of trial phases affect the
adoption process of farmers (Greiner et al., 2088)with farm characteristics, farmer
risk perceptions and risk management techniguegsregionally and contextually
(Greiner et al., 2009).

The program Entry Level Stewardship (ELS) in Endldemonstrates the
shortcomings of only using positive incentive agmftes in policy mechanisms. The
ELS program attempts to extend the adoption of atdship practices among agricultural
operators (Hodge and Reader, 2009). This prograwiges farmers with a variety of
options and farmers are awarded points that anslaged into monetary benefit. While
this program does allow for incentives to be taeddor specific benefits and increased
the amount of land under stewardship practicedsd implies that payments are
necessary to ensure the continuation of stewargshigtices (Hodge and Reader, 2009).

Ipe (1998) studied incentive payments to comperfaateers for adopting
BMPs. In this study a survey found that farmersehidne perception that practices
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reducing pollution will also increase farm profitigt. However, perceived losses from
reduction in nitrogen application are significartigher than the actual losses, resulting
in a higher willingness to accept (WTA) incentiveeyment for reductions in nitrogen
application. In the simulated model for incentiayments and WTA, the payments were
lower than the actual case. This study also fohatlrisk averse farmers will participate
in the program if the payment offered compensaieshk loss in potential expected
utility due to the reduction in nitrogen applicatidAs farmers become increasingly risk
averse, the WTA incentive amount also increases.

Adoption or changes of management practices areaijypdependent on the
perspective of the producer or land owner (FeahdrAmacher, 1994; Greiner et al.,
2009). Perspectives vary based on geographicaimégiboth soil and climate
characteristics and producer characteristics. RPerdiare assumed to be risk averse, but
the degree of risk aversion may also differ, anccpanechanisms must recognize this
fluctuation to be successful. Policy interventiorirhprove adoption of BMPs does not
always require positive incentive, and as previesgarch has shown, increasing
information through extension activities may hawgr@ater impact on adoption. A survey
of producers in Ontario finds that farmers prefgluntary EFP to government
intervention and regulation (Filson et al., 2008)general, adoption of BMPs using
negative incentives may initially result in produog@position, while adoption rates may
be low when relying on extension alone.

2.6 Chapter Summary

Responsible agricultural practices have the paiktdiimprove the supply of
EG&S. Adoption of BMPs also increases EG&S produttEG&S are beneficial to
society and increasing the supply may also crefgedback system where benefits are
experienced by producers. In agricultural systeniisasd water quality are important
factors in maintaining or improving yields and reue of producers. However, adoption
of BMPs to improve the supply of EG&S may not béhat optimal level due to real or
perceived costs associated with adoption. Res@aticlagricultural and ecological
indicators provides a baseline for determiningrtbebenefit associated with BMP
adoption. To determine the optimal amount of EG&Svjmled by agriculture, policy
programs use this information to establish appet@nnethods to encourage adoption,
including policies of regulation, economic incelesvand/or extension.

This study is concerned with a variety of BMPs th@tarily affect soil and
water quality on agricultural lands. BMPs of insraclude crop rotations and non-
rotational BMPs to improve soil quality through vedd soil erosion, and improve water
quality through reduced nitrogen leaching and gaiticle runoff into water bodies.
Many studies have examined the effect of alterimgagement practices to improve soil
and water quality. Some studies focus on the staamptions of potential yield
improvements and cost savings from BMP adoptiorieadthers include dynamic
simulation to account for price and yield risk griaultural production. However,
research examining the impact of BMP adoption idetuassumptions based on the
geographical area as will be the case in this stM@ny previous studies employ
representative farms that are based on charaaterigim actual farms in the area of
interest. This approach will be considered, with tise of statistical data for the current
study.

This study uses a dynamic approach to modellingepand yield risk and
incorporates stochastic methods to estimate pataftanges in yields and costs when
adopting individual or group BMPs. Increased yidhdsn BMP adoption have the
potential to improve producer net income. Howewstg associated with BMP adoption
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may include the loss of land previously under pabidun, which may reduce net income.
While there are studies relevant to Alberta agtizel, adoption of BMPs may not be
analyzed from an economic viewpoint. Some studsesstatic assumptions, while others
do not incorporate several BMPs simultaneouslyirftee literature review, it is

apparent that BMP adoption has the potential tceae or decrease producer net returns.
This study aims to quantify the net benefit of adwpfor specific BMPs in Alberta.
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Chapter 3: The Study Areas

In this chapter the agricultural practices andtegsand potential BMPs in
Alberta agricultural regions are outlined. Croppaggiculture has a significant impact on
the quality of the surrounding environment, speeify on water and soil quality. BMPs
that mitigate or decrease the damage to the emaganhrelated to agricultural practices
include practices that reduce wind and water empsduce water runoff, improve soil
organic matter, and generally improve soil hed@MPs that contribute to improving soil
and water quality on agricultural lands includeoztitage or no-tillage practices, residue
management, control of crop inputs such as fegtitizcrop rotations, shelterbelts or
windbreaks, and buffer zones around wetlands.

Some BMPs have had a significant uptake. For exanppactices that are widely
adopted in Alberta include zero-tillage or no-tj#a adjustments to crop rotations,
shelterbelts to reduce erosion, and residue maregeiowever, producers continue to
use significant levels of commercial fertilizerddrerbicides in Alberta, while the use of
BMPs such as buffer strips around wetlands is dowte This indicates that reduced
water quality from runoff is likely an issue, alowith soil quality, due to extensive input
use for agricultural production in situations whtre nutrients are not used by the crop.

This chapter outlines the methods taken to detexithia representative soil zones
and municipal districts for analysis. An overviefiagriculture is also provided for each
region where a representative farm is defined dsagsahe prevalence of BMP use in the
area. Census data from Statistics Canada proved®timdation to define each
representative farm and to provide an overviewhefagricultural activities and current
BMPs in these regions. The agricultural charadiesi@and the occurrence of BMPs in the
areas of interest are examined to confirm the briggliof the attributes of the model
farms and adoption of the practices in the analysis

3.1 Beneficial Management Practices and Environmeh
Issues in Alberta Crop Production

While agriculture has been an integral part ofAliertan economy for many
years, the use of certain practices as explicit BMPreduce the environmental impact
from agriculture has been relatively recent. In42@86 a national and provincial initiative
AARD and AAFC published Environmental Manuals fgriaultural producers. There
are manuals specialized for hog, poultry, feedlatry, calf-cow, and crop producers.
The BMPs outlined in the manuals for producersegpond with the vision of the Agri-
Environment Services Branch (AESB), made up ofRfagrie Farm Rehabilitation
Administration (PFRA) and Agri-Environmental PoliBureau (AEPB), which is to
integrate environmentally responsible agricultuithwompetitive agriculture through
innovative practices and voluntary stewardship mog (AAFC, 2010-b).

The following sections discuss the BMPs consid¢éoeditigate negative impacts
of agriculture on water and soil quality. While there numerous other BMPs that could
be considered the practices discussed represestdpe of this project.

3.1.1 Beneficial Management Practices and Water Qility

Crop production can contribute pollutants to wa@antributing factors are
excess nutrients, sediments and pesticides. Watéaminants can be transported to
surface water or groundwater through various mebraisport of contaminants to
surface waters typically occurs when there is & higk of soil erosion and runoff into
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surrounding surface water sources. Contaminatigraxindwater often occurs when
there are high infiltration rates.

Nitrogen and phosphorus are essential nutrientglémt growth and crop
production (AARD, 2004-a; McRae et al., 2000). Bath also components of chemical
fertilizers, manures and decomposing crop residdesiever, after fertilizers are applied
to cropland, the residual components can be tratexpto surface water and groundwater
through runoff and leaching. Once nitrogen and phorus have reached a source of
water, elevated levels of the nutrients decreasergaiality by promoting growth of
aquatic plants and algae; this process is knovwautisphication (McRae et al., 2000).
This effect is particularly observed for phosphonleere after algae and aquatic plants
have absorbed the excess phosphorus they begatoongose. During plant
decomposition dissolved oxygen is used which cbuates to increased rates of aquatic
animal death. While this effect is not as prevafenexcess nitrogen the water soluble
form of nitrogen, nitrate, is harmful to humans whlnsumed in excess. Nitrate can be
leached into groundwater beneath lands where imeagriculture is practised.

Sediment transfer, often due to soil erosion andffuto surface waters occurs
in a similar manner. Increased sediment in sunfgater negatively affects the quality of
water and is harmful to aquatic species. Sedimientaf surface waters can damage fish
eggs and other aquatic larvae (AARD, 2004-a). Heglels of sediments suspended in
waters also decrease the amount of light penetratioch affects the growth of bottom
dwelling aquatic plants (AARD, 2004-a). When thégors there can be an increase in the
prevalence of algae, which is similar to the probke excess phosphorus.

Another contributing factor to decreased water itjial areas of intensive
agricultural practices is pesticides. Pesticidesmave into surface water or ground
water by being dissolved in water, attached tozaiticles, or as a result of spray drift
(AARD, 2004-a). When pesticides are present in mgderces, problems that occur
include bio-concentration, where pesticides conmagmin the tissues of affected
organisms, and biomagnification, where the conegiotn of pesticides increases in
species as it travels up the food chain (AARD, 2804T his is harmful to species
diversity surrounding agriculture, but may alschibemful to humans as well.

The quality of water in areas of intense agricalkactivity can be improved
using BMPs. Many of the problems mentioned abowiodue to the transportation of
nutrients, sediments and pesticides to water sepftrough runoff. Buffers around
surface water trap some nutrients, sediments, asiicfles and improve overall water
guality. Also areas at higher risk of water erosiontributing to runoff into surface
waters typically have low levels of soil organictiea High levels of soil organic matter
hold soil particles together, reducing the risleadsion, which can contribute to
sedimentation and contamination of water bodiegrdfore BMPs such as residue
management can improve water quality from runoff.

Crop rotation adjustments as BMPs are also coreidédding alfalfa hay
provides a semi-permanent cover on the land widdhges the amount of runoff that
may occur during freeze-thaw cycles in the spritgmvthe land is between annual crops.
Also, alfalfa hay and other leguminous crops, ideig field peas, can fix nitrogen. As a
result fewer inputs in the years these crops aveigrand potentially following these
crops, are necessary. This reduces the amountrigmiLinputs on the land and as such
there is likely a lower incidence of nutrient ruhehtering aquatic ecosystems.
Alternative crops, such as oats, require feweribeld inputs, which decreases the risk of
chemicals entering waterways via runoff.

To address the issue of decreased water quality ropping practices,
specifically from nutrients, sediments and pesésiahis study will consider crop
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rotations, buffer strips, and residue managementitigating BMPs. Crop rotations will
examine the addition of annual and perennial fsafield peas, and oats.

3.1.2 Beneficial Management Practices and Soil Qliy

Intensive cropping practices also affect soil gyalboil quality can be
considered in terms of the levels of soil organatter, soil salinity and soil acidity. A
related factor in obtaining reasonable levels giaic matter and good overall soll
quality in agricultural soils is erosion. Soil giis correlated with agricultural
production, and as such practices that degradesaiity contribute to reduced
agricultural production.

Soils that are high in organic matter have theirgarticles held together better.
This reduces the risk of erosion from both watet wind (AARD, 2004-a). Crop
rotations that contain perennial forages, espgdiedjumes (e.g., alfalfa), result in soils
with higher levels of organic matter due to inceshkevels of retained residue. Crop
rotations where summerfallow frequently occurs cedsoil organic matter over time
because less plant residue is returned to th¢ASaRD, 2004-a). Including crops that
improve soil organic matter reduces erosion toxderg. However, wind erosion can be
reduced further using shelterbelts and windbreadktewvater erosion can be reduced
using surface residue management. Additionallytares such as no-till or zero-till
seeding techniques can improve soil organic mattdrreduce erosion.

Plant growth is affected by the salinity and agidit soils as these issues affect
the ability of the plant’s roots to function efféeitly (McRae et al., 2000). While soil
salinity is somewhat naturally occurring, poor n@garaent practices can intensify this
problem (AARD, 2004-a). High soil salinity resuitspoor plant growth due to excess
salts in the plant’s root zone. While also affegtiant growth, soil acidity inhibits the
ability of microorganisms in the soil, such asaen fixing bacteria that are present on
leguminous plants (AARD, 2004-a). Fertilizer apation can increase the acidity of the
soils, so reducing inputs by including more crdpst tare able to provide a supply of
nitrogen for subsequent crops, such as alfalfealnalyfield peas, is beneficial.

In the Brown soil zone there is a lower level af saganic matter relative to the
level in the Black and Dark Grey soil zones. ThereBMPs of interest include practices
that both reduce erosion and improve soil orgaratten. This study considers the
adoption of on-farm shelterbelts to reduce windieno and crop residue management to
reduce water erosion over cropland. This study edesiders adding perennial forages
and legumes, such as alfalfa hay and field peabgtorop rotations to improve the soil
organic matter and reduce inputs. Additional changerop rotations to improve soil
health include reducing or eliminating summerfallamd including a legume green
manure as a partial or complete replacement, @gpopriate for each region.

3.2 Cropping Agriculture in Alberta

The number of farms in Alberta decreased from apprately 58,000 in 1981 to
49,431 farms in 2006. This trend was not spedifidlberta as the number of farms in
Canada decreased by almost 18,000 from 2001 to (Z@fstics Canada, 2001 and
2006). In general the trends seem to indicate ene@se in the number of small and large
farms (under 30 hectares and over 450 hectares)eviter medium-sized farms. Farms
classified as oilseed and grain operations maderéfp of farms in Canada and 25% of
farms in Alberta. Alberta’s oilseed and grain sectnstituted 20% of the Canadian
sector in terms of the number of farms. When casig land under crop production in
2006 Alberta represented 35% of all land in crap€anada. In 2008 farm cash receipts
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from all cropping activities in Alberta made up 4@¥all farm cash receipts, as
compared to 44% for livestock operations (AARD, 2@(). Due to the increased
occurrence of large crop farms and the importamteeocropping sector in Alberta’s
economy this analysis will focus on commerciallgesi cropping operations in Alberta.
While there has been an increase in the numbergé loperations the majority
of farms in Alberta are still less than 162 hectg#0 acres). Table 3.1 shows the
distribution of farm size for operations with laimdcrops and/or summerfallow in 2006
in Alberta. Farms with over two million dollars gmoss farm receipts only made up 1.2%
of all operations in 2006. The majority farms grtess than $250,000. There were a total
of 41,934 farms with gross farm receipts under $280 and 7,497 farms with gross farm
receipts over $250,000. The distribution of farrasgrreceipts is given in Table 3.2.

Table 3.1 — Farms with land in crops and/or summedllow in Alberta, by size (2006)

Farm acreage Number of farms (% of total)
Under 130 acres 12,301 (29.6%)
130 to 399 acres 13,036 (31.3%)
400 to 1119 acres 10,240 (24.6%)
1120 + acres 6,047 (14.5%)
Total 41,624

Source: Statistics Canada (2006)

Table 3.2 — Distribution of Alberta farms, by grossreceipts (2006)

Gross farm receipts Number of farms (% of total)
Under $10,000 9,791 (19.8%)
$10,000 to $24,999 8,720 (17.6%)
$25,000 to $49,999 7,170 (14.5%)
$50,000 to $99,999 7,448 (15.1%)
$100,000 to $249,999 8,805 (17.8%)
$250,000 to $499,999 4,333 (8.8%)
$500,000 to $999,999 1,871 (3.8%)
$1,000,000 to $1,999,999 688 (1.4%)
$2,000,000 and over 605 (1.2%)
Total 49,431

Source: Statistics Canada (2006)

According to the 2006 Canadian Census of Agrical{@tatistics Canada, 2006),
adoption of practices that are beneficial for theimnment among farm operators has
been increasing as they are often practices tkatlao economically beneficial to the
producer. In 2006 almost 60% of Alberta farms régubparticipating in crop rotation
practices (Statistics Canada, 2006). Crop rotati@ve been proven to improve soil
health and yields. In addition, 50% of farms repdrhaving shelterbelts or windbreaks
on their farms and almost 20% reported having bufdmes around wetlands (Statistics
Canada, 2006). Table 3.3 displays practices andaunf farms participating in soil
conservation practices in Alberta and Canada, @&ted in 2006. In 2006 over 50% of
the land that was seeded in Alberta had the resihaeporated into the soil or left on the
surface (Statistics Canada, 2006). AlImost 30% mwh$aused no-till seeding, which
accounts for almost 50% of the land that is se@@@06 (Statistics Canada, 2006). In
regards to reducing chemical inputs, two-thirdfaois used herbicides and over 75% of
farms used commercial fertilizers in 2006, as camepdo 71 and 77% of farms in 2001,
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respectively (Statistics Canada, 2006). Additiditiaige practices and land input
statistics for Alberta in 2006 are provided in T&aBl4.

Table 3.3 — Number of farms patrticipating in soil onservation practices in Alberta
and Canada (2006)

. . . Number of Alberta farms Number of Canadian farms
Soil conservation practice

(% of total) (% of total)
Crop rotation 29,332 (59.3%) 141,322 (61.6%)
Ploughing down green crops 2,803 (5.7%) 24,192 (10.5%)
Windbreaks or shelterbelts 24,810 (50.2%) 84,7829%)
Buffer zones around water 9,147 (18.5%) 44,9886%9.
Total farms 49,431 229,373

Source: Statistics Canada (2006)

Table 3.4 — Frequency of use of specific tillage @ctices and crop inputs in Alberta
(2006)

Number of farms

0,
(% of total) Hectares (% of total)

Practices and inputs

Most crop residue tilled into soil 15,930 (51.8%) ,897,391 (24.5%)
Most crop residue retained on the surface 8,954 ¢2p 2,098,535 (27.7%)
No-till or zero till 9,121 (29.7%) 3,622,275 (47.83%
Herbicides 20,482 (66.7%) 6,417,539 (84.7%)
Insecticides 2,895 (9.4%) 493,226 (6.5%)
Fungicides 2,309 (7.5%) 653,146 (8.6%)
Commercial Fertilizer 23,443 (76.3%) 6,965,232 994)
Total land for seeding 30,725 7,578,202

Source: Statistics Canada (2006)

Of all agricultural land (i.e., land used for litesk, perennial and annual crops,
summerfallow, or pasture) in Alberta, 45.6% wagls€édo crops with an additional 4.3%
allocated to summerfallow in 2006. Spring wheatldya canola, and alfalfa make up the
four crops with the highest acreage seeded in @0®6approximately 2.3, 1.7, 1.6, and
1.6 million hectares seeded, respectively. Thh fifghest acreage was land allocated to
summerfallow in 2006 with 0.9 million hectares. tdigcally spring wheat and barley
have been the highest seeded crops in Albertacaensin Figure 3.1. Figure 3.1 shows
the crops that are considered in the crop rotafienthis project with the exception of
alfalfa hay. The trend in tame hay production hersegally been positive from 1960 to
2001 with 2.3 million hectares of land seeded tpih&2001 and only 0.9 million
hectares seeded to hay in 1960 (Statistics Cag804). Canola has gained popularity
since it was introduced in the 1970s. Durum whegrown primarily in southern regions
of Alberta and so is not one of the major croptemms of total provincial acreage.
However, it is a significant crop in southern Altaef~rom the historical data shown in
Figure 3.1 the area devoted to crops such asgedd and dry beans is increasing while
the acreage of land seeded to oats has been dagrda2006 there was approximately
0.5 and 0.2 million hectares of land seeded to aadisfield peas in Alberta, respectively.
In the same year there was approximately 25,00@reof land seeded to dry bean
varieties. Beans represent a smaller portion agpaced to other crops since they are
produced using irrigation technology.
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Figure 3.1 — Historical acreage (‘000 of hectaresf selected crops in Alberta (1959 —
2008)
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3.3 The Representative Regions

Representative regions are chosen primarily om#ses of Statistics Canada
census data and opinions from agricultural experédberta. Regions chosen as
representative include soil zones with significagticultural production and municipal
districts within these regions. This section wialss how the representative regions are
determined and the agricultural characteristighefrepresentative regions.
Representative regions are chosen from the reglaagated in Figure 3.2. This section
provides the foundation for determining the repnéseve farms to be modelled. The
process to define representative farms begins &sackerizing the areas by soil zone.
Following this, distinguishing agricultural prodigst traits in the representative counties
are determined. Specifically, size of farms and m@m crops grown in each region are
examined, which are discussed in Chapter 5 todudtermine representative farm
characteristics.

3.3.1 Solil Zones

The primary criterion used in defining representafarms for this study is soil
zone. Alberta has several soil zones (see Appekdiand in defining the representative
farms it is important to begin characterizing basedoil zones. Alberta is a relatively
large province and contains many types of soilsdhter based on climatic, vegetative,

" Rural municipalities in Alberta are referred todyariety of terms, including County, Municipal
District (M.D.), and Special Area. The term “couhity used in this discussion as a general term to
refer to all of these.
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and hydrological factors (AARD, 2009-b). Human witites, such as cropping agriculture
also impact the formation of soils. Different doitmation factors, temperature, and
precipitation across Alberta result in soils thiffied in organic material and vegetative
cover.

The southeast corner of the province is generaldyacterized by a semiarid
climate and short grass prairie vegetation (AARGO2 D). In this area organic matter is
mainly added to the soil from plant roots, givihg soils a Brown colour that is
indicative of organic material in the upper layefsoil (AARD, 2009-b). Further north
and west in Alberta there is increased moisturelgecontributing to higher yielding
grasses and higher organic matter contents (AARD9:D). In this area darker brown
and black soils are characteristic as there areased levels of organic matter added to
the soils from increased plant growth (AARD, 20Q9Harther north and west, there are
lower temperatures and natural grasslands thahixesd with deciduous trees. Lower
temperatures mixed with increased organic matoal tree litter and grasses form
black soils in these regions (AARD, 2009-b). In #iea known as the Peace Lowland,
which covers the north western part of Albertaretie a transition of deciduous trees to
coniferous forest, characterizing this area witlisgtand and forest vegetation (AARD,
2009-b). In forested areas organic matter fromdeaesults in leached upper soil layers
that are low in organic matter, and therefore lgay in colour (AARD, 2009-b).

In general, Mixed Grasslands are dominated by Br@Wwarnozemic soils, Moist
Mixed Grasslands are dominated by Dark Brown Chegmic soils, and Fescue
Grasslands and Aspen Parklands are dominated loi Blaernozemic soils (AARD,
2009-b). These soils are well to imperfectly drdimaaking them suitable for crop
production. In the Boreal Transition (i.e., forestls) Luvisolic soils and Chernozemic
soils are common with a leached grey colour (AARDQ9). The sails in this region are
also well to imperfectly drained (AARD, 2009-b).

The links between the soils and natural vegetatidhe areas is indicative of the
type of agricultural production that occurs in thesgions. In the Brown soils there is
little organic matter on the surface and vegetagiawn is short with less residue
remaining after crop harvest. Here there is legsganic matter available to form soil
aggregates and risks such as soil erosion aretilghthie Black soils higher agricultural
production is possible due to increased precipitaéind lower temperatures, which is
more favourable to growing conditions. This resinitenore residues potentially being
returned to the soil, increasing organic matteriamatoving soil aggregation. Due to the
interspersion of coniferous and deciduous treeggaasklands in the Grey soils, with
lower average temperatures, the large amount @inccgnatter that is produced does not
decompose as quickly as in the Black soils. Whitglpction is high in this region,
leaching from excess organic matter produces ttendtive grey soil colour.

The soil zones that have significant proportionsrop production activities are
chosen to define the representative farms. Spatiifjidarms are defined for the Brown,
Dark Brown, Black and Dark Grey soil zones. TheyGeil zone is not included as there
are limited cropping operations in this regionparticular, of the four counties
considered from the Grey soil zone, an averagess than 30% of farm land was used
for crop production.

3.3.2 Representative Counties

To further refine the areas and farms used to défia representative farm in
each soil zone, a representative county for eaitz@we is chosen based on Census data.
If at least (approximately) 70% of a county is dedno be within the boundaries of a
particular zone, it is included as being part et tboil zone and is taken into
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consideration when choosing the location of theesgntative farms. Any counties that
were more “evenly split” between soil zones werelwked from further consideration.
The counties included in the analysis by soil zaresprovided in Appendix B.

From the remaining counties, representative coslitti@ach soil zone were then
chosen based on the relative significance of croduxtion, as measured by the
proportion of agricultural land devoted to cropgwotion. Using data from the 2006
Census of Agriculture, total area of farms, lan@rops, land in summerfallow, tame or
seeded pasture, and natural land for pasture atetasalculate an approximate
percentage of agricultural land allocated to craps pasture for each county in each soll
zone (Table 3.5). Selection was also narrowed bgwtting for counties in close
proximity to metropolitan areas, and the presemckpaevalence of irrigated crop
production. Irrigated production is considered #sefa has the most land area under
irrigated production, at over 0.5 million hectareall provinces in Canada (Toma and
Bouma Management Consultants, 2007).

From the 2006 Census of Agriculture data it waemeined that average farm
size in counties that are in close proximity t@&ametropolitan areas is smaller than in
counties without large metropolitan areas. It iscspated that this is most likely due to
the higher incidence of small hobby farms and aedn these areas. Therefore,
counties that were in close proximity to largeastivere excluded from the analysis.
Counties and Municipal Districts (M.D.) of Alberé@e shown in Figure 3.2.
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Figure 3.2 — Municipal Districts and Counties of Aberta
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It was determined that the representative farntiferBrown soil zone should be
located in either the M.D. of Taber or the Courityrorty Mile. In those two counties, 53
and 41% of the agricultural land is in crops, resipely. Of the total area of crops,
approximately 14.2% is in irrigated production lire tCounty of Forty Mile, while
approximately 44.8% of total crop area is irrigaitethe M.D. of Taber. Therefore to
fully represent the Brown soil zone, two represevedarms are defined; an irrigated
farm in the M.D. of Taber and a dryland farm in @eunty of Forty Mile.

In the Dark Brown soil zone the County of Lethbedtas the highest proportion
of land (70%) in crops. However given the preseasfdbe City of Lethbridge within this
county, it was excluded from consideration. Statl@ounty, with 62% of farm area
devoted to crops, was instead chosen as the repatige county for the Dark Brown soil
zone. Starland County was chosen over Wheatlandt@owhich had a slightly higher
(approximately 66%) proportion of land in cropscémase of the higher proportion of
irrigated acres (5% versus 0.1% in Starland Coduntyyheatland.

In the Black soil zone Sturgeon County has thedstrgroportion of land in crops
with approximately 71% in crops and 19% in pastti@wever, as Sturgeon County is
close in proximity to the metropolitan area of Edrtam, Camrose County was chosen as
the representative county, as it was the nextdlesnative with approximately 69% of
land in crops and 22% in pasture.

The Dark Grey soil zone is made up of two ecoregjidry Mixedwood and the
Peace River Parkland. In the Dry Mixedwood regioasthbck County and County of
Two Hills have the highest proportion of land imgs with 57% each. In the Peace River
Parkland the M.D. of Smoky River has the highespprtion of land in crops at 82%.
Only one representative county is chosen for thek Baiey soil zone, and since there is
an overall higher proportion of land in crops ie fPeace River Parkland as compared to
the Dry Mixedwood region, the M.D. of Smoky Riverahosen as the representative
county for this soil zone.

8 An ecoregion is a distinct region defined by itslegy, including environmental conditions and
natural features.
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Table 3.5 — Counties and acreage of farm land (indetares) included in choosing
representative farms for each soil zone with sigrifant cropping activities, 2006

Total Areain crops  Area in pasture
Soil Zone County / Municipal District — area of and (tame and
farms summerfallow natural)
Special Area 2 836,627 196,746 (23.5%) 614,1224¢83.
Special Area 3 700,475 312,964 (44.7%) 374,3814(63.
Brown County of Newell No. 4 584,440 153,465 (26.3%) 481,(71.5%)
County of Forty Mile No. 8 708,451 383,533 (54.1%317,760 (44.9%)
Cypress County 999,472 229,687 (23.0%) 756,925 ¢%p.
M.D. of Taber 403,702 241,841 (60.0%) 154,699 (39.3
Special Area 4 401,445 155,078 (38.6%) 234,0813(63.
County of Lethbridge 296,865 237,226 (79.9%) 52,@8107%)
Dark Brown Vulcan County 529,712 382,039 (72.1%) 140,855 @§.6
Wheatland County 456,502 333,944 (73.2%) 114,08M00)
Starland County 248,301 173,503 (69.9%) 67,3111%7.
County of Paintearth No. 18 319,966 165,110 (51.6%)1,835 (44.3%)
M.D. of Provost No. 52 361,597 168,391 (46.6%) B389,(50.2%)
Cardston County 363,438 189,918 (52.3%) 167,08D¢4p
M.D of Pincher Creek 271,796 86,722 (31.9%) 172 @&X5%)
M.D. of Foothills 370,081 162,933 (44.0%) 197,068.2%)
M.D. of Rocky View No. 44 435,626 245,340 (56.3%) 751272 (40.2%)
Red Deer County 407,584 249,931 (61.3%) 137,70B¥8B
Lacombe County 279,310 172,041 (61.6%) 92,198 €83.0
Leduc County 228,363 150,219 (65.8%) 62,445 (27.3%)
Black County of Camrose No. 22 336,112 243,427 (72.4%) ,8154(22.3%)
Beaver County 291,272 190,986 (65.6%) 85,673 (29.4%
Minburn County No. 27 287,193 199,112 (69.3%) 72,(%5.1%)
Vermilion River County No. 24 555,652 314,230 (36)6 215,155 (38.7%)
Strathcona County 103,709 64,645 (62.3%)  30,016{28
Sturgeon County 202,168 151,968 (75.2%) 38,5341{%).
Flagstaff County 399,313 290,036 (72.6%) 87,824029)
M.D. of Wainwright 387,159 212,335 (54.8%) 156,§40.5%)
Lac Ste. Anne County 238,048 112,716 (47.4%) 1®H43.7%)
County of Barrhead No. 11 212,370 115,111 (54.2%)7,973 (36.7%)
Westlock County 278,818 177,448 (63.6%) 83,9251%).
County of Thorhild No. 7 156,695 92,051 (58.7%) 7HQ, (32.4%)
Dark Grey County of St. Paul No. 19 335,195 143,176 (42.7%)68,340 (50.2%)
Athabasca County No. 12 280,259 141,248 (50.4%) ,2B82(36.5%)
Two Hills County No. 21 229,129 151,416 (66.1%) 97, (27.5%)
M.D. of Smoky River 257,959 220,386 (85.4%)  20,068%)
Birch Hills County 192,277 124,669 (64.8%) 47,484.7%)
M.D. of Spirit River 68,890 58,067 (84.3%) 4,914100)

45



Total Areain crops  Area in pasture

Soil Zone County / Municipal District  area of and (tame and
farms summerfallow natural)
County of Grande Prairie No. 1 461,377 272,7441(%f). 143,419 (31.1%)
M.D. of Fairview 130,976 92,577 (70.7%) 29,620 23)

#The values in parentheses are the percentagetabfarm area for each type of use. The
percentages do not sum to 100% because other &duwch as land for tree production, is not
included in the analysis.

Source: Statistics Canada (2006)

The following sections provide summary agricultwgtatistics for the
representative counties in each soil zone. Croppiagagement and land use practices
are also reviewed. As noted earlier, these areUaid (in Chapter 5) to define the
characteristics for the representative farms theat@delled in the BMP analysis.

3.3.2.1 Municipal District of Taber

The Municipal District of Taber, in southern, Alkeand has a total area of
4,204 square kilometres with a population of 6,280ple in 2006. Common crops
grown in this region include spring wheat, durunmeat) barley, canola, potatoes, and
alfalfa (Statistics Canada, 2006). Of the repredes regions identified for this study
Taber is the second largest county in terms of tata and total agricultural land.
Approximately 30% of all agricultural land in Takierunder irrigated production, which
represents almost 45% of all land in crops in tiseridt. As discussed earlier in this
chapter, for this reason the farm that is develdpdzk representative of this region is
assumed to use irrigated production practices.

The distribution of farms by gross farm receipts¢hie M.D. of Taber is provided
in Table 3.6. The trend here is similar to the altdrend for farm receipts and number of
farms in Alberta with a slightly higher, as comghte other regions in Alberta,
percentage of farms with gross receipts exceedaffgamillion dollars. The number of
farms participating in various soil conservatioagiices is provided in Table 3.7. Three
quarters of farms in the M.D. of Taber use croptioh as a soil conservation
management tool, while over one quarter of all &ahad shelterbelts or wind breaks on
the farm in 2006. Table 3.8 outlines the tillagagiices and land inputs of this region.
Less than 65% of agricultural land had residueripoated into the soil or left on the
surface. Figure 3.3 shows the susceptibility ofssoi wind erosioh The M.D. of Taber
is classified as having moderate to severe wingienaisk. As such practices such as
adopting shelterbelts and retaining crop residug significantly impact future soil
health and yields in this area.

° Wind erosion risk is determined based on soitsj$aapes and climate. Information on wind
speed, soil resistance to movement and availabistune are used to estimate the long term risk
of wind erosion on bare, unprotected soils (AARDQZ).
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Table 3.6 — Distribution of farms by gross receiptsMunicipal District of Taber
(2006)

Gross farm receipts Number of farms (% of total)

Under $10,000 54 (7.0%)

$10,000 to $24,999 86 (11.2%)
$25,000 to $49,999 68 (8.9%)

$50,000 to $99,999 105 (13.7%)

$100,000 to $249,999 182 (23.7%)

$250,000 to $499,999 129 (16.8%)
$500,000 to $999,999 68 (8.9%)
$1,000,000 to $1,999,999 37 (4.8%)
$2,000,000 and over 39 (5.1%)

Total 768
Source: Statistics Canada (2006)

Table 3.7 — Number of farms participating in soil onservation practices, Municipal
District of Taber (2006)

Soil conservation practice
Crop rotation
Ploughing down green crops

Number of farms (% ¢&fjo
575 (74.9%)

25 (3.3%)
Windbreaks or shelterbelts 203 (26.4%)
Buffer zones around water 86 (11.2%)
Total farms 768
Source: Statistics Canada (2006)

Table 3.8 — Frequency of use for specific tillageractices and land inputs, Municipal
District of Taber (2006)

Practi , Number of farms (% of Hectares (% of
ractices and inputs
total) total)
Most crop residue into soil 395 (65.2%) 83,430 %44)
Most crop residue retained on the 205 (33.8%) 45,917 (22.8%)
surface
No-till or zero till 131 (21.6%) 71,821 (35.7%)
Herbicides 499 (82.3%) 181,385 (90.2%)
Insecticides 205 (33.8%) 38,715 (19.2%)
Fungicides 192 (31.7) 45,399 (22.6%)
Commercial Fertilizer 517 (85.3%) 181,581 (90.3%)
Total land for seeding 606 201,167
Source: Statistics Canada (2006)
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Figure 3.3 — Wind erosion risks in Alberta.
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3.3.2.2 County of Forty Mile

The County of Forty Mile is in south eastern Allaesind lies along the Canadian
and United States border (Figure 3.2). The tot af this county is 7,230 square
kilometres with a population of 3,414 in 2006. Tatgricultural land in this county is
7,047 square kilometres. According to Statisticedtia (2006) common crops grown in
this district include spring wheat, durum wheatspbarley, and field peas.

The distribution of gross farm receipts in 2006 Forty Mile is provided in
Table 3.9 with the majority of farms in this regibeing between $100,000 and $500,000
of gross receipts. The number of farms using setesbil conservation practices, tillage
practices and land inputs are provided in Tabl#8 and 3.11. As shown in Figure 3.3,
the wind erosion risk for the County of Forty Mitemoderate to severe, making this an
interesting region to study for the adoption ofgbiges such as shelterbelts and crop
residue management. In 2006 approximately one guaffarms in this region reported
having shelterbelts or windbreaks while less tha¥ 5f land had residue incorporated or
retained on the surface.

Table 3.9 — Distribution of farms by gross receiptsCounty of Forty Mile (2006)

Gross farm receipts Number of farms (% of total)
Under $10,000 31 (5.1%)
$10,000 to $24,999 51 (8.5%)
$25,000 to $49,999 46 (7.6%)
$50,000 to $99,999 81 (13.5%)
$100,000 to $249,999 187 (31.1%)
$250,000 to $499,999 116 (19.3%)
$500,000 to $999,999 46 (7.6%)
$1,000,000 to $1,999,999 20 (3.3%)
$2,000,000 and over 24 (4.0%)
Total 602

Source: Statistics Canada (2006)

Table 3.10 — Number of farms participating in soikconservation practices, County of
Forty Mile (2006)

Soil conservation practice Number of farms (% ¢&fjo
Crop rotation 486 (80.7%)
Ploughing down green crops 16 (2.7%)
Windbreaks or shelterbelts 167 (27.7%)
Buffer zones around water 64 (10.6%)
Total farms 602

Source: Statistics Canada (2006)
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Table 3.11 — Frequency of use for specific tillagaractices and land inputs, County
of Forty Mile (2006)

. : Number of farms (% of Hectares (% of
Practices and inputs

total) total)
Most crop residue into soil 241 (47.2%) 66,810 124)
Most crop residue retained on the 183 (35.8%) 65,289 (23.6%)
surface
No-till or zero till 203 (39.7%) 145,017 (52.3%)
Herbicides 411 (80.4%) 254,436 (91.8%)
Insecticides 70 (13.7%) 13,965 (5.0%)
Fungicides 121 (23.7%) 36,753 (13.3%)
Commercial Fertilizer 404 (79.1%) 230,557 (83.2%)
Total land for seeding 511 277,116

Source: Statistics Canada (2006)

3.3.2.3 County of Starland

The County of Starland is located in south-cerithérta and has a total area of
2,558 square kilometres and a population of 2,3tpfe in 2006. In 2006 crops were
planted on over 60% of the land. In this regiondraps that are most commonly grown
include spring wheat, barley, canola, alfalfa, &eldl peas (Statistics Canada, 2006).

The distribution of farm gross receipts for Stad&@ounty is provided in Table
3.12. Most farms in this region have gross recdiptaveen $25,000 and $500,000.
Tables 3.13 and 3.14 provide information regardioiyconservation practices, tillage
and land inputs in this region. Most farms use caiptions as a soil conservation
technique, but only 2.2% plough down green crop®r@ third of farms have
shelterbelts or windbreaks and almost one thirth@facreage seeded to crops had residue
incorporated or left on the surface of the soilcéwling to Figure 3.3 the wind erosion
risk for Starland County falls in the moderate éveye category. Therefore the analysis
of management techniques to reduce soil erosion Wwond may have economic
importance for this region.

Table 3.12 — Distribution of farms by gross recei, County of Starland (2006)

Gross farm receipts Number of farms (% of total)

Under $10,000 28 (7.7%)

$10,000 to $24,999 43 (11.8%)

$25,000 to $49,999 48 (13.2%)

$50,000 to $99,999 61 (16.8%)

$100,000 to $249,999 89 (24.5%)

$250,000 to $499,999 58 (15.9%)
$500,000 to $999,999 26 (7.1%)
$1,000,000 to $1,999,999 4 (1.1%)
$2,000,000 and over 7 (1.9%)

Total 364

Source: Statistics Canada (2006)
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Table 3.13 — Number of farms patrticipating in soikconservation practices, County of
Starland (2006)

Soil conservation practice Number of farms (% ¢&fjo
Crop rotation 280 (76.9%)
Ploughing down green crops 8 (2.2%)
Windbreaks or shelterbelts 139 (38.2%)
Buffer zones around water 65 (17.9%)
Total farms 364

Source: Statistics Canada (2006)

Table 3.14 — Frequency of use for specific tillageractices and land inputs, County
of Starland (2006)

. . Number of farms (% of Hectares (% of
Practices and inputs

total) total)
Most crop residue into soil 93 (31.6%) 20,255 (¥3)5
Most crop residue retained on the 75 (25.5%) 27,418 (18.3%)
surface
No-till or zero till 157 (53.4%) 102,160 (68.2%)
Herbicides 242 (82.3%) 135,743 (90.6%)
Insecticides 13 (4.4%) 1,997 (1.3%)
Fungicides 32 (10.9%) 17,137 (11.4%)
Commercial Fertilizer 247 (84.0%) 140,993 (94.1%)
Total land for seeding 294 149,833

Source: Statistics Canada (2006)

3.3.2.4 County of Camrose

The County of Camrose is located in central Alhestauth east of Edmonton
(Figure 3.2). The County of Camrose has a total afe3,332 square kilometres with a
population of 7,160 people in 2006. Of all agriatdt land in this county almost 70%
was under crop production in 2006. Crops that mgk#he bulk of cropping activities in
this region include spring wheat, canola, barldfalfa, and field peas (Statistics Canada,
2006).

The 2006 distribution for Camrose County farm gnesipts is shown in Table
3.15. The majority of farms have gross receiptowe$250,000, indicating that farm size
in this area may be slightly smaller as compardtieaepresentative counties previously
discussed. Table 3.16 shows the number of farnmg wsirious soil conservation
practices. Most farms use crop rotations for sailservation and over half have
windbreaks or shelterbelts on the farm. Tillagecpcas and land inputs for Camrose
County are provided in Table 3.17. Over half theeage seeded used no-till or zero-till
technology in 2006. Erosion risk by wind is claesifas low in this region (Figure 3.3).
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Table 3.15 — Distribution of farms by gross receif®, County of Camrose (2006)

Gross farm receipts Number of farms (% of total)
Under $10,000 164 (14.3%)
$10,000 to $24,999 191 (16.6%)
$25,000 to $49,999 173 (15.1%)
$50,000 to $99,999 156 (13.6%)
$100,000 to $249,999 257 (22.4%)
$250,000 to $499,999 147 (12.8%)
$500,000 to $999,999 39 (3.4%)
$1,000,000 to $1,999,999 16 (1.4%)
$2,000,000 and over 6 (0.5%)
Total 1149

Source: Statistics Canada (2006)

Table 3.16 — Number of farms patrticipating in soikconservation practices, County of
Camrose (2006)

Soil conservation practice Number of farms (% ¢&fjo
Crop rotation 829 (72.2%)
Ploughing down green crops 34 (3.0%)
Windbreaks or shelterbelts 633 (55.1%)
Buffer zones around water 213 (18.5%)
Total farms 1,149

Source: Statistics Canada (2006)

Table 3.17 — Frequency of use for specific tillageractices and land inputs, County
of Camrose (2006)

. . Number of farms (%oof Hectares (% of
Practices and inputs

total) total)
Most crop residue into soil 317 (37.3%) 39,664 §8)
Most crop residue retained on the 275 (32.4%) 58,322 (27.6%)
surface
No-till or zero till 345 (40.6%) 113,030 (53.6%)
Herbicides 677 (79.7%) 182,936 (86.7%)
Insecticides 46 (5.4%) 6,023 (2.9%)
Fungicides 82 (9.7%) 17,798 (8.4%)
Commercial Fertilizer 716 (84.3%) 198,161 (93.9%)
Total land for seeding 849 211,016

Source: Statistics Canada (2006)

3.3.2.5 Municipal District of Smoky River

The M.D. of Smoky River is located in north westéitberta. This district covers
an area of 2,843 square kilometres and had a papulaf 2,442 people in 2006. Of the
total land area 2,459 square kilometres is agucaliand and 82% of the agricultural
land was seeded as crops in 2006. Common cropsgrothiis region include canola,
spring wheat, alfalfa, oats, and barley (Statisiesada, 2006).
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The distribution of farm gross receipts for the MdD Smoky River in 2006 is
given in Table 3.18. The majority of farms in thiga have gross receipts between
$50,000 and $500,000. The number of farms usiregsa soil conservation practices is
provided in Table 3.19. The number of farms aneéage of land under certain tillage
practices and land inputs is provided in Table 3&ftording to Figure 3.3 the wind
erosion risk in the M.D. of Smoky River is low withe exception of one small section on
the central western edge of this district thatsesere erosion risk. However, 42% of
producers in this region indicated the presenchelterbelts or windbreaks on the farms.
There is also over half of all hectares seeded eviesidue is incorporated into the soil or
retained on the surface in this region.

Table 3.18 — Distribution of farms by gross receif®, Municipal District of Smoky
River (2006)

Gross farm receipts Number of farms (% of total)
Under $10,000 35 (9.0%)
$10,000 to $24,999 53 (13.6%)
$25,000 to $49,999 34 (8.7%)
$50,000 to $99,999 51 (13.0%)
$100,000 to $249,999 104 (26.6%)
$250,000 to $499,999 66 (16.9%)
$500,000 to $999,999 33 (8.4%)
$1,000,000 to $1,999,999 8 (2.0%)
$2,000,000 and over 7 (1.8%)
Total 391

Source: Statistics Canada (2006)

Table 3.19 — Number of farms participating in soikconservation practices,
Municipal District of Smoky River (2006)

Soil conservation practice Number of farms (% ¢éfo
Crop rotation 324 (82.9%)
Ploughing down green crops 33 (8.4%)
Windbreaks or shelterbelts 164 (41.9%)
Buffer zones around water 59 (15.1%)
Total farms 391

Source: Statistics Canada (2006)
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Table 3.20 — Frequency of use for specific tillagaractices and land inputs,
Municipal District of Smoky River (2006)

. : Number of farms (% of Hectares (% of
Practices and inputs

total) total)
Most crop residue into soil 122 (39.4%) 26,344 3%6).
Most crop residue retained on the 115 (37.1%) 64,193 (39.8%)
surface
No-till or zero till 129 (41.6%) 70,756 (43.9%)
Herbicides 257 (82.9%) 150,057 (92.6%)
Insecticides 83 (26.8%) 26,854 (16.6%)
Fungicides 22 (7.1%) 11,709 (7.3%)
Commercial Fertilizer 274 (88.4%) 161,971 (100.4%)
Total land for seeding 310 161,294

Source: Statistics Canada (2006)

3.4 Chapter Summary

A range of locations is considered for this projacin effort to provide a study
that is representative of commercial cropping ofi@ma in Alberta. Areas are chosen
based on the suitability of cropping operationthclimate and region characteristics.
Summary statistics for each of the representatumiies are provided in Table 3.21.
Crop production is important in all five countiedth 53, 41, 62, 69, and 82% of
agricultural land being in crops in 2006 for thetdcts of Taber, Forty Mile, Starland,
Camrose, and Smoky River, respectively.

Table 3.21 — Agricultural characteristics of the r@resentative Municipal Districts
and Counties

Municipal Number of ]lc\lumber_of Total Land in Land in
District farms arms with  agricultural crops (ha) summer-
crops area (ha) fallow (ha)
Taber 768 661 403,157 213,705 23,048
Forty Mile 602 548 704,708 287,654 95,990
Starland 364 332 263,093 162,599 19,546
Camrose 1,149 1,001 337,830 233,059 3,461
Smoky River 391 358 245,906 200,971 4,862
Alberta 49,431 41,172 21,095,393 9,621,607 906,347

Source: Statistics Canada (2006)

Figure 3.4 illustrates the cultivation intensitylax for different areas of Alberta.
The cultivation intensity index measures the fremyewith which different cultivation
management practices (i.e., no-till, conservatikkege, conventional tillage, and
summerfallow) are used. As such, the index provadpsoxy of the degree to which crop
production practices increase or decrease susiiyptib wind and water erosion on
agricultural land (AARD, 2005-a). Higher valuesnegent greater cultivation intensity
and greater potential for erosion. According touFég3.4, regions chosen as
representative of agriculture in Alberta have matketo high cultivation intensity.
Therefore producers in these regions could befuefit the introduction of BMPs.

54



The information discussed in this chapter will Isedias a starting point for
defining characteristics such as farm size and motgiions for the representative farms.
The environmental issues discussed in this chafgerprovide the starting point for
determining relevant BMPs for analysis of the repreative farms.
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Figure 3.4 — Cultivation intensity in Alberta.
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Chapter 4: Capital Budgeting and Simulation
Analysis

This chapter discusses the capital budgeting andlation theory used to
analyze the costs and benefits of BMP adoptiohimgtudy. The benefits of using
capital budgeting techniques for analyzing BMP didopare discussed, with the benefits
of using NPV analysis specifically for this stu@mulation techniques are used in
conjunction with capital budgeting as it incorpesatrop yield and price risk and allows
for flexibility in modelling BMP adoption relatiohgps. This chapter also discusses the
structure of the simulation model used to analy#PBadoption on the representative
farms.

4.1 Capital Budgeting

Capital budgeting is a planning process used teraete if a long-term
investment is financially acceptable. For this gtitds assumed that producers make
decisions to maximize wealth. Therefore, a finahcicceptable investment is one
where wealth in increased. The feasibility of BMI®jtion is considered in the wealth
maximization and capital budgeting frameworks beeasome of the BMPs examined in
this study, such as shelterbelt adoption, perefimiabes, and buffer strips around
wetlands, may be considered long term investments.

Copeland and Weston (1988) stated that for a ddpitigeting technique to be
consistent with wealth maximization, it should loasistent with the following four
criteria:

(1) All cash flows are considered.

(2) The cash flows are discounted at the opportunisy abcapital.

(3) The capital budgeting technique should select thegt, from mutually

exclusive projects, that maximizes weatth.

(4) Projects should be able to be considered indepéigdezm all others:*

Four capital budgeting techniques commonly usedvestment analysis are
payback period (PP), accounting rate of return (ARRernal rate of return (IRR), and
net present value (NPV). Copeland and Weston (18&8)ide an explanation and
discussion regarding the calculations, assumptiondsadvantages/disadvantages
associated with these four methods. Of the fouy;, NPV meets all four of the criteria
outlined above. Therefore NPV analysis is usedifmulation analysis in this project and
is further discussed in the following section. Resgntative farms used NPV analysis to
determine if BMP adoption is feasible over an inéiramount of time.

4.1.1 Net Present Value

NPV is defined as the present value of future ¢lasts minus the costs of
investment (Ross et al., 2003). Present valuesadcealated by discounting future cash

12 Mutually exclusive projects are a set of projdisn which only one project can be chosen,
thus excluding the other options (Copeland and @Wegt988).

™ The fourth criterion is known as the value-aditiiyprinciple and implies that if the value of
separate projects is known then the sum of theepteresults in the value of the firm (Copeland
and Weston, 1988).
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flows using the opportunity cost of capital, oradignt rate. In this way, time value of
money? is accounted for in evaluating investments.

Projects with positive NPV are deemed to be “acd@pt in that they will result
in increased wealth. If two mutually exclusive istraents are being compared, the one
with the greatest NPV will result in the greategtrease in wealth. NPV is calculated
using equation 4.1 from Copeland and Weston (1988):
N _CF

NPV =Xt=0 e ~ o

(4.1)

In equation 4.1 Copeland and Weston (1988) defiReas the net cash flow in a time
periodt, |, as the initial cash expenditureas the market discount rate, awds the
number of years considered for the investment.diseount rate should reflect the
market-determined opportunity cost of capital idesrto be consistent with the wealth
maximization principle (Copeland and Weston, 1988xituations where cash flows for
potential investments are uncertain, the discoatet should also reflect the level of risk.
NPV analysis also allows for the possibility of obas in the opportunity cost over the
course of the investment (Copeland and Weston,)1988ther words, if the discount
rate changes from one period to the next, cashsfltam be discounted accordingly.

As noted above, discount rates reflect the relatsléness of an operation.
Adoption of BMPs is an investment decision that rhayisky for producers. Adoption
will only occur if the expected return from adoptiis sufficiently high to compensate for
risk (Ross et al., 2003). Therefore, the discoatd used in NPV analysis should reflect
the level of risk involved in investment in the jerct, in this case BMP adoption.

One approach to determine the appropriate discatmto use in NPV analysis
when cash flows are risky is to use the Capitalkdiakine (CML). The CML method
has been employed for this purpose in farm-levwediss by Cortus (2005), Koeckhoven
(2008), and Yang (2009). The CML is a line thatrespnts risk efficient combinations of
a market portfolio and a risk-free asset. Figufieidustrates an example of a CML.

2 The time value of money refers to an assumptiganding investor preferences; that is, all
other things being equal, an investor prefers teixe returns (i.e., positive cash flows) earlier
rather than later. The discounting done in NPV wakions puts all cash flows associated with an
investment on an equivalent time basis.
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Figure 4.1 — Capital Market Line
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Source: adapted from Ross et al. (2003)

In Figure 4.1, the feasible set represents alilfmsombinations of risky
portfolios, also known as the efficiency frontids shown in Figure 4.1, there is a
positive relationship between expected return @id(r.e., standard deviation of returns).
Given a risk-free investment or asset, with retugrthere is only one portfolio on the
frontier that is optimal, at poirf8. PortfolioB, referred to as the market portfolio, is
located where the feasible set is tangent to ghbtrane drawn from the risk free rate,
and the optimal investment occurs. This line is@hé_. Given the opportunity to invest
in combinations of the market portfolio and thé4fieee investment, investors will
choose some point on the CML, based on their lefvetk aversion. In Figure 4.1 point
A contains a greater proportion of the risk-freeestment, as compared to po@ytand
has a lower level of both expected returns and hiskestors who choose poiAtare
more risk averse than investors who choose fint

As discussed by Cortus (2005) and Koeckhoven (2@68)CML may be used to
determine an appropriate discount rate for uskeérNPV analysis; that is, one that
reflects the riskiness of farming operations artivies.*® In particular, if information is
known concerning the rate of return for the riskefinvestment, expected return and risk
for the market portfolio, and the level of risk thie investment being evaluated, equation
4.2 (from Sharpe et al., 2000), may be used taitatie the level of expected returns that
would be required (i.e., the opportunity cost)tfue investment to be efficient.

Fo=rp+ [fm;f] o, (4.2)

In equation 4.2, is the required expected return for the investniiemt the discount
rate),r; is the market risk-free rate of retufiy, is the expected return from the market
portfolio, on, is the standard deviation of the market portfadiods, is the standard

'3 The discussion provided by both Cortus (2005)koeckhoven (2008) is based on Sharpe et al.
(2000).
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Tm+ i

deviation of returns or cash flows for the invesmma'he[ ] term in equation 4.2

Om
represents the slope of the CML.

In the Cortus (2005) and Koeckhoven (2008) studies;investment” being
considered is the farm operation itself, apes determined by simulating performance of
the farm and calculating the resulting volatitiihe rate of return of government treasury
bills is often used as the risk-free rate (Ross.eR003). The return on an index of
stocks, such as the Toronto Stock Exchange (TSI&xims a good proxy for the optimal
market portfolio, and is used by Cortus (2005) Kondckhoven (2008) in their analyses.

4.2 Modelling Techniques for Agricultural Systems

This study uses cash flow NPV analysis to invegdiglae “investment” problem
of BMP adoption on Alberta cropping operations. itwdth available information the
logistics and mechanics of model development cacobgplex for modelling agricultural
systems (Mayer et al., 1998). Therefore alternateelelling techniques are examined
for possible use in developing the representativarimodels. Models developed for
agricultural systems vary from sub-farm, whole fatoregional, national or even
international industry levels (Mayer et al., 1998) the farm level, individual operations
may be viewed as independent units and modelleardiogly (Mayer et al., 1998).
Agricultural systems also have a range of managedesisions available to the
operator. In some cases these decisions may euttitb model, such as cropping
strategies (Mayer et al., 1998). Thus, there dlladstisions to be made regarding the
type of modelling system that most accuratelytfits characteristics of the farms and the
feasibility of the investment being made. Altermatapproaches that may be considered
for use in modelling agricultural systems includatinematical optimization, simulation
techniques, and hybrid optimization/simulation t@ghes.

4.2.1 Mathematical Optimization

The goal of optimization is to find the combinatioinfactor levels that
minimizes or maximizes a specific objective or g@gril et al., 2003). Often, this is
done within a constrained optimization framewoHattis, the objective is optimized
subject to a set of constraints that may reflectinecal, economic or policy
considerations, for example. Constrained optimirathethods include linear
programming and all the derivatives of this methndluding integer programming and
nonlinear programming (e.g., quadratic programmihigjng these methods, systems are
modelled through the specification of mathematézplations and constraints (Mayer et
al., 1998). Examples of recent applications wherealtural systems are modelled using
constrained optimization methods are Wilson andl [2006), Wagner et al. (2007) and
Mufioz-Carpena et al. (2008).

Mathematical programming models can be adaptedctmrporate sources of risk
in agricultural production (e.g., quadratic prognaimg, stochastic programming).
However, these models tend to be fairly rigid imrg of structure (e.g., often constraints
must be linear inequalities). As a result theséstace often not a sufficient modelling
technique when risk should be modelled in a systerth as for agricultural systems
(Musshoff and Hirschauer, 2009). To realisticallgdal agricultural systems, detailed
variables are necessary, and even with detail, fitiee mathematical programming
methods have difficulty dealing with extreme belaviand interactions of variables
(Mayer et al., 1998).
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4.2.2 Simulation Analysis

Evans and Olson (2002, p. 2) defined simulatiofttas process of building a
mathematical or logical model of a system or agieniproblem, and experimenting with
the problem to obtain insight into the system’sayébur or to assist in solving the
decision problem.” Simulation models are usefulripresenting agricultural systems as
they can be used to test hypotheses and explemaative management scenarios in
agriculture, which aids in the development of inaitbte practices and policy and
extension (Bechini and &tkle, 2007).

Simulation models may be static or dynamic oveetand may contain
deterministic or stochastic variables (Carson, 2083tatic model considers only one
period in time while a dynamic model may evolverawme. Deterministic models do not
contain random variables, while stochastic modkdsvefor one or more parameters to be
random. A simulation model is often thought of asechanism that converts input
parameters into output performance measures (&pal., 2003). The typical structure of
a simulation model is provided in Figure 4.2.

Figure 4.2 — Simulation Model Structure

Inputs Outputs
Decision and . _ Measures of
Uncontrollable —>  Simulation Model Performance or
Variables Behaviour

Source: Cortus (2005) (as adapted from Evans asonQR002)

To demonstrate the mechanics of simulation analysisan example, a
cropping operation is considered, where produagrs@ncerned with returns from
production. Decision variables include inputs, sashHertilizers and herbicides, and crops
grown and management practices used. UncontroNeivlables include input prices,
crop yields, and crop prices. The simulation madalld contain distributions from
which to draw to simulate outcomes of farm decisiorhe simulation model would also
contain calculations of net returns from productior example, if the price of grain
grown is $0.20 per kilogram, 100,000 kilograms @neduced, and the variable costs of
production were $0.08 per kilogram of grain, thiea et returns for the grain production
would be $12,000. With stochastic simulation costges, and yields of grain may vary,
according to a distribution. Measures of perforngafiom the simulation model would
be net returns (i.e., outputs) from crop productlbthe simulation is stochastic, it may
be repeated to produce a distribution of outcorines) which producers can determine
the best set of decisions for crop production (@Qr2005).

Simulation analysis is an advantageous methodoalefling agricultural
systems because it allows for flexibility to modemplex relationships. Many
relationships in agricultural production are namekr, but can still be estimated using
distributions with stochastic parameters, an apgrabat is feasible with simulation
analysis. However as agricultural models are maoie ritexible they typically become
more complex and it is difficult to develop mod#iat are realistically flexible. Also,
with simulation analysis there is no guaranteenobptimal solution being found.
However, with the ability to predict a distributiof outcomes it is likely that the optimal
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solution is represented within the range of outcothat are calculated from simulation
analysis.

4.2.3 Hybrid Analysis

A third type of modelling approach that may be ufedagricultural systems, as
outlined by Mayer et al. (1998), considers optirtimacombined with simulation
analysis; that is, a hybrid approach. Studies deamsig simulation with optimization are
becoming more popular (April et al., 2003; Musshaitl Hirschauer, 2009; Srivastava et
al., 2003) as they allow for dynamic modelling wilxible model structure, while still
providing an optimal solution. In developing thégees of systems, first the simulation
model is built and tested, followed by model optiation (Mayer et al., 1998). Different
optimization methods may be used when combined siitiulation analysis, such as any
of the mathematical programming techniques idexttiBarlier. However, in designing
hybrid models simplifications are frequently madeew complexities in the stochastic
variables are encountered, such as non-normaliglised variables (Musshoff and
Hirschauer, 2009). While this method may producrigate results in many cases, there
are still shortcomings in the design and technolmgpilable in modelling agricultural
systems. In order to achieve more accurate regutisnulation optimization the use of
genetic algorithms may be necessary (Musshoff drethauer, 2009).

4.3 Conceptual Representative Farm Model

This section provides the reasoning for choosinmkition analysis for the
present study. Simulation analysis is the bestaehfair modelling the farm systems
because flexibility in variables is permitted as B§/are adopted. Crop prices, yields and
BMP effects can be modelled assuming non-linedribligions, which is more realistic.
The simulation analysis in this study will be stastic to account for risks in agricultural
production, including price and yield. The analysil also be dynamic so that the time
element of BMP adoption decisions is consideretiéncalculations and comparisons of
NPVs.

4.3.1 Monte Carlo Simulation

This study considers stochastic simulation in otdencorporate uncertainty and
risk using random variables. In particular, Mon&elG simulation is employed. Monte
Carlo simulation uses repetitive random sampliogifone or more parameter
distributions to compute outcomes that are depdraethe values selected for the
distributions (Vlahos, 1997). This study uses therbsoft Excel add-in program
@RISK©(Palisade Corporation, 2007) for Monte Carlo satioh, which is relatively
simple to use as an addition to Excel spreadslaeetss powerful enough to compute up
to 10,000 iterations per simulati6hSince Monte Carlo simulation is based on random
sampling, results may contain sampling errors (Eard Olson, 2002). However,
increasing the number of iterations for resultsimires this error (Evans and Olson,
2002).

Stochastic model inputs are predefined distribaj@md outcomes from Monte
Carlo simulation analysis are also distributions. #he purposes of this study the
outcome that is used as a measure of wealth fpparg operations is NPV. NPV

4 An iteration is a set of random draws from a peéiried probability distribution which are then
used to calculate model variables. Monte Carlo raogning is an iterative process in that these
draws and resulting calculations are repeateddatera distribution of model outcomes.
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outcomes from BMP adoption are compared in terndiffdrences in means and
standard deviations associated with distributidiieoformance measures. In particular,
crop yields and prices are modelled stochastieally used to calculate distributions of
NPVs for the representative crop farms.

4.3.2 Capital Budgeting and Simulation Analysis

When used alone NPV analysis provides a statidtrdsthis number is positive,
then the investment is worthwhile; that is, it atiWsvealth. By adding simulation
analysis to traditional NPV analysis, the resufesia the form of probability
distributions. Static values can be misleading wihenmes to investment decisions that
are potentially risky, whereas probability disttibns provide the likelihood of an
outcome. Investment decisions have some uncentapegies that can be measured as
risk. Typically there is incomplete knowledge ofiamestment when the investment
decision is made. Monte Carlo simulation with NPalgsis allows for investment
decisions to become calculated risks, rather tdacaed guesses (Vlahos, 1997).

It should be pointed out that using NPV analysid simulation analysis may
lead to confusion in how risk is accounted for witthe model. In NPV analysis risk is
accounted for using the discount rate, while in ddDarlo simulation risk and
uncertainty are accounted for through the spetifinaof stochastic parameters
(Trigeorgis, 1996). It may initially be thought tithis may be double counting risk in
investments. However, it is still preferable to asdistribution of outcomes in NPV
analysis, as compared to a static value (Trigepi§86; Viahos, 1997).

4.3.3 Representative Farms Simulation Model Struatre

In this study cropping operations consider adoptbBMPs based on wealth
maximization. NPV from baseline scenarios are coeghéo NPVs after BMP adoption.
If BMPs produce a net positive effect then the ficas are considered beneficial for the
operation. Conversely, practices where net losseslaserved are considered to result in
a net cost for producers and would likely not bepeld without incentives. Cash flow
and stochastic simulation are combined in thisystadievelop representative, farm-level
models for cropping operations. Monte Carlo simatats used, which allows
incorporation of historical price and yield mod&lamodel uncertainty and risk of these
variables. Monte Carlo simulation is also useddmoant for uncertainty effects from
BMP adoption.

To begin, simulation models are developed thatrpm@te representative farm
characteristics such as location, size, crop chaicé crop yields. Input costs such as
seed, fertilizer, and herbicides, are added tartbdels according to the choice in crops
grown and area of land allocated to each crop.é&rasr many risks associated with
agricultural production. Stochastic crop yield gmite models are developed using
historical data, accounting for risk from weathez.( weather affects yields) and markets.
These stochastic yield and price models are incated into the farm level simulation
models and used to determine net revenue of thextopes. Agricultural risk is also
incorporated via the discount rate, as cash flowslscounted in NPV analysis.

In modelling BMP adoption, both rotational and rrotational BMPs are
considered. Rotational BMPs affect the amount ol lallocated to certain crops, and
therefore affect the revenue of the farms. Theeeaso yield effects from adoption of
most cropping BMPs. These vyield effects affect sriglowing BMP crops and are
modelled stochastically. The yield effects are drdmem distributions with minimum
and maximum values, as determined from the liteeatNon-rotational BMPs do not
result in any change in crop rotations. Howevegdme cases adoption results in a
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change in total land available for crop produciiery., establishment of a buffer strip).
More information on BMP yield and acreage effestpriovided in Chapter 5. In some
cases effects from BMP adoption evolve or devel@gy time and in many cases all costs
and benefits of BMP adoption are not apparent aftrone period. Therefore dynamic
modelling that considers many time periods is usatktermine if BMP adoption is
feasible.

Figure 4.3 is a schematic of the modelling techegfior the representative
farms. Crop yields and prices are variables thanagasured stochastically. It should also
be noted that subsequent crop yield from BMP adamre modelled stochastically.
Business Risk Management (BRM) programs include3tgbility, Agrilnvest, and crop
insurance programs. Variables directly affectedMP adoption include crop acreage,
crop yields, and crop costs, as indicated by tlsheld circles in Figure 4.3. The
remaining boxes in the schematic including cropglpotion, crop costs, crop revenues,
cash flow, and NPV make up the basics of the dashrklationships.

Figure 4.3 — Diagram of modelled farm relationship3

Crop
Rotation/Acreage

Crop
Production

Crop
Revenue

BRM
Programs

Cash Flow
Net Present Value (NPV)

#The dashed circles enclose those parts of the ntloaledre directly affected by adoption of
BMPs.

4.4 Chapter Summary

This chapter discusses the various techniquesingadn level analysis as well
as the specific capital budgeting and simulatiomef® used to determine economic
viability of BMP adoption. It is argued that NPValysis is the most appropriate capital
budgeting technigue to determine if BMP adoptioariseconomically feasible
investment. Simulation analysis is used with NP¥lgsis to improve the ability of the
models to predict outcomes. Simulation analysisef®dconomic and ecological
interactions of variables. Simulation, specificatpchastic and dynamic simulation,
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allows for a distribution of NPV outcomes. NPV adoonly provides a single, static
result. This may result in some investments beorgsiclered, even though they may be
risky when modelled with simulation techniques. ICgws are built in Microsoft Excel
and discounted. Stochastic variables are builttimomodels, using the add-in software
@RISK to account for further uncertainty in agriculiypeoduction.
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Chapter 5: The Representative Farms and
Simulation Model

The details of the simulation models developed@yze the economic costs
and benefits of the impact of introducing BMPs ommercial crop farms in Alberta are
discussed and explained in this chapter. The stionkare run through the use of
dynamic Monte Carlo modelling. Each representdawm is simulated over multiple
years, with a subset of parameters being stochdstecfarm models are created in
Microsoft Excel© and are simulated usi@RISKO, which is an Excel add-in program
from Palisade Corporation (2007). This programvesléhe models to be run through
time while incorporating uncertainty with stochastariables. In this study risk enters the
analysis through stochastic crop yields and priaesyell as with the discount rate in
NPV analysis. In each year of the simulation, randivaws are made for each yield and
price variable. Multiple iterations of the multipfear simulation are then done in order to
obtain distributions of relevant outcomes.

The time horizon used for the BMP analysis is 4@rgeA 40-year simulation
model is chosen due to the long term nature of swinttee BMPs, which are discussed
later in this chapter. For example, it takes maegryg for shelterbelts to achieve sufficient
growth to have an impact of crop yields due to ceduwater supply near the trees and
reduced soil erosion farther away from the trees.

Simulations are run for each representative farsh issuming no BMPs are
implemented. They are then re-run for implementatibindividual BMPs to determine
the impact on farm performance. Finally combinaiohBMPs are modelled to compare
the effects of joint implementation of BMPs on e&atm.

The structure of the individual farm remains refally constant over time. In
particular, the assumption is made that once pradutave decided upon a machinery
complement, production practices, crop insurargety net programs, and crop
rotations, these decisions do not change over tirap rotation is a BMP that is
analyzed in the models. However, once it is dectdéthplement a BMP crop rotation,
this rotation is maintained through the entire satian time horizon.

The Net Present Value (NPV) for each farm is calmd over a period of 40
years and is used to compare the costs and bebefitee and after BMP adoption. The
comparison of NPV in each case (without BMPs, iittlial BMPs, and BMP
combinations) provides insight for the economicsiieidity of the adoption of BMPs on
commercial crop farms in Alberta.

5.1 Representative Farm Characteristics

This section discusses the characteristics thategresentative of a typical farm
in each region of interest. The representative $azonsidered for this study are
commercial crop farms in Alberta. Farms are defibased on size as well as types of
crops typically grown in each region. Commercialpping operations have land bases
that are larger than for an “average” farm (i.e.wauld be suggested from Census data)
and this is reflected in the representative farongHis project. The information presented
in this chapter is determined using Census of Adfice (2006 and 2001) data and
expert opinion from Alberta Agriculture and Rurat\2lopment (AARD).

5.1.1 Farm Size

Farm size (i.e., hectares of land per operatiors) determined based on the
assumption that the modelled farms should be repta8ve of commercial operations in
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each of the counties being used in the analysisoring to AARD (1999-a)
commercially viable farms are at least 648 hectél860 acres). On this basis it was
assumed that all representative farms will beadtlénis large. Using 2006 Census of
Agriculture data, farms classified by total farnre@are separated into the following four
categories: 648 to 906 hectares (1600 to 2239 a&@8 to 1165 hectares (2240 to 2879
acres), 1166 to 1425 hectares (2880 to 3519 aened)1426 hectares (3520 acres) and
greater. These categories are chosen as they infduas that meet the minimum size
requirement and they correspond to groupings irsthéistics Canada census data. The
proportion of each grouping, relative to the totamber of “commercial sized” farms in
each County/Municipal District is used to determine size of farm that is most
common among commercial operations (Table 5.1).

Table 5.1 — Distribution of farms by size, represdative Alberta counties (2006)

Numbers of Farms

Farm Size (hectares) Taber Forty Mile Starland ©@am Smoky River
648 — 906 54 50 47 79 39
907 — 1165 24 64 34 28 30
1166 — 1424 14 42 28 13 14
1425 + 57 128 34 24 29
Total Commercial Farms 149 284 143 144 112
Total Farms 768 602 364 1149 391

Since there are two representative farms in thevBrsoil zone and they
represent different types of production practiseparate farm sizes for the irrigated and
dryland Brown soil zone farms are determined basethe appropriate county data. In
the M.D. of Taber, where the irrigated Brown saihe farm is located, approximately
52% (54 and 24 farms) of commercial operationdratee smaller two size categories
and approximately 48% (14 and 57 farms) are irlaiger two size categories. Therefore
the farm size for the Brown soil zone irrigatechids set at 1036 hectares (i.e., 2560
acres or 16 quarter sections). Conversely, in then€ of Forty Mile approximately 60%
(42 and 128 farms) of commercial operations atbérarger two size categories and
only 40% (50 and 64 farms) are in the smaller tize sategories. The acreage for the
farm in the dryland Brown zone is thus set at 128&ares (i.e., 3200 acres or 20 quarter
sections).

In establishing representative farm size in theo$oil zones (i.e., Dark Brown,
Black and Dark Grey), individual Counties/Municif2itricts and the overall average
farm size for the soil zone is considered. In tleekBrown soil zone and in Starland
County approximately 57% and 43% of commercial f&aare in the lower two and upper
two size categories, respectively. However, thesitatis made to have the farm in
Starland County, where the Dark Brown farm is ledathe same size as the dryland
Brown soil zone farm at 1295 hectares (i.e., 32%@s0r 20 quarter sections). This
decision was made to allow for easier comparis@twden farms in the Brown and Dark
Brown soil zones and is justified on the basis thiite smallest size category (i.e., 648-
906 hectares) is excluded from consideration, tbigiloution of farms in the other three
size categories is relatively even. In the Bladkzme, approximately 74% of farms are
in the smaller two size categories, while only 2884 in the larger two soil categories.
Therefore, the size of the representative farmamfdse County (i.e., Black soil zone) is
set at 1036 hectares (i.e., 2560 acres or 16 gusatdons). In the Dark Grey soil zone
and in the M.D. of Smoky River approximately 38%aims are in the larger two size
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categories and 62% of farms are in the smallersia® categories. Therefore the
representative farm in the Dark Grey soil zonghegaM.D. of Smoky River is set at 777
hectares (i.e., 1920 acres or 12 quarter sections).

5.1.2 Crop Production and Rotation

An important consideration in defining the repraatwe farms for this study is
the set of crops to be produced and the assoaadpdotations. According to the 2006
Census of Agriculture there were 2,334,512, 1,68%,and 1,646,468 hectares of spring
wheat, barley, and canola, respectively, grownllveAa. These represent the top three
annual crops under production in terms of area. @@ growing conditions (i.e., soil
quality, temperature and moisture conditions, etary across the province and so it
might be expected that typical crop rotations @alitlo vary for the representative farms.
Crops and associated rotations are therefore chizsesd on a) crop area in each
representative county and soil zone using 20012806 Census of Agriculture data, and
b) expert opinion from AARD.

Table 5.2 provides a summary of areas grown fomsomcrops in each
representative county, based on 2006 Census of#lgnie data. As is evident from the
values in Table 5.2, in several of the countiealf@fhay and other tame hay represent a
significant proportion of crop area. It is likelyat most of this hay production occurs on
farms that have cattle. Since this study focusespamnations where the primary source of
revenue is from sale of annual crops, hay is nosiciered for the baseline representative
rotations®®

The information in Table 5.2 may be used to idgritie “top” annual crops for
each representative county, defined in terms @t grewn. In the Municipal District of
Taber the top four crops by area are spring wibealey, durum wheat, and canola. For
the County of Forty Mile, the predominant cropsvgnpon an area basis, are spring
wheat, durum wheat, oats, barley, and field peathd County of Starland spring wheat,
barley, and canola represent the most prevalepsciidhe same three crops (i.e., spring
wheat, barley and canola) are also the top anmapbgrown in the County of Camrose,
with field peas and oats having smaller but sigjhg#icant areas. Finally, canola and
spring wheat are the dominant annual crops grovinarMunicipal District of Smoky
River, with oats and barley representing lessetr ghilli significant) areas.

15 While hay is not part of the base rotations foy afthe representative farms, it is included in
the crop rotation BMPs for some of the farms, aash generating activity.
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Table 5.2 — Areas of crops grown in representativeounties in 2006

Taber Fo_rty Starland  Camrose S”.“Oky
Mile River
Crop Acreage (haj
A'fa'fam?)r(‘:sa'fa'fa 14,311 12,145 11,763 19,261 34,412
Al °the]fot§5"e‘f hayand ,5es 4564 4,424 11,591 6,450
Barley 29,382 28,329 30,011 33,619 7,785
Canola 17,505 8,117 28,227 72,266 76,447
Chick peas 3,980 7,041 N/A N/A N/A
Dry field peas 8,553 24,332 6,137 8,594 3,864
Durum wheat 20,643 46,155 550 N/A N/A
Mixed grains 641 538 950 3,802 N/A
Oats 2,055 37,084 3,465 6,743 8,266
Other dry beans 8,228 6,545 N/A N/A N/A
Potatoes 14,538 1,263 3 N/A N/A
Spring wheat 64,044 122,957 72,964 72,336 51,910
Sugar beets 8,416 N/A N/A N/A N/A
Other crops 12,644 13,081 3,532 3,115 1,869

#N/A is used to denote crops for which acreagesiaravailable due to the crop not being grown

in the area or only being grown by a small numldgaroducers (i.e., withheld due to
confidentiality).

Source: Statistics Canada (2006)

As noted earlier, expert opinion from AARD is alssed to establish crop
rotations for the representative cropping operati@xpert opinion (Bergstrom, 2009)
indicates that typical crop rotations for Albertag farms are comprised of
approximately one-third wheat, one-third canolahwine remaining one-third being
some combination of barley, peas, silage/forages specialty crops. As well, farms
typically alternate cereals and broadleaf annual® fyear to year within individual fields
(Bergstrom, 2009) as a method to deal with potedis®ases and reduced yields that
may be associated with continuous cropping pragtiBesides these general patterns,
AARD crop experts also made suggestions as topeific crops to include for farms in
Southern Alberta, including the Brown soil zonégiated and dryland farms, and the
Dark Brown soil farm (Dunn, 2009).

One other source of information taken into acceumtn deciding on crop
rotations is the USDA's Crop Sequence Calculat@QL(USDA ARS, 2008). The CSC
utilizes information on crop production, economigignt diseases, weeds, water use, and
surface soil properties to generate advice/recordatens for producers to use in
evaluating risks associated with different cropusgges (USDA ARS, 2008). Research
for the CSC was done at the Northern Great Plagse&ch Laboratory in Mandan,
North Dakota from 1998 to 2005. The results progtidg the CSC that are taken into
consideration for the crop rotations include ajdstowards lower yields when a crop is
grown on the residue from the same crop (i.e.,dmmore subsequent years of the same
crop in the same field), and b) trends towards érigiereal grain yields and net returns
when a cereal crop follows a pulse or oilseed crop.

A summary of the resulting base crop rotationsefrh of the representative

farms is provided below. In presenting the croptioh, abbreviations are used for each
crop, as follows:
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B - Barley

C - Canola

DB - Dry Beans
DW - Durum Wheat
SF - Summerfallow
sSw - Spring Wheat

5.1.2.1 Brown Soil Zone — Irrigated Farm

For the irrigated farm in the Brown soil zone, base rotation is a four-year
rotation consisting of SW — C — DW — DB. This ra@atwas constructed based on
AARD expert opinion (Dunn, 2009). This rotatiorsismewhat consistent with 2006
Census data, as spring wheat, durum wheat, andecaece the first, third, and fourth
with respect to crop areas in the district (Tab®.3However, Census data would suggest
that the rotation should include barley (seconéigrs area), while dry beans are the
ninth most commonly grown crop in Taber.

Table 5.2 includes crop areas for all farms in Tabeth irrigated and dryland
production. It was suggested by expert opinion (D@009) that barley is not as
commonly grown using irrigated technology, whensa&lberta dry beans are typically
only grown using irrigation practices. As a congaqee, it was deemed to be a
reasonable assumption that the farm representativegated production in the Brown
soil zone would contain dry beans and so the stgdestation was used.

5.1.2.2 Brown Soil Zone — Dryland Farm

The base rotation for the dryland farm in the Braen zone was an eight-year
rotation consisting of SF — SW — C — DW — SF —8 — SW. As with the irrigated farm,
this rotation is based on expert opinion (Dunn,80Dunn (2009) had indicated that
actual rotations in this area would not includddyaand would have a smaller proportion
of summerfallow than is incorporated into the repreative farm rotation. However,
Census data (Table 5.2) suggest that barley isérty included in crop rotations, and
approximately one quarter of land used for cropliarttiis region is allocated to
summerfallow. On the basis of Census data evidéheesight year rotation provided
above is used for this farm.

5.1.2.3 Dark Brown Soil Zone

For the Dark Brown soil zone the base rotationfisua year rotation consisting
of SW — C — B — SF. Again, opinion from AARD (Dur2Q09) suggested that
summerfallow should be reduced or excluded fordt&tion for this farm and that barley
should perhaps be replaced with winter wheat. Heweas was the case for the Brown
soil zone farm, Census data indicate a signifipantion of cropland was allocated to
summerfallow in 2006. Barley had the second gréates among annual crops in
Starland, after spring wheat. As a result, the j@ar rotation provided above is used for
this farm.

5.1.2.4 Black and Dark Grey Soil Zones

The base rotation for the Black and Dark Grey awiles is a five-year rotation
consisting of SW — C — B — SW — C. This is consisteith the 2006 Census of
Agriculture data, as spring wheat, barley, and zaage the most common crops in the
representative counties for these soil zones. dtation is also consistent with the
recommended alternating pattern of cereal/broadiesds. It was suggested by AARD

70



expert opinion (Bergstrom, 2009) that field peasusth be included in the base rotation in
the Black soil zone. However, peas have a sigmfigdower area of production than the
other three crops in the County of Camrose (Talflg Bs a result, field peas are
included only as part of a BMP crop rotation, asdgsed later in this chapter.

5.1.2.5 Crop Rotation Summary

The crop rotations for each representative farmf@mbined” with the area of
cropland discussed earlier in this chapter (ismfsize), to arrive at the areas of crops
grown each year by each farm. The area allocatedadily for each crop is given in
Table 5.3. Since they are grown in rotation, thapsrgrown on specific fields will change
from year to year. However, the total area for ezop on each representative farm is
assumed to be constant each year.

Table 5.3 — Annual crop production (in hectares) fobase crop rotation, by
representative farm

Crop Irrigated, Dryland, Dark Brown  Black Dark Grey
Brown Soil  Brown Soil Soil Soil Soil
Barley 0 162 324 208 155
Canola 259 324 324 414 311
Dry Bean 259 0 0 0 0
Durum Wheat 259 162 0 0 0
Spring Wheat 259 324 324 414 311
Summerfallow 0 324 324 0 0
Total 1036 1295 1295 1036 777

5.1.3 Machinery Complements

Each of the representative farms is assumed to davachinery complement
that is unique to farm location and size, and tygfezops grown. The complement is
defined in terms of the types and sizes of indigldaieces of machinery required to
complete cropping operations such as tillage, sgetlarvesting, etc. Activities
associated with the machinery complement contritufarm cash outflows and thus
need to be considered explicitly within the modagjlprocess. In particular, day-to-day
use of machinery results in variable costs asstiaith fuel use, maintenance and
repairs:® As well, machinery replacement decisions resutigmificant net cash outflows
although these are irregular in terms of timing.

Modelling replacement decisions for farm machinsrgroblematic as factors
such as economic feasibility would need to be a®rsid in terms of the timing of the
decisions. However, if machinery replacement omasiance of the machinery asset
base is not considered, the ability of producermaintain normal cropping activities
would be impaired. A compromise is used in thisutation analysis; specifically, a
constant annual cost is calculated to account swtimery replacement. This annual
value is the amount required to maintain the maaficomplement at its initial asset
value (i.e., at the beginning of the simulationdiperiod). Similar approaches have been
used in previous studies with cash flow modelligaures (Cortus, 2005; Koeckhoven,
2008). Other variable costs associated with machiseich as repairs, are accounted for

16 Besides these costs, there would be additionainpiat machinery-related cash outflows in the
form of debt servicing or lease payments. Howetherse are not explicitly considered in the
analysis.
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using input costs per crop per hectare, and aceisbed in the crop input costs section of
this chapter.

In order to determine the annual machinery maimeaa&ash flow amount,
machinery complement information is required. Tihidudes the types and sizes of
machines present on each representative opertt®machinery book value as of the
beginning of the simulation time period, and thawal loss in value (i.e., depreciation
rate). This information is used to calculate thewsi cash flow that is treated as a proxy
for machinery replacement expenditures.

Alternative methods have been used to construchimexy complements. These
include using optimization methods, an existing nmaery selection algorithm, or expert
opinion of farmers in each area obtained througlhigaroups. However, there are
limitations associated with each of these appraachecording to Parmer et al. (1996)
optimization methods are time consuming as thecaggractice is to vary one parameter,
such as crops grown, at a time. As well, optim@atechniques do not easily account for
weather uncertainty, which can affect schedulinfiedfl operations (Parmer et al., 1996).

Machinery selection algorithms are designed tocséhe “best” complement
while considering constraints such as cropping eece, acreage, soil type, weather
conditions, labour availability and others (Rotakt 1983). However, the resulting
machinery complement may not be optimal again exatiweather uncertainties
(Parmar et al., 1996; Rotz et al., 1983).

The machinery complements that are arrived at ugitignization or selection
algorithm methods tend to be smaller (i.e., smaflachinery sizes) than actual
machinery sets observed to be used by produceas fditmers tend to purchase larger
equipment and machinery bases than would be sugbbgtthese models is seen as a
risk management strategy to account for uncertaimtyeather and timeliness of
operations (Rotz et al., 1983). Using producer $oguoups to obtain expert opinion
concerning optimal machinery size would addresslitmtation. However, this method
is time consuming and relatively expensive. Assalltean alternative approach is taken
in this study. In particular, given the requireeldi operations for each representative
farm, appropriate machine types and sizes areif®hin a somewhat ad hoc fashion.
Adjustments are made to allow for different soihe@s, weather patterns, crops in
rotation, farm size, and time available to perfammpping operations. This approach to
designing representative machinery complementsrisistent with what has been used in
other recent studies, such as Cortus (2005) andkboeen (2008). The resulting
machinery complements are then validated usingrergp@ion from AARD cropping
specialists (Papworth, 2010).

In developing the machinery complements, the assoms made that the farms
use no-till practices. In particular, seed andlfeer are placed in the soil with minimal
disturbance to the previous year’s stubble. Redusuil disturbance allows for benefits
such as reduced soil erosion, conservation ofisoisture and reduced likelihood of the
emergence of weed species in the crop (AARD, 200®#ae pass that places both the
seed and fertilizer in the soil also improves iheetiness of seeding (Rotz et al. 1983)
allowing more time to be allocated to other pragidGray et al. (1996) also note that by
reducing seeding time, machinery depreciationag/stl due to reduced hours on the
tractors. As discussed earlier, no-till practicessracognized as a type of cropping BMP
and so it would be possible to model this as ortt@BMP scenarios in the current
analysis. However, the number of producers usintilinar zero-till production practices
has increased over time to a point where it mayatrhe considered the standard
practice. In Alberta the use of no-till or zerd-siéeding practices has increased from
27% of total land for seeding in 2001 to 48% o&tdand for seeding in 2006. In some
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specific regions of the province, this percentaggreater than 50%, as suggested in the
discussion of representative counties in Chapter 3.

In developing machinery complements for each fansassumed that there are
time constraints to cropping operations such adisgespraying and harvesting.
Assumptions are made regarding the amount of tivaei¢ possible for each practice
taking uncertainties such as weather into considerarl he size of implement required to
complete the activity in the allocated time is deti@ed next, beginning with the seeding
implement. Cortus (2005) and Koeckhoven (2008) nlegk based on information from
sources such as the AARD Machinery Cost Calcul@008) and SAF Farm Machinery
Custom Rates (2008), that seeding implements retuer most tractor horsepower.
Therefore the size of the tractor (i.e., horsepdigabased on what is needed for the size
of the seeding implement that allows for completbseeding in a timely manner.
Equation 5.1, from Edwards (2009) is used to cateuthe required seeding implement
width. Equation 5.2 (Edwards, 2009) is then usechtoulate the required tractor
horsepower. Determination of implement width arttior horsepower requires some
information about soil type and typical field eféncies for different operations. Field
efficiency represents the degree (in percentagesheof maximum theoretical
capabilities of machinery that is achieved in geagtaccounting for overlap, slowing for
turning in fields, and minor repairs. The assumaldes used in these calculations are
provided in Tables 5.4 and 5.5.

Farm size (ha)*10

Implement Width = o (5.1)
Available time (hr)*speed(ﬁ)*Efﬁciency coefficient
Impl t width(ft)*Speed(X2)«Draft(:2)«Soil fact
Tractor Horsepower implement width(fo pe;s(hr) i (ft) oracor (5.2)
Table 5.4 — Values for soil factors
Soil Type Type of Tractor®
2WD 4WOA 4WD

Firm soll 1.64 1.54 1.52

Tilled soil 1.75 1.61 1.56
Sandy or Soft soll 2.13 1.82 1.67

#2WD, 4WOA and 4WD refer to two wheel drive, founeel drive with optional assist, and four
wheel drive tractors, respectively.
Source: Edwards (2009)

Table 5.5 — Values for field efficiency

Field Efficiency Range Efficiency Used
Tillage 70 -85 0.8
Planting 65 -85 0.75

Harvesting 60 - 80 0.7
Spraying 50-70 0.65

Source: Powell (2000)
Soil factor values represent index values reflgctire relationship between soil

type/condition and tractor horsepower requiremeisndicated in Table 5.4,
horsepower requirements increase with less firin Ebe representative farms in the
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Brown and Dark Brown soil zones are assumed to bamdy or soft soil’ Given that
these farms are also assumed to have a four wheeltthctor, a soil factor value of
1.82, as determined by Edwards (2008) for sandpfirsoils, is used in the tractor
horsepower calculation. For the farms in the Blawc#l Dark Grey soil zones it is
assumed that soil is tilled. The Black soil zonaféas assumed to have a four wheel
drive tractor, while the Dark Grey soil zone fasrassumed to have a four wheel drive
tractor with optional assist. It was decided to teetilled coefficients in estimating soil
factors on the farms in the Black and Dark Grey zmmes as a middle ground between
the coefficients since the referenced study fronciwvthese values were obtained was
based on conditions in lowa. Differences may beaegat for soils in Alberta, so to avoid
going from one extreme to the other, from sandjrto soil, the tilled coefficient is used
even though the present analysis assumes noddirsg technology is used.

Similar methods are used to determine the sizewbme harvester, swather and
harrows. The approximate time available to harigsstimated based on the soil zone.
The speed of the equipment is then used to deterthewwidth of the combine header,
swather header and harrow. The combine header vgidied to choose the size of
combine. This is done using SAF (2008) Farm Maatyi@istom Rates, which places
combines in Classes 5 to 7+ based on grain hofpeasd horsepower. Additional
equipment added to the machinery complement indlatehe and grain trucks, grain
auger, different combine headers for certain crapd,machinery for specialty crops
such as dry beans.

After the machinery complements are built accordonthe above criteria,
opinion from farmers and government analysts isc@red and changes are made
regarding the size and type of machinery. For imsait is suggested (Papworth, 2010)
that farmers would only own a self propelled, hifgarance sprayer if more than 4,047
hectares are sprayed annually. As a result, #ssraed that custom spraying is used by
all representative farms. The machinery complemintsach representative farm are
provided in Table 5.6.

Once the machinery complement for a representéive is established, the
book value at the beginning of the simulation pgrgodetermined. As discussed earlier,
this represents the machinery asset value to betamaed through the simulation
analysis. To establish this value, the age of @ite of machinery as of the beginning
of the simulation period is required. For the pwgmof this study, machinery for each
farm is assumed to be five years of age.

Given the machinery age, two alternative approaahesonsidered for
calculating the initial machinery book values. Tinst approach involves obtaining new
machinery values and depreciating them to fivegyehage. New machinery values are
taken from SAF (2008Fyarm Machinery Custom and Rental Rate Guide 2008F@8se
values are depreciated to five years of age usspgettiation rates of 8.5% for combines,
5.5% for tractors, and 7.5% for all other machin@gterschultz and Mumey, 1996).
The annual average reduction in market value fagation systems is assumed to be 10%
(MSUE, 2009).

These machinery book values are compared to rasilig machinery prices
available for used machinery in Alberta througinSearch.coma web site for North
American used machinery. A simple linear relatigpdietween machinery price and

7 Soft or sandy soil is assumed in the Brown and Badwn soil zones as these regions have
lower soil aggregates and lower soil organic matiercompared to Black and Dark Grey soll
zones (AARD, 2004).

18 |n practice, the machinery present on any paaiciarm will vary in age. However, in defining
the representative farms it was decided to useyidags as an average, for reasons of simplicity.

74



machinery characteristics such as total machineshgeaar of production, and
horsepower is estimated using the linear regredaiuetion in Excel. The regression
results are used to predict prices for machinesymagd to be present on the
representative farms. These values are then cothpakalues obtained using the
depreciated values based on Saskatchewan Agriedhd Food new machinery prices.
Only slight differences were apparent between stienated book values
calculated using the two methods. Therefore thenagts based on SAF (2008) new
machinery values are used in the simulation ar&aly$ie annual machinery
replacement/maintenance cash flow expenditure gerig calculated by summing the
total book value of the machinery and multiplyingdm assumed depreciation rate of
8%. The complete list of all machinery and combiaadual costs of machinery,
assuming an average age of five years, are providbtk 5.6 and 5.7. Original new
machinery values and initial simulation period beakues are provided in Appendix C.
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Table 5.6 — Machinery complement for the representave farms

Attachments & Misc.

Soil Zone Powered Equipment Drawn Equipment Equipment
Description Size Description  Size Description Siz
Brown, Air Hoe 6R
irrigated 4WD Tractor 325 h.p. | Drill 40 ft. Bean Windrower 30"
Combine header -
S.P. Swather 24 ft. Harrows 50 ft. | pick up 14 ft.
Bean Rod Combine header -
Combine Class 7 | Cutter 6R 30" | flex 30 ft.
Combine header -
Grain Truck 1 350 h.p. bean pick up 22 ft.
Grain Truck 2 350 h.p. Grain Auger 10"
Farm Truck 3/4 ton
Brown, Air Hoe Combine header -
dryland 4WD Tractor 425 h.p. | Drill 50 ft. pick up 14 ft.
Combine header -
S.P. Swather 30 ft. Harrows 60 ft. | flex 25 ft.
Combine Class 6 Grain Auger 10"
Grain Truck 1 350 h.p.
Grain Truck 2 350 h.p.
Farm Truck 3/4 ton
Dark Air Hoe Combine header -
Brown 4WD Tractor 425 h.p. | Drill 50 ft. pick up 16 ft.
Combine header -
S.P. Swather 30 ft. Harrows 80 ft. | flex 36 ft.
Combine Class 7+ Grain Auger 10"
Grain Truck 1 350 h.p.
Grain Truck 2 350 h.p.
Farm Truck 3/4 ton
Combine header -
Black 4WD Tractor 325 h.p.| Air Seeder 50 ft. | pick up 16 ft.
Combine header -
S.P. Swather 30 ft. Cultivator 50 ft. | flex 36 ft.
Combine Class 7+ Harrows 80 ft. Grain Auger 10"
Grain Truck 1 350 h.p.
Grain Truck 2 350 h.p.
Farm Truck 3/4 ton
Dark Combine header -
Grey AWOA Tractor 225 h.p.| Air Seeder 40 ft. | pick up 14 ft.
Combine header -
S.P. Swather 24 ft. Cultivator 40 ft. | flex 30 ft.
Combine Class 7 Harrows 50 ft. Grain Auger 10"

Grain Truck 1 350 h.p.
Grain Truck 2 350 h.p.
Farm Truck 3/4 ton
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Table 5.7 — Total annual machinery replacement codty representative farm

Farm Irrigated Brown Dryland BrownDark Brown Black Dark Grey
per acre $43.52 $16.82 $17.95 $21.86$25.64
per hectare  $107.54 $41.56 $44.37 $54.02 $63.35

5.2 Stochastic Simulation Model Parameters

This section provides a discussion of the inforomgtestimations, and
calculations involved in developing the simulatimodel parameters that are assumed to
be stochastic for the representative cropping diseim As noted earlier, Monte Carlo
simulation techniques are used in this analysiwder to allow for stochastic parameters
to be modelled for the representative farms. Ia Wy, the simulation analysis accounts
for sources of risk in agricultural production.

Drollette (2009) described risk as the possibittyadverse outcomes due to
uncertainty and imperfect information at the timieew decisions are made. Major
sources of production risk in cropping agricultuitelude uncertainty regarding weather,
pests and disease, and the quality of inputs. Tikexlso often market risk arising from
uncertain commodity prices. Moss and Shonkwile®@)Stated that the distributions of
commodity prices and yields that represent riskcateal in firm level analysis. Given
their potential importance production and pric&sgiare incorporated in the modelling to
examine the impact of cropping BMPs for the repméstéve farms. These stochastic
elements interact with other variables in the medw®tluding crop insurance, safety net
programs, and other costs and revenues. Detaliwrthe yield and price relationships
are estimated and validated and then includedeircéish flow models are also provided
in this section.

5.2.1 Crop and Forage Yield Models

Crop yields are modelled in the simulation analysiimg yield distributions that
are based on historical crop yield data from thenties used to define the representative
farms. Crop yield data (1978 to 2008) for the dafimepresentative counties, were
obtained from Agriculture Financial Services Cogimm (AFSC) for the crops that are
included in the base rotations, discussed earlignis chapter. The data obtained were for
dryland crop production in all counties, exceptTaber where the data were for irrigated
crop production. Historical yields were also obg¢airfor additional crops that are
included in some of the crop rotation BMPs; speaifiy, alfalfa hay, field peas, and
legume green manures. The set of data used in limgdedop yields and a summary of
the yield data are provided in Appendix D.

5.2.1.1 Estimation of Crop and Forage Yield Varials

Before the yield data can be used to estimateilaligion parameters, they must
first be tested for a time trend. Variability irelds over time may arise from production
risk, but may also be due to changes in technaboggchnical change. Year-to-year
variability may be overstated if the effects oftteical change are not “removed”. This is
done by de-trending the yield data. First, thedygidta are tested for a time trend using a
simple regression of yield/] on time {) as shown in Equation 5.3. A statistically
significant positive slope may be an indicatiorpofgressive technical change. In that
case, the yield data are de-trended using theuasidi.e., observed minus predicted)
from the regression. The residuals are added tprédicted yield value for the base year
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(2008) to obtain a de-trended yield series. The 2688 is used as the base year as it
represents the most recent yields available dirtteeof the analysis. This is important in
order to be as consistent (time-wise) as possilitethe base year for crop costs. A t-
test is used to test for the presence of a timmel{reith the null hypothesis thét= 0 in
equation 5.3 (i.e., no time trend).

Yi=a+ ft+ & (5.3)

The time trend results are mixed, with approximakellf of the crop yields
having a significant positive time trend (i.e. e@jon of the null hypothesis using a 5%
level of significance). These are durum wheat,gpwheat, canola, and dry beans in the
Municipal District of Taber (i.e., irrigated prodian), canola in the County of Forty
Mile'®, spring wheat and canola in the County of Camrasd,spring wheat, barley,
canola and oats in the Municipal District of SmdXyer. Appendix E contains the
coefficient estimates, t-statistics and p-valuesafbtests. For the purposes of this study
when yields are required to be de-trended baseleotime trend test results, the 2008
predicted yield values are used as the basis foule#ing the de-trended yield series.

Once the necessary time series are de-trendeyieidedata are fitted to
distributions; that is, the distribution paramegstimates to be used in the simulation
model are calculatéll This is done using the “Fit Distributions” option@RISK
Goodness-of-fit tests are used to determine thefittesg distributions for a given set of
data. A wide range of potential distributions avaikable for consideration in this
analysis, including symmetrical and asymmetricatriutions, truncated distributions,
etc.

An obvious alternative to consider for the yieldtdbutions is the normal
distribution. However, the assumption of normailityield data is disputed in the
literature. For example, Day (1965), Gallagher {)2hd Moss and Shonkwiler (1993)
report findings of skewness and kurtosis in yiedthd Just and Weninger (1999),
however, state that there is inconclusive evidéocesjecting the assumption of
normality for yield distributions. They argue thatrmality may be falsely rejected due to
misspecification of the non-random components, ntespretation of the statistical
significance and the use of aggregate time seatstd represent farm level distributions.
Just and Weninger (1999) base the rationality ofmdity on the Central Limit Theorem
(CLT), because crop yields are reported as averagexher it be from one field or one
county. Therefore, CLT implies that averages hayengtotically normal distributions
under broad conditions.

Besides the potential for skewness and/or kurinsisop yield data, an
important consideration in modelling crop yieldtdlsutions is the fact that the
distribution should be truncated at zero; thait ishould exclude the possibility of
negative yields. This excludes the normal distidru{along with many other
distributions) from consideration. Distributionsitihave the property of potentially being
truncated at zero include the Exponential, GammgNormal, Triangle, Uniform, and
Weibull distributions. These distributions are tlvemsidered for possible use in
modelling crop yields for the current study.

¥ The canola yield data for the County of Forty Milelude years where a zero yield is recorded.
The zero(s) are assumed to represent missing ddtsceare removed from the time series prior to
testing for the time trend.

% An alternative estimation method used in recandist (e.g., Koeckhoven, 2008; Cortus, 2005)
is to use temperature and precipitation data tdiprerop yields. Stochastic yields are then based
on draws from weather distributions. This approaels examined in the current study, but the
resulting estimates were not used due to low sitatissignificance and poor predictive power.
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For the purposes of this analysis goodness-o$-fistablished using the
Kolmogorov-Smirnov (K-S) test statistic. Small veduof the K-S test statistic indicate a
better fit with the data. Appendix F provides thé&SKest statistics for the best fitting
distributions for each crop and representative tgourhe goodness-of-fit test results
indicate that the Weibull distribution is, in mastses, the “best fitting” distribution of
those that meet the truncation requirement. Thg exdteptions to this are durum wheat
(i.e., third best fit after the Gamma and LogNorwliatributions) and spring wheat (i.e.,
third best fit after the LogNormal and Gamma disttions) in Taber, and spring wheat
(i.e., second best fit after the Gamma distribgtiarSmoky River.

Based on these results it was decided to use thigVdistribution to model
crop yields. A single type of distribution is uded all crops and farms in order to be
consistent across the crops and to allow compabsbmeen representative farms. The
Weibull distribution is characterized by being bdwat zero, non-symmetrical, and
permits a wide range of skewness and kurtosis Weaibull distribution is characterized
by the probability density function:

f(x) = ax*: “’;“_1 exp[~()°] (5.4)

a

Source: Palisade Corporation (2007)

wherea represents the shape parameter/arepresents the scale parameter.

Besides the individual crop yield distributionsrretations are also required in
order to model stochastic crop yields in the sirtioitaanalysis. Environmental factors
such as weather affect crops in a similar fashrahas a result it is likely that in many
cases yields for crops on a given farm are posjtiverrelated. The progra@®RISKhas
a built in correlation function that allows for stastic variables to be correlated in a
simulation analysiél. However, in order to use this feature, sampleatations between
crops are required. Correlation coefficients betwer®ps, based on 2004 to 2006 field
level data from Alberta crop insurance risk regfdnsere obtained from AARD. These
correlations are used in modelling stochastic giefuls in the simulation analysis, versus
correlations based on municipal level yield datduse the modelling is performed at
the farm level. As such, correlations calculatethatfield level are more appropriate,
since the level of aggregation of yield variabiigycloser in magnitude than is the case
for municipal level values. Correlations used facle soil zone are provided in Appendix
G.

Crops that did not have data available for a realsienrand/or continuous period
of time include field peas, legume green manuned adfalfa hay. For these crops,
variability (i.e., risk) in yields is modelled ugjithe correlation between these yields and
a reference crop. In this case, barley is useteassference crop on all dryland farms as
it has been shown to be appropriate for this pwpoprevious studies (Koeckhoven,
2008). On the farm using irrigated production, sgnvheat is used as the reference crop

% The @RISKfunction “CORRMAT” is used to correlate crop yialdlues that are sampled from
different distributions. This function allows thanables to be correlated but still have the
uncertainty from the stochastic Weibull distribuiso The formulae used @RISKcombines the
“RISKWEIBULL( a,b)" and “RISKCORRMAT,d)” functions where the variables in the latter,
andd are drawn from correlation matrices from AARD.

% There are 22 crop insurance risk regions in AbENFSC, 2011). The Brown (irrigated)
representative farm is located in crop risk are@h2 Brown (dryland) representative farm is
located in crop risk area 3. The Dark Brown repméstd/e farm is located in crop risk area 8.
Finally, the Black and Dark Grey representativenfaiare located in crop risk areas 12 and 19,
respectively.
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since barley is not part of the rotation for thasnh. Field-level correlations from AARD
(2007-b) are also used for these crops.

The yields for field peas, legume green manuresaéfatfa hay (i.e., the
unknown crop yields) in any period are based oir theerage yields, the change in
barley (or spring wheat) yield from the previoughe current period and the yield
correlations from AARD. Equation 5.5 shows thisateinship wher&fnnown 4 the
calculated yield (in kg/ha) of the unknown cropYEl.ow] is the estimated yield of the
unknown cropAVYpareysspring wheadS the change in barley (or spring wheat) yietarfrthe
previous to current period, apghrieysspring wheat,unknowtS the AARD correlation coefficient
between barley (or spring wheat) and the unknowp.cfhe barley-legume green
manure correlation used in the analysis for altespntative farms is 0.3. For barley-field
peas, correlation coefficients of 0.631, 0.757, @d®9 are used for Forty Mile/Starland,
Camrose and Smoky River, respectively. The yieldetation used for barley-
alfalfa/grass hay (and spring wheat-alfalfa/grasg ffor all representative farms is 0.3.

Yunknown,t= EI_Yunknowr] * [1 + (AYbarIey/spring wheat* pbarley/spring wheat,unknO\Ml (55)

5.2.1.2 Maximum Crop Yield Limits

Given the stochastic nature of crop yields in fhautation analysis and the
distributional assumption for crop yields, ther@dential for simulated crop yields that
are unrealistically high. As well, some of the BMRadelled in this study are assumed to
have positive yield effects, as discussed latéinéchapter. This also contributes to the
possibility of having simulated crop yields that anrealistic in magnitude, as in some
cases the BMPs are considered in combination whither increases the potential for
higher yields.

To account and correct for this possibility, a nmaxin restriction is imposed on
final simulated crop yields. Maximum yields areeatatined using the municipal crop
yield data that were available. In each case, l@mum was set at the maximum
observed yield from the municipal data, plus oa@dard deviation from historical yield
data to account for increased variability at threnféevel. The maximum yields, in
kilograms per hectare, are displayed in Table Ma&imum yield for the farm in the
Brown soil zone under dryland production is notassary as it is assumed that of crops
adopted as a BMP that may improve subsequent detgs\this representative farm only
considers field peas. The potential subsequend yiekrease from this crop in this region
is maximized at 10%, which is below any set maxinuatues using the above criteria.

Table 5.8 — Crop yields with maximum restrictions kg/ha)

Soil zone Alfalfa Hay  Barley Canola  Durum Whe&pring Wheat

Brown, irrigated  10,500.00 N/A  3,078.96 6,530.47 5,542.48
Dark Brown 6,000.00 4,415.21 2,464.57 RI/A 3,644.96
Black 6,358.00 4,786.53 2,900.29 N/A 4,456.14
Dark Grey 5,081.50 4,846.27 2,871.00 RI/A 4,618.41

#N/A denotes “not applicable” as these crops wetecaonsidered in the corresponding soil zone.

5.2.1.3 Validation and Adjustment of Crop and Faya Yield Variables

The estimated crop yield distributions and corretet are tested usin@RISKto
determine if they generate simulated yields thathhe historical data in terms of
means, variance and correlations. This is refaexs validation of the yield models. To
test if the estimated crop and forage yield vagalaccurately estimate the historical
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correlations, a simulation is run for each farrngg® RISK The model is run for 1,000
iterations and the resulting sample correlatiotsutated from the simulation results are
tested for equivalence with the correlation coeffits obtained from AARD. While the
calculated correlation coefficients are not exattiy same as the historical values there is
no statistically significant difference (based o089 level of significance) between the
simulated means of the yield data and the de-tthstorical yields, for all districts and
crops considered. For all crops in all regionsghalue for t-tests assuming unequal
variances between de-trended historical yieldssimdlated yields was greater than 0.42.

Yield data are often recorded and available at eeraggregate level that may not
be representative of farm level yields (Just anahger, 1999). This presents a problem
in terms of aggregation bias related to yield Jailigy. Farm level yield variability is
greater than the variability of yields measuredraaggregate level (Marra and Schurle,
1994). To correct for aggregation bias Marra anau8e (1994) identify an adjustment
process. In their study, which compared farm lewal county level yield data, they
adjusted the county level variability upwards by90.for each percentage difference in
county acreage and average farm acreage withioainaty. This method is also used by
Cortus (2005) and Koeckhoven (2008) to correcbfases in yield variability.

In this study, yields are available at a countyelewhile the simulation is
conducted at the farm level. For the crop yield aetsdh this study the variability is
adjusted in a similar manner, but rather than uiegotal county acreage and total farm
acreage, the total acreage grown for each crophemacreage grown on the
representative farms for the same crop is usede @ecappropriate standard deviation is
calculated using the Marra-Schurle methoddlaads parameters (i.e., the shape and
scale parameters) in the Weibull distributionsadjisted in an ad hoc manner so that the
variance reflected by the distribution is increasethatch the value obtained from the
Marra-Schurle adjustment, without changing therithgtion mean. Tables 5.9 to 5.13
provide the different standard deviations for eadp in each representative county
where “Actual” is the standard deviation calculatiexin the historical (aggregate) data,
“Weibull fitted” is the standard deviation from tlbeginal Weibull distribution fitted to
the data, and “Marra-Schurle (M-S) Corrected” is dlajusted standard deviation that is
used in the analysis.

Table 5.9 — Standard deviation adjustments for estiated crop yields in the
Municipal District of Taber

Crop
Standard Deviatidh(kg/ha) Canola Dry Bean l\D/\?r:ngt iygg]agt
Actual 199.82 1054.24 383.77 337.58
Weibull fitted 195.14 925.72 403.78 384.76
Marra-Schurle (M-S) Corrected 213.41 1092.14 414.61 422.44
% Difference (Fitted and M-S) 9.36% 17.98% 2.68%  79%

& Actual is the standard deviation calculated fromftfstorical (aggregate) data, Weibull fitted is
the standard deviation from the original Weibu#itdbution fitted to the data, and Marra-Schurle
(M-S) Corrected is the adjusted standard devidtiahis used in the analysis.
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Table 5.10 — Standard deviation adjustments for eshated crop yields in the County
of Forty Mile

Crop
Standard Deviatidh(kg/ha) Barley @ Canola Durumwheat Spring wheat
Actual 653.49  350.38 606.51 531.35
Weibull fitted 581.86 345.78 564.5 478.27
Marra-Schurle (M-S) Corrected 767.21  358.82 778.83 732.62
% Difference (Fitted and M-S) 31.85% 3.77% 37.97% 3.1B%

& Actual is the standard deviation calculated fromftfstorical (aggregate) data, Weibull fitted is
the standard deviation from the original Weibu#itdbution fitted to the data, and Marra-Schurle
(M-S) Corrected is the adjusted standard devidtiahis used in the analysis.

Table 5.11 — Standard deviation adjustments for eshated crop yields in the County
of Starland

Crop
Standard Deviatidh(kg/ha) Barley Canola Durum wheatSpring wheat
Actual 636.71 383.11 670.99 493.21
Weibull fitted 587.33  378.93 646.68 471.62
Marra-Schurle (M-S) Corrected 754.11 416.13 672.60 603.87
% Difference (Fitted and M-S) 28.40% 9.82% 4.01% .02%0

& Actual is the standard deviation calculated fromftistorical (aggregate) data, Weibull fitted is
the standard deviation from the original Weibu#itdbution fitted to the data, and Marra-Schurle
(M-S) Corrected is the adjusted standard devidhanis used in the analysis.

Table 5.12 — Standard deviation adjustments for eshated crop yields in the County
of Camrose

o Crop
Standard Deviatioh(kg/ha .
viatidi(kg/ha) Barley Canola Oat Spring Wheat
Actual 733.65 354.31 651.18 543.87
Weibull fitted 654.35 310.12  594.77 471.92

Marra-Schurle (M-S) Corrected 766.63 367.35 627.05 559.10
% Difference (Fitted and M-S) 17.16% 18.45% 5.43% 8.41%

& Actual is the standard deviation calculated fromftstorical (aggregate) data, Weibull fitted is
the standard deviation from the original Weibu#itdbution fitted to the data, and Marra-Schurle
(M-S) Corrected is the adjusted standard devidhanis used in the analysis.
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Table 5.13 — Standard deviation adjustments for eshated crop yields in the
Municipal District of Smoky River

i Crop
Standard Deviatidt(kg/ha) Barley = Canola Oat Spring Wheat
Actual 535.37 285.84 670.70 515.27
Weibull fitted 501.45 29792 621.98 512.51
Marra-Schurle (M-S) Corrected 527.34 375.16 663.51 603.24
% Difference (Fitted and M-S) 5.16% 25.93% 6.68% 70%

& Actual is the standard deviation calculated fromftistorical (aggregate) data, Weibull fitted is
the standard deviation from the original Weibu#itdbution fitted to the data, and Marra-Schurle
(M-S) Corrected is the adjusted standard devidhanis used in the analysis.

Mean yields in the Weibull distributions were adfected slightly by adjusting
the standard deviations. Table 5.14 provides tekl ynean for each relevant crop by
county, the adjusted mean from standard deviatiorections, and the associated
Weibull shaped) and scalef{) parameters.

There is no single “best” method for estimatingdimodels and correcting for
potential biases. Rudstrom et al. (2002) noteddbatnding yield data may influence
estimates of yield variability. Just and WenindE399) also suggested that de-trending
may introduce skewness and non-normal kurtosis.rnot known whether this is an issue
for the yields used in the present study. Howeveresistent approach is used to
generate yield distributions for use in the simolagnalysis. As such, this allows for
consistent comparisons between farms and BMP dosnar
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Table 5.14 — Crop yield means from historical datayeibull distribution
crop yield means, and Weibull parameters, by countand crop

Count Cro Yield Mean Weibull Mean Weibull Weibull
y P (kg/ha (kg/ha) a 8
Canola 2560.56 2562.31 16.16  2647.40
Dry Bean 5423.67 5443.56 6.91  5823.20
Taber Durum 5433.37 5426.37 1655  5602.60
wheat
Spring 5120.04 5109.35 16.35 5277.20
wheat
Barley 2260.45 2258.52 439 247830
Canola 938.79 937.87 2.95  1051.00
Forty Mile ~ Durum 1970.45 1968.54 300 2174.80
wheat
Spring 1835.22 1835.62 434  2015.70
wheat
Barley 2656.57 2635.87 5.15  2865.80
Canola 1272.80 1268.64 3.73  1405.10
Starland ~ Durum 2295.63 2276.46 3.95 251350
wheat
Spring 2369.40 2158.99 5.27  2344.40
wheat
Barley 2981.82 2971.59 5.22  3228.40
Canola 1940.66 1933.55 7.36  2061.70
Camrose Oat 2430.41 2411.68 461  2639.00
Spring 3044.48 3036.66 7.61  3232.40
wheat
Barley 3556.1% 3566.26 8.47  3776.50
Smoky Canola 1830.38 1826.35 7.23  1949.20
River Oat 3536.55 3548.00 6.69  3802.00
Spring 3088.76 3092.79 711  3303.70
wheat

2Yield means are from historical data and are del if a significant trend is presehDenotes
crop yields that are detrended prior to furtherysis.

5.2.2 Crop and Forage Price Models

Along with crop yields, crop prices are also moelas stochastic parameters in
the simulation analysis. Price data for barleyotanoats, field peas, dry beans and tame
hay were obtained from AARD. Price data for Canadiiard red spring and durum wheat
were obtained from the Canadian Wheat Board (C\Wi)assumed to be of No. 1 grade
with 13.5% protein for both types of wheat. It ssamed that a common crop commodity
price is applicable for all crops in all regionsAdberta. As a result the same price data
and resulting price models are used for all repragre farms.

Price data from 1984 to 2008 are used in estimahiagrice models. While
longer price series are available for some crdmsetare limited data available for field
peas and dry beans because they have a shorteyussignificant production in
Alberta. Prior to use in statistical analysis thepcprice data were adjusted for inflation
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using Consumer Price Index (CPI) from Statisticadtta (2009). A summary of crop
price data used in this study is provided in Appeiitl

5.2.2.1 Testing for Stationarity

Commodity price data are assumed to be stoch&sfore proceeding to
estimate stochastic price models, the price da&tdested for stationarity. Stationarity of a
stochastic process requires that the variancesatiodovariances are finite and
independent of time (Verbeek, 2008); stationarggdata have the same mean and
variance over all time periods. In a stationary eipfbr example, shocks such as a policy
change only have a temporary effect on the undeyliriend. Augmented Dickey-Fuller
(ADF) tests were used to test for stationarityhia price data. The ADF test examines
times series data for the presence of a unit tbatunit root is present, the data are non-
stationary. When unit roots are present in timéseatata there is a process that is
evolving through time. Data stationarity has imations for modelling stochastic prices.
In order to accurately model prices using a tinexges model where current prices are a
function of previous prices, prices should be stary. The alternative, when prices are
non-stationary, would be to model prices usingraloan walk process.

The ADF tests are run using the data analysis tatidtical software program,
STATA In particular, the ADF tests are used to tesstationarity in the price data,
which are transformed using first order differemcimhree versions of the ADF test were
run; one assuming no time trend, one assumingettiemd, and one assuming dfift
(Stock and Watson, 2006).

The results from the ADF test, shown in Table 5slfggest that spring wheat,
barley, canola, oats, and dry bean commodity pacestationary for one or more tests
assuming no trend, a trend and drift. Conversalypresence of a unit root (i.e., non-
stationarity) is not rejected for durum wheat,dipka, and hay prices.

Table 5.15 — Augmented Dickey Fuller test resultof non-stationarity of crop price
data

Test Statistics

Crop NO TREND TREND DRIFT
Spring Wheat -3.095** -2.436 -3.095
Durum Wheat -2.311 -1.649 -2.311
Barley -3.618** -3.286* -3.618**
Canola -3.668** -2.98 -3.668**
Oats -3.998*** -3.926** -3.998**
Field Peas -2.411 -1.096 -2.411
Dry Beans -3.515** -3.607** -3.515*%
Alfalfa Hay -2.482 -2.416 -2.482

1% Crit. Value -3.750*** -4.380 -4.380
5% Crit. Value -3.000** -3.600 -3.600
10% Crit. Value -2.630* -3.240 -3.240

&wxx xx and * represent statistical significance the 1%, 5%, and 10% level, respectively.

% For a random walk process with “drift” there isadded upward or downward trend in the
process.
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While the ADF test results do not rule out nonistarity for some of the price
data, they also do not necessarily mean that ttaeada, in fact, non-stationary. Most unit
root tests have low power against stationarityt iyastationarity is frequently rejected
(Hobijin et al., 2004; Verbeek, 2008). In some sasigis may be due to a lack of enough
information in the data to reject the null hypotikexf non-stationarity as opposed to the
data truly being non-stationary. This is a knowrakreess of the ADF test (Verbeek,
2008).

Because of the limitations of the ADF test, the@uiata are also tested for
stationarity using the Kwiatkowski-Phillips-Schmiihin (KPSS) test (Verbeek, 2008).
The KPSS test also examines data for stationditlythe null hypothesis in this case is
that the data are stationary. The KPSS test iopedd inSTATAuUsing automatic lag
length (bandwidth) selection (lag length=2) andk@Bel** A summary of the test
results are provided in Table 5.16. Results froelKRSS test suggest all crop prices,
with the exception of field peas, follow a statipnprocess. The null hypothesis of
stationarity is rejected at the 5% level for fipleh prices.

Table 5.16 — KPSS test results for stationarity afrop price data

Crop Test Statistfc
Spring Wheat 0.083
Durum Wheat 0.070

Barley 0.067
Canola 0.083
Oats 0.060
Field Peas 0.146**
Dry Beans 0.073
Alfalfa Hay 0.114
1% Crit. Value 0.216%***
5% Crit. Value 0.146**
10% Crit. Value 0.119*

G ex %% and * represent statistical significance the 1%, 5%, and 10% level respectively.

For the purposes of this study crop prices wereraed to follow a stationary
process, despite the fact that field pea pricesapip be non-stationary based on both
the ADF and KPSS tests. The field pea price resm#isgnored because a) the null
hypothesis is not rejected at the 10% level ofiiance, b) as with the ADF test,
stationarity is sometimes rejected for the KPSSwéen in fact the data are stationary
(Hobijin et al., 2004), and c) it allows consistemidelling of prices for all crops. Cortus
(2005) argues that non-stationary processes calupeovide confidence intervals for
price forecasts over long periods of time, resgltimunrealistic simulated price levels.
As such the assumption of price stationarity lirttiks potential for extreme values.

5.2.2.2 Price Model Estimation Procedures

Given the results from the stationarity analysiepqrices are simulated using
time series modelling. In particular, current psiege a function of lagged prices. The

24 Automatic bandwidth selection is a feature of SPhat automatically determines the
maximum lag order of a lagged equation. Kernehesition is a method to estimate the probability
density function of a random variable. The Quadrafectral (QS) kernel has been shown to yield
more accurate estimates than other kernels irefg@tmples (Hobijn et al. 2004).
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crop price model is estimated using Seemingly Uateel Regression (SUR) using the
softwareSHAZAM(SHAZAMUser Manual, 2008). Each equation in the SUR model
be estimated independently. However, estimatinmtas a system allows for
consideration that there may be exogenous (i.e-nmadelled) variables affecting all of
the dependent variables (i.e., the prices) in @dairway. This would result in error terms
for the individual price equations being correlat8dR recognizes and incorporates the
correlation of the errors between the equationshistorical price series this type of
estimation is important as it is possible that aene that causes price fluctuations in one
crop may also affect other crop prices.

In order to proceed with the SUR estimation, finst necessary to determine the
appropriate number of lagged prices to use as eajay variables in the price
equations. The Akaike Information Criterion (AlQ)caSchwarz Criterion (SC) are used
to determine the appropriate lag length for eaolp @rice, prior to SUR estimation. AIC
and SC are measures of goodness of fit for stalgtiodels used to determine optimal
lag length. Each commodity price equation is eghandividually using Ordinary Least
Squares (OLS) with one to five lags. A maximumieé flags was chosen as there are
only 24 years of price data available. Including teany lags reduces the degrees of
freedom, which may cause low model significanceC Ahd SC statistics are calculated
for each estimation. The results are comparedlandptimal lag length is defined by the
lowest AIC or SC value. In cases where the twegatdiffer in terms of optimal lag
length the AIC result is used to determine optitagllength as it has been shown to be a
superior measure in some infinite and finite Ve&atoregression (VAR) models
(Kilian, 2001).

The AIC and SC results are shown in Table 5.17.dptenal lag length for
spring wheat, durum wheat, barley, and field psaketermined to be three years, while
the lag length is two years for the crops canalés,cand dry beans. Tame hay has an
optimal lag length of five years and there is i@atiien that the AIC would decrease
further if the equations were estimated with mbamntfive lags. However, due to
diminishing degrees of freedom with additional légs decided to use five lags for tame
hay price.
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Table 5.17 — AIC and SC values for lagged price eqtions

Lags 1 2 3 4 5
Spring Wheat AIC  0.00351 0.00264 000242 000254 0.0027
SC  0.00357 0.00306 0.00294 0.00324 0.0037
Suram Wheat AIC  0.00641 0.00533 0.00521 0.00554 0.0059
SC 000707 0.00617 0.00633 0.00707 0.00791
sarley AIC  0.00147 0.00102 0.00010 0.00108 0.00112
SC 000162 000118 0.00121 0.00138 0.0015
carol AIC  0.00891 0.00713 0.00753 0.00777 0.00798
anoia SC  0.00982 000825 0.00916 0.00991 0.0107
s AIC  0.00149 0.00132 0.00143 0.00155 0.00156
SC 000164 000153 0.00175 0.00198 0.00209
ol Pen AIC  0.00512 0.00465 0.00453 0.00468 0.00436
SC 000564 000538 00055 0.00597 0.00585
Dry Beans AIC 000184 0.00158 0.00165 0.00179 0.00113
SC 000202 000183 0.00201 0.00229 0.00152
AIC  0.00093 0.00067 0.00065 0.00056 0.0005
Tame Hay
SC 000103 0.00078 0.00079 0.00072 0.00066

The resulting price equations for SUR analysispaozided in Equation 5.6 to
5.13, where?W, PPW, PE, PE, PP, PFP, PPB, PAH are the prices of spring wheat,
durum wheat, barley, canola, oats, field peaspdgns, and alfalfa hay respectively.
P;'_n is the price in periotin for cropi, &} is the error term in timefor cropi, andf'; to
B'n are the coefficients on the lagged price variables

=% + BN P +ﬂSWZ P& ﬂ 3Pt 5 +e” (5.6)
W=+ N P + s P + Y (5.7)
=ﬁBo+ﬁBl PEL + 5% Pf—z +ﬂ 3Pt—3 +ef (5.8)
=B+ B Py + B Py +ef (5.9)
PP =%+ 21 PLy + % P, + &7 (5.10)
PtFP =0+ L PEE + B PEE, + B PEEy + 6P (5.11)
PPE = 2% + 2% PPB + 7%, PP5, + &P (5.12)
H= p + B PAR + B PAR, + B PAR + B PAY, + B PAY ""E% 13)

5.2.2.3 Crop Price Model Results and Incorporation

The SUR crop price model results are provided ibld&.18. All estimated

constants are statistically significant at the 8#el. All first lag price coefficients are
also significant. However, some lagged prices atestatistically significant. As well,
some individual R-squared goodness-of-fit measareselatively low and range from
0.1249 to 0.6194. However, the overall model R-segigs 0.9358 with a Log-Likelihood
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Function (LLF) of 398.50, indicating that togetlilee equations provide a relatively
reliable model to predict crop commodity prices.

Table 5.18 — SUR model estimated coefficients

Estimated Coefficients

Variable ;
Spring Durum . Alfalfa
Wheat Wheat Barley Canola Oats Field Peas  Dry Beans Hay
*k
Lag 1 0.5256***  0.4366**  0.4785**  0.9167**  0.296%  0.9353**  (0.4762*** 0'6];57

(0.2027)  (0.2000)  (0.1241)  (0.1371)  (0.1408) (041 (0.0960)  (0.1767)

0.4152%*  0.5677+* 0.6712%*  0.3475**
(0.1961)  (0.2399)  (0.1309)  (0.1371)  (0.1394)  (0@)82 (0.0970)  (0.2197)

Lag 2 -0.6901**  -0.5414** -0.3017** 0.0074

Lag 3 0.1168 -0.1188 -0.1229 0.1378 -0.3914*
(0.1854)  (0.2101)  (0.0983) (0.1240) (0.2167)

Lag 4 0.0922
(0.1778)

Lag 5 0.0054
(0.1378)

Constant  0.2236=+ 02800 g 14760 gomggees 014617 1574 g 100gme  0-06737
;tr‘:)'r 0.0422 0.0636 0.0230 0.0435 0.0323 0.0289 0.0184 0148.
R-sq'd 0.1918 0.2804 0.4362 0.6194 0.1249 0.6149  4839. 0.4974

a+xx ** and * represent statistical significane the 1%, 5%, and 10% level respectively.

Annual prices used in the simulation are determumadg the estimated SUR
system of equations; that is, using lagged priths.stochastic aspect of the price
modelling is introduced through the error termdach equation. The error terms for the
commodity price models are estimatedaiRlSKassuming a standard normal
distribution (i.e., ~N(0,1)). However, since itassumed that the price equation errors are
correlated, they must be adjusted accordingly aatbd by the standard deviation (Hull,
2003). The error correlations are calculated ufiegollowing formulae from Hull
(2003):

&m = Y= 8k Xk, SUbject to:
2k Omk Sjk = Pmj (5.14)

wheree, is the corrected error term for the commaodity @ia¢ cropm, x, is the error

draw scaled to the standard deviation of the cpoeding crop priceyyis the

correlation between the errors for crop pmeandj, andd are the terms estimated from
the constraints.

There are eight crop prices to be estimated. Howéuwmore than four prices are
considered simultaneously, the correlated erroagops become extremely complicated
to estimate using the above forméias a result, the crop prices are divided into ggu
which are considered separately. The error coroglsifor crop prices from the SUR
estimation are used to decide which crop errorgiayeped together to be correlated with

% More than four correlated error equations are Ertpcalculate using the Cholesky
Decomposition. However this approach was not usdxbtconsistent with similar previous studies
(i.e., Cortus, 2005 and Koeckhoven, 2008).
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each other. The correlation estimates are exangnddn ad hoc procedure is used to
identify sub-groupings where there are strong p@storrelations between the error
terms for the different crops. These are used asdacation that the exogenous factors
tend to have a common effect on the error terrerims of magnitude and sign, and so
are likely candidates to have their error termsedated with each other.

The SUR estimated error correlations are showralrie 5.19. Based on the
correlation estimates, it is decided that barley aeat prices are grouped together and
their errors correlated, canola, field pea anduadign prices represent another grouping
for error correlation, spring wheat and durum wheates are grouped together, and hay
prices will be estimated independently of the ottrep prices.

Table 5.19 — SUR estimated error correlations.

SSW SDW 8BAR SCAN 8OAT SFP SDB 8AH

eV 1.0000

PV 0.8539 1.0000

PR 0.1241 0.4180 1.0000

goAN 0.2682 0.4380 0.3399 1.0000

e*T  -0.0508 0.1940 0.8269 0.0756 1.0000

g™ 0.3231 0.3117 0.4237 0.6989 0.0804 1.0000

eP® 0.4266 0.4617 0.2808 0.6847 0.0850 0.5312 1.0000

gt 0.0486 0.0543 0.0214 0.0651 0.3554 -0.1111 0.2839 1.0000

Given the sub-groupings identified for the croes, the corrected error terms
are found by solving for th&,terms, as follows:

&g = Xp (5.15)
€0 = pPpoXpt < /1 - Pé,o) Xo (5.16)
& = X¢ (5.17)

€rp = PcrpXc t < ’1 - PéFP) Xpp (5.18)

PFP,DB~ PCFPPCDB

&pp = Pc,pBXc t Xpp
1- p?
C,FP

+ 1— pg,DB _ (pFP,DB_pC;FPPC,DB)Z Xpp (5_19)

1/1‘ PCFP
Esw = Xsw (520)
Epw = PswpwXsw T < /1 - ng,DW) Xpw (5.21)
Eag = XAy (522)

where subscriptB, O, C, FP, DB, SW DW, andAH represent barley, oat, canola, field
pea, dry bean, spring wheat, durum wheat, andalf@y commaodity price respectively.
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5.2.2.4 Validation of Crop Price Models

Since crop prices were assumed to be stationanylaied results are tested with
historical prices to confirm crop prices are moelélhccurately and that the assumption
of stationarity is reasonable. Historical meanggi¢1984 — 2008) are compared with
simulated mean prices (40 year simulation peridd)compare the results t-tests
assuming unpaired samples were conducted for eaphngth the null hypothesis that
the historical means are equal to the simulatechmd@esults of the mean prices and t-
test p-values are provided in Table 5.20. In adesahe p-value is greater than 0.05 and
there is failure to reject the null hypothesis ti@ means are assumed to be equivalent.
Therefore, the assumption of price stationarityeisonable as there are no significant
differences between historical crop prices and Eited crop prices.

Table 5.20 — Comparison of historical price data ath @RISKsimulated values for
crop prices ($/kg)

Crop Historical Mean @RISKSimulated Mean t-test p-value

Barley 0.1460 0.1390 0.3490
Canola 0.4095 0.3948 0.4235
Dry Bean 0.1517 0.1388 0.1231
Durum Wheat 0.2403 0.2296 0.5084
Field Pea 0.2398 0.2137 0.0826

Hay 0.1087 0.1007 0.1904

Oats 0.1503 0.1452 0.4880

Spring Wheat 0.2244 0.2144 0.3900

5.3 Economic Relationships

The farm simulation models are calculated using) ¢lasv analysis to determine
the NPV of each representative farm. A modifiedaseth flow (MNCF) is calculated
annually for each representative farm. The MNClesdiscounted and summed to obtain
an NPV for each operation. This section providesxpianation of the cash flow
calculations and the connections between revemgsasts in crop production.
Revenues arise largely from crop sales which in tiépend on stochastic crop yields and
prices and as such annual variability in revensexpected. The costs associated with
crop production include input costs such as sestliZer, fuel, etc. Input costs vary
between the farms based on spatial location andadecalated based on average current
production costs by soil zone in Alberta (AARD, P&d). Other sources of cash flows

include crop insurance, the safety net programsSAajpility and Agrilnvest, and
machinery costs. These are also discussed indbims.

5.3.1 Revenues

Revenues from crop production are calculated fioersimulated crop yields and
prices. As discussed previously, crop yields atenesed directly from the fitted and
adjusted Weibull distributions, incorporating yi@ldrrelations between crops. Crop
yields are based on independent draws from digtoibsi for each crop in each year for
the individual farms. As such annual variabilitpresenting crop yield differences due to
weather effects is captured. Crop prices, whiletas lagged prices, are also stochastic
stemming from independent error term draws each {dwus introduces further
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variability into the farm revenue. The bulk of farevenue is from the sale of crops
calculated by multiplying annual crop productiorkitograms with commodity price in
dollars per kilogram.

Other sources of revenues potentially availablerép producers include
payments from safety net programs; specificallgpdnsurance and AgriStability and
Agrilnvest. Payments from these sources are adessi producers in the event of a
significant yield or revenue loss, assuming prodpegticipation in the program(s) in the
corresponding year. The calculation of paymentsiftioese programs is discussed later
in this section.

5.3.2 Input Costs

Input costs for crop production on the represevedarms are based on
information from Alberta Agriculture’égriProfit$ Cropping Alternatives (AARD, 2010-
b) programAgriProfit$ forecasts are in turn based on current cost afymtion
information obtained from various sources. Inpudtsgelevant to the farms of interest
include seed, fertilizer, chemical, trucking andrkeging, fuel, oil, and lube, machinery
and building repairs, and utilities and miscellameoosts.

Seed costs iAgriProfit$ (AARD, 2010-b) are determined from the AlbertarRar
Input Prices survey, combined with a seed costiphiglt to account for a blend of
certified and common seed that is cleaned ancetlg&@ergstrom, 2010). Assumptions
regarding germination, emergence mortality, and spacing are also taken into
consideration when determining seed cAgriProfit$ (AARD, 2010-b) assumes a 90-
95% germination rate, 3-5% emergence mortality,r@nd inch spacing.

Fertilizer costs irAgriProfit$ (AARD, 2010-b) are based on a blend of nitrogen
(N), phosphorus (P), potassium (K), and sulphuy#Bbreviated with NPKS. The price
of the fertilizer blend is made up of fall 2009 asping 2010 prices (Bergstrom, 2010).
Prices of $1.04/kg, $0.77/kg, $0.90/kg, and $0.62¢k nitrogen, phosphorus, potassium,
and sulphur, respectively, are used in the caliculiat Chemical costs include pre-seed
chemical, in-crop chemical, and/or fungicide/inggde/pre-harvest/desiccation
chemicals that are applied as applicable to the ama region (AARD, 2010-b).

Trucking and marketing costs are fréwriProfit$ data and range from $5 to $12
per 1,000 kilograms of crop commaodity. Other exgsnicluding fuel, oil and lube,
machinery repairs, building repairs, utilities anidcellaneous, and pumping (irrigation
only) costs are calculated frofgriProfit$ data and Alberta Farm Input Prices survey.
Many of these input costs vary due to differencagional farming practices in Alberta
and this is accounted for in the different inpustsdoy region, shown in Tables 5.21 to
5.25.

In place of the custom work accounted forAgriProfit$ the cost of custom
spraying is used in the analysis. This is calcdlde multiplying the custom cost of
spraying of approximately $7.34 per hectare (SAR&) by the acreage to be sprayed
annually. It is assumed, based on expert opiniam(D2009), that fields are sprayed an
average of two times per year.

The machinery costs provided in Tables 5.21 to Bepbesent costs for repair
and maintenance. Besides these costs, an annwalditpe to account for machinery
replacement (i.e., maintenance of the machinemt&sse) is also included in the
calculation of total crop costs used in cash flalcglations. This expenditure, calculated
as the annual amount spent on machinery replacémantenance required to offset the
loss in value due to depreciation, is discusselitean this chapter.
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Table 5.21 — Input costs by crop for farm represetihg Brown soil zone, irrigated
production ($/ha)

Spring Durum Argentine Dry Alfalfa

wheat wheat Canola Beans Hay

Seed 47.81 36.32 73.96 119.52 24.44

Fertilizer (NPKS) 158.14 158.14 192.74 144.55 40.77
Chemical 86.49 86.49 124.79 205.09 5.09
Trucking & 36.30 40.35 20.16 3094  39.54

Marketing

Fuel, Oil & Lube 58.96 60.37 61.78 88.96 92.66

Machinery Repairs 49.54 50.70 48.18 61.78 61.78
Building Repairs 4.94 494 4.94 7.41 2.47
Custom Work 7.34 7.34 7.34 7.34 7.34
Utilities & Misc. 48.18 48.18 48.18 210.04 61.78
Imgation: pumping 59 54 39.54 61.78 49.42  63.01

costs
Total 537.25 532.38 643.84 925.04 398.87

Source: AARD (2010-b).

Table 5.22 — Input costs by crop for farm represemtg Brown soil zone, dryland
production ($/ha)

Spring Durum Feed Canola Field Mixed Summe

wheat wheat Barley Peas Hay (t) r-fallow
Seed 37.19 31.78 25,99 59.18 70.28 5.29 0.00

Fertilizer (NPKS) 81.54 8154 97.60 116.14 33.36 .01 0.00
Chemical 69.19 69.19 3459 67.83 58.07 3.41 40.77
Trucking & 16.14  16.14 2098 840 16.14 14.83  0.00

Marketing
Fuel, Oil & Lube 26.81 26.81 29.65 31.36 26.81 T9.7 19.77

Machinery Repairs  22.24 2224 2162 21.00 21.00 538. 21.00
Building Repairs 2.47 2.47 2.47 2.47 2.47 1.24 1.24

Custom Work 7.34 7.34 7.34 7.34 7.34 0.00 7.34
Utilities & Misc. 21.00 21.00 21.00 21.00 21.00 8z. 9.88
Total 283.92 278.51 261.24 334.72 256.47 98.9 100.0

Source: AARD (2010-b).
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Table 5.23 — Input costs by crop for farm represemg Dark Brown soil zone,

dryland production ($/ha)

Spring Duru  Feed Argentine I_Dry Mixed Summer-
m Barle field
wheat Canola Hay fallow
wheat vy peas
Seed 37.19 31.78 29.70  73.96 70.28  5.29 0.00
Fertilizer 109.9
(NPKS) 97.60 97.60 ¢ 134.67 33.36 24.71 0.00
Chemical 7784 77.84 3459 7537 95.13  3.41 40.77
Trucking & 1016 1316 2258  10.08 18.16  17.30 0.00
Marketing
F“el_'l’”?e” & 5701 2701 2965 3304 3336 19077  19.77
Machinery ) oo 2162 2162  21.62 2162 1853  21.00
Repairs
Building 247 247 247 2.47 247  1.24 1.24
Repairs
CustomWork  7.34 7.34 7.34 7.34 7.34 0.00 7.34
Ut:\'/'lti'ses & 2471 2471 2471 2471 2471  17.30 0.88
Total 313.94 303?'5 2822'6 38326  306.43 107.55 100.00

Source: AARD (2010-b).

Table 5.24 — Input costs by crop for farm represemg Black soil zone, dryland

production ($/ha)

DY Mixed Alfalfa

Spring Feed Milling Argentine field
wheat Barley Oats Canola Hay Hay
peas
Seed 4250 29.70 26.69 73.96 76.68 573  16.93
Fertilizer
(NPKS) 130.96 130.96 108.72  181.62 4818 30.89 28.42
Chemical 86.49 4324  28.42 75.37 95.13 341  4.25
Trucking & 0 55 5906 2620  15.12 20.16  33.36 37.07
Marketing
F”el_'l'“%' & 3707 3830 33.36 38.30 38.30 33.36 33.36
Machinery 55,5 3512 3089 33.36 33.36 23.47 23.47
Repairs
Building 247 247 247 2.47 247 124  1.24
Repairs
Custom Work 7.34 7.34 7.34 7.34 7.34 0.00 7.34
Ut:\'jlti'sef & 2842 2842 2842 3459 3459 1730 17.30
Total 393.59 341.61 292.6  462.13  356.21 148.76 3869.

Source: AARD (2010-b).
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Table 5.25 — Input costs by crop for farm represetimg Dark Grey (Peace region)

soil zone, dryland production ($/ha)

Spring Feed Milling Argentine Dry Mixed Alfalfa
field
wheat Barley Oats Canola Hay Hay
peas
Seed 37.19 2599 21.35 59.18 7028 573 16.93
Fertilizer
(NPKS) 109.96 109.96 93.90  156.91 38.30 30.89 23.47
Chemical 86.49  43.24  28.42 75.37 58.07 341  4.25
Trucking& ., 19 2580 2286  13.44 18.16 2595 29.65
Marketing
F”el_'l'”%" & 2632 2817 2965 33.21 33.73 3291 33.98
Machinery — ,q oo 2965  24.09 29.65 32.12 1853 18.53
Repairs
Building 247 247 247 247 247 124  1.24
Repairs
Custom Work 7.34 7.34 7.34 7.34 7.34 0.00 7.34
Ut:\'jlti'sef & o471 2471 1977 24.71 2471 16.06 16.06
Total 346.32 297.35 249.85  402.28 28518 134.72 .41

Source: AARD (2010-b).

5.3.3 Crop Residues

The harvesting of crops grown on the representéinas results in the
“production” of residue, which is plant materiak(i leaves, stalks, roots, etc.) left in the
field after the grain is removed. In some caseas cesidue is considered a secondary
output from crop production, and may be harvestebsald. In other instances, crop
residue is left on the field. Management decisimggarding crop residues vary by
producer and by crop.

In this study, residue management practices asFrdated based on typical
moisture conditions for each representative famd, @n expert opinion regarding
“normal” actions of producers. For the baselinenac® it is assumed that, where
feasible, crop residue is removed from fields (harvested). Crops for which this is
done include barley, durum wheat, oats and sprimggit®

It is further assumed that producers in the sonthezas of the province (i.e.,
Brown and Dark Brown soil zones) retain residuearfoequently as compared to
producers in the northern areas (i.e., Black antk Baey soil zones). This is due to the
volume of residue produced as well as typical smilsture conditions. In modelling
whether residue is removed or retained it is assutme in the Brown soil zone residue
of the previously mentioned crops is removed orteobavery five years under dryland
production and one out of every two years undegated productioff. In the Dark

% Other crop residues are assumed to be distrimvedthe soil during harvest, as the residue
itself cannot be harvested.

2" Higher amounts of residue are produced undemiteid production due to the correlation with
crop yields, and as such residues are removed ofi@® under irrigated production.
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Brown soil zone residue is removed once every years. In the Black and Dark Grey
soil zones residue is removed once every threesy&hae residue removed is staggered
over time such that each crop with residue avaléil removal has an equal amount
removed over time.

Crop residue production is modelled as a propoutioerop yield. Values are
adapted from AARD (2008-c) and are provided in €hP6. Costs for baling and
removing residue are charged at custom rates ol $XSAF, 2008) per 544 kilogram
bale of straw. Producers are assumed to sellralvdtaled at $25 per bale (AARD, 2010-
C).

Table 5.26 — Crop residue production, by crop andal zone (kilogram of residue
per kilogram of crop yield)

Crop / Soil zone Brown Dark Brown Black/Dark Grey
Barley 0.729 0.833 1.042
Oats 1.030 1.177 1.471
Wheat (durum and spring) 1.166 1.416 1.666

Source: AARD (2008-c)

5.3.4 Crop and Hay Insurance

Crop and hay insurance are risk management toets lmg many producers.
Participation in these insurance programs assistffsetting reduced revenue in years
when yields are low. In 2008 crop insurance reesdiptalled $344.6 million in Alberta,
representing 3.2% of total farm cash receipts aith@®f crop related cash receipts
(AARD, 2009-a). This amount is a significant pontiof income for producers,
particularly when unexpected weather events odtherefore crop and hay insurance are
included in the farm simulation modelling and iassumed that producers (i.e., the
representative farms) participate in these prograine structure of insurance used in the
models are production based and follow the streadfitAFSC crop and hay insurance
programs.

Insurance coverage and premium calculations areithlized to each farm as
producers choose a percent of normal yield to ereal, with the options for coverage
level being 50, 60, 70, or 80% of the individuaimal yield (AFSC, 2011-a). The
production based crop insurance provides a yietdtaniee and also guarantees a price
for yield losses. The program insures against aaperils including drought, excessive
moisture, fire from lightning strikes, flood, frostail, insect infestations, snow, wind,
wildlife invasions and other perils designated BySE (AFSC, 2011-a).

In the model there is flexibility for the produderchoose no insurance (0%) or
80% coverage, but once a level is chosen it isemphted for the entirety of the
simulation period. For all baseline and BMP scarsaitiis assumed producers choose an
80% coverage level; that is, if the simulated yielda particular crop in a particular year
is below 80% of the individual normal yield, anunance payment is generated. This
type of coverage uses spring insurance price (8&P)narket price, risk area average
yields, and actual yields to determine a paymettiégroducer when there is a shortfall
and to determine the cost of crop insurance tgtbducer. Additional factors affecting
crop insurance premiums and payouts are the varfaide benefit (VPB) on shortfall,
and whether or not the spring price endorsemertE) &purchased by the producer.
Alberta is divided into risk areas for the purposésrop insurance coverage and
premium calculations. Risk areas examined in thagept include 2, 3, 8, 12, and 19 for
the counties of Taber, Forty Mile, Starland, Carar@nd Smoky River, respectively. A
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discussion of the methods used for crop insuraal®ilations in the models is provided,
followed by an example.

For each farm and each annual crop, the basic téwesurance coverage is
equal to the insured yield multiplied by the SIReTinsured yield is equal to the risk area
average yield multiplied by the coverage level (iessumed to be 80% in the analysis).
The insured yield depends on actual historicaldgébr the farm and “normal” yields in
the crop insurance risk area. For simplicity pugspshe risk area average yield for each
period is calculated as the average of the aciomilated farm yield for that period and
the risk area average yield from the previous gefltne risk area average is used alone
for the first simulation period.

The spring insurance price (SIP) is a predictedfiarket price and is based on
historical, current and futures prices of crops $&F 2010-a). The SIP for each crop will
vary from year to year in reality. For simplicigyconstant SIP is used; specifically, the
SIP for each crop is set at the 2010 value proviledFSC. SIPs in this period are
$0.162, $0.154, $0.140, $0.140, $0.400, $0.165%arkl’5 per kilogram for spring
wheat, durum wheat, barley, oats, canola, fieldpaad dry beans, respectivé‘?y.

A crop insurance payment is generated if the acinallated yield is below the
insured yield; that is, if it is less than 80% loé trisk area average yield (i.e., given the
assumption of 80% coverage level chosen by theysex)l. The payment is equal to the
difference between the insured yield level andalotield, multiplied by the SIP. A
variable price benefit (VPB) on the shortfall is@bprovided by AFSC. The VPB
provides additional compensation to producersénetvent that there is a yield shortfall
(i.e., a crop insurance payment is generated)l@nddtual fall price of the insured crop is
10-50% (i.e., the benefit is capped at 50%) abbeesiP (AFSC, 2010-a). The VPB is
calculated by multiplying the yield shortfall byetiifference between the fall price and
the spring insurance price. The VPB is incorporateitie simulation analysis by using
the difference between the simulated crop pricethad&IP.

Producers can opt to purchase additional crop amsér protection, referred to as
SPE. SPE provides price protection against pricéraes during the year; that is, if the
fall price is 10-50% (i.e., the SPE payment is empat 50%) lower than the SIP. If SPE
is purchased and the fall crop price is sufficigbglow the SIP, an SPE payment is
generated. The payment is equal to the differeeteden the SIP and the actual fall
price, multiplied by the actual yield or insureelg (whichever is greater). Producers are
assumed to purchase SPE in this study, and sistinisorporated into the simulation
calculations for the representative farm models.

To illustrate this with an example, suppose a pcedeghooses crop insurance
level of 80% for 100 hectares of spring wheat wittlds of 1,500 kilograms per hectare.
The pre-determined risk area average yield is 2kl0@rams per hectare for the same
year. The SIP of spring wheat is $0.162/kg, whike fall market price is $0.200/kg.
Production coverage for this producer is 160,00026§0 kg/ha * 80% * 100 ha). The
shortfall is calculated by the production coverageus the producer’s actual yield and in
this case is 100,000 kilograms. Therefore the areprance payment to the producer is
$16,200 ($0.162 * 100,000 kg). In addition to tlsisice the fall market price has
increased by approximately 25% the producer reseaveayment of the shortfall
(100,000 kg) multiplied by the difference in thé*Zind the fall market price, an

2 A comparison of the SIP to the average simulatexkp indicates that for some crops (i.e.,
barley, canola and oats) the two prices are sinfiar durum and spring wheat, however, the
prices are not as close and there is a signifidéierence in the case of dry beans. This reprasent
a limitation of the modelling of crop insurancethis study, particularly for the representative
farm in the Brown soil zone under irrigated prodluet(i.e., where dry beans are grown).
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additional $3,800 in VPB. By participating in crpsurance the producer has gained
additional income of $20,000. If the fall marketcerhad fallen 10-50% below the SIP
then a payment from SPE would be calculated ingptd¢he VPB.

Crop insurance premiums are based on the covesagkfor the particular crop,
the risk region in which the farm is located, arftether or not SPE is purchased. The
premium is equal to the dollar value of the covertayel multiplied by a premium rate.
For simplicity purposes, in this study the premitate is assumed to be 10% for all crops
and all representative farrfisOf the resulting premium, 40% is assumed to be pgi
the producer and included as a cash outflow irsitmeilation model, as crop insurance
premiums are subsidized by the provincial and f@dpvernments. Provincial and
federal governments each pay 25% of the total prermiand share 50% of the
administration fees. In modelling crop insuranas @ssumed that this is approximately
60% of the total, leaving 40% for producers to paKFC, 2009).

Hay insurance is also based on actual productiosugecoverage level. When
yield is below the chosen coverage level a claitmiggered (AFSC, 2010-c). Producers
can insure dryland and irrigated hay at 50, 600¥@0% coverage levels and can also
select different price options. However, if hayurence is chosen producers must insure
all land that they are using to produce hay. Instescoverage is initially based on the
normal expected yield in the risk area but is adgi®ver time to reflect individual yield
trends of the producer using a cumulative indexetas the risk area average and actual
yields (AFSC, 2010-c).

Risk area “normals” are calculated for each regioreflect the amount of hay
producers can expect to grow in a normal year (ARZBQ0-c). Risk area “normals” are
estimated to be approximately 10,500, 3,505, 4,a60,3,825 kilograms per hectare for
farms in the Brown (irrigated production), Dark Bmo, Black, and Dark Grey soil zones.
For this study the risk area “normals” are estimdatean ad hoc manner, based on the
actual values that could be expected in each regitthout causing payments to occur too
frequently or infrequentl§’

For perennial crops AFSC uses an indexing systestatalize coverage. The
cumulative index is the ratio of the index yieldided by the risk area average yield. The
index yield has three “levels” calculated to pravgtability in insurance coverage. This
allows the risk area “normals” to become individzedl to the producer over time.
Annual yields are capped and cushioned at 1.8 ahties, respectively, the risk area
average times the producer’s cumulative index éngirevious period (AFSC, 2010-c).
That is, if the ratio of actual yields and the rigka average is less than 0.7, the index is
cushioned at 70%, and if the ratio is greater th&nthe index is capped at 180%. When
the ratio falls in between these ratios the indeldyis simply calculated as the average of
the actual yield and the risk area average yialddition coverage for producers is then
a function of the cumulative index, the risk areanmal, and the coverage level.

Assumptions when modelling hay insurance are thgtfiinsured at the same
level as crops, at 80%, and once this level isddetupon it remains constant for the
duration of the simulation. Risk area normal yiedds determined from the yield data,
while risk area average yields and hay prices aterchined within the model. It is
assumed that when the producer chooses the 80%shagnce level the price option is

2 |n fact, the premium rates will vary by crop, rigigion and year. For example, the 2011 AFSC
premium rates for the crops included in this stadsgt the relevant risk regions for the
representative farms vary from 7% to 18% (AFSC,1281L

% Risk area “normals” were determined as a simpérane of yields from historic data, and
adjusted to ensure crop insurance payments didaoair too frequently or not frequently enough,
using a trial and error process in the simulatioalgsis.
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$0.099/kg, which is consistent with the AFSC haguimrance program in 2010. These
values are assumed to be constant through all gé#ine simulations for simplicity.

The production coverage is calculated the samefardyay as for crops, using
the coverage level, acreage, and risk area avevdgen yield falls below the production
coverage the producer claims the shortfall amouwitiptied by the price option chosen.
There is also VPB for hay insurance which providaspensation when the yield
shortfall is below the insurance coverage and tfee fhas increased during the growing
season (AFSC, 2010-c) and is calculated in the saamner as it is for crop insurance.

5.3.5 AgriStability and Agrilnvest

AgriStability and Agrilnvest are public businesskrimanagement programs
available to Canadian agricultural producers. Bothjoint provincial-federal programs
offered through the Growing Forward agriculturalippframework>! AgriStability
provides protection from larger declines in incontele Agrilnvest is intended to
address smaller fluctuations in income. Both prograre designed to mitigate weather,
disease, and market risk. All representative faanesassumed to participate in both
AgriStability and Agrilnvest.

The principle behind AgriStability is that governmi@nd producers share the
responsibility for managing income risk. The refere measure of income used in
AgriStability is referred to as the production mar(PM). The PM is calculated by
subtracting allowable expenses from allowable ineoAllowable income is revenue
generated from the sale of agricultural commoditidwable expenses are those costs
directly associated with agricultural productionr Ehe purposes of this study the PM is
calculated as the difference between revenue from ales and variable costs of crop
production®

In each year, the PM is compared to the refererargim(RM). The reference
margin is calculated using an Olympic average efgdtevious five years’ PMs, where the
minimum and maximum values are excluded from tlezaye. The reference margin is
therefore actually a three year average of theymtooh margin. If the PM is less than the
RM, there is potential for an AgriStability paymeatbe triggered. If the deficit is less
than 15% (i.e., the PM is at least 85% of the RlBre is no AgriStability payment
generated. The principle here is that PMs tha8&ar200% of the RM represent normal
fluctuations in income. This range of PMs is reddrto as Tier 1. Tier 1 deficits are
assumed to be addressed by Agrilnvest, which mudsed below.

If the PM is less than 85% of the RM, an AgriStapibayment is generated. Tier
2 is the range of PMs that are between 70% and@3#e RM. In Tier 2, AgriStability
pays 70% of the difference between the PM and 868#teoRM. PMs that are between $0
and 70% of the RM are in Tier 3. In this tier, Agpability pays 80% of the difference
between the PM and 70% of the RM. Finally, negafilvs are in Tier 4. AgriStability
pays 60% of the difference between the PM and $Bisrtier®® The maximum annual
AgriStability payment cannot exceed $5,000,000faen in Alberta.

31 AgriStability and Agrilnvest replaced the Canadisgricultural Income Stabilization (CAIS)
program in 2007-08. CAIS was the business risk gameent program offered through the
previous Agricultural Policy Framework (APF).

%2 Details concerning what constitute allowable inecand expenses are provided in the
AgriStability Program Handbook (AFSC, 2011-a).

%3 AgriStability coverage for negative PMs is provides long as the farm has not had negative
margins in more than two of the previous five ydaes, no more than one of the three years used
in the Olympic average RM calculation)
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The payments associated with the various tiersamaulative. For example, if a
producer PM is in Tier 3, payments for Tiers 2 8rate generated. The AgriStability
payment structure may be summarized as followsg&ele et al., 2010, p. 3):

0, if PM> 85% RM

Payment = 70% (85% RM — PM), if 70% RMPM < 85% RM
80% (70% RM — PM) + 70% (15% RM), if<OPM < 70% RM
60% (0-PM) + 80% (70% PM) + 70% (15% RM), if PMD<

The following examples serve to illustrate the Agaibility payment calculations
for the various tiers. Suppose a producer haseaarte margin of $100,000.
AgriStability payments for four alternative prodiact margin scenarios are provided:;
production margins equal to $90,000, $75,000, ¥&Ddhd -$10,000.

Example 1: Production Margin = $90,000. The prodig@ Tier 1. There is no
AgriStability payment.

Example 2: Production Margin = $75,000. The prodig@ Tier 2. The resulting
AgriStability payment is equal to $7,000; that48% of the difference between $85,000
(85% of the reference margin) and $75,000 (theymtdn margin).

Example 3: Production Margin = $50,000. The prodig@ Tier 3. The AgriStability
payment in this case is equal to $26,500. Thisiohes a $16,000 Tier 3 payment, equal
to 80% of the difference between $70,000 (i.e., @%e reference margin) and the
$50,000 production margin. It also includes a $20,bier 2 payment, equal to 70% of
the difference between $85,000 and $70,000 (he.ceiling and floor, respectively for
Tier 2).

Example 4: Production Margin = -$10,000. The predus in Tier 4. Assuming that the
producer is eligible for Tier 4 coverage, the Agaislity payment is equal to $72,500.
This includes a $6,000 Tier 4 payment, equal to @@%e difference between $0 and the
-$10,000 production margin. It also includes $56,0¢er 3 payment (i.e., 80% of the
difference between the ceiling and floor for Ti¢@Bd a $10,500 Tier 2 payment (i.e.,
70% of the difference between the ceiling and floorTier 2).

Fees for participating in AgriStability are $0.00dér $1 of reference margin,
multiplied by 85%. There is a minimum fee of $4heTadministrative cost share fee is
an additional $55, making the minimum payment foy @peration participating in
AgriStability equal to $100. In the previous examploducer fees would be $437.50
(i.e., [85% * $100,000 * $0.0045] + $55).

As noted above, the representative farms are aBmaed to participate in
Agrilnvest. Agrilnvest is essentially a savingsgmam, where producers contribute to an
account and their contributions are matched (teeespecified limit) by government
contributions. Participation in Agrilnvest is volany and is on at an individual level.
Agrilnvest accounts can be set up at any Canadiak &nd producers manage their
accounts individually. The purpose of the Agrilnveogram is to provide agricultural
producers with a program for managing smaller deslin income (i.e., within Tier 1).

Producers may contribute up to 1.5% of allowabltesaées (ANS), where ANS
is defined as sales of agricultural commaoditiesusipurchase of agricultural
commodities. ANS is capped at $1.5 million per it for lifetime participation in the
program for the purposes of Agrilnvest. Producettgbutions are matched dollar for
dollar by government contributions. Given the AN cthe maximum annual matching
government contribution is $22,500 (i.e., 1.5% bf590,000). Producers may withdraw
funds from their Agrilnvest account in any yéar.

34 Further details concerning Agrilnvest are proviitethe Agrilnvest Program Handbook
(AAFC, 2011-a).
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Given the flexibility in the Agrilnvest program witrespect to contribution and
withdrawal decisions, some simplifying assumptiagse necessary in modelling this
program in the representative farm simulation asialyAgrilnvest contribution and
withdrawal decisions were linked with AgriStabilitglculations. This was done to be
consistent with the principle behind the Agrilnvpsbgram; that is, it is intended to
“manage” small fluctuations in income that are addressed by AgriStability. As a
result, contributions and withdrawals were deteadibased on the production margin
(PM) level.

In the simulation models, deposits are made tgtbducer’s Agrilnvest account
in years when the PM is positive and greater tharRM?>° For the representative farms
it is assumed that when this scenario occurs, ibdueer deposits 1.5% of the PM into
this account. The government deposits a matchirguatrequal to the producer’s
contribution, up to $22,500 per year. For exampteda PM is $110,000 and the RM is
$100,000 the producer would deposit $1,650 in #rklaccount and the government
would match this amount, such that the total depoghe account is $3,300. The
producer deposit is treated as a cash outflowi®ipurposes of MNCF calculations.

Similarly, if a representative farm’s PM in a peuiar year is less than the RM,
and there are funds available in the Agrilnvesbaat, a withdrawal is triggered. The
Agrilnvest withdrawal is equal to the differenceveeen the PM and the RM, to a
maximum of 15% of the RM (i.e., the deficit congtiihg Tier 1). The withdrawal is
limited to the Tier 1 shortfall since it is assuntbdt AgriStability addresses any
additional shortfall (i.e., in Tiers 2, 3 and/or #)is assumed that Agrilnvest withdrawals
only occur when the PM is less than the RM but tgretan 85% of the RM. If the
calculated withdrawal is greater than the curregti®tability account balance, the
withdrawal is limited to the account balance. Fxaraple, if the PM and RM for a
representative farm are $95,000 and $100,000, cégely, and there are sufficient funds
in the Agrilnvest account, the producer would withd $5,000 from the Agrilnvest
account to stabilize income. Alternatively, if tR& was $100,000 and the PM was
$70,000, the Agrilnvest account withdrawal (assunsuafficient funds being available in
the account) would be $15,000; that is, the difieesbetween the RM and the Tier 2
ceiling where AgriStability would begin to generaigk management support.

5.4 Beneficial Management Practices

The objective of this study is to determine thedireconomic costs and benefits
associated with the adoption of on-farm BMPs. Tuigtion of the chapter describes the
rationale behind considering the selected pracasdBMPs and how they are
incorporated into the model farms. There are tworoategories of BMPs modelled,
rotational BMPs and non-rotational BMPs. All BMRmde modelled individually or in
combination with other BMPs, if applicable to tlwl 2one. Each BMP is described in
terms of adjustments made in the farm models mgef the incurred costs and
associated benefits.

5.4.1 Crop Rotation Beneficial Management Practice

Rotational BMPs are adopted for the potential tprowe the health of the soll
through reduced erosion, reduced disease cyclespired crop diversity, reduction of
inputs, and an improved nitrogen carrying capagitthe soil. These effects are discussed
in the following sections.

% In reality an Agrilnvest account would collecténgst. However, this is not modelled.
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5.4.1.1 Conversion of Cropland to Forage

The first rotational BMP considered is the additadralfalfa, a perennial legume
forage, to the representative farm crop rotatidimés change may be considered as a
BMP because of the potential for reduced chemaxdilizer application in subsequent
crops. This is due to the nitrogen fixing propertyalfalfa, being a legume.

The alfalfa hay BMP is modelled for the represewtatarms in the Brown
(irrigated production only), Dark Brown, Black abdrk Grey soil zones. Alfalfa hay is
not considered for the Brown soil zone represergdarm under dryland production as
alfalfa hay production in this location is not agomically viable (Bergstrom, 2009).

Since alfalfa is a perennial crop, a decision dggied concerning how long (i.e.,
number of years) to maintain the stand in the iamabefore reverting back to annual
crops. Alfalfa stand yields tend to initially inese with age before eventually decreasing
as the stand ages. Based on information from pue\studies (Koeckhoven, 2008;
Leyshon et al., 1981) and for reasons related no@mience for modelling in the
simulation analysis, three years of alfalfa hayiackuded in the BMP rotation. After the
alfalfa stand is three years of age, yields begitecline, as compared to the average
alfalfa yield for a five year old alfalfa crop (Koiéhoven, 2008; Leyshon et al. 1981).

Results from the previous alfalfa studies in namh&lberta (Hoyt, 1990; Hoyt
and Hennig, 1970) are used to determine the durafithe subsequent yield benefit
from adopting three years of alfalfa hay into thpresentative farm rotations, accounting
for differences in normal rainfall/soil zones. Tdmsumption is made in the simulation
analysis that the yield benefit is observed forrtbgt three crop years following alfalfa
hay. While there is potential to have yield bersdbiéyond three years (e.g., some studies
observe yield benefits up to 15 subsequent yelrge years is chosen as a reasonable,
albeit conservative, estimate.

For all representative farms where the alfalfa BRJP is modelled, the crops
grown in rotation in the three years following #Hiaare spring wheat, canola, and barley
(durum wheat for the farm under irrigated productim years one, two, and three,
respectively. Annual crop yield increases attriblegdo alfalfa are assumed to be
stochastic, and vary from year to year. As theroiguidance from the literature
regarding the potential trend or distribution of thield effect, it is modelled assuming a
uniform distribution where a draw is taken using thinimum and maximum values
shown in Table 5.27, and are adapted from Albeattaifa hay studies by Hoyt (1990)
and Hoyt and Hennig (1970).

Table 5.27 — Yield increases (%) following alfalfday

Subsequent years (crop) Northern Alberta  Southern Alberta
Minimum 20% 10%
Year 1 (spring wheat .
(spring w ) Maximum 110% 80%
Year 2 (canola) & Year 3 Minimum 14% 4%
(barley/durum wheat) Maximum 104% 74%

The ability of legumes to fix atmospheric nitrogerd make it available for
subsequent crops is modelled by yield increassalisequent crops, but savings from
reduced fertilizer savings is also considered.ietreases and nitrogen cost savings are
both modelled as there have been many studieg titenrotational benefits of including
leguminous crops (Entz et al., 1995; Hoyt, 1990yttémd Hennig, 1971; Lafond et al.,
2007). Considering that many studies cite subsddenefits from legume crops for up
to 15 years, this study considers both a yieldratrdgen impact over only three years.
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The average contribution of nitrogen by alfalfa &5 pounds per acre but can be as
high as 107 pounds per acre under optimal growamglitions (MAFRI, 2010). A five
year stand of alfalfa hay can produce considenaiblegen benefit for up to the first
seven subsequent crops (MAFRI, 2010). While thremvidence that nitrogen application
for the first cereal crop following an alfalfa sthis not necessary (MAFRI, 2010), it is
assumed that 25% of the normal nitrogen is apphde realistic with the actions of
producers (Hutton, 2010). In the second, third fankth years following an alfalfa stand
it is assumed that 50, 80, and 100% (Hutton, 201€)e normal amount of nitrogen is
applied. These nitrogen savings are quantifieduthinaeduced nitrogen fertilizer costs
over different subsequent crops and soil zoness& hest savings range from $6.85/ha to
$36.92/ha, as displayed in Table 5.28. Costs dcallated usingAgriProfit$ (AARD,
2010-b) nitrogen-phosphorus-potassium-sulphur (NAX&hd ($/kg) fertilizer costs and
determining the proportion that is nitrogen costs.

Table 5.28 — Nitrogen benefit from reduced fertilier inputs following alfalfa hay in
rotation measured as cost reduction ($/ha)

Subsequent Year / Crop 1\//\/?]221?9 2 / Canola (Djrfjria\;\lli){aat)
Brown, irrigated $36.92/ha $30.00/ha $9.85/ha
Dark Brown, dryland $22.79/ha $20.96/ha $6.85/ha
Black, dryland $30.57/ha $28.27/ha $8.15/ha
Dark Grey, dryland $25.67/ha $24.40/ha $6.85/ha

N application (as % of normal) 25% 50% 80%

Additional costs of adopting a perennial foragedtenclude baling and removal
of alfalfa hay. These costs are incurred at custies so as to not result in additional
machinery being necessary. The cost of baling antbval for a 750 kilogram alfalfa hay
bale is assumed to be $19.19 (SAF, 2008). Salladfaahay is on a per kilogram basis
and the price is stochastic, as per the discussidier in this chapter.

5.4.1.2 Introduction of Field Peas

Similar to alfalfa hay, field peas are a legume asduch have the ability to fix
nitrogen in the soil. Adding field peas to the crogations may therefore be considered a
BMP because it allows for reduced use of chemgdilizer. In terms of direct benefits
for producers, incorporating field peas also alld@rgpotential yield increases for
subsequent crops. Adding field peas to existing cotations also increases diversity,
which has been proven to improve crop yields with@stern Canada (Harapiak, 2007).

Field peas are considered a viable crop to adapieiiBrown (dryland), Dark
Brown, Black, and Dark Grey soil zones. Field paasnot considered under irrigated
production in the Brown soil zone as this crop waly grown on approximately 5% of
the land under production in the representativangoim 2006 (Statistics Canada, 2006).
As a consequence the likelihood of this crop beiognomically viable is lower.

Field peas are modelled to include direct bengfiterms of both a yield benefit
to subsequent crops and reduced nitrogen inputsdpis following field peas. For the
representative farms in the Dark Brown, Black amdk3Grey soil zones, the rotation is
adjusted such that spring wheat follows field p&as.the farm in the Brown (dryland)
soil zone either spring wheat or barley may folloeid peas. According to Harapiak
(2007) there are differences in yield benefitsdiaihg field peas that are related to
rainfall levels; that is, greater rainfall contriba to greater yield effects. For the purposes

103



of this study, crops following field peas in southélberta (i.e., Brown and Dark Brown
soil zones) are modelled to have a yield benetfih@range of zero to ten percent while
in northern Alberta (i.e., Black and Dark Grey smhes) the yield benefit is in the range
of 20 to 30% (Harapiak, 2007). This assumption é&&lendue to overall lower historical
precipitation in southern Alberta, as compareddahern Alberta.

As with the alfalfa BMP, the field pea yield bené$imodelled as being
stochastic, as the impact will vary from year taryd/alues are drawn from a uniform
distribution with the minimum and maximum bene§itown in Table 5.29. A uniform
distribution is chosen to draw yield benefits framthere is no indication in the literature
concerning the nature of the distribution of thiees, or of trends within this range.

Table 5.29 — Yield increases (%) following field pes

Year 1 Northern Alberta Southern Alberta
Minimum 20% 0%
Maximum 30% 10%

The nitrogen fertilizer benefit for the crop followg field peas in the
representative farm rotations is modelled as aaeditertilizer cost for spring wheat or
barley. The cost reduction is given in Table 5.80 s based on nitrogen application
following field peas being 33% of normal applicatigHarapiak, 2007). Costs are
calculated usind\griProfit$ (AARD, 2010-b) NPKS blend ($/kg) fertilizer cosbased
on the proportion of fertilizer made up of nitrogen

Table 5.30 — Nitrogen benefit from reduced fertilier inputs following field peas in
rotation measured as cost reduction ($/ha)

Soil zone Spring Wheat Barley
Brown, dryland $17.01/ha $20.35/ha
Dark Brown, dryland $20.35/ha NTA
Black, dryland $27.31/ha N7A
Dark Grey, dryland $22.93/ha N/A

& N/A denotes not applicable for these regionsaatel only follows field pea in rotation for the
representative farm in the Brown (dryland) soileon

5.4.1.3 Partial or Complete Replacement of Summa#dw with Legume Green
Manures

Summerfallow is commonly used by producers in seutiegions of Alberta to
recapture soil moisture loss from continuous croggZentner et al., 2004). However, as
discussed in Chapter 2, there are potential negativironmental impacts from this
practice, including increased soil erosion, redus@torganic matter content, etc. One
BMP considered in this study is the partial or ctetereplacement of summerfallow in
the rotation with a legume green manure crop. $hif in production practice has the
effect of reducing the potentially negative effestsummerfallow. As well, the legume
crop fixes nitrogen in the soil, reducing the néadchemical nitrogen application in the
subsequent crop. Finally, the green manure crop adghnic matter when incorporated
into the soil.

There are several options of crops that may beideres! for use as green
manure. These include annual crops, winter anrrogkg perennial crops and legumes.
Potential legume green manure crops include alfpHas, lentils and many types of
clover. For this study it is assumed that the leggmeen manure crop is red clover.
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Legume green manures are adopted as a partialhplet replacement for
summerfallow in the Brown and Dark Brown soil zonesler dryland production. In the
Brown soil zone it is assumed that legume greerunesnonly partially replace
summerfallow as there is a high proportion of lafidcated to this practice in the County
of Forty Mile (Statistics Canada, 2006). It is assed that legume green manures
completely replace summerfallow in the Dark Browil gone as Statistics Canada
(2006) data and expert opinion (Dunn, 2009) sugipsipractice is used to a lesser
extent in the County of Starland.

As with alfalfa and field peas, incorporating alewe green manure crop into the
rotation has two potential effects; a yield effaot nitrogen benefit. The yield effect
following legume green manures in rotation may egative depending on moisture. As
noted earlier, one reason for utilizing summerfalie to allow soil moisture to build up
by resting the land. If summerfallow is replacedabgreen manure crop and it is a dry
year there would be a lower yield for the crophie following year due to reduced soil
moisture content.

For the purposes of this study, a dry year occimasnihe simulated yield of a
legume green manure is less than the minimum ¥iiefd the municipal level data,
minus one standard deviation. These numbers d@neagdstl from the available data, as
there was a lack of continuous data for legumergregnure yields in these regions. In
the event of a dry year the resulting yield effectthe subsequent crop is determined
based on a draw from a uniform distribution; th@imum value is -16% and a maximum
value is zero. The yield effect is measured stdawly to account for year to year
differences. A uniform distribution is used as thier no information available regarding
the appropriate distribution or of trends withie tminimum and maximum yield
decrease range. If legume green manure yield‘isammal” (i.e., if it is not a dry year)
the yield effect for the subsequent crop is zele Grop following legume green manures
in rotation is always spring wheat for both repreative farms on which this practice is
adopted.

The nitrogen benefit that occurs following the legugreen manure is similar to
that discussed earlier for field peas and alfalat is, nitrogen is fixed in the soil and is
available for use by the subsequent crop. Howékemitrogen benefit associated with
green manure is smaller than for the other tworeggiconsidered in the BMPs
previously discussed. Zentner et al. (2004) suggest the nitrogen benefit to
subsequent crops following legume green manuregdtion may not be noticeable until
the second time in rotation. For modelling purpdadhis study it is assumed that the
first time legume green manures occurs in rotati@mnitrogen application for spring
wheat following the legume will be 97% of what ibwd be without legume green
manures in rotation (i.e., following summerfalloWwhe second time legume green
manures occur in the crop rotation the nitrogeriegion for the subsequent spring
wheat crop is 90% of normal. Following the thirddaany additional) occurrence of
legume green manure in the rotation the nitroggriegtion rate for the subsequent
spring wheat crop is 81% of normal. The dollar sgsiper hectare and percent savings
for spring wheat are shown in Table 5.31.

Table 5.31 — Nitrogen savings ($/ha) and nitrogerpalication following legume
green manures in rotation.

Number of times in rotation 1 2 3+
Brown, dryland $0.76/ha $2.54/ha $4.82/ha
Dark Brown, dryland $0.91/ha $3.04/ha $5.77/ha
N application (as % of normal) 97% 90% 81%
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5.4.1.4 Introduction of Oats

Including oats in a crop rotation is considered\dBas this crop has lower
chemical input requirements (i.e., fertilizer are$ficide), as compared to other annual
grains/oilseeds. This effect is modelled direatlyerms of the costs of production; that
is, the per hectare cost for oats is lower thamtoeat, barley or canola. There are no
other impacts in terms of the model. ProductiortciemAgriProfit$ are used in the
models. This BMP is modelled for the representdiwvms in the more northern soil
zones, Black and Dark Grey. According to exper#liagrta Agriculture oats are not
commonly grown in southern areas of Alberta dua lhigher incidence of weedy species
in the rotations during and after oat productioar@@trom, 2010).

When oats are grown in the Black and Dark Greyzmiks the chemical input
costs are $28.42 per hectare for each regionelBlack soil zone chemical costs for
spring wheat, barley, canola, and field peas a6e488 $43.24, $75.37, and $95.13 per
hectare, respectively. In the Grey soil zone inRkace region the chemical costs are the
same for all crops except field peas where theis&%8.07 per hectare due to the
reduced nitrogen consideration for field peas. Gbahfiertilizer costs for oats are
significantly lower than for barley, canola, wheatd field pea in these regions.

5.4.1.5 Resulting Beneficial Management Practiceop Rotations

Adoption of each of the rotational BMPs discussethis section is modelled for
the representative farms. Not all BMPs are moddbtedll farms, for reasons outlined in
the earlier discussion. Combinations of rotatidBidllPs are also considered; that is, there
is the option to adopt one, all, or any feasiblmbimation of the rotational BMPs. For the
Brown soil zone (irrigated production) farm the yprdtational BMP considered is the
addition of alfalfa hay. For the Brown soil zoneyldnd production) farm, field pea and
legume green manure are both considered. As wetipdination BMP involving
adoption of both crops is modelled. For the Daré&viar representative farm, adoption of
alfalfa hay, field peas, and legume green manwakhmodelled as BMPs, along with
combinations of two BMPs and all three crops baingultaneously incorporated into the
crop rotation. For the two northern representa@wms (i.e., Black and Dark Grey soil
zones) alfalfa hay, field peas, and oats are medias rotational BMPs. As well,
combinations of two of the crop rotation BMPs afidhaee simultaneously being
adopted are also modelled.

Tables 5.32 to 5.35 show the possible rotationgéah farm, starting with the
base rotation (no BMPs). Each rotation is indivijuexamined and compared to the
base rotation. Crop hame acronyms are the sanmesastion 5.1.2 with the addition of
“AH" for alfalfa hay, “FP” for field peas, “LGM” fo legume green manures, and “O” for
oats.
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Table 5.32 — Rotations for Brown soil zone farm, figated production

Rotation Crop Rotatidn
Base SW-C-DW-DB
Add AH AH-AH-AH-SW-C-DW -DB - SW

% AH = alfalfa hay; C = canola; DB = dry beans; DWigrum wheat; SW = spring wheat

Table 5.33 — Rotations for Brown soil zone farm, driand production

Rotation Crop Rotatidn
Base SF-SW-C-DW-SF-B-C-SW
Add FP SF-SW-C-DW-FP-B-C-SW
Add LGM LGM-SW-C-DW-SF-B-C-SW
Add FP & LGM LGM-SW-C-B-SF-DW-FP -SW

@B = barley; C = canola; DW = durum wheat; FP 3dfipeas; LGM = legume green manure; SF =
summerfallow; SW = spring wheat

Table 5.34 — Rotations for Dark Brown soil zone fan

Rotation Crop Rotatidn
Base SW-C-B-SF

Add FP SW-C-B-FP-SW-SF

Add LGM SW-C-B-LGM
Add FP & LGM SW-C-B-LGM-SW-FP-SW-C

Add AH AH-AH-AH-SW-C-B-SF
Add AH & FP AH-AH-AH-SW-C-B-FP-SWsF-SW-C
Add AH & LGM AH-AH-AH-SW-C-B-LGM-SWC

Add AH, FP, & LGM AH-AH-AH-SW-C-B-FPSW-LGM-SW-C
& AH = alfalfa hay; B = barley; C = canola; FP =ldipeas; LGM = legume green manure; SF =
summerfallow; SW = spring wheat

Table 5.35 — Rotations for Black and Dark Grey soizone farms

Rotation Crop Rotatidn
Base SW-C-B-SW-C
Add FP SW-C-B-FP-SW-C
Add O SW-C-B-SW-C-0
Add FP & O SW-C-B-FP-SW-C-0
Add AH AH-AH-AH-SW-C-B-C-SW
Add AH & FP AH—-AH-AH-SW-C-B-FP-SWG-
Add AH & O AH-AH-AH-SW-C-B-SW-C-0
Add AH, FP, & O AH-AH-AH-SW-C-B-FPW5-C-0

% AH = alfalfa hay; B = barley; C = canola; FP sldipeas; O = oats; SW = spring wheat

5.4.2 Non-Rotational Beneficial Management Practes

The purpose of non-rotational BMPs is similar tattbf rotational BMPs; that is,
to improve soil health, maintain productivity oktkand, or provide protection of
ecologically sensitive areas. Non-rotational BMBssidered in this project include
shelterbelts, buffer strips, and residue manageriéete is also the additional option to

107



include permanent cover in the buffer strip ar®dlsen used appropriately these BMPs
improve soil health by reducing wind and soil eoosiBuffer strips and permanent cover
also provide protection for wetlands/riparian areas runoff of agricultural chemicals
from annual crop production (i.e., fertilizer anekpcides). This section provides a
discussion of the specific methods and parametayd in modelling adoption of
shelterbelts, buffer strips, and residue managea®BiMPs on the representative farms
in terms of their direct effect on farm performance

5.4.2.1 Shelterbelts

Shelterbelts are established on each representativebased on the properties
of the farm in terms of the potential need. As désed earlier in Chapter 2, shelterbelts
assist in reducing the potential for wind erosidowever, they also have a potential
effect (both positive and negative) on crop yietdadjacent fields.

Shelterbelts may be established using a variespeties of trees. In modelling
shelterbelt adoption in the current study it isided to assume that a mix of Caragana
and Green Ash trees are used for the shelterféléese types of trees are chosen as they
are viable shelterbelt species throughout Alb&taher common shelterbelt species
include White Spruce and Scots Pine. However, ttreses would not grow well in all
regions of Alberta (AARD, 2007-a) and so for sirofyi and consistency the Caragana
and Green Ash mix is used. The trees are assunfedtanted in a ratio of two
Caragana trees for every one Green Ash, with sgaie0 centimetres between trees
(AARD, 2007-a). The average mature heights of Gesmand Caragana are sixteen and
five metres, respectively.

The protection resulting from shelterbelts is defgem on the number of
shelterbelts per unit of area, and the height efttbes. Caragana typically grow faster
than Green Ash, but eventually Green Ash is tHertaf the two species. This is why the
combination of these two species is often usedHeiterbelts. For simplicity of
modelling only the growth of Green Ash is calcuthterer time and the height of Green
Ash trees is used to determine shelterbelt prateciihe following growth equation,
adapted from Geyer and Lynch (1990), is used toutate the height (in metres) of the
Green Ash trees:

Height (m) = 0.4 + (0.5 * Age) + (2.5 * (1 &340 (5.23)

where “Age” is the age of the trees, in yearshindimulation analysis the growth
equation is adapted by assuming green ash trebtheitcapped” at twenty metres as
this is the average maximum height of Green Agbstralso it is assumed that
shelterbelts do not have an effect on yields tinglthird year after they are planted.
Since the trees are relatively small when theyfieseplanted it would not be reasonable
to assume significant protection from wind or cotitjm between trees and crops for
water and nutrients until the fourth year from Blsldoption.

Shelterbelts are most effective in dry soil regiomere the risk of soil erosion is
greater. For this reason representative drylamd tgrerations in the southern regions of
Alberta (i.e., Brown and Dark Brown soil zones)l\ve more shelterbelts per quarter
section as compared to farms in northern areasBil&ck and Dark Grey soil zones). In
modelling the adoption of the shelterbelt BMP iagsumed that the Brown soil zone
(irrigated productioff) representative farm establishes four shelteripeltsjuarter

% In calculating the costs of irrigation machineoy the farm in the Brown soil zone under
irrigated production it was assumed that centretmystems are used. However, adopting
shelterbelts would divide the fields in such a whaet pivot irrigation is not feasible. While
irrigation machinery costs were not recalculateskldaon this fact, it is noted for future studies.
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section while the farm in the same soil zone umigland production establishes five
shelterbelts per quarter section. Since moistuaecismponent in reducing soil erosion
and this is controlled with irrigated productionsitassumed that fewer shelterbelts are
necessary for the irrigated operation. The farmsasenting dryland production in the
Dark Brown, Black, and Dark Grey soil zones areuassd to plant four, three, and two
shelterbelts per quarter section, respectively. @dteern here is to establish fewer
shelterbelts for representative farms that arénéurhorth, as this is consistent with
reduced soil erosion potential due to differenoesoil composition, such as soil organic
matter.

The shelterbelts are assumed to run the lengthadf geld (i.e., 795 metres), and
are twelve metres wide. This width is necessarafiropriate spacing between trees and
crops, while allowing for tree growth. The spedatfions of shelterbelt adoption for each
representative farm, including the acreage lostpaovided in Table 5.36. If shelterbelts
are adopted, implementation is staggered equally eight years. It is unlikely that
producers would have the resources (i.e., timenamuky) to establish all shelterbelts in
one time period. However, the establishment timald/wary from producer to producer.
Eight years was chosen as an establishment timhevthad likely be feasible for most
producers.

Table 5.36 — Shelterbelt specifications per region

Number per Total lost
. Number Total number Lost acreage
Soil Zone quarter acreage
: per farm of trees as % of total
section (ha)
Brown, irrigated 4 64 84,800 61.1 5.9%
Brown, dryland 5 100 132,500 95.4 7.7%
Dark Brown 4 80 106,000 76.3 5.9%
Black 3 48 63,600 45.8 4.4%
Dark Grey 2 24 31,800 22.9 3.0%

Shelterbelt trees can be obtained at no cost fhenPtairie Farm Rehabilitation
Administration (PFRA), but there are planting angimtenance costs associated with this
BMP. Site preparation and planting is assumed $b $0.70 per tree. Maintenance of
trees is required starting in the year followingmilng until the sixth year after planting,
with the cost being $0.15 per tree per year. Cstihates are adapted from a study in
Indiana, USA (Indiana Woodland Steward, 2010) whisbkumes machine planting at the
rate of $250 to $300 per acre (i.e., $101 to $llhpctare) with 500 trees planted per
acre (i.e., 203 trees per hectare) and additiosdditide costs of approximately $50 per
acre (i.e., $21 per hectare). Total establishmestiscare $122,960, $192,125, $153,700,
$92,220, and $46,110 for the Brown (irrigated),wnqdryland), Dark Brown, Black,
and Dark Grey representative farms, respectively.

Yield effects from shelterbelts occur in two areaghe field. The first area is
directly adjacent to the shelterbelt and coversatiea extending out to three times the
height of the shelterbelt, including any area thatnder three times the height of the
shelterbelt (0-3H). In this region there is a yid&trease due to competition of the crops
with the shelterbelt trees for moisture and nutddAARD, 2004-b). The second area is
from three to ten times the height of the sheltiei@e10H). In this area there is sufficient
wind protection and increased moisture trappingafgreld increase (AARD, 2004-b). As
a conservative measure yield effects from sheltexdgoth decreases and increases, are
only considered on one side of the shelterbelts 8ksumption is reasonable for yield
increases as crops would typically only be sheait@mehe direction of the prevailing
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wind. This assumption may be inconsistent for yoddreases directly adjacent to
shelterbelts, however to obtain the full effect tbsulting yield “cost” could simply be
doubled. The yield changes used to model the effesthelterbelts are based on
information from multiple sources, including AARRQ04-b) (see Appendix 1), Baldwin
(1988), Kort (1988), and Kulshreshtha and Kort @0&pecifically, yield effects for
barley, canola, wheat and hay are estimated frolRBA2004-b). Yield effects for oats
are estimated from Kort (1988). Due to a lack ébimation for a yield effect of
shelterbelts on field peas and legume green maitiseassumed that these effects are
the same as those for barley. The yield effectifgrbeans is only relevant for irrigated
production and is estimated from Baldwin (1988)bl€s5.37 shows the yield effect of
shelterbelts per region and crop as a percentrofiadi.e. without shelterbelts) yields.

Table 5.37 — Yield effect (as % of normal) of sheadtbelts for soil zones and regions
adjacent to shelterbelts

ZSoor:le ngggﬁ 9 Barley Canola BDeglns ':’I:fs Hay I\L/lggrjgg:]e Oats  Wheat
anures
Brown 0-3H 61% 57% 76% 61% 76% 61% 51% 62%
3-10H 112% 112% 116% 112% 116% 112% 104% 109%
Dark  0-3H 62%  58% -  62% 77%  62%  52%  63%
Brown 3-10H 112% 113% - 112% 117% 112% 104% 110%
Black 0-3H 61% 57% - 61% 76% 61% 51% 62%
3-10H 107% 108% - 107% 112% 107% 102% 104%
Dark  O0-3H 62%  57% - 62% 76%  62%  51%  62%
Grey 3-10H 108% 109% - 108% 112% 108% 103% 105%

20-3H is the area immediately adjacent to the tea¢snding out to a distance three times the
height of the trees, while 3-10H is the area extanftom three times the tree height out to ten
times the tree height.

5.4.2.2 Buffer Strips

Buffer strips is another BMP modelled in this studg discussed in Chapter 2,
buffer strips can serve as a potential filter i of reducing runoff of agricultural
chemicals. Buffer strips may be implemented as af¢éand set aside from agricultural
use. Alternatively, they may be implemented as peent cover; that is, the area may be
seeded to permanent forage which is used for hagugtion.

Buffer strips may be implemented anywhere on tpeasentative farms.
However, in this study they are used to provideffelb around wetlands and associated
riparian areas. In particular, it is assumed tivat four, four, six and six percent of land
is wetland for the Brown soil zone (irrigated), Biosoil zone (dryland), Dark Brown
soil zone, Black soil zone, and Dark Grey soil zogmresentative farms, respectively.
This assumption is made based on information frontisSaskatchewan Regions
Wetlands (2009). All farm calculations take theaairewetland into consideration and
land under production is adjusted accordingly.

The impact of the buffer strip BMP depends not amiythe area of wetlands but
also the configuration (i.e., shape). For easeadetiing, each quarter section is assumed
to have one small circular wetland, of correspogdiize, per 64.75 hectares. The impact
of the BMP also depends on the buffer strip widte buffer strips are assumed to be
ten metres in width. This width is chosen as dLifficient to provide riparian protection,
and has been used in previous studies of BMPs ilameeareas (Koeckhoven, 2008). As
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well, in the scenario where the buffer strip iscuf@ hay production, 10 metres is
sufficiently wide to accommodate hay harvestingigaent. The total area of land lost
due to the adoption of buffer strips for each ef tlrms is provided in Table 5.38.

Table 5.38 — Wetland characteristics and acreagedbdue to wetland adoption

. Number of Individual wetland  Total buffer strip area
Soil zone :
wetlands per farm radius (m) per farm (ha)

Brown, irrigated 16 64.2 6.96
Brown, dryland 20 90.8 12.04
Dark Brown 20 90.8 12.04
Black 16 111.2 11.68
Dark Grey 12 111.2 8.76

As with the other BMPs the decision to adopt busfeips or adopt buffer strips
and hay the area is made at the beginning of thelation period (i.e., all land area is
converted to buffer strips in year one of the satioh) and this decision is carried on for
all forty years of the simulation. If the bufferiptis left idle, there is no implementation
cost associated with the BMP, as it is assumedttledand is simply left alone. If the
buffer strip is used for hay production (i.e., pamant cover) there is a onetime cost
incorporated that is equivalent to seeding the astahay (i.e., as per the costs provided
in Tables 5.20 to 5.24). When the buffer stripswesed for hay production, it is also
assumed that the crop is custom baled. The castrattis $19.19 (SAF, 2008) for baling
and removing a 635 kilogram grass hay bale. Costsaurred at custom rates so the
machinery complement does not need to be changecdedtimated from the limited
historical data from alfalfa hay and grass hayt ¢nass hay price is approximately 60%
of the price of alfalfa hay which is determinedcstastically. Therefore, it is assumed that
grass hay is sold for 60% of the price of alfalég h

5.4.2.3 Residue Management

As discussed earlier, in the baseline scenariclpamstest residue for some crops
is removed from fields (i.e., harvested) in somargeand “retained” on the field in other
years. Residue management may actually be condidera BMP. The residue
management BMP is defined here as the practiceanfrig residue on the fields in some
years, rather than harvesting it. This practicevioes a potential short term benefit of
increased soil moisture content while in the logwgrt it may improve soil organic matter
(Korol, 2004). This could potentially lead to highgelds in dry years (Huanwen et al.,
2004), as compared to no residue management.

For the purposes of the project only the cropselyadurum wheat, oats, and
spring wheat are considered for residue manageasethiese crops provide an amount
and type of residue that can be harvested. Théuesnanagement BMP modelled in this
analysis represents exactly the same practicesutbatssumed to be used in the baseline
scenario in terms of the amount of residue remoledthe Brown soil zone, residue of
the previously mentioned crops is removed one bavery five years under dryland
production and one out of every two years undagated production. In the Dark Brown
soil zone residue is removed once every four ydarthe Black and Dark Grey soil
zones residue is removed once every three yeamisdssed earlier in this chapter, the
differences between the different representatiumgs(i.e., soil zones) are due to the
guantity of residue produced, and expected moistomnelitions. The decision rules
regarding the pattern of residue management ferBMP are static in the simulation
analysis; that is, they do not change over time.
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The long term effects of residue management orosgénic content are not
modelled in this study. However, the short ternee on crop yield due to soil moisture
are explicitly considered in the simulation anady3ihe impact of residue management
on subsequent crop yields is dependent on moistarditions; that is, whether it is a
“wet year” or a “dry year”. A wet year (i.e., greaimoisture) results in greater than
average residue while in a dry year the oppositeesase. In a dry year, if crop residue
is left on the field, there will be a positive effeon the yield of the subsequent crop due
to improved soil moisture. However, leaving cropidee on the field in a wet year (i.e.,
when there is more soil moisture and a greatet Ewerop residue) can cause problems
for the subsequent crop and actually result ineceduyield. Crop residues are correlated
with crop yields; if crop yields are high, thenideg yields are high. If large amounts of
residue are retained on the soil surface therebmadgss opportunity for the soil surface
to warm for germination, and there may also be geedling emergence from excessive
surface residues (Lafond et al., 1992).

Crop residue production is modelled in the same agfor the baseline scenario
(i.e., as a proportion of crop yield). For the psgs of modelling the yield effects
associated with the residue management BMP, a&atig one where the residue (in
kg/ha) is greater than the mean residue produtgicef’ plus one standard deviation. A
dry year is one where the residue is less tham#wsn residue amount minus one
standard deviation. If residue is removed in ayeeir, a predetermined action that is
based on the pattern of residue management fgraittieular representative farm
(discussed earlier), there is no effect on yieldwever, if crop residue is retained in a
wet year there is a negative effect on the yietdhe subsequent crop. If residue is
removed in a dry year the subsequent crop will lsakeduced yield whereas if the
producer retains the residue the subsequent cilbpave an increased yield. In both the
BMP and baseline scenarios there is potentialifddylecreases to occur to the
subsequent crops if residue is removed in a dry. yé@awever, in the BMP scenario it is
further assumed that subsequent crop yield incseza® occur when residue is retained
in dry years and that crop yield decreases canragicen residue is retained in wet years.

Yield effects (positive and negative) associateith weésidue management are
assumed to be stochastic. The effects are modadied draws from uniform
distributions. Minimum and maximum values of regidffects are provided in Table
5.39. These values are adapted from studies byndagbal. (1992 and 2009). The crops
affected by these yield effects are dependent @splecific crop rotations for the
representative farms. Information indicating thepsrfollowing barley, durum wheat,
oats, and spring wheat in rotation is providediesaith this chapter (Tables 5.31 to 5.34).

Table 5.39 — Minimum and maximum values of crop yid changes (as % of normal)
from retaining or removing residue in dry and wet years

Yield effect from residue decision Minimum Maximum
Low residue (dry year), retain residue 0% 3%
Low residue (dry year), remove residue -3% 0%
High residue (wet year), retain residue -12% 0%
High residue (wet year), remove residue 0% 0%

The effect of the residue management BMP on fanfopaance is assessed by
comparing the BMP simulation results with resuttsd revised baseline scenario. In

3" The mean value of residue production is the legsbciated with the average crop yield for the
particular representative farm.
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particular, the baseline scenarios for the reptasiga farms (i.e., with no BMP

adoption) are re-simulated, assuming that resithrabe relevant crops (i.e., barley, oats,
durum and spring wheat) are removed (i.e., hardgsteery year. This revised baseline
simulation is required, as the original baselinenseios included residue management
practices that are identical to the residue manageBMP, without the yield effects
modelled for the BMP. The revised baseline allogrsaf more appropriate comparison, in
order to determine the economic impact of the BVt negative yield effects
associated with residue removal in dry years isatied in the revised baseline analysis.
Results from the residue management BMP are compardeoth baseline scenarios.

5.4.3 Beneficial Management Practices Adoption Ssivity
Analysis

The yield benefits associated with the BMPs modélethis analysis are
estimates based on previous studies, some of vanécfrom outside of Alberta, and on
expert opinion. Given the resulting uncertaintyameing the actual effects that might
occur with adoption of the BMPs sensitivity anatyisi done on the yield effects as well
as other relevant factors associated with the BM&delled in this study. It is expected
that if yield benefit estimates are increased (elgsed) the value of the firm (i.e., the net
benefits associated with the BMP) will increasec(dase) accordingly. This pattern is
also expected for sensitivity analysis on nitrogavings estimates associated with crop
rotation BMPs.

The yield benefit to crops during the first yeaeafn alfalfa stand is broken up
is assumed to be from 10% to 80% in Southern Adband 20% to 110% in Northern
Alberta. The second and third years after an alfsthnd show benefits of 4% to 74% in
the south and 14% to 104% in the north. Sensitaitglysis is done on each estimate
(minimum or maximum value) individually. The ana/examines changes at intervals
of 0.05 to a maximum of 0.15 differences in eittigection. In addition to the yield
benefit following an alfalfa stand there is a nieo benefit where nitrogen is applied as a
percent of normal for the first three years follogithe stand. Sensitivity analysis is done
on these estimates at 5% increments to a maximurb%fin either direction.

Sensitivity analysis is conducted in a similar mamior yield effects and
nitrogen savings following field peas. Sensitiwatfyresults to changes in the yield benefit
following field peas is tested individually for teaximum and minimum values that are
used in the draw from a uniform distribution usth@5 increments up to 0.15 differences
in both directions. Sensitivity to changes in titeogen benefit following field peas is
also tested using 5% increments up to a differemd®% in both directions.

Sensitivity analysis on legume green manure yialfirdtrogen benefits is also
done in a similar fashion as for alfalfa hay amddfipeas. For the yield effect, which is
conditional on previously mentioned assumptions dfiects of changes to minimum and
maximum values are tested individually at 0.05énoents up to 0.15 differences in both
directions. Sensitivity of results for the nitrogeenefits, which vary with the number of
times green manures are in rotation, are alsodestg% increments in either direction
up to 15%.

Sensitivity analysis is also conducted for paransesgsociated with the non-
rotational BMPs. Shelterbelt yield estimates asteie using sensitivity analysis on both
areas adjacent to the trees (i.e., the areas ichwields are negatively and positively
affected, respectively), independently. Estimafab® yield effects are changed in
increments of 0.05 up to differences of 0.15 friwe original value for each crop. Buffer
strip sensitivity analysis includes testing the awoipof increasing the width of the strip in
increments of two metres up to a difference ofisétres when buffer strips are adopted
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with the option to harvest hay. The same analgsised when buffer strips are adopted
without the adoption of hay in the buffers in aditto a decrease in buffer strip width
by two and four metres. Sensitivity analysis i®aenducted with respect to the
proportion of land assumed to be wetlands. Spediicalternative scenarios where
wetlands make up 2, 4, 6, or 8% of total land amréned. Finally, the yield effects
following residue management are tested in a simkanner as for the other yield
effects, with minimum and maximum yield effectsrgechanged in increments of 0.05
each, to a maximum change of 0.15 for distributioinde yield effects as appropriate.
For example, in the case of a dry year where residwe retained, there are yield
increases possible, so sensitivity analysis tastetfect of further yield increases from
the upper value of the distribution, which is Oi@3his case, but not changes to the lower
value of the distribution, which is zero in thisea

Analyses of different discount rates used in thel@®are examined at 8% and
12% with base rotation results compared to the tiatopf field peas. Sensitivity analysis
is also performed on the type of starting croperitethod used, including the five, ten,
and historic average of crop prices for the batsion, alfalfa hay in rotation, and
adoption of shelterbelts. Sensitivity analysisasfprmed on including or excluding
safety net programs with the base rotation reswitspared to scenarios that consider
adoption field peas and shelterbelts.

5.5 Simulation and Cash Flows for Beneficial
Management Practices Analysis

This section discusses how the cash flow simulatiodels are used for the
economic analysis of BMP adoption. As discusseliegdn the chapter, there are five
representative farm models developed and usedsistiidy. These farm models are
analyzed independently using Monte Carlo simulatitach farm is initially simulated
assuming a set of baseline crop rotations and ptmaupractices. Performance for the
farms is then again simulated, assuming adopti@nefor more rotational or non-
rotational BMPs, as discussed earlier in this arapt

An annual modified net cash flow is calculated asdd in an NPV analysis to
compare farm performance for the various BMP sées#o the baseline scenario (i.e.,
no BMP adoption) for the farms. BMPs affect thehctsw structure of the farms. The
acreage available for crop production changes adthption of some of the BMPs (e.g.,
buffer strips, shelterbelts). Management of resiffiects the input costs and yields of
subsequent crops which affects the revenue ofatme. fThe rotational BMPs affect the
pattern of crops grown and, in some cases, crdgsyand input costs.

Adoption of BMPs is evaluated by comparing NPVsaeetn scenarios for each
of the representative farms. In each case, the fdP¥he BMP scenario is compared with
the BMP for the baseline scenario. If the diffebetween the two NPVs is positive, the
BMP provides a net benefit to the producers, ih da@ption results in improved cash
flows and increased value or wealth. If the diffexeis negative, adoption of the BMP
represents a net cost to the cropping operatiahwauld result in decreased value or
wealth.

5.5.1 Discount Rate

The discount rate used for Monte Carlo simulatitudies varies depending on
the type of firm being analyzed. Typically, theatiant rate incorporates the relative
riskiness of the business, as discussed in Chdpidre Canadian Treasury Board uses a
discount rate of 8%, calculated as a weighted aeeohthe interest rate on domestic
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savings, the interest rate of a postponed invedtraed the marginal cost of foreign
borrowing (Treasury Board of Canada Secretaridy 20T his rate was re-estimated,
using the same criteria, from the 10% rate caledlat 1998.

Recent studies, similar to the current study in they have examined adoption
of environmental practices by agricultural firmayh used a discount rate of 10%
(Cortus, 2005; Koeckhoven, 2008). The default distwoate for this study is 10%.
However, sensitivity analysis is conducted withpexg to the value of the discount rate.
In particular, the NPV results for the baseline BiMP scenarios are also analyzed using
discount rates of 8% and 12%, to determine if distoate has an effect on the feasibility
of BMP adoption.

5.5.2 Simulation Model Iterations

As discussed previously, Monte Carlo simulatioansterative process that uses
random draws from pre-specified distributions tadedcstochastic parameters. The result
of this process is a distribution of results. Wihising Monte Carlo simulation a decision
is required in terms of the number of iterationsige in the analysis. There is a tradeoff
involved in making this decision. When more itesat are used, more confidence can be
placed in the “accuracy” of the distribution ofu#s; that is, a greater opportunity for the
simulation results to accurately represent themute However, when usin@RISKas
more iterations are added to each simulation the for each simulation increases. Due
to the many simulations that will be done on fivedals the number of iterations will be
chosen so as to maximize modelling efficiency whtii# providing accurate results.

A t-test was performed comparing model resultsgi4i®00 iterations with
model results using 10,000 iterations. A pairegst-tvith the hypothesis that results from
models simulated with 1,000 iterations and 10,@&&tions would be equal was not
rejected (p = 0.76, df = 4). This is expected tlllawross all other scenarios and 1,000
iterations will be used for all baseline and BMR\gses.

5.5.3 Net Present Value Calculations and Benefi¢i®anagement
Practices Adoption Assessment

Net present value is calculated using cash flowe@ated with crop input costs,
crop and forage revenues, machinery costs, anduegeand expenditures for
AgriStability, Agrilnvest and crop insurance progi& In the case of BMP scenarios,
cash flows associated with adoption (e.g., revefmoes hay production, costs of
establishing shelterbelts, etc.) are also incotpdrmto the NPV calculations.

As noted earlier, a forty year time horizon is utwdhe simulation analysis. The
forty years of cash flows are used to calculat®lBN in perpetuity NP Vperpetwiy. The
use of a perpetuity NPV measure assumes theregadto the cash flows; that is, they
continue into perpetuity. This approach is usedaase of the BMPs (e.g., crop rotations
shelterbelts) require several years before thetsfien farm performance are fully
realized, and the impact of the BMPs continue bdytbe end of the simulation time
horizon. The calculation used for the NPV with guity is given in equation 5.24:

NPVPerpetuity: Z?go a: + @ * ! ) (524)

(1+1r)t r  (1+71)%0

whereC, is the net cash flow for yeaft = 0 to 40) and is the discount rate. The first
term in equation 5.24 is the summation of discatdictesh flows over the 40 year time
horizon. To this is added the perpetuity presehteyahat is, an estimate of the present
value of cash flows beyond year 40. The cash flothé year 40 is divided by the
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discount rater() to obtain a year 40 perpetuity present valuectvig then discounted to
a present value.

For further comparison of the results of BMP adapthe NPVs are converted to
an annualized value per hectare. The annualizesare useful for comparison of
scenarios for individual farms, as this calculattomverts the NPVs to values that may
be compared to estimate annual net benefits os pesthectare for the various BMP
scenarios. This computation also allows for a namect comparison between
representative farms for individual BMP scenarios.

The formula to annualize NPV with perpetuity iswhadn equation 5.25:

A = NPVberpetiy* T (5.25)

whereA is the annualized NPWPVeerpewiyiS the original NPV in perpetuity amds the
discount rate. Equation 5.25 is essentially thar(eenged) formula for a perpetual
annuity; that is the present value of a constaetat of future returns that extends into
perpetuity. In this case, the present value iSNB¥ from the simulation analysis, and the
calculation provides the (constant) annual cash fltat would generate it.

The annualized present values are then used tolagdhe annual change in
farm performance/value resulting from a partic8P scenario; that is, the difference
between the annualized NPVs. This difference ia twverted to a per hectare value.
The specifics of this calculation depend on thetgpBMP under consideration. In the
case of rotational BMPs, the change in practicecidfthe whole farm since the overall
crop rotation is adjusted. This is also true fa tesidue management BMP. For these
scenarios, therefore, the annualized NPV differéncivided by total farm acreage to
determine the annual net benefit or cost per heckor other non-rotational BMPs such
as shelterbelts and buffer strips, the effect ietiuce the area available for regular
annual crop production. For these BMP scenari@satimualized NPV difference is
divided by the farm acreage affected by the pderd@MP to establish the net benefit or
cost per hectare.

5.6 Chapter Summary

Stochastic, dynamic simulation models are usecamee the feasibility of the
adoption of several rotational and non-rotationsllf® on five representative commercial
crop farms in Alberta. Decisions regarding farnesgtructure, and other characteristics
are based on 2001 and 2006 Statistics Canadaddédafrom AARD and AFSC, and
opinions from experts in these areas.

Stochastic variables in the model include cropfanage prices and crop and
forage yields. The stochastic variables are basddstorical price and yield data
obtained from AARD and AFSC. Prices are assumdxtprovincial in nature and are
therefore common for all representative farms. Haewgyields are specific to each
region. Several of the yield effects from BMP adopialso use stochastic draws from
uniform distributions. The stochastic variableseyere final yields and revenues for each
operation.

The models are built to be flexible in the adoptidindividual and combinations
of BMPs. The BMPs considered include adding alfhHg, field peas, legume green
manures, and oats to the rotation based on thibil@gf the soil zone, and adding
shelterbelts, buffer strips, hay in the bufferptriand management of residues on all
representative farms. For each farm, NPV analgsisriployed to compare the adoption
of these BMPs to a baseline scenario. Sensitivighyais is also used to validate some of
the estimates used in the models and to examinkealsility of adoption under
differing circumstances; that is, for alternativaues of key parameters.

116



Chapter 6: Results and Discussion

This chapter provides a discussion of the restdis the model farm simulations
that were presented in Chapter 5. The direct ecanionpact of BMP adoption is
presented and explained along with sensitivity ysiglfor a subset of model variables.
The value for each representative farm after adgpmine or more BMPs, as proxied
through an NPV calculation, is compared to a refeeaesult for each farm. Summary
results from the simulations are provided in tabtdam in this chapter, but more
complete results are available in Appendix J.

6.1 Baseline Scenario Results

Baseline scenarios are simulations modelled forepessentative farms,
assuming that none of the BMPs are adopted. Basadsults are determined using the
base crop rotations that were presented and degussections 5.1.2.1 to 5.1.2.5. The
baseline results for each farm are used as the fmmsiomparison when one or more
BMPs are adopted and also for comparison in sgitgitinalysis.

Mean and standard deviation NBValues for the reference farm simulations are
shown in Table 6.1. The annualized mean valueseofarms on a per hectare basis (i.e.,
from Equation 5.33) are also provided. The measfiNPV for the farms can be
considered as a modified wealth measure for theatipas but does not represent wealth
in terms of equity or net worth. As discussed im pheceding chapter, this is due to the
use of modified net cash flows (MNCFs) in the NRllcalations. MNCFs do not include
all cash flows that would be relevant for equiticakations. The type of analysis in this
study does not consider capital structure in tesfrtke method of financing farm assets
as either debt or equity. However, higher mean dRMunts do indicate greater wealth
for the operation.

The annualized mean NPVs for the operations areappately $236, $65, $85,
$274, and $311 per hectare for the farms locatéldeiBrown (irrigated), Brown
(dryland), Dark Brown, Black, and Dark Grey soihes, respectively. The highest
wealth value per hectare is on the farm with thalkst acreage and furthest north in the
province. As compared to other farms located irsthghern (i.e., in the Brown and Dark
Brown soil zones) regions of the province the fawith irrigated production has the
highest wealth due to higher value of crop produrctinder irrigation. The irrigated farm
also grows dry beans, which are of higher valueaardhot considered on the dryland
farms. Of the southern farms under dryland produadine farm in the Dark Brown soil
zone has a higher wealth value per hectare duighethcrop yields in this region relative
to those for dryland production in the Brown saihe. Comparing the results of the farm
in the Dark Brown soil zone with the farms in thiadk and Dark Grey soil zones a large
gap in value that is partially due to the amountarfola, a higher value crop, grown in
the base rotations is present. In the Dark Brovilresoe canola is grown on one quarter
of the land under production, while in the Blackldark Grey soil zones it is grown on
two fifths of the lantf.

% The NPVs presented and discussed in this chapéiraperpetuity”; that is, they are calculated
using an infinite time horizon. The calculationNPV with perpetuity is provided in Chapter 5,
section 5.5.3.

391t should be noted that the degree of intensityasfola production for the Black and Dark Grey
farms (i.e., two of every five years) results ieaper risk in terms of disease problems for this
crop. However, this risk factor was not explicitgorporated into the analysis due to lack of
ability to quantify the impact on yield distribufis.
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When comparing the standard deviations of the Nfe¥the representative
farms it is also important to consider that a nundidactors affect this variability
measure. For example, economic theory suggestsdhance of returns generally
increases with greater levels of expected retukagsvell, each farm may be considered
as a “portfolio” of crop enterprises. As the numbgenterprises in the portfolio
increases, all else being equal, NPV variabilityulddend to be lower. The pattern of
NPV standard deviations in Table 6.1 is somewhasistent with these considerations.
For example, the irrigated Brown soil zone farm thessecond greatest mean NPV and
the highest standard deviation while the Dark Brdaym has the second lowest mean
NPV and standard deviation. The number of croprpriges in the portfolio for each
representative farm is likely not a major factar tlae farms either have three or four
risky crop enterprises each (i.e., as discussé&@hapter 5, not including summerfallow).

However, there are some significant deviations ftbenexpected pattern. For
example, the dryland Brown soil zone farm has #o®sd highest standard deviation but
also has the lowest mean NPV. Historical yieldthis area have more variability as
compared to other regions due to extreme differeircémperature and precipitation
events. The naturally occurring variability in wieat in this region is hypothesized to be
the cause of the high variability calculated in thedel. While it is not explicitly
modelled, the soil in southern Alberta is more gramerosion due to lower soil moisture
levels and lower soil organic matter levels. Extdapng from this, yields may vary more
from year to year due to faster annual depletiothefsoil under poor growing
conditions, as compared to areas with higher lesfed®il organic matter and soil
moisture. The other significant exception to thpemted pattern is the Dark Grey
representative farm which has the third highestmifaV but the smallest standard
deviation. While there is no obvious explanationtfas result, it may be the case that the
opposite situation exists from the dryland Browit sone farm; that is, crop production
is less risky in this region.

One other result with respect to the NPV standandadions is worthy of note
here. The farm in the Brown soil zone under iréglproduction has the highest standard
deviation. This is somewhat surprising as a comagsumption is that there is less
variability in income with irrigated production si@ the input of water is controlled by
the operator (i.e., less yield risk). However, $fiecof irrigation practices are not
directly modelled in the analysis as there is novwance for more irrigation water to be
used in years where seasonal rainfall is lowerahdr events such as yields and costs
associated with irrigation may be indirectly affagtthis value.

Table 6.1 —Baseline results of the representativarims for the variable NPV

Soil zone Standard Farm Annualized
T Mean NPV L mean NPV per
production deviation NPV  hectares h
ectare
Brown, irrigated $2,441,735 $424,010 1,036 $235.69
Brown, dryland $845,707 $346,840 1,295 $65.31
Dark Brown,
dryland $1,094,775 $297,373 1,295 $84.54
Black, dryland $2,841,695 $330,860 1,036 $274.29
Dark Grey,
dryland $2,419,362 $229,890 777 $311.37

Figure 6.1 shows the average annual cash flowseodimulation for the
representative farms over the forty year time gerfover the forty years the average cash
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flows are approximately $219, $76, $100, $259, $2@il thousand for the farms in the
Brown (irrigated), Brown (dryland), Dark Brown, Blg and Dark Grey soil zones,
respectively. The overall trends between farms/erage annual cash flow is consistent
with the trends in perpetual wealth of the operatias discussed above. The average
annual cash flows slightly decrease initially, gays two to four of the simulation.
Further examination of the cash flows with staisianptions conclude that in these
years average simulated crop prices of barley,rdwheat, and spring wheat are slightly
lower than for other years, resulting in lower newes. For example in year two of the
simulation average spring wheat price is $0.1%pegram, while the 2008 and 31 year
average prices were $0.32 and $0.22 per kilograsperctively. In years three and four
average simulated barley price was $0.13 per lalmgmhile the 2008 and historic
average prices were $0.21 and $0.15 per kilograsperctively. The effect is elevated for
the farm under irrigated production since thera ggeater proportion of wheat (spring
and durum) grown. All other expenses and reventeesetatively consistent. It is
hypothesized that due to the nature of the pricdetsousing lagged variables and a 2008
starting price, the first several years of the sation are more variable than subsequent
years.

Figure 6.1 — Modified net cash flows for representave farms over the 40 year time
period
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6.1.1 Validation of Representative Farm Models

Simulation models are used in this study to pretiietquantitative costs and
benefits of BMP adoption. It is impossible to modklpossible actions and events that
can occur on cropping operations, but stochastialsition analysis is employed to
account for potential variability in outcomes. Hoawwe models are not useful for use in
decision making unless they accurately represahteproduce behaviours that occur in
real systems (Macal, 2005). Many land use modepasameter sensitivity and error
propagation, but do not consider full model vaioiatKok et al., 2001). This is in part
due to the objectives of the studies, to exploterfuscenarios that do not currently exist,
and therefore do not have a benchmark for compa(isok et al., 2001). Verification
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and validation of models ensures some credib#itgdcounted for in modelling social
systems (Macal, 2005), such as in agricultural pctdn.

Verification ensures that models are programmetecty and perform as
intended (Macal, 2005). Verification for this studydone using price and yield model
comparisons to historical data. Sensitivity analydgiinput and BMP parameters,
discussed later in this chapter, also ensure gatifin of model specifications. However,
these tests do not ensure that the farm modebcatgately and correctly reflective of
real farms in the areas of interest. Verificatimmproves the degree of statistical certainty,
but Macal (2005) notes that no computational meditlever be guaranteed to be
completely error free.

Ideally, validation of the representative farm msd#iscussed in this project
would be through comparison of the model farmsetd farms in the respective areas, of
the same size and crop characteristics. Howewveretd world system does not exist in
this case, or in many cases of simulation ana(jd&cal, 2005). Therefore, there are
associated practical difficulties in validating netsl(Kok et al., 2001).

Chapter 4 discusses the benefits of using NPV arsalyith Monte Carlo
simulation as the method to determine costs andftief BMP adoption on agricultural
operations. This provides basis for techniquegiatibin in theory, but does not ensure
validation of the complex relationships modelledeikkhoven (2008) uses simulation
output to validate similar farm level models. Isisggested that the cash rental rate of
land can be determined by half of the contributitargin (direct revenue minus direct
expenses) to account for the possibility of rentengrofit from agricultural activities on
the land (Koeckhoven, 2008). Koeckhoven (2008) sigygests that the annualized cost
is a good approximation of the contribution margincrop production. Table 6.2
compares the annualized NPV per hectare and hatfahtribution margin, in year 40,
per hectare, to land rental rates, by soil zoné|llerta. Land rental rates were obtained
for the year 2010 from AARD (2011-b). Comparing toatribution margin estimate to
the Alberta land lease rates in 2010, the valuesvithin the range for rental rates for the
farms in the Brown (irrigated), Brown (dryland),dabark Brown soil zones. However,
the contribution margin values are higher tharrémgal rates for the farms in the Black
and Dark Grey soil zones. A similar pattern is appawhen comparing the annualized
NPV per hectare to the rental rates, with the etigepf the farm in the Brown (dryland)
soil zone, where the annualized value is lower tharrental rate range.

Table 6.2 — Comparison of annualized NPV and halffahe contribution
margin in year 40 to land rental rates in Alberta,per hectare

. Annualized Half of Year 40 Rental Rates (2010)
Soil zone NPV Contribution " )
Margin Minimum Maximum Average
e $235.69 $236.44 $123.50  $741.00  $226.42
irrigated : . . . .
Brown,
dryland $65.31 $103.53 $81.51  $160.55  $124.07
Dark Brown,
dryland $84.54 $101.90 $81.51  $160.55  $124.07
Black, dryland $274.29 $221.16 $46.31 $197.60  $HNP4.
Dark Grey,
dryland $311.37 $228.08 $3458  $185.25  $124.71

4 Rental rate values obtained from AARD (2011-b)stdm Rates Survey.
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An alternative method to comparing annualized vared the contribution
margin (net of the amount assumed to be profit) isompare the total value of the
operations (i.e., NPV with perpetuity) per hectaréarmland values. This type of
comparison uses revealed preference theory to asthanthere is a relationship between
land property prices and the property charactedg®winton et al., 2007), in this case
the ability of the land to support agricultural guation. Farmland values, specifically for
grain production, were obtained by Farm Credit @an@CC) from September 2009 to
September 2011 (FCC, 2011). Table 6.3 providesdahgarison of NPVs obtained from
the simulation models and farmland values for ¢amgl. Farmland values are reported by
county or municipal district and were determineddshon the representative counties for
each corresponding representative soil zone, asedkih Chapter 3. Comparing the NPV
results with farmland values it appears that theufation values under estimate the value
of land for farms in the Brown (irrigated and dmyf, Dark Brown, and Black soil zones.
The NPV per hectare of the farm in the Dark Grdlyzmne is within the range of
farmland values in this soil zone. It should alsmbted that the NPV per hectare for the
farm in the Black soil zone is close to the ranfaonland values in this region.

Table 6.3 — Comparison of NPV and farmland valuegqer hectare

Soil zone NPV Farmland Values (2010-11)

Minimum Maximum Average
Brown, irrigated $2,356.89 $5,607 $12,842 $9,609
Brown, dryland $653.06 $1,162 $5,513 $2,822
Dark Brown, dryland ~ $845.39 $2,116 $5,004 $3,574
Black, dryland $2,742.95 $2,818 $6,472 $4,800
Dark Grey, dryland $3,113.72 $2,108 $3,467 $2,642

# Farmland values obtained from FCC (2011).

While it is difficult to validate simulation modetkie to simplifying assumptions
made that are not realistic, the combination ofl leental rates and farmland values
results in the models being consistent with attleas approach, and that these models
are useful in predicting the costs and benefit8MP adoption. It is assumed that the
separate verification and sensitivity analysisp@sented later in this chapter, of BMP
parameters retains the validation of the represeattarm models.

6.2 Crop Rotation Beneficial Management Practices
Results

This section presents and discusses results footagonal BMPs. Alfalfa hay is
added to rotations on the irrigated farm in theviBr@oil zone and on the dryland farms
in the Dark Brown, Black, and Dark Grey soil zoreigld peas are added to rotations on
all farms under dryland production. Legume greenunes are added to rotations as a
partial or complete replacement for summerfallowdoyland farms in the Brown and
Dark Brown soil zones. Oats are added in rotatmnfarms in the Black and Dark Grey
soil zones. Rotations that combine the BMP cropsaéso examined in this section. See
section 5.4.1 for an explanation of each altereatdtation in terms of its role as a BMP.

As noted earlier, the BMPs are compared to thelinasecenario using the NPVs
calculated from the simulation analysis. In thescafsthe rotational BMPs the annualized
mean NPV per hectare from the baseline scena®io fgascinein Equation 6.1) is
subtracted from the annualized mean NPV per hetatbe particular BMP (i.e., évp).
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The difference represents the effect (positiveemative) of the BMP, expressed in
annual terms per hectare of the farm. Positivedtieg) values represent a positive
(negative) impact of the BMP on farm wealth. Thi¢edence is then divided by the
baseline annualized mean NPV per hectare to exgiresifference in percentage terms
(Equation 6.1).

[(ABMP - ABaseline)/ABaseline] *100% (6-1)

6.2.1 Alfalfa Hay

When alfalfa hay is added to rotations there isdaction in the percentage of
other crops grown. Specifically, there are apprataty 378, 533, 365, and 274 hectares
of land converted from crop production to foragedurction when a three year alfalfa hay
stand is adopted in rotation for farms in the Brdimngated production), Dark Brown,
Black, and Dark Grey soil zones, respectively. Bsuksed in Section 5.4.1.1 other
effects of adopting three year stands of alfal@uide nitrogen fixing benefits in soil and
improved yields in subsequent crops after the steasdeen terminated.

The mean NPV of the farms increases when alfalfashadopted in rotations
due to beneficial assumptions made for subsequeptyields and input costs. The
average price of alfalfa hay is lower than the agerprice of all grain and oilseed crops
considered in the analysis, but alfalfa hay produetatively higher yields per hectare for
all crops except for barley production in the D@nley soil zone. Also, per hectare direct
expenses for alfalfa hay production is lower foo#ther crops considered in the baseline
and alfalfa hay rotations. The net effect is thagrage cash inflow per year and per
hectare for alfalfa hay is lower on all farms wixempared to the crops being replaced
(i.e., reduced in acreage) to adopt alfalfa haypftation, including barley, canola, durum
wheat, and spring wheat. The results in terms@kimsed mean NPV (i.e., from
increased net cash for the entire simulation pgfacthe representative farms are
therefore due to the yield and nitrogen benefitfops following alfalfa hay in rotation.

Table 6.4 displays the mean and standard deviatitues for the NPV variable
and calculates the mean as an annual value paraeitfarm land. In the fifth column
of this table the annual value of the operatiomlie BMP is compared with the annual
value from the baseline scenario, column five ibl&&.1. The results show that the
addition of alfalfa hay has the strongest effectl@nfarm situated in the Dark Brown soil
zone with a difference in the mean value of thenfafter adoption of approximately $63
per hectare per year. This is an increase of 75ébmpared to the base rotation. The
second strongest effect is seen on the farm iBtbhe/n soil zone under irrigated
production. Here the present value of the farnpjgaeximately $2.8 million with a
standard deviation of approximately $0.4 milliormndpared to the base rotation adding
alfalfa hay on the irrigated farm in the Brown smhe increases the annual mean value
of the operation by 15%. Adding alfalfa hay to thems in the Black and Dark Grey soll
zones changes the value of the farms by approxiyn®d8& and $32 per hectare per year,
respectively. The percent change as compared toetbe rotations on these farms are
17% and 10% for the Black and Dark Grey farmsehmis of differences between farms,
a larger benefit from adding alfalfa hay is appafenthe farm located in the Dark
Brown soil zone as compared to the other areassgmattly due to the way alfalfa hay
fits in the rotations and replaces other cropsm@adtices. In the Dark Brown soil zone
alfalfa hay fits into the rotation as three yedraltalfa followed by the base rotation.
Therefore, summerfallow occurs less frequenthhidrop rotation, which improves the
revenue generated by the farm, as this is a peatttat does not generate revenue.

For all farms adding alfalfa hay increases the medue of the operation.
However the standard deviation of each operatioedsaced when alfalfa hay is added to
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rotation. Standard deviation decreases by 15, 26rd 26% for the farms in the Brown
(irrigated), Dark Brown, Black, and Dark Grey smiines. The lower standard deviation
indicates that the range of outcomes is closdnd¢ariean outcome after alfalfa is added to
rotation, as compared to the base rotation. It agphat adding alfalfa hay somewhat
reduces the uncertainty of production among produiceall relevant soil zones and
production types. The reductions in standard deviare also attributed to the standard
error of alfalfa hay in the SUR model for priceimsites in Chapter 5. Table 5.18
provides the standard error estimates, with thenas for alfalfa hay being the lowest of
all crops in the model.

As discussed earlier for the baseline resultsctbpping operations may be
considered to have a portfolio of risky croppingeeprises. One factor affecting the
variability of portfolio returns is the number dassets” included in the portfolio. In
particular, as the number of assets increasesléallbeing equal) the portfolio variance
decreases. With this rotational BMP, an additimmap enterprise is added to the
portfolio. Therefore, it might be expected that NfPAfiability would decrease. As well,
portfolio variability is affected by the correlatidoetween returns for the portfolio assets.
In the case of alfalfa yields, there is an assupz=itive correlation with other crop
yields. In modelling alfalfa prices, however, asatissed in Chapter 5 the error term for
the alfalfa price equation is not correlated (icerrelation equal to zero) with the error
terms for the other crop price equations. This ioutes to a lower correlation between
alfalfa returns and other crop returns, which imtwould result in portfolio variance
being reduced from the addition of the alfalfa gmtise.

It should be noted that while reduced risk is obserfrom the model results this
may not occur in reality. In practice, hay prodactis dependent on many factors. Yields
and price are affected by adverse weather duringekbof hay as rain at certain times
may decrease the quality of hay and decrease ittes prhile lack of precipitation may
also result in only one cut of hay, where the madehys predicts two cuts of hay.

Table 6.4 — Results of NPV variable for alfalfa hayotation on representative farms

. Percent
, Annualized :
Annualize difference
. Standard mean NPV .
Soil zone, i d mean : annualized
. Mean NPV deviation difference per
production NPV per mean NPV per
NPV hectare (BMP
hectare . hectare (BMP
— Baseline) .
— Baseline)
Brown, o
inigated $2,814,897 $359,244  $271.71 $36.02 15%
Dark Brown, 0
dryland $1,917,264 $221,454  $148.05 $63.51 75%
Black, dryland  $3,336,329 $236,190 $322.04 $47.74 7% 1
Dark Grey, 0
dryland $2,668,590 $170,301  $343.45 $32.08 10%

The modified net cash flow difference between thsehbrotation and adoption of
alfalfa hay in rotation over the forty year period all representative farms is shown in
Figure 6.2. Since BMPs are adopted starting in #ongals one at time zero the difference
between adopting BMPs and the base scenario isIndrally, the difference in cash
flows between the alfalfa hay BMP and the baseaieis hegative for most of the
representative farms. This result is caused bynebamation of two factors. First, as
discussed earlier, while the expected cash flowaated with alfalfa hay is positive, it is
less than the corresponding cash flow per hectaretfier crops in the rotation. Since the
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benefits of adopting alfalfa hay in rotation are apparent until the initial alfalfa stand is
“broken” and the land is seeded to a different cthe resulting difference in net cash
flow is negative. As well, the cash flow for thestiyear of alfalfa in rotation is lower

than for the remaining duration of the stand sthege are establishment costs associated
with this crop. As the stand is established neh ¢lasvs from alfalfa hay increase and
stabilize. For these reasons, in the first year aifalfa hay is adopted most of the farms
have a negative difference when compared to the tadations. After the initial period of
low cash flows the difference between the alfalig Adoption and the base scenario
becomes positive and stabilizes at approximate/yi63, 77, and 45 thousand dollars for
the farms in the Brown (irrigated), Dark Brown, 8taand Dark Grey soil zones.

The exception to this pattern is the Dark Brown soine farm. There is no initial
decrease in expected cash flows from adoptionfalfalhay on this representative farm.
This difference is caused by the impact of reddosguency of summerfallow when
alfalfa is added to the rotation. The increasegmere from more land under production
compensates for the initial drop in expected ctsh from alfalfa hay adoption.

Stabilization of the difference in cash flows occas the benefits of having an
alfalfa stand in the crop rotation are fully reatiz The benefit is largest in the Dark
Brown soil zone as there is a larger area affesiddthis being the largest farm to adopt
alfalfa hay in rotation. Also, there is no droptire difference in mean net cash from the
BMP rotation and baseline results on the farm en@ark Brown soil zone due to the
reduction of land allocated to summerfallow whefaléd hay is adopted (see Table 5.34).
The overall effect is the lowest on the farm in Beek Grey soil zone as this has the
smallest area affected by including an alfalfa staynd in rotation. The farms in the
Brown and Black soil zones are the same size audhalve approximately the same
overall area of land affected by the change irctiop rotation. However the benefits of
alfalfa hay are stronger on the irrigated farm ttuan expected higher yield with
irrigated production. The overall annual cash fluenefit of growing alfalfa hay under
irrigation in the Brown soil zone is greater thhe benefit of growing alfalfa hay in the
Black soil zone where the overall yield benefit $obsequent crops is greater.

Figure 6.2 — Maodified net cash flow difference betaen adopting alfalfa hay in crop
rotations and base rotations over the 40 year timperiod
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6.2.2 Field Peas

Similar to alfalfa hay, when field peas are addethe base rotation there is a
decrease in the percentage of other crops grownodaed base constraints. Field pea
production is assumed to use approximately 155, P&Z, and 122 hectares of land on
dryland farms in the Brown, Dark Brown, Black, dddrk Grey soil zones, respectively.
Benefits of adopting field peas in crop rotatiomslude reduced nitrogen fertilizer costs
in the subsequent crop and a yield benefit forstitesequent crop.

Overall, when field peas are adopted into the imtatthe value of the farms is
increased. Table 6.5 displays, for each represeat@rm, NPV means and standard
deviations, mean annualized NPV per hectare, angdihcent difference in the annual
value relative to the baseline scenarios. The mthddf field peas increases the annual
value of the farm in the Brown soil zone by $42 pectare, a 65% difference from the
base rotation. In the Dark Brown soil zone addieffifpeas increases the value of the
farm by $28 per hectare per year, which is a 338teemse from the base rotation. In the
Black soil zone the addition of field peas actudicreases the annual per hectare value
of the farm by $2, which is a 1% difference as care to the base rotation. However
this is largely due to the reduction of acreagett#t to crops with higher production
value such as canola. In the Dark Grey soil zomngdield peas to the crop rotation
increases the annual wealth value of the farm byeShectare which is a 2% increase as
compared to the base rotation in this soil zone.

Similar to adding alfalfa hay to the rotation, auylfield peas to rotations
decreases the standard deviation of the NPV variablall farms examined. However
the effect is smaller here. Adding field peas ®tbtation decreases the standard
deviation by 1%, 7%, 10% and 6% for the farms mBnown, Dark Brown, Black and
Dark Grey soil zones. Adding field peas to thetiotaslightly reduces the uncertainty of
production. This effect is most noticeable on therfin the Black soil zone for which
adding field peas did not result in an increasddevaf production. Similar to the effect
observed in alfalfa hay the decrease in standan@titen is likely due to increased
diversification in the crop portfolio, resulting decreased risk.

Table 6.5 — Results of NPV variable for field peaatation on representative farms

, Percent
. Annualized .
Annualiz difference
: Standard mean NPV .
Soil zone, L ed mean . annualized
. Mean NPV deviation difference per
production NPV per mean NPV per
NPV hectare (BMP
hectare . hectare (BMP
— Baseline) .
— Baseline)
Brown, 0
dryland $1,394,374 $344,382 $107.67 $42.37 65%
Dark Brown, 0
dryland $1,459,713 $276,665 $112.72 $28.18 33%
Black, dryland  $2,823,872 $299,176 $272.57 -$1.72 1% -
Dark Grey, 0
dryland $2,457,592 $216,222 $316.29 $4.92 2%

The modified net cash flow difference between aibgpfield peas in rotations
and the base rotations is shown in Figure 6.3thl&farms in the Brown and Dark
Brown soil zones the benefit of adding field peasotations is immediately positive.
This is due to reductions in the acreage of latatated to summerfallow for these
farms. The full effect of adding field peas to mithern soil zones is apparent after ten
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years when the mean net cash differences betwedietti pea BMP and the baseline
rotation are approximately $59,000 and $41,000/paer for the Brown (dryland) and
Dark Brown soil zone farms, respectively.

For the farms in the Black and Dark Grey soil zafiese is an initial drop in net
cash the first year field peas are adopted. Thisiésto the reduction in acreage available
for higher value production crops such as canatawAll, yield and input cost benefits of
field peas to subsequent crops do not occur ur@isecond year field peas are in rotation.
After year ten the benefit of adopting field pesscompared to the base rotation, on net
cash stabilize at approximately $625 and $6,230gvar and per year for the farms in
the Black and Dark Grey soil zones, respectively.

Figure 6.3 — Modified net cash flow difference beteen adopting field peas in crop
rotations and base rotations over the 40 year timperiod
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6.2.3 Legume Green Manures

Legume green manures are added to rotations faoikern Alberta dryland
farms as a complete or partial replacement for serfatiow. In the case of the Brown
(dryland) soil zone farm, prior to adopting this Bthere were approximately 310
hectares per year of land under summerfallow. TM& Besults in this being reduced by
half, to approximately 155 hectares. The otherti&&ares previously allocated to
summerfallow practices are seeded to a legume gneeure. For the Dark Brown soil
zone farm, there were approximately 310 hectarasimimerfallow in the base rotation.
Adoption of this BMP results in all of this beingesled to legume green manures; that is,
summerfallow is reduced to zero.

Having land under summerfallow has some coststHene are typically higher
costs associated with land seeded to legume greeaoms. The benefits of seeding land
to legume green manures are outlined in sectiod 3. 4However, the simulation results
indicate that the costs of adopting legume greemungs into the rotations outweigh
these benefits, given the assumptions of the mo@lels mean and standard deviation
values for NPV, the mean annualized NPV valuespetare, and the percentage change
in the mean annualized values for this BMP are shiovil able 6.6. The addition of
legume green manures to the rotation results iregeeannualized values of
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approximately $60 and $74 per hectare for the famtise Brown and Dark Brown soil
zones, respectively. These represent reductiof%oadnd 12%, respectively, compared
to the base rotation. Changes to the standardtd®evis a result of adding legume green
manures are minimal and do not present any sigmfichange in uncertainty as
compared to the base rotation.

The benefits associated with this BMP are redudtedgen costs in subsequent
years. It is assumed that the benefit to subsequeps increases with the number of
times legume green manures is present in rotatitthbenefits occurring from reduced
input costs for nitrogen fertilizer. Converselye tonversion from summerfallow to
legume green manure results in a net increasemagsts; that is, additional costs of
seeding and ploughing legume green manures artegtban the costs associated with
summerfallow being replaced. As well, legume gremmures may deplete more soil
moisture, as compared to summerfallow, and as thegk is potential for a yield
decrease in subsequent years. The simulation sésditate that the net effect of these
changes is “negative” in terms of reduced cash #iod@ wealth. It should be noted that
the model does not consider other long term bemefitegume green manures, such as
improved soil organic matter content from reduciiosummerfallow and increased
residue returned to the soil. Incorporating thesgyér term effects of green manure
would increase the potential for improvements nmfavealth as a consequence of
adopting this type of BMP.

Table 6.6 — Results of NPV variable for legume greemanures rotation on
representative farms

, Percent
Annualized difference

. Standard Annualized mean NPV .
Soil zone, Mean annualized

deviation mean NPV difference per
NPV per hectare hectare (BMP
— Baseline)

production NPV mean NPV per

hectare (BMP —

Baseline)
Brown, i
dryland $778,252  $345,417 $60.10 -$5.21 8%
Dark Brown, i
dryland ~ $962575 $296,480  $74.33 $10.21 12%

The annual difference in the modified net cash fl@iween the base rotation
and adding legume green manures to rotation is stwwigure 6.4. The effect of adding
legume green manures to rotation, as comparecktbabe rotation, is negative for both
farms in all forty years considered. The full effetadding legume green manures is
evident after approximately twenty years. It takeger for the full effect of legume
green manures to be seen due to the increasindjtsemi¢h the number of times it occurs
in rotation. The average difference between the batsition and legume green manures
rotation in terms of annual cash flows is approxetya-$7,000 and -$14,000 for the
farms in the Brown and Dark Brown soil zones. Thgative impact is stronger on the
farm in the Dark Brown soil zone since all summiofa in rotation is replaced with
legume green manures on this farm. The negativadtrip amplified from the
assumption that there is potential for yield logsesops following legume green
manures due to potential soil moisture depletiodrinyears. The initial decline in cash
flow from adoption of this BMP is due to the trarma of land away from summerfallow
to legume green manures in rotation, which arecatsal with higher input costs.
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Figure 6.4 — Modified net cash flow difference beteen adopting legume green
manures in crop rotations and base rotations overtie 40 year time period
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6.2.4 Oats

Oats are added to rotations only in the northeen, (in the Black and Dark Grey
soil zones) soil zones. When oats are adoptedatioas, 162 and 122 hectares per year
of land are cropped as oats on the Black and Dagl €oil zone farms, respectively.
With the addition of oats, there is a proportionatduction in the area for the other crops
in rotation for the two farms; barley, canola, @pding wheat crops. Unlike the
previously discussed BMPs which affect subsequescin terms of nitrogen
requirements and/or yields, oats is considered & Bivhply due to the reduction in
inputs, specifically chemical fertilizer and heiilig, necessary for this crop. As
compared to spring wheat and barley, the fertilezest for oats is approximately $21 and
$16 per hectare less in the Black and Dark Grdyzsokes, respectively. Per hectare cost
for chemical herbicide is approximately $28 forsoatthe Black and Dark Grey soll
zones, while it is approximately $86 and $43 petdre for spring wheat and barley,
respectively, in the same aréas.

Results for the representative farms that adostio& the rotation are shown in
Table 6.7. Mean NPVs after adopting oats are apmiabely 2.5 and 2.4 million dollars
with standard deviations of approximately 0.3 ar®ir@illion dollars for the Black and
Dark Grey soil zone farms, respectively. Theseesgnt reductions in both mean and
standard deviation as compared to the baselinéise¥he annualized mean NPV of the
farm in the Black soil zone after adopting oat$246 per hectare. This represents a
decrease of $29 per hectare per year, or a 10%tiedwhen compared to the base
rotation. For the Dark Grey soil zone farm the amiean NPV after adopting oats is
approximately $305 per hectare, which is $6 petdreqer year lower, or a 2%
reduction, when compared to the base rotation.dBeeeased mean NPV values are due
to reduced net cash flows associated with oativelto the crops being replaced in the
rotation. In other words, lower revenues generhteithcluding oats outweigh the input

0 As noted in Chapter 5, oats should only be growfields where wild oats are not problematic
as there are no herbicides available for contrelitif oats when oats are grown.
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cost reductions associated with this crop. Theasess in variance is likely attributable to
two factors. First, lower expected returns tendg@ssociated with lower variability.
Secondly, there is increased diversification ingbgfolio of crop enterprises.

Table 6.7 — Results of NPV variable for oats rotatin on representative farms

Annualized Percent
. Standard Annualized mean NPV d|fference
Soil zone, L difference annualized
. Mean NPV deviation mean NPV
production NPV er hectare  PE hectare mean NPV per
P (BMP —  hectare (BMP —
Baseline) Baseline)
Black, o
dryland $2,545,356 $309,612 $245.69 -$28.60 -10%
Dark Grey, i 50
dryland $2,372,483 $217,208 $305.34 $6.03 2%

The annual difference in the mean modified net ¢lashbetween the base
rotation and adding oats to rotation is shown guFé 6.5. The effect of adding oats to
the rotations on the farms in the Black and Dar&yGoil zones is negative in all
simulated years. As noted earlier, while the cobtgrowing oats is slightly less than
other crops this benefit does not seem to outwikighost extra revenue associated with
the other crops from the base rotation. On the farthe Black soil zone the effect is a
loss of approximately $32,000 per year. On the farthe Dark Grey soil zone the effect
is a loss of approximately $5,000 per year.

If the results for the two farms are comparedpjiears that the impact of
adopting oats is more significant (i.e., more niegatfor the Black soil zone farm than
for the Dark Grey soil zone farm. Part of this iedo the difference in costs associated
with oats. Direct expenses from growing oats agr@pmately $241 and $201 per
hectare on representative farms in the Black arrét Baey soil zones, respectively, and
this contributes at least in part to the differenicesimulation results between the two
farms.

Besides the differences in costs per hectare, hexvewch of the difference
between the Black and Dark Grey soil zone farnthiesto assumptions made about the
oat yields. Chapter 5 (Section 5.2.1.1) providesxpianation and justification for
detrending procedures used for the yield data¢owtt for changes in crop technology
over time. As discussed in Chapter 5, the oat ydeka for the representative municipal
district in the Dark Grey soil zone had a significicend and so the oat yield data were
detrended prior to estimating the yield distribatfor the simulation model. Conversely,
there was no significant trend in the oat yieldadat the Black soil zone and
consequently no detrending procedure was usedo@eeme from detrending the oat
yield data for the Dark Grey soil zone was a highesrage yield than for the original
data series. In particular, the resulting averags significantly higher as compared to
the overall average in the Black soil zone. Fromdhginal municipal level data mean
oat yields were approximately 2,431 and 2,817 kdaws per hectare in the Black and
Dark Grey soil zones, respectively. After detregithne average for the Dark Grey saill
zone was approximately 3,537 kilograms per heétaFais difference in average yield
contributes significantly to the relative impactaafopting oats for the two farms. With an
average yield similar to the original value for thark Grey soil zone farm (i.e., before

“1 Municipal level averages prior to detrending amvjzled in Appendix D, Table D.6. Detrended
and fitted yield averages are available in Tablel 5.
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correcting for the time trend), the impact on agerenodified net cash flows would be
approximately $13,000. While this would still retsal the net (negative) impact of
adopting oats being smaller for the Dark Grey soile farm than for the Black soil zone
farm, the difference between the farms would bemamaller.

Figure 6.5 — Modified net cash flow difference beteen adopting oats in crop
rotations and base rotations over the 40 year timperiod
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6.2.5 Combinations of BMP Crops

In this section the results from the combinatioé or more rotational BMPs
will be discussed. Combinations of BMP crops ar@wixed to determine potential
complementary effects of the crop rotation BMPgfddent combinations are possible in
each soil zone, as shown in Tables 5.31 to 5.34.

6.2.5.1 Alfalfa Hay and Field Peas

Rotations that include alfalfa hay and field pe@sossible for representative
farms in the Dark Brown, Black, and Dark Grey swihes under dryland production.
Field pea production is not considered under iteédgroduction and alfalfa hay is not
considered in the Brown soil zone under drylandipotion, for reasons discussed
earlier. The areas allocated for alfalfa hay imtiohs for the Dark Brown, Black, and
Dark Grey soil zone farms are 339, 325, and 244ahes, respectively. Field peas
account for approximately 113, 108, and 81 hectaféznd on the Dark Brown, Black,
and Dark Grey soil zone farms, respectively.

Mean and standard deviation of NPV results, annedlmean value, and
comparison of the change in annual value to thelipasresults from the farms that adopt
alfalfa hay and field peas in rotations simultargdpare provided in Tables 6.8. The
annualized NPV per hectare in the Dark Brown smilezis approximately $198 per
hectare when alfalfa hay and field peas are aduleatation. This is a difference from the
base rotation of approximately 135% as a benetiiéqroducer. The standard deviation
of this variable also decreases with this rotatipmpproximately $173,000. For the farm
in the Black soil zone the annual value of the faraneases by over $30 per hectare to
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approximately $305 per hectare when alfalfa hayfeid peas are included in the
rotation. The standard deviation of this farm alsoreases by approximately $120,000
when these two crops are included, as compardtetbase rotation. On the farm in the
Dark Grey soil zone adding alfalfa hay and fieldp@ecreases the value of the farm by
almost $20 per hectare as compared to the bag®rotéhe standard deviation of this
value also decreases on this farm by approxim&Edp,000 as compared to the base
rotation.

For all farms that consider adding alfalfa hay &ialdl peas simultaneously the
mean value of the operation increases while thedsta deviation decreases. As
previously mentioned the decrease in standard tlewimay simply be due to
assumptions in the models. The increases in theahnmean values from adding two
BMP crops are consistent with the findings of thividual BMP crops. On the farms
representative of the Black and Dark Grey soil scedding both alfalfa hay and field
pea results in an annual value of the operatiohgiween the higher value when only
alfalfa hay is adopted and the lower value when @iald pea is adopted. This result is
consistent with land restrictions as the beneétiect the tradeoffs of land allocated for
each crop in rotation. Conversely, for the Darkv@nasoil zone the benefit seems large
and additive. However, while there are still lamehstraints, as for the other two farms
considered for this rotation, when both field paad alfalfa hay are adopted land is no
longer allocated for summerfallow on the repredargdarm in the Dark Brown soill
zone. The seemingly additive effect of field ped alialfa hay on the farm in the Dark
Brown soil zone occurs due to all land having criops/ested every year, whereas when
these BMPs are considered individually there Islatid allocated to summerfallow, a
practice where revenue is not generated.

Table 6.8 — Results of NPV variable for alfalfa haynd field peas in rotation on
representative farms

Annualized Percent

Standard Annualized MEan NPV difference

Soil zone, Mean NPV  deviation mean NPV difference annualized
production NPV or hectare P€" hectare mean NPV per
P (BMP —  hectare (BMP —
Baseline) Baseline)
Daéfygr?é"’”’ $2,568,349 $250,880  $198.33  $113.79 135%
Black, dryland  $3,155,688 $227,461  $304.60 $30.31 1%1
Dark Grey, 0
dryland $2,570,017 $167,861  $330.76 $19.39 6%

The annual difference in the forty year modified cesh flows between adding
alfalfa hay and field peas and the base rotatiahd@svn in Figure 6.6. Adding these two
crops to the base rotation is beneficial for akkéhfarms considered. In the Dark Brown
soil zone the benefit of adding the two crops imidiate and averages approximately
$177,000 in the last 30 years of the analysis.ifisiantaneous positive effect is due to
land being allocated to crops instead of summenfalivhere revenue is nonexistent. In
the Black and Dark Grey soil zones the initial iwipaf adding field peas and alfalfa hay
is negative. This is in contrast to the farm in ek Brown soil zone because
summerfallow practices do not occur on these fdims in the Black and Dark Grey soil
zones) in the baseline or any other rotation @kland is always used for cropping
practices). However, as stated previously wherttbp effects where discussed
individually, once the yield and nitrogen benefifgshese crops begin to take effect the
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impact is positive. The annual benefit of alfalteytand field peas in rotation in the Black
and Dark Grey soil zones is approximately $56,000$83,000, respectively, for the last
30 years of analysis, as compared to the baseomtat

Figure 6.6 — Modified net cash flow difference beteen adopting alfalfa hay and
field peas in crop rotations and base rotations ovehe 40 year time period
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6.2.5.2 Alfalfa Hay and Legume Green Manures

The addition of alfalfa hay and legume green mananmultaneously to the base
rotation only occurs on the farm situated in thelkBrown soil zone. Adoption of
legume green manures only occurs on represenfatives in the Brown and Dark Brown
soil zones under dryland production, and alfalfgisanot adopted as a BMP on the farm
in the Brown soil zone under dryland production.aiVfalfalfa hay and legume green
manures are added to the base rotation approxyéitdland 138 hectares are allocated
to alfalfa hay and legume green manures, respégtive

The mean NPV of the farm is approximately $2.6iomllwith a standard
deviation of approximately $0.25 million after diéahay and legume green manures are
adopted in rotation. The results of the NPV vagalthe annualized value, and
comparison with baseline results are shown in T&lleWhen compared to the base
rotation this rotation increases the annual meayl biRthe farm by approximately $113
per hectare. The standard deviation of this vagialdo decreases by approximately
$48,000. As compared to the base rotation the malaie of the farm is increased by
134%. While legume green manures are not a caghticere is a yield and nitrogen
benefit for subsequent crops and there is no loaggtand allocated for summerfallow.
With more land under production overall the anrheadefit of this rotation is positive and
is greater than considering alfalfa hay alone is tégion, but slightly less than when
alfalfa hay is adopted with field peas. When ai#fdify is adopted alone summerfallow is
still part of the crop rotation, but when alfalfayhis adopted with legume green manures
or field peas, summerfallow is not present in tht@tion. While the adoption of legume
green manures in rotation provides benefits toegilosnt crops there is no revenue
benefit, as there is when field pea is adopted.
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Table 6.9 — Results of NPV variable for alfalfa haynd legume green manures in
rotation on representative farms

Annualized Percent

. Standard Annualized mean NPV dn‘fe_rence
Soil zone, o difference annualized mean

. Mean NPV deviation mean NPV

production NPV er hectare PE' hectare NPV per hectare

P (BMP — (BMP —

Baseline) Baseline)

Da(;'r‘ygr?é"’”' $2,562,013 $249,690  $197.84  $113.30 134%

The difference in the annual modified net cash @wer 40 years is shown in
Figure 6.7. Adding alfalfa hay and legume greenumesito the farm in the Dark Brown
soil zone results in immediate benefits. The avesh flow difference between this
BMP rotation and the base rotation for the lasy@rs considered is approximately
$183,000. This is consistent with the changeslatation from summerfallow for this
rotation and the benefits from adopting a foragg avith annual crop production.

Figure 6.7 — Modified net cash flow difference beteen adopting alfalfa hay and
legume green manures in crop rotations and base rations over the 40 year time
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6.2.5.3 Alfalfa Hay and Oats
Adding alfalfa hay and oats to the base rotationawcur on the farms in the

Black and Dark Grey soil zones. As previously mamid oats are only adopted as a crop

BMP on farms in the Black and Dark Grey soil zoresluding alfalfa hay in rotation is
also adopted on these farms as a BMP. When tlaiagntoccurs there are 324 and 108
hectares of land allocated to alfalfa hay and aatgpectively, for the Black soil zone
farm and 243 and 81 hectares of land allocatetfadaahay and oats, respectively, for
the Dark Grey soil zone farm.

The mean and standard deviation results of the MW&tMbles for the farms are
provided in Table 6.10. The annualized mean NP¥effarms are approximately $294
and $330 per hectare with standard deviations pfcagmately $0.24 and $0.17 million
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for the farms in the Black and Dark Grey soil zqrespectively. The annual value of the
farms increases by approximately $20 and $18 petahefor the farms in the Black and
Dark Grey soil zones, respectively, when alfalfg &dad oats are added to the crop
rotation, as compared to the base rotation. The#&se in mean value on the farms is due
to alfalfa hay in rotation. The increase is lestivhen alfalfa hay is added alone as
including oats in the rotation slightly decreadesalue of the farm, as discussed in
section 6.2.4.

Table 6.10 — Results of NPV variable for alfalfa haand oats in rotation on
representative farms

Annualized Percent
. Standard Annualized mean NPV dlffe_rence
Soil zone, . difference annualized mean
. Mean NPV deviation mean NPV
production NPV er hectare PE" hectare NPV per hectare
P (BMP — (BMP —
Baseline) Baseline)
Black, 0
dryland $3,044,274  $237,405 $293.85 $19.55 7%
Dark Grey, 0
dryland $2,562,102 $169,710 $329.74 $18.37 6%

The annual difference in the modified net cash §@fithe farms considered
when adopting alfalfa hay and oats to rotationaaspared to the base rotation is shown
in Figure 6.8. The initial impact of adding thes®tcrops to rotations in the Black and
Dark Grey soil zones is negative. However onceytblel and nitrogen benefit following
alfalfa crops occurs the impact is positive. Framang 11 to 40 of the cash flow analysis
the average annual benefit of alfalfa hay and isepproximately $43,449 and $31,535
for the farms in the Black and Dark Grey soil zgrespectively. The individual patterns
from alfalfa hay alone and oats alone are appavithta sharp decrease in value for the
first two years of adoption and then an increaaeithdue to the adoption of alfalfa hay.

Figure 6.8 — Maodified net cash flow difference beteen adopting alfalfa hay and oats
in crop rotations and base rotations over the 40 y& time period
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6.2.5.4 Alfalfa Hay, Field Peas and Legume GreeraMires

Alfalfa hay, field peas and legume green manureslapted in the same rotation
on the representative farm in the Dark Brown soilez This is the only representative
farm where simultaneous adoption of these BMP comgsirs in the simulation models.
Alfalfa hay is adopted on farms in the Brown (iaigd), Dark Brown, Black, and Dark
Grey soil zones. Field peas are adopted on aladdyfarms. Legume green manures are
adopted on farms in the Brown (dryland) and Darévdr soil zones. Therefore, the only
representative farm that considers alfalfa hayd fieas and legume green manures is in
the Dark Brown soil zone. For this BMP rotation epgmately 339, 113, and 113
hectares of land per year are allocated to alfedfg field peas, and legume green
manures, respectively.

Simulation results for the NPV variable, includimgan, standard deviation,
annualized mean per hectare, and comparison ohéaem with baseline results are
provided in Table 6.11. The mean NPV of the farmtifigs rotation is approximately $2.5
million with a standard deviation of $0.25 milliowhen compared to the baseline results
this BMP rotation increases the mean value of fiexation by approximately $110 per
hectare per year, a 131% difference. This valggdater than when alfalfa hay or field
peas are adopted alone on this farm, but lowerian alfalfa hay and field peas are
adopted simultaneously. The effect of includinguleg green manures slightly decreases
the annual mean value of the farm per hectareegie th no revenue benefit of including
this crop in rotation and there is potential fobseguent yield decreases.

Table 6.11 — Results of NPV variable for alfalfa hg field peas, and legume green
manures in rotation on representative farms

Annualized Percent
. Standard Annualized mean NPV d|fference
Soil zone, difference annualized

Mean NPV deviation mean NPV

production per hectare mean NPV per
NPV perhectar® “gmp _  hectare (BMP —
Baseline) Baseline)
Dark Brown, o
dryland $2,523,564 $249,851  $194.87 $110.33 131%

The annual modified net cash flows of the diffeebetween adopting alfalfa
hay, field peas, and legume green manures andaeerbtation is shown in Figure 6.9.
The average impact of adopting this BMP in rotat®approximately $173,000 per year
greater than the base rotation. The pattern ofammet cash flows is dominated by the
effects of alfalfa hay and field peas with a stramgease immediately after this rotation
is adopted. Annual increases are relatively strortg the fourth year when the full
impact of adopting alfalfa hay occurs. The effddegume green manures in the rotation
is only seen if compared to alfalfa hay or fieldgalone or in combination in the Dark
Brown soil zone, with the effect slightly dampenthgse stronger impacts. Since the
model does not consider other long term benefitmpfoved soil organic matter content
the overall effect of legume green manures innbiigtion lowers the annual cash flow
slightly as compared to crop rotations without iegugreen manures in this region.
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Figure 6.9 — Maodified net cash flow difference betaen adopting alfalfa hay, field
peas, and legume green manures in crop rotations drbase rotations over the 40
year time period
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6.2.5.5 Alfalfa Hay, Field Peas and Oats

BMP rotations that include adding alfalfa hay,digleas, and oats to the base
rotation occur on the representative farms in tleelBand Dark Grey soil zones. As
previously mentioned, oats are only considereaiation as a BMP on farms in the
Black and Dark Grey soil zones. Alfalfa hay andifigeas are also considered as a BMP
on these farms, making the combination of thespscfeasible in these locations. In the
Black soil zone there are approximately 292, 99, @nhectares of land allocated to
alfalfa hay, field peas and oats for this BMP riotatIn the Dark Grey soil zone there is
proportionately less land allocated to these cedf&l9, 73, and 73 hectares, respectively.

The results of the values of the two farms considdor this BMP rotation are
provided in Table 6.12. The mean NPV of the farmtsdases by 4% for both farms as
compared to the base rotation. The standard dengtire approximately $0.23 and
$0.16 million for the representative farms in tHadk and Dark Grey soil zones,
respectively. The annual mean value of the Bladkzene farm increases by
approximately $10 per hectare. In the Dark Grelyzmie the representative farm annual
mean value increases by approximately $13 per teeatacompared to the base rotation.
The increase in mean values is due to the inclusidield peas and alfalfa hay into the
rotation. However this impact is “dampened” by éffect of oats which has a negative
effect on NPV. The resulting annualized value ss ldhan the individual effect of
including alfalfa hay in rotation but greater thtae individual effect of including field
peas in rotation. As more crops are included iatroms in these soil zones there is less
land available for higher value crops such as @anol
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Table 6.12 — Results of NPV variable for alfalfa hg field peas, and oats in rotation
on representative farms

Annualized Percent
. Standard Annualized mean NPV dlffe_rence
Soil zone, . difference annualized mean
. Mean NPV deviation mean NPV
production NPV er hectare PE' hectare NPV per hectare
P (BMP — (BMP —
Baseline) Baseline)
Black, 0
dryland $2,944,221 $225,512 $284.19 $9.90 4%
Dark Grey, 0
dryland $2,522,781 $163,807 $324.68 $13.31 4%

Figure 6.10 shows the difference in the modifieaash flows between
adopting this BMP rotation and the base rotatiordfbsimulation years. There is an
initial decrease in cash flows; however the avedifference from years 11 to 40 is
approximately $31,000 and $26,000 for the farmthéBlack and Dark Grey soil zones,
respectively. The initial decrease occurs wherctbgs alfalfa hay and field peas are
examined independently and there is a consistemedse when oats are adopted
independently so this effect is expected. It i® @&gpected that the alfalfa hay effect will
dominate the field pea and oat effects as themoig acreage of land allocated to this
crop due to the logistics of incorporating a thyear forage stand in a crop rotation.
Therefore the increase due to alfalfa hay dominanelsthe benefits are apparent with a
positive net cash flow after three years for battmis considered. This positive impact
increases until approximately the eighth year tation.

Figure 6.10 — Modified net cash flow difference beteen adopting alfalfa hay, field

peas, and oats in crop rotations and base rotatiorsser the 40 year time period
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6.2.5.6 Field Peas and Legume Green Manures

Rotations that consider adding field peas and leggreen manures at the same
time occur on the farms in the Brown and Dark Brdammns under dryland production.
This crop combination is only viable on these fagimee they are the only two that
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consider legume green manure adoption for complepartial replacement of
summerfallow. For both representative farms thd Elfocated to each of the crops (i.e.,
field peas and legume green manure) is approxisgna&s hectares.

When field peas and legume green manures are atliopteop rotations the
mean NPV of the farms increases on the represeatatims considered. The results of
the mean and standard deviation of the NPV variabtethe comparisons of these values
to the base rotation are provided in Table 6.1 Miean value of NPV is approximately
$82 and $121 per hectare per year for the farrtiseiBrown and Dark Brown soil zones,
respectively. As compared to the base rotationishés increase of approximately $15
and $36 per hectare per year for the farm in ttesvBrand Dark Brown soil zones,
respectively.

The $15 increase on the farm in the Brown soil Zzerexpected as it is less than
the increase that occurs when field peas is adoptextation independently, which
accounts for the minimizing effect legume green umas has due to higher costs as
compared to summerfallow. The $36 increase onaha fn the Dark Brown soil zone is
higher than the effect when field peas are adojpteotation independently in this region.
This relationship occurs because when field peasdded to rotation independently in
the Dark Brown soil zone there is still summerfadlpractice. When both field peas and
legume green manures are added to rotation theeelenger any summerfallow in the
Dark Brown soil zone. This allows more land to Becated overall to revenue
producing crops, while still having some land aditm] for legume green manures. In the
Brown soil zone, under dryland production, wherhif@ld peas and legume green
manures are adopted in rotation simultaneoushettsestill land allocated for
summerfallow.

Table 6.13 — Results of NPV variable for field peasnd legume green manures in
rotation on representative farms

Annualized Percent
. Standard Annualized mean NPV dn‘fe;rence
Soil zone, . difference annualized mean
. Mean NPV deviation mean NPV
production NPV er hectare PE" hectare NPV per hectare
P (BMP — (BMP —
Baseline) Baseline)
Brown, = ¢1 068,009 $307,636  $82.47 $17.17 26%
dryland e : ' ‘
Dark Brown, o
dryland $1,563,429 $310,093 $120.73 $36.19 43%

Figure 6.11 shows the 40 year simulation resultb@ifference in the modified
net cash flow for the BMP rotation and the basatron. The annual benefit of including
field peas and legume green manures in rotatidhnersoil zones are approximately
$23,000 and $49,000 for the Brown and Dark Browhzmes. As mentioned in the
previous paragraph the effect of this BMP croptioteseems greater in the Dark Brown
soil zone as compared to the Brown soil zone. Hew#hvs effect is due to logistics in
land allocation for crops in this BMP rotation. Tégpeneral pattern in net cash difference
for this BMP is similar to the pattern when fieldgs are adopted independently.

138



Figure 6.11 — Modified net cash flow difference bateen adopting field peas and
legume green manures in crop rotations and base rations over the 40 year time
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6.2.5.7 Field Peas and Oats

Field peas and oats added to the base rotatiaccoasdered a BMP rotation in
the Black and Dark Grey soil zones. Oats are ottypted as a BMP crop on farms in the
Black and Dark Grey soil zones. Therefore this cioatiion of BMP crops is only
possible in these soil zones. On the representiive in the Black soil zone there are
139 hectares allocated to each of the two addgmsdie., field peas and oats). On the
representative farm in the Dark Grey soil zonedlae 104 hectares allocated for each of
the BMP crops.

NPV of the farms with the BMP rotation is compavéth the base rotation to
determine the effect of this rotation. NPV resaltsl comparisons to the base rotation are
provided in Table 6.14. This rotation has a negatiffect on the value of the operations.
The mean values of the operations are approxim&gi and $310 per hectare per year
on the farms in the Black and Dark Grey soil zofiéss is a decrease in net value from
the base rotation of 9% for the farm in the Blagk zone and approximately no change
for the farm in the Dark Grey soil zone. As predlyumentioned the value of oats as a
cash crop is significantly less as compared tossygh as canola. The overall proportion
of arable farm land producing canola decreasesha@s orops are added. The addition of
field peas to the farm in the Black soil zone samil showed a negative impact. The
slight positive impact of field peas in the Darke@soil zone mitigates the negative
effect of oats, making the overall effect of these crops approximately zero in this
location.
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Table 6.14 — Results of NPV variable for field peaand oats in rotation on
representative farms

Annualized Percent

Standard Annualized Me€an NPV difference

Soil zone, e difference  annualized mean
production Mean NPV delilnF?\t/lon meerar?el(\;ltZé per hectare NPV per hectare
P (BMP — (BMP —
Baseline) Baseline)
Black, 0
dryland $2,573,881 $284,952 $248.44 -$25.85 -9%
Dark Grey, 0
dryland $2,410,627 $205,674 $310.25 -$1.12 0%

The difference in annual cash flows between thisBfgtation and the base
rotation are shown in Figure 6.12. In the Dark Gself zone the BMP rotation has an
average annual effect of approximately $650 foldise 30 years of simulations.
However in the Black soil zone the effect on tharesentative farm is approximately -
$25,000 per year. For both farms considered tiseaestrong negative initial effect which
somewhat recovers once the positive effect follgwiald peas occurs. As mentioned in
section 6.2.4 the large difference between thefanms may be due to detrending
corrections made to the yield data in the represmetregion in the Dark Grey soil zone.
These corrections were not necessary in the apeasentative of the Black soil zone.
Also, costs of producing oats in the Dark Grey sagions of Alberta are slightly lower
as compared to regions in the Black soil zone.

Figure 6.12 — Modified net cash flow difference beteen adopting field peas and oats
in crop rotations and base rotations over the 40 y& time period
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6.3 Non-Rotational Beneficial Management Practices
Results

This section presents and discusses results foraheotational BMPs that are
considered for the representative farms. The BMBlside adoption of shelterbelts,
buffer strips with or without hay, and residue ngaraent. All non-rotational BMPs are
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considered for the five representative farms. Bults are compared to results for the
reference farms where there are no BMPs implemenAiabtion of residue management
is compared to the baseline scenarios in the saan@en as for rotational BMPs, that is,
an annualized value per hectare of land over thriemarm is used. For BMPs that
consider a reduction in crop acreage, such as iadoptt shelterbelts and buffer strips,
comparisons with the baseline results will be @eahectare of crop land lost. In
particular, the NPVs for the baseline and BMP sdeaare both converted to an annual
basis, ANP\.saineand ANP\&yp, respectively. The difference between these tvioesm
is then divided by the hectares of cropland log wuimplementation of the BMP. The
resulting value is the annual impact of the BMP lpestare of affected cropland
(Equation 6.2).

[(ANPVgyp — ANPVgaseline)/Hectares lost] (6.2)

Results for combinations of non-rotational BMPs @s® presented and
discussed in this section. Results for scenariasethe non-rotational BMPs are
combined with rotational BMPs from the previousts®tare not discussed in this
chapter, but a summary of numerical results areigea in Appendix K.

6.3.1 Shelterbelts

Adopting shelterbelts as a BMP reduces total lard available for crop
production. Hectares seeded to crops are reducéd.ty95.4, 76.3, 45.8, and 22.9
hectares for the farms situated in the Brown (@tegl production), Brown (dryland
production), Dark Brown, Black, and Dark Grey smihes, respectively. Besides the
effect in terms of reduced area for crop produgctibare are yield effects on land in
proximity to the shelterbelts. As discussed in Gaiap, there are yield benefits from
adopting shelterbelts but these are limited tcattea of land that is protected by the trees.
Closer to the shelterbelts, however, there arelyletreases on land where crops are
competing for soil moisture and nutrients with sihelterbelt tree species.

When shelterbelts are adopted on the representativis the NPV decreases for
the reference farms. This is consistent for ak fiarms. This result is largely due to the
relatively high cost of adoption, including plargiand maintenance costs, and the loss of
cropland. The results of adopting shelterbeltshenmiean and standard deviation of NPV
of the farms are shown in Table 6.15 and compasedtatal to the baseline results. Not
surprisingly, the greatest total impact on NPV asdor those farms with a greater area
of land allocated to shelterbelts. The greatestalveost occurs on the Brown soil zone
(dryland) farm, which has the greatest area of tam/erted due to the higher potential
for soil erosion. Conversely, the lowest overalpant is for the Dark Grey soil zone
farm. Since there is lower concern for soil erosiothis area, fewer shelterbelts are
adopted, and less crop acreage is lost. A simdtiep is present for the other farms in
that the relative overall reductions in NPV aresistent with the amount of cropland lost
due to shelterbelt adoption. Standard deviatiorik@NPV values also decrease when
shelterbelts are adopted. The decrease is relaswehll and is due to the overall
decrease in the mean NPV of the operations whdtedbelts are adopted.

However, when considering the cost per hectareapf land lost the impact is
greatest for farms with the lowest potential to ekictions in soil erosion. On the
representative farm in the Brown soil zone undagated production the annualized cost
of shelterbelt adoption is $317 per hectare of largb allocated for shelterbelts. On the
other representative farm in the Brown soil zong,under dryland production, the
annualized cost is $195 per hectare of croplardated for shelterbelt adoption. In the
Dark Brown soil zone the representative farm exgra@s an annualized cost of $181 per
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hectare converted for shelterbelts. On the northegresentative farms in the Black and
Dark Grey soil zones the annualized cost of adgpthelterbelts is approximately $396
and $411 per hectare of cropland converted toesihellts, respectively.

These differences per hectare affected by theeshelt BMP are due to two
factors. Per hectare costs of establishing sheltisrare the same for all representative
farms, but this is not the case for the yield intpa@/hen shelterbelts are adopted all
farms experience an annual yield loss (i.e., iadtihms per hectare) in the area of land
directly adjacent to shelterbelts and a yield bi¢oefland that is sheltered by the trees,
but that is not in direct competition for moistamed nutrients. Farms in the Brown and
Dark Brown soil zones experience a slightly higyietd loss in the areas directly
adjacent to the trees as compared to the farnieiBlack and Dark Grey soil zones.
However, the yield benefit in the sheltered aregrésmter on the farms in the Brown and
Dark Brown soil zones, as compared to the farnteerBlack and Dark Grey soil zones.
The other factor influencing the difference in pectare results for the representative
farms is the difference in value of crop productiast due to reduced crop acreage
between the farms; that is, the farms with the &idWiPV per hectare for the baseline
scenario tend to incur a greater per hectare ooshé shelterbelt BMP.

Table 6.15 — Results of NPV variable for representave farms adopting shelterbelts

Standard Annualized

Soil zone I Difference in :
S Mean NPV  deviation , difference per
production NPV annualized NP¥ hectare lo®t
Brown, irrigated $2,248,072 $414,808 -$19,366.30 316596
Brown, dryland $659,880 $339,125 -$18,582.71 -$194.
Dark Brown,
dryland $956,363 $292,528 -$13,841.24 -$181.41
Black, dryland $2,660,446 $324,231 -$18,124.90 5539
Dark Grey,
dryland $2,325,182 $227,062 -$9,418.00 -$411.27

& Calculated as the annualized NPV for the BMP stemainus the annualized NPV for the
baseline scenari8.Calculated as the difference in annualized NP\itieit by the hectares of land
lost with shelterbelt adoption.

Figure 6.13 shows the difference in the cash flbaetsveen adopting shelterbelts
as a BMP and the reference farms over 40 yearsinitie cost of adopting the
shelterbelts is seen through the significant ingiregdy negative difference between the
BMP and the baseline scenarios until approximatedyeighth year of the simulation.
This pattern is due to the assumption that fofaaths full adoption of this BMP occurs
over an eight year period. That is, 12.5% of theltamount of land allocated for
shelterbelts is converted per year, for eight yesiter the eight year transition period,
the differences in cash flows are moderated by tommut costs for the shelterbelts and
some yield benefits from adoption. For the farmghaBrown and Dark Brown soil
zones the recovery after this period is relatiwagsistent as there is a stronger yield
benefit from shelterbelts in these areas as cordgarthe farms in the Black and Dark
Grey soil zones.

142



Figure 6.13 - Modified net cash flow difference beteen farms adopting shelterbelts
and baseline results over the 40 year time period
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6.3.2 Buffer Strips

Similar to shelterbelts, implementing buffer strggeund existing wetlands also
removes land from crop production. Therefore adwoptif this BMP is also expected to
decrease the overall NPVs for the representativesaAs discussed in the previous
chapter, a certain amount of wetland is assumée faresent on the representative farms.
In particular, 2%, 4%, 4%, 6%, and 6% of the fameaas wetland for the Brown
(irrigated), Brown (dryland), Dark Brown, Black,&bark Grey soil zone farms,
respectively. It is further assumed that thergpgraximately one circular wetland, of
appropriate size based on the above percentagesdny 64 hectares of land.

Before buffer strips are adopted as a BMP the tandnd the wetland is
assumed to be cropped. The buffer strip BMP in®bkstablishing 10 metre wide strips
around all wetlands. The resulting loss in landd@p production varies by farm;
approximately 6.96, 12.04, 12.04, 11.68, and 8etéidres of cropland are lost for the
Brown (irrigated), Brown (dryland), Dark Brown, Blg and Dark Grey representative
farms, respectively.

Table 6.16 shows the mean and standard deviatitredfiPV for the farms after
adopting buffer strips, the difference in mean alimad NPV with buffer strips adopted
as a BMP and the baseline results, and the diiterenNPV per hectare lost from buffer
strip adoption. Overall, adopting buffer strips laasmall impact on the overall NPV for
the operations. There is approximately a 1% deergasiean NPV observed for all
farms, as compared to the reference farms. Thellsasa small decrease (i.e.,
approximately 1%) in the standard deviation for&&V/s, which is also related to the
decrease in cropland available for production.

On a per hectare basis, however, the cost of thiB B more significant. The
annualized decrease in mean NPV as a per hectipedtonverted to buffer strips
ranges from approximately $95 to almost $350. &@hisual cost per hectare of adoption
of buffer strips is proportional to the loss inwalfrom crop production in the cropland
allocated to adopt buffer strips. The impact off@ustrip adoption is most costly for the
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farm under irrigated production in the Brown saihe. In this region crop yields are
higher due to irrigation of crops. When land is osed from production this represents a
higher cost per hectare lost. Similarly in the Blaod Dark Grey soil zones the cost per
hectare is relatively high due to higher productizat is assumed to be in the area
previously. The annualized cost of adoption petdredost is lowest in the Brown soll
zone under dryland production and second lowetstdrDark Brown soil zone as yields
are also lowest in these areas.

Table 6.16 — Results of NPV variable for representave farms adopting buffer strips
without hay

Standard Differencein  Annualized

Soil zone, production Mean NPV  deviation annualized difference per
NPV NPV? hectare lo$t
Brown, irrigated $2,417,557 $421,760 -$2,417.80 47$39
Brown, dryland $834,301 $344,328 -$1,140.57 -$94.73
Dark Brown, dryland $1,081,114 $295,249 -$1,366.10 -$113.46
Black, dryland $2,806,884 $327,738 -$3,481.10 -9298

Dark Grey, dryland $2,389,698 $227,806 -$2,966.40 $338.63

& Calculated as the annualized NPV for the BMP stemainus the annualized NPV for the
baseline scenari8.Calculated as the difference in annualized NP\itdeit by the hectares of land
lost with shelterbelt adoption.

The results from adopting buffer strips with hagwgn in the buffer areas are
shown in Table 6.17. Mean NPVs for the represargdtirms are still below the baseline
scenario values but are greater as compared to lféar strips are considered without
hay (Table 6.16). The change relative to the oalgouffer strip scenario is due to the
income generated from the direct sale of hay preduec the buffer strip area. The annual
mean costs of adopting buffer strips with hay ggraximately $280, $20, $27, $222,
and $277 per hectare for the farms in the Browigéted), Brown (dryland), Dark
Brown, Black and Dark Grey soil zones, respectivé@inen the results are converted to
an annualized cost per hectare of land lost fraabiiffer strips the cost is lower than
when hay is not grown and sold. However, the tiertde same with it being most costly
on farms in the Brown soil zone under irrigatedduction and least costly on farms in
the Brown soil zone under dryland production. &gllhnay from the buffer strips reduces
the mean annual cost of adopting buffer stripsgpraximately $67, $75, $86, $76, and
$62 per hectare for the farms in the Brown (irrsght Brown (dryland), Dark Brown,
Black, and Dark Grey soil zones, respectively.
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Table 6.17 — Results of NPV variable for representae farms adopting buffer strips
with hay

Soil zone Sta_nd_ard Differen_ce in Annualized
L Mean NPV  deviation annualized difference per
production NPV NPV? hectare lo$t
Brown, irrigated $2,422,233 $421,843 -$1,950.20 86520
Brown, dryland $843,273 $344,247 -$243.37 -$20.21
Dark Brown, dryland $1,091,522 $295,291 -$325.30 -$27.02
Black, dryland $2,815,807 $327,866 -$2,588.80 -$221
Dark Grey, dryland  $2,395,069 $227,822 -$2,429.30 $277.32

# Calculated as the annualized NPV for the BMP seemainus the annualized NPV for the
baseline scenari8.Calculated as the difference in annualized NP\itdeit by the hectares of land
lost with shelterbelt adoption.

The difference in annual cash flows over 40 yeat&/ben adopting buffer strips
and the reference farms is shown in Figure 6.14p#idg this BMP reduces the annual
cash flows by a small amount for all farms. As nared above the reduction of cash
flows are due to the loss of agricultural landtfoe buffer strips which affects the
revenue from crop sales. The average differencemwbmparing net cash when buffer
strips are adopted and the baseline net cash prexapately -$2,590, -$1,234, -$1,503,
-$3,774, and -$3,233 for the farms representatithe Brown (irrigated), Brown
(dryland), Dark Brown, Black, and Dark Grey soihes, respectively (Figure 6.14). The
trend for the farm under irrigated production igisily different from the others as there
is an increase in the difference in modified nethcliows in years three and four of the
simulation model before the trend drops again emdl$ off. This effect is consistent
with the trend observed in the baseline modifietdcash flows for this representative
farm.

The annual cash flow difference between adoptirféebstrips with hay and the
reference farms is shown in Figure 6.15. As conp&rdhe cash flow differences
without hay there is more visible variability froypar to year. This occurs because of the
variability in hay yields in the buffer strips; winéhe hay is sold this increases the
difference in net cash with and without the optiosell hay from the buffers. Hay crops
from the buffer strips are assumed to follow thiégua of alfalfa hay yields at a lower
rate. The average difference between adoption fbébstrips with hay and baseline
result net cash flows are approximately -$2,11223% -$326, -$2,792, and -$2624 on
farms representative of the Brown (irrigated), Bnof@ryland), Dark Brown, Black, and
Dark Grey soil zones. The average annual cost tiesiutom incorporating the option to
bale and sell the hay ranges from approximatel2@Lpn the farm in the Dark Brown
soil zone to approximately $500 on the farm reprtgere of the Brown soil zone under
irrigated production.
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Figure 6.14 - Modified net cash flow difference beteen farms adopting buffer strips
and baseline results over the 40 year time period
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Figure 6.15 - Modified net cash flow difference beteen farms adopting buffer strips
with hay and baseline results over the 40 year timgeriod
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6.3.3 Residue Management

As discussed in Chapter 5, an alternative basstieeario is modelled for the
purposes of comparison with results for the residaeagement BMP. In particular, in
this revised baseline scenario wheat (durum aridgpand barley residue is harvested
and sold every year. If residues are removed iry gehf? then subsequent yields may

42 A dry year occurs when residue yield is less thenaverage residue yield minus one standard
deviation.
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decrease due to reduced ability to retain moisiiine.subsequent yield decrease is drawn
from a uniform distribution with a minimum value €f.03 and a maximum value of zero
(i.e., the maximum yield loss is 3%). When residalesremoved the net benefit from
selling the residue for $25 per 544 kilogram sttmale is approximately $5.80. Results
from this alternative scenario are provided in €ahll8. The revised baseline mean NPV
values are higher than the original baseline dukedenefits from selling residues each
year, which outweigh the potential cost (i.e., tlyield in the subsequent year) of
removing residue in dry years.

Table 6.18 — Baseline results of the representatifarms for the variable NPV with
residue removed annually for barley and wheat crops

Annualized Percent
Soil zone Standard Annualized mean NPV difference
L Mean NPV Deviation Mean NPV . annualized
production difference
NPV per hectare mean NPV
per hectare
per hectar®
Brown, irrigated  $2,795,045 $424,532 $269.79 $34.10 14%
Brown, dryland  $1,008,116 $355,382 $77.85 $12.54 % 19
Dark Brown, 0
dryland $1,297,274 $303,678 $100.18 $15.64 18%
Black, dryland $3,110,800 $358,131 $300.27 $25.98 % 9
Dark Grey, 0
dryland $2,630,588 $239,017 $338.56 $27.18 9%

& Calculated as the difference between annualizexh\#V per hectare minus the equivalent
value for the original baseline scenario results (in Table 6.1f Calculated as the percent
difference relative to the original baseline scanar

The annual cash flow pattern from the alternatiaseline scenario is similar to
the original baseline scenario (i.e., Figure 6rid B shown in Figure 6.16. The main
difference is higher levels of net cash for allresggntative farms due to increased
revenue from the sale of residue.
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Figure 6.16 — Modified net cash flows for represeative farms over the 40 year time
period with residue removed annually for barley andwheat crops
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Adopting residue management as a BMP on the remasaee farms implies that
producers remove and sell residue in some yeaiike vataining residue to conserve soil
moisture in other years. The purpose of retainggjdue is to try and preserve soil
moisture for use in the subsequent crop. This o@japlies for residues associated with
barley, durum wheat, oats, and spring wheat. Resithr dry beans, canola, and field
peas are assumed to always be retained as thgseesidues are not easily removed and
sold, but rather easily spread over fields. Asuised in Chapter 5, when residue
management is adopted as a BMP there is poteatigldld benefits. Also, as discussed
earlier decisions about removing residue vary lbmfaut are static for each farm.
Residues for the previously mentioned crops arevech every second, fifth, fourth,
third, and third year for representative farmshia Brown (irrigated), Brown (dryland),
Dark Brown, Black, and Dark Grey soil zones, resipely. The results for this BMP are
compared to the revised basefhesults (discussed above) where residues for vareht
barley are assumed to be removed every year.

Results for the residue management BMP are provid@dble 6.19. When
compared to the revised baseline scenario net ageseare observed on all representative
farms for adoption of residue management as a BMMRe cost of this BMP, on an
annual basis per hectare of cropland, ranges fustroyer $11 to over $26. The greatest
numerical decreases are observed for the Blacloanki Grey representative farms. This
is due to the higher volume of residue producethese farms. With adoption of this
BMP, there is a greater loss of returns from raétgithe residue (i.e., foregone
opportunity for sale of straw). In general, theuttssfor this BMP suggest that for all of

*3In the original baseline scenario there is norfizial gain or yield effect from crop residues. In
the revised baseline crop residues are sold afdl gézreases can occur in dry years when residue
is removed. The BMP scenario adds additional yedfelct in dry years when residue is retained
(yield increase) and in wet years when residuetsimed (yield decrease).

“*When the residue management BMP is compared torifjimal baseline scenario net increases
occur.
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the farms the cost of the foregone opportunityaovést and market crop residue,
combined with the potential for reduced yield imsoyears (i.e., due to retaining residue
in wet years), outweighs any benefits associatéld yield increases from retaining
residue in dry years.

Table 6.19 — Results of NPV variable for representave farms adopting residue
management, as compared to the revised baseline ués

Annualized Percent
i Standard Annualized MEaN NPV difference
Soil zone, . difference annualized
. Mean NPV deviation mean NPV
production NPV or hectare PET hectare  mean NPV per
P (BMP —  hectare (BMP —
Baseline) Baseline)
BIOWN, o> 582,058  $424,000  $249.23  -$20.56 8%
irrigated ! ' ) . )
Brown, .
dryland ~ $864268  $343732  $66.74 $11.11 -14%
Dark Brown, i
dryland $1,133,498  $296,407 $87.53 $12.65 -13%
Black, )
dryland $2,872,261 $318,774 $277.25 -$23.03 -8%
Dark Grey, i
dryland $2,427,078  $224,770 $312.37 -$26.19 -8%

Net cash flow differences from the baseline scenavhere barley and wheat
residues are removed annually, and residue managerme BMP are shown in Figure
6.17 for representative farms in the Brown (irreghtand Dark Brown soil zones. The
pattern is similar for the other representativengrand only two are chosen for
representation in the figure for simplicity. As da@seen from this figure, the mean
annual differences are negative and display sicamti year to year variability. The
negative differences in cash flow are consistettt tie earlier NPV results; that is,
adoption of this BMP occurs with a net cost torygresentative farms. The variability in
cash flow differences is likely attributable to flaet that wheat and barley residue is now
left on fields in certain years. Therefore, tham r@duced cash flows from not selling
straw residues. As discussed earlier, the potdiotiahcreased crop yields in subsequent
years is not sufficient to offset these lost resurn
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Figure 6.17 - Modified net cash flow difference beteen farms adopting residue
management and residue adjusted baseline resultsenthe 40 year time period
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6.3.4 Combinations of Non-Rotational BMPs

The results from combining multiple non-rotatioBAllPs are presented in this
section. As with the individual BMP scenarios, MieV results for the combination BMP
scenarios are compared with the results from tlellvee scenarios. If land that is
previously used for cropping purposes is reallat&be a non-rotational BMP (i.e.,
shelterbelts or buffer strips), comparisons areamsing the annualized cost of the BMP
per hectare removed from production. The only comion BMP that is examined in
this section is simultaneous adoption of shelt¢staid buffer strips. Residue
management is not examined in combination withother two non-rotational BMPs
because of the differences in assumptions for siselme scenario used in the case of
residue management.

6.3.4.1 Shelterbelts and Buffer Strips

Results from scenarios adopting shelterbelts afférstrips and adopting
shelterbelts and buffer strips with hay are prodigeTables 6.20 and 6.21. As expected
from the results for the individual BMPs, the faimthe Brown soil zone under dryland
production shows the largest impact from adoptwam|e the farm with the least impact
from adoption of shelterbelts and buffer stripgiighe Dark Grey soil zone. The effect
from shelterbelt adoption dominates the buffepstffect since shelterbelts have
significantly higher adoption costs and take re&dsi more land out of crop production.
When hay is grown and sold in the buffer stripsttitel and annual values of the
representative farms increase by approximatelyfo¥a{l farms) relative to the non-hay
buffer strip. This reflects the additional revememerated by the hay production. There is
still a net cost to the representative farms, h@renelative to the baseline scenarios.

When shelterbelts and buffer strips are adoptedlsameously the amount of
land available for crop production is reduced bgragimately 68, 107, 88, 57, and 32
hectares on the representative farms in the Brawggted), Brown (dryland), Dark
Brown, Black, and Dark Grey soil zones, respecyivAhnualized results are compared
with baseline scenario results and divided by timalver of hectares lost when adopting
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shelterbelts and buffer strips. The differencearinualized mean NPV per hectare lost
for simultaneous adoption of the two BMPs are csiesitt with the results for the
individual BMPs; that is, the overall effect appetr be additive.

On the farm representative of the Brown soil zonéeu irrigated production the
average annual cost of adopting shelterbelts affdritrips is approximately $320 per
hectare lost without hay and approximately $313heetare lost when the option to sell
hay grown in the buffer strips is employed. In Brewn soil zone under dryland
production the mean annual cost of adoption is@pprately $183 and $175 per hectare
lost without and with hay sold from buffer strip8hen buffer strips and shelterbelts are
adopted simultaneously on the farm in the Dark Brewil zone the mean annual cost of
adoption, as compared to the baseline scenamppximately $172 and $160 per
hectare lost without and with hay sold from thefustrips, respectively. Similar results
occur in the Black and Dark Grey soil zones whbheedverage annual costs are
approximately $376 and $391 per hectare lost withay, and approximately $360 and
$374 per hectare lost when hay is sold from budfieps, for farms in the Black and Dark
Grey soil zones, respectively. When consideringripgact of the BMPs by the amount
of land lost from adoption the impact is greatesttfie farms in the Black and Dark Grey
soil zones, while the overall impact was greatestie dryland farms in the Brown and
Dark Brown soil zones.

Table 6.20 — Results of NPV variable for representave farms adopting shelterbelts
and buffer strips

Annualized Percent

Standard Annualized MEaN NPV difference

Soil zone, Mean NPV deviation mean NPV difference annualized
production NPV er hectare P€' hectare mean NPV per
P lost (BMP — hectare (BMP
Baseline) — Baseline)
Brown, - ¢> 293964 $412,282  $214.67  -$319.97 9%
irrigated ! ’ ’ ' :
Brown, o
dryland $648,847  $336,682 $50.10 -$183.23 -23%
Dark Brown, o
dryland $942,688  $290,370 $72.79 -$172.16 -14%
Black, dryland $2,625,799 $321,009 $253.46 -$375.60  -8%
Dark Grey, 0
dryland $2,295,542 $224,880 $295.44 -$391.09 -5%
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Table 6.21 — Results of NPV variable for representave farms adopting shelterbelts
and buffer strips with hay

Annualized Percent

Standard Annualized MEaN NPV difference

Soil zone, o difference annualized
production Mean NPV de&lg\t/lon meerar?e’(\:ltz/e per hectare mean NPV per
P lost (BMP — hectare (BMP
Baseline) — Baseline)
Brown, = ¢ 998703  $412,602  $215.13 -$313.01 -9%
irrigated ’ ’ ’ ) .
Brown, 0
dryland $657,725  $336,535 $50.79 -$174.96 -22%
Daé‘r(ygr?é’v N $953,085 $290,277  $73.60 -$160.39 -13%
Black, dryland $2,634,503 $321,087 $254.30 -$360.46  -7%
Dark Grey,
dryland $2,301,048 $224,873 $296.15 -$373.70 -5%

Figures 6.18 and 6.19 show the differences in dmetacash flow between
farms adopting shelterbelts and buffer strips (authand with hay, respectively) and
baseline net cash flows over the forty year sinmaperiod. The shelterbelt effect
dominates the trends shown for all farms in baglirés as the large initial dip in net cash
flows from the high costs of adoption. When buffeips are adopted with shelterbelts
there is a larger net decrease in cash flows apad to the baseline scenarios as this
BMP contributes to land being taken out of produtfior use as a BMP. When hay is
grown and sold in the buffer strips the differeremitigated slightly by additional
annual income.

Figure 6.18 - Modified net cash flow difference beteen farms adopting shelterbelts
and buffer strips and baseline results over the 49ear time period
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Figure 6.19 - Modified net cash flow difference beteen farms adopting shelterbelts
and buffer strips with hay and baseline results ouethe 40 year time period
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6.4 Sensitivity Analysis

Some of the parameters in the simulation modeld imsthis study are uncertain
or unknown. In these cases, sensitivity analysis peaformed to determine the effect of
these parameters on the NPV of the representatiest In other words, baseline and
BMP scenarios were re-simulated, varying the mageitof these parameters in order to
examine the sensitivity of the BMP results to theameter values.

In this section results from analysis assuming miaikincreases or decreases in
the input parameters that determine costs or kerfedim BMP adoption are discussed.
Sensitivity analysis is performed on the yield effearameters associated with the crop
rotation BMPs for alfalfa hay, field peas, and legugreen manures. Sensitivity analysis
is also done for the magnitude of fertilizer castuctions following these crops due to
nitrogen fixing abilities of the legumes addeddtations. In all cases the sensitivity
analysis is done assuming adoption of individualfMi.e., no combination BMP
scenarios are considered). Sensitivity analysadsis performed for non-rotational BMP
scenarios. In particular, the sensitivity of restit yield change parameters associated
with implementation of shelterbelts and introdustad crop residue management are also
examined in this section. Sensitivity analysistfe impact of the width of the buffer
strips is also examined. For these analysesifio@-crop rotation BMPs), the base crop
rotations are maintained in all cases.

6.4.1 Sensitivity Analysis for Alfalfa Hay BMP Paameters

Information from prior literature and expert opiniwvas used to determine that
the addition of alfalfa hay in rotations could resw benefits to subsequent crops from
both yield increases and nitrogen fertilizer sasirithese effects would be most
prominent in the first three subsequent crops, wfoc the dryland farms are always
spring wheat, canola, and barley. On the irrigéech durum wheat takes the place of
barley as the crop grown in the third year aftealfafa stand. There was significant
variability in the values reported or suggestedfiermagnitude of these effects.
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Assumptions were made regarding the scale of fieetefand the effects were simulated
assuming a uniform distribution with a minimum andximum possible effect. The
sensitivity of the minimum and maximum values fog tiniform distributions is analyzed
in the following sections.

6.4.1.1 Sensitivity Analysis of Yield Effect Paraters

Yield effects following alfalfa hay stands are cdéted based on draws from
uniform distributions; that is, the yield effectassumed to be stochastic. As discussed in
Chapter 5, crop yields following alfalfa hay mayibereased due to rotational benefits of
including perennial legumes in rotation. On farmshie Brown and Dark Brown soil
zones the potential yield increase following aHaifay is assumed to be between 10 and
80% for the first crop following alfalfa hay, andtiwveen 4 and 74% for second and third
crops following alfalfa hay. For the Black and D&key soil zone farms the yield
increase is between 20 and 110% for the first Gtpwing alfalfa hay, and between 14
and 104% for the second and third crops. In easé ttee increase is applied to the
“normal” yield that is drawn from the particulaogryield distribution for that year.

Sensitivity analysis for these upper and lowerténg performed, with three
increases and decreases of 0.05 each on both nmmand maximum values of the
uniform distributions. In the following discussidAH Min1’ and ‘AH Max1’, denote
the minimum and maximum yield effects, respectiyviiythe first subsequent year
following alfalfa hay, and ‘AH Min2’ and ‘AH Max2denote the minimum and
maximum yield effects, respectively, during thesetand third years following alfalfa
hay in rotation.

Results from sensitivity analyses are providedtierrepresentative farms in
Tables 6.22 to 6.25. Results shown are annualizahmMIPV per hectare of land for each
farm. Base values for the upper and lower boundBeotiniform distributions for the
alfalfa hay yield effects are shown in the secanldron of each table. The remaining
columns provide the mean results for changes reethe upper or lower bound, with the
changes ranging from -0.15 to +0.15. For exampleminterpreting the change in value
for ‘AH Min1’ for the farm in the Dark Brown soilane a -0.05 change results in a new
lower bound for the distribution equal to 0.09.(i&14 minus 0.05) with the upper
bound being unchanged from the original value. @karto the minimum and maximum
values from the uniform distributions are examimetependent of the other. Sensitivity
analysis on the variables that provide the mininaund maximum values for the uniform
distributions that determine the yield effect daldh hay on subsequent crops show the
largest change per hectare on the farm under tedggaroduction in the Brown soil zone
and the smallest change per hectare on the fatheibark Grey soil zone.

Changes to the yield effect limits do not resulsignificant changes to the NPVs
for the representative farms. In particular, s@rngitanalysis results in changes in the
magnitude of 0% to 4% when the yield effect lindite adjusted up or down between
0.05 and 0.15. On the farm representative of tlevBrsoil zone under irrigated
production the percent change from sensitivity gsialranged from 0% to 2% when
parameters for the first subsequent crop are a@dlgad 0% to 3% when parameters for
the second and third subsequent years are analyzediariables affecting the lower
bound of the distribution from which yield effeetse drawn had stronger effects in terms
of the magnitude of differences from the origin&hléa hay results.

The results from the sensitivity analysis also dbahange the overall results, as
compared to the baseline results. Adoption of f@fahy still results in net positive direct
benefits for the representative farms. When patégield effect distributions include
higher boundaries it is expected that the ovewrdlie of the operations will increase, and
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when potential yield distribution include lower balaries it is expected that the overall
value of the operations will decrease. In fact thihe case. That the sensitivity analysis
did not change the outcome of the BMP allows greagafidence to be placed in the
results for this BMP.

Table 6.22 — Comparison of mean annualized NPV aifterent rates of yield effects
from alfalfa hay, Brown soil zone with irrigated production

Magnitude of Change in Uniform Distribution Maximwmn Minimum
Values

Base 15 010  -0.05 0.00 0.05 0.10 0.15
value

AH Min1*  0.103  $266.11 $268.06 $269.97 $271.71 $273.29 $Q74$275.87

M';\":lb 0.803  $269.28 $270.19 $271.00 $271.71 $272.33 $272$273.40
AH Min2°  0.039  $264.30 $267.04 $269.56 $271.71 $273.41 $374$275.43
Mé\')-('f 0.739  $270.35 $270.87 $271.32 $271.71 $272.04 3372$272.60

Baseline  $235.69

2The lower bound of the uniform distribution foetfirst crop following alfalfa hay’ The upper
bound of the uniform distribution for the first gréollowing alfalfa hay® The lower bound of the
uniform distribution for the second and third crdplowing alfalfa hay® The upper bound of the
uniform distribution for the second and third crépkowing alfalfa hay.

Table 6.23 — Comparison of mean annualized NPV aifterent rates of yield effects
from alfalfa hay, Dark Brown soil zone

Magnitude of Change in Uniform Distribution Maximuwmn Minimum
Values

Base 4,15 010  -0.05 0.00 0.05 0.10 0.15
value
M/?rla 0103  $14501 $146.06 $147.08 $148.05 $148.97 $a49$150.65
M’Z'zlb 0803 $14588 $146.64 $147.37 $148.05 $148.67 $649$149 81
MAi:2° 0039  $142.48 $144.36 $146.22 $148.05 $149.84 $I51$153.24
MA51|:2d 0739  $143.46 $145.07 $146.60 $148.05 $149.43 $450$151.98

Baseline $84.54

2The lower bound of the uniform distribution foetfirst crop following alfalfa hay’ The upper
bound of the uniform distribution for the first gréollowing alfalfa hay® The lower bound of the
uniform distribution for the second and third crdplowing alfalfa hay® The upper bound of the
uniform distribution for the second and third crépkowing alfalfa hay.
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Table 6.24 — Comparison of mean annualized NPV aifterent rates of yield effects
from alfalfa hay, Black soil zone

Magnitude of Change in Uniform Distribution Maximuwn Minimum
Values

Base 015  -0.10  -0.05 0.00 0.05 0.10 0.15
value
MAir?la 0.203  $318.30 $319.58 $320.82 $322.04 $323.22 $324$325.48
MAa':lb 1.103  $319.37 $320.31 $321.19 $322.04 $322.85 $023$324.31
M/?rzc 0.139  $320.35 $320.94 $321.51 $322.04 $322.54 $323$323.44
MAa')jzd 1.039  $321.16 $321.47 $321.76 $322.04 $322.30 $322$322.76

Baseline $274.29

2The lower bound of the uniform distribution foetfirst crop following alfalfa hay’.The upper
bound of the uniform distribution for the first gréollowing alfalfa hay® The lower bound of the
uniform distribution for the second and third crdplowing alfalfa hay® The upper bound of the
uniform distribution for the second and third crépkowing alfalfa hay.

Table 6.25 — Comparison of mean annualized NPV aifterent rates of yield effects
from alfalfa hay, Dark Grey soil zone

Magnitude of Change in Uniform Distribution Maximuwn Minimum
Values

Base 015  -0.10  -0.05 0.00 0.05 0.10 0.15
value
M/?rla 0203  $339.55 $340.89 $342.18 $343.45 $344.66 $345$346.98
Mé\;llb 1103 $34053 $341.54 $342.51 $34345 $34432 $345$345.97
M’?r'fzc 0139  $341.83 $342.41 $342.97 $343.45 $343.87 $344$344.47
MAa|)-(|2d 1.0390  $342.97 $343.15 $343.31 $34345 $34359 $343$343.80

Baseline $311.37

2The lower bound of the uniform distribution foetfirst crop following alfalfa hay’ The upper
bound of the uniform distribution for the first gréollowing alfalfa hay® The lower bound of the
uniform distribution for the second and third crdplowing alfalfa hay® The upper bound of the
uniform distribution for the second and third crépkowing alfalfa hay.

A final sensitivity analysis is performed assumihgt the yield effect for crops
following alfalfa hay is zero. The nitrogen fixirdpility of legumes has been well
established, but the additional yield effect ofiaddalfalfa hay into the rotation is less
certain in the literature. Therefore, a scenariengtihere is no yield effect is modelled to
examine the effect on the results for this BMP dbahis, the parameters described
above, including ‘AH Minl’, ‘AH Max1’, ‘AH Min2’, and ‘AH Max2’ were all set to
zero.

The results for this analysis are provided in T&hR6. The effect of this change
is significant in terms of the overall results foe BMP. When there are no yield effects
for subsequent crops the only representative faanhdxperiences an increase in NPV
(i.e. net benefit), as compared to the baseliregiat, is in the Dark Brown soil zone.
This is due to the decrease in land allocated nnserfallow when alfalfa hay is adopted
in rotation, as compared to the baseline resultsvé¥yer, the Dark Brown soil zone farm
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also displays the greatest decrease in annualiBdd(M percentage terms) relative to the
original alfalfa BMP scenario (i.e., a 51% decrgaBer the dryland farms examined the
annualized difference in value when comparing Wee\ersions of the BMP (i.e., with
and without a yield effect and no yield effect énbsequent crops) is approximately $50
per hectare for all three farms, and approximab@y per hectare for the irrigated farm.
The absolute value differences are consistent thétassumptions made in modelling
potential yield effects.

Table 6.26 — Comparison of NPV assuming no yieldfett from alfalfa hay adoption,

by soil zone
Percent Percent
. Standard Annualized dlfference dn‘ference
Soil zone, o annualized annualized
. Mean NPV deviation mean NPV
production mean NPV  mean NPV
NPV per hectare . :
relative to relative to
baselind yield effec?
Brown, $2,077,182 $353,465  $200.50 -15% -36%
irrigated B ' '
Dark Brown, 0 E10
dryland $1,267,675 $217,415 $97.89 16% 51%
Black, dryland  $2,809,712 $236,354 $271.21 -1% -19%
Dark Grey, o 140
dryland $2,267,027 $169,359 $291.77 6% 18%

& Percent difference between the BMP of alfalfa hdgption without a yield effect as compared
to the baseline resultsPercent difference between the BMP of alfalfa &dgption without a
yield effect as compared to the BMP of alfalfa laapption with a yield effect.

6.4.1.2 Sensitivity Analysis of Nitrogen Effect Raneters

Nitrogen effects following alfalfa hay are calceldtas the cost savings
associated with reduced nitrogen fertilizer appicsafor subsequent crops. Fertilizer
savings per hectare are subtracted from the fatiosts per hectare used for the
baseline scenario (i.e., no alfalfa hay in rotgti@imilar to yield effects, nitrogen
savings occur for the three crops following alfdifey in rotation. The savings are
specific to the crop and to the amount of nitrogesumed to be recovered.

Given fixed crop rotations, the crops followingadi& are always the same for
each farm (i.e., as provided in Tables 5.32, 5r8#%35). Base values for nitrogen
savings are provided in the second column in Tab28 to 6.30. As discussed earlier,
the base assumption for the alfalfa BMP scenatibasin the first, second and third
years following alfalfa hay nitrogen is applied?&®6, 50%, and 80%, respectively, of the
normal application rates.

Sensitivity analysis for the fertilizer savings gareter is performed by adjusting
the base value up or down in increments of 5%rt@aimum of 15%. Sensitivity results
are shown in Tables 6.25 to 6.28. In those tab¥4$ Savings 1’, ‘AH Savings 2’, and
‘AH Savings 3’ represent the cost savings assatiaith the nitrogen effect in the first,
second, and third year following alfalfa, respeslyv The second column provides the
base value of fertilizer savings in each year foitg alfalfa hay in rotation. The
remaining columns provide the results for changdhe base value of fertilizer cost
savings, with changes ranging from -15% to +15% [Bist row in each table provides
the annualized NPV per hectare for the baselinessaz(i.e., with no BMP adoption) for
comparison purposes.
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Changes in NPV from varying fertilizer cost savirage relatively small, ranging
from $0.01 to $0.03 per hectare per 1% changeriiiZer savings. Unlike the changes in
yield effect following alfalfa hay the results frogensitivity analysis on fertilizer savings
are symmetrical when increases and decreases vattiables are applied.

Table 6.27 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from alfalfa hay, Brown soil zoe with irrigated production

Percent Change in Fertilizer Costs from Base Value

Base

-15% -10% -5% 0% 5% 10% 15%
value

AH Savings ¥  $36.92 $271.13 $271.32 $271.51 $271.71 $271.90 .8872$272.27
AH Savings 2  $30.00 $271.23 $271.39 $271.55 $271.71 $271.86 .§272$272.16
AH Savings 8 $9.84 $271.55  $271.60 $271.66 $271.71 $271.76 8271.$271.86

Baseline $235.69

2 Fertilizer savings for crops following alfalfa ihe first subsequent yedrFertilizer savings for
crops following alfalfa in the second subsequeairyeFertilizer savings for crops following
alfalfa in the third subsequent year.

Table 6.28 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from alfalfa hay, Dark Brown sdizone

Percent Change in Fertilizer Costs from Base Value

Base value -15% -10% -5% 0% 5% 10% 15%

AH Savings 1 $22.79 $147.65 $147.78 $147.92 $148.05 $148.18 .$148$148.45
AH Savings 2 $20.96 $147.71 $147.83 $147.94 $148.05 $148.16 .3148$148.39
AH Savings 8 $6.85 $147.95 $147.98 $148.02 $148.05 $148.08 $248.$148.15

Baseline $84.54

2 Fertilizer savings for crops following alfalfa ihe first subsequent yearFertilizer savings for
crops following alfalfa in the second subsequenirye-ertilizer savings for crops following
alfalfa in the third subsequent year.

Table 6.29 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from alfalfa hay, Black soil zoa

Percent Change in Fertilizer Costs from Base Value

Base value -15% -10% -5% 0% 5% 10% 15%

AH Savings 1 $30.57 $321.57 $321.73 $321.88 $322.04 $322.19 .$322$322.49
AH Savings 2 $28.27 $321.64 $321.77 $321.91 $322.04 $322.17 .$622 $322.43
AH Savings 8 $8.15 $321.94 $321.97 $322.01 $322.04 $322.07 $322.$322.14

Baseline $274.29

2 Fertilizer savings for crops following alfalfa ihe first subsequent yedrFertilizer savings for
crops following alfalfa in the second subsequeairyeFertilizer savings for crops following
alfalfa in the third subsequent year.
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Table 6.30 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from alfalfa hay, Dark Grey soilzone

Percent Change in Fertilizer Costs from Base Value

Base value -15% -10% -5% 0% 5% 10% 15%

AH Savings 1 $25.67 $343.07 $343.19 $343.32 $343.45 $343.57 .$043 $343.83
AH Savings 2 $24.42 $343.11 $343.23 $343.34 $343.45 $343.56 .6843$343.79
AH Savings 8 $6.85 $343.36 $343.39 $343.42 $343.45 $343.48 $0843.$343.53

Baseline $311.37

2 Fertilizer savings for crops following alfalfa ihe first subsequent yedrFertilizer savings for
crops following alfalfa in the second subsequenirye-ertilizer savings for crops following
alfalfa in the third subsequent year.

6.4.2 Sensitivity Analysis of Field Pea BMP Paranters

As was the case for the alfalfa hay BMP, the e$fécim adding field peas to the
representative farm rotations were determined feapert opinion and previous
literature. The consensus was that the additidielaf peas in crop rotations could result
in benefits to subsequent crops from both yielddéases and nitrogen fertilizer savings.
While there is potential for the benefit of inclodifield peas in rotation that occur for
several years after the crop it was determinedttieste effects would only be modelled
for the first year following field peas in rotatioRield peas in crop rotation are followed
with spring wheat in all cases except on the farrié Brown soil zone where it is
followed by barley in rotation when field peas #re only BMP crop adopted.

Also similar to the alfalfa hay BMP, there is urtaénty regarding the likely
range of values for both impacts resulting fromahtddition of field peas. Therefore,
sensitivity analysis is performed for this BMP.gEjithe upper and lower bounds on the
yield effect are adjusted. Next, the BMP is moakHssuming no yield effect. Finally,
the degree of fertilizer cost savings in the subeaticrop is varied up and down.

6.4.2.1 Sensitivity Analysis of Yield Effect Paraters

As discussed in Chapter 5, yield effects followiigdd peas in rotation are
determined in the simulation analysis by drawingke from a uniform distribution.
Assumptions were made regarding the scale of theesent yield effects. On farms in
the Brown and Dark Brown soil zone it is assumed the minimum and maximum
bounds for the yield effect distribution are zenal 8.1, respectively; that is, the yield
effect ranges from 0 to a 10% increase. For thelBdad Dark Grey soil zone farms the
minimum and maximum bounds are 0.2 and 0.3, reispdc(i.e., between 20% and 30%
increase). The parameters ‘FP Min’ and ‘FP Max'aterthe lower and upper
distribution bounds for estimating yield effectidwing field peas in rotation. In the
sensitivity analysis scenarios, ‘FP Min’ and ‘FP>¥are adjusted up or down
(independently of each other) in increments of 5&o,(0.05) to a maximum change of
15% (i.e., 0.15).

Sensitivity analysis results are provided for faimsger dryland production in the
Brown, Dark Brown, Black, and Dark Grey soil zofe3 ables 6.31 to 6.34,
respectively. Results shown are annualized mean &fRhe operations per hectare of
land. Base values for the upper and lower boundseofiniform distributions for the field
pea yield effects are shown in the second coluneroh table. In the remaining columns
are the mean NPV results for changes in the upplem@r bound, with the changes
ranging from -0.15 to +0.15. For example, whenrpteting the change in value for ‘FP
Min’ in the Brown soil zone a -0.15 change resirta new lower bound for the
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distribution equal to -0.15, with the upper boumdhly unchanged; that is, the minimum
yield change is now -15%. The variable ‘FP Minhist examined with a change of +0.15
as this sets the minimum value greater than thermamx. Similarly ‘FP Max’ is not
examined with a change of -0.15 as this sets thémusn below the minimum value
allowed for the distributions.

Changes in mean annual NPV for the farms from seitgianalysis of the yield
increase parameters are relatively small; thahesNPV values are relatively stable. The
NPV changes are symmetrical in terms of increasdslacreases for a given increase or
decrease in maximum or minimum yield change paramEurther, the changes result in
decreases and increases that represent less theom &&eh 0.01 change in the yield
increase parameters. The overall effect of the Bifi&lopting field peas in rotation does
not change with sensitivity analysis of the yie&tigbles.

Table 6.31 — Comparison of mean annualized NPV aifterent rates of yield effects
from field peas, Brown soil zone with dryland prodiction

Magnitude of Change in Uniform Distribution Maximuwmn Minimum
Values

Base g -0.10 -0.05 0.00 0.05 0.10 0.15
value

FP Mif  0.000 $105.07 $105.92 $106.80 $107.67 $108.55 $209. N/A°
FP MaX  0.100 N/A  $105.88 $106.77 $107.67 $108.56 $109.47 $110.35

Baseline  $65.31

& The lower bound of the uniform distribution for tbep following field peas’ The upper bound
of the uniform distribution for the crop followirfeeld peas® N/A denotes that this change is not
available to occur as it would cause the minimuraximum) value to be higher (lower) than the
maximum (minimum) value.

Table 6.32 — Comparison of mean annualized NPV aifterent rates of yield effects
from field peas, Dark Brown soil zone

Magnitude of Change in Uniform Distribution Maximuwmn Minimum
Values

Base

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
value

FP Mirf  0.000 $107.69 $109.36 $111.02 $112.72 $114.39 $516. N/A
FP MaX  0.100 N/K  $109.37 $111.04 $112.72 $114.38 $116.02 $117.67

Baseline  $84.54

& The lower bound of the uniform distribution for tbep following field peas’ The upper bound
of the uniform distribution for the crop followirfeeld peas® N/A denotes that this change is not
available to occur as it would cause the minimuraximum) value to be higher (lower) than the
maximum (minimum) value.
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Table 6.33 — Comparison of mean annualized NPV aifterent rates of yield effects
from field peas, Black soil zone

Magnitude of Change in Uniform Distribution Maximuwmn Minimum
Values

Base

-0.15 -0.10 -0.05 0.00 0.05 0.10 0.15
value

FP Mirf  0.200 $266.23 $268.32 $270.47 $272.57 $274.65 $076. N/A°
FP MaX  0.300 N/K  $268.31 $270.47 $272.57 $274.65 $276.69 $278.67

Baseline $274.29

& The lower bound of the uniform distribution for tbep following field peas’ The upper bound
of the uniform distribution for the crop followirfeeld peas® N/A denotes that this change is not
available to occur as it would cause the minimuraximum) value to be higher (lower) than the
maximum (minimum) value.

Table 6.34 — Comparison of mean annualized NPV aifterent rates of yield effects
from field peas, Dark Grey soil zone

Magnitude of Change in Uniform Distribution Maximuwmn Minimum

Values
Base 5 -0.10 -0.05 0.00 0.05 0.10 0.15
value

FP Mif  0.200  $309.77 $311.95 $314.12 $316.29 $318.43 $320. N/A°
FP MaX  0.300 N/A  $311.98 $314.16 $316.29 $318.38 $320.48 $322.50

Baseline $311.37

& The lower bound of the uniform distribution for tbp following field peas’ The upper bound
of the uniform distribution for the crop followirfeeld peas® N/A denotes that this change is not
available to occur as it would cause the minimuraximum) value to be higher (lower) than the
maximum (minimum) value.

For the same reasons outlined in the alfalfa hayBdnsitivity analysis
discussion, sensitivity analysis is also done agsgyithat the yield effect is zero for crops
following field peas. This scenario is modelledsgyting the parameters ‘FP Min’ and
‘FP Max’ to zero. The results for this analysis previded in Table 6.35. As compared to
the baseline results, the representative farmsetown and Dark Brown soil zones
continue to experience increases in NPV from adgield peas, even with no yield
effect. This is due to the decrease in land alExt&d summerfallow when field peas are
adopted in rotation, as compared to the baselsdtee However, when comparing to the
base field pea BMP results, there is a 2-3% deer@alPV of the operations when no
subsequent yield effect is assumed.

On representative farms in the Black and Dark Gualyzones NPV of the
operations decreased relative to that of the basslienario, when no yield effect is
assumed. Not surprisingly, the NPV for these regregive farms is lower without a
yield effect, as compared to field pea adoptiomwitsubsequent yield effect. This result
is expected; when modelling the subsequent pogytald effect, NPV of the operations
should be greater than without a subsequent pesjtetd effect.
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Table 6.35 — Comparison of NPV assuming no yieldfett from field pea adoption,
by soil zone

Percent Percent

. Standard Annualized dlfference dlfference
Soil zone, Mean NPV deviation mean NPV annualized annualized
production mean NPV mean NPV

NPV per hectare relative to relative to

baselin@ yield effect

Brown, dryland  $1,371,136  $343,598 $105.88 62% 2%
Dark Brown, . N
dryland $1,416,369  $275,586 $109.37 29% 3%
Black, dryland  $2,599,584  $293,628 $250.93 -9% 9%
Dark Grey, . .
dryland $2,287,175  $211,176 $294.36 5% 7%

4 Percent difference between the BMP of field peapéidn without a yield effect as compared to
the baseline result Percent difference between the BMP of field peaptidn without a yield
effect as compared to the BMP of field pea adoptith a yield effect.

6.4.2.2 Sensitivity Analysis of Nitrogen Effect Raneters

Nitrogen effects for the field pea BMP are caloedbas the cost savings
associated with reduced nitrogen fertilizer appigrafor the subsequent crop. Fertilizer
savings per hectare are subtracted from the ftikosts per hectare for the baseline
scenario (i.e., no field peas in rotation). Simttathe yield effect, nitrogen savings occur
for the first crop following field pea in rotatioithe savings are specific to the crop and
depend on the amount assumed to be carried oversaatin the subsequent year. It is
assumed that nitrogen is applied at 33% of the abapplication rate the year following
field peas in rotation.

Sensitivity analysis involved adjusting (i.e., ieasing or decreasing) the base
value of fertilizer savings for the BMP in increneiof 5% to a maximum of 15%.
Results are shown in Table 6.36. The second copnavides the base value of fertilizer
savings in each year following field pea in rotatidhe next seven columns provide the
results for changes to the base value of fertiloest savings, with changes ranging from
-15 to +15%. The last column provides the annudIdBV per hectare for the baseline
scenario (i.e., with no BMP adoption) for companiguirposes.

When the base value is decreased or increasechdnge in mean annualized
NPV of the operations decreases or increases symoaitby $0.02 to $0.04 per hectare
for each 1% change in the nitrogen savings variddevever, the annualized NPV per
hectare values for each farm are relatively stalés the range of parameter values for
nitrogen savings. As well, the overall result foe BMP (i.e., that the field pea BMP
generally improves farm performance) is unchangeaiy of these sensitivity scenarios.
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Table 6.36 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from field peas

) Base Percent Change in Fertilizer Costs from Base Value Base-
SolZone  vale 5o -10% -5% 0% 5% 10% 159  line
Brown $20.35 $107.33 $107.44 $107.55 $107.67 $907.7 $107.90 $108.01 $65.31
BDrg\:\ll(n $20.35 $112.25 $112.42 $112.57 $112.72 $112.87 8213 $113.16 $84.54
Black $27.31 $272.03 $272.20 $272.39 $272.57 $B72.7 $272.94 $273.12  $274.29
g?erl; $22.93 $315.85 $316.00 $316.15 $316.29 $316.44 $916 $316.74 $311.37

6.4.3 Sensitivity Analysis of Legume Green ManurBMP
Parameters

In this study the addition of a legume green mamwuop as a BMP is considered
under dryland production for the representativentam the Brown and Dark Brown soil
zones. As discussed earlier, the addition of leggraen manures to crop rotations may
result in decreases to subsequent crop yieldghbre is also potential for nitrogen
fertilizer savings in the subsequent crop (i.e. dice year following the green manure
crop). When legume green manures are adopted jnrotations it is followed with
spring wheat in all cases. Assumptions were magirdéng the scale of the effects. The
yield effects were assumed to be stochastic, \igheffect being drawn from a uniform
distribution with a minimum and maximum possibléef. Nitrogen savings were
deterministic and calculated based on an assundedtien in nitrogen requirements for
the subsequent wheat crop. Sensitivity analysethése parameters are discussed in the
following sections.

6.4.3.1 Sensitivity Analysis of Yield Effect Paraters

The parameters ‘LGM Min’ and ‘LGM Max’ denote thpper and lower bounds
for the yield effect in the crop following legumeegn manure. It is assumed that in a dry
year, as discussed in section 5.4.1.3, crop yfeltsving legume green manures in
rotation change stochastically, using upper anctdvounds -15.5% (i.e., -0.155) and
zero, respectively. However, given the uncertaaigtgociated with these values,
sensitivity analysis is performed with three ingemand decreases of 0.05 each on the
minimum and maximum values for the uniform disttibos. The sensitivity analysis is
done independently for each; that is, either thgimam value or the minimum value is
changed in a particular sensitivity scenario.

Results from sensitivity analyses are provideddoms in the Brown and Dark
Brown soil zones in Tables 6.37 and 6.38, respelstiResults shown are annualized
mean NPV per hectare of land. Base values for piperuand lower bounds of the
uniform distributions for legume green manure yielfitcts are shown in the second
column of each table. The remaining columns proth@emean results for changes in the
upper or lower bound, with the changes ranging fforh5 to +0.15. For example, when
interpreting change in value for ‘LGM Min’, a -0.thange results in a new lower bound
for the distribution equal to -0.305, with the uppeund being unchanged.

From the sensitivity analysis it is apparent thatré is a larger impact per hectare
for the farm located in the Dark Brown soil zonaisTis hypothesized to be due to
overall higher yields observed in this region, asipared to the Brown soil zone.
Overall, however, the mean annual NPVs per heecit@ eelatively stable over the range
of values tested in the sensitivity analysis. Rsdubm sensitivity analysis of yield
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effects following legume green manures in rotatiom also relatively symmetrical for
increases and decreases, which is expected giearathre of the changes made in the

sensitivity analysis.

Table 6.37 — Comparison of mean annualized NPV aifterent rates of yield effects

from legume green manures, Brown soil zone with dignd production
Magnitude of Change in Uniform Distribution Maximuwmn
Minimum Values

Base 515 010 005 000 005 010  0.15
value

O 0155 $58.39 $58.97 $5055 $60.10 $60.69 $61.301.8%6
oM 0000 $58.42 $58.99 $50.55 $60.10 $60.68 $61.27 8861

Baseline  $65.31
% The lower bound of the uniform distribution for tbep following legume green manur83he
upper bound of the uniform distribution for the grfollowing legume green manures.

Table 6.38 — Comparison of mean annualized NPV aifterent rates of yield effects

from legume green manures, Dark Brown soil zone
Magnitude of Change in Uniform Distribution Maximumn

Minimum Values

Base 515 010 005 000 005 010 0.5
value

IR/I(?:YI 0155 $70.60 $71.83 $73.00 $74.33 $75.62 $76.898.167
kﬂi')\(’t') 0000 $70.54 $71.83 $73.08 $74.33 $75.60 $76.88 .1878

Baseline  $84.54
& The lower bound of the uniform distribution for tbp following legume green manur3he
upper bound of the uniform distribution for the grfollowing legume green manures.

Sensitivity analysis is also done assuming thayiklel effect is zero for crops
following legume green manures. The variables ‘LG’ and ‘LGM Max’ were set to
zero for this scenario and the results are providdable 6.39. When compared to the
base results for this BMP there is a 3-5% incr@addV of the operations when no
subsequent yield effect is assumed. This is taxpected as there was potential for
legume green manures to cause yield decreasebsecuent crops in the base BMP
scenario. However, the mean NPVs associated wétndhyield effect scenario for this
BMP are still lower than the baseline results withBMP adoption; that is, the benefits
from reduced nitrogen costs in the subsequentdoamot outweigh the additional costs
of the green manure crop relative to the summensfalieing replaced in the rotation.
This outcome improves the confidence of the basgemesults for this BMP.
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Table 6.39 - Comparison of NPV assuming no yieldfeftct from legume green
manure adoption, by soil zone

Percent Percent

Standard Annualized difference - difference

Soil zone, L annualized annualized
production Mean NPV deviation mean NPV mean NPV mean NPV
NPV per hectare . .

relative to relative to

baselin@ yield effecf

Brown, dryland $801,613 $347,475 $61.90 -5% 3%

Dark Brown, 20 0

dryland $1,013,945 $298,474 $78.30 7% 5%

@ Percent difference between the BMP of legume greanure adoption without a yield effect as
compared to the baseline resuft®ercent difference between the BMP of legume gneanure
adoption without a yield effect as compared toBMP of legume green manure adoption with a
yield effect.

6.4.3.2 Sensitivity Analysis of Nitrogen Effect Raneters

Nitrogen effects following legume green manuresoiation are calculated as the
cost savings associated with reduced nitrogerizertiapplication for subsequent crops.
Fertilizer savings per hectare are subtracted thanfertilizer costs per hectare for the
baseline scenario (i.e., no legume green manui@ation). Nitrogen savings occur in
three stages: the first, second and third timerteggreen manures are in rotation on a
single parcel of land. The savings are specifithéocrop and to the amount of nitrogen
assumed to be recovered and used by the croph&subsequent crop, nitrogen is
assumed to be applied at 97%, 90% and 81% of tireal@pplication rate following the
first, second and third time legume green manuregiesent in rotation, respectively.

Sensitivity analysis is done on the base valueuilizer savings by increasing
and decreasing the value of savings in incremeri%o) to a maximum of 15%. Results
are shown in Tables 6.40 to 6.41. ‘LGM SavingsliGM Savings 2’, and ‘LGM
Savings 3’ represent the cost savings associatixdig nitrogen effect in the first,
second, and third occurrence of legume green manucgation, respectively. The
second column provides the base value of fertikamings in each year following
legume green manures in rotation. The remainingneos provide the results for changes
to the base value of fertilizer cost savings, withnges ranging from -15% to +15%. The
last row in each table provides the annualized [gEVhectare for the baseline scenario
(i.e., with no BMP adoption) for comparison purpase

When the base value is decreased or increasechdnge in mean annualized
NPV of the operations decreases or increases 0§ $0.$0.02 per hectare for each 1%
change in the nitrogen savings variable. The cteagerelatively small due to the minor
changes associated with the first and second gignenhe green manures occur in
rotation. The third time legume green manures otustation the benefit is more
significant but the overall benefit is small sintenly occurs for a finite number of years
and the future financial benefits of the fertilizavings are discounted.
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Table 6.40 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from legume green manures, Browsoil zone

Percent Change in Fertilizer Costs from Base Value

Base value -15% -10% -5% 0% 5% 10% 15%

LGM Savings 1 $0.76 $60.09 $60.09 $60.09 $60.10 $60.10 $60.10 .1$60
LGM Savings 2 $2.54 $60.09 $60.09 $60.09 $60.10 $60.10 $60.10 .1360
LGM Savings 3 $4.82 $60.08 $60.08 $60.09 $60.10 $60.10 $60.11 .1860

Baseline $65.31

2 Fertilizer savings for crops following legume gnemanures the first time in rotatichEertilizer
savings for crops following legume green manuressticond time in rotatioh Fertilizer savings
for crops following legume green manures the tlimee in rotation.

Table 6.41 — Comparison of mean annualized NPV aifterent rates of nitrogen
input cost effects from legume green manures, DarBrown soil zone

Percent Change in Fertilizer Costs from Base Value

Base value -15%  -10% -5% 0% 5% 10% 15%

LGM Savings 1 $0.91 $74.32 $74.32 $74.33 $74.33 $74.34 $74.34 3574
LGM Savings 2 $3.04 $74.30 $74.31 $74.32 $74.33 $74.34 $74.35 .3$74
LGM Savings 38 $5.77 $74.28 $74.30 $74.32 $74.33 $74.35 $74.36 .3%74

Baseline $84.54

2 Fertilizer savings for crops following legume gnemanures the first time in rotatichEertilizer
savings for crops following legume green manuressticond time in rotatioh Fertilizer savings
for crops following legume green manures the thirek in rotation.

6.4.4 Sensitivity Analysis of Shelterbelt BMP Pamaeters

Shelterbelts are adopted on all representativesfaaithough more shelterbelts
are implemented on representative farms assumieavhigher potential for erosion
(e.g., farms in the Brown soil zon®)Information from prior literature was used to
determine that the adoption of shelterbelts coedalit in yield changes for subsequent
crops due to moisture and nutrient competition withtrees (i.e., yield decreases) and
reduced erosion in sheltered areas (i.e., yieldeages). Based on this literature,
assumptions were made regarding the scale of teetef

The yield effects associated with shelterbelt immatation were simulated
assuming a single value for the affected cropsamh éarm (i.e., the yield effect is
deterministic). Possible yield effects range frain® 117% of normal yields depending
on the crop and the representative farms, withesaless than 100% being used for the
zone immediately adjacent to the shelterbelt (jield decreases) and values greater than
100% being used for the area between three artthien the height of the trees away
from the shelterbelt. Specific yield changes, ypcand soil zone are provided in Table
5.37 in Chapter 5.

Sensitivity analysis of the changes to crop yiathes is performed with three
increases and decreases of 0.05 for each yieldyehancrop and soil zone. Results from
sensitivity analyses are provided by soil zoneabl€s 6.42 to 6.46. In those tables, ‘0-
3H’ and ‘3-10H’ represent the area in direct praynto the trees, up to the height of the
trees multiplied by three and the height of thedrmultiplied by three to ten,

> Specific details regarding implementation of thelterbelts for the representative farms are
provided in Chapter 5, and are summarized in Tal36.
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respectively. Results shown represent differentesinualized mean NPV of the
operations per hectare of land converted to sheles; that is, land removed from crop
production. Base values for the yield increasesifadloption of shelterbelts are shown in
the second column of each table. The remaininghwatuare the mean results for changes
in yield effects, with the changes ranging froni8to +0.15. For example, when
interpreting the change in value for ‘0-3H’ for ttil@p canola in the Brown soil zone a -
0.15 change results in a new value for the yidlgotbeing 0.416.

Unlike results from the previous analyses, the N&Ults are sensitive to
adjustments in the yield effects associated witlterbelt adoption, at least on the basis
of a per hectare value. On a percentage basishtreges per hectare from the base BMP
to the adjusted values range from approximatelyt@#s much as 86%. The pattern in
these sensitivity analysis results suggests thaigds to the yield increase in the “outer”
range has a greater impact than do changes todeelgtases in the areas immediately
adjacent to the trees. This may be due to thetiatta larger area is affected by these
changes. The changes also tend to be symmetritadnts of the impact of an identical
percentage increase versus decrease in the paramete

Despite the greater impact of these parameterarom ferformance associated
with the shelterbelt BMP, however, the overall iefr the BMP is unchanged in all
scenarios. Adoption of the shelterbelt BMP represarsignificant cost to the
representative farms in terms of dollars per hecsfiiected by the change.

Table 6.42 — Comparison of mean annualized NPV aifterent rates of yield effects
per hectares lost from shelterbelt adoption, Browrsoil zone with irrigated
production

Annualized Mean NPV difference per hectare®lost

Area, Crop Base value -0.15 -0.10 -0.05 0.00 0.05 100 0.15
0-3H Canola 0.566 -$345.18  -$335.75 -$326.15 -$&HL6. -$307.62 -$298.36  -$289.42
0-3H Dry Bean 0.760 -$335.32 -$329.19 -$323.15 683 -$310.54 -$304.49 -$298.61
0-3H Wheat 0.619 -$385.31  -$362.66 -$339.78  -$3#.6.9-$294.13  -$271.38 -$248.98
3-10H Canola 1.124 -$429.06  -$391.50 -$354.75 -$Wl6 -$280.20 -$243.09 -$207.72
3-10H Dry Bean 1.159 -$390.43  -$366.25 -$341.68 1686 -$292.64 -$267.97 -$243.39
3-10H Wheat 1.087 -$589.82  -$498.87  -$407.87 -$HW6. -$226.02 -$134.71 -$45.55

& Calculated as the difference in mean annualized K&m adoption of shelterbelts at different
levels of yield effects, divided by hectares lasttopping activities from shelterbelt adoption.

Table 6.43 — Comparison of mean annualized NPV aifterent rates of yield effects
per hectares lost from shelterbelt adoption, Browrsoil zone with dryland
production

Annualized Mean NPV difference per hectare®ost

Area, Crop Base value -0.15 -0.10 -0.05 0.00 0.05 100 0.15
0-3H Barley 0.611 -$199.59  -$197.96  -$196.45 -$194. -$193.22 -$191.46 -$189.91
0-3H Canola 0.566 -$206.13  -$202.18 -$198.48  -§¥94. -$190.94  -$187.11  -$183.36
0-3H Wheat 0.619 -$213.98  -$207.54  -$201.06 -$1D4.7-$188.26  -$181.92  -$175.25
3-10H Barley 1.116 -$214.32 -$207.87 -$201.16  -$194 -$188.23 -$181.58  -$175.27
3-10H Canola 1.124 -$240.64  -$225.34  -$209.88 -¥M4 -$179.50 -$164.09 -$149.15
3-10H Wheat 1.087 -$272.30  -$246.51 -$220.41  -$¥94. -$168.89 -$143.07  -$117.53

& Calculated as the difference in mean annualized f&m adoption of shelterbelts at different
levels of yield effects, divided by hectares l@sttopping activities from shelterbelt adoption.
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Table 6.44 — Comparison of mean annualized NPV aifterent rates of yield effects
per hectares lost from shelterbelt adoption, Dark Bown soil zone

Annualized Mean NPV difference per hectare®lost

Area, Crop Base value -0.15 -0.10 -0.05 0.00 0.05 100 0.15
0-3H Barley 0.624 -$192.48  -$188.62  -$184.96  -$481. -$177.69  -$174.01  -$170.45
0-3H Canola 0.579 -$196.64 -$191.46 -$186.40 -$IB1. -$176.28 -$171.20 -$166.27
0-3H Wheat 0.632 -$195.51  -$190.66  -$186.00 -$181.4-$176.71  -$172.10 -$167.48
3-10H Barley 1.124 -$225.65  -$211.09  -$196.16  -$4B1 -$166.82  -$152.41  -$138.63
3-10H Canola 1.132 -$241.60 -$221.71 -$201.70 -$m81  -$161.09 -$141.72 -$122.12
3-10H Wheat 1.095 -$237.80  -$218.84  -$200.33  -$1B1. -$162.90 -$144.59  -$126.68

& Calculated as the difference in mean annualized f&m adoption of shelterbelts at different
levels of yield effects, divided by hectares lasttopping activities from shelterbelt adoption.

Table 6.45 — Comparison of mean annualized NPV aifterent rates of yield effects
per hectares lost from shelterbelt adoption, Blaclsoil zone

Annualized Mean NPV difference per hectare®ost

Area, Crop Base value -0.15 -0.10 -0.05 0.00 0.05 100 0.15
0-3H Barley 0.612 -$404.80  -$401.75 -$398.72  -$B95. -$392.69 -$389.62 -$386.65
0-3H Canola 0.567 -$429.60 -$418.26  -$407.00 -§3D5. -$384.35 -$373.12  -$361.70
0-3H Wheat 0.620 -$425.19  -$415.35 -$405.51  -$305.7-$385.89  -$376.07 -$366.18
3-10H Barley 1.073 -$432.50  -$420.05 -$407.81 -$B®5 -$383.58 -$371.44 -$359.41
3-10H Canola 1.081 -$532.22 -$486.90  -$440.87 -$@D5 -$350.59 -$305.06 -$259.77
3-10H Wheat 1.044 -$514.27 -$474.57  -$435.02  -§@D5. -$356.23  -$316.99  -$277.44

& Calculated as the difference in mean annualized f&m adoption of shelterbelts at different
levels of yield effects, divided by hectares l@sttopping activities from shelterbelt adoption.

Table 6.46 — Comparison of mean annualized NPV aifterent rates of yield effects
per hectares lost from shelterbelt adoption, Dark @y soil zone

Annualized Mean NPV difference per hectare®lost

Area, Crop Base value -0.15 -0.10 -0.05 0.00 0.05 100 0.15
0-3H Barley 0.615 -$421.92 -$418.36 -$414.75 -$211. -$407.77 -$404.22 -$400.45
0-3H Canola 0.570 -$443.09  -$432.39  -$421.87 -$A11. -$400.52  -$389.85 -$379.25
0-3H Wheat 0.623 -$441.12 -$431.05 -$421.17 -$411.2-$401.41 -$391.45 -$381.19
3-10H Barley 1.078 -$453.91 -$439.76  -$425.50 -$211 -$396.83 -$382.41  -$368.04
3-10H Canola 1.086 -$537.90 -$495.91 -$453.74 -1 -$368.67 -$325.91 -$283.81
3-10H Wheat 1.049 -$530.36  -$490.29  -$450.98 -$A11. -$370.94  -$331.19 -$291.60

& Calculated as the difference in mean annualized f&m adoption of shelterbelts at different
levels of yield effects, divided by hectares lasttopping activities from shelterbelt adoption.

6.4.5 Sensitivity Analysis of Buffer Strip BMP Paameters

In modelling adoption of buffer strip BMPs by thepresentative farms, key
assumptions were made. In particular, it was asduhag the buffer strip width was set
at ten metres. As well, the farms were assumeave h set percentage of land that is
wetland. Sensitivity analysis is done for bothlafde parameters. The buffer strip width
is adjusted to determine the cost of additionad lerken for buffer strips, with and
without hay production. Sensitivity analysis isoagerformed to determine the effect on
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the net cost of buffer strip implementation for thpresentative operations if more or less
land is assumed to be wetlands.

As noted above, the base scenario for the buffgrBMP is a strip that is ten
metres wide. For the sensitivity analysis scenahisis adjusted up and down in
increments of two metres. For the case where tffertatrip is retired from production,
widths considered are 6, 8, 10, 12, 14, and 16eweckor the case where the buffer strip
is seeded to perennial forage which is harvestdtgsthe alternative buffer strip widths
considered are 12, 14, and 16 metfdResulting values for acreage taken out of annual
crop production for these sensitivity analysis sec&s are provided by soil zone and
buffer width in Table 6.47.

Table 6.47 — Land lost (hectares) due to buffer sy adoption at different buffer
widths on representative farms

Buffer width _B_rown, Brown, Dark Brown Black Dark
(m) irrigated dryland Grey
6 4.05 7.07 7.07 6.89 5.17
8 5.49 9.53 9.53 9.27 6.95
10 6.96 12.04 12.04 11.68 8.76
12 8.47 14.60 14.60 14.14 10.60
14 10.02 17.21 17.21 16.64 12.48
16 11.61 19.86 19.86 19.17 14.38

In the baseline analysis it is assumed that theuatraf wetland present on the
representative farms varies by soil zone. For thpgses of this analysis the farms in the
Brown (irrigated), Brown (dryland), Dark Brown, Blg and Dark Grey soil zones have
2%, 4%, 4%, 6%, and 6% of land as wetlands in #eeline scenarios, respectively.
These values are also varied in the sensitivityyarsafor the buffer strip BMP scenarios.
On the farm in the Brown (irrigated) soil zone ieases to 4%, 6%, and 8% are modelled.
On the farms in the Brown (dryland) and Dark Broswil zones a decrease to 2% and
increases of 6% and 8% are tested. On the fartheiBlack and Dark Grey soil zones
decreases to 2% and 4% and an increase to 8%sted.tAcreages lost from adoption of
10 metre buffer strips are provided in Table 6.48.

Table 6.48 — Land lost (hectares) due to buffer s{y adoption at different levels of
wetland on representative farm$

52{% ?]Tjt irBrirg:‘ig’d (Ijarr;/)l\;vr?d Dark Brown Black Dark Grey
2% 6.96 8.70 8.70 6.96 5.22
4% 9.63 12.04 12.04 9.63 7.22
6% 11.68 14.60 14.60 11.68 8.76
8% 13.41 16.76 16.76 13.41 10.06

#The base values for each farm are shown in bad. pr

“6 Narrower buffer strip widths are not consideredtf® perennial forage version of the buffer
strip BMP due to assumed problems that this worddte for navigating forage harvesting
equipment.
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6.4.5.1 Buffer Strip Sensitivity Analysis Result8Vithout Harvested Hay in
Buffers

The first set of sensitivity results are for thdfeustrip BMP scenario where land
is set aside from any agricultural production. Aalired mean NPV results from
sensitivity analysis of adjusting buffer strip vhdtare provided in Table 6.49. Table 6.50
provides results from the analysis of the diffeeehetween adoption of buffer strips and
the sensitivity analysis per hectare lost for husteip adoption. Comparing results with
the baseline results (i.e., without buffer stripjiibn) there are very small changes,
ranging from approximately $1 to $7 per hectar¢henrepresentative farms. In all cases,
even a six metre buffer strip around wetlands de@e the annualized mean NPV on all
operations. Changes from sensitivity analysis aseemapparent when comparing
annualized mean NPV per hectare lost from bufigp adoption to the base BMP value
of a 10 metre buffer strip. The results are as ebgok more land dedicated to buffer

strips results in a negative difference, while lessl dedicated to buffer strips result in a
positive difference.

Table 6.49 - Comparison of annualized mean NPV atifferent buffer strip widths
Annualized Mean NPV per hectare

L Brown, Brown, Dark Dark
Strip width (m) irrigated dryland Brown Black Grey
6 $234.34 $64.79 $83.92 $272.32 $309.12
8 $233.85 $64.61 $83.70 $271.63 $308.34
Base ?1'\35) value  ¢r3335  $64.42  $83.48 $270.93  $307.55
12 $232.86 $64.24 $83.26 $270.22 $306.76
14 $232.36 $64.05 $83.03 $269.51 $305.94
16 $231.83 $63.86 $82.80 $268.77 $305.10
Baseline $235.69 $65.31 $84.54 $274.29 $311.37

Table 6.50 — Comparison of annualized mean NPV aifterent buffer strip widths
with adoption of buffer strips

Difference in mean annualized NPV per hectaré lost

Strip width (m) iﬁirg;\f[ga Srr;\g:d BDrg\:\I/(n Black Dark Grey

6 $250.65 $66.76 $79.34 $207.96 $235.58
8 $93.98 $25.15 $29.64 $78.03 $88.28

Base BMP

Value (10) $0.00 $0.00 $0.00 $0.00 $0.00
12 -$60.29 -$16.75 -$19.87 -$52.19 -$58.04
14 -$102.91 -$28.48 -$34.39 -$88.54 -$100.48
16 -$135.90 -$37.10 -$44.84 -$116.70 -$132.56

& Calculated as the difference in mean annualized f&m adoption of buffer strips at different
buffer strip widths, divided by hectares lost toggping activities from buffer strip adoption.

Results from sensitivity analysis of the percenveflands on each farm are
provided in Tables 6.51 and 6.52 as annualized &ars per hectare of farm land and
the differences in annualized mean NPV from the P value per hectares lost from
buffer strip adoption, respectively. Results frdiis tanalysis support the development of
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the models as increases in percent wetland resldiier mean NPV of the operations,
while decreases in percent wetland result in highesin NPV of the representative
farms. Farms with more areas dedicated to wetllnsdsmore land when 10 metre
buffers surrounding wetlands are adopted.

Table 6.51 - Comparison of annualized mean NPV pdrectare from adoption of
buffer strips at different on-farm wetland percentages

Annualized Mean NPV per hectare

Percent _B_rown, Brown, Dark Brown Black Dark
wetland irrigated dryland Grey
2% $233.35 $66.03 $85.54 $284.07 $322.47
4% $227.65 $64.42 $83.48 $277.41 $314.91
6% $222.13 $62.87 $81.50 $270.93 $307.55
8% $216.71 $61.36 $79.54 $264.54 $300.32

Table 6.52 — Comparison of annualized mean NPV pérectare lost from adoption of
buffer strips at different percent of on-farm wetlands

Difference in annualized mean NPV per hectaré lost

Percent _B_rown, Brown, Dark Black Dark Grey
wetland irrigated dryland Brown
2% $0.00 $239.47 $305.73 $1,956.73 $2,220.57
4% -$613.86 $0.00 $0.00 $697.09 $791.05
6% -$995.37 -$137.54 -$176.22 $0.00 $0.00
8% -$1,286.21 -$236.98 -$304.48 -$493.74 -$558.52

& Calculated as the difference in mean annualized f®m adoption of buffer strips at different
percentages of wetlands, divided by hectares dostdpping activities from buffer strip adoption.

6.4.5.2 Buffer Strip Sensitivity Analysis Result8Vith Harvested Hay in
Buffers

Annualized mean NPV results from sensitivity anislys adjusting buffer strip
width when adopted with the option to harvest feragthe buffer areas, are provided in
Table 6.53. Table 6.54 provides results from thayesis as the difference between
adoption of buffer strips with hay and the sengitignalysis per hectare lost for buffer
strip adoption. Comparing results with the baselesailts (i.e., without buffer strip
adoption) there are very small changes, ranging fess than $1 to approximately $5 per
hectare on the representative farms. In all cdméter strips around wetlands decrease
the annualized mean NPV on all representative fa@hanges from sensitivity analysis
are more apparent when comparing annualized me&hpéPhectare lost from buffer
strip adoption to the base BMP value of a 10 mietiféer strip. The difference from here
however, is that with wider buffer strips therehie opportunity to harvest and sell more
hay. Even with this assumption however, it app#d@asthere are diminishing returns to
increasing the width of buffer strips.
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Table 6.53 — Comparison of mean annualized NPV aifterent buffer strip widths
with adoption of buffer strips with hay

Annualized Mean NPV per hectare with degree changes

L Brown, Brown, Dark Dark
Strip width (m) irrigated dryland Brown Black Grey
Base BMP
Value (10) $233.81 $65.12 $84.29 $271.80 $308.25
12 $233.39 $65.08 $84.25 $271.27 $307.61
14 $232.98 $65.05 $84.21 $270.74 $306.95
16 $232.55 $65.01 $84.15 $270.21 $306.26
Baseline $235.69 $65.31 $84.54 $274.29 $311.37

Table 6.54 — Comparison of annualized mean NPV aifterent buffer strip widths
with adoption of buffer strips with hay

Difference in mean annualized NPV per hectaré lost

Strip width Brown, Brown, Dark
(m) irrigated dryland Dark Brown Black Grey

Base BMP

Value (10) $67.21 $74.53 $86.45 $76.38 $61.31
12 $4.65 $57.97 $68.30 $24.53 $4.02
14 -$38.25 $46.89 $54.37 -$11.99 -$37.88
16 -$71.62 $38.06 $43.11 -$38.93 -$69.69

& Calculated as the difference in mean annualized f&m adoption of buffer strips with hay at

different buffer strip widths, divided by hectatest to cropping activities from buffer strip
adoption.

Results from sensitivity analysis of the percentvetlands on each farm are
provided in Tables 6.55 and 6.56 as annualized &an per hectare of farm land and
the difference in annualized mean NPV from the l2d® value per hectares lost from
buffer strip adoption, respectively. Results frdns tanalysis are again as expected,
increases in the proportion of wetlands resulbimdr mean NPV of the operations, while
decreases result in higher mean NPV of the reptathesnfarms.

Table 6.55 — Comparison of mean annualized NPV pérectare from adoption of
buffer strips with hay at different percent of on-farm wetlands

Annualized Mean NPV per hectare with degree changes

Percent _B_rown, Brown, Dark Black Dark
wetland irrigated dryland Brown Grey
2% $233.81 $66.52 $86.12 $284.58 $322.88
4% $228.25 $65.12 $84.29 $278.12 $315.48
6% $222.85 $63.72 $82.49 $271.80 $308.25
8% $217.56 $62.33 $80.69 $265.53 $301.12
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Table 6.56 — Comparison of annualized mean NPV pérectare lost from adoption of
buffer strips with hay at different percent of on-farm wetlands

Difference in mean annualized NPV per hectaré lost

Percent _B_rown, Brown, Dark Black Dark Grey
wetland irrigated dryland Brown
2% $67.21 $312.07 $391.86 $2,032.18 $2,282.66
4% -$548.81 $74.53 $86.45 $772.79 $852.12
6% -$931.45 -$62.46 -$88.19 $76.38 $61.31
8% -$1,220.25 -$161.94 -$215.84 -$417.31 -$496.87

& Calculated as the difference in mean annualized f&m adoption of buffer strips with hay at
different percentages of wetlands, divided by hestéost to cropping activities from buffer strip
adoption.

6.4.6 Sensitivity Analysis of Residue Managementaviables

Adoption of the residue management BMP potenti@sults in changes to yields
for subsequent crops, depending on moisture conditatnd whether residue is retained
or not. In some cases yields increase while inrathses they may decrease, depending
on whether there are moisture deficits or excessparticular years. Residue
management is adopted on all representative fasmg equivalent yield change
assumptions. Sensitivity analysis is conducteddsidue management variables to
determine if the bounds on the yield change digtidns have a significant effect on the
results for this BMP.

The yield effects for this BMP were simulated asisgna uniform distribution,
with the lower and upper bounds representing, @@y, the minimum and maximum
possible effects. There are three separate yitdtecenarios, a yield increase from
retaining residue in dry years (‘Dry Increase'yjeld decrease from removing residue in
dry years (‘Dry Decrease’), and a yield decreagmfretaining residue in wet years
("‘Wet Decrease’). Lower and upper bounds for thiéoam distributions from which
yield changes are drawn are (0, 0.03), (-0.03a1®,(-0.12, 0) for ‘Dry Increase’, ‘Dry
Decrease’, and ‘Wet Decrease’, respectively. Thyihanges represent the percentage
change in yield from the value drawn from the yidistributions.

Sensitivity analysis is done by varying the uppeiower bound associated with
the uniform distributions for the yield increasesidbases, as appropriate for the
parameter. These are done independently with eaditisvity analysis scenario
involving an increase or decrease of 0.05, 0.10, 15 for the relevant upper or lower
bound. In the case of the ‘Dry Increase’ distribatithe upper bound is changed to 0.08,
0.13 and 0.18; that is, maximum yield changes of 8%%6 and 18%. In all cases, the
lower bound for the uniform distribution is unchadat zero. For the ‘Dry Decrease’
distribution, the lower bound is changed to -0-0813 and -0.18. Finally, for the ‘Wet
Decrease’ distribution, the lower bound is changed.17, -0.22 and -0.27. In both of
these cases, the upper bound for the uniform bligtdn is left unchanged at zero.

Sensitivity analysis results are provided in Taltlés to 6.59. Results shown are
annualized mean NPV of the operations per hecfdend for the residue management
BMP. In each table the first column provides thased bound (upper or lower) used in
the particular sensitivity analysis scenario. Bample, in Table 6.57 the values 0.08,
0.13, and 0.18 represent the revised upper bowndkd yield increase used in the three
alternative scenarios for the sensitivity analy§tse last row in each table provides the
base results for the BMP; that is, the mean anrecINPV per hectare generated using
the base upper and lower bounds for the yield asger decrease distribution.
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As expected, increasing the upper bound for theiloligion of yield increases in
dry years results in improved performance (Talb&)5.This is due to the potential for
greater crop yield increases in dry years if residuetained on the field. Also as
expected, decreasing the lower bound for yieldabegs results in worsened
performance. This is true for both yield decreasely years when residue is not
retained (Table 6.58) and in wet years when ressluetained (Table 6.59). However, in
all cases the absolute change in annualized NPWigare is relatively small and so it
may be concluded that the BMP results are not sengitive to the assumption regarding
the range of yield increases or decreases assteidteadoption of this BMP. It should
be noted that annualized NPVs per hectare do rastgehfrom the baseline results with
sensitivity analysis on the “Dry Decrease” variatdethe representative farm in the
Brown (dryland) soil zone. On this farm, the demisiule is that residues are only
removed once every five years. In order for a yedrease to occur the year would have
to be “dry” when residues are removed. Since agceff not observed it is hypothesized
that a “dry” year does not occur on this farm whesidues are removed, most likely by
coincidence from specifications in the model.

Table 6.57 — Comparison of mean annualized NPV frometention of residue for
different yield effect distributions in dry years with yield increases

Dry Increase Annualized NPV per hectare with degtenges
Adjusted
Distribution _B_rown,d Srolwna Dark Black gark
Bound irrigate rylan Brown rey
Upper Bound
0.08 $250.18 $67.22 $88.20 $279.62  $314.42
0.13 $251.17 $67.69 $88.86 $282.01  $316.45
0.18 $252.03 $68.15 $89.55 $284.33  $318.45
B@Z?UEQAP $249.23 $66.74 $87.53  $277.25 $312.37

#The lower and upper bounds for the base BMP sazaagi 0 and 0.03.

Table 6.58 — Comparison of mean annualized NPV frometention of residue for
different yield effect distributions in dry years with yield decreases

Dry Decrease Annualized NPV per hectare with deghesmges
Uniform
distribution _B_rown, Brown, Dark Black Dark Grey
irrigated dryland Brown
range
Lower Bound
-0.18 $246.79 $66.74 $86.83 $273.40 $309.02
-0.13 $247.62 $66.74 $87.06 $274.67 $310.10
-0.08 $248.43 $66.74 $87.31 $275.97 $311.22
Base BMP
Valued $249.23 $66.74 $87.53 $277.25 $312.37

8The lower and upper bounds for the base BMP saeaagi-0.03 and 0.
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Table 6.59 — Comparison of mean annualized NPV frometention of residue for
different yield effect distributions in wet years

Wet Decrease Annualized NPV per hectare with degneages
Uniform
distribution _B_rown, Brown, Dark Brown Black Dark
irrigated dryland Grey
range
Lower Bound
-0.27 $246.84 $65.53 $86.80 $269.84  $302.29
-0.22 $247.59 $65.95 $87.03 $272.17  $305.50
-0.17 $248.38 $66.34 $87.28 $274.65  $308.89
Base BMP
valued $249.23 $66.74 $87.53 $277.25  $312.37

2The lower and upper bounds for the base BMP saeaagi-0.12 and 0.

6.4.7 Sensitivity Analysis of Discount Rate

Sensitivity analysis is also done on the discoatd of the operations. For the
baseline and BMP scenarios a discount rate of 3096ad as this was determined to be
the most appropriate for commercial cropping openatand has been used in similar
studies (Cortus, 2005; Koeckhoven, 2008). For gémsisivity analysis the results
obtained in the baseline scenario are comparedresthits from the same scenario at 8%
and 12% discount rates. Baseline scenarios assom&IRs are adopted. As expected,
using a discount rate of 8% results in an incréadiege mean annual value of the
operations since future cash flows are discourtediésser degree. Conversely, a
discount rate of 12% results in decreased mean WRés for the operations (Table
6.60).

Table 6.60 — Comparison of mean NPV at different dicount rates, base rotation

Mean NPV
Discount Brown, Brown, Dark
Rate irrigated dryland Brown Black Dark Grey
8% $2,080,586  $1,035413 $1,345.945 $3,491,476 53884
10%
(@aseline) $244L735  $845707  $1,004775  $2,841695  $2,429,36
12% $2,081,269  $719,353  $927,760  $2,408,846  $BA56,

Where the assumption regarding the value of theodist rate may be significant
is in terms of the impact on BMP results. In pathe, it is useful to know if the choice of
discount rate has an effect on whether a parti@®ilP results in improved or weakened
representative farm performance. This would be nikelty to happen for BMPs where
there is a change in sign over time with respethiécchange in cash flow from the
baseline scenario; for example, a BMP that initiedisults in reduced cash flow followed
by increased cash flows relative to the baselimav€rsely, the discount rate is unlikely
to have an effect on BMP comparisons if adopticuits in consistently increased or
consistently decreased cash flows relative to #seline scenario. In this type of
scenario, the choice of discount rate will obvigugtange the NPVs for the various
scenarios, baseline and BMP. However, it is lilkbbt the impact of the BMP relative to
the baseline will not change in a significant way.
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Most of the BMPs considered in this study are csiest with this last case; that
is, a consistent pattern of cash flows. As a residtunlikely that the discount rate will
have a significant impact on conclusions from #tigly. However, to test the impact of
the discount rate, sensitivity analysis is doneofue rotational BMP, adoption of field
peas in rotation.

The impact of the field pea rotational BMP on maanualized NPV per hectare
for the different discount rates is provided in [Ea®.61. As can be seen from the results
in Table 6.61, varying the discount rate betweenadftb 12% has a relatively minor
impact on the results for the field pea BMP. Asdiszount rate increases, the effect is to
reduce the annualized benefit associated with e H@.e., smaller positive values or
more negative values). However, the general patterasults, in terms of the absolute
magnitude of the impact or the relative effect &gni, is unchanged.

Table 6.61 — Impact of the field pea BMP on mean awialized NPV per hectare, by
discount rate’

Discount Rate Brown, dryland Dark Brown Black D&tey
8% $42.95 $28.70 -$1.27 $5.56

Baseline (10%) $42.37 $28.18 -$1.72 $4.92
12% $41.84 $27.70 -$2.13 $4.37

#These values are calculated as the difference anraanualized NPV per hectare for the field
pea BMP and the baseline scenario, for each farm.

6.4.8 Sensitivity Analysis of Starting Crop Prices

The pattern of simulated prices over time is affddty the choice of starting
price in the models. The most recent crop pricesl@ve during the analysis were used
as the initial prices in all scenarios for thisdstuFor the baseline and BMP scenarios the
starting crop prices used are 2008 prices. Howétvisralso possible to use other
historical values, or historical average priceghasstarting values. Therefore, sensitivity
analysis is done to examine the impact on modeltseeBom choosing alternative
starting prices.

The sensitivity analysis for the starting price siders three additional values, all
of which are historical averages. Five year andygar historical averages are used as
alternative starting prices, along with a histdraneerage based on the entire time series
(1978 to 2008) used to estimate the pricing modelble 6.62 provides the additional
crop price averages used for the sensitivity amalys

Table 6.62 — Crop prices used for sensitivity anays of starting crop price in
simulation analysis ($/kg)

Crop 2008 Price  Five Year Average Ten Year Averag%a978'2008
Average
Alfalfa Hay $0.08 $0.08 $0.10 $0.11
Barley $0.21 $0.14 $0.14 $0.15
Canola $0.50 $0.36 $0.35 $0.41
Dry Bean $0.16 $0.12 $0.13 $0.15
Durum Wheat $0.45 $0.22 $0.22 $0.24
Field Pea $0.30 $0.20 $0.19 $0.24
Oats $0.18 $0.14 $0.15 $0.15
Spring Wheat $0.32 $0.20 $0.20 $0.22
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Sensitivity results for crop starting price arepded in Table 6.63. Compared to
the original baseline scenario (i.e., using 2008gs), the use of the historical average
starting price scenarios results in lower mean ahN®V values for all representative
farms. This is due to the fact that all of the dvigtal average crop prices in Table 6.62 are
lower than 2008 price¥.However, the impact of starting price is relatwedinor, in
terms of the change in mean annualized NPV pealect

Table 6.63 — Comparison of mean annualized NPV pérectare, assuming different
starting crop prices

Annualized Mean NPV per hectare with alternativapgorice

scenarios
Start Price 'B'rown, Brown, Dark Brown Black Dark
irrigated dryland Grey

2008 price

(Baseline) $235.69 $65.31 $84.54 $274.29 $311.37
5 year average $223.90 $62.31 $82.59 $271.09  $308.0
10 year average  $223.81 $62.28 $82.57 $271.03  ©808.
historic average  $224.86 $62.54 $82.80 $271.53 4308

To test the effect of starting price on NPV of dperations shelterbelts and
alfalfa hay are adopted and different startinggwiare compared to the baseline (i.e.,
using 2008 prices) results. Differences in mearualized NPV per hectare lost from
adopting shelterbelts and the baseline resultprangded in Table 6.64. The overall
trend is lower NPVs for all farms when the averatggting price of crops is lower (i.e.,
historic prices), and higher values when the stgntirice is highest (i.e., using the 2008
prices). However, the absolute magnitude of thegés in the per hectare cost of
shelterbelt adoption are relatively small (i.eg thifferences are all less than $5 per
hectare).

Table 6.64 — Difference of mean annualized NPV pérectare lost with adoption of
shelterbelts, assuming different start price$

. Brown, Brown, Dark Brown, Black, Dark
Start price irrigated dryland dryland dryland Grey,
g y y y dryland
2008 price
(Baseline) -$316.96 -$194.79 -$181.40 -$395.74 -$411.27
5 year average -$313.57 -$195.09 -$180.31 -$392.95$409.04

10 year

average -$313.79 -$195.03 -$180.26 -$392.80 -$407.94

historic

average -$311.33 -$194.72 -$181.03 -$392.56 -$408.16

& Calculated as the difference from results fronteheelt adoption and baseline results for each
of the different start prices.

*" The only exception to this is for alfalfa, whehe 2008 price is no greater than, and more often
less than, the historical averages. However, alfalhot included in any of the baseline scenario
rotations for the representative farms.
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Results from adoption of alfalfa hay, as compaceith¢ baseline values per
hectare are provided in Table 6.65. The same feeadparent as for the shelterbelt BMP,
but to a lesser degree. The 2008 price of alfalthe same as the five year average price,
but lower than the ten year and historic averageprhis effect is shown in Table 6.65
as the comparison of BMP to baseline results yialdgher value when using the
historic and ten year averages, as compared tovthgear average and 2008 start price.
However, the effect of the lower starting pricestfe other crops outweighs the effect of
the higher starting alfalfa prices in these scexsdior the overall NPV of the operations
(i.e., without comparison to the baseline).

Starting prices do matter in terms of the simutatiesults for the baseline
scenarios and the BMP adoption scenarios. Howéwen, the sensitivity results shown
for the alfalfa hay and shelterbelt BMPs, it maycbecluded that their impact is not
significant in terms of the overall effect of BMBaption on farm performance.

Table 6.65 — Difference of mean annualized NPV pérectare with adoption of
alfalfa hay, assuming different start price$§

. Brown, Dark Brown, Black, Dark
Start price - Grey,
irrigated dryland dryland dryland
2008 price (Baseline) $36.02 $63.51 $47.74 $32.08
5 year average $39.50 $63.88 $48.44 $33.01
10 year average $40.60 $64.37 $48.86 $33.35
historic average $40.93 $64.50 $48.62 $33.14

& Calculated as the difference from results froralédfhay adoption and baseline results for each
of the different start prices.

6.4.9 Sensitivity Analysis of Safety Net Programs

For all previous scenarios it was assumed thaesgmtative farms participate in
safety net programs including crop insurance, Agbgiity, and Agrilnvest. For baseline
and BMP scenarios participation in crop insurand0&o is assumed. Producer
participation in safety net programs AgriStabibiyd Agrilnvest is voluntary. In the
baseline scenarios it is assumed that producetisipate in both programs. Sensitivity
analysis is performed assuming producers do ndicjpate in any safety net programs
for the base rotations on all representative fafesults from adopting field pea in
rotation and shelterbelts are also performed witsatety net programs.

Results from sensitivity analysis with and withpatticipation in safety net
programs for the base rotations are provided idel@$6. On all dryland farms
participation in safety net programs increasesian annual NPV of the operations in
all scenarios considered. On the farm in the Brewihzone (irrigated) participation in
safety net programs decreases the mean annual NfR¥ operations, as compared to no
participation in safety net programs. Howevers iaésumed that this result is due to
measurements in modelling, as AgriStability gergiialproves the value of the
operations. While the difference is not significéirg., less than a dollar per hectare) it is
thought that the greater benefit from no partiégratn safety net programs on the
irrigated farm is due to higher income in genedlak to more control of external risks,
such as precipitation, on irrigated operations.tRerfarm in the Brown soil zone under
irrigated production revenues are generally pasithor this farm, AgriStability
participation fees outweigh potential payouts frthi@ program for this farm.
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Table 6.66 — Comparison of mean annualized NPV witAnd without safety net
programs, base rotation

Annualized Mean NPV per hectare

Safety Net _B_rown, Brown, Dark Brown Black Dark
Programs irrigated dryland Grey
Yes $235.69 $65.31 $84.54 $274.29  $311.37
No $236.49 $47.60 $69.57 $256.18  $295.64

Results from comparison of mean annualized NPV fiteerbaseline scenario
and field pea adoption with and without safety peaticipation are provided in Table
6.67. Generally, participation in safety net progsaesults in greater net benefits
associated with the field pea BMP. In other woths,degree of improvement in
performance (i.e., difference in annualized NPV lpestare between the BMP and the
baseline) associated with adding field pea is greaith safety net participation than for
no participation. In the case of the Black soiledarm, the field pea BMP still results in
a net cost to the producer, but the net cost isaedi (i.e., a smaller negative benefit).
These results make sense given the effect of saétyarticipation is to improve
expected performance in general.

The only exception to this result in Table 6.67oisthe farm located in the Dark
Grey soil zone. For this farm, the field pea BMBules in improved performance (i.e., a
positive net benefit from adoption) with and witheafety net participation. However,
the net benefit is greater in the case of no ppéimon. It is thought that this result occurs
due to yield assumptions for field peas specifithie representative farm. As discussed
in Chapter 5, due to a lack of continuous yielchdat some crops yield distributions are
estimated using correlations and a percent changelds from a reference crop (i.e.,
barley on dryland farms). However, an average yi@dhe unknown crops (i.e., the
crops without continuous yield data), in this chislkel pea, is necessary. The initial
“average” is estimated from the small data setdloat exist for field pea crops. The
estimated “averages” for representative farmsabasider field peas are approximately
1,900, 1,700, 1,773, and 2,143 kilograms per hedtarfarms located in the Brown
(dryland), Dark Brown, Black, and Dark Grey soihes, respectively. This higher
starting average for field pea yields in the Darkyssoil zone contributes to the benefit
of including field peas in rotation in this soilrem Safety net program payments are
made when yields, and therefore revenues are lovfitise estimated yields from
including this crop are predicted to be high thaey not be benefit from participation.

Table 6.67 — Difference of mean annualized NPV pérectare with and without
safety net programs, field pea rotation

Difference in mean annualized NPV per heétare

Participation in

safety net Srg(/)l\;v:é Da(;l:ylgr?(\j/vn, Black, dryland Dg:l;lgr:gy’
programs
Yes $42.37 $28.18 -$1.72 $4.92
No $40.11 $27.83 -$2.07 $7.68
Difference -$2.26 -$0.35 -$0.34 $2.76

& Calculated as the difference in mean annualized f&m field pea adoption with and without
safety net participation and the baseline resuiltis and without safety net participation, per
hectare of land.
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Table 6.68 provides a comparison of the resultshefterbelt adoption with and
without safety net participation. The results irblEa6.68 represent the mean cost per
hectare taken out of production as a result obdéistang shelterbelts. Given that safety
net participation generally improves expected fperformance (i.e., as shown in Table
6.66), it is expected that not participating inesgafnets would reduce the cost of this
BMP due to a lower opportunity cost of foregonepcreturns. The expected result occurs
for the farms in the Brown (dryland) and Dark Brogwail zones. However, the expected
per hectare cost of implementing shelterbelts ames for the other three representative
farms. For the farm in the Brown soil zone undegated production this result is
consistent with the results in Table 6.66 wher¢igpation in safety net programs
actually decreases the value of the operation mpaced to participation.

However, for representative farms in the Black Bradk Grey soil zones the
result, that participation in safety nets increagbescost of shelterbelt adoption is not
intuitive. Adoption of shelterbelts on farms in tBkck and Dark Grey soil zones is
costly and decreases farm revenue. This decreasgdnue should trigger safety net
payments. The fact that shelterbelt adoption isawable without safety net
participation could be due to the fact that reven¢hese representative farms is
relatively high, as compared to the other drylaards. It is hypothesized that the amount
of revenue is still sufficiently high when shelteltis are adopted such that safety net
payments are not triggered, and the value of tleeadions is improved without
participation in the programs by saving the assediparticipation fees.

Table 6.68 — Difference of mean annualized NPV pérectare lost from shelterbelt
adoption with and without safety net programs

Difference in mean annualized NPV per hectaré lost

Participation in Brown, Brown, Dark Brown, Black, Dark
safety net irrigated dryland dryland dryland Grey,
programs dryland

Yes -$316.96 -$194.79 -$181.41 -$395.74 -$411.27
No -$331.26 -$176.11 -$176.61 -$415.97 -$439.60
Difference -$14.30 $18.68 $4.80 -$20.22 -$28.34

#Calculated as the difference in mean annualized &M shelterbelt adoption with and without
safety net program participation and the basekselts with and without safety net participation,
per hectare of land lost from shelterbelt adoption.

6.5 Chapter Summary

Many rotational BMPs are beneficial for most famvisile some non-rotational
BMPs may be costly. Specifically, on farms in th@n (dryland) and Dark Brown soil
zones the addition of alfalfa hay and/or field pteasotations decreases the amount of
land allocated to summerfallow practices and inseedand allocated to crops. This
improved the value of the operations, as expe@edther representative farms that
considered adoption of alfalfa hay into rotatianthe Brown (irrigated), Black, and Dark
Grey soil zones, increased NPVs due to the valadfaifa hay as a crop and potential
benefits to subsequent crops following alfalfa hagotation also occurred. While there
are also potential benefits to crops followingdigkas in rotation, this crop alone did not
improve the mean NPV of the farm in the Black soifl only marginally improved the
NPV of the farm in the Dark Grey soil zone. Whegume green manures were adopted
alone as a partial or complete replacement for serfathow in rotations on farms in the
Brown (dryland) and Dark Brown soil zones decreasesean NPV of the operations
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were observed as there are more costs associdtetheluding legume green manures in
rotation, as compared to summerfallow practicess @are adopted as a rotational BMP
on farms in the Black and Dark Grey soil zone agefenputs are required for this crop.
However, due to lower crop price this BMP resultededuced mean NPV of the
operations, largely due to reduction of land altedao higher valued crops, such as
canola.

When rotational BMPs are combined some of the iddad BMPs that did not
seem viable are still beneficial in combinationhéft alfalfa hay and field peas are both
adopted as BMPs the effect is additive on the farthe Dark Brown soil zone as these
crops completely replace summerfallow practicess Thmbination was also additive on
farms in the Black and Dark Grey soil zones. Wheld fpeas were adopted alone in the
Black soil zone it was not a viable crop, but vatfalfa hay there is a positive effect on
this farm. When alfalfa hay is adopted with legugneen manures on the farm in the
Dark Brown soil zone summerfallow practices are alsased out and a positive mean
NPV is experienced. However, the effect of addilfigifa hay with legume green
manures is lower than adding alfalfa hay with fiptghs and alfalfa hay with field peas
and legume green manures, as less land is dedicategh crops.

While adoption of some rotational BMPs reducedrtean NPV of the
operations with respect to the baseline resuley, thd not result in negative mean NPVs.
Also, when considering rotational BMPs in combioatwith others there is potential for
increased mean NPVs. These results are encouragipgducer adoption of many of the
rotational BMPs examined in this study would requducation and involvement of
producers, rather than government provided incesator disincentives; the former being
a relatively cheaper policy option.

Adoption of the non-rotational BMPs shelterbeltd duaffer strips were more
costly for producers due to the allocation of poegiy cropped land for these practices.
Shelterbelts removed significant portions of laraihf crop production. While shelterbelt
adoption reduced the value of the operations apaosd to the baseline results, all
representative farms still experienced a positreamNPV. Adoption of buffer strips
also resulted in decreased mean NPVs for all reptasve farms. However, when
producers enabled the option to harvest and selfjeofrom the buffer zones the cost of
this BMP decreased. Residue management as a rationail BMP increased the mean
NPV of the representative farms in all soil zomeftive to the original baseline
scenario, but resulted in decreased mean NPVdlfiaras relative to the revised
baseline scenario where residue is removed eveny ye

Considering that many of the non-rotational BMPareied came at a net cost
for producers, government involvement in the fofrpasitive incentives for adoption
may be necessary. If it is the case that adopsidow for practices that are costly for
producers, then it is likely that policy involventesuch as incentive mechanisms may be
necessary.

There were ten sensitivity analyses performedtial.t§&ome sensitivity analyses
were done to expand and test some of the yieldrgoud cost saving assumptions made
for BMP adoptions. Others were done to compare ¢ihver model assumptions
including discount rate, starting crop price avesa@nd safety net participation affect the
value of the operations for baseline and BMP res&ibr the most part sensitivity
analysis of model assumptions did not change tlagve outcome of the results. This
conclusion offers greater confidence in the abdityhe models to predict the effects of
BMP adoption of representative farms in Alberta.
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Chapter 7: Conclusions and Further Research

A summary of results from the simulation modelprisvided in this chapter.
Following this, conclusions are made based on tresdts, regarding the feasibility of
Beneficial Management Practices (BMP) adoptioneapresentative Alberta crop farms.
BMP results from this study are compared to othaties with adoption of similar
management practices. This chapter also discusgsisations of this research for crop
production and policy in Alberta. The chapter coels with a discussion of limitations
and assumptions made in developing the models @tedial areas of further research
that may be of interest, based on the findinggim gtudy.

7.1 Summary of Results

BMPs have been advocated as a means by whichwvitleolieecological goods
and services (EG&S) supplied by agriculture mayniceeased. However, the societal
optimum level of EG&S from agriculture may not ebjiee amount willing to be
supplied by producers. Policy intervention may beassary to ensure a balance between
society and agricultural producers with resped@®&.S production from agricultural
practices. Policy decisions might focus on encaagagdoption of BMPs, through
extension or incentive policies, to reach the optmsupply of EG&S.

The objective of this study was to quantify andleate the economic impact of
BMPs for representative Alberta crop farms. Tooagglish this, an analysis of the
economic costs and benefits associated with BMPtamloon representative Alberta
crop farms was undertaken. In particular, thisgtuds performed to determine the
direct costs and benefits for Alberta crop farme&wBMPs are adopted. The BMPs of
interest included adoption of shelterbelts, busteips around wetlands, crop residue
management, and the introduction of alfalfa haldfpeas, legume green manures as a
replacement for summerfallow, and oats in croptimta. Cost and benefit estimates of
adoption of these BMPs were obtained by modelling flarms that are representative of
commercial cropping agriculture in Alberta. Farnasi®d by size and location, but were
developed to represent areas where cropping atynieut significant.

Municipal level crop yields and crop price datanfirdARD, AFSC, and CWB
were used in a Monte Carlo simulation analysis.tfaseline and BMP scenarios NPVs
with perpetuity were calculated. The impact of iislagriculture was incorporated in the
models using stochastic variables for crop pricebyaelds. Further to this, stochastic
BMP parameters were incorporated to model the effieshelterbelt, residue
management, alfalfa hay, field peas, and legumengmeanure adoption. Economic and
cropping relationships were modelled for the repntative farms and the outcome of
BMP adoption was assessed through comparisong toetbeline scenarios. All BMP
scenarios were compared to the baseline where BiRs not adopted to determine the
potential costs or benefits of BMP adoption for tbpresentative farms. This chapter
presents the main findings of the analysis andntipdications for producer and policy
decisions, model limitations, and further resedhett could be extrapolated from this
study.

7.2 Economic Feasibility of Beneficial Management
Practices Adoption

Five farms were modelled to simulate representatigeons and cropping
operations in Alberta. Farms were located to previdverage of the major crop
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producing regions in Alberta; specifically, farmene located in the Brown, Dark Brown,
Black, and Dark Grey soil zones. Dryland produciias considered in all soil zones and
irrigated production was also considered in theaBrgoil zone. Farms were further
defined by crop rotation. Baseline results wereaioletd for each farm and the base
rotation and further BMP results were comparedh&oltaseline scenarios.

There were four main crop rotation BMPs considdoedhe five representative
farms. Crops considered BMPs for this study inclalf@fa hay, field peas, legume green
manure, and oats. Considering combination BMPsiticiide multiple additional crops
for each soil zone there were a total of eleven Biviip rotation scenarios modelled for
the five representative farms.

Adding alfalfa hay to the crop rotation may be d¢desed as a BMP because it is
a leguminous perennial crop that has potentiaidoese nitrogen stores in the soil. This
may lead to potential yield increases followingt# hay from increased nitrogen and a
break in annual crop disease cycles. Reduced ftostfewer nitrogen fertilizer inputs
following the alfalfa hay stand may also occur.affth hay was adopted on farms located
in the Brown (irrigated production), Dark Brown a8k, and Dark Grey soil zones. The
adoption of this rotational BMP proved economicélgneficial in all cases. Mean annual
benefits were approximately $36, $64, $48, and®S8zhectare for farms in the Brown,
Dark Brown, Black, and Dark Grey soil zones, retipely. Benefits from this BMP
were attributable to stochastic yield benefitsdiaps following alfalfa stands, for up to
three years. Other benefits contributing to thatpeseffect of including alfalfa hay in
rotation were reduced nitrogen fertilizer costsdiaps following alfalfa hay.

Including field peas in the crop rotations may basidered a BMP as this is also
a leguminous crop where there is potential forogién and yield benefits for crops
following field peas. Fewer inputs are requireddaing field peas and field peas in
rotation have potential to break disease cycleghier annual crops. Field peas were
adopted as a rotational BMP on all dryland farmaliisoil zones considered. The
adoption of this BMP also proved relatively benialiand feasible for producers with
mean annual benefits being approximately $42, $8,and $5 per hectare for farms in
the Brown, Dark Brown, Black, and Dark Grey soihes, respectively. Similar to alfalfa
hay the benefit of including field peas in cropatains was due to potential yield benefits
and nitrogen fertilizer savings for the crop foliog field pea in rotation. Larger benefits
from adoption of field peas were observed for repngative farms in the southern areas
(i.e., Brown and Dark Brown soil zone farms) of fitevince. This was due to partial
replacement of land that was previously under surfath@w practice with field pea.
Conversely, the benefits were relatively smallerféoms in the northern soil zones (and
negative for the Black soil zone farm) as the aopdf field pea in rotation removes
some of the land that was previously used for high&ied crops such as canola.

Incorporating legume green manures into crop mtatmay also be considered a
BMP as there are similar benefits to alfalfa hag feld peas from this being a
leguminous crop. Also, in this study legume gre@mures were a partial replacement for
summerfallow practices. Summerfallow has potemtighcrease the rate of soil erosion.
Reducing this practice by replacing it with an aarerop that is ploughed down,
increases soil aggregates and may improve soiitgultthe long term. Legume green
manures were adopted as a partial or completecaplent for summerfallow on the
Brown (dryland) and Dark Brown soil zone represevgafarms. Adoption of this BMP
resulted in a net cost of approximately $5 and #diChectare, respectively, for the
Brown and Dark Brown soil zone farms. Similar te #ifalfa hay and field pea BMPs,
associated with this BMP were nitrogen fertilizaviags for the crop following legume
green manures in rotation. However, these savirgge wutweighed by the fact that
growing the green manure crop was more costly, (here input costs) as compared to
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summerfallow, with no marketable crop being prodluddso there was a potential
negative yield effect for the crop following legummeeen manures in rotation as this crop
may compete with future crops for reserved soilstuwe, as compared to summerfallow
practices.

Oats were adopted as a BMP on farms located indhtbern soil zones, Black
and Dark Grey. The adoption of oats in rotation e@ssidered a BMP due to reduced
inputs during the production year. Adoption of datthe crop rotations resulted in mean
annual net costs of approximately $29 and $6 petahe, respectively, for the Black and
Dark Grey soil zone representative farms. Thisltesmcurs because adoption of oats in
rotation removed some of the land that was prelyazrepped as higher valued crops
such as canola. The difference in results betweetwo representative farms was due to
a combination of lower input costs for oats in ek Grey soil zone as compared to the
Black soil zone and higher modelled oat yieldstfar Dark Grey soil zon®.

The rotational BMPs were also modelled in comboratvith each other; that is,
adoption of multiple rotational BMPs. The resutisni these combination BMPs were
generally consistent with the results for the indlial BMPs. The benefits from the
alfalfa hay BMP typically dominated effects fronhet rotational BMPs when it was
present. When field pea was present in rotatiohawit alfalfa it also typically dominated
other crop yield effects, such as from legume greanures or oats. The exception to this
was in the Black soil zone where field pea in liotatlid not result in economic gains.

Three non-rotational BMPs, adopted by all represtésg farms, were also
modelled in this study. These included shelterbbliffer strips around wetlands, and
residue management. Buffer strips were examinédordifferent ways; with the land
taken out of annual crop production being left ioitdeing used for hay production.

Shelterbelt adoption was considered a BMP forghidy as there is potential for
reduced soil erosion in areas sheltered by thespeeies. Reduced soil erosion may
improve soil quality and decrease water runoff thay affect water quality in the long
term. Adoption of shelterbelts was costly for proeis. Land that was previously
cropped was “lost” to shelterbelts. That opportuniist combined with the cost of
planting and maintaining the trees until they asgure enough to survive unattended
resulted in a net annual cost being associatedthigl BMP. There were also yield
effects for crops in the areas adjacent to thetestalts (both positive and negative,
depending on distance from the trees). Howevesdleffects were generally outweighed
by the other costs noted above. Mean annual cases approximately $317, $195, $181,
$396, and $411 per hectare lost due to sheltealelption on farms representative of the
Brown (irrigated), Brown (dryland), Dark Brown, Blg and Dark Grey soil zones,
respectively.

Buffer strips around wetlands were considered BdP¢his study as water
quality is improved by this practice. Buffer strigsluce the amount of soil particles that
enter aquatic systems, which improves water quahty may affect aquatic species
present in the ecosystem. Adoption of the buffiép 8MP also resulted in a net cost for
all representative farms. Adoption costs consisfetie opportunity cost associated with
loss of land that was previously being cropped.sélmsts varied by farm. The mean
annual costs for the BMP were approximately $3495, $113, $298, and $338 per
hectare lost from buffer strip adoption for thenfiarrepresentative of the Brown
(irrigated), Brown (dryland), Dark Brown, Black,&Dark Grey soil zones, respectively.
The version of this BMP in which hay was producadiwe buffer strip area resulted in
lower net costs for the representative farms. Wais due to the fact that in this scenario

“*8 The assumptions made in the analysis that leldetdiigher modelled yields for the Dark Gray
soil zone farm are discussed in Chapter 5.

184



the buffer strip area was generating returns ferféinm. When the option to grow and sell
hay for this BMP was employed the cost of the BM&weduced by approximately $67,
$75, $86, $76, and $61 per hectare lost from bstfgp adoption on representative farms
in the Brown (irrigated), Brown (dryland), Dark Bva, Black, and Dark Grey soil zones,
respectively. Even with this adjustment in the BMBwever, there was still a net cost to
the farms as the returns from hay production wanet than the foregone returns from
annual crop production.

The adoption of residue management was also caesides a BMP for this
study. Active residue management has potentisddaae water and soil erosion,
particularly on dry soils. Retention of residueslig years may improve yields as soll
moisture is less likely to be evaporated and mogaric matter on the surface provides
nutrients for crops. However, residue managemeot @tails the removal of residues
when they are present in excess. Too much residydeand to cool spring soils and poor
seedling emergence, and thus poor yields. As Wwihother non-rotation BMPs examined
in this study, adoption of residue managementasolted in a net cost to the
representative farm operations. While there weterniil yield benefits assumed for
subsequent crops if crop residue was retainedyilyesirs, there were also potential yield
decreases associated with this practice in wesye&s well, the residue (i.e., straw) was
assumed to be marketable and so retaining it reptes foregone opportunity for
additional returns. The mean annual costs assdomth this BMP were approximately
$21, $11, $13, $23, and $26 per hectare on farpresentative of the Brown (irrigated),
Brown (dryland), Dark Brown, Black, and Dark Greyjlzones, respectivelfy.

Sensitivity analysis was conducted for a numbekegfparameters associated
with the various BMPs. This included the nitrogerisgs and yield effects for crops
following alfalfa hay, field peas, and legume greesmures, and the yield effects
associated with shelterbelts and residue manageBhMBs. As well, sensitivity analysis
was done for the buffer strip BMP, with respecthe proportion of the farm in wetlands
and the width of buffer strips. Finally, the remeative farms were modelled varying the
discount rate, the starting prices for the priaéggations, and with/without participation
in safety net programs. While all of these senisjti@nalysis scenarios caused the
numerical simulation results to change for the BMRsy did not fundamentally change
the overall impact of the BMP. That is, when the Bdvproved economically beneficial
to producers, this also held true when the varparameters were tested. The same
proved to be the case for BMPs that resulted ircosts to the representative farms.

7.2.1 Comparison of Selected Results to Other Stiad

This section compares BMP results from this stegecifically the adoption of
alfalfa hay, field peas, annual cover crops, shedlés, and buffer strips, to results from
other sources. However, it should be noted thatdifficult to directly compare the
economic impacts of BMPs across studies becausestuaes do not use the same type
of analysis or there are differences in the quatibn of net benefits from BMPs.

A study of production returns from alfalfa hay un@tégated production was
conducted by the University of California Extens{@007) using a hypothetical farm
representative of the Butte Valley region of Catifia. Production returns, net of total
costs, from alfalfa hay under irrigated productieere approximately $160 per hectare
(University of California Extension, 2007). Thidiesate included operating and
investment costs, some of which are not includetiencurrent study, where the annual

“9 For reasons provided in Chapter 5, the resultthisrBMP were compared to a revised baseline
scenario.
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benefit of including alfalfa hay in rotation, asngpared to the base rotation ranged from
approximately $32 to $64 per hectare. Specificafig,difference was $32 per hectare
under irrigated production. However, the base amdPBotations in the current study
differ and cannot be directly compared due to déffie proportions of crops grown.
However, the farm in the Brown soil zone (irriggtedthe simplest to compare since
adopting alfalfa hay in rotation added three yedwmsfalfa hay prior to the same crops in
the base rotation (i.e., see Table 5.32). The geerast of growing crops in the base
rotation was approximately $660 per hectare, wthideaverage cost of growing the crops
in the alfalfa hay rotation was approximately $48 hectare. This is a difference of
approximately $112 per hectare in cost savings¢hvban be reasonably compared to the
California study (University of California Extensip2007), since subsequent yield
effects were not included in this estimate. Botldss conclude that there are economic
benefits to alfalfa hay production.

Harapiak (2007) estimated that the fertilizer béragfgrowing field peas would
increase economic returns by approximately $8spetare, and that field peas provided
residual benefit to crops in the range of $74 t&4bfer hectare. An approximate estimate
from the economic benefit from including field peéasotation is $183 per hectare
(Harapiak, 2007). As previously mentioned, it ifidult to determine the exact benefit of
a crop in rotation in the current study since thtations are altered when the BMP crop is
adopted. However, on the representative farm irBtiogvn soil zone (dryland) field peas
directly replaced one year of summerfallow in riotafi.e., see Table 5.33). The average
direct expense for field peas was approximately7§&& hectare. However, there are
revenue benefits from replacing summerfallow wighdf peas. Revenue from field pea
was estimated to be approximately $406 per hedbased on 1900 kg/ha yield,
multiplied by $0.21/kg). The approximate, reveneeaf direct expenses, benefit of
including field peas was $149 per hectare, whichld/de lower, but still comparable to
the estimated benefit by Harapiak (2007).

The University of California Extension (2003) atsmnducted a study of the
production returns from growing an annual covepcin this study it was assumed that
there is no loss in revenue and the type of conmy was an oat cereal crop, as compared
to the legume crop used in the current study. & feand that cover crops resulted in a
short term benefit of approximately $69 per hecfsmeyear, but had a total cost of
approximately $363 per hectare per year (Universit@alifornia Extension, 2003). The
net change in income was estimated to be approalyns8294 per hectare. In the current
study the representative farm in the Brown soilez@aryland) directly replaces one year
of summerfallow with a legume cover crop (i.e., $able 5.33). The total direct
expenses were found to be approximately $108 petates This is likely not significantly
different from the expenses associated with surrattewi, but there were also yield
effects (i.e., negative subsequent yields in dargefrom including a cover crop in
rotation. In the California study it was assumeat the land was simply not used (i.e., no
summerfallow expenses) prior to growing a covepgcemd the cover crop was irrigated
(University of California Extension, 2003). Botludies concluded that there are net
costs associated with cover crops. The resultsdvoeimore comparable without the
additional costs of irrigation in the Californiaidy and with the potential yield decrease
effect in terms of economic cost in the currentigtu

Kort (1988) conducted a review of literature on élsenomic value of
shelterbelts. From multiple sources it was gengfalind that shelterbelts resulted in
increased net economic returns. Several studieriagd by Kort (1988) found that
shelterbelts paid for themselves in improved yielfier 15 to 40 years. A study of
Canadian shelterbelts by Nicholaichuk (1980) edtxha net economic return of $3.40
per hectare per year. However, McMartin et al. @d¥bnducted a study in North Dakota
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where yields were collected in fields with existstielterbelts and found net economic
returns to be -$6 per hectare per year. Econortucn® from shelterbelts vary
geographically and with the reliability of yieldtesates from shelterbelt studies. The
current study bases yield effects from sheltersteldies in Alberta. The results are that
shelterbelt adoption is costly for producers amtdjes from $180 to $411 per hectare per
year of crop land converted. The assumptions madiné current study were reasonable
in terms of the literature used, and were evenghbto be conservative in the estimates.
Many past studies concluded that shelterbelts@eanically beneficial, however the
type of analysis done to confirm these finding$edifrom that of the current study.

Koeckhoven (2008) used both simulation and NPVyammato determine the
effect of conversion of crop land to permanentderan riparian areas. This particular
BMP is comparable to the buffer strip BMP in therent study. Koeckhoven (2008)
estimated the annualized reduction in NPV to be@pmately $444 per hectare of crop
land converted. This estimate considers NPV witip@ity and complete protection of
the land. The current study estimated the annuhhieguction in NPV to range from
approximately $95 to $339 per hectare of crop lzoerted to permanent forage in
buffer zones. It should be noted that of the tiasatl converted in Koeckhoven (2008),
155 hectares, approximately 85 hectares is cordvémtpermanent cover and 70 hectares
is returned to riparian habitat. In addition, Koleaken (2008) includes fencing costs to
exclude cattle from the areas. While direct congmans between the two studies cannot
be made, in general, it was concluded from bottlistuthat it is costly for producers to
convert crop land to permanent forage.

7.3 Implications for Crop Production and Policy iAlberta

The overall conclusion of this study was that cinggelated BMPs have limited
potential for providing direct net benefits to cqm@ducers in Alberta. BMPs that
involved removal of land from production (e.g., belts, buffer strips) were costly for
producers. As well, BMPs that changed crop rotatiarways that do not involve adding
marketable crops (e.g., green manure) or thatalighrovide yield benefits or significant
cost savings for subsequent crops (e.g., oatg) refgesented a net cost to producers.
The opportunities for direct net benefits arosenfierdoption of BMPs that involved
incorporating marketable crops into rotations #lab provided potential nitrogen and/or
yield benefits to subsequent crops.

Economic theory suggests that producers, as rigkaleand price taking firms,
minimize costs or maximize profits (Love, 1999)elesults and conclusions from this
study suggest, then, that the potential for uptikelevant BMPs by Albertan crop
producers is limited. While some or many produeeay also incorporate environmental
guality considerations in decision making, it isiety possible that policy intervention
will be necessary to encourage Albertan crop preduto adopt BMPs so that a socially
optimal level of EG&S production from agricultuseachieved.

As discussed in Chapter 2, the Pannell (2008) enriental policy decision
making framework (see Figure 2.4) may be useddistin guiding decisions regarding
policy instruments. What are required to utilizes thamework are estimates of public
and private net benefits associated with spedfic luse or production practice changes.
The analysis in this study has generated estinsdifgsvate (i.e., direct producer) net
benefits associated with a specific set of cropMPs. If it is assumed that the net
public benefits associated with these BMPs (ihe societal value of increased EG&S
production) are positive, Pannell’s policy framelwaray be used to identify appropriate
potential policy instruments.
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For those BMPs modelled in this study that resultgabsitive net private
benefits for the representative cropping operat{ores alfalfa and field pea rotational
BMPs), Pannell’'s framework would suggest that esitamis the appropriate policy
instrument. In other words, information and edumasghould be sufficient to encourage
adoption of these production practices.

For the other BMPs examined in this study, thepnieite benefits are negative;
that is, adoption of these BMPs results in a nst tmoproducers. Based on these results,
to improve adoption of shelterbelt and buffer sBiPs it is likely that positive
incentives or technological innovation would be rayppiate policy mechanisms. Positive
incentives may include direct subsidies or paymenencourage adoption. Conversely,
technological innovation as a policy response walgpend on the nature of the BMP.
Technological innovations could include improvedlgs for hay or oats, for example,
which would help offset the opportunity costs dditg land out of production from other
crops. According to Pannell’s policy framework, tigpropriate choice of policy in this
case depends on the relative magnitude of theuldicghenefits versus the net private
costs (i.e., magnitude of the negative benefitgjtier research would be required to
establish estimates of the value of these pubhefis.

Increasing adoption of BMPs results in the provisié EG&S, such as
improvements in soil, water, and air quality, tisatloser to the societal optimum. For
environmental conservation to occur, changes id faactices at the private land owner
level are necessary. However, supplying EG&S thindBigiP adoption is not valued by
markets, and as such there is no private incefgiveroducers/land owners to provide
these services. It is also known that there ares@ssociated with adoption of BMPs to
supply EG&S, such as time and/or money. This shithed to quantify the benefits and
costs of BMP adoption. These estimates represenpi@ce of information that can be
used to determine appropriate policy mechanisnentourage adoption of BMPs.

7.4 Limitations and Assumptions of the Models

It should be noted that the results of this stugyspecific to the regions of
interest, namely four soil zones in Alberta. Thedele are comprehensive for these
regions, but results may not be applicable in ositeations. There are limitations
associated with the restrictions of defining atérget of representative farms, when it is
generally accepted that cropping agriculture inefda is, in reality, heterogeneous.
Assumptions were made to specify each farm toggn, including common crops
grown and yield of the crops. Results are represiestof commercial cropping
operations in Alberta, per major cropping soil zahshould also be noted that
assumptions were made to broaden the applicabflitiye farms to soil zones, rather than
smaller, specific agricultural regions in Alberta.developing representative farm models
many assumptions were made, including the perdemeétiand in each region, farm size,
and crop rotations.

Assumptions made in defining a set of represemdtivms for this study result
in relationships between the magnitude of the eaefit from BMP adoption and
assumed farm characteristics. The results of theereefit of BMP adoption may vary
significantly across crop farms in Alberta, bustis not modelled with the use of
representative farms with predetermined charatiegisSpecifically, it was assumed that
each farm had a set percentage of wetland thatemdistic for the region of interest with
set shape and distribution of wetlands acrossaimad for simplicity in modelling. In
reality, farm profitability would vary if the sizer shape of wetlands varied. In addition to
this, societal benefit from wetland BMP adoptionulebvary based on the size of
wetland. Assumptions regarding crop rotations fierriegions of interest were also made.
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Crops in rotation were determined using Statisfiasada data, but assumptions to
narrow the number of crops grown were made. Ced@ps, such as potatoes and malt
barley, were not present in any of the rotatiomenghough they may be considered on
commercial operations in the representative saiezdn reality. Also, once the base or
BMP crop rotations were assumed these rotationairesd the same throughout the
entire simulation. This assumption, of no revettibin decisions was true for all BMPs
considered. Once adoption occurred, the BMP waseiteatifor the entirety of the
simulation period.

While using yield distributions somewhat accouwtsrisks in agriculture,
including crop disease, the probability of cropedise as associated with the assumed
crop rotation, was not explored. For example, éBlack and Dark Grey soil zones
canola occurs relatively frequently in rotationrémality producers may break from this
rotation if clubroot, a common disease from freduemola in rotation, occurs. In
addition, there are crop diseases associated wisie grops that were not explored in this
study. Yield effects from retaining versus removimgeducing the amount of land under
summerfallow practice on representative farms @Bhown and Dark Brown soil zones
were also not explored. Considering the populaftthis practice in some areas of
Alberta there are likely more involved subsequeelidyeffects and decisions regarding
this practice. It is possible that the decisioaltocate land to summerfallow practice is
more complicated and may depend on time availalededing in the spring. In general,
yield effects from diseases and cropping practiceshighly probable and this study
assumes that the effect is modelled in part byibld distribution. In reality additional
disease or cropping practice distributions woultldseaccount for these effects.

Many assumptions were made regarding residue marageas a BMP. Initially
it was assumed that residue was removed at statiahintervals, but no yield impacts
were considered in the results. Another baseliraato was developed where residue
was removed each year at custom rates, and satil ¥ecreases were a possibility in
dry years for this scenario. In the BMP scenarsidge was removed at the same
frequency as the initial baseline scenario, butlyiiecreases and decreases were a
possibility, as well as the added costs and benefibaling and sale of the residue. There
were challenges in accurately modelling this BMR] as such assumptions were made
in an attempt to quantify the benefits and costadafption and compare these to two
baseline scenarios.

7.5 Further Research

This study included four major soil zones thatraggresentative of cropping
agriculture in Alberta. It would be interestingampand this study to look at an extended
set of representative farms in Alberta where attéve baseline crop rotations and farms
of different sizes are examined. These types caesipns to the current study may
provide insight to the impact of different farmesian the potential for economies of scale
in BMP adoption. Comparisons of different basetiotes would also provide further
insight on the net benefit of BMP adoption.

This research used dynamic simulation methods asld tow analysis to
determine the net effect of BMP adoption. Futuoeligs could improve upon the
predictability of producer decisions by including @ptimization portion to the analysis.
As previously stated, producers act in a ratiorahner, where costs are minimized or
profits are maximized. Optimization of variablesitbimprove upon some of the
assumptions that were made in the models by emssdme decision variables are
optimized for crop production. For example, in thiisdy it was assumed that both
baseline and BMP crop rotations are fixed over tilif&at is, once a crop rotation is
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decided upon it continues for the entire simulatiurther studies could expand on this
assumption by using a long term rotation thatnslar to the application in the current
study, but allow annual deviations based on masiggtals that may include yield
predictions that are drawn from climate and weattieprice predictions. Another
potentially interesting application for BMP adoptidecisions, including crop rotations
would be to incorporate endogenous producer dexssidimilar decisions were used in
the study by Cortus (2005) for drainage decisiagere producer decisions were based
on factors within the model. Similar to deviatidn@m crop rotation decisions, BMP
adoption decisions may occur due to policy meclmasisr market signals. Endogenous
decisions may be particularly interesting for tesidue management BMP as a decision
rule could be built to determine when residue maeed or retained, based on yield or
market signals within the models.

The focus of this study was to quantify the priviagéeefits and costs of BMP
adoption, that is, the benefits and costs incubsedroducers. In making policy decisions
it would be useful to determine the quantitativelpuor societal net benefits from
agricultural BMP adoption. BMPs to improve the psianing of EG&S have potential
external benefits for other agricultural produceesreational users, wildlife species in
the surrounding areas, and nearby municipalitisiniates of net benefits for these
users, especially as it applies to soil and watetity would be a useful extension of this
project to determine optimal policy programs (ilecentive, extension, or technology
based) for increasing BMP adoption. Further reseaf¢he willingness to pay or
willingness to accept for producers and societyttierprovisioning of EG&S through
BMPs and the evaluation of non-market goods woldd aid in the development of
efficient policy design.

190



References

Adderley, D.R., J.J. Schoenau, R.A. Holm, and RnQ2006. Nutrient Availability and
Yield of Wheat Following Field Peas and Lentil iasRatchewan, Canadkiurnal of
Plant Nutrition29: 25-34.

Agriculture and Agri-Food Canada (AAFC). 2000. Agidtural Best Management
Practices: Agriculture and Water Quality. Governtr@frCanada, Ottawa, Ontario,
Canada.

Agriculture and Agri-Food Canada (AAFC). 2001. Agidture in Harmony with Nature,
Strategic Direction 2: Promoting Environmental &ebkource Stewardship. Minister of
Public Works and Government Services, Governmefasfada, Ottawa, Ontario,
Canada.

Agriculture and Agri-Food Canada (AAFC). 2005. Qutative Analysis of the Impact of
Agricultural Strategies on Environmental Indicatd®esearch and Analysis Directorate,
Strategic Policy Branch, Agriculture and Agri-FoGednada.

Agriculture and Agri-Food Canada (AAFC). 2006. Iidatl Farm Stewardship Program:
2007/08 National BMP List. Presented at 2006 Craprifnts Council Symposium,
Ottawa.

Agriculture and Agri-Food Canada (AAFC). 2007-acrr&nvironmental Management
Survey (FEMS). Statistics Canadhdtp://www.statcan.gc.ca/cgi-
bin/imdb/p2SV.pl?Function=getSurvey&SDDS=5044&lapg&db=imdb&adm=8&dis
=2 (Last Accessed 21 April 2010).

Agriculture and Agri-Food Canada (AAFC). 2007-bariing Field Shelterbelts.
http://www4.agr.gc.ca/AAFC-AAC/display-afficher.dd21192556664605&lang=eng
(Last Accessed 30 June 2010).

Agriculture and Agri-Food Canada (AAFC). 2007-co@ing Forward Agricultural
Policy Frameworkhttp://www4.agr.gc.ca/AAFC-AAC/display-
afficher.do?id=1200339470715&lang=efigst Accessed 17 May 2011).

Agriculture and Agri-Food Canada (AAFC). 2007-dtidaal Farm Stewardship
Program Overviewhttp://www4.agr.gc.ca/AAFC-AAC/display-
afficher.do?id=1181580519716&lang=efigst Accessed 24 May 2011).

Agriculture and Agri-Food Canada (AAFC). 2009. Baiwund to Crop Insurance and
Review of Environmental Assessmeritip://www4.agr.gc.ca/AAFC-AAC/display-
afficher.do?id=11792458818%4ast Accessed 22 June 2011).

Agriculture and Agri-Food Canada (AAFC). 2010-ariAgnvironment Services Branch.
http://www4.agr.gc.ca/AAFC-AAC/display-afficher.dd21187362338955&lang=eng
(Last Accessed 10 January 2011).

Agriculture and Agri-Food Canada (AAFC). 2010-btiNaal Environmental Farm
Planning Initiative http://www4.agr.gc.ca/AAFC-AAC/display-
afficher.do?id=1181579114202&lang=efigst Accessed 24 May 2011).

191



Agriculture and Agri-Food Canada (AAFC). 2011. Agviest Program Handbook.
http://www4.agr.gc.ca/AAFC-AAC/display-afficher.dd21298469566413&lang=eng
(Last Accessed 13 June 2011).

Agriculture Financial Services Corporation (AFS2)09. Municipal crop yields.
Obtained from personal communication with Rob Gesiiank, November 2009.

Agriculture Financial Services Corporation (AFS2)10-a. 2010 Spring Insurance
Prices (Crops Eligible for VPB & SPE). Canada-AtadProduction Insurance.
http://www.afsc.ca/doc.aspx?id=3484ast Accessed 21 December 2010).

Agriculture Financial Services Corporation (AFS2)10-b. Canada-Alberta Agri-
Insurance Products for 2010 Annual Crops.
http://www.afsc.ca/Default.aspx?cid=10&langétast Accessed 13 June 2011).

Agriculture Financial Services Corporation (AFS2)10-c. Protection for Perennial
Crops.http://www.afsc.ca/Default.aspx?cid=984&langéhst Accessed 13 June 2011).

Agriculture Financial Services Corporation (AFS2)11-a. AgriStability Program
Handbookhttp://www.afsc.ca/Default.aspx?cid=745&langéhst Accessed 13 June
2011).

Agriculture Financial Services Corporation (AFS2)11-b. Crop Insurance Calculators.
http://www.afsc.ca/Default.aspx?cid=1-1211&pre=vighast Accessed 22 June 2011).

Alberta Agriculture and Rural Development (AARDR9B-a. A Profile of Alberta Farm
Operators and Their Farms 1996 (Part 1) — Populatio
http://www1.agric.gov.ab.ca/$department/deptdofaisdd1422(Last Accessed 13
August 2009).

Alberta Agriculture and Rural Development (AARDR9B-b. Direct Seeding: Residue
Management for Successful Direct Seedmgdex570-4.

Alberta Agriculture and Rural Development (AARDRA. Soil Organic Matter. AGRI-
FACTS.Agdex536-1.

Alberta Agriculture and Rural Development (AARDR@-a. Beneficial Management
Practices: Environmental Manual for Crop Produaewlberta. Alberta Agriculture and
Rural Development, Edmonton, Alberta, Canada.

Alberta Agriculture and Rural Development (AARDRQA-b. Effect of Field Shelterbelts
on Crop Yields in Alberta.
http://www1.agric.gov.ab.ca/$department/deptdodalsag3328 Last Accessed 05
January 2010).

Alberta Agriculture and Rural Development (AARDRO5-a. Agricultural Land
Resource Atlas of Alberta — Soil Groups of Alberta.
http://www1.agric.gov.ab.ca/$department/deptdodaiagdex10301Last Accessed 07
January 2010).

Alberta Agriculture and Rural Development (AARDRG5-b. Municipal Districts and
Counties of Alberta.

192



http://www1.agric.gov.ab.ca/$department/deptdodaiagdex1030XLast Accessed 07
January 2010).

Alberta Agriculture and Rural Development (AARDR® -a. Field Shelterbelts for Soil
ConservationAgdex277/20-3.

Alberta Agriculture and Rural Development (AARDR®-b. Final Yield Matrices.
Obtained through personal communication with Daddidd, Senior Production
Economist, Edmonton, Alberta, March 2010.

Alberta Agriculture and Rural Development (AARDRGB-a. Alberta 2008 Farm Cash
Receipts. Alberta Agriculture Statistics YearboGlovernment of Alberta, Edmonton,
Alberta, Canada.

Alberta Agriculture and Rural Development (AARDROB-b. Direct Seeding: Crop
Rotations in Direct Seedinggdex519-28.

Alberta Agriculture and Rural Development (AARDRGB-c. Direct Seeding: Estimating
the Value of Crop Residue&gdex519-25.

Alberta Agriculture and Rural Development (AARDRGB-d. Machinery Cost
Calculator http://www1.agric.gov.ab.ca/$department/newsleftatitagnw18086 Last
Accessed 01 September 2009)

Alberta Agriculture and Rural Development (AARDROB-e. Pea-Wheat Rotation in
Southern AlbertaAgdex100/515-1.

Alberta Agriculture and Rural Development (AARDRO®-a. Agri-food Statistics
Update. Issue No. FC09-3.

Alberta Agriculture and Rural Development (AARD)@B8b. Agroclimatic Atlas of
Alberta: Soils and Ecoregions in Alberta.
http://www1.agric.gov.ab.ca/$department/deptdodaiisag6303 Last Accessed 20
May 2011).

Alberta Agriculture and Rural Development (AARD)@0c. Alberta 2009 Specialty
Crop Reporthttp://wwwl.agric.gov.ab.ca/$department/deptdodaiisdd12862Last
Accessed 08 July 2011).

Alberta Agriculture and Rural Development (AARDRID-a. Agricultural Operation
Practices Acthttp://www1.agric.gov.ab.ca/$department/deptdoé&aiacts5986 Last
Accessed 18 May 2011).

Alberta Agriculture and Rural Development (AARDRID-b. AgriProfit$ Cropping
Alternatives http://www1.agric.gov.ab.ca/$department/deptdoéalecon1023§Last
Accessed 05 July 2010).

Alberta Agriculture and Rural Development (AARDDID-c. Hay, Straw and Pasture
Listings: Straw for sale listings.
http://www.agric.gov.ab.ca/app68/hay?cat=For%208=€el =Straw(Last Accessed 10
October 2010).

193



Alberta Agriculture and Rural Development (AARDRID-d. Stewardship Plans.
http://www.growingforward.alberta.ca/ProgramAreadiBncedEnvironment/Stewardshi
pPlans/IntegratedCropManagemefhi#st Accessed 17 May 2011).

Alberta Agriculture and Rural Development (AARDRID-e. Water Management.
http://www.growingforward.alberta.ca/ProgramAreasdiBncedEnvironment/\WaterMana
gement/WaterManagementDetail/index.l{irast Accessed 17 May 2011).

Alberta Agriculture and Rural Development (AARD)120a. 2010 Environmentally
Sustainable Agriculture Tracking Survey Report.
http://www1.agric.gov.ab.ca/$department/deptdodaiaesab46{Last Accessed 22
November 2011).

Alberta Agriculture and Rural Development (AARDRIZ-b. Custom Rates 2011 —
Land Leasinghttp://www1.agric.gov.ab.ca/$department/deptdoéaténf1 3393 (Last
Accessed 29 October 2011).

Alberta Environmental Farm Plan (AEFP). 2011. Atadenvironmental Farm Plan
Programhttp://www.albertaefp.com/program/progWhy.htfhast Accessed 21 April
2011).

April, J., F. Glover, J.P. Kelly, and M. Laguna 030 Practical Introduction to Simulation
Optimization. Proceedings of the 2003 Winter SiriafaConference.

Baldwin, C.S. 1988. The influence of field windbke@n vegetable and specialty crops.
Agriculture, Ecosystems and Environm2at 191-203.

Beaulieu, M. S. 2004. Manure Management in Cangalan Environmental
Management in Canad&tatistics Canada, Ottawa, Canada.

Bechini, L. and C.O. 8tkle. Integration of a Cropping Systems Simulation Mazted a
Relational Database for Simple Farm-Scale Analydgsonomy Journa®9: 1226-1237.

Belcher, K., M.M. Boehm, and R.P. Zentner. 2003 €bonomic value of soil quality
under alternative management in the Canadian Esaitanadian Journal of Agricultural
Economics51: 175-196.

Bergstrom, K. 2009. Personal Communication withi&&ergstrom, Production Crops
Economist, Alberta Agriculture and Rural Developiémngoing from July 2009.

Bergstom, K. 2010. AgriProfit$ 2010 Cropping Altatives Methodology. Alberta
Agriculture and Rural Development, Economics Branch
http://lwww1.agric.gov.ab.ca/$department/deptdoésaiecon10238 (Last Accessed 21
July 2010).

Blanco, H., and R. Lal. 2008. Principles of SoilnServation and Management. Chapter
9: Buffer strips. Springer, Heidelberg, Germany620.

Bourque, L., and R. Koroluk. 2003. Manure Storag€anadaFarm Environmental
Management in Canag¢&tatistics Canada, Ottawa, Ontario.

Boxall, P., M. Weber, O. Perger, M. Cutlac, andsamarawickrema. 2008. Preliminary
Results from the Farm Behaviour Component of thegirated Economic-Hydrologic

194



Model for the Watershed Evaluation of Beneficialidgement Practices Prograbraft
Progress Report

Brethour, C., B. Sparling, B. Cortus, M. Klimas,Moore, and J. Sadler. 2007. An
Economic Evaluation of Beneficial Management Pradtifor Crop Nutrients in
Canadian Agriculture. George Morris Centre, Preghéme Crop Nutrients Council.

Carson, J.S. 2003. Introduction to Modelling anth8ation. Proceedings of the 2003
Winter Simulation Conference.

Centner, T. J., J. E. Houston, A. G. Keeler, an&uths. 1999. The adoption of best
management practices to reduce agricultural watetaminationLimnologica - Ecology
and Management of Inland Watet8: 366-73.

Coainer, C., J.J. Wu, and S. Polasky. 2001. Econamitenvironmental implications of
alternative landscape designs in the Walnut CrealeY8hed of loweEcological
Economics38: 119-39.

Copeland, T. and J.F. Weston. 19BBiancial Theory and Corporate Policy3® ed.,
Addison Wesley Publishing,

Cortus, B.G. 2005. The Economics of Wetland Dragna#gCase Study in Canada’s
Prairie Pothole Region. Unpublished Master of Smenhesis, University of Alberta.

Costanza, R., R. d’'Arge, R. de Groot, S. FarberGGk&sso, B. Hannon, K. Limburg, S.
Naeem, R. O’'Neill, J. Paruelo, R. Raskin, P. Syttond M. van den Belt. 1997. The
value of the world’'s ecosystem services and natapital.Nature387: 253-260.

Cows and Fish (Alberta Riparian Habitat Managensaiety). 2003. Crops, Creeks &
Sloughs: managing riparian areas in and aroundamdpCows and Fish Factsheet.
http://www.cowsandfish.org/pdfs/crops_creeks_slaugthf (Last Accessed 03 October
2011).

Crop Nutrients Council. 2004. Beneficial Managemeractices. Agriculture and Agri-
Food Canada, Ottawa, Ontario, Canada.

Dale, V.H. and S. Polasky. 2007. Measures of tfextf of agricultural practices on
ecosystem serviceBcological Economicé4: 286-296.

Daily, G.C. 1997. Nature’s services: societal delegice on natural ecosystems. Island
Press, Washington, D.C., p. 392.

Day, R.H. 1965. Distributions of Field Crop Yield®urnal of Farm Economic47 (3):
713-741.

Drollette, S.A. 2009. Managing Production Risk igrigulture. Department of Applied
Economics, Utah State University.

Ducks Unlimited Canada (DUC). 2006. Ecological Goadd Services fact sheet series.
http://www.ducks.ca/conserve/wetland_values/coresatml (Las Accessed 01 March
2010).

195



Dunn, Rob. 2009. Personal Communication with Robhl.and Management
Specialist, Alberta Agriculture and Rural Developmé.ethbridge, Alberta, ongoing
from September 2009.

Eastern Canada Soil and Water Conservation Cea@&8\WCC). 2004. Best
Management Practices: Odts$tp://www.ccse-
swcce.nb.ca/bmp/bmp3.cfim?id=1&titre=9&fichefl%ast Accessed 29 April 2011).

Edwards, W. 2009. Farm Machinery Selectidg.Decision Makerowa State
University.

Eilers, W., R. MacKay, L. Graham, and A. Lefebwedifors). 2010. Agri-Environmental
Indicator Report Series - Report #3: EnvironmeStadtainability of Canadian
Agriculture. Agriculture and Agri-Food Canada, @t Ontario.

Entz M. H., P.D. Ominski, R. Mohr, A. Schoofs, DorBter, W.J. Bullied, S. Shirtliffe,
and K.C. Bamford. 1995. Forages Improve Efficientyrairie Cropping Systems.
Department of Plant Science, University of Manitoba
http://www.umanitoba.ca/afs/plant_science/extensignif95.html(Last Accessed 26
April 2011).

Evans, J., G.E. O’'Connor, G.L. Turner, D.R. Covwgn¥. Fettel, J. Mahoney, E.L.
Armstrong, and D.N.Walsgott. 1989; fikation and its value to soil N increase in lupin
field pea and other legumes in south-eastern Alisstfeustralian Journal of Agricultural
Researci0: 791-805.

Evans, J.R. and D.L. Olson. 200gtroduction to Simulation and Risk Analys®' Ed.,
Prentice Hall, Upper Saddle River, New Jersey, USA.

Farber, S.C., R. Costanza, and M.A. Wilson. 20@némic and ecological concepts for
valuing ecosystem servicdscological Economicdl: 375-392.

Farm Credit Canada. 2011. Farmland Values Onfitip://www.fcc-
fac.ca/en/onlineservices/flv_online_service e @sst Accessed 29 October 2011).

Feather, P.M. and G.S. Amacher. 1994. Role of mé&ion in the adoption of best
management practices for water quality improvemagticultural Economicd 1: 159-
170.

Filson, G. C., S. Sethuratham, B. Adekunle, anidammba. 2009. Beneficial Management
Practice Adoption in Five Southern Ontario Watedshdournal of Sustainable
Agriculture33: 229-52.

Fu, G., S. Chen, and D.K. McCool. 2006. Modeling itmpacts of no-till practice on soil
erosion and sediment yield with RUSLE, SEDD, and\Aew GIS.Soil and Tillage
Researclt85: 38-49.

Gallagher, P. 1981.S. Soybean Yields: Estimation and Forecasting Wibnsymmetric
DisturbancesAmerican Journal of Agricultural Economié® (4): 796-803.

Gebremedhin, B. and G. Schwab. 1998. The econaengoritance of crop rotation
systems: evidence from the literature. Staff P@8et3, Department of Agricultural
Economics, Michigan State University.

196



Geyer W.A. and A.D. Lynch. 1990. Green Ash Growtin@s.Transactions of the
Kansas Academy of Scierg@ (1/2): 12-16.

Greiner, R., L. Patterson, and O. Miller. 2009. Mations, risk perceptions and adoption
of conservation practices by farmeigricultural System89: 86-104.

Gray, R.S., J.S. Taylor, and W.J. Brown. 1996. Beoaio factors contributing to the
adoption of reduced tillage technologies in cerhatkatchewarCanadian Journal of
Plant Scienc&'6: 661-668.

Grimard, J. 2007. Water Management on Canadiang-dfarm Environmental
Management in Canada, Statistics Canada, Ottawsdaa

Government of Alberta. 2002. Soil Group Map of Aliae
http://www1.agric.gov.ab.ca/soils/soils.nsf/soilgponap?readforrfl ast Accessed 07
January 2010).

Hamel, C., A. Freire Cruz, B. McConkey, D. Layz&ll,Mavragani, F. Selles, J.
Clapperton, J. Germida, K. Hanson, M. St-Arnaudi&ii, S. Bouzid, T. Ishii, T. Fraser,
V. Vujanovic, W. Ellouze, Y. Cen, Y. Gan. 2007. lagb of Pulse Crops on Saoil
Biological Quality. Report Prepared for Alberta $ulGrowers in cooperation with
Agriculture and Agri-Food Canada, University of Egtshewan, Université de Tunis El-
Manar, Université de Montréal, Queens Universityd &raduate School of Kyoto
Prefectural University.

Harapiak, J. 2007. Giving field peas an extendeg production creditTop Crop
Manager http://www.topcropmanager.com/content/view/915/1@2it Accessed 06
January 2011).

Harapiak, J. 2008. How growing pulse crops boogtsl ypotential of the next crop.op
Crop Managerhttp://www.topcropmanager.com/content/view/1141/1(B2st Accessed
06 January 2011).

Hilliard, C., N. Scott, L. Armando, and S. Reed2R02. Agricultural Best Management
Practices for the Canadian Prairies: a reviewtefdiure. Canada-Saskatchewan Agri-
Food Innovation Fund.

Hobijin, B., P.H. Franses, and M. Ooms. 2004. Galigations of the KPSS test for
stationarity.Statistica Neerlandica8 (4): 483-502.

Hodge, I. and M. Reader. The introduction of Ehteyel Stewardship in England:
Extension or dilution in agri-environmental polidy&nd Use Policy27: 270-282.

Holford, I.C.R. 1980. Effects of duration of gradederne on long-term yields and
nitrogen uptake of subsequent whéaistralian Journal of Agricultural Resear@i.:
239-250.

Houston, J.E. and H. Sun. 1999. Cost share in@ntnd best management practices in
a pilot water quality prograndournal of Agricultural and Resource Economigs 239-
252.

Hoyt, P.B. 1990. Residual effects of alfalfa andrbegrass cropping on yields of wheat
grown for 15 subsequent yea@anadian Journal of Soil Scien@@: 109-113.

197



Hoyt, P.B. and A.M.F. Hennig. 1971. Effect of alfahnd grasses on yield of subsequent
wheat crops and some chemical properties of awyoeyled soilCanadian Journal of
Soil Scienc&1: 177-183.

Hoyt, P.B. and R.H. Leitch. 1983. Effects of fordggume species on soil moisture,
nitrogen, and yield of succeeding barley cr@psnadian Journal of Soil Sciendg3:
125-136.

Huanwen, G., Liansheng, C., Xisen, J., Hongqi2D04. Continuous experiment of no
tillage system for 12 years in north of China. Rextings of the 2004 CIGR International
Conference. China Agricultural Science and Techyolress, Beijing, 560 p.

Hull, J.C. 20030ptions, futures & other derivatives" Ed. Prentice Hall: Upper Saddle
River, NJ.

Hutton, G. 2010. Personal Communication with Gordatton, Development Officer —
Feed Grains, Crop Business Development Branch rél@egriculture and Rural
Development. May 2010.

Indiana Woodland Steward. 2010. Tree Planting Costs
http://www.fnr.purdue.edu/inwood/tree%20planting%a@sts.htm(Last Accessed 05
January 2011).

Ipe, V.C. 1998. A group incentive program for farradoption of best management
practices. PhD Thesis, University of lllinois, Usdt States.

Johnston, A.M., H.R. Kutcher, and K.L. Bailey. 200%pact of crop sequence decisions
in the Saskatchewan parklar@@anadian Journal of Plant Scien8&: 95-102.

Just, R.E. and Q. Weninger. 1999. Are Crop Yieldsmally DistributedAmerican
Journal of Agricultural Economic81 (2): 287-304.

Kansas Rural Center. 1998. Alfalfaustainable Agriculture Management Guides
MG1B.1.

Khakbazan, M., R. Mohr, K. Volkmar, D. Tomasiewi€z,Hamilton, A. Moulin, and K.
Belcher. 2009. Modeling economic and agro-enviramaedynamics of potato
production systemgournal of Bioeconomickl: 65-93.

Kilian, L. 2001. Impulse Response Analysis in Vedatoregressions with Unknown
Lag OrderJournal of Forecastin@0: 161-179.

Koeckhoven, S.W.J. 2008. Economics of AgricultiBast Management Practices in the
Lower Little Bow Watershed. Unpublished Master ofeé®ice Thesis, University of
Alberta.

Kock, H. 1990. Shelterbelt agriculture uses tregsrbptect soil and water resources.
University of Guelph Arboretum.
http://eap.mcqill.ca/MagRack/SF/Summer%2090%20M (itast Accessed 30 June
2010).

Kok, K., A. Farrow, A. Veldkamp, and P.H. Verbu§01. A method and application of
multi-scale validation in spatial land use mod@lgriculture, Ecosystems and
Environmen85: 223-238.

198



Korol, M. 2004. Fertilizer and Pesticide ManageniarCanada. Results of the 2001
Farm Environmental Management Survey (FEMS). Adiica and Agri-Food Canada
and Statistics Canada.

Koroluk, R., B. Junkins, D. Niekamp, T. Peters,$pearin, J. Wheeler, N. Hillary, and
T. Huffman. 1998. Manure, Fertilizer and Pestidiinagement in Canada: Results of
the 1995 Farm Inputs Management Survey (FIMS). Bova and Policy Analysis
Directorate, Policy Brancigriculture and Agri-Food Canada

Kort, J. Benefits of windbreaks to field and forageps.Agriculture, Ecosystems and
Environmen®2: 165-190.

Kroeger, T. and F. Casey. 2007. An assessment idetrbased approaches to providing
ecosystem services on agricultural larieisnlogical Economicé4: 321-332.

Krupinsky, J.M., S.D. Merrill, D.L. Tanaka, M.A. &big, M.T. Lares, and J.D. Hanson.
2007. Crop residue coverage of soil influencedrop sequence in a no-till system.
Agronomy Journa99: 921-930.

Kulshreshtha, S. and J. Kort. 2009. External ecaatenefits and social goods from
prairie shelterbeltsAgroforestry Systemé&s: 39-47.

Lafond, G.P., H. Loeppky, and D.A. Derksen. 1992e Effects of tillage systems and
crop rotations on soil water conservation, seedistgblishment and crop yield.
Canadian Journal of Plant Scien@@: 103-115.

Lafond, G.P., W.E. May, E.N. Johnson, and S.A. Btag007. Frequency of Field Pea in
Rotation: the Issues and Opportunities. Presertteéek é5askatchewan Soil Conservation
Association Annual Meeting, Jan. 2007. Saskatoask&chewan.
http://www.ssca.ca/conference/conference2007/LafmfdLast Accessed 17 May
2010).

Lafond, G.P., B.G. McConkey, and M. Stumborg. 2008nservation tillage models for
small-scale farming: Linking the Canadian experétacthe small farms of Inner
Mongolia Autonomous Region in Chindoil and Tillage Researct04: 150-155.

Lankoski, J., M. Ollikainen, and P. Uusitalo. 208@-till technology: benefits to farmers
and the environment? Theoretical analysis and egipdn to Finnish agriculture.
European Review of Agricultural Econom&% 193-221.

Lefebvre, A., W. Eilers, and B. Chunn (editors)020Agri-Environmental Indicator
Report Series - Report #2: Environmental Sustalitgbif Canadian Agriculture.
Agriculture and Agri-Food Canad#®ttawa, Ontario.

Leyshon, A.J., M.R. Kilcher, and J.D. McElgunn. 198eeding rates and row spacings
for three forage crops grown alone or in altermggess-alfalfa rows in southwestern
SaskatchewarCanadian Journal of Plant Scienéé: 711-717.

Love, H.A. 1999. Conflicts between Theory and Reacin Production Economics.
American Journal of Agricultural Economi@d (3): 696-702.

Macal, C.M. 2005. Model Verification and Validatioworkshop on: Threat
Anticipation: Social Science Methods and ModelsrilAp-9, Chicago, lllinois.

199



Malhi, S.S., R. Lemke, Z.H. Wang, B.S. Chhabra.@0ullage, nitrogen and crop
residue effects on crop yield, nitrogen uptakd, qaality and greenhouse gas emissions.
Soil and Tillage Researd@0: 171-183.

Manitoba Agriculture, Food, and Rural InitiativddAFRI), 2010. The Benefits of
Including Forages in Your Crop Rotation.
http://www.gov.mb.ca/agriculture/crops/forages/ifijpd3.html(Last Accessed 04 April
2011).

Marra, M.C. and J.W. Schurle. 1994. Kansas WheeldYRisk Measures and
Aggregation: A Meta-Analysis Approachournal of Agricultural and Resource
Economicsl9: 60-77.

Matekole, A., and J. Westra. 2009. Economic AnalgéiTillage and Nutrient Best
Management Practices in the Ouachita River Baginjdiana. Agriculture and Applied
Economics Association 2009 Annual Meeting.

Matekole, A., J. Westra, and T. Appelboom. 200%tBéanagment Practices: How
Economical is it in Southern Agricultural Systen&suthern Agricultural Economics
Association Annual Meeting.

Mayer, D.G., J.A. Belward, and K. Burrage. 1998ti@jzing simulation models of
agricultural systemsAnnals of Operations Resear8@: 219-231.

McMartin, W., A.B. Frank, and R.H. Heintz. 1974.daomics of shelterbelt influence on
wheat yields in North Dakotdournal of Soil and Water Conservati@a: 87-91.

McMaster G.S. and W. Wilhelm. 1997. Conservatiompliance credit for winter wheat
biomass production and implications for grain yidaurnal of Soil and Water
Conservatiorb2: 358-363.

McRae, T., C.A.S. Smith, and L.J. Gregorich (Edi}o2000. Environmental
Sustainability of Canadian Agriculture: Report lo¢ tAgri-Environmental Indicator
Project. Research Branch, Policy Branch, PrairienFRehabilitation Administration,
Agriculture and Agri-Food Canada.

Michigan State University Extension (MSUE). 2008tiating Annual Irrigation
Operation Costs: 160 Acre Centre Pivot Example.
www.msue.msu.edu/.../IRRCOST.160%20pivot%209-07.(ast Accessed 28 October
2009).

Moss, C.B. and J.S. Shonkwiler. 1993. Estimatingld/ Distributions with a Stochastic
Trend and Nonnormal ErrorAmerican Journal of Agricultural Economi@$ (4): 1056-
1062.

Munoz-Carpena, R., A. Ritter, D.D. Bosch, B. Scegfand T.L. Potter. 2008. Summer
cover crop impacts on soil percolation and nitrolgaching from a winter corn field.
Agricultural Water Manageme®5: 633-644.

Musshoff, O. and N. Hirshauer. 2009. Optimizingdarction decisions using a hybrid
simulation-genetic algorithm approacanadian Journal of Agricultural Economié&g’
35-54.

200



Nendel, C. 2009. Evaluation of best managementipeacfor N fertilisation in regional
field vegetable production with a small scale semioh model European Journal of
Agronomy30: 110-118.

Nicholaichuk, W. 1980. Snow management to provitiditeonal water for agriculture.
Proceedings Prairie Production Symposium, 29-31olG@r 1980, Saskatoon,
Saskatchewan, p. 1-9.

Palisade Corporation. 200Guide to Using @RISK, Version 5lthaca, New York:
Palisade Corporation.

Pannell, D.J., G.R. Marshall, N. Barr, A. CurtisManclay, and R. Wilkinson. 2006.
Understanding and promoting adoption of conseragti@actices by rural landholders.
Australian Journal of Experimental Agricultudé: 1407-1424.

Pannell, D.J. 1999. Economics, extension and tbptamh of land conservation
innovations in agriculturdnternational Journal of Social Economi2$: 999-1012.

Pannell, D.J. 2008. Public Benefits, Private Baagéind Policy Mechanism Choice for
Land-Use Change for Environmental Benefitand Economic84 (2): 225-240.

Papworth, L. 2010. Personal Communication with leawee Papworth, Lead, Energy and
Climate Change Section, Alberta Agriculture anddRevelopment, Lethbridge,
Alberta, February 2010.

Parmer, R.S., R.W. McClendon, and W.D. Potter. 1¢88m Machinery Selection Using
Simulation and Genetic Algorithm$ransactions of the ASAI (5): 1905-1909.

Powell, G. 2000. Selection and Matching of Tractnd Implements. Department of
Employment, Economic Development and Innovationre&island Government,
Australia.http://wwwz2.dpi.gld.gov.au/fieldcrops/3492.hthlast Accessed 02 July
2010).

Power, J.F., W.W. Wilhelm, and J.W. Doran. 198@GpOresidue effects on soil
environment and dryland maize and soya bean protu&oil and Tillage Researdh
101-111.

Putnam, D., M. Russelle, S. Orloff, J. Kuhn, LzRitgh, L. Godfrey, A. Kiess, and R.
Long. 2001. Alfalfa, Wildlife and the Environmerithe Importance and Benefits of
Alfalfa in the 2£' Century. California Alfalfa and Forage Association

Rae, G. 2007. Market-Based Instruments for Ecold@emods and Services: Learning
from the Australian Experience. Canada West Foumlat

Rao, N.S., Z.M. Easton, E.M. Schneiderman, M.SnZio.R. Lee, and T.S. Steenhuis.
2009. Modeling watershed-scale effectiveness atalgural best management practices
to reduce phosphorus loadigurnal of Environmental Managemed@: 1385-1395.

Ross, S.A., R.W. Westerfield, J.F. Jaffe and Gé&hers. 2003Corporate Finance 3
Canadian ed., McGraw-Hill Ryerson: Toronto, Ontario

Ross, S.M., J.R. King, R.C. Izaurralde, and J. Dd@ovan. 2009. The green manure
value of seven clover species grown as annual @opsw and high fertility temperate
soils.Canadian Journal of Plant Scien88: 465-476.

201



Rotz, C.A., H.A. Muhtar, and J.R. Black. 1983. A lkple Crop Machinery Selection
Algorithm. Transactions of the ASATS (2): 1644-1649.

Rudstrom, M., M. Popp, P. Manning, and E. Gbur.2@ata aggregation issues for crop
yield risk analysisCanadian Journal of Agricultural Economi&§: 185-200.

Ruhl, J.B. 2008. Farm and Ecosystem ServiCboices23: 32-36.

Saskatchewan Agriculture and Food (SAF). 2008. Rdanhinery Custom and Rental
Rate Guide 2008-09. Saskatchewan Ministry of Adtica, Regina, Saskatchewan,
Canada.

Saskatchewan Pulse Growers. 2000. Pulse Produdtonal, 29 Edition. Saskatchewan
Pulse Growers, Saskatoon, Saskatchewan, Canada.

Schaufele, B, J.R. Unterschultz, and T. Nilssod®@®@\griStability with Catastrophic
Price Risk for Cow-Calf ProducerGanadian Journal of Agricultural Economiés:
361-380.

Sharpe, W.F., G.J. Alexander, J.V. Bailey, D.J. eovand D.L. Domain. 2000.
Investments. 3rd EdPrentice Hall: Scarborough, Ontario.

SHAZAM User Manual. 2008. Shazam Guid#p://shazam.econ.ubc.ca/int(bast
Accessed 01 October 2009).

Sidhu, B.S. and V. Beri. 1988. Effect of Crop ResidManagement on the Yields of
Different Crops and on Soil Properti®&ological Waste27: 15-27.

Singh, B. and S.S. Malhi. 2006. Response of sgisjglal properties to tillage and residue
management on two soils in a cool temperate enviem.Soil and Tillage Researdb:
143-153.

Singh, B., D.S. Chanasyk, W.B. McGill, and M.P.Kybdrg. 1994. Residue and tillage
management effects on soil properties of a typjoleoroll under continuous barleSoil
and Tillage ResearcB2: 117-133.

Soon, Y.K., K.N. Harker, and G.W. Clayton. 2004arRICompetition Effects on the
Nitrogen Economy of Field Pea and the Subsequesp.Soil Science Society of
America Journab8: 552-557.

South Saskatchewan Regions — Wetlands. 2009. &a¥tsur Fingertips. Alberta
Government.

Sparling, B. and C. Brethour. 2007. An Economicl&ation of Beneficial Management
Practices for Crop Nutrients in Canadian Agricwdtu€anadian Agricultural Economics
Society Selected Paper.

Srivastava, P., J.M. Hamlett, and P.D. Robilla@D2 Watershed Optimization of
Agricultural Best Management Practices: Continuimsulation Versus Design Storms.
Journal of the American Water Resources Associa&®hr 043-1054.

Statistics Canada. 2006. 2006 Census of Agriculiiaistics Canada, Ottawa, Ontario.

Statistics Canada. 2001. 2001 Census of Agriculiaistics Canada, Ottawa, Ontario.

202



Statistics Canada. 2009. CANSIM Historical cropeage in Alberta (yearly).
Government of Canada, Ottawa, Ontario.

Stevenson F.C. and C. van Kessel. 1996. The nitragd non-nitrogen rotation benefits
of pea to succeeding cro3anadian Journal of Plant Scien@é: 735-745.

Stock, J.H. and M.W. Watson. 2006troduction to Econometric2™ ed., Addison
Wesley, Massachusetts, p. 796.

Sullivan, P. 2003. Overview of cover crops and gneanures. Appropriate Technology
Transfer for Rural Areas (ATTRA), USDA Rural-Bus#seCooperative Service.

Swinton, S.M. 2008. Reimagining Farms as ManagexsystemsChoices23: 28-31.

Swinton, S.M., F. Lupi, G.P. Robertson, S.K. Haamlt2007. Ecosystem services and
agriculture: Cultivating agricultural ecosystems doverse benefit€Ecological
Economic$4: 245-252.

Tapia-Vargas, M., M. Tiscareno-Lopez, J.J. Storle,Qropeza-Mota, and M.
Velazquez-Valle. 2001. Tillage system effects amoftiand sediment yield in hillslope
agriculture Field Crops Research9: 173-82.

Taylor, M.L, R.M. Adams, and S.F. Miller. 1992. Ralevel response to agricultural
effluent control strategies: the case of the Wititie Valley.Journal of Agricultural and
Resource Economids/: 173-185.

Tilman, D., K.G. Cassman, P.A. Matson, R. Nayloid &. Polasky. 2002. Agricultural
sustainability and intensive production practidésture418: 671-677.

Toma and Bouma Management Consultants. 2007. Alliendp Environmental Strategy.
Prepared for: Alberta Barley Commission, Albertan@a Producers Commission, and
Alberta Pulse Growers.

Treasury Board of Canada Secretariat. 2007. Cam&bat-Benefit Analysis Guide:
Regulatory Proposals. Government of Canada, Ott@ntgrio, Canada.

Trigeorgis, L. 1996Real Options: managerial flexibility and strategyresource
allocation MIT Press, Cambridge, Massachusetts, p. 406.

United States Department of Agriculture (USDA) Agtliural Research Service (ARS).
2008. Crop Sequence Calculator: A Revised ComgRrtggram to Assist Producers.
http://www.ars.usda.gov/Services/docs.htm?docid910&ccessed August 2009.

University of California Extension. 2003. Centradd3t Conservation Practices:
Estimated Costs and Potential Benefits for an Altnidanted Cover Crop.
http://coststudies.ucdavis.edu/conservation_prest{tast Accessed 01 October 2011).

University of California Extension. 2007. Samples@oto Establish and Produce Alfalfa
Hay. http://coststudies.ucdavis.edu/files/AlfalfaSV08§. fldast Accessed 01 October
2011).

203



Unterschultz, J.R. and G. Mumey. 1996. Reducingdtment Risk in Tractors and
Combines with Improved Terminal Asset Value Forez&anadian Journal of
Agricultural Economic#4:295-309.

Vanderwel, D. S. and Jedrych, A. T. 1997. A MethmdDeveloping Best Management
Practices for Riparian Areas Using WEPP.
http://www1.agric.gov.ab.ca/$department/deptdoéaiisag3376/$file/csql0.pdf?Open
Element(Last Accessed 14 May 2009).

Verbeek, M. 2008A Guide to Modern Econometries3® ed., John Wiley & Sons Ltd.,
England: The Atrium, Southern Gate, p. 472.

Vlahos, K. 1997. Taking the risk out of uncertairity The Complete MBA Companion,
edited by Tim Dickson and Geoege Bickerstaffe, 142- Lanham: Pitman Publishing.

Wagner, N.C., B.D. Maxwell, M.L. Taper, and L.Jvir007. Developing an Empirical
Yield-Prediction Model Based on Wheat and Wild (Fatena fatugDensity, Nitrogen
and Herbicide Rate, and Growing Season Precipitafieed Sciencgb: 652-664.

Western Australia Agriculture and Food (WAAF). 20@at Crop Establishment.
Department of Agriculture and Food, Government @&stérn Australia.

Wilde, M. 2011. Sowing their oats: beneficial sngakins see rebound among lowa
growers.Ceder Valley Busineskttp://wcfcourier.com/business/local/article 416829
57af-11e0-a188-001cc4c03286.hifinhst Accessed 29 April 2011).

Wilson, W.W. and B. Dahl. 2006. Costs and RiskSedregating GM Wheat in Canada.
Canadian Journal of Agricultural Economiég: 341-359.

Yang, D. 2009. Farm Level Economics of Winter WHeadduction in Canadian Prairies.
Unpublished Master of Science Thesis, Universitjlblerta.

Zentner, R.P., D.D. Wall, C.N. Nagy, E.G. Smithl_D¥oung, P.R. Miller, C.A.

Campbell, B.G. McConkey, S.A. Brandt, G.P. LafoAd\l. Johnston, and D.A. Derksen.
2002. Economics of Crop Diversification and Solldge Opportunities in the Canadian
Prairies Agronomy Journa®4: 216-230.

Zentner, R.P., G.P. Lafond, D.A. Derksen, and @CaAmpbell. 2002. Tillage method and
crop diversification: effect on economic returns aiskiness of cropping systems in a
Thin Black Chernozem of the Canadian Prairgsl and Tillage ReseardiZ: 9-21.

Zentner, R.P., C.A. Campbell, V.O. Biederbeck, &l R. Lemke, P.G Jefferson, and
Y. Gan. 2004. Long-term assessment of managemet ahnual legume green manure
crop for fallow replacement in the Brown soil zo@&anadian Journal of Plant Science
84: 11-22.

Zhang, W., T.H. Ricketts, C. Kremen, K. Carney, SSwinton. 2007. Ecosystem
services and dis-services to agricultiEeological Economicé4: 253-260.

204



Appendix A: Alberta Soil Zones

Soil Group Map
of Alberta
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SourceAdapted fromAARD (2005-b)with permission from Alberta Agriculure and
Rural Development
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Appendix B: Counties/Districts Considered in
Choosing Representative Farms

Brown

Dark Grey

Special Area 2

Special Area 3

County of Newell
County of Forty
Mile

Cypress County
M.D. of Taber

Dark Brown Black

Special Area 4 Cardston County
County of
Lethbridge M.D. of Pincher Creek

Vulcan County M.D. of Foothills

Wheatland County M.D. of Rocky View
Starland County Red Deer County
County of Paintearth Lacombe County
M.D. of Provost Leduc County
County of Camrose
Beaver County

Minburn County
Vermilion River
County

Strathcona County
Sturgeon County
Flagstaff County
M.D. of Wainwright

ltac Anne County

County of Barrhead
\Btéock County

County ©horhild
GafSt. Paul
thabasca County
Two Hills County
M.D. of Smoky River
Birch Hills County

M.D. of Spirit River
County of Grande
Prairie

M.D. of Fairview

206



Appendix C: New and Initial Values of Machinery
Complement, by Soil Zone

C.1 — New and initial (book) values of machinery aaplement in Brown soil zone
under irrigated production

Description Size New Value Initial (Book)
Value
4WD Tractor 325 h.p. $200,200 $150,877.03
S.P. Swather 24 ft. $97,300 $65,890.30
Combine Class 7 $255,400 $163,804.70
Grain Truck 1 565 h.p. $87,000 $58,915.28
Grain Truck 2 565 h.p. $87,000 $58,915.28
Farm Truck 3/4 ton $38,200 $25,868.55
Air Hoe Drill 40 ft. $112,800 $76,386.70
Harrows 50 ft. $11,900 $8,058.53
Bean Rod Cutter 6R 30" $10,000 $6,771.87
Bean Windrower 6R 30" $20,000 $13,543.74
Combine header - pick up 14 ft. $20,900 $14,153.21
Combine header - flex 30 ft. $38,800 $26,274.86
Combine header - pick up beans 22 ft. $25,000 068
Grain Auger ]';lto n;50-60 " g9.100 $6,162.40
Conveyor Attachment (beans) 15in; 60 ft $17,500 1,880.77
Start up costs $1,165,500.00 $688,216.10
Total $2,196,600 $1,392,618.99
Total per hectare $2,120.27 $1,344.23
Total per hectare per year (8% depreciation) $169.6 $107.54
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C.2 — New and initial (book) values of machinery aaplement in Brown soil zone

under dryland production

Description Size New Value Initial (Book) Value
4WD Tractor 425 h.p. $215,600  $162,483
S.P. Swather 30 ft. $99,500 $67,380
Combine Class 6 $235,000  $150,721
Grain Truck 1 565 h.p. $87,000 $58,915
Grain Truck 2 565 h.p. $87,000 $58,915
Farm Truck 3/4 ton $38,200 $25,869
Air Hoe Drill 50 ft. $145,600  $98,598
Harrows 60 ft. $13,000 $8,803
Combine header - pick up 14 ft. $20,900 $14,153
Combine header - flex 25 ft. $30,700 $20,790
Grain Auger 10in;50-60ft.  $9,100 $6,162
Total $981,600 $672,790
Total per hectare $757.99 $519.53

Total per hectare per year (8% depreciation)

$60.64 $41.56

C.3 — New and initial (book) values of machinery aaplement in Dark Brown soil
zone under dryland production

Description Size New Value Initial (Book) Value

4WD Tractor 425 h.p. $215,600 $162,483
S.P. Swather 30 ft. $99,500 $67,380
Combine Class 7+ $282,000 $180,865
Grain Truck 1 565 h.p. $87,000 $58,915
Grain Truck 2 565 h.p. $87,000 $58,915
Farm Truck 3/4 ton $38,200 $25,869
Air Hoe Dirill 50 ft. $145,600 $98,598
Harrows 80 ft. $16,500 $11,174
Combine header - pick up 16 ft. $24,900 $16,862
Combine header - flex 36 ft. $45,700 $30,947
Grain Auger 10 in; 50 - 60 ft. $9,100 $6,162
Total $1,051,100 $718,171
Total per hectare $811.66 $554.57
Total per hectare per year (8% depreciation) $64.93 $44.37
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C.4 — New and initial (book) values of machinery aaplement in Black soil zone

under dryland production

Description Size New Value Initial (Book) Value
4WD Tractor 325 h.p. $200,200 $150,877
S.P. Swather 30 ft. $99,500 $67,380
Combine Class 7+ $282,000 $180,865
Grain Truck 1 565 h.p. $87,000 $58,915
Grain Truck 2 565 h.p. $87,000 $58,915
Farm Truck 3/4 ton $38,200 $25,869
Air Seeder 50 ft. $135,300 $91,623
Harrows 80 ft. $16,500 $11,174
Combine header - pick up 16 ft. $24,900 $16,862
Combine header - flex 36 ft. $45,700 $30,947
Grain Auger 10 in; 50 - 60 ft. $9,100 $6,162
Total $1,025,400 $699,590
Total per hectare $989.77 $675.28
Total per hectare per year (8% depreciation) $79.18 $54.02

C.5 — New and initial (book) values of machinery aaplement in Dark Grey soil
zone under dryland production

Description Size New Value Initial (Book) Value
4WOA Tractor 225 h.p. $154,100 $116,135
S.P. Swather 24 ft. $97,300 $65,890
Combine Class 7 $255,400 $163,805
Grain Truck 1 565 h.p. $87,000 $58,915
Grain Truck 2 565 h.p. $87,000 $58,915
Farm Truck 3/4 ton $38,200 $25,869
Air Seeder 40 ft. $105,000 $71,105
Harrows 50 ft. $11,900 $8,059
Combine header - pick up 14 ft. $20,900 $14,153
Combine header - flex 30 ft. $38,800 $26,275
Grain Auger 10 in; 50 - 60 ft. $9,100 $6,162
Total $904,700 $615,282
Total per hectare $1,164.35 $791.87
Cost per acre per year (8% depreciation) $93.15 .3563
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Appendix D: Historical Yield Data

Table D.1 — Data prior to detrending and removal oblank observations, Municipal
District of Taber, irrigated production (kg/ha)

Year Durumwheat  Spring wheat Barley Canola Oat Begn
1989 3524.16 3183.49 4137.89 1843.96 3216.08 3081.8
1990 3897.03 3109.02 4264.73 2052.27 2794.46 4070.6
1991 3574.64 3576.61 4329.15 1947.05 3281.59 4345.1
1992 2736.95 2886.66 3475.72 1555.54 2233.56  1085.7
1993 4409.84 3726.19 4409.56 2091.96 4852.61  2569.5
1994 3726.9 3435.85 4099.00 1872.67 3179.65  4446.48
1995 4322.18 4300.05 4742.61 2261.44 - 4042.92
1996 3886.71 3818.11 4943.97 2296.39 - 5073.3
1997 4460.33 4105.17 5248.3 2360.18 3563.98  4902.07
1998 4135.2 3847.54 4378.15 2183.58 3791.54  5693.57
1999 4853.26 4711.53 5737.14 2541.73  3341.2 4144.18
2000 4414.99 4067.24 4991.22 2296.65 3343.11 5087.3
2001 4599.83 4206.88 4806.49 1963.59 3141.44  5862.2
2002 4335.82 4213.14 3787.44 2230.32  2752.2 2980.59
2003 4822.03 4644.11 4749.04 2153.6 3664.71  6146.77
2004 5689.24 5310.3 5148.83 2645.27 3090.81  4888.83
2005 5338.22 5237.43 4995.7 2666.54 3336.36  3986.09
2006 5296.13 4849.13 4629.5 2585.03 2649.29  5525.33
2007 4981.4 4975.09 4715.88 2426.83 4139.31 5513.16
2008 5398.12 4542.72 4165.17 2400.43 - 4826.47

Source: AFSC (2009)
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Table D.2 — Data prior to detrending and removal oblank observations, County of
Forty Mile, dryland production (kg/ha)

Year Durum wheat Spring wheat Barley Canola Oat
1978 2244.59 2081.52 2732.87 1427.71 2124.23
1979 1379.60 1235.67 1761.99 1309.73 1016.12
1980 1908.02 1841.57 2476.21 2238.03 1670.07
1981 2218.48 2128.63 2699.85 - 2172.19
1982 1930.90 1856.63 2210.59 1524.69 2034.43
1983 1918.81 1945.28 2377.05 1414.21 1786.16
1984 881.94 928.96 856.53 1027.56 659.72
1985 741.57 812.72 987.00 1187.03 582.27
1986 2145.29 1969.30 2564.76 1700.15 1596.89
1987 2086.94 1872.60 2834.43 1772.40 1726.13
1988 1109.00 840.80 1479.46 1186.46 726.75
1989 1965.66 1862.89 2287.41 994.03 2218.60
1990 1869.09 1828.78 1916.54 898.59 1659.33
1991 2707.11 2511.80 2765.91 1084.17 2722.27
1992 1960.62 1929.83 2504.07 936.66 2627.71
1993 2637.59 2399.42 2887.28 1643.14 3785.58
1994 2035.41 1904.43 2247.44 983.08 2107.19
1995 3105.90 2710.06 2964.92 1455.38 3023.09
1996 1801.81 1790.59 1825.17 1167.48 2046.22
1997 1905.13 1776.89 2127.94 816.39 1675.49
1998 2467.99 2179.97 2505.09 1246.38 2101.71
1999 2416.27 2343.49 2848.32 1438.45 2375.92
2000 1203.73 1201.54 1578.33 726.88 878.26
2001 448.13 439.20 444.26 293.07 279.65
2002 2117.01 1901.09 2219.24 581.34 1944.07
2003 2108.39 2012.00 2311.90 906.25 1494.25
2004 2293.20 2173.11 2768.30 1133.48 2342.78
2005 2478.01 2402.20 3191.66 1260.49 3061.26
2006 2576.89 2232.06 2726.05 1362.65 2576.51
2007 1710.77 1613.16 2092.02 950.93 1301.02
2008 2710.03 2165.67 2881.41 1512.34 1779.99

Source: AFSC (2009)
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Table D.3 — Data prior to detrending and removal oblank observations, County of

Starland, dryland production (kg/ha)

Year Spring wheat Barley Canola Oat
1978 1945.64 2609.48 850.26 1517.70
1979 1946.83 2759.20 1150.73 2013.19
1980 2049.76 2420.18 1227.72 2058.23
1981 2096.03 2631.94 1620.19 2032.25
1982 2621.43 3377.34 1750.08 2674.81
1983 2472.86 2986.87 1194.82 2189.95
1984 1705.94 1621.47 952.29 1114.24
1985 1594.27 1878.82 775.25 1335.35
1986 2573.18 3457.08 1640.82 2802.45
1987 1920.36 2959.78 1494.95 2190.22
1988 2196.79 2839.83 1410.38 1824.54
1989 2132.10 2526.17 1014.19 1627.07
1990 2174.37 2761.87 1225.08 1958.70
1991 2173.88 2464.06 1151.79 1592.30
1992 1947.27 2749.86 1142.27 1894.34
1993 1947.40 2728.50 1180.23 2339.48
1994 1823.22 2180.41 1039.31 1672.15
1995 2414.30 2824.04 1403.07 2301.55
1996 2411.68 3101.52 1496.95 1626.04
1997 1826.61 2191.39 975.87 1225.13
1998 2001.40 2549.81 1112.74 2124.97
1999 2849.14 3274.02 1646.16 2843.54
2000 2231.28 2711.90 1285.02 1875.03
2001 1671.62 2004.04 804.38 1348.74
2002 440.81 328.51 231.80 172.82
2003 2365.77 2790.80 993.88 1230.72
2004 2974.30 3512.35 1951.72 2631.72
2005 2578.39 3052.51 1791.25 2183.40
2006 2522.96 2935.91 1591.38 2196.25
2007 2600.67 2462.92 1303.83 2446.40
2008 3041.09 3661.11 2048.44 2251.98

Source: AFSC (2009)
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Table D.4 — Data prior to detrending and removal oblank observations, County of

Camrose, dryland production (kg/ha)

Year Spring wheat Barley Canola Oat
1978 1926.30 1767.60 1212.40 1086.01
1979 2294.46 2782.53 1105.73 2576.68
1980 2920.71 3065.63 1436.51 2735.58
1981 2291.48 2799.08 1362.82 2547.36
1982 2242.41 2693.32 1004.24 2431.55
1983 1830.84 1434.27 676.69 1450.32
1984 2631.07 2936.50 1368.44 2180.57
1985 1912.36 2176.09 1064.44 1849.99
1986 2834.38 3684.38 1393.65 2833.22
1987 1943.23 2955.95 1347.98 2507.75
1988 2945.28 3582.44 1428.53 2942.99
1989 2376.76 2849.54 1242.72 2461.40
1990 2728.71 3393.04 1450.06 2708.29
1991 2717.48 2955.43 1358.18 2499.70
1992 2176.44 2799.50 1281.50 2043.60
1993 2760.70 3329.01 1375.96 2722.85
1994 2376.15 2734.25 1175.04 2306.61
1995 2661.75 3507.70 1480.36 2609.17
1996 2967.32 3237.00 1504.66 3002.77
1997 2522.26 2852.54 1483.25 2591.14
1998 2272.14 3100.07 1683.55 2706.51
1999 3148.54 4019.90 1943.87 3242.67
2000 3245.91 3530.77 1748.27 3302.56
2001 3088.96 3576.42 1899.66 2971.29
2002 655.62 532.08 307.30 255.89
2003 2761.29 2921.50 1518.72 2062.20
2004 3315.63 3553.64 2146.42 2802.99
2005 3441.86 3839.27 2440.27 3402.21
2006 2805.81 2846.38 2081.16 1698.16
2007 3018.24 2991.23 1881.82 2434.75
2008 3897.04 3989.53 2393.35 2376.00

Source: AFSC (2009)
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Table D.5 — Data prior to detrending and removal oblank observations, Municipal

District of Smoky River, dryland production (kg/ha)

Year Spring wheat Barley Canola Oat

1978 1873.60 2118.89 920.52 2222.45
1979 2469.76 2065.50 607.56 2827.75
1980 2253.48 2454.15 1268.33 2682.59
1981 2265.19 2306.56 1161.52 2162.03
1982 915.82 1288.20 421.43 1229.14
1983 2394.01 2381.47 886.33 3008.54
1984 2086.12 2130.80 1031.06 2634.84
1985 1405.00 1631.72 949.82 1119.57
1986 1480.54 2419.90 1177.70 1694.31
1987 1627.97 1805.26 1165.40 2661.33
1988 2728.09 3011.29 1381.57 3497.41
1989 2259.08 2744.82 1182.77 2962.67
1990 2500.90 2573.75 1007.59 2552.22
1991 2419.31 2564.64 1281.52 2200.88
1992 2008.46 2493.71 1227.23 2508.75
1993 2104.13 2998.79 1180.18 3646.88
1994 1922.25 2841.14 1270.61 2996.92
1995 2832.20 3432.46 1571.30 3408.10
1996 2137.53 1767.57 1048.08 3290.36
1997 2076.13 1828.34 766.80 1491.22
1998 1790.64 2369.50 1203.70 2237.81
1999 1991.56 2390.51 1033.73 2382.04
2000 3638.19 3741.13 1289.19 4169.92
2001 2855.43 3763.92 1570.21 3760.72
2002 2182.70 2838.67 1838.14 2606.95
2003 3282.24 3558.95 1928.95 3739.93
2004 2639.51 3072.58 1950.32 2890.93
2005 3477.22 4147.11 2388.08 3819.03
2006 3587.59 3864.42 1921.77 3891.92
2007 3496.37 4128.49 1897.86 3902.19
2008 3128.65 2924.56 1574.32 3111.99

Source: AFSC (2009)
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Table D.6 — Summary yield statistics, prior to detending

No. Standard . . .
County Crop of Mean Deviation Variance Minimum Maximum
years (kg/ha) (kg/ha) (kg/ha) (kg/ha) (kg/ha)
Spring 5, 4137.30 698.92 488490.00 2886.70 5310.30
wheat
Durum 54 4420.10 738.52 545420.00 2736.90 5689.20
wheat
Taber Barley 20 4587.80 532.53 283590.00 3475.70 5737.10
irrigated
(migated) - ola 20 2218.80 291.96 85240.00 1555.50 2666.50
Oat 20 2818.60 1333.90 1779300.00 0.00 4852.60
DryBean 20 4413.60 1227.60 1507100.00 1085.70 8046
Spring 54 1835.20 531.35 282340.00 439.20 2710.10
wheat
Durum 5 1970.40 606.51 367850.00 448.13 3105.90
wheat
Forty Mile Barley 31 2260.50 653.50 427060.00 444.26 3191.70
Canola 31 1167.10 437.74 191610.00 0.00 2238.00
Oat 31 1874.10 785.65 617240.00 279.65 3785.60
Spring 54 2169.40 493.21 243250.00 440.81 3041.10
wheat
Barley 31 2656.60 636.71 405390.00 328.51 3661.10
Starland
Canola 31 1272.80 383.11 146770.00 231.80 2048.40
Oat 31 1912.80 566.67 321110.00 172.82 2843.50
Spring 44 2603.60 605.96 367190.00 655.62 3897.00
wheat
Barley 31 2981.80 733.65 538240.00 532.08 4019.90
Camrose
Canola 31 1477.30 452.11 204400.00 307.30 2440.30
Oat 31 2430.40 651.18 424030.00 255.89 3402.20
Spring 44 2381.60 670.25 449230.00 915.82 3638.20
wheat
_ Barley 31 2698.70 746.16 556760.00 1288.20 4147.10
Smoky River
Canola 31 1293.70 433.06 187540.00 421.43 2388.10
Oat 31 2816.50 800.21 640340.00 1119.60 4169.90
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Appendix E: Yield Trend Regression Results

Table E.1 — Yield trend regression resulfs

Intercept Year

County Crop Coefficient Coefficient 'St p-value
Taber, irrigated Durum wheat -208,730 106.7 6.97550.0000
Taber, irrigated Spring wheat -202,597 103.4 7.69140.0000
Taber, irrigated Barley -54,991 29.8 1.4892 0.1538
Taber, irrigated Canola -69,688 36.0 45194 0.0003
Taber, irrigated 04t -12,271 7.8 -0.2060 0.8391
Taber, irrigated Dry bean -208,072 106.3 2.5314 2@0

Forty Mile Durum wheat -30,726 16.4 1.3664 0.1823
Forty Mile Spring wheat -21,370 11.6 1.0948 0.2826
Forty Mile Barley -19,389 10.9 0.8234 0.4170
Forty Mile Canol& 37,686 -18.3 -1.3084 0.2010
Forty Mile Oat -26,816 14.4 0.9099 0.3704

Starland Spring wheat -23,240 12.7 1.3021 0.2031

Starland Barley -3,224 3.0 0.2271 0.8220

Starland Canola -13,871 7.6 0.9873 0.3317

Starland Oat 2,093 -0.1 -0.0078 0.9938

Camrose Spring wheat -55,966 29.4 2.6457 0.0130

Camrose Barley -47,857 25.5 1.7944 0.0832

Camrose Canola -60,082 30.9 4.2685 0.0002

Camrose Oat -17,166 9.8 0.7464 0.4615

Smoky River Spring wheat -91,576 47.1 4.4798 0.0001
Smoky River Barley -111,230 57.2 5.2280 0.0000
Smoky River Canola -70,018 35.8 6.1292 0.0000
Smoky River Oat -92,855 48.0 3.5043 0.0015

2Based on the regressidn= «a + fit + st, whereY is crop yield and is time in years. Years
where data were not recorded (i.e., a zero valiseemtered) were removed prior to regression

analysis.
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Appendix F: Kolmogorov-Smirnov (K-S) test
statistics for yield distribution fitting

Table F.1 — K-S distribution fit test statistics fa yields under irrigated production in

Municipal District of Taber.
Distribution Durum Spring Barley @ Canola Oat Dry Bean
wheat wheat
Weibull 0.1325 0.1487  0.1007 0.1030 0.2036 0.1303
Gamma 0.0947 0.1014 0.1104 0.1135 0.1642 0.1615
Triangle 0.6119 0.6296  0.4105 0.5631  0.3466 0.3200
LogNormal 0.0984 0.1004 0.1164 0.1136  0.1526 0.1779
Expon 0.5586 0.5881 0.5312 0.5650 0.4914 0.4368
Uniform 0.7229 0.7538 0.5787 0.7066  0.4550 0.4855

Table F.2 — K-S distribution fit test statistics fo yields under dryland production in

County of Forty Mile.

Distribution Durum wheat Spring wheat Barley Canola Oat
Weibull 0.1671 0.2134 0.1314 0.0846 0.1281
Gamma 0.2325 0.2827 0.2037 0.0912 0.1767
Triangle 0.2206 0.2880 0.2049 0.1465 0.1021

LogNormal 0.2554 0.3026 0.2292 0.1102 0.2116

Expon 0.3868 0.3944 0.3835 0.3880 0.3237
Uniform 0.3395 0.4087 0.3763 0.2522 0.2073

Table F.3 — K-S distribution fit test statistics fo yields under dryland production in

County of Starland.

Distribution Spring wheat Barley Canola Oat
Weibull 0.1046 0.1485 0.0948 0.0906
Gamma 0.1760 0.2392 0.1158 0.1492
Triangle 0.2770 0.2434 0.1662 0.1618

LogNormal 0.2120 0.2693 0.1485 0.1889

Expon 0.4882 0.4425 0.4239 0.4093
Uniform 0.4751 0.4473 0.3340 0.3524

217



Table F.4 — K-S distribution fit test statistics fao yields under dryland production in

County of Camrose.

Distribution Spring wheat Barley Canola Oat
Weibull 0.1237 0.1928 0.1536 0.1736
Gamma 0.2161 0.2865 0.2523 0.2347
Triangle 0.3994 0.3199 0.4121 0.2016

LogNormal 0.2510 0.3158 0.2803 0.2561

Expon 0.5365 0.4657 0.4987 0.4074
Uniform 0.6036 0.5194 0.5496 0.4200

Table F.5 — K-S distribution fit test statistics fo yields under dryland production in

Municipal District of Smoky River.

Distribution Spring wheat Barley Canola Oat
Weibull 0.1373 0.1235 0.0876 0.1250
Gamma 0.1334 0.1451 0.1166 0.1771
Triangle 0.2975 0.3557 0.3312 0.2594
LogNormal 0.1437 0.1484 0.1276 0.1860
Expon 0.5001 0.4984 0.4899 0.4395
Uniform 0.5177 0.5572 0.4920 0.4808
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Appendix G: Crop Yield Correlations

Table G.1 — Crop yield correlations, Taber (Risk Rgion B, irrigated)

Crop Canola Dry bean Bv%rgg': sv%relzr;% Agzgf/a %r:;s
Canola 0.41 0.20 0.46 0.46 0.20 0.20
Dry bean 0.20 0.53 0.27 0.27 0.36 0.20
Durum wheat 0.46 0.27 0.49 0.45 0.20 0.29
Spring wheat 0.46 0.27 0.49 0.45 0.20 0.29
Alfalfa hay 0.20 0.36 0.20 0.20 0.49 0.20
Grass hay 0.20 0.20 0.29 0.29 0.20 0.50
Source: AARD (2007-b)
Table G.2 — Crop yield correlations, Forty Mile (Rek Region B, dryland)
. . Legume
Crop Barley  Canola Durum  Spring Field grgeen Grass
wheat  wheat pea hay
manure
Barley 0.73 0.55 0.67 0.67 0.63 0.30 0.30
Canola 0.55 0.61 0.54 0.54 0.54 0.30 0.30
burum 4 57 0.54 0.75 0.75 0.71 030  0.30
wheat
SPiNg 067 054 075 075 071 030 030
wheat
Field pea 0.63 0.54 0.71 0.71 0.81 0.30 0.30
Legume
green 0.30 0.30 0.30 0.30 0.30 0.70 0.60
manure
Grass hay 0.30 0.30 0.30 0.30 0.30 0.60 0.70
Source: AARD (2007-b)
Table G.3 — Crop yield correlations, Starland (RiskRegion B, dryland)
Crop Barley Canola Spring  Field Lgrg;er?]e Alfalfa  Grass
wheat pea hay hay
manure
Barley 0.73 0.55 0.67 0.63 0.30 0.30 0.30
Canola 0.55 0.61 0.54 0.54 0.30 0.30 0.30
Spring wheat 0.67 0.54 0.75 0.71 0.30 0.30 0.30
Field pea 0.63 0.54 0.71 0.81 0.30 0.30 0.30
Legume green 35 .30 030 030  0.70 0.30  0.30
manure
Alfalfa hay 0.30 0.30 0.30 0.30 0.30 0.70 0.60
Grass hay 0.30 0.30 0.30 0.30 0.60 0.60 0.70
Source: AARD (2007-b)
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Table G.4 — Crop yield correlations, Camrose (RislRegion C)

Crop Barley  Canola Spring Field Oats Alfalfa  Grass
wheat pea hay hay
Barley 0.82 0.66 0.77 0.76 0.74 0.30 0.30
Canola 0.66 0.71 0.66 0.67 0.63 0.30 0.30
Spring wheat 0.77 0.66 0.83 0.75 0.72 0.30 0.30
Field pea 0.76 0.67 0.75 0.85 0.73 0.30 0.30
Oats 0.74 0.63 0.72 0.73 0.83 0.31 0.31
Alfalfa hay 0.30 0.30 0.30 0.30 0.31 0.30 0.60
Grass hay 0.30 0.30 0.30 0.30 0.31 0.60 0.70
Source: AARD (2007-b)
Table G.5 — Crop yield correlations, Smoky River (sk Region D)
Crop Barley  Canola Spring  Field Oats Alfalfa  Grass
wheat pea hay hay
Barley 0.72 0.49 0.59 0.43 0.57 0.30 0.30
Canola 0.49 0.63 0.45 042 045 0.30 0.30
Spring wheat 0.59 0.45 0.67 0.49 0.55 0.30 0.30
Field pea 0.43 0.42 0.49 0.58 0.48 0.30 0.30
Oats 0.57 0.45 0.53 0.48 0.65 0.31 0.31
Alfalfa hay 0.30 0.30 0.30 0.30 0.30 0.30 0.60
Grass hay 0.30 0.30 0.30 0.30 031 0.60 0.70
Source: AARD (2007-b)
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Appendix H: Crop Price Data Summary

Table H.1 — Summary statistics of commaodity price dta

Variable Obs Mean Std. Dev. Min Max
Spring Wheat 25 0.224379 0.055807 0.157627 0.351262
Durum Wheat 25 0.240255 0.076039 0.130112 0.45318

Barley 25 0.150305 0.036363 0.098156 0.223464
Canola 25 0.145977 0.036235 0.102252 0.234382

Oats 25 0.409461 0.0891 0.279284 0.66248
Field Peas 25 0.239755 0.071549 0.134798 0.401045
Dry Beans 25 0.151686 0.040432 0.095032 0.246356

Alfalfa Hay 25 0.108697 0.029675 0.068816 0.186363

Figure H.1 — Historical commadity crop prices in Aberta, corrected for inflation to
2008 Canadian dollars.
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Appendix I: Crop Yields Adjacent to Shelterbelts.

Figure 1.1 — Effect of field shelterbelts on annuatrop yields, by soil zone.
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Source:Adapted fromAARD (2004-b)with permission from Alberta Agriculture and
Rural Development

Figure 1.2 — Effect of field shelterbelt on annuakrop yields.
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222



Table 1.1 — Effect of field shelterbelt orientationon crop yields

Soil zone/ field direction Number of sites Shelteygeld (%Y
brown/north 3 95
brown/south 10 98
brown/west 8 97
brown/east 13 110

dark brown/north 9 102
dark brown/south 23 104
dark brown/west 2 110
dark brown/east 3 97
black/north 8 92
black/south 22 99
black/west 10 96
black/east 40 96
grey/ north 7 99
grey/south 15 99
grey/west 1 93
grey/east 8 92

#Sheltered yield is the weighted average yield ffiHn(height of the shelterbelts) to15H taken as
a percentage of open field yield.
Source: AARD (2004-b)
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Appendix J: Summary Statistics Tables

Table J.1 — Summary statistics for farm representave of Brown soil zone, irrigated
production, baseline rotation

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $272,776 $164,092 -$309,821 $885,7  $45,145 $578,957
Cash Flow Year 2 $185,473 $147,510 -$314,390 $283,7 -$6,609 $447,626
Cash Flow Year 3 $171,880 $140,567 -$332,094 $329,2  -$1,059 $438,387
Cash Flow Year 4 $217,878 $146,102 -$323,746 $984,0 $50,932 $498,134
Cash Flow Year 5 $235,322 $140,005 -$309,182 $B84,7  $59,427 $483,846
Cash Flow Year 6 $230,935 $150,817 -$303,993 $806,5 $47,993 $503,163
Cash Flow Year 7 $215,951 $153,589 -$309,531 $897,0 $25,552 $508,592
Cash Flow Year 8 $210,823 $148,565 -$303,612 $8@3,0 $24,861 $475,937
Cash Flow Year 9 $218,662 $150,668 -$330,325 $848,3 $32,262 $498,318
Cash Flow Year 10 $227,462 $144,092 -$323,815 9037, $45,140 $491,865
Cash Flow Year 11 $220,977 $136,059 -$310,976 $882, $42,815 $461,469
Cash Flow Year 12 $217,247 $142,002 -$307,149 $868, $34,798 $490,468
Cash Flow Year 13 $214,948 $146,796 -$326,754 9832, $32,603 $504,784
Cash Flow Year 14 $218,209 $136,569 -$308,840 $489, $34,171 $461,255
Cash Flow Year 15 $216,318 $138,899 -$316,082 $361, $36,167 $495,147
Cash Flow Year 16 $215,941 $148,535 -$312,494 $975, $34,307 $499,864
Cash Flow Year 17 $213,351 $142,459 -$301,220 $306, $22,071 $493,589
Cash Flow Year 18 $215,468 $139,866 -$326,533 3884, $40,117 $475,977
Cash Flow Year 19 $220,826 $143,295 -$293,493 $080, $37,073 $494,046
Cash Flow Year 20 $214,091 $149,343 -$315,203 81301 $34,609 $482,903
Cash Flow Year 21 $212,239 $143,562 -$328,281 $992, $31,555 $482,018
Cash Flow Year 22 $210,728 $146,819 -$308,185 $385, $26,557 $480,073
Cash Flow Year 23 $216,657 $144,397 -$327,033 5528, $35,228 $490,027
Cash Flow Year 24 $223,730 $154,865 -$326,648 $351, $31,430 $501,323
Cash Flow Year 25 $219,910 $144,319 -$322,452 $652, $33,482 $479,243
Cash Flow Year 26 $221,062 $144,810 -$334,493 €350, $38,570 $482,006
Cash Flow Year 27 $217,538 $139,948 -$322,169 $241, $38,714 $470,008
Cash Flow Year 28 $216,036 $138,117 -$331,513 1271, $39,649 $470,859
Cash Flow Year 29 $216,888 $144,120 -$309,499 $633, $41,626 $487,386
Cash Flow Year 30 $211,856 $138,124 -$298,893 $492, $30,802 $465,487
Cash Flow Year 31 $211,987 $145,692 -$324,048 $882, $26,942 $470,563
Cash Flow Year 32 $220,796 $141,186 -$316,433 B335, $35,369 $466,694
Cash Flow Year 33 $224,386 $150,855 -$332,873 4892, $37,678 $524,266
Cash Flow Year 34 $221,401 $148,116 -$302,283 $4a5, $29,437 $500,636
Cash Flow Year 35 $218,652 $152,966 -$311,643 $945, $25,164 $487,892
Cash Flow Year 36 $220,682 $141,633 -$325,751 $330, $42,567 $492,934
Cash Flow Year 37 $221,689 $151,544 -$315,805 $334, $31,748 $509,455
Cash Flow Year 38 $212,892 $137,586 -$324,567 $348, $31,644 $460,312
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 39 $219,994 $143,869 -$317,508 31603 $37,324 $475,276
Cash Flow Year 40 $218,663 $141,785 -$316,879 8782, $40,107 $489,898
40 Year NPV $2,396,562 $421,714 $1,126,172 $4,094,8 $1,699,094  $3,089,488
Perpetuity NPV $2,441,735 $424,010 $1,207,985 Mz $1,739,152 $3,127,868

Table J.2 — Summary statistics for farm representave of Brown soil zone, dryland
production, baseline rotation

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $93,526 $106,716 -$192,989 $584,01 -$67,939 $293,670
Cash Flow Year 2 $66,312 $105,117 -$140,255 $563,09 -$106,852 $269,030
Cash Flow Year 3 $61,802 $106,043 -$169,575 $508,99 -$108,643 $256,621
Cash Flow Year 4 $75,131 $98,769 -$178,224 $492,589 -$103,288 $258,620
Cash Flow Year 5 $83,062 $107,218 -$159,393 $569,56 -$103,950 $279,457
Cash Flow Year 6 $77,035 $106,792 -$149,072 $546,08 -$106,118 $279,117
Cash Flow Year 7 $75,272 $104,879 -$187,747 $524,86 -$105,590 $267,144
Cash Flow Year 8 $73,655 $101,394 -$161,365 $589,79 -$106,307 $265,292
Cash Flow Year 9 $80,775 $107,081 -$170,811 $532,28 -$103,166 $283,026
Cash Flow Year 10 $76,802 $102,644 -$181,719 $684,1 -$104,044 $260,571
Cash Flow Year 11 $75,846 $103,327 -$191,548 $526,9 -$106,452 $256,048
Cash Flow Year 12 $75,334 $101,590 -$157,086 $248,1 -$107,330 $265,904
Cash Flow Year 13 $77,174 $101,916 -$171,914 $620,3 -$105,705 $271,078
Cash Flow Year 14 $79,229 $101,877 -$177,982 $966,3 -$105,073 $266,303
Cash Flow Year 15 $73,767 $102,987 -$175,515 $456,6 -$104,425 $277,021
Cash Flow Year 16 $71,469 $100,859 -$180,414 $8%2,3 -$104,737 $257,439
Cash Flow Year 17 $76,134 $106,580 -$166,059 $388,0 -$106,040 $272,850
Cash Flow Year 18 $76,929 $103,359 -$144,970 $836,1 -$105,621 $270,166
Cash Flow Year 19 $77,378 $103,361 -$130,510 $682,8 -$105,597 $263,458
Cash Flow Year 20 $72,398 $105,060 -$206,138 $8853 -$106,691 $265,124
Cash Flow Year 21 $74,526 $103,778 -$200,517 $242,0 -$103,737 $279,896
Cash Flow Year 22 $77,649 $102,082 -$183,264 $973,4 -$102,949 $269,349
Cash Flow Year 23 $77,136 $103,031 -$133,467 $420,7 -$103,409 $270,751
Cash Flow Year 24 $72,995 $106,650 -$182,570 $519,7 -$106,863 $254,052
Cash Flow Year 25 $72,388 $102,639 -$187,194 $808,3 -$107,223 $267,989
Cash Flow Year 26 $76,513 $102,955 -$170,969 $4852 -$104,991 $260,214
Cash Flow Year 27 $76,815 $101,677 -$130,278 $336,9 -$101,443 $263,514
Cash Flow Year 28 $75,395 $104,469 -$138,565 $894,3 -$104,484 $267,261
Cash Flow Year 29 $75,189 $101,288 -$157,636 $634,2 -$103,426 $254,548
Cash Flow Year 30 $74,699 $102,149 -$170,990 $433,4 -$105,082 $268,849
Cash Flow Year 31 $76,558 $106,150 -$173,596 $886,5 -$107,004 $260,665
Cash Flow Year 32 $73,587 $101,994 -$169,191 $685,4 -$104,670 $259,490
Cash Flow Year 33 $74,088 $106,532 -$182,290 $@39,9 -$105,477 $262,202
Cash Flow Year 34 $79,607 $109,699 -$150,049 $285,7 -$104,728 $277,759
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Mean Standard Deviation Minimum Maximum 5% 95%

Cash Flow Year 35 $74,327 $106,343 -$169,146 $830,8 -$106,938 $271,822

Cash Flow Year 36 $74,211 $101,251 -$145,001 $£80,9 -$106,630 $259,819

Cash Flow Year 37 $73,422 $104,980 -$161,960 $535,8 -$106,008 $268,377

Cash Flow Year 38 $75,817 $108,394 -$158,149 $891,4 -$106,575 $288,045

Cash Flow Year 39 $80,305 $105,801 -$144,615 $285,9 -$102,392 $271,253

Cash Flow Year 40 $79,515 $104,026 -$184,410 $681,0 -$106,450 $268,144
40 Year NPV $828,718 $346,077 -$353,960 $1,861,511 $264,703 $1,402,325
Perpetuity NPV $845,707 $346,840 -$344,533 $1,965,2 $284,070 $1,414,641

Table J.3 — Summary statistics for farm representave of Dark Brown soil zone,

baseline rotation

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $110,723 $88,814 -$121,170 $485,78 -$6,370 $269,222
Cash Flow Year 2 $88,428 $85,460 -$138,477 $460,512 -$22,465 $244,642
Cash Flow Year 3 $87,234 $85,242 -$125,155 $434,413 -$39,438 $233,287
Cash Flow Year 4 $103,113 $86,763 -$127,191 $462,12 -$7,683 $264,278
Cash Flow Year 5 $105,860 $83,718 -$132,157 $484,11 -$10,110 $253,260
Cash Flow Year 6 $100,206 $86,880 -$132,600 $383,22 -$17,145 $256,401
Cash Flow Year 7 $98,373 $89,557 -$139,607 $426,722 -$20,245 $262,776
Cash Flow Year 8 $95,182 $89,293 -$136,922 $528,953 -$27,663 $257,957
Cash Flow Year 9 $99,866 $83,810 -$134,550 $465,581 -$8,124 $248,630
Cash Flow Year 10 $104,555 $85,155 -$141,092 $489,5 -$6,515 $266,915
Cash Flow Year 11 $102,165 $88,249 -$128,679 $422,9 -$17,081 $259,509
Cash Flow Year 12 $102,588 $86,635 -$131,429 $479,3 -$13,858 $271,796
Cash Flow Year 13 $101,784 $86,374 -$173,641 $£683,3  -$5,999 $266,017
Cash Flow Year 14 $101,176 $84,601 -$130,459 $518,0 -$13,748 $256,938
Cash Flow Year 15 $99,679 $83,855 -$129,584 $480,42 -$8,996 $260,125
Cash Flow Year 16 $101,956 $89,348 -$128,567 $8374 -$13,141 $263,267
Cash Flow Year 17 $99,043 $82,751 -$125,833 $484,78 -$10,198 $256,257
Cash Flow Year 18 $99,181 $81,755 -$127,087 $388,99 -$15,967 $241,369
Cash Flow Year 19 $97,427 $80,988 -$123,714 $3%4,11 -$25,103 $247,157
Cash Flow Year 20 $97,972 $92,232 -$148,634 $466,42 -$25,645 $267,137
Cash Flow Year 21 $96,372 $89,517 -$129,394 $482,99 -$42,095 $256,653
Cash Flow Year 22 $102,471 $86,978 -$134,471 $874.8 -$10,539 $265,687
Cash Flow Year 23 $100,599 $84,142 -$130,593 $2435 -$15,449 $256,574
Cash Flow Year 24 $101,931 $87,058 -$131,497 $483,4 -$11,206 $262,132
Cash Flow Year 25 $99,300 $85,594 -$129,305 $475,05 -$22,012 $251,597
Cash Flow Year 26 $99,053 $84,852 -$129,872 $481,85 -$16,715 $255,528
Cash Flow Year 27 $99,253 $84,134 -$117,157 $485,43 -$13,098 $245,146
Cash Flow Year 28 $100,850 $88,520 -$139,423 $885,0 -$16,298 $265,300
Cash Flow Year 29 $98,674 $85,514 -$160,741 $40@9,51 -$13,760 $258,859
Cash Flow Year 30 $99,698 $84,661 -$137,390 $387,00 -$9,623 $261,369
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 31 $99,235 $83,267 -$124,076 $4%1,21 -$11,863 $248,512
Cash Flow Year 32 $97,566 $83,978 -$130,621 $587,44 -$14,723 $248,925
Cash Flow Year 33 $97,829 $85,139 -$126,667 $463,82 -$14,702 $252,218
Cash Flow Year 34 $102,787 $85,952 -$127,449 $4665,2 -$12,557 $259,136
Cash Flow Year 35 $100,156 $90,126 -$137,062 $233,1 -$19,656 $264,957
Cash Flow Year 36 $101,681 $89,419 -$126,045 $480,6 -$18,844 $271,986
Cash Flow Year 37 $96,837 $85,038 -$131,020 $385,35 -$22,473 $258,455
Cash Flow Year 38 $99,254 $88,180 -$135,566 $475,48 -$16,241 $261,900
Cash Flow Year 39 $100,346 $83,691 -$131,618 $857,1 -$8,687 $257,321
Cash Flow Year 40 $102,927 $88,025 -$133,481 $441,7 -$13,000 $263,910
40 Year NPV $1,071,822 $296,870 $114,010 $1,914,299%$565,954 $1,578,931
Perpetuity NPV $1,094,775 $297,373 $134,010 $17/8b,  $582,537 $1,601,431

Table J.4 — Summary statistics for farm representave of Black soil zone, baseline

rotation
Mean Dsé?/gjt?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $268,140 $100,365 $28,899 $763,752 $130,961 $454,868
Cash Flow Year 2 $245,254 $97,432 -$111,323 $600,19 $108,531 $423,696
Cash Flow Year 3 $249,855 $95,929 $44,538 $715,934 $119,570 $429,583
Cash Flow Year 4 $267,546 $97,561 -$113,936 $691,05 $139,002 $445,805
Cash Flow Year 5 $267,201 $94,081 -$110,634 $626,97 $147,158 $445,073
Cash Flow Year 6 $257,011 $94,189 $19,829 $664,078 $129,286 $441,382
Cash Flow Year 7 $252,212 $90,434 -$123,189 $736,72 $125,177 $408,796
Cash Flow Year 8 $255,277 $92,279 -$120,604 $694,13 $125,899 $418,514
Cash Flow Year 9 $265,731 $99,697 -$114,124 $633,50 $130,377 $448,245
Cash Flow Year 10 $266,507 $102,304 $47,728 $779,10 $128,948 $468,448
Cash Flow Year 11 $260,597 $95,711 $25,208 $583,672 $129,525 $447,372
Cash Flow Year 12 $254,255 $95,133 -$133,411 $658,4 $129,909 $424,610
Cash Flow Year 13 $259,531 $98,148 -$110,409 $674,2  $125,239 $449,265
Cash Flow Year 14 $261,378 $94,940 $31,482 $688,418 $131,715 $454,733
Cash Flow Year 15 $258,457 $95,385 $46,750 $651,938 $126,309 $441,800
Cash Flow Year 16 $262,567 $96,489 $46,420 $659,195 $135,922 $444,843
Cash Flow Year 17 $260,116 $96,542 $78,201 $652,687 $133,420 $444,846
Cash Flow Year 18 $257,533 $92,308 $31,131 $682,409 $131,718 $420,800
Cash Flow Year 19 $262,497 $100,571 -$112,971 €389, $132,663 $446,653
Cash Flow Year 20 $260,272 $96,300 -$118,908 $326,6 $131,989 $434,154
Cash Flow Year 21 $260,600 $96,667 -$130,506 $681,9 $134,323 $446,659
Cash Flow Year 22 $257,056 $96,385 -$131,166 $854,6  $123,247 $432,338
Cash Flow Year 23 $253,310 $95,194 -$112,606 $689,7 $125,412 $441,031
Cash Flow Year 24 $261,260 $100,410 -$119,663 $267, $123,951 $460,376
Cash Flow Year 25 $260,756 $97,535 $34,347 $622,035 $125,124 $449,359
Cash Flow Year 26 $258,896 $94,511 $61,342 $642,595 $129,054 $430,542
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 27 $257,262 $99,585 -$118,255 $044,8 $123,579 $435,269
Cash Flow Year 28 $257,013 $97,439 -$118,959 $7128,0 $127,199 $446,415
Cash Flow Year 29 $258,876 $97,420 -$119,011 $692,7 $128,768 $439,012
Cash Flow Year 30 $260,214 $99,160 -$113,242 $207,9 $129,283 $449,597
Cash Flow Year 31 $257,564 $95,608 -$122,046 $@35,0 $132,458 $442,447
Cash Flow Year 32 $262,080 $95,728 $45,181 $795,520 $134,024 $440,882
Cash Flow Year 33 $265,838 $98,064 -$133,099 $@95,8 $137,182 $446,635
Cash Flow Year 34 $255,604 $91,946 -$120,747 $@12,1  $131,721 $428,415
Cash Flow Year 35 $256,287 $98,213 -$116,570 $697,2 $125,054 $453,770
Cash Flow Year 36 $262,378 $100,805 $42,119 $712,64 $132,799 $448,714
Cash Flow Year 37 $262,515 $94,973 -$127,132 $611,7 $131,397 $445,254
Cash Flow Year 38 $262,327 $99,332 -$113,439 $6850 $132,104 $456,079
Cash Flow Year 39 $256,531 $97,347 -$117,373 $B37,0 $126,209 $432,306
Cash Flow Year 40 $258,905 $97,934 -$121,895 $657,6 $125,672 $458,242
40 Year NPV $2,783,703 $329,635 $1,818,676 $3,828,1 $2,274,507 $3,366,369
Perpetuity NPV $2,841,695 $330,860 $1,876,053 T3t $2,339,352  $3,432,523

Table J.5 — Summary statistics for farm representave of Dark Grey soil zone,

baseline rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $229,303 $74,688 $76,495 $586,694 $125,934 $377,967
Cash Flow Year 2 $212,039 $71,872 $48,670 $482,706 $115,754 $347,340
Cash Flow Year 3 $213,041 $72,163 $60,369 $659,547 $116,821 $351,817
Cash Flow Year 4 $227,237 $69,142 $47,754 $498,910 $135,516 $358,193
Cash Flow Year 5 $224,933 $63,896 $26,488 $499,901 $137,530 $349,274
Cash Flow Year 6 $219,818 $66,336 $50,279 $580,393 $134,757 $342,117
Cash Flow Year 7 $215,266 $64,287 $53,144 $478,647 $126,984 $347,056
Cash Flow Year 8 $220,196 $66,758 $72,820 $475,671 $129,954 $353,660
Cash Flow Year 9 $224,363 $68,286 $67,959 $521,186 $132,337 $354,156
Cash Flow Year 10 $224,111 $69,763 $69,368 $552,043 $130,675 $356,574
Cash Flow Year 11 $221,000 $66,623 $60,974 $519,271 $130,516 $342,973
Cash Flow Year 12 $216,721 $66,337 $63,166 $541,546 $128,777 $340,093
Cash Flow Year 13 $220,416 $68,626 $21,813 $563,295 $127,634 $348,820
Cash Flow Year 14 $220,081 $66,498 $53,720 $552,411 $125,409 $343,867
Cash Flow Year 15 $218,818 $66,293 $28,609 $468,793 $129,906 $340,501
Cash Flow Year 16 $221,923 $63,560 $61,654 $481,533 $133,442 $337,495
Cash Flow Year 17 $222,908 $70,442 $76,671 $495,526 $129,851 $361,374
Cash Flow Year 18 $222,856 $69,576 $50,538 $521,020 $129,908 $359,399
Cash Flow Year 19 $221,798 $68,871 $62,524 $547,966 $133,944 $360,445
Cash Flow Year 20 $220,455 $67,998 $62,184 $509,482 $129,755 $354,708
Cash Flow Year 21 $220,726 $64,400 $76,832 $500,230 $128,346 $343,277
Cash Flow Year 22 $220,248 $66,485 $58,882 $456,563 $133,900 $347,879
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 23 $218,950 $67,426 $14,805 $531,444 $129,335 $352,846
Cash Flow Year 24 $222,660 $69,728 $65,323 $595,607 $130,410 $359,325
Cash Flow Year 25 $223,748 $70,127 $68,650 $512,687 $128,934 $363,629
Cash Flow Year 26 $221,615 $67,981 $84,199 $474,346 $131,705 $352,675
Cash Flow Year 27 $220,811 $65,350 $74,582 $488,756 $131,449 $345,408
Cash Flow Year 28 $222,254 $69,286 $65,910 $512,457 $129,398 $361,207
Cash Flow Year 29 $222,785 $67,883 $55,902 $503,402 $133,090 $355,560
Cash Flow Year 30 $221,714 $66,561 $72,037 $635,841 $132,368 $356,475
Cash Flow Year 31 $219,007 $66,341 $71,583 $522,437 $127,443 $343,739
Cash Flow Year 32 $222,063 $68,570 $61,718 $546,262 $131,751 $355,884
Cash Flow Year 33 $223,961 $71,788 $65,259 $511,101 $124,094 $366,908
Cash Flow Year 34 $216,888 $63,318 $79,879 $476,442 $132,488 $343,472
Cash Flow Year 35 $217,169 $69,165 $48,585 $511,975 $129,232 $355,409
Cash Flow Year 36 $221,586 $69,401 $66,715 $540,646 $127,833 $348,962
Cash Flow Year 37 $222,565 $69,173 $52,534 $493,014 $126,798 $353,256
Cash Flow Year 38 $220,337 $69,401 $86,813 $514,956 $127,968 $351,369
Cash Flow Year 39 $220,137 $69,073 $66,971 $496,811 $130,005 $355,750
Cash Flow Year 40 $220,072 $69,802 $71,838 $604,945 $126,806 $354,440
40 Year NPV $2,379,141 $229,095 $1,729,459 $3,566,8 $2,009,232 $2,742,444
Perpetuity NPV $2,419,362 $229,890 $1,743,034 BB $2,042,479  $2,784,193

Table J.6 — Summary statistics for farm representave of Brown soil zone, irrigated
production, baseline rotation with residues (barleydurum wheat, and spring wheat)

removed annually

Mean gé?,?;g%g Minimum Maximum 5% 95%
Cash Flow Year 1 $303,789 $159,407 -$275,411 $889,5  $86,852 $588,092
Cash Flow Year 2 $214,465 $147,841 -$277,948 $861,7 $18,652 $495,567
Cash Flow Year 3 $194,903 $133,233 -$301,522 $839,4  $26,852 $415,100
Cash Flow Year 4 $237,457 $137,730 -$313,067 $2728,9 $63,726 $485,554
Cash Flow Year 5 $271,565 $140,724 -$309,527 $384,1  $99,820 $540,742
Cash Flow Year 6 $265,316 $143,314 -$292,302 $997,0 $81,227 $540,014
Cash Flow Year 7 $253,445 $152,581 -$328,314 $836,2  $66,197 $543,878
Cash Flow Year 8 $251,475 $140,565 -$296,396 $B852,3 $71,951 $524,100
Cash Flow Year 9 $253,685 $138,340 -$322,083 $897,4  $77,333 $509,863
Cash Flow Year 10 $257,112 $138,705 -$300,110 $383, $75,296 $524,399
Cash Flow Year 11 $255,711 $143,086 -$289,888 $830, $67,899 $529,435
Cash Flow Year 12 $246,237 $143,914 -$312,257 $p/1, $61,692 $517,418
Cash Flow Year 13 $247,006 $140,949 -$310,008 $B35, $55,369 $508,478
Cash Flow Year 14 $250,371 $147,093 -$290,313 £94a1, $65,324 $533,758
Cash Flow Year 15 $248,456 $141,953 -$305,115 €806, $67,148 $519,342
Cash Flow Year 16 $252,616 $150,856 -$316,752 8793, $64,411 $545,733
Cash Flow Year 17 $248,665 $140,935 -$306,673 $239, $67,297 $514,565
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 18 $244,512 $140,649 -$300,707 9877, $64,352 $497,266
Cash Flow Year 19 $249,027 $140,873 -$297,861 $337, $66,304 $506,945
Cash Flow Year 20 $247,860 $137,865 -$293,055 $810, $70,971 $495,713
Cash Flow Year 21 $254,717 $152,940 -$304,180 $852, $63,003 $529,281
Cash Flow Year 22 $255,968 $145,354 -$301,058 8749, $69,889 $538,090
Cash Flow Year 23 $254,266 $146,098 -$360,746 $390, $57,312 $526,185
Cash Flow Year 24 $249,973 $143,418 -$332,512 $872, $66,436 $524,201
Cash Flow Year 25 $251,535 $141,794 -$300,390 $9381, $63,084 $506,245
Cash Flow Year 26 $249,974 $141,969 -$291,165 $233, $71,842 $500,538
Cash Flow Year 27 $256,076 $145,238 -$299,074 $834, $73,501 $523,160
Cash Flow Year 28 $250,149 $139,038 -$60,221 $408,3 $69,470 $521,574
Cash Flow Year 29 $248,540 $141,354 -$291,866 $886, $70,532 $519,523
Cash Flow Year 30 $250,952 $141,455 -$298,640 $1463 $64,145 $513,016
Cash Flow Year 31 $256,041 $142,833 -$301,829 $850, $59,225 $506,746
Cash Flow Year 32 $249,752 $147,594 -$302,001 $£241, $61,675 $527,786
Cash Flow Year 33 $249,778 $137,415 -$294,760 $387, $67,301 $520,174
Cash Flow Year 34 $249,092 $141,710 -$300,761 $B21, $63,416 $519,984
Cash Flow Year 35 $243,407 $135,837 -$306,315 $133, $67,260 $494,410
Cash Flow Year 36 $251,570 $150,086 -$295,046 $8a1, $62,137 $538,998
Cash Flow Year 37 $260,295 $142,056 -$289,234 $3808, $72,186 $532,510
Cash Flow Year 38 $250,737 $139,536 -$289,463 3285, $63,152 $516,144
Cash Flow Year 39 $247,200 $143,239 -$293,349 8878, $60,658 $501,975
Cash Flow Year 40 $238,892 $141,474 -$326,072 13844, $54,426 $494,652
40 Year NPV $2,742,025 $425,079 $1,308,585 $4,208,5 $2,044,242  $3,438,943
Perpetuity NPV $2,795,045 $424,532 $1,395,286 238! $2,111,534 $3,495,768

Table J.7 — Summary statistics for farm representave of Brown soil zone, dryland
production, baseline rotation with residues (barleydurum wheat, and spring wheat)

removed annually

Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $112,850 $119,237 -$175,926 $633,6 -$46,250 $334,041
Cash Flow Year 2 $74,816 $107,110 -$165,710 $5B81,56 -$105,904 $264,351
Cash Flow Year 3 $70,857 $101,006 -$158,675 $4B1,09 -$104,066 $257,578
Cash Flow Year 4 $90,171 $99,481 -$177,786 $610,118 -$98,194 $262,213
Cash Flow Year 5 $100,381 $108,610 -$141,938 $809,9 -$100,011 $299,703
Cash Flow Year 6 $94,101 $110,698 -$160,440 $763,09 -$103,199 $293,546
Cash Flow Year 7 $89,002 $105,036 -$175,643 $498,08 -$100,636 $278,316
Cash Flow Year 8 $84,325 $103,237 -$148,972 $515,44 -$105,456 $263,228
Cash Flow Year 9 $90,790 $104,950 -$152,454 $523,48 -$103,034 $280,147
Cash Flow Year 10 $91,060 $102,452 -$206,109 $585,2 -$101,811 $280,484
Cash Flow Year 11 $91,262 $110,671 -$133,322 $666,6 -$103,256 $290,283
Cash Flow Year 12 $95,570 $111,860 -$167,363 $5945,8 -$103,605 $304,459
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 13 $94,837 $107,293 -$155,353 $603,7 -$102,290 $300,044
Cash Flow Year 14 $92,889 $107,010 -$181,576 $560,1 -$102,873 $285,080
Cash Flow Year 15 $89,711 $108,600 -$132,740 $383,1 -$104,445 $281,664
Cash Flow Year 16 $89,086 $107,389 -$175,345 $245,9 -$104,243 $276,577
Cash Flow Year 17 $91,927 $107,284 -$150,807 $030,3 -$100,527 $287,085
Cash Flow Year 18 $93,259 $103,623 -$172,819 $431,8 -$99,538 $277,949
Cash Flow Year 19 $94,305 $105,648 -$164,672 $681,1 -$100,515 $292,737
Cash Flow Year 20 $92,923 $112,377 -$152,500 $808,6 -$104,217 $304,607
Cash Flow Year 21 $88,327 $105,520 -$139,049 $323,8 -$102,041 $286,231
Cash Flow Year 22 $93,152 $106,079 -$162,647 $699,1 -$100,306 $275,774
Cash Flow Year 23 $91,463 $102,851 -$139,533 $B876,4 -$100,208 $283,496
Cash Flow Year 24 $90,214 $104,354 -$146,497 $889,7 -$102,100 $270,801
Cash Flow Year 25 $88,024 $104,919 -$137,973 $991,3 -$104,389 $284,616
Cash Flow Year 26 $87,909 $103,320 -$151,132 $274,7 -$101,421 $282,719
Cash Flow Year 27 $88,834 $104,869 -$134,662 $832,8 -$103,481 $280,425
Cash Flow Year 28 $91,956 $105,969 -$160,700 $232,2 -$102,525 $294,013
Cash Flow Year 29 $92,725 $107,993 -$135,471 $@23,8 -$103,780 $290,230
Cash Flow Year 30 $94,008 $108,199 -$136,157 $7193,7 -$101,978 $290,094
Cash Flow Year 31 $91,979 $108,264 -$163,868 $293,5 -$104,879 $279,047
Cash Flow Year 32 $88,565 $104,772 -$190,993 $621,0 -$104,029 $280,542
Cash Flow Year 33 $89,055 $103,100 -$134,157 $523,6 -$101,849 $277,020
Cash Flow Year 34 $94,248 $105,619 -$161,326 $886,3 -$99,824 $289,639
Cash Flow Year 35 $87,737 $110,613 -$141,052 $582,6 -$104,616 $304,273
Cash Flow Year 36 $90,495 $104,060 -$184,149 $571,4 -$102,043 $279,352
Cash Flow Year 37 $87,258 $104,473 -$137,983 $481,2 -$102,848 $287,666
Cash Flow Year 38 $90,954 $108,193 -$178,832 $186,9 -$102,937 $292,386
Cash Flow Year 39 $92,987 $105,451 -$147,907 $618,9 -$102,001 $277,663
Cash Flow Year 40 $93,183 $109,634 -$173,134 $626,1 -$102,106 $295,653
40 Year NPV $988,197 $354,487 -$153,498 $2,079,334$400,431 $1,576,159
Perpetuity NPV $1,008,116 $355,382 -$134,994 $2862 $425,443 $1,599,518

Table J.8 — Summary statistics for farm representave of Dark Brown soil zone,

baseline rotation with residues (barley and springvheat) removed annually

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $127,794 $96,447 -$129,737 $526,65 $6,118 $314,464
Cash Flow Year 2 $103,031 $90,880 -$126,917 $483,37 -$16,237 $256,909
Cash Flow Year 3 $106,691 $91,333 -$124,352 $528,45 -$15,422 $267,124
Cash Flow Year 4 $118,838 $83,596 -$126,787 $529,95 $9,425 $279,419
Cash Flow Year 5 $124,086 $86,706 -$119,814 $485,00 $10,005 $288,676
Cash Flow Year 6 $119,076 $87,654 -$125,425 $426,93  $878 $280,882
Cash Flow Year 7 $118,611 $91,204 -$132,844 $447,25 -$3,767 $280,110
Cash Flow Year 8 $116,857 $89,336 -$130,942 $430,48 $1,480 $284,046
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 9 $122,705 $84,348 -$114,452 $457,74 $10,185 $280,885
Cash Flow Year 10 $124,099 $89,176 -$129,401 $887,0 $13,068 $285,285
Cash Flow Year 11 $119,787 $86,109 -$127,450 $2105,0 $5,587 $278,425
Cash Flow Year 12 $122,378 $88,384 -$134,270 $4675,8 $7,542 $288,541
Cash Flow Year 13 $119,445 $86,887 -$195,859 $896,2 $7,122 $276,717
Cash Flow Year 14 $120,272 $87,604 -$124,911 $68%4,7 $7,094 $273,642
Cash Flow Year 15 $118,274 $85,609 -$115,555 $063,4 $8,651 $280,785
Cash Flow Year 16 $116,914 $88,376 -$131,167 $438,7 $4,981 $282,175
Cash Flow Year 17 $121,788 $87,506 -$127,709 $236,9 $8,369 $291,038
Cash Flow Year 18 $118,823 $88,236 -$125,199 $889,8 $5,416 $286,722
Cash Flow Year 19 $120,027 $88,036 -$139,208 $542,0 $8,178 $288,531
Cash Flow Year 20 $114,803 $86,432 -$139,407 $501,1 $5,507 $276,983
Cash Flow Year 21 $115,051 $87,056 -$128,801 $980,9 $286 $278,206
Cash Flow Year 22 $119,974 $89,872 -$136,812 $580,0 $2,224 $287,902
Cash Flow Year 23 $120,537 $84,058 -$128,471 $ax2,4  $11,772 $274,661
Cash Flow Year 24 $121,267 $90,540 -$125,166 $507,2 $7,263 $302,617
Cash Flow Year 25 $115,761 $85,816 -$131,487 $889,7 $3,998 $273,363
Cash Flow Year 26 $114,271 $85,241 -$139,252 $588,9 $7,075 $266,016
Cash Flow Year 27 $117,688 $86,728 -$127,429 $530,0 $4,463 $264,051
Cash Flow Year 28 $119,398 $87,555 -$148,818 $504,6 $4,515 $279,003
Cash Flow Year 29 $120,724 $88,329 -$139,805 $587,9 $4,726 $277,164
Cash Flow Year 30 $116,793 $83,338 -$136,050 $533,5 $5,769 $267,633
Cash Flow Year 31 $119,024 $89,845 -$135,644 $883,2 $4,341 $290,128
Cash Flow Year 32 $117,932 $90,074 -$132,233 $850,2  -$2,987 $268,635
Cash Flow Year 33 $117,449 $87,822 -$128,791 $467,4 $3,208 $273,030
Cash Flow Year 34 $121,124 $87,609 -$131,905 $450,0  $3,549 $275,807
Cash Flow Year 35 $118,400 $88,570 -$133,885 $890,0 $4,951 $283,158
Cash Flow Year 36 $119,407 $85,279 -$142,401 $407,0  $8,018 $274,240
Cash Flow Year 37 $114,459 $82,500 -$129,662 $4058,8 $127 $257,035
Cash Flow Year 38 $116,895 $83,698 -$121,448 $2483,8 $4,431 $267,723
Cash Flow Year 39 $121,819 $90,512 -$171,384 $494.4 $5,701 $284,024
Cash Flow Year 40 $118,773 $89,364 -$129,609 $258,8 $2,911 $279,715

40 Year NPV $1,271,121 $302,509 $305,313 $2,065,753$735,332 $1,748,660
Perpetuity NPV $1,297,274 $303,678 $340,269 $237,  $765,143 $1,782,434

Table J.9 — Summary statistics for farm representave of Black soil zone, baseline
rotation with residues (barley and spring wheat) renoved annually

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $287,824 $110,230 -$120,563 $780,9 $139,907 $494,869
Cash Flow Year 2 $260,227 $100,713 $7,309 $712,130 $124,401 $440,330
Cash Flow Year 3 $268,966 $103,255 $55,123 $665,820 $121,864 $461,718
Cash Flow Year 4 $290,323 $100,509 -$118,292 $685,6 $149,884 $478,533
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $297,216 $99,863 -$119,283 $681,75 $164,676 $498,123
Cash Flow Year 6 $284,576 $94,628 $58,884 $594,460 $157,133 $467,513
Cash Flow Year 7 $278,410 $96,311 $29,212 $691,376 $144,050 $469,709
Cash Flow Year 8 $284,275 $99,256 -$114,823 $632,73 $146,635 $480,671
Cash Flow Year 9 $293,171 $101,439 -$140,447 $871,4 $154,840 $480,976
Cash Flow Year 10 $286,957 $102,012 -$115,303 8147, $152,782 $475,152
Cash Flow Year 11 $282,556 $95,492 $54,417 $634,385 $150,975 $467,069
Cash Flow Year 12 $285,137 $97,736 -$115,452 $641,3 $148,352 $464,043
Cash Flow Year 13 $286,820 $96,755 -$111,376 $@91,1 $163,032 $464,915
Cash Flow Year 14 $284,659 $94,625 $59,423 $732,858 $156,526 $458,768
Cash Flow Year 15 $281,452 $94,137 $38,245 $636,538 $149,298 $461,255
Cash Flow Year 16 $286,577 $98,106 $30,018 $647,998 $153,794 $485,737
Cash Flow Year 17 $288,285 $97,606 $59,542 $647,368 $158,294 $467,655
Cash Flow Year 18 $286,388 $101,082 -$113,077 €557, $147,843 $476,487
Cash Flow Year 19 $286,089 $99,301 -$127,666 $636,7 $151,036 $481,996
Cash Flow Year 20 $280,809 $94,657 -$120,358 $063,5 $152,378 $454,882
Cash Flow Year 21 $289,569 $95,678 -$110,167 $a87,8  $158,280 $469,806
Cash Flow Year 22 $286,380 $99,906 -$116,057 $@20,2  $155,669 $471,724
Cash Flow Year 23 $281,719 $95,123 $65,924 $769,252 $145,427 $456,544
Cash Flow Year 24 $284,412 $95,474 $70,738 $658,440 $151,135 $461,781
Cash Flow Year 25 $285,519 $99,734 $55,637 $699,499 $151,223 $481,408
Cash Flow Year 26 $285,893 $97,204 -$113,743 $642,3 $149,862 $459,199
Cash Flow Year 27 $284,400 $98,391 $70,502 $783,020 $147,027 $471,382
Cash Flow Year 28 $287,905 $100,056 $18,924 $695,87 $152,378 $476,848
Cash Flow Year 29 $284,676 $94,501 $38,077 $724,467 $152,017 $456,083
Cash Flow Year 30 $287,337 $98,572 $73,025 $754,011 $154,283 $462,513
Cash Flow Year 31 $284,618 $93,789 $56,923 $757,128 $156,032 $463,103
Cash Flow Year 32 $284,352 $95,182 $62,832 $720,013 $158,521 $460,483
Cash Flow Year 33 $288,205 $96,376 -$113,870 $B85,4  $157,907 $466,436
Cash Flow Year 34 $288,486 $97,377 -$110,376 $831,6 $158,130 $466,875
Cash Flow Year 35 $288,403 $101,967 -$119,399 8257, $151,278 $474,142
Cash Flow Year 36 $283,555 $95,293 $71,496 $698,487 $153,743 $474,265
Cash Flow Year 37 $280,857 $95,269 -$114,272 $6881,0 $148,886 $469,070
Cash Flow Year 38 $286,850 $94,123 -$120,627 $@67,6 $157,091 $464.,674
Cash Flow Year 39 $285,632 $97,053 -$112,311 $@41,5 $155,965 $475,732
Cash Flow Year 40 $287,078 $100,758 $66,048 $788,34 $156,417 $487,707
40 Year NPV $3,047,550 $356,872 $1,975,383 $4,49%,6 $2,496,062 $3,635,871
Perpetuity NPV $3,110,800 $358,131 $2,031,078 $6ED $2,570,998  $3,706,115
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Table J.10 — Summary statistics for farm representi#we of Dark Grey soil zone,

baseline rotation with residues (barley and springvheat) removed annually

Mean S;i?{g?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $244,693 $77,755 $92,501 $593,844 $142,136 $398,597
Cash Flow Year 2 $223,619 $71,774 $66,566 $532,136 $123,548 $358,569
Cash Flow Year 3 $227,934 $72,012 $59,841 $504,717 $129,955 $363,417
Cash Flow Year 4 $243,862 $70,658 $88,306 $570,774 $151,078 $376,287
Cash Flow Year 5 $249,586 $68,080 $89,845 $548,063 $151,305 $382,280
Cash Flow Year 6 $241,080 $66,223 $96,485 $538,996 $153,210 $370,077
Cash Flow Year 7 $237,369 $65,976 $79,574 $562,004 $147,378 $354,727
Cash Flow Year 8 $241,329 $71,885 $74,696 $558,941 $146,276 $383,138
Cash Flow Year 9 $243,347 $71,655 $57,199 $548,265 $148,506 $383,356
Cash Flow Year 10 $241,864 $67,727 $91,390 $500,230 $146,919 $368,192
Cash Flow Year 11 $239,699 $65,758 $98,944 $501,382 $148,789 $368,230
Cash Flow Year 12 $238,034 $66,844 $91,802 $556,338 $145,440 $364,722
Cash Flow Year 13 $242,773 $71,191 $96,932 $586,480 $147,058 $385,083
Cash Flow Year 14 $240,540 $68,414 $78,897 $516,465 $146,974 $372,865
Cash Flow Year 15 $237,684 $66,968 $87,149 $563,666 $143,343 $366,169
Cash Flow Year 16 $242,284 $72,150 $75,709 $551,984 $148,468 $383,636
Cash Flow Year 17 $243,229 $70,845 $104,106 $497,28 $147,758 $391,682
Cash Flow Year 18 $244,837 $72,572 $79,702 $612,907 $148,262 $388,950
Cash Flow Year 19 $241,693 $69,116 $91,671 $564,627 $147,301 $364,197
Cash Flow Year 20 $238,994 $66,795 $70,999 $576,591 $152,143 $369,645
Cash Flow Year 21 $242,731 $68,009 $77,864 $578,238 $149,542 $366,738
Cash Flow Year 22 $242,797 $69,585 $82,448 $560,340 $145,945 $374,073
Cash Flow Year 23 $241,829 $69,880 $93,700 $618,842 $149,257 $373,623
Cash Flow Year 24 $240,396 $67,569 $45,816 $525,135 $145,916 $364,405
Cash Flow Year 25 $242,707 $69,040 $82,546 $514,210 $146,175 $372,586
Cash Flow Year 26 $243,889 $68,702 $88,075 $514,623 $151,359 $371,498
Cash Flow Year 27 $242,954 $69,751 $83,949 $518,852 $148,010 $373,683
Cash Flow Year 28 $242,885 $69,892 $80,478 $559,198 $146,578 $379,971
Cash Flow Year 29 $245,926 $70,293 $72,317 $544,929 $153,369 $385,309
Cash Flow Year 30 $243,694 $70,324 $107,036 $638,82 $150,776 $378,569
Cash Flow Year 31 $238,480 $65,391 $90,119 $562,700 $148,427 $365,552
Cash Flow Year 32 $241,116 $69,321 $85,200 $548,840 $147,043 $375,002
Cash Flow Year 33 $242,168 $70,776 $79,240 $682,227 $144,310 $373,431
Cash Flow Year 34 $243,938 $67,449 $67,800 $519,575 $151,745 $363,644
Cash Flow Year 35 $243,470 $68,325 $88,472 $540,577 $148,192 $375,528
Cash Flow Year 36 $241,201 $68,840 $63,287 $524,600 $146,942 $375,150
Cash Flow Year 37 $240,757 $69,570 $66,438 $532,751 $146,766 $374,020
Cash Flow Year 38 $239,505 $65,287 $78,833 $511,116 $148,602 $358,393
Cash Flow Year 39 $244,292 $69,609 $83,848 $551,388 $150,403 $372,547
Cash Flow Year 40 $245,061 $71,723 $98,727 $566,377 $152,238 $388,307
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Standard

Mean Deviation Minimum Maximum 5% 95%
40 Year NPV $2,585,719 $237,750 $1,900,969  $3,885,7 $2,190,719  $2,968,177
Perpetuity NPV $2,630,588 $239,017 $1,933,697  €3M8B  $2,244,886  $3,018,088
Table J.11 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, alfalfa hay rotation
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $209,379 $108,696 -$290,652 $980,8  $48,917 $413,386
Cash Flow Year 2 $177,120 $115,229 -$92,662 $664,59 $21,044 $401,632
Cash Flow Year 3 $195,980 $117,852 -$133,664 $683,2  $33,834 $411,928
Cash Flow Year 4 $259,559 $125,586 -$27,870 $710,11 $90,837 $499,685
Cash Flow Year 5 $280,807 $123,050 $13,811 $700,977 $115,258  $513,383
Cash Flow Year 6 $275,582 $122,214 $954 $793,441 09389  $502,362
Cash Flow Year 7 $270,649 $117,331 -$11,879 $70896 $116,032  $492,344
Cash Flow Year 8 $270,724 $112,823 $46,492 $756,517 $116,125  $493,805
Cash Flow Year 9 $283,155 $116,425 -$286,060 $AR3 $132,846  $502,988
Cash Flow Year 10 $287,458 $109,734 $31,971 $791,88 $135380  $493,191
Cash Flow Year 11 $280,203 $105,949 $24,741 $781,95 $133,676  $476,541
Cash Flow Year 12 $276,533 $110,708 $33,038 $792,93 $124,986  $486,875
Cash Flow Year 13 $279,216 $108,309 $26,741 $635,48 $133,746  $495,725
Cash Flow Year 14 $278,466 $104,483 $18,548 $780,06 $136,929  $473,900
Cash Flow Year 15 $276,250 $106,032 $21,914 $683,06 $130,022  $479,545
Cash Flow Year 16 $273,892 $112,418 $43,993 $857,54 $122,602  $483,387
Cash Flow Year 17 $274,001 $106,953 $22,985 $703,27 $132,482  $483,142
Cash Flow Year 18 $279,024 $104,463 -$1,408 $68554 $137,711  $470,727
Cash Flow Year 19 $283,505 $112,218 $13,149 $739,06 $130,984  $496,126
Cash Flow Year 20 $277,601 $113,341 -$279,969 $B85, $131566  $482,033
Cash Flow Year 21 $272,592 $110,674 -$7,432 $83891 $122357  $478,878
Cash Flow Year 22 $276,355 $111,835 $37,875 $784,65 $129,934  $489,723
Cash Flow Year 23 $277,691 $109,525 $52,322 $723,16 $132,524  $473,054
Cash Flow Year 24 $286,079 $116,993 $47,312 $875,46 $131,541  $504,638
Cash Flow Year 25 $281,041 $107,597 $20,668 $725,83 $131,992  $485,634
Cash Flow Year 26 $283,025 $113,479 $25,209 $789,80 $130,378  $504,191
Cash Flow Year 27 $280,902 $108,679 $47,440 $734,17 $130,103  $495,264
Cash Flow Year 28 $278,976 $107,272 -$22,922 $837,6 $132,955  $489,079
Cash Flow Year 29 $281,739 $114,023 $25,215 $839,26 $132,723  $507,653
Cash Flow Year 30 $277,683 $107,907 $32,734 $72351 $130,135  $485,887
Cash Flow Year 31 $276,779 $109,015 $19,886 $871,42 $127,030  $479,500
Cash Flow Year 32 $280,305 $107,719 $54,723 $690,65 $127,777  $483,016
Cash Flow Year 33 $286,688 $114,817 $33,711 $893,45 $135095  $508,553
Cash Flow Year 34 $282,626 $111,457 $19,622 $780,35 $126,090  $497,150
Cash Flow Year 35 $277,801 $111,778 $45,634 $70398 $129,465  $488,151
Cash Flow Year 36 $276,296 $103,966 $38,545 $653,38 $128,290  $476,139
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $281,922 $114,111 $29,119 $723,28 $129,581 $507,635
Cash Flow Year 38 $275,104 $107,171 -$274,773 €135, $124,557 $469,998
Cash Flow Year 39 $282,002 $113,091 $10,722 $853,49 $130,983 $509,796
Cash Flow Year 40 $279,596 $111,652 $2,334 $743,646 $131,581 $493,342
40 Year NPV $2,761,479 $358,795 $1,549,478 $4,088,1 $2,186,785 $3,354,831
Perpetuity NPV $2,814,897 $359,244 $1,602,837 wHanp $2,239,055  $3,394,284

Table J.12 — Summary statistics for farm representae of Dark Brown soil zone,

alfalfa hay rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $107,296 $61,171 -$71,334 $313,479 $22,356 $214,909
Cash Flow Year 2 $117,938 $68,085 -$57,950 $387,392 $16,772 $234,609
Cash Flow Year 3 $154,424 $72,403 -$7,409 $370,419 $49,676 $279,928
Cash Flow Year 4 $186,344 $78,352 $12,442 $464,454 $75,443 $327,350
Cash Flow Year 5 $193,226 $73,441 $32,763 $472,763 $89,094 $322,949
Cash Flow Year 6 $193,035 $66,745 $41,245 $407,907 $98,620 $313,375
Cash Flow Year 7 $197,184 $62,917 $29,699 $452,649 $109,938 $315,139
Cash Flow Year 8 $200,960 $60,694 $69,759 $445,021 $113,340 $318,540
Cash Flow Year 9 $203,693 $57,017 $33,767 $499,224 $122,784 $308,697
Cash Flow Year 10 $206,746 $60,290 $79,265 $433,473 $120,701 $317,694
Cash Flow Year 11 $206,673 $62,072 $60,865 $444,287 $122,182 $319,898
Cash Flow Year 12 $204,883 $58,653 $41,041 $430,134 $122,063 $315,373
Cash Flow Year 13 $204,579 $61,109 $52,381 $453,360 $121,653 $326,981
Cash Flow Year 14 $204,393 $57,606 $66,323 $452,485 $120,143 $310,448
Cash Flow Year 15 $204,377 $58,716 $71,343 $436,393 $123,058 $316,821
Cash Flow Year 16 $207,131 $61,656 $67,398 $467,355 $121,321 $323,242
Cash Flow Year 17 $202,573 $57,672 $59,760 $461,368 $119,162 $304,039
Cash Flow Year 18 $204,861 $56,756 $71,124 $424,379 $119,199 $306,902
Cash Flow Year 19 $202,492 $57,770 $55,884 $490,960 $120,249 $315,377
Cash Flow Year 20 $203,862 $59,851 $45,134 $503,789 $122,274 $312,063
Cash Flow Year 21 $204,990 $61,027 $49,339 $412,956 $119,422 $321,478
Cash Flow Year 22 $206,726 $62,290 $47,073 $472,468 $122,920 $323,664
Cash Flow Year 23 $206,481 $60,493 $80,140 $431,256 $120,783 $323,475
Cash Flow Year 24 $208,400 $61,967 $65,174 $484,706 $121,086 $329,819
Cash Flow Year 25 $206,682 $59,532 $56,408 $455,915 $123,108 $313,582
Cash Flow Year 26 $204,903 $57,475 $84,576 $455,730 $122,775 $315,706
Cash Flow Year 27 $203,662 $58,311 $73,867 $455,113 $122,339 $310,791
Cash Flow Year 28 $205,408 $60,840 $45,158 $519,554 $123,620 $317,671
Cash Flow Year 29 $203,386 $58,349 $79,343 $424,885 $122,433 $315,617
Cash Flow Year 30 $205,238 $59,780 $76,338 $413,895 $121,515 $312,792
Cash Flow Year 31 $204,297 $57,462 $69,502 $381,241 $117,245 $313,343
Cash Flow Year 32 $202,106 $58,534 $73,791 $477,742 $120,301 $309,422
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 33 $204,483 $59,918 $50,109 $429,593 $119,279 $315,457
Cash Flow Year 34 $209,585 $60,118 $65,531 $451,736 $124,618 $319,237
Cash Flow Year 35 $205,838 $60,203 $62,060 $514,584 $121,164 $322,003
Cash Flow Year 36 $207,034 $60,750 $52,467 $452,694 $124,909 $325,904
Cash Flow Year 37 $204,349 $58,656 $73,656 $475,119 $120,621 $314,089
Cash Flow Year 38 $206,388 $59,209 $64,474 $429,315 $119,145 $317,087
Cash Flow Year 39 $206,549 $58,409 $65,183 $445,684 $128,000 $316,411
Cash Flow Year 40 $207,909 $59,423 $50,196 $413,319 $124,699 $320,346
40 Year NPV $1,871,163 $221,059 $1,078,574 $2,%88,8 $1,513,050 $2,228,685
Perpetuity NPV $1,917,264 $221,454 $1,121,644 B5ED $1,561,515  $2,278,478

Table J.13 — Summary statistics for farm representae of Black soil zone, alfalfa

hay rotation

Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $219,934 $60,713 $43,516 $503,875 $120,527 $318,874
Cash Flow Year 2 $216,179 $69,909 $48,615 $479,704 $112,396 $345,810
Cash Flow Year 3 $293,021 $76,752 $106,431 $573,468 $178,156 $425,676
Cash Flow Year 4 $323,776 $80,503 $117,581 $614,857 $204,970 $461,645
Cash Flow Year 5 $322,773 $75,811 $121,918 $580,334 $208,630 $457,386
Cash Flow Year 6 $317,425 $71,377 $150,360 $604,288 $218,452 $449,967
Cash Flow Year 7 $323,632 $63,141 $181,667 $599,994 $233,524 $444,731
Cash Flow Year 8 $332,747 $58,890 $202,582 $589,275 $248,368 $448,926
Cash Flow Year 9 $341,585 $63,121 $196,273 $565,655 $251,904 $465,594
Cash Flow Year 10 $342,371 $61,602 $207,766 $582,57 $256,126 $455,730
Cash Flow Year 11 $336,351 $59,384 $201,853 $598,75 $252,172 $445,509
Cash Flow Year 12 $333,463 $58,281 $162,477 $580,77 $251,755 $440,479
Cash Flow Year 13 $335,186 $60,028 $193,971 $5582,94 $248,998 $451,780
Cash Flow Year 14 $336,859 $59,992 $169,584 $581,05 $251,557 $445,573
Cash Flow Year 15 $337,462 $62,841 $166,201 $580,25 $248,141 $457,403
Cash Flow Year 16 $338,560 $60,553 $187,398 $543,49 $256,977 $450,376
Cash Flow Year 17 $337,900 $61,456 $198,920 $588,52 $254,006 $459,009
Cash Flow Year 18 $335,061 $58,525 $196,022 $506,18 $253,255 $444,989
Cash Flow Year 19 $338,482 $60,263 $190,274 $679,35 $253,493 $454,950
Cash Flow Year 20 $337,689 $59,603 $189,142 $6061,24 $252,863 $447,936
Cash Flow Year 21 $337,347 $60,380 $187,122 $530,18 $251,973 $450,045
Cash Flow Year 22 $335,242 $59,191 $195,128 $533,84 $250,989 $449,996
Cash Flow Year 23 $333,716 $58,712 $183,261 $532,93 $249,889 $443,035
Cash Flow Year 24 $337,685 $62,243 $166,033 $526,54 $251,531 $457,898
Cash Flow Year 25 $336,744 $60,328 $192,646 $620,25 $254,150 $453,776
Cash Flow Year 26 $336,738 $60,650 $171,152 $588,44 $253,752 $451,765
Cash Flow Year 27 $335,950 $60,657 $188,226 $625,48 $249,983 $443,867
Cash Flow Year 28 $334,622 $59,606 $171,221 $520,94 $247,922 $447,626
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 29 $338,268 $61,177 $172,774 $560,73 $254,007 $453,670
Cash Flow Year 30 $337,973 $61,990 $192,436 $5%9,53 $251,639 $452,361
Cash Flow Year 31 $336,016 $61,073 $192,718 $593,31 $255,613 $450,116
Cash Flow Year 32 $339,125 $61,458 $202,209 $689,60 $254,686 $458,253
Cash Flow Year 33 $339,982 $60,946 $213,191 $580,83 $260,441 $459,686
Cash Flow Year 34 $333,895 $54,594 $203,913 $561,11 $253,690 $429,279
Cash Flow Year 35 $332,796 $59,132 $189,362 $5@8,36 $252,767 $442,226
Cash Flow Year 36 $338,111 $63,921 $191,618 $597,70 $249,839 $463,241
Cash Flow Year 37 $341,716 $64,204 $186,229 $607,84 $256,604 $460,537
Cash Flow Year 38 $339,202 $61,405 $178,381 $624,36 $255,182 $455,699
Cash Flow Year 39 $337,611 $61,571 $173,587 $633,88 $249,454 $456,217
Cash Flow Year 40 $336,251 $61,099 $171,796 $626,01 $249,291 $450,648
40 Year NPV $3,270,135 $235,852 $2,624,569 $4,538,8 $2,879,125 $3,677,006
Perpetuity NPV $3,336,329 $236,190 $2,687,196 TN $2,939,483  $3,749,858

Table J.14 — Summary statistics for farm representiéve of Dark Grey soil zone,

alfalfa hay rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $184,084 $41,466 $69,195 $425,859 $118,121 $255,940
Cash Flow Year 2 $177,653 $47,439 $47,458 $374,283 $108,124 $267,873
Cash Flow Year 3 $232,890 $58,291 $102,477 $483,133 $146,382 $335,348
Cash Flow Year 4 $257,021 $58,067 $108,514 $470,441 $173,710 $357,630
Cash Flow Year 5 $254,904 $53,751 $130,908 $427,682 $174,761 $351,260
Cash Flow Year 6 $249,907 $52,835 $132,547 $439,919 $176,399 $348,312
Cash Flow Year 7 $256,383 $46,872 $149,689 $460,003 $191,554 $339,403
Cash Flow Year 8 $263,951 $45,004 $160,733 $445,404 $200,665 $349,847
Cash Flow Year 9 $269,236 $44,850 $154,491 $422,552 $209,067 $352,544
Cash Flow Year 10 $268,317 $44,700 $161,037 $461,36 $206,136 $348,369
Cash Flow Year 11 $265,697 $43,520 $144,264 $467,81 $203,553 $350,186
Cash Flow Year 12 $262,649 $42,556 $153,181 $449,96 $204,228 $339,952
Cash Flow Year 13 $264,883 $43,334 $158,133 $429,40 $202,354 $343,897
Cash Flow Year 14 $264,127 $43,578 $139,808 $434,34 $203,718 $348,866
Cash Flow Year 15 $266,292 $46,029 $137,174 $413,79 $203,497 $354,798
Cash Flow Year 16 $265,718 $44,155 $150,954 $486,50 $204,944 $348,456
Cash Flow Year 17 $267,390 $46,736 $152,758 $408,12 $201,757 $355,216
Cash Flow Year 18 $266,529 $45,102 $141,586 $462,01 $206,907 $354,035
Cash Flow Year 19 $266,447 $43,580 $166,707 $487,33 $204,270 $346,672
Cash Flow Year 20 $266,339 $45,013 $168,051 $431,03 $204,006 $348,242
Cash Flow Year 21 $265,739 $42,645 $168,552 $447,12 $201,811 $344,091
Cash Flow Year 22 $265,286 $43,897 $168,388 $4680,70 $204,369 $350,459
Cash Flow Year 23 $263,518 $42,187 $105,001 $484,37 $203,923 $340,746
Cash Flow Year 24 $267,049 $44,473 $156,696 $439,83 $206,465 $348,474
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $268,174 $45,173 $166,972 $476,89 $205,726 $350,395
Cash Flow Year 26 $266,798 $44,216 $145,641 $485,16 $206,947 $348,835
Cash Flow Year 27 $265,672 $43,356 $155,886 $428,86 $204,191 $343,263
Cash Flow Year 28 $266,144 $42,329 $167,071 $434,92 $204,753 $341,438
Cash Flow Year 29 $268,156 $43,534 $175,287 $4539,06 $206,330 $349,173
Cash Flow Year 30 $267,340 $44,566 $177,065 $430,80 $204,078 $349,953
Cash Flow Year 31 $265,306 $43,633 $165,502 $446,94 $205,268 $349,333
Cash Flow Year 32 $267,570 $44,248 $155,841 $477,54 $206,475 $350,863
Cash Flow Year 33 $268,796 $45,726 $141,880 $480,03 $206,897 $359,336
Cash Flow Year 34 $263,997 $41,051 $156,728 $467,64 $203,756 $341,101
Cash Flow Year 35 $262,157 $43,723 $157,820 $489,21 $201,883 $343,191
Cash Flow Year 36 $267,618 $45,938 $144,499 $436,49 $204,512 $354,357
Cash Flow Year 37 $269,230 $46,376 $169,397 $483,12 $204,161 $355,791
Cash Flow Year 38 $267,102 $45,229 $167,725 $492,41 $204,155 $351,828
Cash Flow Year 39 $265,740 $44,789 $173,614 $448,96 $205,339 $352,733
Cash Flow Year 40 $265,872 $45,086 $149,948 $5@2,02 $207,923 $349,502
40 Year NPV $2,621,606 $170,027 $2,123,899 $3, 02,6 $2,345,791 $2,900,953
Perpetuity NPV $2,668,590 $170,301 $2,166,960 Rigieisey $2,387,768  $2,946,487

Table J.15 — Summary statistics for farm representae of Brown soil zone, dryland
production, field pea rotation

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $133,382 $118,298 -$169,202 $6884,2 -$16,379 $355,747
Cash Flow Year 2 $111,101 $116,603 -$123,783 $621,1 -$39,792 $342,248
Cash Flow Year 3 $111,364 $114,425 -$150,189 $834,5 -$42,106 $328,969
Cash Flow Year 4 $127,337 $103,316 -$123,869 $509,6 $141 $330,447
Cash Flow Year 5 $138,234 $111,990 -$129,124 $@46,3 $4,791 $351,483
Cash Flow Year 6 $136,352 $110,212 -$117,423 $032,3 -$347 $354,301
Cash Flow Year 7 $135,907 $108,297 -$120,702 $627,5 $822 $342,725
Cash Flow Year 8 $133,348 $105,221 -$122,522 $667,6 -$1,734 $337,716
Cash Flow Year 9 $140,222 $111,195 -$118,762 $684,4 $6,697 $360,927
Cash Flow Year 10 $136,605 $103,589 -$130,154 $183, $7,452 $324,886
Cash Flow Year 11 $135,661 $106,985 -$175,425 3624, -$242 $335,278
Cash Flow Year 12 $133,506 $107,455 -$150,303 $611, -$9,072 $342,454
Cash Flow Year 13 $135,396 $105,757 -$130,438 $631, $3,585 $336,233
Cash Flow Year 14 $136,783 $107,799 -$127,634 $@46, $511 $344,814
Cash Flow Year 15 $132,217 $107,200 -$120,886 8346, -$842 $340,289
Cash Flow Year 16 $129,808 $104,561 -$127,310 $610, -$5,454 $330,385
Cash Flow Year 17 $134,786 $109,752 -$122,616 8673, -$1,588 $347,113
Cash Flow Year 18 $136,424 $110,182 -$125,890 $686, -$235 $346,554
Cash Flow Year 19 $136,086 $108,203 -$126,492 8027, -$5,753 $340,023
Cash Flow Year 20 $132,162 $108,351 -$117,802 $6568, -$7,882 $328,681
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 21 $133,587 $106,962 -$140,079 8324, $2,597 $346,176
Cash Flow Year 22 $136,421 $106,849 -$131,778 $663, $3,426 $331,456
Cash Flow Year 23 $136,033 $105,187 -$125,889 $933, $4,809 $334,507
Cash Flow Year 24 $134,215 $109,680 -$157,035 $637, -$1,050 $334,210
Cash Flow Year 25 $131,495 $106,022 -$128,687 $B37, $3,862 $340,790
Cash Flow Year 26 $137,890 $105,400 -$123,414 $2862, $4,071 $331,810
Cash Flow Year 27 $136,564 $104,750 -$123,036 1686, $6,284 $331,896
Cash Flow Year 28 $136,604 $106,598 -$133,059 $6E6, $1,649 $329,769
Cash Flow Year 29 $131,659 $105,356 -$120,616 4630, -$4,320 $332,122
Cash Flow Year 30 $134,533 $105,843 -$158,283 $361, $7,044 $340,876
Cash Flow Year 31 $135,909 $108,701 -$119,372 4320, $673 $330,841
Cash Flow Year 32 $132,593 $106,538 -$125,253 $359, -$3,637 $330,274
Cash Flow Year 33 $134,844 $110,807 -$117,368 $084, -$6,251 $334,641
Cash Flow Year 34 $139,927 $113,651 -$116,860 $629, $1,315 $355,402
Cash Flow Year 35 $132,406 $110,100 -$137,056 $584, -$6,590 $342,977
Cash Flow Year 36 $133,545 $105,931 -$129,694 $696, -$2,333 $331,138
Cash Flow Year 37 $133,430 $108,699 -$120,805 $610, -$667 $337,681
Cash Flow Year 38 $137,064 $113,453 -$123,439 $az7, -$8,578 $352,218
Cash Flow Year 39 $140,400 $108,827 -$123,682 $615, $9,498 $348,557
Cash Flow Year 40 $137,782 $109,025 -$124,836 $863, $4,346 $343,925

40 Year NPV $1,364,216 $343,856 $332,060 $2,388,372$801,244 $1,921,252
Perpetuity NPV $1,394,374 $344,382 $342,836 $2)806, $839,234 $1,950,569

Table J.16 — Summary statistics for farm representae of Dark Brown soil zone,

field pea rotation

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $134,570 $96,955 -$116,955 $497,35 $10,482 $305,485
Cash Flow Year 2 $114,694 $93,298 -$126,530 $580,37 -$4,130 $286,687
Cash Flow Year 3 $117,914 $91,256 -$119,870 $497,57 -$2,791 $279,586
Cash Flow Year 4 $138,315 $94,109 -$119,626 $582,26  $22,621 $316,027
Cash Flow Year 5 $145,012 $89,189 -$121,582 $589,73 $29,828 $318,135
Cash Flow Year 6 $140,525 $89,432 -$126,794 $582,27 $29,386 $310,091
Cash Flow Year 7 $138,540 $92,325 -$129,141 $583,40 $23,674 $310,518
Cash Flow Year 8 $135,580 $89,907 -$126,077 $649,00 $21,421 $303,452
Cash Flow Year 9 $140,224 $87,490 -$120,009 $529,84 $31,160 $304,438
Cash Flow Year 10 $143,892 $89,834 -$129,318 $420,4  $33,717 $319,385
Cash Flow Year 11 $142,868 $91,837 -$124,926 $283,3  $28,831 $311,811
Cash Flow Year 12 $140,728 $89,685 -$122,059 $635,9  $30,705 $310,677
Cash Flow Year 13 $142,199 $91,525 -$133,286 $561,7  $29,950 $324,157
Cash Flow Year 14 $141,477 $89,204 -$122,136 $486,0 $27,379 $310,749
Cash Flow Year 15 $140,808 $89,281 -$129,767 $a84,3  $27,383 $313,666
Cash Flow Year 16 $141,851 $93,553 -$125,011 $562,8  $22,988 $315,350
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 17 $138,535 $83,598 -$114,026 $201,8 $27,413 $297,160
Cash Flow Year 18 $139,708 $86,346 -$123,511 $824,6  $24,523 $304,058
Cash Flow Year 19 $137,617 $82,995 -$118,582 $484,6  $29,000 $294,238
Cash Flow Year 20 $139,672 $95,675 -$128,061 $624,8  $26,210 $322,277
Cash Flow Year 21 $137,098 $90,077 -$122,019 $4623,4  $21,738 $314,513
Cash Flow Year 22 $141,850 $92,714 -$130,620 $884,5 $25,119 $320,686
Cash Flow Year 23 $140,964 $88,053 -$117,862 $@B9,3  $28,784 $302,026
Cash Flow Year 24 $142,157 $90,351 -$118,506 $379,8  $30,356 $312,268
Cash Flow Year 25 $140,955 $87,825 -$124,801 $661,9 $28,817 $307,507
Cash Flow Year 26 $139,581 $88,860 -$119,940 $886,3  $26,142 $309,530
Cash Flow Year 27 $140,708 $87,849 -$113,098 $600,0 $27,987 $302,940
Cash Flow Year 28 $142,614 $90,665 -$118,266 $823,5 $27,385 $313,857
Cash Flow Year 29 $138,306 $86,124 -$131,508 $301,5 $29,017 $303,763
Cash Flow Year 30 $141,692 $87,827 -$126,188 $426,1  $35,130 $316,959
Cash Flow Year 31 $140,010 $85,994 -$120,109 $689,3  $29,066 $300,844
Cash Flow Year 32 $139,250 $85,589 -$121,344 $535,8  $30,470 $300,823
Cash Flow Year 33 $139,012 $89,510 -$118,931 $910,3  $29,889 $308,087
Cash Flow Year 34 $143,455 $89,187 -$117,317 $3%6,4  $28,803 $308,938
Cash Flow Year 35 $140,256 $93,678 -$122,025 $983,3  $27,069 $318,597
Cash Flow Year 36 $143,915 $91,740 -$120,705 $490,3  $26,804 $324,693
Cash Flow Year 37 $136,836 $87,536 -$126,882 $483,1 $22,350 $311,675
Cash Flow Year 38 $140,274 $89,586 -$128,065 $686,9  $28,492 $311,659
Cash Flow Year 39 $140,320 $90,835 -$127,540 $526,4  $26,144 $317,860
Cash Flow Year 40 $142,018 $92,294 -$123,917 $565,5 $30,818 $317,274
40 Year NPV $1,427,755 $276,325 $598,446 $2,245,551$967,380 $1,888,978
Perpetuity NPV $1,459,713 $276,665 $626,064 $20281, $1,002,928  $1,913,937

Table J.17 — Summary statistics for farm representiave of Black soil zone, field pea

rotation
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $249,718 $88,195 $37,643 $659,656 $128,491 $414,891
Cash Flow Year 2 $246,008 $96,629 $32,805 $582,567 $113,565 $426,176
Cash Flow Year 3 $246,947 $93,624 $46,351 $698,682 $119,025 $423,756
Cash Flow Year 4 $264,498 $94,093 $42,706 $675,726 $138,638 $437,685
Cash Flow Year 5 $265,076 $92,030 $14,385 $642,350 $147,434 $446,070
Cash Flow Year 6 $254,902 $91,772 $49,393 $660,501 $132,350 $432,502
Cash Flow Year 7 $254,580 $89,517 -$122,650 $732,35 $135,713 $416,110
Cash Flow Year 8 $255,867 $88,462 -$114,754 $643,38 $135,438 $411,595
Cash Flow Year 9 $266,752 $94,908 $58,007 $631,184 $137,329 $438,332
Cash Flow Year 10 $267,638 $97,704 $64,854 $728,345 $138,365 $454,329
Cash Flow Year 11 $260,067 $90,529 $35,625 $558,962 $136,697 $441,528
Cash Flow Year 12 $256,361 $91,276 -$126,558 $682,5 $139,382 $426,688
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 13 $260,307 $94,057 -$111,324 $6881,3 $133,563 $442,128
Cash Flow Year 14 $260,745 $91,270 $29,928 $681,014 $135,116 $439,726
Cash Flow Year 15 $259,766 $92,676 $63,887 $674,910 $132,429 $441,544
Cash Flow Year 16 $263,716 $93,821 $70,938 $697,695 $145,792 $439,898
Cash Flow Year 17 $259,848 $92,180 $82,848 $613,897 $136,835 $439,248
Cash Flow Year 18 $257,485 $87,898 $37,823 $707,219 $140,640 $415,395
Cash Flow Year 19 $263,380 $95,360 $43,525 $750,961 $140,833 $441,621
Cash Flow Year 20 $261,201 $91,695 -$121,813 $6840,5 $137,698 $439,238
Cash Flow Year 21 $261,611 $93,855 -$119,243 $663,2 $137,014 $445,315
Cash Flow Year 22 $257,566 $92,042 -$126,655 $617,7 $131,347 $428,190
Cash Flow Year 23 $254,569 $90,854 $34,379 $588,750 $135,970 $431,810
Cash Flow Year 24 $261,986 $95,552 $57,006 $608,533 $133,258 $455,164
Cash Flow Year 25 $260,445 $93,276 $62,690 $603,767 $133,226 $442,996
Cash Flow Year 26 $259,658 $91,365 $62,674 $618,677 $134,689 $433,517
Cash Flow Year 27 $257,774 $93,821 -$116,634 $B91,0 $129,915 $429,131
Cash Flow Year 28 $257,867 $94,086 -$114,518 $692,5 $136,777 $437,603
Cash Flow Year 29 $259,899 $93,307 $19,250 $656,107 $136,243 $429,541
Cash Flow Year 30 $261,653 $96,015 $46,765 $698,162 $132,336 $450,884
Cash Flow Year 31 $258,932 $92,998 -$114,615 $687,4 $135,837 $437,313
Cash Flow Year 32 $262,410 $92,540 $56,487 $840,292 $143,795 $438,412
Cash Flow Year 33 $264,747 $94,663 -$126,981 $827,5 $144,865 $443,048
Cash Flow Year 34 $257,024 $88,435 -$107,369 $601,7 $134,809 $428,190
Cash Flow Year 35 $255,230 $92,556 -$114,634 $6884,2 $132,783 $438,615
Cash Flow Year 36 $262,801 $96,523 $54,811 $686,689 $139,152 $447,698
Cash Flow Year 37 $263,151 $92,176 -$122,432 $622,5 $136,932 $434,755
Cash Flow Year 38 $263,537 $95,850 $40,840 $660,223 $136,835 $448,720
Cash Flow Year 39 $257,500 $93,176 -$111,375 $6890,6 $131,804 $428,171
Cash Flow Year 40 $259,996 $93,814 -$114,991 $624,8 $133,606 $449,645
40 Year NPV $2,765,354 $298,096 $1,854,964 $3,851,0 $2,297,432 $3,298,306
Perpetuity NPV $2,823,872 $299,176 $1,908,847 BERA $2,358,739  $3,353,506

Table J.18 — Summary statistics for farm representiave of Dark Grey soil zone,

field pea rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $218,119 $64,699 $79,360 $546,809 $125,910 $343,353
Cash Flow Year 2 $215,666 $69,670 $41,381 $485,129 $120,120 $343,192
Cash Flow Year 3 $215,894 $69,261 $64,884 $622,858 $122,158 $350,211
Cash Flow Year 4 $230,087 $65,672 $67,757 $492,245 $139,358 $357,030
Cash Flow Year 5 $228,721 $61,363 $46,394 $486,034 $147,046 $341,985
Cash Flow Year 6 $224,372 $63,106 $72,257 $523,400 $142,949 $347,906
Cash Flow Year 7 $222,475 $61,397 $77,490 $442,984 $138,924 $345,136
Cash Flow Year 8 $227,084 $62,705 $96,327 $467,653 $139,969 $347,984
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 9 $230,449 $63,786 $83,317 $473,598 $144,975 $348,509
Cash Flow Year 10 $230,028 $64,865 $90,020 $537,513 $142,393 $350,756
Cash Flow Year 11 $227,055 $61,919 $77,935 $512,286 $142,968 $340,872
Cash Flow Year 12 $223,253 $61,664 $82,916 $520,378 $141,650 $336,624
Cash Flow Year 13 $226,723 $63,487 $57,995 $522,856 $141,660 $346,058
Cash Flow Year 14 $226,232 $62,361 $72,979 $533,553 $138,327 $344,435
Cash Flow Year 15 $225,020 $61,836 $45,737 $465,613 $142,415 $343,096
Cash Flow Year 16 $228,659 $59,662 $73,469 $502,257 $147,457 $339,399
Cash Flow Year 17 $229,419 $65,713 $93,991 $495,653 $141,617 $355,043
Cash Flow Year 18 $228,531 $64,673 $52,494 $493,178 $143,259 $354,482
Cash Flow Year 19 $228,064 $64,105 $93,995 $516,992 $144,596 $347,487
Cash Flow Year 20 $226,516 $63,498 $80,121 $501,898 $144,915 $348,769
Cash Flow Year 21 $226,444 $59,808 $88,584 $472,698 $143,449 $341,276
Cash Flow Year 22 $226,574 $62,247 $88,430 $443,038 $143,890 $343,536
Cash Flow Year 23 $225,112 $63,000 $41,482 $511,528 $138,324 $352,004
Cash Flow Year 24 $228,219 $65,490 $87,772 $587,427 $138,603 $352,149
Cash Flow Year 25 $229,620 $65,655 $87,484 $515,221 $141,902 $358,331
Cash Flow Year 26 $227,799 $63,510 $87,811 $482,525 $140,678 $352,449
Cash Flow Year 27 $227,134 $61,519 $76,256 $473,880 $139,408 $343,744
Cash Flow Year 28 $228,370 $64,888 $85,909 $507,856 $142,092 $353,880
Cash Flow Year 29 $228,957 $63,250 $72,339 $489,580 $140,878 $351,800
Cash Flow Year 30 $228,076 $62,471 $90,963 $583,980 $144,903 $356,114
Cash Flow Year 31 $225,732 $62,403 $90,210 $519,691 $139,754 $342,059
Cash Flow Year 32 $228,324 $64,491 $70,226 $553,676 $144,699 $353,756
Cash Flow Year 33 $230,456 $66,821 $86,874 $501,065 $137,506 $360,770
Cash Flow Year 34 $223,277 $59,272 $93,121 $487,648 $144,878 $342,723
Cash Flow Year 35 $223,690 $64,060 $76,569 $478,714 $141,413 $350,311
Cash Flow Year 36 $227,740 $65,250 $77,024 $493,384 $137,430 $347,975
Cash Flow Year 37 $228,793 $64,847 $69,290 $483,200 $140,262 $354,413
Cash Flow Year 38 $226,712 $64,948 $97,776 $495,876 $138,508 $349,855
Cash Flow Year 39 $226,452 $64,583 $93,780 $480,474 $141,161 $346,776
Cash Flow Year 40 $226,135 $65,148 $72,655 $591,029 $140,983 $350,609
40 Year NPV $2,415,366 $215,473 $1,799,550 $3,B%47,9 $2,055,672 $2,765,104
Perpetuity NPV $2,457,592 $216,222 $1,818,436 3868 $2,098,885  $2,803,870

Table J.19 — Summary statistics for farm representae of Brown soil zone, dryland
production, legume green manure rotation

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $90,073 $106,395 -$197,340 $539,73 -$99,397 $289,385
Cash Flow Year 2 $60,883 $104,391 -$145,216 $548,92 -$108,794 $263,807
Cash Flow Year 3 $55,753 $105,461 -$173,819 $594,83 -$110,500 $249,872
Cash Flow Year 4 $68,484 $98,636 -$182,825 $479,583 -$105,383 $248,528
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $75,931 $107,253 -$167,394 $564,98 -$105,702 $272,601
Cash Flow Year 6 $69,278 $107,024 -$153,753 $553,87 -$108,610 $271,717
Cash Flow Year 7 $68,276 $104,419 -$192,517 $520,78 -$107,864 $259,735
Cash Flow Year 8 $65,462 $102,020 -$165,760 $522,25 -$108,340 $259,059
Cash Flow Year 9 $72,686 $107,450 -$175,847 $586,75 -$105,785 $274,551
Cash Flow Year 10 $69,264 $102,220 -$186,445 $@97,5 -$106,910 $256,301
Cash Flow Year 11 $68,278 $103,203 -$196,118 $662,1 -$108,241 $251,403
Cash Flow Year 12 $67,678 $101,392 -$184,707 $884,2 -$109,209 $251,593
Cash Flow Year 13 $69,869 $102,386 -$201,978 $483,2 -$108,054 $262,282
Cash Flow Year 14 $71,077 $102,520 -$182,871 $693,9 -$106,839 $254,810
Cash Flow Year 15 $66,370 $102,303 -$179,391 $438,8 -$106,822 $270,220
Cash Flow Year 16 $63,812 $101,315 -$185,192 $486,5 -$106,983 $249,992
Cash Flow Year 17 $68,441 $106,511 -$170,519 $853,6 -$108,791 $264,088
Cash Flow Year 18 $69,576 $103,483 -$150,155 $622,6 -$107,994 $264,372
Cash Flow Year 19 $70,319 $103,209 -$173,683 $830,6 -$107,944 $256,178
Cash Flow Year 20 $65,643 $104,651 -$210,004 $62455 -$108,551 $256,007
Cash Flow Year 21 $67,684 $103,889 -$205,159 $833,5 -$105,584 $273,174
Cash Flow Year 22 $70,932 $101,511 -$187,002 $562,1 -$104,744 $257,916
Cash Flow Year 23 $69,889 $103,677 -$165,426 $862,7 -$105,906 $265,977
Cash Flow Year 24 $66,328 $106,525 -$186,668 $336,3 -$109,250 $248,238
Cash Flow Year 25 $65,106 $103,054 -$192,927 $634,8 -$109,424 $262,291
Cash Flow Year 26 $69,200 $103,110 -$174,514 $850,2 -$106,938 $247,429
Cash Flow Year 27 $69,633 $101,759 -$145,919 $5%9,9 -$103,886 $255,051
Cash Flow Year 28 $68,413 $104,562 -$140,267 $580,8 -$106,580 $260,780
Cash Flow Year 29 $68,344 $101,355 -$161,651 $883,4 -$105,149 $246,916
Cash Flow Year 30 $67,986 $101,665 -$174,825 $420,9 -$107,243 $257,628
Cash Flow Year 31 $69,714 $105,934 -$178,226 $5962,2 -$109,072 $255,430
Cash Flow Year 32 $66,963 $101,509 -$191,237 $645,5 -$106,020 $252,042
Cash Flow Year 33 $67,431 $105,985 -$186,510 $666,3 -$106,806 $258,609
Cash Flow Year 34 $72,435 $109,592 -$157,016 $837,1 -$106,694 $272,125
Cash Flow Year 35 $66,743 $106,851 -$173,611 $280,7 -$109,036 $262,774
Cash Flow Year 36 $67,263 $101,552 -$162,399 $484,1 -$108,350 $252,225
Cash Flow Year 37 $66,022 $105,322 -$168,967 $232,7 -$107,955 $255,975
Cash Flow Year 38 $68,814 $108,524 -$163,289 $537,9 -$108,289 $280,463
Cash Flow Year 39 $73,220 $106,149 -$149,549 $8720,0 -$104,332 $266,423
Cash Flow Year 40 $72,471 $104,214 -$189,029 $6@7,5 -$108,163 $264,466

40 Year NPV $762,823 $344,734 -$391,137 $1,810,048 $210,476 $1,333,755
Perpetuity NPV $778,252 $345,417 -$383,889 $1,858,9 $226,559 $1,334,414
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Table J.20 — Summary statistics for farm
legume green manure rotation

representive of Dark Brown soil zone,

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $103,939 $88,915 -$124,650 $487,21 -$13,909 $260,652
Cash Flow Year 2 $77,974 $84,265 -$148,209 $452,232 -$34,738 $230,551
Cash Flow Year 3 $74,946 $85,105 -$128,636 $402,562 -$105,225 $216,229
Cash Flow Year 4 $90,105 $87,197 -$131,469 $418,371 -$28,544 $250,290
Cash Flow Year 5 $92,446 $83,369 -$136,374 $473,662 -$25,448 $233,128
Cash Flow Year 6 $84,956 $87,009 -$136,524 $379,987 -$101,945 $242,895
Cash Flow Year 7 $83,169 $90,067 -$159,833 $418,705 -$103,525 $250,350
Cash Flow Year 8 $80,082 $89,590 -$140,395 $492,520 -$102,609 $243,710
Cash Flow Year 9 $84,459 $85,255 -$138,814 $457,342 -$41,950 $232,326
Cash Flow Year 10 $89,464 $85,269 -$144,715 $4@4,56 -$25,276 $249,752
Cash Flow Year 11 $86,968 $89,143 -$132,087 $4@4,87 -$39,729 $244,316
Cash Flow Year 12 $87,899 $87,806 -$149,240 $402,21 -$40,351 $255,580
Cash Flow Year 13 $87,187 $86,003 -$182,838 $4@0,75 -$22,508 $248,519
Cash Flow Year 14 $85,741 $85,629 -$136,601 $389,64 -$46,337 $238,119
Cash Flow Year 15 $84,468 $84,159 -$133,559 $420,28 -$33,502 $242,645
Cash Flow Year 16 $87,156 $89,900 -$132,960 $445,87 -$42,404 $248,284
Cash Flow Year 17 $84,776 $83,468 -$131,074 $497,22 -$28,012 $243,847
Cash Flow Year 18 $84,406 $83,070 -$129,694 $385,07 -$43,606 $227,286
Cash Flow Year 19 $83,477 $81,750 -$126,414 $387,43 -$46,424 $227,699
Cash Flow Year 20 $83,829 $92,745 -$151,906 $435,82 -$106,032 $256,200
Cash Flow Year 21 $83,744 $89,706 -$132,496 $446,27 -$106,786 $246,084
Cash Flow Year 22 $89,151 $86,553 -$138,010 $393,97 -$27,227 $248,891
Cash Flow Year 23 $87,771 $83,877 -$137,425 $581,06 -$30,565 $238,292
Cash Flow Year 24 $88,337 $87,540 -$136,228 $396,34 -$31,386 $247,120
Cash Flow Year 25 $85,866 $86,433 -$133,794 $4@8,45 -$57,002 $239,187
Cash Flow Year 26 $85,696 $84,021 -$133,752 $327,26 -$29,834 $235,040
Cash Flow Year 27 $85,010 $85,865 -$120,434 $436,63 -$39,488 $232,117
Cash Flow Year 28 $86,826 $89,702 -$151,753 $421,82 -$66,308 $251,637
Cash Flow Year 29 $84,676 $87,289 -$169,302 $402,80 -$41,602 $246,313
Cash Flow Year 30 $85,731 $85,953 -$170,073 $38B1,79 -$38,298 $244,239
Cash Flow Year 31 $85,782 $83,688 -$130,632 $464,63 -$29,990 $234,828
Cash Flow Year 32 $83,918 $84,582 -$135,245 $580,84 -$34,886 $232,493
Cash Flow Year 33 $84,330 $85,178 -$150,642 $487,08 -$35,661 $232,173
Cash Flow Year 34 $89,011 $86,229 -$130,595 $438,54 -$30,021 $243,016
Cash Flow Year 35 $86,590 $90,636 -$151,362 $431,35 -$43,830 $249,399
Cash Flow Year 36 $88,704 $89,039 -$129,438 $403,90 -$33,619 $255,978
Cash Flow Year 37 $84,029 $85,650 -$136,038 $342,97 -$48,716 $243,739
Cash Flow Year 38 $85,542 $88,658 -$142,384 $444,56 -$34,006 $243,148
Cash Flow Year 39 $85,738 $85,146 -$152,687 $407,39 -$31,118 $239,993
Cash Flow Year 40 $88,400 $88,994 -$140,287 $484,98 -$48,243 $251,171
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Mean Standard Deviation Minimum Maximum 5% 95%
40 Year NPV $942,690 $295,834 $21,826 $1,788,416 58861 $1,450,610
Perpetuity NPV $962,575 $296,480 $38,653 $1,834,808 $471,723 $1,464,342

Table J.21 — Summary statistics for farm

representidve of Black soil zone, oat

rotation
Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $245,914 $85,696 $40,144 $681,689 $127,545 $414,674
Cash Flow Year 2 $221,990 $84,709 -$114,443 $532,91 $103,121 $380,312
Cash Flow Year 3 $224,997 $85,560 -$106,319 $6%9,25 $108,330 $383,948
Cash Flow Year 4 $238,711 $87,524 -$109,948 $636,70 $123,939 $397,223
Cash Flow Year 5 $237,669 $85,778 -$113,785 $624,33 $129,404 $407,919
Cash Flow Year 6 $225,008 $86,073 -$105,424 $576,17 $107,389 $386,486
Cash Flow Year 7 $221,240 $86,022 -$115,216 $697,29 $105,926 $384,803
Cash Flow Year 8 $224,329 $84,918 -$117,011 $571,71 $106,428 $375,959
Cash Flow Year 9 $233,109 $90,257 -$112,792 $589,82 $111,617 $402,123
Cash Flow Year 10 $235,147 $94,414 -$108,739 $680,7 $110,294 $423,320
Cash Flow Year 11 $229,469 $87,734 $27,184 $530,282 $107,868 $391,760
Cash Flow Year 12 $223,822 $86,731 -$127,051 $589,1 $111,490 $384,650
Cash Flow Year 13 $227,510 $90,028 -$114,461 $643,9 $107,465 $401,061
Cash Flow Year 14 $228,541 $88,046 -$111,185 $622,9 $107,926 $404,349
Cash Flow Year 15 $227,084 $87,420 $26,121 $604,405 $102,750 $387,744
Cash Flow Year 16 $230,424 $89,586 $23,518 $600,343 $110,806 $407,060
Cash Flow Year 17 $228,731 $88,765 $59,085 $589,141 $114,669 $404,146
Cash Flow Year 18 $227,023 $85,487 -$115,083 $@29,4 $110,905 $382,893
Cash Flow Year 19 $230,348 $91,822 -$108,693 $812,1 $109,977 $402,058
Cash Flow Year 20 $228,630 $88,593 -$117,975 $6@9,5 $110,534 $400,577
Cash Flow Year 21 $228,613 $87,465 -$124,191 $565,3 $110,588 $399,163
Cash Flow Year 22 $225,922 $88,519 -$127,288 $286,3 $105,943 $392,023
Cash Flow Year 23 $223,288 $87,650 -$115,116 $565,7 $105,438 $390,389
Cash Flow Year 24 $229,637 $92,004 -$114,648 $329,2 $103,567 $403,561
Cash Flow Year 25 $229,511 $88,448 $13,819 $546,780 $106,003 $396,645
Cash Flow Year 26 $228,441 $86,197 $41,426 $566,638 $109,871 $388,279
Cash Flow Year 27 $226,587 $90,587 -$117,795 $669,9 $105,459 $391,179
Cash Flow Year 28 $225,467 $90,475 -$119,620 $684,3 $107,636 $392,999
Cash Flow Year 29 $227,815 $89,283 -$116,482 $637,3 $109,286 $398,287
Cash Flow Year 30 $228,596 $91,501 -$113,973 $626,6 $107,294 $407,229
Cash Flow Year 31 $226,115 $88,793 -$121,179 $886,9 $109,926 $396,826
Cash Flow Year 32 $230,677 $87,662 $37,137 $723,885 $112,584 $392,488
Cash Flow Year 33 $232,200 $90,693 -$128,247 $a63,1 $113,256 $394,261
Cash Flow Year 34 $224,364 $84,799 -$120,792 $8%51,3 $109,517 $385,356
Cash Flow Year 35 $224,820 $89,103 -$118,542 $584,8 $106,507 $392,575
Cash Flow Year 36 $231,230 $92,125 $15,186 $630,500 $110,343 $399,389
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $230,619 $86,142 -$122,513 $831,7 $110,046 $392,649
Cash Flow Year 38 $231,899 $92,056 $13,422 $626,683 $110,423 $404,386
Cash Flow Year 39 $225,645 $90,210 -$117,018 $184,8 $102,022 $385,666
Cash Flow Year 40 $228,135 $89,348 -$122,006 $348,0 $104,689 $401,316
40 Year NPV $2,498,997 $308,469 $1,588,577 $3,861,2 $2,020,469 $3,028,726
Perpetuity NPV $2,545,356 $309,612 $1,630,455 heie 54 $2,065,423  $3,076,733

Table J.22 — Summary statistics for farm representiave of Dark Grey soil zone, oat

rotation
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $223,926 $67,554 $77,858 $540,104 $127,620 $351,833
Cash Flow Year 2 $206,656 $65,691 $50,741 $449,530 $117,402 $329,392
Cash Flow Year 3 $209,545 $66,453 $77,203 $590,476 $122,816 $337,756
Cash Flow Year 4 $222,986 $63,294 $53,571 $474,634 $139,827 $341,131
Cash Flow Year 5 $221,401 $59,253 $38,610 $448,484 $141,415 $336,557
Cash Flow Year 6 $215,311 $60,970 $73,294 $535,618 $135,661 $324,776
Cash Flow Year 7 $212,389 $58,965 $58,222 $463,725 $130,284 $328,758
Cash Flow Year 8 $215,939 $61,007 $75,649 $448,373 $130,670 $337,986
Cash Flow Year 9 $218,908 $63,472 $81,842 $505,560 $131,925 $333,874
Cash Flow Year 10 $219,281 $64,360 $76,859 $529,517 $130,080 $340,606
Cash Flow Year 11 $217,003 $61,311 $74,927 $512,182 $133,029 $330,102
Cash Flow Year 12 $212,351 $61,428 $67,608 $515,658 $129,536 $327,754
Cash Flow Year 13 $215,202 $62,436 $52,543 $515,205 $131,296 $330,336
Cash Flow Year 14 $215,805 $61,431 $62,636 $483,164 $129,508 $329,748
Cash Flow Year 15 $215,106 $61,418 $39,942 $448,951 $132,457 $331,188
Cash Flow Year 16 $217,733 $59,106 $51,206 $475,644 $134,286 $324,470
Cash Flow Year 17 $218,188 $64,396 $89,023 $460,601 $132,267 $342,286
Cash Flow Year 18 $217,745 $64,146 $57,313 $486,312 $133,769 $343,875
Cash Flow Year 19 $216,941 $62,562 $74,518 $561,968 $135,529 $339,853
Cash Flow Year 20 $215,546 $62,992 $66,889 $511,488 $133,657 $334,552
Cash Flow Year 21 $215,873 $59,869 $78,574 $466,219 $130,992 $326,110
Cash Flow Year 22 $216,500 $61,472 $57,458 $425,755 $136,060 $332,497
Cash Flow Year 23 $214,121 $60,758 $30,922 $483,266 $130,621 $331,407
Cash Flow Year 24 $217,084 $63,498 $67,034 $534,142 $131,588 $333,598
Cash Flow Year 25 $218,395 $64,656 $74,434 $485,489 $130,371 $344,492
Cash Flow Year 26 $217,162 $61,792 $91,324 $465,064 $133,787 $334,534
Cash Flow Year 27 $216,216 $60,572 $75,860 $440,218 $132,826 $330,213
Cash Flow Year 28 $217,907 $63,769 $80,233 $483,400 $132,132 $341,908
Cash Flow Year 29 $218,013 $62,544 $69,122 $482,030 $134,532 $334,898
Cash Flow Year 30 $216,868 $60,639 $88,205 $581,097 $137,190 $333,439
Cash Flow Year 31 $214,292 $61,401 $91,432 $496,989 $130,534 $330,850
Cash Flow Year 32 $217,294 $63,827 $66,717 $520,437 $130,135 $336,286
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 33 $218,658 $64,991 $57,230 $485,890 $130,193 $351,270
Cash Flow Year 34 $212,941 $59,065 $77,703 $488,580 $133,563 $329,207
Cash Flow Year 35 $212,909 $63,353 $79,635 $481,878 $127,154 $338,425
Cash Flow Year 36 $217,264 $63,916 $57,847 $515,115 $127,903 $336,315
Cash Flow Year 37 $217,391 $63,657 $68,567 $484,762 $130,421 $334,654
Cash Flow Year 38 $216,868 $64,962 $83,419 $485,363 $128,950 $343,686
Cash Flow Year 39 $215,565 $63,650 $61,226 $481,719 $131,971 $341,492
Cash Flow Year 40 $216,027 $63,604 $72,302 $560,049 $131,688 $329,720
40 Year NPV $2,335,381 $216,274 $1,724,083 $3,832,4 $1,978,390 $2,682,534
Perpetuity NPV $2,372,483 $217,208 $1,750,305 BBy $2,009,409  $2,728,897

Table J.23 — Summary statistics for farm representae of Dark Brown soil zone,
alfalfa hay and field pea rotation

Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $149,050 $86,987 -$68,527 $452,365 $30,844 $303,040
Cash Flow Year 2 $146,943 $90,577 -$110,476 $584,53 $22,957 $311,164
Cash Flow Year 3 $228,453 $96,861 -$1,936 $546,777 $78,776 $389,758
Cash Flow Year 4 $256,525 $100,453 $20,436 $586,380 $107,229 $431,231
Cash Flow Year 5 $261,485 $91,553 $57,050 $617,702 $127,679 $426,991
Cash Flow Year 6 $261,418 $82,686 $74,771 $566,664 $144,588 $415,346
Cash Flow Year 7 $266,913 $78,917 $62,051 $588,699 $156,105 $413,073
Cash Flow Year 8 $272,644 $74,710 $98,410 $624,410 $172,415 $424,334
Cash Flow Year 9 $275,934 $72,966 $101,566 $528,313 $176,220 $421,237
Cash Flow Year 10 $279,433 $73,827 $115,319 $581,27 $178,915 $416,684
Cash Flow Year 11 $278,651 $77,755 $80,993 $608,353 $178,023 $427,352
Cash Flow Year 12 $274,627 $73,391 $108,324 $562,00 $171,798 $414,194
Cash Flow Year 13 $276,277 $77,864 $81,714 $577,729 $172,245 $439,043
Cash Flow Year 14 $278,094 $74,544 $103,842 $538,86 $175,741 $422,417
Cash Flow Year 15 $277,729 $77,287 $122,554 $596,10 $174,913 $427,055
Cash Flow Year 16 $278,741 $77,301 $109,749 $622,40 $173,381 $430,316
Cash Flow Year 17 $273,103 $69,545 $108,266 $534,26 $169,660 $404,546
Cash Flow Year 18 $275,707 $71,977 $120,376 $524,86 $172,097 $415,553
Cash Flow Year 19 $273,838 $70,888 $109,444 $567,78 $170,600 $406,465
Cash Flow Year 20 $275,515 $76,808 $65,067 $645,390 $172,410 $421,441
Cash Flow Year 21 $276,429 $74,786 $107,407 $661,47 $172,830 $420,314
Cash Flow Year 22 $278,445 $77,648 $90,794 $596,708 $175,220 $431,993
Cash Flow Year 23 $278,461 $77,694 $124,746 $680,44 $171,754 $425,136
Cash Flow Year 24 $278,710 $76,931 $122,557 $592,57 $171,069 $427,013
Cash Flow Year 25 $278,814 $75,550 $102,037 $588,77 $175,195 $417,177
Cash Flow Year 26 $277,577 $73,732 $119,052 $592,04 $177,052 $421,465
Cash Flow Year 27 $277,071 $75,070 $87,264 $642,385 $173,946 $414,216
Cash Flow Year 28 $277,441 $74,867 $71,573 $606,690 $173,712 $415,569
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 29 $274,024 $71,114 $117,365 $581,91 $174,220 $411,479
Cash Flow Year 30 $277,770 $74,694 $98,058 $578,899 $173,728 $420,616
Cash Flow Year 31 $276,056 $72,240 $87,455 $532,919 $176,221 $406,398
Cash Flow Year 32 $275,461 $72,562 $91,063 $615,666 $174,163 $409,779
Cash Flow Year 33 $277,022 $74,259 $111,370 $581,28 $173,125 $422,600
Cash Flow Year 34 $282,458 $75,907 $88,633 $611,246 $176,012 $425,766
Cash Flow Year 35 $278,207 $75,586 $101,087 $681,00 $174,875 $424,422
Cash Flow Year 36 $280,055 $77,488 $107,667 $584,75 $178,546 $435,950
Cash Flow Year 37 $275,538 $72,882 $119,211 $589,63 $176,120 $415,780
Cash Flow Year 38 $276,761 $73,152 $93,304 $602,231 $177,564 $417,393
Cash Flow Year 39 $276,222 $74,274 $107,512 $580,42 $175,329 $424,480
Cash Flow Year 40 $281,344 $75,339 $101,425 $592,86 $183,268 $418,636
40 Year NPV $2,506,315 $250,594 $1,673,556 $3,3d7,0 $2,081,714 $2,902,069
Perpetuity NPV $2,568,349 $250,880 $1,703,371 $B1IB $2,146,444  $2,964,616

Table J.24 — Summary statistics for farm representae of Black soil zone, alfalfa
hay and field pea rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $215,641 $59,063 $39,270 $465,454 $123,189 $311,131
Cash Flow Year 2 $213,596 $67,812 $48,188 $450,532 $115,722 $340,090
Cash Flow Year 3 $273,806 $76,569 $86,786 $557,093 $157,057 $404,992
Cash Flow Year 4 $302,173 $78,924 $93,006 $589,534 $184,797 $439,508
Cash Flow Year 5 $302,438 $74,711 $101,450 $549,485 $193,670 $439,175
Cash Flow Year 6 $296,392 $71,018 $146,308 $582,304 $197,159 $427,651
Cash Flow Year 7 $303,345 $63,977 $170,154 $597,735 $215,239 $419,546
Cash Flow Year 8 $310,851 $58,711 $153,148 $554,956 $228,415 $420,614
Cash Flow Year 9 $319,854 $63,894 $162,599 $539,986 $229,261 $444,660
Cash Flow Year 10 $320,402 $61,418 $172,304 $546,90 $237,281 $434,233
Cash Flow Year 11 $313,875 $59,544 $159,822 $502,47 $227,811 $421,373
Cash Flow Year 12 $311,629 $58,702 $142,601 $538,65 $230,504 $420,104
Cash Flow Year 13 $313,295 $60,432 $177,995 $568,95 $222,857 $427,767
Cash Flow Year 14 $314,745 $60,692 $151,327 $522,71 $230,016 $428,776
Cash Flow Year 15 $316,678 $63,364 $132,080 $596,11 $225,212 $435,570
Cash Flow Year 16 $317,347 $61,895 $179,265 $581,25 $233,291 $439,717
Cash Flow Year 17 $315,608 $60,670 $184,601 $520,44 $231,611 $432,684
Cash Flow Year 18 $313,341 $58,038 $176,951 $568,38 $229,085 $419,966
Cash Flow Year 19 $317,017 $60,725 $168,831 $582,56 $232,174 $424,419
Cash Flow Year 20 $316,408 $59,263 $176,981 $501,63 $233,813 $430,204
Cash Flow Year 21 $315,086 $61,864 $152,884 $504,45 $232,280 $434,252
Cash Flow Year 22 $313,659 $59,898 $158,718 $530,10 $232,065 $422,258
Cash Flow Year 23 $311,483 $59,350 $147,533 $520,16 $230,241 $426,940
Cash Flow Year 24 $316,029 $63,040 $148,775 $562,58 $228,821 $437,894
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $314,313 $60,735 $152,727 $5%0,52 $225,513 $430,694
Cash Flow Year 26 $315,289 $60,920 $171,189 $528,93 $232,745 $434,902
Cash Flow Year 27 $314,303 $61,427 $173,671 $566,24 $226,031 $427,018
Cash Flow Year 28 $314,274 $60,396 $128,460 $582,82 $226,235 $430,620
Cash Flow Year 29 $316,374 $61,069 $142,876 $578,53 $232,685 $428,802
Cash Flow Year 30 $316,337 $62,665 $172,525 $563,35 $230,595 $432,121
Cash Flow Year 31 $315,858 $61,644 $177,555 $585,42 $233,686 $434,590
Cash Flow Year 32 $318,062 $61,977 $174,882 $7@6,85 $233,251 $434,095
Cash Flow Year 33 $318,438 $61,149 $187,161 $587,60 $235,403 $433,191
Cash Flow Year 34 $312,678 $55,037 $173,701 $522,28 $234,877 $411,474
Cash Flow Year 35 $310,575 $58,413 $169,767 $582,56 $229,964 $420,274
Cash Flow Year 36 $316,379 $64,020 $178,017 $583,26 $231,194 $440,526
Cash Flow Year 37 $319,349 $64,327 $167,236 $5B87,36 $230,471 $438,005
Cash Flow Year 38 $317,255 $63,012 $150,504 $658,71 $233,038 $435,920
Cash Flow Year 39 $315,402 $62,719 $141,092 $559,04 $225,879 $434,660
Cash Flow Year 40 $315,345 $61,264 $133,703 $578,53 $226,194 $428,198
40 Year NPV $3,093,074 $226,964 $2,469,062 $4,287,2 $2,724,929 $3,480,273
Perpetuity NPV $3,155,688 $227,461 $2,534,101 BHED $2,782,145  $3,541,586

Table J.25 — Summary statistics for farm representiéve of Dark Grey soil zone,
alfalfa hay and field pea rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $183,095 $40,388 $66,319 $417,148 $116,555 $251,263
Cash Flow Year 2 $178,557 $45,442 $47,856 $377,583 $111,064 $261,406
Cash Flow Year 3 $223,251 $56,544 $98,356 $460,833 $137,661 $321,434
Cash Flow Year 4 $244,224 $55,499 $112,584 $438,261 $162,228 $342,297
Cash Flow Year 5 $243,196 $52,520 $128,173 $407,695 $165,396 $342,208
Cash Flow Year 6 $239,231 $50,100 $115,108 $411,754 $167,397 $331,729
Cash Flow Year 7 $244,386 $45,834 $130,025 $433,436 $180,664 $326,965
Cash Flow Year 8 $252,029 $44,115 $135,344 $418,296 $190,071 $337,234
Cash Flow Year 9 $256,477 $43,643 $143,083 $402,448 $195,488 $334,280
Cash Flow Year 10 $255,327 $43,987 $143,895 $488,01 $194,271 $336,748
Cash Flow Year 11 $252,732 $42,566 $135,400 $487,97 $191,593 $331,563
Cash Flow Year 12 $250,269 $41,668 $127,022 $429,30 $189,522 $325,156
Cash Flow Year 13 $252,260 $42,189 $119,041 $409,41 $192,771 $329,668
Cash Flow Year 14 $252,590 $43,572 $142,401 $422,86 $191,401 $329,817
Cash Flow Year 15 $253,272 $44,836 $128,541 $480,05 $189,737 $336,649
Cash Flow Year 16 $254,451 $43,284 $154,435 $430,44 $192,173 $335,844
Cash Flow Year 17 $254,944 $45,415 $142,386 $430,19 $190,550 $340,708
Cash Flow Year 18 $254,087 $43,942 $118,744 $476,38 $192,522 $334,827
Cash Flow Year 19 $254,306 $43,120 $156,181 $442,82 $194,078 $336,116
Cash Flow Year 20 $253,975 $43,271 $152,775 $424,58 $192,290 $331,480
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 21 $253,431 $41,550 $155,253 $430,83 $190,520 $330,958
Cash Flow Year 22 $253,699 $43,466 $138,345 $423,55 $192,897 $334,227
Cash Flow Year 23 $251,327 $41,599 $101,793 $461,67 $192,446 $328,955
Cash Flow Year 24 $254,564 $43,840 $139,359 $427,12 $192,639 $335,467
Cash Flow Year 25 $255,794 $43,936 $157,246 $463,71 $194,104 $340,730
Cash Flow Year 26 $254,264 $42,583 $148,487 $429,59 $193,024 $332,891
Cash Flow Year 27 $253,492 $42,172 $149,854 $481,21 $193,917 $330,865
Cash Flow Year 28 $253,922 $42,144 $147,967 $484,95 $192,758 $330,800
Cash Flow Year 29 $255,200 $42,623 $133,251 $424,70 $193,165 $331,501
Cash Flow Year 30 $254,333 $43,207 $168,540 $403,87 $194,106 $337,820
Cash Flow Year 31 $253,279 $43,472 $154,793 $478,49 $190,585 $338,870
Cash Flow Year 32 $255,313 $43,443 $137,842 $488,02 $190,657 $337,044
Cash Flow Year 33 $256,389 $45,142 $138,899 $470,41 $193,435 $343,693
Cash Flow Year 34 $251,185 $40,194 $128,435 $469,03 $193,413 $324,476
Cash Flow Year 35 $249,694 $42,429 $141,291 $476,94 $189,986 $328,003
Cash Flow Year 36 $254,581 $45,145 $138,833 $480,69 $190,948 $338,285
Cash Flow Year 37 $256,596 $45,928 $143,928 $484,36 $194,348 $341,693
Cash Flow Year 38 $253,882 $44,437 $151,069 $462,60 $190,465 $339,874
Cash Flow Year 39 $253,388 $43,281 $150,738 $481,36 $195,832 $335,988
Cash Flow Year 40 $253,149 $43,751 $148,209 $437,00 $194,516 $332,267
40 Year NPV $2,525,101 $167,485 $2,007,257 $3,026,2 $2,249,800 $2,797,018
Perpetuity NPV $2,570,017 $167,861 $2,062,197 e $2,292,730  $2,846,304

Table J.26 — Summary statistics for farm representae of Dark Brown soil zone,
alfalfa hay and legume green manure rotation

Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $122,763 $76,544 -$74,219 $411,090 $19,986 $265,413
Cash Flow Year 2 $127,352 $83,054 -$110,593 $46@3,00 $12,871 $279,181
Cash Flow Year 3 $229,514 $92,011 -$9,050 $499,143 $79,179 $380,563
Cash Flow Year 4 $258,646 $96,417 $11,583 $563,692 $105,836 $417,555
Cash Flow Year 5 $262,157 $88,749 $53,867 $571,244 $126,848 $418,165
Cash Flow Year 6 $262,706 $79,135 $63,675 $538,673 $138,987 $400,574
Cash Flow Year 7 $269,626 $74,234 $46,729 $532,210 $163,776 $405,706
Cash Flow Year 8 $277,835 $69,556 $110,306 $557,433 $182,046 $414,285
Cash Flow Year 9 $280,732 $67,017 $97,631 $524,983 $185,546 $404,998
Cash Flow Year 10 $284,352 $67,367 $128,131 $582,10 $189,633 $401,787
Cash Flow Year 11 $283,452 $70,609 $101,167 $583,39 $187,321 $410,254
Cash Flow Year 12 $280,863 $67,307 $108,284 $584,43 $183,970 $404,023
Cash Flow Year 13 $282,334 $70,281 $96,612 $540,970 $188,981 $419,135
Cash Flow Year 14 $283,577 $66,904 $112,666 $508,68 $186,383 $407,333
Cash Flow Year 15 $282,906 $70,057 $124,753 $582,10 $186,437 $414,793
Cash Flow Year 16 $284,294 $70,663 $111,474 $504,48 $184,997 $421,241
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 17 $279,016 $63,734 $119,618 $500,00 $184,907 $396,632
Cash Flow Year 18 $281,636 $65,032 $121,235 $507,61 $183,865 $399,316
Cash Flow Year 19 $280,072 $64,455 $116,486 $529,44 $187,173 $399,883
Cash Flow Year 20 $280,799 $69,567 $73,786 $596,403 $184,390 $407,271
Cash Flow Year 21 $283,134 $69,556 $119,722 $5689,01 $183,412 $417,463
Cash Flow Year 22 $284,716 $70,689 $105,262 $535,70 $188,410 $416,833
Cash Flow Year 23 $285,400 $71,174 $125,717 $5B81,76 $184,430 $421,654
Cash Flow Year 24 $285,182 $70,504 $135,854 $538,32 $182,589 $411,380
Cash Flow Year 25 $285,348 $69,213 $90,647 $519,982 $185,166 $409,456
Cash Flow Year 26 $283,878 $66,783 $132,767 $568,79 $189,838 $412,627
Cash Flow Year 27 $282,794 $68,727 $107,629 $583,39 $185,410 $408,063
Cash Flow Year 28 $282,539 $68,509 $66,604 $556,288 $182,168 $408,854
Cash Flow Year 29 $280,796 $65,244 $109,530 $526,12 $182,220 $401,280
Cash Flow Year 30 $282,866 $68,663 $107,398 $501,47 $180,071 $411,981
Cash Flow Year 31 $282,332 $65,930 $89,447 $515,899 $183,672 $397,203
Cash Flow Year 32 $281,754 $66,846 $101,248 $664,81 $187,552 $402,857
Cash Flow Year 33 $282,566 $67,441 $107,173 $528,52 $186,145 $405,064
Cash Flow Year 34 $289,174 $69,025 $86,072 $581,327 $187,311 $417,565
Cash Flow Year 35 $284,880 $69,132 $100,595 $583,51 $190,892 $412,208
Cash Flow Year 36 $285,579 $70,226 $112,181 $575,46 $186,402 $420,870
Cash Flow Year 37 $282,271 $67,902 $118,280 $530,79 $185,709 $411,613
Cash Flow Year 38 $283,522 $66,668 $117,476 $692,36 $189,007 $403,819
Cash Flow Year 39 $282,324 $66,272 $114,144 $5@5,85 $188,870 $406,077
Cash Flow Year 40 $287,804 $69,253 $107,537 $584,73 $189,611 $415,735
40 Year NPV $2,498,681 $249,299 $1,681,491 $3,580,1 $2,092,638 $2,888,332
Perpetuity NPV $2,562,013 $249,690 $1,718,383 BB $2,152,537  $2,947,562

Table J.27 — Summary statistics for farm representae of Black soil zone, alfalfa
hay and oat rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $213,624 $58,183 $40,938 $478,050 $120,305 $307,919
Cash Flow Year 2 $203,338 $64,828 $41,784 $439,698 $106,535 $320,918
Cash Flow Year 3 $263,855 $74,030 $79,716 $524,830 $152,373 $398,274
Cash Flow Year 4 $291,269 $76,819 $88,386 $587,091 $176,293 $420,674
Cash Flow Year 5 $290,720 $72,809 $83,103 $539,558 $183,838 $422,674
Cash Flow Year 6 $284,984 $69,122 $108,338 $544,791 $189,324 $411,400
Cash Flow Year 7 $291,151 $61,941 $156,359 $560,647 $204,057 $406,003
Cash Flow Year 8 $298,481 $57,563 $150,189 $539,456 $216,963 $411,208
Cash Flow Year 9 $306,602 $61,441 $147,677 $519,803 $218,946 $424,539
Cash Flow Year 10 $307,891 $61,519 $163,030 $585,55 $223,009 $423,435
Cash Flow Year 11 $303,066 $58,554 $139,472 $588,11 $220,610 $412,203
Cash Flow Year 12 $299,192 $57,577 $128,067 $529,31 $218,594 $403,791
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 13 $300,609 $59,317 $171,829 $518,65 $215,607 $413,313
Cash Flow Year 14 $301,929 $59,027 $154,405 $586,06 $218,430 $407,591
Cash Flow Year 15 $303,894 $60,970 $133,456 $580,55 $214,353 $421,046
Cash Flow Year 16 $304,530 $60,434 $158,896 $595,63 $221,559 $420,752
Cash Flow Year 17 $303,358 $60,429 $160,434 $585,95 $220,175 $418,904
Cash Flow Year 18 $301,174 $57,963 $159,523 $567,01 $219,434 $406,517
Cash Flow Year 19 $303,878 $59,768 $142,539 $548,08 $218,597 $415,288
Cash Flow Year 20 $303,616 $58,511 $168,302 $621,58 $222,239 $414,918
Cash Flow Year 21 $302,786 $59,313 $146,757 $508,03 $219,681 $413,686
Cash Flow Year 22 $300,569 $58,488 $118,245 $535,99 $215,820 $408,012
Cash Flow Year 23 $299,786 $58,313 $146,684 $569,34 $215,218 $410,052
Cash Flow Year 24 $303,956 $61,593 $137,181 $488,55 $213,804 $423,600
Cash Flow Year 25 $302,633 $59,187 $132,186 $570,40 $215,862 $412,922
Cash Flow Year 26 $303,408 $59,519 $141,841 $525,94 $219,865 $414,379
Cash Flow Year 27 $302,852 $60,164 $161,183 $579,95 $217,107 $410,617
Cash Flow Year 28 $301,818 $59,100 $113,788 $530,18 $215,898 $414,703
Cash Flow Year 29 $304,523 $60,181 $113,712 $588,12 $219,720 $420,004
Cash Flow Year 30 $304,013 $60,806 $150,379 $568,29 $217,400 $416,143
Cash Flow Year 31 $303,124 $59,217 $160,102 $584,75 $223,232 $417,029
Cash Flow Year 32 $305,484 $60,174 $161,597 $662,53 $219,725 $419,885
Cash Flow Year 33 $305,920 $59,291 $172,690 $525,80 $225,502 $417,694
Cash Flow Year 34 $299,653 $54,005 $164,230 $507,55 $219,941 $398,541
Cash Flow Year 35 $298,877 $57,575 $157,012 $586,45 $218,378 $406,550
Cash Flow Year 36 $304,230 $62,720 $160,892 $588,50 $219,764 $423,297
Cash Flow Year 37 $306,747 $62,465 $161,537 $582,22 $216,996 $426,430
Cash Flow Year 38 $305,198 $61,863 $127,836 $6@4,22 $220,630 $417,299
Cash Flow Year 39 $302,867 $61,688 $122,925 $621,69 $213,037 $415,364
Cash Flow Year 40 $302,276 $59,902 $115,934 $591,99 $214,222 $407,181
40 Year NPV $2,986,868 $236,953 $2,321,072 $4,046,9 $2,606,900 $3,389,593
Perpetuity NPV $3,044,274 $237,405 $2,381,269 R334 $2,667,696  $3,451,003

Table J.28 — Summary statistics for farm representiave of Dark Grey soil zone,
alfalfa hay and oat rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $185,961 $41,011 $66,872 $412,678 $120,968 $253,491
Cash Flow Year 2 $177,550 $45,909 $50,858 $374,696 $112,177 $261,428
Cash Flow Year 3 $222,385 $57,099 $94,759 $456,693 $136,966 $323,764
Cash Flow Year 4 $244,161 $56,667 $109,944 $459,313 $162,339 $348,064
Cash Flow Year 5 $242,597 $52,883 $125,794 $422,569 $163,299 $338,491
Cash Flow Year 6 $238,361 $51,104 $116,034 $415,318 $164,253 $329,792
Cash Flow Year 7 $243,418 $46,230 $119,245 $420,565 $177,715 $329,637
Cash Flow Year 8 $250,600 $44,355 $146,699 $419,594 $189,723 $335,600
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 9 $255,481 $44,537 $147,208 $399,742 $191,843 $337,831
Cash Flow Year 10 $254,468 $44,891 $150,186 $496,54 $192,317 $339,539
Cash Flow Year 11 $252,133 $43,523 $137,075 $498,88 $189,021 $333,656
Cash Flow Year 12 $249,256 $43,203 $119,377 $485,62 $185,110 $324,824
Cash Flow Year 13 $250,680 $43,018 $117,420 $425,21 $190,740 $329,458
Cash Flow Year 14 $250,759 $43,622 $124,672 $407,29 $189,673 $331,359
Cash Flow Year 15 $252,353 $45,730 $119,547 $465,58 $188,520 $338,757
Cash Flow Year 16 $253,207 $43,913 $141,096 $422,94 $192,436 $335,105
Cash Flow Year 17 $254,001 $46,240 $138,321 $486,45 $189,816 $345,397
Cash Flow Year 18 $253,167 $45,376 $129,121 $465,70 $190,701 $341,607
Cash Flow Year 19 $252,642 $43,945 $147,421 $439,96 $190,279 $336,734
Cash Flow Year 20 $252,477 $44,322 $144,599 $403,95 $190,157 $335,452
Cash Flow Year 21 $252,085 $42,485 $146,541 $396,51 $189,037 $326,462
Cash Flow Year 22 $252,156 $43,870 $132,403 $467,28 $193,703 $335,512
Cash Flow Year 23 $249,755 $41,961 $95,929 $392,221 $191,383 $325,694
Cash Flow Year 24 $252,418 $44,110 $138,308 $424,38 $189,972 $334,670
Cash Flow Year 25 $254,214 $44,277 $150,219 $489,95 $192,385 $339,965
Cash Flow Year 26 $253,472 $43,235 $142,772 $447,49 $192,834 $335,055
Cash Flow Year 27 $252,538 $43,058 $146,658 $489,80 $191,366 $328,264
Cash Flow Year 28 $253,297 $43,083 $157,630 $424,99 $191,278 $330,080
Cash Flow Year 29 $254,201 $43,646 $148,159 $485,97 $193,302 $334,731
Cash Flow Year 30 $253,530 $43,790 $163,924 $497,63 $191,861 $335,501
Cash Flow Year 31 $251,492 $43,996 $145,854 $425,54 $187,275 $331,830
Cash Flow Year 32 $253,141 $44,642 $136,653 $4@8,03 $191,081 $338,075
Cash Flow Year 33 $254,506 $45,280 $135,594 $429,83 $188,589 $336,768
Cash Flow Year 34 $250,235 $41,345 $147,570 $463,10 $190,680 $327,467
Cash Flow Year 35 $248,463 $43,138 $154,484 $484,22 $187,467 $330,940
Cash Flow Year 36 $253,507 $46,312 $137,135 $424,28 $186,397 $340,904
Cash Flow Year 37 $255,101 $46,451 $133,180 $428,73 $192,562 $339,050
Cash Flow Year 38 $253,864 $45,815 $154,720 $422,65 $190,511 $340,283
Cash Flow Year 39 $251,864 $44,733 $154,175 $413,21 $191,056 $334,654
Cash Flow Year 40 $251,831 $44,553 $133,063 $483,86 $191,636 $334,274
40 Year NPV $2,518,884 $169,321 $2,034,010 $3,84,5 $2,239,998 $2,786,594
Perpetuity NPV $2,562,102 $169,710 $2,089,488 B $2,277,318  $2,829,031

Table J.29 — Summary statistics for farm representae of Dark Brown soil zone,

alfalfa hay, field pea and legume green manure rotan

Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $146,500 $86,478 -$71,644 $449,248 $29,178 $299,923
Cash Flow Year 2 $142,952 $89,457 -$111,696 $581,52 $21,272 $301,089
Cash Flow Year 3 $223,877 $96,128 -$4,364 $543,757 $76,745 $386,318
Cash Flow Year 4 $251,584 $99,602 $19,045 $583,370 $103,634 $424,260
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $256,560 $91,098 $54,348 $613,736 $124,444 $417,524
Cash Flow Year 6 $256,626 $82,390 $70,175 $563,706 $139,661 $408,076
Cash Flow Year 7 $262,120 $78,765 $58,365 $585,700 $153,017 $406,384
Cash Flow Year 8 $267,575 $74,512 $95,805 $610,497 $167,245 $421,418
Cash Flow Year 9 $271,037 $72,720 $96,628 $525,356 $171,500 $417,275
Cash Flow Year 10 $274,389 $73,412 $110,544 $524,62 $174,381 $410,721
Cash Flow Year 11 $273,798 $77,251 $76,085 $603,260 $172,606 $422,603
Cash Flow Year 12 $269,857 $73,177 $103,869 $563,29 $169,078 $407,429
Cash Flow Year 13 $271,599 $77,702 $75,648 $574,975 $168,150 $432,333
Cash Flow Year 14 $273,309 $74,008 $98,946 $562,035 $172,246 $412,608
Cash Flow Year 15 $273,073 $77,114 $116,970 $583,37 $170,950 $424,059
Cash Flow Year 16 $273,913 $76,877 $106,950 $618,59 $168,181 $423,959
Cash Flow Year 17 $268,535 $69,456 $104,163 $581,51 $165,899 $397,881
Cash Flow Year 18 $271,107 $71,412 $117,588 $500,36 $168,529 $408,633
Cash Flow Year 19 $269,372 $70,259 $104,888 $565,35 $167,715 $400,868
Cash Flow Year 20 $270,880 $76,360 $61,233 $634,445 $169,677 $412,888
Cash Flow Year 21 $271,981 $74,649 $104,486 $5@5,23 $169,488 $415,177
Cash Flow Year 22 $273,947 $77,082 $86,916 $589,094 $172,068 $423,987
Cash Flow Year 23 $274,240 $77,318 $119,999 $628,00 $168,596 $422,655
Cash Flow Year 24 $274,193 $76,388 $118,514 $588,77 $168,057 $420,867
Cash Flow Year 25 $274,551 $75,082 $96,726 $546,345 $171,888 $409,319
Cash Flow Year 26 $273,038 $73,030 $116,702 $588,73 $172,547 $414,099
Cash Flow Year 27 $272,503 $74,808 $83,411 $639,954 $169,966 $408,209
Cash Flow Year 28 $273,027 $74,663 $66,928 $600,649 $170,287 $412,282
Cash Flow Year 29 $269,555 $70,674 $114,666 $529,49 $170,474 $407,164
Cash Flow Year 30 $273,265 $74,285 $93,574 $576,473 $170,733 $413,177
Cash Flow Year 31 $271,605 $71,857 $83,285 $518,262 $170,343 $403,036
Cash Flow Year 32 $271,079 $72,269 $88,828 $618,549 $171,570 $406,153
Cash Flow Year 33 $272,449 $73,914 $110,021 $502,64 $170,634 $416,617
Cash Flow Year 34 $278,115 $75,360 $82,422 $606,020 $172,659 $422,235
Cash Flow Year 35 $273,854 $75,366 $96,865 $628,567 $171,680 $419,961
Cash Flow Year 36 $275,519 $77,115 $102,698 $534,25 $173,232 $431,189
Cash Flow Year 37 $270,937 $72,717 $114,287 $5682,72 $172,262 $411,889
Cash Flow Year 38 $272,423 $72,864 $89,859 $607,824 $173,463 $410,698
Cash Flow Year 39 $271,656 $73,610 $103,697 $538,03 $171,719 $418,717
Cash Flow Year 40 $276,902 $75,186 $98,569 $590,430 $179,885 $410,385
40 Year NPV $2,462,505 $249,567 $1,634,823 $3,333,9 $2,041,758 $2,857,539
Perpetuity NPV $2,523,564 $249,851 $1,664,149 B $2,102,907  $2,914,028
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Table J.30 — Summary statistics for farm representi#ve of Black soil zone, alfalfa

hay, field pea and oat rotation

Mean S;i?{g?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $210,915 $57,222 $37,372 $444,151 $118,816 $305,826
Cash Flow Year 2 $202,318 $63,360 $45,393 $436,941 $105,985 $322,805
Cash Flow Year 3 $253,573 $71,240 $79,973 $510,466 $144,204 $378,587
Cash Flow Year 4 $279,481 $73,086 $82,158 $549,791 $170,806 $406,308
Cash Flow Year 5 $279,962 $70,102 $87,962 $505,464 $176,983 $408,071
Cash Flow Year 6 $273,407 $66,646 $123,198 $523,924 $177,206 $393,931
Cash Flow Year 7 $280,443 $60,898 $149,598 $546,871 $195,846 $392,724
Cash Flow Year 8 $286,252 $55,625 $139,685 $527,199 $207,208 $386,828
Cash Flow Year 9 $294,675 $60,178 $145,712 $494,195 $207,576 $407,352
Cash Flow Year 10 $295,235 $59,490 $159,079 $575,19 $214,862 $409,549
Cash Flow Year 11 $289,774 $56,385 $136,779 $520,21 $209,925 $393,236
Cash Flow Year 12 $287,652 $55,690 $125,453 $504,70 $212,311 $389,644
Cash Flow Year 13 $288,314 $57,512 $153,304 $588,13 $202,513 $399,789
Cash Flow Year 14 $289,699 $57,608 $149,657 $502,17 $207,687 $393,384
Cash Flow Year 15 $291,509 $60,261 $121,582 $5%3,03 $204,065 $407,256
Cash Flow Year 16 $292,274 $59,777 $163,101 $574,85 $211,128 $404,507
Cash Flow Year 17 $290,419 $58,217 $154,856 $487,30 $211,612 $403,462
Cash Flow Year 18 $288,868 $55,721 $153,915 $545,67 $209,340 $391,287
Cash Flow Year 19 $291,749 $58,033 $133,932 $589,09 $210,002 $399,227
Cash Flow Year 20 $291,188 $56,683 $155,189 $520,89 $212,973 $398,634
Cash Flow Year 21 $290,436 $58,611 $138,411 $586,32 $208,667 $400,065
Cash Flow Year 22 $288,386 $57,509 $118,439 $520,91 $207,622 $393,833
Cash Flow Year 23 $287,041 $56,536 $145,643 $486,35 $209,409 $392,052
Cash Flow Year 24 $291,940 $59,773 $131,836 $522,54 $208,767 $405,990
Cash Flow Year 25 $289,798 $57,269 $127,604 $530,52 $204,372 $400,896
Cash Flow Year 26 $290,963 $57,915 $149,263 $583,32 $209,748 $403,109
Cash Flow Year 27 $290,234 $58,536 $157,663 $539,20 $208,063 $395,742
Cash Flow Year 28 $289,825 $57,775 $105,870 $499,87 $207,276 $402,706
Cash Flow Year 29 $291,858 $58,454 $111,115 $429,92 $211,569 $397,765
Cash Flow Year 30 $291,677 $59,931 $143,003 $527,28 $210,194 $402,494
Cash Flow Year 31 $291,099 $58,233 $153,544 $584,51 $212,916 $405,869
Cash Flow Year 32 $293,064 $58,808 $153,113 $682,74 $210,950 $406,015
Cash Flow Year 33 $293,286 $57,884 $168,132 $584,89 $215,813 $406,557
Cash Flow Year 34 $287,970 $52,931 $156,191 $489,50 $211,988 $386,181
Cash Flow Year 35 $285,930 $55,522 $148,010 $524,71 $208,173 $387,299
Cash Flow Year 36 $291,680 $61,228 $154,974 $548,86 $212,093 $410,398
Cash Flow Year 37 $294,242 $60,650 $152,312 $575,39 $207,932 $409,015
Cash Flow Year 38 $293,069 $60,913 $126,262 $5B83,71 $210,279 $406,501
Cash Flow Year 39 $290,988 $59,939 $119,143 $583,50 $205,857 $402,793
Cash Flow Year 40 $290,598 $58,151 $108,872 $584,70 $206,030 $397,914
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Standard

Mean L Minimum Maximum 5% 95%
Deviation
40 Year NPV $2,888,422 $225,066 $2,255,523 $3,886,9 $2,525,550 $3,259,104
Perpetuity NPV $2,944,221 $225,512 $2,314,030 3158 $2,577,631 $3,320,536

Table J.31 — Summary statistics for farm representiave of Dark Grey soil zone,
alfalfa hay, field pea and oat rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $184,343 $40,019 $76,030 $406,141 $119,852 $249,689
Cash Flow Year 2 $178,428 $43,857 $44,071 $377,615 $114,006 $256,103
Cash Flow Year 3 $219,148 $53,977 $99,889 $439,253 $136,088 $313,871
Cash Flow Year 4 $238,872 $52,841 $113,058 $423,082 $162,093 $332,669
Cash Flow Year 5 $238,438 $49,943 $126,409 $407,301 $162,249 $330,375
Cash Flow Year 6 $234,233 $47,950 $122,178 $392,329 $165,549 $324,840
Cash Flow Year 7 $239,337 $43,873 $123,803 $404,032 $177,634 $318,938
Cash Flow Year 8 $245,707 $41,984 $144,873 $397,708 $186,640 $326,425
Cash Flow Year 9 $250,086 $42,231 $147,929 $392,823 $190,613 $328,801
Cash Flow Year 10 $249,439 $42,239 $154,540 $483,88 $189,349 $326,377
Cash Flow Year 11 $246,747 $40,449 $131,856 $307,37 $188,011 $322,307
Cash Flow Year 12 $244,409 $40,471 $122,200 $432,12 $183,953 $317,121
Cash Flow Year 13 $245,700 $40,528 $130,375 $407,59 $188,457 $321,164
Cash Flow Year 14 $246,025 $41,794 $140,121 $408,38 $186,297 $322,963
Cash Flow Year 15 $247,113 $43,146 $122,710 $444,63 $186,776 $329,055
Cash Flow Year 16 $248,180 $41,954 $138,298 $489,64 $188,610 $326,481
Cash Flow Year 17 $248,689 $43,721 $140,166 $452,42 $187,247 $331,295
Cash Flow Year 18 $247,876 $42,261 $120,449 $484,96 $189,430 $325,252
Cash Flow Year 19 $247,843 $41,228 $136,805 $476,20 $188,021 $324,587
Cash Flow Year 20 $247,127 $41,894 $146,871 $460,56 $188,815 $322,843
Cash Flow Year 21 $246,777 $40,108 $154,812 $396,23 $187,407 $318,424
Cash Flow Year 22 $247,335 $41,837 $133,428 $394,02 $190,128 $323,868
Cash Flow Year 23 $244,699 $39,519 $102,211 $324,95 $187,549 $314,648
Cash Flow Year 24 $247,485 $41,889 $142,220 $407,09 $186,367 $324,423
Cash Flow Year 25 $248,902 $42,099 $151,787 $497,73 $190,431 $330,991
Cash Flow Year 26 $248,122 $40,876 $144,061 $406,84 $188,106 $324,312
Cash Flow Year 27 $247,129 $40,630 $142,349 $488,75 $190,237 $322,112
Cash Flow Year 28 $247,934 $40,583 $149,913 $368,93 $188,305 $319,688
Cash Flow Year 29 $248,837 $41,008 $155,466 $476,31 $191,278 $324,999
Cash Flow Year 30 $248,035 $41,237 $165,832 $397,40 $191,696 $326,728
Cash Flow Year 31 $246,715 $41,617 $150,931 $402,39 $185,678 $326,624
Cash Flow Year 32 $248,276 $41,964 $134,491 $438,52 $188,214 $326,533
Cash Flow Year 33 $249,308 $42,688 $133,607 $424,32 $187,931 $325,593
Cash Flow Year 34 $244,868 $38,997 $150,001 $396,70 $187,913 $318,958
Cash Flow Year 35 $243,218 $40,527 $153,272 $424,03 $184,079 $319,718
Cash Flow Year 36 $248,301 $43,604 $135,569 $402,05 $186,055 $329,226
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $249,645 $44,008 $143,611 $480,67 $188,823 $327,902
Cash Flow Year 38 $248,418 $43,402 $153,398 $480,74 $188,649 $330,793
Cash Flow Year 39 $246,795 $41,987 $153,887 $409,57 $189,001 $327,803
Cash Flow Year 40 $246,495 $41,724 $145,454 $482,87 $190,852 $318,811
40 Year NPV $2,479,958 $163,507 $1,984,114 $2,966,7 $2,212,558 $2,743,470
Perpetuity NPV $2,522,781 $163,807 $2,040,012 wu $2,253,501  $2,781,514

Table J.32 — Summary statistics for farm representae of Brown soil zone, dryland

production, field pea and legume green manure rotabn

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $109,874 $104,520 -$161,850 $556,1 -$23,623 $305,057
Cash Flow Year 2 $82,536 $101,758 -$127,461 $531,84 -$76,127 $276,525
Cash Flow Year 3 $80,934 $99,955 -$153,145 $611,466 -$98,892 $267,217
Cash Flow Year 4 $96,011 $92,409 -$151,237 $459,668 -$23,240 $277,382
Cash Flow Year 5 $105,854 $101,228 -$124,317 $683,3 -$19,739 $297,376
Cash Flow Year 6 $101,387 $99,977 -$124,788 $607,26 -$24,516 $307,774
Cash Flow Year 7 $100,619 $97,468 -$137,137 $560,71 -$26,146 $289,699
Cash Flow Year 8 $98,016 $94,959 -$120,403 $510,860 -$27,479 $280,075
Cash Flow Year 9 $104,427 $100,588 -$119,285 $522,8 -$14,901 $304,071
Cash Flow Year 10 $100,071 $92,889 -$122,921 $@24,4 -$21,309 $262,096
Cash Flow Year 11 $101,034 $96,909 -$164,945 $646,6 -$26,428 $281,982
Cash Flow Year 12 $97,884 $96,575 -$142,647 $554,01 -$45,005 $287,619
Cash Flow Year 13 $100,629 $95,958 -$126,686 $684,2 -$21,251 $289,018
Cash Flow Year 14 $101,453 $97,147 -$125,121 $590,0 -$20,324 $284,163
Cash Flow Year 15 $98,966 $96,444 -$118,719 $486,34 -$24,243 $286,097
Cash Flow Year 16 $96,084 $94,146 -$126,311 $562,28 -$29,572 $277,948
Cash Flow Year 17 $99,449 $99,344 -$121,144 $587,21 -$25,444 $295,957
Cash Flow Year 18 $101,786 $97,499 -$122,544 $549,7 -$23,948 $284,061
Cash Flow Year 19 $101,328 $97,814 -$122,776 $682,6 -$23,857 $285,201
Cash Flow Year 20 $97,952 $97,030 -$136,770 $541,25 -$32,959 $281,991
Cash Flow Year 21 $98,473 $95,875 -$129,082 $461,41 -$23,322 $282,336
Cash Flow Year 22 $101,526 $96,610 -$128,345 $589,7 -$15,537 $284,905
Cash Flow Year 23 $102,345 $95,720 -$122,662 $797,0 -$15,023 $278,790
Cash Flow Year 24 $99,601 $99,289 -$159,033 $6@7,09 -$39,265 $278,541
Cash Flow Year 25 $97,531 $95,944 -$125,121 $5@1,06 -$30,619 $284,377
Cash Flow Year 26 $103,139 $96,247 -$118,266 $494,9 -$24,885 $281,143
Cash Flow Year 27 $102,353 $94,406 -$119,778 $566,2 -$14,604 $282,763
Cash Flow Year 28 $101,630 $95,680 -$126,920 $6800,1 -$21,945 $274,245
Cash Flow Year 29 $98,672 $93,934 -$122,471 $493,34 -$25,935 $272,559
Cash Flow Year 30 $100,604 $95,446 -$147,923 $441,2 -$22,467 $284,674
Cash Flow Year 31 $101,551 $98,254 -$115,410 $@05,1 -$21,899 $282,182
Cash Flow Year 32 $98,362 $96,173 -$124,449 $599,33 -$26,758 $284,938
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 33 $101,399 $99,287 -$143,612 $687,6 -$20,173 $285,412
Cash Flow Year 34 $105,358 $103,053 -$113,913 $253, -$21,900 $303,089
Cash Flow Year 35 $97,206 $100,188 -$133,892 $582,7 -$97,399 $280,145
Cash Flow Year 36 $99,448 $94,599 -$126,882 $491,48 -$23,375 $277,898
Cash Flow Year 37 $99,812 $98,301 -$119,034 $524,34 -$23,745 $286,491
Cash Flow Year 38 $102,530 $101,905 -$122,462 8911, -$30,738 $302,657
Cash Flow Year 39 $105,647 $98,765 -$122,574 $680,2 -$13,756 $297,081
Cash Flow Year 40 $102,220 $100,262 -$155,953 $6a4, -$24,331 $295,940
40 Year NPV $1,045,612 $307,113 $126,492 $2,052,170$547,088 $1,545,720
Perpetuity NPV $1,068,009 $307,636 $133,617 $20PB3,  $568,460 $1,568,912

Table J.33 — Summary statistics for farm representae of Dark Brown soil zone,
field pea and legume green manure rotation

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $145,191 $109,635 -$123,107 $5406,1 $8,474 $343,801
Cash Flow Year 2 $122,390 $102,624 -$131,174 $6B1,5 -$8,473 $314,744
Cash Flow Year 3 $126,883 $102,567 -$124,145 $349,1 -$11,753 $306,544
Cash Flow Year 4 $148,868 $105,059 -$127,134 $540,3  $21,866 $349,934
Cash Flow Year 5 $156,102 $98,171 -$129,565 $579,47 $30,521 $343,312
Cash Flow Year 6 $150,929 $98,970 -$131,913 $516,80 $24,426 $336,913
Cash Flow Year 7 $148,758 $101,630 -$138,347 $551,0 $20,796 $344,109
Cash Flow Year 8 $145,338 $101,057 -$135,178 $649,5 $15,036 $339,218
Cash Flow Year 9 $151,288 $97,802 -$127,095 $542,82 $27,552 $332,967
Cash Flow Year 10 $155,876 $99,005 -$135,706 $531,7  $29,089 $345,055
Cash Flow Year 11 $153,184 $102,298 -$131,328 $597, $22,165 $343,966
Cash Flow Year 12 $151,207 $99,443 -$127,917 $613,5 $23,746 $339,624
Cash Flow Year 13 $153,001 $102,329 -$149,948 €394, $29,470 $350,409
Cash Flow Year 14 $152,466 $98,764 -$129,131 $215,2  $23,592 $339,614
Cash Flow Year 15 $151,851 $97,887 -$132,389 $643,7  $24,745 $340,698
Cash Flow Year 16 $151,942 $104,695 -$130,475 508, $22,762 $342,259
Cash Flow Year 17 $149,182 $94,298 -$118,363 $599,9  $26,244 $325,339
Cash Flow Year 18 $150,162 $95,806 -$126,715 $482,3  $20,750 $326,112
Cash Flow Year 19 $148,978 $92,481 -$125,879 $884,4  $26,304 $319,322
Cash Flow Year 20 $149,989 $105,956 -$137,618 $668, $20,133 $341,167
Cash Flow Year 21 $147,486 $103,078 -$128,066 $689, $8,708 $336,397
Cash Flow Year 22 $153,411 $102,629 -$137,940 $G85, $24,011 $352,180
Cash Flow Year 23 $152,434 $98,534 -$122,778 $6883,9  $23,339 $332,429
Cash Flow Year 24 $153,924 $100,215 -$126,523 $354, $29,371 $336,902
Cash Flow Year 25 $151,564 $98,533 -$126,064 $5435 $22,218 $329,222
Cash Flow Year 26 $150,568 $98,386 -$127,789 $241,3  $27,185 $333,642
Cash Flow Year 27 $151,660 $98,000 -$119,159 $683,5 $23,797 $327,400
Cash Flow Year 28 $152,841 $101,613 -$125,848 $971, $26,328 $338,749
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 29 $148,317 $97,479 -$145,140 $320,2  $25,846 $332,961
Cash Flow Year 30 $152,563 $96,702 -$144,876 $381,2  $32,218 $341,124
Cash Flow Year 31 $151,294 $95,744 -$138,977 $607,9 $25,476 $335,839
Cash Flow Year 32 $149,255 $94,029 -$129,106 $694,9  $27,596 $321,438
Cash Flow Year 33 $149,669 $97,546 -$123,293 $5382,5 $26,835 $335,963
Cash Flow Year 34 $156,020 $98,943 -$125,781 $547,9  $27,447 $338,909
Cash Flow Year 35 $152,489 $104,614 -$128,590 $539, $23,253 $348,887
Cash Flow Year 36 $155,900 $102,632 -$130,318 $362, $26,922 $356,536
Cash Flow Year 37 $147,184 $98,247 -$134,825 $859,8  $18,812 $335,860
Cash Flow Year 38 $150,285 $100,611 -$135,137 $680, $22,934 $337,784
Cash Flow Year 39 $152,346 $98,831 -$132,125 $583,1 $26,786 $336,603
Cash Flow Year 40 $154,130 $101,782 -$132,485 $@38, $30,804 $334,492
40 Year NPV $1,528,746 $309,606 $592,703 $2,391,47%1,019,609 $2,042,864
Perpetuity NPV $1,563,429 $310,093 $623,307 $20mm9, $1,056,827  $2,075,343

Table J.34 — Summary statistics for farm representiave of Black soil zone, field pea

and oat rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $234,531 $78,041 $35,164 $604,187 $125,735 $380,675
Cash Flow Year 2 $225,050 $85,906 -$108,327 $559,22 $104,165 $385,215
Cash Flow Year 3 $225,945 $84,325 $26,070 $619,713 $108,124 $385,865
Cash Flow Year 4 $240,362 $84,452 $24,444 $613,065 $126,172 $401,550
Cash Flow Year 5 $240,194 $84,722 -$2,931 $575,519 $128,708 $405,599
Cash Flow Year 6 $228,277 $83,971 $34,671 $606,395 $115,024 $387,072
Cash Flow Year 7 $228,316 $83,546 -$116,342 $667,28 $118,606 $387,727
Cash Flow Year 8 $229,479 $82,118 -$111,218 $550,01 $116,302 $378,086
Cash Flow Year 9 $238,524 $87,036 $40,473 $566,284 $120,495 $397,125
Cash Flow Year 10 $240,739 $91,011 $51,797 $659,911 $121,446 $420,123
Cash Flow Year 11 $233,441 $83,937 $31,789 $502,707 $117,680 $394,009
Cash Flow Year 12 $230,099 $84,077 -$122,053 $626,9 $120,564 $385,622
Cash Flow Year 13 $232,768 $87,413 -$110,843 $591,2 $117,299 $402,080
Cash Flow Year 14 $232,951 $85,255 -$107,814 $691,9 $118,800 $401,340
Cash Flow Year 15 $232,673 $86,011 $39,120 $630,881 $115,303 $399,343
Cash Flow Year 16 $235,937 $88,043 $46,693 $624,325 $120,411 $404,594
Cash Flow Year 17 $232,733 $85,582 $67,635 $554,465 $122,367 $394,971
Cash Flow Year 18 $231,157 $82,446 -$115,163 $@85,3 $117,493 $375,803
Cash Flow Year 19 $235,787 $88,490 $33,012 $655,917 $118,130 $400,587
Cash Flow Year 20 $234,004 $85,788 -$120,579 $629.6 $117,156 $406,571
Cash Flow Year 21 $234,009 $86,140 -$118,896 $8964,9 $120,648 $402,135
Cash Flow Year 22 $230,848 $85,501 -$124,034 $8961,0 $115,176 $386,129
Cash Flow Year 23 $228,417 $84,283 $19,454 $535,429 $117,187 $390,966
Cash Flow Year 24 $235,063 $88,691 $37,904 $560,546 $115,923 $404,033
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $233,490 $85,672 $41,247 $537,211 $115,933 $401,054
Cash Flow Year 26 $233,340 $84,433 $46,197 $577,068 $119,384 $389,158
Cash Flow Year 27 $231,110 $87,822 -$116,662 $68436 $112,296 $393,133
Cash Flow Year 28 $231,018 $87,584 -$115,724 $698,2 $116,805 $399,938
Cash Flow Year 29 $232,838 $87,347 -$108,198 $943,9 $116,971 $401,448
Cash Flow Year 30 $234,372 $89,524 -$108,994 $617,5 $116,222 $411,389
Cash Flow Year 31 $231,744 $86,591 -$114,828 $880,0 $117,737 $397,122
Cash Flow Year 32 $235,412 $85,909 $51,463 $768,853 $120,484 $399,348
Cash Flow Year 33 $236,865 $87,252 -$124,223 $661,3 $123,850 $399,753
Cash Flow Year 34 $230,102 $82,368 -$109,032 $834,1 $117,987 $388,326
Cash Flow Year 35 $228,404 $85,334 -$116,440 $8M,3  $116,621 $388,495
Cash Flow Year 36 $235,680 $89,371 $40,391 $601,931 $119,338 $401,421
Cash Flow Year 37 $235,871 $84,596 -$119,395 $884,3 $120,473 $396,533
Cash Flow Year 38 $237,143 $90,247 $24,068 $622,702 $118,751 $408,746
Cash Flow Year 39 $231,216 $87,211 -$111,900 $686,7 $115,780 $392,138
Cash Flow Year 40 $233,161 $87,349 -$115,879 $963,0 $114,699 $413,287
40 Year NPV $2,5625,124 $283,948 $1,685,887 $3,926,4 $2,073,001 $3,026,039
Perpetuity NPV $2,573,881 $284,952 $1,726,444 B3 $2,118,467  $3,065,275

Table J.35 — Summary statistics for farm representiéve of Dark Grey soil zone,
field pea and oat rotation

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $215,103 $59,860 $88,058 $512,572 $128,778 $328,887
Cash Flow Year 2 $210,234 $64,550 $60,663 $445,304 $122,945 $330,798
Cash Flow Year 3 $212,434 $64,333 $70,434 $568,875 $126,718 $337,227
Cash Flow Year 4 $225,531 $61,157 $66,472 $466,508 $143,942 $338,840
Cash Flow Year 5 $225,158 $57,393 $50,907 $462,894 $147,201 $334,241
Cash Flow Year 6 $219,958 $58,581 $86,439 $493,183 $143,935 $333,194
Cash Flow Year 7 $219,185 $56,757 $78,482 $450,815 $142,308 $335,458
Cash Flow Year 8 $221,935 $58,223 $92,637 $426,798 $140,964 $337,012
Cash Flow Year 9 $224,705 $59,984 $92,725 $466,998 $143,848 $337,565
Cash Flow Year 10 $224,783 $60,859 $94,536 $524,652 $140,561 $336,484
Cash Flow Year 11 $222,526 $57,381 $85,557 $498,453 $143,890 $326,758
Cash Flow Year 12 $218,552 $57,649 $83,630 $484,018 $142,099 $329,682
Cash Flow Year 13 $221,161 $58,420 $86,791 $499,043 $140,666 $329,150
Cash Flow Year 14 $221,713 $58,167 $78,460 $471,579 $140,294 $326,146
Cash Flow Year 15 $220,486 $58,212 $56,228 $450,394 $142,802 $329,319
Cash Flow Year 16 $223,784 $56,222 $62,069 $473,657 $145,336 $326,621
Cash Flow Year 17 $224,217 $60,994 $95,013 $461,751 $144,214 $344,895
Cash Flow Year 18 $223,410 $60,082 $65,321 $481,291 $144,547 $342,957
Cash Flow Year 19 $222,756 $58,923 $96,547 $529,476 $147,356 $336,314
Cash Flow Year 20 $221,299 $59,342 $84,236 $499,120 $141,935 $335,846
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 21 $221,711 $56,071 $82,904 $457,754 $141,737  $327,371
Cash Flow Year 22 $222,013 $58,168 $82,541 $427,544 $146,803  $333,062
Cash Flow Year 23 $219,898 $57,413 $50,729 $479,516 $143,000  $333,597
Cash Flow Year 24 $222,701 $60,451 $83,261 $541,548 $141,901  $336,378
Cash Flow Year 25 $224,185 $60,940 $84,624 $484,384 $141,963  $343,043
Cash Flow Year 26 $222,805 $58,394 $100,522 $42894 $142,123  $334,205
Cash Flow Year 27 $222,129 $57,940 $88,081 $445,782 $141,880  $332,162
Cash Flow Year 28 $223,680 $60,429 $99,948 $482,958 $144,684  $337,712
Cash Flow Year 29 $224,032 $59,102 $94,247 $471,551 $144,392  $336,401
Cash Flow Year 30 $223,003 $57,552 $101,702 $584,49 $146,568  $338,264
Cash Flow Year 31 $220,391 $58,446 $99,721 $496,040 $141,702  $333,093
Cash Flow Year 32 $223,175 $60,512 $72,996 $528,135 $144,552  $336,764
Cash Flow Year 33 $224,678 $61,504 $78,123 $488,426 $138,490  $347,601
Cash Flow Year 34 $218,896 $55,597 $92,059 $459,005 $144,743  $325,764
Cash Flow Year 35 $218,492 $59,659 $94,453 $442,271 $137,977  $338,520
Cash Flow Year 36 $223,184 $60,545 $79,647 $478,223 $139,869  $332,874
Cash Flow Year 37 $223,216 $60,747 $79,738 $480,502 $138,662  $336,994
Cash Flow Year 38 $222,912 $61,373 $97,163 $480,819 $140,526  $338,332
Cash Flow Year 39 $221,454 $60,692 $82,733 $459,987 $140,942  $339,953
Cash Flow Year 40 $221,790 $60,102 $88,250 $556,104 $141,009  $332,609
40 Year NPV $2,371,215 $204,959 $1,804,347  $3,@8,6 $2,034,906  $2,697,819
Perpetuity NPV $2,410,627 $205,674 $1,828,416 @I $2,070,814  $2,745500
Table J.36 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with shelterbelt adoption
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $264,380 $161,269 -$311,680 $a8606  $37,337 $566,073
Cash Flow Year 2 $174,760 $144,720 -$315,692 $2@0,0 -$13,687 $429,582
Cash Flow Year 3 $158,348 $137,584 -$332,490 $683,6 -$10,893 $414,411
Cash Flow Year 4 $199,695 $141,096 -$323,650 $937,8  $40,125 $466,601
Cash Flow Year 5 $213,065 $132,688 -$309,019 $206,0  $47,001 $446,234
Cash Flow Year 6 $203,921 $142,218 -$303,349 $2802  $33,462 $458,810
Cash Flow Year 7 $184,557 $147,374 -$307,482 $8836  $1,437 $459,768
Cash Flow Year 8 $178,692 $138,876 -$300,786 $7829  $3,045 $424,620
Cash Flow Year 9 $188,875 $144,064 -$322,743 $794,7  $10,468 $452,659
Cash Flow Year 10 $199,238 $136,516 -$316,028 $887,  $25,299 $450,275
Cash Flow Year 11 $194,219 $129,511 -$302,997 ¥p36,  $23,013 $425,409
Cash Flow Year 12 $192,291 $135,116 -$298,793 $865,  $19,205 $452,236
Cash Flow Year 13 $192,545 $139,508 -$316,666 001,  $21,767 $467,810
Cash Flow Year 14 $197,990 $129,603 -$298,676 $a20,  $22,938 $427,826
Cash Flow Year 15 $196,960 $131,631 -$305,761 €805,  $25,392 $461,103
Cash Flow Year 16 $197,815 $138,981 -$302,244 $964,  $26,655 $466,631
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 17 $196,015 $133,735 -$291,392 $B4, $14,328 $458,315
Cash Flow Year 18 $198,061 $131,875 -$316,030 $180, $32,139 $441,102
Cash Flow Year 19 $204,258 $134,366 -$284,594 8240, $32,691 $461,523
Cash Flow Year 20 $198,607 $138,811 -$304,482 $932, $30,196 $452,141
Cash Flow Year 21 $196,438 $134,891 -$317,375 $928, $26,726 $449,376
Cash Flow Year 22 $195,271 $138,466 -$297,717 8343, $22,255 $449,390
Cash Flow Year 23 $201,250 $135,623 -$316,032 9826, $29,926 $458,357
Cash Flow Year 24 $208,252 $145,381 -$316,058 $190, $25,815 $470,196
Cash Flow Year 25 $204,875 $135,590 -$311,505 $188, $28,096 $449,248
Cash Flow Year 26 $206,774 $135,101 -$322,731 $800, $34,909 $456,170
Cash Flow Year 27 $203,653 $129,925 -$311,413 8182, $36,559 $441,518
Cash Flow Year 28 $202,020 $130,162 -$320,602 $818, $35,753 $440,388
Cash Flow Year 29 $203,056 $135,585 -$298,806 $235, $36,033 $457,277
Cash Flow Year 30 $199,119 $128,649 -$289,581 K005, $29,718 $436,072
Cash Flow Year 31 $198,686 $137,340 -$312,910 $330, $25,742 $442,633
Cash Flow Year 32 $207,270 $133,021 -$305,282 9787, $31,355 $437,585
Cash Flow Year 33 $211,426 $141,364 -$321,597 $321, $38,255 $491,439
Cash Flow Year 34 $208,692 $138,094 -$291,152 €539, $27,766 $466,934
Cash Flow Year 35 $206,403 $142,168 -$300,665 $389, $23,866 $460,375
Cash Flow Year 36 $208,214 $131,840 -$314,330 864, $40,300 $464,070
Cash Flow Year 37 $208,524 $142,828 -$304,300 a2, $31,464 $478,567
Cash Flow Year 38 $200,659 $128,199 -$313,472 €895, $27,632 $434,429
Cash Flow Year 39 $207,224 $134,001 -$306,771 $940, $34,318 $445,485
Cash Flow Year 40 $205,940 $132,924 -$305,893 8B386, $36,659 $460,808
40 Year NPV $2,206,433 $412,797 $982,116 $3,944,6461,532,520 $2,873,168
Perpetuity NPV $2,248,072 $414,808 $1,051,940 N3715979 $1,567,825  $2,915,473

Table J.37 — Summary statistics for farm representae of Brown soil zone, dryland
production, with shelterbelt adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $82,840 $105,669 -$203,230 $576,87 -$102,368 $278,933
Cash Flow Year 2 $52,944 $102,988 -$152,625 $537,61 -$111,692 $249,015
Cash Flow Year 3 $43,404 $104,051 -$182,733 $563,97 -$113,690 $231,427
Cash Flow Year 4 $52,965 $97,040 -$192,389 $452,990 -$110,335 $228,001
Cash Flow Year 5 $55,452 $104,390 -$179,287 $598,44 -$110,129 $241,285
Cash Flow Year 6 $44,459 $103,563 -$167,345 $586,37 -$113,501 $235,131
Cash Flow Year 7 $42,006 $100,208 -$202,561 $518,60 -$112,150 $222,115
Cash Flow Year 8 $37,973 $96,839 -$185,031 $470,826 -$113,138 $217,459
Cash Flow Year 9 $53,350 $101,668 -$162,683 $485,38 -$105,863 $242,337
Cash Flow Year 10 $52,618 $95,786 -$172,842 $627,94 -$104,166 $226,258
Cash Flow Year 11 $53,832 $97,753 -$188,077 $415,06 -$105,110 $224,678
Cash Flow Year 12 $56,768 $95,208 -$175,082 $442,17 -$104,743 $232,550
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Mean Standard Deviation Minimum Maximum 5%

95%

Cash Flow Year 13 $61,775 $95,629 -$188,996 $483,44 -$102,916
Cash Flow Year 14 $66,956 $95,190 -$168,148 $528,84 -$100,894
Cash Flow Year 15 $62,842 $95,633 -$165,620 $418,48 -$100,522
Cash Flow Year 16 $61,675 $93,185 -$170,190 $477,76 -$100,506
Cash Flow Year 17 $66,374 $98,448 -$157,022 $510,36 -$101,729
Cash Flow Year 18 $67,510 $95,368 -$137,328 $580,05 -$101,714
Cash Flow Year 19 $68,202 $95,101 -$124,339 $582,12 -$101,334
Cash Flow Year 20 $63,359 $97,071 -$194,036 $560,27 -$102,415
Cash Flow Year 21 $65,640 $95,574 -$188,830 $4@4,69 -$99,457
Cash Flow Year 22 $68,309 $94,236 -$172,669 $524,36 -$98,735
Cash Flow Year 23 $67,877 $95,026 -$127,043 $440,54 -$99,070
Cash Flow Year 24 $64,007 $98,506 -$171,993 $530,12 -$102,400
Cash Flow Year 25 $63,493 $94,789 -$176,676 $464,80 -$102,888
Cash Flow Year 26 $67,271 $95,096 -$161,001 $4106,98 -$100,632
Cash Flow Year 27 $67,633 $93,910 -$123,723 $550,43 -$97,445
Cash Flow Year 28 $66,915 $95,855 -$131,792 $584,19 -$100,089
Cash Flow Year 29 $66,344 $93,337 -$149,236 $481,79 -$99,157
Cash Flow Year 30 $65,853 $94,178 -$161,676 $4426,53 -$100,651
Cash Flow Year 31 $67,496 $97,941 -$163,736 $538,75 -$102,494
Cash Flow Year 32 $64,907 $94,012 -$159,691 $597,76 -$100,251
Cash Flow Year 33 $65,625 $97,990 -$171,775 $605,31 -$101,195
Cash Flow Year 34 $70,262 $101,261 -$141,980 $507,7 -$100,235
Cash Flow Year 35 $65,529 $98,062 -$159,412 $484,80 -$102,360
Cash Flow Year 36 $65,393 $93,438 -$137,537 $452,00 -$101,933
Cash Flow Year 37 $64,583 $96,880 -$133,141 $4491,46 -$101,635
Cash Flow Year 38 $66,853 $100,066 -$149,540 $542,9 -$102,079
Cash Flow Year 39 $70,929 $97,630 -$137,308 $435,71 -$98,337
Cash Flow Year 40 $70,347 $95,865 -$173,709 $5@0,16 -$101,898
40 Year NPV $644,864 $338,553 -$496,310 $1,663,569 $95,482
Perpetuity NPV $659,880 $339,125 -$488,499 $1,7188,1 $103,544

$244,753
$242,759
$252,053
$234,119
$248,149
$245,886
$239,639
$242,025
$255,420
$244,690
$246,382
$230,585
$243,384
$236,985
$240,252
$243,248
$231,016
$243,964
$237,703
$236,114
$239,087
$252,764
$247,760
$236,436
$245,076
$263,563
$246,478
$244,358
$1,210,921
$1,218,140

Table J.38 — Summary statistics for farm representae of Dark Brown soil zone,

with shelterbelt adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $102,760 $87,946 -$124,378 $482,71 -$14,643 $257,592
Cash Flow Year 2 $78,033 $83,721 -$148,468 $441,506 -$35,332 $228,941
Cash Flow Year 3 $73,022 $83,795 -$128,824 $410,092 -$106,060 $213,599
Cash Flow Year 4 $86,104 $84,829 -$131,063 $421,729 -$31,507 $239,690
Cash Flow Year 5 $85,877 $81,223 -$136,058 $447,090 -$37,312 $224,902
Cash Flow Year 6 $75,426 $85,374 -$136,652 $349,882 -$104,418 $223,867
Cash Flow Year 7 $72,492 $86,895 -$142,663 $383,080 -$104,669 $227,786
Cash Flow Year 8 $67,445 $86,838 -$139,483 $476,407 -$104,602 $221,475
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 9 $78,988 $81,031 -$133,433 $426,193 -$34,837 $221,853
Cash Flow Year 10 $85,341 $82,121 -$138,804 $385,40 -$22,878 $241,802
Cash Flow Year 11 $85,254 $85,079 -$126,262 $380,58 -$29,901 $237,037
Cash Flow Year 12 $87,639 $83,732 -$136,715 $398,99 -$26,284 $251,061
Cash Flow Year 13 $89,534 $82,853 -$167,626 $488,93 -$15,242 $247,679
Cash Flow Year 14 $92,156 $80,640 -$125,516 $393,04 -$19,020 $240,483
Cash Flow Year 15 $91,210 $79,686 -$124,600 $483,01 -$9,169 $244,324
Cash Flow Year 16 $94,608 $84,418 -$123,683 $428,09 -$14,509 $247,235
Cash Flow Year 17 $92,080 $78,296 -$121,006 $433,12 -$11,779 $241,523
Cash Flow Year 18 $92,831 $77,173 -$122,277 $367,28 -$15,754 $227,322
Cash Flow Year 19 $91,467 $76,498 -$118,918 $3B1,94 -$18,597 $232,552
Cash Flow Year 20 $92,053 $87,224 -$142,620 $486,89 -$23,413 $252,272
Cash Flow Year 21 $91,229 $83,836 -$124,419 $487,14 -$30,579 $242,659
Cash Flow Year 22 $96,562 $82,511 -$129,162 $480,27 -$10,477 $251,406
Cash Flow Year 23 $95,188 $79,403 -$124,332 $485,02 -$14,094 $241,987
Cash Flow Year 24 $96,557 $82,431 -$126,230 $396,19 -$10,734 $248,784
Cash Flow Year 25 $94,501 $80,462 -$124,200 $443,39 -$10,572 $239,497
Cash Flow Year 26 $94,514 $79,677 -$124,731 $381,50 -$14,307 $242,103
Cash Flow Year 27 $94,880 $78,989 -$112,632 $480,22 -$9,614 $232,246
Cash Flow Year 28 $96,554 $83,119 -$133,810 $392,02 -$10,070 $251,830
Cash Flow Year 29 $94,398 $80,752 -$152,456 $329,88 -$12,312 $246,527
Cash Flow Year 30 $95,497 $80,029 -$129,858 $3@8,49 -$8,859 $247,829
Cash Flow Year 31 $94,820 $79,029 -$119,105 $447,83 -$10,961 $236,712
Cash Flow Year 32 $93,611 $79,361 -$125,266 $5@5,60 -$10,885 $237,016
Cash Flow Year 33 $94,238 $80,008 -$121,651 $483,03 -$10,205 $241,016
Cash Flow Year 34 $98,627 $81,377 -$122,207 $432,65 -$9,257 $247,487
Cash Flow Year 35 $96,594 $84,621 -$131,362 $427,25 -$12,428 $252,289
Cash Flow Year 36 $98,048 $83,947 -$120,774 $386,26 -$13,107 $258,643
Cash Flow Year 37 $93,223 $80,236 -$125,753 $317,81 -$16,668 $246,246
Cash Flow Year 38 $95,974 $82,484 -$128,427 $492,36  -$9,762 $249,932
Cash Flow Year 39 $96,171 $79,375 -$126,177 $466,29 -$7,892 $245,357
Cash Flow Year 40 $98,608 $83,554 -$126,084 $486,52 -$10,965 $251,436

40 Year NPV $934,297 $292,146 $21,258 $1,778,388 52864 $1,427,796
Perpetuity NPV $956,363 $292,528 $40,422 $1,788,212 $468,231 $1,446,164

Table J.39 — Summary statistics for farm representae of Black soil zone, with
shelterbelt adoption

Maximum

5%

95%

Cash Flow Year 1
Cash Flow Year 2
Cash Flow Year 3
Cash Flow Year 4

Mean s:ll?aﬁgg Minimum
$263,362 $98,296 $41,786
$237,960 $94,491 -$113,370
$239,668 $92,519 $38,508
$254,221 $94,038 -$116,275
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$753,446 $128,669
$525,70 $106,031
$694,512 $113,429
$6@3,90 $130,262

$446,380
$411,395
$413,196
$424,580



Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $251,094 $89,461 -$113,181 $663,35 $137,752 $419,225
Cash Flow Year 6 $238,177 $88,902 $7,802 $625,222 116,946 $410,923
Cash Flow Year 7 $229,542 $86,864 -$125,230 $640,13 $109,485 $376,036
Cash Flow Year 8 $229,802 $87,973 -$122,305 $623,40 $107,788 $381,835
Cash Flow Year 9 $241,949 $94,998 -$113,988 $609,62 $113,556 $414,956
Cash Flow Year 10 $242,697 $97,365 $33,528 $728,475 $112,153 $434,292
Cash Flow Year 11 $236,986 $91,137 $12,422 $543,831 $111,806 $414,914
Cash Flow Year 12 $231,471 $90,499 -$131,166 $6@5,2 $113,136 $393,650
Cash Flow Year 13 $237,166 $93,822 -$108,968 $6829,7 $109,423 $417,978
Cash Flow Year 14 $240,054 $90,109 $23,940 $644,185 $116,067 $423,623
Cash Flow Year 15 $237,373 $90,287 $37,614 $609,982 $112,617 $410,900
Cash Flow Year 16 $241,057 $91,085 $37,405 $615,326 $121,321 $412,813
Cash Flow Year 17 $238,839 $90,890 $67,298 $608,562 $119,201 $412,588
Cash Flow Year 18 $236,288 $86,657 $22,941 $635,852 $119,716 $389,779
Cash Flow Year 19 $240,239 $95,244 -$111,277 $B87,7 $118,546 $413,105
Cash Flow Year 20 $237,932 $90,444 -$117,005 $685,7 $117,122 $401,117
Cash Flow Year 21 $237,935 $90,653 -$127,962 $887,7 $119,403 $412,448
Cash Flow Year 22 $234,278 $90,326 -$128,543 $@27,5 $109,473 $397,939
Cash Flow Year 23 $230,126 $90,077 -$111,200 $892,4 $111,558 $405,920
Cash Flow Year 24 $237,397 $94,040 -$117,877 $243,2 $107,612 $423,445
Cash Flow Year 25 $236,531 $91,222 $23,808 $574,362 $109,545 $412,300
Cash Flow Year 26 $234,522 $88,251 $49,347 $592,852 $112,872 $395,305
Cash Flow Year 27 $232,617 $93,077 -$116,716 $6388,6 $107,452 $398,933
Cash Flow Year 28 $232,039 $91,050 -$117,331 $622,7 $110,848 $408,681
Cash Flow Year 29 $233,334 $90,935 -$117,649 $@38,5 $111,747 $400,877
Cash Flow Year 30 $234,326 $93,018 -$112,222 $635,1 $111,783 $410,722
Cash Flow Year 31 $231,392 $90,366 -$120,390 $543,9 $114,042 $403,949
Cash Flow Year 32 $235,781 $89,391 $33,026 $733,992 $116,078 $402,557
Cash Flow Year 33 $239,086 $91,565 -$130,803 $@20,2 $117,070 $407,256
Cash Flow Year 34 $229,212 $86,493 -$119,279 $584,3 $113,331 $391,144
Cash Flow Year 35 $229,800 $92,201 -$115,286 $@820,5 $106,924 $414,490
Cash Flow Year 36 $235,731 $94,243 $29,296 $669,664 $113,993 $410,249
Cash Flow Year 37 $235,737 $88,682 -$125,193 $657,5 $113,507 $407,130
Cash Flow Year 38 $235,592 $92,888 -$112,375 $629,5 $113,779 $416,056
Cash Flow Year 39 $230,099 $91,411 -$116,082 $898,0 $108,716 $395,025
Cash Flow Year 40 $232,366 $91,506 -$120,376 $@35,1 $107,356 $418,188
40 Year NPV $2,609,624 $323,151 $1,693,840 $3,3%,8 $2,110,515 $3,180,086
Perpetuity NPV $2,660,446 $324,231 $1,743,570 FBID $2,169,901  $3,235,652
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Table J.40 — Summary statistics for farm representi#e of Dark Grey soil zone,
with shelterbelt adoption

Mean S;i?{g?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $226,957 $73,575 $73,261 $581,459 $124,436 $373,551
Cash Flow Year 2 $208,170 $70,330 $55,535 $475,208 $114,796 $340,901
Cash Flow Year 3 $207,700 $70,479 $57,140 $647,307 $113,879 $343,181
Cash Flow Year 4 $220,522 $66,768 $43,773 $485,606 $132,028 $347,112
Cash Flow Year 5 $216,628 $61,487 $22,346 $483,502 $132,516 $336,003
Cash Flow Year 6 $209,691 $63,729 $44,273 $559,012 $126,187 $327,151
Cash Flow Year 7 $203,424 $61,507 $45,460 $457,349 $117,864 $329,600
Cash Flow Year 8 $206,895 $63,755 $65,646 $452,020 $120,732 $334,131
Cash Flow Year 9 $211,809 $65,954 $60,140 $498,400 $123,178 $336,988
Cash Flow Year 10 $211,502 $67,484 $61,537 $528,314 $121,157 $339,569
Cash Flow Year 11 $208,559 $64,562 $52,463 $496,535 $121,412 $326,525
Cash Flow Year 12 $204,537 $64,219 $56,581 $518,240 $119,375 $324,258
Cash Flow Year 13 $208,637 $66,526 $22,459 $539,452 $118,473 $332,866
Cash Flow Year 14 $208,926 $64,340 $48,406 $529,838 $118,695 $328,662
Cash Flow Year 15 $207,651 $64,035 $24,379 $448,811 $121,975 $324,991
Cash Flow Year 16 $210,707 $61,211 $56,435 $460,946 $125,312 $322,205
Cash Flow Year 17 $211,597 $67,784 $70,757 $474,222 $121,983 $344,917
Cash Flow Year 18 $211,474 $66,895 $45,583 $497,865 $122,126 $343,087
Cash Flow Year 19 $210,404 $66,086 $56,852 $523,714 $125,948 $343,136
Cash Flow Year 20 $208,834 $65,312 $56,686 $486,917 $121,705 $337,569
Cash Flow Year 21 $208,970 $61,859 $70,623 $477,063 $120,440 $326,355
Cash Flow Year 22 $208,351 $63,768 $53,229 $434,846 $125,475 $330,893
Cash Flow Year 23 $207,035 $64,639 $10,833 $507,057 $120,956 $335,576
Cash Flow Year 24 $210,344 $66,865 $59,467 $568,434 $121,852 $341,316
Cash Flow Year 25 $211,264 $67,200 $62,354 $488,144 $120,624 $345,338
Cash Flow Year 26 $209,084 $65,098 $77,037 $450,827 $122,630 $334,275
Cash Flow Year 27 $208,070 $62,618 $67,665 $464,530 $122,521 $327,548
Cash Flow Year 28 $209,445 $66,342 $59,643 $487,616 $120,479 $342,619
Cash Flow Year 29 $209,819 $64,956 $49,836 $477,694 $123,892 $336,609
Cash Flow Year 30 $208,661 $63,720 $65,029 $606,247 $122,671 $337,731
Cash Flow Year 31 $205,836 $63,520 $64,468 $496,270 $117,856 $324,946
Cash Flow Year 32 $208,760 $65,626 $54,960 $519,509 $122,215 $336,588
Cash Flow Year 33 $210,533 $68,724 $58,438 $485,432 $114,739 $347,532
Cash Flow Year 34 $203,659 $60,645 $72,371 $452,182 $122,712 $324,679
Cash Flow Year 35 $203,828 $66,678 -$85,232 $489,76 $120,147 $337,062
Cash Flow Year 36 $208,089 $66,490 $59,635 $513,670 $118,514 $330,577
Cash Flow Year 37 $209,040 $66,262 $46,111 $468,377 $117,535 $334,448
Cash Flow Year 38 $206,959 $66,464 $79,188 $488,927 $118,286 $332,177
Cash Flow Year 39 $206,810 $66,134 $59,936 $472,913 $120,447 $335,852
Cash Flow Year 40 $206,733 $66,864 $64,421 $575,447 $117,401 $335,223
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Standard

Mean Deviation Minimum Maximum 5% 95%
40 Year NPV $2,288,331 $226,345 $1,642,925  $3,0825 $1,919,793  $2,642,621
Perpetuity NPV $2,325,182 $227,062 $1,654,256  $B4BY  $1,953,051  $2,684,638
Table J.41 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with buffer strip adoption
Mean s«;?/?aﬁ?gr? Minimum Maximum 5% 95%
Cash Flow Year 1 $270,229 $162,675 -$308,810 $488,6  $44,630 $573,875
Cash Flow Year 2 $183,738 $146,124 -$313,344 $8169  -$6,614 $443,447
Cash Flow Year 3 $170,253 $139,383 -$330,929 $2331  -$1,278 $434,276
Cash Flow Year 4 $215,721 $144,886 -$322,630 $976,2  $49,814 $493,613
Cash Flow Year 5 $232,861 $138,950 -$308,167 $1882  $58,433 $479,430
Cash Flow Year 6 $228,247 $149,784 -$303,009 $B99.9  $46,564 $498,616
Cash Flow Year 7 $213,372 $152,537 -$308,509 $0905  $24,277 $504,008
Cash Flow Year 8 $208,280 $147,547 -$302,631 $8810  $23,591 $471,576
Cash Flow Year 9 $216,064 $149,635 -$329,161 $881,4  $30,941 $493,804
Cash Flow Year 10 $224,804 $143,105 -$322,696 $950,  $43,731 $487,395
Cash Flow Year 11 $218,364 $135,126 -$309,945 8785,  $41,421 $457,207
Cash Flow Year 12 $214,659 $141,029 -$306,144 $861,  $33,459 $486,007
Cash Flow Year 13 $212,375 $145,790 -$325,615 $886,  $31,280 $500,225
Cash Flow Year 14 $215,614 $135,633 -$307,823 $BR2,  $32,837 $456,995
Cash Flow Year 15 $213,736 $137,947 -$315,016 $854,  $34,819 $490,655
Cash Flow Year 16 $213,362 $147,518 -$311,453 $987,  $32,972 $495,339
Cash Flow Year 17 $210,789 $141,483 -$300,256 6780,  $20,820 $489,107
Cash Flow Year 18 $212,891 $138,907 -$325,395 $887,  $38,742 $471,615
Cash Flow Year 19 $218,213 $142,314 -$292,581 $884,  $35,719 $489,560
Cash Flow Year 20 $211,524 $148,320 -$314,143 $1840 $33,272 $478,494
Cash Flow Year 21 $209,685 $142,578 -$327,131 g924,  $30,239 $477,615
Cash Flow Year 22 $208,184 $145,812 -$307,173 $398,  $25,275 $475,684
Cash Flow Year 23 $214,072 $143,407 -$325,892 8832,  $33,887 $485,569
Cash Flow Year 24 $221,097 $153,804 -$325,510 $824,  $30,115 $496,788
Cash Flow Year 25 $217,303 $143,331 -$321,342 @836,  $32,153 $474,859
Cash Flow Year 26 $218,447 $143,818 -$333,301 $843,  $37,206 $477,603
Cash Flow Year 27 $214,948 $138,989 -$321,061 $324,  $37,348 $465,688
Cash Flow Year 28 $213,456 $137,171 -$330,341 $864,  $38,277 $466,533
Cash Flow Year 29 $214,302 $143,133 -$308,478 €985,  $40,241 $482,947
Cash Flow Year 30 $209,304 $137,178 -$297,944 $186,  $29,491 $461,198
Cash Flow Year 31 $209,434 $144,694 -$322,928 $225,  $25,657 $466,238
Cash Flow Year 32 $218,183 $140,219 -$315,365 $950,  $34,027 $462,396
Cash Flow Year 33 $221,748 $149,821 -$331,692 485,  $36,320 $519,574
Cash Flow Year 34 $218,784 $147,101 -$301,312 $B28,  $28,135 $496,105
Cash Flow Year 35 $216,054 $151,918 -$310,607 $998,  $23,802 $483,449
Cash Flow Year 36 $218,070 $140,662 -$324,619 $883,  $41,175 $488,456
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $219,070 $150,505 -$314,741 8277, $30,430 $504,864
Cash Flow Year 38 $210,333 $136,643 -$323,443 €831, $30,327 $456,058
Cash Flow Year 39 $217,387 $142,883 -$316,432 81483 $35,969 $470,920
Cash Flow Year 40 $216,064 $140,814 -$315,807 9185, $38,733 $485,441
40 Year NPV $2,373,032 $419,471 $1,113,412 $4,734,1 $1,676,851 $3,061,150
Perpetuity NPV $2,417,557 $421,760 $1,188,121 K1s%td) $1,720,393  $3,097,519

Table J.42 — Summary statistics for farm

production, with buffer strip adoption

representi@ve of Brown soil zone, dryland

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $92,464 $105,546 -$191,623 $538,24 -$67,533 $290,321
Cash Flow Year 2 $65,512 $104,061 -$139,399 $587,23 -$106,322 $265,920
Cash Flow Year 3 $60,918 $104,982 -$168,435 $582,68 -$108,095 $253,630
Cash Flow Year 4 $74,107 $97,789 -$177,001 $487,317 -$102,792 $255,613
Cash Flow Year 5 $81,869 $106,161 -$158,350 $563,54 -$103,448 $276,247
Cash Flow Year 6 $75,802 $105,757 -$148,129 $5%0,00 -$105,591 $275,913
Cash Flow Year 7 $74,042 $103,863 -$186,430 $583,69 -$105,068 $264,057
Cash Flow Year 8 $72,441 $100,413 -$160,303 $584,06 -$105,778 $262,223
Cash Flow Year 9 $79,492 $106,044 -$169,658 $586,62 -$102,668 $279,785
Cash Flow Year 10 $75,558 $101,650 -$180,460 $636,9 -$103,537 $257,547
Cash Flow Year 11 $74,610 $102,326 -$190,194 $591,3 -$105,922 $253,067
Cash Flow Year 12 $74,104 $100,606 -$156,066 $432,8 -$106,791 $262,828
Cash Flow Year 13 $75,926 $100,929 -$170,750 $694,7 -$105,183 $267,952
Cash Flow Year 14 $77,961 $100,891 -$176,759 $260,3 -$104,557 $263,224
Cash Flow Year 15 $72,551 $101,990 -$174,317 $461,7 -$103,914 $273,838
Cash Flow Year 16 $70,276 $99,882 -$179,168 $586,75 -$104,223 $254,445
Cash Flow Year 17 $74,896 $105,548 -$164,952 $382,1 -$105,514 $269,707
Cash Flow Year 18 $75,683 $102,359 -$144,067 $860,2 -$105,099 $267,049
Cash Flow Year 19 $76,127 $102,360 -$129,747 $696,5 -$105,075 $260,406
Cash Flow Year 20 $71,196 $104,043 -$204,643 $689,5 -$106,159 $262,055
Cash Flow Year 21 $73,303 $102,773 -$199,076 $437,2 -$103,233 $276,685
Cash Flow Year 22 $76,396 $101,094 -$181,990 $887,4 -$102,453 $266,240
Cash Flow Year 23 $75,888 $102,033 -$132,675 $48,5 -$102,909 $267,629
Cash Flow Year 24 $71,788 $105,618 -$181,303 $9B63,6 -$106,329 $251,091
Cash Flow Year 25 $71,186 $101,645 -$185,882 $382,9 -$106,685 $264,893
Cash Flow Year 26 $75,271 $101,958 -$169,815 $£30,3 -$104,475 $257,194
Cash Flow Year 27 $75,571 $100,693 -$129,518 $261,0 -$100,961 $260,462
Cash Flow Year 28 $74,164 $103,457 -$137,724 $838,0 -$103,973 $264,172
Cash Flow Year 29 $73,960 $100,308 -$156,610 $283,6 -$102,925 $251,582
Cash Flow Year 30 $73,475 $101,160 -$169,835 $823,2 -$104,565 $265,744
Cash Flow Year 31 $75,315 $105,122 -$172,415 $680,4 -$106,469 $257,640
Cash Flow Year 32 $72,373 $101,006 -$168,053 $569,3 -$104,157 $256,476
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 33 $72,870 $105,501 -$181,025 $632,9 -$104,957 $259,162
Cash Flow Year 34 $78,336 $108,637 -$149,097 $889,7 -$104,215 $274,569
Cash Flow Year 35 $73,106 $105,313 -$168,009 $625,2 -$106,403 $268,689
Cash Flow Year 36 $72,991 $100,271 -$144,097 $445,6 -$106,099 $256,802
Cash Flow Year 37 $72,210 $103,963 -$160,893 $620,1 -$105,482 $265,277
Cash Flow Year 38 $74,582 $107,344 -$157,118 $285,2 -$106,044 $284,755
Cash Flow Year 39 $79,027 $104,776 -$143,716 $480,8 -$101,902 $268,125
Cash Flow Year 40 $78,244 $103,018 -$183,126 $@04,6 -$105,920 $265,047
40 Year NPV $817,587 $343,574 -$356,136 $1,839,374 $257,774 $1,388,753
Perpetuity NPV $834,301 $344,328 -$346,911 $1,838,4 $277,020 $1,399,604

Table J.43 — Summary statistics for farm representae of Dark Brown soil zone,
with buffer strip adoption

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $109,679 $87,701 -$120,536 $450,82 -$6,846 $266,074
Cash Flow Year 2 $87,448 $84,502 -$137,675 $455,514 -$22,377 $241,733
Cash Flow Year 3 $86,172 $84,339 -$124,479 $429,669 -$39,341 $230,490
Cash Flow Year 4 $101,824 $85,851 -$126,500 $447,21 -$7,716 $261,179
Cash Flow Year 5 $104,444 $82,865 -$131,413 $488,88 -$10,547 $250,273
Cash Flow Year 6 $98,699 $86,040 -$131,851 $383,934 -$17,514 $253,383
Cash Flow Year 7 $96,886 $88,689 -$138,790 $422,056 -$20,584 $259,697
Cash Flow Year 8 $93,725 $88,428 -$136,131 $523,297 -$27,930 $254,925
Cash Flow Year 9 $98,364 $82,998 -$133,782 $460,537 -$8,580 $245,688
Cash Flow Year 10 $103,007 $84,331 -$140,261 $214,9 -$6,986 $263,796
Cash Flow Year 11 $100,641 $87,395 -$127,968 $478,3 -$17,450 $256,462
Cash Flow Year 12 $101,060 $85,796 -$130,691 $024,7 -$14,258 $268,629
Cash Flow Year 13 $100,264 $85,538 -$172,494 $8683,2  -$6,476 $262,906
Cash Flow Year 14 $99,662 $83,782 -$129,730 $413,47 -$14,150 $253,915
Cash Flow Year 15 $98,179 $83,043 -$128,864 $445,53 -$9,444 $257,072
Cash Flow Year 16 $100,434 $88,483 -$127,857 $482,5 -$13,548 $260,183
Cash Flow Year 17 $97,549 $81,949 -$125,149 $429,84 -$10,634 $253,241
Cash Flow Year 18 $97,686 $80,963 -$126,391 $384,59 -$16,347 $238,497
Cash Flow Year 19 $95,949 $80,204 -$123,051 $389,76 -$25,395 $244,229
Cash Flow Year 20 $96,489 $91,339 -$147,729 $461,37 -$25,931 $264,016
Cash Flow Year 21 $94,904 $88,650 -$128,676 $497,77 -$42,222 $253,633
Cash Flow Year 22 $100,944 $86,136 -$133,704 $540,0 -$10,972 $262,580
Cash Flow Year 23 $99,090 $83,328 -$129,863 $587,92 -$15,834 $253,555
Cash Flow Year 24 $100,409 $86,214 -$130,758 $613,8 -$11,632 $259,059
Cash Flow Year 25 $97,804 $84,766 -$128,588 $469,91 -$22,334 $248,626
Cash Flow Year 26 $97,559 $84,031 -$129,149 $467,33 -$17,088 $252,519
Cash Flow Year 27 $97,757 $83,319 -$116,557 $470,30 -$13,506 $242,238
Cash Flow Year 28 $99,339 $87,662 -$138,608 $420,48 -$16,675 $262,197
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 29 $97,184 $84,686 -$159,720 $405,01 -$14,161 $255,817
Cash Flow Year 30 $98,198 $83,841 -$136,595 $382,72 -$10,064 $258,303
Cash Flow Year 31 $97,740 $82,460 -$123,410 $466,11 -$12,283 $245,571
Cash Flow Year 32 $96,086 $83,165 -$129,891 $531,70 -$15,115 $245,980
Cash Flow Year 33 $96,347 $84,314 -$125,975 $488,80 -$15,095 $249,241
Cash Flow Year 34 $101,257 $85,120 -$126,749 $4490,4 -$12,970 $256,092
Cash Flow Year 35 $98,652 $89,253 -$136,270 $483,34 -$20,000 $261,857
Cash Flow Year 36 $100,162 $88,553 -$125,359 $496,1 -$19,196 $268,817
Cash Flow Year 37 $95,365 $84,215 -$130,286 $380,99 -$22,790 $255,418
Cash Flow Year 38 $97,758 $87,326 -$134,788 $470,34 -$16,618 $258,830
Cash Flow Year 39 $98,840 $82,880 -$130,878 $422,51 -$9,138 $254,295
Cash Flow Year 40 $101,396 $87,172 -$132,723 $486,4 -$13,409 $260,819
40 Year NPV $1,058,502 $294,756 $106,568 $1,894,578$557,733 $1,561,497
Perpetuity NPV $1,081,114 $295,249 $126,255 $1HEB,  $574,037 $1,583,227

Table J.44 — Summary statistics for farm representae of Black soil zone, with
buffer strip adoption

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $265,650 $98,511 $29,022 $753,907 $131,633 $448,732
Cash Flow Year 2 $242,619 $95,716 -$110,659 $6@2,19 $108,686 $417,935
Cash Flow Year 3 $246,960 $94,377 $44,125 $706,681 $117,599 $423,760
Cash Flow Year 4 $264,261 $96,056 -$113,239 $682,09 $137,683 $439,791
Cash Flow Year 5 $263,631 $92,820 -$109,973 $687,94 $145,057 $439,067
Cash Flow Year 6 $253,281 $93,052 $18,929 $655,450 $127,073 $435,425
Cash Flow Year 7 $248,525 $89,350 -$122,373 $787,34 $123,014 $403,230
Cash Flow Year 8 $251,553 $91,172 -$119,819 $685,14 $123,727 $412,832
Cash Flow Year 9 $261,882 $98,501 -$113,417 $645,00 $128,151 $442,206
Cash Flow Year 10 $262,648 $101,077 $46,493 $789,09 $126,739 $462,166
Cash Flow Year 11 $256,809 $94,563 $24,244 $576,008 $127,310 $441,344
Cash Flow Year 12 $250,543 $93,992 -$132,473 $639,9 $127,689 $418,855
Cash Flow Year 13 $255,756 $96,970 -$109,746 $@65,5 $123,074 $443,214
Cash Flow Year 14 $257,581 $93,801 $30,443 $679,497 $129,473 $448,616
Cash Flow Year 15 $254,694 $94,241 $45,528 $643,455 $124,132 $435,838
Cash Flow Year 16 $258,755 $95,331 $45,201 $650,626 $133,629 $438,845
Cash Flow Year 17 $256,334 $95,383 $76,602 $644,196 $131,157 $438,848
Cash Flow Year 18 $253,782 $91,200 $30,096 $673,561 $129,476 $415,091
Cash Flow Year 19 $258,686 $99,365 -$112,277 $B29,3 $130,410 $440,634
Cash Flow Year 20 $256,488 $95,144 -$118,143 $B87,2 $129,744 $428,284
Cash Flow Year 21 $256,812 $95,507 -$129,602 $8%4,0 $132,050 $440,639
Cash Flow Year 22 $253,311 $95,229 -$130,254 $666,1 $121,106 $426,490
Cash Flow Year 23 $249,609 $94,052 -$111,917 $@21,4 $123,246 $435,079
Cash Flow Year 24 $257,464 $99,205 -$118,890 $569,9 $121,802 $454,192
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $256,966 $96,365 $33,274 $613,912 $122,961 $443,307
Cash Flow Year 26 $255,128 $93,377 $59,945 $634,225 $126,844 $424,716
Cash Flow Year 27 $253,514 $98,390 -$117,498 $035,2 $121,435 $429,386
Cash Flow Year 28 $253,268 $96,270 -$118,194 $1718,6  $125,011 $440,398
Cash Flow Year 29 $255,109 $96,252 -$118,245 $683,7 $126,562 $433,083
Cash Flow Year 30 $256,430 $97,970 -$112,546 $638,7 $127,070 $443,542
Cash Flow Year 31 $253,812 $94,461 -$121,244 $886,8 $130,207 $436,478
Cash Flow Year 32 $258,274 $94,579 $43,977 $785,315 $131,755 $434,931
Cash Flow Year 33 $261,987 $96,887 -$132,164 $a86,8 $134,875 $440,616
Cash Flow Year 34 $251,876 $90,843 -$119,961 $664,1  $129,479 $422,614
Cash Flow Year 35 $252,551 $97,035 -$115,833 $@48,2 $122,892 $447,665
Cash Flow Year 36 $258,569 $99,596 $40,952 $703,431 $130,544 $442,670
Cash Flow Year 37 $258,704 $93,834 -$126,268 $663,0 $129,159 $439,250
Cash Flow Year 38 $258,519 $98,140 -$112,740 $6886,1 $129,857 $449,946
Cash Flow Year 39 $252,792 $96,179 -$116,627 $BD7,5 $124,034 $426,458
Cash Flow Year 40 $255,138 $96,759 -$121,095 $649,0 $123,502 $452,083
40 Year NPV $2,750,060 $326,543 $1,792,651 $3,884,8 $2,246,666 $3,329,264
Perpetuity NPV $2,806,884 $327,738 $1,848,739 BIBH $2,305,974  $3,391,854

Table J.45 — Summary statistics for farm representiéve of Dark Grey soil zone,
with buffer strip adoption

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $227,150 $73,181 $74,986 $579,058 $125,662 $372,837
Cash Flow Year 2 $209,774 $70,456 $57,094 $476,324 $115,954 $342,579
Cash Flow Year 3 $210,531 $71,003 $59,485 $651,048 $115,933 $347,000
Cash Flow Year 4 $224,464 $68,023 $46,863 $492,337 $134,744 $353,306
Cash Flow Year 5 $221,943 $62,978 $25,885 $493,316 $137,005 $344,495
Cash Flow Year 6 $216,592 $65,545 $49,092 $572,848 $132,557 $337,430
Cash Flow Year 7 $212,102 $63,516 $51,923 $472,322 $124,878 $342,310
Cash Flow Year 8 $216,972 $65,957 $71,364 $469,382 $127,812 $348,834
Cash Flow Year 9 $221,089 $67,467 $66,561 $514,351 $130,166 $349,324
Cash Flow Year 10 $220,840 $68,927 $67,952 $544,838 $128,525 $351,714
Cash Flow Year 11 $217,766 $65,824 $59,659 $512,459 $128,367 $338,276
Cash Flow Year 12 $213,538 $65,541 $61,825 $534,466 $126,649 $335,430
Cash Flow Year 13 $217,189 $67,803 $20,968 $555,954 $125,520 $344,053
Cash Flow Year 14 $216,858 $65,701 $52,492 $545,201 $123,321 $339,159
Cash Flow Year 15 $215,610 $65,498 $27,682 $462,586 $127,765 $335,833
Cash Flow Year 16 $218,678 $62,798 $60,331 $475,173 $131,258 $332,864
Cash Flow Year 17 $219,651 $69,597 $75,168 $488,999 $127,710 $356,456
Cash Flow Year 18 $219,599 $68,741 $49,349 $514,187 $127,767 $354,505
Cash Flow Year 19 $218,555 $68,045 $61,191 $540,810 $131,754 $355,538
Cash Flow Year 20 $217,227 $67,183 $60,855 $502,787 $127,615 $349,870

272



Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 21 $217,495 $63,627 $75,328 $493,647 $126,223 $338,576
Cash Flow Year 22 $217,023 $65,688 $57,592 $450,503 $131,711 $343,123
Cash Flow Year 23 $215,741 $66,617 $14,044 $524,486 $127,200 $348,030
Cash Flow Year 24 $219,406 $68,891 $63,956 $587,879 $128,263 $354,432
Cash Flow Year 25 $220,481 $69,285 $67,244 $505,954 $126,804 $358,683
Cash Flow Year 26 $218,373 $67,165 $82,606 $468,073 $129,542 $347,862
Cash Flow Year 27 $217,579 $64,566 $73,104 $482,310 $129,289 $340,682
Cash Flow Year 28 $219,005 $68,455 $64,537 $505,727 $127,262 $356,291
Cash Flow Year 29 $219,529 $67,068 $54,648 $496,780 $130,910 $350,711
Cash Flow Year 30 $218,471 $65,763 $70,589 $627,631 $130,197 $351,616
Cash Flow Year 31 $215,796 $65,545 $70,141 $515,587 $125,331 $339,033
Cash Flow Year 32 $218,816 $67,748 $60,394 $539,126 $129,588 $351,032
Cash Flow Year 33 $220,691 $70,927 $63,893 $504,387 $122,022 $361,924
Cash Flow Year 34 $213,703 $62,558 $78,338 $470,144 $130,316 $338,768
Cash Flow Year 35 $213,980 $68,335 $47,419 $505,250 $127,098 $350,563
Cash Flow Year 36 $218,344 $68,569 $65,331 $533,577 $125,716 $344,192
Cash Flow Year 37 $219,312 $68,344 $51,320 $486,517 $124,694 $348,435
Cash Flow Year 38 $217,111 $68,568 $85,189 $508,195 $125,850 $346,571
Cash Flow Year 39 $216,913 $68,244 $65,584 $490,268 $127,862 $350,899
Cash Flow Year 40 $216,849 $68,965 $70,393 $597,105 $124,702 $349,605
40 Year NPV $2,350,338 $227,017 $1,706,571  $3,B/5,5 $1,981,066  $2,708,580
Perpetuity NPV $2,389,698 $227,806 $1,719,623 B4 $2,015334  $2,752,734
Table J.46 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with buffer strip with hay ad option
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $270,466 $162,702 -$308,727 $858,8  $44,953 $574,044
Cash Flow Year 2 $184,073 $146,192 -$313,118 $8075  -$6,057 $444,009
Cash Flow Year 3 $170,619 $139,437 -$330,631 $1B3,5  -$962 $434,520
Cash Flow Year 4 $216,120 $144,927 -$322,534 $386,5  $50,220 $493,848
Cash Flow Year 5 $233,296 $138,981 -$307,972 $788,6  $58,880 $479,926
Cash Flow Year 6 $229,045 $149,042 -$302,915 $800,3  $47,711 $499,098
Cash Flow Year 7 $214,182 $151,831 -$308,446 $791,1  $25,745 $504,670
Cash Flow Year 8 $208,752 $147,544 -$302,402 $861,1  $24,118 $472,109
Cash Flow Year 9 $216,561 $149,629 -$328,969 $881,4  $31,445 $494,245
Cash Flow Year 10 $225,277 $143,106 -$322,477 $830,  $43,970 $487,980
Cash Flow Year 11 $218,835 $135,122 -$309,735 2136,  $41,794 $457,581
Cash Flow Year 12 $215,134 $141,026 -$305,986 362,  $34,122 $486,464
Cash Flow Year 13 $212,848 $145,792 -$325,391 $p47,  $31,731 $500,912
Cash Flow Year 14 $216,079 $135,626 -$307,716 $B83,  $33,220 $457,272
Cash Flow Year 15 $214,235 $137,966 -$314,807 9884,  $35,296 $491,053
Cash Flow Year 16 $213,823 $147,516 -$311,363 4888,  $33,487 $495,983
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 17 $211,228 $141,494 -$300,050 $830, $21,286 $489,563
Cash Flow Year 18 $213,360 $138,901 -$325,275 586828, $39,232 $471,759
Cash Flow Year 19 $218,691 $142,319 -$292,373 $884, $36,081 $489,938
Cash Flow Year 20 $211,997 $148,331 -$313,887 $1303 $33,825 $479,054
Cash Flow Year 21 $210,158 $142,579 -$326,899 8984, $30,762 $477,990
Cash Flow Year 22 $208,659 $145,818 -$307,031 $898, $25,772 $476,201
Cash Flow Year 23 $214,534 $143,416 -$325,738 $832, $34,433 $486,049
Cash Flow Year 24 $221,566 $153,815 -$325,387 $284, $30,601 $497,464
Cash Flow Year 25 $217,727 $143,354 -$321,213 8646, $32,710 $475,306
Cash Flow Year 26 $218,952 $143,808 -$333,211 $343, $37,916 $478,314
Cash Flow Year 27 $215,451 $138,992 -$320,989 €735, $37,758 $466,156
Cash Flow Year 28 $213,931 $137,187 -$330,188 $834, $38,736 $466,884
Cash Flow Year 29 $214,780 $143,128 -$308,261 $285, $40,700 $483,363
Cash Flow Year 30 $210,064 $136,440 -$297,789 $436, $31,687 $461,793
Cash Flow Year 31 $209,911 $144,690 -$322,826 €336, $26,137 $466,859
Cash Flow Year 32 $218,617 $140,245 -$315,265 $389, $34,422 $463,005
Cash Flow Year 33 $222,226 $149,826 -$331,523 $326, $36,972 $519,941
Cash Flow Year 34 $219,256 $147,099 -$301,047 8139, $28,640 $496,332
Cash Flow Year 35 $216,513 $151,914 -$310,404 $£898, $24,397 $483,966
Cash Flow Year 36 $218,498 $140,659 -$324,448 $883, $41,615 $488,994
Cash Flow Year 37 $219,574 $150,507 -$314,602 €258, $30,853 $505,350
Cash Flow Year 38 $210,852 $136,623 -$323,395 $361, $30,811 $456,632
Cash Flow Year 39 $217,859 $142,889 -$316,289 81362 $36,514 $471,208
Cash Flow Year 40 $216,478 $140,831 -$315,689 $046, $39,164 $485,901
40 Year NPV $2,377,550 $419,555 $1,117,192 $4,838,1 $1,681,148 $3,065,133
Perpetuity NPV $2,422,233 $421,843 $1,192,537 w722 $1,724,864  $3,101,925

Table J.47 — Summary statistics for farm representae of Brown soil zone, dryland
production, with buffer strip with hay adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $93,023 $105,700 -$190,690 $539,90 -$67,125 $291,037
Cash Flow Year 2 $66,126 $104,146 -$138,649 $548,06 -$105,970 $267,117
Cash Flow Year 3 $61,713 $105,026 -$167,837 $593,86 -$107,926 $254,911
Cash Flow Year 4 $75,026 $97,671 -$176,199 $487,838 -$102,553 $256,290
Cash Flow Year 5 $82,786 $106,123 -$157,724 $585,27 -$103,160 $277,204
Cash Flow Year 6 $76,735 $105,739 -$147,360 $5%0,56 -$105,252 $277,300
Cash Flow Year 7 $75,140 $103,630 -$185,508 $583,92 -$104,836 $265,269
Cash Flow Year 8 $73,299 $100,445 -$159,258 $585,36 -$105,544 $263,433
Cash Flow Year 9 $80,534 $105,871 -$168,634 $527,87 -$102,501 $280,557
Cash Flow Year 10 $76,571 $101,601 -$179,848 $687,7 -$103,323 $258,612
Cash Flow Year 11 $75,829 $102,042 -$188,900 $822,4 -$105,644 $253,746
Cash Flow Year 12 $75,128 $100,512 -$155,478 $484,5 -$106,566 $263,503
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 13 $76,737 $101,039 -$169,657 $645,6 -$104,888 $269,305
Cash Flow Year 14 $78,789 $100,984 -$176,351 $561,5 -$104,226 $263,693
Cash Flow Year 15 $73,349 $102,047 -$173,817 $422,9 -$103,591 $274,787
Cash Flow Year 16 $71,531 $99,488 -$178,328 $557,13 -$103,981 $254,959
Cash Flow Year 17 $75,797 $105,543 -$164,057 $5953,1 -$105,257 $270,168
Cash Flow Year 18 $76,741 $102,252 -$143,220 $662,1 -$104,636 $268,248
Cash Flow Year 19 $77,167 $102,225 -$129,472 $506,8 -$104,698 $260,789
Cash Flow Year 20 $72,096 $104,058 -$203,658 $840,5 -$105,931 $262,572
Cash Flow Year 21 $74,200 $102,758 -$198,532 $438,9 -$102,991 $277,620
Cash Flow Year 22 $77,373 $100,909 -$155,209 $8a@7,9 -$102,232 $267,983
Cash Flow Year 23 $76,811 $102,020 -$132,573 $446,4 -$102,427 $268,084
Cash Flow Year 24 $72,654 $105,747 -$180,805 $584,5 -$106,153 $251,771
Cash Flow Year 25 $72,032 $101,722 -$184,989 $3d3,5 -$106,360 $265,657
Cash Flow Year 26 $76,221 $101,938 -$168,803 $882,1 -$104,177 $257,693
Cash Flow Year 27 $76,600 $100,621 -$128,270 $631,6 -$100,757 $261,207
Cash Flow Year 28 $75,484 $102,994 -$137,579 $548,8 -$103,677 $264,999
Cash Flow Year 29 $75,163 $99,996 -$155,760 $589,08 -$102,579 $252,026
Cash Flow Year 30 $74,608 $100,934 -$169,430 $484,4 -$104,130 $266,171
Cash Flow Year 31 $76,444 $104,824 -$171,816 $632,4 -$106,184 $258,478
Cash Flow Year 32 $73,512 $100,794 -$167,591 $620,7 -$103,638 $256,961
Cash Flow Year 33 $74,209 $105,135 -$180,201 $684,1 -$104,679 $259,631
Cash Flow Year 34 $79,164 $108,710 -$148,137 $58a@0,4 -$103,639 $275,036
Cash Flow Year 35 $73,982 $105,321 -$166,912 $326,1 -$105,873 $269,149
Cash Flow Year 36 $73,966 $100,259 -$143,412 $437,4 -$105,805 $257,246
Cash Flow Year 37 $73,186 $103,832 -$138,951 $581,3 -$105,305 $266,404
Cash Flow Year 38 $75,669 $107,244 -$156,478 $586,0 -$105,748 $285,487
Cash Flow Year 39 $80,036 $104,717 -$142,510 $212,6 -$101,542 $269,455
Cash Flow Year 40 $79,242 $102,945 -$182,056 $604,8 -$105,442 $265,976

40 Year NPV $826,334 $343,416 -$349,206 $1,846,481 $265,859 $1,395,616
Perpetuity NPV $843,273 $344,247 -$339,612 $1,81,7 $285,616 $1,408,535

Table J.48 — Summary statistics for farm representae of Dark Brown soil zone,
with buffer strip with hay adoption

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $110,441 $87,696 -$120,344 $451,85 -$5,430 $266,530
Cash Flow Year 2 $88,166 $84,678 -$136,512 $456,628 -$21,857 $242,444
Cash Flow Year 3 $86,974 $84,477 -$124,102 $430,419 -$38,654 $231,153
Cash Flow Year 4 $102,746 $85,981 -$125,928 $483,84 -$6,307 $261,959
Cash Flow Year 5 $105,372 $83,011 -$130,988 $480,56 -$9,339 $251,392
Cash Flow Year 6 $99,914 $85,900 -$131,564 $385,140 -$15,205 $254,349
Cash Flow Year 7 $98,119 $88,478 -$138,324 $422,391 -$17,429 $261,049
Cash Flow Year 8 $94,716 $88,532 -$135,981 $524,546 -$26,531 $256,450
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 9 $99,565 $82,846 -$133,444 $462,157 -$6,966 $246,475
Cash Flow Year 10 $104,356 $83,938 -$139,787 $815,9  -$3,928 $264,340
Cash Flow Year 11 $101,825 $87,278 -$127,668 $4689,8 -$15,929 $257,526
Cash Flow Year 12 $102,104 $85,897 -$130,410 $875,7 -$13,182 $269,172
Cash Flow Year 13 $101,448 $85,433 -$171,135 $464,0 -$5,432 $264,335
Cash Flow Year 14 $100,907 $83,514 -$129,346 $8645 -$12,917 $254,384
Cash Flow Year 15 $99,329 $82,880 -$128,524 $496,82 -$6,699 $258,831
Cash Flow Year 16 $101,816 $88,112 -$127,244 $£34,0 -$10,407 $261,438
Cash Flow Year 17 $98,609 $82,013 -$124,851 $480,53 -$9,578 $254,869
Cash Flow Year 18 $98,762 $80,998 -$126,003 $395,08 -$15,375 $239,310
Cash Flow Year 19 $97,185 $80,000 -$122,491 $390,52 -$18,068 $244,987
Cash Flow Year 20 $97,536 $91,395 -$147,207 $482,37 -$25,000 $265,347
Cash Flow Year 21 $96,375 $88,036 -$128,281 $448,38 -$36,142 $255,712
Cash Flow Year 22 $102,010 $86,244 -$133,390 $2415  -$9,644 $263,668
Cash Flow Year 23 $100,128 $83,389 -$129,026 $863,8 -$14,718 $255,347
Cash Flow Year 24 $101,672 $86,078 -$130,545 $425,1 -$10,224 $260,006
Cash Flow Year 25 $99,191 $84,258 -$128,173 $48BL,44 -$11,997 $249,692
Cash Flow Year 26 $98,699 $83,949 -$128,795 $407,85 -$16,131 $253,558
Cash Flow Year 27 $98,850 $83,231 -$116,291 $482,10 -$12,425 $243,228
Cash Flow Year 28 $100,496 $87,549 -$138,050 $201,9 -$15,502 $263,136
Cash Flow Year 29 $98,301 $84,590 -$159,087 $40@6,21 -$12,937 $256,469
Cash Flow Year 30 $99,213 $83,931 -$135,937 $383,76  -$9,990 $259,609
Cash Flow Year 31 $98,896 $82,349 -$122,688 $467,01 -$11,026 $247,249
Cash Flow Year 32 $97,196 $83,101 -$129,625 $533,02 -$13,989 $246,834
Cash Flow Year 33 $97,409 $84,394 -$125,597 $499,96 -$13,857 $250,580
Cash Flow Year 34 $102,322 $85,210 -$126,404 $4620,9 -$12,177 $256,898
Cash Flow Year 35 $100,060 $88,757 -$135,768 $424,4  -$13,937 $263,686
Cash Flow Year 36 $101,393 $88,421 -$125,102 $467,1 -$16,699 $269,293
Cash Flow Year 37 $96,867 $83,558 -$129,863 $382,51 -$17,738 $255,894
Cash Flow Year 38 $99,086 $86,999 -$133,346 $431,71 -$12,689 $259,645
Cash Flow Year 39 $99,850 $82,965 -$130,429 $433,82 -$7,472 $255,235
Cash Flow Year 40 $102,475 $87,247 -$132,085 $£37,6 -$12,089 $262,768

40 Year NPV $1,068,670 $294,803 $114,753 $1,905,144$569,350 $1,571,119
Perpetuity NPV $1,091,522 $295,291 $134,670 $1oMp,  $587,281 $1,593,721

Table J.49 — Summary statistics for farm representae of Black soil zone, with
buffer strip with hay adoption

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $266,169 $98,695 $29,069 $754,822 $131,977 $449,415
Cash Flow Year 2 $243,312 $95,877 -$110,325 $663,08 $108,933 $419,353
Cash Flow Year 3 $247,635 $94,537 $44,856 $707,792 $118,144 $424,454
Cash Flow Year 4 $265,102 $96,185 -$112,852 $643,72 $138,273 $440,257
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $264,554 $92,876 -$109,755 $648,72 $145,882 $439,705
Cash Flow Year 6 $254,256 $93,093 $20,124 $656,522 $127,719 $436,576
Cash Flow Year 7 $249,532 $89,401 -$122,179 $728,71 $123,902 $404,255
Cash Flow Year 8 $252,490 $91,231 -$119,549 $686,26 $124,698 $413,696
Cash Flow Year 9 $262,868 $98,514 -$112,992 $656,07 $129,273 $443,036
Cash Flow Year 10 $263,618 $101,091 $47,932 $720,08 $128,151 $462,847
Cash Flow Year 11 $257,755 $94,599 $24,919 $577,609 $128,165 $442,427
Cash Flow Year 12 $251,405 $94,013 -$132,095 $681,0 $128,561 $419,929
Cash Flow Year 13 $256,774 $96,960 -$109,507 $687,0 $124,073 $444,363
Cash Flow Year 14 $258,514 $93,823 $31,624 $680,756 $130,235 $449,798
Cash Flow Year 15 $255,700 $94,268 $46,100 $644,663 $125,458 $437,176
Cash Flow Year 16 $259,742 $95,377 $46,261 $651,974 $134,157 $440,113
Cash Flow Year 17 $257,292 $95,421 $77,546 $645,283 $132,560 $440,135
Cash Flow Year 18 $254,741 $91,201 $31,161 $673,844 $130,327 $416,674
Cash Flow Year 19 $259,861 $98,888 $28,021 $779,844 $131,329 $441,670
Cash Flow Year 20 $257,677 $94,503 -$117,735 $7448,6 $131,052 $429,321
Cash Flow Year 21 $257,828 $95,545 -$129,304 $585,3 $133,064 $441,990
Cash Flow Year 22 $254,275 $95,234 -$129,873 $646,4 $122,003 $427,511
Cash Flow Year 23 $250,504 $94,082 -$111,752 $632,6 $124,737 $435,748
Cash Flow Year 24 $258,420 $99,253 -$118,549 $331,2 $122,712 $455,909
Cash Flow Year 25 $257,913 $96,403 $34,288 $615,495 $123,969 $444,179
Cash Flow Year 26 $256,111 $93,425 $60,897 $635,062 $127,805 $426,321
Cash Flow Year 27 $254,448 $98,458 -$117,387 $B36,1 $122,599 $430,459
Cash Flow Year 28 $254,243 $96,318 -$117,983 $119,2 $126,895 $441,965
Cash Flow Year 29 $256,058 $96,290 -$117,891 $6834,4 $127,600 $433,765
Cash Flow Year 30 $257,432 $98,041 -$112,368 $699,9 $127,462 $444,113
Cash Flow Year 31 $254,821 $94,488 -$120,903 $647,9 $131,199 $437,629
Cash Flow Year 32 $259,264 $94,604 $44,982 $787,423 $132,510 $435,645
Cash Flow Year 33 $262,927 $96,968 -$131,822 $637,7 $135,442 $442,339
Cash Flow Year 34 $252,838 $90,842 -$119,561 $604,4  $130,567 $424,057
Cash Flow Year 35 $253,567 $97,028 -$115,510 $889,4 $123,975 $448,857
Cash Flow Year 36 $259,555 $99,616 $42,132 $704,584 $131,728 $443,298
Cash Flow Year 37 $259,665 $93,894 -$125,829 $@84,4  $129,927 $439,881
Cash Flow Year 38 $259,504 $98,175 -$112,341 $6877,2  $131,049 $450,909
Cash Flow Year 39 $253,757 $96,215 -$116,395 $128,5 $124,820 $427,933
Cash Flow Year 40 $256,124 $96,785 -$120,664 $630,2 $124,311 $452,826
40 Year NPV $2,758,615 $326,658 $1,803,151 $3,884,8 $2,254,596 $3,333,241
Perpetuity NPV $2,815,807 $327,866 $1,859,611 B $2,318,840  $3,400,835
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Table J.50 — Summary statistics for farm representi#we of Dark Grey soil zone,
with buffer strip with hay adoption

Mean S;i?{g?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $227,397 $73,307 $75,418 $580,367 $125,944 $373,019
Cash Flow Year 2 $210,131 $70,638 $48,182 $476,578 $115,985 $343,327
Cash Flow Year 3 $211,036 $71,063 $59,799 $651,526 $116,305 $347,399
Cash Flow Year 4 $224,955 $68,120 $47,210 $493,180 $135,145 $353,697
Cash Flow Year 5 $222,480 $63,054 $26,483 $493,769 $136,400 $344,981
Cash Flow Year 6 $217,205 $65,548 $49,797 $573,445 $132,493 $338,564
Cash Flow Year 7 $212,704 $63,555 $52,635 $472,730 $125,275 $343,226
Cash Flow Year 8 $217,556 $65,975 $71,942 $470,060 $128,569 $349,388
Cash Flow Year 9 $221,715 $67,460 $67,025 $515,053 $130,816 $349,994
Cash Flow Year 10 $221,462 $68,918 $68,740 $545,541 $129,249 $352,253
Cash Flow Year 11 $218,372 $65,814 $60,254 $513,135 $128,708 $338,353
Cash Flow Year 12 $214,034 $65,535 $62,283 $534,711 $127,353 $336,498
Cash Flow Year 13 $217,789 $67,815 $21,508 $556,109 $126,024 $344,595
Cash Flow Year 14 $217,478 $65,695 $53,100 $545,963 $123,959 $339,896
Cash Flow Year 15 $216,198 $65,536 $28,208 $462,973 $128,194 $336,443
Cash Flow Year 16 $219,297 $62,835 $61,059 $475,846 $131,949 $333,418
Cash Flow Year 17 $220,269 $69,618 $76,056 $489,887 $128,163 $357,032
Cash Flow Year 18 $220,230 $68,746 $50,149 $514,677 $128,397 $355,060
Cash Flow Year 19 $219,164 $68,044 $61,703 $541,321 $132,251 $356,195
Cash Flow Year 20 $217,821 $67,193 $61,251 $503,347 $128,364 $350,322
Cash Flow Year 21 $218,141 $63,641 $75,840 $493,976 $126,844 $339,315
Cash Flow Year 22 $217,661 $65,681 $58,161 $451,006 $132,239 $343,776
Cash Flow Year 23 $216,363 $66,605 $14,325 $525,073 $127,562 $348,458
Cash Flow Year 24 $219,973 $68,952 $64,273 $588,634 $128,655 $355,200
Cash Flow Year 25 $221,042 $69,328 $67,519 $506,544 $127,213 $359,425
Cash Flow Year 26 $219,020 $67,140 $82,809 $468,853 $130,257 $348,391
Cash Flow Year 27 $218,195 $64,619 $73,664 $482,691 $129,915 $341,267
Cash Flow Year 28 $219,643 $68,429 $65,201 $506,189 $127,708 $357,059
Cash Flow Year 29 $220,135 $67,055 $55,313 $497,594 $131,521 $351,092
Cash Flow Year 30 $219,082 $65,800 $71,391 $628,040 $130,943 $351,876
Cash Flow Year 31 $216,379 $65,568 $70,806 $516,076 $125,946 $339,949
Cash Flow Year 32 $219,440 $67,752 $61,085 $540,243 $130,121 $351,912
Cash Flow Year 33 $221,322 $70,947 $64,324 $505,616 $122,592 $362,625
Cash Flow Year 34 $214,333 $62,562 $79,125 $470,936 $130,936 $339,307
Cash Flow Year 35 $214,569 $68,341 $47,949 $505,663 $128,303 $350,768
Cash Flow Year 36 $218,991 $68,599 $66,278 $534,008 $126,335 $344,913
Cash Flow Year 37 $219,889 $68,355 $51,865 $487,282 $125,628 $349,142
Cash Flow Year 38 $217,714 $68,598 $85,846 $509,109 $126,414 $347,392
Cash Flow Year 39 $217,548 $68,247 $66,174 $490,988 $128,452 $351,368
Cash Flow Year 40 $217,455 $68,983 $70,984 $597,993 $125,449 $350,433
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Standard

Mean Deviation Minimum Maximum 5% 95%
40 Year NPV $2,355,522 $227,019 $1,710,835  $3,181,6 $1,987,205  $2,714,549
Perpetuity NPV $2,395,069 $227,822 $1,724,167 €386  $2,018,598  $2,758,431
Table J.51 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with residue management adopion
Mean s«;?/?aﬁ?gr? Minimum Maximum 5% 95%
Cash Flow Year 1 $286,600 $166,409 -$303,829 $892,8  $55,462 $598,072
Cash Flow Year 2 $195,222 $149,651 -$307,706 $8531  $5,406 $465,392
Cash Flow Year 3 $184,961 $139,448 -$333,571 $586,0  $8,938 $455,435
Cash Flow Year 4 $231,248 $144,962 -$315,024 $19005  $61,918 $513,722
Cash Flow Year 5 $250,591 $138,491 -$303,054 $8125  $71,132 $500,016
Cash Flow Year 6 $244,903 $148,689 -$303,270 $4314  $61,546 $516,749
Cash Flow Year 7 $232,105 $152,124 -$302,956 $876,6  $37,389 $524,092
Cash Flow Year 8 $224,317 $146,553 -$297,812 $a84,4  $40,415 $489,435
Cash Flow Year 9 $234,087 $150,745 -$325,112 $896,9  $47,238 $515,972
Cash Flow Year 10 $241,016 $144,183 -$315,812 €624,  $56,812 $507,978
Cash Flow Year 11 $235,734 $136,796 -$304,179 $860,  $57,941 $476,726
Cash Flow Year 12 $230,420 $139,935 -$300,187 9286,  $50,304 $498,135
Cash Flow Year 13 $230,703 $146,048 -$319,923 ¥BBl,  $49,588 $522,969
Cash Flow Year 14 $232,507 $134,524 -$303,881 $B0L,  $50,002 $474,506
Cash Flow Year 15 $231,504 $139,493 -$309,520 $320,  $51,345 $509,940
Cash Flow Year 16 $230,300 $146,411 -$307,453 $870,  $52,985 $515,833
Cash Flow Year 17 $228,780 $141,991 -$295,679 $824,  $36,437 $509,803
Cash Flow Year 18 $229,800 $137,241 -$318,066 $860,  $56,102 $489,048
Cash Flow Year 19 $236,809 $141,523 -$286,383 $983,  $51,006 $510,518
Cash Flow Year 20 $227,810 $147,117 -$309,851 21565 $51,336 $497,609
Cash Flow Year 21 $227,116 $144,137 -$321,874 $1608 $47,163 $497,659
Cash Flow Year 22 $224,454 $146,351 -$301,394 $932,  $41,871 $494,034
Cash Flow Year 23 $232,717 $143,151 -$320,430 $877,  $51,331 $503,942
Cash Flow Year 24 $237,911 $153,350 -$319,729 €857,  $46,480 $518,168
Cash Flow Year 25 $235,382 $143,628 -$316,115 $apl,  $49,037 $497,109
Cash Flow Year 26 $235,488 $142,389 -$327,360 $870,  $54,384 $496,687
Cash Flow Year 27 $233,516 $137,716 -$315,474 ¥580,  $54,042 $488,028
Cash Flow Year 28 $229,696 $136,890 -$326,377 $827,  $58,124 $481,234
Cash Flow Year 29 $231,886 $144,920 -$303,309 $1406 $56,255 $504,537
Cash Flow Year 30 $226,312 $136,028 -$293,561 $808,  $49,454 $481,929
Cash Flow Year 31 $227,382 $145,697 -$318,091 $961,  $41,925 $487,295
Cash Flow Year 32 $234,565 $139,765 -$318,831 $380,  $48,223 $482,612
Cash Flow Year 33 $240,582 $149,304 -$326,383 600,  $50,914 $542,474
Cash Flow Year 34 $235,420 $145,868 -$297,243 $88Bl,  $43,475 $514,885
Cash Flow Year 35 $234,504 $151,787 -$306,614 $923,  $39,662 $506,213
Cash Flow Year 36 $234,615 $139,629 -$320,041 $908,  $57,953 $497,879
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $237,095 $151,466 -$309,435 $837, $48,933 $519,593
Cash Flow Year 38 $226,186 $136,190 -$317,401 $885, $44,055 $474,784
Cash Flow Year 39 $235,327 $142,945 -$310,367 91208 $55,966 $494,037
Cash Flow Year 40 $232,361 $141,775 -$310,585 $436, $52,718 $500,299
40 Year NPV $2,533,312 $421,754 $1,255,068 $4,233,8 $1,843,146 $3,233,464
Perpetuity NPV $2,582,058 $424,000 $1,375,758 3B $1,874,316  $3,273,206

Table J.52 — Summary statistics for farm representae of Brown soil zone, dryland
production, with residue management adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $93,526 $106,716 -$192,989 $584,01 -$67,939 $293,670
Cash Flow Year 2 $65,477 $104,363 -$140,255 $584,10 -$106,415 $265,060
Cash Flow Year 3 $67,470 $107,097 -$168,187 $685,05 -$107,677 $267,944
Cash Flow Year 4 $78,048 $98,862 -$176,400 $498,686 -$101,701 $263,837
Cash Flow Year 5 $85,245 $107,189 -$158,241 $507,56 -$103,533 $282,638
Cash Flow Year 6 $76,797 $106,412 -$149,090 $580,10 -$106,134 $279,077
Cash Flow Year 7 $75,181 $104,145 -$187,362 $5713,20 -$105,660 $268,206
Cash Flow Year 8 $79,483 $102,338 -$157,412 $582,51 -$104,454 $275,558
Cash Flow Year 9 $83,800 $107,699 -$169,578 $540,11 -$102,298 $288,848
Cash Flow Year 10 $78,885 $102,715 -$180,401 $688,6 -$103,068 $263,342
Cash Flow Year 11 $75,354 $103,052 -$191,637 $6838,7 -$106,873 $256,035
Cash Flow Year 12 $75,046 $100,997 -$157,059 $488,9 -$107,225 $258,650
Cash Flow Year 13 $82,650 $103,314 -$169,472 $597,9 -$104,521 $277,608
Cash Flow Year 14 $81,976 $102,605 -$176,992 $580,8 -$104,558 $270,798
Cash Flow Year 15 $75,667 $103,047 -$174,698 $461,2 -$103,937 $279,044
Cash Flow Year 16 $71,346 $100,169 -$149,601 $535,8 -$104,813 $257,464
Cash Flow Year 17 $75,626 $106,277 -$164,676 $883,0 -$106,111 $269,294
Cash Flow Year 18 $82,495 $104,700 -$139,281 $880,7 -$104,456 $280,364
Cash Flow Year 19 $80,210 $103,752 -$130,435 $@11,3 -$105,293 $266,706
Cash Flow Year 20 $74,555 $105,195 -$205,440 $681,9 -$106,469 $264,112
Cash Flow Year 21 $74,411 $103,004 -$201,027 $452,0 -$103,700 $279,942
Cash Flow Year 22 $77,139 $101,738 -$157,350 $204,7  -$102,807 $268,649
Cash Flow Year 23 $82,710 $104,520 -$131,898 $504,2 -$102,106 $281,276
Cash Flow Year 24 $75,725 $106,791 -$180,460 $687,5 -$106,232 $256,790
Cash Flow Year 25 $74,237 $102,902 -$185,442 $307,1 -$106,591 $269,067
Cash Flow Year 26 $76,490 $102,344 -$170,970 $085,2 -$104,968 $253,772
Cash Flow Year 27 $76,781 $100,928 -$129,837 $626,9 -$101,512 $261,677
Cash Flow Year 28 $81,886 $105,257 -$138,254 $665,5 -$102,953 $279,199
Cash Flow Year 29 $77,996 $101,728 -$156,438 $857,9 -$102,705 $256,759
Cash Flow Year 30 $76,934 $102,309 -$169,464 $492,3 -$104,100 $272,245
Cash Flow Year 31 $76,418 $105,384 -$172,470 $626,6 -$107,282 $260,752
Cash Flow Year 32 $73,492 $101,479 -$169,041 $361,5 -$104,686 $255,517
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 33 $80,301 $107,609 -$179,597 $683,4 -$103,852 $274,423
Cash Flow Year 34 $82,145 $110,336 -$147,021 $813,9 -$103,728 $282,780
Cash Flow Year 35 $75,960 $106,452 -$167,088 $636,8 -$106,516 $272,856
Cash Flow Year 36 $74,072 $100,813 -$145,044 $462,5 -$106,399 $257,544
Cash Flow Year 37 $72,988 $104,726 -$164,474 $585,8 -$106,467 $268,654
Cash Flow Year 38 $81,441 $109,558 -$156,127 $@86,2 -$105,061 $294,229
Cash Flow Year 39 $83,377 $106,290 -$143,332 $836,4 -$101,807 $277,038
Cash Flow Year 40 $81,590 $104,013 -$183,408 $6865,8 -$105,745 $271,982
40 Year NPV $846,826 $342,877 -$331,711 $1,858,247 $280,400 $1,418,450
Perpetuity NPV $864,268 $343,732 -$321,627 $1,918,6 $301,775 $1,434,410

Table J.53 — Summary statistics for farm representae of Dark Brown soil zone,
with residue management adoption

Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 1 $110,723 $88,814 -$121,170 $485,78 -$6,370 $269,222
Cash Flow Year 2 $95,975 $87,557 -$131,397 $475,800 -$15,386 $256,560
Cash Flow Year 3 $87,204 $84,760 -$125,194 $434,413 -$39,702 $233,276
Cash Flow Year 4 $108,779 $88,089 -$126,362 $468,34 -$2,715 $273,306
Cash Flow Year 5 $106,746 $83,302 -$132,067 $484,10 -$8,729 $254,723
Cash Flow Year 6 $109,303 $87,549 -$131,940 $40@5,57 -$5,834 $267,991
Cash Flow Year 7 $99,612 $88,692 -$139,582 $426,666 -$15,965 $261,784
Cash Flow Year 8 $100,807 $90,923 -$136,022 $506,75 -$23,543 $265,486
Cash Flow Year 9 $101,433 $83,237 -$133,871 $4@5,84 -$6,544 $248,876
Cash Flow Year 10 $113,401 $85,682 -$139,768 $4632,6 $1,840 $276,626
Cash Flow Year 11 $103,319 $87,236 -$128,423 $422,9 -$14,554 $258,703
Cash Flow Year 12 $108,639 $87,948 -$131,093 $483,1 -$8,903 $277,871
Cash Flow Year 13 $103,327 $85,767 -$173,518 $262,6  -$3,183 $265,974
Cash Flow Year 14 $109,948 $85,831 -$127,136 $024,0 -$4,441 $271,474
Cash Flow Year 15 $101,261 $83,173 -$130,035 $44838,2  -$6,459 $260,175
Cash Flow Year 16 $108,422 $90,540 -$127,663 $969,4 -$9,228 $270,398
Cash Flow Year 17 $100,657 $81,873 -$125,753 $484,7  -$7,646 $256,215
Cash Flow Year 18 $107,299 $83,679 -$124,617 $293,4 -$7,238 $253,169
Cash Flow Year 19 $98,602 $80,035 -$123,769 $334,11 -$20,143 $243,656
Cash Flow Year 20 $104,513 $92,618 -$147,846 $867,8 -$14,530 $276,871
Cash Flow Year 21 $97,885 $88,564 -$129,352 $482,96 -$38,138 $258,519
Cash Flow Year 22 $110,778 $88,975 -$133,104 $838,0 -$3,908 $280,536
Cash Flow Year 23 $101,678 $83,256 -$130,395 $523,4 -$12,740 $252,660
Cash Flow Year 24 $108,384 $88,176 -$130,341 $433,0 -$4,911 $264,917
Cash Flow Year 25 $100,929 $84,875 -$129,085 $4724,9 -$18,925 $252,403
Cash Flow Year 26 $108,302 $85,467 -$128,573 $824,9 -$7,420 $268,508
Cash Flow Year 27 $100,394 $83,332 -$117,121 $4%5,3 -$11,707 $244,084
Cash Flow Year 28 $107,567 $89,024 -$138,592 $427,6 -$7,293 $275,228
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Mean Standard Deviation ~ Minimum Maximum 5% 95%
Cash Flow Year 29 $99,907 $84,566 -$160,200 $4@4,30 -$12,064 $258,848
Cash Flow Year 30 $108,912 $85,884 -$131,920 $493,5 -$1,555 $272,601
Cash Flow Year 31 $100,291 $82,585 -$124,169 $561,1 -$9,801 $248,408
Cash Flow Year 32 $103,950 $84,672 -$129,145 $349,1  -$7,972 $255,874
Cash Flow Year 33 $99,238 $84,270 -$126,656 $4@3,83 -$12,699 $253,487
Cash Flow Year 34 $110,860 $87,984 -$125,297 $262,1  -$4,197 $271,673
Cash Flow Year 35 $101,496 $89,257 -$137,039 $483,0 -$16,708 $264,733
Cash Flow Year 36 $108,188 $89,895 -$124,199 $421,7  -$7,675 $279,071
Cash Flow Year 37 $98,274 $84,426 -$131,241 $397,38 -$20,265 $258,943
Cash Flow Year 38 $108,444 $88,707 -$130,836 $829,7  -$4,726 $275,382
Cash Flow Year 39 $101,577 $82,733 -$131,477 $857,1 -$5,328 $257,305
Cash Flow Year 40 $108,993 $89,757 -$130,752 $6855 -$7,444 $271,687
40 Year NPV $1,110,275 $295,928 $141,908 $1,945,717$609,996 $1,615,207
Perpetuity NPV $1,133,498 $296,407 $162,077 $15888,  $627,258 $1,643,832

Table J.54 — Summary statistics for farm representave of Black soil zone, with
residue management adoption

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $272,617 $102,450 $30,203 $772,765 $134,847 $461,863
Cash Flow Year 2 $255,483 $99,844 $37,349 $630,183 $113,189 $439,180
Cash Flow Year 3 $246,321 $92,756 $47,820 $716,041 $119,551 $425,734
Cash Flow Year 4 $268,847 $96,897 -$112,711 $7@0,34 $141,214 $444,386
Cash Flow Year 5 $277,136 $96,441 $18,337 $714,491 $154,785 $460,549
Cash Flow Year 6 $254,474 $90,511 $27,648 $664,059 $132,129 $431,686
Cash Flow Year 7 $253,024 $90,129 -$123,587 $761,68 $132,498 $416,292
Cash Flow Year 8 $264,069 $95,532 -$116,585 $729,95 $135,748 $434,826
Cash Flow Year 9 $262,230 $96,301 -$113,981 $653,50 $133,949 $440,963
Cash Flow Year 10 $268,233 $100,879 $50,535 $738,39 $132,782 $471,473
Cash Flow Year 11 $269,238 $98,490 $31,846 $596,207 $135,514 $465,910
Cash Flow Year 12 $251,242 $91,725 -$134,403 $649,3 $135,636 $418,057
Cash Flow Year 13 $260,633 $97,358 -$110,829 $@88,2 $130,655 $445,551
Cash Flow Year 14 $270,142 $98,989 $47,009 $720,946 $136,445 $470,755
Cash Flow Year 15 $255,724 $92,529 $50,635 $656,269 $130,576 $434,786
Cash Flow Year 16 $264,405 $96,536 $51,789 $678,448 $135,897 $451,205
Cash Flow Year 17 $268,486 $100,302 $79,209 $669,22 $139,674 $456,980
Cash Flow Year 18 $254,753 $89,073 $37,089 $680,835 $133,596 $417,169
Cash Flow Year 19 $264,636 $100,224 -$117,503 $809, $138,123 $449,202
Cash Flow Year 20 $269,062 $97,981 $49,030 $721,417 $137,560 $454,513
Cash Flow Year 21 $257,252 $93,284 -$130,096 $863,8 $135,389 $441,110
Cash Flow Year 22 $257,257 $94,101 -$130,489 $685,9 $129,566 $428,766
Cash Flow Year 23 $262,181 $98,106 $22,794 $666,899 $128,999 $448,596
Cash Flow Year 24 $257,866 $96,604 -$120,139 $689,9 $128,197 $446,050
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $262,545 $96,487 $27,726 $617,766 $129,301 $451,235
Cash Flow Year 26 $267,684 $97,501 $71,604 $648,649 $134,873 $446,489
Cash Flow Year 27 $253,872 $96,221 -$118,324 $3%4,4 $125,400 $425,530
Cash Flow Year 28 $258,965 $97,790 -$117,995 $B337,4 $127,460 $452,056
Cash Flow Year 29 $267,639 $100,321 -$114,647 8133, $136,115 $459,034
Cash Flow Year 30 $257,359 $96,552 -$113,277 $B89,0 $126,967 $445,202
Cash Flow Year 31 $258,563 $93,972 -$121,214 $833,5 $134,379 $432,486
Cash Flow Year 32 $270,806 $98,732 $52,828 $826,374 $138,859 $459,125
Cash Flow Year 33 $262,538 $95,824 -$135,212 $000,8 $141,924 $442,349
Cash Flow Year 34 $257,257 $92,752 -$120,009 $691,6 $133,285 $436,596
Cash Flow Year 35 $265,771 $101,120 -$113,111 $020, $136,609 $474,284
Cash Flow Year 36 $259,473 $96,996 $53,984 $712,542 $133,441 $434,418
Cash Flow Year 37 $263,935 $95,145 -$125,842 $629,3 $133,491 $448,021
Cash Flow Year 38 $271,978 $102,051 $36,749 $769,98 $141,220 $472,355
Cash Flow Year 39 $253,200 $93,233 -$118,391 $68490,2 $127,614 $420,812
Cash Flow Year 40 $259,867 $97,914 -$120,280 $6683,7 $128,297 $452,328
40 Year NPV $2,812,407 $317,359 $1,880,456 $3,872,6 $2,326,190 $3,382,526
Perpetuity NPV $2,872,261 $318,774 $1,941,824 Ryiver $2,392,323  $3,438,136

Table J.55 — Summary statistics for farm representiave of Dark Grey soil zone,
with residue management adoption

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $233,156 $76,315 $81,127 $593,626 $127,206 $384,802
Cash Flow Year 2 $217,608 $73,270 $50,434 $492,351 $118,981 $356,707
Cash Flow Year 3 $208,619 $68,656 $64,677 $640,150 $116,141 $345,462
Cash Flow Year 4 $228,418 $68,869 $53,010 $505,664 $136,657 $363,196
Cash Flow Year 5 $229,634 $65,459 $34,609 $509,629 $139,579 $355,943
Cash Flow Year 6 $215,399 $62,162 $55,271 $521,573 $135,374 $333,475
Cash Flow Year 7 $216,092 $65,029 $56,250 $486,257 $129,640 $344,993
Cash Flow Year 8 $224,759 $68,383 $89,276 $481,813 $133,085 $365,238
Cash Flow Year 9 $218,919 $65,171 $72,625 $489,603 $132,347 $343,369
Cash Flow Year 10 $224,157 $69,260 $74,230 $569,136 $133,754 $358,018
Cash Flow Year 11 $225,640 $68,868 $66,780 $531,451 $134,329 $350,950
Cash Flow Year 12 $212,016 $63,425 $65,273 $517,733 $128,846 $327,458
Cash Flow Year 13 $220,493 $67,560 $35,067 $570,394 $129,680 $347,313
Cash Flow Year 14 $224,183 $68,131 $61,459 $556,363 $130,930 $352,608
Cash Flow Year 15 $214,521 $63,204 $27,470 $463,988 $130,383 $330,551
Cash Flow Year 16 $223,494 $64,918 $67,295 $492,538 $137,490 $345,027
Cash Flow Year 17 $227,600 $72,258 $78,197 $506,491 $130,296 $369,796
Cash Flow Year 18 $217,962 $66,253 $51,331 $491,793 $130,147 $349,847
Cash Flow Year 19 $222,537 $69,447 $73,545 $517,663 $134,029 $361,288
Cash Flow Year 20 $224,589 $69,558 $67,869 $506,342 $132,120 $360,104
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 21 $216,186 $60,794 $72,169 $495,944 $128,196 $332,728
Cash Flow Year 22 $221,202 $66,958 $65,514 $463,386 $136,260 $352,300
Cash Flow Year 23 $223,137 $69,421 $14,041 $555,420 $130,841 $364,308
Cash Flow Year 24 $217,633 $66,521 $67,536 $598,792 $127,376 $348,385
Cash Flow Year 25 $223,774 $70,167 $71,367 $519,030 $130,069 $358,775
Cash Flow Year 26 $226,022 $69,983 $85,453 $480,947 $131,591 $360,618
Cash Flow Year 27 $216,303 $62,320 $68,410 $449,513 $129,489 $334,848
Cash Flow Year 28 $222,329 $69,421 $71,930 $527,916 $130,000 $356,726
Cash Flow Year 29 $226,570 $69,599 $70,113 $488,394 $134,911 $363,830
Cash Flow Year 30 $216,777 $63,744 $76,504 $621,761 $131,070 $342,939
Cash Flow Year 31 $219,104 $66,675 $78,622 $494,573 $129,460 $346,025
Cash Flow Year 32 $226,499 $70,762 $66,429 $556,591 $133,461 $363,040
Cash Flow Year 33 $219,119 $68,644 $67,294 $511,715 $125,107 $355,349
Cash Flow Year 34 $217,958 $63,567 $81,508 $483,522 $133,417 $342,525
Cash Flow Year 35 $221,406 $71,432 $54,671 $530,947 $130,534 $362,241
Cash Flow Year 36 $216,720 $66,036 $69,720 $530,138 $126,948 $343,157
Cash Flow Year 37 $223,001 $69,514 $57,354 $506,213 $131,310 $355,159
Cash Flow Year 38 $224,447 $71,118 $87,352 $524,798 $129,972 $358,332
Cash Flow Year 39 $215,303 $65,785 $68,064 $484,058 $130,009 $343,690
Cash Flow Year 40 $220,748 $70,804 $71,456 $618,388 $127,303 $360,176
40 Year NPV $2,386,257 $223,732 $1,756,073  $3,B%,5 $2,029,381  $2,750,557
Perpetuity NPV $2,427,078 $224,770 $1,770,596  $3785  $2,069,084  $2,795,625
Table J.56 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with shelterbelt and buffer strip adoption
Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $261,768 $160,303 -$310,670 $8335  $39,364 $560,992
Cash Flow Year 2 $173,159 $143,333 -$314,646 $233,2  -$13,853 $425,402
Cash Flow Year 3 $156,817 $136,347 -$331,325 $692,5 -$11,349 $410,297
Cash Flow Year 4 $197,580 $139,833 -$322,534 $3%0,0 $38,616 $462,080
Cash Flow Year 5 $210,632 $131,670 -$308,004 $729,4  $45,479 $441,824
Cash Flow Year 6 $201,265 $141,143 -$302,365 $B6825  $32,219 $454,263
Cash Flow Year 7 $181,989 $146,294 -$306,461 $297,1  $203 $455,183
Cash Flow Year 8 $175,825 $138,524 -$299,806 $2859  $994 $420,259
Cash Flow Year 9 $186,284 $143,017 -$321,579 $B47,8  $9,158 $448,145
Cash Flow Year 10 $196,578 $135,528 -$314,909 $820,  $23,885 $445,800
Cash Flow Year 11 $191,607 $128,578 -$301,966 4700,  $21,641 $421,136
Cash Flow Year 12 $189,704 $134,143 -$297,788 go98,  $17,851 $447,772
Cash Flow Year 13 $189,972 $138,501 -$315,527 895,  $20,410 $463,254
Cash Flow Year 14 $195,394 $128,667 -$297,659 $4®3,  $21,603 $423,565
Cash Flow Year 15 $194,349 $130,720 -$304,695 @798,  $24,035 $456,621
Cash Flow Year 16 $195,233 $137,973 -$301,203 $867,  $25,339 $462,083
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 17 $193,451 $132,764 -$290,428 4448, $13,093 $453,833
Cash Flow Year 18 $195,438 $130,919 -$314,892 1903, $30,758 $436,719
Cash Flow Year 19 $201,882 $132,742 -$283,682 8083, $31,331 $457,037
Cash Flow Year 20 $196,034 $137,802 -$303,422 9843, $28,848 $447,708
Cash Flow Year 21 $193,884 $133,911 -$316,225 $920, $25,394 $444,974
Cash Flow Year 22 $192,727 $137,460 -$296,705 $236, $20,973 $444,994
Cash Flow Year 23 $198,664 $134,638 -$314,891 £020, $28,580 $453,931
Cash Flow Year 24 $205,617 $144,325 -$314,919 9783, $24,493 $465,649
Cash Flow Year 25 $202,268 $134,605 -$310,396 $3861, $26,765 $444,886
Cash Flow Year 26 $204,155 $134,119 -$321,539 $623, $33,524 $451,786
Cash Flow Year 27 $201,032 $128,993 -$310,306 $245, $35,164 $437,198
Cash Flow Year 28 $199,439 $129,216 -$319,430 €451, $34,382 $436,057
Cash Flow Year 29 $200,470 $134,597 -$297,785 $927, $34,671 $452,855
Cash Flow Year 30 $196,563 $127,713 -$288,633 $688, $28,386 $431,816
Cash Flow Year 31 $196,135 $136,342 -$311,789 $883, $24,460 $438,284
Cash Flow Year 32 $204,658 $132,053 -$304,214 ®181, $30,013 $433,287
Cash Flow Year 33 $208,784 $140,336 -$320,416 €334, $36,882 $486,747
Cash Flow Year 34 $206,072 $137,089 -$290,181 9832, $26,447 $462,396
Cash Flow Year 35 $203,800 $141,135 -$299,630 8892, $22,565 $455,943
Cash Flow Year 36 $205,598 $130,880 -$313,197 2837, $38,891 $459,554
Cash Flow Year 37 $205,906 $141,789 -$303,236 $166, $30,146 $473,961
Cash Flow Year 38 $198,097 $127,265 -$312,347 €808, $26,335 $430,181
Cash Flow Year 39 $204,615 $133,024 -$305,695 8962, $32,978 $441,128
Cash Flow Year 40 $203,341 $131,957 -$304,822 9079, $35,297 $456,351
40 Year NPV $2,182,966 $410,290 $967,588 $3,913,88%1,513,407 $2,845,083
Perpetuity NPV $2,223,964 $412,282 $1,033,187 R:gie )L $1,549,818  $2,887,611

Table J.57 — Summary statistics for farm representae of Brown soil zone, dryland
production, with shelterbelt and buffer strip adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $81,944 $104,471 -$201,864 $521,10 -$101,924 $275,584
Cash Flow Year 2 $52,039 $102,003 -$151,769 $521,75 -$111,161 $245,905
Cash Flow Year 3 $42,651 $103,009 -$181,594 $537,67 -$113,140 $228,436
Cash Flow Year 4 $52,022 $96,062 -$191,167 $447,718 -$109,824 $224,994
Cash Flow Year 5 $54,291 $103,302 -$178,208 $592,42 -$109,658 $238,090
Cash Flow Year 6 $43,276 $102,470 -$166,402 $580,29 -$112,965 $231,939
Cash Flow Year 7 $40,818 $99,142 -$201,245 $512,436 -$111,621 $219,027
Cash Flow Year 8 $36,821 $95,794 -$183,883 $465,098 -$112,594 $214,389
Cash Flow Year 9 $52,108 $100,598 -$161,646 $4@9,73 -$105,347 $239,126
Cash Flow Year 10 $51,416 $94,801 -$171,675 $680,81 -$103,656 $223,242
Cash Flow Year 11 $52,624 $96,730 -$186,723 $469,45 -$104,580 $221,705
Cash Flow Year 12 $55,558 $94,211 -$173,839 $486,94 -$104,204 $229,521
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Mean Standard Deviation Minimum Maximum 5% 95%

Cash Flow Year 13 $60,535 $94,634 -$187,582 $467,91 -$102,387 $241,627
Cash Flow Year 14 $65,693 $94,199 -$166,925 $572,85 -$100,377 $239,680
Cash Flow Year 15 $61,628 $94,635 -$164,422 $413,56 -$100,009 $248,870
Cash Flow Year 16 $60,481 $92,211 -$168,944 $482,20 -$99,992 $231,121
Cash Flow Year 17 $65,135 $97,417 -$155,915 $504,45 -$101,204 $245,006
Cash Flow Year 18 $66,262 $94,369 -$136,425 $504,16 -$101,188 $242,769
Cash Flow Year 19 $66,949 $94,103 -$123,576 $545,78 -$100,813 $236,581
Cash Flow Year 20 $62,233 $95,959 -$192,541 $484,49 -$101,881 $238,957
Cash Flow Year 21 $64,415 $94,572 -$187,389 $389,91 -$98,953 $252,214
Cash Flow Year 22 $67,056 $93,247 -$171,395 $588,31 -$98,238 $241,581
Cash Flow Year 23 $66,629 $94,030 -$126,251 $435,38 -$98,569 $243,259
Cash Flow Year 24 $62,799 $97,473 -$170,726 $524,01 -$101,866 $227,619
Cash Flow Year 25 $62,291 $93,795 -$175,364 $489,38 -$102,350 $240,288
Cash Flow Year 26 $66,030 $94,099 -$159,846 $412,07 -$100,117 $233,965
Cash Flow Year 27 $66,389 $92,926 -$122,962 $504,54 -$96,963 $237,203
Cash Flow Year 28 $65,673 $94,849 -$130,951 $587,94 -$99,579 $240,154
Cash Flow Year 29 $65,108 $92,357 -$148,212 $496,19 -$98,658 $228,050
Cash Flow Year 30 $64,622 $93,189 -$160,523 $441,30 -$100,138 $240,862
Cash Flow Year 31 $66,246 $96,914 -$162,562 $522,56 -$101,962 $234,668
Cash Flow Year 32 $63,685 $93,025 -$158,558 $521,68 -$99,742 $233,095
Cash Flow Year 33 $64,395 $96,962 -$170,516 $6@8,31 -$100,676 $236,036
Cash Flow Year 34 $68,982 $100,199 -$141,033 $8571,7  -$99,726 $249,570
Cash Flow Year 35 $64,299 $97,034 -$158,283 $479,17 -$101,829 $244,619
Cash Flow Year 36 $64,164 $92,458 -$136,637 $4486,72 -$101,407 $233,414
Cash Flow Year 37 $63,364 $95,864 -$132,287 $485,76 -$101,112 $241,963
Cash Flow Year 38 $65,609 $99,016 -$148,515 $586,69 -$101,551 $260,256
Cash Flow Year 39 $69,642 $96,606 -$136,410 $430,60 -$97,848 $243,351
Cash Flow Year 40 $69,067 $94,859 -$172,430 $553,74 -$101,372 $241,253
40 Year NPV $634,108 $336,124 -$498,066 $1,641,670 $88,308 $1,193,416
Perpetuity NPV $648,847 $336,682 -$490,456 $1,6,5 $95,296 $1,204,338

Table J.58 — Summary statistics for farm representae of Dark Brown soil zone,
with shelterbelt and buffer strip adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $101,716 $87,101 -$123,744 $487,76 -$14,379 $254,444
Cash Flow Year 2 $77,105 $82,782 -$147,666 $436,508 -$35,207 $226,031
Cash Flow Year 3 $71,958 $82,893 -$128,148 $405,348 -$105,610 $210,802
Cash Flow Year 4 $84,827 $83,903 -$130,372 $416,813 -$31,689 $236,591
Cash Flow Year 5 $84,300 $80,571 -$135,315 $441,865 -$39,108 $221,915
Cash Flow Year 6 $73,932 $84,478 -$135,902 $345,588 -$103,995 $220,849
Cash Flow Year 7 $71,015 $85,993 -$141,846 $378,413 -$104,240 $224,707
Cash Flow Year 8 $66,018 $85,927 -$138,692 $470,751 -$104,170 $218,443
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 9 $77,496 $80,203 -$132,665 $421,150 -$35,204 $218,911
Cash Flow Year 10 $83,800 $81,289 -$137,973 $320,81 -$23,321 $238,680
Cash Flow Year 11 $83,735 $84,219 -$125,551 $385,95 -$30,259 $233,989
Cash Flow Year 12 $86,130 $82,886 -$135,907 $394,29 -$26,699 $247,890
Cash Flow Year 13 $88,016 $82,016 -$166,479 $483,86 -$15,716 $244,568
Cash Flow Year 14 $90,640 $79,822 -$124,788 $388,46 -$19,422 $237,472
Cash Flow Year 15 $89,711 $78,876 -$123,880 $483,12 -$9,654 $241,270
Cash Flow Year 16 $93,083 $83,557 -$122,973 $423,13 -$14,934 $244,159
Cash Flow Year 17 $90,586 $77,497 -$120,323 $423,19 -$12,212 $238,507
Cash Flow Year 18 $91,334 $76,385 -$121,581 $382,88 -$16,148 $224,456
Cash Flow Year 19 $89,987 $75,716 -$118,255 $34@7,59 -$18,951 $229,622
Cash Flow Year 20 $90,569 $86,333 -$141,716 $431,84 -$23,715 $249,146
Cash Flow Year 21 $89,755 $82,980 -$123,700 $491,92 -$30,811 $239,640
Cash Flow Year 22 $95,036 $81,668 -$128,395 $425,43 -$10,909 $248,298
Cash Flow Year 23 $93,677 $78,592 -$123,602 $489,42 -$14,490 $238,968
Cash Flow Year 24 $95,033 $81,589 -$125,491 $381,61 -$11,160 $245,714
Cash Flow Year 25 $93,001 $79,641 -$123,483 $438,24 -$10,999 $236,526
Cash Flow Year 26 $93,015 $78,864 -$124,008 $386,98 -$14,696 $239,094
Cash Flow Year 27 $93,379 $78,184 -$112,032 $485,05 -$10,048 $229,337
Cash Flow Year 28 $95,037 $82,271 -$132,995 $327,45 -$10,496 $248,729
Cash Flow Year 29 $92,916 $79,927 -$151,435 $385,38 -$12,714 $243,486
Cash Flow Year 30 $93,994 $79,214 -$129,062 $3@4,21 -$9,301 $244,763
Cash Flow Year 31 $93,324 $78,224 -$118,438 $482,73 -$11,383 $233,767
Cash Flow Year 32 $92,129 $78,553 -$124,535 $469,86 -$11,301 $234,071
Cash Flow Year 33 $92,756 $79,186 -$120,959 $438,00 -$10,637 $238,024
Cash Flow Year 34 $97,095 $80,549 -$121,507 $417,81 -$9,689 $244,443
Cash Flow Year 35 $95,083 $83,759 -$130,570 $482,47 -$12,823 $249,189
Cash Flow Year 36 $96,507 $83,102 -$120,089 $381,75 -$13,503 $255,475
Cash Flow Year 37 $91,747 $79,419 -$125,019 $383,44 -$17,029 $243,204
Cash Flow Year 38 $94,469 $81,644 -$127,649 $447,23 -$10,190 $246,862
Cash Flow Year 39 $94,665 $78,566 -$125,438 $4@1,62 -$8,336 $242,331
Cash Flow Year 40 $97,076 $82,702 -$125,326 $4@1,23 -$11,373 $248,346

40 Year NPV $920,964 $289,996 $13,547 $1,758,581 41384 $1,409,088
Perpetuity NPV $942,688 $290,370 $32,399 $1,765,782 $458,351 $1,429,083

Table J.59 — Summary statistics for farm representae of Black soil zone, with
shelterbelt and buffer strip adoption

Maximum

5%

95%

Cash Flow Year 1
Cash Flow Year 2
Cash Flow Year 3
Cash Flow Year 4

Mean s:ll?aﬁgg Minimum
$260,960 $96,315 $41,861
$235,322 $92,814 -$112,705
$236,839 $90,867 $37,266
$250,925 $92,594 -$115,579

287

$743,601 $127,970
$587,70 $105,444
$685,258 $112,249
$654,94 $129,326

$440,244
$405,634
$407,373
$418,566



Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 5 $247,571 $88,214 -$112,520 $654,33 $135,573 $413,219
Cash Flow Year 6 $234,428 $87,755 $6,903 $616,593 114826 $404,967
Cash Flow Year 7 $225,863 $85,758 -$124,414 $680,75 $107,349 $370,470
Cash Flow Year 8 $226,085 $86,844 -$121,521 $634,41 $105,650 $376,153
Cash Flow Year 9 $238,100 $93,796 -$113,281 $601,11 $111,336 $408,917
Cash Flow Year 10 $238,837 $96,137 $32,293 $718,467 $109,932 $428,009
Cash Flow Year 11 $233,198 $89,989 $11,458 $536,169 $109,592 $408,885
Cash Flow Year 12 $227,759 $89,358 -$130,227 $596,7 $110,897 $387,895
Cash Flow Year 13 $233,393 $92,637 -$108,305 $6881,0 $107,250 $411,922
Cash Flow Year 14 $236,257 $88,970 $22,901 $635,265 $113,838 $417,506
Cash Flow Year 15 $233,611 $89,143 $36,392 $601,499 $110,437 $404,939
Cash Flow Year 16 $237,275 $89,904 $36,185 $606,756 $119,036 $406,814
Cash Flow Year 17 $235,055 $89,732 $65,698 $600,071 $116,938 $406,582
Cash Flow Year 18 $232,563 $85,529 $21,906 $627,004 $117,446 $384,076
Cash Flow Year 19 $236,430 $94,027 -$110,584 $287,6 $116,292 $407,086
Cash Flow Year 20 $234,149 $89,288 -$116,241 $6866,3 $114,876 $395,248
Cash Flow Year 21 $234,179 $89,480 -$127,058 $829,8 $117,131 $406,428
Cash Flow Year 22 $230,532 $89,171 -$127,631 $399,0 $107,327 $392,091
Cash Flow Year 23 $226,428 $88,924 -$110,511 $834,1  $109,375 $399,978
Cash Flow Year 24 $233,601 $92,836 -$117,103 $525,6 $105,472 $417,260
Cash Flow Year 25 $232,741 $90,053 $22,734 $566,238 $107,378 $406,247
Cash Flow Year 26 $230,753 $87,119 $47,949 $584,482 $110,662 $389,479
Cash Flow Year 27 $228,868 $91,882 -$115,959 $689,0 $105,313 $393,043
Cash Flow Year 28 $228,293 $89,881 -$116,566 $663,3 $108,650 $402,671
Cash Flow Year 29 $229,567 $89,767 -$116,883 $629,5 $109,540 $394,948
Cash Flow Year 30 $230,543 $91,823 -$111,526 $895,9 $109,570 $404,655
Cash Flow Year 31 $227,677 $89,199 -$119,588 $565,7 $111,802 $397,979
Cash Flow Year 32 $231,974 $88,243 $31,822 $723,787 $113,809 $396,607
Cash Flow Year 33 $235,234 $90,389 -$129,868 $a31,2 $114,784 $401,238
Cash Flow Year 34 $225,487 $85,383 -$118,493 $566,3 $111,089 $385,335
Cash Flow Year 35 $226,066 $91,016 -$114,549 $@31,5 $104,762 $408,385
Cash Flow Year 36 $231,920 $93,034 $28,129 $660,453 $111,738 $404,204
Cash Flow Year 37 $231,925 $87,544 -$124,330 $628,8 $111,268 $401,127
Cash Flow Year 38 $231,783 $91,696 -$111,676 $6820,6 $111,532 $409,923
Cash Flow Year 39 $226,360 $90,238 -$115,336 $858,5 $106,539 $389,183
Cash Flow Year 40 $228,599 $90,332 -$119,576 $536,5 $105,187 $412,029
40 Year NPV $2,576,145 $319,970 $1,669,388 $3,086,4 $2,077,718 $3,140,735
Perpetuity NPV $2,625,799 $321,009 $1,717,828 8378y $2,138,502  $3,195,104
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Table J.60 — Summary statistics for farm representi#e of Dark Grey soil zone,
with shelterbelt and buffer strip adoption

Mean S;i?{g?gg Minimum Maximum 5% 95%
Cash Flow Year 1 $224,781 $71,950 $71,752 $573,823 $124,707 $368,420
Cash Flow Year 2 $205,896 $68,981 $55,010 $468,827 $114,577 $336,140
Cash Flow Year 3 $205,331 $69,300 $56,256 $638,807 $113,377 $338,363
Cash Flow Year 4 $217,705 $65,727 $42,881 $479,034 $130,759 $342,224
Cash Flow Year 5 $213,616 $60,615 $21,743 $476,917 $130,843 $331,225
Cash Flow Year 6 $206,494 $62,935 $43,087 $551,467 $123,964 $322,456
Cash Flow Year 7 $200,261 $60,737 $44,239 $451,024 $115,761 $324,853
Cash Flow Year 8 $203,671 $62,954 $64,190 $445,730 $118,586 $329,305
Cash Flow Year 9 $208,534 $65,135 $58,741 $491,565 $121,002 $332,156
Cash Flow Year 10 $208,230 $66,648 $60,121 $521,109 $119,012 $334,708
Cash Flow Year 11 $205,324 $63,763 $51,149 $489,722 $119,258 $321,828
Cash Flow Year 12 $201,369 $63,408 $55,240 $511,160 $117,531 $319,595
Cash Flow Year 13 $205,410 $65,702 $21,527 $532,112 $116,359 $328,099
Cash Flow Year 14 $205,702 $63,542 $47,179 $522,628 $116,591 $323,954
Cash Flow Year 15 $204,444 $63,239 $23,452 $442,604 $119,832 $320,323
Cash Flow Year 16 $207,461 $60,449 $55,113 $454,586 $123,128 $317,572
Cash Flow Year 17 $208,340 $66,939 $69,254 $467,695 $119,842 $339,999
Cash Flow Year 18 $208,217 $66,060 $44,394 $491,032 $119,984 $338,193
Cash Flow Year 19 $207,160 $65,260 $55,519 $516,557 $123,758 $338,229
Cash Flow Year 20 $205,607 $64,496 $55,357 $480,222 $119,565 $332,730
Cash Flow Year 21 $205,739 $61,086 $69,118 $470,479 $118,317 $321,654
Cash Flow Year 22 $205,126 $62,971 $51,940 $428,786 $123,286 $326,135
Cash Flow Year 23 $203,825 $63,831 $10,072 $500,099 $118,821 $330,760
Cash Flow Year 24 $207,074 $66,039 $58,100 $560,706 $119,703 $336,420
Cash Flow Year 25 $207,996 $66,359 $60,948 $481,411 $118,491 $340,392
Cash Flow Year 26 $205,842 $64,283 $75,444 $444,554 $120,468 $329,461
Cash Flow Year 27 $204,839 $61,834 $66,188 $458,084 $120,358 $322,822
Cash Flow Year 28 $206,194 $65,511 $58,269 $480,885 $118,344 $337,704
Cash Flow Year 29 $206,563 $64,142 $48,582 $471,072 $121,713 $331,760
Cash Flow Year 30 $205,417 $62,922 $63,582 $598,036 $120,500 $332,872
Cash Flow Year 31 $202,613 $62,740 $63,026 $489,419 $115,744 $320,240
Cash Flow Year 32 $205,512 $64,804 $53,637 $512,373 $120,049 $331,738
Cash Flow Year 33 $207,262 $67,862 $57,072 $478,717 $112,667 $342,549
Cash Flow Year 34 $200,475 $59,885 $70,830 $445,884 $120,539 $319,976
Cash Flow Year 35 $200,641 $65,843 -$84,786 $422,99 $118,006 $332,215
Cash Flow Year 36 $204,879 $65,657 $58,251 $506,602 $116,398 $325,812
Cash Flow Year 37 $205,787 $65,432 $44,898 $461,891 $115,426 $329,628
Cash Flow Year 38 $203,733 $65,632 $77,563 $482,167 $116,168 $327,379
Cash Flow Year 39 $203,585 $65,306 $58,550 $466,382 $118,307 $330,998
Cash Flow Year 40 $203,509 $66,027 $62,976 $567,607 $115,295 $330,398
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Standard

Mean Deviation Minimum Maximum 5% 95%
40 Year NPV $2,259,579 $224,123 $1,620,037  $3,@2,4 $1,892,489  $2,610,770
Perpetuity NPV $2,295,542 $224,880 $1,630,845 B3I  $1,930,393  $2,652,361
Table J.61 — Summary statistics for farm representiave of Brown soil zone,
irrigated production, with shelterbelt and buffer strip with hay adoption
Mean s«;?/?aﬁ?gr? Minimum Maximum 5% 95%
Cash Flow Year 1 $262,232 $159,735 -$310,587 $983,7  $39,814 $561,164
Cash Flow Year 2 $173,440 $143,436 -$314,420 $998,8 -$13,648 $425,965
Cash Flow Year 3 $157,127 $136,425 -$331,027 $6929 -$11,065 $410,541
Cash Flow Year 4 $197,982 $139,873 -$322,438 $430,3  $38,928 $462,315
Cash Flow Year 5 $211,065 $131,702 -$307,808 $839,8  $45,799 $442,359
Cash Flow Year 6 $201,672 $141,175 -$302,271 $BR9  $32,479 $454,853
Cash Flow Year 7 $182,470 $146,303 -$306,397 $827,7  $862 $455,846
Cash Flow Year 8 $176,622 $137,851 -$299,577 $396,0  $2,332 $420,792
Cash Flow Year 9 $186,777 $143,014 -$321,387 $6B7,8  $9,714 $448,768
Cash Flow Year 10 $197,050 $135,529 -$314,690 €880,  $24,384 $446,416
Cash Flow Year 11 $192,080 $128,579 -$301,756 $000,  $22,196 $421,990
Cash Flow Year 12 $190,198 $134,119 -$297,631 $339,  $18,322 $448,104
Cash Flow Year 13 $190,773 $137,696 -$315,303 $695,  $21,283 $463,812
Cash Flow Year 14 $195,859 $128,661 -$297,552 a4,  $22,073 $423,842
Cash Flow Year 15 $194,811 $130,716 -$304,486 $898,  $24,501 $457,207
Cash Flow Year 16 $195,720 $137,957 -$301,112 $387,  $25,816 $462,573
Cash Flow Year 17 $193,911 $132,750 -$290,222 $B48,  $13,534 $454,289
Cash Flow Year 18 $195,907 $130,913 -$314,772 $833,  $30,750 $437,424
Cash Flow Year 19 $202,390 $132,736 -$283,474 9134,  $31,823 $457,270
Cash Flow Year 20 $196,507 $137,811 -$303,166 €984,  $29,488 $448,080
Cash Flow Year 21 $194,357 $133,911 -$315,993 671,  $25,769 $445,349
Cash Flow Year 22 $193,202 $137,466 -$296,563 $837,  $21,470 $445,275
Cash Flow Year 23 $199,155 $134,642 -$314,737 $4B0,  $29,013 $454,461
Cash Flow Year 24 $206,727 $142,921 -$314,796 $B34,  $25,988 $466,434
Cash Flow Year 25 $202,734 $134,603 -$310,266 g181,  $27,521 $445,321
Cash Flow Year 26 $204,663 $134,118 -$321,449 694,  $34,020 $452,546
Cash Flow Year 27 $201,830 $128,211 -$310,233 666,  $35,568 $437,566
Cash Flow Year 28 $199,909 $129,214 -$319,277 $852,  $34,840 $436,476
Cash Flow Year 29 $200,922 $134,606 -$297,569 4978,  $35,242 $453,296
Cash Flow Year 30 $197,041 $127,712 -$288,478 $889,  $28,852 $432,478
Cash Flow Year 31 $196,611 $136,338 -$311,688 g224,  $25,145 $438,573
Cash Flow Year 32 $205,131 $132,049 -$304,114 $9Bl,  $30,409 $433,896
Cash Flow Year 33 $209,220 $140,361 -$320,248 €935,  $37,191 $487,114
Cash Flow Year 34 $206,566 $137,063 -$289,916 $833,  $26,935 $462,914
Cash Flow Year 35 $204,225 $141,160 -$299,427 $842,  $23,120 $456,337
Cash Flow Year 36 $206,028 $130,875 -$313,026 €937,  $39,191 $460,236
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 37 $206,333 $141,806 -$303,097 $B856, $30,569 $474,398
Cash Flow Year 38 $198,559 $127,252 -$312,299 $8G8, $26,848 $430,370
Cash Flow Year 39 $205,095 $133,039 -$305,552 $962, $33,768 $441,417
Cash Flow Year 40 $204,073 $131,198 -$304,703 €180, $37,616 $456,811
40 Year NPV $2,187,552 $410,576 $971,735 $3,917,85%1,517,826 $2,849,455
Perpetuity NPV $2,228,703 $412,602 $1,037,507 SB0BD $1,553,646  $2,887,790

Table J.62 — Summary statistics for farm representae of Brown soil zone, dryland
production, with shelterbelt and buffer strip with hay adoption

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $82,568 $104,480 -$200,930 $532,76 -$101,758 $276,300
Cash Flow Year 2 $52,837 $101,952 -$151,019 $532,57 -$110,876 $247,102
Cash Flow Year 3 $43,390 $103,034 -$180,996 $558,84 -$112,931 $229,717
Cash Flow Year 4 $52,856 $96,063 -$190,365 $448,239 -$109,454 $225,670
Cash Flow Year 5 $55,116 $103,360 -$177,378 $554,15 -$109,380 $239,271
Cash Flow Year 6 $44,285 $102,441 -$165,633 $580,85 -$112,511 $233,433
Cash Flow Year 7 $41,670 $99,212 -$200,321 $512,666 -$111,317 $220,239
Cash Flow Year 8 $37,784 $95,793 -$183,837 $466,396 -$112,184 $215,599
Cash Flow Year 9 $53,007 $100,627 -$171,707 $490,97 -$105,169 $239,396
Cash Flow Year 10 $52,253 $94,864 -$170,822 $661,58 -$103,218 $223,602
Cash Flow Year 11 $53,814 $96,539 -$185,428 $410,53 -$104,276 $222,679
Cash Flow Year 12 $56,446 $94,234 -$173,181 $438,61 -$103,984 $230,093
Cash Flow Year 13 $61,435 $94,655 -$187,052 $4@8,80 -$102,186 $242,981
Cash Flow Year 14 $66,620 $94,175 -$166,518 $514,09 -$99,985 $240,149
Cash Flow Year 15 $62,700 $94,435 -$163,918 $474,74 -$99,584 $249,819
Cash Flow Year 16 $61,440 $92,172 -$168,104 $472,58 -$99,689 $231,859
Cash Flow Year 17 $66,039 $97,439 -$155,021 $505,54 -$100,973 $245,467
Cash Flow Year 18 $67,231 $94,353 -$135,577 $565,97 -$100,242 $244,175
Cash Flow Year 19 $67,798 $94,204 -$123,301 $546,13 -$100,436 $236,924
Cash Flow Year 20 $63,256 $95,833 -$191,556 $485,47 -$101,616 $239,474
Cash Flow Year 21 $65,242 $94,651 -$186,845 $4@1,60 -$98,711 $253,068
Cash Flow Year 22 $68,061 $93,058 -$146,610 $5#8,85 -$98,157 $243,325
Cash Flow Year 23 $67,537 $94,039 -$126,149 $486,19 -$98,262 $243,588
Cash Flow Year 24 $64,013 $97,282 -$170,229 $584,91 -$101,748 $229,376
Cash Flow Year 25 $63,471 $93,602 -$174,471 $460,00 -$102,024 $241,052
Cash Flow Year 26 $67,309 $93,678 -$158,835 $4853,95 -$99,871 $234,464
Cash Flow Year 27 $67,680 $92,704 -$121,715 $585,12 -$96,760 $238,307
Cash Flow Year 28 $66,560 $94,854 -$130,806 $588,73 -$99,309 $240,981
Cash Flow Year 29 $66,222 $92,172 -$147,361 $496,64 -$98,364 $228,776
Cash Flow Year 30 $65,707 $93,002 -$160,117 $442 51 -$99,806 $241,896
Cash Flow Year 31 $67,336 $96,633 -$161,962 $584,55 -$101,420 $235,669
Cash Flow Year 32 $64,833 $92,724 -$158,096 $523,05 -$99,159 $233,836
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Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 33 $65,319 $96,936 -$169,691 $609,54 -$100,398 $236,489
Cash Flow Year 34 $69,938 $100,095 -$140,073 $852,4  -$99,422 $250,038
Cash Flow Year 35 $65,111 $97,107 -$157,185 $440,12 -$101,309 $244,919
Cash Flow Year 36 $65,122 $92,521 -$135,952 $4428,46 -$100,963 $233,858
Cash Flow Year 37 $64,454 $95,629 -$131,560 $486,94 -$100,257 $243,139
Cash Flow Year 38 $66,892 $98,626 -$147,874 $537,55 -$101,295 $260,988
Cash Flow Year 39 $70,731 $96,466 -$135,204 $432,40 -$97,488 $244,849
Cash Flow Year 40 $69,986 $94,814 -$171,360 $553,95 -$100,900 $242,182
40 Year NPV $642,776 $336,006 -$491,480 $1,648,734 $96,795 $1,202,749
Perpetuity NPV $657,725 $336,535 -$483,501 $1,687,8 $103,161 $1,211,625

Table J.63 — Summary statistics for farm representae of Dark
with shelterbelt and buffer strip with hay adoption

Brown soil zone,

Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 1 $102,387 $87,087 -$123,552 $488,79 -$14,035 $254,899
Cash Flow Year 2 $77,826 $82,963 -$146,503 $437,622 -$34,552 $226,743
Cash Flow Year 3 $72,912 $82,876 -$127,778 $406,098 -$105,374 $211,465
Cash Flow Year 4 $85,737 $84,046 -$129,800 $418,450 -$30,193 $237,366
Cash Flow Year 5 $85,391 $80,476 -$134,890 $443,541 -$36,543 $223,034
Cash Flow Year 6 $75,289 $84,165 -$135,615 $346,795 -$103,685 $221,751
Cash Flow Year 7 $72,096 $86,036 -$141,381 $378,749 -$103,882 $226,059
Cash Flow Year 8 $67,270 $85,762 -$138,542 $472,000 -$103,957 $219,968
Cash Flow Year 9 $78,525 $80,288 -$132,327 $422,770 -$34,214 $219,699
Cash Flow Year 10 $85,011 $81,153 -$137,499 $381,82 -$21,304 $238,899
Cash Flow Year 11 $84,797 $84,309 -$125,251 $387,50 -$29,536 $235,175
Cash Flow Year 12 $87,257 $82,798 -$134,953 $325,38 -$25,279 $248,661
Cash Flow Year 13 $89,012 $82,135 -$165,121 $434,64 -$14,728 $245,999
Cash Flow Year 14 $91,665 $79,886 -$124,404 $389,58 -$18,189 $238,783
Cash Flow Year 15 $90,997 $78,609 -$123,540 $499,35 -$8,528 $243,029
Cash Flow Year 16 $94,153 $83,635 -$122,361 $494,64 -$13,617 $245,664
Cash Flow Year 17 $91,676 $77,562 -$120,024 $433,87 -$10,875 $240,135
Cash Flow Year 18 $92,355 $76,422 -$121,192 $313,37 -$15,143 $225,312
Cash Flow Year 19 $91,186 $75,571 -$117,695 $368,35 -$17,637 $230,405
Cash Flow Year 20 $91,670 $86,293 -$141,193 $432,84 -$22,507 $250,023
Cash Flow Year 21 $90,848 $83,061 -$123,306 $482,53 -$29,415 $241,425
Cash Flow Year 22 $96,315 $81,363 -$128,081 $426,90 -$8,301 $249,387
Cash Flow Year 23 $94,851 $78,465 -$122,766 $480,38 -$12,240 $240,760
Cash Flow Year 24 $96,165 $81,527 -$125,278 $392,91 -$9,752 $246,986
Cash Flow Year 25 $94,092 $79,721 -$123,068 $439,78 -$10,372 $237,592
Cash Flow Year 26 $94,401 $78,351 -$123,654 $387,50 -$11,618 $240,682
Cash Flow Year 27 $94,606 $77,905 -$111,766 $456,86 -$7,165 $230,885
Cash Flow Year 28 $96,368 $81,926 -$132,437 $388,89 -$8,939 $249,936

292



Mean Standard Deviation Minimum Maximum 5% 95%
Cash Flow Year 29 $93,953 $80,005 -$150,802 $386,57 -$11,559 $244,137
Cash Flow Year 30 $95,225 $78,973 -$128,405 $3@5,25 -$6,760 $246,298
Cash Flow Year 31 $94,400 $78,264 -$117,717 $443,63 -$8,691 $235,246
Cash Flow Year 32 $93,304 $78,399 -$124,269 $501,19 -$10,178 $234,924
Cash Flow Year 33 $93,984 $79,022 -$120,581 $489,17 -$8,801 $239,093
Cash Flow Year 34 $98,159 $80,629 -$121,162 $488,35 -$8,629 $245,249
Cash Flow Year 35 $96,323 $83,632 -$130,068 $403,53 -$9,679 $250,984
Cash Flow Year 36 $97,666 $83,047 -$119,824 $382,74 -$13,359 $255,950
Cash Flow Year 37 $92,911 $79,326 -$124,597 $384,96 -$15,638 $244,486
Cash Flow Year 38 $95,588 $81,587 -$126,207 $458,60 -$9,162 $247,677
Cash Flow Year 39 $95,995 $78,203 -$124,988 $4@2,93 -$7,213 $243,083
Cash Flow Year 40 $98,293 $82,581 -$124,800 $462,43 -$10,031 $249,947
40 Year NPV $931,083 $289,906 $22,105 $1,769,083 55880 $1,417,177
Perpetuity NPV $953,085 $290,277 $41,186 $1,778,905 $469,204 $1,440,678

Table J.64 — Summary statistics for farm representae of Black soil zone, with
shelterbelt and buffer strip with hay adoption

Mean s:ll?aﬁgg Minimum Maximum 5% 95%
Cash Flow Year 1 $261,419 $96,543 $41,912 $744,517 $128,296 $440,927
Cash Flow Year 2 $236,027 $92,996 -$112,372 $588,59 $105,650 $407,052
Cash Flow Year 3 $237,449 $91,195 $38,040 $686,370 $112,324 $408,067
Cash Flow Year 4 $251,757 $92,725 -$115,191 $696,57 $129,916 $419,032
Cash Flow Year 5 $248,447 $88,275 -$112,302 $635,11 $136,382 $413,858
Cash Flow Year 6 $235,355 $87,823 $8,098 $617,666 115%534 $406,118
Cash Flow Year 7 $226,871 $85,801 -$124,220 $692,11 $108,115 $371,495
Cash Flow Year 8 $226,984 $86,884 -$121,251 $635,53 $106,497 $377,017
Cash Flow Year 9 $239,098 $93,794 -$112,856 $6@2,19 $112,366 $409,747
Cash Flow Year 10 $239,830 $96,119 $33,732 $719,458 $111,248 $429,135
Cash Flow Year 11 $234,106 $90,077 $12,133 $537,884 $110,585 $409,631
Cash Flow Year 12 $228,714 $89,366 -$129,850 $297,8 $111,948 $388,969
Cash Flow Year 13 $234,357 $92,660 -$108,066 $622,5 $108,317 $413,267
Cash Flow Year 14 $237,246 $88,965 $24,082 $636,524 $114,998 $418,688
Cash Flow Year 15 $234,595 $89,171 $36,964 $602,707 $111,577 $406,340
Cash Flow Year 16 $238,282 $89,948 $37,435 $608,104 $120,185 $408,082
Cash Flow Year 17 $236,044 $89,749 $66,643 $601,158 $118,341 $408,002
Cash Flow Year 18 $233,424 $85,615 $22,971 $627,286 $118,319 $385,022
Cash Flow Year 19 $237,484 $93,727 -$110,343 $178,1 $116,995 $408,232
Cash Flow Year 20 $235,106 $89,267 -$115,833 $667,7 $115,912 $395,879
Cash Flow Year 21 $235,086 $89,581 -$126,760 $551,1 $118,169 $407,348
Cash Flow Year 22 $231,456 $89,217 -$127,250 $889,5 $108,054 $393,112
Cash Flow Year 23 $227,412 $88,896 -$110,346 $825,3 $110,499 $401,440
Cash Flow Year 24 $234,560 $92,911 -$116,762 $326,9 $106,697 $418,977
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 25 $233,721 $90,105 $23,748 $567,822 $108,436 $407,119
Cash Flow Year 26 $231,683 $87,175 $48,902 $585,318 $111,625 $391,084
Cash Flow Year 27 $229,830 $91,886 -$115,848 $@40,0 $106,196 $393,644
Cash Flow Year 28 $229,286 $89,932 -$116,355 $664,0 $109,423 $404,036
Cash Flow Year 29 $230,532 $89,845 -$116,528 $630,2 $109,993 $395,630
Cash Flow Year 30 $231,497 $91,890 -$111,348 $647,1 $110,379 $405,741
Cash Flow Year 31 $228,685 $89,231 -$119,246 $666,8 $112,648 $399,131
Cash Flow Year 32 $232,966 $88,256 $32,828 $725,894 $114,564 $397,320
Cash Flow Year 33 $236,231 $90,400 -$129,526 $632,1 $116,837 $402,770
Cash Flow Year 34 $226,692 $84,838 -$118,093 $636,6 $112,176 $386,802
Cash Flow Year 35 $226,996 $91,038 -$114,226 $622,7 $106,093 $409,577
Cash Flow Year 36 $232,924 $93,042 $29,308 $661,607 $112,956 $404,832
Cash Flow Year 37 $232,908 $87,592 -$123,890 $8%0,1 $112,036 $401,758
Cash Flow Year 38 $232,786 $91,717 -$111,277 $621,6 $112,912 $410,973
Cash Flow Year 39 $227,372 $90,239 -$115,104 $869,5 $107,206 $390,185
Cash Flow Year 40 $229,588 $90,379 -$119,146 $597,7 $106,080 $413,100
40 Year NPV $2,584,490 $320,039 $1,679,943 $3, 22,0 $2,086,129 $3,145,928
Perpetuity NPV $2,634,503 $321,087 $1,728,756 H35EB $2,143,370  $3,201,680

Table J.65 — Summary statistics for farm representiave of Dark Grey soil zone,
with shelterbelt and buffer strip with hay adoption

Mean s‘;?/?aﬁ%rg Minimum Maximum 5% 95%
Cash Flow Year 1 $225,088 $72,075 $72,184 $575,132 $124,200 $368,602
Cash Flow Year 2 $206,289 $69,105 $55,298 $469,080 $114,762 $336,888
Cash Flow Year 3 $205,801 $69,362 $56,571 $639,286 $113,650 $338,762
Cash Flow Year 4 $218,250 $65,784 $43,228 $479,876 $131,145 $342,616
Cash Flow Year 5 $214,159 $60,685 $22,340 $477,370 $131,243 $331,710
Cash Flow Year 6 $207,043 $62,942 $43,792 $552,064 $124,907 $323,269
Cash Flow Year 7 $200,879 $60,780 $44,952 $451,432 $116,495 $325,769
Cash Flow Year 8 $204,301 $62,946 $64,692 $446,408 $119,198 $329,859
Cash Flow Year 9 $209,170 $65,132 $59,205 $492,267 $121,608 $332,825
Cash Flow Year 10 $208,835 $66,647 $60,909 $521,813 $119,660 $335,247
Cash Flow Year 11 $205,908 $63,721 $51,743 $490,399 $119,791 $321,906
Cash Flow Year 12 $201,933 $63,419 $55,698 $511,405 $117,875 $320,663
Cash Flow Year 13 $206,017 $65,699 $22,067 $532,267 $116,874 $328,675
Cash Flow Year 14 $206,325 $63,547 $47,787 $523,391 $117,418 $324,692
Cash Flow Year 15 $205,056 $63,252 $23,977 $442,991 $120,176 $320,933
Cash Flow Year 16 $208,075 $60,521 $55,841 $455,259 $123,806 $318,172
Cash Flow Year 17 $208,958 $66,959 $70,143 $468,583 $120,161 $340,575
Cash Flow Year 18 $208,879 $66,038 $45,194 $491,522 $120,545 $338,748
Cash Flow Year 19 $207,771 $65,264 $56,031 $517,068 $124,256 $338,886
Cash Flow Year 20 $206,235 $64,492 $55,753 $480,782 $120,433 $333,182
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Standard

Mean Deviation Minimum Maximum 5% 95%
Cash Flow Year 21 $206,349 $61,079 $69,630 $470,809 $118,938 $322,393
Cash Flow Year 22 $205,731 $62,989 $52,509 $429,289 $123,813 $326,790
Cash Flow Year 23 $204,441 $63,821 $10,353 $500,686 $119,217 $331,189
Cash Flow Year 24 $207,688 $66,045 $58,417 $561,461 $120,211 $337,149
Cash Flow Year 25 $208,574 $66,350 $61,223 $482,001 $118,934 $341,133
Cash Flow Year 26 $206,508 $64,271 $75,646 $445,334 $120,921 $329,921
Cash Flow Year 27 $205,510 $61,820 $66,748 $458,465 $120,962 $323,635
Cash Flow Year 28 $206,833 $65,486 $58,933 $481,347 $118,891 $338,147
Cash Flow Year 29 $207,168 $64,164 $49,247 $471,885 $122,324 $332,054
Cash Flow Year 30 $205,986 $62,924 $64,384 $598,446 $121,246 $333,133
Cash Flow Year 31 $203,233 $62,758 $63,691 $489,909 $116,359 $321,156
Cash Flow Year 32 $206,114 $64,836 $54,328 $513,490 $120,693 $332,574
Cash Flow Year 33 $207,905 $67,853 $57,503 $479,946 $113,237 $343,306
Cash Flow Year 34 $201,130 $59,874 $71,524 $446,676 $121,241 $320,515
Cash Flow Year 35 $201,269 $65,821 -$84,577 $483,40 $118,541 $332,420
Cash Flow Year 36 $205,570 $65,655 $59,199 $507,032 $117,016 $326,911
Cash Flow Year 37 $206,408 $65,445 $45,442 $462,911 $115,939 $330,334
Cash Flow Year 38 $204,363 $65,641 $78,220 $483,080 $116,821 $328,200
Cash Flow Year 39 $204,201 $65,331 $59,140 $467,227 $118,930 $331,773
Cash Flow Year 40 $204,133 $66,038 $63,568 $568,495 $115,971 $331,030
40 Year NPV $2,264,896 $224,112 $1,624,301 $3,033,3 $1,897,811 $2,616,739
Perpetuity NPV $2,301,048 $224,873 $1,635,389 BBTBH $1,932,212  $2,657,636
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Appendix K: Summary Results for Rotational and
Non-Rotational BMP Combinations

Table K.1 — Summary statistics for BMP combinationson representative farm in the
Brown soil zone, irrigated production

BMP Combination Mean Standgrd
Deviation
Alfalfa hay and shelterbelts $2,590,724 $351,477
Alfalfa hay and buffer strips $2,788,352 $357,682
Alfalfa hay and buffer strips with hay $2,792,691 35%,922
Alfalfa hay and residue management $2,927,895 $3089,
Alfalfa hay, shelterbelts and buffer strips $2,369, $350,223

Alfalfa hay, shelterbelts and buffer strips wittyha $2,568,824 $350,446

Table K.2 — Summary statistics for BMP combinationson representative farm in the
Brown soil zone, dryland production

BMP Combination Mean Stand_ard
Deviation
Field pea and shelterbelts $1,180,275  $337,588
Field pea and buffer strips $1,377,563 $341,713
Field pea and buffer strips with hay $1,386,493 (%398
Field pea and residue management $1,409,126 $388,83
Field pea, shelterbelts and buffer strips $1,163,42 $335,064
Field pea, shelterbelts and buffer strips with hay $1,172,611 $334,655
Legume green manure and shelterbelts $589,939 $BB7,
Legume green manure and buffer strips $767,586 85342
Legume green manure and buffer strips with hay qam $342,956
Legume green manure and residue management $796,478342,765

Legume green manure, shelterbelts and buffer strips  $579,472 $335,065

Legume green manure, shelterbelts and buffer s
gume g hay WS 3588400  $334,955
Field pea, legume green manure and shelterbelts 6,986 $300,491
Field pea, legume green manure and buffer strips ,0581532 $305,489
Field pea, legume green manure and buffer strigshdy  $1,063,603 $305,611
Field pea, legume green manure and residue manageme1,087,509 $305,014
Field pea, legume green manure, shelterbelts affierbu $853.626 $298.400
strips ' '
Field pea, legume green manure, shelterbelts affierbu $862 496 $298 115
strips with hay ’ '
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Table K.3 — Summary statistics for BMP combinationson representative farm in the

Dark Brown soil zone

BMP Combination

Standard

Mean Deviation

Alfalfa hay and shelterbelts
Alfalfa hay and buffer strips
Alfalfa hay and buffer strips with hay
Alfalfa hay and residue management
Alfalfa hay, shelterbelts and buffer strips
Alfalfa hay, shelterbelts and buffer strips withyha
Field pea and shelterbelts
Field pea and buffer strips
Field pea and buffer strips with hay
Field pea and residue management
Field pea, shelterbelts and buffer strips
Field pea, shelterbelts and buffer strips with hay
Legume green manure and shelterbelts
Legume green manure and buffer strips
Legume green manure and buffer strips with hay
Legume green manure and residue management
Legume green manure, shelterbelts and buffer strips
Legume green manure, shelterbelts and buffer striffs
hay
Alfalfa hay, field pea and shelterbelts
Alfalfa hay, field pea and buffer strips
Alfalfa hay, field pea and buffer strips with hay
Alfalfa hay, field pea and residue management
Alfalfa hay, field pea, shelterbelts and bufferpsr
Alfalfa hay, field pea, shelterbelts and buffeipgwith hay
Alfalfa hay, legume green manure and shelterbelts
Alfalfa hay, legume green manure and buffer strips
Alfalfa hay, legume green manure and buffer stwifib
hay
Alfalfa hay, legume green manure and residue manage
Alfalfa hay, legume green manure, shelterbeltstarfter
strips
Alfalfa hay, legume green rﬁanure, shelterbeltstarfter
strips with hay
Field pea, legume green manure and shelterbelts
Field pea, legume green manure and buffer strips

Field pea, legume green manure and buffer strighs lvay

$1,677,836  $217,700
$1,895,259  $220,017
$1,905,463 226,548
$1,901,423  @BP5,
$1,662  $216,332
$1,666,075  $216,795
$1,299,366  $272,366
$1,442,372 $274,548
$1,452,740 4299
$1,501,731 $27¥5,80
$1,282,06 $270,936
$1,292,563  $270,729
$834,166 2210,
$950,224 3294
60 $293,615
$999,545295,331
$821,851 $288,520

$832,686 $288,438

$2,317,211$245,047

$2,539,719 $248,978
2,849,921  $249,287
®He[A  $252,221
$2,288,792  $243,272
$2,298,842  $243,519
2,307,791  $244,064
$2,533,681 $247,887

$2,543,772  $248,164
$2,588,268  $252,038
$2,279,527  $242,260

$2,289,614  $242,553

4081,76  $305,359
,54$1043 $307,663
$1,555,457  $307,418

Field pea, legume green manure and residue manatieme$1,607,337 $308,821

Field pea, legume green manure, shelterbelts affiel bu
strips
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Standard

BMP Combination Mean L
Deviation
Field pea, legume green manure, shelterbelts affierbu $1,395.476 $302,548
strips with hay
Alfalfa hay, field pea, legume green manure and
shelterbelts $2,276,722 $244,387
Alfalfa hay, field pea, Ii?rLiJFr)r;e green manure andevuf $2,495.598 $247.979
Alfalfa hay, field pea, Iegume green manure anddouf $2.505.642 $248.357
strips with hay
Alfalfa hay, field pea, legume green manure aniites $2.553.530 $251,438
management
Alfalfa hay, field pea, legume green manure, Shiedtiés $2.248.803 $242.559
and buffer strips
Alfalfa hay, field pea, legume green manure, shigdtiés $2.258,757 $242.834

and buffer strips with hay

Table K.4 — Summary statistics for BMP combinationson representative farm in the

Black soil zone

BMP Combination Mean Staf‘d?“d
Deviation
Alfalfa hay and shelterbelts $3,118,277 $235,208
Alfalfa hay and buffer strips $3,295,395 $234,805
Alfalfa hay and buffer strips with hay $3,304,364 238,870
Alfalfa hay and residue management $3,401,524 $2357,
Alfalfa hay, shelterbelts and buffer strips $3,007, $233,839
Alfalfa hay, shelterbelts and buffer strips withyha  $3,086,771 $234,035
Field pea and shelterbelts $2,623,707 $293,205
Field pea and buffer strips $2,789,352 $296,714
Field pea and buffer strips with hay $2,798,229 6b@94
Field pea and residue management $2,890,548 $5,07
Field pea, shelterbelts and buffer strips $2,589,37 $290,625
Field pea, shelterbelts and buffer strips with hay  $2,598,093 $290,673
Oat and shelterbelts $2,372,189 $304,457
Oat and buffer strips $2,514,322 $306,916
Oat and buffer strips with hay $2,523,046 $306,796
Oat and residue management $2,623,741 $306,676
Oat, shelterbelts and buffer strips $2,341,556 R¥¢i15
Oat, shelterbelts and buffer strips with hay $2,389 $301,745
Alfalfa hay, field pea and shelterbelts $2,947,908 $227,020
Alfalfa hay, field pea and buffer strips $3,117,090 $226,445
Alfalfa hay, field pea and buffer strips with hay 3,$26,056 $226,652
Alfalfa hay, field pea and residue management BB $228,269
Alfalfa hay, field pea, shelterbelts and buffermstr $2,909,586 $226,029
Alfalfa hay, field pea, shelterbelts and bufferpswith $2.918.630 $226,287

hay
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Standard

BMP Combination Mean .
Deviation
Alfalfa hay, oat and shelterbelts $2,834,892 $2338,9
Alfalfa hay, oat and buffer strips $3,007,515 $236,
Alfalfa hay, oat and buffer strips with hay $3,4@% $236,456
Alfalfa hay, oat and residue management $3,049,730%$239,694
Alfalfa hay, oat, shelterbelts and buffer strips ,18B,327 $234,581
Alfalfa hay, oat, shelterbelts and buffer stripghwiay  $2,807,198 $234,876
Field pea, oat and shelterbelts $2,382,464 $280,981
Field pea, oat and buffer strips $2,542,618 $282,75

Field pea, oat and buffer strips with hay
Field pea, oat and residue management

Field pea, oat, shelterbelts and buffer strips 5P 30
Field pea, oat, shelterbelts and buffer strips Wiz $2,360,348

Alfalfa hay, field pea, oat and shelterbelts $2,244%

Alfalfa hay, field pea, oat and buffer strips $B30L0
Alfalfa hay, field pea, oat and buffer strips witay $2,917,320

Alfalfa hay, field pea, oat and residue management $3,001,713
Alfalfa hay, field pea, oat, shelterbelts and buffeips $2,708,599

Alfalfa hay, field pea, oat, shelterbelts and buffeips $2.717.396
with hay

$2,55%,27 $282,768
$2,610,545 81,83

$278,826
$278,793
$224,737
$224,352
$224,569
$225,658
$223,614

$223,619

Table K.5 — Summary statistics for BMP combinationson representative farm in the

Dark Grey soil zone

BMP Combination Mean Sta'.‘d?‘fd
Deviation
Alfalfa hay and shelterbelts $2,557,896 $169,051
Alfalfa hay and buffer strips $2,636,143 $169,184
Alfalfa hay and buffer strips with hay $2,641,677 169,307
Alfalfa hay and residue management $2,715,551 $HUR0,
Alfalfa hay, shelterbelts and buffer strips $2, 55, $168,129
Alfalfa hay, shelterbelts and buffer strips withyha  $2,531,155 $168,178
Field pea and shelterbelts $2,351,895 $213,321
Field pea and buffer strips $2,427,365 $214,296
Field pea and buffer strips with hay $2,432,737 45295
Field pea and residue management $2,507,455 $X14,89
Field pea, shelterbelts and buffer strips $2,323,64  $211,259
Field pea, shelterbelts and buffer strips with hay  $2,327,122 $211,372
Oat and shelterbelts $2,276,024 $214,642
Oat and buffer strips $2,343,261 $215,198
Oat and buffer strips with hay $2,348,715 $215,161
Oat and residue management $2,437,933 $215,567
Oat, shelterbelts and buffer strips $2,247,182 o2
Oat, shelterbelts and buffer strips with hay $2,389 $213,031
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BMP Combination Mean Sta’.‘d?‘fd
Deviation

$2,461,723  $166,944
$2,538,868  $166,956

Alfalfa hay, field pea and shelterbelts
Alfalfa hay, field pea and buffer strips

Alfalfa hay, field pea and buffer strips with hay 2,544,457 $167,079

Alfalfa hay, field pea and residue management B $168,364
Alfalfa hay, field pea, shelterbelts and bufferpstr $2,430,861 $166,054
Alfalfa hay, field pea, shelterbelts and bufferpstr $2.,436,367 $166,149

with hay

Alfalfa hay, oat and shelterbelts $2,450,331 $188,5

Alfalfa hay, oat and buffer strips $2,531,026 $168,

Alfalfa hay, oat and buffer strips with hay $2, 9565 $168,845

Alfalfa hay, oat and residue management $2,566,785 $171,201
Alfalfa hay, oat, shelterbelts and buffer strips /44D ,350 $167,536
Alfalfa hay, oat, shelt(ra]g)yelts and buffer stripshwi $2.,424.805 $167,745

Field pea, oat and shelterbelts $2,304,894 $203,307
$2,381,139 $208,89

Field pea, oat and buffer strips
Field pea, oat and buffer strips with hay
Field pea, oat and residue management

$2,388,56 $203,941
$2,443,065 02,5

Field pea, oat, shelterbelts and buffer strips =224 $201,764
Field pea, oat, shelte;]rgilts and buffer strips with $2.280.747 $201,730
Alfalfa hay, field pea, oat and shelterbelts $2,885 $162,814
Alfalfa hay, field pea, oat and buffer strips $2423 $163,070
$2,497,627 $163,133

Alfalfa hay, field pea, oat and buffer strips withy

Alfalfa hay, field pea, oat and residue management $2,565,093 $164,534
Alfalfa hay, field pezzt;)ig‘;, shelterbelts and buffe $2,384.282 $162,112
Alfalfa hay, field pea, oat, shelterbelts and buffe $2.389.875 $162.199

strips with hay
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