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ABSTRACT OF THESIS

NEW INPUT AND OUTPUT RISK MANAGEMENT STRATEGIES FOR
LIVESTOCK PRODUCERS

Backgounding beef catle is an inherently risky venture.  Producers face
production risks as well as marketing risks. If a backgrounding operation is to be vigble,
these risks should be addressed and effectively managed. While some effective risk
management tools are currently available to livestock producers, some other potentialy
useful risk management tools, for various reasons, have been previoudy unavalable.
Two such tools which could hep livestock producers achieve the overdl god of
managing net income risk are a program for managing feed ingredient nutrient and price
vaiability in the sdection of minimum cost feed rations and government subsdized
livestock price insurance.

Due to lack of data and limited computationd power of solvers, risk has seldom
been introduced into the feed ration sdection process. Presently, both feed ingredient
nutritional data and appropriate solvers are avallable, dlowing for risk to be fully
condgdered in this decison-making process. Only recently has there been policy efforts
to establish subsdized price or revenue insurance for livestock producers.  The
introduction of such insurance to livestock producers offers potentid risk management
benefit but also has the potentid to introduce improper incentivesto livestock producers.

This study will evauate both of the aforementioned livestock risk management
tools. In addition to evauating their effectiveness, the policy concerns of subsdized
livestock insurance will dso be addressed. Results will be rdevant to a broad range of
entities.  In addition to livestock producers wishing to manage the risks associated with
their operations, agribusinesses that provide service to these producers such as feed sdes
or financid lending will benefit from knowing how these risk management drategies
perform.  Furthermore, policy makers who will gtructure livestock insurance products can
hopefully do so more efficiently based on the results of the livestock insurance andysis.

Keywords: Risk Management, Insurance, Livestock, Feed Ration, Mahemdicd
Programming, Technical Coefficient Risk
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Jduly 17, 2001



NEW INPUT AND OUTPUT RISK MANAGEMENT STRATEGIES FOR
LIVESTOCK PRODUCERS

By

Brian K. Coffey

Director of Thess:
Carl R. Dillon

Director of Graduate Studies.
Michad R. Reed

Jduly 17, 2001



RULES FOR USE OF THESIS

Unpublished theses submitted for the Magters degree and deposited in the University of
Kentucky Library are as a rule open for inspection, but are to be used only with due
regad to the rights of the authors. Bibliographicd references may be noted but
quotations or summaries of pats may be published only with the permisson of the
author, and with the usud scholarly acknowledgements.

Extensve copying or publication of the thess in whole or in pat aso requires the
consent of the Dean of the Graduate School of the University of Kentucky.



THESIS

Brian K. Coffey

The Graduate School
Universty of Kentucky

2001



NEW INPUT AND OUTPUT RISK MANAGEMENT STRATEGIES FOR
LIVESTOCK PRODUCERS

THESIS

A thesis submitted in partid fulfillment of the
requirements for the degree of Magter of Science
at the Univergty of Kentucky

By
Brian K. Coffey
Lexington, Kentucky

2001

Director: Carl R. Dillon, Professor of Agricultura Economics
Lexington, Kentucky

2001



ACKNOWLEDGEMENTS

The completion of this thess was possible only through the assistance and support
that | have recaeived from so many sources. Much of these came from Carl Dillon, who
saved as my magor professor and thesis advisor. | have benefited greatly from the
breadth and depth of Dr. Dillon's knowledge concerning agriculturd economics,
mathematica programming, and problem solving in generd. More important than this
were his friendship, encouragement, and cordant optimism, dl of which were invduable
to the completion of my degree program. Dr. Dillon has dways encouraged me to pursue
my own gods in the graduate program and alowed me to work “with” him as opposed to
“for” him. For al thesethings, | thank him.

Each member of my thess committee, John Anderson, Jery Skees, and Eric
Vanzant; has dso made enormous contributions. Dr. Anderson was dways more than
helpful to me throughout my program. He was dways willing to teke as much time as
needed to answer any question or ded with any problem. In addition to his knowledge of
the beef industiry and quantitetive methods, his advice concerning classes and future plans
have been extremely vduable to my academic career. | have benefited Dr. Skees
influence in the cdlasssoom as wdl as during the completion of this thess. This influence
has been epecidly criticd in guiding my learning in the areas of agriculturd policy and
risk in agriculture. Dr. Skees ability to explain complex concepts in these areas to others
in a way that is easy to undersdand is amazing and | thank for doing so with me. The
third chapter of this thess rdies heavily on begf nutrition, of which | knew very little a

year and a hdf ago. | would like to thank Dr. Vanzant having the patience and taking the



time to hep me understand and modd some of the complexities of the formulation of
beef feed rations.

There are many others within the department that have been very hdpful to me in
many different ways. There is no way to lig dl of these individuds. | will smply say
thank you to the department as a whole and say that this is an exceptional group of
people. 1 would like to especidly thank my felow graduate students. Their friendship
and advice has made my work here enjoyable.

As with dl things that have or may accomplish, | thank God above dl others for
continuoudy blessng my life and giving me the drength to persevere during trying times.
One of the greatest blessngs He has given me is my family. Withou the love and
guidance that Joyce and David Coffey, my mother and father, have provided throughout
my life, | have no doubt that success in any capacity would be unachievable for me. |
thank them for dways bdieving in me and for ther unconditiond support in dl of my
efforts. | dso have two wonderful sblings, Scott and Dana.  They have each contributed
more to me than they will ever know through their love and friendship and continue to
ingoire me with their own success.  In addition to being blessed with my family, | have
aso been fortunate enough to meet the woman with whom | want spend the rest of my
life. Angda has stood by me through so many good and bad times during our years
together that it would be impossble to lig dl the things she fas done for me here. She
has been willing to make numerous sacrifices, both persona and professond, so that |
might pursue my gods | thank her for dl of these things and most importantly for the

knowledge that from now on whether we have good times or bad;, we will be together.



TABLE OF CONTENTS

Page

ACKNOWLEDGEMENTS ...ttt sttt st ii

IS IO AN = I Vii

LIST OF FIGURES .......ooiiieitse ettt sttt nne st nneens Vil

CHAPTER I: INTRODUCTION

Beef BaCKGrOUNGING .......coviiiiiiisiesie sttt 2

Current Livestock Risk Management ..........cccceeveeieeseereeieeseesesseeseesieseesseesseseens 4

Novel Risk Management ToolS/OPPOIUNITIES ........cceevvereereerieeee e 5

Managing INPUL RISK........cccoiiiiiieienieeee s 5

Managing OULPUL RISK ........eeueiiereeie e eie st eie e sneesne e 6

Study Objectives and CONtribULIONS .........ccccveveeiiieiiieiie e 6

Organization Of the SUAY ..........coceeiiii e 8
CHAPTER II: REVIEW OF SELECTED RISK LITERATURE

Choice UNder UNCEMAINLY .......cccceveeiieiieieciie et 10

Expected Utility Framework ... 11

Attitude TOWard RiSK......cceoiieiiiiesieeeeesee e 11

Decision-Making Tools When Utility Functions are Unknown.............ccccceeveene.. 13

Expected Value Variance ANalYSIS........cccuveveeiieiiiie e 13

Stochastic DOMINANCE CrtENTa.......cuveereriireese e 14

Calculating RiSK PreferenCes.........covveveeeeveese e 17

Risk in Mathematical Programming MOdelS.........cccoeveeveiiecicce e 18

Objective FUNCLION RISK .......oiiiiiieeeieeeee e 19

Technical COEffiCIENt RISK.......ccoiveiieierierie e 21

Right Hand SIde RiSK.......cceeiiiiiciesie e 22

Study Application of RISK ANAIYSIS......c.oouiiiiriirieieeneesee e 22

CHAPTER IlI: DETERMINING OPTIMAL FEED RATIONS CONSIDERING FEED
INGREDIENT NUTRIENT AND PRICE RISK

L gLugoo [0 Tox o] o USSP 23
70 (0 (011 00 [P 27
D - TR 33
The ECONOMIC MOEL........cooviiiiieeere e e 34
Selection of Optimal RALIONS ...........oiiiiiriisieie e 40
Summary and CONCIUSIONS ........coeeieiiieesiesieee e e 46



Chapter THT APPENGIX ..o s 48
Chapter 11 REFEIENCES ......ccviee et 49

CHAPTER [IV: INTRODUCING GOVERNMENT SUBSDIZED LIVESTOCK
INSURANCE AS A RISK MANAGEMENT TOOL

10T L8 o 1o APPSR 59
Choice FaCing UNCEIMAINLY.........c.coverieeieseerie e seeste e e e eae e sseeae e e eeesnee s 62
ConceptUal FramMEWOIK .........ccueiieieeeie ettt st sr e e e b e e nesnee s 63
ANalYtiCal ProCEAUIE........c.eoeiiiieiece e e 68

Assumptions Regarding the Livestock Producer ...........ccccveevvverveieneenen. 68

Simulation of EXpected PriCeS.........cccvveeieeiece e 69

Ranking the Risky AItErNatiVES .........ccccoieeieniineeneee e 72
RESUITS @NA DISCUSSION .....c.veiueieiiectieiesieesiee e eee st ie e s ste e seesteeneesseeseeneesseenes 73
Summary and CONCIUSIONS .......ccuveueiierieeieseesiesee e esee e sreesaesree e eaessee e esesnee e 78
Chapter IV REFEIENCES......cccei et ere e 83

CHAPTER V: CONCLUSIONS

SUMMArY Of RISK ANAYSES.....cc.oiiiiiieiese et 90
Summary of Optimal Feed Ration Determination.............cccccveveevvecieennnne. 90

Summary of Subsidized Livestock Insurance AnalysSiS.......ccoeevveeiennnns 92

Risk Management CONtIiDULIONS ..........cccoiirieieieerese e 9
CONCIUSIONS ...ttt sttt st sbenae s 96
REFERENGCES ...ttt sttt ettt e e e e et e e e nnae e e nan e e snneesnnee s 97
RV L ST 102

Vi



Table

31

3.2

3.3

34

35

4.1

4.2

4.3

4.4

LIST OF TABLES

Dextriptive Statistics of Feed Ingredient Price Series Available to

TN MOAE ... e e

Dry Matter Basis Nutritional Composition of Feed Ingredients...........

Compostions of Feed Rations for 500 pound Medium Frame
Steers Fed for 2 Pounds Average Dally Gain Across Price

and Nutrient Risk Aversion LEVEIS .......eeeeeeeeeeeeeeeeeeeeeeeeeee

Means, Standard Deviations, and Coefficients of Variation (C.V.)
of Feed Ration Costs for 500-pound Medium Frame Steers
Fed for Two Pounds Average Daily Gain Across Price and

Nutrient RisSk AVErSioN LEVEIS. .. ...

Means, Standard Deviations, Coefficients of Variation (C.V.), and
Mean Minus One Standard Deviation of Net Energy
Avalable for Gan in Rations for 500-pound Medium
Frame Steers Fed for Two Pounds Average Daly Gan

Across Price and Nutrient Risk Aversion Levels.....................

Descriptive Statistics of Three Price Didributions of Feeder Cattle

Marketing AItErNELIVES .........c.ccoeevieieeiieeee e

Actuaridly Far Premiums and Black's Theoreticd Premiums for

European Put Options for Feeder Cattle...........covevevvececeenen,

Ranges of Rik Aveson Levds for Which Each Marketing
Alterndtive is Prefered to No Price Risk Management
Under Expected Vdue Vaiance (E-V) or Stochastic

Dominance (SDRF) ANalYSIS .......ccooireririeeenese e

Willingness to Pay for European Put Options and Subsidized Price

Vil



Figure

31

3.2

4.1

LIST OF FIGURES

Pege

Mean-Probability Frontier of Nutrient Risk Efficent Ration
Choices for a 500-Pound Medium Frame Steer Fed for Two
Pounds Aveage Daly Gan Assuming Price Risk
NEUEFBITTY ...t

Mean-Variance (E-V) Frontier or Risk Efficient Ration Choices for
a 500-Pound Medium Frame Steer Fed for Two Pounds
Average Daily Gain Assuming Nutrient Risk Neutrdity ..............

Cumulative Didribution Functions of Feeder Cattle Marketing
AREMNALIVES ...t ene e

viii



CHAPTER/|

INTRODUCTION

Beef production continues to be a mgor component of United States agriculture.
According the 1997 Census of Agriculture, market vaue of dl catle and cavest
produced comprised dightly more than 20% of the totd market vaue of dl United States
agriculturd production. Fed cattle (referred to as fattened cattle in 1997 census reports),
or beef catle fed specificdly for daughter, comprised about 10% of this totd. Given this
level of contribution to the naiond agricultura economy, it is worthwhile to focus some
agriculturd economic andyss on beef production. One broad objective of such andyss
should be searching for ways to improve the viability and profitability of beef operations.

As with dl types of agriculture, ability to manage the risk associated with a beef
operation is paramount to the success of that operation. Unlike pork and poultry
production, beef production has seen reatively little effort a verticd coordination
through non-price means and thus cannot enjoy the risk sharing opportunities these
provide. Beef producers, in generd, focus on a specific phase of production (e.g. cow-
cdf production or catle feeding) and must take full respongbility for managing the risks
associated with that particular type of operation. Given this Stuation, two important roles
of livestock economigts are the evauaion of existing risk management Srategies for beef
producers and the identification and evaduation of nove risk management drategies.

This dudy will focus on the later by introducing and evauaing two nove

! The census category of cattle and calves will encompass beef cattle and calves sold as well as those sold
for dairy or other purposes.



livetock risk management drategies.  The andyses of this sudy will apply these
drategies to beef production operations but the genera framework for the drategies as
well as conclusons from the evduations should gpply to a broader group of livestock
producers.

Before introducing these drategies it will be beneficid to fird provide basc
background information on beef production, followed by a brief overview of current risk
management drategies avalable to beef producers. Then a review of sdected risk
literature will be used to establish the theoreticd and methodologicd framework needed
to evauae the risk management drategies  After the drategies are introduced and

evauated, conclusons regarding this evauation will be presented.

Beef Backgrounding

Beef cattle production takes place a three basic levels. cow-cdf production,
backgrounding, and finishing. Cow-caf producers own breeding stock and produce beef
caves. These caves are usudly weaned at about 400 to 600 pounds, depending upon
breed effects and in which region of the United States they are raised. At this point the
caves may be sent directly to the feedlot or they may enter a backgrounding program.
Cdves in a backgrounding program are fed until they reach weights of about 750 pounds.
This weight gan can be accomplished through grazing programs (eg., grazing cool
Sseason padiure in the southeastern U.S. or grazing winter wheat in the southern plains),
feeding programs that rey on havested forages and feed concentrates, or some
combination thereof. At this weight the cattle are known as feeder cattle and ae

generdly shipped to a feediot where they enter intendve feeding programs until they



reach daughter weight. There are risks and production conditions that are unique to each
dage of production. Given these differences it is often beneficid to focus livestock
dudies on a specific level of production. Backgrounding as defined above is a very
common practice in the southeastern United States.  This sudy will focus on the risks
associated with these types of backgrounding opertations.

The profitability of backgrouding operations is influenced by risk from severd
different sources including production and marketing risk. Mortdity and morbidity (i.e.,
reduced physical response due to illness) are two of the most common production risks
that affect anima performance. These are often attributable, a least in some degree, to
weather and environmental conditions, which can dso influence performance directly.
Another form of backgrounding production risk is uncertain feed ingredient compaosition.
Specificdly, if feedduffs do not contan the expected amount of nutrients, animas will
not achieve expected levels of weight gain. In addition to production risk, backgrounders
face marketing risk. This is true of both inputs and outputs. Since feed and weaned
caves are the two mgor inputs for a backgrounding operation, any fluctuation in their
prices can dradicaly affect profitability.  Backgrounders must purchase these inputs
months in advance of the sde of feeder catle. Therefore, voldility of feeder cattle
(output) pricesis aso vitd to backgrounders profitability.

This sudy will focus on the marketing risk associated with backgrounding and the
production risk of uncertain feed compogtion. Specificaly this sudy will examine nove
rsk management drategies for price and compostion risks associated with purchasing

feed ingredients and marketing risk of <dling feeder caitle.  Before introducing these



drategies a brief explanation of commonly used drategies for managing input and output

riskswill be presented.

Current Livestock Risk M anagement

Producers wishing to manage marketing risk often utilize futures markets to do
s0. Many of the feed ingredients purchased by backgrounders have corresponding
futures contracts that are traded on futures exchanges. Producers can hedge the purchase
of these inputs to attempt to “lock in” a price subject to basis risk or they can purchase
cdl options to edtablish a price celing for the ingredients. For feedstuffs such as gran
by-products (which represent an  important feed resource for many commercid
backgrounding operations) there are no exact futures contracts. Producers can possibly
hedge these using a closdly related futures contract (Anderson and Danthine). However,
this procedure, known as cross hedging, can be quite complicated. A more common
goproach, which is dso used for traditional ingredients, is forward contracting. A
producer can contract the purchase of feedstuffs in advance of the actuad purchase
thereby reducing price risk of the feed inputs.

Feeder catle price risk can be managed usng the same mechanisms. The
Chicago Mercantile Exchange trades a feeder cattle futures contract. Just as with feed
ingredients, producers may choose to hedge or cross hedge the sale of feeder cattle using
this contract. Producers can aso establish a price floor by purchasing a put option. If
prices are favorable, it may be beneficid to contract the sale of feeder cattle in advance.
As with inputs, forward contracting establishes a price in advance and reduces marketing

risk of the output.



Another form of input risk that has received condderably less attention in risk
management dudies is input compodtion uncertainty. In the context of livestock
production this is variability of nutrients in a given feed ingredient. Generadly producers
assume that nutrient levels are congtant in feed ingredients from one purchase to the next.
If, in redity, nutrient levels are lower than assumed, the nutritiond requirements of the
animas may not be met and therefore there will be fewer pounds of feeder cattle to sdl at
the end of a feeding period. This form of risk to livestock operations has been
documented in animd science literature and briefly addressed in economic sudies.
However, it has yet to be modeled explicitly. Furthermore, it has yet to be incorporated
into risk management strategies for livestock producers.

While livestock producers have dternatives for managing both input and output
rsk, it is worthwhile to continue to seek out and evauate new dterndives. This Sudy
does just that. Risk management tools that have been, for al practical purposes,
previoudy unavalable to producers are introduced and evauated. These risk

management srategies are discussed in the following section.

Novel Risk Management Tools
Managing Input Risk

Producers can choose a minimum cost combination of feed ingredients that satisfy
the nutritiond requirements of the animds from avaladle feed ingredients usng
mathematical programming. This is a common approach in both academic research and
gpplied decison tools. However, it is dso posshle to use this sdection process to

manage both the price and compostion risk associated with feed ingredients.  This risk



management drategy has gone largdy ignored in agriculturd economic  research.
Chapter 111 will specify and evduate such a draegy by expanding the basc minimum

cost feed ration modd to consider both feed ingredient price and composition risk.

Managing Output Risk

Recent legidation has cleared the way for government subsidized livestock
inaurance.  The Risk Management Agency of the USDA is currently evauating livestock
insurance products to be used in pilot programs around the country. These products will
likely be sold by private firms in a form smilar to European put options with premiums
being subsdized by the government. The introduction of new risk management tool such
as this could have mgor implications for beef production. Chapter 1V of this study will
gmulate the effects of subsdized insurance on expected feeder caitle prices. The risk
management ability of this insurance will then be evduaed. This chapter will dso
examine the policy implications of subsidized livestock insurance and form hypotheses of

the potential effects on beef production of such a program.

Study Objectivesand Contributions

The generd objective of this study is to introduce and evduate nove risk
management drategies for livestock producers.  Specificdly, two novel draegies will be
evaluated. These are the congderation of risk in the sdection of feed rations and
government subsidized livestock insurance.

Chapter 111 introduces the congderation of feed ingredient price and nutrient risk

into the feed raion sdection process. This expanded modd will be an improvement over



previous reation sdection models and decison ads that have largely ignored nutrient and
price variaility of feed ingredients. Economic sudies have shown that these risks do
influence variability of totd feed cost and animd performance and therefore net income
(eg., Prevatt e d. highlight feedstuff price variability; Thomas et d. examine feedstuff
nutrient variability). In addition to economic studies, recent anima science and nutrition
gudies have focused on nutrient variability in feedduffs (Cromwell et d., DePeers et
d.). The presence of these issues in such scientific sudies judifies their being modeled
explicitly in the context of an optima feed ration selection process.

Recent feedduff data avalability and improvements in the computationd power
of optimization software makes the specification and modding of an expanded modd
possble. Such a mode will give producers the opportunity to manage risks associated
with sdecting a feed ration. In addition to providing information on the effectiveness of
this risk management drategy, Chapter 11l will make both academic and applied
contributions.  The sudy will serve as one of the few examples of modeding technica
coefficient risk utilizing Merill's gpproach.  Maerill developed this modding technique
nearly forty years ago but due to limitations of computationad solvers it has gone vrtudly
unused. The modd presented in Chapter 111 will dso serve as one of the only examples
of a feed raion sdection modd that consders both price and nutrient risk involved in the
feed ration process. This model should serve as a basis for more advanced decision tools
for producers wishing to manage these risks.

Chapter IV evduates the effectiveness of subgdized livestock price insurance
compared to European put options. This chapter highlights the adoption of both

European options and subdgdized insurance over a wide range of risk dtitudes. This



dlows for effectiveness of these dternatives as risk management tools to be evauated.
Furthermore, willingness to pay for unsubsdized and subsdized risk management
programs will be cdculated. This information coupled with economic theory provides
the bass needed to form hypotheses concerning the effects of subsidized livestock
insurance.  Specificdly, the hypotheses will focus on unintentional effects of these
programs on beef production. The formation and presentation of these hypotheses will
make the results of the study relevant to awide range of individuas.

In a broad sense, Chapter 1V will serve as an example of the effects of risk on
agriculturd  decison meking.  Specificdly, the results will be of interest to livestock
producers, who will soon need to evauate the ussfulness of smilar insurance products to
their respective operations. Such producers can look to these results for an example of
how these products may affect their operations. The results from Chapter 1V will dso be
of interest to policy makers who will soon be called upon to congruct livestock insurance
products. The hypotheses offered in Chapter 1V should serve to highlight the concerns

and possible dangers of congtructing such risk management programs.

Organization of the Study

This study is sructured around two centra articles (Chapters 11l and 1V). This
may differ from previous theses or dissertations encountered by the reader and therefore a
brief description of the organization of the study is warranted. Both Chapters 11 and IV
are sand done articles and can be reviewed independently of each other and dl other

portions of this thess. However, the two articles are rdated by overlapping objectives,



methodologies, and subject matter.  Given these overlaps, there is some benefit to
presenting the two articles as parts of alarger livestock risk management study.

An introduction to this study has been presented in the preceding sections of this
chapter. The review of sdected literature in the following section describes related
previous research and lays the foundations for the methodologies used Chapters Il and
V. Much of the information in Chapters | and Il will be repeated with more or less detall
within Chapters Il and 1V. This is a necessary condition if both Chapters 11l and IV are
to be stand-aone aticles.  This repetition should not detract from the study but rather will
sarve to reinforce those concepts that are core to the study. There will be smilar
repetition in Chepter V. where a brief summary of the study will be presented.

Condusions from the study will follow this summary.



CHAPTER 11

REVIEW OF SELECTED RISK LITERATURE

As outlined in the previous chapter, backgrounding beef catle is a risky venture.
Backgrounders face production and marketing risk.  While production risks and ther
effects on anima performance can be controlled to some extent by sound management
practices, they can by no means be eliminated. There are ds0 a consderable number of
agricultural  economic sudies that refer to the riskiness of feeder cattle prices (eg.,
Johnson, Spreen, and Hewitt; Harrison et d.). Given this Stuation, examination of risk
management and decison-making criteria for backgrounders is warranted. This chapter,
will present a review of some widdy accepted methods of examining risky decison
making that can be goplied to virtudly any gStuation wherein a decison meker must
choose between dternatives with risky outcomes. The following two chepters of this

study will then gpply some of these methods to the specific case of a beef backgrounder.

Choice Under Uncertainty

One of the most widely researched areas in economics is how individuas make
decisons and evaduae avalable dterndivess  This andyds is made much more
interesting, redistic and complex when risk surrounding the dterndtives is consdered. In
this section, a brief higory of risky decison making will be presented. The genedly
accepted decison-meking modd of maximizing expected utility will be outlined aong
with some of its drengths and limitations.  After this dternative decisonmeaking criteria
will be given a more thorough review to edablish the rdevance of ther use in the

economic anayses of the following two chapters.

10



Expected Utility Framework

Nearly three hundred years ago Bernoulli proposed tha individuas do not base
risky decidons soledy on the expected vaue of outcomes but rather on the utility
(Bernoulli used the term “mord vaue’) that they expect to receive from the outcomes.
Since this time, economids, mathematicians and scientigs from many other disciplines
have endeavored to fully define the decigonrmaking process when outcomes ae
uncertain.  von Neuman and Morgengtern offer what is perhaps the most widely accepted
modd for choice facing uncertainty in their expected utility hypothesis.

Under the expected utility hypothess, von Neuman and Morgenstern begin by
dating that utility maximization is a raiond god when a decison maker is faced with
risky choices In this framework, an individud will evduate the expected vdue and
probability of occurrence of each dternative.  This evauation is caried out by firs
entering the probabilities and expected outcomes into an individud’s utility function. It
is then a matter of sdecting the combination of avalable dternatives that maximizes the
function. The manner in which individuds choose among avalable dternatives is then

dependent upon ther utility function, which reflects attitude toward risk.

Attitude Toward Risk

Some individuas, known as risk preferring or risk seeking, will seek out risky
gtuations in hopes of redizing large payoffs a times. Others will only consder the
expected vaues and give no condderation to the risk surrounding them.  These
individuas are commonly referred to as being risk neutrd. A third posshility, and some

would say the most common case, is an individud who avoids risk. This class of risk

11



averse decison makers actudly maximize utility by reducing the variability surrounding
the expected vaue of an outcome. Risk averson has been the subject of many economic
dudies and can actudly be quantified and used to show how much an individud is
willing to pay to manege the risk associated with avallable choices. A cdassc example of
this is cdculating a risk premium or the amount an individud is willing to pay to avoid
risk in agiven Studtion.

Risk averse decison makers will seek to manage the risk associated with ther
dternatives. Risk averse individuds, in many cases, are willing to forgo some amount of
expected income (a risk premium) to avoid entering into a risky gStuaion (Arrow, Pratt).
This risk attitude is the fundamentd bass for risk sharing insruments such as insurance.
If a decison maker's utility function is known, the risk premium that he or she will pay to
avoid a risky gdtuation can be quantified and used to arive a willingness to pay for
insurance (Pratt).

While both expected utility hypothess and Pratt's method for caculating risk
averson ae theoreticaly sound, each assumes tha the utility function of the decison
maker is known and specified. It is possble to specify utility functions usng a properly
desgned st of interview questions (Anderson, Dillon, and Hardeker) and there are
severd economic analyses that use this gpproach (e.g., Officer and Hdter; Lin, Dean, and
Moore). While results from some sudies have been promising, there are many factors
ranging from type of questions asked (Roumasset, Young) to assumptions regarding
functiond forms (Lin and Chang) that can bias the specification of utility functions.
Furthermore, even if properly implemented, diciting utility functions is time consuming

and aduous. In response to these limitations of the expected utility hypothess,



dternative decison-making criteria have been developed that do not require that utility
functions be known. This study will rdy on such methodologies in the interest of

arcumventing the problems associated with specifying decison makers' utility functions.

Decision-Making Tools When Utility Functions are Unknown

It is neither practicd nor, in some cases, even possble to specify a decison
maker's utility function.  Therefore applied economic decisonrmeking andyss mus
often rely on dternaive procedures of ranking risky dternatives. In genera these
gpproaches are designed to present a risk efficient set of choices, which is a subset of dl
available choices, and alow decison makers to choose from them. Any dternative not in
the risk efficient set is said to be risk dominated and should not be considered by the
decison maker. Two widdy used techniques that follow this genera framework are

expected vaue variance (E-V) analyss and stochastic dominance criteria.

Expected Value Variance Analysis

Intrigued by the manner in which investors choose stocks in which to inved,
Markowitz sought to explan how individuds choose an optima invesment mix from
avalable risky stocks. Confronted with the problems mentioned earlier associated with
gpecifying  utility functions, Markowitz developed a procedure that requires only a
messure of rik averson to dmulae utility maximizing decisons. Freund made smilar
contributions, apparently independent of Markowitz, to the development of a technique

known as expected value variance (E-V) andyss.
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E-V is widdy used in agriculturd economic research to modd risky decison
making. There has been some debate, however, as to whether EV reaults are consistent
with expected utility hypothess results It is now generdly agreed upon that E-V
andyss is conggent with expected utility theory in three cases (1) the underlying
income didribution is normd (Freund), (2) the didributions of the decison vaiadle
differ only by locetion and scde (Meyer, 1987), and (3) the underlying utility function is
quadratic (Makowitz, Tobin). Given its presence in many economic studies and
empiricd evidence that demondrates its closeness to expected utility maximizing choices
(Levy and Markowitz), E-V andysisisausgful tool for evauating risky decisons.

In addition to being used in optimization procedures such as Markowitz's
investment problem (use of E-V in optimization will be addressed in detal in a following
section), E-V can be used as a means of amply ranking mutualy excdusve, avalable
risky dternatives (Robison and Barry; Hardaker, Huirne, and Anderson). The E-V
framework caculates the risk-adjusted returns or certainty equivalent (CE) for each
dternativee.  The CE is the expected vdue of an dterndive minus the vaiance
surrounding the expected vaue times a risk averson parameter. The CE of each

dternative can be used to rank the alternatives (Robison and Barry).

Sochastic Dominance Criteria

Unlike E-V andyss, which is based soldy on the firds two moments of a
digribution, stochastic dominance (SD) criteria congder the entire digtribution and
therefore are generdly more robust andytica tools. This is because SD places fewer

redrictions on the utility function of the decison maker and bases risk dominance on the
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entire cumulative digribution function (CDF) of each dtenative  Three types of
gochagtic dominance are used to rank risky choices. These are first degree stochastic
dominance (FSD), second degree stochastic dominance (SSD), and stochastic dominance
with respect to afunction or generdized stochastic dominance (SDRF).

The least redtrictive form of SD is FSD and only imposes the redtriction that a
decison maker prefers more to less. Congder the CDF's of two income (y) generating
dternatives, A and B, represented by A(y) and B(y), respectively. Alternative A
dominates B in the sense of FSD if for dl vdues of y A(y) £ B(y) with at least one drict
inequdity. In other words, the CDF of A lies to the right of the CDF of B indicaing that
for any given probability a higher income levd is associaed with A than with B
(Hardaker, Huirne, and Anderson). FSD does have limitations. If the CDF's of available
dternatives cross then there is no dominance in the sense of FSD. This occurrence is
common when evduding severd gmilar decisons So when faced with many
dternatives FSD is not likdy to diminate a large portion of them, thereby leaving the
decison maker with a large number of dterndives 4ill in the efficient st (Robison and
Bary). To gan more discriminatory power, it iS necessary to add more redtrictions to
FSD.

SSD assumes not only that more is preferred to less but that decison makers are
risk averse for dl vaues of y. This dlows CDF's that cross to be evduated in many
cases.  Usng the same notation as in the FSD example, A dominates B in the sense of

SSD if

JAW)-By)|dy£0
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for dl vaues of y with a least one drict inequaity (Hardaker, Huirne, and Anderson).
Put into words, SSD compares the areas between the two CDF's. If the area between
A(y) and B(y) where A(y) £ B(y) (Area X) is greater than the area between A(y) and
B(y) where B(y) £ A(y) (Area Y) then A is dominant to B in the sense of SDD.
However, if Areas X and Y are equa or if Area' Y > Area X then SSD cannot discern
between the two. Given this limitation of discriminatory power and the assumptions
dready in placeit is very useful to have more robust SD criteria

Meyer 1977 specifies SDRF, which is a more discriminatory and flexible test for
risk dominance. SDRF is the most discriminatory of the SD criteria (Robison and Barry;
Hardaker, Huirne, and Anderson). Also, FSD and SSD can be shown to be specid cases
of SDRF (see Meyer for explanation). These characteristics of SDRF make it the most
robust and useful tool for risk andysis.

SDRF attempts to introduce the advantages of knowing decison makers
preferences without eiciting utility functions.  This is accomplished by relying on the
specification of upper (Fy) and lower (F ) bounds of the Pratt risk aversion coefficient,
which is often eader to edimate than a utility function (Hardaker, Huirne, and Anderson).

Asuming an individud has a utility function U(y), then the Pratt coefficient is equd to

(2.2 - U'Y)
U
Once L and U have been specified then a U(y) that minimizes
2.2 i
@2 ABY) -AW) U () dy

is found. If the expression is F. podtive then A is preferred to B.  If the expression is

zero, SDRF cannot rank the two dternatives. If he expresson is negative, B might be
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preferred to A, To verify this A(y) — B(y) is subdituted into the brackets and the
expression is reevduaed. If the minimum of the new expresson is pogdtive then B is
definitely prefered to A. If the expresson is agan negaive, SDRF cannot rank the
dternatives.

Since SDRF is such a robust and powerful SD criteria, decison tools that utilize
this approach have been developed. One such tool is the software developed by Raskin
and Cochran, of which a thorough explandtion is given by Goh e d. This software has
been used in numerous agricultural economic risk andyses. For example Williams et 4.
use the program to evauate crop insurance policies while Harrison et d. use it to rank

feeder cattle marketing Strategies.

Calculating Risk Preferences

Both E-V and SDRF require that risk averson parameters be numericaly
goecified.  Once again the issue of the decison maker's utility function being unknown
becomes relevant. Much the same as the decison-making criteria reviewed ealier,
methods for cdculating risk averson parameters when utility functions are unknown
have been developed. McCarl and Besder offer such a method for estimating the upper
bound of the Prétt risk aversion coefficient.

McCarl and Besder propose a formulaion in which the decison maker is sad to
maximize the lower limit of a confidence intervd from a normdly digributed st of

returns. Theformulais

2.3) F =% A
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where F = risk averson parameter, Z= the standardized norma one-talled Z vaue of an

a levd of ggnificance, and S, is the relevant standard deviation under risk neutrd

returns.  In this formulation, Z, = 50% is consdered to be risk neutra while Z gresater
than 50% is risk averse and Z, less than 50% is risk prefering.  This technique of

edimating the Prait risk averson coefficient is gpplicable to E-V and SDRF andyss, as

well as any procedure where ameasure of risk aversion is required.

Risk in Mathematical Programming Models

While ranking avaldble dternative choices is useful in decison andyss it is
often beneficid to identify optima combinaions of dternatives? Mathematica
programming has been used extensvely, especidly in faam management and production
economic studies, to do just that (eg., Anderson, Dillon, and Hardaker; Beneke and
Winterboer).  Linear programming, a specific form of mathematicd programming, is
commonly used to modd decison making as a condrained optimization. A limitation of
basic linear programming moddsis the abbsence of risk or uncertainty from the modeling.

There are techniques available tha introduce risk into the optimization procedure.
Some of these techniques require nonlinear specification of either the objective function
or condraints and thus have only become feasble as the computationd power of solvers
has increesed. A description of introducing risk into mathematical programming modds

follows with more explanation being given to those techniques utilized in this study.

2 Convex stochastic dominance (CSD) as devel oped by Fishburn can also be used to arrive at linear
combinations of alternatives. Asitisnot utilized in this study, CSD was not explained in detail.
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Objective Function Risk

Many mahematicd programming modds, such as Makowitzs portfolio
sdection modd, must choose an optimal combination of dternatives from a group of
avalable risky dternatives. If only the expected vaue or mean turn of each dternative
is used to make this sdection, the variability surrounding the expected vaue is ignored
and the vaiadility of the objective function vaue is dso ignored. As Bernoulli
hypotheszed long ago and Markowitz observed in the stock market, decison makers do
not make decisons soldy on this expected vdue. One method of introducing the concept
of objective function risk into mathematica programming modesisan EV framework.

E-V andyss (Makowitz, Freund), described in some deal in the previous
section, condders the variance of the objective function vaue by consdering the variance
and covariance of the objective function contributions of the decison variables.
Specificdly, the expected objective function vaue is penalized by a risk averson
coefficient times the variance around the expected objective function vaue. This forces
the optimization to congder objective function risk with the god of Imulaing utility
maximizing decison making. Numerous agricultura economic gudies have utilized E-V
andyss in a mahematica programming framework. For example, Boisvert and McCarl
list many publications, too numerous to mention here.

One concern associated with E-V formulation is that it results in a quadratic
objective function. Previoudy this has been a concern to some researchers given the
complexity of a nonliner modd and the limitation of computationd solvers. As a
response to this problem Hazdl developed the MOTAD (Minimization of Tota Absolute

Devidaions), which linearly gpproximates E-V results based on tota absolute deviations.
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However, a nonlinear objective function is not ordinarily a problem to modern solvers.
McCal and Ond date that it is generdly more efficient to dlow solvers to ded with
nonlinear objective functions than to peform a linear trandformation. Since such solvers
have been available it has been less necessary to rely on Hazdl’'s MOTAD formulation.

An additionad concern that has been raised is that the assumption of a quadratic
utility function is quite redrictive. If this assumption is imposed it implies that absolute
risk averson increases with the level of payoff (Hardaker, Huirne, and Anderson). In
repponse to this issue, Lambert and McCarl introduced DEMP (Direct Expected
Maximizing Nonlinear Programming). This technique is less redrictive in regard to form
of the objective function but requires that the utility of wedth function be specified.
While utilized to some degree DEMP is not as widely accepted as EV andyss to modd
objective function risk.

Two other techniques that consder objective function risk are Safety First (Roy)
and Taget MOTAD (Tauer). Safety First assumes that fird and foremost a decison
maker will make decisons such that some objective function vaue threshold is met.
Smilaly Taget MOTAD condders a taget income levd and maximum dlowable
shortfdl from this target. While useful to some degree these techniques are not as
powerful or robust as E-V andydss, given that they do not consder the totd variance of
objective function contribution and objective function vaue. Therefore, neither is as

observable in the economic literature as E-V andyss.
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Technical Coefficient Risk

There can adso be risk involved in the technicad coefficients of inputs.  That is
vaiddility in the decgon vaiables contributions toward the fulfillment of modd
condraints. This form of risk has a less pronounced presence in economic Sudies
relative to objective function risk but some approaches are available.

Merrill offers an gpproach that is very smilar to E-V andyss, both technicadly
and intuitively.  Maerrill suggests that a given condraint can be made more binding by
adding a pendty term conggting of a risk averson parameter times ether the variance or
dandard deviation around the expected contributions of decison variadbles to that
condraint.  This approach introduces nonlinearity into the condraints of mathematica
programming modd. This has higoricdly been more troublesome to ded with than
objective function nonlinearity. Wicks and Guise offer an dternative formulation that
linearly gpproximates the variance or dtandard deviation of technica coefficients. They
utilize a MOTAD gpproach to arive at totd deviations. The measure of tota deviations
is then transformed into the estimated standard deviation usng a variant of the Fisher
constant.

While the Wicks and Guise approximation was warranted at one time, solvers are
now powerful enough to ded with nonlinear congraints directly in some cases. McCal
and Ond cite Genera Algebrac Modding Sysems (GAMS) MINOS dgorithm as an
exanple of one such solver.  Furthermore, this sudy will demondrate that this
nonlinearity can be modeled directly without unreasonable complications and tha

Merrill’s approach can be feasible.
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Right Hand Sde Risk

The find form of risk thet is sometimes modded in mathematicad programming is
right hand sde (RHS) or avallable resource variability. Cocks offers discreet stochasitc
programming as one technique for modding RHS risk.  While utilized to some degree,
models often become cumbersome if numerous random variables ae present.
Rescarchers wishing to avoid this potentid modding difficulty often use Chance
Condrained Programming. McCal and Spreen date that Chance Constrained
Programming is one of the most commonly used techniques of modding RHS risk.
Charnes and Cooper introduced this technique to ded with RHS uncertainty. The magor
requirement is that the decison maker be able to decide the frequency with which a
condrant must be satidied. Given this information and the probability didributions of

the RHS, risk associated RHS limits can be modd ed.

Study Application of Risk Analysis

The tools presented in this chapter can be used to modd many forms of risk in
agriculturd decison making. The following two chapters evduate specific cases relying
upon some of these tools. Chapter [11 will introduce EV andyss and Merrill’s gpproach
into a minimum cost feed ration linear programming mode to account for price and
nutrient variability, regpectivdy. Chapter 1V will utilize E-V and SDRF as means of
evaluating government subsdized livestock insurance and comparing it to current risk

management Srategies.



CHAPTER 111
DETERMINING OPTIMAL RATIONS CONSIDERING FEED INGREDIENT
NUTRIENT AND PRICE RISK

Introduction

The large amount of agricultura economic literature that addresses uncertainty in
production agriculture indicates the importance of the ability of agricuturd decison
makers to manage risk (e.g., Anderson, Dillon, and Hardaker; Boisvert and McCarl; and
Hardaker, Huirne, and Anderson; Robison and Barry). Livestock producers are no
exception and must make production decisons, such as input sdection, in an uncertain
environment. Feed is arguably the most important input, next to the actud animds, for a
livestock operetion in terms of impact on tota expenses. This is evident in 1999 Nationd
Agriculturd Statistics Service (NASS) data for dl livestock farms in the United States.
NASS reports that expenditures on feed in 1999 comprised 26.1% of totd farm
expenditures, representing the single grestest fam expense.  Given this importance of
feed to livestock operdtions, the sdection of minimum cost feed rations usng linesr
programming has, higoricdly, been given condderable atention in agriculturd economic
research. However, the consderation of the risks associated with feed ration sdection in
the agricultural economic literature has been very limited.

Traditiond linear programming minimum cos feed ration models are solved with
the assumptions that dl feed ingredient prices (objective function contributions) and
nutrient levels (technicd coefficients) are known with certanty. These modds are

available to producers in the form of decison-making tools that formulate minimum cost
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rations subject to nutritiona congtraints. Once a producer chooses a ration for a typicd
backgrounding program, he or she will generdly prefer to feed the same ration to a group
of animas for the entire time that they are on feed. Depending on the sze of the
operation and its feed dorage capacity, this will usualy require multiple purchases of the
feed ingredients during the feeding period. Therefore, if a ration is chosen by a modd
imposing the above assumptions, the producer is fully exposed to variability in the
nutritional  compogtion of feedsuffs from one purchase to the next. Furthermore, in the
absence of any forward contracting or hedging activity, the producer is aso vulnerable to
fluctuations in feed ingredient prices. This ration will not be optima to the producer if he
or she is rik averse regarding nutrient variability, price fluctuation, or both. In past
research, it has been necessary to impose the assumptions of certain prices and ingredient
composition due to the limited computational power of solvers and the limited data on the
vaiability of the nutritiond compogtion of feedstuffs The ability of modern solvers to
ded with nonlinearity and more complex modes in generd coupled with the availability
of more complete feed ingredient nutritiond data from the Nationd Research Council
(NRC) now make it possible to employ rdativdy unused mathematica programming
techniques and avoid imposing ether of these restrictive assumptions.

A mahematical programming model that determines optima feed raions by
conddering both feed ingredient nutrient and price variability can be achieved by
relaxing both the assumption that technica coefficients are known with certainty and that
objective function contributions are congant. Merrill offers an approach for deding with
technicad coefficent uncertanty.  Despite its intuitiveness, limitations of optimization

slvers have prevented the utilization of this technique in aty formd agriculturd
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economic  literature since its  conceptudization. The recent avalability of the
aforementioned NRC feed ingredient nutrient variability data coupled with the need to
address feed ingredient nutrient variability make it possble and worthwhile to utilize this
technique in the ration sdection process. Essentidly, Merill’'s approach dlows the
probability of satisfying condraints (eg., nutritiona condraints) to be increased subject
to a decison maker's averson to technical coefficient risk. In the case of feed ration
sdection, this will result in a greater ability to accurately predict anima weight gain and
total days on feed. The assumption that objective function contributions are congtant @n
be rdaxed usng expected vdue variance (E-V) andyss. E-V is a technique that is
widdy used to modd uncertainty of objective function contributions in agriculture and
dlows decison makers to choose dternatives with a more a predictable net income or in
the case of a feed ration model, a more predictable total ration cost. Greater ability to
predict total days on feed and ration cost results in greater ability to predict totd feed
cost. This enhanced ability to predict tota feed cost results in a less variable net income
and can be accomplished by expanding the traditiond minimum cost feed ration modd
using the aforementioned modeling techniques.

This sudy will introduce these two components into the economic andyss of
feed ration sdection. This will result in a more comprehensve mathematicd
programming modd tha incorporates consideration of both nutrient and price variability
into the ration sdlection process. Rations chosen with these consderations would be
optima to a decison maker subject to his or her level of averson to each type of risk. In
addition to this practica gpplication, this study will make other worthwhile contributions.

It will be one of the only gpplications of Merill’s technique, since its development, to
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ded with technicd coefficient uncertainty, which is generdly difficult to address in any
mathematical  programming mode. Furthermore, introduction of the NRC feed
ingredient nutrient variability data will represent one of the fird uses of this daa in
economic research.

The generd objective of this study is to provide indgght into how livestock and
dairy producers can manage risks asociated with sdecting a feed ration. Specificdly,
this sdudy andyzes how the condderation of feed ingredient price risk and nutrient
variahility affects the composition of optima beef backgrounding® rations. In addition to
making the aforementioned contributions, information resulting from this sudy will serve
as a dating point for more advanced decison-meking tools for large-scde livestock
producers such as feedlots and dairies.  Specificaly, tools can be designed to consider
managing price risk and nutrient variability of feed ingredients and sdecting feed retions
that are optimd to individua producers.

Literature associated with minimum cost feed rations, E-V andyss, and technica
coefficient uncertainty will be presented and discussed to establish the theoretica
framework of input sdection facing uncetainty and to develop a methodology that
gpecifically addresses feed ingredient price and compostion risk. The economic mode
incorporaing nutrient and price risk management will be defined. Findly, the results of

thismode will be presented for analysis and discussion with conclusions following.

3 Backgrounding, as referred to throughout this paper, indicates producers who buy weaned calves
weighing approximately 500 pounds to be sold at approximately 750 pounds. The 250-pound gainis
achieved through a 4 to 5 month feeding program that utilizes both hay and feed concentrates.
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Background

In basic production theory, prior to development of any risk andyss framework, a
producer would know, with certainty, the prices and compostions of dl inputs. In this
scenario the minimum cost combination of feed ingredients to achieve a target levd of
average daly gan could be found by plotting the isoquant that represents dl possble
combinations of feedduffs that would achieve this gan and subsequently finding the
tangency with an isocost line.  Since attributes of the inputs are determinigtic, this point
would dso represent the optimal combination of feed ingredients that meet the nutritiona
requirements. In the red world, this is obvioudy not the case. Neither input prices nor
the technical aspects of inputs (i.e, production effects) are known with certainty. These
uncertainties will affect producers differently, depending on ther attitude toward price
risk. There have been adjustments to economic anayss to reflect these responses to risk.
One economic andyticd tool thet identifies optimad input combinations from feesble
inputs is mathematica programming. Mathematical programming has dso become more
flexible to ded with these uncertainties that are present in the red world of agriculturd
decison making.

The use of linear programming models tha impose the above assumptions to
sdect minimum cost feed raions has a long and wdl-established higtory.  Stigler
conddered the minimum cogt diets that exactly meet the nutrient requirements for human
subsstence in one of the ealiex examples prior to the full devdlopment of linear
programming. However, the basic concept of satisfying a set of nutritional congraints
while minimizing the cogt of the diet is evident in Stigle’s work.  Traditiond minimum

cost feed ration modes are set up in this very way and this basc formulation can be
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modified to badance any type of ration for which these condraints are known (McCarl
and Spreen).

Waugh was among the firs to aoply this modd formulation to the sdection of
minmum cost livestock feed rations.  Specificdly, Waugh laid out a procedure using the
then nove linear programming to formulale minimum cogt dary rations, noting thet if dl
prices and nutritional compostions of feeds are known and properly specified then the
resulting ration is indeed the minimum cost feasble ration. McCarl and Spreen date thet,
after Waugh's efforts, the determination of minimum cost feed rations for livestock has
been one of the most common uses of linear programming (see Ashour et d.; Beneke and
Winterboer; and Dorfman, Samuelson, and Solow for discusson and examples). In
addition to a pronounced presence in academic literature of the basic minimum cost feed
ration methodology, there is aso plethora of software packages designed for gpplied use
by producers (eg, Taurus from The Universaty of Cdiforniaat Davis).

While condderation of risk in studies focusng on minimum cogs feed rations for
livestock and dairy production is not prevalent, some examples exis. Thomas et d. offer
an andyss of minimum cost dairy raions. Ther study focused on the fact that the cost
of rdevant nutrients are not condant, even though traditionad minimum cost feed ration
models treat them as such. Thomas e d. address this issue by estimating he cost of net
energy for lactation (NEI), total digestible nutrients (TDN), and crude protein (CP) based
on low, medium, and high prices of corn (a very common energy component of dairy
rations). They go on to show that usng congant nutrient cost generdly underestimates
the cost of the ration. Other sudies examining nutrient variability include Chen as well as

Rahman and Bender. Each of these sudies provides an andyss based on a target
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probability for a condraint. Chen focuses on the protein requirement. In this formulation
only protein varigbility is consdered and an iterative modding procedure is used. Chen
provides an example of formulating minimum cost poultry rations and shows tha as the
target probability of meeting protein requirement increases so does ration cost.  While
this technique was appropriate a the time, modern solvers now dlow for more efficient
and exact modding.

Prevet & d. offer an andyds of the feashility of backgrounding and finishing
cdtle in Horida  Minimum cogt feed rations for backgrounding and finishing were
determined based on available locd and imported feeds. The sudy found that the
vaiation of feed cods over time dradicdly affected the variability of net returns to
hypothetical backgrounding and finishing operations in Horida Usng severd levds of
required net returns to management adong with required rates of return associated with
the risk of the returns, Prevatt et d. concluded that acceptance of beef backgrounding and
finishing operations would depend upon individud risk preferences. The sudy aso
confirmed that this risk associated with the livestock operations was due, in no smadl part,
to variaion over time of feed ingredient prices. While both Thomas & a. and Prevatt et
d. highlighted the effects of risk on the traditiond approach to choosng minimum cost
feed rations, no atempt was made to implement different modeing techniques. This
sudy will implement Maerill's technique for modding technicd coefficient variahility
and an E-V framework to address both nutrient variability and price risk, respectively.

Rdative to management of objective function risk, the consderation of technica
coefficients uncertainty has a consderably less pronounced presence in the economic

literature.  Merrill offers one method for deding with technicd coefficient risk in which
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the dandard deviation (or variance) of the technicad coefficient vaues are used to
cdculate the tota standard deviation (or variance) of the condraint value based upon
which decison variables enter the optima solution. This sandard deviation (or variance)
is multiplied by a risk averson parameter. The product of the two make up a pendty
term that effectively makes the condrant more binding as the standard deviation of the
technical coefficient vaue increases.  Condraints modified with this approach are
nonlinear. Due to the complexities associaied with nonlinear condraints this modeling
technique has gone rdatively unused.

Dexpite its intuitiveness, the modeling concerns have al but prevented use of
Merrill’s technique. However, Wicks and Guise do offer a linear approximation of
Merrill's approach.  While this gpproach is a variation of Merill's technique, it
represents the most smilar technique present in economic literature.  Therefore it is
worthwhile to briefly review the Wicks and Guise sudy. Wicks and Guise apply ther
modeling technique to the variability of feed avalable from pasture due to weather and
other exogenous factors to Audrdian sheep and grain fams. In the Wicks and Guise
sudy, absolute deviations of pasture yidd were cdculaed usng Hazdl's MOTAD
method. The deviations were coupled with a variant of the Fisher congtant to arrive at
dandard deviations. Severd levels of risk averson were then andyzed to represent
responses to technical coefficient risk across different producer risk atitudes.  Intuitively,
this approach is very smilar to an EV framework. That is, to decrease the variability of
technicd coeffidients, a decison maker will redize a lower net income and depending on
the individud’s attitude toward risk, will make tradeoffs accordingly. Wicks and Guise

even suggest that solutions from such a modd should trace out a risk efficient frontier



gmilar to that of a usud EV framework. Furthermore, they dtate that the frontier should
aso provide a means of ranking farm plans for these sheep and grain operations much the
same as Thompson and Hazd |l rank risk efficient farm plansusing E-V andyss.

McCarl and Spreen offer nutrient variability in feedduffs, one issue on which this
sudy focuses, as an example textbook application of the Wicks and Guise approach.
However, in their example, a fixed amount of feed is being mixed as opposed to a ration
mixed for the needs of specific animas and no empiricad data are used to arive a the
nutrient variability of feed ingredients. Other than the example given by McCal and
Spreen, Tice offers one of the only applications of the Wicks and Guise technique outside
of the origind Study.

E-V andyds (Makowitz, Freund) is very widdy published in agriculturd
economic literature and deds with uncertainty of contributions to the objective function
of a mathematicd programming modd, such as the prices of feed ingredients in a
minimum cost feed ration model. However, there has been consderable debate as to
whether E-V andyss is a theoreticaly appropriate method to represent optima decision
making. It is genedly agreed upon that expected utility theory (von Neuman and
Morgenstern) provides the theoreticad base for choice facing uncertainty. E-V andyss
can be condgtent with expected utility theory in three cases (1) the underlying income
digribution is normad (Freund), (2) the didributions of the decison vaiadle differ only
by location and scde (Meyer), and (3) the undelying utility function is quedratic
(Makowitz, Tohbin). If any of these conditions are present it is generdly agreed upon
that E-V andyss is indeed consstent with expected utility theory. Many gpplicaions to

agriculturd  decison making have used the satidaction of one or more of the
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aforementioned conditions to judtify the use of E-V to modd the decisons of producers
when faced with net income risk  (Boisvert and McCarl; Dillon, 1999; Dillon, 1992). In
addition to these studies empirical evidence demondrates the closeness of EV andyss to
the expected utility maximizing choices (Levy and Markowitz). Given this demondrated
conssency of E-V andyss with economic theory and its extendve use in modeing
agricultura risk, it is an appropriate way to modd an agriculturd producer’s response to
uncertainty of input or output prices.

The wdl-established higory of the feed ration liner programming formulation
and the obvious impact of uncertainty on the sdection of an optima feed ration warrants
the expangon of that formulation to adlow producers to manage the risks associated with
secting a minimum cogt feed ration. The importance of nutrient variability in feed
ingredients is evident in recent attention given it by anima science sudies (Cromwell et
d., DePeters et d.). This importance makes it gppropriate to give this form of risk ample
condderation in sdecting feed rations. Expanding the traditiond modd to include the
Wicks and Guise technique offers a method of doing just that. The increasing acceptance
of E-V andyss as a means of deding with objective function risk suggedts thet it is a
suitable means of addressing the uncertainty of feed ingredient prices.

In the following section the data necessary to specify an economic modd that
combines the traditiond minimum cost feed ration modd with both Merrill’s approach
and an E-V component is presented. With this data the economic modd is specified.
Results showing how producers can utilize the modd in the sdection of a feed ration to
manage both price risk and nutrient variability are then presented with conclusons

following.
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Data

Feed ingredient prices were collected from Feedstuffs for the Chicago market,
between 1993 and 1999, with four exceptions. Alfdfa hay and prarie grass hay prices
were collected from the USDA Oklahoma weekly hay report for the same time period.
Hay data were collected from Oklahoma due to the fact that no prolonged hay price series
for the Chicago market could be found. Current bulk prices for limestone and dicalcium
phosphate were used in lieu of a hidoric price series  Hidoric prices of these
supplements are not generdly recorded due to the extremely low variability and therefore
could not be obtaned. This should not pose any limitations to the sudy sSnce
supplements such as limestone and dicdcium phosphate generdly comprise a very smal
component of total ration cost and have price series that exhibit little variability.  All
prices were left in nomind terms in the interes of Imulating red world conditions in
which producers face the risks associated with nomina prices of inputs. Descriptive
datidics for the price series of dl feed ingredients being consdered are presented in
Table 3.1. In addition to prices of feed ingredients, expected nutritional composition and
variability must be specified.

The expected levels and vaiability of nutrients in dl feed ingredients were
obtained from the 2001 NRC Nutrient Requirements of Dairy Cattle.  These data rely on
various sources including the 1996 (and 2000 Update) NRC Nutrient Requirements of
Beef Cattle The expected levels and standard deviations of the relevant nutrients are
shown in Table 3.2. It should be mentioned that the standard deviations for NEg and
NEmM were not reported explicitly. This is due to the fact that direct measurement of

levels of NEm and NEg requires laborious feeding experiments. The dternative to



feeding experiments is to gpproximate amounts of the energies using accepted functiona
relaionships, as defined by the NRC, between each of them and acid detergent fiber
(ADF). NRC 2001 reports ADF vaues and standard deviations dlowing the standard
deviation of ADF to be taken through the appropriate transformations to arive at
dandard deviations for NEg and NEm. A mathematical presentation of this
trandformation is presented in the Appendix to this chepter.  With the nutritiond
compostion of the avalable feedstuffs specified, it is dso necessary to determine the
nutritiond  requirements of the animas to st the right hand sde lower limits for the
nutritiona congraints within the modd.

The nutrient requirements for medium frame steers were obtained from the 1984
Edition of NRC Nutrient Requirements of Beef Cattle. Instead of using the reported
tables, the equations that specify these requirements as they relate to body weight, target
average daily gain, and dry matter intake were used. This dlows the mode to determine
a ration given only a body weight and target average daily gain and does not limit these
values to integers. These equations are presented as a part of the economic modd in the
folowing section. This sat of daa fulfills the requirements of the specification of an
economic modd that consders both nutrient and price varigbility in the sdlection of feed
raions. These data are sufficient to specify a modd that will address both feed ingredient

nutrient variability and price fluctuation.

The Economic M odel
The economic modd in this sudy expands the traditiond minimum cost feed
ration modd to the sdection of rations that are optimd, given individud risk averson,

for a typica beef backgrounder facing uncertain feed ingredient prices and varigble



nutrient leves in avalable feedstuffs ~ Producers will respond differently to these
uncertainties, depending on their atitude toward risk. The methodology in this particular
Sudy assumes that the producer will minimize tota feed costs depending on his or her
individud averson to feed ingredient price risk and variability of nutrients in those feed
ingredients and that this sdection of an optima ration is the equivdent of maximizing
utility.

The mode is designed to choose the amount of each feed ingredient, in pounds, as

fed per-head-per-day. The objective function is specified asfollows:
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Indicesinclude:

t = time period (i.e., week) with T representing the tota number of ,

j = individud feed ingredients and may represent corn, soybean med (44% crude
protein), soybean med (49% crude protein), corn gluten feed, didtiller's dried gran,
brewer's dried grain, dehydrated dfafawheat middliings, dfdfa hay, or prarie grass
hay and

i = individua nutrients and may represent net energy for maintenance (NEm), net energy
avalable for gain (NEg), protein (pr), Cacium (Ca), or phosphorous (P)

d = indicates that the amount of a nutrient is measured as fed in the actua ration.

Endogenous decison variables are;

RC; =ration cos intimet,

RC =meanration cost over al t,

F,  =Feedingredient j, and

DMI =tota dry matter intake of pounds of feed per day by an animd.

Exogenous components of the mode are:

Pit = price of the jth feed ingredient in timet,

w = body weight of the animd in kilograms and,

ADG =target average dally weight gain in kilograms,

GP  =gramsof protein deposited in the muscle tissue of an animd, and
szi,j = the variance of theith nutrient in the jth feed ingredient

Right hand sde lower limits are:
LL; =lower limitsof dl nutrients (i).

Risk averson parameters are:
Y =nutrient variability averson parameter and
F = pricerisk averson parameter.



The objective function (Equaion 3.1) minimizes the risk-adjusted, mean tota
ration cost per head per day. This is represented by RC less a pendty for variability in
RC:. This pendty is composed of the variance of RC; across dl time periods multiplied
by the price risk averdon parameter F. This price risk averson parameter was specified
usng the approach offered by McCarl and Besder in which F = 2 Z, / S,. In this

formulation Z, = the dandardized norma one-taled Z vaue of an a levd of
sgnificancg, and S, is the relevant standard deviation under risk neutrd decisions levels.

In this sudy, S, was caculated using 500 pound medium frame deers being fed to

achieve two pounds of average daily gan (ADG) by a producer with a risk neutrd
atitude. This dass of livestock is very common among Kentucky backgrounders and the
rsk averson parameters resulting from this dandard deviation should adequatdly
represent a backgrounder’s atitude toward price variability across dl szes of livestock
and dl target average dally gains. The EV quadratic variance term obvioudy introduces
non-linearity into this objective function.  The avalability of nortlinear programming
(NLP) solvers makes it relatively easy to ded with this nonlinearity. McCarl and Spreen
uggest that in most cases it is no longer necessary to attempt to trandform the objective
function into a linear form and that it is often more efficient to alow the solver to ded
with the nonlinearity. The objective function is minimized subject to severa necessary

congraints (Equations 3.2 to 3.5).

Equations 3.2 and 3.3 define RC and RC. The sum of the prices of each feed
ingredient (pjt) times the amounts of the corresponding feed ingredient included in the

ration (F) is equa to the totad retion cost per head per day in time period t (RC;). The
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mean of RC; across dl tis RC. In addition to these congtraints, the ration must meet
certan nutritiona requirements (also incuding a risk averson component) as show in
Equation 34. Specificdly, the ration must contain adequate amounts of NEm, NEg,
protein, calcium, and phosphorous. Equations 3.4a to 3.4h define nutritional lower limits
for equation 3.4.

Lower limits (LL;) for dl nutrients consdered by this modd were specified usng
equations in the 1984 NRC Nutrient Requirements for Medium Frame Steers (as shown
in Equations 3.4a to 3.4h).* Equations 34a to 3.4c define the protein requirement. This
model uses the exact eguations defined by the 1984 NRC quiddines to define this
requirement. In the past feed ration sdection models have approximated dry matter
intake as opposed to caculating the actud NEm in the ration in megacaories per
kilogram (NEmy) and DMI directly. This is largely due to the fact that the rdationship
between NEmy, DMI, and LL, is nonlinear. This paticular study opts for caculation
procedure of the protein requirement presented in NRC 1984 to avoid relying on an
exogenous approximation of DMI.  The nonlinear condraints did not pose a problem to
the NLP solver and this method will be closer to a true optimization than an gpproach that
utilizes an gpproximeation. Cdculaion of the lower limits (LL;) for NEm, NEg, cdcium,
and phosphorous, which are linear, are shown in equation 3.4d through 3.4h, respectively.

Ancther factor that separates this modd from those in previous feed rétion
section dudies is that is does not assume that the amounts of al nutrients in dl

avalable feed ingredients are known with certainty.  Nutritional congraints for NEm,

* The 1984 version was chosen over the more recent editions, in part due to the use of crude protein (as
opposed to metabolic protein) in specifying the protein requirements. This avoids certain technical
complexities. These complexitieswarrant consideration in practical ration balancing applications and
nutritional research but would add very little to this specific discussion.
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NEg, and protein are expanded from traditiond nutritiond lower limit condraints to
address the variability of these nutrients in avalable feed ingredients  Specificdly, these
condrants ae made more binding by multiplying the nutrient risk averson parameter

(Y) by the dandad deviaion of the rdevant nutrient in the entire ration
((é F’s?, )”2). Only binding constraints are affected by this approach (Wicks and

Guise; McCarl and Spreen). However, this poses no red problem since, as noted by
McCal and Spreen, uncertainty in non-binding condraints is of little concern to a
decison maker. However, for binding condraints it is reasonable that a decison maker
would seek to manage the uncertainty surrounding the technica coefficients of inputs.

The nutrient risk averson parameter (Y) was specified assuming nutrient levels
across feed ingredient samples are normaly digtributed. Standardized norma one-tal z
vadues corresponding to levels of risk averson represent nutrient risk  averson
parameters. This ensures that the binding congraint(s) become more binding in a way
that shows an individud’'s dedre to incresse the probability of redizing the required
nutrient level in a feed raion. For example, to represent an individuad who would prefer
to be certan of redizing a least the required amount of a nutrient 65% of the time (as
opposed to 50% of the time for risk neutral), the z score that represents the 65 percentile
of the normd didribution was used. The two exceptions to this are the condraints for
phosphorous and cacium. For these condraints it is assumed that Y is equa to zero.
While the levds of cdcum and phosphorous do vary in many avalable feed ingredients
ther levels are, for dl practica purposes, congant in limestone and dicalcium phosphate.
Since these ingredients can be used to fulfill the entire requirement for both cacium and

phosphorous and till represent less than 3% of the ration cogt, it is reasonable to assume
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that decison makers would not devote time and energy to managing the variability to
these mingrds in the ration. Variability of nutrients for dl feedduffs is defined as the
sandard deviation of nutrients (si;) as reported in the 2000 NRC Nutrient Requirements
of Beef Catle This avalability of sandard deviaions of nutrients in sdected feed
ingredients makes it possible to use these to directly mode Merrill’ s gpproach.

With the economic modd defined in this section it is possble to sdect raions that
are not smply minimum cost but optima to a decison maker given his or her averson to
nutrient variability and price risk. The modd will be specified for specific cases in the
following section. The results of these pecifications will be presented and discussed.

Following these results a brief summary aong with conclusons will be offered.

Selection of Optimal Rations

Optima rations were chosen for numerous modd specifications to account for
different weights of livestock (W), different target average daly gans (ADG), and
vaious levels of averson to nutrient and price risk. The livestock classfication of
medium frame steers was used in al cases and W was varied from 400 to 800 pounds in
100-pound increments to account for the growth of anmads in a typicd backgrounding
program. ADG was varied across 1.0, 20, and 3.0 pounds per day. Nutritional
requirements for a 500-pound, medium frame deer, as caculated by the modd, are as
follows. 66650 grams of crude protein, 29.31 grams of cdcium, 14.70 grams of
phosphorous, 2.93 megacdories of avalable NEg, and 4.51 megacdories of NEm.
Requirements for al other sizes of livestock considered under each target ADG are not

reported. It is important to again note that these requirements are ieported as calculated



by the mode given only W and ADG. Vaying levds of both nutrient and price risk
averson were specified by varying Z, in the cdculaion of esch. Vaying leves of
averson to nutrient variability (Y) were consdered over a wide range of sgnificance
levds. Only the levels of 050 (risk neutrd), 0.60 (low averson), 0.80 (medium
averson), and 0.90 (high averson), indicating a desre to redize a least the required
amount of nutrients 50%, 60%, 80%, and 90% of the time, are reported. Significance
levels of 0.50 (risk neutrd), 0.75, 0.80, and 0.85 represent the four reported levels of
price risk averson. These represent an individud’s preference to redize the same or
lower feed costs 50%, 75%, 80%, or 85% of the time, respectively.

Optima rations were then determined for adl combinations of W, ADG, Y, and F.
However, given the subgstantid amount of information this generated (240 separate modd
runs), only the optima ration compogtions for 500-pound medium frame deers fed for 2
pounds ADG will be discussed.® The compositions of the rations are presented in Table
33. The corresponding mean costs, standard deviations of cods, and coefficients of
vaidaion of cost are presented in Table 3.4. It shoud be noted that, while these rations
meet basic nutritiond needs, no forma condraint addresses the amount of roughege in
the diet. A certan levd of roughage is needed to maintan rumen function. Also, no
forma condraint addresses tota intake. Inclusons of these condraints would alow for
the cdculaion of more practicd diets However the risk management principles that are
central to this sudy can be adequatdly demondrated without their incluson.  Thus

omitting these condraints should not detract from the overdl vaue of the study. From

® Results of other specifications were, qualitatively, very similar with respect of both price and nutrient risk
management. These results are available upon request from the authors.
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these results it is possible to determine the modd responses to both nutrient and price risk
averson as wel| as the cogts of these responses.

From the twdve avalable ingredients, the mode badanced rations primarily usng
gther a combination of corn and wheat middlings or corn and corn gluten feed.
Didiller's dried grain entered in smdl amounts as the averson to nutrient risk was
increesed.  Limestone entered every ration as an inexpensive, nontvariable source of
mingrds. The amounts of limestone are very smdl and of condstent magnitude. In the
remander of the discusson, no further mention will be given to limestone as a
component of the ration. These basic trends in the compodtion of the feed rations
provide for interesting discusson concerning the management of price and nutrient risk
to arrive a optimd rations.

The minimum cost feasble ration assuming no averson to nutrient or price risk is
composed gpproximately equal amounts of corn and wheat middliings  As averson to
nutrient risk is increesed with no condderation given to price risk, the modd effectively
manages the variability of NEg, as the NEg condrant is the most binding condraint.
Congraints for NEm, protein, calcium, and phosphorous are, in most cases, not binding
and are therefore are virtualy unaffected by Merrill’s gpproach.  As nutrient risk averson
is increased to the Low and even Medium leve, the modd response is to smply add
more of the feed ingredient that comprised the minimum cogt raion. This appears to be
the leest cost method of increasing the probability of meeting the NEg requirement, since
the increase in the mean amount of available NEg will be greater than that of the standard
deviation. The reault is a totd ration with a less volatile amount of NEg, in terms of

coefficient of variation.
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An illugration of the risk management response described above is illustrated by
increesng the probability of meeting the NEg requirement from 50% to 80% while
ignoring price risk.  This adjustment involves increesng the amount of corn and wheet
middlings by 0.84 and 0.02 pounds, respectively. The result of this ration adjustment is
that, with dl externa factors such as weether and hedth being equd, te probability that
the animas will gan a least 2 pounds per day is increased from 50% to 80%. The
amount of NEg in the risk averse ration is less vaidde in teems of the coefficient of
vaidaion. This is shown in Table 35, which digplays the effects of risk management on
vaiability of NEg.  Specificdly, the coefficient of variation decreases by 0.40%.
However, as shown in Table 34, this increese in cetanty of redizing the NEg
requirement comes at a cost of about $0.03 per head per day. It B dso worthwhile to
note that managing for nutrient variability, while ignoring price vaiaility, generdly
results in a moderate increase. This tradeoff between a higher ration cost and a higher
probability of redizing the required NEg is presented as a frontier of nutrient risk
efficent points in Figure 3.1. Sdecting among rations located on the frontier would
require a decison maker to compare the risk management benefit to the cost of achieving
it given ther attitude toward risk and choose accordingly. In addition to contralling the
variability of the NEg in the ration, the mode can sdlect rations with a more stable price
series.

Upon introduction of averson to price risk, assuming nutrient risk neutraity, the
mode looks to subgtitute among available feedstuffs to arrive a an optima ration. At the
75% price risk averson leved, whest middlings leave the optima combination entirdy

and corn gluten feed enters. This is to be expected snce, as shown in Tables 3.2 and 3.1,



the composition d the two feeds are very smilar while corn gluten feed has a price series
that is roughly hdf as varidble in terms of coefficient of variation. All réions that are
baanced assuming some level of averson to price risk are primaily comprised of corn
and corn gluten feed. As price risk averson increases, however, the amounts of corn
gluten feed in the ration increases and the amount of corn decreases, proportiondly (See
Table 3.3). This subdtitution of corn gluten feed for corn in optimd raion resuts in a
decrease in the standard deviation and coefficient of variation of the price of the ration.
Table 5 shows this reduction in volatility. Much the same as nutrient risk management,
price risk management comes a a cos. Specificdly, the optimal ration for a producer
who is 75% price risk averse costs about $0.01 more per head per day compared to the
risk neutrd cost minimizing ration. However the coefficient of variation is only 17.06%,
compared to 23.65% for the risk neutra optima ration. Depending upon an individud’s
attitude toward price risk, any of these raions listed in Table 3.3 might be optimd. It
would be up to the decison maker to sdect among dl risk efficient choices, which would
include some ration combinations not reported in Table 3.3, to arive a a ration that
matches his or her desire to control price variability.

The st of available ration choices is presented in a mean-variance framework as
an EV frontier in Figure 2. For the sake of a smoother graph, the figure contains severd
levels of risk averson in addition to the reported levels. This EV frontier is presented as
a st of risk efficient expenses and thus gppears as the mirror image of the more common
presentation of a st of returns.  This frontier shows the possbility of accepting higher
expenses for the sake of less variable feed expenses and therefore the ability to manage

net income risk with the selection of optimal feed rations. Presenting such a frontier to a



producer allows a risk averse producer to see the increases in mean cods necessary to
achieve a given variance of feed expense and then make tradeoffs to arive at his or her
optima solution (McCarl and Spreen). For example, in a 150-day backgrounding
program, to achieve the price variance associated with the optimd ration for the most
price risk averse producer $3.00 of revenue per head would be forgone. While price and
nutrient risk can be managed independently, the modd can consider both simultaneoudy.

It is important to examine the way in which managing for price risk affects
nutrient variability and vice versa.  For ingance, moving from price risk neutra to the
75% levd of price risk averson while ignoring nutrient risk increeses the standard
deviation of NEg while the mean level remans the same. This results in an increase in
the coefficient of variation of NEg from 16.65% to 20.32%. While other examples are
less dradtic, accounting for higher levels of price risk averson within a given levd of
nutrient risk averdon dways increases the variability (in teems of the coefficient of
vaiation) of NEg. On the other hand, managing for nutrient risk while holding price risk
condant generdly results in a dight decrease of the coefficient of variaion of tota ration
cost. The modd has the capacity to manage both types of risks, but there are tradeoffs
for doing s0. Depending upon a decison meker's attitude toward nutrient variability
and/or price risk he or she can evduate these tradeoffs and determine individua optimal
rations accordingly. The results of this sudy indicae that after such an evduation the
ration that is optimal to a nutrient or price risk averse producer will be noticesbly
different than the minimum cog raion tha would be recommended by traditiond

models.



Summary and Conclusons

Given the impact of feed cost on tota livestock production expense the
determination of a feed ration warrants careful consderation by livestock producers.
Higtoricadly, agriculturd economic research has gpproached this procedure by identifying
the minimum cos combination of avalable feed ingredients that satidy nutritiond
requirements using linear programming. Linear programming models that sdect
minimum cost feed rations have had a pronounced presence in academic research and are
prevadent as goplied decison tools.  Although useful, these modds have generdly
imposed the assumptions that feed ingredient nutritiona compostions and prices ae
known with certainty. Livestock producers indeed do not know these with certainty and
must sdect feed ingredients in a risky environment with regard to nutrient compostion
and prices of feed ingredients. Therefore, it is worthwhile to expand the traditiond
modds to choose optimd rations conddering vaidbility in the nutritiond compostions
and prices of feed ingredients.

The traditiond modd can be expanded to congder nutrient variability and price
risk usng Merill’s approach and E-V andyss, respectivdy.  Expanding the modd in
this way makes both methodologicad and applied contributions to agricultura economic
research. The generdly ignored issues of rea world nutrient and price uncertainty are
introduced into a very well researched area of livestock economics, that is, feed ration
section. Results show that minimum cost feed rations are not optima to al producers.
Furthermore, the problematic issue of technicd coefficient risk is addressed using a
modding technique that is novd with the exception of its initid gpplication. The

expanded model dlows decison makers to sdlect rations that are optima subject to their



aversdon to nutrient variability and/or price risk. Managing either type of risk comes at
the expense increasing the ration cos. If a decison maker evaduates the Stuation and
determines that risk management benefits outweigh the expense then there are methods
for dedling with both feed ingredient nutrient and price risk.

In generd, producers wishing to control only the varigbility of nutrients in the
ration should increase the amounts of the optimad ingredients. The magnitude of this
increase will vary depending on which ingredients are in the optima raion with no
condderation given to risk. However this is not true when managing for both risks
smultaneoudy. In these cases the modd does subditute among avallable ingredients by
changing the rdative amounts of ingredients in the ration and bringing in smal amounts
of new ingredients. Controlling price risk requires subdtituting among inputs in al cases.
In some cases new ingredients enter the optimda ration while & other times the reative
amounts of the ingredients in the base ration is changed. New ingredients are expected to
have a higher expected price but will have a less variable price series, as was shown by
corn gluten feed replacing wheaet middlings.  Both types of risk management come & the
expense of increasing ration cost. For example, in this study a producer who is 80% risk
avarse with regards to nutrient variability and price variability would be willing to pay
$0.12 per head per day above the price of the minimum cogt ration to select a ration that
is optima to him or her. Usng these results and basic methods of managing nutrient and
price risks advanced decison tools can be developed. Alternative rations can be
presented in the form of a st of risk efficient choices as was done in this sudy. Decison
makers can then weigh the costs and benefits of al feasble dternatives then formulate

rations that are better suited to their individud attitude toward risk.
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Appendix to Chapter 111

NRC 2000 reports the standard deviations of acid detergent fiber (ADF) in sdlected
feedstuffs. Metabolizable energy (ME) can be expressed as a linear function of ADF that
depends upon the type of feed ingredient in question (American Feed Manufecturers
Asociation).  Given this information, it is a very sysematic procedure to transform the
gandard deviation of ADF into the sandard deviaion of ME. The rdationship between
ME and both net energy for maintenance and net energy for gain is goproximated by the
NRC 1984 and 2000 as:

(A3.1) NEm = 0.0105 ME® - 0.138 ME? + 1.37 ME — 1.12
and
(A3.2) NEg = 0.0122 ME® — 0.174 ME? + 1.42 ME — 1.65.

The atidica properties of afunction are such that for a function:
(A3.3) Y =aX3+ bX? +cX +d,
where X isanormaly distributed, random varigbleit is true that:

(A3.4) Var(Y) =& [ Ep®) - ECR)?] + b? [EQ¢) - E(C)Y] + A[E(E) — EX)? ]
+ 2ab[E(C) - EOC) E(P)] + 2ac[E(X) - ECC) E(X))]
+ 2bc[E(C) - EOR) E(X)].

In this notation, E(X)* represents the ith moment of x raised to the kth power (if k is
omitted it is understood that k = 1). It is possble to derive the standard deviations for
NEm and NEg in feedstuffs for which standard deviations of ADF are reported based on
the fird Ix moments of the functions for NEm and NEg expressed in terms of ME.
Assuming that NEg, NEm, and ME ae normdly didributed thess moments can be
expressed in terms of the mean and variance of those functions usng the moment
generating function:

(A35) émt+1/2tzs ﬁ,,Ej)

where the limit of the ith derivative of e with respect to t as t approaches zero is the ith
moment of the didribution. Following this procedure, the firda sx moments of the ME
digribution were caculated and used to arive a the standard deviations of NEm and
NEg in every feed ingredient.
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Table 3.1. Descriptive Statistics of Feed Ingredient Price Series Available to the
M odel

Mean Standard Deviation C.V. Max Min

($/ ton) ($/ ton) (%) ($/ton)  ($/ton)
AlfafaHay 93.03 13.77 14.81 125.00 55.00
Brewer’s Dried Grain 102.81 25.15 24.47 155.00 65.00
Corn 97.12 22.09 22.74 187.50 7143
Corn Gluten Feed 96.50 13.97 14.47 141.00 76.00
Dehydrated Alfafa 128.17 12.18 951 150.00 110.00
DiCacium Phosphate 380.00 0.00 0.00 380.00 380.00
Didiller’'sDried Grain ~ 124.62 16.26 13.05 185.00 93.00
Limestone 110.00 0.00 0.00 110.00 110.00
Prairie Grass Hay 66.62 9.35 14.04 82.50 50.00
Soybean Meal (44%)’ 193.12 37.53 19.44 299.00 136.00
Soybean Meal (49%) 205.93 36.85 17.89 310.00 148.00
Wheat Middlings 74.55 21.01 28.18 150.00 45.00

Source: Alfalfa and Prairie Grass Hay were taken from various weekly USDA Oklahoma Hay reports,
prices for Limestone and Dicalcium Phosphate are November 2000 bulk prices, all other price series came
from 365 consecutive weekly observations from Ingredient Market Report. Feedstuffs. 1993 to 1999.

1. C.V. = coefficient of variation and is the standard deviation expressed as a percentage of the mean.

2. 44% and 49% represent the estimated crude protein available in each type of soybean meal
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Table3.2. Dry Matter Basis Nutritional Composition of Feed Ingredients

Dry Matter ~ NEnT NEg" CrudeProteéin  Calcium Phosphorous

(%) (Mca/kg) (Mcal/kg) (%) (%) (%)
AlfalfaHay 90.90 1.14 0.58 17.00 1.19 0.24
(2.06) (0137)* (0.144)* (163) (0.01) (0.06)
Brewer's Dried Grain ~~ 90.20 151 0.91 29.20 0.29 0.70
(3.70) (0.014)* (0015 * (13.0) (0.10) (0.05)
Corn 90.00 2.24 1.55 9.80 0.03 0.32
(0.88) (0194)* (0.211)*  (1.06) (0.07) (0.04)
Corn Gluten Feed 90.00 1.94 1.30 23.80 0.07 0.95
(1.69) (0.174)*  (0.188)*  (1.06) (0.05) (0.29)
Dehydrated Alfalfa 91.80 1.34 0.77 18.90 151 0.25
(1.50) (0057)*  (0.060)*  (0.68) (0.13) (0.02)
DiCalcium Phosphate ~ 97.00 0.00 0.00 0.00 22.00 19.30
(0.00) (0.00)*  (0.00)*  (0.00) (0.00) (0.00)
Distiller's Dried Grain ~ 90.30 218 1.50 30.40 0.26 0.83
(2.19) (0.340)* (0.368)*  (3.55) (0.23) (0.15)
Limestone 1.00 0.00 0.00 0.00 34.00 0.02
(0.00) (000)*  (0.000*  (0.00) (0.00) (0.00)
Prairie Grass Hay” 91.00 1.00 0.45 6.40 0.35 0.14
(1.42) (0137)*  (0.144)* (1.63) (0.01) (0.06)
Soybean Meal (44%)°  89.10 2.06 1.40 49.90 0.40 0.71
(1.22) (0.004)* (0.004)* (1.25) (0.11) (0.04)
Soybean Meal (49%)°  90.90 2.06 1.40 51.80 0.46 0.73
(1.88) (0.228)*  (0.247)*  (345) (0.80) (0.20)
Wheat Middlings 89.30 1.60 1.00 18.7 0.17 1.01
(1.49) (0.017)* (0.018)* (1.15) (0.15) (0.13)

Source: 2000 Update of the 1996 National Resource Council (NRC) Nutrient Requirements for Beef Cattle
Note: The numbers in parentheses are standard deviations. Some the relative standard deviations were
considered suspect according to expert opinion. Specifically, the NEg variability of corn relative to wheat
middlings was higher than anticipated. Changing these data could obviously affect the model results as the
NEg constraint is the most binding. Experimentation on the relative variability based on more recent feed
ingredient data (NRC 2001) did not qualitatively alter the results.

1. NEm = Net Energy Required for Maintenance, NEg = Net Energy Required for Gain

2. No standard deviation for ADF in prairie grass was reported, therefore NEm and NEg variances for
afalfahay were used to approximate the corresponding variancesin prairie grass hay.

3. 44% and 49% represent the estimated crude protein concentration in each type of soybean meal on an as
fed basis. The compositions are reported on adry matter basis, resulting in higher reported protein levels.

4. Variability data for Soybean Meal (44%) was questionable due to a very small sample size. Due to this
variability datafor Soybean Meal (49%) was also used for Soybean Meal (49%).

5. The standard deviations for NEm and NEg are not reported by the NRC but were calculated based on
their functional relationship to Acid Detergent Fiber (ADF) and the NRC reported standard deviations for
ADF. Seethe appendix to this chapter for adetailed explanation of this relationship.



Table 3.3. Compositions of Feed Rations for 500 pound Medium Frame Steers Fed
for 2 Pounds Average Daily Gain Across Priceand Nutrient Risk Aversion Levels

Price Risk Nutrient Corn Wheat Didtiller's Corn Gluten Limestone
Aversion' Risk Aversion? Midds Dried Grain Feed
(%) (Pounds/ head / day on an As Fed Basis)
50 Neutra 5.64 5.80 0.16
Low 5.95 5.82 0.16
Medium 6.38 5.82 0.16
High 1.17 12.86 013
16 Neutral 574 4.47 0.18
Low 5.58 511 0.18
Medium 5.64 5.61 0.17
High 5.54 0.56 5.63 0.17
80 Neutral 4.88 5.48 0.18
Low 5.04 5.75 0.18
Medium 5.18 0.20 591 0.17
High 517 0.73 5.84 0.17
8 Neutral 423 6.24 0.17
Low 458 6.29 0.17
Medium 474 0.44 6.12 0.17
High 4.84 0.89 6.04 0.17

Note: While these rations meet basic nutritional needs, no formal constraint was specified to address the
amount of roughage in the diet. A certain level of roughage is heeded to maintain rumen function. Also,
no formal constraint addresses total intake.

1. Feed price risk aversion coefficients were calculated via the procedure offered by McCarl and Bessler.
A brief explanation of the interpretation of this coefficient is presented in the text of this paper. See
McCarl and Bessler for adetailed presentation.

2. Nutrient risk aversion coefficients are the standardized normal one-tailed Z values corresponding to 0.50
(Neutral), 0.60 (Low), 0.80 (Medium), and 0.90 (High) levels of significance.



Table 3.4. Means, Standard Deviations, and Coefficients of Variation (C.V.) of Feed
Ration Costs for 500-pound Medium Frame Steers Fed for Two Pounds Average
Daily Gain Across Priceand Nutrient Risk Aversion Levels

Price Risk Nutrient

Aveson' Risk Aversion® Mean Standard Deviation C.V.
(%) (Dollars/ head / day) (%)

50 Neutral 0.499 0.118 2365

Low 0.515 0.121 2350

Medium 0.535 0.126 2355

High 0.543 0.146 26.89

Neutral 0.504 0.086 17.06

75 Low 0.527 0.088 16.70

M edium 0.554 0.092 16.61

High 0.585 0.094 16.07

80 Neutral 0.511 0.083 16.24

Low 0.531 0.086 16.20

M edium 0.559 0.090 16.10

High 0.588 0.093 15.82

85 Neutral 0.516 0.081 15.70

Low 0.535 0.085 15.89

Medium 0.563 0.089 1581

High 0.591 0.092 1557

1. Feed price risk aversion coefficients were calculated via the procedure offered by McCarl and Bessler.
A brief explanation of the interpretation of this coefficient is presented in the text of this paper. See
McCarl and Bessler for a detailed presentation.

2. Nutrient risk aversion coefficients are the standardized normal one-tailed Z val ues corresponding to 0.50
(Neutral), 0.60 (Low), 0.80 (Medium), 0.90 (High) levels of significance.



Table 3.5. Means, Standard Deviations, and Coefficients of Variation (C.V.) of Net
Energy Available for Gain in Rations for 500-pound Medium Frame Steers Fed for
Two Pounds Average Daily Gain Across Price and Nutrient Risk Aversion Levels

Price Risk Nutrient

Averson® Risk Aversion® Mean StDev C.V.
(%) (Mcd) (Mcd) (%)
50 Neutral 2.933 0.488 16.65
Low 3131 0.515 16.44
Medium 3.397 0.552 16.24
High 3111 0.139 4.48
75 Neutral 2.933 0.603 20.56
Low 3.172 0.621 19.59
Medium 3481 0.651 18.69
High 3.766 0.650 17.26
80 Neutral 2.933 0.596 20.32
Low 3171 0.620 1954
Medium 3.470 0.638 18.38
High 3.757 0.643 17.11
85 Neutral 2.933 0.603 20.57
Low 3.173 0.624 19.68
Medium 3461 0.628 18.13
High 3.752 0.639 17.04

1. Feed price risk aversion coefficients were calculated via the procedure offered by McCarl and Bessler.
A brief explanation of the interpretation of this coefficient is presented in the text of this paper. See
McCarl and Bessler for adetailed presentation.

2. Nutrient risk aversion coefficients are the standardized normal one-tailed Z values corresponding to 0.50
(Neutral), 0.60 (Low), 0.80 (Medium), 0.90 (High) levels of significance.



Figure 3.1. Mean-Probability Frontier of Nutrient Risk Efficient Ration Choices for
a 500-Pound Medium Frame Steer Fed for Two Pounds Average Daily Gain
Assuming Price Risk Neutrality
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Figure 3.2. Mean-Variance (E-V) Frontier or Risk Efficient Ration Choices for a
500-Pound Medum Frame Steer Fed for Two Pounds Average Daily Gain
Assuming Nutrient Risk Neutrality
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CHAPTER IV

INTRODUCING THE EFFECTS OF GOVERNMENT SUBSIDIZED
LIVESTOCK INSURANCE ASA RISK MANAGEMENT TOOL

Introduction

Over the past few years, there has been anocticesble change in agricultura policy
that has involved expanding the role of risk management and insurance. Subsidized crop
insurance that insures ether crop yidds or revenues has been the focus of much
legidation and debate. In generd, crop insurance programs involve government
subsidies to producers to cover a portion of insurance premiums aong with reinsurance
(and, in some cases, direct subsdies) to private firms that provide the insurance.  While
these programs offer farmers a means of risk management, they have often been cosly
and have drawn criticism for the incentives they creaste (Skees 1999a, Turvey). Recent
legidation has now cleared the way to introduce smilar insurance programs for livestock.
Currently, the USDA’s Risk Management Agency is evauaing proposas for livestock
insurance products to be used in pilot programs. Like crop insurance programs, these
programs have the potentid to establish risk sharing markets that will alow producers to
manage net income risk associated with livestock production and, if subsdized by the
government, dso have the potentid to introduce perverse incentives to livestock
producers.  With this in mind, it is worthwhile to carefully evaduate the Stuaion of
livestock producers and the potentid effects of subsdized livestock insurance.

Given the lack of vertica integration or cooperation in the beef industry, beef
producers generdly have limited opportunity to share the risk of ther respective

operations and are left to design individual risk management Strategies. One type of risk
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that greatly influences profitability is marketing or price risk.  Futures market hedging
and cash forward contracting provide opportunities to manage price risk. However, these
dternatives come a a cost. For example, futures options offer a mechanism to establish a
price floor for some premium. If futures markets function efficently, this premium
reflects the true vaue of the option. Producers redlize that they will not dways exercise
these options and therefore in some years will actudly forgo income in exchange for
being insured againg possble loss. Thus, the option premium (and therefore the risk it is
priced to manage) is interndlized into their decison-making process. In generd, the
premiums a producer will expect to pay are a least as much as the payments they redize,
over the long run. The same can be sad for actuaridly far price insurance, which
functions much like a European put option and can only be exercised when it expires. As
long as these indruments are fairly priced, decison makers will choose to utilize them or
not based upon their individud risk preference.  Specificadly, more risk averse producers
will forgo a larger proportion of expected income to redize a given decrease in the
variahility of that income,

If the same risk management ingruments are offered with subsidized premiums,
the true risk is not interndized into the decison-making process and as a result,
producers will be inclined to take on more risk than they would with farly priced
insurance (Skees 1999b). In the case of beef production, this can mean producing more
beef and/or producing beef under riskier conditions. As producers redlize that the true
vaue of the insurance is greater than the amount they must pay, they are likely to expand

their operations to levels that result in their being exposed to the same leve of risk as



they were prior to the subsdy. This behavior has been shown in some studies regarding
subsidized crop insurance and crop production (Skees 1999a and 1999b, Turvey).

The generd objective of this dudy is to highlight the effects of government
subsidized insurance on the actua risk faced by livestock producers. Three posshble
marketing aternatives that a livestock producers might face will be evauated: (1) sdling
feeder cattle with no means of price protection, (2) purchasing actuaridly fair European
put options, and (3) purchasing insurance in the form of European put options with a
portion of the premium subsdized by the government. Each dternative will be ranked
according to its risk efficiency for a variety of risk attitudes ranging from risk preferring
to risk neutrd to risk averse. Ranking will be done usng Expected Vdue Vaiance (E-V)
Anayss and Stochastic Dominance Criteria  Consequently, a contribution of this study
that goes beyond the objectives will be a comparison on stochastic dominance and EV
andyss tha will highlight smilarities and differences in the performance of the two
commonly used dominance criteria  Results from both dominance andyses will be used
in conjunction with economic theory and related prior research to meet the specific
objectives of this sudy. These objectives include identifying which marketing
dternatives are preferred for different levels of risk averson, measuring the impact of
subddization on this preference and forming hypotheses of the possble effects of
subsidized insurance on beef production decisons. While not testable at this point due to
lack of data, such hypotheses will represent a useful focus for future research in this area
Reaults will be of interest to policy makers wishing to implement programs that alow
livestock producers to manage marketing risk while introducing appropriate incentives to

these producers.
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To complete this andysss, it will be necessary to present a brief review of choice
under uncertainty. This will be followed by an explanation of how the three previoudy
mentioned marketing dternatives of a livestock producer ae dmulated. The three
dternatives can then be ranked and the results of this ranking can be discussed and

conclusions can be drawn.

Choice Facing Uncertainty

There has been a considerable amount of research directed a economic behavior
facing uncertainty. The classc modd for choice under uncertainty is the expected utility
framework as proposed by von Neuman and Moargenstern. In this framework, an
individud will maximize utility subject to the probabilities of the occurrence of available
dternatives. The way that a decison maker responds to the risk surrounding the
dternatives is therefore dependent upon his or her utility function. Some individuds will
prefer risky ventures due to the posshility of lage payoffs  These individuds ae
typicdly sad to be risk prefering.  Some decison mekers might have risk neutrd
attitudes and will give no congderaion to the riskiness of an dternaive but rather base
decisons on the expected or mean outcome. The remaining individuds are sad to be
risk averse. This class of risk averse decison makers has been the subject of many
economic studies, too numerous to mention here.

Decison makers that are risk averse will seek to manage the risk associated with
ther dternatives and, in some cases, will even be willing to pay to avoid entering into a
risky dtuation (Arrow, Pratt). This risk atitude is the fundamental basis for insurance. If

a decison maker's utility function is known, the risk premium that they will pay to avoid
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a risky sStudion can be quantified and used to arrive a willingness to pay for insurance
(Pratt). However, the specification of utility functions for livestock producers (as well as
any group of individuds) would be extremely time consuming and arduous. Therefore
this paper will rdy on methodologies that circumvent the problems associated with

gpecifying decison mekers' utility functions.

Conceptual Framework

While theoreticdly sound, the von Neumann and Moargenstern agpproach is very
difficult to use in an goplied sense, as it requires that the utility function of the decison
maker be known and specified. Since it is nether practical or, in some cases, even
possble to specify a decison maker's utility function, many dternative procedures have
been developed to rank risky dternatives. In general these approaches are designed to
present a risk efficient set of choices, which is a subsat of dl avalable choices, and dlow
decison makers to choose from them. Any dternative not in the risk efficient st is sad
to be risk dominated and should not be consdered by the decison maker. Two widdy
used techniques tha follow this generd framework are expected vaue variance (E-V)
andysis and stochastic dominance criteria

E-V andyss (Markowitz, Freund) is widdy published in agriculturd economic
literature as means for ranking risky decisons. However, there has been debate as to
whether E-V andyss is a theoreticaly appropriate method to represent optima decision
making. It is generdly agreed upon that expected utility theory (von Neuman and
Moargengtern) provides the theoretical base for choice facing uncertainty. E-V andyss

is condstent with expected utility theory in three cases (1) the underlying income



digribution is normd (Freund), (2) the digtributions of the decison vaiable differ only
by location and scde (Meyer 1987), and (3) the underlying utility function is quadratic
(Markowitz, Tobin). If any of one of these conditions is present it is generdly agreed
upon that E-V andyss is indeed consgtent with expected utility theory. In addition to a
presence of many economic studies, empirica evidence demongrates the closeness of E
V andysisto the expected utility maximizing choices (Levy and Markowitz).

In this study it is necessary, as mentioned earlier, to Smulate livestock prices. In
generd, prices are not expected to be normdly digtributed and therefore the returns
associated with prices may or may not be normdly distributed.  Furthermore, comparing
a case of no price protection with purchasng a put option, which effectively truncates a
digribution a a certain price (drike price — premium), ensures that the two dternatives
do not differ only by location and scde.  Given these shortcomings, only under the
assumption of a quadraic utility function can E-V be expected to be consstent with
expected utility theory. This assumption is rather redrictive, given tha it implies that
absolute risk averson increases as the level of payoff increases so that a some leve
margind utility of wedth becomes negative (Robison and Barry; Hardaker, Huirne, and
Anderson). Even though these assumptions are not met, E-V andyss is 4ill a strong
andyticd tool. Robison and Bary provide a detalled discusson of why this is true. In
the context of this sudy, E-V andyss provides a draightforward method of caculating
the willingness to pay for a particular marketing dternative.  Such a messure will provide
results necessary for achieving the aforementioned goas of this sudy. A brief

explanation of E-V andyss as it goplies to this dudy is presented in the following

paragraph.



If dternatives A and B are mutudly exclusve and/or not correlated, they can be
ranked by cdculating the certainty equivdent (CE) or risk adjusted returns for each
dternative usng &V andyssasfollows
(4.1) CEa =E(A) - F (Var(A))

(4.2) CEs =E(B) - F (Va(B))

where E(A) and E(B) are the expected values of A and B, respectivdy and Var(A) and
Va(B) represent the variance of each. F is a risk averson coefficient. If CEa > CEg
then A dominates B, if the two are equa then both A and B might be in the risk efficient
st of choices. However, for two choices with equa expected returns, the one with the
lower variance is preferred (i.e., the risk dominant choice).

Given that the assumptions required for E-V to be consstent with expected utility
theory may not hold in this sudy, another test for dominance should be used to test the
robustness of the E-V results  For this reason, the choices will be andyzed usng
gochagtic dominance (SD) criteria as a means of ranking livestock marketing Strategies.
Three types of stochastic dominance are generdly used to rank risky choices. These are
first degree stochastic dominance (FSD), second degree stochastic dominance (SSD), and
dochastic dominance with respect to a function (SDRF) or generdized stochaestic
dominance (Meyer 1977). SDRF is the mogt discriminatory and flexible test for risk
dominance among the three SD criteria mentioned (Robison and Barry; Hardaker,
Huirne, and Anderson). Also, FSD and SSD can be shown to be specia cases of SDRF
(see Meyer for explanation). These characterigtics of SDRF make it the most robust and
useful tool for this andyss. FSD and SSD will be referred to in parts of the analyss but

the reliance upon ranking choices will be placed upon SDRF.



Unlike E-V andyds, which is based soldy on the fird two moments of a
digribution, SD criteria condder the entire digribution and therefore can generdly ded
with non-normdity of the didributions involved. This is because SD places fewer
redrictions on the utility function of the decison maker and bases risk dominance on the
entire cumulative digtribution function (CDF) of each dternative.

SDRF, like E-V, introduces the advantages of knowing a decison maker's
preferences without actudly diciting utility functions  This is accomplished by rdying
on the specification of upper (Fy) and lower (F) bounds of the Pratt risk averson
coefficdent, which is often esser to edimate than a utility function (Hardaker, Huirne,
and Anderson).  Asauming an individud has a utility function U(y), then the Pratt

coefficient is equd to:

(4.3 - U'(y)
Ue
Once F | and F y have been specified then aU(y) that minimizes
FU
(4.4) JBY) - AW JU' () dy
F L

is found. If the expression is pogtive then A is preferred to B. If the expression is zero,
SDRF cannot rank the two dternatives. If the expresson is negaive, B might be
preferred to A.  To veify this A(y) — B(y) is subgtituted into the brackets and the
expresson is reevduaed. If the minimum of new expresson is podtive then B is
definitdly prefered to A. If the expresson is agan negative, SDRF cannot rank the
dternatives.

Both E-V and SDRF require the estimation of risk averson coefficients. McCarl

and Beder offer a method for cdculating the Pratt risk averdon coefficient when the



utility function is unknown. In their formulation the decison maker is sad to maximize
the lower limit of a confidence interval from a normdly digtributed set of returns. The

formulais

(4.5) F=% A

where F = risk averson parameter, Z_ = the standardized normal one-taled Z vaue of
an a levd of dgnificance, and S, is the relevant standard deviation under risk neutrd

returns.  This method will be used to estimate risk averson coefficients for both EV and
SDRF. Sy is represented by the standard deviation of the expected price assuming the
producer does not atempt to manage price risk (this expected price will be defined in
detail later in the paper) and Z, will be specified from 5% to 95% in 2.5% increments. In

this formulation, Z, = 50% is conddered to be risk neutra while Z, greater than 50% is

risk averse and Z, less than 50% is risk preferring.  Some of the extreme vaues of Z, are
not likey redidic leves of risk preference for agricultura producers but serve to
illugtrate how individuds of different levels of risk aversion regpond to available choices.

The ranking of the three aforementioned beef cattle marketing drategies will be
completed in the following sections of this paper. Firg, it will be necessary to specify the
type of beef producer to be andyzed and make any necessary assumptions. Then the
dternatives of no price protection, farly priced European put options and subsidized
price insurance can be ranked usng E-V and SDRF. After esablishing the andyticd
procedure of this sudy, the results of dl the andysis will then be reported and discussed

with condusions following this discusson.
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Analytical Procedure
Assumptions Regarding the Livestock Producer

When examining livestock production it is often necessay to limit the
examination to a specific level of production This is because different levels of livestock
production may require very different management practices and decison-making
procedures. For example, cow-caf producers must purchase breeding stock and expect
to recover this invesment over a period of a few years. Backgrounders, on the other
hand, purchase weaned caves (approximately 500 pounds) and sdl them to feedlots a
few months later as feeder cattle (gpproximately 750 pounds). They are more concerned
about short run prices and conditions than cow-caf producers. For the purposes of this
study, backgrounders will be used.

The assumption will be made that the backgrounder purchases weaned caves and
will sdl them in 150 days. Therefore, the producer is concerned with the expected price
of feeder cattle 150 days from the date of purchase. One common method of estimating
this expected price is the feeder cattle futures market contract. Specifically, the price of
the feeder catle contract that will expire in roughly 150 days will represent the expected
price for a producer with no price protection. In fulfillment of the gods dated ealier,
this study will gpproximate the risk associated with this expected price and offer two risk
management drategies to determine producers  willingness to manage price risk using
fairly priced European put options and subsidized price insurance that is Structured as a

European put option.



Smulation of Expected Prices

Representation of the risk associated with the expected price when no risk
management drategy is used requires further specification of the distribution of possble
prices. The use of higoric prices for this specification would likdy complicae this
andyss. There would inevitably be price movements that are specific to the time period
chosen and therefore the volatility of those prices may only be gppropriate in the context
of that specific time period. A more genera specification of prices that represents a
redidic level of price voldility circumvents these potentid problems. This specification
can be accomplished based upon the variance and mean of an expected feeder cattle
futures price.

Many consulting services report implied volatilities of futures market contracts.
These ae usudly cdculated usng Black’s formula for pricing futures options. A known
premium and drike levd are used to solve for the implied voldility. This measure of
volatility represents the anticipated coefficient of variation of the didribution of posshble
prices for a contract. It is then a matter of Smple arithmetic to derive the standard
deviation and variance for the digtribution. This study will use $88.50 / cwt the expected
price and 11.0% as the volaility measure (which was the futures price levd and implied
volatility for the September feeder cattle futures contract as reported by PM Publishing
Options Andysis in mid April 2001). This results in a sandard deviation of $9.74 / cwt
and a variance of 94.77. As dated earlier, normaly distributed prices are not commonly
observed. It is nore likely that these prices will take on a didribution smilar to a gamma
digribution. Based on the firg two moments of the digtribution (mean and variance), a

cumulaive function of the gamma didribution can be fully specified. This function can
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be inverted such that for a given probability, it returns a number that is expected to occur
a tha probability levd in the gamma didribution. By sdecting 1000 random
probabilities, ranking them in ascending order, and insating them into the gamma
digribution one a a time, an accurate representation of the didribution around the
expected price can be obtained. This distribution will represent the marketing aternative
of saling feeder cattle with no means of price protection and will be referred to as Nolns.

Two price risk management drategies will adso be proposed. The firs will be
European put options, noted as PRM. These options can be purchased by producers to
edablish a price floor and can only be exercised a the time of maurity (i.e,
aoproximately the sale date of the feeder caitle). This dternative is Smulated based on
the firg dternative. A drike level and price are sdected. This study will use a 95%
grike level, which trandates into a $34.07 / cwt drike level or price floor. With the first
digribution ranked in ascending order each observation ry is evduated. If is it less than
$84.07 / cwt then an indemnity payment (IP) is added to it so that it equals $84.07 such

that,

(46) IP =$84.07-n,," n, <$84.07 and
' IP =0," n, 3 $84.07.

As a darting point for the analyss, the option premium will be caculated based on these

actud payments rather than on an option pricing formula.  This premium (PREM) is

cdculated as,

4.7) PREM , =

ié|
N

In this formulation PREM is smply the average of adl payments. N is the tota number of

gmulaied prices and dl other vaiables mantain ther previous definitions.  This
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specification of PREM; ensures that the totd of dl IR equds the tota of dl PREM;, thus
the options are actuaridly fair. With the previoudy specified strike leve, PREM; = $2.02
/ owt. This method of caculaiing an actuaridly far premium provides a sraightforward,
gample anadyss of the effects of options and subsidized insurance on risk and has been
used for these reasons in other insurance studies (eg, Williams et. d). It is dso ussful to
andyze the options using atheoreticaly correct premium.

Black offers a method for cdculation of a theoreticd premium price for futures
options tha results in premium that more cosdy resembles premiums actudly paid by
producers. Harrison uses Black’s premiums in the comparison of purchasing feeder
catle options to other backgrounding risk management drategies.  Black’s formula is
derived from Black and Schodes formula for pricing stock options and relies mainly on
the volaility (or implied volatlity) of futures market prices, risk free interest rates, and
the current price of the futures contract. In the interest of brevity, Black’'s formula will
not be reported here. Leuthold, Junkus, and Cordier present a complete explanation of
Black's formula dong with examples  For the aforementioned example, Black's
premium (PREMy) will equa $5.16 / cwt. Severd examples of actuaridly fair premiums
and premiums cdculated using Black’s method are presented in Table 4.2 to illustrate the
effects of volatility and interest rates on the cost of price insurance.

At this point the price digtribution for PRM can be specified by:
(4.8) n+ IP—PREM " i,
where PREM = PREM; for an actuaridly far premium and PREM = PREM}, for Black's

theoretica premium.
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The second risk management drategy is a subsidized price risk management
program. Specificdly, this program  will represent government subsidized price
insurance and will be referred to as SUDPRM. This insurance will maintain the form of
the European put option but producers will receive a subsidy (SUB) from the government
that is a certain percentage of the premium. Thus the distribution for SUbPRM becomes
(4.9) n+ IP.— PREM + SUB*PREM, " i,
where PREM can represent either PREM; or PREMy, In this study SUB = 50% resulting
in an out-of-pocket expense for SUbPRM of $1.01 / cwt when PREM = PREM; and $2.58
for PREM = PREM)y. It should be noted that this subsdy level was chosen smply to
illugrate the effects of a government subsidy. Subsidies on crop insurance premiums are
limited to 59% while the Dary Options Pilot Program subgdizes 80% of dary option
premiums. Based on these programs, subsdies on livestock insurance premiums could
fdl anywhere in the 59% to 80% range. The dexriptive datisics for dl three
dternatives are reported in Table 4.1 and the CDF of each is shown in Figure 1. With the
three choices clearly laid out, it is now possble to smulate poducers acceptance of the

dternatives by ranking the choices E-V and SD criteria.

Ranking the Risky Alternatives

Theranking of Nolns, PRM, and SubPRM will be accomplished in a two-step
process. Fird, only the choices of Nolns and PRM will be available to producers. Under
this scenario there are no government incentives that subsdize risk manegement. A
producer must choose to be fully exposed to market risk or attempt to manage that risk at

some cost determined by the futures market.
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The second scenario will compare Nolns with SUbPRM.  With government
subgdies in place, PRM would 4ill be a feesble dternative.  However, no rationd
decision maker would choose PRM. This is because SubPRM dominates PRM under the
E-V framework for dl vaues of F, dnce the variance of prices under each dternative is
the same but the expected price of SUbPRM is greater. Furthermore, PRM is dominated
by SUbPRM in the sense of FSD. This makes it unnecessary to evauate the two using
SSD or SDRF gnce the results will hold (Robison and Barry). In other words, for the
second scenario anyone wishing to manage marketing risk would aways choose
SUbPRM over PRM and anyone wishing to take on that risk would dways choose Nolns,
therefore PRM is never in the risk efficient set. This procedure will be used firg
asuming actuaridly far options and insurance and subsequently assuming Black’s
theoretical premium for each. The results of this ranking are presented and discussed in

the following section.

Results and Discussion

Scenarios 1 and 2 (Nolns vs. PRM and Nolns vs. SubPRM, respectively) were
andyzed udng E-V and SDRF. Computer software developed by Cochran and Raskin
was used to rank choices by SDRF. This software has previoudy been used to rank risky
dterndives rdating to both feeder cattle marketing (Harrison et d.) and crop insurance
programs (Williams et d.). Goh et d. offer acomplete description of the software,

In scenario 1, under both E-V and SDRF, producers who have any levd of risk
averson will choose PRM when the options are actuaridly far. Risk neutral producers

would be indifferent between Nolns and PRM. However, snce the decrease in variance
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comes a no decrease in expected price, it is reasonable to assume that risk neutra
producers would purchase the fairly priced options. Based on these results, producers
who maximize utility based on income redized a least 50% of the time choose PRM.
This comes as no surprise snce the actuaridly far options decrease volatility without
decreasing expected price.  Only risk preferring producers (i.e, F < 0) would not
purchese the options sSnce paying a premium diminates some podtive price risk
asociated with sdling feeder cattle. When options are priced using Black’s method, a
narrower range of risk attitudes prefer PRM to Nolns. This result is dso expected since
Black’'s premium decreases the expected price dong with volaility. In this casg
producers evaduate this tradeoff according to ther leve of risk averson. The results of
this comparison are reported in Table 4.3. The next step in the andysis is to evaduate the
effects of a government subsidized insurance in the form of European put options.

An anticipated effect of a subsdy on the purchase of insurance is that individuds
who previoudy receved no magind benefit from the managing the rik of thar
respective operations now redize a benefit and therefore purchase insurance. This result
is demonstrated across both methods of risk analysis as well as both methods of gotion
pricing. For subsidized insurance based upon actuaridly far options, SDRF indicates
that a greater amount of producers (relative to E-V) who would not choose PRM in
scenario 1 choose SUbPRM in the second scenario.  This difference in the two techniques
is shown in Table 4.3. These differences are due to the fact that SDRF bases decisions on
the entire digtribution of each dternative while EV rdies solely on the first two moments
of the digribution. SDRF recognizes, to some degree, that primarily downsde risk is

being foregone and therefore even individuals with only a dight averson to risk would be
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better off utiliziing PRM. E-V merdly recognizes that the variance has decreased a the
expense of a decreased expected price and judges the tradeoff accordingly with no regard
to the type of risk that has been mitigated. It should be noted that when premiums are
actuaridly far, both E-V and SDRF show that some risk-preferring individuds would
actudly purchese the price insurance when premiums ae subsdized.  Under both
techniques, these are individuals who prefer more risk to less because they are willing to
wesether the volatility of a marketing strategy due to the chance of large payoffs a times.

Rdative to actuaidly far premiums, subsidized insurance based upon Black’s
theoretica premiums is not the risk dominant choice for as many risk atitudes. This is to
be expected since Black’s premium offers roughly the same benefit a a higher cost. This
is a useful comparison since Black's premiums more accurady reflect actud option
premiums faced by producers. Therefore willingness to purchase PRM and SubPRM at
Black’s premium should more accurately describe willingness to buy rea world options
and subsdized insurance.  As mentioned ealier, it is possble to cdculate this willingness
to pay for both PRM and SubPRM.

The E-V agpproach cdculates an individud’'s CE (or risk-adjusted returns) for a
given dtudion. Given this CE it is possble to approximate the willingness to pay by
producers of different risk atitudes for PRM and SubPRM. It should aso be noted that
this willingness to pay assumes that PRM and SubPRM are the only marketing srategies
avalable to livesock producers and that they are mutudly exclusve. This does not
dradticdly limit the discusson as this study looks to identify broad trends in the effects of

subsidized livestock price insurance on risk faced by producers.
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Willingness to pay for PRM and SubPRM can be determined by comparing the
CE of Nolns with that of PRM and SubPRM, respectively, assuming that PRM and
SUbPRM were free. That is, equations 4.8 and 4.9 were modified to leave out the
(PREM) term. The CE of Nolns was then subtracted from each. The result is the
maximum premium that a person of each risk dtitude would forgo to utilize the risk
management drategy. These measures of willingness to pay are shown in Table 4.4.
Willingness to pay for PRM is the same under actuaridly far premiums and Black’'s
premiums. Introducing a subsidy obvioudy changes the willingness to pay for these risk
management products. As expected, for both actuaridly far premiums and Black's
premium, the CE (and therefore willingness to pay) increases by the amount of the
subsidy. Since Black’s premium is larger and he subsidy is based on a percentage of the
premium, willingness to pay for SUbPRM is aways greater usng Black’ s premium.

Once the subsdy is introduced, under ether premium cdculation method, a
producer can now redize the same expected price variance as with PRM but now redize
a higher expected price. This means that SUDPRM actudly has a lower absolute volatility
(CV.)) than PRM (see Table 4.1). All individuas who did not wish to purchase PRM and
for whom this increase in CE reaults in a willingness to pay that is grester than PREM
will now purchase SUbPRM. It is ds0 true that any individud whose CE is greater than
PREM in scenario 1 would choose to purchase PRM. EV anadyss dlows these changes
in willingness to pay to be examined for al levels of risk averson.

The case of the risk averson levd of 47.5% assuming an actuaridly far premium
provides an interesing example of how the margind benefit that comes from managing

rsk is affected by the subsdy. In scenario 1, an individud with risk preference leve of
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47.5% would be willing to pay only $1.36 / cwt for PRM and if forced to pay PREM for
PRM would redize a margind benefit of -$0.66 / cwt (willingness to pay — PREM).
Under Scenario 2 the same individud is willing to pay PREM for SUbPRM and receives
a margind benefit ($0.35 / cwt) from doing so. The same scenario exigs for the risk
averson levels of 525% to 62.5% assuming Black’s premium. It is important to note
that no risk-preferring individuas are persuaded by the subsidy to purchase subsidized
insurance under Black’s premium.

In the presence of greater price voldility, risk management results differ from
those reported previoudy. For example, if a futures price volatility of 18.14% is used to
dmulate the marketing aternatives, Black’s premium will be $7.19 (see Table 4.2) the
subsidy will result in risk neutral producers purchasing subsdized insurance.  The
subsidy of $3.60 would be greater than 11.11% voldility since it is based upon a
percentage of the premium. In fact, in this scenario, the expected feeder cattle price with
subgdized insurance is greater than with no price protection and the volatility is lower.
Therefore it is unambiguous that al risk neutrd and risk averse producers prefer to
purchase subsdized insurance.  Consequently, this implies that subsidized insurance
dominates no price protection in the sense of SSD. It should be noted that if the subsidy
were increased by at least 10%, E-V results dso indicate rik preferring individuds
would actudly be persuaded to purchase subsidized insurance tha is based upon
theoretically correct options. Furthermore, under an 80% subsdy (the level of the Dairy
Options Filot Program) some risk preferring individuds (al those with a risk averson
level of 40% or greater) would purchase subsdized insurance. Other results from this

level of volatility are not reported but are avalable upon request from the authors. For



the riskier dtuation, the subsdy is greater. This indicates that, as long as the subsidy is
based on a percentage of the premium, producers facing a more volatile expected price
will receive a greater benefit from the subsdy.

These results show, as anticipated, that offering a subsidized insurance product
could very well effect the decison-making process of certain producers, depending upon
their risk attitude. In generd the subsidy obvioudy makes SUbPRM more dtractive than
PRM to dl producers. However, for many producers, the difference is enough to actualy
change their optima risk management Srategy from doing nothing to purchasing price

insurance.

Summary and Conclusons

Livestock producers, like dl agriculturd decison makers, will choose production
and maketing practices tha maximize utility. The feasble production and marketing
practices will generdly have some levd of uncertainty associated with them. How an
individud evduates thee feagble dternatives to maximize utility is a function, in part,
of his or her atitude toward risk (Anderson, Dillon, and Hardaker; Boisvert and McCarl;
Hardaker, Huirne, and Anderson; Robison and Barry). This study focused on marketing
risk and bascdly ignored production risk (and dl other sources of risk) during the
andyss. In the case of a backgrounder looking to sdll feeder cattle in roughly 5 months,
the marketing risk or uncertainty is the feeder cattle price fluctuation over tha 5 months.
In the real world, producers can purchase European options to establish a price floor thus
mitigating the downdde feeder catle price fluctuations  This sudy introduced this

marketing dternative (with premiums cdculated actuaridly and usng Black's method)
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dong with the dternative of not managing price risk in Scenario 1. Next, in Scenario 2,
subsdized insurance, in the form of subsdized European options (once again, with
premiums cdculated actuaridly and using Black’s method) was offered dong with the do
nothing drategy as dternatives. For both scenarios the optimd choice for a variety of
rnk averson levels was chosen usng E-V andyss and SDRF. The differences in the
two scenarios were interesing and highlighted the effects of a subsidy on the risk faced
by livestock producers.

In Scenario 2, when subsdies were based upon actuaridly far premiums, a wider
range risk dtitudes including some risk preferring individuds, found price risk
management appeding. This was true for both ranking techniques. E-V results show
that the margind benefit producers redize from managing price risk is increased by the
amount of the subsdy. This trandates into an increased willingness to pay for subsidized
insurance compared to fairly priced options (see Table 4.4). This trend was aso observed
in the redidic case involving premiums cdculated usng Black’'s method.  Furthermore,
as feeder cattle price volatility increased, the effects of the subsidy incressed in terms of
persuading individuds who previoudy did not manage risk to do s0. These results
should be of concern to policy makers. If individuals who have an inherent desire to seek
risk (i.e, F < 0) now redize a pogtive margind benefit from purchasng insurance, it is
concelvable that they will use this benefit to finance operation expansons or new
ventures that require taking on additional risk. This practice can result in producers
bearing as much or more risk as they did before the subsdy was introduced.
Furthermore, the very presence of this subsdy as rent to be collected by livestock

producers can change the structure of livestock production. If rationd decison makers
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redize that this rent is availdble to them only if they produce livestock, then livestock
production may then become a desrable (possibly optima) method of earning income. If
producers are atracted only by this rent, they may or may not have the management skills
to run a livestock operation. In these cases subsidies could go to fund livestock price risk
management that is being used in lieu of sound management practices.

These ae only some of the possble generd effects of subsdized livestock
insurance. It is beyond the scope of this sudy to atempt to quantify production
reponses to subsdized insurance.  However, by using proven and accepted tools for
evaduating risky decison making and by obsarving past indances in the crop sector, as
this paper has done, it is possble to form hypotheses concerning the possible changes in
beef production brought about by subsidized price insurance. This study presents two

hypotheses:

Hypothesis 1. Beef prices could reman a depressed levels for anormdly long time
periodsif subsdized price insurance is available to beef producers.
Hypothesis 2:  Some leved of beef production would take place that would not exist

without subsidized price insurance for livestock.

Economic theory combined with results of this andyss can be used to judify
these hypotheses.  If the additiona benefits redlized due to the subsidy are used to invest
in increasing feeder cattle production, there are likely to be noticeable changes in beef
cattle production. For example, when market prices for beef are low enough, a decrease

in the quantity of finished cattle (cattle ready for daughter) occurs.  This results in a



decreased demand for feeder cattle by feedlots which trandates into lower feeder cattle
prices. In this case the backgrounders examined in this study would now be willing to
pay less than before for weaned caves. As a response to this, cow-caf producers are
likey to liquidate herds to some degree and decrease caf production. Unless there is a
change in consumer demand for beef, this decrease in production by the entire sector is
eventudly redized a the daughter level and prices begin to recover. While this cycdle is
less defined in recent years, it can still be observed in besf production.

With subgdies on price insurance in place, backgrounders (and other levels of
productions) would now be responding to sgnds that are based on receiving this subsdy,
in addition to market sgnds. They might find that there is no reason to cut back
production so quickly when prices are declining since they are guaranteed the subsidy in
addition to a price floor. If feeder cattle production was kept a higher levels than the
market would normaly support there would be more finished cattle and, subsequently,
more beef than the market demands. This excess supply could serve to keep beef prices
and catle prices & other levels of production low for prolonged periods of time.
Smultaneoudy, production would be a abnormdly high levels. Furthermore, individud
livestock producers might utilize riskier management and/or production drategies given
their expectations of recelving the subsdy. Taxpayer dollars in the form of subsdies
would be financing livestock production that, otherwise, would not be taking place.

As dated earlier, these hypotheses cannot be tested as of yet. However, the tools
used to identify and explain the generd trends in supply response are well established and
accepted methods of andyzing risk. Given this ad that the hypotheses drawn here can

be raiondized usng basc economic theory, they warat a reasonable leve of
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congderation. The results of this study and the hypotheses offered in this section should
serve to give some perspective to the dructuring of these livestock insurance policies and

provide afocus for future research in this subject area.
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Table4.1. Descriptive Statistics of Three Price Distributions of Feeder Cattle
Marketing Alter natives

Mean Standard Deviation CV.
($/ cwi) ($/ cwt) (%)

No Price Risk
M anagement 88.50 9.843 11.11
Actuaridly Fair
European Put Options 88.50 7.396 8.38
Subsidized Insurance Based on
Actuarialy Fair Premiums' 89.51 7.396 8.26
European Put Options
Priced via Black’s Method? 85.29 7.396 8.67
Subsidized Insurance Based on
Black’s Premiums!+? 87.90 7.396 8.41

1. The subsidy equals 50% of the option premium.
2. Premiums were calculated Black’ s formulafor theoretical futures option premiums assuming a current
futures price of $88.50, 11.11% volatility, 4 % risk freeinterest rate, and 150 days to maturity.



Table 4.2. Actuarially Fair Premiums and Black’s Theoretical Premiums for
European Put Optionsfor Feeder Cattle

Risk Free Volatility Actuarialy Far Black’s Theoretica
Interest Rate of Futures Prices Premium Premium
(%) (%) ($/ cwt) ($/ owt)
4.0 11.11 2.02 5.23
15.14 331 6.40
18.17 4.29 7.19
6.0 11.11 2.02 5.16
15.14 3.31 6.33
18.17 4.29 7.11
8.0 11.11 2.02 5.09
15.14 3.31 6.25
18.17 4.29 7.03

Note: Current futures price is assumed to be $88.50 per cwt. The drike price is $84.07 / cwt and the
option is assumed to expirein 150 days.



Table 4.3. Ranges of Risk Aversion Levels for Which Each Marketing Alternative is
Preferred to No Price Risk Management Under Expected Value Variance (E-V) or
Stochastic Dominance (SDRF) Analysis

Range of Risk Range of Risk
Aversion Levels Aversion Coefficients*
Actuarially Fair
European Put Options
E-V 50.0% and greater 0.0 and greater
SDRF 50.0% and greater 0.0 and greater
Subsidized Insurance Based on
Actuarially Fair Premiums
E-V 47.5% and greater -0.01780 and greater
SDRF 40.0% and greater -0.05145 and greater
European Put Options
Priced via Black’s Method?
E-V 65.0% and greater 0.07830 and greater
SDRF 72.5% and greater 0.12202 and greater
Subsidized Insurance Based on
Black’s Premiums?
E-V 52.5% and greater 0.01780 and greater
SDRF 55.0% and greater 0.02562 and greater

1. Risk aversion coefficients were calcul ated viathe procedure offered by McCarl and Bessler. A brief
explanation of the interpretation of this coefficient is presented in the text of this paper. See McCarl and

Bessler for adetailed presentation.

2. Premiums were calculated Black’s formulafor theoretical futures option premiums assuming a current
futures price of $88.50, 11.11% volatility, 4.0 % risk free interest rate, and 150 days to maturity.
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Table4.4. Willingnessto Pay for European Put Options

Risk Aversion Risk Aversion European Put Options
Level! Coefficient?
($/ cowt)

5% -0.33455 -12.03
30% -0.10657 -2.46
40% -0.05145 -0.14
42.5% -0.03864 0.40
45% -0.02562 0.95
47.5% -0.01780 1.27
50% 0.0 2.02
52.5% 0.01780 2.77
55% 0.02562 3.10
57.5 0.03864 3.65
60% 0.05145 4.18
62.5% 0.06508 4.76
65% 0.07830 531
67.5 0.09231 5.90
70% 0.10657 6.50
72.5% 0.12202 7.15
75% 0.13728 7.79
77.5% 0.15361 8.48
87.5% 0.23388 11.85
95% 0.33455 16.08

1. Risk aversion coefficients were calculated via the procedure offered by McCarl and Bessler. A brief
explanation of the interpretation of this coefficient is presented in the text of this paper. See McCarl and
Bessler for a detailed presentation.

Note: Willingness to pay represents the amount that the risk-adjusted return per cwt is changed when
European put options are purchased. To determine whether a decision maker of a given risk aversion level
would purchase these options or subsidized insurance this willingness to pay can be compared to $2.02,
$1.01, $5.23, and $2.62 for actuarially fair premiums, subsidized actuarialy fair insurance, options priced
via Black’s method, and subsidized Back’s premium. Black’s formula assumed 11.11% volatility, 4.0%
risk free interest rate, and 150 days to maturity. In all cases the subsidy used was equal to 50% of the
relevant premium.



Figure 4.1. Cumulative Didgribution Functions of Feeder Cattle Marketing
Alternatives
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Note: The distribution of No Price Protection is based on an expected price of $88.50 / cwt with a volatility
of 11.11% distributions of Fully Priced Options and Subsidized Insurance are based on actuarialy fair
premiums and a 50% subsidy of that premium, respectively.
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CHAPTER YV

CONCLUSIONS

Summary of Risk Analyses

Beef producers, like dl famers, must make decisons such as input sdection and
how to market output in an uncertan environment. Backgrounders in particular must
purchase feed ingredients and weaned caves with the intention of feeding the caves and
sling them as feeder catle in a few months.  The net income risk of a backgrounding
operation is dradicdly influenced by the risks surrounding the purchase of feed
ingredients and the sale of feeder cattle.  Backgrounders who are risk averse would prefer
to forgo some amount of expected net income to redize a more predictable net income.
The amount of net income that a producer will forgo in exchange for a decrease Iin
volatility of net income is dependent upon his or her levd of risk averson. While
drategies exis for risk averse producers to manage net income risk, there are other
potentidly effective drategies that have gone rdaivedy unexplored. This sudy
introduced and evaluated two such nove risk management drategies. These drategies
ae amed & managing net income risk by managing risks associated with purchasing
feed ingredients and sdling feeder cattle, respectivdy. A summay of the andyss

regarding each of these sirategies follows.

Summary of Optimal Feed Ration Determination
Given the impact of feed cost on totd livestock production expense the
determination of a feed ration warrants careful consderation by livestock producers. A

common gpproach to this determingtion is identifying the minimum cost combination of



avalable feed ingredients that satify nutritiona requirements using linear programming.
Liner programming modds tha sdect minimum cost feed rations have had a
pronounced presence in academic research and are prevaent as goplied decison tools.
Although useful, these modds have genedly ignored the risks associated with
purchesing feed ingredients, of which feed ingredient nutrient varigbility and price risk
ae the mog criticd. Therefore, it is worthwhile to expand the traditiond mode to
choose optimd rations conddering variability in the nutritionad compostions and price
variability of feed ingredients.

The traditiond mode was expanded in Chapter 111 to consgder nutrient variability
and price risk. This expanson included introducing a Merill’s technique for modding
technicd coefficient uncertainty and an E-V framework to consder objective function
risk. There were both methodological and gpplied contributions to agriculturd economic
research resulting from this expanson.

Chapter 111 contributed to the mathematicd programming literature by explicitly
modding the problematic issue of technica codfficient risk usng Merrill’s approach.
Due to limitations of computationd solvers, Merill’'s approach is absent from the
literaiure with the exception of one study in which Wicks and Guise utilized a linear
goproximation of the technique. Given the advancement of computationd solvers for
optimization and the recent avalability of relidble feed ingredient nutrient variability
data, this study was able to model Merrill’ s gpproach directly.

A contribution to gpplied livestock economic literature was the demongration that
minimum cost feed rations are not optima to dl producers. This implies that if a risk

averse producer chooses rations usng traditiond linear programming decison ads, he or
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she is exposed to more risk than would be preferred. The expanded modd dlows
decison mekers to sdect raions that are optima subject to their averson to nutrient
vaiability and/or price risk. Modd results indicate that, in many cases, producers
wishing to control the variability of nutrients in the ration need only to increase the
amounts of the optimal ingredients The magnitude of this increase will vary depending
on which ingredients are in the optimad raion with no condderation given to risk.
Contralling price risk usudly requires bringing new ingredients into the optima ration or
changing the rdative amounts of the ingredients in the base raion. Managing the two
types of risk smultaneoudy requires more complex combinations of the two drategies
listed above. These results and basic methods of managing nutrient and price risks could
be the bass for more advanced decison tools. These decison tools can present
dternative rations in the form of a st of risk efficient choices as was done in this sudy.
Decison makers can then weigh the cods and benefits of dl feasble dternatives and

then formulate rations that are optima given their individua attitude toward risk.

Summary of Subsidized Livestock Insurance Analysis Summary

Chapter IV focused on marketing risk of a backgrounder who anticipates selling
of feeder cattle five months in the future.  This marketing risk is the feeder catle price
fluctuation over that five months. Producers can currently purchase European options to
edablish a price floor thus mitigating the impact of downsde feeder catle price
fluctuations. This study compared this marketing dternative (with premiums caculated
actuarialy and usng Black’s method) to the dternative of not managing price risk. Next,

subgdized insurance, in the form of subsdized European options (once again, with
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premiums caculated actuaridly and using Black’s method) was compared to the do
nothing drategy. In both comparisons, the optimal choice for a variety of risk averson
levels was chosen usng E-V andysis and SDRF.

When subsdized insurance was based upon actuaridly far premiums, a wider
range of risk atitudes, including risk preferring individuas, found price risk management
gopeding. This was true for both ranking techniques. When premiums were cdculated
usng Black's method fewer individuds found price risk management gppeding, relative
to actuaridly far premiums, and no risk-preferring individuds were compelled to
purchase insurance at a 50% subsidy. However, as ether volatility of feeder cattle prices
or subsdy levd increassed, risk preferring individuas were indeed persuaded to purchase
insurance under Black’s premiums. It is evident how these results could be of concern to
policy makers.

If individuds who have an inherent desire to seek risk now redize a pogtive
marginad benefit from purchasng insurance, it is concevable that they will use this as
means to finance the taking on of additiond risk. This practice can result in producers
bearing as much or more risk as they did before the subsidy was introduced.
Furthermore, the very presence of this subsidy as rent to be collected by livestock
producers can change the structure of livestock production. If rationd decison makers
redize that this rent is avalable to them only if they produce livestock, then livestock
production may then become a desrable (possibly optima) method of earning income. If
producers are attracted only by this rent, they may or may not have the management skills
to run a livestock operation. In these cases subsidies could go to und livestock price risk

management that is being used in lieu of sound management practices.
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Chapter 1V evauated these results to form two hypotheses of the potential effects

of subsidized livestock insurance on beef production. These are;

Hypothesis 1. Beef prices could reman a depressed levels for abnormaly long time
periodsif subsdized price insurance is available to beef producers.
Hypothesis 2. Some level of beef production will take place that would not exist without

subsidized price insurance for livestock.

While not testable at this point, the hypotheses drawn here can be rationdized
using basc economic theory. Therefore, they warrant a reasonable level of consideraion
in the dructuring of livestock insurance products as well as future livestock economic
research. Hopefully the results and the hypotheses offered in Chapter 1V will encourage
policy makers to condder the incentives that subgdized livestock insurance actudly

introduces to producers and subsequently look to introduce appropriate incentives.

Risk Management Contributions

As previoudy dated, the generad objective of this study was to introduce and
evduate nove risk management drategies for beef producers. While risk management in
agriculture has been a widely researched area, the drategies presented in this study have
gone largely unexplored. There have been various reasons, as discussed throughout this
sudy, for the absence of the anadlyss of these drategies. However, a this juncture it is
entirdy feasble and worthwhile to examine the risk management potentid of sdecting

optima feed rations (as opposed to drictly minimum cost feed rations) and subsdized



livestock insurance. The andyss of each drategy in this study can serve to focus future
research in livestock risk management.

The mode for sdecting optimd feed rations can be applied to other types of
livestock producers such as dairies or feedlots. The mode in Chapter Il can be readily
changed to formulate raions for any group of animas for which nutrient requirements
are known. However specification of such modes may be limited by feed ingredient
data. The nutrient variability data in Chapter 111 represents perhaps the best available
data of that type. It is often difficult to obtain such data for certain feed ingredient or for
specific states or regions of the country.

While basc in terms of the methods and data used, the andyss of subsdized
insurance should offer some perspective of how useful this will be as a risk management
tool. This aspect of the andyss will soon be of interest to livestock producers as
livestock insurance products become avalable Regardless of the form these products
take, the anaytica framework in Chapter IV will be applicable to their comparison with
each other and other risk management dtrategies.  Furthermore, the andyss of subsidized
livestock insurance highlights policy concerns of making such a risk management tool
avalable to producers. Specificdly, the results show that such products can eesly
introduce unintentional incentives to producers. Chepter 1V should serve as a badc
example of the effects of risk management and its subgidization that can be modified to

examine these issues in dmost any context.



Conclusons

Given the importance of beef to the United States agricultural economy and the
trend of a decreesng government role in agriculturad risk management, a mgor role of
livestock economidts is to evduate possble dternatives for improving beef producers
aoility to manage rik. This sudy has peformed this evduation for two such
dternatives, minimum cost feed retion sdection and subsdized livestock insurance, as
they apply to a beef backgrounder. Certain results of this study are useful only to beef
backgrounders.  However, some results have a much broader application. Feed
manufacturers may aso have a desre to purchase ingredients that result in a more
predictable nutrient compogtion.  Agriculturd lenders would benefit from knowing the
effectiveness of livestock insurance as a risk management tool, as they evauae livestock
producers qudifications for credit. In addition to these applied uses of the results, the
andyticd frameworks and overdl conclusions can benefit a broad range of individuals.

Successful introduction of Merill’s technique into a mathematica programming
mode paves the way for expanded research into the effects of technical coefficient risk.
Applying widdy accepting methods to the evaudion of subsidized livestock insurance
offers a basc framework for anayzing price variability and the effects of a government
subgdy that is widdy agpplicable. In generd, the results discussed and conclusions
offered by this study coupled with the questions raised by it should serve to improve the

agricultural producers understanding of risk in agricultural decison making.
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