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ABSTRACT

’

Using experimental data, a production funcfion for feedlot cat-
tle is estimated. This informaﬁion, in éonjunction'with price informa-
tion, is utilized to‘determiﬁe economic optimum feeding methods. A
departure from conventional ecoﬁomic decision making theory is necessary
due to the nature of market price déterminations in the beef cattle in-~ -
dustry. Pfoduction decisions must be based upon diséontinuous revenue
functiéns,the implications of which are discussed in detail.

Thebhighest concentrate treatment examined was optimal within a
relevant price range. A custom féedlot owner Will maximize his net
re&enue by maximizing fhe net revenue of the owner of cattle being fed.
Cattle owners having their animals custom fed and feedlot owners feeding
their own cattle receive ma#imum net revenue over time by feeding the
animals until éverage net revenue is maximized. Maximum averageinet
revenue does not necessarily coincide with the point at which total net
revenue'is maximized for one lot of cattle, although both points occur
when the average grade, and therefore'price per cwt. of a lot changes.
If animals are fed beyond a given grade change, they must be fed at

least until the next grade and price change occurs,

ix



CHAPTER I
INTRODUCT ION

.~ Livestock production represents a significant portiqn of Arizona's
agricultural sector. In 1976; 41;5.percent of the cash receipts from
all farm marketings were from livestock and livestock produét sales.
Tétal cash recéipts from iivestockvand livestock product'marketings were
- $534.4 million. Fed cattle marketings im Arizona totaled 795,000 head
in 1976, |

Over 25.7 billion pounds of beéef were consumed in the United
SfateS‘in 1976,.énd ovef 90 percent of this meat was produced domes~-
tically. Average per capita consumption was 129 pounds.

The search'forboptimal beef production methods is therefore
highly important not only to the beef producer interested in supporting
himself, but alsé to most Americans who take part in the consumption of
such a large quantity of beef.

Although economic theory has begn utilized to varying degrees inr'
the study of livestock production decisions, many important questions
remain upansweréﬁ° While traditional app:oaches to livestock production
?roblems have provided us With a framework for analysis, strict adheraﬁce
to the general assumptions of economic theory may iead one to ignoré cer-
tain knowledgé spécific Eqvbeef pfoduﬁtion problems. This study focuses

on the application of the'theory of the firm to the beef production



2
process, keéping in mind the necessity in an applied study for the con-
clusions and recommendations fo conforﬁ to.reality.

The analysisrbegihé with a brief outline of the theoriés and
concepts of production economics which necessarily are the basis for
any study of this nature. This outline is followed by a discussion of
sdme bf thg'ﬁost important ﬁast stuaies of the economics of livestock
productioﬁ° This background allowé formulation of the anélysis éo as to

carry out the specific objectives of this study.

Objéctives and Gemeral Procedures

The first oﬁjéctive of this work is to estimate a ﬁroductiOn
fUnction for cattle in Arizona feedlots including a determination of the
rates at whichrforage and grain substitute‘in the beef-fatiening process,
‘a determination of tﬁg rate at which feeds are transformed into beef |
gains for different forage-grain rations, a determination of the time
required torproduée different levels of gain for different rations, and
a determination of carcass grade produced from various rations.

The basic déta on}feed composition, treatment of experimental
animals, weight gains and carcass grades were provided by the Depart-
ment of Animal Science, The University of Arizona, from experiments
carried out under Regional Research Project W-145. Cbst data were ob-
tained from U.S.D.A. statisfics, and information éﬁ,actual feedlot
operation were obﬁained from various sources including personal inter-
views.:

.Multiple regression analysis is used'to'estimate a growth'rg_

sponse function for the experimental animals. Marginal rates of



subétitﬁtion>are éxaﬁined,'and an-élasticity of production coefficiént
déterﬁineah' Equations relatiﬁgAféeqrcdnsumption to time are estimated
for different ;ations;rand the relationship 5etween carcass grade and
rétioh.fed afe'estimated,’

The second and{final-objective of this study is to estimate,
undér different frice'éonditions, the combinations of feed, gain, car-
cass grade, énd the number of ldts per yvear that would maximize yearly
net revenue.' This objective is carried out from the points of view of
a feedlot owner feeding his own cattle, a custom feedlot, and a cattle
owner having his animals custom fed. 1In each case ﬁhe optimal solution
is confrasted With the optimum which would oécur if the objective were
to maximize net revenue from one lot of cattle.

This objective is accomplished by combiningrphysiéal information
derived under the first objective with cost and price data, andjapplying
accepted prinéipies from the theory of production. When this theory in
some instances proves inadequate the decision rules are modified as
necessafy to complete the determination of economic optima under condi-

tions conforming to reality.



CHAPTER II
THEORETICAL BACKGROUND

Decison making at-the firm level is basnd upon what is commonly
called production economics, a science dealing with the pfoduction of a
commodity or commodities from various combinations of inputs, or factors
of production. Produntion economics cnnsists of a set of theories
based uponvboth physical and enonomic relationships, and is utiliéed
in developing business strategies with sone objective, most qommonly

profit maximization, in' mind.

Production Function Concept’

Production functions provide the physical nr biologicai informa-
tion necessary to the decision naking process. A production function
expresses the Varions combinations of inputs that are needed to produce
a given quantiiy of output, or the manimum possible output which can be
prnduced with any specified quantities of the various necessary inputs,
given a particular state of technoldgy.

Physical production may be a function of any number of resources.
and may exhibit any of several types of input—output relationships
(Figure 1). Additions of each successive unit of a resource, other
inputs held constant, may increase output at é constant rate; an in-
creasing,;ate, orAa decreasing rate; It is also possiﬁié for all of
the above fatesito.exist nt some point in n-given productinn process as
depicted in Figure 1d. .Acnording to the‘lén of diminishing rétufnsﬁ'

.
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Figure 1. Output responses to increasing input levels.



_whére éﬁ_least one inpuf ié heid‘éonééaﬁt, some level'df iﬁputrof any

other factor.of productioﬁ exiéts iﬁ ény_pro&ﬁctioﬁ process beyond
.which fhe ad&ition of each successive unit'of.an input Wili increése -
output at a &eéfeasing rate (i.e., point a in Figure 1d).

Once é production-fuﬁctibnvis estimated fof any'productibn
process, additional physical relationships ¢aﬁ be derived from that
function whicﬁ are nécessary iﬁ the décision making process. Thé most .
'.imporfant'of these relationshipé'are marginal physical product functions, -
average physical product fﬁnctions, product isoquants, marginal rates of
Subétitution, and the elasticity of production.

vThe marginal physical productvof ény-input is defined as the ad-
dition to output which occurs as the fesult'of the addition of one more
unit ofrthat particular input, all.otﬁer inpﬁts held conétant@ Graph- -
ically, it is seen as the slope of thé'total physical product fumction.
Mathematically, marginal physical product (MP?) can be expressed as:

_ 3TPP
MPPX B 3xX

where TPP is total physical prodﬁct, or a mathematical expressioﬁ of the
relationship between the product>and the input X, all other inputs held
constant.

Buse and Bromley (1975, p. 109), define average physical product
(APP) as.the total amount of output divided by the total level of the
vériable input used to produce that quantity of output. Algebraically,
average physical product can be calculated as:

TPP

APP = =5
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Gfaphicaily, the averagé-phﬁsical>pfoauct fpr éﬁy level of variable in-
put is fhe Slope ofné line frbﬁ the origin to thé point oﬁ-thé TPP curve
which is of intéiest,r‘Figuré 2 shows a "textbéok type" total bhysical
productvcufvg With itsrassociéted éverégé an&~margina1:physical producﬁ
'cﬁrves, |
In'any production pfocess there,ére 1ikely to be variable inputs
.which substitute for each other to somevdegree within certain ranges of
both inputsf The physical concépt which indicates at what ;ate any two
inpufs substitute for éachvother is that of the isoquént, or isoproduct
‘curve.  An isoquant is.a liﬁe in the resource plane which shows all pos-
sible cbmbinationé of two variable inputs which will prbducé a givén
ievel of output. An isoquant map showé a number of isoquants for dif-
ferent levels of output (Figure 3). Isoquants are aerived from a produc—
tion function, ;n the case of two variable inputs, by dlgebraically
manipuléting the function so that the quantity of onekinput is expressed
as a function ofroutput and the.quantity of the othe; vériable input,
all other inputs except those two held cohstant. The marginal rate of
subStitutioﬁ (MRS), of one input for another is given by the slope of
an isoquant, and tglls}the amount ﬁy which one input will change when
the quantity of another input changes and output remains constant. Iso-
qﬁants are generally thought to have negative slope, as illustrated in
Figufe 3, and to be convex to the origin.

Elasticity of production is defined as the pgrcentage change in
outﬁut which Wiil occur as a result of a one percént increase in‘input,

or:
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Figure 2. A total physical product curve with associated average and
marginal physical product curves.
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‘Production is commonly divided into thtée‘stages which are &efinéd Ey the
elasticity éf éroduétion. Stageréne of produ@tion.eXists when the
elasﬁicity ofvproductioﬁ is greater than one and thé M?P is greater than
APP. 1In stage'one both total and average product will be increésed by
‘utilizing more of the vériablevinputs,' Stagé two is that rangé of pro~-
duction in which #he elasticity of'productioﬁ is a value between ieror
and éneo MPP is less than APP, But greater than zero. When the elas-
ticity of production is less than zero, production is said to be in
stage three° "if production is in stage three, discarding some of the
vaiiéble resourcelwill increase the return to both fixed and variable
resources (Heady and Dillon 196i, P. 46), Ecoﬁomically, as long as a
firm is not influencing prices, it should produée at least to the point
of"maximum APP, or the beginniﬁg of stagé twé, and not past the point of
maximum TPP, if it produces anything at all.

,SO faf the discussion has only inciuded physical relationships
involvedvin»production. In order to cbmplete,the"decision-making process,
information is needed about the values of relevant inputs and outpqts;
The following section describes the use of price information in conjunc-
tion With‘information derived from production functions so as to deter-

mine economic optima.

Profit Maximization
Although profit maximization is not necessarily the objective of
every business firm, it is probably the most extensively used criterion

upon which economic decisions are made. For this reason it is assumed in
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fhe following discussion that the cbjective of the firm is to maximize
profit; |

In ofder to proéeed withvthis anal&sis it is necessary to defing
gertain terms. Economic profit is the difference betweeﬁ total revenue
and total coét° Total revenue is the revenue received from selling Y .
 vunits 6f ouﬁpyt at:albrice ny  Total.cost consisté of all fiﬁed costs
plus the cost of whatever amount of each variable input is used, in-
.cludiﬁg somé payment to the entrepreneur. Mafginal faétor cost is.&e—
fined as the change in total cost which occurs with the introduction.of
one addit;onal unit of input.  Total value product (another exp;ession
.of TR) is equal to the priée:ofAthe output times the quantity of the
output or TPP. Avgrage value prodqct is defined as the price qf the
.1output times APP,vand marginal value product is equal to the price of

the output times MPP. These relationships are summarized below:

7 = profit = TR - TC
TR =P Y
y
TC = FC + P , X,
xi i
_ JTC
MFC = 32—
VP = Py o TPP .
AVP = P - APP = Sl
y X
dT
. = P ° B2 eem—
MVE = By o MPP = Ty

Buse and Bromley (1975) suggest that there are three fundamental
questions to be answered when making}production decisions. First, what
product should be produced? Second, how much of that-pfodﬁct should be

f_produced? And finally, what is_ﬁhe best’poésiblégﬁeaﬁs?tb accomplisﬁ' --f
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tﬁat éroductioh? Since this study.focusesidirectly upon cattle’feedlots
already in existénce, the product to be produced has already beeﬁ chosen
and ié{liverbeef, or fed cattle. The first question having been
énéWered, the remaining-twb deserﬁé further attention. 'Specification‘

- of the‘optimum‘quantitf of inpgts autdmatically specifies‘an optimum
oﬁtput for-a giﬁeﬁ'totél physicél product fﬁncti-on° Therefore, by deﬁer—
mining the best_possibie me;ns of prodﬁctibn, one also determines how

" much of the product should be produced.

Eéonomic theory states tﬁat'in ordef to mékimize prqfits the
firm shouid utilizé each input'to the point.whére the ﬁVP of that input
is equal to the marginal facto: cost of that input (MFC); if the feed-
lot can be assumed to be buyingvits resources in a competitive market,
the marginal factor cdst of aﬁy reéoufce is equai to thé pridé of that
resburce. This necessary conditionrfor profit maximization can be ex-

pressed mathematically as:

where Py is the price of the output Y, Pxi is the pricévof the input Xi’
and;%§.:is the MPP of Xi in the prodﬁction of Y. If only one variable

i .
resource is utilized inlthe production process, and VMP is assumed to be
declining, the above condifion is sufficient for profi£ maximization.
Howéver, a production'prpcess in which more than one variable factor of
production is-used has the possibility of substitution of inputs,v 1f in~-
puts can bevsubétituted for one’another, an»additional critefion bec?mes

relevant for profit maximization. Factors should be utilized in the

production process in Such proportions that the marginal rate of
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substitution of any input for another is equal to the negative of the

- inverse priée ratio of the two inputs, or:
' P

i
dX2 PXl
where Xi énd X2 are factors ofproduction'and PXV and P are their

X
: 1 2
respective prices. If both the above conditions exist simultaneously,

the combination of inputs, quantity of each input and quantity of output
which should be produced is specified so as to maximize profit. These

profit maximizing conditions are illustrated in Figure 4.

"Revenue Maximization over Time

While profit maximization for a single production period may be
accompliéhed uéing the techniqués déséribed abbve, ﬁrofit méximization
over time is not accomplished by simply repeating the above pfocess over
and over again if the firm runs a continuous operatioh. A feedlot is a
goo& exampie of such én operation. "In a continuous operation, in which
each lot of cattle is replaced immediately by a new lot, the operator is
concerned with maximizing his average net revenue over time" (Faris
‘1960, p. 755). Faris (1960, ﬁ. 766) states that the optimum time to
replace enterprises that can be held various léngths of time is when the
"marginal net fevenue from the present enterprise is equal to the'high4
est amortized preseﬁt value of anticipated net revenue from the fol-

' If enterprises are to be replaced within the span

lowing enterprise.’
of a year, as they are in feedlots, it can be assumed that the discount

rate for time preference is zero, and amortized present value becomes .

equal to expected maximum average net revenue. The optimum feplacement-



Figure 4.
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Tangency of dotted lines and iso-
quants indicates optimum combina-
tion of inputs.

slope of dotted lines = -2

LINE OF LEAST COST

INPUT X

M.V.P (ASSOCIATED WITH LINE
\ OF LEAST COST )

M.FC.(COMBINED)
Px, + Px

INPUTS X,d X

Optimum proportions of inputs and total quantity of inputs
which will maximize net revenue.
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timeé then occurs_wheﬁ marginal net reﬁénue from the présént lot equéis»
exéected maximum.aver;ge neﬁ.reﬁenuevfrom the ﬁéxt lot. If feeding is

:'continued beyqnd this point; marginal net revenue will be less than
maximum average net reveﬁue for the ﬁexﬁ iot, reducing totalrrevenue'
for the year. |

'.Thé'preceding.pérag?aphé have ekplored the basic principlesbof
produc£ion_theory necessary to any study of production and economic
optima. Becaﬁse of the naturelof the actual béef cattle production
and marketiﬁg processes, the above theory may need to be modified in

empirical application. Such modifications are presented in Chapter IV.




CHAPTER IIT -

LIVESTOCK PRODUCTION-STUDIES:
THE STATE OF THE ART

Anéiyses of the many fécets of livestock production have taken
‘place oVervmanyvyears, and-haye included purely physiological as Well'és
economic étudies. The present paper is concerned with determining the
physiological reébonse of:feedlot cattle'to various experimental treat—
ments,.and thé économid implications of the obéervedvresponse. How~
ever, before this analysis takeé place it méy bé useful to examine some
of the paét work‘in thisrarea to obtain an historical background and

present status of livestock production studies.

Conventional Approach

A detailed study of the cattle feeding industry in Arizona was
carried out by Menzie, Hanekamp and Phillips (1973). A discussion of
physical and economic characteristicé of commercial cattle feeding opera-
tions was emphasized Witﬁ investigations into custom feeding practicés,
the Arizona feed situation, supplies of feeder éattle, governmental
cbntrols,-sources and methods of feedlot financing, and fatrcattle
marketing. Although some of the numerical values presented have changed
since the tiﬁe of the study, a firm bésis for an.understanding of the
Wéy feedlots_in-Arizona o?erate is presented.

| ~Some ofAtbe earligst and_most qomprehensivebecoﬁomic studies of
. iiveétopk prodgc;ibn_weﬁe qarried out by Earl 0. Heady in conjgnction

16
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with vafiéus others. fhe most.sigﬁificant of_thésevwere'"Production
Func;ions’and Substitution Coefficigﬁts for Beef".(Heady and Dillon
1961) and "Beef-Cattle Produétion Fuhctidﬁs,in Forage ﬁtilizafién"

(Heady etral. 1963). fhe firét of these studies utilized existing
experimental data in the es;iﬁation of béef cattle prbdﬁction functions.
" The sééoﬁ&"utilized data froﬁiexperiménts designéd specifically for |
that'stﬁdyo The.objectives and procedures for both stuaies were
similar. bTherefore, a &iscussion of the 1963 study cdvers the procedure
and findings of both eXperiments.

The experiment was carried oqt-to determine the combinations of
pasture forage and corn Which-would maximize profits. Specifically, |
the problems addréssed were of selecting thé least-cost pasture forage-
corh ration, that would place the beef cattle on the market finished to a
given grade, at_the time when the expected market price would maximize
profits.

Seﬁeral alternafive least.squares regression equations were
used to estimate ?roduction surfaces with the besf results being obtained
from quadratic functioné. The functions estimated included beef gain as
a function of pdunds of corn,.poundé of roﬁghage and temperature devia-
tions from the mean maximum temperature forvthe overall feeding period.

From the estimated production functions were derived the marginal
rateé of substitution of corn for soilageva; various levels of beef gain.
These marginal rates of substitution were found to bé diminishing°

Time eqﬁations:ﬁere estimated which expfess the total time re-
quifed to.consume’a given éuanti#y of corn and soilage as.a function of

‘the corn and soilage fed. These equations were used to predict the time
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'requifed to producé various levels of gain for &ifférent séilage-corn
‘rations. It was fdund that the time required to produce # given level
ofbgain.decreasés és the‘ptopo;tion of corn in thé ration increases;
Also, for a givgn feeding périod, the maximum level of ggin is attained
wiﬁh the heaviest corn ratioﬁ. |

The éteersvwére graded at definite‘intérvals dﬁring the feeding
period andka functibﬁal rel;tionship that expréssed grade.as a function
of the corn and soilagé fed was estimated.

| Price functions which'repreéented‘the grade of the steers during
lthe feeding period as well as the market price associated‘with:that grade
Were derived and used.in profit equations. Estimated profits from feed-
ing steers various rations for feeding periods of various lengths under
various feed—pfice_éSsumptions were presented in tabular form. Usually,
the greatést profits were obtained by feeding the heaviest corn ration,
but when the.price of soilage was low relative to the price of corn, the
moé£ profitable ration included less corn.

Equations and a procedﬁre also are given-in the text for ob-
taining ﬂxaoptimum feeding period for any given ration under different
feed-price conditioﬁs, and for obtaining the optimum ration with dif-
ferent feed-price assumpfions°

Goodric‘h-et‘al° (1974) did statistical and economic analyses of
17 uﬁiversity experiments to determine the influence of corn silagé
level on the performance of steer caives,fed to market weight. Théj
'fpund that average daily gain wés influenced in a quadratic manner by -}
percent corn.silagé in thé rationy apd'a givén iﬁcréaéé iplthe aﬁount of

‘corn silage decreased daily gain to a.gfeatei'eXtent when High'levels of"
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corn silage ﬁere,fed than when the ration contained léw léQéls of corn
éilage,. Amount of feed per 100 pounds-of gainlincreased 1ineérly as
the émduﬁt_of co#g'silége increased. ‘

_Nonfeed' costs for'6OQ_p0unds of gain increased, but feed costs
decfeased,‘as the_amount of éorn silége in the ration increased. TFeed
coéts utiliéed in'this'éﬁudf favored the feeding &f high silége rations
for ome lot of cattle, Eut iﬁ must;be realized that animéls fed 80% corn
silage take about:2-1/2 months longer to reach markét weight than those
fedlloz silage dry mattéf° For feeders that keep their lots full at
aii times, the corﬁ price at which high silage rations Should be fed is
dependeﬁt on the ﬁagnitude of the gross margin (market value minus
initial cost). At large gross margins, high grain rations should con-
tinue to be.fed eﬁen théugh,the corh‘grain price is high.

Zulbérti, Reid and Casler (1973) state that "biological af-
ficiency" is equivalent to the "average physicalAproduct" of economics.
They preéent the computational equations to calculate the'volﬁntary
déily intake of beef cattle for a'given set of values of the variables
involved, and the rate of gain any intake produces. Their findings
indicate that as daily intake of feed of a given quality increases, .
biologiqal efficiency (body weight gain per kg of feed) also increases.
This incfease occurs 5ecauée a large portion of the feed intake is
uéed for maintenance and‘only a relatively small part fér production.
The above implies‘that average physical prOduct is continuously in~-
éréasing for feed of any,concentfation'until the daily volﬁntary intake
restriction is reaéhed. 'Asia result, ad libituﬁ feeding systems are.

always the thimum way of feeding if feeding:ié to take place at'éll{_
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A study which éxamined the cﬁdicé of the optimum type as well
as the economicaily optimum.ambdnt of ration for féeding cattle in Ari-
zona was carried dut.by Farrish and Marchello (1976). They found that
the.optimum welght steer to produce inc?eases with either inéreases in
"Vthe price of fed cattle or decreases in feed prices,rfor either a low -
br a high>éon;entréteIrafionor However, for>the high grain ratiOn, tﬁe
optimum weight of steer to produce never exceeds 1,000 pounds under any
of the price conditions examined. The claim is also made that the like-
lihood of the low grain ration being more economical increases as the
weight of steer produced increases. Their results indicate.that in the
recent pasﬁ it'ﬁay have paid cattle feeders in Arizona to produce some-—
what lighter aniﬁais and‘to utilize other ﬁhan high grain ratioms.
| Although the Farrish and Marchello study dealt specifically with
cattle feeding in Arizona and utilized data from the same project as
this study, theif results are questionable for several reasons. First,
ﬁhe data utilized were insufficient causing the_estimaﬁed production
functions to be statistically insignificant. Secondly, a correct dis-
tinction between fixed and variable costs was not made and consequently
deterﬁinations of economic optima were inaccurate. Finally, replacement
of cattle for year-round feeding and implications of the ownership of

cattle béing fed were not examined as decision making factors.

The California Net Energy System

In 1968, Lofgreen and Garrett introduced the California net
energy system designed for use in the growing and finishing phase of .

the beef'céttle industry. This system was tested over- the years at
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experiment statious, iﬁ commercial feedlots, and by nﬁtrition consultaﬁtsi
_ working with the cattle feeding industry and ifs_adaptébility to praCrr

tice has been deménstrated. Thé system was first presented in:the-
scientifié literature in 1968 by Lofgréen and Garrett.

Thé system separétes the requirements for maintegance‘from those
for bo&y wéight géin and expresses ézﬁet énergy value féi each of these
two functiens. Ihis separation is necessary because'fhe partial ef-
ficiency of energy utilization for ﬁaintenance is higher than it is for
production; THe net energy of a feed varies with the level df feeding,
being higher at low levels of feeding and decreasing as feed intake in;
creases. It is obVious, fhgrefore, that a system based upon net energy
must take this difference into consideration by listing separate net

"energy values for different physiological functions or incorporafing
efficiéncy of uﬁilization values for these functions.

The mosﬁ recent and most comprehensive presentation of the above

system is given in a publication entitled Nutrient Requirements of Beef

Cattle (National Academy of Sciences 1976). Included are discussions of
feed conéumption and rates of gain, nutrient requirements of growing
cattle, and the composition of feedstuffs including the energy value of
various feeds.

Ewen M. Wilson (1976) utilized the California NetvEnefgy System-
to test the hypothesis that feedlot cattle production takes ﬁlace in
Stage I and to anélyze relative economic efficiencies of two energy-
sQecific rations. He concludéd9 as did Zulbérti et al._(1973) Ehat cat—
tle feeding is constrained by vo;untary appetite to Stage I of produc;,.

tion, where the production function is expressed as théhdaiiy-feed—gain 3



22
relationship for rations of specified_energy density. The implication
is that in a pasitiVe pfofit situation cattle éught to be fed for maxi—ﬁ
num daily gain,‘since.this is equivalent to the lowest attainable point
on the average cést cur#e. When fwd rations of different energy concen-—
trationsbwére compared,rthe.higher energy ration was preferred on grounds
of physicél andveconomic efficiency over a relevanf range of corn énd
bcattle prices. . ‘ 'f - .

The most extensive applications of the California net energy
system have been made by Ray Bfokkén and associates. They assert that
traditional models for*ésseséing technical and economic efficiency of
cattle féedingvhave been found to be inadequate (Brokken et al. 1976).
His objective, therefore, ié to develop.an alternative frgmework for
estimating effeets of changes in ration nutrient concentration on animal
performanhe under a fange of production conditions and types of aﬁimals,
The framewoik is incofporated in a dynamic profit function and its use
discussed and demomstrated under various optimizing criteria. Brokken
sths that high energy rations remain economical evén at relatively high
grain prices. This £rgmework implies sigmoid shaped grain-roughage
isoquants concave to the origin over the finisﬁing range of grain-
roughage fatios, and convex at lower grain to roqghagé ratios.. In ad-
dition, trade—off cufves fof:successive levels of gain become progres-
sively tipped in favor of grain; This progressive'tipping_suggests
that a high roughage ratien is relatively more efﬁiéient in the early
stages of a finishing program (although such a ration ﬁay not be optimpm)A
and tﬁat a high concentrate :ation becomes relati§ely moré éffiqient

as the finiéhing program‘progresses;



23
Akstudy by'Sonka,‘Hea&y éﬁd Dahm (19765 estimated gain isoquants
to be used in a deéision model for swine production. Histofic5estimates'
of livestock production functions have ﬁsed fepeated obsérvations on the
same animals to estimate the overall gain surface. These estimatesl
thgrefore invoive autocorrelation. To circumvent this problem the
aﬁthors estimated géin isoquants direciiy by means of an instrumental
variable apbroach. A swine eXperiment was designed for the purposé
with protein supplement and corn serving as the substitute inputs, and
- with protein‘supplement estimated.as thé instrumental variéble° Iso-
quant equations were then predicﬁed for various Weighf intervals.
_ . ,
Although this experiment.was with swiné, it seems that a wvalid
method fdr 6btainingvgood estimates of gain isoduants has been documented
which can be applied to any li&estock feeding experiment which is de-
signed accordingly.>
_The studies which have been mentioned.in this section are bj no
means all of those de;ling with the economics of livestock productiom.
They do, however, discuss most of the prinéipal developments in this

field of research. The insight provided by the authors mentiocned, as

well as others, serves as a starting point for this study.



CHAPTER IV
ANALYSIS OF THE PHYSICAL/BIOLOGICAL DATA

The'déta utilized in this study were generated through the co- -
' opération of the Exﬁeriment Stations of Thé Universify bf Arizona, New
Mexico State University and Utah State University as a part of Western
Regional Research Project W-145, entitled "Impacts of Relative Price
Changes of Feeds and Cattle on Mafketing of U. S. Beef." In addition,
cooperatibn was received from~£he Chavez County Cattle Company of Ros=-

well, New Mexico, in execution of the feeding trials (Marchello 1976).

Experimental Design

Sixteen steer calves of mixed breeds were ébtained from each of
~twelve cooperating ranches in Texas, Utah, New Mexico and Arizona. At
the outset of the experiment these calves were about six months old,
weighed between 450 and 500 pounds and had been weaned approximétely
three weeks before. Of the sixteen calves from each herd four were
slaughtered to give initial carcass composition information, and the
remaining twelve were randomly assigned to three feedlot treatments and
two replications.

The three treatments basically consisted of a low, medium and
high concentrate ratioﬁ, Table 1 shows the'composition of the four
basic rations that were fed in varying prdportiéﬁs to make up'the three

rtreatments, All_ratiéns included Ruménsin and Stilbesterol. Animéis
“on tﬁé low condeﬁtrate ration'(treatment.l).&ere fé# ratioﬁ-l_pr rafioﬁz"
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"Iable 1. Composition of experimehtal rations.
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Ration No.

c. Bay Mix consists of hay and a wormer.

1 2 3 4
(ingredient) — = - - - =~ - percent -~ — - - ~ -
Corn 56.0 56.0 40,0 77.5
Alfalfa 35.0 32,5 50.0 12.0
Beet solubles® 6.0 6.0 8.0 6.0
Fat .5 .5 - 1.0
Premixb 2.5 2.5 2.0 3.5
Bay Mixc - 2.5 — —
TOTAL 100.0 100.0 100.0 100.0
a. Steffen's Filtrate.
b. Premix Supplies: Pro/NPN, CA, P, K, Mg, Salt, AmSOA, Vit., A.
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>2 for the first‘37 days, and ratiop number B‘for the femainder of the
'feédihg périod° Calves'on'trégtment II, or the medium concentrate
ration, &ere fed rétiqﬁ 1 or fation 2 for 37 days, ration 3'for 57 days,
ration 1 or 2 for 61 dayg an& finally ration number 4 until termination
of the feeding(period..'Steérs on the high concentrate ration (treatment
III) were fed ratiom 1 or ration 2 ﬁor 94 days and rétién 4 for the
remaindérrof the feeding peribdn These three treatments were fed i;
sixrpens with 24 steefs per pen;

| The calves were gréup weighed by pen and entered the feedlot dn
"December 1, 1975, Termination of the feeding'period occurred when the
individual animals atﬁained an oﬁfside fat thickﬁess over thé‘twelfth
rib of not more than 0.4 of an inch, as detefmined by ultrasonic
ﬁeasuremént, or when the animals had been on feed for a total maximum
- period of 220 days.
| The animals were group weighed by pens after 30 days on feed and
fhen at 28 day intervals until March‘23, 1976, Beginning at this point
‘the steers were weighed weekly until all animals were removed from the
feedlot. The animals were fed "ad libitum" and daily observations were
- made on the amount of feed intake by each pen.

At the conclusion of the feeding tfials carcass data including
yield and quality grade'were assembled. Iﬁ addition, a consumer ac-
ceptance survey was carried out to determine if there were significant
differenéés in the acceptability of the beef resulting from différeﬁt'.

feeding regimes.
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ﬂ'Experiméntél inadéquaéieé,

iDesigning.an experiment, the results>of Whiqh wili iend them—
sel&és_té econdmic énalysis,.is‘gn important step in applied research.
Design is often a difficul; task, butvone deserving considerable atten-
tion since inferences derived from‘improperiy or inadequately generated
data can only at-besﬁ be weak.
| This particular_eXpefiment was designed with very little thought
about the economic anél?sis which Wpuld follow. Although one objective
in the proposal for this projéct wés to "ascertain theléconomics of dif-

ferences associated with feeding regimes,"”

it appears that the experi-
ment was designed primarily to.detéfmine aﬁd evaluate differences in
_carcass characteristic”resﬁlting from different feeding regiﬁes. An
»adequaté economic evaluation of various feeding regimes would require
that.certain experimentai.procedures be changed.

.The moét important dgterminations that need fo be made in order
io makimize net revenue in a feedlot situationrare: what ration to feed
-and for how long? Necessary information includes data which allow es-
timation of a production\function from which marginal rateé of substitu-
tion of wvarious feeds can be derived, as well as a periodic appraisal of
the animals to determine at What point in the feeding process changes in
quaiity occuf. If new information is desired, experimentation should
also take place in ranges outside of currently accepted practices.

.The.current experiment provided data Whichvallow estimation of a
fprodﬁction function, but one with little Statisticél significance. Had
" the aﬁimals been,weighed more often a better regression equatién pos-

sibly éould_haVe been fit éimply due to the increased number of
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observations. An iﬁqrgased number of replications.of‘eéch treatment
. would increase the &egrees of freedom availébie for hypothesis_testiné
aﬁdlgive more significancevtq sﬁch tests{ Since an animal's weight de-
pends greaﬁly upon ruﬁen £il1l at tﬁe'time of Weighing, more accurate
observation of weight COuldvbévobtained by weighing thevanimals-on,eaéh
of two sucqeééive days and using thé average:of the two dbéervéd weights
as the experimental observation. |

Isoquants showiﬁg éhe marginal rates of substitution of various
Afeeds could not be estimated from the current data because of the nature
of the three experimental treatments. Specifiéétion of feed isoquants
“would require thaf a minimum of three separate rations be fed. Accurate
specification of isoquants would require that ﬁore than three separate
rations be fechovering tﬁe range between the physiological minimum
amount of roughage (about 10%) and 100% roughage. ‘Although the current
experiment included three feeding treatmeﬁts, these treatments only in-
cluded rations with concentrate levels of between 507 and 85%. This is
thé range that is most likely to be utilized according to current feed-
lot practices, but it tells us nothing of the possibilities of feeding
léwer thaﬁ 50% concentrate rations. The three treatments also were set
up in such a manner that only during a 61 day period in the middle of
the expgriment were three different rations fed simultaneously; Since
the animals on the three rétions during this period had been tréated
differently prior to the peridd, little can belsaid.abogt:roughage-
bconéentrate tradevoffs even during the time when three separate rations
nge being fed. One method of expe;imentatiénhwhich Would allow estima-—

tion éf roughage-grain isoquants would be to place all animals in a.
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_feedlot sitﬁafidq and feed them a starting ration for a given lengfh of
time so that #hey would become accustdmed-to somé’grain consumption.:.Af
the conclusion of ﬁhié édjustment period animals_shouldrbe randomly
éssigned’to at least six treatments varying in concentrate levels‘from
- zero to QQ%, with as many repliCations.as possible. Once an animal is
aséiéned to a particular.ration'it:should remain on that ratioﬁ for the
remainder of the feeding period.

- The length of the feeding period céﬁ be determined in many pos-
sible ways, but some criterion for termination of feeding must be chosen
which requires ail of the animals in a given pen to be fed for the same
1éngth of time,xsince.the pen must necessérily be the gxperimental unit
in trials of this natﬁre° This experiment allowed animals to be removed
from any pen a few at a time 6Ver arperiod of 35 days, rendering any ob-
servations taken after the first group of animals was removed useless.

The average Weight of the animals upon terﬁinatiOn of relevant
data gathering was 947.5 pounds. This weight eliminates examination of
the possibility that the economic optimum weight of animal to produce is

- greater than 950 pounds. Experimentation outside of the range of cur-
rently accepted practices is désirable.

The transition of an animalrfrom feeder calf to live beef is a
production process which involves notbonly additions to weight, but also
changes in carcass composition. These cafcass characteristicé are just
as important as ﬁinal Weight inlthe detérmination of the market value of
the product. An economic énal&sis bf,the éptimum feeding peridd must
therefore include not only inférmation about weight gain, but also in-

formation about carcass characteristics, the most important of which are-
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quality'gfade'énd yield grade. - An adequaté eXpefimént would provide ob=
servations 6n weight gain as well as periodic appraisals of the grade>
of animals. The current experiment.iﬁcluded no obsérvatiéﬁs on grade
until the end of the feeding period. Therefore, it cannof be deter-
_mined at what point in the feeding process thé animals made the transi-

tion from a product of one value to a'product‘of a different value.

Production Function Estimates

In Or&errto estimate a producfion function for any production
process one must have some preconceived notion of what are the important.
inputs and output. in the beef production process the transformation
is made from a 1ight weight animal of given quality to an animal of
heavier Wéight and perhaps of. a different quality. The appropriate
dependent variable in a beef production function then appears té be
weight gained. Cﬁangés in the quality of beef that occur during the
feeding’process are reflected in the value of the animal and need.not
be a part of the production function itself.

Although many fixed‘andvvariable factors of production are in-
volved in cattle feeding, the main determinants of weight gain appear
to be fhe amount and type of feed fed, the length of the feeding period;
and the weather conditions during"feeding. For this reasomn theseAfactors
were utilized in various ways as independent variagbles in estimation of
alternative beef cattle production functions. Several-different'alge—
braiclforms of equations were estimated from the data generated in the
experimenté deécriﬁéd above,vusing the_téchnique of brdinéry least

squares ‘regression.
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. Basic'Equatiqns ' L -

An eéuétion ofrthe quadratic form was estimated and is presented

beiow: - | 7 | | ‘
G = -3.37085 + 14.76367C ~ .10515C° - 2.15051R + .02490CR - .49842T (1)

where G is pounds of beef géin, C is pounds of concentréteé, R is pounds
‘of £6ughége and T is the deviation from normal temperatuge &uring éaéh
observation period. The coefficient éf deﬁermination, standard_errors
and "t" statistics for equation D) ére preseﬁted in Table 2. The quad-
ratic form wés chosen beﬁause of its ability to portray the diminishing
returns which afé'suspected to exist duringlﬁhe~relevant portion of a
feeding period. Although the coefficient of determination for_this
eduation‘is quite high, only C and C2 have estimated coefficients which
ate statistically significant at the 90% levél or better. The particular
computer program that was used for this analysis does regréséion in a
stepwise manner. Therefore, those independent variables with the high=-
est simple correlation with the dependent variable ente: first into
tﬁe regression equation. Concentrate was the variable which entered
on the first step of this regression. The coefficient of determination
affer step one was .96878, indicating that the addition of the other
variables in subsequent steps added little to the overall explanatory
power of the regression equation. This phenomenon probably occurred
because of multicollinearity, of a stfong correlation between the iﬁ—
depén&ent variables. The simp;e'co;relation coefficient between rbugh—
age énd coﬁcentrates ié»0.698.> This correlation between roughage and
concentrates.iS»one which is una?éidaﬁle»in an expériment such as this, -

because for any amount of concentrates consumed by a‘pen of animals on a



Table 2. Coefficient of determination,

for equation 1.

standard errors and. "t" values
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C Standard
R2 Independent error of et

variable ‘regression value

coefficient v

. 98459 c 1.18023 12.509
c? ' 0.02272 4.627

‘R 1.41429 1.521

R2 - 0.03861 0.249

CR 0.05214 0.478

T 0.65480 0.761
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particular ration, there is a cdrfesponding'given quantity of roughage
which wiil be consumed. | 7 .

| Aﬁtocorrélation, or aﬁ interdependencg among suCceséive values
of the distufbance term was also present, as evidenced by-a Dﬁrbin—
Watson statistic ofv0.66l76, a ﬁalue below the criticéi value of 1.39.
Autdcor&elation is to be expected when thé déta consiét of successive
obsefvations on any oné iot of sfeers. Autocorrelation is a-vioiation
ofrone of the basic aésumptions of the regression model and results in
4grea£er than minimuﬁ variance estimators of the regression éoefficients.
The results are "tﬁ ratios, Rz and F statistics that are biased upwards
“rendering invalid oﬁr statistical hypothesis tests.

There are methéds which may be used to correct for autocorrela-
~tion. The procedure selectéd here is one described by Kelejian and
Oétes (1974; p. 195). When équation l‘is corrected for autocorrelation
the résultihg équation is:

G = 27.17538 + 9.85075C + .05065R -',0430802 +

(1.844) (4.391) (0.025) (1.323)

| - (2)

.024248% - .03663CR + .03946T

(0.394). (0.477) (0.125)
where the variables are as described for the previous equation and the
nuﬁbers in parentheses are the relevant "t'" values for the estimated
coefficients. The Durbin~Watson statistic for this equatioﬁ is 2°2i4929
a value less than the éritical value of 2.30 indicating no autocorrela-
tion? bﬁt the R2 value decreased to 0.57585 and the signifiéance level
of both C .and c? decfeésed.

The explanatory pdﬁer aﬁdrsignificanég levels ofAthe’above

- production function estimates are iess than completely satisféqto%y,4
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Othér algebraic ﬁoéms of ‘the production function wefe'estimafed using
the same variables; These.fqrms included square-root and exponeﬁtial
~functions. ©None of these functions fit the data quiteras well as does
the quadratic form, and all estimétes are plagued with multicollinéaf—
ity, autocorrelation and low significance éf estimated‘regression cqef—'
ficients. Erroneous spgcification of the iﬁportant indebendentAvari—
ables is indicated by the consistent lack of significance found. Tem-—
peratufe deviations seem to have no effect on gain, andbalthough feed
must be included as an explanatory variable perhaps the experimegtal
desigﬁ is such that the bréakdown into’roughage'and concentrates is in-
correct. | |
The California Net Energy System as devéloped by Lofgreen and
Garrett (1968) provi&es an éitefnative to:the_traditional breakdown of
feeds into rpughage‘and concentrates. Since energy is the primary féed
ingredient which contributes to weight gain it séems reasonable to ex-
. press feed values in terms of energy when discussing contributions to
gain. The appropriate energy measure for gain estimation is net energy,
- which consists of the energy left in the digestion process after all
losses such as undigestable feed residue, urine, gases and heat are re-
moved. Net energy must be further divided inﬁo’net energy for main-
tenance (NEm) and net energy for gain (NEg). The divisiop accounts for
the differences in efficiency of‘digestibn that occur depending upon
ﬁhether energy is used to meet thé animal'’s maintenance needs or for
weight gain (National'Aéademyvof'Séiences_1976). | |
- In order to determine if éome relationship‘dées indeed'exist

between the ﬁet energy for gain value of a ration and the weight gained
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by énimalsbon thét‘fafion; the feed data from fhis'experiment ﬁere con~
vertéd tb NEg valpeé and plotted graphicélly_againstiéain (Figu?e 5).
Such a relatiqnsﬁip'éppearsbto exist and least squares regression was
ﬁsed to estimate the funétion describing it. | |

Functional forms estimatéd include linear, quadratic, square-
root, exponentialland semilog. Only‘the‘mostvsatisfactory of tﬁese
forms, thevquadratic and equnential are discussed here. -

" The quadratic form eé;imate of the production function is:

G = -5.01280 + 15.88774N — 0.12398N° 3
(0.361)  (13.400)  (5.373) |

‘.wherevG refers to:pounds of weight gained; N refers to M Cal. of NEg,
and the values in parentheses are the corresponding "t" statistics.
The Durbin—Watsonvstatistic for this equation is 1.709, é value greater
. than the critical value of 1.700 indicating é lack of autocorrelation.
The coefficient of determinaﬁion for equation (3) is .946.A The coef-
ficiénts of both N and N2 are significantly different from zero at a one
percent level of,significancg, and the signs of the coefficients are as
- expected.

From the production function estimated in equation (3) can ber
derived an expression for marginal physical product:

e
dN

= 15.88774 - 0.24796N (4)
Setting equation (4) equal to zero and solving for N gives the quantity
of net energy for gain which maximizes total physical ptoduct. This
value is equal to 64,072 MCalo, and corresponds to a gain of 504-pounas
or a tdtal maximum_weight of 947 pouﬁds. Hdwevef, this Value is incon-

sistent with logic. Animals fed beyond a Weight of around 950 pounds
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.ﬁili-not Begin'to losé'wéight. While tﬁe quadratic function fits well
within the limited range of thé data, it is rejected on the basis of
this 1ogical iﬁcongistenéy.

| Anoﬁher equétion estimated was 6f the form:

G = aNbeu ' (5)

where G and’N are as defined above, e-is'the base of the system of
natural logarithms, "u" is a disturbance term and "a' and "b" are the
parameters to estimate. To estimate the'nonlinear relationship, it is
necessary to transform it into a linear form using the log transforma-
tidn; Taking the log of each side of.(5)_ results in:

1nG = lna + binN + u - (6).
where 1ln is the natural logaritﬁm of thevvariablee EStimatiﬁn of this
equation using'tﬁe experimental data gi&es:

InG = -2.82300 + 0.841751nN 7
(16.139) (48.818) _

where the numbers of parentheses are "t" values indicating that the
estimated parameters are different from zero at a one percent level of
significance° The coefficieqt of determination for this equation is
0.971, the F statistic 2383.231, and the Durbin-Watson statistic is
;.742, indicating that autécorreiation is not a problem. To put the:
production function in its original form it is necessary to take the

antilog of equation (7). Doing so one obtains:

G = 0.05942750 84173 (8)
where a "b" value that is positive and less than one indicates diminish-

~ing returns to the variable input as expected. The estimator of "a"
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also is positive as expected. Howevef,when the antilog of 1In a is taken
l'l 13

to obtain an estimate of "a," a bias is introduced into the equation

E(lna) _ elna = a (Kelejian and Oates 1974, p. 98).

“since E(a) + e
1The magnitude and direction of this bias at the mean can be ,
calculated byAsubsfituting the mean values of gain énd NEg into the
estimated production function énd solving‘for'Va." If there were no-
bias the resu;ting value would be the same és-ﬁhe regressioﬁ.estimate
of "a." If bias exists it is of the magnitude and direction indicated
by thé difference between "a" as calculated above and the regression
estimate of "a,"~vFrom equation (8) "a" is seen to be-00059427, The
mean Qal;e of G(G) is 332.78 and N = 28,833.0. Using these values and

solving equation (9) for ﬁa" gives a value of 0.058620,

0.84175

332.78 = a(28833.0) 9)

The difference, or calculated bias, is 0.000807, a value not signifi-
cantly different from zero. Thus, bias of "a" is not an important
problem in this application,’

Implications of the Estimated Exponential
Production Function -

Conventional isoquants cannot be derived from the estimated
production function. Since isoquants show the marginal rate of substi-
tution of one input for another it is necessary to have at least two
variable_inputs-in a ﬁroduction function if isoquants aré to be deriyed
directly from that function. This production function contaiﬁs bnly_
one vgriable input; NEg. In additibn,.the data from this expgrimenf

cbver.oﬁly a small range of the possible roughage to concentrate :atibé,.



’with few-obsefvgtionS'within thét range. This problem renders it im-
possible to estimate isoquaﬁté from the data_eﬁen if a production func-
tion'containing variaBles for at léastntﬁo types of feed were acceptable.

An expression for marginal'physical'product can be obtained from
‘equation (8) by taking the derivative of gain with respect.to NEg as in
equation (10).

%ﬁ- = .0500238 0 15825 | (10)

This function is decreasing at a aecreasing rate, and éppfoaches but
.never reaches zero. This felationship implies that the total physical -
product function increases at a decreasing rate but never reaches a
-ﬁaximum. Although it seems unrealistic that cattle wiil continue gain-
ing weight if fed indefinitely, it does seem reasonable that they will
;continué to gain for some period beyond thg range of_this experiment,
which this function allows. Figure 6 shows the estimated beef cattle
production function, and Figure 7 shows its corresponding marginal
‘product function.
The elasticity of production is obtained directly from equation

(9). This elasticity is constant and equal to the estimated "b" value
as demonstrated in equation (11).

baNb

N

| '_MPP (b-1)
E, = 355 = (baN )

be
N

- .
et b (11)

o=

The elasticity of production is 0.84175, indicating decreasing marginal
preductivity,'and that production is taking place in stage IT where net

revenue maximizing principles can be:applied.
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| Time Equétions

~ As shown above, one eéuation caﬁ,be uséd.to show the relation-
ship between gain and net energf for‘gain for all of the experimentél
treatments. However, this equation ié'not adeqqate to determine eébnomié
optima because the rate at which‘epergy is consumed for feeds varying
.in concentrate level iéAdiffereﬁt; Thié differenée in fhe rate of
energy consumption causes a cofresponding difference in rates of gain.
Rate of gain is iﬁportant in:the decision making process particularly
when the objective is revenue maximization over time.,

The relationship between time and intake of net energy for gain
was estimated for each treatmept using least squares regression. Var-
ious functional forms were tried with the exponential form yielding the
most satisfactory results. The éstimated equations aré presented in
equations i2 through 14 for the low, medium, and high concentrate treat-—
ments réspectively: |

1.26201

E, = 0.07111T" " | (12)
E_ = 0.06291T 26952 (13)
B, = 0.04894T+e 31161 : (14)

In the above equations, E refers to intake of net energy for gain and

T is time in days. Each of the three estimated equations has coeffi-
cients that are highly significant at the one percent level, coefficients
of detérmination greater thaﬁ 0.99, and F values greater than 3,000.,
These tests indicéte that the overall explanétory‘power of each of ﬁhe

equations is quite high.



. 43

These estimated enefg& vaiues.for each treatﬁent over time were
'canerted to the apﬁropriate amount of feed using conversioﬁs-of 52.53
MCal. NE, per cwt. of feed.for ratiqns 1 and 2, 48.39 MCal. NE, per.
vcwt, qf feed for ratiom 3, and 60.14 MCal. NEg'per cwfo of feed for _
ration 4. Weights utilized were generaﬁed thrqugh equafion'(S)'usiﬁg
;energy‘values_as calculated above. - TheseFresults are listed in the
first three columns-of Tables 6, 7, and 8_(§p. 61~66) .

The physical relétionships estimated in this chapter are sum-
marized in Figure 8,‘ Figure 8b shows the relationship ﬁetween~time and
consumption of net energy for gain for the low, medium and high con-
centraté treatments. - At any point‘in time‘(for example-tl) during the
feeding period, animals on the low concentrate treatment will have con-
sumed the largest amount of net enefgy for gain (L), and_animals on the
high concentrate treatment the smallest amount (H). These net energy
for gain valueé may then be transferred to Figure 8a Where the gain
associated with each of the three treatments at time t is shown. The
highest net eﬁergy for gain consumption, and correspondingly the highest
gain per period of time occur as a result of feeding the low concentrate
treatment.

Conceptual Issues Relating
to Physical Results

Heady et al. (1963) and Brokken et al. (1976) are among those
who have shown that for a given feeding period the maximum level of gain
is attained with the heaviest concentrate ration. Heady et al. (1963,

p. 883)states the time required to prOduce‘a given level of gain, for
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the rations both with and without stilbesterol, decreases as the pro-

‘portion of corn in the ration increases.'

45 .

. The werk of Brokken et al. (1976) shéws an increasing rate of

gain as energy concentration iqcreaées. Figure 9 shows the relation-
ships between enefgy concentration and‘dry‘matter, digestible eneggy
and net enérgy ;'Lntake° In the region to the right of point A, rumen
fill has ceased to limit intéké and further increases in energy con--
centratién result.in é decline in dry ﬁatter intake. Although dry
matter intake is declining with fur;her incréaées in energy concentra-
tion,'digestible energy intake remains approximately constant; Since
it is known that ﬁet energy as a proportion of digestible energy in-
creases aé the energy concentrafiqn increases, the net egergy'intake
curve in Figure 9 is implied. If net energy intake increases with
energy concéntrations then it is further implied that the rate of gain
will be highef from higher concent?ate rations. This same conclusion
was reached by Montgomery and Baumgardt (1965), Dinius and Baumgardt
(1969) and Dinius et al. (1976). |

These results are in direct conflict with the findings of the
current analysis as depicted in Figure 8. Although the majority of
.evidence presented in previous studies indicates that the most rapid
» gain is to be expected when feeding a high concentrate ration, the
éptimization analysis presented in the following chapter is baéed upon
the physical‘relationships defived from the current experiment.
Economic implications of this conflict Willvalso be discussed in

the following chapter.
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Figure 9. Feed and energy intake regulation in relation to dietary
energy concentration.

Source: Brokken et al. (1976).



CHAPTER V
ECONOMIC OPTIMA

The two estimated exponential production functions relatiﬁg gain
to»NEg and relating NEg to time,’together with cost.and pfice daté, en—
able us to determine the economic optimum feeding method under various
circumstances and from different poiﬁts of view. This chapter explores
the decisions appropriate to the-objectives of net revenue maximizétion,
either from a4single‘lot of cattle,.or over a period of one year, con-~
sidering thé,duestion’ofrwhen to sell one lot of animals and replace it
with another. ‘Both of the objectives are examined from the point of
viéw of a custom feedlot owner, of a person owning cattle that are being
custom fed, and of a feedlot owner who owns the animals he is feeding.
The analysis is based.upon cost and price data which existed at the time
of the gxperiment, but repercuséions of possible price changes are also

examined.

Cost and Price Data

Value data necessary to determine economic optima in a feedlot
situation include nonfeed variable operating costs, feed costs, cattle
prices and information regarding charges made by a custoﬁ fegdlot ownér
té his client. Although substantial fixed costs exist within the éattle
feeding industry, short run production decisions are based upon Qariable
éosté and a discussion of fixea costs is not within the scope of this
sﬁudy;- |

47
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Feedlots iﬁ Arizona have'developed'aﬁ accoﬁnting system based onl,
fhé costs associated withleéch ton:of feed fed (MEnéié et al. 1973, p. 8).
_For-this reason the descriptian and aﬁélysis of costs in this.chapter
are based oﬁ costs per ton of feed fed.

Nonfeed variabié costs are those costs, exclﬁding feedy which
change depeﬁding on the nﬁmber of cattle'being fed. These costs inglude
labor, interest on operating capital, power and‘fuel, veterinary and
medical supplies, administration, consultant fees, maintenance and re-
pairs, and miscellaneous EXpenditures. Thesg costs, for wvarious sizés
of operation, are presented‘in Tabie 3.

Feed costs utilized in this study are those reported by the co-
operating feedlot as actually being paid for feed utilized in the ex-
périment (Table'4)} Iﬁdividual ration cbété based oﬁ these feed iﬁ—
gredientrcosts are presented in Table 5.

Livestock prices were obtained froﬁ a weekly summary of feedlot
and range sales in Phoeﬁix as published during the week of January 13
by the U. S. Department of Agriculture (1977). The-animalé are assumed
to have a value equal to the pricé of mixed good and choice feeder
steers at‘the‘outset of the experiment and until they reach an appr&x—
imate weight of 650 pounds. This price is $35.00 per cwt. Animals
heavier than 650 pounds éré treated for pricing purposes as fed steers,
but until they reach an approximate weight of 840 pounds are discounted
$2 per cwt. This discounﬁ is based on a cattle buyer's pfactice of
paying $2 per cwf. less thaﬁ the market price-for animals which will
yieid a carcass weighihg léss than.SOO pounds. Over fat animals are also

. : . )
discounted, but none of the animals in the current experiment reached’
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Table 3. 'Average nonfeed variable costs per ton of feed by size of
: operation, 1975.2 : .

10,000 - 20,000

to to Over
Ltem 20,000 30,000 3géggo
- head . head ) _
— — — - = $/ton of feed fed - - - - - -
Labor ' 447" 3.37 3.69
Interest_ 2.00 1.97 1.28
Power and fuel 1.33 1.19 .69
Vet and medical supplies 1.57 . 1.52 1.49
Adﬁinistrative'staff and
supplies = 1.12. 1.77 1.55
Consultant fees .23 .31 » .75
Maintenance and repairs 1.69 1.57 1.54 '
Other , .23 .26 .74
TOTAL VARIABLE COSTS 12.87 12.24 11.99

a. Updated from 1971 data using relevant index numbers by U. S. Depart-
ment of Agriculture (1975).

Source: Menzie et al. 1973, p. 9.
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. Feed ingredient éosts per tom.
Ingredient ' Dollars/Ton
Corn - 103.50
Alfalfa 64,00
Beet Solubles 64.00
Fat 294 .00
Premix 149.50

Source: Marchello (1976)

Table 5. Cost per ton of expérimental rations.
‘Ration Number Dollars/Ton
1 89.41
2 89.41
3 8L.51
4 99.90
Source:

Marchello (1976)
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_thatrstagea"Ideally'periodié observations of qualiiy grade would haﬁe
béen made throughout the experiment so that the pointé ét which grade
' changes'and acdémpanying changes in valué occurred could be determined,
bﬁt since these'observations were not made, the prices utilized are:
those associated with thélgrade of the animalé upoﬁ termination of the
experiment, The animals on the low conceﬁtrate treatment éraded good -
and are priced at $37.25 pef cwt., Steers on tﬁe medium concentrate
treatment graded mostly good, end choice, and are assigned a %alue of
$38.25 per cwt. The grade of those animals fed the highest level of
coﬁcentrates waé mixed good and choice, with an associéted price of
$39.00 per cwt.l

Additional costs which are>relevant in a custom feeding situa;
tion include charges other ﬁhan feéd that afe made by the feedlot to
the owner of the cattle. Interviews with personnel at severél Arizona
feedlots indicated that in mést cases cattle owners are charged for the
feed fed to théir animals plus a constant dollar markup on each ton of
feed fed. While the question of the optimum markup in wvarious situa-
tions could be the focus of an entire study, this study assumes a markup
cf $16 per ton, a figure repfesentative df current Arizona feedlot
practices. Additional charges are made for services such as castra-
tion, dehorning, vaccination and branding, bﬁt these fees are charged
only if the service is necessary for abparticular animal, and only

cover the feedlot cost of performing the service.

1. Lots of cattle are typically graded Choice (> 707% Choice),
Good to mostly Choice (60-70% Choice), mixed Good and Choice (30-60%
Choice), mostly good, end Choice (10-30% Choice), or Good (<.10% Choice).
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°Théoretica1 Approach

Chapter II outlined fhe traditional methods.which maf be used-to
defermine economic‘o'-ptima° However, due to the natufe‘ofrthe'empitical
results of this particula? experimént, some departure must be ma&e from
conventional methods.: |

Since isoquants cannot be derivedvfrqm fhe empirical data,
mafginal rates of substiﬁution of various feeds cannot be estimated;
Therefore, a determination of the optimum combination of feed inputs
‘cannot be made. However, one can determine which of the three expéri—
mental'tfeatments is optimum under various circumétances, without an
examination of other possible féedstuff_combinatioﬁs.
| Economic theory suggests that profits will be maximized for one
lot of cattle wheﬁ.total revenue exceeds tofal cost by the greatest
amouﬁt- This‘condition normally corresponds to the point at which mar-
ginal cost équals'mérginal revenue. However, discontinuities intro-
" duced into these functions due to the nature of market prices in the
‘beef cattle industry cause the continuous marginal approach to be in-
valid. At certain points in the production process, as grade and weight
change, the price per cwt. of the animal changes. This price change is
not only on additional gains beyond the poipt of change, but on the en-
tire weight of thg animal. As a result, the marginal revenue functions
derived frqﬁ a continuous MPP function have large peaks, and'a depar-
ture from the conﬁentiOnal marginél method of analfsis becomes necessary.

Figﬁre iO shows the discontinuous marginal revenue function and
_ thg'marginal,coét function'associated with the experimental high cqncen—'

traté treatment. The decline in marginal cost between the'thirteénth
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and foufteenth weeks occurred as a reSult-of a shift to a higher coﬁ—'
centrat‘eratioﬁ° Although.the unit cost of the second rafion was highgr,
_lésé of thié rationwwas consumed per unit of time wﬁich more than off-
set the increase in unit price; The marginal cost and marginal revenue
functions ﬁor the‘oﬁhe: two experiﬁentalrtreatments are of the séme
- ‘genéral éﬁape although the actual values are different.

Although the total revenue and cost functions for each of the
three experimental treatmenfs céntain the same discoﬁtinuities as the
“marginal functions, fheir utilization makes determination of economic
optima possible. Toﬁal-variable costs andktotal revenue were deter-
mined for each of the three feediﬁg regimes, and those of the high con-
éentrate treatment are presented in Figure_ll. Agéin the corresponding
functions for tﬁe other twd treatments are of the same general configura—.
tion. Net revenue is determined from this total cost and revenue informa-
tion and is displayed in Figure 12. A comparison of net revenue values
shows the profit maximizingxproduction point for this single>lot of
cattle.

Chapter II presented the conceptual method of maximizing net
revenue over time for a continuous'feedlot operation. This method con-
sists of replacing one lot of cattle with another when marginal net
revenue from the present lot equals expected maximum average net revenue
from the next lot. Figure 13 shows the average and marginal net revenue
functions for the high concentrate treatment. These functions are
Aﬁlagued with the same discontinuities as the'previously discussed'fuan
Fions.' Marginél net revenue is at no point equal to mékimum average net

revenué; and again a departuze=from the.Standard coﬁceptual approach 1is
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-néceséary5> Optimum replécement time mﬁst be calculated by comparing the
avefage nét revenues per.uﬁit of time Which ﬁould result from repiaée—

mént at each of the points at which the markét'price of the animal
éhanges; The maximum ié selected;' In Figﬁre 13 it appears that averageﬂ
net revenues per week are highest and approxiﬁately equal at 11 and 20
weeks of feediﬁg. Tﬁus;veither time would be énroptimqﬁ replacement‘
date. Figure 13 shows average net revenue to be highest at 11 weeks.
In reality the 11 week time would probably be too'early and may appear
~as optimum here only because of inaccuracieé in the priée—quality as-—
sumptions on which no éétual obéervations Qe}'eavailable° It is élso
possiblé that another average net revenue local maximum could appear
“at a time beyond the range of the observed data. |

- Computation of average net fevenue Values which will occur at

: various péints in time, if the present lot of cattle continues to be
fed, mustrbe based upon price expectations. Calculation of expected
average net revenue values from any anticipated future lots must also
.take price expec;ations into account. Thus, maximization of the average
net revenue for each individual lot will maximizg yearly net revenue

- 1f price expectations are accurate.

The above analysis was developed to reflect current market prac-
tices. At the present time most feedlot animals are graded and sold on
a per lqt basis. However;'it has been sgggested that animals be sold
and then.individually graded after slaughter in an effort to more ac-
cu#aﬁely refleét the true value df the final product. If the animals
were sold on an indi#idﬁal yieid and grade basis,.ﬁhe'reSUlting reveﬁue

functions would not be subject to.the previously-discussed discontinuities.f-

VL
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However; if the cattle owﬁer sold his animéls‘on anvindividual jield énd
grade basis, he would haVe no knowle&ge of the price he would receive
for hig animals until after‘théy are sol&. He therefore would not be
able to estimate a revenue function and would notbe able to make
production decisioné based upon economic criteria. Rather, he would
havé to reiy on decision rules based upoﬁ ex post.énalyses°

Economic Optima -~ The Viewpoint
of the Custom Feedlot Owner

The elements which contribute to the total revenue of a custom
feedlot owner are feed sales and the ma:kup on feed.  Total variable
costs to the feedlot'owner'inclqu the cost of feed plus nonfeed variable
costs as outlined in Table 3. Net revenue above vériable‘cost is total
revénué'minus totél Qériablé cost. Since revenue from feed sales and
the cost of feed offset one another, net-revenue above variable cost
per ton of feed can be expressed as the markup per ton of feed minus
nonfeed variéble costs per ton of feed. As long as this value is
positive thé feedlot owner will maximize his profiﬁs.or minimize his
losses (by making a contribution to fixed costs) by keeping cattle in
his lot. |

According to current practices, the representative Arizona feed—i
lot charges a‘markup of $l6.00'on eVery ton of feed sold. This markup
minus total nonféed>variable costs of $12.87 per ton of feed yields a
net revenue»abqve variable costs of $3.13 per ton of feed for a feedlot
With l0,000Zto 20,00§ head capacity. Total nonfeed vériable_éoéts'for a
feedlét Qith 20,600 to 30,000 head caﬁacity are $12,24 per ton éf feed,

frésulting‘in a net revenue above variablé costs of $3.76_per ton of feed.
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‘Feedlots ﬁith'é.capacity of ovérlB0,000 head have a total nonfeed vari-
éble.cdst of $11.99 per ton of feed which, when subtracted from $16,
yields a net fevenué éBove variabie costs of $4 .01 per ton of feed;
|  It is clear thét since net revenue above variaBle costs iﬁcreases
“linearly Withrthe'quantity of feed sold, it is the primary interest of
the feedlot owﬁer to sell as mﬁch féed‘as poséible fegardless.of the
.rétion° Such sales are probably best accomplished by keeping the lot
as nearly full as poésible at all. times, that is, by showing a record
of maxiﬁizing the profits of thé_owners of the cattle being fed. How-
1ever,.there.is7a basic conflict of interest generated by charging a
constant collar markup‘on the tonnage of feed fed,‘

The most feed per unit of fime wili be sold by feeding the low
concentfate tfeétment, However, net revenue to the cattle owner.will be
substantially decreased if the low rather than the high concentrate
treatment is utilized. Tables 6, 7,band 8 (column 9) shoﬁ the net
revénue per head which>will be realized by the cattle owner in a custom
feeding situation. fhe low concentrate treatment yields a maximum net
revenue of $13.61 per head after 128 days whiie the ﬁigh concentrate
treatment gives a maximum net revenue of $30.57 per head after 142 days,
a diffefence of $16.96 per head.‘ It is cleafly to the advantage of the
cattle owner to have his cattle fed the high concentrate ration. As |
long as animals~are in the feedlot,.the gain to the feedlot owner from
feeding the lOﬁ concentrate treatment for 128 days is $4.74 per head.
If.feeding is'conéinuéd for 142 days the gain to the feediot_owngr is

$5.58 per head and this gain incrééses_with'time.



Table 6. Costs and returns for the low concentrate treatment on a custom feeding basis.

-~ Net . Total Average “Total Total Marginal Avéfgge
Feeding - Energy Feed .per Cost per Marginal Welght per .Revenue Marginal Net Net Net
Period Intake a/ llead b/ Head ¢/ Cost d/ Head. e/ per Head f/ Revenue g/ Revenue h/ Revernue i/ Revenue j/
(days) - . (MCal) (tons) ) ($) (1bs7) ) ) () 63 SO
0 0 0 169,75 - 485.0 169.75 ~ - 0 -- .
30 5200,827 0.20026 191.46 5.44 564.8 197.68 6.98 6.19 1.54 1.55
- 37 6776.679 0.26876 198.08 6.59 584.7 204.65 6.97 6.57 -0.38. 1.31
',44. . 8433.044 0.07131 205.03 6.95 604.9 211,70 7.0S 6.67 0.10 1.11
51 10160,178 0.14567 - 2}2.28 7.25 625.2 ‘ 218.82 7.12 6.54 —O.i3 0.93
58 11950.729 0.,22276 219,80 7.52 645.7 226,01 7.19 6.21 . . -0.33 © 0,78 .
65 13798.930  0.30233  227.56 7.76 666.4 234.92 8.91 [7.36] 1.15 _
72 15700,115 0.38418 235.54 7.98 687.2 242,25 7.33 6.71 -0.65 0.67
79 . 17650.417. 0.46815 243,74 8.19Y 708.2 249.64“ 7.39 5.91 -0. 80 0.45
86 19646.583 . 0.55409 252.11 8.38 729.2 257.07 7.43 4,96 -0.95 0.41
3 21685.818 0.6418§ 260.67 8.56 750.4 264.53 7.46 3.86 -1.10 0.30
100 23765.701 0.73143 269.40 8.73 771.7 - 272.03 7.50 2,63 21,23 0.19
107 25884,112 © 0.82203 278,29 . 8.89 793.1 279.56 - 7.53 1.27 -1.36 0.08
114 28039,169 0.91511 287.34 9.05 814.5 287.12 7.56 -0.22 ~-1.49 -0.01
121 30229.,198 1.00970. 2%.54 - 9.20 836.1 ) 291;Z£ 7.59 -1.83 -1.61 -0.11
128 32452.691 1.10543 305.87 9.33 857.7 319.48 24.77 ‘ 13,61 I 15,44
135 34708.285  1.20254 315.34 19,47 879.4 327.56 8.08 12,22 ~1.39 0.64
142 36994.748- 1.30098 324,94 9.60 901.1 335.67 8.11 10.73 -1.49 0.54
149 39310.939 1.40070 334.66 9.72 922.9 313,80 8,13 9.14 -1.59 0.44
156 41655.831 1.50165 344,51 9;85 944.8 351.95_ 8.15 7.44 -1.70 0.34
163 44028,463 1.60380 354.47 9.96 966.8 360.12 8.17 5.65 -1.79 0.25
170 46427.948 364.54 10.07 988.8 368,32 8.20 I3.74 -1.87 0.16

1.70711
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Table 6. (continued)

E = .0711l1t

1.26201

where E = net energy intake; t = time

. Cumulative amount of each ration with a change in ration after 37 days.

Based upon ration costs given in Table 5.

_ ATve
Me = S

Calculated from equation (8) using energy values calculated as in footnote a.

Price changes occur after the 58th and 121st days. Prices were $35.00, $35.25 and $37.25 pér cwt.,

_ ATR

MR = S5

TNR = TR - TVC

MNR = MR - MC
_ INR

ANR = =5

Z9 .



Table 7. Costs and returns for the medium concentrate treatment on a custom feeding basis.

Net Total /\vveruge " Total’ ‘ - Total flarginal Memge
Feeding Energy Feed per  Cost per Marginal  Weight per Revenue Marginal Net . Net Net
Period Intake a/ Head b/ ltead ¢/ Cost d/ licad e/ .. per Head £/ Revenue g/ Revenue h/ Revenue i/ Revenue j/
(daysy * (MCal) () ® @ (sl L® T @) @ ® )
0 0 "0 174.48 -- 498.5  174.48 - 0o - -
30 4720,137 0.18720 194.21 4.93 572.0 ] 200,21 6.43 6.00 o 1.50 . 1.50
37 6160.034 0.24431 200,23 - 6,02 500.5 t 206.68 6.47 ; 6.45 .- 0.45 1.29
44 ©7675.660 0.06525 206.59 6.26 609.2 213.23 6.55 6.64 . ' 0:19 : .11
51 9257.936  0.13337  2.3.24 6.65 628.2 7 219.85 " 6.62 6.61 | -0.03 ’ 0.94
58 10900, 007. 0.20407 220.13 6.89 647.3 ) 226.54 6.69 L 6.d) .-0.20 0.80
65 12596.486  0.27711  227.25 7.12 © 666:5 24161 15.07 l1a.36} 7.95
72 14343.0153 0.35240 234.58 ‘ 7.33 685.9 - 248.65 . 7.04 14.07 -0.29 » 1.41
79 16135.974 0.42919 242.11 . 7.53 . 705.5 255.73 7.08 13.62 ' -0.45 1,24
86 17972.319 0.50855 249.82 7.71‘ 725.1 . 262.86 7.13 13.04 -0.58  '1.09
93 19849.434 0.58437 257,79 7.88 714.9 - 270.02 “7.10 12,32 -0.72 0.95
100 21765.049  0.07597  265.71 8.01 764.8  277.22 7.20 11.51 -0.81  0.82
107 - 23747.174 0.15229 2735.87 8.16 784.7 284.46 7.24 10.59 -0,92 ‘ 0.71
1 25704.048  0.2321v 282,18 8.31 804.8 201.73 7.27 . 9.55 -1.04 0,60
. 121 27724.095 4.31231 290.62 8.44 824.9 - 299.03 7.20 8.41 -1.14 g 0.49
-iZB 29775.898 0.39368 ‘ 299,20 8.58 845.1 - 323.26 . .24,23 134.06 lS.QS : L34 ]
135 .31858.181 0.47627 307.90 . 8.70 865.4 - 331.02 7.76 23.21 -0.94 . 1.22
142 35969.783 © 0.56001  316.73 8.85  885.8 . 338,81 779 22.08 -1.04 1.10
149 36109.632 0.64488 325.68 8.95 906.2 346.63 7.82 20,95 -1.13 .1.0()’
156 38276.762 0.73083 334.74 9.00 926.7 354.47 7.84 19.73 -1.22 0.90
163 40470.267 0.07599 343.55 8.81 947.3 362,34 7.87 18.75 -0.94 0L§2
170 42689.314 0.15286 352.41 . 8.86 967l9 ’ - 370.23 7.89 17.82 o =0.97" 0.74

€9



7. (corntinued)

E = .06291¢ 126952

where E = net energy intake; t = time,

" Cumulative amount of each ration with ration changes after 37, 93, and 156 days.

Based upon ration costs given in Table 5.

Calculated from equation (8) using energy values calculated as in footnote a.

Price changes occurred after the 58th and 121st days. Prices were $35.00, $36.25, and $38.25 per cwt.

MR = E—
TNR = TR - TVC

MNR = MR - MC

ANR = —

9



Table 8. Costs and returns for the high concentrate treatment on a custom feeding basis.

Net - Total Average Total SR Total Marginal  Average
Yeeding  Energy Feed per Cost per Marginal Weight per  Revenue Marginal Net © Net Net
Period Intake 3] Head k/ Head g/ - Cost d/ Head e/ per Ilead f/ Revenue g/ Revenue h/ Revenue i/ Revenue j/
(days) - (MCal) (tons) 9 &) (1bs.) 4 $) $) %) '
0 - ' 0 0 “163.10 -- . 466.0 163.10 - 1] . - T
30 4237.122 0.16804 180.81 4,42 . 533.2 186.60 5.88 5.79 1.45 - X.45
37 - 5578.700 0.22125 186.42 5.61 550,7 192.73 6.13 - 6.31 '.52,. 1.26
44 7002.714  0,2777] 192,37 5.95 568.5 198.97 6.24 6.60 .29 1.10
51 - 8498.261  0.33704  298.63 626 586.6 205.32 6.35 6.69 ’ .09 .96
©58 0 10059,002  0.39897 205,16 6.53 605.0 211.77 6.45 6.61 -.08 .83
65 11681.516 0.46329 211.94 6.78 623.7 ) 218.29 6.52° 6.35 : -.26 A
72 13358.565 ©0.52980  218.95 7.01 642.5 224.89 . 6,60 5.94 .41 _ - .59
79 15087.267 0.,59836 226.17 7.22 G61.6 244.79 19.90 l,l8.(_')2l : 12.68- :
§6 10864.421 0.66884 233.60 7.43 680.8 251,90 '7.11 18.30 - -.32 .1.53'
93 18687.269 ° 0.74113 241,22 " 7.62 700.2 259.07 7.17 17.85 -.45 1.37
100 20553.412 0.06465 248,71 ' - 7.49 719.7 - 266.30 7.23 17.59 . =.26 1.26
107 -22460.,736 0.13072 256,37 7.66 739.4 273.58 7.28 . 17.21 -.38 1.15
114 A 24407, 365 0.19815 264.19 7.82 759.2 280.91 . 7.33 . 16.72 ’ -.419 1.05
12 1 26391.622 0.26689 272.15 7.96 779.2 288.29 7.38 16.14 -.58 © .95
128 . ‘28411_988 0.33688 280.26 8.11 799.2 295.71 7.42 15.45 ‘ '—.69 ) .86
135 30167.093 0.40807 288.52 8.26 819.4 303.17 7.46 14.65 -.80 .77
14; 32555.687 0.48042 296.90 8.38 839.7 327.47 24,30 |30.57| 15.92 [E:EE]
lﬂQ ' 34676.620 ,55389 305.42 8.52 860.1 335.42 7.95 30.00 ~-.57 1.43
156 - 36828,844 0.62845 314.06 8.64. 880.5 343.41 7.99 29.35 . -.65 1,33
© 163 39011.380 - 0.70406 322,82 8.76 201.1 351.44 8,03 28.62 -.73 1.24

170 41223,326 © 0.78068 - 331.70 8.838 921.8 359.50 8.06 27.80 l -.82 1.16

.69



Table 8. (continued) ‘

E = .04894t1'31161

where E = net ehergy intake; t = time.

.Cumulative amount of each ratlon with a vration change after 93 days.

Based upon ration costs given in Table 5.
_ ATVC
MC At

Calculated from equation (8) using energy values calculated as in footnote a.

Price changes occurred after the 72nd and 135th days. Prices were $35.00, $37.00 and $39.00 per cwt.

_ ATR

MR = =

INR = TR - TVC

MNR = MR - MC
- IR

ANR = =

99
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But'while thé feedlot owner might increase ﬂis ﬁet'revenﬁe by |
Aféeding the low conceﬁtrate treatmeﬁt, his éuStomer will be dissatisfied .
and»in-the'future’ﬁill have his cattle fed elsewhere. In order to keep
his lot as-nearly'fuli as possible,ithe feedldt owner must keep his cur-
rent customers satisfied and attraét new cﬁétdmers by showing a record
of maximizing fheir'profits;- Having an empty lot would be much-more
costly than the shoft term gain from feeding the low concentrate ration.

Economic Optima —— The Viewpoint of the
Cattle Owner in a Custom Feeding Situation

A person owning cattle and having them custom fed receives all
of his~revénue from ﬁhe sales of his fed cattle. His total costs in-
clude the burchase of feeder cattle, and the charges made by the feedlot‘
for feed and sérvicés proQided. Costs and‘returns to a person whose
cattle are being custom fed are presented for the low,_medium, and high
concentrate tréatments in Tables 6, 7, and 8.

The maximum net revenue that can be obtained from any of the
three experimental treatments is $30.57 per head (see Table 8, célumn
9). This maximum results from feeding a lot of cattle on the high con-
centrate treatment for 142 days (column 1), at which time the animals
reach an average weight of 840 pounds‘(column 6). A comparison of the
net revenue values presented in TaBles 6, 7, and 8 indicates that if
cattle are to be fed at all, the high concentrate feeding regime is
superior.

It -is important to examine the sharp increases in'net revenue
WhiCh occur With a change iﬁ selling price éér poﬁnd° Because of the

limited nature of the cur:ent'data_only two such increases are observed
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vfor éach ekpériméntal Eréatment,‘ Iﬁ reality.there is a chénge_in prod—.
_uct valué not dnly'at the weigﬁts‘utiliéed here, but also every time
tﬂe average grade of'a‘lét chaﬁges, which could occur as many as seven
times'during the production process. Little can be said in this sfudy
, about the bther nonrecordéd price-increasés, 5ut the profit ﬁaximizing
- length of timé to feed will occur'at one of the points where there is a
change in grade. Each time a gradeVénd pricé change occurs a decision-
must be made to either sell the animalé or to continue feeding them.

If the decision is to continue feeding, the animals must be fed until
the next increase in quality gradé, unless cattle prices are dropping

so rapidly that it is ekpected that by the time the animals reach the

- mext highest grade, the price per cﬁt; for that grade will be lower than
the current price for the current grade. '

A cattle owner who is having cattle fed, and who intends to re-
place that lot with a new lot, is concernedtwith determinating the op-
timum replaceﬁent time. His objective is to maximize his net revenue
over a given period of time rather than thg net revenue from a single
iot, For the purposes of this study it is assumed that the cattle owner
wishes to maximize his net revenue over a period of one year, although
longer periods could be analyzéd using thé same methods if some discount
raté for time préference were included.

The points at which sharp increases in average netArevenue occur
are those which require examination to determiné the‘optimal replacement
time. Because.of the severe discoﬁtinui#ies pfesent iﬁ funCtiops‘de—
scribing cattle feeding costs and returns, calcﬁlations‘ﬁuSt be'made>of

the average net revenue per week which would result fﬁoﬁ feeding the



69
animals to the point Whereﬂeach of tﬁe.lOCal maxima of the.total net
revenue functioﬁ for eaéh ration aré regched. .A compérison of the re-
sulting average net revenue per week vélues and a choice of the largest
yielas the optimal replacement time.

Indications from the current dataigre that the ﬁaximuﬁfnet<
fé#enue over time will be realized by feeding the high éoncenfréte.treat-
ment. Data from Table S indiéates fhat the optimum feplacéﬁent time is
after 11 weeks of feeaing. The time required to maximize net revenue
_from a singlé lot was seen above to be 20 weeks. Although these times
are somewhat arbitrar& because of.the lack of actual~qbservations on the
time and'magniﬁude of grade iﬁduced pricé changes, they show that the
time'requiréd to maxiﬁize'net revenue from a single lot does not neces—
sarily coincide with tﬁe time ;equired to maximize net revenue over time.

Economic Optima —- The Viewpoint of the
- Feedlot Owmer Feeding his own Cattle

fhe feedlot owner feeding his own cattle receives all of his

revenue from the sale of fed cattle. Total variable costs include the
purchase,of feeder cattle, feed costs, and nonfeed variable costs as out-
lined in Table‘3 for various sizes of operétion. Although fixéd costs
exist, they are not important to the short-run decision making process.
1f tétal revenue-is greater than total variable costs the firm will
maximize prdfits or minimize losses by prodﬁcing fed cattle. Any revenue
remaining after the paymént of variable costs can be applied to fixzed
costs, which must be paid fegafdless of whether productiorn takes place.

: Total’revéﬁue &alues'fog each of the three experimentallﬁreat—._

ments are the same for a feedlot owner feeding his own cattle as they



~70
aré for a cattle owner héving his cattle cuéfom fed (Tébles 6; 7, and 8).
wa of the components of variable cost, feeder céttle puréhasé and_féed
costs,‘afe also the same. The only difference betweeﬁ the cbsts asso-~
ciated with this sitﬁation_and those of the custom sitﬁation discuséed
in ;he previous section is that custom feeding costs included a markup
'oﬁ feed, ﬁhile the'hdnéust6m feéder.faces the nonfeed variable costs
(Table 3), Since both the markup and nonfeed variablé.costs are con—
stant values_expressed on a per ton of feed basis, the current analysis
becomes-identicai to that utilized in the previous section. Total
Variable'cost figures are somewhat lower and net revenue values slightly
higher because noﬁfeed variable costs are lower than the markup of $16
per tom. However, the points in time_at Which local maxima and minimé
occur in the total:nét'revenué fuﬁdtion are idehtical. The-optimal
production decisions, therefore, are also identical. Whenever net
revenue per head‘values are positive as they aré in this experiment, -
it is in the intérest of the feedlbt owner to keep his lot aé nearly

full as possible at all times.

Impacts of Possible Price Chénges

The empirical solutions discussed above are optimal only if
market cattle prices and input costs are tﬁe éame as those utilized here.
The framework and method of analysis, however, remains vélid regardless
of changes in pricé. It is important, particularly with markets as sub-
ject to change as those for feed and cattle, to examine the consequeﬁceé

of possibie price changes,
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Yearly grain to hay ﬁrice ratios iﬁ Arizona since 1968 have
-varied between a minimum qf 1»43 in 1976 and ; maximum of 2.02 in 1974
(Table 9). At the time of this éxpe:iment~the corresponding ratio was
1.62, The ﬁigh COncéntrate féediﬁg regime prdved to be the best given
this price ratio, bpt it is possible thét a lower concentrate treatment
Iwould becoméAoptimal if’the gfain to haj price ratio changed dfastiéally.v
In order to test this hypothesis the price of cqrﬁ Wés increased to $128
per ton with all othér prices remaining constant. The resulting grain
to hay price rétio is 2:1, and the optimization analyéis was repeated.
The results of the.analysis indicate that although éll net
' revenue values decline, the highest net revenue is still received if
the high concenﬁrate treatment is followed. A possible reason for this
éhenomenon ié that there is a substantial améunt of grain contéined even
in the low concentrate treatment. When grain prices increase, the price
of the high congentréte ration increaseé more than the price of the low,
but the change in rétion price ratios is not great enough to éffset the
performance advan;ages associated with. the high concentrate treatment.
It is possible that a higher roughage ration than the highest in this
study would have become optimal with the above change in relative prices,
but with no information about mafginal rates of substitution this
hypothesis cannot be tested.
| Large changes in cattle_pfices or overall feed costs may cause
termination of feeding at some poiﬁt in time 6ther fhan when product
value cﬁanges,-if ﬁef revenue maximization from ome lot is the objective.

This situation is illﬁstrated using a hypothetical example.



Table 9. Yearly average grain to hay price ratios, 1968-76.

Average . Average

Year S?rghu? o o Alfal?a gz;i;rzzé
Grain Price Hay Price .

($/ton) ($/tom) - Ratlo
1968 f _ 41.83 26.13 | 1.601
1969 - . 46.18 27.29 | 1.692
1970 | o 47.22 32.29 1.462
1971 : 51.48 . 33.54 0 1.535
1972 52.58 35.04 1.501
1973 o . 8L.73 4217 1.939
1974 :_ 114.38 - 56.75 £ 2.016
1975 o 107.42 5846 1.837
1976 99.75 69.58 1.434

Sources: Arizona Crop and Livestock Reporting Service (1976) and
U. S. Department of Agriculture (1976).
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The generél:shapes of é marginal revenue and a marginal cosf
funqtion‘fcr_cattlé feeding‘are illuétrated in Figure 14. The large
péaké in the margiﬁal revenue function occur every time the market
priqe of the animals incféasgs bééause-of a chénge in quality grade.

The dip between points B and C océurs as a result_of a decline in the
ﬁa;ﬁe éf'énimals tHét become ovér fat. .If feed and cattle prices are
such that the marginal cosf function crosses the marginal revenue func-
tion at a péint between the last increase in product value and a decline
in product value (between points-A aﬁd B in Figute 14), net revénue will
be maximizgd by terminating the feeding'period-at the point in time
wﬁere marginal revenue equals marginal cost (point D). This case

causes an exception to the decision rule developed above, consisting of
‘comparing total net'revenﬁe values associated with each change in.quality
gréde and selectingrthe largest. If net revenue maximization over time
is the objective, replacément should take place when average net revenue
per unit of fime is at the global maximum as in the previous analysis.

If the cattle market is suchvthat feeder cattle prices are higher
than fed -cattle prices, then the analysis must change slightly. As the
aﬁimals reach heavier weights their market price decreases until they
reach a quality grade of gpod° Beyonq this point further increaseé in
qualitf‘grade will cause increases in market price. Thus, the shape of
the marginal revenue function is differeﬁt than tﬂaﬁ previously analyzed.
Figure 15 shows a hypothé;ical ma:ginal revenue function and a marginal
cost function assoeiéted with the situation in which feeder cattle prices’
afe‘higher than'féd catﬁlg priceé}' At thé'pointé in’timeVWhéq/?roduct_

value decreases there are large valleys in. the marginal revenﬁe'functionu
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Figure 14.

TIME

Hypothetical marginal revenue and marginal cost functions.

M.C.

M.R.



Figure 15.

MC.

M.R.

TIME

Hypothetical marginal revenue and marginal cost functions associated with feeder
cattle prices being higher than fed cattle prices.
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1At these points increﬁeﬁtél additiéns to cost from the continuationvof
féeding are subst;ntiélly larger than additions to revenue. Oﬁly after
.,the‘a#imalnbeginé t§ reflect changes which inéreaSe its market éfice do
the increases iﬁ revende begin to offset increases in cost at the margin.’
It is implied, therefore, that if apimals are to be fed at all, it is to
the advantage of the céttle feeder to feed‘animals‘fhat are as heavy as
possible'as feéders since heavier animals may have'already déclined.some—
what in price prior to their purchase. In addition, the animals must be
.carried completely through a'period in which marginal revenue is less
than mafginal cbst, and long"énough past that period to take advaﬁtage
of ahy price increases substantial enough to offset previous losses.

‘The imﬁlication'is that heavier animals should be produced'when feeder
cattle.pricesvaré highér than fat cattle prices since additions to total
weight contribute more to revenue than do product price increases.

Additional Conceptual Issues Relating
’ to Optimization Results

Chapter IV showed that the most rapid rate of gain, and there-
fore the highest level.of gain per ﬁnitAof time occurs as a result of
feeding the low concentrate treatment. However,_thevhigh concentrate
treatment proved to be the optimum in'al; cases within the optimization
analysis. These results occurring simultaneously imply that the animals
on thé low conééntrate treatment could have been fed at a rate somewhat
less than ad 1ibitum, reduqing cost while:maintaining the same rate»of
éain as for the animals on the high concentraté tréatmgnt.

’Zulberti et éi? (1973).and Wiison (19f6),have.pf§pos¢d fhat if

feeding is to take place at all, ad libitum feeding syétems_é;e.élways
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the optimﬁﬁ method. ~ Their analyses are based upon fhe coﬁéepﬁ—of a daily
production function, and no interaétion among successive daily gain
fﬁnction§ are considered.v They state that as déilyrintake of fegd ofr
a given quality increases, w;ight gain‘pér uni£ of feed also increases.
This condition implies that és'daily feed intakéiinéreases, ﬁhe daily
averagé ph&sical.ﬁrdduct increases until the voluntary ap?etite restric—
tion is reached. Apélying economic theory to a situation of increasing
avefage>physical product they conclude that the greatest return over
cost of the input will be obtained witﬁ the greatest.amount possible
-of the input (i.e., ad libituﬁ feeding)°

..Figure 16 shows'theoretidal déily production functions for the
three treatments included in this study with their corresponding average
phjéical pfoduct fuhctions. fhe only‘empiiiéglly obtained points are
those occurring at the appetite constraint for each ration (points H,

M, L, A, B, and Cj. The shape of the funétions is based on the assump-
tion that as daily intake of  feed of a given quality increases, weight
gain per pound of feed also increasés.'

Since\the high éoncentrate treatment is the optimum, and the low
concentrate treatment is consumed most rapidly and provides the fastest
gain, it is possible that by feediqg the low concentrate treatment at a
ratg somewhat less than ad libitum, costs could be reduced while main-
taining the same rate of gaih as provided by'the high concentrate treat-
ment. Within the limited framework provided by Zulberti et al. (1973)
and Wilson (1976), and éhown'invfigure 16, however, it éan be seen that
if such a ﬁrocedure were foliowgd-the.resultxwould be productioﬁ at a

. point (D) less than the maximum obtainable avérage physical product
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average product functions for three experimental treatments.
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(éoint C) in stage I.~_Therefofe, folloﬁing'Zulbérti et al. (1973) and.
Wiléénfs (1976) loéic, opﬁimality of ad libitum feeding éystems'is |
indicated. o | |

Bﬁt, sinéé feéding perioas are typically much longef than a day,
it seems appropriate to énalyze the ad libitum feeding question within a“
. framéwork which can aééommodate feeding over time. TFigure 17 shows such
a framework, consisting of the total physical product function estimated
in Chapter IV, and the corresponding average physical.product functioﬁ°
These functions are based on an ad libitum feeding systeﬁ.

Since energy intake is a linear fpnction of feed intake, and
Weight gain per pound of feed increases as daily intake of feed of a
given quality increases, it can be assumed that weight gain per MCal.
of energy inéreasesras daily in#ake of feed of avgiven quality increases.
Therefore, a decrease in net energy consumption which océurs as a result
of less than ad libitum'feeding‘is not a movement to the>left on the ad
libitum TPP curve but a movemernt to some point (i.e., point A) on a
lower TPP function@

Within this framework it can be seen that a reduction in the
quantity o% the low concentrate treatment fed per day, to a point Whére
the gain from this treatment is equal to the gain froﬁ the high concen-
trate treatment fed ad libitum, causes a reduction in average product per
unit of input (from point B to C), but the optimality of such a move
depends upon rétiqn costs. 1f sgch a move reduces ration»post per unit
of time and an animal of-equal qpality grade ié produce& from.botﬁ |
treatments, a reduction in feed per day'and thé low Qonceﬁtrate treat4'

ment are indicated as being optimal.



Figure 17.

TP P. ad libitum

TPP <ad libitum
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Total physical product and corresponding average physical
product functions.
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An empiricai analysis’of the conseqUences_of less than ad
libituﬁ feeding could ﬁqt.be carried out utilizing the current experi-
mental>data; A lower quality grade animal was, however, produced from
the loﬁ cdncentraté treatment, and consequently a reduced totéi.re§enue'
was received'from animals fedvthe low concentrate treatment fo a weight
" equal to fhe Weighf of the high conceﬁtrate treatment animals. An exact
determination of the consequences of less than ad libitum feeding is be-
yond the scoﬁe of this stuﬁy. The results of this study, however,
indicate that ad libitum feeding systems are noﬁ necessarily the only

optimal feeding method.



 CHAPTER VI
SUMMARY AND CONCLUSIONS

Although manyrstudieS'have examined the nature Qf beef-cattle
productiénbfunctiOns>and the méaning of these functions in decisions
involving optimization based'upon economic criteria, many unanswered
questioﬁs remain. There is no general consensus among those invoived
with livestock production studies as to the form of beef cattlé produc-
ﬁion functions° Consequently,.differences of opinion exist about |
optimum production methods. |

.The first objective éf this study was to eétimate a productioﬁ
function for cattle in Arizona feedlots including a determination of the
rates at which forage and graih substifute in the beef-fattening process,
a detefmination of tﬁe rate»at_which feeds are transformed into beef
gains from different forage-grain raﬁions, a determination of the time
required ta prdduce differgnt levels of gain for different rations, and
a determination of carcass grade produced from various ratiomns.

A determination of the marginal rate of substitution of forage
for grain was not possible because of the eéperimental design.

Multiple regression analysis was‘utilized to estimate a growth
response function from the experimental data. Several alternative
algebraiclforms'were used to estimate thié function, with the expon~-
ential form in Whichlweight gain'ié a fdnction of net energy for gainv
pfoviding the best resﬁlts° An elastiéity.of production valﬁe of 0.8

82
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indicateé fhat Beef.gainé incfease at;a decréééing rate as net enéfgy
for gaiﬁ is increased.

| Equﬁtions for each of the three(experimentai tredtments, ex—
pféssing the consumptiqn of nét energy for gain as a function of time,
wérg also estimated. An exponential form which increases at an in-
greaSing rate gave the Best reéﬁlts, These equatioﬁs were used, in>con—
junction with the estimated production funétion, to predict the levels
of gain which would be bréduqed at various points in time for the three
experimental treatments. The timé required to produce a given level of
gain ingreases as the éoﬁcentrate level of thevtreatment increases.
 Also, for a given feeding pefiqd the maximum level of gain is attained
with the low concentrateitreafment. These results imply that the low
concentrate treatment coﬁld possibly be fed at a rate somewhat less fhan
ad libitum, thereby reducing costs while maintaining the same rate of
gain as that associated with the high concentrate treatment.

The relationship Eetween carcass grade and raﬁion fed was deter-
mined at.the end of the feeding period. Animals fed the high concentrate
treatment achieved highér quality grades than<did those fed the lower
concentrate treatments. No subjéctive grade observations were made
during the feeding period so the pointé at which the animals on each
treatment changed quality grade could not be determined. ‘

The second and final objective of this work was td estimate,
under different pfice conditions, the combinations of feed, gain, car- .
cass grade, and the number of lots per year that would maximize vearly

. net revenue. This objecfivelwas examined from the points of view of a

feedlot owner feeding his own cattle, a custom feedlot owner, and a

‘



84
éattle owner having his aﬁimals custom feaa In each.case‘the optimal.
‘solution is contrasted With thé optimum which would occﬁr if the oﬁjec—
tive Weré'to maximize net revenue from'oﬁe lot of cattle.

Using the relationship between net energf and time derived under
thévpfevious objective,'énd information about.the energy concentration
of each ration,vthe relétionship between time and the amount éf feed
. consumed was derived for each ration.l Feed césts were determined and
combined with the appropriate nonfeed wvariable costs to determine total
rvariable costs per head. Wedight gain informafion derived underlthe
_first objective was combined with the starting weight of the animals
to give total weight af sﬁc;eeding points in fime, This total weight
information, when multiplied by market price, gives the total revenue
which would be received by selling the animals-at any point during the
production process. This altermative total coét and total revenue in-
formation allows a determination of the optimal production process.

Under the price conditions existing at the time of this‘experi—
ment, (a grain to hay pfice ratio of 1.6:1) the high concentrate treat-
ment should be utilized to maximize nét revenue. Even if grain prices
increase ﬁo the point where the grain to hay pfibe ratio is as much as
2:1, the high concentréte treatment remains optimal.

A custom feedlot owner receives all of his revenue from the mark-
up he charges for the service of feeding someone's cattle. This markup
is charged on a per ton of feed basis. The.custom feedlot owner, there-
" fore, maximizes net.fevenue above variable cost by selling as much feed

as possible. This condition implies keeping his lot as nearly full as
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.possible, which is best actomplishéd by shéwing a récord of maximizing
the profits of his past and cufrent customers.

| A'deﬁarturé from éonventional margiﬁél analysié isrnecessary to
determine maximum net revenue for a cattle owner having his animals
cﬁstom fed; or for'a feedlot oﬁner feeding his own cattle. This depar—'
ture is fequired because as cattle change in quality grade>during the
feeding process, their market price also changes. These price chaﬁges
cause steps to occur in the total revenue function, with corresponding
discontinuities in the marginal revenue fur;ction° Net revenue is_ﬁaxi—
mized by terminating the feeding period at oﬁe of the pqinfs in time :
where ﬁhese diééontinuitieé occur. - Net revenue from one lot of cattle
‘ié maximized by computing the net revenue value at each peak and select-—
ing the lérgest, whiie the optimum feplacement time occurs when average
net‘revenue is at the gloBal maximum.

In the feeding experiment, not all of the points at which price
changes could take place were recorded. Also, further price changes
could have occurred had the feeding period been extended. The sig-
nificance, therefore, of the empirical net revenue-values.and feeding
-period lengths reported in the text is minimal. The framework and
method of analysis deveioped here, however, has wvalidity as a dgcision
making-tool, particularly if better information than that generated
through this experiment were available. The study has broken through
the conéeptual block of ecohqmic'aﬁélysis‘generatéd by thé pervasive

, : '

influence on economists' minds of "textbook type,'" mathematically con-

tinuous cost and revenue functions. -
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