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Calf Retention and Production
Decisions over Time

David K. Lambert

Ranch production and marketing decisions occur sequentially over time as
uncertainty regarding future events is resolved. The model developed in this paper
explicitly considers the sequential nature of ranch decision making in determining
optimal strategies for calf retention and production. A number of optimal decisions
are reported for each period, conditional upon the state of nature and expected future
events at that decision node. Solutions are found to be dependent on observed and
expected output prices.

Key words: stochastic programming, ranch economics, beef cattle growth models,
marketing, risk.

Cow/calf producers face several decisions in
the fall of the year when weaner calves tradi-
tionally are marketed. The calves may be sold
in the fall or retained over the winter. If the
animals are retained, optimal rates of gain over
the winter months must be determined. Sales
can occur at any time over the period, either
during the winter or in the spring following the
feeding period. Animals fed through the winter
and not sold in the spring may be placed on
grass for additional weight gains over the sum-
mer.

Important considerations in these decisions
include current and expected future input and
output prices, the relationship between price
and weight, and animal performance on winter
feed and subsequent summer range. Produc-
tion and marketing decisions are made
throughout the period, are conditional upon
past actions, and must be made in light of
current and expected future prices and animal
performance. This paper presents a model in
which optimal feeding and marketing deci-
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sions are determined sequentially over the in-
terval following the traditional sales period.
The discrete stochastic programming ap-
proach employed (Rae 1971 a, b) provides an
optimal decision for the present period and a
variety of future actions, each of which is op-
timal for the resulting future event. Each state
of the process at each stage is conditional upon
past actions and events and upon expected fu-
ture events.

Although calves born in spring traditionally
are marketed in the fall in much of the western
United States (Gilliam), this strategy may not
always be optimal. Cow/calf production and
marketing strategies have been explored ex-
tensively in the literature. Contrary to tradi-
tional ranch practice, however, most authors
have concluded that retention of calves be-
yond weaning improves ranch financial per-
formance. Stokes, Farris, and Cartwright
examined the marketing problem in a deter-
ministic framework. Their results indicated
that net returns were higher when weaned
calves were retained and custom fed rather than
being sold outright at weaning. A multiperiod
risk programming approach was used by Whit-
son, Barry, and Lacewell to evaluate the risk-
return effects of selling calves at weaning ver-
sus holding them through subsequent stages of
the production process. Outcomes were im-
proved when calves were retained.

Olson and Mikesell used a sequential pro-
gramming model to determine optimal calf
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marketing strategies in California under dif-
ferent forage production scenarios. Calves were
sold at weaning in their model only when fall
rainfall amounts, and hence forage supplies,
were below normal. Similar results were ob-
tained by Gebremeskel and Shumway. In their
MOTAD model of the marketing problem,
larger numbers of calves were sold at weaning
only when poor weather resulted in below-av-
erage forage production. Some calves were re-
tained beyond weaning, however, under all
weather outcomes considered.

All of these earlier studies evaluated the re-
tained ownership question assuming the avail-
ability of relatively low-cost grazing land.
However, producers in areas facing severe
winter weather must feed their animals over
the winter rather than graze the retained ani-
mals. This paper examines the problem when
feeding is the most feasible option for those
animals not sold at weaning.

Many models addressing management
problems facing the cow/calf producer have
been static, in which optimal decisions were
derived without the possibility of revision as
uncertainty regarding the future was resolved
over time (Gebremeskel and Shumway; Ro-
driguez and Roath). Exceptions have included
dynamic programming approaches with both
forward- (Rodriguez and Taylor) and back-
ward-chaining equations (Yager, Greer, and
Burt; Burt) and multiperiod risk programming
models (Whitson, Barry, and Lacewell; Olson
and Mikesell). This paper employs the latter
approach, in which decisions are made se-
quentially over time as previously uncertain
parameters become known.

The Discrete Stochastic Programming Model

Discrete stochastic programming models de-
termine optimal activity levels in light of the
sequential resolution of parameter uncertain-
ty. These models are a class of the stochastic
linear programming problem developed by
Tintner and called the "wait and see ap-
proach" by Madansky.

First model development generally is attrib-
uted to Cocks in 1968. Cocks described a mul-
tistage model in which the values of some or
all coefficients within each stage acquire mod-
ified probabilities as a result of past events or
actions within the model. The multistage mod-

el discussed by Cocks allocates resources to
activities within a period and then, whatever
event is observed over the period, optimizes
allocation over the next period. Allocation over
succeeding stages continues based on past de-
cisions and observed outcomes of the initially
uncertain events.

Rae (1971a, b) expanded the discussion of
Cocks' model and described in detail the con-
struction, solution, and interpretation of re-
sults of a discrete stochastic programming
model (DSPM) applied to a vegetable farm.

Although few applications of the DSPM to
agricultural decision problems have appeared
since Rae's articles, there has been a recent
increase in interest in the approach. Lambert
and McCarl developed marketing strategies for
white wheat producers over the postharvest
marketing period. Kaiser and Apland assessed
alternative levels of farmer participation in
farm programs. Olson and Mikesell investi-
gated optimal livestock stocking levels on Cal-
ifornia annual rangelands under alternative
precipitation regimes. Garoian, Conner, and
Scifres analyzed brush clearing strategies for
Texas ranches under different responses to
treatment.

The decision tree in figure 1 illustrates the
DSPM. The decision maker initially is faced
with several possible future events in period
A. He makes a decision, XA, in light of his
expectations of these future events. Event EB1
or EB2 then occurs. Assume EB1 occurs. The
decision maker must now reach an optimal
decision, XB1, conditioned on XA, the occur-
rence of EB1, and future uncertain events, Ec11
and Ec1 2.

The decision maker observes one of four
possible events in period C (Ecli, E,12, Ec 21,
or EC22). The optimal decision, given Ec11 is
observed, for example, would be a function of
all past decisions (XA and XBl) and events (EB1
and Ec 1). The discrete stochastic program-
ming model is formulated such that optimal
decisions are reported for each node of the
decision tree based on prior decisions and
events and on the expected distribution of fu-
ture events. Optimal activity levels for XA, XB1,
XB2, Xc1l, XC1 2, XC21 , and Xc22 are reported in
the results of the model.

Assume that the objective in figure 1 is the
maximization of expected utility over the three
periods. This can be represented:

max EU(Y) = Pr(O)U(yi);

10 July 1989
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Consequences
of Decisions
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Figure 1. Discrete formulation of the sequential decision problem

Y1

Y3

Y4

subject to:

Q'(XA, XB,, XC,,) -y, = 0;

Q2(XA, XB, X 12) - Y2 = 0;
Q(XA, XB2, XC2) -Y3 = 0;
Q4(XA, XB2 , Xc2 2) - Y4 = 0;

and

g
2

(XA, XB,, XCI2) 0;

g3(XA, XB2 , XC2 ) - 0;

g(XA, XB2, XC22) 0;
all X> 0.

As an illustration of the ranch decision prob-
lem, four income levels, yi, will be determined
by functions Qi as a result of the different price
events and production and marketing deci-
sions made in periods A, B, and C. Functions
g will represent ranch constraints as well as
biological performance of the animals result-
ing from decisions X.

The sequential nature of the model and the
divergence of events over time is apparent in
the above formulation. For example, decisions
made in period A, XA, impact incomes and
constraints in all states of nature since XA is
common to all income rows, Q-_Q4, and con-
straint rows, gl-g 4. Decisions made in period
B, XB, or XB2, depend on the occurrence of
either EBl or E 2 . Decision XB1 has no influence
on the outcome of decisions given EB2 oc-
curred. Finally, decisions made in period C,
such as Xcl , only influence income along that
branch of the event tree. The past determines
the state existing at each distinct decision node,
while decisions made at each node influence
all nodes emanating from that point.

These characteristics of the DSPM conform
to Antle's three criteria for the dynamic mul-
tiperiod sequential problem. Specifically, de-
cisions are sequentially dependent, there is in-
formation feedback to the decision maker as
time unfolds, and earlier decisions can be re-
vised as more information becomes available.

The Ranch Decision Model

The components of the rancher's problem are
described in this section. Production decisions
are based on animal performance, costs and
availabilities of different feeds, and expecta-
tions of future prices. Marketing decisions are
based on current and expected future prices,
past marketing decisions, and animal perfor-
mance. The rancher is faced with marketing
and production decisions throughout the one-
year period considered in the model so long
as some cattle remain. Past decisions and
events continue to determine current states.
Current states and expectations of future events
influence current decisions.

Feeding decisions are made on a monthly
basis over the five-month winter period. Op-
timal rations and subsequent rates of gain are
determined for each monthly period. Animals
not sold by the end of the winter feeding period
(May) are placed on rangeland. Any animals
not previously sold are sold at the end of the
summer grazing period.

Four alternative formulations of the model
are specified. In the first, all animals are sold
in May following the winter feeding period.
Solutions thus obtained indicate optimal win-
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ter feeding rations when the a priori decision
of selling the animals in the spring was made.
The second formulation constrained the mod-
el to feed all animals over the winter and then
place them on rangeland for summer grazing.
Sales occurred'in October following the grazing
period.

The third and fourth specifications of the
model allowed both optimal feeding and mar-
keting decisions to be solved endogenously.
Marketing and ration decisions are made each
month over the winter. Any animals not sold
by May, following the winter feeding period,
are either sold or placed on summer range. The
objective of the third model was the maxi-
mization of expected net returns. The fourth
specification sought the minimization of total
absolute deviation of net returns subject to pa-
rameterized values of expected returns.

Constraints in the model included the ani-
mal performance equations for the five-month
feeding period, animal performance on sum-
mer range, and marketing activities. Steer
prices are adjusted endogenously as animal
weight changes.

The different components of the model are
discussed individually below.

Animal Performance

Production activities for retained animals are
a sequence of linked decisions over time. Input
decisions are made on a periodic (daily, week-
ly) basis and may rely on prior input decisions
and subsequent animal weight gain as well as
on expectations or realizations of input and
output prices.

The periodic production process employed
in the feeding model is based on Fox and
Black's (1977, 1984) net energy model for me-
dium-frame steer calf performance:'

VFIt = [.1493(Ne)t - .0460(Ne) 2 ,
- .0196]Wt0.75

(1) Net= .077 75

Neg = [VFI, - Nemt/(Nem),] (Neg),
ADG = 13.91 Negt, 9 116 W,- 0

.6837

Wt+1 = W, + ADG,.

'The net energy equations were reported on a daily basis. In
order to reduce model size, the equations were used to approximate
monthly feed requirements. Thus, the final equation was actually
specified in the model as W,+, = W, + 30.5ADG,.

VFI is voluntary feed intake, determined by
both the beginning live weight of the animal
and the net energy concentration (Mcal/kg) of
the ration available for maintenance (Nem). The
maintenance energy requirement, Nem, of the
animal is a function of animal weight. The
total amount of energy available for animal
gain, Neg, is composed of excess energy after
maintenance requirements have been met and
the gain energy concentration of the ration,
(Neg). Actual daily gain, ADG, is a function of
animal weight and the total amount of energy
available in the ration for gain. Decisions made
during period twith respect to ration and, con-
sequently, animal gain are then embodied in
Wt+l.

Weight gains on summer range have been
found to be influenced by production decisions
made over the previous winter. Rogers and
Malone gathered data from 72 steers over two
Nevada growing seasons in the early 1960s and
estimated the following rate of gain during the
summer (the equation has been adjusted to
reflect ADG in kilograms per day):

(2) ADGummer

= 1.0591- .0014Winter .6182ADGwinter
(.0006) (.0755)

R2 = .50,
Standard errors in parentheses.

Average daily gain over the entire summer pe-
riod, ADGsumme, was found to be negatively
related to Wwi,ter the weight of the steers at the
beginning of the winter feeding season, and
ADGwinter, the average daily gain of the animals
over the winter period.

Although the R2 value is relatively low, sug-
gesting production uncertainty might be ap-
propriate in the model for at least summer
performance, production is considered deter-
ministic in the current model.

Animal protein requirements were deter-
mined by calculating a linear relationship
among protein required and animal weight and
rate of gain reported in Nutrient Requirements
ofBeef Cattle. The following constraints to cal-
culate required protein were added (protein,
average daily gain, and animal weight are all
in kilograms):

PROTEIN, = .5090ADG, + .0015W, - .0411.

Simulation of Steer Calf Prices for the Model

Two characteristics of steer prices had to be
considered in simulating expected future prices

12 July 1989
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December January February March April May

(1) (2) (4) (8) (16) (32)
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(64)
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Figure 2. Portion of price event tree (dollars per kg for 181-227 kg (400-500 lb.) steer). Number
of price states are listed below each month

for the model. First, prices vary over time.
Second, steer prices are negatively related to
animal weight.

Expected prices needed to be simulated for
each of the six feeding-period months (Decem-
ber through May), as well as for the October
following the summer grazing season. Price in-
dices were calculated in a manner similar to
King and Lybecker.

Indices were calculated from monthly Kan-
sas City prices for 400-500-pound steers from
December 1962 to October 1987. Monthly
price indices (PI) were calculated as follows:

PRICEit i= 1,..., 12
" PRICEi_1,, t = 1,...,25

where PRICE, is price in month i for year t.
The actual December 1986 price of $71.00 per
hundredweight was used for the initial month
in the model. Two prices were generated for
January, PN,k:

PJANk = PDEC X (gPI,JAN 
+

aPI,JAN),

or prices in January equaled December price
times the mean index value, tPI,AN, plus (or
minus) the standard deviation of the January
index, UPJAN-

Four February prices were calculated con-
ditional upon January's prices:

PFEB,km= PJANK X (IPIFEB 
a

PI,FEB).

The procedure was repeated to simulate
March through May prices and to represent
simulated price predictions for the following
October. A total of 64 (26) price states were
generated (i.e., one price in December, two

prices in January, 22 prices in February, etc.).
A portion of the price event tree is depicted in
figure 2.

Price discounts resulting from higher calf
weights were calculated using average prices
over the period for 400-500-, 500-600-, 600-
700-, and 700-800-pound animals. The fol-
lowing price-weight relationship was found:

(3)
PDiscount,, w= -. 003478(W400 s500 - W)

(.0021)
R2 = .93,

where PDiscoun,w is the price discount from the
400-500-pound animal price for steers of
weight W,. The regression equation was added
as a constraint to the programming model to
adjust simulated prices by animal weights re-
sulting from production decisions.

Input Costs

The model assumed all feedstuffs were pur-
chased. Nevada prices quoted by local feed and
supply stores were used where possible. Prices
reported in California Farmer, a trade maga-
zine, were used when local prices for particular
feeds were not available. A list of feeds avail-
able in the model and their nutritional con-
tents and costs appear in table 1.

An annual discount rate of 10% was applied
to the monthly net return values to reflect op-
portunity costs of capital and variable costs
resulting from continued animal retention. No
opportunity cost was ascribed to the physical
facilities in which the 100 steers were held over
the winter.

Lambert
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Table 1. Feeds and Feed Characteristics Used

CALCI PHOSH PROTN NEGKG NEMKG COST/kg

Alfalfa 1.41 0.24 17.0 0.68 1.24 0.10
Alfalfa-Silage 1.61 0.38 17.0 0.74 1.31 0.11
Fescue-Hay 0.30 0.26 9.5 0.35 0.90 0.05
Oat-Hay 0.24 0.22 9.3 0.58 1.14 0.07
Barley-Straw 0.30 0.07 4.3 0.08 0.60 0.04
Barley 0.05 0.38 13.5 1.40 2.06 0.13

Corn 0.02 0.35 10.1 1.55 2.24 0.12

Beet-Pulp 0.69 0.10 9.7 1.14 1.76 0.12
Beet-Molasses 0.61 0.10 10.1 1.19 1.82 0.10

Cotton Seed Meal 0.19 1.24 54.0 1.16 1.79 0.21
Soy-Meal 0.33 0.71 49.9 1.40 2.06 0.32
Rice-Bran 0.08 1.70 14.1 1.03 1.63 0.07

Dical 22.00 19.30 0.0 0.00 0.00 0.33

Potassium-Chlor 0.05 0.00 0.0 0.00 0.00 0.26

Disodium 0.00 22.50 0.0 0.00 0.00 0.26

MON-NH4 0.28 24.74 70.9 0.00 0.00 0.53

Limestone 34.00 0.02 0.0 0.00 0.00 0.05

Notes: CALCI-Calcium percentage of the feed; PHOSH-Phosphorous percentage of the feed; PROTN-Protein percentage of the
feed; NEGKG-Net energy for gain concentration of the feed in Mcal per kg; NEMKG-Net energy for maintenance concentration of
the feed in Mcal per kg; COST/kg-Cost of the feed in dollars per kg (dry matter basis).

The Marketing Decision

The ranch model was initially run under two
predetermined marketing plans. In the first,
optimal rates of gain were determined when
all of the animals were retained over the winter
and sold in the spring. The second model spec-
ified assumed that calves would be held over
the winter and placed on range for five months
prior to a fall sale. The final set of model runs
expanded the decision variables in the model
by determining optimal sales patterns endog-
enously.

Seven selling points were available to the
producer in this final formulation of the mod-
el. Sell versus hold decisions were made
monthly over the winter (December-May). The
final selling point for any animals not previ-
ously sold was in October following the sum-
mer grazing season. Net returns at any one of
these points under output price state of nature
i will be a function of animal weight under
state i, feed costs incurred in obtaining that
weight, and number of animals sold. Animal
weight has been determined by a succession of
past production decisions. The number of an-
imals sold in the period under state of nature
i depends upon the number of animals sold in
earlier periods along this branch of the deci-
sion tree, the total number of animals initially
available, and future marketing expectations,
which in turn depend on animal performance
and expectations of future prices.

Objective Function

The objective of the expected return maxi-
mization model in its current form is the max-
imization of expected net returns over all price
outcomes. Formally,

64 7

(4) Max ER = Pr(0,) INCOME,.
i=l t=l

The subscript i refers to the marketing and
production decisions made under the price
conditions existing in state of nature i. Ex-
pected returns, ER, are obtained by summing
net returns, INCOME, over all seven market-
ing periods under each state. Total income un-
der state i is then weighted by the probability,
Pr(0,), of that state's occurrence.2

The objective function for the final formu-
lation, in which total absolute deviations of
returns are minimized for differing values of
expected returns, is

(5)

64

Min TAD = C TAD,,
i=l

where total absolute deviation is summed over
all states and equals the difference between net
returns averaged over all states and net returns
under state of nature i.

2 Each of the 64 states of nature in the model was given an equal
chance of occurrence. Probabilities could, of course, be assigned
different values if desired.

14 July 1989
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Table 2. Winter Feed Rations under Most and
Least Favorable Price Events

Dec. Jan. Feb. Mar. Apr.

Most Favorable Price Events
Average Daily

Gain (kg) 1.248 1.245 1.251 1.260 1.266

Daily Ration (Dry Matter Basis, kg)
Alfalfa Silage 0.543 0.607 0.668 0.728 0.788
Corn 2.103 2.437 2.877 3.406 3.942
Cotton Seed

Meal 0.491 0.437 0.409 0.400 0.390
Rice Bran 2.298 2.587 2.728 2.749 2.765

[Nem]
[Neg]

1.848 1.855 1.871 1.892 1.911
1.214 1.219 1.233 1.251 1.267

Least Favorable Price Events
Average Daily

Gain (kg) 1.248 1.178 1.100 1.060 1.081

Daily Ration (Dry Matter Basis, kg)
Alfalfa Silage 0.543 0.615 0.681 0.000 0.000
Corn 2.103 1.766 1.262 1.217 1.600
Cotton Seed

Meal 0.491 0.255 0.000 0.000 0.000
Rice Bran 2.298 3.514 4.871 5.448 5.555
Oat Hay 0.000 0.000 0.000 0.740 0.795

[Nem] 1.848 1.780 1.711 1.681 1.704
[Neg] 1.214 1.156 1.097 1.070 1.090

Table 3. Optimal Animal Weights (kg) in
May Following Winter Feeding for Animals
Sold in Spring Given Various Seasonal Price
Configurations

Jan. Price = High Jan. Price = Low
Price in April Price April Price

Feb. Mar. High Low High Low

High High 391.2 389.2 385.5 382.8
High Low 386.8 383.9 379.9 378.0
Low High 385.7 383.3 378.2 375.3
Low Low 380.1 378.2 372.9 372.9

The cost function can be estimated from the
optimal solution using simple curve-fitting
procedures. The following relationship was
found for cost of gain, rate of gain, and animal
weight:3

COST, = -.8442 + .9070ADG, + .0015 W.

Optimal daily gain in the model solution was
found to be most influenced by expected future
prices and animal weight:

ADG = .4339 + .5118EP, .000 1 W,,

Results

Winter Feeding Followed by Spring Sale

The first situation examined determined op-
timal rates of animal gain over the winter when
all animals were to be sold in spring. All sale
activities were constrained to market cattle in
May, the end of the winter feeding period.

Input demand levels varied depending upon
price events over the winter period. In general,
the higher the expected price, the higher was
the optimal rate of gain. Higher rates of gain
under favorable price outcomes resulted from
feeding rations with higher energy contents. As
an illustration, table 2 contrasts optimal daily
rations in April under the highest and the low-
est price events. Table 3 shows optimal animal
weights in May under all price outcomes.

Although the results reported here are con-
ditional upon the assumed feed and output
prices, a summary function of the feeding de-
cision can be estimated over the ranges of gain,
prices, and animal weights observed in the so-
lution.

where EP is the weighted average of all future
prices from the decision node at time t, and
Wis animal weight in kilograms. Optimal rates
of gain are positively related to expected prices
and negatively related to animal weight. The
negative relationship between gain and weight
derives from the positive influence of animal
weight on the cost of gain and the negative
relationship between animal weight and price.

Winter Feeding Followed by Summer Grazing

Rates of gain over the winter were much re-
duced when the model was constrained to feed
all animals over the winter and sell them the
following fall after a summer grazing period.
Table 4 shows May weights following the win-
ter feeding period. Table 5 shows market
weights following summer grazing. The lower
winter gain resulted from the compensatory
gain phenomenon found in beef cattle placed
on grass following a winter feeding period.

3Cost and average daily gain equations represent activity levels
obtained in the model and should not be extrapolated beyond gains
of between about 1.0 and 1.3 kilograms, expected prices between
$1.25 and $2.20 per kilogram, and weights between 200 and 400
kilograms.
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Table 4. Optimal Animal Weights (kg) in
May Following Winter Feeding for Animals
Sold in Fall after Summer Grazing Given Var-
ious Seasonal Price Configurations

Jan. Price = High Jan. Price = Low
Price in April Price April Price

Feb. Mar. High Low High Low

High High 318.2 318.2 304.8 304.8
High Low 318.2 318.2 304.8 304.8
Low High 318.2 318.2 297.2 297.2
Low Low 314.4 305.0 288.3 278.0

Conceptually, animals fed to high rates of gain
on winter rations will suffer when placed on
lower quality range grasses, whereas animals
that have been fed a lower quality ration over
the winter will perform better (Bohman and
Torell; Bohman).

Optimal rates of gain over the winter feeding
period were relatively insensitive to expected
prices. Except for the first month's ration, which
resulted in an average daily gain of .23 kilo-
gram, optimal rates were between .9 and 1.0
kilogram for the winter period along most
branches of the event tree. The exception was
the lowest branch, representative of the worst
price outcomes. Optimal rates under pessi-
mistic price expectations fell to .47 kilogram
in the second month of feeding, though gains
did increase under all states through the feed-
ing season. The optimal rate under the most
pessimistic price event rose to .57 kilogram
per day in the last month prior to placing the
animals on grass for the summer.

However, the lower quality feed rations re-
sulted in greater summer gain under these pes-
simistic price events. Summer gain ranged be-
tween .36 and .47 kilogram (average of .39)
along the lower branches, compared to ranges
from .31 to .36 kilogram (average of.31) along
the upper branches of the event tree.

The final selling weight of the animals was
greatest along the optimistic price events (364.8
kilograms). The apparent decision rule was to
maximize ending weight by feeding to heavier
rates of gain over the winter when output price
was expected to be high. However, minimizing
the cost of winter gain seemed to be more im-
portant under pessimistic price expectations
relying on greater compensatory growth over
the summer. Animals gained 78 kilograms over
the winter period under the most pessimistic
price outcome, compared to 118 kilograms un-

Table 5. Optimal Animal Weights (kg) in Oc-
tober Following Winter Feeding for Animals
Sold in Spring Given Various Seasonal Price
Configurations

Jan. Price = High Jan. Price = Low
Price in April Pricea April Pricea

Feb. Mar. High Low High Low

High High 364.8 364.8 359.7 359.7
High Low 364.8 364.8 359.7 359.7
Low High 364.8 364.8 356.8 356.8
Low Low 363.3 359.8 353.4 349.4

a Summer weight gains are completely determined by rates of gain
over the winter and animal weight prior to the winter feeding
period. Hence, animal weights in October are independent of final
selling prices.

der the highest expected prices. Summer growth
somewhat compensated for this with ending
weights being 349.4 kilograms under the pes-
simistic price outcomes versus 364.8 kilo-
grams under the highest prices.

Simultaneous Production and
Marketing Decisions

The previous two sections considered fixed
marketing strategies and determined optimal
rates of gain under different price events. This
section describes model solutions when opti-
mal marketing activities were determined en-
dogenously. Thus, optimal sales strategies and
feeding decisions were determined simulta-
neously at each period depending upon state
of nature.

All animals under all states of nature were
fed winter rations identical to those in the first
model's solution (i.e., when sales were con-
strained to occur in May). In addition, all an-
imals were sold in May following the feeding
period. In other words, the solution attained
when production and marketing activities were
determined endogenously was identical to the
solution when all sales were constrained to oc-
cur in May.4

The production and marketing activity levels
obtained when both were determined endog-
enously ensued from the high returns to feed-
ing resulting from the feed costs, animal per-

4 Since the model is highly nonlinear in the constraints, a number
of alternative starting points were specified to avoid the solution
representing a local, rather than a global, optimum. In all cases,
either the model converged to the all-sales-in-May solution, or the
final value of the objective function was less than under the May-
sales solution.
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formance equations, and cattle prices used in
the model. Costs of gain were generally about
50-60¢ per kilogram for most of the weights
and gains resulting in the model. May steer
prices, however, ranged between about $1.45
and $2.15 under the states of nature used in
the model. The low marginal cost of gain rel-
ative to returns favored feeding the animals
over the winter period.

Even when summer grazing was made cost-
less, the optimal strategy was still to sell ani-
mals in May. This strategy resulted primarily
from the behavior of steer prices over the year.
Prices over the winter and spring generally
trended upwards. However, the price index
over the 25 years of prices used reflected an
average October price that was over 5% lower
than the preceding May's price. Given the rel-
atively low cost of winter gain, net returns were
highest by feeding to high rates of gain over
the winter and selling the 373- to 391 -kilogram
animals at the end of the winter feeding period.

Risk Sensitive Production and
Marketing Strategies

There was no diversification of sales over time
in the sequential model when both production
and marketing decisions were choice variables.
Either no animals were sold at a marketing
node or all animals were sold. This may be
expected in the risk-neutral case. Reconsider
figure 1. Assume decision XA is to sell all an-
imals in the first period and XA is to sell no
animals in the period. Assume further that A
is the monetary outcome of XA and EA is the
expected outcome of XA. The marketing de-
cision in period A then is to choose the action
yielding the highest reward (or expected re-
ward). Assuming no lumpiness or economies
in sales of different lot sizes, there will be no
value c (0 < c < 1) such that cA + E((1 -
c)A) is greater than the maximum of A or EA.
The optimal action will thus be either XA or
XA.

In order to test the sensitivity of the model
to risk considerations, the production and
marketing problem was reformulated as a MO-
TAD (Minimization of Total Absolute Devia-
tions) model (Hazell). Constraint rows were
added to calculate total absolute deviation from
the mean of income under all states of nature.
Total absolute deviation was then minimized
subject to increasingly lower bounds placed on
expected net returns.

Sales occurred earlier in the year and animal
weights were lower as the expected net return
was constrained to be smaller. In addition,
calves were not always sold in lots of 100 an-
imals. In some cases, smaller lots were sold at
different times throughout the marketing pe-
riod. However, as observed elsewhere (Lam-
bert and McCarl), diversification along a par-
ticular branch of the decision tree was limited.
The risk-return frontier is illustrated in fig-
ure 3.

Concluding Statements

The value of the discrete stochastic program-
ming model as an approximation to the real-
world decision environment is hard to refute.
Discrete events represent the decision maker's
expectations of the future. Alternative optimal
strategies are derived in the model contingent
upon an event's occurrence. The structure of
the model allows a large number of alternative
future states limited only by computational ca-
pabilities and the analyst's ability to interpret
the results for the decision maker.

A decision problem common to many cow/
calf producers was modeled in this paper: Giv-
en prevailing input costs and expected output
prices, should some or all weaned calves be
retained in the fall? If so, to what rate of gain
should they be fed over the winter and should
they then be sold or placed on rangeland for
additional gains over the coming summer?

Rates of gain were highest over the winter
when all animals were to be sold in the spring.
Gain was found to be positively related with
the decision maker's expected prices. Rates of
gain were lower when the animals were to be
placed on rangeland following the winter pe-
riod. Advantage was taken of the compensa-
tory gain available on the cheaper summer
range.

Calves were retained through the winter un-
der all states of nature in which both produc-
tion and marketing activities were choice vari-
ables. Optimal rates of gain under favorable
price expectations were about one kilogram
per day. All calves were sold in spring under
all states of nature with none of the animals
being placed on range.

An interesting question still remains given
the result of this and other conditional nor-
mative models of the cow/calf producer's de-
cision problem. Namely, if models indicate

Lambert
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Figure 3. Expected net returns-total absolute deviation frontier

higher returns (even when adjusted by risk
considerations) when calves are retained, why
are fall sales of weaned calves the predominant
sales strategy in the West? Several hypotheses
can be offered for this behavior. Further re-
search is needed to determine which hypoth-
esis, or combination of hypotheses, best ex-
plains producer behavior.

First, perhaps producers are more averse to
risk than elicitation measures generally pre-
dict. A recent survey of a small group of Ne-
vada ranchers found only slight degrees of risk
aversion (Wood, Lambert, and Torell), indi-
cating that the increased price and production
risk of feeding animals over the winter should
be relatively unimportant. However, an ex-
tremely risk-averse producer would seem most
likely to sell all animals in the fall thus avoid-
ing all future risk.

Second, cash flow constraints may require
many ranchers to sell animals in the fall. Even
though a 10% discount rate was incorporated
in the model, financial markets may not be
perfect. Lender approval would be necessary
to delay repayment of operating loans by six
months. Such approval may not be forthcom-
ing.

Third, ranchers' objectives may be charac-
terized by satisficing behavior. There may be
a limited search for marketing alternatives with
fall sales resulting from observing prices that
are "good enough." If traditional fall market-
ings result in returns that, in most years, satisfy
producer financial goals, there may be no per-

ceived reason for exploring alternative strat-
egies.

Finally, ranchers may be faced with physical
or labor constraints that prevent winter feeding
of large numbers of animals. It is commonly
observed that, even though the bulk of the sales
occur in the fall, a cow/calf producer may hold
a small number of lighter calves over the win-
ter to put additional weight on them prior to
a spring sale. With additional holding facili-
ties, the availability of low-cost labor, and an-
imal performance similar to that incorporated
into the discrete stochastic programming mod-
el, perhaps a larger percentage of the calves
would be retained.

All of these possibilities could be tested. Ad-
ditional research linking rancher goals and
conditional normative decision models would
enhance the validation of models appearing in
the literature.

The model can be used, in its present form,
to formulate optimal production and market-
ing rules, conditional upon observed and ex-
pected price outcomes. The results can be used
to assist decision makers when appropriate feed
cost, output price events, and animal perfor-
mance equations are inputted. Educational
benefits derive as well from noting the sensi-
tivity of the model to risk, expected compen-
satory gain, and optimal production levels un-
der alternative future price events.

[Received September 1988; final revision
received February 1989.]
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